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Dear Dr Upponi,

Further to our recent telephone and email correspondence, please find submission of the
manuscript as requested titled “Methods for the use of the invertebrate, Galleria mellonella,
as an infection model to study the Mycobacterium tuberculosis complex”. We would be

grateful if you would consider our manuscript for publication in the Journal of Visual

Experiments.

Tuberculosis remains one of the most important human diseases worldwide. Treatment of the
disease has become increasing challenging due to drug-resistant strains of Mycobacterium
tuberculosis. There is therefore an urgent need for a greater understanding of host-
Mycobacterium tuberculosis interactions, the development of new, anti-mycobacterial agents
to target drug-resistant tuberculosis (TB) and shorten treatment regimens, and also a need for
novel drug screening models that reduce and/or replace the currently used conventional animal

models, all of which have limitations.

The larva of the insect, Galleria mellonella, has been increasingly used as a surrogate organism

to study host-pathogen interactions in a range of bacterial pathogens, and as a rapid model to

Imperial College of Science, Technology and Medicine
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screen novel antimicrobial drug candidates. In a recent study, (Li et al., Virulence 9:112'6-37,
2018) we evaluated and established G. mellonella as a suitable novel infection model for the
M. tuberculosis complex demonstrating a dose-response for G. mellonella survival infected with
different inocula of bioluminescent, Mycobacterium bovis BCG lux, and demonstrated
suppression of mycobacterial luminescence over 14 days. Through histopathological staining
and transmission electron microscopy we further demonstrated that the G. mellonella -
mycobacteria infection model can be used to study mycobacterial pathogenesis, particularly in

the context of granuloma formation.

Here we describe the methods in detail for the use of G.mellonella larvae combined with
bioluminescent mycobacteria as an infection model. G. mellonella has the potential to be used
as a low-cost, reproducible and high-throughput, model to understand host-pathogen
interactions in mycobacterial infection, and be used as a pre-screening model to assess the
toxicity and activity of antimycobacterial drugs. Moreover G. mellonella has the capacity to

significantly reduce and replace the use of animal models in TB research.

We believe these methods will be of interest to the specific community of tuberculosis,
microbiologists, and infectious diseases researchers, as well as to researchers involved in drug

development and discovery.

The final manuscript has been approved by all authors. The authors declare there are no

conflicts of interest.

On behalf of my co-authors, | would like to thank you again for your time and kind consideration

in reviewing our submission.

Yours sincerely,

S M NVepste
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mammalian infection models that are expensive, time consuming, and ethically challenging.
Previously we established the larvae of the insect Galleria mellonella (greater wax moth) as a
novel, reproducible, low cost, high-throughput and ethically acceptable infection model for
members of the M. tuberculosis complex. Here we describe the maintenance, preparation, and
infection of G. mellonella with bioluminescent Mycobacterium bovis BCG lux. Using this infection
model, mycobacterial dose dependent virulence can be observed, and a rapid readout of in vivo
mycobacterial burden using bioluminescence measurements is easily achievable and
reproducible. Although limitations exist, such as the lack of a fully annotated genome for
transcriptomic analysis, ontological analysis against genetically similar insects can be carried out.
As a low cost, rapid, and ethically acceptable model for tuberculosis, G. mellonella can be used
as a pre-screen to determine drug efficacy and toxicity, and to determine comparative
mycobacterial virulence prior to the use of conventional mammalian models. The use of the G.
mellonella-mycobacteria model will lead to a reduction in the substantial number of animals
currently used in tuberculosis research.

INTRODUCTION:

Tuberculosis (TB) is a major threat to global public health with 9 million new cases per year and
1.5 million deaths®. In addition, it is estimated that one quarter of the world’s population is
infected with the causative agent of the disease, Mycobacterium tuberculosis (Mtb). Amongst
the infected population, 5-10% will develop active TB disease over their lifetime. Furthermore,
the emergence and spread of multi-drug resistant (MDR) and extensively-drug (XDR) resistant
Mtb poses a serious threat to disease control, with 123 countries reporting at least one XDR case®.
Treatment of TB requires a cocktail of at least four anti-mycobacterial drugs, of which isoniazid
and rifampicin are prescribed for a minimum duration of six months; treatment is often
associated with complex side effects and toxicities. Protection from the only licensed vaccine
against TB, Mycobacterium bovis Bacillus Calmette-Guérin (BCG), is variable?. An incomplete
understanding of the pathogenesis of TB significantly hampers the development of new
therapeutic and vaccination strategies.

For decades animal infection models have been vital for TB research to understand the basic
pathogenesis and host response to infection, and to evaluate novel anti-mycobacterial agents,
immuno-therapeutics and new vaccine candidates®*. However, research using animal infection
models of TB is notoriously difficult as the pathogenesis and progression of TB infection are
complex, and there is no single animal model that mimics the full spectrum and important
features of the disease>®. Furthermore, animal experiments are expensive, time consuming to
undertake and require full ethical justification. Nevertheless, animal infection models of TB have
been described in non-human primates (e.g., macaques), guinea pigs, rabbits, cattle, pigs, mice
and zebrafish, with each having their limitations®*. The murine model is the most commonly used
model due to cost, availability of inbred lines, reproducibility of infection and abundance of
immunological reagents. However, they do not typically form granulomas associated with areas
of hypoxia that are characteristic of latent tuberculosis infection (LTBI)®. Guinea pigs are highly
susceptible to Mtb infection, with pathology and early granuloma formation similar to those in
humans, and are widely used in vaccine testing; yet the lack of immunological reagents hampers
their use as an infection model’. Zebrafish are suitable for large-scale screening in early-stage



89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

preclinical studies due to their small size, rapid reproduction and advanced genetic tools, but are
anatomically and physiologically different to humans and are only susceptible to Mycobacterium
marinum infection3. The animal models most closely resembling human Mtb infection are non-
human primates (e.g., the macaque), but they are expensive and have significant ethical and
practical considerations which considerably limits their use?.

The insect larva of the greater wax moth or honeycomb moth, Galleria mellonella, have become
increasingly popular as an infection model for a variety of bacterial and fungal pathogens®, and
as a screen for novel antimicrobial drug candidates'®. G. mellonella is a successful invertebrate
model due to its sophisticated innate immune system (comprised of cellular and humoral
defenses) that shares a high degree of structural and functional similarity to that of vertebrates'?.
This includes immune mechanisms such as the phagocytosis of pathogens by hemocytes
(functionally similar to mammalian macrophage and neutrophils)'>!3, the production and
circulation of anti-microbial peptides (AMPs) and complement-like proteins within the
hemolymph (analogous to mammalian blood) of G. mellonella*'. Other advantages®'4%> of G.
mellonella larvae as a model include 1) their large size (20-30 mm) which allows for easy
manipulation and infection, as well as the collection of tissue and hemolymph for analyses, 2)
easy maintenance at 37 °C, compatible for studying human pathogens, 3) precise infection by
injection without the need for anesthesia, 4) efficacy of antimicrobial agents can be assessed
utilizing less drug for evaluation, 5) lack of ethical constraints compared to the use of mammals,
6) large group sizes can be used compared to animal models allowing greater reproducibility, and
7) shorter times for infection experiments are required.

In a recent study, we demonstrated that G. mellonella can be used as a novel infection model for
studying the pathogenesis of infection by bioluminescent M. bovis BCG Jux, a genetically modified
version of the vaccine strain and member of the Mtb complex (MTBC)!®. While G. mellonella has
previously been used as an infection model for non-tuberculous mycobacteria (NTM), mainly M.
marinum and Mycobacterium abscessus'’*8, studies using MTBC are limited to that of Li et al.t®.
Bioluminescent non-pathogenic mycobacterial strains, which can be used at containment level
(CL) 2 as a surrogate for Mtb, offer the advantages of safety and practicality over pathogenic
mycobacteria. Following infection with BCG /ux, larvae begin to develop early granuloma-like
structures, which could provide valuable insight into the role of innate immunity in the
establishment of TB infection'®. In addition, this simple invertebrate infection model has the
potential to provide a rapid, low-cost, and reliable evaluation of TB pathogenesis incorporating
controlled challenge and multiple replicates for reproducibility. Furthermore, the model has the
potential to be used to screen novel anti-TB drug and vaccine candidates in early development,
reducing the overall number of animals in experimentation. The ability to measure changes in
host and pathogen structure, transcriptome and proteome to determine drug targets and assess
mechanisms of action of novel drugs and therapeutic vaccines, are also advantageous.

Here we describe the experimental protocols for the preparation of a bioluminescent M. bovis
BCG /ux inoculum and G. mellonella larvae for mycobacterial infection, as well as the
determination of both larval and mycobacterial survival in response to infection.
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PROTOCOL:

NOTE: All work described below are to be carried out in a CL2 laboratory within a class 2
microbiological safety cabinet (MSC) following local health and safety guidelines.

1. Preparation of M. bovis BCG lux for infection

1.1. Defrost a frozen 1.2 mL glycerol (15%) stock of M. bovis BCG lux, the Montreal vaccine strain
transformed with the shuttle plasmid pSMT1 carrying the luxAB genes from Vibrio harveyi
encoding the luciferase enzyme?®.

1.2. Inoculate 15 mL of Middlebrook 7H9 broth containing 0.2% glycerol, 10% albumin, dextrose,
catalase (ADC) enrichment and 50 pg/mL hygromycin with a defrosted 1.2 mL aliquot of BCG lux,
in a labelled 250 mL Erlenmeyer flask.

1.3. Place the flask in a sealed biosafety container and incubate at 37 °C in an orbital shaker
incubator at 220 rpm for 72 h (or until the culture reaches the mid-log phase of growth).

1.4. Check the growth of BCG /lux culture by preparing 1:10 dilutions of the culture in
luminometer tubes using phosphate buffered saline (PBS, pH 7.4, 0.01 M phosphate buffer,
0.0027 M potassium chloride and 0.137 M sodium chloride) in duplicate. Vortex, and load the
luminometer tubes into the luminometer and measure the bioluminescence (relative light unit
[RLU]/mL) using n-decyl aldehyde as the substrate (1% v/v in absolute ethanol)?°.

NOTE: The ratio of RLU/colony forming units (CFU) was previously determined to be 3:1 when
BCG /ux was grown in vitro in Middlebrook 7H9 broth?°.

1.5. Centrifuge the culture at 2175 x g for 10 min at room temperature to pellet the cells and
discard the supernatant into an appropriate disinfectant with known mycobactericidal activity.
Dispose all culture waste with disinfectants appropriate for mycobacteria following local
guidelines.

1.6. Wash the cell pellet twice in PBS containing 0.05% polysorbate 80 (PBS-T) to prevent
bacterial clumping.

1.7. Following the final wash, decant waste supernatant, resuspend the mycobacterial cell pellet
in PBS-T and dilute the mycobacterial suspension to the desired cell density using RLU
measurements.

1.8. Prepare ten-fold serial dilutions of the inoculum in 24-well plates using PBS-T. Plate out 10
uL onto Middlebrook 7H11 agar plates (0.5% glycerol, 50 ug/mL hygromycin, 10% oleic acid,
albumin, dextrose, catalase [OADC]) in duplicate to enumerate inoculum CFU counts.
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2. Preparation of G. mellonella larvae

2.1. Purchase last instar larvae from appropriate sources and maintain the larvae in the dark at
18 °C upon arrival and use within 1 week of purchase. Alternatively, larvae can be self-reared
following protocol by Jojao et al.?l. For purchased larvae, discard any dead, discolored or
pupating larvae prior to storage.

NOTE: Pupating larvae are morphologically distinguishable to the last instar larvae.

2.2. Identify and select healthy larvae for experimentation, based on uniform cream color with
little to no discoloration (melanization), size (2-3 cm in length), weight (approximately 250 mg),
displaying a high level of motility, and possessing the ability to right themselves when turned
over.

2.3. Carefully count the healthy larvae (minimum of 20-30 larvae per group) into a Petri dish
(94/15 mm) lined with a layer of filter paper (94/15 mm) using blunt-end tweezers to minimize
contamination and store at room temperature in the dark until use.

3. Infecting G. mellonella with BCG Jux

3.1. Minimize the clutter within the MSC to reduce the risk of contamination and needle stick
injury.

3.2. Prepare the injection platform by taping a circular filter paper (94 mm) to a flat raised
surface. Soft or hard surfaces can be used and is entirely dependent on user preference, e.g.,
pipette box lids or a nylon scouring sponge.

3.3. Sterilize a 25 pL microsyringe (25 G) by aspirating 3 volumes of 70% ethanol and further rinse
with 3 volumes of sterile PBS-T.

3.4. Aspirate 10 pL of BCG /ux inoculum (prepared in section 1) or PBS-T into the sterilized 25 pL
microsyringe. Use a separate syringe for PBS-T negative control.

NOTE: Resuspend the BCG /ux inoculum following 10 injections to ensure uniform cell suspension.
3.5. Use tweezers to pick up one larva and place onto the injection platform.

3.6. On the platform, flip the larva on to its back and immobilize by securing the head and tail
with the tweezers. Locate the last left proleg counting down from the head of the larva and
carefully insert the tip of the needle (5-6 mm) at a 10-20° angle to the horizontal plane.

NOTE: Short and narrow tweezers allow for easy immobilization with minimum larval stress. Pay

attention not to over penetrate which may puncture the gut and cause non-BCG /ux specific
melanization or death.
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3.7. Count the infected larvae into a Petri dish lined with a layer of filter paper, a single 90 mm
Petri dish can accommodate up to 30 larvae.

3.8. Store the Petri dish containing the larvae in a vented or non-sealed dark box inside an
incubator at 37 °C with 5% CO..

4. Monitoring the survival of G. mellonella following infection

4.1. Over the time course, monitor the survival of the larvae every 24 h. Larvae are considered
dead when they fail to move in response to touch.

5. Measuring the in vivo burden of BCG lux in G. mellonella

5.1. At each time point, randomly select five infected larvae previously prepared in section 3 and
gently sterilize the larval surfaces using a cotton bud swabs soaked in 70% ethanol.

NOTE: This step is important when plating larval homogenate for mycobacterial CFU
enumeration as non-sterilized larvae can lead to contamination.

5.2. Place the larvae individually into 2 mL lysing matrix tubes containing 800 uL of sterile PBS.
5.3. Homogenize the larvae using a homogenizer for 60 s at 6.0 m/s.

5.4. Centrifuge the lysing tubes at 3500 x g for 5 s to remove homogenate from the lids, and
carefully decant the homogenate into sterile luminometer tubes individually.

NOTE: For CFU enumeration (step 5.7), ensure to reserve 100 uL of homogenate in a sterile 1.5
mL reaction tube.

5.5. Recover any remaining homogenate by washing the lysing matrix tubes with 1 mL of PBS-T
and pipette into the corresponding luminometer tubes.

5.6. Vortex the luminometer tubes and measure the bioluminescence of the homogenates
previously described in step 1.4.

5.7. Prepare ten-fold serial dilutions of the homogenate in 24-well culture plates using PBS-T.
Plate out 10 pL of the dilution onto Middlebrook 7H11 agar plates containing 0.5% glycerol, 50
ug/mL hygromycin, 10% OADC and 20 pg/mL piperacillin, to determine the RLU/CFU ratio of BCG
lux following in vivo infection.

NOTE: Piperacillin eliminates native G. mellonella microbiota with minimal growth inhibition of
BCG ux*®.
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6. Statistical analysis

6.1. Plot the Kaplan-Meier survival curve using data collected and carry out the Mantel-Cox (Log-
rank) test to determine the significance of the result, where *p < 0.05, **p < 0.01, ***p < 0.001,
and ****p < 0.0001.

REPRESENTATIVE RESULTS:

Here we present representative data that can be obtained using the G. mellonella — BCG lux
infection model and highlight the benefits of G. mellonella as an infection model for members of
the MTBC (Figure 1). Experimental procedures with key technical points are outlined in Figure 2.

[Place Figure 1 and Figure 2 here]

BCG /ux dose dependent virulence was observed in G. mellonella larvae over a 96 h incubation
period (Figure 3), and the lethal dose required for 50% larval mortality (LDso) was determined to
be 1 x 107 CFU. The survival distribution reflecting the virulence of the BCG /ux doses tested was
significantly different (p < 0.0001). Control groups injected with a 10 pL dose of PBS-T or those
simply pricked simulating needle injuries, did not affect larval health or lead to an increase in
mortality as determined by observational checks on motility and melanization at different time
points.

[Place Figure 3 here]

All larvae infected with BCG /ux, displayed physiological changes over time and for larvae infected
with a 2 x 107 CFU dose of BCG lux, melanization of the larval dorsal line was observed from 48 h
post infection (pi), and systematic melanization was observed from 96 h pi (Figure 4).
Furthermore, the motility of the larvae reduced with the severity of melanization and the ability
of larvae to pupate was lost upon infection in comparison with uninfected controls.

[Place Figure 4 here]

Survival of BCG lux within the G. mellonella larvae was determined over 2 weeks through
bioluminescence measurement of larval homogenates. Infection with a 1 x 107 CFU dose of BCG
lux resulted in an initial decline of BCG /ux bioluminescence from 0-72 h pi. However, from
72-144 h pi, the bioluminescence of BCG lux plateaued, indicating the establishment of
persistent infection (Figure 5).

[Place Figure 5 here]

As the rapid and reproducible quantification of in vivo mycobacterial growth in these studies was
determined by the measurement of bioluminescence, the ratio of RLU and CFU should also be
determined in vivo. In our particular infection system, the in vivo ratio of RLU and CFU ranged
from 2:1-5:1, with an average of 4:1 over the 168-h time course (Figure 6).
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[Place Figure 6 here]

FIGURE LEGENDS:
Figure 1: The benefits of G. mellonella as an infection model. This figure has been adapted from
Kavanaugh and Sheehan??.

Figure 2: Outline of experimental procedures. (A) Maintenance and preparation of G. mellonella
for infection with BCG /ux. (B) Preparation of BCG /ux culture and inoculum for infection. (C)
Infection of G. mellonella with BCG lux. (D) Measurement of virulence and in vivo burden of BCG
lux in G. mellonella larvae.

Figure 3: Kaplan-Meir survival curve of G. mellonella in response to varying inocula of M. bovis
BCG lux. Healthy larvae (n > 10 per group), were infected with varying doses of BCG /ux. Larvae
were incubated at 37 °C and monitored for survival every 24 h for up to 96 h. The uninfected
group was injected with PBS, and a pricked group (insertion of needle only) demonstrated the
effect of needle injury on larval health. The means of two independent experiments are shown,
with 95% confidence interval, represented as dotted lines in corresponding color to the inoculum.
This figure has been adapted from Li et al.2®.

Figure 4: Melanization of G. mellonella in response to infection with M. bovis BCG lux. Healthy
larvae at 0 h were infected with a 2 x 107 CFU dose of BCG /ux. At 48 h and 96 h post infection,
melanization along the larval dorsal line and systematic melanization, respectively, was observed.

Figure 5: In vivo burden of M. bovis BCG lux in G. mellonella, quantified using bioluminescence
(relative light unit, RLU/mL) over a two week time course. Healthy larvae (n = 30) were infected
with 1 x 107 CFU dose of BCG /ux. In vivo burden was quantified by homogenizing five larvae at
each time point (0, 24, 48, 72, 96, 168, 336 h), and measuring the bioluminescence of the
homogenate. The means of three independent experiments are shown, and the error bars
represent the standard deviation of the mean. This figure has been reprinted from Li et al.?®.

Figure 6: Determining the in vivo RLU/CFU ratio of M. bovis BCG lux in G. mellonella. Healthy
larvae (n = 30) were infected with 1 x 107 CFU dose of BCG /ux. At each time point (0, 24, 96 and
168 h), four infected/control (PBS-T) larvae were homogenized, and the homogenates were
measured for bioluminescence and plated out onto 7H11 agar to enumerate CFU counts. The
means of two independent experiments are shown and the error bars represent the standard
deviation of the mean.

DISCUSSION:

The use of G. mellonella as an infection model has been established for a number of bacterial and
fungal pathogens for the study of virulence, host-pathogen interaction, and as a screen for novel
therapeutics®?2. The following discussion is based on the experimental procedure in the use of
G. mellonella as an infection model for the MTBC.

The health of the naive larvae prior to experimentation can have a considerable impact on the
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outcome of the experiment. Therefore, it is vital that any discolored and/or injured larvae are
removed upon arrival and are not used for any experimentation. If a large number of larvae are
found dead within the same container upon arrival, it is advisable to discard the batch as pre-
existing infections may be the cause of death. When possible perform experiments using the
larvae as close to the day of purchase/arrival. Before use ensure to store the larvae at 18 °C to
prevent pupation and to maximize the number of larvae available for experimentation. Healthy
larvae can be used for up to 7 days following delivery/purchase. Following infection, ensure to
remove any dead larvae from the Petri dish as for reasons yet unknown, the presence of dead
larvae appears to increase the rate of mortality in the sample population. For users of self-reared
larvae, it is important to be aware of biological variability in comparison to purchased larvae, as
variance in diet and growth conditions can have an impact on larval immunity?%?3. Inter-
experimental variabilities can be limited by keeping the source, if purchased, or the feed and
growth conditions of the reared larvae consistent between experimentation. In all experiments,
the inclusion of ‘blank’ and ‘pricked’ negative controls are essential; the blank control is an
indicator of contamination or toxicity of the suspension matrix (PBS-T or media broth), and the
pricked control mimics the effect of the needle injury on larval health. Furthermore, these
controls normalize any biological variation between batches of larvae, ensuring reproducibility
and accuracy between experiments.

For injection of G. mellonella larvae, the use of a 25 G needle is recommended as larger gauge
needles can cause excessive bleeding and sharper smaller gauge needles can easily puncture the
gut of the larvae, leading to larvae mortality and false positive results. Conventional methods of
needle injection typically immobilize the larvae by hand, which increases the risk of needle injury.
By using tweezers to immobilize the larvae, the risk of needle stick injury is significantly reduced
as the hand is not in close proximity to the needle at any point during infection. Alternatively,
larvae could be immobilized by cooling. However, cold shock at 12 °C for 15 min prior to infection
has been documented to enhance the innate immune response to infection. Therefore, the
analysis of the results obtained via cooling should carefully consider its impact?*. Using our
technique, medium throughput of injection (2-3 larvae per minute) can be achieved with user
practice; this is comparable to the speed of conventional injection from our experience (3-4
larvae per min). Furthermore, our method can be adapted for higher throughput injection by
utilizing a pedal operated injection platform comprised of an infusion pump, with a disposable
syringe, connected to a 25 G butterfly cannula.

The preparation of BCG /ux inoculum is based on the rapid estimation of CFU using RLU of the
mycobacterial culture?’. In our experience with broth culture, the ratio of RLU to CFU is 3:1%,
contrasting with BCG lux growing in G. mellonella where the RLU to CFU ratio is 5:1%.
Mycobacterial cell aggregation or ‘clumping’ commonly seen in dense cultures can have an
impact on the RLU measurements, as clumping can result in unreliable bioluminescence
measurements. As such, the use of clumped mycobacterial culture for inoculum preparation is
not recommended. However, the addition of polysorbate 80 to the growth media minimizes cell
clumping without altering the growth of BCG /ux.'® Any minor cell clumping can be resolved by
washing the culture with PBS-T and is vital for preparing accurate inoculum using RLU as the
readout. Furthermore, the PBS-T wash is vital for removing any extracellular virulence factor
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secreted during growth. Mycobacterial strain and passage number should also be taken into
consideration, as this can impact the severity of mycobacterial aggregation?. In all cases, the
inoculum should be enumerated by CFU on 7H11 agar plates to ensure that the correct CFU was
prepared by bioluminescence measurement. Additionally, the RLU/CFU ratio in vivo should be
determined with new bioluminescent reporter or stocks, as the ratio will likely vary.

G. mellonella holds several advantages over conventional models of TB infection, including
cheaper acquisition and maintenance costs, ease of infection and research throughput, especially
in combination with bioluminescent strains'®. The lack of ethical constraints allows for greater
sample size (minimum of 20-30 larvae per group) in comparison to mammalian model, giving
greater confidence and reliability in the results obtained?®?’. However, there are a number of
limitations in the use of G. mellonella as an infection model. As an invertebrate, they naturally
lack adaptive immunity making them unsuitable for antigenicity or immunological studies'®.
Cellular innate immune responses of G. mellonella are comprised of a number of hemocyte types,
and plasmatocytes and granulocytes have been reported to function similarly to mammalian
phagocytes (neutrophils and macrophages)'?. However, the role and mechanisms of these cell
types remain under characterized, and direct comparative studies between mammalian and
insect phagocytes are yet to be carried out. Furthermore, the lack of an annotated G. mellonella
genome hinders the analysis of the host response to infection, and this is currently reliant on
gene ontology analysis against transcriptomic libraries of other invertebrates, such as Drosophila
melanogaster and Bombyx mori?8.

As a TB infection model, G. mellonella holds a promising future with its ability to develop
granuloma-like structures in response to BCG /ux infection'®, which are vital pathophysiological
hallmarks of TB infection and are a key feature in the development of LTBI. Future work will aim
to characterize this model with a particular interest in the formation of granuloma-like structures
using reference, clinical and mutant Mtb isolates under CL3 conditions. Additionally, we
anticipate that it may also be useful for novel anti-mycobacterial agent screening, as a similar G.
mellonella model was used for NTMs*8, but this remains to be determined. The adoption of this
model has the ability to significantly reduce the number of animals used within the TB research
community, while simultaneously accelerating in vivo TB research output under ethically more
acceptable conditions.
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Table of Materials

Name of Material/ Equipment
1.5ml reaction tube (Eppendorf)
20, 200 and 1000 pl pipette and filtered
tips
24 well culture plate
25 ml pipettes and pipette boy
3 compartment Petri dish (94/15mm)
Centrifuge
Class Il saftey cabinet
Erlenmeyer flask with vented cap (250
ml)
Ethanol (>99.7%)

Galleria mellonella (250 per pk)
Glycerol

Homogeniser (FastPrep-24 5G )
Hygromycin B

Luminometer (Autolumat LB 953)
Luminometer tubes

Lysing matrix (S, 2.0ml)

Micro syringe (25 ul, 25 ga)
Microcentrifuge

Middlebrook 7H11 agar
Middlebrook 7H9 broth
Middlebrook ADC enrichment
Middlebrook OADC enrichment
Mycobacterium bovis BCG lux
n-decyl aldehyde

Orbital shaking incubator
Phosphate buffered saline
Polysorbate 80 (Tween-80)
Small box

Tweezer

Company
Eppendorf

Any supplier
Greiner
Any supplier
Greiner
Any supplier
Any supplier

Corning

VWR

Livefood Direct
UK
Sigma-Aldrich
MP Biomedicals
Corning
Berthold
Corning

MP Biomedicals
SGE

Any supplier
BD Bioscience
BD Bioscience
BD Bioscience
BD Bioscience
Various
Sigma-Aldrich
Any supplier
Sigma-Aldrich
Sigma-Aldrich
Any supplier
Any supplier
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Catalog Number
22431021

n/a
662160
n/a
637102
n/a
n/a

CLS40183
208221.321

W250
G5150
116005500
30-240CR
34622
352054
116925500
3000
n/a
283810
271310
212352
212240

n/a
D7384-100G
n/a
P4417-100TAB
P8074-500ml
n/a
n/a
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Winterm (V1.08) Berthold n/a
Petri dish (94/15mm) Greiner 633181
Filter paper (94mm) Any supplier n/a



Comments/Description

dark vented or non-sealed box recommended
Short and narrow tipped/Blunt long tweezers
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Author{s):

Hayaror Asay, fanwen Ly, Toumeer Singn Yhare, Corlla Cladslone,
Man Qobe.rhar\r. (=) Lanafol'd: Sandru Newlon

ltem 1: The Author elects to have the Materials be made available (as described at

htip://www.jove.com/publish) via:
D Standard Access

Iltem 2: Please select one of the following items:

Bo/pen Access

The Author is NOT a United States government employee.

DThe 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.

DThe 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 thernselves, are assembled into a collective whole;
"CRC License" means the Creative Commons Attribution 3.0
Agreement (also known as CC-BY), the terms and conditions
of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/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 wversion,
sound recording, art reproduction, abridgment,
condensation, or any other formin 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 Mylove 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
afflliates or agents, individually or in collaberation with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Auther may or may not
appear.

2, Background. The Author, who is the author of the
Article, in order to ensure the disseminaticn 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 memorialize
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 waorld, {b) to
transtate 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.

612542.6  For questions, please contact us at submissions@jove.com or +1,617.945.9051.
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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-comimercial 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 {tem 1 above or if no box has been checked in
Item 1 above. In consideration of loVE 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 {2} 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 portien of the Video and exercise all of the rights set
forth in {a) above in such translations, adaptations,
surmaries, extracts, Derivative Works or Collective Works
and {c) to license others to do any or ali 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.
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 1tem 2 above, and
any of the ficenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum
rights permitted under such 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
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deemed to be amended s¢ as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

g, Likeness, 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.
10. 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 one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
heen 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, andfor modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
inteflectual property or other rights of any third party. The
Author represents and warrants that 1t has and will
continue to comply with all government, institutional and
other regulations, including, without [imitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rutes, 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.

11. 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 Llicense Agreements from each such
author. JoVE reserves the right, in its absolute and sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion andwithout giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfeiterad 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.

12. tndemnification. 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, resuiting 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, eguipment,
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 responsibie for, and
shalt hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contaminationdue to
the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
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decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's 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,

13. Fees. To cover the cost incurred for publication,
Jo VE 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.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE'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 is required per submission.
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Dear Dr Xiayan Cao,
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Section of Paediatrics
Imperial College London

Room 236, Wright Fleming Institute

St. Mary’s Campus

Norfolk Place

London

UK

Tel: +44 (0)20 75943191 Fax: +44 (0) 20 75943284
E-mail: s.newton@imperial.ac.uk

Sandra Newton BSc PhD FHEA
Senior Research Fellow

Re: Manuscript No. JoVE59703, titled ‘Methods for the use of the invertebrate, Galleria
mellonella, as am infection model to study Mycobacterium tuberculosis complex.’

The authors and | thank the reviewers of our above-referenced manuscript for their helpful

comments and suggestions.

We have considered all of their remarks and incorporated respective changes in the revised
manuscript with line numbers. Please note line numbers stated below correspond to those in
the ‘cleaned’ revised manuscript. Our specific responses are provided on the following pages.

We believe that we have addressed all of their concerns and hope that the manuscript is now

acceptable for publication.

On behalf of my co-authors, | would like to thank you again for your time and kind consideration.

Yours sincerely,

S M Neuste

Imperial College of Science, Technology and Medicine

*
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Editorial comments:
Changes to be made by the author(s) regarding the manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues. The JOVE editor will not copy-edit your manuscript and
any errors in the submitted revision may be present in the published version.

Response: Done

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].”

Response: Figure 5 has been published before in Li et al. Virulence 9 (1) 2018. However this
article has been published with a CC BY licence (open access) which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.
The journal ‘Virulence’ confirmed that we can use the figure in another article. In this
manuscript we have cited the figure in the figure legend. A copy of the email correspondence
with Virulence is enclosed.

3. Please revise lines 80-82 to avoid previously published text.

Response: L80-84 (previously L80-82) has been changed to avoid previously published text.

4. Please abbreviate liters to L (L, mL, uL) to avoid confusion.

Response: Done

5. Please apply single line spacing throughout the manuscript, and include single-line spaces
between all paragraphs, headings, steps, etc.

Response: Done

6. JOVE cannot publish manuscripts containing commercial language. This includes
trademark symbols (™), registered symbols (®), and 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. You may use the generic term followed by “(Table of Materials)” to
draw the readers’ attention to specific commercial names. Examples of commercial sounding
language in your manuscript are: SGE, Tween, etc.

7.1.1, 2.1, etc.: Please revise the Protocol to contain only action items that direct the reader
to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the
imperative tense in complete sentences wherever possible. Avoid usage of phrases such as
“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be
written in the imperative tense may be added as a “NOTE.” Please include all safety
procedures and use of hoods, etc. However, notes should be used sparingly and actions
should be described in the imperative tense wherever possible. Please move the discussion
about the protocol to the Discussion.



Response: Apologies for our oversight. As requested, we have now changed any
commercial language, and protocols have been adjusted to the imperative tense.

8. 2.3: How many healthy larvae are needed? How large is the petri dish?
9. 3.1: Please specify the size of the filter paper.

Response: We recommend minimum of 20-30 larvae per group — also typically used with
other pathogens and the size of the Petri dish and filter paper used were 94/15 mm in
diameter. This information has been added to L187-188.

10. Figure 1 and Figure 2: Please use American English (melanization instead of
melanisation, minimize instead of minimize, sterilize instead of sterilise, etc.).

Response: As requested, American English has now been used throughout the manuscript.

11. Figure 2: Please replace commercial language (Tween-80) with a generic term.

Response: Tween-80 has been changed to “polysorbate 80” throughout the manuscript.

12. Figure 5 and Figure 6: Please abbreviate liters to L (L, mL, pL) to avoid confusion.

Response: Throughout the manuscript, all liters (as I) have been abbreviated to L

13. Table of Materials: Please ensure that it has information on all relevant supplies,
reagents, equipment and software used, especially those mentioned in the Protocol. Please
sort the items in alphabetical order according to the name of material/equipment.

Response: Done as requested. In addition, we also included the relevant information for
Petri-dishes, and software used for the luminometer, which had been inadvertently omitted.

14. References: Please do not abbreviate journal titles.

Response: The journal titles are now in their full format.

Reviewer #1:

(1) I doubt that injecting 1077 bacteria into the larva really is a model for "pathogenesis"” - the
pathogenesis of mycobacteria is mainly intracellular, and i doubt injecting that many bacteria
allows for most of them to be phagocytized by specialized cells. i do think the model is valid,
especially for drug testing (less so for pathogenesis), but this point should be discussed (in
the discussion...)

Response: We agree with the reviewer that this model is likely to be suitable for the study of
drug efficacy and toxicity. In our original paper (Li et al., 2018 Virulence 9:1126-1137), we
focused on pathogenesis to get a handle on the strengths and weaknesses of the model.
Experiments are in progress to establish whether it can also be used for drug efficacy, but
those studies will not be complete for some time. Antimicrobial efficacy has been evaluated in
the case of non-tuberculous bacteria (Entwistle and Coote, 2018). In view of the referee’s



comment, we have now discussed the point raised in the text (L419-421) and cited the
reference (Number 18).

(2) A highly similar paper was published recently, i believe it was on M. abscessus (a
luminescent mutant). i think it was Meir et al, in 2018. this paper should probably be cited.

Response: We thank the reviewer for bringing this paper to our attention, we have how
included Mair et al. 2018 (Reference 17) in a sentence to highlight pre-existing models for the
study of non-tuberculous mycobacteria.

Reviewer #2:
(1) The method has some omissions —

a) the authors must include statistical methods used to assess the significance of larval
survival data eg. log-rank test, Kaplan-Meier plots;

b) the authors mention use of the model as a tool to identify novel treatments for M.
tuberculosis in their Introduction yet they do not include methodology on how drugs are
administered and these tests performed eg. dose response of antibiotics, toxicity etc. For the
method to be complete these should be included.

c) Also, why pitch the methodology at just M. bovis? The methodology they describe is
equally applicable to the study of virulence and drug sensitivity of scores of infective bacteria?
It is generic.

Response 1a: We have now altered Figure 3 including 95% CI to provide more information
on the survival of the larvae overtime. Furthermore, as suggested we have carried out log-
rank test and report a significance of P < 0.0001 between the all groups. Statistical testing
has been added as Section 6 (L260-264) and significance has been reported in L276.

Response 1b: While we agree that such description would be ideal, the use of this model as
a drug efficacy/toxicity is work in progress (L419-421), and as such was not included in this
manuscript. See also response to Reviewer #1 point (1).

Response 1c: We do agree that G. mellonella is suitable for other bacterial (and fungal)
pathogens, and this is referred to in L343-345. Our paper (Li et al. 2018) was the first
description of the use of G. mellonella as a surrogate model for the Mycobacterium
tuberculosis complex, and has received substantial interest. Working with mycobacteria is a
challenge in its own right, and we do not feel a generic paper would do justice to those
aspects. We felt that JOVE was a natural fit — as the other reviewers’ comments substantiate
- to enable those in the field of mycobacteria to use this method. We anticipate that
publication in JOVE will be of great benefit to the research field and maximize uptake of the
model within the growing mycobacterial community.

(2) line 144 - Section 1.4 is not clear. The second sentence should start the section and the
NOTE should be included in the paragraph as it is integral to the effective use of the
technique.

Response: This section has been amended as requested (L150-156).

(3) line 187 - MSC — define



Response: MSC was previously defined as microbiology safety cabinet in L130 (in the .
original manuscript) and in L135 in the current version.

(4) line 194 - SGE and 25 Ga — define

Response: We have removed SGE as it is a commercial name, and Ga has now been
defined as gauge in L200.

(5) line 203 - use of tweezers to pick up larvae seems unnecessary - it is much easier and
quicker to gently handle larvae using gloved hands. Tweezers could pinch and stress the
larvae? This also removes the need for a dedicated platform as described in section 3.5.

Response: The reason for using the tweezer/platform was to securely immobilize the larvae
while minimizing the risk of needle stick injury and is part of a standard protocol agreed with
our safety department. Such concerns are addressed in the discussion (L370-373).

(6) line 260 - use of piperacillin to eliminate larval flora requires a reference source.
Response: The reference for piperacillin usage has now been added to the main text
(Reference 16 = Li et al., 2018 Virulence 9:1126-1137), L257-258.

(7) Figure 3 - present the 2 control treatment lines so that they can be seen.

Response: Figure 3 has now been modified to show both controls.

(8) Figure 5 should be removed as a similar dataset is shown in Figure 6. There is no need to
show this twice.

Response: We thank the reviewer for the suggestion. However, while these figures are
indeed similar (but not the same), the purpose of Figure 6 is to demonstrate the ratio between
CFU and RLU which you can NOT obtain from that presented in Figure 5. NB: The reviewers
of Li et al. (2018) were concerned that the ration of CFU to RLU of mycobacteria in G.

mellonella and broth would differ. Therefore, presenting data in such a way that others could
calculate the ratio is likely to be of high interest to those using the method.

Reviewer #3:

(1) Ln 67 Only 2 drugs required for 6 months

Response: We referred to the treatment as cocktail of drugs for 6 months in a broad sense,
total cumulative treatment period 2 month of HRZE followed by 4 months of HR. L67-69 have
been amended to include specificity of treatment.

(2) Ln 168 - Why do CFU when RLU correlates - Is there a difference sometimes?
Response: The need to correlate CFU are described in L384-385. We have modified the text

to point out that the BCG lux RLU to CFU ratio is typically 3:1 in broth and 4:1 in G. mellonella
(see also point 8 of Reviewer #2).



(3) Fig 2 & Ln 260 -the term “flora" is no longer appropriate and should be replaced with
microbiota.

Response: The term flora has now been replaced with microbiota in Figure 2 and L258

Reviewer #4:

(1) authors consider the use of moth larvae that are purchased. Although, in most cases in
the current literature, the larvae are obtained in the same lab that grows pathogens or labs of
research institutions (that are donated, not necessarily purchased). It is hecessary to consider
this experimental context in item 2.1 and other parts, such as discussion (L345-346).

Response: We thank the reviewer for the comment and we agree to the importance of such
consideration. Changes have been added to reflect non-purchased larvae in our manuscript
(L177-178, 357-361).

(2) Reference about hemocytes of Galleria needs to be updated. Ref #12 is not specific to the
studied model and other references are more appropriate. For example, refer to

Differential cellular immune response of Galleria mellonella to Actinobacillus
pleuropneumoniae. Cell and Tissue Research, 2017, 370(1).DOI: 10.1007/s00441-017-2653-
5

Response: The new reference has been added to the manuscript in the text (L101) +
reference section (13).

(3) L146: pH and concentration of PBS?

Response: The pH of the PBS is 7.4 and the concentrations are as follows: 0.01 M
phosphate buffer, 0.0027 M potassium chloride and 0.137 M sodium chloride. This
information has been added to the manuscript (L151-152).

(4) L175: how pupating individuals are identified?

Response: Pupating larvae are identified by clear morphological differences and non-trained
individual should easily be able to distinguish them from the general populations. This point
has been added to the manuscript L179-180

(5) L197: ...into the same 25uL...?

Response: BCG lux inoculum was aspirated into the sterilized 25 pL micro syringe and
section 3.4 has been changed to clarify this point (L203)

(6) L228: ...select five infected larvae...

Response: Section 5.1 has been clarified: as “five infected larvae previously prepared in

section 3.” (L232)

(7) L272: Figure 3



Response|: We are not quite sure what the reviewer is referring to, but Figure 3 has been
amended to improve distinction between the control groups, and the 95% confidence interval
has been added to provide greater detail into the survival of the larvae.

(8) L341: Confuse. Did you mean: the health of the naive larvae? Prior to the experiments?
Response|: For clarity we have added the word naive as has been suggested (L348)

(9) L358: why not cold the larvae for immobilization? This procedure is not considered in the
discussion.

Response: We have included a discussion on cold immobilization of larvae in L373-376.
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From: authorqueries@tandf.co.uk [mailto:authorqueries@tandf.co.uk]
Sent: 05 December 2018 16:08

To: Newton, Sandra M <s.newton@imperial.ac.uk>

Subject: Copyright or permissions [ ref:_00D0Y35lji. 5001nrZ5Yk:ref ]

Dear Sandra Newton,
Thank you for your email.

This article has been published with a CC BY licence (open access) which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. Therefore,
we can confirm that you can use the figure in another article.

I hope this helps and if you have further questions or concerns, please let me know.

Best wishes,

Shirmae Ampo
On behalf of the Taylor & Francis Journals Helpdesk

Original Message

Subject: Copyright or permissions
Sent by: s.newton@imperial.ac.uk
Sent on: 03/12/2018

| have a question about:
Copyright or permissions
Name:

Sandra Newton

Email:
s.newton@imperial.ac.uk

Title of journal

Virulence

Manuscript ID or DOI (if known)
Manuscript ID: KVIR 1491255 DOI 10.1080/21505594.2018.1491255
Message:

Dear Sir/Madam,

I would like to request permission to use a figure that | recently published in the above manuscript in
the Virulence journal.

The Figure is no 2. (Recovery of M. bovis BCG lux). | would like permission to use this figure in a
technical paper that | am writing for the Journal of Visual Experiments (J Vis Exp). Please let me know
if this is possible.

Best wishes

Sandra Newton
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l Dve Xiaoyan Cao <xiaoyan.cao@jove.com>

RE: Response Requested: JOVE Submission JoVE59703R1 -
[EMID:3d43a33d6c2cebeb]

1 message

Newton, Sandra M <s.newton@imperial.ac.uk> Wed, Feb 27, 2019 at 4:45 AM
To: Xiaoyan Cao <xiaoyan.cao@jove.com>

Dear Xiaoyan,

The Kavanaugh and Sheenan paper 2018 was published in the Journal of Fungi, link attached here
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6162640/#!p0o=55.7018

The article states that it is published with a CC BY license (https://creativecommons.org/licenses/by/4.0/).
According to the link here for a CC BY license, figures from an article can be used and adapted as long as the original
source is given appropriate credit. We have clearly referenced and stated in the JOVE manuscript that the figure has
been adapted from the Kavanaugh and Sheenan paper 2018.

Please can you confirm that this is acceptable?
Many thanks

Sandra

From: em.jove.187f8.618b2b.d80b1597 @editorialmanager.com [mailto:em.jove.1878.618b2b.
d80b1597 @editorialmanager.com] On Behalf Of Xiaoyan Cao

Sent: 26 February 2019 22:09

To: Newton, Sandra M <s.newton@imperial.ac.uk>

Subject: Response Requested: JoVE Submission JoVE59703R1 - [EMID:3d43a33d6c2cebeb]

Dear Dr. Newton,

Regarding your JoVE submission JoVE59703R1 Methods for the use of the invertebrate, Galleria mellonella, as an
infection model to study the Mycobacterium tuberculosis complex, please obtain explicit copyright permission to reuse the
figure from Kavanaugh and Sheehan (2018). 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 email me this information at your earliest convenience.

Please feel free to email me with any questions or concerns about your manuscript.

Best Regards,
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Xiaoyan Cao, Ph.D.

Review Editor

JoVE

617.674.1888

Follow us: Facebook | Twitter | LinkedIn
About JOVE

In compliance with data protection regulations, you may request that we remove your personal registration
details at any time. (Remove my information/details) Please contact the publication office if you have any
questions.
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