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Specific responses of inflammatory Macrophages

to IFN-B

D199,V AN NTININ 993 : NN
19N NVIVIVNN ,YAVN SY1NIYT NVIIPON ,HNIIN DINIY 979 :NY-ININ

The Department of Human Biology, Faculty of Natural Sciences University of Haifa

Background - The existence of Immunity

Our bodies are prodigious biological machines that work perseveringly in order to ensure
their survival. Immune system cells protect the host from a wide variety of pathogens that
aim to compromise our health. This protective response starts with Inflammation; a complex
tissue response that involves immune and tissue cells, blood vessels, and molecular mediators
that communicate between these cells (as describe in fig.1).

The purpose of inflammation is to eliminate the initial cause of tissue injury, and once
resolved to clear out necrotic cells and tissues damaged by the original insult and the
inflammatory process itself, and to initiate tissue repair that will restore the original structure
and function of the infected tissueto maintain homeostatic structure.

However, if it does not resolve properly it can cause severe outcomes, such as autoimmune
diseases, obesity, and cancer.

The immune system consists of two reactions that are temporally separated: the early innate
(natural) immunity, and the late adaptive immunity.
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@ Leukocytes in the blood
respond to chemical Eosinophil
attractants released by
pathogens and
chemical signals from
nearby injured cells.

Capillary

epithelial . )
cgus -~ Injured/infected cells

Ui secrete chemical signals

into the blood.
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Neutrophil N\ Pathogens

— Leukocytes emigrate
to site of injury and
infection.

@ The leukocytes squeeze
between the cells of
the capillary wall as they
follow the chemical
signals to where they
are most concentrated
(positive chemotaxis).

| Eosinophil releases
cytotoxic chemicals
from granules into
tissue.

@ Within the damaged tissue,
monocytes differentiate into
macrophages that phagocytize the
pathogens. The eosinophils and
neutrophils release chemicals that
break apart pathogens. They are
also capable of phagocytosis.

— Macrophage engulfs

pathogen.

Fig. 1

Innate immunity provides immediate, less specific defense against infection. It is found in
all classes of plants, fungi, insects, animals and primitive multicellular organisms. Innate
immune responses are the first line of defense against infectious diseases and limit their
deleterious consequences. Innate immunity is present in neonates upon birth, doesn’t have to
be acquired through exposure to an invader, and thus provides an immediate response that
controls invading pathogens. The innate response, unlike the adaptive one, has no memory of
previous encounters, doesn’t remember specific foreign antigens, and doesn’t provide any
ongoing protection against future infections.

There are diverse white blood cells involved in inflammation. We have addressed the role of
macrophages (M@) in the resolution of inflammation. Macrophages differentiate from white
blood cells called monocytes produced by stem cells in the fetal liver or the adult bone
marrow (fig. 2). Monocytes differentiate to M@s when they move from the bloodstream to
tissues when infection occurs, or during embryonic development in healthy subjects.
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Therefore, M@s can reside in various tissues for long times and play
important roles in the clearance of dead cells while waiting for
pathogens to invade the host. Alternatively, during inflammatory
episodes, monocytes infiltrate the inflamed tissue and swiftly
differentiate to M@s that are essential players in all phases of acute
inflammation and its resolution. Monocytes enlarge greatly and
produce granules within themselves when becoming M@s. The
macrophage contains enzymes that help digest and process the
pathogen. The process whereby an immune cell captures and ingests
a microorganism is called phagocytosis (fig. 3); the cells that
perform it are called phagocytes. M@s are attracted to the pathogen
by a process called “Chemotaxis”, and recognize it using specific
receptors found on the phagocyte membrane. The M@ distinguishes
the pathogen from other cells, and then engulfs it. Small peptides
generated during ingestion are bound to a molecule called MHC
(Major histocompatibility complex) and exported to the cell
membrane. T cells that recognize this exported peptide (antigen)
will develop an adaptive response to the pathogen.

)

matopoietic stem cell

ne marrow I O

Blood

Tissues I

Fig.2

macrophages

Myeloid precursor

Macrophage

play

(1) Abacterium Y ¥ 4 Monocytes  and
engulfed by a Voo
macrophage is &
encased in a e resolution by

vacuole. ) (2) Lysosomes fuse

with the vacuole
and digest the
bacterium.

Antigen

(\) 4
/ \ Macrophage

MHC Il
@ Antigens from digested
bacterium are presented with
MHC 11 on the cell surface.

Fig.3

important roles in inflammation and its
performing  various
functions, including the secretion of
bioactive mediators called cytokines to the
surrounding tissue. Cytokines are small
soluble proteins or glycoproteins that act
through binding to specific receptors and
transmission of intracellular signals. These
signals regulate and stimulate immune
responses by modulating gene expression
and biological function of various immune
cells. Hence, cytokines, such as
Interferons, act as intercellular mediators.

Interferons (IFNs) - are a family of small proteins with similar amino acid sequences, that
are expressed by M@s, lymphatic T cells, and other immune and tissue resident cells. IFNs
stimulate the expression of anti-viral proteins by host cells that inhibit the pathogen
multiplying inside of the infected cells. Moreover, the infected cell can protect neighboring
cells against a potential infection by the pathogen by releasing IFNs that limit infection of
new cells. In response to IFNs cells produce large amounts of an enzyme known as protein
kinase R. This enzyme phosphorylates a protein known as elF-2 (Eukaryotic Initiation Factor
2) in which interacts with elF2-B and together they reduce protein synthesis within the cell in
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response to new viral infections. Another cellular enzyme is also induced by IFN. The
enzyme named RNAse-L degrades RNA within the infected cells to further eradicate protein
synthesis of both viral and infected host cells. In addition, IFNs promote both innate and
adaptive immunity by inducing the production of hundreds of different proteins — that have
roles in combating viruses and viral spread. Some of these proteins kill virus-infected cells by
promoting programmed cell death (apoptosis). Therefore, IFN activity is also linked to
protective roles against certain cancers.

IFNs induce the expression of inducible nitric oxide
synthase (iNOS) (Fig. 4) in macrophages during eytokines |[FNS
inflammation. iNOS is a cytoplasmic enzyme that transeription I NF-kB @ «—
produces large quantities of NO, a reactive anti-
bacterial chemical, upon stimulation. Recent studies
from our laboratory have indicated IFN-B, a member translation l
of the IFN family, is specifically produced by

INOS mRMNA

iNOS prolein

macrophages during the resolution of inflammation. o
t-4
Treatment of inflammatory macrophages with IFN-f { it-barnacley
promotes the expression of a monocyte receptor e
. Li

called Ly-6C, therefore suggesting IFN-p reverses the
differentiation of these macrophages turning them to  L-arinine =t N0 = NOseNO,
“rejuvenated macrophages”. L-citrulline

Fig.4

The current study aimed at determining which responses that take place in inflammatory
macrophages following exposure to IFN-B are unique to these macrophages in comparison to
tissue resident macrophages from the peritoneum, spleen, and bone marrow.

Research question

How do inflammatory macrophages respond to IFN-B in comparison with resident
macrophages?

Hypothesis

Inflammatory macrophages (M@s) respond differently to IFN-B in comparison to resident
macrophages from different tissues.

Aims

1) Identify proteins that are exclusively expressed in inflammatory macrophages in response
to IFN-.

2) Examine whether the expression of iNOS in inflammatory M@s is induced by IFN-p.

3) Determine whether inflammatory macrophages exclusively express Ly-6C following
exposure to IFN-f.
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Methodology
Animals:

Male wild type C57BL/6 mice (7-8 weeks old), maintained under special pathogen — free
conditions in the animal facility (University of Haifa).

Murine peritonitis:

WT mice injected intra-peritoneal (1.P.) with freshly prepared zymosan A (1mg/25 body
weight).

Isolation of mouse macrophage:

48hrs. post zymosan A injection, the mice were euthanized by CO2 , their peritoneal cavity
were lavaged with 5ml of cold PBS , and the peritoneal cells and bone marrow cells and
spleen cells were collected by centrifugation, and macrophages were isolated by using
EasySep PE selection magnetic beads directed F4/80 following the manufacturer’s
instructions (StemCell Technologies)

FACS analysis:

Surface expression of LY6GC in macrophages were carried out as follows: Exudates blocked
with FcR blocker (anti — CD16/CD32) mAb (0.5x10"6 cells), and co-stained with PE-
conjugated anti mouse F4/80 (0.5x1076 cells) and pacific blue-A-conjugated anti mouse ly6c
(0.5mg/0.5x1076 cells) for 20 min at 4 °C. Then cells were washed with FACS Buffer (1%
BSA in PBS).

Western blot analysis:

Isolated macrophages were lysed in whole-cell extract buffer and placed on ice for 1 hrs.
(vortex of samples will be carried out every 10 min. then the samples will be centrifuged at
15000 rpm for 1 min. at 4 -C. the supernatants containing total protein were collected, added
with sample buffer and separated by SDS-PAGE (8-10%), followed by transfer to a
nitrocellulose membrane. The membrane was stained with ponceau (non specified staining
for protein, Then the membranes were blocked with 5% (w/v) non-fat dried skimmed milk
powder in PBS supplemented with 0.05% Tween-20 (PBS-T) for 1 hour at room temperature.
Next, the membranes were probed with antibodies against iNOS at 4°C overnight. Next, the
membrane was washed 15min x3 with PBS-T incubated with the appropriate HRP-
conjugated secondary antibody, for 1 hour at R.T. and washed 15min x3 with PBS-T.
Western Bright ECL (Advansta ) was added to the membrane for 30-60 seconds and analyzed
using ImageQuant LAS-4000.
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Bone Marrow

Macrophages Isolation by magnetic beads

Flow cytometry
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Inducible Nitric oxide F4/80
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Results

1. macrophages from different tissue have different morphology

Inflamed peritoneum Peritoneum Spleen

Figure 1: Light microscopy of macrophages after culturing. A. Macrophages from peritoneum
48 hrs. after injection with zymosan A. B. macrophages from peritoneum. C. macrophages from
spleen. D. macrophages from bone marrow. Images are reprehensive from (n=3).
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Experimental procedure
48 hrs. After zymosan A
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Cells collection from: Peritoneum Soleen Peritoneum
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2. Different proteins are exclusively upregulated in inflammatory macrophages in

compression to residents upon response to IFN-f3

Zymosan A + + - - - - - -
IFN-B(25ng/ml)

Tissue L Peritor}eum i Sole'en Bone marrow
T

Figure 2: Unknown protein expression. Macrophages from different tissues were
isolated using magnetic beads and treated with IFN-B, after 24 hrs. Macrophages were
collected and lysed using specific lysis buffer (WCE). Then their protein content was
separated by using SDS-PAG gel (8%) and the protein was transferred to a nitrocellulose
membrane and staining by ponceau staining unspecific protein staining (n=3).

3. IFN-B induces the expression of iNOS in inflammatory macrophages.

Zymosan A
IFN-B(25ng/ml) - + - + - + - +
f | ' Y '
Tissue Peritoneum Spleen Bone marrow

Figure 3: IFN-PB increases the expression of iNOS in inflammatory
Me. Samples from fig.2 were run by gel electrophoresis, transferred to a
membrane and evaluated using WB for the expression of iNOS (n=3).
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4. Macrophages from different tissues differently express Ly6C and F4/80

AC

Peritoneum Spleen BM

w4 Ly6c + f4/80- Ly6c + f4/80+

m Ly6c+ F4/80+
B Ly6c+ F4/80-

W Ly6c- F4/80+

zymosan A

peritoneum

Figure 4: different tissues contain different monocyte and macrophages
populations. A. Macrophages from different tissues staining with florescent
antibodies against F4/80 and Ly6c and the expression of Ly6c and F4/80 were
analyzed by flow cytometry. Results are representative Dot Plots (A) and their
quantitation. B. The following marker combination indicate different monocyte /
macrophages subset: Ly6c + F4/80+ (rejuvenated), Ly6c - F4/80+ (mature
macrophages) and Ly6¢ + F4/80- (monocytes/ young macrophages) (n=2).
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5. Inflammatory macrophages exclusively express Ly6C following exposure to IFN-

control  IFN-B | control IFN-B | control IFN-B | control IFN-R

peritoneum

spleen BM

peritoneum +
zymosan A

1 |

M Ly6c+ F4/80+
® Ly6c+ F4/80-

W Ly6c- F4/80+

Figure 5: IFN-P increase the expression of Ly6c exclusively in
inflammatory M¢@. Macrophages from different tissue were treated with
IFN-B then stained with florescence antibody for F4/80 and Ly6c, and the
expression of Ly6c and F4/80 were analyzed by flow cytometry. The graph
shows the percentage of different population of macrophages (n=2).

Conclusions

1) IFN-B exclusively stimulates the expression of different proteins, including iNOS, in

2) Macrophages from different tissues have different expression patterns of the membrane
receptors Ly6c and F4/80 which reflect unique developmental states of the monocytes /
M¢ lineage.

3) IFN- specifically promote the expression of Ly6c (monocyte marker) in inflammatory
macrophages, suggesting that IFN-B mediates the differentiation of these macrophages
and turns them to “rejuvenated macrophages”.

Future thoughts

Macrophages have essential roles in inflammation and its resolution. The exposure of the
inflammatory macrophages to IFN-B induces the macrophages to express unknown proteins.
We plan to discover the sequences of these proteins /peptides and their biological functionand
to examine them as a treatment for different pathologies. This may be one of the ways which

inflammatory macrophages.

help saving lives by using natural resources, the human body molecules.
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Attempting to find the active molecule in a phage

communication system

(Shukron Rachel Hen, Ashdod) m7wx 30 54 papiv : n19nvn
MAINT ,H11Y 189 191,599 NPIVNY NPYNNN ,PNY O /9199 :5PNRY-NNMN
Mentor: Dr. Rotem Sorek, Weizmann Institute of Science, Rehovot

Introduction

Nowadays, it is common knowledge that you can't use the word "virus" in the "animals"
category while playing scattergories. Viruses are cell parasites which show the
characteristics of life only when inside a cell they infect - the host cell. Outside the host cell
viruses are inactive, and so cannot be considered as a living thing. In our research, we have

focused on bacteriophages (phages) that are viruses of bacteria*.

The phage uses the host cell's resources for creating hundreds of viruses, until the cell
explodes and the viruses burst out. This life cycle is called the lytic life cycle. However, there
are also temperate phages that can choose between two life cycles; the lytic and lysogenic. In
the lysogenic cycle the virus doesn't kill his host cell but instead integrates his genome into
the host cell's chromosome. A phage in a lysogenic form is called a prophage, and it is being
replicated alongside the original DNA of the infected cell. While having the prophage at its

genome, the host cell cannot be infected by this specific phage.

1 Fryciano, D. E. & Bourne, S. Phage as an antimicrobial agent: d’Herelle's heretical theories and their role in
the decline of phage prophylaxis in the West. Can. J. Infect. Dis. Med. Microbiol. 18, 19-26 (2007).
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At first sight, the lytic cycle is more beneficial to the virus — it can multiply much faster that

way. However, this process also kills the host cell, and when the number of cells that can be

infected is decreasing, there is an advantage for the lysogenic cycle.

In the graph below (figure 1) you can see growth and infection curves:

figure 1

The. _(C }
bacterial
growth —(A)

Time

(A) under laboratory condition, the bacteria are growing in exponential growth for a while

and then the population growth is stabilized due to lack of nutrients.

(B) When bacteria are being infected by a temperate phage, part of the bacterial population is
lysed due to phages going through the lytic cycle. After a while some phages become
lysogenic, thus protecting the host cell from further infection by this phage. As a result we

observe the re-growth of the population.

(C) When a lytic phage infects, the bacterial population collapses almost to zero. However,
some of the bacteria may become mutant and develop resistance to the phage, and start to
multiply again.

In other words, the most beneficial strategy for the virus is dependent on the current situation.
In order to deal with this problem, the virus has a mechanism which allows it to switch
between lytic and lysogenic cycles. This decision has been studied in depth in the case of the
Lambda phage (a model phage for the lysis-lysogeny decision) and it was found that factors
such as temperature, less nutrients and multiplicity of infection seem to drive the lytic-
lysogenic decision towards lysogeny. In Lambda phages we also know the molecular
mechanism that leads to that decision; the Lytic-Lysogenic Decision is dependent on the
concentration of the Lambda protein CII within the host cell; When CIlI is accumulated there

is a switch to the lysogenic life cycle.
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This project is part of Zohar Erez studies, a PhD student in the Sorek lab at the Weizmann
Institute, who investigates the lytic-lysogenic decision of a phage within its host Bacillus

subtilis 168. Her earlier results

(figure 2) show that the phage 04

becomes more lysogenic when

03
infecting a host cell in a D5 W

conditioned medium (CM) taken /\\ —  —MMB

0.2 V
0.15 - phageCM  rol CM
01 = phi3TCM

0.D (600nm)

from a previous infection with

the same phage. CM is made by 4

infecting B. subtilis 168 with its o

phage, taking the medium and 0 0 é ' A : : 10
clearing it of all phage and e

bacteria by centrifuging the CM figure 2

and filtering the supernatant using 3KD filter. It is the phage CM. As a control, B. subtilis
168 was grown without phage infection, and that medium was cleared too after the same

amount of time, so we have a control CM.

In our research we aimed to investigate this interesting phenomenon in further detail while

attempting to find the active molecule that mediates that effect.
Research hypothesis

Since Zohar's results showed a difference in the infection patterns of the phage when
infecting bacteria in CM, it indicated the existence of a molecule that mediates that effect. In

her research, Zohar has shown that this small molecule is a short peptide.

We hypothesized that if the active molecule drives the phage towards lysogeny we will be
able to find it by searching for genes that are essential for the phenotype, namely, when these
genes are silenced it will result in infection resembling that of a lytic phage. By creating CMs
with these strains we can test whether the silenced gene is responsible for the CM effect, or is

it a gene used in the lysogenic cycle.
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Goal

The main goal of the project was to understand the component responsible for the
conditioned medium effect and its way of action, while trying to test whether communication

may occur during phage infection.

In my project, | have tried to find the signal molecule by using a library of silenced phage
genes, screen for phages that exhibit a lytic phenotype, and check infection patterns in CMs
made with these strains.

Methodology

In order to find the signaling molecule we have used a library of silenced phage genes. We
used a mechanism based on the Crispr-Cas system™*® for silencing each gene of the 190
genes of the phage. The Crispr-Cas system is an adaptive immune system that provides
bacteria with the ability to defend themselves against phages. This system uses an RNA
sequence that matches one of the phage genes, and a protein called Cas9 that can cut the
phage DNA. As a result, the phage genome is destroyed and further infection is prevented.
The recent discovery of this system has revolutionized the field of molecular biology, and
holds a promise in many clinical and therapeutic avenues. In our research we have used a
dCas9 which is Cas9 lacking the ability to cleave DNA. The dCas9 just "sits" on the phage

DNA and prevents transcription of the gene it "sits™ on.

Zohar has created a library of bacteria strains that has this system, each strain silencing a
different gene of the phage randomly. Next, Zohar and | infected each of the strains with the
phage.

We looked for genes whose silencing will show a lytic phenotype instead of the usual
infection pattern, and we indeed found two of them. In this project they will be called strain
A and strain B.

Because the silencing library is random, we had to find out which are the genes that gave us
the lytic phenotype. Hence, we sent the DNA of these strains to sequencing in order to know

which genes are being silenced. Next, we wanted to test whether one of the genes we found is

12 Deveau, H., Garneau, J. E. & Moineau, S. CRISPR/Cas system and its role in phage-bacteria interactions. Annu. Rev. Microbiol. 64, 475-93 (2010).
13 Sorek, R., Kunin, V. & Hugenholtz, P. CRISPR--a widespread system that provides acquired resistance against phages in bacteria and archaea. Nat. Rev. Microbiol. 6,
181-6 (2008).
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the one encoding for the active molecule in the conditioned medium. In order to do that we
prepared conditioned medium from those strains and from the WT to have as a comparison.
The preparation of conditioned medium was done by infecting bacteria with the phage for
three hours. As a control we also grew bacteria without infecting them for the same amount
of time. Next we needed to clear the medium of all bacteria and phages. This was done by
centrifuging the medium, and filtering the supernatant using 3KD filter. At the end of the
process we got phage conditioned medium and control conditioned medium for each of the
two strains that silence the phage genes (A and B), and for the WT. Later on, we grew each of
the three strains on each of his CM and in a regular LB medium and infected them. Each of
the two strains containing dCas9 system that exhibit lytic phenotype during infection was
grown in its own conditioned media, and conditioned media made with the WT strain. Also,
the WT strain was grown in conditioned media made with each strain in order to test the

effect of the media.

Results
Strain A WT Strain A WT
™ ™
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figure 3.1 : Conditioned medium
experiments with CM made from infected A
and WT strains.

A. Strain A grown in conditioned medium from
infected strain A and infected by phage.

B. WT bacteria grown in conditioned medium from
infected strain A and infected by phage. C. Strain A
grown in conditioned medium from infected WT
and infected by phage.

D. WT bacteria grown in conditioned medium made
from infected WT and infected by phage.

figure 3.2_: Conditioned medium
experiments with control CM from A and
WT strains.

A. Strain A grown in conditioned medium from
uninfected strain A and infected by phage.

B. WT bacteria grown in conditioned medium from
uninfected strain A and infected by phage.

C. Strain A grown in conditioned medium from
infected WT and infected by phage.

D. WT bacteria grown in conditioned medium made
from uninfected WT and infected by phage.
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figure 3.3 : Conditioned medium experiments figure 3.4 : Conditioned medium experiments
with CM made from infected B and WT strains. | with control CM from B and WT strains.
A. Strain B grown in conditioned medium from A. Strain B grown in conditioned medium from
infected strain B and infected by phage. infected strain B and infected by phage.

B. WT bacteria grown in conditioned medium from | B. WT bacteria grown in conditioned medium from
infected strain B and infected by phage. C. Strain B | infected strain B and infected by phage. C. Strain B

grown in conditioned medium from infected WT grown in conditioned medium from infected WT and
and infected by phage. infected by phage.

D. WT bacteria grown in conditioned medium made | D. WT bacteria grown in conditioned medium made
from infected WT and infected by phage. from infected WT and infected by phage.

In the figure we saw that when growing the WT strain in each of the conditioned media the
effect remains the same. Meaning, phage conditioned media made with the strains A and B
did not change the properties of the phage conditioned media.

We also observed an interesting result: Infection of strains A and B growing in their own CM
or WT CM exhibit a strictly lytic phenotype that is not affected by the medium in which the

infection takes place.

As can be seen from the results, these experiments led to the discovery of two genes whose
silencing affect the lysis-lysogeny decision of the phage. Silencing of these two genes led to
strictly lytic behavior, indicating that they are involved in the ability of the phage to become

lysogenic.

Nevertheless, the results show that the W.T shows the same affect when grown in all phage
CMs. That means that we haven't silenced the gene that is responsible for the signal
molecule. Otherwise we would have witnessed a defective phage CM when made with strains
A or B. Instead, we saw that when the modified strains are grown in all phage CMs the
bacterial population still lyses and shows a lytic phenotype. That fact needs to be investigated
further, since it may indicate that those strains silence genes in the phage that are related to

the lysogenic cycle of the phage.
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Discussion

In this project, | tried to discover the active molecule responsible for the conditioned medium
effect that was found in the Sorek Lab. The hypothesis for the reason we observe this effect is
that in the phage CM there is a molecule that drives the phages towards lysogeny. Therefore,
in order to find the active molecule we tried to use a library of silenced phage genes and
screen for genes that their silencing will result in a lytic pattern of infection. We found two
such genes that are found together in the genome in the same operon — a functioning unit of
genomic DNA containing a cluster of genes under the control of a single promoter, which
means that they are transcribed together. The fact they were found in the same operon
suggests that maybe only one of them is the real gene causing the effect and the silencing of
the second gene affects the first so we observe the effect in both of them. By itself, this
finding represents a scientific discovery, because these genes were not known before to be

involved in the lysis-lysogeny decision of any phage.

The conditioned media made with those strains did not exhibit abolishment of the CM effect,
which means that none of the two genes is encoding for the active molecule in the system.
However, when those strains are grown and infected in any CM they exhibit a lytic
phenotype. This may suggest the fact that these genes are related to the lysogenic cycle. More
importantly, the fact they are not affected by the phage CM may indicate the way of action of
the molecule in the CM. If the molecule was not leading the phage towards lysogeny, and the
CM effect was due to other mechanism, we might have noticed the effect of the phage CM

being unimpaired in those strains instead of the results we got.

Finally, the operon of our two genes was found to be in the phage genome downstream to an
operon containing genes similar to quorum sensing'® systems of Gram positive bacteria.
Quorum sensing is a process that depends on a concentration of a specific molecule that is
dependent on the bacterial population density. This molecule is being released and then

nl5

detected again by the bacteria, and called "autoinducer"™. The autoinducer is detected by a

receptor and causes a change in gene expression and "behavior" of the bacteria.

More intensive research has shown this system to be responsible for the CM effect.

14 Waters, C. M. & Bassler, B. L. Quorum sensing: cell-to-cell communication in bacteria. Annu. Rev. Cell Dev. Biol. 21,
319-46 (2005).

15 Li, Z. & Nair, S. K. Quorum sensing: how bacteria can coordinate activity and synchronize their response to external
signals? Protein Sci. 21, 1403-17 (2012).

27. Waters, C. M. & Bassler, B. L. Quorum sensing: cell-to-cell communication in bacteria. Annu. Rev. Cell Dev. Biol. 21,
319-46 (2005).
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DN NI I DOVNNYN KD 92971, TIINRD 1990 MNIY MNY .MM

55 DY TN Y90 YW MIPPN INIP .ANIN IWPNN DRIP TIND MMIN MIPWNL NNON 1N 1Ty
MRNIN Y MPHPKD NN N MMV ,DX9Y DXPI9 NNIP T TY DMIYaY ININNDT DXTPNN PN
TINTID ,IINT DOWIY WO NN, IWPNN DY NP YT DY NXIYNA 1IN MYHWNN DMIYY NIPNN

NV NNMN PN IR$INY
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9PN 9N
S DMIYLN TIPNIN Y9 HY AVIN DIPNTH DXIND) DN NN, JMT PINN,(H’HWN) D¥2INDY OIN) NN
STYY ANSIN - AN DN, TNMY T 2AN52 WK 12 YN 12 IR DY N1NI0NN

YN TOM DYV, NPIIY MIIND NMDN ,MIDNN INIY ,(1992) 110NN

VI DY TN NINXIND DTHRD : DDV /RIPHD NYT7 YIS DY 02N DIXI NN, (07WN) RIPN NYT
-PIP 29D 7O X IMNMON

DPWUR NRNIN : DOV (17HVN) MDY MIXIPH
17Y2 DD NI : DYV ,PPHRN NYON DM ,DVINT P2 ,(2006) HVIT

0% N2 MPIAYD DT PPN NI, NIYTNN NPI2Y0 BOWN NDMNIN : DIDMI 19 ,NPNY AP L (1IVN) NN
POIN ININOLY 19NN : DIV

BDB (1907) Francis Brown, Samuel Rolles Driver and Charles Augustus Briggs, Hebrew and English
Lexicon of the Old Testament, Oxford: Clarendon Press.

099NN
DP92YN PYOY INTPRD ARSI ,NNWY (2015) 900,772,900

NVYDIDNIN,NVPYT NTIAY 29220 SVIND PPY — 13932 N NH293¥a NYNNN SIM DIV N ,(1983) IV
ANON

L1290 NYDA DPNN 0 NTIVA, 1PINNDNY 18119199 WINSM — NHNY NYYA NODNN ,(N7IVN) IV
MINT ARIIN : DIAX TN 50 /K, )JMT N NP POV NPIRY NI 190

TANM PN DRNP AT NN IPINIYSD MNP 922NN 101 NNINN 7ONT’N 1Y (T73wDN) 1Nd
DTN OYTNY RN TIOND : D9V NURT T2, T NN NYTIN YT WY —

NN NVIOIDNND : VAN DN ,10 — 7 NN, NH¥HAY NPIVINND ) DN ,()'VN) )

90 TP NNNIN : DIYWIP,9ANNA B3Y : 120 H¥IaY )11 DN ,(1977) 11

R
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5P NYNPYN

IR NPITH D YN NN T2 WK .VOICE-N NPN TMININ NPXRPTI MIYHN MYNNN NNN
NXINM ,NNNRND — NPIPOY M2 ONY PIAD MITHIW ,MAN XD INX NINDN NV NN DION XYNa
N (D10HN M9 THY ,MANMYNY NN 90N LJNINRD DIND MYITN 1 1ND) NMNY MI0N 11D
Y MMIN TINM) MNPYD STPININR NN TIND L,PINIY DX IN POY DNNNN IR NWID NN NINKRD .PINYD

Voice — T21yn YW 9P nynwn RN 1T YWD 1Y DY AUN NIXR 10DY, M8 INPD PIaT

MYSNNRA 9P NYNWN XN N NNX .MI902 Voice Y mysimn mMImin 1900 MN»p 01N )
.(Morrison & Kamadar, 2011) 9272 120 NN NNDYP 2D NYT TINKD ,NHDN0N N2 N NTHY NYan
N DXNPRY) NTIAYN N30 DY NNYPND Voice-n MIsN XN MITHNN NP2IND MOMmwnn MTPN
Sy ,0oWYI 1IN DO .NYTIRY NP MYT MIND TN ,NTIAYN DIPHNI MOMINND DXYINN DINWIIA (D2INDN
Premeaux & Bedeian, 2003; Tangirala & ) nayn Dipna MmYnnnn NX 99YY 19010 TIND ,IPNNn 9

.(Ramanujam, 2008b; Van Dyne & LePine, 1988

NP NTHR — WM 90N LN OMP Voice-N MITIND > NYVY DXWVWPIAN NPNINX 1IN 935 qona
SN NN MDWYN Y 2N NIRXIND MY 09 a3 VOoice .nTuyn Nup 12 NWNN YN mvIIN
NN TNVYY NPIYNA MR NN Voice -0 Yv yMpn L(Morrison, 2011) TRy NVIPIAY NPRTIN HIN
DY 72 NN D NN T T N PIN MY WY 55 (Morrison, 2011) ©191n DINNA MNINNDN

MY NYaIND Voice Yw mmn»pnn Yy DD1n MY PPV )2 10D .ATHYI VIPY DTN NN NVINN
Mam

Voice-n ™MD NX TITARY 11 — PP HWIY NP — 1N DXTTHN MW »MoNd Voice-1 1Many ox
I NIPNRA 57N DY DNYNN NN 9D DMNYN

995 DYPIOYNN DN NON XIN — DMWY DININ P2 NNV 19INI NTTNI HIPN NYDYNIY PI*0N NN
955 95 MY 1 YHHI IPIND ,DOIN 9P NYNWNS YN 0957 1 (climate) NN 9P nynwn
NNODM PANZOINY IN,DX7112) DT YT DY NANINIY IT ,NNNIN NYTIN RPN NPINT INY YTV
mMmMmpnn — whistle blowing »o1n 57 nynwn A% NTHY YRWN MY DNY0N )10 DMP TD,0910 DY

NT OV ,MA) NOD NYYA DI NYHWND NNNT NN — DIMNAIN DNITN DY DY IR NPTH TN
NTHYA NN NYRYN ,THIN INIVNI T2 MDY DI10Y 9277 PMIIN N DXPIN DD TN NN

.(Morrison & (Kamadar, 2011) 91y 7193 )12°0 NYy1a 5P Nynwn NN Proynn Hv

NN N1 NP DMNIIN DN .XYNY OTRND DY NAIPN NN MDD HYIIN MANYNN NN
IN DY PND RYNN DY NPYNN DTN, DTRD DY NMNNID) DYDY NNYPR NPNY DOPWITN MIANYHN
TV PN PN, 0N DY NPIOT : D DINWYD) D5 19INI NI2NN N2 INMINYN NTINI
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b)PRdab)A)

TIVA — dNION THX YN DTIN DN DM TYUND DIWIN NXIIAP N NINWHY N2 NN MINIIN
Sya NI NN THNY TAR VI DPPNNY 21N WP PN NXIAPN 1IN N2 HY DTHYHY
MINT POND MPTINN NININD DINDN MNPNA .NNIAPN 312N IURHD NP N2 NPINK) MIND
701N IN )INIT) ONDN ONIAN PPN MNXY DY 5aAPN D) 91,007 190N DXANNWYN 1AV YNIIN

SNNAP TY NNVIND GNMIYNI 19INI NNNY T (PN

M2>0)2) DM NN ,NXIAP DY 7MIXIDY DINPYDY NV JPIND DXIPYD WNINNDN ,NT TONY 120
MNP NTPNRNN MNTND NYIN .12 DI Y HY NIINM MINYN NDYONY ,N¥APN NYINND DNV
MOLY YNID POV NI DNIAPN OIAN PPONY TV .NOIDN NDOWN NIV SINKD MITHINDD
12N 9N DY WAVYND 9POYa NIN 1NN DY YTPON ,N10OWNN NNOYND 927 YW 19101 NOAND MTMNNY
GPINND NNYI MOLN WINIT PON NNPD NVYY NXINY 1219I) WX MOV NN T WIND NP
(DeRue & Ashford »mnn NPINK DN VININ MDY NMDN ,ND0 ,NMVYNN NN NTPIN NITHIN

.(& Cotton, 2008; Yukl, 2010

DMPNN YV 29 9901 MNINKD DAY DD ,NNIAPA DX DN DY NN DMDYN NN
) TN, NINTIN MYNN DY DOWAWNT DXRIND DN — NIRYN NTNIY DDIIYW MPMND RYNI
oMM TNNR (Day, 2001; DeRue & Ashford, 2010; Kark ,2011; Yukl, 2010) m»nmn nnad

JOMPTIND NN — NTNDNI IMININ NIX PITAD DOVPIN NRY DINN XIN DXODIN

NN Mt

M2TANY PHNRND OTRAIY O MDMIN IN NMNN ,NPLIX NINON ¥APNI NITHN )OI 19N, MM
DY2P01NN MNVN NYYNY 251 NONY MM DD i) (Sedikides & Brewer, 2001) 12°20v N72NNHN IMIN
NUM ,NMNN IN MDIN SV 10510 NITHINI DTRN I IMNX PONN XN — DN TARN — DT
12 19INM ,1PNIIND NDADA VY DI PPN ,OTRN DY MIPNWNN IIYN MYNNNI 1IN — NN
TR IDNY AR OTRD NDXAN XN PN MNT T 772N » Yy .(Hogg, 2001) nHann »13 0an) XN
MAMYNN ,DTRD MPOTN DINN DX O) THIMPOTNN NN IXRWY ;1D 19 . 1MIND — NH12NN T DY D)

DTN PINANMDY VY NINNIND )M ,D0NVUN DDINN WYY

DYTYON NAND ,INDYN N2 TIT DY NYAWN RO — 172N DTRN I¥YI 2IWN Y191 TPIN MMD
DTNOW D95 3801 .(James, 1892; Leary & Tangney, 2003) 19X mIVN »WNY XINM NSIN TPV
DIPNA TNYN TYD MNNINM ,DPTINDY YAVND NIIN 12992 T2 T2 ,INY AIVIANND THIMPOMN MM
DMPNN DY NN NNIND NN 2A0NY I VX OAIPNN THD DY DY DTN 1702 INY M)
DTN NN NS5 ANYD PDNN INT — NNV DIWAWNN DININM TPNINNIND MM RYN2
INY APIN DTN YW THIMPOMINN IMNTY DI — NI MNMINN NIANA N2 MYNWHD TPMINIIND MM
IMPTN NYANND DN OXDONN OOPINNN ,TPNPT N0 PMIND MUITN NPVNRVHN 1Y YN
DXNIMN M2ANA D) N2 MBWN W 295 (Goffman, 1963) mn»nn NsMIpn oy NPMI»Ta

JPMMOTIND MNTN MYINND
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9PNNIN NYVN

Voice 739 DN PITAN ,m»nn Mt Voice pav ovpn N PITaY wpan dNonn Apnnn
LDTRD DY FINIMOMIND NN MNNIND DY WaUN (DI1p Nynwn)

PN XY, IPMPMND MM 0NN Voice-n DINNa 027 DMIPNN 1DWIYW MINY 20 P8Y :wn
JPMPMIND MMIMN MIDNND DRINN 220 NYTN NYSN PN Y IPNN I .01 WP 1aya
MY D 19 RYNA NPVNNON NDWYN TYNNY DN’ 127N ,D7IWN P2 IWP DMP 1IN ¥ N DN

N9INY NYIY MANYN NINT ,MPTN MY MYTH NPIVIVON

NN TN NP NYNPYN 12 VPN — MIYYUN

,JOMINIINN MMN MPINNNY 19221 Voice NTTyn 1230 0P Voice nynwn D NN PRI
: DPIDN NN

NWY MDD .DVYYN MYYYY DIPY MINONI IYINT YWY WP TN DYSNN NP N Voice e
NYIAND MM TN DWN PHN XN TOWITN NN .NUND Py VXY Nidt DY Tynd
Sedikides & Brewer, ) DTX S¥ NMNIPYM DTN ,MDANN 919900 MM NITHIN TIND NN
mMPNIN SN 1o ,(pro-social) Aany» Py v Npn Yya NN Voice-nw Y55 199 (2001
TPNININN NPT

-y (nyan) claiming Sv DY PR NIYIYA 7% 172N TN OMPN NTHY DY MNNonn e

TIPONA MPN PHN 19 ¥y MNIND Pvnn 01X .(DeRue & Ashford, 2010) (Mwr) granting
DDV MY NPIN-NY NPNIDN MWL VPN LOVYPY MVONN NYAPA PON ,NHaNN
YAV NTHY NYAN DNPYI NYSND LNTHY NOPI JNINRT INYIVN IIPH By DYND NMVYY

9P INTHY D MNIND wpan TN — claiming Yv 010n Ho nnn ,N1ann Y MvSNnd
MYNNNI DNIYI WK TUND .D0POIMNMIN DTN 27P2 DMN WNIYN XY T2 O HY 0PN
Y YINA G KIX MDY PI9SD NYIND P KXY NNND (NTAW IN T2IY) LI9N MWy granting
927 OOV N2 HOIND HNON NI NIANND 2IP2 MDY YAV 1D ¥ IMIN NIND IUNRD MIVHVn
Voice » NN IPNNA MDD NNDMIAPNI T DTHRY .NIAND TINA NPONN INTIY NN PINHN
91 ,(Iverson & Currivan, 2003) 1IN TINA PI9YDYT MDY NYIND NTTIVHD MON»NND NONY
LT I9INA (2011 ,NOXNIN) NN DY MOVONNN NYAP TON2 NVIOY NYINM NNN NTNND
Harlos & Pinder, ) 51500 nvinm 1»NT VPORD NN MONMNND N NPNY 9P NYHWN

.(2000

DOYNIND DAY NWY DMIYWN PN DYIN 7292 (claiming) nw 1T 25w 7703 'NONN 1PN 29vwa
JOMMONIND MDD W12
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N9 DY 2Yw3a) My Mwd [claiming-n Y1 ,9n» DAy YIipn Nynwn MINAIY )19°00 NNV 93O
PINNN DOPNNND IMNT PPN PMSIDA 12T PNV 2N ,(NNYNN TTIN

D5 YWY NPINND NN NNID OTRN — NODLVINPN MYVIAN NN NPINND NTHYD NYan ONY D Pn»
59 .WaUNI DX21ND HMISY NN ,NNIAPA PTND NIDNDI MO NN VY NDIN MNNIN NN 120N
7901 V0oIce-Y » y 11 5y 0Dann N NV DY PNMPTINN MNTN NN NN DIVYRNI DOPINN 1IN
Sy TPWIND NYTN MW NVOWA NWIND PIvNY 9211 VOoice .n¥Iapm DIND Yy NN myswn
,TINXIAPN DTIAYN P NWINL YOO NN 7Y 1avn N (Morrison & Milliken, 2000) yxn
Argyris & Schon, 1978; Enz & Schwenk, ) 9N N2 NONIAP NPYHPTI MNDI NHWTIN TITYa
,ITIAYN N2 DY PYYN DY NPIAPNN MYIWNI wNY T2 > DN .(1991; Nemeth, 1985; Shaw, 1981
ANV INYIYN DX PIND DTNV T2 INPINK NX PN

IPNNN NIYYN

NYNM , T2V )12°01 NN TIN ,NNNDN NOWIT NP DY XYNA NTHY NP 2D DXIYYN DX, NNIND
NDAN XYY To2) ,OXNN DY TPMPIIND MND PIND OYDN , MNP NYYID NYWHN NININ
NN DD I9DN D DMIYWN NN TIY GONI .D¥2INY YW MIXDVLIN NI NN ,1PTIND MY
NYINMDITPN NTNI TPNIAN NTIN,DPNPLOINR DM, DTNN DY IMPOMIND YPIN — NN PYNN NN

ANTHY Y

MPINNNY N2 NP MNPV NYNN ,NOUXI NPT DY DINI DOW MIND D DMIYYN NN T NNDNI
MPINNND N YITIN XD INX NN 120N TIY DN DININI — ANV NN XY TN, 7OMNTIND MDD
ANY NN

PNRN 91N

DI IDDNI AYNNN) TPNMOTIND MNTN MPINNNY XN Voice-1 momnn D DMIywn 1NN
VITID DN DYMINIAY JAIND . 1TIND MMM MHMND MXDVINND MPINNNY XXAN M ,(DNINNN
1 972 NI N NIWYN INY IMYHYNI M NNYN NIDON VININ

DPYIN MNIN
SINNSNIN YA
NN DTN
NYIM-DITP

Voice /
> mm

MINY M

v

Hynvn NSMININ
9%

N921Y NNV

H3130D N0 NP HYHRYN 172 NINNNI NI MNT YN HTINN 11 99)
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9PNNH HOIY

NTayn >nona Voice yanh DIwIND AWANY wipany Mo P0IN ,NIywnd N2Hn v DX )IN1Y 1702
YPIN — DTN DY TPMPMIND ININT DY TN TN WIUND DMYYY DNIMIND IPTI» PYRIN 2OV
SINSN ,OWND) THIMPIN MNT MYNN DY WIUND MNDOY NP MNON O SMNNIIND
NY PHY MISY MINT NONY MYSNND WY YN DD — 7P NIIN DTIN DY 79N IN OPPY L (MHININm

Ru)pambil

,IPNNN ONIN YDV D51 DX TN .NTIVN IPNNN MXIN NYIVYN NNN DPTIN IDIN NVN 21DV
DYVITIVON PONX NINN OINND NYPN XY DY MPT wNnN 12 DINI NNYNNN DX NIRYY Wpam

Voice-1 71207 Hv DY DIPINRND 5519 MNIN YOV NIN ,NDIDIDNNN — DIIPNVN

DINY NNWY WPAN DTN NYRIN MO ONIN NP SNIN N0 ONIN MY H91D 1pNnn TIvn
NN I ONIN TIT SUN NN PAYD DOV DNY NYNL NOXDIDNINI MNIY DX DNY DY DY
72NN N0 NVINA KO TINIRD MNONHN NPV Y 12T YW MYWNN NN PITAY DOWPan

NYNA NVIDINND MINID DIN) DNV MDY DY DINI NIRYD WPIAN DOPTIIN VN MDD MNINI
59 NN Y910 NTONIN .NIANN PID NYIND DYNNN N ONINIY NON OWHIT NN PON DY DIY
NPINNN DIIT D DIV NX YN (N0 NYINA YTD TIN NNY DY NDT ,1OYIT NPd3) DIMINNDN

MO MNN

Y ONINA OXPTAN .NVIDIDNINI MNONND INNNN DINI XYY YITN NN NNIYD ,NNPIAN N¥IP
, NN 0971H2) X570 19N NYNN DXIRNND DN IWNRD ONOY DINIA NTHY NYIANND YINND DWPIANN
712572 PNOOO NYINT DYONHD 1IN N ININY 1210 (NMINIXNNDN MW DY 71270 KD WX WYI DI0IN 191N
N0 N NXAP MYNNANA NP POY PAYNY 1920 MINOYNI NN ROX DD NPYW DY NDT PN OV

JPMMPTND MNTN NN NNWY »TI1 172D DINIA ¥T XD 2 NIND

SV DYV NN DX PN WPDW G0N NIRY XDND WPIN> DXONNYANN MIWaNn 2Ovn mapya
NN DX D) TITHY NT PIORY .DOMNY DNYY 7PSDVINN DY DNOY TOMPMIND MDD DY DINN
TY) TPNDIDNNN NNOXN NN (DXPTIN 29P2 MYNRYN W DINID NN TY) DININ DY NYAWNN NDXaN

P DIVLLD NPV DXWIN DNV IWHIN NAY NTNRN NN NV ITY NI NIPON DI NND

DININ NNV DY NYAWNN NN NN 21T WP2NY MDNNN 7PRNNTI ANPND DY YSIND 1910 INND
LONYY NPYNNN DY DXOVITIVDN TYNA PON NNPY DNY WNNN NDY VAP DIPTIN — MNVND 19INA
NN NN ;)0 ON) Y951 OX ,NI2IN DXINYND NPNY DNYY PXDVINN NN NN PITD )OYD
,OMINTNND MM MPINND DY INY ARDN NNNN YAPNN T . NPMIND DN ONOY 7PNDdVIND

2192 PNNMINN NMVI PTY NNV
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NP DIVLON NN IRNY YITNY NNIAPN 2792 ¥ DIPNRND NN, TN .1NION DN WHTY NI NP

9951 DN, DMININNN DA NMND NMDY TN, 7192
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9P TPRIN VIV - 77X XY OW”

9NN N2 ,1NNPNR NI :NYN
59 NVIVHNN ,DITYWIT 2IYOYTY MINNRD NINTPR ININA ,SP0INIP (VIIDN) 1IN /9199 1 1NRY-NNIN
YY) NOTINY N2 190 N2 9PV ,2%AN

15951 MYN N3 DINND W YITNY 1IND DMINXY DN PN DIN

I8N N — YPI
DMIVSN 987 TON 12X DY TIND PN AP DXONNNN DIVY DY G87 NN NVN IN TPINDIN
SPRIIN NNIPI N TPOUN — NYNN DY MMOYN MPN DXAONNNN

DMPY DIPNIAY XN DTINM ,YNIPN DINNA NOOPNN NN POYN
NN MNHNNA YNNPA DIVNNYN

NHMPNN N TONN 12X DY MAYNNND NMNNND IYNRD ,NNOV 1NN
INYNN D) TI, DY RN NNNXA XD DIINNN DXYNY DY — TPNNNX NYNN
— YTNY NVIVA NN TPOYRN NINN DAY TITN .0V NRNNI NNPNI XD
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YMINDY NPINTN DY NPSNNID ,MINNN DY 7POTOMIP 92100 , 01NN YDV VNN YN NN
oV NTIAYN YNNI D981 MINVLIDIDNIND DMNPAA2 ,1IDNN TOoNNA dNTNY DY NIONN
YMIAN N YA DXVITIVON YV N MITIAYA NN DNV NNIY MHTVXN D) 1D DOVITIVON
Y WY HOMIAN ,NNT NN T NIV DY MTaya 1981 5952 Ny XD NNa YT ¥I1DID 91D TNPODNY

PRV XD NN T

179812°82 ,Na v NN IN
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