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Abstract

Mycobacterium tuberculosis (Mtb), is a major world health problem. The

production of reactive nitrogen species (RNS) is a potent cytostatic and cytotoxic
defense mechanism against intracellular pathogens. Nevertheless, the protective role
of RNS during Mtb infection remains controversial. Here we use a nitrotyrosylation
readout for nitrosative stress to study RNS production by the zebrafish host during early
mycobacterial pathogenesis. We found that recognition of Mycobacterium marinum,
a close relative of Mtb, was sufficient to induce a nitrosative defense mechanism in
a TLR/IL1IR-MyD88 dependent fashion. However, this host response was attenuated
by mycobacteria via a virulence mechanism independent of the well-characterized
RD1 virulence locus. Our results indicate a mechanism of pathogenic mycobacteria to
circumvent host defense in vivo. Shifting the balance of host-pathogen interactions in
favor of the host by targeting this virulence mechanism may help overcome the problem
of Mtb strains that are resistant to multiple drug treatments.

Pulmonary tuberculosis (TB), caused by the intracellular bacterial pathogen

Introduction

Pulmonary tuberculosis (TB) is a common and often lethal infectious disease that
represents a major global health threat. The pathogenic bacterium Mycobacterium
tuberculosis (Mtb) is the causative agent of TB and the high incidence and associated
mortality worldwide is partly explained by the increasing occurrence of Mtb strains
with resistance to multiple drug treatments. This makes TB a key priority for infectious
disease research, since understanding of the host-pathogen interactions during Mtb
pathogenesis is necessary to develop novel therapeutic strategies 2. Mycobacteria
phagocytosed by macrophages evade the majority of leukocyte bacterial killing
mechanisms and create a niche for themselves in which they can survive and proliferate®.
Recruitment of macrophages, neutrophils, and T-cells to the primary infected cells leads
to the formation of highly organised structures known as granulomas®®. During latent
TB infection, a condition estimated to affect one-third of the human population, Mtb
can persist for many years within granulomas before its reactivation

The combined efforts of the innate and adaptive arms of the immune system are
relatively efficient in containing and killing Mtb in immunocompetent individuals. It
is estimated that only 5-10 out of a 100 individuals newly infected with Mtb develop
active TB during their lifetime’. One of the most effective host-defense mechanisms
against intracellular pathogens is the production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS)®°. The production of ROS, such as hydrogen peroxide
(H,0,), superoxide anion (O,’), and hydroxyl radical (OH*), is catalyzed by the NADPH-
oxidase complex during respiratory burst®. In vertebrates nitric oxide (NO) is formed
when the guanidine nitrogen of L-arginine is oxidized by nitric oxide synthases (NOS).
There are two constitutively expressed NOS enzymes, neuronal NOS (nNOS or NOS1)
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and endothelial NOS (eNOS or NOS3), and one inducible NOS enzyme (iNOS or NOS2).
Regulation of iNOS plays an important role in the inflammatory response and many cells
of the immune system are capable of producing NO upon infection?®,

Although a mutation in the components of the NADPH-complex increased susceptibility
to Mtb13, ROS production itself was found to be relatively ineffective in killing Mtb*. In
contrast, exposure to low concentrations of NO is cytotoxic to mycobacteria, killing more
than 99% of Mtb in culture®*. However, a significant part of the cytostatic and cytotoxic
antimicrobial effects of NO in vivo are attributed to RNS, the various reaction products
of NO**®. The reaction of NO radicals with O, radicals produced during the respiratory
burst results in the generation of peroxynitrite (ONOO"), a potent RNS causing lipid
peroxidation, DNA damage, oxidation of thiols, and nitration of tyrosine residues®”- 8.
The addition of a nitrogen-group to tyrosine residues is also catalyzed by the neutrophil
specific enzyme myeloperoxidase (Mpx), using H,0,and NO, as substrates®. Tyrosine
nitration can lead to disruption of tyrosine phosphorylation-dependent signaling
pathways?°. The bactericidal activity of peroxynitrite has been demonstrated against
Salmonella enterica serovar typhimurium?!, and Escherichia coli**. Peroxynitrite is also
required for the fungicidal activity of macrophages infected with Candida albicans?.

The murine TB model was used to demonstrate an essential role for NO in the killing
of Mtb by mononuclear phagocytes* ?°, and iNOS deficient mice lacking inducible NO
production were highly susceptible to Mtb infection'? 26?7, |n contrast, the cytostatic
and cytotoxic role of NO during Mtb infection in humans is debated, since early
mycobacteriostatic activity of human macrophages was found to be independent of
NO?* 28, Nevertheless, there is an increasing amount of evidence that NO produced by
macrophages and epithelial cells also provides protection against Mtb in humans 27 293233,
In agreement, polymorphisms in the gene for iINOS have been associated with
susceptibility to TB in different populations®*. The conflicting results on the role of
NO and iNOS in defense against mycobacterial infection may, in part, be explained by
the range of mechanisms utilized by Mtb to counteract ROS and RNS produced by the
host*®. Oxidative and nitrosative stresses induce a transcriptional response in Mtb that
can lead to direct scavenging of reactive species and repair and protection of proteins
and DNA336,

The natural fish pathogen Mycobacterium marinum (Mm) is a close relative of human
Mtb and displays similar pathogenesis, including the formation of caseating granulomas
and development of latency®”-38, The zebrafish embryo model, which allows for detailed
observation of host-pathogen interactions, is well-established for the in vivo study
of host signaling and mycobacterial virulence determinants during early stages of TB
disease3* 4, In this study we used an antibody against nitration of tyrosine residues as
readout for the oxidative and nitrosative response of the zebrafish host to infection
with Mm**3, We found that mycobacterial infection led to an increase of nitrosative
stress in leukocytes which was dependent on functional ILIR/TLR-Myd88 signaling.
During the course of infection, this host response was attenuated by live mycobacteria
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via a virulence mechanism independent of the well-characterized mycobacterial RD1
virulence locus®. Our results shed light on the intriguing host-pathogen interactions that
occur during the onset of mycobacterial disease and can help understand the relevance
of RNS as anti-mycobacterial defense mechanisms in vivo.

Results

Tyrosine nitration levels are detectable in neutrophils and macrophages

Tyrosine nitration is a hallmark of nitrosative stress caused by ROS and RNS produced by
macrophages and neutrophils*. An antibody against nitrated tyrosine residues has been
successfully used in common carp (Cyprinus carpio) to study the differential contribution
of macrophages and neutrophils to nitrosative stress in response to a parasitic
infection*!. We have previously used a similar approach as readout for nitrosative stress
induced by Mm infection in zebrafish embryos** . In the absence of infection, tyrosine
nitration was mainly detectable in a cellular pattern in the caudal hematopoietic
tissue (figure 1A). Neutrophils display high basal levels of tyrosine nitration, since the
neutrophilic peroxidase Mpx (myeloperoxidase) catalyzes tissue nitration without
peroxynitrite present*™*2, Indeed, levels of anti-nitrotyrosine staining were detectable
in mpx:GFP-labelled neutrophils of uninfected zebrafish embryos (figure 1B), but not or
in rare cases in mpegl:GFP-macrophages (figure 1D)*. Mpx activity can be visualized
in zebrafish embryos using an immunohistochemical peroxidase detection protocol*.
Mpx activity co-localized with anti-nitrotyrosine staining in neutrophils of wild type
embryos, while both the TSA and anti-nitrotyrosine staining were undetectable in
neutrophils of embryos mutated in Mpx (Figure 1B and C). These data confirm our
previous observation that the basal levels of tyrosine nitration in neutrophils were
independent of iINOS activity*. Nitration of tyrosine residues was occasionally observed
in mpeg1:EGFP-labelled macrophages when embryos were infected with Mm (Figure 1D
and E). Furthermore, a significant increase in anti-nitrotyrosine staining was observed
in neutrophils surrounding infected macrophages, confirming the infection inducible
nature of NO production by iNOS (figure 2)*.

RNS production is an early host response to detection of live, heat-killed, or ARD1
mutant mycobacteria

Mycobacteria are rapidly phagocytosed by macrophages when injected into the
bloodstream of zebrafish embryos*. Tyrosine nitration and iNOS levels were greatly
increased in leukocytes, predominantly neutrophils, one day post infection (dpi) with
Mm and the increased NO output of these immune cells was dependent on iINOS*2.
To better understand the dynamics of this process, we looked at nitrosative stress
levels in leukocytes at early time points after infection with Mm. At 4 and 8 hours
post infection (hpi) we could not detect increased levels of anti-nitrotyrosine staining
compared to uninfected controls, but the levels of tyrosine nitration in neutrophils were
significantly higher at 12 hpi (figure 2A and B). The lag between the onset of infection
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Figure 1: Tyrosine nitration is detectable in leukocytes (A) Fluorescence micrographs of confocal
images stitched together to show the location of anti-nitrotyrosine staining in a whole-mount wild
type zebrafish embryo of 3 dpf. (B and C) Fluorescence micrographs of confocal images showing
the co-localization of mpx:GFP, TSA staining, and anti-nitrotyrosine staining for an embryo with
normal Mpx activity (B) or an inactive mutant version of Mpx (C). (D) Fluorescent micrographs of
confocal images showing no co-localization between mpeg1:GFP and anti-nitrotyrosine staining
in the absence of infection, (C) overlap between mpeg1:GFP and anti-nitrotyrosine staining was
observed when embryos were infected with Mm.
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Figure 2: Mm infection significantly increased tyrosine nitration levels at 12 hpi (A) Example
fluorescence confocal z-stacks of the caudal vein region of embryos stained with anti-
nitrotyrosine antibody, imaged at 4, 8 or 12 hpi in the presence or absence of Mm infection. (B)
Corrected fluorescence intensity levels of anti-nitrotyrosine antibody confocal z-stacks at 4, 8 or
12 hours after Mm infection relative to the control group per time point. Data shown are mean
+ SEM, n=50-85 cells from 5 embryos representative of 3 independent experiments.
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Figure 3: Injection with live, heat killed or ARD1 Mm significantly increased tyrosine
nitration levels (A) Example fluorescence confocal z-stacks of the caudal vein region of
embryos stained with anti-nitrotyrosine antibody, imaged 1 day after injection with live,
heat killed or ARD1 Mm. (B) Corrected fluorescence intensity levels of anti-nitrotyrosine
antibody confocal z-stacks 1 day after injection with live, heat killed or ARD1 Mm. Data
shown are mean £ SEM, n=58-99 cells from 5 embryos representative of 3 independent
experiments.

and detectable increased tyrosine nitration is consistent with the fact that infection-
induced RNS production first requires de novo synthesis of iNOS?. Increased nitration
levels in leukocytes were observed after injection with live, heat-killed, or Mm with a
deleted RD1 (ARD1) locus (figure 3A and B, supplementary figure 1). The RD1 virulence
locus of pathogenic mycobacteria contains genes for the ESX-1 secretion system and
secreted factors required for survival and replication inside macrophages*® #’. These
results demonstrate that the presence of Mm is sufficient to induce a leukocyte RNS
response shortly after encountering bacteria, irrespective of their infectivity.

TLR/IL1R-MyD88 signaling is required for Mm induced RNS production

Pattern recognition receptors, like Toll-like receptors (TLRs), can recognize pathogen
associated molecular patterns (PAMPs) present on the exterior of mycobacteria and
initiate an appropriate immune response* *¢, Stimulation of mouse macrophages with
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TLR ligands increased the expression of iNOS in vitro*®, and we have previously shown
that a zebrafish mutant for the important TLR/IL1R sighaling adaptor MyD88 (myd887)
was more susceptible to mycobacterial infection®. The basal level of anti-nitrotyrosine
staining in neutrophils was unchanged in uninfected myd88“- embryos compared to
myd887* embryos (figure 4A). Anti-nitrotyrosine staining was significantly increased
in infected myd88”7* embryos, whereas infected myd887- embryos did not show an
increase compared to uninfected controls (figure 4B and C). Therefore, we conclude
that MyD88-dependent signaling is required for mycobacterial infection induced RNS
production, most likely following TLR recognition of the pathogen.

Nitrotyrosine levels are attenuated during Mm pathogenesis in a live-bacteria
dependent mechanism

We evaluated RNS production at later stages of mycobacterial pathogenesis by
performing anti-nitrotyrosine staining on zebrafish embryos with clustered bacteria. At 3
days post infection (dpi) anti-nitrotyrosine staining co-localized with, or was in proximity
of, bacterial clusters, demonstrating that nitrosative defense mechanisms remain active
at a later time point of pathogenesis (figure 5A). Interestingly, we observed that the
anti-nitrotyrosine staining that co-localizes with heavily infected areas was less intense
than the staining at the periphery of these areas, or in their direct proximity (figure
5B). The same phenomenon was observed for larger and more organized mycobacteria-
containing developing granulomas at 5 dpi (supplementary figure 2). Thus, while Mm
infection initially increased nitrotyrosine levels of infected and bystander leukocytes,
the host RNS response was attenuated in developing granulomas.

Signaling via the hypoxia inducible factor a (HIF-a) was shown to be involved in
leukocyte activation and host defense!. Our previous results showed that activated
HIF-1a signaling due to injection of dominant active hif-1oo RNA was able to upregulate
anti-nitrotyrosine staining in zebrafish embryos prior to infection*?. However, when
HIF-1a signaling was activated, Mm infection led to a decrease in tyrosine nitration
levels, in contrast to the increase that occurs following Mm infection of wild type
embryos (figure 6A and B)*. By injecting live, heat killed, or ARD1 Mm into embryos
with activated HIF-1a signaling we found that the decrease in anti-nitrotyrosine levels
is dependent on live bacteria (figure 6A and B). Exposure to heat killed Mm further
increased tyrosine nitration levels of leukocytes, while infection with living wild type or
ARD1 Mm significantly decreased tyrosine nitration levels compared to mock-injected
controls (figure 6B). These data confirmed that recognition of mycobacteria increased
host NO output, even when RNS production of leukocytes was genetically increased
prior to infection. However, live Mm lowered the efficacy of this nitrosative defense via
a mechanism independent of the RD1 virulence locus.
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Figure 4: Increased tyrosine nitration following Mm infection is dependent on MyD88 (A)
Fluorescent micrographs of confocal images showing the overlap between mpx:GFP and anti-
nitrotyrosine staining in myd88** or myd88’ embryos. (B) Example fluorescence confocal
z-stacks of the caudal vein region of myd88**or myd887 embryos stained with anti-nitrotyrosine
antibody, imaged at 1 dpi in the presence or absence of Mm infection. (C) Corrected fluorescence
intensity levels of anti-nitrotyrosine antibody confocal z-stacks 1 day after injection with Mm in
myd88** or myd88”/-embryos. Data shown are mean + SEM, n= 45-52 cells from 5 embryos
representative of 3 independent experiments.
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Figure 5: Anti-nitrotyrosine staining levels are lower when co-localizing with bacteria (A)
Example fluorescence confocal micrographs of anti-nitrotyrosine staining performed on 3 dpi
granuloma structures in wild type embryos infected with Mm. (B) Gray values of the bacterial
and anti-nitrotyrosine fluorescence signals measured along a straight line through the center of
the granuloma (see white lines in (A)), intensity of the fluorescent signal was measured using
Imagel. Numbered peaks in the graphs correspond to numbered patches of tyrosine nitration
in (A).
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Figure 6: Genetically increased tyrosine nitration in leukocytes due to activated HIF-1a
signaling is attenuated by live wild type or ARD1 Mm, but not heat killed Mm (A) Example
fluorescence confocal z-stacks of the caudal vein region of dominant active hif-1a (DA1) mRNA
injected embryos stained with anti-nitrotyrosine antibody, imaged 1 day after injection with
live, heat killed or ARD1 Mm. (B) Corrected fluorescence intensity levels of anti-nitrotyrosine
antibody confocal z-stacks on dominant active hif-1a (DA1) mRNA injected embryos, 1 day after
injection with live, heat killed or ARD1 Mm. Data shown are mean + SEM, n= 74-108 cells from 5
embryos representative of 3 independent experiments.

Discussion

In this study we observed that TLR/IL1R-MyD88 signaling was required for the induction
of a nitrosative defense mechanism when zebrafish embryos were infected with Mm.
We found earlier that this mechanism is dependent on iNOS, which is expressed at
higher levels in both infected and bystander leukocytes, predominantly neutrophils** 52,
However, neither amorpholino targeting INOS, encoded by the nos2a gene in zebrafish®?,
nor the use of pan-NOS or iNOS specific inhibitors resulted in significantly increased
Mm bacterial burdens®. Similarly, treatment with ROS scavengers did not increase Mm
bacterial burdens of wild type zebrafish embryos®, despite that we find components
of the NADPH oxidase complex (including nox1, noxola, cyba) to be induced during
Mm infection in a TLR/ILIR-MyD88-dependent manner (RNASeq dataset GSE49188).
Apparently, the activation of these potent anti-microbial defense mechanisms has
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little or no effect on the survival of Mm inside the zebrafish host. Indeed, in this study
we found that live Mm are capable of attenuating the nitrosative stress generated by
leukocytes during the innate immune response.

Pathogenic mycobacteria have evolved as metabolically flexible bacteria that can sense
and adapt to the continuously changing host environment during infection®3. Mtb is
continuously exposed to endogenous ROS produced by normal aerobic respiration, but
also exogenous ROS and RNS generated by the host immune system in the often hypoxic
human granuloma®***. The Mtb WhiB4 protein can sense O, and NO levels and activate
the oxidative stress response, which maintains the redox balance and modulates
virulence®. Exposure of Mtb to H,0, or NO initiated a robust transcriptional response,
including the expression of cellular repair mechanisms and upregulation of genes that
perform ROS and RNS scavenging functions® %, The presence of macrophages and
neutrophils expressing NOS proteins was demonstrated for Mtb granulomas in human
and macaque tissue samples®®. However, the presence of NOS proteins does not
guarantee a cytostatic or cytotoxic effect of NO production. We found that attenuation
of the host RNS response occurred in developing granulomas of Mm-infected zebrafish
embryos. Similarly, the host RNS response to Mm infection was attenuated in embryos
with activated HIF-1a signaling, an experimental strategy utilized to genetically increase
RNS production of leukocytes prior to infection. This attenuation was independent of the
RD1 virulence locus required for survival and replication inside macrophages, but could
not be induced by heat-killed bacteria. Together, the data suggest that Mm infection
initiallyinduces increased NO production in bystander neutrophils and that this response
is attenuated during the course of infection by a bacterial virulence mechanism (figure

: Pro-inflammatory Bacterial virulence
: cytokine? * mechanism? J-

Basal levels of Increased RNS production Live mycobacteria
tyrosine nitration upon infection attenuate RNS production

@

Vg

&9
%

Figure 7: Model of RNS production and attenuation during mycobacterial infection Leukocytes
have basal levels of tyrosine nitration, most commonly caused by the neutrophil specific enzyme
Mpx. Tyrosine nitration levels resulting from RNS production are increased in infected and
bystander leukocytes following mycobacterial infection, possibly via pro-inflammatory cytokine
secretion. The effectivity and/or production of RNS is then attenuated by live mycobacteria, via a
presently unknown virulence mechanism. Priming leukocytes for defense against mycobacteria
by inducing RNS production via the hypoxia pathway reduced bacterial burdens.
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7). A bacterial protein potentially involved in regulating this oxidative stress response
is OxyR*’. Additionally, mycobacteria can directly protect themselves against oxidative
stress via AhpC and MsrA and B, by catalyzing the breakdown of peroxynitrite or
protecting Mtb against its detrimental effects>®%. These virulence mechanisms of Mtb
and Mm have evolved to specifically counteract the oxidative defenses of their natural
human and zebrafish hosts, which may partly explain why Mtb is more susceptible to
RNS production in the non-natural mouse model of TB disease®" %2,

The presence of heat killed, live or ARD1 Mm was sufficient to increase the host
nitric oxide output 12 hours after encountering the microbes. This demonstrated
that the recognition of mycobacterial PAMPs, rather than virulence or viability of the
bacteria was responsible for this effect. Since the increase in tyrosine nitration was
absent in myd887- embryos infected with Mm, we concluded that TLR recognition of
mycobacteria was required to initiate this defense mechanism. The mycobacterial cell
wall contains lipoproteins and lipoglycans that serve as TLR ligands®. Recognition of
the cell wall component lipoarabinomannan (LAM) by macrophages resulted in iNOS-
NO production directly®?, or via induction of the iNOS expression regulating cytokines
TNF-a and IL-1B 5%, It is possible that production of IL-1p played a role in the increased
RNS production in leukocytes following Mm infection, since the interleukin 1 receptor
(IL1R) also relies on MyD88 for its downstream signaling % . Furthermore, we found
that most leukocytes near bacteria, particularly neutrophils, displayed increased
tyrosine nitration, not just those leukocytes directly interacting with Mm, suggesting
a potential role for a locally secreted pro-inflammatory cytokine like IL-1B in increased
RNS production. Likewise, the dampening of RNS production at later stages of infection
may be caused by secretion of anti-inflammatory cytokines. NO produced by iNOS is also
required for the infection-responsive expansion of hematopoietic stem and progenitor
cells and controls immunopathology of TB by preventing overproduction of IL-13 by
limiting inflammasome activity>> %,

The search for new host- or pathogen-based anti-TB therapies has intensified with the
increasing occurrence of Mtb strains that are resistant to multiple drug treatments® 2.
The attenuation of RNS activity described here is directly linked to this problem, since
resistance of clinical Mtb strains to first-line antibiotics was shown to be associated
with decreased susceptibility to NO®. We have previously shown that dominant active
expression of the hypoxia inducible transcription factor Hif-1a primed leukocytes for
defense against mycobacterial disease by increasing iNOS-dependent RNS production
prior to infection, resulting in a decrease in bacterial burden®. This suggested that
mycobacteria were more susceptible to host nitrosative defenses before they had a
chance to sense and adapt to the high levels of RNS present in primed phagocytes.
Our current data indicate that targeting the bacterial response to nitrosative stress
represents a potential therapeutic option for the treatment of multiple drug resistant
TB strains.

91




Materials and methods

Fish husbandry

Zebrafish strains (wildtype strain used was AB/TL) were maintained according to
standard protocols. Transgenic and mutant strains used were Tg(mpx:GFP)1* 9,
Tg(mpeg1:EGFP)8?2 7°, myd88"35¢8 [Tg(mpx:GFP)** °, and mpx"'*#/Tg(mpx:GFP)***. The
mpx"# mutant line contains a C to T point mutation at nucleotide position 1126 of the
mpx RefSeq mRNA sequence (NM_212779) resulting in a premature stop codon (M.J.
Redd, E. Murayama, W. Horsley, P. Herbomel, and N. Trede, unpublished ). Adult fish
were maintained on a 14 hour light and 10 hour dark cycle at 28°C in accordance with
local animal welfare regulations.

Bacterial culture preparation

Infection experiments were performed using M. marinum strain M (ATCC #BAA-535)",
containing the pSMT3-mCherry vector’. Liquid cultures were prepared from bacterial
plates as previously described’? with 50 pug/ml hygromycin. Injection inoculum was
prepared from overnight liquid cultures (at OD600<1) by washing three times in
sterile 0.05% Tween80/PBS solution (BD Difco), assessing optical density at 600 nm
and resuspending in a 2% polyvinylpyrrolidone40 (PVP40) solution (CalBiochem) in PBS
(Benard et al., 2012).

Intravenous injection of bacteria into one-day old embryos

Injection of bacteria was performed into the blood-forming region above the caudal
vein at 28hpf as previously described”. An inoculum volume of 1nl and 100 colony-
forming units (CFU) of bacteria were injected. CFU was checked by plating out the
injection volume.

RNA injections of dominant active Hif-1a

Embryos were injected with dominant active Hif-1a (ZFIN: hiflab) RNA at the one to
two cell stage as previously described’. Phenol red (Sigma Aldrich) was used as an
injection control.

Stereoimaging and bacterial pixel quantification

Embryos were imaged at 4dpi on a Leica MZ16FA Fluorescence Stereo Microscope.
Brightfield and fluorescence images were generated with a Leica DC500 (DFC420C)
camera. Bacterial loads were analysed using dedicated pixel counting software as
previously described 7.

Anti-nitrotyrosine antibody staining and TSA staining

Larvae were fixed in 4% paraformaldehyde in PBS overnight at 4°C and nitrotyrosine
levels were immune-labelled using a rabbit polyclonal anti-nitrotyrosine antibody
(Merck Millipore 06-284, MA, USA) at a 1:200 dilution of primary antibody, and
were detected using an Alexa Fluor (Invitrogen Life Technologies, NY, USA) secondary
antibody. Mpx activity was labelled with TSA (TSAplus kit, Fluorescence Systems, Perkin
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Elmer Inc., Waltham, MA) as previously described **.

Confocal microscopy and quantification of corrected cell fluorescence of anti-
nitrotyrosine levels

Embryos were imaged at 1dpi, in the presence or absence of infection, embedded in 1%
low melting point agarose (Sigma Aldrich) and transferred to a Leica DMIRBE inverted
microscope with a Leica SP1 confocal scanhead for imaging with 40 or 63 times lenses.
For quantification purposes acquisition settings and area of imaging (in the caudal vein
region) were kept the same across the groups. Corrected total cell fluorescence was
calculated for each immune-stained cell using Image J measurements as previously
described 2. The GFP of the Tg(mpx:GFP)™** 7® was used to assess the leukocyte cell
boundaries.

Statistical analysis

All data were analysed (Prism 5.0, GraphPad Software, San Diego, CA) using unpaired,
two-tailed t-tests for comparisons between two groups and one-way ANOVA (with
Bonferroni post-test adjustment) for multiple group comparisons.
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Supplementary figure 1: Heat killed M. marinum The injection dose of live, heat killed or ARD1
Mm were plated for CFU counts. As expected, heat killed bacteria did not grow.
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Supplementary figure 2: Anti-nitrotyrosine staining levels in progression granulomas are
lower when co-localized with bacteria (A) Example fluorescence confocal micrographs of anti-
nitrotyrosine staining performed on 5 dpi granuloma structures in wild type embryos infected
with Mm. (B) Gray values of the bacterial and anti-nitrotyrosine fluorescence signals measured
along a straight line through the center of the granuloma (see white lines in (A)), intensity of the
fluorescent signal was measured using Imagel). Numbered peaks in the graphs correspond to
numbered patches of tyrosine nitration in (A).
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