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25  SHORT ABSTRACT:
26 This report describes protocols for characterizing interactions between bacterial outer
27 membrane proteins and the human complement regulator vitronectin. The protocols can be
28 used to study the binding reactions and biological function of vitronectin in any bacterial
29  species.
30
31 LONG ABSTRACT:
32  Bacteria utilize complement regulators as a means of evading the host immune response.
33  Here, we describe protocols for evaluating the role vitronectin acquisition at the bacterial cell
34  surface playsin resistance to the host immune system. Flow cytometry experiments identified
35 human plasma vitronectin as a ligand for the bacterial receptor outer membrane protein H of
36  Haemophilus influenzae type f. An enzyme-linked immunosorbent assay was employed to
37 characterize the protein-protein interactions between purified recombinant protein H and
38  vitronectin, and binding affinity was assessed using bio-layer interferometry. The biological
39 importance of the binding of vitronectin to protein H at the bacterial cell surface in evasion
40 of the host immune response was confirmed using a serum resistance assay with normal and
41  vitronectin-depleted human serum. The importance of vitronectin in bacterial adherence was
42  analyzed using glass slides with and without vitronectin coating, followed by Gram staining.
43  Finally, bacterial adhesion to human alveolar epithelial cell monolayers was investigated. The
44  protocols described here can be easily adapted to the study of any bacterial species of
45  interest.
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INTRODUCTION:

Vitronectin (Vn) is an important human glycoprotein involved in maintaining homeostasis via
regulation of the fibrinolytic system. Vn also functions as a complement regulator by
inhibiting the terminal complement pathway during C5b6-7 complex formation and C9
polymerization. Several bacterial pathogens have been shown to recruit Vn to the cell surface
as a means of resisting complement deposition®3. In addition, Vn functions as a “sandwich”
molecule between bacteria and host epithelial cell receptors, thereby promoting adherence
and internalization of pathogens?*°. Binding of Vn to the bacterial cell surface is mediated by
other currently unidentified proteins. Fully elucidating the functional role of Vn-binding in
evasion of the hose immune response will therefore require identification of Vn-recruiting
proteins.

The initial step in identifying Vn-binding proteins is to test whether a pathogen of interest can
bind purified Vn. Flow cytometry is a convenient and straightforward method to determine
whether Vn is bound to pathogen cells. In this study, we assessed the binding of Vn to various
Haemophilus influenzae type f (Hif) clinical isolates®. The method described herein is
guantitative and can be used to distinguish the binding capacity of a wide variety of bacterial
strains. In a previous study, we characterized protein H (PH) of Hif as a Vn-binding protein’.
Therefore, in the present study, the Vn-binding potential of wild-type (WT) Hif and Hif
M10A/ph mutants were compared using the described protocols.

Once it is determined that a pathogen binds Vn, the second step is to characterize the surface
proteome in order to identify potential Vn-binding proteins. A variety of approaches can be
used for this purpose®®, but these methodologies are not described in this report. The
method most suitable for examining protein-protein interactions is to recombinantly express
selected bacterial surface proteins in E. coli and purify by affinity chromatography. Here, we
use PH and its molecular interaction with Vn to illustrate the method. Interactions between
recombinant PH and Vn were characterized using an enzyme-linked immunosorbent assay
(ELISA)” and a recently developed label-free technique known as bio-layer interferometry
(BLI)1%', Whereas ELISAs can be used to confirm protein-protein interactions, BLI provides
detailed data regarding the kinetic parameters of the interactions.

To study the functional role of Vn in bacterial adherence, two different assays can be utilized.
The first assay described here is direct measurement of bacterial adherence to Vn-coated
glass surfaces, whereas the second assay examines adherence to the surface of epithelial
cells. For the first assay, glass slides were coated with Vn, and the binding of WT or mutant
Hif strains was assessed by Gram-stain and microscopy. This technique readily distinguishes
bacteria based on the ability to bind Vn!2. Bacterial adhesion to mammalian cells was then
analyzed by adding cultured bacteria onto a monolayer of type Il alveolar epithelial cells;
bacterial attachment was assessed by counting the number of colony-forming units (CFUs).
Adhered and internalized bacteria can be distinguished in the presence or absence of Vn*13,

The role of Vn acquisition in bacterial serum resistance was evaluated using a serum Kkilling
assay (i.e., serum bactericidal activity). To assess the significance of Vn acquisition in serum
resistance, the bactericidal activity of Vn-depleted serum (VDS) was compared with that of
normal human serum (NHS). The method used readily distinguishes Vn-binding versus non-
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binding bacteria based on serum resistance. We used this method to study the role of Vn in
the serum resistance of several bacterial pathogens**2.

Numerous methods have been reported for studying host-pathogen interactions. Here, we
describe a set of protocols that can be easily adapted to the study of any pathogen in order
to assess the role of Vn in pathogenesis. We tested these protocols using various pathogens,
and Hif was chosen as an example for this report.

PROTOCOL:
1. Analysis of Vn as a Bacterial Surface Protein Ligand
1.1. Detection of Vn-binding at the bacterial surface using flow cytometry

Note: In flow cytometry, we used side scatter and forward scatter to gate positive events. To
examine the interactions with Vn, Hif clinical isolates (n=10)" were selected together with E.
coli BL21 (DE3) as a negative control (Figure 1A).

1.1.1. Culture Hif clinical isolates in brain-heart infusion (BHI) medium supplemented with 10
ug/mL NAD and hemin at 37 °C with shaking at 200 rpm. Use Luria-Bertani medium to culture
E. coli*®. Harvest Hif at mid-log phase (ODsoo= 0.3)*°, and resuspend the bacteria in phosphate-
buffered saline (PBS), pH 7.2, containing 1% (w/v) bovine serum albumin (BSA) (blocking
buffer; PBS-BSA). Adjust the suspension to 10° CFU/mL.

1.1.2. Transfer the aliquots containing 5x10°% CFU to 5-mL polystyrene round-bottom tubes
(12x75 mm) and add 1 mL of blocking buffer. Centrifuge the suspension at 3,500 x g at room
temperature (RT)'® for 5 min to pellet the bacteria, then carefully aspirate to remove the
supernatant without disturbing the pellet.

1.1.3. Resuspend the bacterial pellets with 50 pL of blocking buffer containing 250 nM Vn and
incubate the samples for 1 h at RT without shaking. After incubation, pellet the bacteria by
centrifugation at 3,500 x g for 5 min, then wash the pellets three times using PBS and similar
centrifugation steps.

1.1.4. To the bacterial pellet, add 50 pL of primary sheep anti-human Vn polyclonal
antibodies (pAbs) at 1:100 dilution in PBS-BSA. Incubate the suspension for 1 h at RT, then
wash the bacteria three times with PBS to remove unbound antibodies (as described in step
1.1.3).

1.1.5. Next, add 50 uL of PBS-BSA containing fluorescein isothiocyanate (FITC)-conjugated
donkey anti-sheep pAbs (1:100 dilution) and incubate at RT for 1 h in the dark.

1.1.6. Prepare a blank control by incubating bacteria with blocking buffer only and pAbs
without Vn.
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1.1.7. Wash bacteria three times with 1 mL of blocking buffer and pellet the suspension by
centrifugation, as described in section 1.1.2. Finally, resuspend the bacterial pellet with 300
uL of PBS and analyze by flow cytometry’.

1.2. ELISA analysis of the interaction between recombinant PH and Vn

Note: Controls need to be included to exclude nonspecific binding. Human Factor H (FH) or
C4b-binding protein (C4BP) are used as positive and negative controls, respectively.

1.2.1. Dilute each of the human proteins (Vn, FH, and C4BP) separately to 50 nM in Tris-HCl,
pH 9.0 (coating buffer). Dispense 100 uL of protein solution into each well of a Polysorp
microtiter plate. Close the plates with the lid and store at 4 °C overnight (16 h) to facilitate
the immobilization of protein onto microtiter plate wells.

1.2.2. Discard the solution from the microtiter plate by tilting upside down over the sink and
wash the wells three times with 300 uL of PBS/well. Block the coated wells for 1 h at RT with
PBS containing 2.5% (w/v) BSA (PBS-BSA).

1.2.3. After removing the blocking solution, wash the wells three times with 300 uL of PBS
containing 0.05% (v/v) Tween 20 (PBST) per well. Add 100 uL of 50 nM recombinant His-
tagged PH to each sample well and incubate for 1 h at RT. In control wells, add only 100 pL of
PBS-BSA.

Note: The Iph gene encoding PH from Hif was amplified by PCR and cloned into the pET26b
expression vector that adds a 6x His-tag at the C-terminus of the expressed protein. The
recombinant vector was transformed into E. coli BL21(DE3) for expression. Ni-NTA resin was
used to purify the recombinant protein®.

1.2.4. Discard the protein solution and remove the unbound proteins by washing the wells
three times with 300 pL of PBST per well. Add 100 pL of PBS-BSA containing horseradish
peroxidase (HRP)-conjugated anti-His pAbs (1:10,000 dilution) and incubate for 1 h at RT.

1.2.5. Prepare 20 mM solution A by dissolving tetramethylbenzidine in a solution of 5%
acetone and 45% methanol. To prepare solution B, dissolve 19.2 g of citric acid in 1,000 mL of
H,0, adjust the pH to 4.25 by adding KOH, then add 230 pL of 30% H,0,. Store both solutions
in the dark at RT. Just before use, mix 500 pL of solution B with 9.5 mL of solution A to prepare
the ELISA detection reagent.

1.2.6. Wash the wells three times with 300 pL of PBST per well and detect antigen-antibody
complexes by adding 100 pL of ELISA detection reagent to each well.

1.2.7. Add 50 pL of 1 M H,SOs/well to stop the reaction. Measure the optical density of the
wells at 450 nm using a microplate reader.

1.3. Study of the interaction kinetics of recombinant PH and Vn using BLI
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1.3.1. Immobilize human Vn on amine-reactive sensors using the amine coupling method,
according to the manufacturer’s guidelines®’.

1.3.2. Using PBS, serially dilute the ligand (recombinant PH) from 0 to 4 uM and transfer the
resulting solutions to a 96-well black, flat-bottom microtiter plate. Run the experiment at 30
°C using a BLI instrument?’.

1.3.3. Load the data folder in the BLI data analysis software. Select the sensor selection
option. Then, select reference well (Vn-coated sensor in PBS) for subtraction.

1.3.4. Select align Y-axis to baseline and select interstep correction and align to association.
Press process data that will automatically open the analysis tab.

1.3.5. In the analysis tab, select the association and dissociation option under curve fitting.
Select the model 1:1 binding and global fitting. Press fit curve and export fitting data'’.

2. Characterization of The Role of Vn in Bacterial Adherence
2.1. Study of bacterial adherence to Vn-coated glass surfaces

2.1.1. Prepare a 2 pg/mL solution of Vn in PBS and pipet 10 uL of this solution onto a glass
microscope slide as a single drop. Allow the drop to dry on the slide for 30 min at RT. Coat a
slide with human serum albumin (HSA) as a negative control.

2.1.2. Wash the protein-coated glass slides three times by dipping the slides for two seconds
in a beaker containing PBS to remove excess uncoated protein. Add 20 mL of fresh Hif culture
(described in step 1.1.1) into a sterile plastic petri dish and submerge the Vn-/HSA-coated
glass slides in the culture medium. Incubate the dishes at 37 °C for 1 h with shaking at 20 rpm.

Note: Hif M10 and Hif M10Alph were grown in liquid BHI medium or on chocolate agar plates.
The medium for the Iph mutant was supplemented with 10 pg/mL kanamycin®>.

2.1.3. After incubation, remove any unbound bacteria by submerging the slides three times
in a beaker filled with PBS. Visualize bacteria by Gram staining, as described.

2.1.3.1. Remove excess PBS from each slide by tilting it and touching the edge onto tissue
paper. Air-dry the slides for 3—5 min at RT, and fix adhered bacteria by passing each slide
three times over a flame.

2.1.3.2. Hold the slide by the edges with two fingers on a staining tray, then add 3-4 drops
(200-300 pL) of 2.3% crystal violet solution. Wait 60 s, then wash the slides under a gentle
stream of tap water for 3-4 s.

2.1.3.3. Add 3-4 drops of 0.33% iodine solution onto the slides. Wait 1 min, then rinse the
slide under a gentle stream of tap water. Carefully dry the slides by blotting paper.
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2.1.3.4. Add 3-4 drops of decolorizing solution containing 75% isopropyl alcohol and 25%
acetone onto the slide. After 5-10 s, wash the slide under a gentle stream of tap water.

2.1.3.5. Add 3-4 drops (200-300 pL) of basic carbolfuchsin solution. Wait 1 min, then rinse the
slides under a gentle stream of tap water. Dry the slides using blotting paper.

2.1.4. Visualize the bacteria under a light microscope, selecting an oil-immersion objective
lens at 100X magnification'®. Compare the adherence of Hif WT and mutant bacteria on the
Vn- and HSA-coated glass surfaces.

2.2. Study of Vn-dependent adherence of bacteria to epithelial cells
Note: This efficient adherence assay was used in our previous studies®’.

2.2.1. Culture A549 cells (type Il alveolar epithelial cells) in a 75-cm? tissue culture flask with
F12 medium supplemented with 10% (vol/vol) fetal calf serum (FCS) (complete medium) and
5 pg/mL gentamicin. Incubate the flask in an incubator with 5% CO; at 37 °C for 3 d until 80%
confluent (confluency can be estimated by visualizing surface coverage by the cells using
inverted microscope). The following four steps describe how to prepare the epithelial cells
for the assay'®?.

2.2.1.1. Wash the cell monolayer in the flask twice with 20 mL of PBS by gentle swirling. To
detach the cells from the flask surface, add 2 mL of cell detachment enzyme solution and
incubate the flask for 5 min at 37 °C. Tap the flask with your palm to detach all of the cells
from the plastic surface. Pipette up and down a few times to disperse cell clumps.

2.2.1.2. Add 18 mL of F12 complete medium to the flask and transfer the entire cell
suspension to a 50-mL sterile Falcon tube. Centrifuge the cell suspension for 5 min at 200 x g
at RT and discard the supernatant. Resuspend the cell pellet in 10 mL of F12 complete
medium.

2.2.1.3. Remove 10 pL of the cell suspension and place it in an Eppendorf tube, then add 90
uL of Trypan blue solution. Load the sample into a hemocytometer (depth 0.1 mm) after
placing the coverslip.

2.2.1.4. Count all viable cells in areas A, B, C, and D (each field consists of 16 squares, and
each square has an area of 0.0025 mm?), then calculate the average number of cells
([A+B+C+D]/4). Calculate the number of cells per milliliter using the following equation:
Viable cells/mL = average cell count x 10* x dilution factor?°.

Note: Here, the dilution factor is 10.

2.2.1.5. Dilute the cell suspension to 5.0x103 cells/mL using complete medium containing 5

ug/mL gentamicin. Dispense 500 uL of cell suspension into each well of a 24-well cell culture
plate. Incubate the plate at 37 °C in 5% CO; until the cells are 90% confluent.
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2.2.2. Prior to bacterial infection, remove the medium from the wells and add F12 medium
(without FCS), then incubate overnight at 37 °C.

2.2.3. Wash the cell monolayer three times with 500 uL of PBS at RT. Place the plate on ice
and add 100 pL of pre-chilled F12 medium containing 10 pg/mL of Vn. Incubate plate at 4 °C
for 1 h. For control wells, add only F12 medium.

2.2.4. After incubation, discard the solution by pipetting and wash the cell layer twice with 1
mL of PBS at RT. Resuspend a culture of freshly grown Hif M10 (step 1.1.1) in F12 medium
(2x108 CFU/mL). Add 100 pL of this bacterial suspension to each well and incubate the plate
for2 hat37°C.

Note: Each well contains approximately 2x10° A549 cells. For infection, 2x107 bacterial CFU
were added, corresponding to a multiplicity of infection of 100.

2.2.5. Remove the medium by pipetting and wash the A549 epithelial cells three times with
PBS. Add 50 uL/well of cell detachment solution and incubate the plate for 5 min at 37 °C.

2.2.6. Next, add 50 pL of F12 complete medium per well to stop the enzymatic reaction.
Transfer the epithelial cells (=100 uL [i.e., the entire volume]) from each well to a 6-mL glass
tube containing four glass beads. Lyse the cells at RT by vortexing for 2 min.

2.2.7. Dilute 10 pL of the cell lysate 100-fold by adding 10 uL of lysate to 990 uL of F12
medium. Plate 10 pL of the diluted sample onto a chocolate agar plate.

2.2.8. Incubate the chocolate agar plate at 37 °C overnight, then count the colonies. Each
colony represents one CFU.

3. Analysis of Vn-Dependent Resistance to the Bactericidal Activity of Human Serum

3.1. Purchase NHS from a commercial source. Prepare VDS as previously described®?.
Replenish the VDS with 180 nM Vn that is equivalent to Vn present in NHS.

3.2. Prepare heat-inactivated serum (HIS) by heating NHS at 56 °C for 30 min in order to
inactivate complement proteins.

Note: The optimal serum concentration (5%) and incubation time (15 min) for the assay
described in steps 3.3—3.7 were determined empirically for Hif>; these parameters could vary
for other bacterial pathogens.

3.3. Culture bacteria (in this case, Hif M10 and the mutant Hif M10A/ph) to mid-log phase
(ODgpo=0.3). Pellet bacteria by centrifugation at 3,500 x g for 10 min.

3.4. Resuspend the bacterial pellet with 1 volume of dextrose gelatin Veronal buffer (DGVB**;
pH 7.3) containing 2.5% (w/v) glucose, 2 mM MgCly, 0.15 mM CaCl,, and 0.1% (wt/vol) gelatin.
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3.5. Add 1.5 x 103 CFU of bacteria to 100 uL of DGVB** containing 5% serum (NHS, HIS, VDS,
or VDS+180 nM Vn). Incubate the sample at 37 °C for 15 min with shaking at 300 rpm.

3.6. Remove a 10-pL aliquot from the reaction mixture at 0 min (To sample) and 15 min (T
sample) and plate on chocolate agar. Incubate the plate at 37 °C overnight.

3.7. After incubation, count the colonies appearing on the plate. Calculate the percentage of
bacteria killed*? using the following equation: (CFU at Tt)/(CFU at To) x 100.

REPRESENTATIVE RESULTS:

Vn-binding to the surface of bacteria was determined by flow cytometry. All Hif clinical
isolates tested in this study recruited Vn to the cell surface. No interaction of Vn with the cell
surface was observed for the E. coli negative control strain (Figure 1A). As shown in Figure
1B, PH is a major Vn-binding protein on the surface of Hif cells. Binding of Vn by the WT Hif
strain M10 caused a shift in the population, whereas Hif M10Alph did not bind Vn and
appeared similar to the control.

Protein-protein interactions between PH and Vn were estimated by ELISA and BLI.
Recombinant PH was allowed to bind with human factor H, Vn, and C4BP (negative control)
coated onto the wells of microtiter ELISA plates. Bound PH was estimated using an anti-His
pAbs. The results clearly indicated a significant interaction between PH and Vn and factor H,
in comparison to C4BP (Figure 2A). Interaction between PH and Vn were estimated in real
time using BLI. Figure 2B shows PH binding response curves for the Vn-coated sensor surface.
Binding affinity (in this case, Kd=2.2 uM) was estimated by fitting the data to steady-state
binding kinetics.

Bacteria lacking expression of PH on the cell surface (Hif M10Alph) exhibited reduced
adherence to Vn-coated glass surfaces in comparison to WT cells (Figure 3A). In addition, the
presence of Vn on the surface of epithelial cells significantly enhanced the adherence of Hif
(Figure 3B). These results indicated that the PH-Vn interaction contributed significantly to
bacterial adherence.

Vn is a well-known complement inhibitor. To estimate the complement-inhibiting activity,
serum-mediated killing was examined in the presence and absence of Vn. WT Hif cells
exhibited higher serum resistance than M10A/ph mutant cells. No bacteria were killed in the
presence of HIS (Figure 4A). Interestingly, WT Hif exhibited reduced survival in VDS, and
replenishment of Vn increased bacterial survival. However, the Hif M10Alph strain did not
respond to Vn depletion because it could not recruit Vn to the cell surface (Figure 4B). These
results clearly demonstrate that Vn is an important host factor that protects bacteria from
complement-mediated killing (Figure 4A-B).

FIGURE LEGENDS:

Figure 1: Haemophilus influenzae serotype f binds Vn via surface-expressed PH. (A) Flow
cytometry results showing binding of Vn to cells of Hif clinical isolates. Each clinical isolate
(5%108 CFU) was incubated with 250 nM human Vn. Bound ligand was detected using a sheep
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anti-Vn pAbs and FITC-conjugated donkey anti-sheep secondary antibodies. Escherichia coli
BL21 (DE3) was included as a negative control. Data are presented as the mean fluorescence
intensity from triplicate analyses in three separate experiments, and error bars represent SD.
B) Flow cytometry histograms demonstrating binding of Vn to the surface of WT Hif M10 and
PH-deletion Hif M10Alph mutant. Representative data from one of three separate
experiments are shown.

Figure 2: Recombinant PH binds to Vn. (A) ELISA results demonstrating the binding of
recombinant PH to Vn, FH, and C4BP. FH was used as a positive control, whereas C4BP was
used as a negative control. To analyze protein-protein interactions, Vn, FH, and C4BP were
coated in equimolar (50 nM) concentrations onto the wells of microtiter plates. Next, 50 nM
recombinant PH-His6x was added. Bound PH was detected using an HRP-conjugated anti-His
pAbs. Data shown are the means of triplicate analyses from three independent experiments,
and error bars indicate SD. ***, P<0.001. (B) BLI analysis of PH binding to Vn: Recombinant
Vn was immobilized on AR2G sensors, and the binding kinetics of PH (0.25-4 uM) to Vn were
recorded using the BLI instrument. The equilibrium affinity constant was calculated using
signals obtained for each concentration at equilibrium, and the data were fitted according to
steady-state kinetics. The experiment was repeated three times, and one representative
dataset is shown.

Figure 3: Interaction between PH and Vn enhances bacterial adherence to glass surfaces
and epithelial cells. (A) Light microscopic images showing adherence of Hif to Vn-coated glass
slides. Bacteria were visualized by Gram staining. Representative images from one of three
independent experiments are shown. This panel was previously published in the Journal of
Immunology’ and is reproduced here with permission from the American Association of
Immunologists. (B) Adherence of WT Hif M10 cells to A549 epithelial cells in the presence and
absence of Vn, means of triplicate analyses from three independent experiments are plotted,
and error bars represent SD. *, p<0.05.

Figure 4: Vn recruited to the Hif cell surface protects bacteria from serum-mediated killing.
(A) WT Hif M10 and mutant Hif M10A/ph were incubated for 15 min in 5% NHS or HIS. (B)
Resistance of Hif M10 and Hif M10Alph to bactericidal effects in 5% VDS and VDS
supplemented with 250 nM purified Vn. Data represent means of triplicate analyses from
three independent experiments, and error bars indicate SD. ***, p<0.001; NS, not significant.

DISCUSSION:

Bacterial pathogens recruit Vn to the cell surface and utilize this complement regulator to
prevent the deposition of complement factors and completion of the membrane attack
complex?. Vn also functions as a bridge molecule between bacterial surface proteins and host
cell surface receptors, thus enabling pathogens to adhere to the surface of epithelial cells and
subsequently mediate internalization. In this study, we describe protocols that can be used
to estimate i) binding of Vn to the surface of bacterial cells, ii) protein-protein interactions
and affinity constants, and iii) the functional role of Vn in providing serum resistance and
enhancement of adherence to the surface of host cells.
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Flow cytometry is a quantitative technique commonly used to verify that bacteria bind Vn.
However, the Vn concentration must be optimized, as the Vn-binding capacity (and various
receptors) can differ depending on the bacterial species. In the assay described here, 1-100
ug/mL of Vn were used to estimate linear binding and saturation parameters. Comparison of
the binding patterns of WT Hif, the Hif M10Alph mutant, and negative control E. coli cells
showed a clear difference at a Vn concentration of 20 pug/mL (250 nM). Therefore, this
concentration was used in all flow cytometry experiments. The use of Vn at concentrations
above the saturation point could produce false-positive signals. Dilution of the primary and
secondary antibodies must also be separately optimized for each pathogen. The maximum
dilution of antibodies showing a good signal should be chosen. In this study, we used 2.5%
BSA as a blocking agent. However, BSA is not a universal blocking reagent suitable for all
pathogens. In cases in which BSA does not block nonspecific antibody interactions, other
blocking reagents can be used, such as fish gelatin. Binding of Vn to the surface of bacterial
pathogen cells is often mediated by multiple receptors??2. Some receptors have high Vn-
binding affinity, whereas others may exhibit low binding affinity. Thus, deletion of only one
gene encoding a surface protein might not result in a decrease in Vn interactions assessed by
flow cytometry. As an alternative to flow cytometry, protein binding on the bacterial cell
surface can be examined using an immunofluorescence assay (IFA) or transmission electron
microscopy (TEM). Although photobleaching of fluororeagent-conjugated antibodies can be
problematic in both flow cytometry and IFAs, TEM involves cumbersome sample preparation,
with substantial risk of introducing artefacts?>?*. Flow cytometry analysis is indeed preferable
to IFA and TEM due to simpler sample preparation protocols and the possibility of testing
many samples within a short timeframe.

Protein-protein interactions in a cell free system were analyzed by ELISA (Figure 2A) and BLI
(Figure 2B). In both of these techniques, one of the binding partners was immobilized, either
on a biosensor (for BLI) or a microtiter plate (ELISA). The advantage of BLI and ELISA is that
they enable analysis of protein-protein interactions in their native state, preventing
nonspecific interactions outside the active binding site. The utility of BLI, however, can be
limited depending on the immobilization technique used. The amine coupling procedure used
here randomly forms an amide bond between any surface-exposed amine group of the
protein and the surface of the biosensor. This results in immobilization of protein molecules
on the surface of the sensor in various orientations. This can result in heterogeneous binding
that does not fit a 1:1 binding kinetics model. This potential problem can be resolved by
selecting biotin sensors and adding a streptavidin tag in the recombinant protein to be
immobilized. The reliability of BLI is similar to that of surface plasmon resonance (SPR). The
association and dissociation of molecules can be measured in real time using either
technique. However, the BLI device does not use microfluidics, and is therefore easy to
maintain. In addition, 96 interactions can be tested simultaneously in BLI, whereas only four
samples at a time can be tested using SPR. There is another critical step in BLI that must be
optimized. If sensors are reused, regeneration conditions should also be optimized, as that
might vary for each protein-protein complex. In this study, 10 mM
ethylenediaminetetraacetic acid was found suitable for sensor regeneration.

The role of Vn in bacterial adherence was tested directly using glass surfaces coated with Vn.
This approach can be employed to analyze binding for any bacterial pathogen, including both
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Gram-negative and -positive bacteria. This is a semiquantitative technique that provides rapid
assessment of a pathogen’s capacity for binding to Vn. To obtain reasonable results, Vn
coating must be optimized. In the assay described here, coating with Vn at 1, 2, and 5 pg/mL
was examined, and 2 pug/mL was found to be the most suitable concentration for the
experiments conducted in this study (Figure 3A). Excess Vn coated on the surface could create
a thick layer that could be easily stripped off during sample fixing and staining. Moreover, the
bacterial culture should not have large clumps of cells; this can be avoided by vortexing the
culture before adding an aliquot to the slides.

Bacterial adherence to the surface of epithelial cells was examined using a plate-count
technique (Figure 3A). This assay also must be carefully optimized to enable observation of
the role of Vn in bacterial adherence. Vn has different binding sites for bacteria (at the C-
terminus) and cell surface integrin receptors (at the N-terminal RGD binding site). Binding of
Vn to integrins induces signaling and uptake of the integrin-Vn complex?. If such complexes
are internalized without bacteria, results will be difficult to interpret. Therefore, Vn must be
added to the epithelial cell monolayer at 4 °C. Once Vn has saturated integrin receptors at the
epithelial cell surface, excess Vn must be washed off, as free Vn can block bacterial Vn-
dependent integrin binding. In this assay, we estimated total bacterial counts associated with
epithelial cells (i.e., the read-out comprised both surface-attached and internalized bacteria).
This assay can be extended to distinguish between external and intracellular bacterial
populations by treatment with gentamicin®.

The serum bactericidal assay used in the protocol described here was partially modified from
the previously published procedure!? 22, In the assay described here, 1.5x103 CFUs of Hif were
incubated with 5% NHS for 15 min, 5 min longer than in the previously described assay (Figure
4A). The difference between WT Hif and the isogenic mutant devoid of PH was more evident
at 15 min than at 10 min. Therefore, we selected the 15 min incubation period for this
particular experiment. The bactericidal effects of serum depend on the serum concentration,
time of incubation, and number of bacteria. All pathogens exhibit a notable capacity for
avoiding the bactericidal activity of serum; some pathogens can be completely resistant to
serum, whereas others can be moderately resistant or sensitive. The serum concentration
must therefore be optimized for each specific pathogen examined. Nevertheless, the serum
killing assay described here is limited to the study of gram-negative bacteria, since serum has
no significant bactericidal effect on gram-positive cells>.
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Name of Reagent/ Equipment Company Catalog Number
1.5 mL thermomixter Eppendorf 5355
5 mL polystyrene round-bottom tube BD Falcon 60819-138
5% CO, supplied incubator Thermo Scientific BBD6220
6 mL polystyrene round-bottom tube VWR 89000-478
24-well plates BD Falcon 08-772-1H
30% Hydrogen peroxide (H,0,) solution Sigma-Aldrich H1009-100ML
75 cm® tissue culture flask BD Falcon BD353136
96 well black flat bottom plate Greiner Bio-One 655090
A549 Cell Line human Sigma-Aldrich 86012804-1VL
Cell detachment enzyme (Accutase) Sigma-Aldrich A6964-500ML

AR2G sensors

Pall Life Science

18-5095

Acetone VWR 97064-786
IBovine Serum Albumins (BSA) ISigma-AIdrich |A2058

Bibulous paper VWR 28511-007
Bio-layer interferometer Pall Life Science FB-50258
Crystal violet solution Sigma-Aldrich HT90132-1L
C4BP (C4b binding protein) Complement Technology, Inc. A109

Calcium chloride (CaCl,) Sigma-Aldrich C5670-500G
Carbol-fuchsin solution Sigma-Aldrich HT8018-250ML
Citric acid Sigma-Aldrich 251275-500G
Decolorizing solution Sigma-Aldrich 75482-250ML-F
E. coli host (E. Coli BL21) Novagen 69450-3

F12 medium Sigma-Aldrich D6421

Flow cytometer

BD Biosciences

651154

*
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Fetal Calf Serum (FCS) Sigma-Aldrich 12003C
Normal human serum (NHS) Complement Technology, Inc. NHS
FITC-conjugated donkey anti-sheep antibodies AbD Serotec STARG88F
Gentamicin Sigma-Aldrich G1397
Glucose Sigma-Aldrich G8270-1KG
Gelatin Sigma-Aldrich G9391
Hemocytometer Marienfeld 640210
|[HRP-conjugated anti-His tag antibodies | Abcam |ab1269
Human factor H Complement Technology, Inc. Al137

C4BP Complement Technology, Inc. A109

Human serum albumin |sigma-Aldrich |A1653-10G
Histidine affinity resin column (HisTrap HP) GE Health Care Life Science 17-5247-01
His-tagged PH

lodine solution |Sigma—AIdrich |HT902-8FOZ
Methanol VWR BDH1135-1LP

Microscope Olympus IX73
Microscope slides Sigma-Aldrich S8902
Magnesium chloride (MgCl,) Sigma-Aldrich M8266-1KG
Plasmid containg C terminal 6x His-tag on the backbon Novagen 69862-3
|fo|ysorb microtitre plates Sigma-Aldrich M9410
Potassium hydroxide (KOH) Sigma-Aldrich 6009
|Sheep anti-human Vn antibodies AbD Serotec AHP396
Shaker Stuart Scientific STR6
|Tissue culture flask BD Falcon 3175167

Thermomixer Sigma-Aldrich T3317
Tetramethylbenzidine |sigma-Aldrich |860336-100MG
Vitronectin (Vn) from human plasma Sigma-Aldrich V8379-50UG



Comments/Description
dry block heating and cooling shaker
12 x 75 mm style

12 x 75 mm style with cap
Cell culture grade
Laboratory analysis grade

Vented
Tissue culture treated pClear black plates

Cell Culture Grade

Sensor to immobilized protein by amino
coupling

Analysis grade

ISuitabIe for cell culture |

Bilayer interferometry measuring equipment

Bought as Frozen liquid form

American Chemical Society (ACS) grade

Protein expression host

Cell Culture Grade

Cell analysis grade for research applications




Suitable for cell culture
Pooled human serum
Polyclonal

Cell culture grade

Suitable for cell culture

IPolycIonaI |
Bought as Frozen liquid form

Frozen solution

lyophilized powder

Columns prepacked with Ni Sepharose
Recombinantly expressed and purified in our lab

Analysis grade
Inverted microscope
plain, size 25 mm x 75 mm

DNA vector

[For ELISA |
American Chemical Society (ACS) grade
IPolycIonaI |
Platform shaker

|75 cm’ |

Dry block heating and cooling shaker
ELISA grade
cell culture grade



Article & Video License Agreement Click here to download Author License Agreement (ALA)

Copyright.pdf

i tel. 617.945.9051
VISUALIZED www.jove.com

o]
1 Alewife Center #200
Cambridge, MA 02140

Title of Article: ‘ﬁggi‘?_{ o LA
Author(s): P~ Oh/‘-a}*

ARTICLE AND VIDEO LICENSE AGREEMENT

\‘:M@J_tgi:“\‘_a:&a-_ |

L P — |

]

ltem 1 (check one box): The Author elecg_z-_ito have the Materials be made available (as described at

http://www.jove.com/publish ) via:*T__| Standard Access ‘ ‘ Open Access

Item 2 (check one box):

( t The Author is NOT a United States government employee.

El The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

[_l The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

612542.6

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memoarialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.


http://www.editorialmanager.com/jove/download.aspx?id=745147&guid=b4c6f491-fd6a-4bb0-b060-719e6e6309e0&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=745147&guid=b4c6f491-fd6a-4bb0-b060-719e6e6309e0&scheme=1

@
| Alewife Center #200
Cambridge, MA 02140
JOURNAL OF tel. G17.945.90561
VISUALIZED 1:XJ 7 HIMLN 4 www.jove.com

4, Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in ltem
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

ikeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
onhe author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JOVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVFE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200/ Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Letter

Click here to download Rebuttal Letter Rebuttal Il.docx

The manuscript has been modified and the updated manuscript, 54653 R2.docx, is
attached and located in your Editorial Manager account. Please use the updated
version to make your revisions.

1. Please split some long protocol steps into 2 or more steps so that each step contain
only 2-3 actions.

AU: The protocol steps has been split as suggested. Lines 127, 164, 221, 252, 267,
278, 288, 297, 306

2. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor
or a link to the editorial policy that allows re-prints. Please upload this information as a
.doc or .docx file to your Editorial Manager account. The Figure must be cited
appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
AU: The letter for permission is attached. It is cited line 381.

3. Figure 2: Please use s instead of sec for time unit.

AU: Itis changed.

4. Please use standard Sl unit symbols and prefixes such as pL, mL instead of pl, ml.
AU: Changed in whole manuscript.

5. Protocol step 1.1.2: How long is the suspension centrifuged?

AU: Added now, line 116.

6. 1.1.3: How long is the suspension centrifuged? What is used to wash the pellets?
How are the pellets are washed?

AU: Now we explained it in the text, line 119-122.
7. 1.1.5: What’s condition for incubation, e.g. temperature, density?
AU: it is at room temperature defined already RT.

8. 1.3.3: For steps that are done using software, a step-wise description of software
usage must be included in the step.

AU: This is now described in the main file.

9. 2.2.2: What’s the temperature of the incubation?

*


http://www.editorialmanager.com/jove/download.aspx?id=745181&guid=4e8a194b-0ab0-4673-a066-1f4ae3bf64a8&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=745181&guid=4e8a194b-0ab0-4673-a066-1f4ae3bf64a8&scheme=1

AU: Added at line 266.

10. JoVE cannot publish manuscripts containing commercial language. This includes
company names before an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial products
should be sufficiently referenced in the Table of Materials and Reagents.

AU: All commercial terms are removed as suggested. See lines 279, 185, 187, 180,
329, 333, 371.

11. After you make all the changes, please ensure that less than 2.75 pages of protocol
steps are highlighted.

AU: It is less than 2.75 pages.

12. This manuscript will benefit from copy editing by a native English speaker.

AU: This has now been done by Bioscience Writers.
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March 21, 2016

Tamim Al -Jubair

Lund University

Clinical Microbiology, Department of Translational Medicine
Sweden

Email: tamim_al.jubair@lu.se

Dear Dr. Al-Jubair:

The American Association of Immunologists, Inc., grants permission to reproduce
Figure 5 from the article, “Haemophilus influenzae Type f Hijacks Vitronectin Using
Protein H To Resist Host Innate Immunity and Adhere to Pulmonary Epithelial Cells,”
published in The Journal of Immunology, vol. 195, pp. 5688-5695, 2015, in The
Journal of Visualized Experiments, published by MY JoVE Corporation, contingent on
the following conditions:

1. That you give proper credit to the authors and to The Journal of Immunology,
including in your citation the volume, date, and page numbers.

2. That you include the statement:

Copyright 2015. The American Association of Immunologists, Inc.

3. That permission is granted for one-time use only for print and electronic format.
Permission must be requested separately for future editions, revisions,
derivative works, and promotional pieces. Reproduction of any content, other
than Figures and Figure Legends, from The Journal of Immunology is permitted
in English only.

Thank you for your interest in The Journal of Immunology.

Sincerely,

Llve M. K Eg'

Gene Bailey
Senior Editorial Manager
The Journal of Immunology

THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS

1451 Rockville Pike, Suite #650, Rockville, MD 20852 | Phone 301.634.7197 | Fax 301.634.7829 | infoji@aai.org | www.jimmunol.org
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