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Preface

Understanding bacterial infections is more important than ever. Despite the development
of antibacterial agents during the last century, bacterial infections are still one of the leading
causes to worldwide morbidity and mortality. What is especially alarming is that we are
entering a postantibiotic era where we have no, or very limited, treatment options to several
bacterial infections previously not considered as threats (CDC. Antibiotic resistance: threat
report 2013). A fundamental issue in infection biology has been, and still is: What is viru-
lence and how does it relate to pathogenesis? There is no simple answer to this and the
theoretical framework is continuously developing. The molecular dissection of Koch’s pos-
tulates made possible by the molecular genetics revolution has been instrumental in under-
standing bacterial-host interactions at the molecular level, but this somewhat
bacteria-centered view has had its limitations in describing the whole process ranging all the
way from commensalism to severe infections. Here, more recent frameworks taking both
the bacterial properties and the host responses into account have gained recognition.
However, theoretical frameworks will remain theoretical until they can be experimentally
tested. Therefore, methodologies assessing many different aspects of bacterial infections are
absolutely crucial in moving our understanding forward, for the sake of knowledge itself,
and for developing novel means of controlling bacterial infections.

In this volume, Bacterial Pathogenesis: Methods and Protocols, we have had the privilege
of recruiting researchers with very different methodological approaches, with the common
goal of understanding bacterial pathogenesis from molecules to whole organisms. The
methods describe experimentation of a wide range bacterial species, such as Streptococcus
pyogenes,  Streptococcus  dysgalactine,  Staphylococcus  auveus,  Helicobacter — pylovi,
Propionibacterinm acnes, Streptococcus pnenmonine, Enterococcus faecalis, Listeria monocyto-
genes, Pseudomonas aeruginosa, Escherichin coli, Salmonelln typhimurinm, and Mycobacterinm
marinum. However, many of the protocols can be modified and generalized to study any
bacterial pathogen of choice. Part I details very different approaches to identifying and
characterizing bacterial effector molecules, from high-throughput gene-based methods, via
advanced proteomics, to classical protein chemistry methods. Part II deals with structural
biology of bacterial pathogenesis and how to overcome folding and stability problems with
recombinantly expressed proteins. Part IIIT describes methodology that with precision can
identify bacteria in complex communities and develop our understanding of how genomes
of bacterial pathogens have evolved. Part IV, the largest section, reflects the rapid develop-
ment of advanced imaging techniques that can help us answer questions about molecular
properties of individual live bacteria, ultrastructure of surfaces, subcellular localization of
bacterial proteins, motility of bacteria within cells, and localization of bacteria within live
hosts. Part V describes methods from in vitro and in vivo modeling of bacterial infections,
including using zebra fish as a surrogate host, bacterial platelet activation, antimicrobial
activity of host proteases, assessment of biofilms in vitro and in vivo, and using a fish patho-
gen as a surrogate infectious agent in a mouse model of infection. Finally, Part VI is based
on the notion that bacterial pathogens are the true experts of our immune system. Therefore,
immune evasion bacterial factors can, when taken out of their infectious context, be used as
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powerful tools or therapeutics against immunological disorders. This is exemplified by the
use of proteases from pathogenic bacteria for characterization of therapeutic antibodies,
measurements of antibody orientation on bacterial surfaces, and finally the potential use of
immunoglobulin active enzymes as therapy against antibody-mediated diseases.

We are indebted to John M. Walker, the series editor, for the opportunity to put this
volume together and for the continuous encouragement during the whole process. Above
all, we are extremely grateful to all the authors who have taken time from their busy sched-
ules and provided us with the outstanding chapters that make up this volume. Finally, we
would like to acknowledge our research environment, the Division of Infection Medicine,
Department of Clinical Sciences, Lund University. This environment has fostered genera-
tions of outstanding researchers within infection biology, and we are truly standing on the
shoulders of giants (no one mentioned, no one forgotten).

Lund, Sweden Mattias Collin
Pontus Novdenfelt
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Chapter 1

Protein-Based Strategies to Identify and Isolate
Bacterial Virulence Factors

Rolf Lood and Inga-Maria Frick

Abstract

Protein—protein interactions play important roles in bacterial pathogenesis. Surface-bound or secreted
bacterial proteins are key in mediating bacterial virulence. Thus, these factors are of high importance to
study in order to elucidate the molecular mechanisms behind bacterial pathogenesis. Here, we present a
protein-based strategy that can be used to identify and isolate bacterial proteins of importance for bacterial
virulence, and allow for identification of both unknown host and bacterial factors. The methods described
have among others successfully been used to identify and characterize several IgG-binding proteins, includ-
ing protein G, protein H, and protein L.

Key words Plasma adsorption, Affinity purification, Virulence factors, Bacteria, Release of bacterial
surface proteins

1 Introduction

Bacterial species express proteins, surface-bound or secreted, that
play important roles in pathogenesis by interacting with host-specific
molecules or defense systems. In order to understand and study the
molecular mechanisms whereby bacteria infect their host and cause
disease it is fundamental to identify and isolate bacterial proteins and
their interacting partners of importance for bacterial virulence. Here,
we describe a protein-based strategy that successtully has been used
for isolation of several proteins from Gram-positive bacteria, inter-
acting with plasma components [1-8]. Due to the complexity of
bacterium-host interactions, a flowchart is supplied to facilitate the
understanding and design of experiments (Fig. 1), allowing for iden-
tification of both unknown host and bacterial factors. The specific
identification of bacterial and host proteins using mass spectrometry
related methods is discussed elsewhere in this volume (Karlsson
et al.). In this chapter, we in detail demonstrate the feasibility and
advantageous nature of using the following methods in order to
identify bacterial virulence factors interacting with human plasma.

Pontus Nordenfelt and Mattias Collin (eds.), Bacterial Pathogenesis: Methods and Protocols, Methods in Molecular Biology,
vol. 1535, DOI 10.1007/978-1-4939-6673-8_1, © Springer Science+Business Media New York 2017
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Bacterium-host interaction

Known bacterial Unknown bacterial
protein(s)
Unknown host
protein(s)

Unknown bacterial
protein(s)
Known host protein(s)

protein(s)
Unknown host
protein(s)

Affinity purification on Affinity purification on Screening bacterial Plasma absorption
Sepharose column Sepharose column isolates for binding assay

[Section 3.4] [Section 3.4] [Section 3.2] [Section 3.1]

Release of cell-wall
anchored proteins

[Section 3.3]

Affinity purification on
Sepharose column

[Section 3.4]

Fig. 1 Schematic overview of the identification process of proteins involved in bacterium-host interactions.
Different strategies for identifying unknown bacterial proteins, plasma-interacting partners, or a combination
of both, are outlined. Sections marked with dark blue will be covered in this chapter, while light blue sections
can be found elsewhere. Their respective methodological part in this chapter is implied in brackets

1. In plasma adsorption assays, bacterial cells are incubated with
plasma and bound proteins are released, separated by SDS-
PAGE and identified by N-terminal sequencing or MS/MS.

2. Population-wide screening of bacterial isolates for binding to
specific host proteins, based on '*-Iodine-labeled (or fluores-
cently labeled) plasma proteins will demonstrate the conserved
phenotype amongst other isolates/species.

3. Identification of bacterial surface proteins, interacting with
plasma proteins, using cyanogen bromide (CNBr) cleavage at
methionine residues in proteins or proteolytic release of surface
proteins. The efficiency of treatment is followed by analysis of
binding of the radiolabeled probe. Following choice of cleavage
procedure, a large-scale release of proteins is performed. The
protein of interest is purified using chromatographic methods,
binding of ligand confirmed with slot-binding and Western
blot, and the bacterial protein is identified using N-terminal
sequencing or MS/MS.
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4. Sepharose-coupled host protein can be used for affinity purifica-
tion of bacterial protein released from the bacterial surface.
Sepharose-coupled bacterial protein, natively or recombinantly
produced, can be used as a tool for identification of human
proteins from plasma or other extracellular secretions [9].

2 Materials

2.1 Plasma
Adsorption Assay

2.2 Screening
Bacterial Isolates
for Binding

2.3 Release of Cell-
Wall Anchored
Proteins

2.3.1  With CNBr

2.3.2  With Proteolytic
Enzymes

All solutions should be prepared using ultrapure water (deionized
water filtrated to attain a sensitivity of 18 M Q cm at 25 °C). Bufters
are stored at room temperature (or as indicated). Waste materials
are disposed of according to the regulations of the laboratory.

. Wash bufter (PBS): 0.12 M NaCl, 0.03 M phosphate, pH 7.4.
. Elution bufter: 0.1 M glycine-HCI, pH 2.0, (store at +4 °C).
. 1 M Tris solution (see Note 1).

IO S NS ]

. Citrate-treated plasma from healthy donors, stored at —80 °C
(see Note 2).

. Eppendorf tubes.

[ 9]

. Sterile syringe filters 0.2 pm (Acrodisc 13 mm filters).

. PD-10 desalting column (Sephadex G-25; GE Healthcare).
. IODO-BEAD® iodination reagent (Pierce) (see Note 3).

. Filter paper (Whatman).

. Jodine (0.1 m Curie/pl) (see Note 4).

PBS.

. PBST: PBS+0.05 % Tween 20.

. Eppendorf tubes.

. Ellerman tubes (3.2 ml plastic tubes; Sarstedt) and lids.

—

. 0.2 M HCI and 0.1 M HCI: Dilute concentrated HCI with
water (see Note 5).

. 1.5 M Tris-HCI pH 8.8.

1 M NaOH.

. 30 mg/ml cyanogen bromide (CNBr) (see Note 6).

. Sterile syringe filters 0.2 pm (Acrodisc 13 mm filters).
. Dialysis tubing (MWCO: 3500 Da) (see Note 7).

1. Papain bufter: 0.01 M Tris—HCI pH 8.0.
. 1 ML-cysteine.

\9]

3. 1 M iodoacetic acid.
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2.4 Affinity
Purification
on Sepharose Column

O 0 N O Ul

0 N O Ul N

. Pepsin buffer: 0.05 M KH,PO, pH 5.8.

. 7.5% NaHCO:;.

. Trypsin buffer: 0.05 M KH,PO,, 0.005 M EDTA pH 6.1.
. 1 M benzamidine hydrochloride hydrate (se¢ Note 8).

. Mutanolysin buffer: 0.01 M KH,PO, pH 6.8.

. 4 mg/ml DNase solution.

10.
. 1 mg/ml pepsin solution.
12.
13.

2 mg,/ml papain solution.

10 mg/ml trypsin solution.
1000 U/ml mutanolysin solution.

. CNBr-activated Sepharose (Amersham Bioscience).

. Coupling buffer: 0.1 M NaHCO;3;, 0.5 M NaCl, pH 8.3.
. Dialysis tubing (MWCO: 3500 Da) (se¢ Note 7).

. Poly-Prep Chromatography Columns (10 ml).

PBS.

. Elution bufter: 0.1 M glycine-HCI, pH 2.0.
. 1 M Tris solution (see Note 1).
. Tris bufter: 20 mM pH 7.5, 0.15 M NaCl.

3 Methods

3.1 Plasma
Adsorption Assay

. Grow bacteria in suitable broth overnight at 37 °C to station-

ary phase or to mid-logarithmic growth phase (se¢ Note 9).

. Spin down the bacteria at 2000 x g for 10 min. Wash the bacte-

rial cells twice with PBS. Adjust the concentration to 2 x 10'°
cells/ml (see Note 10).

. Incubate 100 pl bacterial solution with 100 pl human citrate

treated plasma or PBS, for 60 min, end-over-end rotation at
room temperature (see Note 11). Use eppendorf tubes.

. Spin down the cells in an eppendorf centrifuge 13,000 x g for

1 min. Remove the supernatant and resuspend the bacteria
with 1 ml PBS (see Note 12) and spin down cells as above.
Repeat this step twice. The washing steps will remove all
unbound proteins.

. After the last washing step resuspend the bacterial cells in

100 pl elution buffer. Incubate for 15-30 min at room tem-
perature, end-over-end rotation (see Note 13).

. Spin down the bacterial cells as above and transfer the superna-

tant to a new eppendorf tube. Sterile filter the supernatant
using a 0.2 pm syringe filter. Adjust the pH to approximately
7.5 by adding 5 pl 1 M Tris.
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kDa

250

130

100
70
55

35
25

15

1 2 3 4
Fig. 2 SDS-PAGE analysis of plasma proteins eluted from group G streptococci. A measure of 100 pl G45
bacterial suspension (2 x 10 cells/ml) was incubated with 100 pl human citrate-treated plasma or PBS (as a
background control), respectively for 1 h at 37 °C. Proteins bound to the bacterial surface were eluted with
0.1 M glycine buffer pH 2.0. The material was separated by SDS-PAGE (4—20 % gradient gel) under reducing
conditions and the gel was stained with Coomassie Blue. Lane 7: molecular marker; /ane 2: human plasma

diluted 1:25; /ane 3: proteins eluted from G45 incubated with PBS; /ane 4: proteins eluted from G45 incubated
with plasma

7. Analyze the supernatant by SDS-PAGE (see Fig. 2 for a repre-
sentative result). The protein fragments eluted from the bacte-
ria (Fig. 2, lane 4) can be cut out and identified by N-terminal

sequencing or MS /MS.
3.2 Screening In order to screen bacteria for binding of a specific host protein,
Bacterial Isolates the protein of interest is first labeled with ?*Todine (see Note 14).

for Binding 1. Wash a PD-10 desalting column with 5 column volumes of

PBST.

2. Take one IODO-BEAD and put it on a piece of filter paper.
Wash the bead with four times 1 ml PBS to remove loose par-
ticles and reagent from the bead.

3. Transfer the bead to an eppendorf tube and add 100 pl PBS.
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3.3 Release of Cell-
Wall Anchored
Proteins

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Add 2 pl ?*Todine (0.2 mCi) and incubate for 5 min at room
temperature (see Note 15).

Add 20 pl protein (1 mg/ml) and 80 pl PBS, and incubate for
10 min at room temperature.

. Separate free iodine from iodine bound to the protein using

the PD-10 column. Add the sample to the column and collect
the flow-through, using Ellerman tubes (Fraction 1).

. Wash the bead with 300 pl PBST and transfer to the column,

collect the flow-through in fraction 1.

. Elute the radiolabeled protein with PBST, nine times 0.5 ml

fractions, in total 10 fractions. The free iodine will remain on
the column (see Note 16).

. Transfer 10 pl from each fraction to new Ellerman tubes and

close the tubes with a lid. Count them in a gamma counter.
Pool fractions containing the protein (see Note 17) and calcu-

late the amount of counts per minute (cpm)/ml. Store the
radiolabeled protein at +4 °C in a lead container.

Bacteria from overnight cultures are collected at 20004 for
10 min. The cells are washed twice with PBST and resuspended
in PBST to a 1% solution (2 x10? cfu/ml).

Dilute the '?°I-labeled protein in PBST to approximately
400 cpm/pl (see Note 18). Transfer 25 pl of this solution into
Ellerman tubes (see Note 19). Close the tubes with a lid and
count them in a gamma counter (value 1).

Remove the lids from the tubes and add 200 pl of the bacterial
solutions to the tubes and 200 pl PBST as a control for non-
specific binding of the '**I-labeled protein to the plastic tubes.
Incubate at room temperature for 30 min (see Note 20).

Add 2 ml PBST to each tube and spin down the cells at 1600 x g4
for 15 min.

Carefully transfer the supernatant to a disposable container (see
Note 21).

Put lid on the tubes and count the bacterial pellets in the
gamma counter (value 2).

Calculate the binding of the radiolabeled protein to the bacte-
ria: value 2 /value 1, given in percent (Fig. 3).

A small-scale treatment of bacteria with CNBr [10] or the
hydrolytic enzymes papain, pepsin, trypsin, and mutanolysin
[2], is initially performed. Following treatment the cells are
analyzed for binding of the radiolabeled probe of interest, see
Subheading 3.2, in order to estimate the efficiency of the treat-
ment (see Note 22). The released material is also analyzed by
SDS-PAGE (see Fig. 4 for a representative result). Once the
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Fig. 3 Analysis of IgG-binding to group A streptococcal strains. Various strains of
group A streptococci, at a concentration of 2 x 10° cfu/ml, were incubated with
125]-]abeled human IgG for 30 min at room temperature. Binding of IgG is
expressed in percent. The streptococcal strains are from the World Health
Organization Collaborating Centre for Reference and Research on Streptococci,
Prague, Czech Republic
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Fig. 4 SDS-PAGE analysis of proteins released from the surface of Finegoldia
magna. F. magna bacteria (strain 23.75) was treated with papain, pepsin, trypsin,
mutanolysin, and CNBr. The released material was separated by SDS-PAGE
(12% gel) under reducing conditions and the gel was stained with Coomassie
Blue. Lane 1. molecular marker; lane 2—5: proteins released with (2) trypsin, (3)
pepsin, (4) papain, (5) mutanolysin; /ane 6. bacteria treated with glycine buffer as
control; /ane 7: molecular marker; /ane 8: proteins released with CNBr
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3.3.1 Using CNBr

3.3.2 Using Papain

3.3.3 Using Pepsin

optimal releasing agent has been decided a large-scale release
of cell-wall anchored proteins can be performed and the pro-
tein of interest is purified using chromatographic methods.
Binding of the ligand is confirmed with slot-binding and
Western blot, and the protein is identified using N-terminal
sequencing or MS/MS.

1.

Grow bacteria to stationary phase in appropriate broth. Spin
down the bacterial cells and wash twice with PBS.

. Weigh the bacterial cells (wet weight) and resuspend the cells

in PBS to a concentration of 0.4 g/ml.

. Add an equal volume of CNBr solution, 30 mg/ml, to the

bacterial solution.

. Incubate under rotation 8-16 h (overnight) at room tempera-

ture (in a fume hood).

. Spin down the bacteria at 10,000 x4 for 15 min.
. Sterile filter the supernatant using a 0.2 pm syringe filter.
. Dialyze the supernatant against 0.1 M HCI (over day or

overnight, in the fume hood) with 4-5 changes of HCI
(see Note 23).

. Raise the pH in the supernatant to 7.4 by adding 1.5 M Tris—

HCI pH 8.8 (approximately 1 ml/g wet bacteria).

. Grow bacteria to stationary phase in appropriate broth. Spin

down the bacterial cells at 2000 x 4 for 10 min and wash twice
with papain buffer and resuspend the bacterial cells in the same
buffer to a 10% solution (2 x 101° cfu/ml).

.Add to 1 ml 10% bacterial solution 55 pl 1 ML-cysteine

(see Note 24) and 100 pl 2 mg,/ml papain solution.

. Incubate for 60 min at 37 °C end-over-end rotation.

. Terminate the reaction by adding 12 pl 1 M iodoacetic acid

(final concentration 10 mM) (see Note 25).

. Spin down the bacterial cells at 2000 x 4 for 15 min.

. Sterile filter the supernatant using a 0.2 pm syringe filter. Store

the supernatant at -20 °C.

. Grow bacteria to stationary phase in appropriate broth. Spin

down the bacterial cells at 2000 x 4 for 10 min and wash twice
with pepsin buffer and resuspend the bacterial cells in the same
buffer to a 10% solution (2 x 101° cfu/ml).

. Add to 1 ml 10% bacterial solution 200 pl pepsin solution

1 mg/ml.

. Incubate for 60 min at 37 °C end-over-end rotation.

. Terminate the reaction by adjusting the pH to approximately

7.5 with 7.5% NaHCO; (see Note 26).



3.3.4  Using Trypsin

3.3.5 Using Mutanolysin
(See Note 28)

3.4 Affinity
Purification
on Sepharose Golumn
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. Spin down the bacterial cells at 2000 x 4 for 15 min.

6. Sterile filter the supernatant using a 0.2 pm syringe filter. Store

the supernatant at -20 °C.

. Grow bacteria to stationary phase in appropriate broth. Spin

down the bacterial cells at 2000 x 4 for 10 min and wash twice
with trypsin buftfer and resuspend the bacterial cells in the same
buffer to a 10% solution (2 x 101° cfu/ml).

.Add to 1 ml 10% bacterial solution 20 pl trypsin solution

10 mg/ml.

. Incubate for 60 min at 37 °C end-over-end rotation.

4. Terminate the reaction by adding 5 pl 1 M Benzamidine (final

concentration 5 mM) (see Note 27).

. Spin down the bacterial cells at 2000 x 4 for 15 min.

6. Sterile filter the supernatant using a 0.2 pm syringe filter. Store

the supernatant at -20 °C.

. Grow bacteria to stationary phase in appropriate broth. Spin

down the bacterial cells at 2000 x 4 for 10 min and wash twice
with mutanolysin buffer and resuspend the bacterial cells in the
same buffer to a 10% solution (2 x 10° cfu/ml).

. Add to 1 ml 10 % bacterial solution 10 pl mutanolysin 1000 U/

ml and 2 pl DNase 4 mg/ml.

. Incubate for 2 h at 37 °C end-over-end rotation.

4. Terminate the reaction by adjusting the pH to approximately

7.5 with 7.5% NaHCO; (see Note 26).

. Spin down the bacterial cells at 2000 x 4 for 15 min.

6. Sterile filter the supernatant using a 0.2 pm syringe filter. Store

the supernatant at —20 °C.

. Pack a column with the protein of interest (bacterial or host

protein) coupled to CNBr-activated Sepharose, according to
the manufacturer’s protocol.

2. Wash the column with PBS.
. Apply the sample containing the protein to be purified (a bac-

terial lysate or plasma). Collect the flow-through.

. Wash the column with at least 10 column volumes of PBS. The

Sepharose should be washed until the absorbance at 280 nm of
the washing solution is close to zero.

. Elute the bound protein(s) with 0.1 M glycine—-HCI, pH 2.0.

Collect fractions of 0.5 pl, add 1 M Tris to raise the pH to
approximately 7.5 (see Note 29).

. Measure the absorbance at 280 nm of the fractions and com-

bine fractions containing the protein(s) of interest.
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Fig. 5 SDS-PAGE analysis of plasma proteins eluted from protein H-Sepharose.
Human citrate-treated plasma was applied to a column with streptococcal pro-
tein H-Sepharose. Proteins bound to the Sepharose were eluted with 0.1 M gly-
cine buffer pH 2.0. The material was separated by SDS-PAGE (4—-20 % gradient
gel) under reducing conditions and the gel was stained with Coomassie Blue.
Lane 1: molecular marker; /ane 2. proteins eluted from protein H-Sepharose;
lane 4: human plasma diluted 1:25

—

7. Dialyze the sample against PBS or Tris buffer (20 mM pH 7.5,
0.15 M NaCl) and if necessary concentrate the sample using
micro-spin columns.

8. Analyze the sample by SDS-PAGE (Fig. 5). The eluted protein
fragments are cut out and identified by N-terminal sequencing
or mass spectrometry.

4 Notes

1. 1 M Tris solution is used to neutralize the low pH glycine—
HCI bufter (pH 2.0) in order to minimize denaturation of
eluted protein(s).

2. Citrate treated plasma is used for analysis of interactions with
coagulation factors. Other plasmas or other host extracellular
secretions can of course also be used depending on the ques-
tion at issue.

3. IODO-BEAD® iodination reagent is a mild oxidizing agent,
which does not require a reduction step. This is an advantage
for maintaining biological activity of the protein to be labeled.

4. Labeling of proteins is not restricted to the usage of '?°I, and
can be performed with any easy detectable label of choice (e.g.,
fluorescent probes such as FITC, and Alexa).

5. Concentrated HCl is 12.0 M. Dilute to 0.1 and 0.2 M by add-
ing 8.33 ml and 16.66 ml concentrated acid to a final volume
ot 1000 ml water.



6.

10.

11.

12.

13.

14.

15.

16.
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CNBr is toxic and thus it is important that all work with this
chemical reagent is performed in a fume hood. Weigh an empty
glass tube with a lid. Add CNBr to the test tube, close the lid
and weigh the tube again. Calculate the volume of 0.2 M HCI
that should be added to get a solution of 30 mg/ml. Spoon,
tips, and beakers that have been in contact with CNBr solution
should be neutralized with NaOH solution, approximately
1-2 M for 3 h. Then the solution can be thrown out in the
fume hood sink.

. In general, dialysis tubing with a MWCO of 3500 Da is used.

Depending on the size and structure of the protein dialysis
tubing with other MWCO can be chosen.

. Benzamidine hydrochloride hydrate is a reversible inhibitor of

trypsin.

. Bacterial proteins can be expressed during different growth

phases, and thus binding results might vary depending on
which growth phase that is used.

Lower/higher concentrations of bacteria can be used as well,
but if the protein of interest is expressed in low numbers at the
bacterial surface higher concentrations of bacteria would be
preferred.

Incubation at other temperatures, for instance 37 °C, can be used
as well. Protein binding may differ between various temperatures.

The bacterial pellet is easier to dissolve in a small volume, 100-
200 pl of PBS. Then add PBS to a final volume of 1000 pl.

The incubation time is not that important, but a minimum of
15 min is recommended to allow the change in ionization of
groups involved in binding between the bacterial protein and
the host ligand to occur.

This lab has good experience working with 12°T, but any label
that is easy to detect in screening systems will work, including
FITC and Alexa.

The labeling procedure using '?°1 should be performed in a fume
hood with a protection shield of lead. All waste material (tubes,
pipette tips, etc.) should be put in a plastic bag for disposal of
radioactive waste according to the regulations of the laboratory.

A volume size of 0.5 ml per fraction is generally used. PD-10
desalting columns contain Sephadex G25 and allow rapid
separation of high molecular weight substances (5000 Da)
from low molecular weight compounds, such as free Iodine.
The bed volume of these columns is 8.3 ml. Due to the larger
size of proteins as compared to free iodine, labeled proteins
will be eluted first (in or just after the void volume) and the
free iodine will elute just before one column volume of buffer
has passed through. With a fraction size of 0.5 ml and 10
fractions the free iodine will remain bound to the column,
which can be disposed (see Note 15).
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

In general the radiolabeled protein will be eluted in fractions
7-8 with a fraction size of 0.5 ml. Fractions not containing the
protein are disposed (see Note 15).

Once the protein is labeled with 12°T all work can be performed
at the lab bench, but a protective bench paper is required. All
waste material should be put in a plastic bag for later disposal
(see Note 15).

Make duplicates for each bacterial strain to be analyzed for
binding of the protein and for the PBST control.

Longer incubation times or incubation at 37 °C can be
performed.

The supernatant is carefully removed by using a vacuum suc-
tion device connected to a Fluid Management System for liq-
uid waste (Medela), working in a fume hood. Alternatively the
supernatant can be removed to a plastic bag by pipetting and
the liquid solidified by adding Swell (Abra Tech).

By screening bacteria before and after treatment for binding of
radiolabeled ligand the efficiency of the treatment can be
determined. The released material can also be analyzed by
SDS-PAGE.

The purpose of the HCI dialyses is to remove the CNBr from
the protein solution.

Papain is a cysteine protease having a sulthydryl (SH) group
necessary for its activity. Addition of L-cysteine is essential for
enzyme activity.

Todoacetic acid is an SH-blocking reagent moditfying cysteine
residues.

Approximately 5 pl 7.5% NaHCO; to 1 ml solution is needed.
Check the pH of the solution by adding 1 pl to a pH-indicator
paper.

Alternatively, trypsin inhibitor can be used. 1 mg trypsin inhib-
itor inactivates 1 mg trypsin.

Opposite to the other hydrolytic enzymes (papain, trypsin,
pepsin), mutanolysin is a glycosidase hydrolyzing the bonds in
the peptidoglycan, and will thus not degrade the proteins using
prolonged incubations.

Approximately 30-50 pl 1 M Tris is needed. Check the pH of
the solution by adding 1 pl to a pH-indicator paper.
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Chapter 2

Analysis of Bacterial Surface Interactions with Mass
Spectrometry-Based Proteomics

Christofer Karlsson, Johan Teleman, and Johan Malmstrom

Abstract

Host—pathogen protein—protein interaction networks are highly complex and dynamic. In this experimental
protocol we describe a method to isolate host proteins attached to the bacterial surface followed by quan-
titative mass spectrometry based proteomics analysis. This technique provides an overview of the host—
pathogen interaction network, which can be used to guide directed perturbations of the system, and to
select target of specific interest for further studies.

Key words Bacteria, Surface absorption, Mass spectrometry, Proteomics, Trypsin digestion, Peptide
solid phase extraction, Bioinformatics

1 Introduction

Microbial pathogenesis is the result of complex molecular interac-
tions between the host and a microbial pathogen. Nonspecific and
specific pathogen recognition results in the coating of the patho-
gen surface by immune system proteins derived from several differ-
ent biochemical processes such as complement deposition and
antibody binding. These processes aid the pathogen killing and
clearance. However, pathogens have evolved mechanisms to inter-
tere with the host immune reactions by for example expressing
surface proteins that specifically bind host proteins, to facilitate
immune evasion and bacterial dissemination.

A specific example of a pathogen that can bind many different
host proteins to the bacterial surface is Streptococcus pyogenes. The
major virulence factor on the S. pyogenes surface is the cell wall
anchored M-protein that can bind several human host proteins
[1-4]. The M-protein, together with other streptococcal host
binding surface proteins, forms a complex host—pathogen protein
interaction network on the bacterial surface [5-11]. Investigating
binary interactions between host and pathogen proteins is not suf-
ficient to describe the topology of the protein interaction network.

Pontus Nordenfelt and Mattias Collin (eds.), Bacterial Pathogenesis: Methods and Protocols, Methods in Molecular Biology,
vol. 1535, DOI 10.1007/978-1-4939-6673-8_2, © Springer Science+Business Media New York 2017
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Steric hinders, degree of affinity, secondary binding, competitive
interactions, and protein abundances are factors that affect which
proteins adhere to the bacterial surface. The comprehensive mea-
surement of these interactions requires analytical techniques capa-
ble of identifying and quantifying the majority of the proteins
involved in the network.

In this protocol we provide a method for quantitative MS anal-
ysis of both surface bound host proteins and the complete bacterial
protein content in one experimental setup. The protocol includes
the use of whole bacteria as affinity probes to isolate host proteins
that attach to the bacterial surface (Fig. 1). Whole bacteria and the
proteins adhered to the bacterial surface are isolated using centrif-
ugation followed by quantitative mass spectrometry analysis. The
rapid development of mass spectrometry (MS) based proteomics
has made MS an important technology within life science [ 12-14].
The prevailing bottom-up MS based techniques analyze digested
proteins (peptides), separated based on hydrophobicity using
online liquid chromatography, which are then eluted via electro-
spray to form gas-phase ions. The chromatographic separation
reduces the sample complexity, but numerous peptide ions still
enter the MS instrument simultaneously. These peptide ions are
first mass analyzed (MS1), after which the most abundant peptide
ions are selected for collision-induced dissociation (CID) followed
by a second mass analysis (MS2) of the derived fragment ions.
Subsequent data analysis strategies attempts to match all acquired
MS2 spectra computationally to one of all theoretically derived
peptide MS spectra from the organisms analyzed [15-20]. From
the identified peptides, proteins are inferred using statistical
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Fig. 1 Outline of the method to identify and quantify bacterial surface interacting host proteins
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methods [21, 22]. The intensities of the individual MS1 features
are integrated and the area under this curve is used to infer peptide
and protein abundance using one of several published software
programs [23-27]. In this protocol we use the MaxQuant software
[26] as an example, which can be freely downloaded and installed
on a standard Microsoft Windows computer.

The protocol outlines how bacterial cellular and surface proteins
together with surface attached host proteins can be identified and
quantified using MS and label-free quantification. The summed bac-
terial protein quantity can be utilized to normalize results for uneven
sample loss during sample preparation, to remove confounding fac-
tors while comparing differential individual protein abundances
between different strains or biological conditions. In addition, the
quantification of the attached host proteins allows characterization of
the host—pathogen protein interaction network topology.

2 Materials

2.1 Bacterial Plasma
Adsorption

and Sample
Homogenization

2.2 Trypsin Digestion

2.3 Peptide C18
Solid Phase Extraction

1. Wash bufter (WB): 150 mM NaCl, 20 mM Tris-HCI pH 7.6.

2. Pooled Normal Human Blood Plasma (Innovative Research)
(see Note 1).

3. LC-grade water.

4. 90 mg silica beads 0.1 pm @ (Biospec) in 0.5 ml tubes with an
O-ring screw cap.
5. Beadbeater (Fastprep 96, MpBio).

1. Urea buffer (UB): 8 M Urea, 0.1 M NH,HCO; in LC-grade
water (see Note 2).

. Sequence grade trypsin (Promega).

. 100 mM NH,HCO; (ABC) in LC-grade water (sec Note 2).
. 500 mM tris(2-carboxyethyl)phosphine) (TCED).

. 500 mM 2-iodoacetamide in LC-grade water (see Note 2).

2N NN 8]

1. 10% formic acid (FA) (see Note 3).

. UltraMicro Spin Silica C18 300 A columns (Harvard
Apparatus).

8]

. LC-grade methanol.

. LC-grade acetonitrile (ACN).

. LC-grade water.

. Buffer A: 2% ACN, 0.2% FA in LC-grade water.

. Bufter B: 50% ACN, 0.2% FA in LC-grade water.

. Vacuum concentrator.

O 0 NN N Ul W

. Ultrasonic water bath.
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2.4 Shotgun Mass
Spectrometry

2.5 Data Analysis

. High-resolution, accurate-mass (HR /AM) mass spectrometer

with nano-flow UHPLC.

. MaxQuant, http://www.coxdocs.org/doku.php?id = maxquant:

start.

. Protein database in FASTA format, describing the expected pro-

tein contents of the samples. This typically includes the pro-
teome of both the bacterium and host/plasma (see Note 4).

3 Methods

3.1 Bacterial Plasma
Adsorption

3.2 Sample
Homogenization
and Trypsin Digestion

3.3 Peptide C18
Solid Phase Extraction

10.

B W N

o NN O »

. Grow the bacteria to desired growth phase for the interaction

analysis.

. Harvest the bacteria by centrifugation and wash by resuspend-

ing the pellet in the wash buffer.

. Wash the bacteria for a second time and dissolve the pellet in

WB to a concentration of 1% w/v.

. Mix 150 pl of 1% bacteria solution with 450 pl plasma, vortex

bacteria briefly just before adding to plasma.

. Incubate for 30 min at 37 °C on thermal block with 500 rpm

shaking.

. Wash three times with 1 ml WB (5000 x g, 5 min, swing-out, soft).
. Transfer 100 pl of the solution to a 0.5 ml tube with an O-ring

screw cap containing 90 mg silica beads.

. Centrifuge for 5 min 5000 x4, remove the supernatant and

add 100 pl LC-grade water.

. Lyse the bacteria with a bead beater for 2 x 3 min at 1600 oscil-

lations/min and 1.5-inch stroke speed.

Dry samples completely using a vacuum concentrator.

. Add 50 pl UB to the dried sample.

. Incubate for 30 min on shaker.

. Add 1 pl TCEP and incubate at 37 °C for 60 min.

. Add 2 pl IAA and incubate for 30 min at room temperature in

a dark environment.

. Add 500 pl ABC to the sample.

. Add 2 pg trypsin to the sample and Incubate for >6 h at 37 °C.
. Add 100 pl 10% FA to stop the digestion.

. Ensure that the pH is >3.

. Place the C18 column in 2 ml collection tube. Add 300 pl

methanol for column wash and centrifuge at 200 x4 for 1 min.
Discard the flow-through liquid.



3.4 Shotgun Mass
Spectrometry

3.5 Data Analysis
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. Add 300 pl Buffer A to the column and centrifuge at 200 x g

for 1 min, repeat three times. Discard the flow-through liquid
after the second and third centrifugation.

. Dry the column tip on a lint-free paper towel and place the

column in a new collection tube. Add 450 pl digested sample
to the column and centrifuge at 200 x4 for 1.5 min. Reapply
the flow-through liquid to the column and centrifuge as above.
Repeat twice (totally three centrifugations). Discard the final
flow-through liquid.

. Add 300 pl Buffer A to the column and centrifuge at 200 x4

for 1.5 min. Repeat three times. Discard the flow-through lig-
uid after the second centrifugation.

. Dry the column tip on a lint-free paper towel and place the

column in a new collection tube.

. Add 100 pl Buffer B to the column and centrifuge at 200 x g

for 1 min. Do not discard the flow-through. Repeat three
times. Then briefly centrifuge at 1000x4. The final elution
volume is 300 pl.

. Dry the samples to complete dryness using a vacuum

concentrator.

. Add 50 pl Buffer A, resuspend the peptides by incubating for

5 min in a ultrasonic water bath.

For a recent detailed overview of sample preparations methods

for MS, see ref. [28].

1.

i

This protocol is optimized for the LC-MS,/MS analysis of 1 pl
sample corresponding to ~1 pg protein (see Note 5).

. Separate the peptides on a 2 h gradient and run the mass spec-

trometer in data dependent acquisition (DDA) mode accord-
ing to the instrument vendor’s recommendations.

. Launch MaxQuant by double-clicking on “MaxQuant.exe”.
. Click “load” and select the MS data files in the file dialog

(see Note 6).

. Under the “Group-specific parameters” tab:

(a) Click “Label-free quantification”. In the dropdown menu,
select “LFQ”.

(b) Click “Digestion”. Ensure that “Trypsin/P” is the only
entry in the right list.

(c) Click “Instrument”. Ensure that the instrument type is
matching the used instrument (see Note 7).

(d) Click “Modifications”. Ensure that the right-hand list con-
sists of “Oxidation (M)” and “Acetyl (Protein N-term)”.
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4. Under the “Global parameters” tab:
(a) Click “Sequences”:
e Click “Add file” and select the FASTA protein database.

e Ensure that the right-hand list consists of
“Carbamidomethyl (C)”.

(b) Click “Identification”. Set the “PSM FDR” to 0.01, and
“Protein FDR” to 0.01.

5. Under the “Configuration” tab:

(a) Click “Sequence databases”:

e Click “Add”. On the right hand side, click “Select”
and choose the fasta protein database. Type in the fasta
file source in the “Source” field. Replace “Homo sapi-
ens” for the appropriate host and pathogen species.
Finally click “Modify table” to save this entry.

¢ Click “Save changes”.
6. Under the “Raw files” tab:

(a) Click “Start” to start the analysis. Depending on the num-
ber of sample and size of the protein database, the analysis
might take several hours.

7. Results are found in the tab-separated file combined /protein-
Groups.txt.

(a) The measured relative quantity of each protein is given in the
“Intensity” column. This is very precise for comparing the
concentration of a given protein between samples, but should
not be used to compare levels between ditferent proteins.

(b) Protein IDs starting with “CON__" or “REV__" are
known contaminants and mock proteins respectively. This
status is also shown in the “Potential contaminant” and
“Reverse” columns. Such proteins should not be used in
the following analysis.

(c) Many proteomics scientists consider proteins with only
one supporting peptide dubious, these proteins should be
used with caution.

4 Notes

1. Other proteinous fluids can also be used, for example saliva.
2. These solutions should be made fresh and used the same day.

3. Prepare 10% working solution in LC-grade water. Do not use
plastics (tips, beakers or bottles) when handling concentrated FA.

4. Translated bacterial genomes can be found both in Uniprot
(http:/ /uniprot.org), but also in the Human Microbiome Project
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(http://hmpdacc.org/), PANTHER (http://pantherdb.org)
and Patric (http://patricbrc.org) databases. For host-translated
genomes (human, mouse, etc.) we suggest using the UniProt KB
reference proteomes.

5. The injection volume is dependent on the amount of bacteria
and absorbed proteins. The total protein concentration of the
sample homogenate can be estimated with protein assays, for
example bicinchoninic acid (BCA) assay Kkits.

6. MaxQuant support the native data formats of several vendors.
If the used instrument vendor is not in this list. MSConvert
[29] might be used to convert the data files to the generic for-
mat mzXML, that is also supported by MaxQuant.

7. To maximize mass spectrometry search results, the search
parameters and especially precursor and fragment tolerances
should be adapted to the used method and instrument. If
unsure, please consult with the instrument operator on the
appropriate settings.
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Chapter 3

Differential Radial Capillary Action of Ligand Assay
(DRaCALA) for High-Throughput Detection of
Protein—-Metabolite Interactions in Bacteria

Mona W. Orr and Vincent T. Lee

Abstract

Bacteria rely on numerous nucleotide second messengers for signal transduction such as cyclic AMP,
cyclic-di-GMP, and cyclic-di-AMP. Although a number of receptors responsible for known regulated
phenotypes have been established, the completeness of protein receptors in any given organism remains
clusive. We have developed a method called differential radial capillary action of ligand assay (DRaCALA)
that allows for an unbiased, systematic high-throughput screen for the detection of ligand binding pro-
teins encoded by a genome. DRaCALA permits interrogation of ligand binding directly to an overex-
pressed protein in a cell lysate and bypasses the need of protein purification. Gateway-cloning-compatible
open reading frame libraries are available for a diverse range of bacterial species and permits generation of
the lysates overexpressing each open reading frame. These lysates can be assessed by DRaCALA in a
96-well format to allow rapid identification of protein-ligand interactions, including previously unknown
proteins. Here, we present the protocols for generating the expression library, conducting the DRaCALA
screen, data analysis, and hit validation.

Key words Protein-ligand interaction, DRaCALA, High-throughput screen, ORFeome, Nucleotide
signals, Receptors

1 Introduction

Bacteria use many different nucleotide signaling molecules to
regulate a variety of phenotypes. However, despite years of research
dating back decades, identification of ligand binding proteins for
many of these signaling molecules has been a challenge. For exam-
ple, c-di-GMP is a well-studied ubiquitous bacterial second mes-
senger that regulates a range of behaviors such as biofilm formation
and motility [1]. Although c-di-GMP was first described in 1987
[2], novel receptors are still being identified nearly three decades
later [3-6]. While some c-di-GMP receptors contain conserved
predicted binding domains, additional proteins have been reported
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with unique and previously unknown binding sites. These include
the PelD from Pseudomonas aeruginosa and DNA binding proteins,
including FleQ from P. aeruginosa [7, 8], BIdD from Streptomyces
coelicolor [ 3], and the CRP-homolog Clp from Xanthomonas spe-
cies [9-11]. Furthermore, new signaling molecules such as c-di-
AMP and c-AMP-GMP are being identified [12, 13]. The protein
receptors for these molecules still remain largely unknown. Since
these signaling molecules govern a wide range of bacterial behaviors
and their mechanism of action remains unclear, the identification of
their cognate receptors will be immensely helpful in understanding
their functions to regulate bacterial physiology.

Successful methods to identify the protein binding partners of
bacterial metabolites include bioinformatics-based approaches, mass
spectrometry analysis of proteins pulled down using affinity tagged
ligands, and targeted approaches to test proteins regulated by the
signaling molecule. For ¢-diGMP, in silico bioinformatics predic-
tions based on known binding motifs, including PilZ [14], I-site of
DGCs [15, 16], and catalytically inactive PDE-A [15, 17] have
identified c-di-GMP receptors [1, 18, 19]. Affinity pull-down based
methods such as those using the cyclic di-GMP analog 2-AHC-c-di-
GMP covalently coupled to sepharose beads [20] and the c-di-
GMP-specific Capture Compound [21] have been successful in
identifying additional binding proteins. In addition to these meth-
ods, additional binding proteins for c-di-GMP have been identified
through targeted approaches [22]. The high throughput DRaCALA
open reading frame library (ORFeome) screen described here allows
for another approach by permitting high-throughput screening of
the individual open reading frames from an entire bacterial genome.

DRaCALA relies on differential movement of a radiolabeled
nucleotide and protein on nitrocellulose [23]. For this assay, a small
volume of protein mixed with radiolabeled ligand in a binding buf-
fer is applied to dry nitrocellulose. The protein remains bound to the
nitrocellulose at the point of application. While the free ligand will
be mobilized by capillary action with the liquid phase, bound ligand
will remain sequestered with the protein at the point of application.
These DRaCALA spots can be quantified by calculating the fraction
bound: the intensity of the radiation detected from protein-seques-
tered ligand over the total radiation of the spot [23]. DRaCALA can
be used to detect interactions without the need to purify from
Escherichin coli overexpression strain lysates under two conditions:
first, the protein is expressed above the dissociation constant and
second, the ligand is not naturally abundant in the overexpression
strain to compete for radioactively labeled ligand binding.

The DRaCALA screen can take advantage of available Gateway-
compatible ORFeome libraries to query each predicted ORF of an
entire genome individually for ligand binding. The ORF is recom-
bined into Gateway compatible destination expression plasmids and
transformed into the E. colz T71q expression strain, which is then
grown, induced for protein expression, and lysed all in a 96-well plate
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format. Each well in the expression library contains a lysate
overexpressing a single ORF. Radiolabeled ligand is then added via a
liquid dispenser. This lysate-ligand mix are then transferred to a
nitrocellulose sheet using a 96-pin tool and exposed for quantifica-
tion. ORFs that increase binding above the average background
binding seen for the expression library are considered positive hits.
These candidate binding proteins can then be purified and assayed
for confirmation of binding (see Fig. 1 for process overview). The
DRaCALA screen has recently been successfully used to identify
novel binding partners of c-di-AMP in Staphylococcus aunrveus [24],
c-di-GMP in Vibrio cholerae [5] and E. coli [4], and pGpG in V. chol-
erne[25]. We anticipate that the DRaCALA ORFeome screen will be
a powertul tool for identifying further protein—ligand interactions.

2 Materials

2.1 Gateway Cloning
into Expression
Plasmids

2.2 Transformation
into E. coli T7Ilq

1. Autoclave-sterilized 96-well PCR plates and silicone sealing
mats.

2. Thermocyclers.

3. TE bufter, pH 8.0: 10 mM Tris—HCI, pH 8.0, 1 mM EDTA.
10 mL 1 M Tris-HCI, pH 8.0, 2 mL 0.5 M EDTA, bring vol-
ume up to 1 L with double-distilled water (ddH,0).

4. 2 pg/pL proteinase K: 2 mg proteinase K dissolved in 1 mL
ddH,0. Make 100 pM aliquots and store at —20 °C.

5. LR Clonase (Invitrogen).

6. Gateway compatible donor plasmid containing ORFs of interest
in TE Buffer, pH 8.0 at 15-150 ng/puL, arrayed in 96-well plates.

7. Gateway compatible destination expression plasmid(s) in TE
Bufter, pH 8.0 at 150 ng/pL (see Note 1 for cloning into mul-
tiple destination plasmids and choice of tags in one LR Clonase
reaction).

. Chemically competent E. coli T71q (NEB).

. 96-well sterile flat-bottomed microtiter plates.
. Foil adhesive plate sealers.

. Incubator with plate shaker at 30 °C.

[T N N S

. Selection antibiotic stocks. The antibiotics used will depend on
the antibiotic resistance cassette present on the donor and des-
tination plasmids. Prepare stocks at 1000x concentration and
split into 1 mL aliquots. Store at the appropriate temperature
for the antibiotic.

6. LB-M9: 7 g anhydrous Na,HPO,, 2 g KH,PO,, 0.5 g NaCl,
1 g NH,CI, 2 g glucose, 1 g Na succinate hexahydrate, 10 g
tryptone, 5 g yeast extract, add 750 mL ddH,O, bring pH to
7.2 with NaOH, add volume up to 1 L with ddH,0, and
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Fig. 1 Schematic of high-throughput DRaCALA ORFeome screen. Steps corresponding to each text section are
numbered and in bold. Each of the plates has a designated name, shown below the plate, which is used in the
accompanying text. The general procedural steps are indicated by text on the side of each arrow
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autoclave to sterilize. Right before use, add 3 mL of autoclaved
sterilized 1 M MgSO, and 1 mL 1000x selection antibiotic
stock to each L of LB-M9 media. Expect to use ~160 mL of
LB-M9 in the generation of every 96-well expression plate.

7. LB 1% agar plates with appropriate selection antibiotic: 10 g
tryptone, 5 g yeast extract, 10 g NaCl, 10 g agar, dissolve in 1 L.
ddH,O0, autoclave to sterilize, let cool to ~50 °C, add 1 mL
1000x antibiotic stock, pour into petri dishes and let cool.

8. LB-M9 40% glycerol: 10 g tryptone, 5 g yeast extract, 10 g
Nad(l, dissolve in 600 mL ddH,O, then mix in 400 mL glyc-
erol and autoclave to sterilize.

2.3 Lysate
Generation

. 2 mL sterile 96-well plates with lids.

. 96-well U-bottom microtiter plates.

. LB-M9 (see above).

. 0.1 M (100x) isopropyl p-b-1-thiogalactopyranoside (IPTG)
stock: 238 mg IPTG, add ddH,O to 10 mL, sterile filter

through 0.45 nm filter, aliquot 1.5 mL into sterile microfuge
tubes and store at -20 °C.

5. 10x binding buffer (100 mM Tris-HCI, pH 8.0, 1 M NaCl,
50 mM MgCl,): 100 mL 1 M Tris—=HCI, pH 8.0, 58.4 g NaCl,
10.2 g MgCl,, dissolve salts, bring volume up to 1 L with
ddH,0, and autoclave to sterilize (se¢ Note 2 for buffer com-
ponent considerations).

6. 1x binding buffer: dilute 10x binding bufter 1:10 into sterile
ddH,0.

7. 1x lysis buffer: 1x binding buffer with 10 pg/mL DNAse,
250 pg/mL lysozyme, and 1 pM PMS. Make the day of use.

8. 100x DNase (1 mg/mL): 10 mg DNase, add ddH,O to
10 mL, aliquot 1 mL into sterile microfuge tubes and store at
-20 °C.

9. 100x lysozyme (25 mg/mL): 250 mg lysozyme, add ddH,0O
to 10 mL, aliquot 1 mL into sterile microfuge tubes and store
at -20 °C.

10. 100x PMSF (0.1 M): 871 mg PMSE, add isopropanol to
50 mL in a 50 mL conical. Store at room temperature. Another
protease inhibitor may be substituted.

N S

2.4 DRaCALA Screen 1. Radiolabeled ligand in binding buffer: calculate the volume of
radiolabeled ligand that will result in 150 pCi activity /50 mL
of buffer (see Note 3 regarding radiolabel mixture). To this
volume add 5 mL 10x binding buffer and ddH,0O to 50 mL in
a 50 mL conical. Store at —20 °C until use.

2. 0.01% (vol) Tween 20 in H,O: mix 5 pL. Tween 20 and 50 mL
ddH,O in a 50 mL conical. Make fresh each time.
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2.5 Quantification
and Analysis

2.6 Validation

3. 96-well pin tool with 2 pL slot (V&P Scientific).

4. 0.45 pm dry nitrocellulose membrane sheets cut to a size that
permits duplicate stamps on one sheet (12 cmx19 cm).
Nitrocellulose MUST BE DRY.

5. MultiFlo liquid dispenser (BioTek) or other liquid handlers.

6. Phosphorimager screens and cassettes.

1. Phosphorimager and associated image analysis software (Our
lab uses a Fujifilm FLA-7000 phosphorimager and Fujifilm
Multi Gauge software v3).

2. Graphing program.

1. Expression library freezer stock plate generated in
Subheading 3.2.

2. 96-well sterile flat-bottomed microtiter plates.
3. Materials listed in Subheading 2.3.

3 Methods

3.1 Gateway Cloning
into Expression
Plasmids

Before starting this protocol, the user needs to obtain or generate
a library of Gateway compatible donor plasmids arrayed in 96-well
plates that contain their ORFs of interest. This can be generated in
house or ordered from a repository (see Note 4).

The methods are split into six sections: (1) Gateway cloning
into the expression plasmid, (2) transformation into the expression
strain, (3) protein expression and lysate library generation, (4)
conducting the DRaCALA screen, (5) data analysis, and (6) valida-
tion (Fig. 1). All the wet lab steps take place in 96-well plate for-
mat. The use of multi-channel pipettes, multichannel stepper
pipettes or robotic fluid dispensers is beneficial for expediting these
high-throughput processes.

In this section, the Gateway cloning reaction is performed in
96-well format using PCR plates to introduce the ORFs of interest
into the expression vectors.

1. Thaw LR Clonase, ORFeome donor library plate, and destina-
tion plasmid(s). Refreeze immediately after use (see Note 1 for
cloning into multiple destination plasmids in one LR Clonase
reactions).

2. Make a master mix of destination plasmid and LR Clonase for
each plate: 48 pL destination plasmid (150 ng/pL), 48 pL. LR
Clonase, 96 pL. TE buffer, pH 8.0 (each individual reaction will
have 0.5 pL destination plasmid, 0.5 pLL LR Clonase, 1.5 pL. TE
bufter, pH 8.0). Pipette to mix and place on ice. If efficiency is
low, increase LR Clonase to 1 plL and decrease TE buffer to 1 pl.
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. Aliquot 3 pLL of master mix into each well of a sterilized 96-well

PCR plate (cloning plate).

. Transfer 2 pL. of miniprepped donor plasmid from the plasmid

library plate to the corresponding well in the cloning plate.
Pipette to mix.

. Cover the cloning plate with a sterile silicone sealing mat and

incubate at 25 °C in thermocycler for 2 h.

. Remove the cloning plates from the thermocycler. Change the

temperature to 37 °C. Add 1 pL of 2 pg/pL proteinase K solu-
tion to each well and incubate at 37 °C in the thermocycler for
10 min to stop the Gateway reaction.

In this section, the Gateway cloning product from Subheading 3.1
is transformed into the E. coli T71q expression strain (New England
Biolabs). The cells are added to the Gateway product, heat shocked,
and recovered in 96-well plates. The 96-well plate containing the
Gateway reaction is referred to as the “cloning plate.” They are
then plated onto selective plates using an 8-channel multichannel
pipette. The transformants are picked and inoculated into media in
a 96-well plate for growth for frozen stocks and for subculture to
induce protein expression (Subheading 3.3). This process can be
staggered to increase throughput (see Note 5).

1.

Thaw chemically competent E. colz T71q on ice during the pro-
teinase K incubation step. After proteinase K incubation,
remove the cloning plate from the thermocycler and place on
ice and allow to cool.

. Add 20 pL of thawed competent E. coli T71q to each well of

the cloning plate and incubate on ice for 30 min.

. During ice incubation, preheat a thermocycler to

42 °C. Transfer the cloning plate from ice to thermocycler and
heat shock at 42 °C for 30 s.

. Transfer the cloning plate from thermocycler to ice and recover

for 2 min.

. Add 50 pL of LB and incubate the cloning plate on a plate

shaker at 30 °C for 30 min.

. Use an 8-channel pipette to spot 5 pL from each column of the

cloning plate onto 2 LB agar plates with the appropriate selec-
tion antibiotic with 3 columns per plate. If transforming into
two destination vectors, pipette transformation onto two dif-
ferent selection plates.

. Incubate LB agar plates overnight at 30 °C. Each transforma-

tion spot should generate at least one colony (se¢ Note 6).

. The following morning, thaw an aliquot of 1000x antibiotic

stock and add to a bottle of LB-M9 media.
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3.3 Lysate
Generation

9.

10.

11.
12.

Transfer 150 pL. of LB-M9 media supplemented with antibiotic
into each well of a sterile 96-well microtiter plate (overnight
growth plate). 150 pL is used to ensure enough culture is present
for both creation of a freezer stock and subculture for expression.

To inoculate the overnight growth plate with the transfor-
mants, take an 8-channel pipette and drag the tips through the
colonies and then place the tips into the corresponding col-
umn of the overnight growth plate.

Replace the lid and shake overnight at 30 °C (se¢ Note 7).

Prepare an expression library freezer stock plate from the over-
night growths. Transfer 100 pLL of LB-M9 40% glycerol into each
well of a sterile flat-bottomed 96-well microtiter plate (expression
library freezer stock plate). Transter 100 pL of the overnight
growth plate cultures to the freezer stock plate, shake at room
temperature for 5 min to mix, then seal with an adhesive foil. This
stock is now in 20 % glycerol and can be stored at -80 °C.

In this section, the expression strains are subcultured and induced
for ORF expression, lysed, and aliquoted into the lysate assay plates.

1.

Remove the lid of a sterilized 2 mL 96-well plate and transfer
1.5 mL of the LB-antibiotic media into each well (induction
plate). Allow to warm to room temperature before use.

. Dilute overnight growth cultures 1:50 (30 pL) from an over-

night growth plate into the induction plate and grow with
shaking at 30 °C for 4 h. Either use the remaining overnight
growth cultures from Subheading 3.2, step 11 or start 150 pL.
cultures from the expression library freezer stock (from
Subheading 3.2, step 12) the night before.

. After 4 h, add 15 pL of sterile 0.1 M IPTG into each well of the

induction plate to induce and grow at 30 °C for an additional 4 h.

. Centrifuge the subculture plate for 10 min at 2000 x 4 to pellet

cells. As soon as the centrifugation is over, quickly invert the
induction plate, hold for 5 s and shake sharply once to remove
media without disrupting the pellet.

. During centrifugation, thaw DNase and lysozyme to compose

lysis buffer by mixing 30 mL of 1x binding buffer, 300 pL
DNase, 300 pL lysozyme, and 300 pL. of PMSF stocks to a
pipetting reservoir (final concentration 10 pg/ml. DNase,
250 pg/mL lysozyme, and 1 pM PMSE).

. Transfer 150 pL of lysis buffer into each well of the induction

plate and shake on a plate shaker for 10 min at RT to resuspend
the pellet. If necessary, pipette up and down to fully resuspend.

. Aliquot 20 pL of resuspended pellet into 96-well U-bottom

plates (lysate library plates) and seal with a foil seal. Seven repli-
cate lysate library plates can be made from each induction plate.
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Subject each lysate library plate to three freeze—thaw cycles to
lyse cells. Freeze at —-80 °C for 30 min and thaw at RT for
30 min twice, then store —80 °C until use in the DRaCALA
screen. This final thaw completes the third freeze—thaw cycle
(see Note 8).

. In most library plates, there is one well that is left empty that is

used for the addition of a lysate expressing a known binding
protein of the signaling nucleotide of interest. That well is typi-
cally empty. The buffer in the well is removed and the lysate of
the positive control lysate is added.

In this section, the DRaCALA screen is performed in high-throughput
manner. An automated liquid dispenser is used to add radiolabeled
ligand into each well of the lysate plates and the mix is transferred to
dry nitrocellose using a 96-well pin tool for the creation of the
DRaCALA spots. The use of automation and the 96-well pin tool,
while not strictly necessary, is what allows for the high-throughput
processing of samples and rapid analysis. This section uses radiation
and should be performed in an area certified for use of radioactivity.

1.

Lay out a pre-cut nitrocellulose sheet on the radiation bench
so that the 12 cm edge is parallel to the front edge of the bench
(see Note 9).

. Thaw the 50 mL conical containing radiolabeled ligand mix

(Subheading 2.4, item 1) (see Note 3). This can be thawed in
a beaker of warm water to speed the process. If all wells show
positive binding, there may be nonspecific binding proteins in
the lysates (see Note 10).

. Prepare the wash bath for the 96-well pin tool by pouring the

50 mL 0.01% Tween 20 into a reservoir large enough to
accommodate the pin tool. The tips (3-5 mm) of the pins
should be immersed in the 0.01% Tween 20 wash solution
when the pin tool is placed in the reservoir.

. Turn on the MultiFlo liquid dispenser and wash the lines with

10 mL ddH,0.

. Empty the lines of ddH,O. Place conical tube with thawed

radiolabeled ligand in binding bufter into the MultiFlo liquid
dispenser and fill the lines with radiolabeled ligand mix.

. Thaw a lysate library plate at room temperature for 10 min. All

plates should be used within ~15 min of thawing for consis-
tency. Three plates can be thawed at once since completing the
DRaCALA for each plate takes ~5 min/plate.

. Set the MultiFlo liquid dispenser to dispense 20 pL in a 96-well

plate format. Remove the foil seal from the thawed lysate
library plate, place the plate onto the MultiFlo liquid dispenser
tray and dispense the radiolabeled ligand.
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3.5 Quantification
and Analysis

8. Transfer the lysate library plate onto a plate shaker at room
temperature and shake for 1 min to mix.

9. While the plate is shaking, wash the 96-well pin tool in the
0.01% Tween 20 by dipping it into the reservoir and then
blotting on a paper towel. Repeat total of 3x to make sure the
tips of the pins are cleaned and coated in 0.01 % Tween 20.

10. As soon as the 1 min of mixing is over, move the lysate library
plate from the shaker to the bench. Place the pin tool into the
lysate library plate and make sure all the pins have dropped and
made contact with the lysate.

11. Pick up the pin tool and transfer it to the top half of the nitro-
cellulose membrane. Let pin tool sit on the membrane for
5-10 s while tapping the top of the pintool to make sure all
lysates in the pins have made contact with the nitrocellulose
membrane (see Note 11).

12. After 10 s, carefully pick up the pin tool vertically away from the
membrane to avoid dragging the tips sideways across the sur-
face of the membrane. The liquid transferred by the pins onto
the nitrocellulose should be visible as an array of 96 wet circles.
Check that all of the 96 circles are present and of uniform size.

13. Wash in 0.01% Tween 20 again, then repeat steps 9-12 for
technical replicates using the same assay mixture.

14. Move membrane aside and process additional plates.

15. After membranes have fully dry (~15 min at room tempera-
ture), wrap in plastic cling wrap and expose to phosphorimager
screen (exposure time depends on the activity of radioisotope)
(see Note 12).

16. Image on phosphorimager. Figure 3a shows a representative
DRaCALA 96-well stamp.

In this section, the fraction bounds for the DRaCALA spot are
quantified using image analysis software in a 96-well plate format.
Fraction bound is measured by drawing two circles: an outer circle
that encloses the entire spot and an inner circle that encloses the
inner spot (Fig. 2b). Most analysis software packages have a 96-well
plate measuring tool, where the well size and distance between
adjacent wells can be adjusted (Fig. 2¢). While drawing individual
circles for quantification is possible, this can be time-prohibitive for
analyzing an entire ORFeome of thousands of spots. When the
fraction bounds of the entire library have been determined, those
ORFs that increase the fraction bound above a determined “cut-
off” value above the background are considered positive hits.

1. Use the analysis software to draw the outer and inner circles
and obtain the area and radiation intensities for each DRaCALA
spot in the 96-well stamp (Figs. 2b and 3b) (see Note 13).
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Fig. 2 Principle of DRaCALA and fraction bound calculations. (a) Shown is a cartoon representation of a
DRaCALA spot and (b) two images of DRaCALA spots, one indicating binding (fop) and another indicating no
binding (bottom). The locations of protein (P), ligand (L), and ligand bound to protein (P-L), are indicated in the
cartoon. The location of the quantification circles are shown in red (inner circle) and blue (total circle).
(c) A schematic showing the three different parameters that can be adjusted to customize the 96-well measur-
ing tool on the Fujifilm Multi Gauge software. Shown are the circles for quantification for four spots from a
96-well plate. The horizontal distance between wells of adjacent columns is h and the vertical distance
between wells of adjacent rows is v. These two parameters should be the same for the inner and total circles.
The diameter of the inner circle is d. (in red) and the diameter of the total circle is @ (in blue). (d) The
equation for calculation of fraction bound

3.6 Validation

2. Use these four measurements to calculate fraction bound. First

determine the background intensity of unbound ligand (see
Note 14 for background explanation), subtract this back-
ground from the intensity of inner circle, and divide this value
by the intensity of the total DRaCALA spot for the fraction
bound (see Fig. 2d for equations). Excel or another processing
spreadsheet can be set up to automate calculations if the mea-
surements are taken and exported the same way each time.

3. After calculating the fraction bound for every ORF in the

library, plot the data with the fraction bound on the y-axis and
the ORF on the x-axis. Remove the values for the positive and
negative control wells (see Fig. 3d for a representative plot).

. Calculate the cutoft for positive hits. The cutoft for positive

hits can be defined for the entire library or on a plate by plate
basis. The use of these different definitions of positive hits will
depend on the data (see Note 15).

. To validate that the overexpressed protein increases binding in the

lysate, restreak positive hits for single colonies from the expression
library freezer stock plate, pick eight colonies from each putative



36 Mona W. Orr and Vincent T. Lee

A B c
a : oG : OO0 0COOIOC - 08
T . . L AL AL R C )X @) e ®) 8o C
. ¢ . oo e e (e)e) e s é(g_ 0.6 D .
LR B e e e @ @8 @8 8 (D
. . » oo o e e e 08 e e e @ 8 9— 04 °
. . . @ (o) NC ) » o =0 ®e00 00 o %% g
. s : LS f : @ : - : t' 8 % 02 ’::'..b'w“.v:’&’ ."Q’f ..'
. _ VeoLeee®ee - 00 .
' Open Reading Frame
D 0.8

Fraction Bound
2P-pGpG
o
N

Ch Ll A oy

Chromosome | Chromosome Il

Fig. 3 Example of a DRaCALA screen result and sample quantification. (a) An image of a DRaCALA stamp from
a pGpG screen against a His-MBP tagged . cholerae ORFeome plate [25]. A1, boxed in red, is the negative
control and contains a lysate of an empty vector strain. H1, boxed in blue, is the positive control and contains
a lysate of a strain overexpressing the protein RocR. The two spots boxed in green are lysates that show
increased binding of radiolabeled ligand. (b) A screen shot of the DRaCALA stamp with inner and total circles
drawn using the 96-well plate measuring tool from the Fujifilm Multi Gauge software (in blue). (c) Quantification
of fraction bound of each well from (). The red dot is the fraction bound calculated for the negative control,
the blue dotis the fraction bound for the positive control well, and the two green dots are two potential positive
hits corresponding to the same colored boxes from (a). (d) Quantification of the fraction bound of the entire
pGpG V. cholerae ORFeome binding screen [25]. The ORFs are arrayed by chromosome in ascending numerical
order along the x-axis. The vertical black dotted line divides between chromosomes | and Il in V. cholerae. The
horizontal solid gray line is the average fraction bound of the entire library and the horizontal dotted line shows
three standard deviations above the mean

binding protein to regenerate new lysates (as described in
Subheading 3.3) and re-assay for binding. The reason for picking
eight colonies is to ensure that the binding is not due to cross-
contamination that can easily occur during high-throughput
manipulations of the libraries. Binding by all eight colonies will
confirm that the increased fraction bound seen in the original
binding assay can be replicated. If only a subset of the eight colo-
nies bind, that subset should be used for additional analysis below.

2. Specificity can be determined by competition assays. Mix radio-
labeled ligand with an excess of unlabeled competitor (see Note
16) and add this mix to lysates of putative binding ORFs and
check for binding by DRaCALA. Specific binding interaction
should be only competed by the specific unlabeled competitor.

3. Purify the expression plasmid from colonies that bind and
sequence the ORF encoded on the plasmid to validate the
identity of the gene of interest.
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4. Subsequent validation requires the candidate protein to be purified

to ensure that the protein bind directly to the signaling nucleo-
tide. False positives can arise from the screen because the binding
assay occurs within the context of a cell lysate. For example, over-
expression of a non-binding protein that drives the production of
a binding protein encoded in the E. col/i genome would result in
a false positive. Purification techniques for individual proteins can
vary widely and will not be discussed here.

4 Notes

. This procedure can be modified to simultaneously clone into

two different destination plasmids in one LR Clonase reaction
by using destination plasmids containing two different antibi-
otic resistance cassettes. For example, in our studies we utilized
two different destination plasmids: one with an N-terminal
His-MBP tag and a gentamycin resistance cassette and a sec-
ond with an N-terminal His tag and an ampicillin resistance
cassette. By plating the same LR Clonase reaction on gentamy-
cin containing plates (thus selecting for the transformants with
the HisMBP tagged ORF) and carbenicillin containing plates
(thus selecting for transformants with the His tagged ORF),
we were able to construct two differently tagged expression
libraries using a single LR Clonase reaction. To alter the pro-
cedure, use 75 ng of each destination plasmid and decrease TE
buffer accordingly in the LR Clonase mix.

. Choice of binding buffer is important. Some enzymes are active

in certain conditions and may degrade the radiolabeled ligand.
For example, one class of enzymes that cleaves c-di-GMP is
active in Mg?* but not Ca?*. One can use a binding buffer with-
out divalent cations during lysate production and provide it in
2x with the radiolabeled ligand mix, allowing use of different
divalent cations for the same frozen lysate library. If necessary, an
excess of unlabeled nonspecific competitor can also be included
in the binding buffer to prevent nonspecific interactions.

. Prepare radiolabeled ligand by adding sufficient counts of

radioisotope to give >5000 counts for the total spot intensity
when exposed for 15 min to a phosphorimager screen. Add that
amount of radiolabeled ligand to 20 pL of 1x binding buffer. If
screening a full library, make 50 mL of the radiolabeled mixture
and freeze until use. For smaller screens, prepare ~2 mL of the
radiolabeled ligand in 1x binding buffer per plate to be screened.
If using an automated dispenser, account for the liquid required
for priming the machine. This varies depending on the
equipment and the inner diameter of the tubing.
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4. The Gateway compatible donor plasmid library can either be

generated in house by PCR and BP recombination based on
manufacturer instructions, or obtained from already generated
Gateway compatible ORFeome libraries. For example, BEI
Resources stocks a repository of several prokaryotic Gateway
compatible ORFeome libraries in E. coli. Each 96-well plate of
the library should include one well containing a strain with the
empty vector as a negative control and one well containing a
strain with the plasmid encoding a known binding protein as a
positive control. These libraries should first be miniprepped to
yield donor plasmid using a 96-well plate miniprep kit.

. Stagger the timing of the second set of LR Clonase reactions

to begin just prior to the end of the 2 h incubation of the first
set (Subheading 3.1, step 6).

. It is possible that a few reactions will result in no transfor-

mants. These individual reactions should be repeated and the
expression strain plate can be filled in later with successful
transformants.

. 150 pL cultures may evaporate in some incubators or warm

rooms after overnight incubation. A “humidified chamber”
may be used by placing the plate shaker in a container that
contains 0.5-1 cm depth of water to increase humidity.

. Having high quality lysates (defined as fully lysed with high pro-

tein overexpression levels) is crucial for the success of this assay.
Thus, testing conditions for growth, induction, lysis, and
DRaCALA spotting in small scale in lab prior to screening the full
ORFeome library is highly recommended. Three common prob-
lems that result in low quality lysates for DRaCALA are poor pro-
tein expression, incomplete lysis, and high viscosity. Poor
expression results in no detection of binding because the protein
needs to be present in a concentration above the K. Assess the
protein expression levels after generating a lysate library plate.
Randomly select 16 out of 96 wells. Add 5 pL of lysates to 5 pL.
loading dye, boil 20 min, load 5 pL into a 12% acrylamide gel,
separate by SDS-PAGE, stain with Coomassie, and check if there
is a visible overexpression band present that is of the correct size
for the ORF expressed in that well. If bands are weak, adjusting
richness of the media or IPTG levels can improve expression.
Incomplete lysis will result in reduced availability of the overex-
pressed protein for binding. Increasing the amount of lysozyme
or adding additional freeze—thaw cycles may help improve lysis. A
very viscous lysate will affect spreading of the spot on nitrocellu-
lose. Increasing the DNase concentration can reduce viscosity.

. Nitrocellulose membrane sheets come sandwiched between

sheets of wax paper. When stamping, keep the bottom sheet of
the sandwich below the nitrocellulose. The sheet of wax paper
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helps keep the nitrocellulose membrane from sticking to the
bench and prevents radiation from contaminating the bench. Pre-
cut nitrocellulose sheets and keep them in the stamping area in
case there is an error in stamping and another replicate is needed.

If binding is detected in all lysates, there is likely the presence of
a nonspecific binding protein in the lysate. This can be tested by
using a lysate containing the vector only. If the binding activity is
present in negative control lysates of cells with vector alone, the
addition of a related, but nonspecific competitor may prevent
nonspecific binding to the signaling nucleotide of interest. For
example, in the c-di-GMP screen, 100 uM of unlabeled GTP was
added to prevent detection of nonspecific binding interactions.

There are three common problems with the stamping portion of
this protocol. Firstly, the pins may drag on the nitrocellulose
when placing the pin tool on the membrane or lifting the pin
tool oft the membrane, resulting in distorted spots. Place and lift
the pin tool vertically and be sure that the nitrocellulose is laid
flat on the bench. If the nitrocellulose curls, the corners of the
membrane can be immobilized (by weights or tape) to ensure
the membrane remains flat. Secondly, the pins sometimes become
stuck and do not contact the membrane to allow for transfer of
the liquid to the membrane. This is most likely due to dirty pins.
If the pins are not dropping, wash the pin tool according to sup-
plier instructions. Finally, the pin sometimes does not transfer the
reaction mix to the nitrocellulose immediately. To address this
issue, tap fingers vigorously along the back of pin tool to make
sure lysate is transferred to the membrane. Alternatively, the
teeth of the pin can be dirty and must be cleaned. The 40 pL
reaction volume in a U-bottomed plate allows for up to four
replicate stamps. If after lifting the pin tool, it is clear that volume
from one or more wells has not been transferred to the nitrocel-
lulose, wash the pin tool and re-stamp on another sheet.

Be careful when wrapping in plastic cling wrap to not have
tolds or creases in the wrap between the membrane and the
screen. This will result in uneven exposure and lines on the
radiograph of the DRaCALA image.

Properly centering and aligning the circles is important.
Quantification circles that have too much white space or miss
part of the spot will result in incorrect values. For our experi-
ments, we made two sets of 96-well plates for each DRaCALA
stamp (Fig. 3b): one for an outer circle with a 4=8 mm,
h=8.97 mm, »=8.95 mm, and one of the inner circle with a
A=3.5, h=8.97 mm, »=8.95 mm (Fig. 2¢).

Simply, the fraction bound is the intensity of the protein-
bound ligand over the total intensity of all ligand in the spot.
The radiation intensity detected from the inner circle contains



40

Mona W. Orr and Vincent T. Lee

15.

16.

signal from the ligand bound to protein (L-P), but also has free
ligand (L) (Fig. 2a). The background can be calculated to esti-
mate the amount of signal that can be attributed to free ligand
present in inner circle. The “donut” area between the total
circle and the inner circle contains only unbound ligand (L),
which is similarly distributed in the inner circle. By calculating
the area of the donut (Arear,, - Areay,.) and the radiation
intensity present in the donut (Intensityr,, — Intensityy,,..) and
dividing these two values, we get a value that is the intensity/
area of the free ligand. Multiplying this value by Areay,,., gives
the intensity of the free ligand in an area the size of the inner
circle. This value is an estimation of the radiation intensity in
the inner circle that can be attributed to the unbound ligand.

There can be plate-to-plate variation in the fraction bound. As a
consequence, the fraction bound cutoft to define positive hits
need to account for this variation. Assuming that the majority of
proteins do not bind the signaling nucleotide of interest, a rapid
way to normalize the plate is to adjust the average fraction bound
for the entire plate (excluding the positive control) such that they
are the same [25]. For example, if plate 1 has an average fraction
bound of 0.05 and plate 2 has 0.1, all of the fraction bound in
plate 2 can be subtracted by 0.05 so that the average of plate 1
and plate 2 would both be 0.05. Note that this can lead to frac-
tion bound of a few well to be below 0. These data points are
typically plotted at O fraction bound. An alternative way is to
analyze each plate for lysates that have a fraction bound that is
three standard deviation above the mean of fraction bound of the
entire plate. This analysis is repeated iteratively after removing
the positive hits until no additional positive hits are found [5].

For competition assays, specific and nonspecific related nucleo-
tides can be added to the radiolabeled signaling nucleotide
prior to addition to the lysates expressing positive hits. For
example, addition of unlabeled c-di-GMP in excess competes
away the ability of lysates expressing positive hits to bind radio-
labeled c¢-di-GMP, whereas addition of nucleotides, such as
GTP, GDP, GMP, or cGMP, does not compete. Together, the
panel of unlabeled competitors can demonstrate the binding
interaction is specific to the signaling nucleotide of interest.
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Chapter 4

Identifying Bacterial Inmune Evasion Proteins Using
Phage Display

Cindy Fevre, Lisette Scheepmaker, and Pieter-Jan Haas

Abstract

Methods aimed at identification of immune evasion proteins are mainly rely on in silico prediction of
sequence, structural homology to known evasion proteins or use a proteomics driven approach. Although
proven successful these methods are limited by a low efficiency and or lack of functional identification.
Here we describe a high-throughput genomic strategy to functionally identify bacterial immune evasion
proteins using phage display technology. Genomic bacterial DNA is randomly fragmented and ligated into
a phage display vector that is used to create a phage display library expressing bacterial secreted and mem-
brane bound proteins. This library is used to select displayed bacterial secretome proteins that interact with
host immune components.

Key words Immune evasion, Phage display, Secretome, Functional identification, High-throughput

1 Introduction

In order to inhibit immune responses, immune evasion proteins
need to reside outside the bacterial cell wall and thus are part of the
bacterial secretome. Secretome proteins include membrane pro-
teins, cell wall anchored proteins, and extracellular proteins. They
are synthesized in the cytoplasm as protein precursors encoding
various motifs such as signal sequences, cell wall-anchoring motifs
and/or transmembrane domains. The type and combination of
these motifs determine the ultimate location of the protein. Signal
sequences address proteins to different secretion systems that will
allow their translocation across the plasma membrane for further
insertion in the membrane, binding to the membrane, retention in
the cell wall, or secretion. Classical methods to identify immune
modulatory secretome proteins are inefficient and time consum-
ing. They are often based on genetic or structural homologies or
proteomic identification in bacterial supernatant, and especially
rely on laborious inefficient readouts [1, 2].
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Signal sequence

Phage display technology provides an alternative strategy to
functionally identify immune evasion proteins using a high
throughput system [ 3]. Phage display technology is the process of
expressing proteins fused to capsid proteins on the surface of a fila-
mentous Ff-phage (viruses that specifically infect the Gram nega-
tive bacterium Escherichia coli carrying F-pili) and selecting the
fraction of displayed proteins that exhibit a desired property. By far
the most commonly used capsid protein for phage display is pIII
that allows expression of large proteins [4].

A phage library contains a large amount of different phage clones
displaying a different protein resulting in a heterogeneous mixture of
phages. The expressed protein often retains the behavior of its free
counterpart. This allows for affinity selection of phage displayed mol-
ecules [3, 5]. The selected phages are amplified and the phage and
expressed protein are further characterized. The expression of the
capsid protein (and thus the fusion protein) depends on the presence
of'a signal sequence that directs the protein to the inner membrane of
the bacterial host where it is incorporated into the newly formed
phage particle, an essential step for phage production and stability [3].
This allows for selective expression of a bacterial secretome since sec-
retome proteins are characterized by the presence of a signal sequence
that addresses the protein to the bacterial inner cell membrane (Fig. 1).

Secretome phage display, also called signal sequence phage dis-
play, is based on a genomic library and constitutes a very promising
alternative to #» szlico analysis and to the classical functional charac-
terization methods [6]. The strategy is derived from whole genome
phage display where randomly sheared chromosomal DNA is
inserted into a phagemid vector containing a signal sequence which
addresses the encoded bacterial protein in fusion with a phage coat
protein to the E.cols cytoplasmic membrane, where it is assembled
into the phage particle. In a secretome phage display strategy, the
signal sequence, or any other membrane-targeting signal, is absent
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Fig. 1 In bacterial secretome

phage display genomic DNA is randomly sheared into small fragments that are

ligated into a phage display (phagemid) vector. These vectors are transformed into a E.coli and phage produc-

tion is initiated by addition of

helper phage. In secretome phage display only inserts encoding a gene contain-

ing a signal sequence are displayed including immune evasion proteins. The resulting phage library can than

be selected for bindingto a s

pecific immunological target in order to identify interacting bacterial proteins
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from the phagemid vector. Therefore, only phagemids containing
an insert encoding a native membrane-targeting signal will give
rise to phage particles displaying a fusion protein, which means
that only secretome proteins will be displayed [7].

Here we describe the creation of a bacterial secretome phage
display library and how it is used to identify bacterial immune eva-
sion proteins.

2 Materials

2.1 Preparing
Library Insert DNA
Fragments

from Genomic DNA

2.2 Preparing
Vector DNA

Prepare all solutions using ultrapure water and analytical grade
reagents. Prepare all reagents at room temperature and store at
4 °C unless indicated otherwise. To prevent phage contamination
of the reagents aliquot the reagents in a volume sufficient for single
use. Sterilize all glassware, solutions, and media in an autoclave that
is never used to autoclave biological waste in order to keep the
phage load to a minimum. Phages are known to survive standard
autoclaving conditions but are heat-killed by dry heating to 105 °C
for 4 h.

Decontaminate all surfaces and non-autoclavable materials like
pipettes with phage active disinfectants like chlorine.

. Bacterial target strain and appropriate culture medium.
. Phosphate buffered saline.

. 20% sodium dodecyl sufate (SDS).

0.1 mm zirconia beads.

. TE: 10 mM Tris—-HCI, 1 mM Na,EDTA, pH 8.0. Autoclave
and store at room temperature.

. Phenol-chloroform—isoamyl alcohol (25:24:1).
. Rnase A.
. Ultra Pure agarose, DNA grade.

NeRc BN B

. 3 M NaAc pH 5.2. Autoclave and store at room temperature.
10. 96 % ethanol.

11. 70% ethanol: stored at -20 °C.

12. TE-200 and TE-1000 size exclusion spin columns.

13. T4 DNA polymerase.

14. ANTP mix: 10 mM of each dNTP in water.

15. T4 polynucleotide kinase.

16. PCR purification kit.

1. pDJO1 phagemid vector: The pDJO1 vector was created by
Jankovic at al. (Massey University, Palmerston North, New
Zealand). The vector contains a chloramphenicol resistance
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2.3 Ligation
of Vector and Inserts

2.4 Electroporation
of Bacterial Library

2.5 Phage Library
Production

cassette and a multiple cloning site and myc-tag sequence in
front of the gene encoding the C-terminal domain of the
minor coat protein pIII [3].

2. DNA gel extraction Kkit.

w
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—

. Restriction buffer 10x: 330 mM Tris-acetate, 100 mM magne-

sium acetate, 660 mM potassium acetate, 1 mg/mL BSA,
pH 7.9 at 37 °C.

. Smal endonuclease 10 U /pL.

. Calf Intestinal alkaline phosphatase.
. 0.5 M EDTA.

. Shrimp alkaline phosphatase.

. Ready to Go ligation Kit (GE Healthcare) or alternative.

. Plasmid purification spin columns.

. TG1 strain E.cols: [F' traD36 proAB laclgZ AM15] supE thi-1

A(lac-proAB) A (merB-hsdSM)5(rK - mK -).

2. TGI1 electrocompetent cells.

. LB medium: Dissolve 10 g of tryptone, 5 g of yeast extract and

10 g of NaCl in 1 L H20. Adjust pH to 7.00 with NaOH,
autoclave and store at room temperature. When appropriate
add antibiotics directly before use.

. LB agar: add 11 g Bacto agar to 1 L LB medium, autoclave

and allow to solidify. When appropriate add antibiotics to
cooled agar just before solidification occurs.

. 1 mm electroporation cuvettes.

. SOC medium: to 950 mL deionized water add, 20 g of tryp-

tone, 5 g of yeast extract, 0.5 g of NaCl, 186 mg of KCI. Mix
thoroughly until completely dissolved and adjust pH to 7.0
with NaOH. Adjust the volume to 1 L. Sterilize by autoclaving
for 20 min at 15 psi on liquid cycle. When cooled add 10 mL
of sterile 1 M MgCl, . Add 20 mL of 1 M glucose (filter steril-
ized). Store at room temperature.

7.23x23 cm LB agar plates.

i

. Chloramphenicol.
. Sterile 85 % glycerol.

. VCSM13 helper phage.
. Kanamycin.
. PEG/NaCl: 200 g PEG-8000, 116.9 g NaCl, dissolve in water

to total volume of 600 mL. Brief heating to 65 °C may be
necessary to dissolve solids, can be autoclaved, store at room
temperature.
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4. EDTA free protease inhibitor tablets.

5. TBS: 50 mM Tris-HCI, pH 7.5, 150 mM NaCl. Autoclave
and store at room temperature.

1. 96 well ELISA plates.

2. Washing buftfer: PBS-0.05% Tween 20.

3. Blocking buffer: PBS-0.05% Tween 20, 4% BSA.
4. Elution buffer: 0.2 M glycine, 0.15 M NaCl, pH2.
5. Neutralization buffer: 1 M Tris—-HCI, pH 8.4.

Forward sequence primer: 5-GGAAGAGCTGCAGCATGA

of Selected Fusion TGAAA-3’

Proteins Reversed sequence primer: 5'-CACCGTAATCAGTAGCGAC
AGAA-3’

3 Methods

3.1 Preparing
Library Insert DNA
Fragments

from Genomic DNA

Carry out all procedures at room temperature unless otherwise
specified. To prevent phage contamination perform all procedures
with phages in a laminar flow cabinet. Decontaminate all used
equipment and all surfaces with a phage active disinfectant like
chlorine (se¢ Note 1). The secret of creating a high diversity phage
library is in taking care to optimize every single step.

1. Prepare a 200 mL overnight culture from one colony of the
bacterium from which you want to create a secretome phage
library, culture medium and conditions depend on the selected
bacterial strain. Transfer the overnight culture to 4x50 mL
tubes, spin at 2424 x 4 for 15 minutes. Discard the supernatant
and dissolve the bacterial pellet in 1 mL PBS.

2. Add 500 pL of the bacterial suspension to 210 pL. 20% SDS,
500 pL phenol-chloroform-isoamyl alcohol (1, 25, 24), (see
Note 2) 500 pL 0.1 mm zirconia beads in a 2 mL tube with
screw cap. Bead beat for 1 min at 2100 rpm. Spin at 18,626 x g,
5 min.

3. Transfer aqueous layer (top layer) to a new tube, add equal
volume of chloroform, mix well and spin at 18,626 x4 for
5 min. Transfer top layer to a new tube, add 15 pLL 10 mg/mL
RNase A. Incubate 30 min at 37 °C and centrifuge at 18,626 xg
maximum speed for 5 min.

4. Transfer the top layer to a new tube, add 0.1x3 M NaAc
pH 5.2 and 1x volume isopropanol. Incubate for 30 min at
-20 °C. Spin at 18,626 x4 for 30 min and at 4 °C.

5. Wash pellet with 1 mL 70 % EtOH and centrifuge at 18,626 x g
for 10 min at room temperature. Dry the pellet and dissolve in
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150 pL EB. Quantify the isolated DNA and load the samples
on an 0.8 % agarose gel (see Note 3).

. When multiple strains from a bacterial species are used to cre-

ate a secretome library the isolated DNA is mixed in this step.
Mix 150 pg of gDNA from each strain to create a combined
library (see Note 4).

. Use 20-50 pg purified genomic DNA. Adjust the volume to

250 pL with TE. Keep on ice.

. Shear the gDNA by sonication for 3 s repeating this procedure

three times. The exact sonication time needs to be determined
experimentally, (see Note 5).

. Run the sheared DNA on a 1.5 agarose gel to determine frag-

ment size and distribution (Fig. 2). Add 0.1 volume 3 M NaAc
pH 5.2+3 volumes 96% EtOH and precipitate the sheared
DNA overnight at —-20 °C. Centrifuge at 18,626 x g for 30 min
at 4 °C.

-l

Fig. 2 Genomic bacterial DNA (Staphylococcus aureus) was sheared using differ-
ent sonication protocols and run on 1.5 % agarose gel to visualize fragment size.
This experiment was aimed at fragment size of 300-500 base pairs. Left lane is
isolated genomic DNA followed by different sonication protocols with sonication
time of 3 s and 3-5 repeats. Aim at producing fragments with a median fragment
size of 300 and 3000 base pairs by changing sonication time and repeats
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11.

12.

13.
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Remove supernatant taking care not to disrupt the pellet. Wash
the pellet with 1 mL 70% EtOH (stored at =20 °C) and cen-
trifuge at 18,626 x g for 10 min at room temperature. Remove
supernatant and dry the pellet. Dissolve the dried pellet in
50 pL. H,O.

Centrifuge the chromaspin TE-200 and TE-1000 size exclu-
sion columns for 5 min at 700xg. Load the sheared gDNA
onto the column and spin for 5 min at 700x 4. Keep the
flow-through and discard the column. Quantify the frag-
mented DNA (see Note 6).

Mix 1 pg sheared gDNA, 5x reaction buffer, 0.2 pL. dNTP
10 mM, 0.2 pL. T4 DNA polymerase, add H,O to
20 pL. Incubate for 10 min at room temperature. Inactivate
the DNA polymerase for 10 min at 75 °C (se¢ Note 7).

Mix 1,5 pg fragmented DNA, 5 pL 10x reaction buffer,
2 pL T4 polynucleotide kinase, add H,O to 50 pL. Incubate
for 30 min at 37 °C. Inactivate for 20 min at 65 °C. Purity the
fragmented DNA using PCR purification columns and quan-
tify the DNA.

Carry out all procedures at room temperature unless otherwise
specified.

1.

Mix 1 pg purified pDJO1 vector with 2.5 pL. 10x restriction
buffer, 1 U Smal, add H,O to 25 pL. Incubate at 25 °C for 4 h
to digest the vector followed by incubation at 60 °C for 20 min
to inactivate Smal. Run the restricted vector on a 0.8 % agarose
gel along the uncut vector as a reference.

. Excise the restricted vector from gel and extract the DNA,

elute in 50 pL preheated elution buftfer.

. Perform a second Smal digestion. Mix 1 pg purified pDJO1

vector with 2.5 pLL 10x restriction buffer, 1 U Smal, add H,O
to 25 pL. Incubate at 25 °C for 1 h and incubate at 65 °C for
20 min to inactivate Smal and purify the digested DNA using
a PCR purification column. Quantify the isolated DNA (see
Note 8).

. Following Smal digestion dephosphorylate the digested DNA

to prevent religation. Mix 1 pg digested pDJO1 vector, 4 pL
10x buffer, 1 U Calf Intestinal Alkaline Phosphatase (CIAP),
add H,O to 40 pL and incubate at 50 °C for 60 min followed
by incubation at 65 °C for 15 min.

. Add 1 U CIAP to the reaction mixture and incubate at 50 °C

for 60 min followed by incubation at 65 °C for 15 min. To
inactivate CIAP, add 0.5 pL, 0.5 M EDTA and incubate at
75 °C for 10 min. Purify the DNA using a PCR purification
column, elute in 50 pL. H,O. Quantity the DNA.
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3.3 Ligation
of Vector and Insert

3.4 Electroporation
of Bacterial Library

. Perform an additional dephosphorylation step using shrimp

alkaline phosphatase (SAP). Mix 1 pg DNA, 2 pL. 10x buffer,
1 U SAP, add H,O to 20 pL. Incubate at 37 °C for 90 min and
inactivate by incubation at 65 °C for 15 min. Purify the
digested and dephosphorylated vector using a PCR purifica-
tion column and quantify the DNA. The vector is now ready
for ligation of DNA fragments (se¢ Note 9).

. Estimate the mean fragment size from gel and calculate the

mean molar mass of the fragments. Mix vector and fragment in
a 1:3 M ratio (see Note 10).

. Add 1 pg of the mixed DNA to the Ready to Go reaction tube

and add sufficient water to bring the final volume to
20 pL. Incubate at room temperature for 3—5 min and then mix
by gently pipetting up and down several times (se¢ Note 11).

. Centrifuge briefly to collect the contents at the bottom of the

tube and remove any air bubbles.

. Incubate 8 h at 16 °C. Purify the ligated DNA using plasmid

purification columns. Elute the bound DNA by adding 50 pL
water and spin for 1 min, add an additional 40 pL water to the
filter and spin for 1 min (final volume is 90 pL).

. Perform an ethanol precipitation to purify and concentrate the

DNA. Add 0.1 volume 3 M NaAc pH 5.2 +3 volumes 96 %
EtOH and incubate overnight at -20 °C. Centrifuge for
30 min at 18,626 x g and 4 °C. Gently remove supernatant and
wash the pellet with 1 mL 70% EtOH (stored at -20 °C).
Centrifuge for 10 min at 18,626 x g and 4 °C, remove superna-
tant and dry pellet. Dissolve the purified DNA in 5 pL. H,O
and quantify. Dilute the DNA sample with H,O to a final con-
centration of 600 ng/pL.

Electroporation is the most effective means of making libraries. By
transforming E.coli with the ligated DNA construct 107-10° clones

can be produced per pg DNA. To restrict the degree of growth
competition the libraries are grown on large agar plates. For library
production we use TG1 E.cols. This strain contains an amber sup-
pression gene (supE - TAG stop codon is read as Glutamine) and is
F’ (contains the F-episome necessary for phage infection). The
number of electroporations performed needed depends on the
transformation efficiency and the desired library size (sec Note 12).

1. Have recovery SOC medium and 1.5 mL sterile culture tubes

ready available at 37 °C. Make up samples of library DNA at
600 ng/pL (see Note 13). As a negative control, to check for
contamination of the competent cells, include a sample of 5 pL.
H,O that is being used to dilute the DNA.
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. Prechill the electroporation cuvettes and microcentrifuge tubes
on ice (one cuvette and one microcentrifuge tube for each
transformation reaction).

. Take electrocompetent cells from the -80 °C freezer and place
on wet ice until they thawed completely (10-15 min). Mix the
thawed cells by gently tapping the tube. Aliquot 25 pL (see
Note 14) into the chilled microcentrifuge tubes on ice. Add
1 pL of library DNA (600 ng), stir briefly with the pipet tip.
Do not pipet up and down which can introduce air bubbles
and warm the cells.

. Carefully transfer the cell-DNA mixture to a chilled 1 mm
electroporation cuvette taking care not to introduce air bub-
bles. Hold the cuvette by the plastic rim, wiping it down with
a KimWipes and quickly flick the cuvette downward to deposit
the cells across the bottom of the well. Immediately electro-
porate the cells at 1.8 kV, 10 pF, 600 Q (see Note 15).

. Immediately add 1 mL of warmed recovery medium and trans-
fer to a 50 mL conical tube, cap it loosely. Transfer the 1 mL
control electroporations to labeled 15 mL polypropylene
tubes. Incubate the samples in a shaking incubator at 250 rpm
for 1 hat 37 °C.

. Optional: Collect 10 pL. samples of the cell-DNA mixture
before and after electroporation for titering. Make serial dilu-
tions by diluting cells in LB medium and plating on LB-agar
plates (containing no antibiotics); these titers can be used to
calculate the percent cell death caused by the electroporation,
an important number to follow when optimizing electropora-
tion efficiency.

. Collect a 10 pL sample of each electroporation, make serial
dilutions in LB medium and plate on LB agar containing
10 pg/mL chloramphenicol. The number of chloramphenicol
resistant clones/pg of DNA can be calculated and compared
with a control plasmid. Also the total number of clones in the
bacterial library can be calculated from the serial dilutions.
This number reflects the complexity of the library. The mini-
mal library complexity is 107 clones per library (see Note 16).

. Spread the remainder of the cells onto large LB agar plates
containing 10 pg/mL chloramphenicol (se¢ Note 17) (1 mL
per plate) Incubate overnight at 37 °C.

. Pick 48 well separated single colonies (from the serial dilutions
used to calculate the library complexity). Isolate the DNA and
amplify the insert by PCR using the sequence primers and
standard PCR protocols. Take along an empty pDJ01 vector as
a control. Run the PCR products on gel and determine the
ratio of empty vector and fragment diversity (se¢ Note 18).
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3.5 Phage Library
Production

10.

11.

12.

1.

Pool all colonies from the big and titration plates. For the big
plates, use a cell scraper to pool most of the bacteria and resuspend
them in 5 mL LB. Then wash the plates twice with 5 mL LB.

Add 1/5 volume of sterile 85% glycerol and flash freeze the
bacterial library for long term storage.

Optionally: sequence the 48 amplified inserts using method
described in section “Identification of selected fusion
proteins”.

Inoculate at least 200/bacteria per clone in prewarmed LB
medium containing 10 pg/mL chloramphenicol. Adjust vol-
ume until ODgyy measures 0.4 (see Note 19). Incubate in a
shaking incubator at 105 rpm for 2 h at 37 °C. Measure ODy
after 2 h of incubation and calculate the total number of bac-
teria in the culture. Infect the culture with VCSM13 helper
phages at an MOI (Multiplicity of infection) of 10-100 (10—
100 helper phages per bacterium) (see Note 20). Mix and
incubate at room temperature for 30 min (no shaking).

. Add LB-medium containing 10 pg/mL chloramphenicol to

increase the culture volume to 600 mL. Add kanamycin at a
final concentration of 0.4 pg/mL and incubate for 30 min at
37 °C. (induction of kanamycin resistance). Next add kanamy-
cin to a final concentration of 25 pg/mL and incubate over-
night at 37 °C at 140 rpm (se¢ Note 21).

. Transfer the culture into three centrifuge bottles and centri-

fuge at room temperature for 40 min at 4260 x4 (200 mL per
bottle). Keep the supernatant containing the phages and add
six tablets of EDTA free protease inhibitor (see Note 22).
Incubate at 120 rpm for 1 h at 37 °C. Transfer to centrifuge
bottles and centrifuge at CE: 8340xyg for 40 min at
4 °C. Transfer the supernatant to a 1 L glass bottle and add
0.15 volume of PEG/NaCl (90 mL for 600 mL) incubate
overnight at 4 °C or on ice for at least 1 h (see Note 23).

. Split the mixture and transfer to three clean centrifuge tubes

and centrifuge at 13,790 x4 for 4 h at 4 °C.

. Discard the supernatant and leave the bottles upside down on

absorbent paper for 10 min to remove the maximum amount
of supernatant (see Note 24). Dissolve 1 tablet of EDTA free
protease inhibitor in 50 mL TBS. Resuspend each phage pellet
in 1 mL TBS/Pinh and pool the tree pellets in a 50 mL tube.
To recover the maximal amount of phages add an additional
1 mL TBS/Pinh to the centrifuge tubes and transfer into the
same 50 mL tube. Leave at 4 °C at least overnight.

. Clear the supernatant from any remaining debris by centrifug-

ing at 14,462 x4 for 10 min at 4 °C. Keep supernatant con-
taining the phage library and store at 4 °C.
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7. Prepare an overnight culture of TG1 E.coli on LB agar. Next
day pick a single colony and inoculate 20 mLL LB medium
(without antibiotics) and grow until early log phase
(ODgpp=0.3) shaking at 105 rpm.

8. Take 10 pL of the purified phage library and make 10 fold
serial dilutions in TBS. Mix 10 pL of each phage dilution with
90 pL TG1 cells and incubate for 20 min at room temperature.
(During this incubation infection of TG1 cells takes place con-
ferring chloramphenicol resistance).

9. Spread 100 pL of the infected TGI cells onto LB agar plates
containing 10 pg/mL chloramphenicol and incubate over-
night at 37 °C. Count the colony forming units and calculate
the concentration of phages in the phage library. When the
phage concentration exceeds 2x 10! cfu/mL add TBS to
reduce the phage concentration (see Note 25).

10. For short term storage of the phage library (up to 3 months)
add 0.02% sodium azide and keep at 4 °C (see Note 26). For
long term storage mix 830 pL of the phage library with 170 pL
sterile 85 % glycerol and store at —-80 °C (see Note 27).

Different selection strategies can be used to select phages binding
to a specific target. The most frequently used is a selection strategy
where the target is coated to 96-well ELISA plates. Using this
selection protocol we successfully identified bacterial proteins that
interact with various purified immunological targets including
antibodies, components of the complement system and compo-
nents involved in blood coagulation (see Note 28).

The pDJO1 vector encodes a Myc tag sequence between the
cloning site and the pIII gene. This allows the election of all phages
expressing a fusion protein using an anti-Myc-tag antibody (see
Note 29).

1. Coat five wells of a 96 well ELISA plate with 100 pL/well of
the target protein at 10 pg/mL in PBS and incubate overnight
at 4 °C. Simultaneously prepare an overnight culture of TG1
E.coli on LB agar.

2. Next day wash the ELISA plates three times with washing buf-
fer. Add 120 pL PBS/tween/BSA blocking buffer and incu-
bate for 1 h at 37 °C. An additional specific blocking step can
be performed (see Note 30).

3. Wash three times with washing buffer. Mix phage T200 and
T1000 libraries in equal volumes (se¢ Note 31). To prevent aspe-
cific binding add BSA (see Note 32) to the phages at a final con-
centration of 10 mg/mL (1% w/v) and add Tween 20 (1:8,000).

4. Add 100 pL of the phage preparation to each well (thus a total
of 500 pL of phages is used for each target). Incubate for 4 h
at room temperature with gentle shaking.
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10.

11.

12.

13.

14.

15.

. Inoculate 4,5 mL /target LB medium with a few colonies from

the overnight TGl culture (0.25>0Dg>0.3) Incubate
2-2:30 h at 37 °C with slow shaking (120 rpm).

. Remove the phage preparation from the wells and wash three

times with washing buffer. Add 100 pL/well of elution buffer.
Wait for 2-3 min and transfer the 500 pL of eluted phages to an
eppendorf tube containing 62.5 pL of neutralization buffer.

. Transfer eluted phages (500 pL) in 4.5 mL of the TG1 culture.

Incubate for 20-30 min at room temperature without shaking
for bacterial infection to take place (see Note 33).

. To determine the amount of eluted phages (reflecting the

amount of phages bound to the target), take 10 pL of the
infected TG1 cells and make serial dilutions (10 pL culture and
90 pL. LB medium). Plate the serial dilutions onto LB-agar
plates containing 10 pg/mL chloramphenicol.

. Spread the 5 mL infected TG1 cells onto large LB-agar plates

containing 10 pg/mL chloramphenicol and incubate overnight
at 37 °C. Next day, count the CFU on the serial dilution plates
and calculate the total amount of eluted phages (see Note 34).

Pool all colonies from the big and titration plates. For the big
plates, use a cell scraper to pool most of the bacteria and resuspend
them in 5 mL LB. Then wash the plates twice with 5 mL LB.

Optionally store a sample of the selected library: add 1 mL
85% glycerol to 5 mL of the resuspended bacteria and flash-
freeze in liquid nitrogen. Store at -80 °C.

Measure the ODgyy nm of several dilutions usually 1,/100 and
1,/300 dilutions give good results and calculate the total amount
of bacteria 1 OD=2.10% bact/mL. Calculate the amount of bac-
teria per phage (total amount of bacteria / total amount of eluted
phages). Calculate the volume of bacteria to resuspend in 50 mL
LBCmlO0 to have >1000 bact/phage and 0.25<OD600<0.4.
Grow for 2 h/2 h30 at 37 °C with gentle shaking.

Determine the bacterial concentration by measuring ODygg
(1/3 and 1/10 dilutions and 1 OD=2.10 8 bact/mL).
Calculate the volume corresponding to 2.10° bacteria. Mix
2 x 10° bacteria with 100 pL. of VCSM13 helper phage (>1.101°
HP/mL, MOI~10). Incubate 20-30 min at room tempera-
ture. Fill up to 30 mL with LB containing chloramphenicol.
Add kanamycin (final concentration 0.4 pg/mL) to induce
kanamycin resistance. Incubate for 15 min at 37 °C and add
kanamycin to a final concentration of 25 pg/mL. Incubate for
2 h at 37 °C with gentle agitation.

Transfer the culture to centrifuge tubes and centrifuge at
17,096 x g for 10 min at room temperature.

Transfer the supernatant to clean centrifuge tubes and centri-
fuge at 23,269 x4 for 10 min at 4 °C. Transfer the supernatant
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to clean tubes and add 0.15 volume of PEG/NaCl and mix
thoroughly by inverting the tubes 100 times.

Incubate overnight at 4 °C. Centrifuge at 23,269 x4 for 2 h at
4 °C. Resuspend the phages in 500 pl. TBS. This phage prepa-
ration can be used for a next selection round. Optionally:
before continuing to the next round determine phage titer
(cfu/mL).

Perform two additional selection rounds reducing the binding

time to 1 h and increasing the wash stringency in each round
(see Note 35).

Pick 48 colonies from the serial dilution plates from phage
selection.

2. Resuspend each clone in 100 pl LB.
. Transfer 50 pl in a new plate add 10 pL 85 % glycerol and store

it at =20 °C as a “clone stock”.

. Centrifuge the remaining 50 pL at 18,626xg for 5 min.

Discard the supernatant, resuspend the pellet in 50 pL. H,O
and incubate at 96 °C for 10 min.

. Centrifuge at 18,626 x g for 5 min and transfer the supernatant

containing phage DNA into clean eppendorf tube.

. Amplify the insert DNA using forward and reversed sequence

primers and 3 pL of the DNA preparation in 25 pL PCR reac-
tion mix.

. After amplification run 4 pL on a 1% agarose gel (see Note 36).

. Sequence the amplified insert using the forward and reversed

primers.

3.8 Data Analysis The sequence data will include part of the pDJO1 vector before
and after the insert as well as part of the insert. One should include
a series of checks on the identified sequence.

1.

Determine if the gene of interest encoded in the insert is in
frame with the plII protein (see Note 37).

. Look for a stop codon (except TAG that is read as GIn by

TG1) within the reading frame of pIII.

. Look for the presence of a signal sequence in the translated

gene using online prediction tools like Signal-P and Topcons
(see Note 38).

. The presence of different clones encoding a different fraction

of the same gene is a strong indication of a positive selection
(see Note 39).

. Recombinant expression of the identified protein is required to

confirm interaction and identify the protein as an immune eva-
sion protein (see Note 40).
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4 Notes

1. Phage selection is an extremely sensitive technique. Less than

ten specific phages can be selected from a library containing
1013 phages/mL and a single phage is able to infect a bacte-
rium and amplify. This creates a huge risk of contamination.
The system used in this selection is a phagemid/helper phage
system and phages are only amplified in the presence of helper
phage. However, contaminating phages are infective and can
ruin your experiment. We have occasional contaminations
where we selected phages from earlier experiments (e.g., find-
ing mycobacterial genes when performing a selection using a
streptococcal library). The risk of contamination is reduced by
following strict working and cleaning procedures. Always work
with phages in a laminar flow cabinet and preferably in a sepa-
rate lab. Phages can infect and confer antibiotic resistance to all
E. coli carrying an F-pilus like ToplOF’ a bacterial host widely
used in cloning experiments. Decontaminate all used materials
and surfaces using chlorine. Aliquot all reagents for single use.
When dealing with a contamination structurally test all reagents
for contamination and if necessary to contain the contamina-
tion clean the lab thoroughly! Wear a disposable lab coat.

. Phenol acts as a denaturing agent and denatured proteins are

readily dissolved in the organic phase as phenol is poorly solu-
ble in water (max 7 %). DNA and RNA remain in the aqueous
phase unless the pH is to low and DNA is reduced and dissolve
in phenol fraction. This is the basis of RNA purification. This
protocol is for the isolation of gDNA and therefore the pH of
phenol must be raised to 8. Water saturated phenol has a pH
of approximately 4. Therefore the phenol needs to be buffer
saturated. However, buffered phenol has limited shelf life
(weeks) as it is more susceptible to oxidation turning it to a
yellow color. Therefore buffered phenol needs to be prepared
in advance buffering it with 0.5 M Tris—-HCL.

Mix an equal volume of water saturated phenol and 0.5 M
tris pH 8. Mix thoroughly by shaking vigorously. Let stand for
the fractions to separate. Move the phenol fraction to a new
tube using a pipet (phenol fraction is the bottom fraction).
Add one volume of 0.5 M tris pH 8 to the isolated phenol and
mix vigorously. Let stand for the fractions to separate. Repeat
steps an additional two times (total of 4). Move phenol frac-
tion to a clean tube and measure pH using pH paper! pH
should be 8. pH meter cannot be used since this is equili-
brated for aqueous solutions. A pH meter can be used by tak-
ing a small amount of phenol and adding 45 % methanol, but
paper is much easier. Add a small volume 0.1 M tris pH 8 to
the phenol fraction, just enough to give a separate layer on top
of the phenol. Store at 4 °C protected from light (buffered
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phenol can be stored for a couple of months, appearance of a
yellow color indicates oxidation)

The mechanism of this isolation is to denature and extract
proteins from the lysed bacteria using phenol and isolate DNA
from the aqueous phase. Isoamyl alcohol is added as antifoam-
ing agent. As trace amounts phenol can interfere with enzy-
matic reactions (phenol is an extremely powerful denaturing
agent) the aqueous phase is thoroughly washed with chloro-
torm. In this protocol only once but in case of low ligation
efficiency consider repeating the chloroform washings.

3. We normally use a NanoDrop spectrophotometer to quantify
DNA in micro-volumes o