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Abstract
Human immunodeficiency virus type 1 (H) andMycobacterium tuberculosiévitb) co-

infection remains a major global health threat. Bgqththogens synergistically drive
pathogenesis of the other. The risk of developing atilverculosigTB) is increased in people
living with HIV-1, even in those receiving antiretroviral therapy (ART), whilst TB was
responsible for 15 % of HIVelated deths in 2020 Mtb co-infection increases the likelihood

of transcriptionally activating HIM replication potentially due to bioactiveMtb lipids
engaging macrophage surface receptihnss triggering signalling pathways which activate
human transcriptional factors (hTF) and production of inflammatory cytokines capable of
activating HI\-1 transcriptionThis work investigated the hypothesis that cliniddib strains

with single nucleotle polymorphisms (SNP) in lipichetabolizing genesequired for cell wall

lipid biosynthesis, differentially affect HRML replication and human macrophage
inflammatory response duringMtb-HIV-1 coinfection in vitro. Monocyte derived
macrophages (MDM) wer the predominant model used to investigate this phenomenon.
Infections, in the presence or absence of HI¢cinfection, were performed using either
lineage 2 or lineage 4 clinical strains with reynonymousSNP in polyketide synthase 2
(pks2)requiredfor sulfolipid 1 (SL-1) biosynthesis and compared to control infections using
phylogenetically close clinical strains without the SNP of interest and canonical lineage 2 and
4 laboratory strainsH37RV1939T605 cpC1551'T and HN878'T). Secreted cytokineand
chemokines were measur@dsupernatant (SN) by Luminex. The effecttb on HIV-1 viral
production was assessed by measuring-HiSag p24in the SN of ceinfected MDM or SN

of HIV-1 infected MDM incubated with conditioned media frohb-infected MDM. The
influence ofMtb on HIV-1 transcriptional activity was measured using a transgenic cell line
(TZM-bl) with Luciferase reporter under H{¥ long terminal repeat (LTR) expression. The
impact of incubating TZMbl cells inMtb-inducedcondiioned media before or after HY
infection was assessed. One paipbylogenetically closelinical strains with and without a
pks2 SNP of interest(EX30°19394605 gnd MRC1671939460y \wjith interesting lipid and
inflammatory phenotypes, atd37RV1%3%T5 a5 a lineage 4 control, were subject to single
nucleotide mutagenesis using recombineering to either revert SNP of interest to match the
alleles of H37Rv or introduce the SNP of interest into the control strains. Théypddand
mutant strains were ad in a transvell assay to infect MDM in the presence of HI\to
infection in the top chamber, while simultaneously mimicking the bystander effect of cytokine

mediated HIVV1 regulation in the bottom chamber which was only infected with-HIV



Results demnstrate there was increased cytokine production by MDM infected with
MRC16°1939A6%5n photh the presence and absence of Hil¢oinfection compared to its
phylogenetically close paired strdiX30°193%A460° The data shows thttere was no difference

in LTR activity in TZM-bl cells ceincubated with inflammatory environment between the
strains of interests, howeveo-incubation ofTZM-bl cellswith Mtb-induced inflammatory
environmengenerally increased LTR actividuring HIV-1; a proxy for HI\A1 replicationlIn

the transwell co-infection assay, a significant positive association between production of
HIVp24 and secretion of CCL®as observedwhilst IL-1b secretion showed a significant
negative relationship with the productiari HIVp24, with donor variability in baseline
cytokine production also associated with the extent of HIVp24, CCLZblland IL-8
production. Introduction of theks2 T605A SNP into H37RV1939T6%5 gand reversion in
EX30R1939A60F gignificantly modified heir inflammatory phenotype. Together these results
support the hypothesis thadtb clinical stains with genetic variation in cell wall lipid
biosynthesis impacts the inflammatory milieu asubsequentlyHIV -1 replication during co
infection. The outcomef Mtb-HIV co-infection is therefore not homogenous but contingent

on the phenotype of infectingtb strain and individual.
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Chapter 1Mycobacterium tuberculosad human
AYYdzy2RSTFAOASYOeé QOANHzZ m a@ySNHA
disease outcome

1.1.The TB HM syndemic

There were 5.8nillion newly infected people witiMycobacterium tuberculosigVitb), the
causitive agenbof tuberculosis (TB), in 2020 according to the World Health Organization
(WHO) estimated1]. The human immunodifociency virus tyle(HIV-1), the etiological
agent of acquired immunodeficiency syndrome (AlDS)estimated to have newlyfetted

1.5 million peoplg2]. The WHO notes that both HI¥ and TB worsen the outcomes of each
disease, with HIVL increasing the chances of an individual infected With developing
active TB disease by between 16 to 27 times (WHO, 2020), whilst TB was associated with
214,000 deaths in HAL infected people were due to TB in 20R]. This thesis will
investigate howMtb co-infection may contribute to exacerbating HIMnfedion by assessing

the impact oMtb clinical strain diversity and more specifically their cell wall lipid composition
on the immune environment in monocyte derived macrophages (MDM) and how these changes
may affect HI\L1 replication and productive infectioThis literature review will give a brief
background on the epidemiology of HIMTB disease, the lifecycle of HIY infection, the

diversity ofMtb, and the mechanisms Mitb-influenced HI\A1 infection and replication.

The HIV-1/AIDS pandemic remains a major concern, despite antiretroviral therapy (ART)
having drastically reduced global AlB8lated death§3]. Studies have found that HY
infectionis a major risk factor foMtb infection and reinfection despite ART treatment and
that HIV-1 infected people in high TB burden set8rarefive times more likely to get TB
compared to HIVL uninfected community membef$, 5]. This is despite HIVL infecied
study participants being on ART for over five years and having" @£l counts of over 700
cells/ mL [4]. A modelled sidy from Cape Towrshowedthat TB notification rates were
significantly higher in the HIVL infected population with notifications increasing from when
people reached about 20 years and remaining high throughout their Ifigtimieich has been
done to investigate the epidemiology of HIYMtb co-infection, revealing important
information about how the disease spreads within communities and what theiskajactors

for infection ar&known[7-9]. Moreover, many studies have attempted to investigate how HIV
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1 influences TB disease on an immunological legel,asto understand why HM co
infection increases TB disease progressig HoweverMtb co-infection is likely to precede

Mtb infection in high burden settings, studies have shown high levels défihbil associated

TB cases compared to HIY associated TB cas¢B0], and about half of HIVL uninfected
youths had latent TB in a high TB burden settifj, suggesting that HAL infection likely
comes second. It is important to understand the impadtloinfection on HI\A1 replication,
particularly given thatMtb infection increases the susceptibility of host cells to HI¢o
infection[11], and that HIV1 replication is increased locally at the sites Wit co-infection

[12] and systemically in HIVL/Mtb co-infected patient$13]. In the mid90s, Nakataet al.,
(1997) [14], showed HIVY1 RNA load was significantly increased in BAL of patients co
infected withMtb compared to RNA load in BAL of patients who were only infected with
HIV-1[14]. Importantly, the authors also compared samples in radiologically involved versus
radiologically uninvolved lung segments from the same patients, and they reporteild 10
increase in HIV1 replication from the involved lung segment compared to the uninvolved lung

segmenfl4]. Thesedata point to the stimulus for H¥¥ replication being local.

1.2. The life cycle of H{Y infection

1.2.1. Invasion and viral tropism
Transmission of HIVL occurs through the transfer of viral particles by infected bodily fluids,

such as seminal and vaginal fluids; blood, contact between broken skin and wounds;
intravenous drug use and mother to child transmig&®n HIV-1 crosses the physical barrier

of the epithelial lining and preferentially infects mucosal membranes, including genital and

rectal tissue$l14]. For successful invasion, HI¥ particles cross the epithelial barrier by a

process called transcytodi6], trojanrh or si ng r esi dent niu7g anda L an
dendritic cells (DC)[18] or direct disruption of mucosal membrane integrity by HIV

envelope glycoprotein 120 (Gp14aPp]. To facilitate cellular entry, the HXL gp120 envelope

protein binds with high affinity to host CD4 and the interaction facilitates the neemni of
co-receptors CCR5 and CXCR4 to enable viral entry (Fig.[24]) CD4, CCR5 and CXCR4
engagement ia critical step to HIVL entry because viral entry can be inhibited or modified

by coreceptor mutation or the use of-Eceptor inhibitor$25, 26}
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Figure 1.1. The life cycle of HIV-1.

Stepl: To facilitate entry into host cells, the HiVgp120 protein binds with high affinity to CD4 receptor,
which leads to the recruitment of CCR5remeptor. 2: Viral proteitnuman receptor interaction facilitates
membrane fusion and viral entry which @ldéwed by the infection of the viral genome and accessory
proteins into the host cells cytoplasm. 3: Viral single stranded RNA is reverse transcribed into a double
stranded complimentary cDNA. 4: The viral cDNA translocates to the nucleus, where eégiaiet into

the host genome.5, 6 and 7: Transcription, translation and assembly of viral RNA and proteins uses host
cellular machinery and energyi 8: The viral progeny buds off the cells and new mature virions are released
from the cellsimage crea&d with Biorender.com.

HIV -1 particles that make it through the primary barrier infect frontline mucosal resideit CD4
CCR5 and CXCR4 T lymphocytes, tissue macrophages and[R@. The majority of HI\/

1 particles are produced by activated CD'4cellsin vivo, andin vitro studies have shown
increased permissiveness of CO4cells to HI\A1 infection due to surface expression of CD4
and CCRY421]. However, other CD4 CCR5 and CXCR4 cells can also be infected by HIV

1, including tissue macrophages and Rd].

HIV-1 strains are classified according to theeceptor used during infectiostrains that use

CCR5 asa coreceptor are REropic, and strains that use CXCR4 are callediopic. Dual

tropic R5/X4 strains which use eith€CR5 or CXCR4 co-receptor are also four{@2]. For
unknown reasons, in most cases, infection founders are R5 strains, despite evidence that all

HIV-1 strains are present in semen, blood, cervicovaginal and rectal sed&8joX4 strains
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only seem to be selected for in the later stages of the disease and are associated with a rapid

loss of CD4+ T cells and accelerated progression to AX3p

1.3. Cellular entry and genome integration

Following initial HIV-1 gp120 host cell receptor engagement, the-HIMral capsid fuses
with the host cell membrane through the HI\gp41l protein, allowing the HRI genetic
materialto be injected into the cytoplasm of the host cell (Fig.[27,)28] The HIV-1 genome
is composed of a singktranded RNA which is converted to a douiieanded complementary
DNA (cDNA) by HIV-1 reverse transcriptase enzyme, shortly following viral 28y. The
doublestranded cDNA translocates to the nucleus, where alHiWegrase enzyme facilitates
the nicking of the het DNA and integration of the cDNA into the host genome (Fig.[29])
Since the viral DNA is integrated into the host gee, viral DNA replicates along with
cellular DNA during cycles of cell division, as with any cellular gg&®. The provius serves
as a template for the production of viral proteins and progeny virions (Fig29]1)rhis is
how HIV-1 establises a permanent viral reservoir within host cells @&nthus carried

throughout the body.

1.3.1. HI\*1 systemic infection and reservoir formation

HIV-1 viral reservoir cells are highly stable and ldivgd [30] and it is thought the most
abundant source is a subséresting CDAT cells[31]. Abrahams and colleagues (20139]
showed that most reservoirs cells were from resting,-limeg (CD25°%, CD69, and HLA

DR') CD4" T cells andthat this subset of cells could still produce replication competent

viruses despite being from patients who were on ART for average of five years.

Viral reservoirs are also established in org@%. The lungs are very active immunological
effector sites that are constantly exposed to viral and bacterial anbattmogens and represent
potential HI\:1 lymphoid reservoif34]. The lungs have feates that render them ideal as
havens for HIV1 persistence, HIM has been isolated from lung efte BAL fluid, CD4' T

cells and alveolar macrophages of untreated pafigdi85]and HIV-1 DNA and RNA have
been isolated from alveolar macrophages (AM) of patients receiving [BR[T Also, the
presence of millions of alveoli that are close together spatially increases the chancéoef cell
cell viral spread35]. AM which are abundant in the lung spaces provide an ideal niche for

persistent HIV1 due to their resistance to H/induced apoptosig87]. Given that the lungs
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are also the primary site ddtb infection, the lungs present an important site for Hl'@nd

Mtb interaction.

The gutassociated lymphoid tissue (GALT) contains significant numbers of CGR5 T

cells and counts as one of the major sites for early-Hinfection[38]. The GALT becomes

a factory for virus production and ultimately systemic infection of secondary lymphoid tissue
sites[38], like the lymph nodes (LN), which are a major source of replicatommpetent HIV

1 even in virally suppressed patief83]. The LN immune complexes shield HIM permitting
replication, production, and storage of viral parti¢&%]. HIV-1 is carried to the LN by DC

which accumulates in the LN and viruses can be transported by central memory T cells which
are selectively retained in the lymph nodes due to their homing receptor expj&3ki@iven

that bothDC and Tcell types are infected by HFY, this provides a mechanism by which viral
reservoirs can be established in the LN. Other lymphoid organs such as the spleen, thymus and
bone marrow have also been implicated as potentiai Hi®servoirg40]. Bone marrow, as a
secondary lymphoid organ and site of haematopoiesis, contains progenitor cells that are not
only longlived but divide and thus can act as replicating points, producing rmprogih
integrated HIVV1-DNA [41]. In ART-naive individuals, HIV1 has been identified in bone
marrow in CD133 haematopoetic stem cells, mesenchymal stem cells, macrophages, and
memory CD4 T cells[41]. Some of these sites are identified as sites for extrapulmonary TB
and provide important niches for the interactiomvioh and HIV-1.

1.3.2. HI\A1 replication

The central transcriptional regulatory elementinHIV i s a 56 gene promot e
terminal repeat (LTR}42]. The promoter, enhancer, and modulatory elements of LTR are
activated by a plethora of human transcriptional factors (hTFs) (Fig. 1.2), which activate,
repress, or act as adapter proteins for LTR leading to the upregulation df tiéviscription
[43-44] Important and weldocumented hTFs involved inl¥-1 transcription include nuclear
factor kappdight-chainenhancer of activated B cells (MB), activator protein 1 (AR)[45],
specificity protein 1 (SPI%6], nuclear factor of activated T cells 5 (NFATB8Y]. A lack of

HIV-1 activating hTFs has been reported as one of the bottlenecks ib tplication[44].
Although replication of HIV1 genes is predominantly regulated by hTFs, Hldccessory
proteins such as Vpr and other putative elements have been reported to influengpttoensc
[48].
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Figure 1.2. The long terminalrepeat (LTR) region of HIV-1.

The HIV-1 LTR is a promoter of HIVL transcription. The LTR contains four regions: the modulatory region,
the enhancer, the congromoter,and the transactivation responsive (TAR) element redituman
transcriptional factorbind to thefirst three regionsindregulate HI\(1 transcription. Activator protein 1
(AP-1), COUP Transcription Factor 1 (COUFRF), nuclear factor of activated T cells 5 (NFAT5) and
Retinoblastomdamily protein 2(RBF2) bind the modulatory regiomclude nuclear factor kapgaght-
chainenhancer of activated B cells (NdB) binds to the enhancer region. The core region binds, specificity
protein 1 (Spl), TATA-binding protein (TPB) and RBE. The TAR region contains a hair pin structure
that binds the HW/-1 encoded Tat protein, capable of initiating transcription independent of human
transcriptional factordmage created with Biorender.cofddapted from Roebuck and Saifuddin, 1999)
[45].

NF-kB plays an important role in early Hi¥transcription in activated CD4+ T cells and the
initial interaction of NFkB with the HIV-1 LTR stimulates the generation of severalfeligth
transcripts of HIV1, permitting the transcription of HNY Tat [44]. Tat recognizes the
transactivation responsive element region (TAR) irptivary transcript, triggering a cascade

of events including the phosphorylation of RNA polymerase Il and subsequently increasing
HIV-1 transcriptional efficiency43]. The successful packaging of viral components into a
mature virion and budding out of infected cells is a crucial part of the infectious[49¢le

The packing of the HIVML components occurs in the cytoplasm, where two copies of the RNA
genomic material, tRNA, cDNA synthesis priming molecules, viral envelope proteins, Gag
polyproten and the viral enzymes reverse transcriptase, integrase and protease are packaged
to make a mature HRZ virion [49].

HIV-1 egapes the intracellular environment through usurping the endosomal sorting
complexes required for transport (ESCRT) maching®]. The ESCRT machinery is
responsible for the trafficking of ubiquitylated multivesicular bodies fronetti®some to the
lysosome51] as well as mediating a diverse array of membrane remodelling act[&i#es
Membrane fission during cytokinesis is facilitated byoardinated recruitment of ESCRIT
proteins by ESCRIL. ESCRTII in turn recruits ESCRII proteins complex member
CHMP6, CHMP2/4 resulting in membrane fissif@3]. HIV-1 achieves budding by active
recruitment of host ESCRITand ESCORTIII complexes respectively via Gag p6 protfd,
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55]. Recently, it was elucidated that budding of HIVis enhanced by monocyte
chemattractant protein 1 (MCP1 also referred to as CQ&&). The authors showed a CCL2
dependent recruitment of ALIX (an ESCRIT accessory protein) and HRY producton [56].

The study also showed that the absence of CCL2 improves ALIX solubility and enhanced
binding to Gag p6 and thus increased HlYelease. However, conversdlyere was decreased
HIV-1 released from cells when treated with an-@@L2 antibody[56], demonstrating a

complex role of CCL2 in regulating the amountofis released.

1.4. Genomic diversity witMtb populations influences TB pathogenesis

While early genetic comparison Bitb strains suggested that given the MTBC was gealbtic
monomorplc, 20th century studies sheddifferences irvirulence capacities between strains.

For example, a study conducted on guinea pigs in the 1960s found that clinical strains from
India exhibited lower virulence compared to strains from thd® As genomic typing and

WGS of Mtb became more sophiséited, greater genetic diversity was observed between
straing[58]. With that, studies also began to show differences in virulence phenotypesie
strains. For example, Tsenogtaal, (2005)[59], showed that HN878, a laboratory adapted
lineage 2 [(2) strain, has a consistent hypervirulent phenotype in mice and rabbits compared
tolineage 41(4) CDC1551[59].
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Figure 1.3. Theinfectious lifecycle ofMtb.

(1) Mtb infectedperson releasdgltb throughdroplets by either tidal breathing or coughing [93], (2) the
droplets are inhaled from the air by uninfected personM{B)makes to the alveolar space and infects
alveolar macrophages, (Mtb infection results in a granuloma, an organised structur¢aiodmy an
abundance of cells including macrophages, multinucleated giant cells, epithelioid cells and surrounded by a
rim of lymphocytes [91]Figure created using biorender.

One of the important determinants of disease outcome is the interactidhajgr@associated
molecular patterns (PAMPSs) with host pattern recognition receptors (PRRs) during infection
[60]. The associationf PRRs and PAMPs controls cytokine production, expression-of co
stimulatory molecules, as well as antigen presentd@@bh It is recognized in the literature

that the immune response phenotype can be altered by the concentration of PAMPs and the
manner of PRR activatidél]. These stdies' data suggestat the diversity of PAMPs iNltb

strains might inevitably lead to straspecific immune modulation. Carmona et al., (2Q&8),

showed that two strains of HN878 preferentially engagedlikellreceptor 4 (TLR4) and Tall

like receptor 2 (TLR2), respectivelyn mice bone marrow derived m@phages, which
resulted in significant differences in cytokine induction by these stf@@js Interestingly,
variation in theinduction of preinflammatory molecules have also been observed between
strains that engage the same recefibt. These differaces in receptor usage as well as
differential recognition by the same receptor could influence disease outcomes, including the
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production of preand antiinflammatory cytokines and chemokines as well asmaitrobial

moleculeg60].

1.4.1. Mtb has highly diverse and bioactive lipids that influence the phenotype of immune
response to infection
Mtb contains an abundance of diverse, bioactive, and suefguesed lipids that form the first
point d contact with host receptof62-64]. The diversity of lipids irMtb is oneof the most
studied aspects ditb pathobiology and may be an important component of infection
phenotypeMtb lipids are found in a complex mulyered cell wall composed of a capsule,
located in the outermost layer, a cell wall core, and a convenptastha membrane (Fig. 1.3)
[65]. The cell wall core oMtb is composed of, amongst other entities, a layer of free, non
covalently attached lipids and glycolipid$65]. Glycolipids including trehalose
monomycolates (TMM), trehalose dimycolates (TDM), glycerol monoayes, glucose
monomycolates, phthiocerol dimycocerosates (PDIM), +jaclylated threaloses (PAT),
sulfolipids (SL), phosphatidylinositol mannosides (PIM), phenolic glycolipids (PGL) and
mannosecapped lipoarabinomannans (MBAM) are some of the bestescibed Mtb

virulence factor$65].

Lipids play a critical role in cellular entry and phagocytosis mechanisms, modulation of
phagosome maturation, granuloma biogenggh$ and modulation of the immune response
[67, 68] Variation in infection is affected byitb lipids. For example, am vitro study found

that a collection of L2 clinical strains were defective in uptake by monocyte derived
macrophages (MDM) compared to Erdnié8]. The authors report that the L2astrs had
highly branched and truncated surface M#&M which hindered receptor engagement and

thus could not be phagocytodé8].

The phagocytosis d¥ltb by immune cells, ioluding macrophages and 0&9], is meant to
enable eliminatiorof Mtb, however, the bacteria have evolved strategies that permit evasion
of eradicationby these cell§69]. Furthermore, Cambiest al. (2014)[70], noted thatVitb
favours the recruitment of macrophages that are permissive to its survival while evading
microbicidal macrophagdg§0]. These authors showed that mice infected with an isogenic
H37Rv strain, lacking the machinery to recruit PDiMthe surface, resulted in a greater
proportion of INOSproducing monocytes recruited to the lungs compared to lungs of mice
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infected with wildtype H37R\70]. Furthermore, Blanet al. (2017) [71], found that a
tetraacylated sulfoglycolipid (Ac4SGL) on the surfacevitb inhibited TLR2 activation by

acting as a competitive inhibitor of natuidtb TLR2 antagonists. They showed in THP

cells, a human monocytic cell line, that Ac4SGL could inhibitvation of NfkB in a dose
dependent manngrl]. These studies suggest that cell surdaqgeosed lipids of pathogenic
mycobacteria interact with host cell receptors and can manipulate the subsequent immune

response.
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Figure 1.4. A detailed structure of theMtb cell wall.

TheMtb cell wall is composed of the inner plasma membrane, the cell wall core, and the capsule. The outer
capsule ofMtb contains surface exposed lipidBhthiocerol dimycocerosates (PDIM), Trehalds6-
dimycolate (TDM), Sulfolipidl (SL-), DiacyltrehaloseéDAT), poly-acylated threaloses (PAWhich form

the first point contact with host cell receptors during infection and are the most studied virulence factors of
Mtb. The cell wall core containd,ipoarabinomannan (LAM) and Mannesapped Lipoarabinomannan
(Man-LAM). The plamsa membrane harbours, Mycobacterial membrane protein Large 7 (MmpL7),
Mycobacterial membrane protein Large 9 (MmpL9), phosphatidylinositol mmarmosides (PIMs) and
LipomannanLM). Figure taken from Modaét al.,(2022)[66].

Cytokines and chemokines play a key role in regulating inflammation during inf¢Z8pn
These molecules offer a channel of communication for immune cells to migrate to the site of

infection and provide specific instructie to the immune cells about actions to be taken during
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immunity [73]. A variety of Mtb lipids have been shown to either directly or indirectly be
involved in inducing cytokines and chemokines. A study in 2020 showed that peripheral blood
mononuclear cells (PBMC) stimulated with apolar lipids from wyde (WT)Mtb Erdman

strain significantly inluced cytokine production relative to untreated PBMC, but a strain
disrupted in a 18ene operorMcel did not significantly induce cytokines compared to
untreated PBM{73]. The Mceloperon is involved in lipid transport across the membrane
[74]. The authors note that the two strains are different by about 400 lipid SF&gies

Other studies have shown that mice which were exposed to liposomes containing TDM via
intratracheal instillation showed highly induced tumour necrosis factor (TNF) compared to
mice treated with liposomes only6]. Additionally, TDM was found to interact with
membrane receptor-ype lectin (Mincle) resulting in increased production of TNF and
macrophage inflammatory protein (M [77]. Mice exposed to liposomes incorporating
mycolic acid (MA) via intratracheal instillation produced a robust interleukin-@lgnd IL-

12 respons§re].

Mtb lipids have also been found to impede the production of cygekifor example, Reed

al. (2004)[78], showed the presence of a PGL in HN878 significantly hampered cytokine
production compared to H37Rv in murine bone marrow derived macrophages (BM8jM)
Furthermore, a HN878 deletionutant of PGL significantly increased cytokine production in
BMDM compared to H37Rv complemented with P(FB] i demonstrating the key role that
PGL plays in cytokine induction. Taken together, this information highlights the significance
of Mtb lipids on the immunological response tdtb and consequent inflammatory

microenvironment.

1.5. Mtb co-infection worsens HRY/AIDS disease outcome by increasing
susceptibility to HAL infection, viral sepoint, and spread

1.5.1. Mtb-specific T cells have neased susceptibility to HVinfectim

HIV-1 has a propensity to readily and selectively infti specific T cells more than other
antigenspecific T cell§79]. An early study showed that LN or PBMC from patients who are
latently infected with Mtb are preferentially infected by HNY compared with healthy
individuals[80], a phenotype that is enhand®adpathogenic mycobacteria compared to-nhon

pathogenic mycobacterid1]. An experiment in which PBMC were stimulated witiitb,
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Mycobacterium boviBacille CalmetteGuerin (BCG), Mycobacterium smegmatisr left
unstimulated for 72 h and then exposed to either X4 or R5 strains ef HiWiowed that T
cells stimulated with pathogenidtb were highly susceptible to HI infection with both X4
and R5 strains compared to the spathogenic mycobacteria BC@@&M. smegmatigll]. A
clinical study in TB patients in Tanzania showed a decline of 89.4Mitkrspecific CD4+T

cells in the firstyear postHIV-1+ seroconversion, compared to 40.6 % of cytomegalovirus
(CMV) specific CD4+ T cellg[79]. This evidence indicates thddtb infection creates a

permissive environment for HRY infection of T cells.

Susceptibility ofMtb specific T cells to HIV1 infection also means thiitb-co-infection has
the potential to increase HiV viral setpoint, by creating an increased pool of HLV
susceptible cell§81]. HIV-1 replicates rapidly following initial infection, reaching peak
viremia approximately two weeks pasfection[82]. The viral load then decreases after a few
weeks postnfection and remamin a steady state called the viral-peint the setpoint is
influencel by the height of the initial peawith a greater initial replication resurg in a higrer
viral setpoint[83-84]. Individuals with a high viral sgtoint tend to progress faster to AIDS
compared to individuals with a low viral sgbint[85]. A higher viral sepoint was one of the

predictors of death amongst a study in African woman with-Hixfection[86].

1.5.2. Mechanisms oMtb-induced viral spread

HIV-1 spreads beyond the initial site of infection through-fte# virions migrating via the
bloodstream and lymphatic vessels and through the circulation el itécted cell$87-89].
Transmission ypdirect celtto-cell spread is known to be the mefficientform of viral spread

[90], signifying that an environment with an overabundance of cells and/or tightly packed cells
creates a niche ideal for HH¥ spread. InitiaMtb infection results in a granuloma, an organised
structure containing an abundance of cells including macrophages, multinucleated giant cells,
epithelioid cells and surrounded by a rim of lymphocy®d3. The granuloma with activated
cells nearby provides a niche for HIVceltto-cell spread. Additionally, peripheral cells are
continually recruited to the granulorf@l], suppying HIV-1 with uninfected peripheral cells.
Secondly, HIV1 infected circulating peripheral cells may be recruited to the sitdtof
infection and thereby inescapably transport HI\o the granuloma. The interplay of cells

between the periphery and siteinfection provides a mechanism for HlVspread.
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1.5.3. The bystander cell effect: a role fdtb-induced cytokines in regulating HIV

replication.
The signal transduction pathways involved in the regulation of genes related to innate
immunity are explogd by HIV-1 for activation of HIV1-LTR and consequently replication
of HIV-1[92]. Promoters of genes involved in innate immunity are activated through the NF
kB, MAPK, and C/EBP pathway{92]. However, it is recognised thairect coinfection of
the same cell is not necessaryNtib to impact the regulation of HRI replication12]. Some
in vitro studies have drawn a link betwetde regulation of HIV1 replication and theytokine
milieu of the cellular microenvironmef@3, 94} Jacobs and colleagues showed thatitro
stimuation of PBMC with a cocktail of SDE, CCL21, XCL1, CCL14, and CCL27 cytokines
significantly downregulated HIM replication[93]. The authors used this combination of
cytokines because they were shown to be significantly increased in a cohort of elfe HIV
controllerd93]. The authors infected PBMC depleted of CD8+ T cells with two strains of HIV
1 and cecultured either individual or a cocktail af/tokines anddescribed a significant

suppression of HIM replication by both individual cytokines and a cocktaiydbkineg93].

An interesting paper published in 2009 showed that two genetically different laboratory strains
of Mtblineage 2 HN878rad lineage 4 CDC1551 differentially activated H1\p24 production

in PBMC after 10 days of infection. The authors suggestatithis difference was brought
about by differential cytokine induction associated with the immune regulatory capabilities of
the cell wall lipid PGL on the surface of HN87®&hich isnot present in CDC155[P4]. To
validate this, the authors created a mutant of HN878 lacking PGlb#&ta al. (2009)[94],

first showed that CDC1551 significantly increasstretion of 16, TNF and CCL2 from
PBMC compared to HN878, but not compared to the PGL deficient mutant of HN878.
Additionally, they showed HIML p24 production was not significantly different between
CDC1551 and the PGL deficient HN878 mutfg#]. To further validate the involvement of
cytokines, the authors showed a ddspendent reduction of HFY in PBMC ceinfected with
CDC1551 and subsequently treated with varying doses oThiftj anttCCL2, and anttlL-6
antibodieq94]. Collectively, these data show differential regulation of HIViral production
during coinfection with Mtb associated with the absence/presence of cell wall lipid
componerg and differential cytokine production. However, the experiments by Ranjbar and
colleagued94], used two different lineage strainsMtb with varying genetic backgrounds

and the entire lipid of focus wamissing in one strain. More work is required to determined
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how small genetic differences which exist in clinical isolates of the same lineage may impact
the amount of lipid or structure of the lipid in the cell membrane and whether this results in
subtledifferences in cytokine production with the ability to impact HiVeplication during

co-infection.

1.6. Hypothesis
Natural genetic variation in cell wall lipid metabolising genes in clinidtd isolates confers
differentialcell wall lipid phenotypes that mogiithuman macrophage cytokine production

and consequentlyHIV -1 replication during canfection.

1.7. The aims ofhis project to address this hypothesis were:

Aim 1

A. To identify lipid phenotypes which differ between phylogenetically ch#eclinical
isolates with single nucleotide polymorphis®NP in lipid metabolising genes that
are predicted to conferlipid phenotype change.

B. To determine whether phylogenetically cloddtb strains with SNP in lipid
metabolising genes differentially regulate macrophage cytokine produntiaitro,
and whether these are further modified during HI¥¢oinfection.

C. To asses whether differential cytokine induction Bjtb strains with different lipid
phenotypes correlate with changes in HiIVeplication and productive infection in-co
infected MDM.

Aim 2
A. To genetically revert or introduceNP of interest into theMtb clinical isolates with
identified phenotypic differences and their lineagatched laboratory strain.
B. To determine whether genetic modulatiorS®Pin lipid metabolising genes changes
Mtb lipid phenotypes.

Aim 3
A. To compare MDMcytokine induction followingn vitro infection with wild-type and
genetically modifiedMitb strains.
B. To assess whether genetically engineered strains differentially altet Fdplication

and productive infection in MDM, via either direct-tdection o in by stander cells
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Chapter 2Materials and Methods

2.1. Materials
General reagents, chemicals, equipment, and software referred to in Methods Section 2.2 are
described in Table 2.1 and 2.2.

Table 2.1 List of the reagents and chemicals that were used in the project

Reagent/chemical Supplier Catalogue number
1-Ethyl-3-(3- Thermo Fisher E63831G
dimethylaminopropyl)
Carbodiimide
25-Plex human cytokine panel Thermo Fischer scientific LHCO009M
Accutase SigmaAldrich A1110501
Acrylamide Bio-rad 1610154
Agarosepowder SigmaAldrich 11816586001
ADC BD Life Sciences 212240
Anti-CD14 Magnetic beads Biocom Africa 130-097-052
Ammonium Persulfate (APS) Thermo Fisher 17874
Borosilicate solidglass beads SigmaAldrich Z1439441EA
Bovine Serum Albumin (BSA) Thermo Fisher A23018
Bright-Glo reagent Promega E2610
Buffy coats Western  Cape  Blool

Service
Dimethyl sulfoxide (DMSO) SigmaAldrich D8418
DNA loading dye SigmaAldrich G2526
Dulécco's Modified @agle's SigmaAldrich D0819
Medium (DMEM)
Ethidium Bromide solution SigmaAldrich E1510
Ethylenediaminetetraacetic SigmaAldrich 27285
(EDTA)
Fetal Calf serum (FBS) Thermo Fischer scientific A4766801
Glycerol SigmaAldrich 4474981G
Glycine SigmaAldrich (8898
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Granulocyte-macrophage colony Biocom Africa

stimulating factor (GM -CSF)

Goat serum

Human AB serum (HAB)

Hygromycin B (Hyg B)
Interleukin -2

Isovaleronitrile (IVN)

Kanamycin Sulfate (Kan)

KC57-RD1 antibody
Lymphoprep
Lysozyme

M-CSF
Middlebrook 7H10
Middlebrook 7H9

Mouse serum

N-hydroxysulfosuccinimide (NHS)

Oleic Albumin Dextrose Catalase

(OADC)

Penicillin-Streptomycin
Phosphate Buffered Saline (PBS)
QIAquick PCR purification kit
Recombinant HIV-1 p24 full-

length protein

Roswell Park Memorial Institute

(RPMI)

Sodium chloride

Sodium dodecyl sulfate (SDS)

Sucrose

Tetramethylethylenediamine

(TEMED)
Tris

Triton X -100
Trypan blue

Thermo Fisher
SigmaAldrich
Thermo Fisher
SigmaAldrich
SigmaAldrich
SigmaAldrich
Beckman Coulter
Thermo Fischer
Thermo Fisher
Biocom Africa
SigmaAldrich
SigmaAldrich
Thermo Fisher
Thermo Fisher

BD Life Sciences

SigmaAldrich
SigmaAldrich
Qiagen
Abcam

SigmaAldrich

SigmaAldrich
SigmaAldrich
SigmaAldrich

Thermo Fisher

SigmaAldrich
SigmaAldrich
SigmaAldrich

G50355UG

G5018
H4522
10687010
12644
08528
PHR1487
6604667
15257179
89833
130096491
MO0303
MO0178
10410
24510
212240

P4333
D1283
28104
ab127888

R6504

S9888
L3771
S0389
15524010

10708976001

X100
302643
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Tryptone SigmaAldrich T9410
Tween 80 SigmaAldrich P1754
XMAP ® antibody coupling kit Luminex corp MC100XX-ID
Yeast extract SigmaAldrich Y1625
ZR Plasmid MiniprepE -Classic ~ Zymo research D4015

Table 2.2 List of the equipment that were used in the project

Types of equipment Supplier

SigmaAldrich

Catalog number
15 mL CLS430055
50 mL CLS430055

Falcon tubes

Allegra X-12 Benchtop Beckman Coulter 392932
Centrifuge

Petri-dishes (90X15mm) White scientific PLAS-HP0OO005
Thermo Heraeus centrifuge Thermo Scientific 8000195472
TC automated cell counter Bio-Rad 1450102

T75 flask SigmaAldrich Z707503

Beckman Ultracentrifuge
Optima L-100XP
ultracentrifuge

0.45mM sterile filter

96 well plates round bottom
clear wells

96-Well Black Polystyrene
Plate

GeneXbright software
MS/LS ferromagnetic
sphere columns
MACS®

separator

magnetic

6-well tissue culture plate
Large Petri tissue culture
dish

Beckman Coulter

SigmaAldrich
SigmaAldrich

SigmaAldrich

Promega

Miltenyi Biotec

Miltenyi Biotec

Thermo Scientific

ThermoScientific

PN LXP-IM-7AB

SLHVO33N
CLS3922

CLS3601

Software v1.9.3
MS 136090543
LS 136042401
130108934

140675
171099
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96-well TPP tissue culture Greiner Bicone T1096

plates

Corning 96 well 0.2 pvdf SigmaAldrich CLS3508
filter plate

Bio-Plex Pro Il Wash Bio-Rad 5703
Station Microplate Washer

Bio-Plex® 200 Luminex Bio-Rad 6006
Reader

Stuart SB1 Blood Tube Akribis Scientific Limited  P105
Rotator

Gene Pulser XcelE Bio-Rad 1652662
Electroporation Systems

Electroporation cuvettes SigmaAldrich Z706094
Eppendorf 5417C desktop Eppendorf 2366021
centrifuge

Water bath Memmert WNB 7
ProFlexce 2 x 384well Thermo Scientific Z374911
PCR System

Sub-Cell GT cell horizontal Bio-Rad 1704401
DNA electrophoresis cell

Optical adhesive covers Thermo Scientific 4313663
starter kit

Whatman® flexible TLC SigmaAldrich 7742864
Plate

2.2. Methods

2.2.1. Studyethical approval

Ethical clearance for the study was approved by the University of CapeFeawlty ofHealth
Sciences HumanResearchethics Committee with HREC reference numtgfy2022 under
the main study with the HREC reference number 317/2016.
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2.2.2. GereratingMtb singlecell stocks
Mtb strains that were used in the project are listed in Table 2.3Milhelinical strains used

in this project were originally isolated from HY infected and uninfected individuals living

in Khayelitsha, South Africa, ascribed in Koclet al. [1]. All strains were routinely cultured

in a biosafety level 3 (BSL3) facility, in Middlebrook 7H9 broth (Sigiidrich) containing

0.2 % glycerol, 0.05 % Tween 80 (SigrA&rich) and supplemented with albumin deseo
catalase (ADC) (BD Life Sciences). Individual freezer stocks (0.5 mL) were inoculated into
4.5 mL 7H9/ADC in a 50 mL Falcon tube (NEST Biotechnology) and cultures were incubated
at 37°C in the presence of 5 % carbon dioxide (CO2) without shakingtmabof 10 days.
Cultures were aerated for 10 minutes and swirled to disperse clumps every three days. When
theoptical density at 600 nm (OD600) reached between 0.6 and 0.8, 1 mL of the starter culture
was subkcultured into 50 mL 7H9/ADC without Tween &@d incubated for a further ten days

at 37°C with 5 % CO2, with 10 minutes swirling and aeration every three days. Cultures to
make infection stocks were grown without adding Tween 80 to ensure the lipid membrane was

intact.

Table 2.3. Laboratoryadapted and clinicdtb strains used in the project

Strain name Reason for selection Sub-lineage

Experimental strains
EX30Q1939/A605 Predicted HI\/1 positive directional selection SNP| 4
pks2 position 5817: amino acid: Q1939, with |
additional SNP in position 1815: amino acid A60¢

EU111IN7592 Predicted HI\A1 positive directional selection SNP | 2
pks2 position 5277: amino acid
EX86S12a Predicted HIA1 positive directional selection SNP| 4
pks2 position 36

Control strains
MRC16P1939/460% | phylogenomically close BX300193%A605ith a SNP| 4
in position 1815 opks2and no SNP in position i
5817

EU4Q"175%2 Phylogenomically close t&U111M7%° without the| 2
SNP inpks2position 5277
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EU268122 Clinical strain phylogenomically close #©X86S12| 4
without the SNP ipk2 position 36

CDC1551VT b Well characterised laboratory strainMatched 4
H37RV1939Te05 7 position on interest

H37RvP19397T605¢ | \Well characterised laboratory strain 4

HN878WVT d Well characterised laboratory strainMatched 2

H37RV1939Te05 position of interest

aKochet al.,2017;® Valway et al.,1998;¢ loergeret al.,2010;9 Mancaet al.,2001

2.2.3. HarvestingVitb stocks for single cells

To harvest bacteria for single cell stocks, cultures were centrifuged at room temperature (RT)
for 5 minutes at 1450 xgsing an Allegra X12 Benchtop Centrifuge (Beckman Coulter). The
supernatants (SN) were discarded bambsilicate solieglass beads (Sigm@aldrich), 2-3 mm

in diameter, were added directly to the pellet, to disperse clumps. Following vigorous shaking
for one minute, the tubes were left to stand for 5 minutes to allow aerosols to settle before the
lid was opened. A volume of 6 mL sterile phosphate buffered saline (PBS), pH 7.4 {Sigma
Aldrich), was added and the tube was inverted 6 times and then lefdiofetal0 minutes to

allow bigger clumps to settle. After 10 minutes, the upper 5 mL of the SN was transferred into
a new 15 mL Falcon tube and centrifuged for 10 minutes at 1400 x g, following which the
upper 4.5 mL SN was added to a Falcon tube contahiiy mL of 50 % sterile glycerol. Final
stocks were made into aliquots of 280 400 and 600nL for each strain. The stocks were
frozen at80 °C until further use. One hundred microlitres of the stocks were used to determine
the colonyforming units(CFU). To determine CFU, a #0ld serial dilution wasarried out

by diluting 100r in 900nL of media from 161 to 166 for each strain. One hundred microlitres

of the dilutions were plated on Petlishes (Whitesci) with Middlebrook 7H10 agar containing

0.5 % glycerol and supplemented with oleic albumin dextrose catalase (OADC) (BD Life
Sciences). Two days pefseezing, 1001 was taken again for each strain, to determine the
effect freezing has on viability. Plates were checked for the presence piesoftarting on

day 14 following incubation at 3T and were counted every three days for up to 4 weeks.

2.2.4. Analysis oMtb lipids withthin layer chromatography
Lipids fromMtb strains were analysed with TLC to establish cell wall lipid production betwee
the strainsMtb strains were cultured aescribedn section 2.2.2To harvest bacteria for TLC,
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cultures were centrifuged at RT for 5 minutes at 1450 x g using an AllegéaBénchtop
Centrifuge (Beckman Coulterthhey were resuspended imi. PBS and the transferred to 2

mL tubes and headlled in 80°C water bath for 1 h. Heat killed bacteria were centrifuged at
3000 x g, and the SN was discarded. The remaining pellets were shipped to Dr Apoorva Bhatt,
at the Uiversity of Birmingham for TLC analysis. Briefly, this involved weighing the culture
pellets to ensure the equal weight of each pellet was used for lipid extraction. The total lipid
extraction was performed as follows: cells were transferred into 20 metfanol: 0.3 %
agueous sodium chloride. Then 10 ml of petroleum ether was added, and the solution was
vigorously shaken for 15 minutes using a magnetic stirrer barfatolitate complete
emulsification of the polar and apolar layers. The mixture was etldw separate, and the top
layer was transferred into a 5 ml falcon tube. Ten millilitres of petroleum ether were further
added to the lower aqueous phase and stirred further for 15 minutes. The mixture was allowed
to separate again and more of the tgifasolution was added to the first top layer harvested,
this is the apolar lipids layer. To the lower laygr.3 mL of chloroform: methanol 0.3 %
aqueous sodium chloride was added, and the solution was vigorously stirred for 1 h. The cell
debris was petited at 750 x g for 15 minutes and the SN was transferred into a 50 ml falcon
tube. The pellet was resuspended in 5.6 mL of chloroform: methanol: 0.3 % aqueous sodium
chloride and stirred for 30 minutes. The solution was centrifuged for 30 minutes at) 250 x

the SN was combined with the previous SN of polar lipids. The apolar andipals(?)were

dried by using rotary vacuum evaporation. Following lipid extraction Dr Apoorva ran the TLC
plates as followsthe dried lipid pellets were dissolved ihlaroform, 2L of each sample

were loaded to a TLC plate SigmaAldrich), the mobile phase made up of
chloroform/methanol/water (60:12:1, v/v). To visualise the spots, TLC plates were dipped in
0 . 5 -néphtkbl dissolved in 50 % methanol and charred i %®ncentrated sulphuric acid.

2.2.5. Mtb genetic engineering using recombineering

Genetic engineering of the strains was applied to investigate whether any observed phenotypic
difference in the strains could be directly linked to genetic varig@itiPwere ntroduced into

strains using recombineering, a homologous recombinatised technique used in molecular
biology for genetic engineerifg, 3]. In Mtb, recombineering is achieved usiggcoli RecE

and RecT homologs gp60 and gp61, from mycobacteriophage (Che$ether with single
stranded DNA (ssDNA) substrates homologous to the region of inf@jesthe ssDNA
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substrates are homologous to the region of interest except for the single base change that will
be introduced. The details of the SNP and strains andidiiged in Table 2.4.

Table 2.4. SNP details of th#tb strains that were used for recombineering

SNP EX30Q1939/A605 MRC]_6P1939/A605 H37RVP1939/T605
Pk sb28:1 7 C G G

Gl ut a(n@)88 Pr ol IAWe39 |[Pr ol iRMPOe3 9
Pksl12815 T T C

Al aniA®E5 Al an(iMes5 ThreohTb)d s

2 SNP predicted to be under Hi¥/positive directionaselection.
Red base = SNP compared to H37Ryv; Black base = base as seen in H37Rv

2.2.5.1. Designing the ssDN&bstrates

There is evidence that recombineering has a lagging stran@pzasl thereforé¢he efficiency

of recombineering is increased when the ssDNA substrate is designed to match the lagging
strand. The ssDNA substrates (Table 2.5) used in the progeethased on the sequesitm

both the leading and lagging strand Mtb pks2 (Rv3825¢%, which were obtainedrom

MycoBrowser fttps://mycobrowser.epfl.chf4].

Table 2.5. SinglestrandedDNA substrates designed and used to insert SNP in clinical and

laboratoryMtb strains.

SNP/position ssDNA substrate designed

SNP: g to t lagging 5-0

strand ccgaccaggctccccacgcegatcgeggtageaggcecctgagcettgecgeca
Position: pks25 8 1 7 gcgcgaaggcegt8 6

Ami no:1830i d
SNP: t to g lagging 56

strand gatatccgaccaggctccccacgcgatcgeggtagraggcecctgagcettgec
Position: pks25 8 1 7 ccaatgcgcgaagef 6

Ami no:1830i d
SNP: ¢ to a leading 5-6

strand gacgccttcgcegcattggcggcaagctcagggcectgcagcgegatcgegtg
Position: pks21939 gggagcctggtcg® 6
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SNP: a to c leading
strand
Position: pks2 1939

596
gacgccttcgcgcattggcggcaagctcagggoaigctaccgcegatcgegtg
ggagcctggtcggad o

SNP:t to clagging strand
Position: pks2605

50
tgccgeccgecggggceacctgacgacggigggecacggtgtggtcacctcg
gcacgaeB 6

SNP:ctot lagging strand
Position: pks2605

596
tgccgceccgecggggceacctgacgacggtyggecacggtgtggtcacctege
gcacgaeB 0

2.2.5.2. Preparing pNIT and pOLYG plasmids
Stocks ofE. colicells containing pNIT5, 6] (Table 2.6) and pOLY&/] (Table 2.6), were a

gift from Dr Anastasia Koch. A pipette tip waised to pick at the frozen stock, which was

resuspended in 5 mL of LurBertani (LB) media and incubated at €7 overnight. The media

was prepared by weighing out 10 g of Tryptone, 10 g sodium chloride, and 5 g of yeast extract

and made up to 1 L usirdistilled water. Bacteria were harvested and plasmid isolated using

the ZR Plasmid Miniprep -Classic from Zymo research according to manufactsiotocol.

Table 2.6. Plasmids usedbr electroporation of th®ltb strains.

Plasmid Function of plasmid

apNIT: ET The plasmid was used for expression of the pk
Che9c RecET system for Recombineering
mycobacteria with

bpOLYG The plasmid was used as a marker of electropor:
efficiency in clinical strains

2.2.5.3. Electroporating strains in the presence of pNIT

Stocks ofEX30R1939/A605 NJRC16°1939/A6053nd H37RVv were inoculated in 5 mL of 7H9 media

with 0.05 % Tween 80 and no antibio@sdescribegreviously (Section 2.2.2). Bacteria were

allowed to grow for 5 days at 3T with no shakinguntil the OD600 wadetween 0.9.8.

One millilitre of the starter culture was suabltured into 50 mL of 7H9 media with 0.05 %

Tween 80. Glycine was added to a final concentration of 1.5 % at least 24 hours before
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electroporationBacteria were harvested by centrifugatiod4%0 x g for 10 minutes and the

SN was discarded. The pellet was resuspended in 40 mL of a 10 % glycerol solution and
centrifuged again; this was step was repeated 3 times. The final pellet was resuspended in a
volume appropriate to add 4@ cells in egh of the experimental conditions (see table 2.7).
Electroporation cuvettes (Sigafddrich) were placed in the BSC and 500 ng of pNIT plasmid
DNA (van Kesseet al.,2008), water, or 100 ng, 250 ng and 500 ng of pOLYG were added to
the electroporation cutte respectively and then 46Q of cells were added to the cuvette and
mixed with DNA. Electroporation was carried out in the BSC using a Gene PulsaitEX

El ectroporation System (BioRad) with the fo
constant results were recorded after each electroporation. Following electroporatixtnd00

7H9 media was added to the cuvette and the cells were transfawoed 1.5 mL Eppendorf

tube and incubated at 37C overnight without shakingto allow for cell recovery.
Electroporated cells were centrifuged using Eppendorf 5417C desktop centrifug@0a 25

g for 5 minutes and the pellet was resuspended im80BHY/ADC media. A 16fold serial

dilution wascarried outin 900mL of 7H9/ADC media until 165. The cells were plated onto
7H10/OADC plates with either no antibiotic or &f%/mL of kanamycin (kan) or 56g/mL
hygromycin B (hyg) Table 2.7) and the plates weneubated at 37C for 37 6 weeks until

coloniesappeared

Table 2.7. Experimental and control conditions of electroporation in the presence of pNIT and

pOLYG

Controls used Antibiotic used

500 ngpNIT 25mg/mL kan
100 ng pOLYG

250 ng pOLYG 25mg/mL hyg
500 ng pOLYG

Water No antibiotic
Water 25mg/mL hyg
Water 25mg/mL kan

2.2.5.4. PCR screening for the successful uptake of pNIT
Colonies on plates on which individual colonies could dixserved were counted and

thereatfter, single colonies were picked and resuspendedmi. 5@ Tris-EDTA (TE) buffer.
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Five microliters were transferred to 7H10/OADC mesligpplementedavith kan to create a

Aspot plateo to mai n tngcdolony suspensisntwasaboilad,at® nd t h e
for 1 hour using a water bath (Memmert). Feitye microliters of chloroform were added to

tubes and shaken vigorously to mix. The tube was centrifuged®% g for 10 minutes.

The upper layer of the suspemsiwas used as thtemplatefor polymerase chain reaction

(PCR). The components of the PCR are listed in Table 2.8 and the conditions of the PCR are
listed in table 2.9.

A 1 % agarose gel was prepared to analyse PCR products. The gel was preparetiihg weig

1 g of agarose powdeSigmaAldrich), the powder was resuspended in 100 mL of a buffer
containing Tris base, acetic acid and EDTA (TEA). The agarose was dissolved by heating, and
then 1ImL of Ethidium Bromide solutio{SigmaAldrich) was added. Theokition was added

to a gel electrophoresis casting tray and allowed to solidify. Once solidifield,02 a 6 X

DNA loading dye (Thermo Fisher Scientific) was mixed withuLQof PCR product and then
loaded to the agarose gel. The DNA was analysed usng§ubCell GT cell horizontal DNA
electrophoresis cell (BioRad) at 80 volts for 80 minutes and the gel image was captured. Once
a colony was identified to be successfully transformed with giyigel electrophoresis, the
corresponding colony was picked rindhe spot plate and resuspended in 10 mL of 7H9/ADC
supplemented with 0.05 % Tween andr@§/mL kan. The culture was allowed to grow to
OD600 of 0.6 0.8, cells were harvested and stored in ®Q0aliquots at-80 °C until further

use.

Table 2.8. Details of the PCR master mix using the Roche FastStart Taq kit

PCR contents VO of reagent inmL/20 mL reaction
10 X PCR buffer 2

5 X GC rich buffer 4

dNTPs 0.4

F primer 2

R primer 2

DNA polymerase 0.25

Template DNA 4 mL
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Table 2.9. Details of PCR conditions used in the project

Temperature Duration Reaction Cycles
95°C 5 minutes Initial denaturation 1 cycle
95°C 30 seconds Denaturation

53°C 30 seconds Annealing 25 cycles
72°C 1 minute Elongation

72°C 7 minutes Final elongation 1 cycle

2.2.5.5. SDSPAGE to determine the induction of gp60/61 proteins in pNIT

The pNIT plasmid contains genes for twmteins gp60 & gp6lwhoseproduction can be
induced bythe addition ofsovaleronitrile (IVN). Toconfirmindudion by IVN, 500uL of the
EX30°1939A805gtrain was resuspended in 5 mL of 7H10 media supplemented witky/25L

of kan. Bacteria were allowed to grow until the OD600 readings were betwekmifd60.8.

At the desired OD600, 1 mL of the culture was harvestesetee asa fibef or e i ndu
samp | e 0, amMdf IWNhwasraddid to the remaining culture. The culture was incubated

for 8 hour s, following which a second 2 mL
after i nduction sampled and the odithenthe e was

remaining culture was harvested. Harvested bacteria werdkilledtat 80°C for 1 hour and

then centrifuged at 1760 x g for 10 minutes. The cell pellets were resuspended In 50
lysozyme and 10 L ™0 O T-Hé&ls pH 7. 6. Fipation, A0 % of sadiom s o | u b
dodecyl sulphate (SDS) was added. The samples were then incubaté@ & 680minutes,

centrifuged at 13 000 g at 4A 4 fnunutes5nd the supernatant was used to analyse the
protein. Proteins were analysed using 15 % $&E, the recipe for making SDBAGE can

be seen imable 2.10.

Table 2.10. Recipe for making SDRAGE gels for protein analysis

10 % Separating gel 6 % stacking gel

5 mL acrylamide (30 %) 0.8 mLacrylamide (30 %)
2.5mL Tris 1.5 M (pH 8.8) 0.5mL Tris 1 M (pH 6.8)
50mL SDS (20 %) 20mL SDS (20 %)
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100mL APS (10 %) 40mL APS (10 %)
10mL TEMED 10mL TEMED

2.4 mL water 2.7 mL water

2.2.5.6. Electroporating pNIT positive strains inphesence of sSSDNA substrates and
pOLYG
Following successfuidentification of protein induction and production, tMib strains
carrying the pNIT plasmid were cultured in 5 mL 7H9 media supplemented witli2kan
ug/ml). Bacteria were allowed to grow an OB of between 0.@&nd 0.8, and 1 mL was
subsequently used to sahlture 50 mL media supplemented with 0.05 % TweerD8b %
glycerol and ADC mediaThe expression of the recombinase enzyme, carried in the pNIT
plasmid, was induced with InM IVN (SigmaAldrich) for 8 hours. Cultures were
supplemented with 1.5 % glycine 24 hours before electroporation, and the strains were
electroporated in the presence of ssDNA or ssDNA + pOLY&ble 2.11). Furthermore,
pOLYG was used alone as a positive conaslitis easily taken up by bacteria during
electroporation and énefore serves ascantrolto facilitatethe calculation of electroporation
efficiencies. Electroporation and plating wexaried out as described gection 2.2.3. The

electroporated strains wepkated under the conditions statedlable 2.12.

Table 2.11. Electroporation conditions of the strains with pNIT to transform them with sSDNA

substrates
Strain details DNA used
EX30Q1939/A605  MRC16P1939/4605  gnd | 100 ng ssDNA substrate
H37Rv with pNIT 250 ng ssDNA substrate

500 ng ssDNA substrate

EX30Q1939/A605  MRC16P1939/4605  gnd | 100 ng ssDNA substrate + 500 ng pOLY(
H37Rv with pNIT 250 ng ssDNA substrate + 500 ng pOLYC
500 ng ssDNAsubstrate + 500 ng pOLYG
EX30Q1939/A605  MRC16P1939/A4605  and | 100 ng pOLYG

H37Rv with pNIT 250 ng pOLYG

500 ng pOLYG

49



EX30Q1939/A605, MRCl6P1939/A605 and | Water
H37Rv with pNIT

Table 2.12. Plating conditions used strains following electroporation to insert ssDNA and

pOLYG

Experiment Media conditions used

EX30QI3YA0SHNIT + ssDNA Plate in 7H10/OADC supplemented withc

MRC16P1939A0SHNIT + ssDNA antibiotic

H37Rv:pNIT + ssDNA

EX30Q1939/A05nN|IT + ssDNA and pOLYG | Plate in 7H10/OADC supplemented

MRC16P1939A605pNIT  + ssDNA  and| mg/mL hyg

pOLYG

H37Rv:pNIT + ssDNA and pOLYG

EX30Q199/A0SHNIT + pOLYG Plate in 7H10/OADC supplemented with

MRC16P1939A0SpNIT + pOLYG mg/mL hyg

H37Rv:pNIT + pOLYG

EX30Q1939/A0SnN|IT water Plate in 7H10/OADC supplemented with
mg/mL hyg

EX30Q1BYASHNIT water Plate in 7H10/OADC supplemented with
mg/mL kanamycin

EX30Q1939/A605nN|T water Plate in7H10/OADC without antibiotic

2.2.5.7. Confirming substitution of SNP

Colonies were counted, spoliated and hedkilled as described previously (section 2.2.3). A

421 bp region containing T605A and a 491 bp region containing P193%js@fwere
amplified usingthe samd®CRconditions as Table 2.%ive microlitres of the R products

were analysed using 1 % agarose gel. Samples identified to have the correct product were
purified using theQlAquick PCR purification kit (Qiagen) according to the manufacturer's
protocol. The presence or absence of the mutation of interestletasmined via Sanger
sequencing of purified PCR products. Sanger sequencing was conducted at the Central
Analytic Facility at Stellenbosch University:

http://www.sun.ac.za/english/faculsgience/CAF The sequences were analysed with

SnapGene software.
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Table 2.13. Primers used for colony PCR and sequencing

Primers Sequences

AP H ( 8obojy PCR

primers

Fo
Re

r w a-tcaacgggaaacgtcttges 6

Vv e r-gaactcacégéggcagtt8co

Pks2 605 colony PCR

primers

Fo
Re

r w a-gtggacgcsgegacggtcggcatggtcgad
vV e r-gawaccgécgtgcgcaccgaccggtg8gb

Pks2 605 sequencing

Fo

r w a-atgagattgetggcatcaccaccaac@&acb

primers R e v e r-egtcgticcegagaacccataagacgdcéa
Pks21939 colony PCR| F o r w a-gagjcggtt§gtggcgaccgctgtggcceRd
primers R e v e r-ggragct@ticagctcgacgecggaattR)d

Pks2 1939 sequencing

primers

Fo
Re

r w a-aacagcgpataacagctggctggacead

vV e r-ga@gaccacéaccccaactggccgatatd

2.2.6. Preparing stocks of Hbvonchoalveolatavage

The HIV-1 strain used for the experiments was HI\BalL, a CCRS5 tropic strain of HNY

known to infect macrophagg3sanget al, 2010), which was a kindift from Dr Anna

Coussens. HIM was propagated to make infection stocks by chronologically infecting PBMC

isolated from four healthy donors and harvesting the SN (Fig. 2.1). from which the virus was

purified by sucose gradient. All the HIM. work was completed in a BSL2+ tissue culture

laboratory.
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Harvest 15t donor HIV-1 infected PBMC | PBMC pellet 2" donor PBMC
|
I

* Remove 2" donor stimulated PBMC from incubator
* Add the pellet from the 15t donor to the 2" donor PBMC
* Incubate for four days

* Harvest 15t donor PBMC with HIV-1 by centrifugation
¢ Store the supernatant at -20 °C until further use

|
Day 8 — 17 the same process was completed for D3 and D4

Figure 2.1. Generationof HIV -1 from PBMC of multiple donors.

PBMC from the 1st donor were added to PHA mediaiacubated for four days. The PBMC were infected

with HIV-1 and incubated for a further four days, simultaneously PBMC from a 2nd donor were added to
PHA media and incubated for four days. Harvest the SN by centrifugation from the 1st donor and store. The
pellet of 1st donor was added to the PBMC of the 2nd donor and incubated for four days. The same process
was completed for donor 3 and donor 4 of PBMC.

2.2.6.1. PBMC Isolation

Buffy coats from four healthy donors were purchased from Western Cape Biaasfusion
Service. Each buffy coat was split into 15 mL volumes in 50 mL Falcon tubes and mixed with
15 mL PBS. To isolate PBMC via gradient centrifugation, 15 ml of Lymphoprep solution
(SigmaAldrich) was added to 50 mL tubes and the blood/PBS mixtarseoverlaid gently on

top of the Lymphoprep, ensuring blood/PBS mixtwesmaintained as a layer abgwead did

not mix with Lymphoprep. The tubes weoentrifuged at700 x g, for 20minutes using a
Thermo Heraeus centrifuge (Thermo Scientific). The lorgation was removed from the

centrifugation settings for deceleration to minimise disturbance of the peripheral blood
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mononuclear cell (PBMC) layer. The PBMC layer was carefully transferred to a 15 mL Falcon
tube containing 5 mL PBS and centrifuged for rhihutes at 600 x g. The pellet was
resuspended in 10 mL PBS and centrifuged for a further 10 minutes at 400 x g. The pellet was
resuspended in 4 mL of media, and PBMC were counted using a TC automated cell counter
(Bio-Rad), by adding 20rL of PBMC sampleto 20 niL of Trypan blue solution (Sigma
Aldrich). The PBMC were pelleted by centrifugation at 400 x g for 10 minutes before
resuspension in ieeold Roswell Park Memorial Institute 1640 Medium (RPMI) (Sigma
Aldrich). PBCM were frozeno afinal freezer sick concentration of 20 million cells/miy
transferring 5001 of PBMC to a 1 mL cryovial kept on ice and then adding BD®f a
freezing medium containing 90 % fetal bovine serum (FBS) (Separation scientific) and 10 %
dimethyl sulfoxide (DMSO) (Sigmaldrich) to the PBMC suspension drbg-drop. The

PBMC were stored a80 °C overnight and then transferred to liquid nitrogen (LN2) until

further use.

2.2.6.2. PBMC Infections

To prepare HIVL1 stocks, four different donors of PBMC were ug28MC from the 1st donor
wereremoved from LN2 allowed to thaw and then resuspended in PHA media (RPMI + 20 %
FCS + PHA 0.5ng/mL) in a T75 flask (Sigm&ldrich) (Fig. 2.1). The PBMC were incubated

for 3 days at 37 °C, 5% CO2. PBMC were transferred to a Falcon tube and centrifuged at 500
x g for 5 minutes. While the PBMC were spinning, a HI'¢tock was removed from LN2 and
allowed to thaw at room temperature. After centrifugation, PBMC SN was discarded, and the
300nL of the thawed virus was used to resuspend the pellet (Fig. 2.1). The PBMC and virus
were incubated for 2 hours 3 °C, 5% CO2with occasional agitation every &@inutes for
sufficient infection to occur. Infected PBMC were topped up w&t mL IL-2 media (RPM

1460 + 20 % FCS + P/S + 20 U/ml-B) to give a final concentration dfx1® cells/mL, and

then incubated at 37TC 5% CO2 in a T75 flask for 4 days. Oreth s ame day, a 2nd
PBMC were allowed to thaw, then transferred to a Falcon tube with 5 mL of RPMI, and then
centrifuged for 5 minutes at 500 x g (Fig. 2.1). The pellet was resuspended in PHA media to
make k1P cells/mL. PBMC were transferred intaT&5 flask and incubated lying flat at 37

°C and 5 %CO; for 4 days, the same as the donor.

The 2nd donor's PBMC were removed from the incubator, transferred into a 50 mL Falcon

tube, and centrifuged at 500 x g for 5 minutes. The pellet was resuspante? media to
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make X1CPcell/mL. Then,the HIVL i nf ected 1st donordés PBMC v
mL Falcon tube and centrifuged at 500 g for 5 minutes. The SN was collected into a 50 mL

Fal con mar ked #fAHI V h88%Cureilduttheraiseelbe 2adrdanorPBMCr e d a
were used to resuspend the 1st donor pellets and then, incubated at 37 °C and 5 % CO2 for four
days. A 3rd donordés PBMC were removed from t

media and then incubated at &7 for four dag.

The 3rd donod BMC was centrifuged and resuspended ir2limedia the same as the 2nd

donor. The SN was harvested from the 2nd donor and stor8@ & until further use same

as above. The 3rd donor's PBMC was used to resuspend, and cells were incub&t€dat 37

four days. The 4th donordés PBMC were in PHA

CO2 the same as above.

On the 15th day, the 4th danBBMC were centrifuged and resuspended 2 linedia. The

HIV-1 infected PBMC were transferred into a 50 mL Falcon tube and centrifuged at 500 x g
for 5 minutes. The SN was harvested from the 3rd donor and steg8&fat until further use.

The 4th donds PBMC was used to resuspend, and cells were incubated at 37 °C and 5 % CO2

for four days.

On the 19th day, SN was harvested from the 4th donor was harvested and sg&@ré@ antil

further use. The pellet was discarded in water with Actiéhlovernght.

2.2.6.3. Purification of HIV through 25 % sucrose

All four HIV -1 SN harvests were removed from 8@ °C freezer and allowed to thaw. A
Beckman Ultracentrifuge Optima-100XP ultracentrifuge (Beckman Coulter) was switched
on, the rotor properly placed inside temperature was set t6@ and the vacuum setting

was started. Ultracentrifuge buckets were sterilized with 70 % EtOH in a BSC. Thawed HIV
1 SN were pooled and filtered using a OMEl sterile filter (Lasec). Twentyour millilitres

of the virus wee transferred to ultracentrifuge tubes (Beckman Coulter), and then 6 mL of a
25 % sucrose solution was gently underlaid in the bottom of the virus solution according to
Besset al.,(1993). The centrifuge tubes were weighed to ensure they are balancetdushe
was centrifuged at 2C for 2 hours at 140 000 x g. The SN was discarded in Actiehkomd

centrifuge tubes were inverted into-avéll plate to ensure that all SN drains. Each pellet was
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resuspended in 1 mL of RPMI supplemented with 5 % human AB)(lserum (Sigma
Aldrich) and all pellets were pooled and Ifi0aliquots were made. Aliquots were stored at

80 °C overnight and then transferred to LN2 until further use.

2.2.6.4. Quantification of HAL stocks using TZM cells

Viral quantification was completl using a TZMbl cell assay. TZMol cells are a HelLa
derived cell line that expresses high levels of CD4 as well as CCR5 and CXCR4, which also
contains a luciferase gene under the control of the HIV LTR (&tait 1998), production of
luciferase allowsgjuantification of HI\V1 LTR activity using a luciferase assay. TAMcells

were donated by Dr Anna Coussens. Cells were removed from LN2, allowed to thaw, and
transferred to 5 mL of Dulbecco's Modified Eagle Medium (DMEM) media (Sigidach),

and couted using a TC counter. The TZM cells were centrifuged at 500 x g for 5 minutes

and the pellet was resuspended in DMEM media supplemented with 10 % FCS to make
1x1CPcells/mL. The cells were transferred to a T75 tissue culture flasks and were incubated a
37°C with 5 % CO2, with daily monitoring, unti80 % confluent{80 % of the flask surface

was covered with cells). The media was discarded, and the cells were washed with 10 mL of
PBS. TZMbl cells attached strongly surface of the tissue culture,fsR mL of Accutase
SigmaAldrich) was added to the cells followed by incubating at 37 °C and 5 % CO2 for 15
minutes. Accutase is used for detaching the cells from the surface of tissue culture plasticware.
Detached TZMbl were transferred into 5 mL @MEM media, centrifuged at 500 x g for 5
minutes, and then resuspended in DMEM media supplemented with 10 % FBS. The cells were
plated at 1x1®cells/well in a 96 well plate in triplicates and incubated at@With 5 % CO2
overnight. An HI\A1 stock aligot was removed from the LN2 and allowed to thaw. Two
hundred microlitre serial dilutions weocarried outin triplicate in a 96well plate from 161

until 10-9 in DMEM/10 % FBS solution. The overnight plate with TANcells was moved to

the BSC and the ndéa was discarded. The media was replaced with triplicate H$wck
dilutions, to have an infection from IDuntil 109, a blank well was left in the last row. The
plate was sealed with Millipore tape and incubated &C3W&ith 5 % CO2 for 48h.

The pate was removed from the incubator into the BSC andnl06f media was discarded
into a waste container. One hundred microlitres of Briglat reagent (Promega) was added,
and the plate was sealed, covered with foil, and placed on a shaker for 2 mihetgsate

was placed back in the BSC and then 130 was removed and transferred into Corning
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Costar® 96Well Black Polystyrene Plate (Siga#ddrich). Luciferase activity was measured
on the GloMax® 96 microplate Luminometer (Promega), using the GendXlmidtware

(Promega).

2.2.7. Generating monocyte derived macrophages (MDM)

MDM were polarized from fresh or frozen PBMC obtained from buffy coats of healthy donors.
PBMC were isolated from buffy coats (as described in 2.3.1). Monocytes are a & iype

in PBMC and can differentiate into macrophages when stimu[8letHere themonocytes
were stimulated with GMCSF to polarise into M1 MDM and M SF to make M2 MDMThe
polarisation of monocytes to M1 or M2 using either @8F and MCSF has been validated
in literature by both cytokine expression (14) and gene expressionAfi&her study also
showed that stimulation of monocytes with GBSF was sufficient to generate M1
macrophages characterised by increased productiofl &, 1L-12p40/p70 and TNF
poststimulation, in contrasM-CSF polarised MDM produced higher levels of anti
inflammatory 1.-10[16].

Isolated PBMC were counted and then centrifuged at 300 x g for 10 minutes. The pellet was
resuspended in MACS buffer (PBS with 0.5 % FBS and 2 mM ethylenediaminetetraacetic acid
(EDTA) in a volume equivalent to 8L of MACS bufferper 10 PBMC. Magnetic beads
coated with antCD14 antibody (Miltenyi Biotec) were added in a volume that is equivalent

to 18l of beads per 107 PBMC. The cells mixed with the beads were incubaté@ o

15 minutes. After incubation, 1.5 mL of MACBKuffer was added per 107 PBMC and
centrifuged at 300 x g for 10 minutes. The supernatant was discarded, and the pellet was
resuspended in 1 mL of MACS bulffer.

A column with ferromagnetic spheres (Miltenyi Biotec) was mounted on a MACS® magnetic
separatoi(Miltenyi Biotec) with a strong magnetic field inside the BSC. The columns used
wereeitherthe MS column for cells up to 2x£0or the LS column for cells up to 2x20The

MS or LS columns were equilibrated with 58D or 3 niL of MACS buffer, respectively. The
PBMC/beads mixture was added to the column and the volume was allowed to flow through
by gravitational forceThe MS or LS columns were washidee timeswith 500 . or 3L

of MACS buffer, respectively. The volume was allowed to drain each time completely before

adding the next wash. The following step was done quickly: the column was removed from the
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magnetic separator and placed in a 15 mL Falcon tube, 1 mIAGSS buffer was added to

the column and the column plunger was used to plunge the volume into the 15 mL Falcon tube.
The isolated monocytes were counted and centrifuged at 300 x g for 10 minutes. The cells were
resuspended in RPMI/10 % hAB media to mak&d® cell/3 mL of media. The cells were split

into two equal volumes in 50 mL tubes, to make either type 1 polarised MDM (M1) using GM
CSF, or type 2 polarised MDM (M2) using-®@ISF. Human AB serum to a final concentration

of 10 % and 5 ng/mL of GMCSF (Biccom Africa) was added to the first tube, then hAB to a
final concentration of 10 % and 20 ng/mL ofG®BF (Biocom Africa) were added to the 2nd
tube. The cells were plated in either a small tissue culture diste]l Glate, or large tissue
culture petri dsh according to the concentration of cells (Table 2.4). The cells were incubated
at 37°C with 5 % CO2 for seven days, the dishes were left untouched for 4 days before the
cells were checked for attachment to the plates.

Table 2.14. Plates used for incubating CD14+ cells stimulated witle 8F and GMCSF

Dish Size Volume/compartment Max cells/compartment

6-well plate 10 cm2 3ml 2 x10P
Small dish 21.5 cm2 6 ml 4 x1¢
Large dish 56.7 cm2 18 ml 12 x10°

2.2.7.1. Harvesting MDM

After 7 daysof differentiaton, the used media was discarded from the plates and the cells were
washed with 10 mL of PBS. MDM were harvested by adding 2 mL of Accutase taliBbas

or 1 mL to a small dish or 500L to a 6well plate. The plates were incubated 37 °C and 5 %
CO2 for 15 minutes and then cells were detached from the plates by pipetting up and down.
The cycle of Accutase treatment and incubation was repeated if a significant number of MDM
remain adheredfter the first round. The cells were transferred into a Falcon tube with 5 mL
of RPMI and counted using a TC cell counter and centrifuged at 1500 x g for 5 minutes. The
pellet was resuspendedRPMI/5 % hAB media. Th&®IDM were transferred to 96vell TPP

tissue culture plates (TC plates) (Greiner-Biwe) at 1x18cell/well in 100ni..

2.2.8. Infecting MDM with HAL andMtb
A HIV-1 infection stock aliquot was removed from LN2 to thaw. Thawed-HBfocks were

prepared for infection by making an inoculum of 3x¢al particles per 10&L volume in
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RPMI/5 % hABmedia To establish a confluent H¥¥ infection, duplicate M1 and M2 cells
were infected by adding 100L of HIV at a multiplicity of infection (MOI) of 3 and cultured
for a total of 7 days. Duplicate MDRkbr each condition were left uninfected with HIV and all
plates were incubated for 24 houffie media from all cells was removed and discarded into
an AntichloE waste container and replaced WRRMI/5 % hAB to a final volume of 206L.

The media was feeshed every 3 days until day 7.

Once MDM were infected with HI\L, the plates were moved to the BSL3 ftb infection.
Mtb stocks were allowed to thaw and an inoculum volum#xdff bacteria per 2001 was
made for each strain in RPMI/5 % hAB. The naedas removed from MDM plates and
replaced with 200 of bacterial inoculum. The plates were incubated &G3With 5 % CO2
for 4 hours.Extracellular lacteria weraemovedafter 4 hours byiscarding thanedia and
refreshing with RPMI/5 % hABnedia incubating for a further Z2 hoursThe best measures
were done to ensuredlmumber of bacteria used to infect each conditi@ne consistenby
completing a cfu count prior to infection as well as cbwunt with bacteria on the day of
infection b compare irregularities of the bacterial caunt

After 24 h infection, 100rL of SN was harvested from each plate and transferred to a clean
96-well plate, that was clearly labelled to eliminate the confusion of samples. The plate was
properly sealed, stace decontaminated, placed in a zip lock bag, and stor&® &€ until

further use. One hundred microlitres of fresh media were used to replace the SN after
harvesting and platesere incubated further for 72 hours. The remaining @0@f SN was

harvested from each plate and transferred to a cleanébplate after 96 hours total infection.

2.2.8.1. Sterilising SN of Mtb and HIMfor analysis of cytokines and HIV

To sterilise the SN to enable cytokine and HIY¥24 measurement, SN from the different time
points were double filtered to remoWwtb using corning 96 well 0.2nM polyvinylidene
difluoride (PVDF) filter plate (Sigm&ldrich) and centrifugdat 1400 x g f010 minutes. The
SN was transferred to a clean kawnding polypropylene 98vell plate and moved to the
BSL2+ laboratory. SN from each duplicate well was pooled and froz&® & until further
use. When ready to first analyse the SN, frozen SN {8fAC were allowed to thaw. To lyse

HIV-1, once thawed, 561 of the SN was transferred into a corning costar@@ll black
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polystyrene plate and 1 % Triton-200 was added to a final concentration of 0.08 % T+iton
X, and the plate was incubated for 2 Iwat37 °C with 5 % CO2

2.2.9. MDM cytokine measurement by Luminex

A Luminex assay allows the simultaneous measurement of analytes in a single [Sample
Luminex wses microspheres with a unique fluorescent signature, therefore a different analyte
may be conjugated to distinct microsphere within a single reaf@ijoh0]. In the Luminex
machine a 635 nm diode laser is used excite the red and infrared classifier fluorophores which
are part of the unique fluorescent signatures of the microspheres, while a second 523 nm laser

exdtes phycoerythrin, the orange reporter fluorophore used in the Lushased assay$0].

Experimental setip followed themanufacturer's instructions for the Thermo Fisher Scientific
25-Plex magnetic human cytokine panel (LHCO009M) with the following modifications:
Briefly statute changes made, the satihition for the standard curve was modified from 3:1
serial dilution © 2:1 which used 11 points, rather than 7, to increase accuracy of the
extrapolation. To enable quantification of more samples per plate, added bead volumes were
reduced from 2BL to 12.5uL and the beads were resuspended in a final volur@@ubf when

running on the machine. This enable 3 plates of samples to be analysed per kit. Additional
buffers and Strapvidin antibody were purchased as additional kits, for each addiptatal

The list of analytes and their range of detection is listed in Tabte

2.2.9.1. Preparation of Luminex standards
Each Luminex kit for the 2Blex assay contains two lyophilized standard vials, -pl&g

standard vial and a iglex standard vial. Each standard was reconstituted innh00f a
solution containing 50 % assay diht (Thermo Fisher) and 50 % RPMI /10 % hAB media
(diluent mixture). The standards were allowed to hydrate in the diluent mixture for 10 minutes
at RT and then combined to make 1 mL. The standards were serially diluted in a 1:2 ratio, by
adding 150nL of the diluent mixture to eleven Eppendorf tubes and serially dilutingvL50

of the reconstituted standards.

2.2.9.2. Setting up the Luminex assay
A 1X wash solution was prepared by addingrBD of a 20 X wash solution concentrate

(Thermo Fisher) to 9561 of deionized water. Antibody beads (1 X) (Thermo Fisher) were
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vortexed for 30 seconds and then sonicated for 30 seconds, thenil®fSbeads were
transferred to a black 9&ell F-bottom, uclear®, cell culture microplate (Luminex plate)
(Greiner BieOne). The bads were protected from light once added to the plate. The Luminex
plate was placed on a BRlex Pro Il Wash Station Microplate Washer (BioRad) and washed

as follows: the plate was placed on the magnetic surface of the wash station for 60 seconds and
themachine was programmed to wash twice with 20@f 1X wash solution. After the wash,

50 pL of incubation buffer (Thermo Fisher) was added to each well, and theni160

standards and blank (50/50 diluent mixture) were added to their respective wells.

Fifty microlitres of the sample were mixed with BD of assay diluent and then transferred to
the Luminex plate. The plate was covered with foil and incubated for 2 hours at room

temperature under agitation on an orbital plate shaker.

Biotinylated antilody (Thermo Fisher) and streptavidRPE (Thermo Fisher) wepgepared

to 1X concentratiorby adding 10mL of a 10 X biotinylated antibody to 10fL of biotin
diluent (Thermo Fishegr 10 of 10 X streptavidilRPE to a 1001 solution of RPEdiluent
(Thermo Fisher), respectivelyhe appropriate volume was adjusted according to the number

of wells to be assayed.

The plate was removed from the shaker and placed on the wash station and the beads were
washed as previolysdescribedOne hundred microlitszof the 1 X biotinylated antibody were

added to each well and the plate was covered with foil and incubated for 1 hour at room
temperature under agitation on an orbital plate shakerplate was removed from the shaker

and the beads were washedpasviously describedOne hundred microlitres of the 1 X
biotinylated antibody were added to each well and the plate was covered with foil and incubated
for 30 minutes at room temperature under agitation on an orbital plate shag&gilate was
removed fom the shaker and placed on the wash stationtlemdeads were washed as

previously described
The 1 X wash solution was added to makem@@vell and then the plate was placed in the

orbital plate shaker for 2 minutes. The plate was analysed using-Rl&i® 200 Reader

(BioRad). The machine was set to run at a flow rate @fl8thinute with 50 events/bead. The
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sample size was set at BD with default double discriminator gates and reporter gain settings.

The region for each bead is listed Table 2.15.

Table 2.15. The analytes measured and respective bead regions-fde2bhuminex
(Thermofischer)

Analyte Bead region Limits of detection (pg/ml)
Upper limit Lower limit

Eotaxin (CCL11) 2 3905 5.36
GM-CSF 27 7235 9.92
IFN alpha 43 9725 13
IFN gamma 38 2160 2.96
IL -1 beta 13 10465 14
IL-10 15 13280 18
IL-12/IL-23p40 20 6880 9.44
IL-13 18 10710 15
IL-15 30 18625 26
IL-17A (CTLA-8) 25 22955 31
IL-1RA 51 98730 135
IL -2 54 15445 21
IL -2R 61 17210 24
IL-4 77 39100 54
IL-5 34 3953 16
IL -6 19 12755 17
IL-7 55 17320 24
IL -8 (CXCLS) 78 5790 7.94
IP-10 (CXCL10) 56 2085 2.86
MCP-1 (CCL2) 29 18550 25
MIG (CXCL9) 63 3650 5.01
MIP -1 alpha 26 14115 19
(CCL3)

MIP -1 beta (CCL4) 28 13410 18
RANTES (CCL5) 21 3723 15
TNF alpha 52 4615 6.33
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Table 2.16. The analytes measured and respective bead regions for-p@gx Luminex

Analyte Bead region Limits of detection (pg/ml)
Upper limit Lower limit

Eotaxin (CCL11) 77 60.7 14.750
GM-CSF 46 12.2 2.970
IFN gamma 38 58.5 14.209
IL -1 beta 28 19.5 4.744
IL-10 22 4.8 1.162
IL -6 13 4.8 1.154
IL -8 (CXCLS) 18 5.2 1.255
IP-10 (CXCL10) 21 1.03 250
MCP-1 (CCL2) 25 33 8.017
MIP -1 alpha 35 101.2 24.580
(CCL3)
MIP -1 beta (CCL4) 37 150.2 36.493
RANTES (CCL5) 36 22.6 5.488
TNF alpha 12 9.7 2.359

2.2.10.Analysis of HIV p24 frosaipernatantusing a custom made Luminex assay

2.2.10.1. Preparing p24 beads

To quantify HIV-1 Gag p24 levels in SN as a measure of released viral particles, a custom
Luminex assay was developed according to Bianceittal. (2009)[11] with modifications
descibed by Coussenst al. (2015)[12]. All reagents in the XMA® antibody coupling kit
(Luminex corp) were removed from the fridge and allowed to warm t&REK solutions (20
mg/mL) solutionf N-hydroxysulfosuccinimide (sulfdlHS) (Thermo Fisher) and 20 mg/mL
working stock solution of -Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (Thermo
Fisher) were made by weighing out 10 mg of the compound and resuspendingnib 600
activation bdfer, respectively. Both solutions were filtered using a Gr@2filter, sonicated

for 30 seconds and vortexed for 30 seconds. The solutions were mixed to make a final
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concentration of 10 mg/mL of each solution in the EBMES solution.Once thereagents
warmed up, MagPleé& microspheres (beads) with region @2iminex corp)were sonicated

for 30 seconds and vortexed for 30 seconds and then transferred to a 1.5 mL Eppendorf tube.
The beads were washed by adding 8D®f activation buffe(LuminexCorp) followed by 30
seconds o$onication and vortex. The tube was placed on the magnetic separator for 2 minutes
and the liquid was removed using a pasture pipette. The wash step was repeated. Thereafter
250nL of the activation buffer was added to thbe and the beads were sonicated and vortexed

for 30 seconds. After vortexing, 25@ of EDC-NHS mixture was added to the tube, which

was then placed on a blood rotator (Stuart SB1 Blood Tube Rotator, Akribis Scientific Limited)
for 30 minutes at 30 rpm.hE beads were washed 3 times with BD@f activation buffer and

then resuspended in 986L of activation buffer.

A recombinant HIV1 p24 fultlength antibody waseconstituted in 1061 of PBS to make a

1 mg/mL stock of capture antibodpgr manufactuer dinstruction) (Luminex corp). Ten
microlitres of the antibody were added to the beads and then vortexed. The tube was covered
in foil and placed on the blood rotator for 2 hours at 30 rpm. The tube was placed on the
magnetic separator for 2 minutes dhd liquid was removed. A wash step wasried outby

adding 5001 of wash buffer followed by sonication for 30 seconds and vortex for 30 seconds,
which was repeated three times. The beads were resuspended in 1 mL of wash buffer. The
beads were countassing the TC cells counter using 1/10 dilution:dl0 of beads + 90 of

PBS. The beads were stored &C4and covered in foil until further use.

2.2.10.2. Preparing HAL p24 for Luminex assay standards and samples

To measure HIVL Gag p24, SN had HN lysed with tritonX as described in section 2.6.1.
Buffers and standards were prepared as follows: Assay buffer (PBS (nho Mg or Ca), 0.1 % BSA,
0.1 % Mouse serum, 0.1 % Goat serum, 0.02 % Tween 20). Standard buffer (Assay Buffer + 1
% tritontX). Wash BuffePBS (no Mg or Ca) + 0.02 % Tween 20). A recombinant 1 mg/mL
HIV-1 p24 fulHlength protein (Abcam) was used to make the standard curve and the protein
was diluted to a 1Gng/mL working stock, the protein was further diluted to 750migin
standard onepflowed by a 1€point 1:3 serial dilution.

The SN were diluted at 1:3 in assay buffer. The HIV p24 antHoomyugated beads were

removed from the fridge, sonicated for 30 seconds and vortexed for 30 seconds. Fifty
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microlitres of beads were added to theminex black plate at 2000 beads/well. Fifty
microlitres of the standards and samples were added to the respective wells MadkP6
bottom, pclear®, cell culture microplate (Luminex plate). The plate was covered with adhesive
foil land incubated ataom temperature for 1 hour in a rotation shaker at 800 Tie plate

was placed on the wash station and the beads were washed as stated in section 2.6.4. A
fluorescently conjugatedC57-RD1 antibody (Beckman Coulter) that detect HIV p24 was
diluted 1:1000n the assay buffer. The volume of antibody added made was scaled to add 100
nL of antibody to each well. The plate was covered with adhesive foil, incubated at room
temperature for 1 hour in a rotation shaker. The was washed as stated previously ashthe w
station. Ninety microlitres of assay buffer were added to the wells. The plate was analysed
using a BiePlex® 200 Reader. The machine was set to run at a flow ratenaf@nute with

50 events/bead. The sample size was set at. 3ith default doubé discriminator gates and

reporter gain settings.

2.2.11.Analysis of HFY replication in TZNbI cells using/itb conditioned media

SN from GMCSF and MCSF polarized MDM infected witMtb only strains, were thasd

in the BSC. The SN harvested-Zhd 96hours mstinfection were diluted to 50 % 25, %,

12.5 % and 6.25 % SN using RPMI/ 5 % hAB media. Following analysis of the data, the 50 %

SN was used for the experimentZM-bl cells were plated at 1x1@ells/well in 200nL of

DMEM/ 10 % FBS medi a i ni nfweoc tpil cantoe sf dra btehl el epdl :
SN before HIV iinnffeeccttiioonn 6a nfdo rii ptohset pl a1 e 1 nc
infection, for 4 hours. Media was discarded from both plates, theirgestion plate was

replaced with 9@ DMEM/ 10 % FBS media, while the prefection plate was replaced with

90 nL of the 50 % SN and both plates were incubated a&C3for 18 hours. Both plates were

infected with 20rL of HIV for a 1:5 MOI and then ptaed back in the incubator for 6 h. Then,

90 L of media was added to the grdection plate and 961 of the 50 % SN was added to

the postinfection plate, both plates were placed back in the incubator for 48 hours. The plates
were treated with BrighGlo reagent as described in section 2.4.4, and luminescence was read

using theGloMax® 96 microplate Luminometer, using GeneXbright software.

2.2.12.Analysis of HIY replication in M2 MDM cimcubated withMtb conditioned media
To assess the impact bftb-inducedconditioned media on HAL replication in MDM, M1

and M2 media conditioned with the clinical and laboratdtl strains, harvested at 96 hours,
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across different donors was pooled to make a donor heterologous conditioned media for each
strain type. MN fromPBMC of five healthy buffy coats were polarized with-G&F as
described in section 2.2.7 to make M2 MDM. On day 7, the MDM were harvested and plated
at 1x10 cells per well in 8% of media. HI\-1 was prepared to make a 1:2 MOI. MDM were
infected by addig 15nL of HIV-1 to each well and incubating for 18 hours. All the media

volume was removed and replaced with #®f donor heterologous conditioned media, then

the wells were topped up to 200 using 100mL of media and further incubated for 72 hours.

Following incubation, the SN was harvested, and H#ilGag p24 measured using Luminex

assay as section 2.2.10.

2.2.13.Transwell assay infection of MDM wititb WT and mutant strains to assess the

impact of SNP on cytokine production and-HPplication
The mutant strains that were generated in section 2.2.5 above and their original WT strains
were used to infect M2 MDM in a trangell plate in the presence BilV-1 coinfection. The
transwell plate was used to simultaneously accomplisinéection (the top chamber) and the
effect of cytokines in bystander MDM (bottom chamber). The tvegls plate was used to
mimic a ceinfected environment by infecting MDMgeeded in the top chamber with HIV
and then canfecting with various strains &flth. The bottom chamber was used to mimic the
effect of cytokine produced by HFY/Mtb co-infection on bystander cells infected with HIV
1 only and exposed to cytokines fararbyMtb-infected cells.

2.2.13.1. Measuring cytokine production and HlVeplication in MDM using a tramsell

plate
The transwell infection was carried out in a 9€ell, 0.4mM, polycarbonate membrane trans
well plate corning plate (Sigmaldrich). The top bamber and bottom chamber were not

allowed to mix until ceinfection withMtb.

PBMC isolation from six donors followed the same protocol as in (section 2.2.6), the
polarisation to MDM using MCSF was done the same as in (section 2.2.7) The MDM were
harvested and seeded at 1xI®@ll/well in the using 15@L in the top chamber and 20 in

the bottom chamber of a 9@ell transwell plate. HI\~1 infection of MDM was completed the
same as (section 2.2.8) and the tranedl plates were moved to the BSL3 farinfection with

Mtb. While kept separated, the top chamber of the ivegls was ceinfected withMtb the
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same as (section 2.2.8) and incubated forMddia in the bottom chamber was discarded and
replaced with 200l of fresh RPMI/5% hAB media. Media the top chamber was discarded

to remove bacteria not infecting cells and the two chambers were combined to allew flow
through of cytokines between the chambers. The SN was harvested and processed the same as
(section 2.2.8.1) and the analysis of cyte@lsinvas completed using a-B8x Luminex human
discovery assay withataloguenumber LXSAHM 13 and the same protocol was followed in
(section 2.2.9) The HIVp24 protein was measured from both the top and the bottom chamber

using the HIVp24 Luminex protocal (section 2.2.10.1).

2.2.14 Statistical analysis of cytokine and-H1p24 production data.

Analysis of data was performed using Qlucore Omics Expl@krcore, version 3.8.189nd

GraphPad prisriGraphPad Software Inc, version 9.4 Al the data was first log transformed

for normal distribution and then normalised using ttseare normalisation on Qlucore omics,

such that the mean is equal to zero and the standard deviation is equal to 1. The PCA plots were
generated using Qlucor principal PCA plots are used to reduce dimensionality of a large

data while preserving as much of the variation as posgiBle The PCA clusters variables

based on their correlation with all other variables and distinct clusters represent the least
correlated variablefL3], allowing the observation of patterns within the data set. GraphPad

was used to analyse statistical significance between all the groups conapatrethe

significarce cut of value was P<0.05 for all analyses. Afjparametric paired Marwhitney

t-test was performed when comparing two groups with equal samples anebaraoretric

Wilcoxon ttest was performed for groups with unequal samples:\@aye ANOVA was used

for three or more groups, for paWalklessf@@s a usi
unpaired dat a, with Dunnds muistage fintae stepgpo mp ar i -
procedure of Benjamini, Krieger and Yekutieli was used for Falseoidésg Rate (FDR) of

0.1 for multiple comparison of tests
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Chapter 3Characterization of clinical and laboratory strainsitif to
assess the effect of SNFlipid metabolising genes on growth, lipid
production and human macrophage infection phenotypes

3.1. Introduction

3.1.1. Mtb cell wall structural components and diversity

Studies with new molecular techniques for analysis of genomes revegiedterMtb strain
diversity than originally thougHt]. It is now well recognised that human adapd strains

fall into seven lineage[2, 3] which have major genomic differenc. Genetic diversity
betweerMtb strains has implicatiafor virulence,in vitro andin vivogrowth patterns,sawell

as cell wall composition. TheMtb cell wall is a complex muliayered structure with an
abundance of diverse, bioactive, and surface exposed lipids that form the first point of contact
with host receptorpl-6]. The abundance of exposed lipids on the surface dfitheell wall
means that lipids set the course of infection, including cellular entry, modulation of phagosome
maturation, immune response, and the biogenesis of the granf8pma8] Mtb cell wall

lipids that have been implicated in modifyirthe macrophage response to infection include
phthiocerol dimycocerosates (PDIM), free faatyds(FA) and mycolic acids (MA)ulfolipid-

1 (SL1), trehalose dimycolate (TDM), diacyltrehaloses (DAT), tetraacylated
phosphatidylinositol hexamannoside (Ac2PMiIdi}acyl phosphatidylinositol mannosidée d
mannose (Ac2PMI2)yhenoicglycolipid (PGL)andphospholipids (P). The unique nature of

the Mtb cell wall generates different interactions with host PRR aray influence the
outcome of infection[9]. Cell wall components such lgomannan (LM), lipoarabinomannan
(LAM) and mannosecapped lipoarabinomannan (ManLAM), lipoproteins, PDIM, and MA are
unique to mycobacterial species anill therefore result in mycobacteria specific immune
responsef9]. The nature of PAMP and PRR interaction are important determinants of host
pathogen interactions. Differences in PAMP on pathogens, including different concentration,
alteration in structure and presence or absence of a PAM&etalimine the host immune cell

response to infectiofi0].

3.1.2. Mtb clinical isolates with mutations in lipid metabolism associated witl igbsitive
directional selection
The clinical strains used in this thesis were identified as strains of interest following work

conducted by Kchet al.(2017)[28], in which WGS oiMtb strains isolated from TB patients
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with and without HIV ceinfection, living in Khayelisha, a perurban township located in
Cape Town, South Africa, was carried out (Figure 3.1). Analysis by KbahidentifiedSNP

that exhibitedpotentialsigns of HI\L1 positive directional selection, using the evolutionary
predictive model MED328]. The SNP selectedfor this studywere inpks2,a gene that is
involved in the metabolism of SL [29], and Rv2954cwhich encodes a methyltransferase
involved in the metabolism of PG|30]. The selective advantage conferred by each SNP
positively selected by HIM is not obvious and requires further investigaf@®]. However,

it is worth noting that host derived immune cytokines are important te1Hi&plicationin
vivoand selection dBNPwhich increase the prmflammatory plenotype of strainsnay serve

to enhance HIVL replication.

3.1.3. Impact ofMtb cell wall lipids on immune response to infection
Mtb cell wall lipids are implicated in variety of virulence processes during the infiextie

of Mtb. SL-1, which requirepks2for biosynthesis, @as recently shown to induce cough in a
guinea pig model dfitb infection and thus was proposed to be involved in the transmission of
Mtb [17]. These authors infectedigea pigs with WT strains éfitb Erdman omMtb Erdman

with a knockout for a gene coding a sulfotransferatgifivolved in the biosynthesis of SL

They showed that six weeks post infection coughing in the guinea pigs infected with WT strains
was moresevere compared to coughing in guinea pigs infected with mutant Eli@din
Furthermore, the authors showed that caminting the genencodingStf in the mutant strain
reverts coughing in guinea pigs to levels observed with[¥WT. SL-1 was shown to also
increase the biogenesis of lysosorrehuman THPL macophage$18]. Interestingly, THP

1 cells that were infected with a mutant of CDC1551 ilagkks2 which thereforedoes not
produce SE1, were shown tde less effective in makingdpsones[18].

The cell wall ofMtb also contains PDIM and the structurally associated, glycosylated PGL
[19]. PDIM has been shown to be spontaneously lost durimigro culture[20], which could

have implications for virulence. For example, a study showed tha¥iWiarinumresulted in

the recruitmat of a significantly smallenumberof iINOS-producing macrophages compared
to PDIM-deficient strains in a Zebra fish mod2L]. Furthermore, another study showed that
PDIM is importantin protectingMtb againstiFN-0 i mm[22].iReeget al. (2004)[7],
showed theMtb lipid PGL significarlly hampered the production of cytokine gone
marrowderive macrophage®MM [7], while other studies have shown other lipids increase

in the production of cytokines, such as TDM increasing the production of TNF in mice
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following intratradieal instillation[23], or a robust IE6 and IL-2 response by mycolic acids

incorporated into liposomdg23].

Other cell wall lipids involved in the pathogenesishib include those involved in the
formation of serpentinéke structuresknown as cordingl1, 12] Laboratory cultug of Mtb

in the presence of detergents to avoid cording esukhedding of the capsule into the media
[12], and the understanding thiétb cell wall lipids are important virulence factors creates
controversy about culturingitb in the presence of Tween 8IP]. TheMtb glycolipid TDM,

also known as cord factor, is involved in cord formatjt8]. TDM is important toMtb
pathobiology, and studies lnydrigo et al.(2003)[14] showed thaltb strains devoid of TDM

were killed quickly upon infection imurine maocophagesscompared to nativ®ltb strains

The survival of TDMdeficient strains could be restored by addition of pure TDM to
macrophage culturfl4]. Other experiments showed that mice infected witkth strain
lacking the machinery to make a cyclopropane ring in the TDM structure were deficient in
cording and, subsequently, these mutants were not able to kill infected mice and were quickly
cleared from the system of the migEs]. Cording may also offer survival advantages,
including resistance to drugs, as noted by Trietdil.(2016)[16] who demonstrated thitb
biofilms were still metabolically active even at 100x minimum inhibitory concentration (MIC)

of first line antitubercular drugs likeoniazid[16].

Fatty acid (FA) are found in high content in the human granul¢24d, andMtb is thought to
scavenge FA to fuel metabolism for biosynthetic pathy2yk Mtb synthesizes C182 fatty
acids throughhefatty acid synthasé(FAS-I) enzyme althoughb-oxidation of scavenged FA

is a more energy efficient opti¢5]. FA are integrated directly into membrane phospholipids
and are theefore indirectly required for the maintenance of cytoplasmic membrane integrity
(Daniel et al., 2011). The Mtb cell wall contains mycolic acids (MA) covalently linked to
trehalose and arabinogalactan, howearrassociation betwedree MA and Mtb biofilm
formationundercertaingrowth conditions and media bdeen describef6]. In this study,
the authors showed thakespite bacteria in the biofilms being drug sensitivey harbour an
elevated number of bacteria that survive high concentrations of antijéijcgurthermore,
the AePMls, and AePMI2 in the inner membrane die Mtb cell wall increases stability,
decreases fluidity and redwcdrug permeability due the tight packing of acyl chains from
Ac2PMls, and AePMI: [27]. Taken togetherhese data show the importanceviib cell wall
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lipids on the biology oMtb andillustrate how changes to the lipid structures or absence of

lipids may result in alteration dfitb infection patterns.

3.1.4. Mtb clinical isolates selected to study in this thesis
Three clinical strains witBNPpredicted to be under HN positive directional selection were

selected for study in this thesis. Two clinical strains naEE80°1939A605 gnd EU11 V758
containedSNPin pks2whilst a third, EX86S?, contained a SNP iRv2954c To reduceany
impact of background genetic difference which may exist between these three clinical strains
and control laboratory strains used for comparisons, three phylogenetically close strains to each

of the three clinical strains witBNPof interest were alsselecedfor analysis.

The phylogenetic tree of all strains analysed by Ketfal (2017)[28] shows the close
relationship beveen the strains predicted to have a SNP underHpositive directional
selection and their selected phylogenetically close clinical control strains (Figure 3.1). The tree
shows that the clinical pail&X86S12EU268R12as well astU111M5YEU40™1° were the

most closely related of the paisX30R193¥A605and MRC1671939A6053re also closely related

with MRC168719394805in 3 close out group of thEX30R1939A605 node. All strains except
MRC16°193%9A6%5yere isolated from HIV cinfected TB patientsEX86S1512 EU268R12
EX30R1939A8053ndMRC 16719394805, re lineage 4, whilu111M75°andEU40™ " are lineage

2.

EX30R1939A605¢contains a SNP in position 5817 pks2 which changes a proline in position

1939 to a glutamine (P1939Q) (Fig. 3.1; Table 3.2),BX86S T contains a SNP in position

36 of Rv2956which changes an arginine in position 12 to serine (R12S) (Fig. 3.1, Table 3.2).
The identified SNP under HNI sdective pressure irU11N*°was inpks2at position 5277

that results in a threonine to asparagine substitution in position 1759 (T1759N) (Fig. 3.1; Table
3.2). These strains were paired with strains that are phylogenetically close but did not have the
SNPof interest.

StrainEX86S12 was paired with a phylogenetically close strgid268R12 (Fig. 3.1, Table
3.1) without the SNP of interest in position R12S @tl1M"*° was paired with strain
EU407° lacking the SNP at position T1759NEX30°!939A6% \yas paired with a
phylogenetically close straillRC16°193%4805 which does not have the SNP predicted to be

under HI\A1 positive directional selection at position 1939. However, further analysis of
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EX30R1939A6053nd MR C 1671939/A4605sequences identified an additional reymonymous SNP

in pks2in position 1815 of which is shared by both strains, in comparison to H37Rv, and
changes a threonine in position 605 to an alanine (T605A). This SNP was included in the
project to determine whiger it augments the phenotype BX30°1939A805which has both
P1939Q and T605A, whilsVIRC167193946050n]ly has T605A, in comparison to their same

lineage (4) reference strain H37Rv.
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Figure 3.1. Phylogenetic analysis of strains used in this project.

Strains isolated from Khayelitsha, South Africeaderwentwhole genome sequencing. An evolutionary
predictive model MEDS was used to detestPunder HI\A1 positive glection[28]. This figure is adpted

from (Koch et al., 2017). Strairex3021994605gnd EU111V17° have norsynonymousSNPin pks2, whilst

and EX86S12has a SNP in gene R¥26c. The closely related straimgRC16™19394805 (paired with
EX30°1939/4609 and EU4075° (paired withEU111NM759) andEU268R12(paired withEX86S139 do not have

the SNP predicted to under HV/ positive directional selection. Branch nodedicate TB patient HIV

status: uninfected (N, blue) or infected (P, orange). Strains branches are coloured by lineage; red: lineage 4,
blue lineage?, pink: lineage 1, maroon: lineage 3.
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In this chapter the phenotype of these six clinical strains cwaspared to three well
characterised laboratory strains: two L4 ssaiB7RV1939T605andCDC155'T, and one L2
strain HN878"T (Table 3.). The following results describe the cording phenotype, lipid
production andn vitro cytokine profiles produced by MDM infected with these selected

clinical and laboratory strains dftb.

Table 3.1. The resulting amino acid change by the SNP identified to be undefL HIV
selective pressure in the clinical isolate and its phylogenetically close paired strain.

Strain SNP under HIV- Amino acid Paired Strain

1 selection change

Ex30Q1939/A605 Pks2 5817 Proline _ MRClGDlgSQ/AGOS
Glutamine

EU11IM7° Pks2:5277 Threonine - | EU40™7°
Asparagine

EX86S12 Rv2956:36 Arginine - | EU268R12
Serine

Laboratory control strains

H37RyP1939/T605 Lineage 4 matchecontrol strain

CDC155T Lineage 4 matched control strain

HN878VT Lineage 2 matched control strain
3.2. Results

3.2.1. Characterising cording phenotypes of clinical strains cultured in the absence of
Tween80

Firstly, | wanted to analyse whether the straliffered incording phenotype when grown in

liquid media without a detergent, as the impacBNP on lipid-induced phenotypes, such as

cording[13], are important to understand. To achieve this, | cultured the laboratory and clinical

strains in liquid 7H9 media withoutlding Tween 80 detergent and analysed samples using a

widefield microscope (ZOE Fluorescent Cell Imager, BioRad), as illustrated in Fig. 3.2.
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?g Corded Mtb

Figure 3.2. A schematic showing show the visualisation &ftb strains under the widefield
microscope.
Mtb cultures were grown in 7H9 broth for 10 days in the absence of Tween 8@ 13€re transferred to

a flat bottomed 96vell plate and then viewed using the ZO&l imager.

To start, | examined cording of laboratory stra#87RV1%3%T605 HN878MT andCDC155¥T
culturedfor 10 days without shaking thetergenfree media. bbserved that all formed clumps

to different degre® but a distinct cording phenotype was absent (Fig. 3.3).
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Figure 3.3. Gross phenotype oMtb laboratory strains grown in absence of Tween 80.

Mtb laboratorystrainsH37RV1939T605(A) cbc155#T (B) andHN878VT (C) were cultured in 5 mL 7H9
media with Tween 80 for 10 days. The 10th day culture was used-tukuie 1 mL into 50 mL of 7H9
media without Tween 80. One hundred microliters of culture were viewed using a Zoe fluorescent Cell

Imager.The images show clumping. Scale bar indicatestf0

Next, | wanted to assess whether the cording phenotype was present in any of the selected
clinical strains (Fig. 3.4). | observed that the degree of clumping obsenEXiser? (Fig.

3.4A), EU268!2 (Fig. 3.4B) andEU40™1 %9 (Fig. 3.4F) cultures was minimal and these strains

did notexhibit cording. By comparison, the other three clinical straid$30R193%A05(Fig.

3.4B), EU111M75° (Fig. 3.4C) andVIRC16°1939A¢05(Fig. 3.4E) displayed severe cording and
clumping during growth in the absence of Tween 80. The degree of the cording and clumping
phenotype varied between the strai13111M7%% one of the clinical strains of interest, was the
least corded amongst tlileree strains that showed cordirEX30°193%46%5 gnother clinical

strain of interest, formed long cords and spiral shaped serpentine structures. Its control strain,
MRC 16719394805 had the most severe cording phenotype observed of aittheultures The

cords observed in strains was accompanied by a dark clumpy maiRial 6 1939A605h 54
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the strongest phenotype, with cords that were long and thick in width compared to cording
from all other strains.

Figure 3.4. Cording phenotype ofMtb clinical strains used in this project.

Mtb clinical strains were cultured in 7H9 broth for 10 days in the absence of Tween 80. One hundred

microliters of culture were viewed using a Zoe fluores¢zit Imager. The images shown here represent
cording phenotype in A) EX86512 (B) EX3QRI99A605 () EU11MM7s9 (D) EU26&R2, (E)
MRC 16719394605 £) EU40™7° Lineage 4 strains are outlined in shades of red and lineage 2 strains

in shades of blue. Scale bar indicates o0

3.2.2. Lipid characteristics ®fitb laboratory and clinical strains analysed by thin layer
chromatography
To describe thdipid phenotypes in strains analysed, thin layer chromatography (WaS)

used tanaly®thelipids. To this end, | cultured the differdvitb clinical and laboratoryteins

in media without Tween 80 supplementation. Hakéd culture pellets were shipped to Dr
Apoorva Bhatt at Birmingham University. Dr Bhatt extracted polar and apolar lipids from the
different strains and performed TLC analysis on equivalent guemntfiextracted lipids from
each strain (Fig. 3.5).
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Mtb culture Centrifuge culture Heat kill Extract lipids and perform TLC

Figure 3.5. Schematic of preparingMtb clinical and laboratory strains for lipid analysis.

Mtb clinical strains were cultured in 5 mL of 7H9 media without detergent supplementation for 10 days. One
millilitre of the 5 mL culture was subultured in 50 mL of 7H9 media without detergent supplementation
for 10 days. The cultures were centrifuged, so@@nt removed, and bacterial pellets Helédd at 80

for 1 hour in a water bath. Hekitled Mtb pellets were sent to Dr Apoorva Bhatt for lipid extraction and
thin layer chromatography (TLC) analysis

Extracted lipids were first analysed for the presence o1 SIDM, and DAT in the cell wall

of the panel oMtb strains. AsexpectedSL-1 is present in the cell wall extract of all the
laboratory strains (Fig. 3.6&). This lipid was also detected in thgtract of clinical strain
MRC16°193%A69%Fig, 3.6 H) and there is a spot BU111M7%° (Fig. 3.6F) andEU40"">° (Fig.

3.61) which could be Sl1, but in these gels this lipid spot is observed to have migrated lower
in the TLC than where SIL is expead, in comparison to the gels from the other strains. Other
clinical strains includindeX30°1%3%A605Fig. 3.6E),EX86°'? (Fig. 3.6D), andEU2682 (Fig.
3.6G) are all missing SIL in their lipid extracts. InterestinglyEX30R1939A605 gng
MRC16°1939A8%5,re paired clinical isolates witBX30°193%A805containing a SNP ipks2and
MRC16°1939A6%5jthout (Table 3.2). The TLC data for these strainsvijsles tentative but
tantalising evidence that the SNP of interest in these strains may be responsible for the TLC
phenotype, WithEX30°193%A605missing Slk-1 whilst it is present ilMRC16719394605 QOther
lipids analysed here were DAT and TDM, with bahids present in the lipid extract for all
the strains analysed here (Fig. 3.6).
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Figure 3.6. TLC analysis of SL-1, TDM, GMM and DAT from the cell wall of clinical and laboratory

strains.

All the strains were cultured media without Tween 80. The strains were allowed to grow for 10 days. The
cultures were centrifuged, and the media discarded, and the pellet wkiléeat 80°C for 1 h. The pellet

was used to extract polar and apolaidiép which were analysed by TLC for laboratory straiA$ (
H37R\1939T60> (B) cpC155#T, (C) HN878YT, and clinical strainsY) EX86°12 (E) EX30°1939/A605 (F)
EU111N75° (G) EU26&%, (H) MRC1671939/4605 (1) EU40T175°, Middle row is clinical strain of interest and

below is paired control clinical strain.

Next, the presence of PDIM was analysed in the cell wall of the different strétb.d?DIM
was present in the cell wall extract of all the strains except the cell WislRGF16°1939/A605
(Fig. 3.7). PDIM spots on the TLC plate for the laboratory strains (Fig-G)/@&ndeu111N7>°
(Fig. 3.7F),EU40™"° (Fig. 3.7G) ancEU268*? (Fig. 3.7) were more pronounced than other
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strains. Although TLC is not a quantitative method, the quantity of samples loaded on the TLC
wasstandardised for all strainsoa brighter spotould be interpreted anindicaion thatthe

lipid quantitiesmay beelevated in the loaded samplBy comparison, the TLC spots for
EX86°!2 (Fig. 3.7D) andEX3(R1939/A605(Fig. 3.7E) were lesiitense suggeshg thatthese
samples had loar quantities of the lipidTogether with Fig. 3.6these results showhat
EX30R1939A605nas PDIM but is missing SL, whilst its close paired straMRC16°1939A605g
missingPDIM buthas Sk1. All the other paired strains appeared to produce similar cell wall
lipids, in the panel of lipids that weressured for these experiments.

. - EU40

Figure 3.7. Analysis of PDIM in the cell wall of clinical and laboratory strains of Mth.

All the strains were cultured media without Tween 80. The strains were allowed to grow for 10 days. The
cultures were centrifuged, and the media discarded, and the pellet whidléaat 80°C for 1 h. The pellet

was used to extract polar and apolaridip, which were analysed by TLC for laboratory straiA3 (
H37RV1939T605 (B) cDC1551T, (C) HN878"T, and clinical strainsO) EX86°12 (E) EX3001939/A603 (F)
EUL11IM759 (G) EU2682 (H) MRC16719%94605 (1) EU40™%. Middle row is clinical strain of interest and

below is paired control clinical strain.
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Free FA and free MA from the lipid extraatf the clinical and laboratory strains were also
analysed. All the strains here produced free FA and free MA in théiwvakl(Fig. 3.8). The
TLC spots were brighter in the laboratory strains (Fig. 33Asuggesting thahe lipids are
present in higher levels in these straassccompared to clinical strains. The intensity of the
spots varied between the clinical straimgh EX86°'2 (Fig. 3.8D), EU111NY° (Fig. 3.8F),
EU26812(Fig. 3.8G) andEU40™"° (Fig. 3.81) showing similar spot intenigis The intensity
of the free FA and free MA was lower in the TLC BX30R1939A%05 (Fig. 3.8E) and
MRC16°1939A6%5(Fig, 3.8H) andthe MRC16°193%46%ipjd extractappears to lackree MA

EU40

Figure 3.8. TLC analysis of free fatty acids and mycolic acids from clinical and laboratory strains

altogether, with a faint spot of free FA.




The strains were cultured media without Tween 80 for 10 days. The cultures were centrifuged, and the media
discaded, and the pellet was hdalted at 80°C for 1 h. The pellet was used to extract polar and apolar
lipids, which were analysed by TLC for laboratory strafpH37RV1939T605 (B) cDC155'7, (C) HN78VT,

and clinical strainsf) EX86°' (E) Ex30°1939/2605 (F) EU111NV759 (G) EU26&Y2, (H) MRC16°1939/A605 (|)

EU40™7%, Middle row is clinical strain of interest and below is paired control clinical strain.

Finally, the production AePMIs, ACoPMI2 and phospholipid was assessed. These lipids were
all clearly present in the lipid extracts from all the laboratory strains (Fig-G)%nd all the
clinical strains EX865'? (Fig. 3.8D), EX30°193%A805 (Fig. 3.8E), EU111M7° (Fig. 3.8F),
EU2682(Fig. 3.8G) andEU40™">°(Fig. 3.8l), excluding the extract MfRC16°193%A603Fig,

3.8H). MRC16°1939A6%|inids ran distinctly different on the gel from other strain extracts,
resulting in the lipids not migrating as far and thus complicating théifidation of each lipid

for this strain. There appears to be strong P lipid profile staining at the top of the gel, whilst
AC>PMls, and AGPMI2 spots are harder to distinguish, and fainter compared to extracts from
the other strainsTogether Fig. 3.8.9 show that almost all lipids were lowNMRC 16 193%/A60

yet this strain displayed one of the most pronounced cording phenotypes (Fig. 3.4). One
potentialexplanationis that lipids were less efficiently extracted from this strain tdutne

strong cording structure.
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Figure 3.9. TLC analysis of AC2PMI6, AC2PMI2 and phospholipid a of clinical and laboratory

strains.

All the strains were cultured media without Tween 80. The strains were allowed to grow for 10 days. The
cultures were centrifuged, and the media discarded, and the pellet whkléaat 80°C for 1 h. The pellet

was usedto extract polar angpolar lipids, which were analysed by TLC for laboratory strafs (
H37R\1939T605 (B) cpC155#T, (C) HN878YT, and clinical strainsY) EX86°12 (E) EX30°1939/A605 (F)
EU111N75° (G) EU26&'2 (H) MRC16°1939/4605 (1) EU4027°, Middle row is clinical strain of interest and

below is paired control clinical strain.

3.2.3. Analysis of cytokine secretion by MDM infected with the different straikisof
A total of nine strains dfitb wereselected for tis project, including three clinical pairs and

three laboratory strains (chapter 2; Table 3.2). The cording and cell wall lipid phenotype were
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analysed between all the strains. These data showed®EX865? and EU268*? showed
similarities in both growth itiquid media (Fig. 3.4) and cell wall lipids (Fig. 3.6-ig. 3.9).

Given that these strains are phylogenetically close pairs (Fig. 3.1), | reasoned that their similar
cording phenotype and cell wall lipids are unlikely to result in differential cytakuhection

upon MDM infection and therefore unlikely to differentially affect HlVreplication and
production. To this end, these two strains were not taken forward for infection of MDM in

further experiments.

To further characterise the phenotype of timainingMtb strains being studied, | analysed
cytokine production from MDM when infected with thrisktb laboratory stains and the two
Mtb clinical strain pairs of interest following TLC results. To do this, | infected M1 and M2
MDM from six different dmors with the panel d¥itb strains and harvested the SN for cytokine
analysisby Luminex, after 24 and 98oursof infection. MDM were polarised to both M1 and
M2 becauseM1 MDM are associated with a pioflammatory phenotype, and M2 MDM that
are linkedo resolution of inflammation and participating in tissue remode]8ag Theefore,

using both M1 and M2 MDM might provide a broader spectrunMtdf induced cytokine
secretion dataFollowing data cleaning, sample clustering according to raw cytokine
concentrations were visualised using principal component analysis (PCA) in Qhoars
software. A PCA is a multivariate analysis tool that reduces a large multivariate data set to a
limited number of principal components which explain the majority of the variance in the
datasef32].

Day-14 Day -7 Day 0 Day 1 Day 4 Luminex
-100 pL SN
-100 pL fresh media
Figure 3.10. Experimental flow of MDM infection with Mtb and analysis of cytokines from the SN.
Monocytes were polarised over 7 days into either M1 MDM with-G&F or M2 MDM with MCSF.
Polarised MDM were incubated for seven days, with the media refreshed every three days, to replicate the
periodduring which HI\A1 infection will be performed in subguent canfection experiments. The media
was discarded and refreshed with media contaiMtiy at an MOI of 1. The infection was allowed to

continue for four hours (h) and then media was replaced to remove all c#ditireEheMtb infected MDM
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were incubated, and supernatant (SN) was harvested at 24 h and 98Mtbjofstction, with SN cytokines

guantified by Luminex assay.

To analyse cytokine secretion induced by infection with the different strains in MDM, first |
looked at possible sources of variation other than infection with different stramtbddy

using a PCA plot to analyse sampliestering. Here, | used the PCA to determine the clustering
patterns of the MDM phenotypes, to determine how much the MDM phenotype (M1 and M2)
contribute to the data variation. As indicated in FI@A3. M1 and M2 MDM did not have a
differential clusterig pattern in the PCA. In fact, the clustering pattern of M1 and M2 overlap.
Related variables cluster together in PCA plot and distinct clusters represent unrelated
variablesAs such thesedatasuggesthat differences in MDM phenotygentributeminimally

to the cytokine variation observed in the data. | also stratified the analysis according to the
donors, to assess whether donor differences also contributed to the variation observed in the
data. According to the PCA, data donor variability was not nagatributor to the variation

in cytokine secretion data (Fig.9B), although there was a small separation evident between
donors along principal component 2 (PQ2¢xt, | applied PCA to determine whether different
strains ofMtb used during infectionantribute to differences in cytokine secretion by MDM.

As indicatedby Fig. 39C, most of the contribution to variation in cytokine secretion along
PC1 results from different strains, representing 66% of variation in the data. Uninfected cells
are most segrated fromMRC1671939460nfected cells, with MDM infected from the other

strains mostly clustering between these two.
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Figure 3.11. Principal component analysis showing multiple variables contributing to variation in

cytokine production by MDM infected with a panel ofMtb strains.

(A) MDM phenotype had minimal effect on PCS clustering, (B) whilst donor differences were evident.
Monocytes from 6 donors were polarised to M1 and M2 MDM. MDM were infected with diffttmnt

strains and incubated for 96 h. The supernatant was harvested and used for quantifying 25 cytokines by
Luminex assay. Luminex data was analysed by Qlucore ogaick,dot represents coordinates of each donor

in the PCA space for n=6 donors.

3.2.4. Host response to infection wititb laboratory strains is diverse

Comparing individual cytokine differences between strains, first, | compared cytokine
secretion induced by ¢hlaboratory strains at 96ours and 24 hoypostinfection. Cytokines

that had a significant fold change differences in at least one comparison are listed in the tables
below. Where there was no significant fold change difference the valuéiisdreated, and

the pvalue is marked with ns. Raw data, including interquartile ranges are in supplementary

tables at the end of this section.

At each time point 2dours and 94ours the magnitude afytokinesecretion was comparable
for all strains That is b say that between HN8¥8 CDC155¥T and H37RV1939T605 5|

produced comparable cytokines when compared to each other, however, there were certain
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cytokines that were increased by each strain relative to uninfected MDRhe laboratory
strains increased secretion@i-CSF, CXCL8 and CCL4 compared to uninfected MDM 24
hours (Table 3., 2Supplementary Tabl& 1), while CXCL8, CCL4 CCL2, IL-12and L-6 were
increased at the 96our timepoint (Table 3.2Supplementary Table 3.3The L2HN878"T

strain on average increased the secretion of more cytokines compare@BC1451V" and
H37RV1939Te05in relation to uninfected controls at -Mdurs posinfection. In fact, only
infection withHN878"T resulted in increased secretion of CCL3 {86l change; p = 0.0046)
compared to uninfected MDM. There was a further increase in the secretion of cytokines in
MDM infected with H37RV’1939T6%%t 96-post infection, withH37RV1%3¥T6%having higher

average increased in cytokine secretion.

MDM infected with H37RV’1939T6%5 gecreted twice as much-B 96 hours posinfection
compared to CDC1531 infected MDM at the same time point. Furthermonégétion with
H37RV1939T605 g0 ggnificantly increased the secretion 6CL3 (5.73fold; p=0.0051),

where these cytokines were not significantly increased by either CD&166HN878"T 96

hours posinfection. It is surprising that early on during &tdtion H37RV1939T605did not
significantly increase the production of cytokines such a6, ILNF and CCL3 compared
uninfected controlThis data points tdtb strains possibly deploying diverse mechanisms
during infection which lead to a variation in host responses and the time taken for the host to

responds to infection.

Table 3.2. Comparison otytokines secreted 2ours and 9%ours posinfection of MDM
with the laboratongtrains.

Cytokines harvested 24 hours post infection

H37R\P1939/T605 CDC155#7 HN878VT
A v v
Uninfected Uninfected Uninfected
Analyte Fold change p-value Foldchange  p-value Fold change p-value
CCL4 9.93 0.0245 12.57 0.0100 15.88 0.0021
GM-CSF 1.99 0.0301 2.14 0.0301 2.31 0.0201
CXCL8 1.79 0.0207 23.23 0.0068 23.77 0.0034
IL-6 - ns 21.25 0.0032 31.35 0.0011
IL-4 - ns 3.46 0.0050 4.03 0.0021
TNF - ns 2.47 0.0153 3.39 0.0097
CCL3 - ns - ns 5.56 0.0046
Cytokines harvested 96 hours post infection
IL -6 26.05 <0.0001 13.67 0.0001 23.41 <0.0001
CXCL8 15.08 <0.0001 10.14 0.0005 10.79 0.0003
CCL4 10.43 <0.0001 2.48 0.0164 3.19 0.0014
IL-12 8.92 0.0004 7.24 0.0012 9.64 0.0002
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CCL3 5.72 0.0051 = ns = ns

IL-1b 4.94 0.0004 - ns 4.37 0.0065
CCL2 2.38 0.0092 2.33 0.0274 2.68 0.0203
IL-2R 2.77 0.0009

CXCL9 1.76 0.0076 = ns = ns

KruskalisWallis multiple comparison test with false discovery rate (F[pR)alueshown for comparisons with
FDR of <0.1. Fold change of naignificant (ns) values is not show). (

3.2.5. MRC181939A605creases the secretion of cytokines compareEX@0R1939/A605

Initial cording analysis (Fig. 3.4) and TLC lipid characterisation (Fig- Bi§. 3.9), indicated
that there may be interesting phenotypic differences between the two phylogenetically close
strainsEX30R1939/A6053nd MR C 16719394605 which differ only by asinglepks2mutation (Table
2.4), and share a secopéts2mutationascompared tdH37RV’1939T605Table2.4). Therefore,

| applied a more wdepth analysis of differences in MDM cytokine production when infected
with these twestrainsand a lineage matched laboratory stid87RV1%3%T605 comparing each

to their uninfected controls and then comparing fold difference in secretion between the strains
directly. Infection withMRC1671939A60%egyledin increased secretion of okines compared

to thedonormatched uninfected control at both-Bdurs and 9éours posinfection (Table

3.3 Supplementary Table 3.2; Supplementary Tabld. Fdrthermore, MRC161939/A605
infection increased greater secretion of cytokinesh@4rs and96-hours posinfection
compared to both the clinical matched stia¥B80R193%46%5and the laboratory matched strain
H37RV1939Te0%eative to uninfected control (Table 3.8Yhen comparing the level of induced
cytokines between the paired clinical straM&C16°1939A%nfection significantly increased
14 of the 25 cytokines measured att®urs compared tEX30°193%9A605(Taple 3.3). When
compared toH37RV1939T605 MRC1671939/A605 gignificantly increasedall the cytokines
measured except for CCLZat 24-hours posinfection (Table 3.3). Specifically,
MRC16°1939A6059nd H37R{1939Te05gjgnificantly increased the secretion of HiWinfection
antagonisticytokine CCL4 by 20-fold (p = 0.0005) and 9.8fld (p = 0.0025), respectively
(Table 3.3).MRC16°1939/A805;|50 increased the secretion of CCL3 another-HINfection
antagonist by 10@old (p = 0.0005) (Table 3.3EX30°1939A6%5qid not result in angignificant
increase of cytokines compared to uninfected control dta2ds post infection (Table 3.3
Supplementary Table 3.2; Supplementary Tablg 3l secretion of CCL3 and CCL4 varied
between 24ours and 9%ourspostinfection. These cytokines ere2x and 3x less compared
to 24-hours posinfectionin MRC16°193%A609nfection, respectively (Table 3.3yhile CCL3

was not different with respect to uninfected control ath@drs in EX3001939/A605 gnd
H37RV1939/T605 infection, EX30R1939/A605 jncreased CCL3 by 3.7®Id (p = 0.0143) and
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H37RV1939T605py 572 (p = 0.0051at 96hours. EX30R1939A605 gnd H37R\ 1939805 giso
increased CCL4 by-4and 16fold respectively (Table 3.3l here was ndlifferencein the
induction of cytokines betwedBX30?1939A6053nd H37RV’1939T6053¢ hoth time points (Table
3.3). Both EX30R1939/A46055nd MRC 1671939/A8053|s0 significantly increased cytokines such as
TNF, IL-6, IL-12, IL-1 b C CL 24,whiehrart alllagsociated with regulation of HIV
replication compared to uninfected MDMat 96hours posinfection (Table 3.3;
Supplementaryrable 3.4. Of these cytokines, onli-12 wassignificantly increased by the
lineage matched laboratory str&87RV1939T8% compared to uninfected contrdhere were

no cytokines that were comparably secreted by MDM infected with eEK86R193%/A605qy
MRC16°193%9A6%5 5t the 96hour time point (Table 3.3)The differences in cytokine and
chemokine secretion in MDM infected with the two strains as well as the differences in
cytokines between uninfected MDM could potentially influence howintection with the

strains influences HIM replication.
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Table 3.3. Comparison of cytokinesecreted by X30R1939A60553nd MR C16°1939/A805nfacted MDM24-hours and 9$ours posinfection

Cytokines harvested 24hours post infection

E X 3(R1939/A605 E X 3(R1939/A605 MRC16°1939/A605 E X 3(R1939/A605 MRC16°1939/A605
Y MRCl631939/A605 v v Vv Vv
H37R\1939/T605 H37R\/1939/T605 Uninfected Uninfected
Analyte Fold p-value Fold p-value Fold p-value Fold change Fold Fold change p-value
change change change change
CXCL9 -29.02 0.0141 - ns 44.67 0.0161 - ns 57.63 0.0061
CXCL10 -23.32 0.0304 - ns 6.08 0.0251 - ns 74.40 0.0024
IFN-2 -13.47 0.0433 - ns 22.23 0.0023 - ns 38.08 0.0015
IL-10 -5.31 0.0304 - ns 8.48 0.0022 - ns 12.76 0.0024
CCL5 -6.46 0.0061 - ns 15.47 0.0029 - ns 5.72 0.0141
IL-15 -4.60 0.0304 - ns 5.33 0.0080 - ns 6.84 0.0024
IL-5 -4.26 0.0057 - ns 3.18 0.0325 - ns 4.72 0.0017
IL-2 -3.99 0.0433 - ns 6.25 0.0063 - ns 9.14 0.0015
CCL11 -3.72 0.0061 - ns 7.58 0.0029 - ns 3.46 0.0141
IL-1RA -3.29 0.0433 - ns 3.43 0.0100 - ns 412 0.0015
I FNU -3.02 0.0433 - ns 3.86 0.0353 - ns 7.76 0.0015
IL-7 -2.90 0.0433 - ns 3.82 0.0150 - ns 5.15 0.0015
IL-17 -2.83 0.0433 - ns 3.34 0.0162 - ns 4.05 0.0015
IL-13 -1.63 0.0433 - ns 2.44 0.0268 - ns 2.72 0.0015
IL-12 - ns - ns 229.39 0.0013 - ns 368.51 0.0005
TNF - ns - ns 65.49 0.0005 - ns 124.37 0.0005
CCL3 - ns - ns 18.49 0.0034 - ns 100.51 0.0005
IL-6 - ns - ns 166.67 0.0006 - ns 1176.30 0.0005
IL-1 B - ns - ns 4.54 0.0181 - ns 15.49 0.0005
CCL4 - ns - ns 9.55 0.0084 - ns 120.09 0.0005
IL-2R - ns - ns 8.85 0.0049 - ns 15.70 0.0005
GM-CSF - ns - ns 22.15 0.0020 - ns 43.32 0.0005
CCL2 - ns - ns - ns 3.35 0.0080 6.35 0.0094
IL-4 - ns - ns 7.54 0.0005 - ns 17.92 0.0005
CXCL8 - ns - ns 2.54 0.0083 - ns 41.42 0.0009
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Cytokines harvested96-hours post infection

E X 3(R1939/A605 E X 3(R1939/A605 MRC16°1939/A605 E X 3(R1939/A605 MRC16°1939/A605
% % % v %
MRCl631939/A605 H37R\)31939/T605 H37R\)31939/T605 Uninfected Uninfected
Analyte Fold p-value Fold p-value Fold p-value Fold change Fold Fold change p-value
change change change change
IL -6 -73.47 0.0143 - ns 58.19 0.0001 20.63 0.0143 1516.18 <0.0001
CXCL9 -27.77 0.0031 - ns 28.84 <0.0001 1.86 0.1530 50.94 <0.0001
GM-CSF -37.17 0.0059 - ns 29.13 0.0024 - ns 65.95 <0.0001
IL-12 -25.76 0.0143 - ns 24.84 0.0003 8.89 0.0032 221.59 <0.0001
TNF -24.65 0.0107 - ns 50.51 0.0007 3.01 0.0247 74.39 <0.0001
CCL3 -14 0.0143 - ns 9.19 0.0012 3.76 0.0143 52.65 <0.0001
IL-10 -7.29 0.0005 - ns 9.1 0.0025 - ns 8.69 0.0001
IFN-2 -7.16 0.0059 - ns 5.54 0.0026 - ns 10.13 <0.0001
CcCL4 -6.57 0.0143 - ns 4.07 0.0061 6.66 0.0143 43.71 <0.0001
IL-2R -6.23 0.0043 - ns 5.32 0.0006 - ns 14.75 <0.0001
CXCL10 -5.26 0.0107 - ns 21.22 0.0001 3.18 0.0247 20.78 <0.0001
IL-1b -4.97 0.0438 - ns 6.31 0.0299 6.25 0.0408 31.03 <0.0001
IL-15 -4.21 0.0059 - ns 4.32 0.0059 - ns 7.28 <0.0001
CCL5 -4.33 0.0043 - ns 7.6 0.0108 - ns 451 0.0011
IL-5 -4.09 0.0005 - ns 3.77 0.0393 - ns 4.18 0.0001
IL-4 -3.48 0.0143 - ns 5.63 0.0031 3.79 0.0143 13.20 <0.0001
IL-2 -3.32 0.0107 - ns 4.78 0.0144 2.20 0.0247 7.33 <0.0001
IL-7 -3 0.0059 - ns 2.8 0.0136 - ns 5.07 0.0002
IL-17 -2.95 0.0022 - ns 2.96 0.0296 - ns 4.04 0.0022
CCL2 -2.77 0.0412 - ns 3.89 0.0017 3.35 0.0080 9.28 <0.0001
I FNU -2.56 0.0143 - ns 3.54 0.0108 2.53 0.0143 6.47 0.0185
CCL11 -2.30 0.0031 - ns 3.41 0.0006 - ns 2.49 0.0002
CXCL8 -2.19 0.0143 - ns 2.08 0.022 14.29 0.0143 31.36 <0.0001
IL-1RA -2.27 0.0143 - ns - ns - ns 4.14 <0.0001
IL-13 -1.76 0.0059 - ns - ns - ns 3.40 <0.0001

Fr i e d madtiplécomparison test with false discovery rate (FORRyalue shown for comparisons with FDR of <0.1. Fold change ofsignificant (ns) values is not

shown §).
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3.2.6. EU11M7°and EU40™ "> comparably induce the secretion of most cytokines
measured in NDM
| went futher tocompae cytokine secretion between the line@jaboratory straitHNg78"T
and theclinical isolate paireu111M7°which has the pks2 5277 mutation and the clinical pair
EU40™7 Eu111175° andHN878VT significantly increased more cytokines at-Bdurs post
infection relative to uninfected control compared=td40™7° (Table 3.4). In fact, It6 was
the only cytokine that wasignificantly increased bigU40""**compared to uninfected control
(Table 3.4) At the 96hour time-point, it was EU111M75° and EU40™ "> that resulted in more
cytokines secreted thatN878VT (Table 3.4).There were no differences in the induction of
cytokinesbetween thelinical matched strains 2dours posinfection (Table 3.4), however,
HN878"T, significantly increased the secretion of-12, CCL4 and 12 compared to
EU40™79 at this time point(Table 3.4).1 observed that at 24ours posinfection only the
clinical strain significantly increased the secretioflofl elative to uninfected contrérable
3.371 Table 3.4) There is an interesting variation in the secretion of CCL3 at both time points
following infection with all the strains. In thease ofEU111M7° the secretion of CCL3
increased from 6:%old (p = 0.0005) compared to uninfected contrd 3c68fold (p =0.0002)
compared to uninfected control (Table 3.4). While infection wW&b40™">° did not
significantly increase the secretion of CCL3 athurs posinfection, there was a-fold
increase in CCL3 at 9Bours posinfection with EU40™7°° (Table 3.4). Te laboratory
matched strairHN878"T resulted in 2dold (p = 0.0034) increase in CCL3 -Pburs post
infection, while itdid not significantly affect the secretion of CCL3 at theh@fur time point
(Table 3.4).The other HI\V1 antagonist CCL4 wasgnificantly increased bypothEU111N175°
(17-fold; p = 0.0005) andHN878"T (16-fold; p = 0.0021)at 24hours posinfection, while
EU40™7° did not affect the secretion of CCL4 at-Bdur time point. All three strains did

increase the secretion of CCL4 at thel@@r time point.

The secretion of 6 by EU111M75° wasincreased by 26:#ld (p = 0.0014 24-hours post
infection, while it was increased by 17#@d (p = <0.0001) 96hours posinfection in MDM
(Table 3.4). MDM infected witlEU40"™">for 24-hours increased H6 secretion by 10.1bld
(p=0.009, while MDM infected for 9eéhours increased H6 secretion by 4-old (p=0.0259
compared to matched uninfedteontrols (Table 3.4WWhile the secretion relative to uninfected
control is reduced between-Bburs and 9éhours for the clinical strains, f(iN878"T the
secretion went from 1fold (p = 0.0002) to 23old (p = <0.0001), between the -Mbur and
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96-hour time point respectively (Table 3.4The clinical pairEU40™*® increased more
cytokines 96éhours posinfectioncompared t&U111M75° andHN878VT relative to uninfected
control (Table 3.4). The strain even significantly increased.RIA compared to both
EU111M7% and HN878VT (Table 3.4),furthermore,IL2R was significantly increased by
EU40™ 7% compared to control, whilié was not affectedhy EU111N75° and HN878VT (Table
3.4). The similarity in cytokine secretion phenotgpeetweenEU111N7% and EU40M7°
suggest that efection with these strains is unlikely to result in differential regulation of
HIV -1 replication.
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Table 3.4. Comparison of cytokines secret@dVIDM 24-hours and 96hours peisifection withby EU11IN175° gr Eu4gr175e

Cytokines harvested 24hours post infection

EU111N1759 EU111N1759 Eu4oTl759 EU11N1759 Eu40T1759
Y, Y, v Y, Vi
EU40™1759 HN878"T HN878/NT Uninfected Uninfected
Analyte Fold p-value Fold p-value Fold p-value Fold change Fold Fold change p-value
change change change change
IL -6 - ns - ns - ns 26.66 0.0039 10.17 0.0209
IL-12 - ns - ns -4.31 0.0433 16.49 0.0094 - ns
CCL3 - ns - ns - ns 6.54 0.0005 - ns
| FNU - ns - ns - ns 2.49 0.0209 - ns
CCL4 - ns - ns -2.31 0.0209 17.21 0.0005 - ns
IL-1b - ns - ns - ns 4.68 0.0005 - ns
CCL2 - ns - ns - ns 2.62 0.0061 - ns
IL-2 - ns - ns -1.74 0.0209 8.11 0.0094 - ns
IL -4 - ns - ns - ns 2.42 0.0024 - ns
CXCLS8 - ns - ns - ns 4.21 0.0061 - ns
Cytokines harvested96-hours post infection
EU111N1759 EU111N1759 EU40T1759 EU111N1759 EU40T1759
Y Y, v \Y; \Vj
EU40'1759 HN878MT HN878VT Uninfected Uninfected
Analyte Fold p-value Fold p-value Fold p-value Fold change p-value Fold change p-value
change change change

IL -6 - ns -1.71 0.0412 - ns 13.68 0.0002 7.81 0.0002
CCL3 - ns - ns - ns 1.55 0.0043 1.82 0.0004
| FNU - ns - ns - ns 10.07 0.0002 9.00 0.0002
CCL4 - ns - ns - ns 2.92 0.0011 3.50 <0.0001
CCL2 - ns - ns - ns 2.92 0.0011 3.50 <0.0001
IL -2 - ns - ns - ns 1.79 0.0321 1.46 0.0043
CXCLS8 - ns - ns - ns 10.07 0.0002 9.00 0.0002
IL-16 - ns - ns - ns 5.92 0.0004 3.83 0.0002

93



GM-CSF - ns -1.28 0.0412 - ns - ns - ns
IL-1RA -1.08 ns - ns 1.18 0.0080 - ns 151 0.0247
TNF - ns - ns - ns 2.32 0.0412 1.68 0.0107
IL -4 - ns - ns - ns 3.24 0.0008 2.30 0.0008
IL2R - ns - ns - ns - ns 1.55 0.0107
IL-13 - ns - ns - ns 1.60 0.0247 1.38 0.0080
IL-12 - ns - ns - ns 6.64 0.0022 4.45
IL-7 - ns - ns - ns - ns 1.32 0.0247
CXCL10 1.32 0.0412 - ns - ns - ns 2.17 0.0005

Friedmands multiple compar i s o nvaluestmwn fovtcompgarisdbna with EDRdfi <8.t. drula ahgnge rofaigmiéicant (RsP\Rilues is pot

shown(-).
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3.3. Discussion
The data presentdwreindemonstrat¢hatMtb strains can have differegrowth patterns and

in thar cell wall lipid profiles despite having a pfogeretically close relationship. Infection
with different strains oMtb results in differential secretion of cytokines by MDWhich can

be linked tothe presence of specifeell wall lipids. The clinical pairs with most diverse cell
wall lipids also showed the @at variation in cytokine induction, while clinical pgawith
similar cell wall lipids showed overlapping cytokine induction capacity. This suggests that
genetic diersity which may result in phenotype diversityMtb cell wall lipids might lead to
strain specific patterns of growth vivo andin vitro and strain specific modulation of host
cytokine response. Kocét al., (2017)[28], showed that some strains in HIVcoinfected
patients havé&SNP predicted to be under HIY positive selection. lis interesting that these
SNPoccur in genes asciated with lipid metabolism, which raises to chance that these strains
may inducea differential immune response ia co-infected hostwhich may benefit the
outcome of HIY1 coinfection. In this chapter, | characterised lipid production by the diftere
strains withSNPin lipid metabolising genes, the cording phenotype of these strains in liquid

media and looked and the cytokine induction capacities between the strains.

To reduce a potentially missed variabilityNttb phenotypic response, phylogéically close
strains were paired in these experiments (Fig. 3.1.), as identified byeKatc28]. Following

initial bacterial phenotyping the clinical straiBX86°*?andEU268'?>were not taken forward

for infection of MDM in these experiments as they hadnalar cording phenotype when
grown in liquid culture and they had similar cell wall lipid phenotypes on TLC. For these
reasons, | postulated that these strains are unlikely to result in differential induction of cytokine
secretion upon MDM infection. | s reasoned that since they have the same cell wall lipid

phenotype, the strains are unlikely to differentially regulate-HIN vitro.

The strains that were taken forward for infection of MDM were the three laboratory strains and
the clinical straingEX300193%A4605gnd matching clinical paivRC16°1939A60535 well clinical

stain EU1117%° and the matching clinical paEU40™'"%°. The laboratory strains are well
characterisedtrains which can be used as contrélsr example, clinal strair®J111¥7>°and
EU40™%are L2 strains and sok#N878"T strains, whileEX30R1939A8053nd MR C1671939/A605

are L4 strains and so af87RV1939T053ndCDC1551.
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There are limited differences itytokines induction between tkénical pair of EU111M7>°and
EU40™*®when infecting MDMin vitro. Therewere more cytokines (H12, CCL4 and IE2)
significantly different between MDM infected witHN878"T compared tdEU40™">° than

MDM infectedwith EU111M75° comparedo EU40™7 at 24hours posinfection (Table 3.4).

No cytokineswere different between MDM infected with the both strains ath®dirs post
infection and only twowere different at 96hours posinfection This data sggests that
EU111N7% and EU40™7 likely have a cytokine induction phenotype that is related to each
other,thenit is to the laboratory matched lineage strain. Analysis of the cording phenotype
showed thaEU40™"*°js closer toHN878"T in cording(Fig. 3.3 3.4). However,sincethe

strains were subject to rigorous disruption using silica beads and medium spe@aoedion
designed to remove clumps and corded cells, to obtain single cell suspensions before using
them for MDM infection. Thus, thisording phenotype may not play a significant role in the
observed cytokine induction phenotype. Nonetheless, the dadkfference in cytokine
induction between the strairsnot surprising, particularly given ththese clinical strains are
phylogenetically close (Fig. 3.19ndthe cell wall lipids analysed here were all similar between
EU11M75° and EU40™7° (Fig. 3.61 3.9). It is worth noting that TLC here was employed to
detect the presence or absence of the lipids analysed. However, lipid mass spectrometry is a
more robust technique which would have allowed the detection and quantification &arini

al., 2019), of the different lipid species between the different strains.

The biggest difference in cytokine secretion induction was observed beEMSER193%/A605
and MRC167193%A605 gnd H37RV1939/T605 (Tgple 3.3). These strains had taosg cording
phenaype in liquid media, but the degree of the cording was more intehdR @1 6°193%/A605
compared t&EX30R1939/460% \while the cording was minimal fét37RV1939T8%5(Fig. 3.31 3.4
B&E). While these strains were also, subject to the same single cell prep as above, the intensity
of the cording phenotype oRIRC167193%4605may have resulted in residual cording that
amplified the cytokine secretion phenotype (Table 3Be TLC data also shwed that there
wereseverallipids that were different between the strains va#k300193%A6%mjissing Sk-1,
while MRC161939/4605is missing PDIM, and may have a modified &Mls, and AGPMI.
phenotype. Previous studies have shown that PDIM deficiemnhstare attenuated from
growth in mice[22] and highly susceptible to early killingg3], while PDIM* strains are
protected from the activity of reactive nitrogen spe¢8y. Other studies on PDIM have
shown that this lipid and glycosylated forms of PDIM i.e., PGL areiafidimmatory in natce

[35]. Reedet al.,(2004)[7], showed that PGL was critical in HN878 dampening the cytokine
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secretion in BMM. BMM infected wittH37RV’1939T6%wjithout surface PGL significantly
increased the secretion of cytokines by BMDM compared to H\iB#&t has surface PGL.
Furtthermore, the authors validated the phenotype by knocking out a gene in YAN878
responsible for PGL metabolism and introducing the ger8#RV193¥T8%9 7], This resulted

in the mutants of HN878 without PGL increasing cytokine secretidthenmutants of H37Rv
with surface PGL dampening the cytokine response (Réed., (2004). PDIM may have
resulted in reduced induction of cytokines WgX30°193%A605 Ky comparison to
MRC167193948%% | could not find reports about the role of -$Lin cytokine production
modification in the literature, however, the glycolipid is implicated in other aspects of TB
pathogenesis including cough inductidrY] and increasd survival in THPL cells[36]. In
their experiments Sachdegtal.,(2018)[18] showed that Sl1 was responsible for lysosome
biogenesis, and they postulate that lysosome rewiriritbyipids could help with adjustment

of survivaland trafficking within infected macrophagés].

For the laboratory strains, over#lB7RV193%T605increased the secretion of CCL4 CXCLS,
CXCL9, and I-6 compred to controls more thaAN878"T and CDC15WT. | did not
obsere increasd cytokines secretion big37RV1%3¥T05compared taHN878YT, however,
there is a precedent fB137RV193¥T8%ncreasingeytokines compared tdN878VT. This was
reported in experiments bjB7] as well as in MBDMby [7] and PBMC[38]. These
observationgrom literature affirm my observations tHat clinical straing=X30R1939/A46053n(
MRC16°1939A605ragylts in more elevated cytokines compared2@U111475° and EU40"75°

clinical strains.

Cytokine signalling in macrophages is critical for response against infé88hnCytokines
signal through a variety afanscriptional factor (TH)athways in macrophagp¥] and some
of these pathways are iolved in promoting TF that are bind to the HIMLTR and promote
HIV-1 replication (Fig. 1.2)Some studiehave showra direct link between an increased
cytokine milieu and increased Hi¥ replicationlL-6, TNF and CCL2 in HIV1 production in
PBMC. [38, 41] In my data | have observed that@Lis broadly significantly increased by
infection with allMtb strains reltéive to uninfected MDM (Table 3.2 Table 3.4). Itis also
worth noting thaMRC16°193%A6%gjgnificantly increased H6, TNF and CCL2 secretion more
thatEX3001939A805infection (Table 3.3), this raises the chance KRC16193%/A605j|| result

in high HIV-1 production.The laboratory straitd37RV193¥T€053|s0 significantly increased
TNF and CCL2 relative compared #N878"T andCDC155T, possibly signalling that o

97



infection with this strain might increase HVproductionMtb infection which increased the
production of HIV1 LTR binding TF was shown to increase HI\productionin vitro [38]
[42] and in BaL fluid from HIV1/Mtb co-infected patient$41]. Therebre, the differential
cytokine secretion observed between MDitected with different strainflable 321 Table
3.3 raises the possibility of increased HiVreplication and production in the presence of
these strains. Moreover, thecreased cytokine seetion observed in MDM infected with
MRC161939A605yer MDM infected witfEX30?1939/A4605hcreaseshe chance that eimfection
with MRC167193%9A605yi|| increase HIV1 production more thalBX30?193%A¢0% The following
chapter will analyse cytokine secretion in MDM-iodected with HI\A1 and the different
strains onMtb as well as investigate the effect of increased cytokine production ol HIV

production and replication.

3.4. Conclusion
Three pairs of phylogenetically close straingvith with SNPidentified to be under selective

pressure in lipid metabolising genes were investigated to idevitiystrains of interest with
potential impact on HIVL replication in human macrophages. Intiieed one pair of lineage

4 strains EX30R1939A6053nd MRC 16719394699 wiith extensive lipid profile differences to each
other which both induce a large number of cytokines implicated in regulating iF)lication
during MDM infection. A second pairf lineage 2trains EU111M75° andEU40™ 7% showed
more subtle difference in lipid profile by TLC, one with a strong cording phenotype which also
resulted in increased 16 production compared to its matched strain. The third pair of lineage
4 strains EX86S12andEU268R12 showed no cording and no lipid phenotype differences to
each otherand where not taken further for analysis. The difference in cytokine induction
identified between the 2 strain pairs of interest may be attributed to thevalkllipid
differences identified and these will be taken forward to investigate their impact e HIV

replication during MDM cenfection in Chapter 4.
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3.6. Sumplementary material
The followingtables are supplementary data that form part of chaptere3sUpplementary materiabntains four tables cytokine secretion by

MDM infected with different laboratory and clinical strains aoeastitutivecytokine secretion by uninfectetlhe cytokines were measured from

SN harvested at both 2¥burs posinfection and 9éhours post infean and analysed by Luminex assay. Luminex data was analysed using

GraphPad prism.

Supplementary Table3.1. Cytokine secretion from uninfected MDM and MDM infected wahoratory strains dfitb 24-hours posinfection

Analyte

H37 R\)D1939/T605

Infection

Median level of cytokine secretion with Interquartile range (pg/ml)

CDC1551'T

Infection

HN878VT

Infection

No infection

CCL11
CCL2
CCL3
CCL4
CCL5
CXCL10
CXCL8
CXCL9
GM-CSF
IFN-U
IFN-0
IL-10
IL-12
IL-13

22.63(11.78- 33.48)
5379(2667- 8983)
1194 (697.2 2424)
2288(1987- 5162)
1744(947.8i 2540)
43.44(33.82- 75.82)
10906(6742- 17052)
75.27(34.78- 115.8)
17.14 (9.02 27.05)
195.3 (97.02 369.3)
10.58 (10.39 20.69)
15.13(4.39- 29.71)
406 (107.2 567.4)
138.3(105.4- 200.6)

11.78 (4.5% 33.48)
4006 (339 17500)
2349 (783.4 5014)
3052(411.4- 8626)
947.8 (32.64 2540)
37.13 (17.24 84.25)
11933 (705.5 22255)
111.5 (101.3 223.8)
10.83 (8.02 41.25)
130.9 9 (53.28 434.3)
10.58 (9.97 25.25)
80.1(42.07- 121.7)
512.9 (21.16 1338)
113.2 (35.24 297.1)

11.78 (4.5% 33.48)
1184(196.7- 2806)
250.1 (152.4 961.2)
207.2 (56.02 522.1)
947.8 (32.64 2540)
18.25 (17.24 20.85)
414.4 (304.6 880.2)
111.5 (34.78 115.8)
8.02 (7.6-9.02)
53.28 (33.69 146.9)
9.97 (3.8 10.58)
10.96(3.56- 13.56)
36.29 (21.16 69.63)
65.09 (35.24 171.3)

11.78(4.51- 33.48)
1767(379.1- 2806)
181.7(152.4- 961.2)
115.8(56.02- 522.1)
947.8(32.64- 2540)
18.25(17.24- 20.85)
551.6(304.6- 880.2)
113.6(34.78- 115.8)
8.52(7.6- 9.02)
100.1(33.69- 146.9)
10.28(3.8- 10.58)
5.985(3.56- 10.71)
36.29(21.16- 69.63)
118.2(35.24- 171.3)
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IL-15
IL-17
IL-1RA
IL-16
IL-2
IL-2R
IL-4
IL-5
IL-6
IL-7
TNF

5379(2667i 8983)
66.46 (48.0% 84.9)
7301 (4569 8329)
77.92 (31.82 98.68)
45.16 (43.88 46.43)
274.4 (159 331.2)
192.6 (158.5 231)
43.71 (23.09 64.32)
358.3 (190.3 514.2)
144.9 (44.5% 210.8)
18.34 (11.8 26.07)

4006 (339 17500)
57.15 (44 129.9)
8447 (5814 10396)
81.96 (57.62 158.1)
54.76 (33.52 104.9)
323.9 (68.4% 797.1)
226.6(74.68- 393.6)

36.07 (23.09 64.32)

567 (21.0% 1066)
91.68 (35.88 262.9)
21.96 (11.65 48.27)

1184 (196.7 2806)
44 (11.94 84.9)
7420 (2562 16307)
86.44 (6.17 317.2)
19.72 (10.52 46.43)
86.27 (68.4% 331.2)
58.18 (34.8 74.68)
34.02 (13.13 64.32)
16.65 (9.9 20.87)
35.88 (12.2 210.8)
10.37 (0.56 11.71)

312.6(19.32i 522.1)
64.45(11.94- 84.9)
6442(2562- 16307)
23.89(11.77- 31.82)
35.83(10.52- 46.43)
208.7(68.41- 331.2)
58.18(34.8- 74.68)
49.17(13.13- 64.32)
16.65(15.4% 20.87)
123.3(12.2- 210.8)
4.82(0.56- 11.71)

Median cytokine secretion levels with interquartile range. values for n =HINB78"T and n = donors for CDC15%1andH37R\/1939/T605
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Supplementary Table3.2. Median cytokine secretion level with interquartile range from uninfected MDM and MDM infected with laboratory
strains ofMtb 96-hours posinfection

Median level of cytokine secretion with Interquartile range(pg/ml)

Analyte H37R\P1939/T605 CDC1551" HN878MT No infection
Infection Infection Infection
CCL11 5.705(0.98- 15.42) 3.38(0.28- 33.48) 8.415(0.99- 33.48) 7.075(0.28- 33.48)
CCL2 2898(765.8- 10535) 2390(517.9- 13034) 2371(583.8- 17853) 572.6(205.8- 8328)
CCL3 803.4(152.2- 5097) 289.4(49.87- 555.3) 328.6(49.87- 971) 172.8(10.74- 924.7)
CCL4 1506(247.1- 6683) 452.3(167.1- 978) 490.8(279.3- 1177) 112.4(22.4- 699.7)
CCL5 107.9(0.21- 1018) 18.51(0.21- 2540) 32.64(0.21- 2540) 23.45(0.21- 2540)
CXCL10 4.05(1.75- 28.55) 3.35(1.17- 70.97) 10.38(1.9- 59.18) 10.03(0.61- 20.85)
CXCLS8 13815(3561- 24048) 7974(2159- 18813) 7791(847.3- 19466) 443.4(69.8- 4413)
CXCL9 115.8(66.65- 209.1) 66.65(30.7- 171.1) 96.96(30.7- 223.8) 66.65(30.7- 115.8)
GM-CSF 7.595(0.25- 22.61) 1.2(0.36- 9.02) 5.055(0.25- 12.75) 3.895(0.01- 9.02)
IFN-U 61.51(24.07- 285.8) 44.42(22.78- 285.8) 51.51(28.43- 434.3) 40.86(5.86- 146.9)
IFN-2 10.58(7.88- 63.16) 8.68(1.55- 26.25) 10.58(2.9- 32.05) 8.82(0.21- 32.05)
IL-10 2.29(0.14- 13.56) 0.89(0.01- 11.94) 2.685(0.14- 16.31) 2.15(0.01- 11.94)
IL-12 181.7(36.29- 603.1) 176.3(36.29- 518.5) 249.8(21.16- 747.6) 23.83 (3.85 69.63)
IL-13 20.51(5.26- 171.3) 14.56(4.01- 224.6) 27.22(5.26- 297.1) 22.16(1.03- 171.3)
IL-15 142.4(61.85- 522.1) 99.42(39.92- 522.1) 89.24(19.32- 522.1) 49.79(18.1- 522.1)
IL-17 11.35(2.96- 84.9) 9.6(2.33- 84.9) 22.9(2.33- 84.9) 14.8(1-84.9)
IL-1RA 8295(505.2- 18272) 5374(140.1- 21156) 7140(172.5- 22536) 7128(136.2- 15459)
IL-1 b 49.92(14.46- 124.9) 17.69(2.05- 98.68) 26.53(6.86- 182.7) 7.395(2.05- 28.3)
IL-2 12.51(3.8- 46.94) 8.885(2.55- 46.43) 12.35(3.8- 88.57) 10.19(0.09- 46.43)
IL-2R 285.6(69.59- 598.4) 99.47(26.27- 331.2) 135.1(46.78- 331.2) 68.41(10.86- 331.2)
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IL-4 65.42(20.22- 186.6) 42 (5.85- 231) 64.29(13.1- 316.9) 31.79(0.4- 74.68)

IL-5 10.42(0.41- 64.32) 3.965(0.41- 64.32) 15.18(0.41- 64.32) 13.47 0.41- 64.32)
IL-6 82.88(48.73- 1336) 103.7(26.05- 277.6) 145.2(21.01i 677.5) 7.085 (L.24i 23.1)
IL-7 124.7(50.74- 210.8) 44.54(12.2- 234.7) 59.92(32.55- 262.9) 33.28(5.12- 210.8)
TNF 2.09(0.34- 19.2) 1.53(0.05- 11.8) 7.15(0.34- 19.43) 0.56(0.05- 11.71)

Mediancytokine secretion levels with interquartile range. values for n = B§t878"T and n = donors for CDC15%TandH37R\1939/T605
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Supplementary Table3.3. Cytokine secretion levefrom uninfected MDM and MDM infected witMtb clinical strains 24hours post

infection.

Median level of cytokine secretion withnterquartile range (pg/ml)

Analyte

E X 30R1939/A605
Infection

MRC16P1939/A605
Infection

EUl11N1759
Infection

Eu40T1759
Infection

CCL11

CCL2

CCL3

CCL4

CCL5

CXCL10

CXCL8

CXCL9

GM-CSF

IL-10

IL-12

IL-13

IL-15

IL-17

11.78 (4.51 33.48)
3924 (1443 15580)
2479 (994.7 7086)
2424 (1945 11242)
947.8(32.64- 2540)
37.50 (17.24 146.6)
11690 (7758 24933)
111.5 (34.78 532.6)
24.07 (17.08 28.49)
126.6 (118.9 513.8)
19.30 (9.97 45.61)
15.13 (4.39 29.71)
345.5 (128.9 2146)
116.2 (95.54 375.2)
342.8 (195.2 995.6)

52.14 (30.13 164.6)

46.2 (38.25 104.8)
10212 (4228 21527)
34807 (19403 42426)
21469 (3430 42191)
7754 (3199 11858)
289.2 (216.8 4205)
26614 (11933 28460)
822.2 (485.8 20945)
236.9 (151.7 720.8)
529 (325.2 1362)
268.5 (165.3 514.3)
80.1 (42.07- 121.7)
13815 (485.3 40483)
267.9 (175.8 506.8)
1608 (1161 3574)

180.5 (129.6 380.8)

11.78 (4.5% 33.48)
3133(613.9- 14374)
1384(802.6- 9042)
1935(773.3- 10858)
947.8(32.64- 2540)
34.99(17.24- 109.3)
8142(2181- 2478337)
111.5(34.78- 391.6)
12.73(8.02- 30.35)
110.3(53.28- 434.3)
13.19(9.97- 17.91)
10.96(3.56- 13.56)
309.2(21.16- 2644)
91.95(35.24- 325.8)
229.4(19.32- 995.6)

52.14(36.79- 129.9)

11.78 (4.51 33.48)
2126(583.8- 6329)
666.3(431.6- 1458)
1516(744.3- 2735)
947.8(32.64- 2540)
22.35(17.24- 40.9)
492(1951- 12448)
111.5(34.78- 115.8)
10.83(8.02- 18.85)
101.5(88.34- 146.9)
10.28(3.8- 15.8)
10.71(3.56- 13.56)
109.7(21.16- 235.1)
95.54(35.24- 224.6)
280.9(19.32- 522.1)

44(22.4- 184.9)
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IL-1RA

IL-16

IL-2

IL-2R

IL-4

IL-5

IL-6

IL-7

TNF

9940 (6819 14296)
78.39 (48.89 474.7)
45.41 (33.52 145.8)
457.1 (189.4 1309)
191.6 (140.7 530.5)
36.07 (23.09 64.32)
376.6(141.3- 1816)
137.2(44.51- 457.4)

22.99(18.39- 57.98)

20285 (14028 66894)
255.5 (199.3 565.3)
206.3 (163.8 515.8)
2751 (1647 5682)
806.3 (547.4 1689)
207.2(105.3- 253)
14579(8317- 38549)
563.1(295.6- 985)

685.9(311.3- 1334)

8591(6655- 13023)
72.07(31.82- 448.7)
39.65(33.52- 145.8)
188.3(136.8- 1309)
171.1(74.68- 497.9)
34.02(23.09- 64.32)
311.5(28.96- 1398)
49.79(12.2- 457.4)

19.79(11.65- 48.27)

8588(5770- 10196)
57.24 (31.82 170.7)
34.47 (25.2 46.43)
147.9 (86.27 331.2)
145.6 (74.68 182.4)
34.02(13.13- 64.32)
165(54.48- 275.1)
35.88(12.2- 210.8)

14.01(11.65- 26.07)

Median cytokine secretion levels with interquartile range. values for n =HiNB78"T and n = donors for CDC15%1 andH37R\1939/T605



Supplementary Table3.4. Median cytokine secretion level with interquartile range from uninfected MDM and MDM infected/fgatElinical

strains96-hours posinfection

Median level of cytokine secretion with Interquartile range(pg/ml)

Analyte

Ex30Q1939/A605

Infection

M RCl6P1939/A605

Infection

EUl11N1759

Infection

EU 40T1759

Infection

CCL11
CCL2
CCL3
CCL4
CCL5
CXCL10
CXCL8
CXCL9
GM-CSF
IFN-U
IFN-2
IL-10
IL-12
IL-13
IL-15
IL-17
IL-1RA
IL-1 b
IL-2
IL-2R

8.745(0.28- 33.48)
3297 (517.9 22078)
579.1(49.87- 4258)
814.9(268.4- 4876)
59.75 (0.21 2540)
11.07(0.92- 204.5)
11360(2050- 31409)
120.3(30.7- 391.6)
4.545 (0.36 22.88)
86.16 (15.96 489.1)
10.58(1.55- 38.63)
2.53 (0.01- 16.31)
187.7 (70.48 866)
42.14 (4.0 297.1)
183.3(30.8- 522.1)
18.02 (1.11- 87.99)
11155(167.3- 28437)
38.75 (4.64 205.3)
19.87(2.55- 104.9)
153.6 (26.27 682.4)

24.52 (10.94 44.26)
12091(3454- 37404)
8010 (1977 37826)
6508 (950- 21469)
1258(120.4- 9865)
84.36 (36.9% 1112)
24816 (11933 61681)
1312 (406.7% 23258)
171.4(10.97- 750.7)
246.8(97.2- 811.4)
101.4 (13.84 294.9)
24.31 (4.04 93.67)
712.5 (485.3 26764)
103.3 (19.19 437.2)
814.7 (224.5 2194)
77.51(11.35- 267.4)
19016 (584.8 69261)
213.3 (22.39 1466)
97.62 (15.49 278.9)
1339(369.7- 3033)

8.415 (0.28 33.48)
1293 (335.6 21278)
312.6 (22.82 929.2)
353.4 (145.7 1301)
23.45 (0.2 2540)
10.38(0.61- 151.6)
3703 (1106 22063)
89.05(30.7- 223.8)
4.255 (0.19 9.02)
47.7 (5.86 489.1)
10.18(0.21- 32.05)
2.53 (0.01- 16.31)
75.55 (21.16 1084)
25.73 (1.03 297.1)
115.1 (19.32 665.9)
11.07 (1- 84.9)
7460 (142 23612)
30.04 (4.64 283.1)
18.36 (1.18 88.57)
102.6 (26.27 587.8)

8.08 (0.28 33.48)
1421(537.2- 10934)
354 (86.97- 1674)
453 (181.1- 2008)
23.45 (0.21 2540)
10.38 (1.17 116.8)
7226 (3236 17043)
102.6 (30.7 130.4)
4.35 (0.19 9.02)
47.67 (15.96 146.9)
10.58(0.21- 32.05)
2.075(0.01- 841)
89.41(36.29- 488.2)
24.92(4.01- 224.6)
92.65 (19.32 522.1)
15.71 (1.1- 84.9)
8291 (182.5 25177)
35.97(6.86- 98.68)
17.85 (2.55 46.94)
113.5 (46.78 331.2)
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IL-4
IL-5
IL-6
IL-7
TNF

103.8 (8.34 356.2)
13.59 (0.41- 64.32)
185.7 (21.2% 837.4)
107.5 (12.2 262.9)
7.18 (0.42 37.78)

376.3(87.65- 1023)
62.66(16.07- 227)
7670 (2834 49607)
329.3(89.28- 682.8)
168.5(5.26- 1847)

63.27 (3.26 393.6)
13.47 (0.41- 64.32)
57.85 (6.82 650)
38.6(12.2- 308.5)
6.775 (0.05 37.78)

61.21(9.55- 182.4)
13.47 (0.41- 64.32)
69.44(16.12- 174.8)
47.65 (12.2 215.3)
6.495 (0.42 19.2)

Median cytokine secretion levels with interquartile range. values for n =HIN878"T and n = donors for CDC15%TandH37R\1939/T605



Chapter 4DirectMtb co-infection and cytokine bystander effects on
HI\A1 replication dynamics to a panelMtb clinical isolates

4.1. Introduction
HIV-1 is an obligate intracellular parasite, which relies completely on the host to continue its

life cycle[1, 2]. The life cycle of HI\(1 is such that it requires a perpetual inflow of HIV
inducing human transcriptional factors to stimulate HiVeplication[45]. A study showed
that HIV-1 replication was increased according to the magnitudgtokioes induced by co
infecting Mtb strains in a PBMC environme(@8]. Equipped with the above information it
would not be a stretch to postulate that HiVfight influence the evolution of gofecting
pathogens to select for genotypes that would bring infection and replication advantages to HIV
1. In fact, the study by Kookt al.(2017)[28], which found thaMtb strains havé&SNPunder
HIV-1 positive directional may point to H¥ selecting for strains that are advantageous to
the virus.HIV-1/Mtb co-infection of the same host creates space for-HBhdMtb to occupy

the same iche in ceinfected hosts. The lungs are the primary sitMtf infection[46], and

as described by Costiniuk and Jenabian (2044), the lungs are an ideal environment for
HIV-1 persistence, with millions of alveoli inade proximity for easy cetb-cell spread.
Moreover,Mtb and HIV-1 could possibly be found sharing the same egll®r exampleboth
pathogens infect macrophadég, 48]

In this chapter, | address Aim 1C: a@ssess whether differential cytokimeluction byMtb
strains with different lipid phenotypes correlates with changes in-HPéplication and
productive infection in MDMas well as whether the presence of HI¢oinfection influences
these cytokine profilesThe strains that were taken ¥eard for these experiments are
EX30°1939A805an(d the phylogenetically match&RC167193%A6%straing and theEU111N:759
and EU40"7%° pair. The MRC1671939/A605gnd EX30R1939/A605nair wasincluded because there
were significant differences in the induction of cytokine secretionMEC16 1939/A605
compared tdEX30°193%4605 55 well aobservedipid differencesbetween the tw¢Chapter 3;
Table 3.3). These strains were taken forward witirtlineage matched laboratory strains
H37Rv and CDC155EU111M7° and EU40 1 > were included for deeper evaluation of their
phenotype in the presence of HIMoo-infection because H6 was the only cytokine that was
differentially secreted by MDM infected withu111M175° comparedo EU407%° (chapter 3;
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Table 3.4), but it has a known role in regulating Hi¥ranscription. These strains were taken

forward with he lineage matched laboratory strain HN878.

The SN collectedfrom MDM infected with different strains dfltb was divded into SN that
was used for analysisy Luminex in Chapter 3, while the remaining volume was for co
incubating TZMbl cells and MDM tadetermine the effect of secreted soluble factors onHIV
1 replication. Firstly, bssessed the regulation of HIMLTR transcriptional activity in TZM

bl cells by the cytokine milieu induced during MDM infection wiitb clinical and laboratory
strains characterised @hapter 3. | also used the SN to incubate M2 MDM infected with HIV
1. These experiments would inform the effect thatMtie microenvironment has on HF
infection and replication in bystander cells. Ihecinfected MDM with HIV-1 and the
different strains ofMtb to study the effect conferred by theb#b strains on cytokine
production during direct HIM coinfection and the consequences of altered cytokine
production on HIV¥1 productive infection by nasuring HIVp24 in culture supernatants during

co-infection.

4.2. Results

4.2.1. Assessing regulation of Hl\feplication by measuring LTR activity in -oZbklls
Quantification of HI\V1 Gag p24 in culture supernatants measures specifically assembled and

budded viuses. That is not a good representation of-HIképlication, partly because a large
part of transcripts during replication may be defective at the sequence level to produce
functionalviral protein(s) and infectious particlelgl9], which could lead to a gap in resolving

the true rate of replication. | used TZM cells which have a luciferase reporter under the
control of the HIVV1 LTR promoter (see chapter 2.2.11 for detailed description) to measure the
transcriptional activity of the HIVL LTR. | used this to infer the impact of-calturing these

cells in SN withMtb-induced cytokines on HIAL replication.

To measure LTR activity, | used SN harvested 24 hours and 96 howisfpotibn of MDM

with the @nel ofMtb strains (See Section 3.273. The SN was used to incubate TZilcells

24 hours before infection with HN (Fig. 4.1) to assess whether the SN would affect the
uptake of HI\V1 and subsequent replication in TANcells. The SN was also usedihcubate
TZM-bl cells 6 hours after the cells were infected with HIYFig. 4.1), to assess the effect of

the SN on LTR activity but not initial uptake of HHYby TZM-bl cells. In both experimental
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setups, TZMbl cells were incubated for 48 hours pbdY -infection and then lysed and the

Bright Glo assay used to measure luciferase activity as a readout of LTR activity (Fig. 4.1).

When the SN was added before HIMnfection | postulated that soluble factewmild prime

the cells for HI\V1 to be takerup quickly into TZMbl cells and therefore the LTR activity
would be significantly increased in relation to controls. Alternatively, HI\feceptor
antagonistic cytokinemsiight inhibit or slow the uptake of HAL into TZM-bl cells and the
LTR activity would therefordoe significantly decreased relative to controls. The experimental
wells contained HIVL infected TZMbl cells with SN from the different strain, while the
controls were HIV1 infected TZMbl cells incubated with DMEML0 % FBS media (media

control) or incubated with SN from uninfected MDM.
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Figure 4.1. A schematic that shows the flow of how TZMbl cells were used as a model for HIM
replication in the presence oMtb induced SN.

TZM- bl cells were cultured until 80 % confluent. TAM cells were plated in a 96ell plate and SN
harvested 24 or 96 h post infection of MDM with a panel of Mtb strains was used to incubatd T&ld.
The SN from Mtb infected MDM was addénl TZM-bl cells 24 h before infection with HL or 6 h after
infection with HIV-1. HIV-1 infection was allowed to continue for 48 h. HI\Minfected TZMbl cells were
harvested and LTR activity in TZMI cells was measured using the Bright Glo assay (Egajn
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4.2.1.1. Impact of prencubation and posihcubation with Mteinduced conditioned

media on HA\L LTR activity
Firstly, | compared the LTR activitin both the pranfection and posinfection modelsof
TZM-bl cells incubated with media onl{RPMI/DMEM) or incubated with SN from
uninfected MDM. Here, | wanted to assess whether baseline cytokine secretion by uninfected
MDM had any effect on HIVL LTR activity.To do this, | incubated TZMbl cells withmedia
containing both RPMI/DMEM media only or with SN from uninfected MDM, before or after
HIV-1 infection (see Figd.1). Data from TZMbl cells infected with HIV1 before and after
incubation with SN from MDM harvested 24 hours and 96 hoursipfesttion (relative tavitb
and not HI\A1 infection) wvascompared with data from TZMlI cells infected with HIV1 and
incubated with media onlyfhis was used to establish effect of SN from MDM in the absence
of infection. There was no difference in LTR activity iselates to the uptake of H¥Y into
TZM-Dbl cells (preincubation) between TZNbl cells incubated with media only and TZd
cells incubated with SN harvested from uninfected MPAhours or 9éours fromuninfected
MDM (Fig. 4.2A&C). Similarly, there vas nosignificantdifference in LTR activity between
TZM-Dbl cells incubated with media only or TZM cells incubated with SN from uninfected
MDM for both the 24hour (Fig.4.2B) or the 9éhour time point (Fig4.2D). With thesedata
in mind, the LTR activity from TZMbl cells incubated with SN from uninfected MDM was

used as control for all subsequent analyses.
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Figure 4.2. Analysis of LTR activity in TZM -bl cells infeced with HIV -1 pre and pcst incubation
with SN harvested fromuninfected MDM or media only.

TZM-bl cells werenfected with HI\A1 andincubated withmedia only for 48 hours or incubated wi&h
from uninfectedMDM 24-hours before or-Biours posinfection with HIV-1. LTR activity was measured
48 hours posinfection with HIV-1 in all experimental setips. The LTR activity was measured using the
Bright Glo assay (Promega). Luminescence data was analysed by Graph Pad prism. GraphsRshow LT
activity in TZM-bl cells incubated withX) SN from uninfected MDM (that correspond to-Bdurs post
infection with Mtb) before HI\:1 infection (B) SN from uninfected MDM (that correspond to-Bdurs
postinfectionwith Mtb) after HIV-1 infection, C) SN from uninfected MDM (that correspond to-86urs
postinfection) before HIV1 infection,(D) SN from uninfected MDM (that correspond to-Béurs post
infection) after HI\A1 infection Median with IQR for n=6 donors @rreplicates Statistics were measured
with MannWhitney Tted. Significance regarded as@05

4.2.1.2. There is variability in LTR activity in TdMells pe- and postincubaed with24-
and 96hour SN from MDM infected witidtb clinical and laboratory strains

Next, | analysed LTR activity in TZMbl cells infected with HIV1 before ceculture with SN
harvested 24hours posinfection with the panel of clinical and laboratory stgaifo do this,

| incubated TZMbl cells with SN harvested 2dours posinfection with thepanel ofMtb
strains or with SN from uninfected MDM, before HIVinfection (see Figd.1).1 observed no
significant increase in LTR activity in TZMlI cells incubated with Sharvested 24ours
after infection withCDC155T or H37RV1939T6095 (Fig. 43A). There was a significant
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increase in LTR activity in TZMl cells preincubated with SN f'm MDM infected with
HN878 (p = 0.0160) (Fig. 4.3AY.hesedata suggest that the-Pdur SN fromCDC1557 or
H37RV1939T605¢rains did not affect the uptake of HIVinto the TZMbl cells The increase
in LTR activity in TZM-bl cells preincubated wittSN fromHN878"T infected MDM signals
soluble factors in this SN may increase the uptake of H{Wig. 43A).

TZM-bl cells incubated with SNarvested 24ours posinfection with EX30R1939A605gn(
MRC16°193%A8%¢|injcal strainsshowed increased uptake of HIMFig. 4.38). | observed that
SN harvested 24hours posinfection from MDM infected with EX30R193%A605 gng
MRC16°1939A80%5gignjficantly increased the HNL LTR activity in TZM-bl cells (p = 0.062
and 0.008, respectivef; Fig. 4.38) compared to LTR activity in TZMbl cells incubated with
SN from uninfected MDMFurthermore, SNMRC16°193948055|s50 increased the uptake of
HIV-1 into TZM-bl cells compared to SN frorI37RV’1%39T605(Fig. 4.3B). These results
suggest thaEX3091939/A8055nd MR C167193%A60nfection of MDM induced factors early that
increase the LTR activity, sonoé whichmay also prime the TZNbl cells for rapid uptake of
HIV-1.

Finally, | proceeded to analyse taffect of EU111N75° andEU40™>° SN on HIV-1 infection
of TZM-bl cells. Similarly, toEX30°19394605gnd MRC16°1939A6% there was a significant
increase in HIVL LTR activity in TZMbl cells by prencubation in SN harvested 2¥urs
following infectionwith EU111M75° (p = 0.088) andEU40™"°(p = 0.0A.6) compared to SN
from uninfected MDM (Fig. /C). This data suggests tHaw11175° and EU40™ > infection
produces soluble factors that prifiéM-bl cells and increase the uptadeHIV-1.
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Figure 4.3. Analysis of TZM-bl cells infection with HIV-1 pre incubation with harvested 24hours
postinfection from MDM infected with from MDM infected with laboratory strains.

TZM-bl cells were incubated i SN fromMtb infected MDM 24hours before infection with HAL. LTR
activity was measured 48 hours podgection with HIV-1, using the Bright Glo assay (Promega).
Luminescence data was analysed by Graph Pad prism. Graphs show LTR activity-bi @&lslincubated
with SN harvested 2Hours after infection of MDMwith (A) H37R\V1939T€05q, CDC1551VT or

HN878"T infected MDM, @) EX30R1939/A6054, MRC 16719394605 htected MDM, and D) SN from
MDM infected with EU11%¥157%0r EU4057° Median with IQR for n=6 donors or 4 donors of SN. Statistics
were measured with r i e d mEKraskaflis\Wallis multiple comparison tesbignificance was analysed
by a twostage linear stepp procedure of Benjamini, Krieger and Yekutieli was usedtitraiofor multiple
comparison false discovery rate. P<0.05 are shown in graph

| went on to complete similar ezulture experiments using SN that harvesteth@®6rs post
infection.Contrary tahe SN harvested 2dours posinfection,theLTR activity was increased
in TZM-bl co-culture with SN harvested 9%ours posinfection from MDM infected with
CDC155MT (p = 0.0221) antHN878"T (p = 0.0044) induced SN also continued to result in
high LTR activity (Fig. 4.4A). Of the laboratory straitB7RV’193¥T605SN was the only one
that did not result in increased LTR activity with both @d4d 96hour SN (Fig. 3.3A 3.4A).
This data suggests that in the SN harvestetidfis posinfection with CDC155¥'T and
HN878VT, there are soluble factors thare induced by the straithatincreag the activation

of the HIV-1 LTR compared to soluble factors produced in uninfected MDM. The fadhthat
LTR activity was increased in TZMI cells that were caultured with SN before HI\
infection suggests #@me might be increased uptake of Hl\into TZM-bl cells in the presence
of the SNfrom CDC155¥'T andHN878"T (Fig. 4.4A)

Surprisingly, theravas no modification of LTR activity in TZMbl cells preincubated with
SN harvested 96our postinfection with EX30R193%/A4605(5 = 07728 andMRC1671939/A605(p

= 0248 Fig. 44B). Taken together, this dataggests that the factors induced earlyl{@drs)
from EX3QR1939/A6053ndMR C 1671939460 nfected MDM which increased the LTR activity and
T potentiallymaylead torapid uptakeof HIV-1, may notbe present in the 9our SN.

By comparison there vgaignificant effect of SN isolated 9tours posinfection from either
EU111M75°(p = 0.0238)pr EU40™ 7% (p = 0.0230)compared to SN from uninfected MDM (Fig.
4.4C) on the uptake of HIML into TZM-bl cells (preincubation) HN878"T SN also resulted
in increased LTR activity in TZMbl cells compared to LTR activity induced by SN from
EU111M7°(p = 0.0230)Fig. 4.4C).This data shows that early and late induced soluble factors
from lineage 2 strainguU111M7%8, EU40™1°andHN878"T increas the LTR activity in HIV-

1 infected TZMbl cells and that may be due to increased priming of TalMells and thus

increased uptake of HRL.
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Figure 4.4. Analysis of TZM-bl cells infection with HIV -1 pre-incubation with SN harvested 96hours
postinfection from MDM infected with clinical and laboratory strains.

TZM-bl cells were incubated with SN frolftb infected MDM 24hours before infection with HAL. LTR

activity was measured 48 hours pogection with HIV-1 in both experimental seips. The LTR activity

was measured using the Bright Glo assay (Promega). Luminescence data was analysed by Graph Pad prism.
Graphs show LTR activity in TZMbl cells incubged with SN harvested Q%ours after infection of MDM.

TZM-bl cells were 24ours before HIVL infection with SN from &) H37RV1939T605,, cDC155 1T

or HN878"T infected MDM, B) EX30R1939/A605q MRC167193%A605nfected MDM, and €) SN from

MDM infectedwith EU111N57%0or EU40157° Median with IQR for n=6 donors or 4 donors of SN. Statistics
were measured with KruskaHi&/allis multiple comparison tesBignificance was analysed by a tstage
linear stepup procedure of Benjamini, Krieger and Yekutieli was used to control for multiple comparison
false discovery rate. P<0.05 are shown in graph.

| went further toanalysethe LTR activity in TZM-bl cellsinfected with HI\:1 and therco-
cultured with SN harvested 2hours posinfection with the panel of clinical and laboratory
strains. To do thid,infectedTZM-bl cells withHIV -1 for 6-hours and used the Shrvested
24-hours posinfectionfrom Mtb strains or SN from uninfected MDNb co-culture the TZM

bl cells(see Fig. 3.1)In this data | observedsagnificant increase in LTR activity in TZMlI
cells incubated with SN frol@DC155'T (p = 0.0233) andHN878"T (p =0.0233)arvested
24-hourspostinfection (Fig. 45A). Like with preincubationH37RV13¥T6%qid not have any
effect on LTR activity in TZMbl cells (Fig. 4.5A). These data indicate that soluble factors
induced byCDC155'T or HN878"T increase the LTR activity postral entry irto TZM-bl
cells.

When | analysed’ZM-bl cells incubated wittSN harvested 2#ours posinfection with
EX30R1939/A605gnd MRC 16719394605 linjcal strains | observed that SN harvested-Bdurs
postinfection from MDM infected witfEX30R193¥A805sjgnificantly increased LTR activity (p

= 0.0476) compared to TZMI cells incubated with SN from uninfected MDM (Fig. 4.5B).
There was also a significant increas& TR activity by SN fronEX30R1939A%%infected MDM
compared to LTR activity induced by SN fra#87R\V193%T6%nfected MDM (Fig. 3.5B)SN
from the clinical strainMRC16°1%3%A6%5ncreased the LTR activity compared to SN from
uninfected MDM, but thigncrease was not significant at alpha 0.05 (FDR = 0.0819; p =
0.1489)and showed a trend to increasing LTR activity compared to SN H@®RRV 19397605

(p = 0.0675FDR<0.) (Fig. 4.5B).These results suggest tHeX30°1°39A8%Sinduced factors
early thatincrease the LTR activityand the effect maybe modest when using SN from
MRC1631939/A605.

Finally, | proceeded to analyse the effectEafl11175° and EU40™17° SN on HIV-1 LTR
activity in TZM-bl cells. There was noignificant effect on LTR activity in TZMbl cells
incubated with the 2#our SN from botrEU111M75 and EU40™L7*° (Fig. 45C). This data
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suggests thdtctors induced early (2dours) byEU111M75° and EU40™°° may be better at
priming TZM-bl cellsfor rapid uptake of HIV1 compared to activating the LTdRtivity post

viral infection.
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Figure 4.5. Analysis of HIV-1 LTR activity in TZM -bl cells incubated with SNharvested 24hours
postinfection of MDM infected with clinical and laboratory strains.

TZM-bl cells were incubated with SN fromtb infected MDM 6hours posinfection with HIV-1. LTR

activity was measured 48 hours pogection with HIV-1 in both expemental seups. The LTR activity

was measured using the Bright Glo assay (Promega). Luminescence data was analysed by Graph Pad prism.
Graphs show LTR activity in TZNbl cells incubated with SN harvest2d-hours after infection of MDM.

TZM-bl cellswere 24hours before HIVL infection with SN from &) H37RV1939T605,, cDC1551T

or HN878"T infected MDM, B) EX30R1939/A605q MRC167193%A605nfected MDM, and €) SN from

MDM infected with EU11%¥157%0r EU40157% Median with IQR for n=6 donors or 4dors of SN. Statistics
were measured with KruskaHi&/allis multiple comparison tesBignificance was analysed by a tstage
linear stepup procedure of Benjamini, Krieger and Yekutieli was used to control for multiple comparison
false discovery rate. P<0.05 are shown in graph.

Finally, | analysed the effect of incubating TAMthat were infected with HIM for 6-hours
with SN harvested from MDM infected with clinical and laboratory strains fem@6s.SN
harvested 9ours posinfection from MDM infected with eithe€DC155'T (p = 0.0088)
or SN fromHN878"T (0.0088) increasedTR activity in TZM-bl cells when added-Bours
postinfection (Fig. 5.6A). Which means thatctors that increased LTR activity in SN induced
by bothCDC155¥'T andHN878"T™ are maintained at both burs and 9éours.

Unlike, the prencubation, LTR advity was significantly increased in TZMlI cells incubated
with SN harvested 9Bours posinfection withEX30°1939A605(5 =0.(@30) or MRC161939/A605

(p = 0.®38 Fig. 46B) when the SN is added after HWVinfection. Taken together, this data
suggests soluble factors froMRC16°193946%5infected MDM and SN from MDM infected
with EX30R1939A805increase LTR activity in HIVL infected TZMbl cells.

By comparisorboth EU111M75° and EU40™1 "> induced SN increased LTR activity, although
this was not significanelative to SN fromuninfected MDM (Fig. 4C). Thisfurther solidifies
that EU111M75° and EU40™"*° induces factors that may aid with priming TAM cells more

than influencing the LTR activity posiral entry.

122



LTR activity (luciferase RLU)

6=

o«

6_
0.0081

3 0.0081
&
(-]
w
™
1
&
5
3
2 [ ] ¢
=
S
~
P
'—
-

" Uninfected MDM SN H37Rv"'33¥/16%gN  cDC1551" TSN HN878" TSN

0.0238

Media used to incubated TZM-bl cells

0.0230

. |
Uninfected MDM SN H37RVP1439rr6053N EXBOQW‘%Q”\EOESN MRc1EP1!§391AGU5SN

Media used to incubated TZM-bl cells

C
6
0.0081

— - 1
=2
-
(4
@
w
i
]
S
2
£
=
=
[*]
~
x
=
-

5 . T ST, 1759 Ti759

Uninfected MDM SN HN878"™ SN EU111 SN EU40 SN

Media used to incubated TZM-bl cells

12

1)



Figure 4.6. Analysis of HIV -1 LTR activity in TZM -bl cells incubated with SN harvested 96hours
postinfection of MDM infected with clinical and laboratory strains.

TZM-bl cells were incubated with SN fromtb infected MDM 6hours posinfection with HIV-1. LTR

activity was measured 48 hours pogection with HIV-1 in both experimental seips. The LTR activity

was measured using the Bright Glo assay (Promega). Luminescence data was analysed by Graph Pad pris
Graphs show LTR activity in TZNbl cells incubated with SN harvested-Béurs after infection of MDM.

TZM-bl cells were 24ours before HIVL infection with SN from &) H37RV1939T605,, cDC155 1T

or HN878"T infected MDM, B) EX30R1939/A605q MRC 168 189A605infected MDM, and €) SN from

MDM infected with EU11%¥157%0r EU4057° Median with IQR for n=6 donors or 4 donors of SN. Statistics
were measured with KruskaHi&/allis multiple comparison tesBignificance was analysed by a tstage
linear st@-up procedure of Benjamini, Krieger and Yekutieli was used to control for multiple comparison
false discovery rate. P<0.05 are shown in graph.

4.2.2. Impact ofMtb-induced cytokines oproductive HIVL infection

In the next phase of analysis, | wanted to measure whether cytokines secreted by MDM infected
with different strains oMtb would have differential regulatory effects on HIVproductive
infection in neighbouring cells, in the absence of direeinéection. The SN that was used

here was fronMtb infected MDMas described in Chapter Bnalysis of cytokine secretion

(Fig. 3.11) showed thattokine secretion by MDM phenotyphustered togethdr indicating

that for cytokines measured in these experimestsetion was comparable between M1 and

M2 MDM. This indicated that MDM phenotype has minimal contribution to observed variation

in the data. With that in mind, | combined SN harvested from M1 and M2 MDM of the same
donors, to create a combined M1 and M2 SNrthermore, analysis of contribution by donor
variation on cytokine secretion also showed that differences between donors was not a major
contributor of variation to cytokine secretion. Therefore, following combining M1 and M2
MDM for each strain used,combined the M1 and M2 SN mixture from different donors, to
have a SN that is mixture of M1 and M2 of all donors for each strain. This also enabled
sufficient volume of a homogenous SN to be available touttuire MDM from multiple new
donors. The homamous SN was taken to represent the mean cytokines induced across donors
and MDM types, for each of tHdtb strains. To measure the impact of cytokine exposure on
viral production during an established HlVinfection, | infected M2 MDM with HIV1 for

18 hours. After 18 hours, | removed the media from MDM and added the combined SN from
different donors and incubated the cells for 72 hours. | harvested the SN from the cells and

used the SN to measured HIMp24 secretion by Luminex assay (Fig. 4.5).
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Figure 4.7. A schematic that shows the flow of incubating HIV1 infected M2 MDM with SN harvested

from Mtb infected MDM and analysis of secreted p24 antigen.

M2 MDM polarised MDM were infected with HAL andincubated for 18 hours. The media was discarded
from the MDM replaced with combined SN; SN from each strain were pooled to make a donor heterologous
SN, consisting of SN from both M1 and M2 MDM. The MDM with SN were incubated for a further 54
hours. The SNvas harvested and used to measure p24 antigen with Luminex assay

| analysed HIV1 production by measuring H¥¥ p24 in the SN of MDM that were infected
with HIV-1 and then incubated with SN from the different laboratory stramschieve this,

| usedthecombinel SN to incubate M2 MDM 1&ours after HIV1 infection.The overall data
shows that MDM incubatedith SN from different laboratory strains -t#urs posinfection
with HIV-1 did not significantly alter HIV1 production compared {dDM that were infected
with HIV-1 and allowed to incubate in media only (Fig. 4.8A). Also, there was no difference
in HIV-1 praduction betweeM DM incubated with SN from uninfected MDM compared to
SN fromHN878"T (p = 08270, CDC155'™ (p = 0.8270 andH37RV1939T605(y = 02265

Fig. 48A). There was also no difference in HlVproduction comparing SN harvested between
the strins: HN878"T andCDC155¥™ (p = 0.8270), CDC155¥'T and H37RV’1939T605(p =
0.3397, and HN878"T compared toH37RV1%39T6%5(p = 03397 Fig. 48A). These data
indicate that there was no effect on p24 production (as proxy forlHikoduction) by the SN
from the laboratory strains in MDMI proceeded to measure HV productive infection in
MDM infected with HIV-1 and then incubated with SN fronEX30R1939/A605 qf
MRC16°1939A605Fig 4 8B). The data shows a surprising significant decrease ipiiction

in the presence dEX30°!93%9A6%jnduced SN compared to media only and uninfected SN
cont r ol 8 Kigp 488), add.olly a decreased trefodl MRC16°1939A60%induced SN
(p O 0. 2 8B). Furthefbre, SN the lineage matched laboratory strain resulted in
significantly more HI\(1 production compared 8X30°193%A805(n = 0.0295; Fig. 5.8B This
indicates a potentially powerful effedtMtb strains on HIV1 p24 production in neighbouring
cells, suggesting that there may be soluble factors induced in respdas$80 239465 and
MRC161939A605that inhibit HIV-1 productive infection.
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Finally, | looked at the effect afu111M75° and EU40™"*induced SN on HIVproduction.|
did not observe a significant influence on p24 secretion by MDM incubated with SN from
eitherEU11M75° or EU40" 7% (Fig. 4.4C).
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Figure 4.8. Secretion of HIV-1 p24 by MDM incubated with laboratory strain induced SN.

Monocytes from 6 donors were polarised MBM. The MDM were infected with HM for 18-hours and

the ceincubated with SN from MDM infected with aapel ofMtb strains The MDM washarvested’2-

hours posinfection HIV-1 and p24 was analysdéy Luminex assay. Luminex daaaalysed by GraphPad

Prism. The graphs represem24 production in MDM incubated with SN fronAY H37R\1939/T605

CDC155#T, HN878"T MDM, (B) H37RV1939T605g ExX3(R1939/A605 gr MRC1671929A4605MDM and (C)HN878VT
OorEU11MN%0reu40"™n =6 donors. Friedmands multiple compar:i
A two-stage linear stepp procedure oBenjamini, Krieger and Yekutieli was used to control for multiple
comparison false discovery rate with a cut of 0.1.

4.2.3. Analysis of cytokines from M1 and M2 polarised MDMhfeeted with HIVL and a

panel ofMtb strains
In the following experiments | analysed the effect ofirdection of MDM with HIV-1 on
cytokine secretion and consequently HIVproduction. | used M1 anill2 MDM in these
experiments and first established confluent HI\infection for 7 days before subsequent
infection with the panel oiMtb strains | had selected. PMBC from six donors were used to
polarise M1 and M2. Gmmfected MDM were incubated for 2#burs, and SN was harvested.
Fresh media waaddedto the cell culture, and after 9®urs, SN was harvested again and
stored for cytokine secretion analysis by Luminex assay (Fy. 4.

o
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Figure 4.9. A simple schematic that shows the flow of the eimfection experiments performed and analysis

of SN with Luminex assay.

M1 and M2 MDM polarised MDM were infected with HIV this land incubated for 7 days, with the media
replaced every 3rd day. Seven days post-HIwifection, MDM were coinfected with a panelitb and further
incubated. SN was harvested 24 h and 96 hipéesttion and stored or for cytokine analysis by Luminex assay
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| analysed cytokine secretion by M1dam2 MDM co-infected with HI\AV1/Mtb via Luminex
(chapter 2; section 2.6) and | analysed the data via PCA using Qlucore omics statistical
software. | selected PCA as an analysis method because the data is complex and there could be
a variety of sources caithuting to variation in the data including MDM phenotype, donor
variability andMtb strain used for infection. PCA analysis allows for resolution of patterns
within the data and provides information around the primary sources of variation within
complex @tasetsFirstly, | analysed how much MDM phenotype contributed to the variation

of cytokine production that was observéag( 4.10). This analysis revealed that there were
subtle differential patterns of clustering between M1 and M2 MDBIg.(4.1A), more than

had been seen when performing MDnfection withMtb only (see chapter 3.2.3). Thiata

shows that in the presence of-iabection with HIV-1 there are more (however, subtle)
differences in cytokine secretion betwaéh and M2. In the next phaséanalysis, | stratified

the PCA plot by donors and the strainsMib used for ceinfection. Cainfection exposes
variability of responses between dondfgy( 4.1B-C). MDM donors have distinct clusters,

such as donor two, three and foiig; 4.1@), which suggests these donors have distinct
cytokine secretion phenotypes and that some of the variability observed could be related to
inter-donor differences. It is worth mentioning that infection of doneBsabhd donors-4 were
completed on different daysowever, the differences observed in cytokine secretion is not due
to the batch effect. Because although they were completed in the same batch there are big
difference between donor two and three, these have little overlap between each other, which
cleaty suggest big difference in cytokine secretion. While donors one, five and six cluster
together in the PCAHig. 4.1MB) - an outcome that indicates these donors have similar cytokine

secretion patterns following infection with HY andMtb.

| also stratified the PCA by eafection with the different strains dfitb and looked at HIV1L
only infection. The PCA shows that-gafection contributes to the variability observed in the
data. Because HRI only infection separates from-gufection with Mtb strains Fig. 4.1QC),
particularly in relation to H37Rv atdRC16°193%A605(Fig . 4.1(C) two of the lineage 4 strains.
This data indicates that during HMMtb co-infection, the difference between donoFsg(
4.107A) and the differences between éb strains Fig. 4.1@C) used for ceinfections account

for most of the variation in cytokine production observed.
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Figure 4.10. Principal component analysis of cytokine secretio@6 hours afterHIV Mtb co-infection.
Datesstratified by (A) MDM phenotype, B8) donor and (C) HIV -1 coinfected Mtb strain.

Monocytes from 6 donors were polarised to M1 and M2 MDM. MDM were infected with different with
HIV-1 for 7-days. The HIV1 coinfected MDM were infected witMtb strains and incubated for 96 h. The
SN was harvested and used for quantifying 25 cytokindsitninex assay. Data was analysed by Qlucore
omics explorer, each dot represents a single sample.

4.2.4. Analysis of individual cytokine secretion by MDNhéected with HIVL and the
different strains oMtb
| measured the magnitude of cytokine induction by Nihat were infected with HIM. for

seven days and the-tfected with the laboratory strairBytokines that had a significant fold
change differences in at least one comparison are listed in the tables below. Where there was
no significant fold changefference the value is nandicated, and the-palue is marked with

ns. Raw data, including interquartile ranges are in supplementary tables at the end of this

section.

There were no differences observed in cytokine secretion by MbDfected with the
different laboratory strains (Table 4.1). However, there was a difference relative to ttie HIV
only control for some cytokinest 96hours posinfection HN878VT andH37RV1939/T605¢0.
infection significantly increased the productiohlL-6, IL-12, CCL4 and CXCLS relative to
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the baseline control of HM only (Table 41). The laboratory strairCDC155%'T did not

significantly increase cytokine secretiaativeto baseline HIV1 infection.

Table 4.1. Comparison of cytokine secretion induced by the laboratory strains il HKY
infected MDM 24hours and 94%ours

Cytokines harvested 96 hours post infection

H37RV1939T605 H|v/-1 v CDC155#T/ HIV-1 v HN878"T/ HIV-1 v

HIV-1 HIV-1 HIV-1
Analyte Fold change p-value Fold change p-value Fold change p-value
IL-6 1.07 0.0055 - ns 1.15 0.0006
CCL4 1.49 0.0022 - ns 1.15 0.0034
CXCL8 2.76 0.0017 - ns 2.65 0.0017
IL-12 1.2 0.0096 - ns 1.2 0.0004

KruskalWallis s multiple comparison test with Tvatage linear stepp procedure of Benjamini, Krieger and
Yekutieli False discovery rate (FDR): with a cut off 0.1. Mean fold change between compared gmlpsof
comparison with FDR of <0.1. Fold change of fsgnificant (ns) value is not shown

| went on to compare cytokine secretion in MDM that wereintected with HI\‘
1/EX3QRI93YAB0S or HIV-1/MRC1E1939/A605 o H37RV199T605 |n these experiments |
measurd cytokines from SN harvestédl- and 96-hours posto-infection using a Luminex
assay. | observed that secretion of many cytokines was increased dunifigction with both
EX30R1939A6055nd MRC 16719394605 55 compared to the HiV only baseline cont (Table
4.2). As seen durinlgitb moncinfection (Table 3.3), most cytokines that were measured were
secreted in significantly higher levels by MDM-tdected withMRC16°193%46%° compared
to EX30R1939A6059n this is true for both 24ind 96hours posinfection (Table 4.2). There
was significantly more 2R, IL-5 and 110 in MDM coinfected with HIW*
1/MRC161939/A805ompared to MDM canfected with HI\-1/EX30°1939A605,t 24hours post
infection(Table4.2).HIV-1/MRC 1619394805 q.infection also resulted in significant increases
of cytokines compared to the lineage matched laboratory $#2iR\V1939T6%5(Taple 4.2).
Interestingly, only 110 overlaps with cytokines significantly increased compaoeHIV-
1/EX30RI939/A805 gther cytokines including K4, IL-6, CXCL10, TNF, Il-2, CCL11, IL-7 and
CCLS5 are uniquely different between HIVH37RV1939T605and HIV-1/MRC16°1939/A605¢ 0.
infection at the 24hour time point There were no cytokines that wesignificantly different
between MDM ceinfected with HI\L1/EX3QR19394805 compared to MDM cénfected with
HIV-1/H37RV1939T6055¢ poth time points (Table 4.2Jhere substantially more cytokines
increased in by MDM canfected with HIVM1/MRC167193%9A895in gt 96hours compared to
both HIV-1/EX30°939A605gnd HIV-1/H37RV193%T60%5¢q-infection (Table 4.2). In fact, CCL2
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was the only cytokines that was comparably induced betweerlMAIRC16°1939A605gnd
HIV -1/EX30R193%A605 (Tgple 4.2) while thislist included CXCL8, CCL11, CCL4, CXCL10,
IL-13, IL-1RA and CCL2 when compared to HIVH37RV1939T€05(Taple 4.2) These data
show thaMRC1671939A8%5¢q-infection of HIV-1 infected MDM increases cytokines secretion
beyond ceinfection with HIV-1 with EX309193%9A605 or H37R\V1939T605 Byt there is no
comparable difference in the induction of cytokines betwdEX30R1939A605 gng
H37RV1939T605%:q.infection conditions.
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Table 4.2. Comparison of cytokines secretion inducedvii ExageiesvasosgndMrc1e19394605in HIV -1 co-infected MDM

Cytokines harvested 24hours post infection

EX30Q1989A605yy .1 EX30R1939A609y.1 MRC1671939A609 v 1 EX30R1939A609y -1 MRC1671939A603y/ -1

% \Y; Y, \Y Y,
MRC16°1939A603y /.1 H37RV 193960/ 1 H37R\V 193916031/ .1 HIV-1 HIV-1
Analyte Fold p-value Fold p-value Fold p-value Fold p-value Fold p-value
change change change change change
IL-10 -3.28 0.0433 - ns 3.21 0.0223 - ns 4.17 0.0015
IL-2R -2.76 0.0433 - ns - ns - ns 3.58 0.0015
IL -5 -2.13 0.0433 - ns - ns - ns 2.38 0.0015
IL-16 - ns - ns - ns 2.49 0.0433 2.78 0.0209
IL -4 - ns - ns 2.52 0.0368 1.74 0.0433 3.92 0.0015
IL-13 - ns - ns - ns 1.43 0.0433 2 0.0015
IL -6 - ns - ns 3.28 0.0368 1.32 0.0433 4.95 0.0015
CCL3 - ns - ns - ns 1.30 0.0433 2.83 0.0209
CXCL9 - ns - ns 19.27 0.0078 - ns 22.31 0.0009
TNF - ns - ns 2.95 0.0278 - ns 5.83 0.0005
IL-12 - ns - ns - ns - ns 4.84 0.0094
IFN-2 - ns - ns - ns - ns 4.25 0.0009
GM-CSF - ns - ns - ns - ns 3.31 0.0005
IL -2 - ns - ns 2.92 0.0260 - ns 3.87 0.0005
IL-15 - ns - ns - ns - ns 3.39 0.0009
CCL11 - ns - ns 2.83 0.0163 - ns 2.31 0.0141
| EFNU - ns - ns - ns 3.43 0.0005
IL-7 - ns - ns 1.84 0.0303 - ns 2.72 0.0005
IL-17 - ns - ns - ns - ns 2.89 0.0009
CXCL10 - ns - ns - ns 8.06 0.0094
CCL4 - ns - ns - ns - ns 3.66 0.0039
IL-1RA - ns - ns - ns - ns 3.40 0.0209
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CCL2 - ns - ns - ns - ns 3.09 0.0094
CCL5 - ns - ns 2.63 0.0373 - ns - ns
Cytokines harvested 9énhours post infection
EX30Q1939A605yy .1 EX30R1939AC09H .1 MRC1671939A609 v 1 EX30RL939A609 -1 MRC 16719394609y -1
v v v v v
MRC1@1939A609 .1 H37RV1939T60% .1 H37RV1939T60)v -1 HIV-1 HIV-1
Analyte Fold p-value Fold p-value Fold p-value Fold p-value Fold p-value
change change change change change

CXCL9 -11.90 0.0004 - ns 14.23 0.0004 1.88 ns 22.39 <0.0001
TNF -7.69 0.0194 - ns 25.2 0.0024 - ns 26.84 0.0006
IL-7 -5.88 0.0109 - ns 1.92 0.0408 - ns 11.23 0.0015
IL -6 -5.88 0.0124 - ns 10.43 0.0015 1.94 0.081 11.23 <0.0001
IL-12 -4 0.0312 - ns 4.44 0.0063 1.44 0.0585 5.75 <0.0001
IL-10 -3.12 0.0307 - ns 4.42 0.0042 - ns 4.30 0.0028
CCL3 -2.85 0.0124 - ns 3.01 0.0096 1.43 0.2694 4 0.0003
IL-2 -2.38 0.0408 - ns 3.22 0.0171 - ns 4.01 0.0023
CXCL8 -2.27 0.1462 - ns - ns 2.71 0.0146 6 <0.0001
CCL11 -2.22 0.0109 - ns - ns - ns 2.37 0.0048
IL-4 -2.17 0.0656 - ns 3.05 0.0178 - ns 3.64 0.0019
CCL4 -2.08 0.1483 - ns - ns 1.45 0.0347 3 0.0004

| FNU -1.96 0.0808 - ns 2.33 0.0441 - ns 2.892 0.0043
CXCL10 -1.85 0.0587 - ns - ns - ns 1.96 0.0114
IL-16 -1.17 0.1251 - ns 7.27 0.0123 6.52 0.0516 7.59 0.0006
IFN -2 -1.53 0.0573 - ns 3.33 0.0153 2.44 0.1353 3.74 0.0007
IL-13 -1.42 0.0247 - ns - ns 1.47 0.0247 2.10 <0.0001
IL-17 -2.06 0.0143 - ns 2.23 0.0443 1.28 0.0662 2.63 <0.0001
GM-CSF -3.57 0.0247 - ns 9.57 0.0041 2.78 0.0247 9.93 <0.0001
IL-15 -2.43 0.0143 - ns 2.86 0.0232 - ns 3.57 <0.0001
IL -5 -1.87 0.0022 - ns 2.34 0.0357 - ns 2.21 <0.0001
IL-1RA -1.59 0.0080 - ns - ns 1.31 0.0412 2.10 <0.0001
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IL-2R -2.5 0.0247 - ns 2.99 0.0084 1.55 0.0247 3.89 <0.0001
CCL2 - ns - ns - ns - ns 2.87 0.0046

Fri edmands mu ltastiwghl Tevestage timpaa steps ppooedure of Benjamini, Krieger and Yekutieli False discovery rate (FDR): with a cut off 0.1. Mean fold

change between compared groypsalueof comparison with FDR of <0.1. Fold changenoitsignificant (ns) value is not shown.
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Next, | measured the secretion of cytokines in MDMrdected with HV-1 andeu111M*°or
EU40™>%or HN878"T. In these experiments, | obserwelden comparing between cytokines
secreted by MDM infected with HN and then canfected withEU111¥75°0r EU40™ 7S, there

was minimal differences (Table 4.3). HIWEU111N"*°co-infection increased the secretion of
IL-13 (p = 0.0423) TNF (0.0061)ard IL-2 (p = 0.0209)nly compared to HIVI/EU40™">°

at 24hours posinfection, but the secretion of all cytokines was comparable-ab86s post
infection (Table 4.3). A big difference between the two conditions wasEthet™N7>° co-
infection increasethore cytokine secretion relative to H¥Y only infection compared to €o
infection with EU40™7°° (Table 4.3)at both time pointsinterestingly, the lineage matched
laboratory strain HIVI/HN878VT induces the secretion of cytokinesluding TNF(p= 0024)

IL-6 (p = 0.0039) CCL4 (p = 0.0094) CCL3(p = 0.0209)and CCL2(p = 0.0209)compared

to HIV -1/EU40 % co-infection (Table 4.3) at 2hours posinfection. At the same time point

| did notobserve a difference in cytokines betwédtV-1/EU111MN75°and HIV-1/HN878"T co-
infection. At 96hours posto-infection, ceinfection with HN878"VT significantly increased

the secretion of even more cytokines compared-iofection withEU40™%° (Table 4.3)and
increased cytokines secretion comparedEtad1M7>° co-infection (Table 4.3). MDM co
infected with HIV.1/HN878VT significantly secreted nte CXCLS, IL-4, IFNU, IL-12, GM

CSF, CCL4, CCL2 and CXCL10 compared to MDMinfected with HI\VV1/EU11N75° or
HIV-1/EU40™7°° (Table 4.3). There was an increase in the number of cytokines secreted in
MDM co-infected with the clinical strain at 96ours ompared to cytokines secreted at 24
hours posto-infection (Table 4.3)This data suggests that the SNP observesuin 1N7>°
(Table 3.1) may not alter the cytokine induction phenotype observed between the.strains
While these strains result in incredseytokine induction relative to baseline for some
cytokines, the overall magnitude of secretion is lower compared to the lineage matched
laboratory strairHN878"VT.
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Table 4.3. Comparison of cytokine secretiomduced byEU11M7>°andeu4oein HIV-1 coinfectedMDM

Cytokines harvested 24hours post infection

EUL1MI9HIV-1

EUL1M7™YHIV -1

EU40™759HIv -1

EUL1MIYHIV -1

EU40"59HIv -1

V V Vv \' Vv
EU40™9HIV -1 HN878VT/HIV-1 HNS878VT/HIV -1 HIV-1 HIV-1
Analyte Fold p-value Fold p-value Fold p-value Fold p-value Fold p-value
change change change change change
TNF 1.42 0.0061 - ns -1.38 0.0024 - ns - ns
IL-13 1.19 0.0433 - ns - ns - ns - ns
IL -2 1.31 0.0209 - ns -1.35 0.0094 1.24 0.0433 - ns
IL -6 - ns - ns -1.74 0.0039 -1.12 0.0094 - ns
CCL4 - ns - ns -1.35 0.0094 1.4 0.0094 - ns
CCL3 - ns - ns -1.21 0.0209 1.16 0.0094 - ns
IL -4 - ns - ns -1.36 0.0209 1.54 0.0094 - ns
IL-1 b - ns - ns - ns - ns - ns
IL-12 - ns - ns -1.24 0.0039 - ns - ns
GM-CSF - ns - ns -1.25 0.0141 - ns - ns
CCL2 - ns - ns -1.72 0.0209 - ns - ns
IFN-2 - ns - ns -1.18 0.0141 - ns - ns
Il ENU - ns - ns -1.53 0.0433 - ns - ns
CXCL10 - ns - ns -6.82 0.0039 2.82 0.0304 - ns
IL -2R - ns - ns -1.37 0.0024 - ns - ns
CXCL8 - ns - ns -1.51 0.0209 - ns - ns
Cytokines harvested 9énours post infection
EUL11MM759HIV -1 EU11MN759HIV -1 EU40™19HIv-1 EU11MM7S9HIV-1 EU40™79HIv-1
v v v v v
EU409HIV-1 HN878"T/HIV-1 HN878VT/HIV-1 HIV-1 HIV-1
Analyte Fold p-value Fold p-value Fold p-value Fold p-value Fold p-value
change change change change change
CXCLS8 - ns -1.17 0.0080 -1.25 0.0043 2.27 0.0022 2.12 0.0022



TNF - ns - ns -1.3 0.0412 1.42 0.0143 - ns

IL -4 - ns -1.09 0.0107 -1.25 0.0080 1.39 0.0004 1.21 0.0016
IL -2 - ns - ns - ns 1.36 0.0080 1.21 0.0016
IL-13 - ns - ns - ns 1.34 0.0107 1.07 0.0189
| ENU - ns -1.06 0.0107 -1.14 0.0031 1.30 0.0107 1.20 0.0031
IL-15 - ns - ns - ns 1.24 0.0059 1.11 0.0321
IL -1RA - ns 1.19 0.0143 - ns 1.22 0.0143 1.08 0.0143
IL-12 - ns -1.1 0.0247 -1.26 0.0011 1.12 0.0031 - ns
IL-17 - ns - ns - ns 1.16 0.0107 - ns
CCL3 - ns - ns - ns 1.08 0.0022 1.02 0.0143
GM-CSF - ns 1.01 0.0107 -1.1 0.0412 1.07 0.0412 -1.02 0.0247
CCL4 - ns -1 0.0412 -1.18 0.0247 - ns - ns
CCL2 - ns -1.96 0.0022 -3.09 0.0022 - ns - ns
CXCL10 - ns -1.03 0.0247 -1.16 0.0412 -1.04 0.0412 1.01 0.0043

Fr i e d muatiplédcomparison test with Twstage linear stepp procedure of Benjamini, Krieger and Yekutieli False discovery rate (FDR): with a cut off 0.1. Mean fold

change between compared groypsalueof comparison with FDR of <0.1. Fold change of rsignificant (ns) value is not shown.
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4.2.5. Analysis of HIY productive infection
Finally, to determine whether direct infection with differdttb differentially regulated HIV

1 productive infection in MDM, | measured secreted HI@24 by Luminex assay, in the same

SN in which cytokines wemneasured abov@ig. 46).

4.2.6. Analysiof HI\/1 production in MDM canfected with differem strains ofMtb

To further understand the effectMtb co-infection on HI\A1 productive infection, | analysed
p24 secretion between the paneMib used for HI\A1 co-infection. Firstly, | analysed M-

1 productive infection in MDM canfected with the laboratory strains. @dection with the
laboratory strains did not modify HN productive infection iboth the M1 and MMDM

(Fig. 4.11A). Despite similar cytokine induction response in MDM (Tahlg) 4there is a
median high HIV1 production in MDM that are emfected with HN878 (2.24old) compared

to H37Rv ceinfected MDM (Fig. 4.1). H37Rv also resulted in low median HiVproduction
compared to CDC1551 dafection (2.19fold lower) and compareto HIV-1 only infected
MDM (1.77-fold) (Fig. 4.11A), despite a higher cytokine induction phenotype (Table 4.1). This
data points to a strain which induces a higher proinflammatory cytokine phenotype resulting
in decreased HIM. production.

| went on to analyse p24 secretion in MDMiaected with HI\A1 andMtb clinical strains
EX3QRI93Y/AC05 or MRC 16719394605 | ohserved no difference in p24 secretion by MDM co
infected with eitheEX30R1939A605qr MRC1671939/4605(Fig. 411B). Here the phenotype that
strains which induced higher cytokines results in a median lowIHpvYoduction persists.
Because interestingly, the strain with the SNP underHRUrthermore, HIVL/EX3(0R1939/A605
co-infected MDM increased the production of HIVby a median fold of 2.4 (p = 0.0525)
compared to HIVL/MRC181939A8%5¢q.infection, which shows trend wignificance MDM
co-infected with HI\L1/MRC1871939A605regyited in, albeit not significant (p s1%30), low
median HI\(1 production compared to MDM dafected with HI\A1 only. The data once
again pointing to negative regulation of HIVproduction by strains that induce a high-pro
inflammatory phenotypd-inally, when comparing the impact on HlVecretion inMDM co-
infected withEU111N75° or EU40™7%° the magnitude of secreted p24 observeBum1 N5
andEU40™"*° co-infected MDM was comparable to that seen with HIlone (Fig. 4.1C).
Thus, in line with the limitedmpact of EU11175° and EU40™"*° co-infection on MDM

cytokine production, they had no impact of HIWiral production during direct emfection
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Figure 4.11. HIV -1 production from MDM co-infected with different clinical and laboratory strains.

Monocytes from 6 donors were polarised to M1 and M2 MDM. The MDM were infected witHLHiMI SN was harvested and used for quantifying-Hp24 by
Luminex assayA) p24 analysed from MDM donors dofected with HIV-1 and the laboratory strair®) EX30R193%A6053ndMRC 1671939/A6053nqC) EU11 1N 750
andEU40™7%® Luminex data was analysed by GraphPad prism, each dot represents p24 from each donor.
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4.3. Discussion
In this chapter | wanted to answer whether differences observed in cytokine induction by the

different strains oMtb (chapter 3; Table 3.23.4), would result in differential production and
replication of HI\A1. Concurrently, | wanted to understand wieetthereweredifferences in
cytokine secretion due to-gofection of the same macrophages by HI4ndMtb and whether
that has an impact on H{¥ production. Soluble factors froMtb infected macrophages
increased the infection of TZMl cells by HI\A1 (Fig. 431 Fig. 4.4 and the soluble factors
also increased the LTR activity of HHYin TZM-bl cells (Fig. 457 Fig. 4.9. There waso
effect on HI\A1 production by soluble factors frokitb infected MDM (Fig. 48). There was
increased secretion of cwWioes in MDM coinfected with HI\A1 andMtb strains, but the
major contributor of the variation was irig@onor variability (Fig. 411B), as was canfecting
strain (Fig. 410C). There were no statistically significant alterations to Hlyroduction in
MDM that were ceinfected with HI\A\1 andMtb strains (Fig. 4.1). There appears to be a
reduction of HI\A1 production in MDM thainduce more cytokines

Productive infection measures packaged and secreted mature viral particles. It does not provide
a recod of HIV-1 replication in the cells. HAL replication produces a host of defective viral
genome which are not packaged and secreted to the SN. It is for this reason that secreted p24
antigen cannot be used to infer HiVreplication. To analyse HK replcation | used the
TZM-bl cells with the HIVV1 LTR linked to a luciferase reporter. This allowed is a direct
measure of the HI\L promoter activity and thus can be used to infer -Hilveplication.

Soluble factors can aid or hinder the uptake of HIWto cells. Some soluble factors prime

cells for uptake of HIVL by increasing the expression of surface Hl¥¢oreceptorg53],

while other soluble factors such as CCL4 and CCL5 physiologically bind telHt\@
receptors limiting the uptake of HI¥ into cells[50]. Post uptake and integration soluble
factors can activate the Hi¥ LTR by stimulating the production of hTF that bind to and
activate the activity of the HAL LTR [45].
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Table 4.4. A summary table of the effect of SN from the different strains on LTR activity in-B¥M

cells

Pre-infection Postinfection
24-hour SN 96-hour SN 24-hour SN 96-hour SN
H37RVP1939/T605 - = = =
HN878VT + = + +
CDC1551VT = + + +
E X 30Q1939/A605 + = + +
MRC16P1939/A605 + = + 4e
EUL11IN79 + + = =
Eu40T1759 + + — —

= shows where SN had no effect on HIMLTR activity, + shows where SN increased HI\LTR activity

TZM-bl cells were incubated with SN froMtb infected MDM 24hours or 9éhours post
infection, 24hours before or-ours after infecting the TZNl cellswith HIV-1. There was

an increase in HIM. LTR activity whether the SN was added before or after-Hixfection

for some strains. The increased LTR activity observed in -BZMells incubated with SN
before infection with HIV1, points to the SN priminipe TZM-bl cells for HIV-1 uptake. This
means soluble factors from the SN of HN878, CDC1551, the clinicaEpaifR1939A6%5gnd
MRC16°1939A605gnd the clinical pair€U111M75° and EU40™7%° all primed TZMbl cells for

HIV -1 infection (Fig. 43; Table 4.3. It is surprising that H37Rv SN, despite increased average
cytokine induction compared to CDC1551 (chapter 3; Table 3.2), did not significantly affect
LTR activity in TZM-bl cells (Fig. 43; Table 4.3.

The priming of TZMbl cells for rapid uptake of HML is likely due toa combination of
cytokinesinducedearly following infection with the clinical strainslowever, | observed that
IL-6 was consistently upregulated in thet®ur SN of he strains which resulted in increased
LTR preinfectioncompared to uninfected MDChapter 3Table 3.2 Table 3.4) Although

IL-6 is also increased early @DC155T, the SN from this strain did not significantly
increase LTR activity in thpre-infection model but a compelling trend was observed with a
p-value of 0.0847 at FDR<O0.1 propose that it is likely that the presence of some cytokines
from SN of MDM infected withthe clinicaland laboratorstrainsincreaseIV-1 entryco-
receptos in TZM-bl cells, thus providing an environment that is highly permissive to infection
by HIV-1.
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Also worth noting, the 9&iour SN fromEX30R1939A6055ndMRC 1671939A8%|injcal strainsas
well as H37RV1939T6%5 |ghoratory straindid not significantly increase LTR activity when
TZM-bl cells were incubated witlhe SNbefore HIV-1 infection (Fig. 4.4Table 4.4. At the
same timethe 96hour SN fromeu11M7° EU40™7 HN878"T andCDC1551'T increased
the LTR activity While it isunlikely, that a single cytokine may be responsible for the overall
observed phenotype, it may however, be contributinghis caseCXCL9 was the only
cytokine that was increased BB7RV1939T605 EX3(R1939/A6055nd MRC161939A605;t the 96
hour time pointyrelative touninfected MDM (Chapter 3; Table 3..3Jhis cytokine was not
affected byHN878VT, CDC1551'T, EU111M"*® and EU40™ "> relative to uninfected MDM
(Chapter 3; Tabl&.27 3.4.).1t does not appear that HY uptake isblockedby SN from
H37RV1939/T605 X 3(R1939/A6055nd MRC161939/4605 hecause the LTR activity is comparable
to LTR activity in TZM-bl cells incubated with SN from uninfected control (and by proxy
TZM-bl cells in media only) (Fig 4.4BTable 4.3. This means that SN frorAN878"T,
CDC155MT, EU111NM 75 andEU40™ *°likely increase HIV1 entry cereceptors ospeed up

a postHIV-1 entry mechanismn the TZM-bl cells. This datasuggestshat thelL4 clinical
strainsEX3001939/A605 and MRC 1671939285 jnduced SN early (24ours) that increased the
uptake into TZMbl cells The L2 clinical strainsEU111N75 and EU40™7>° appear tdnduce
factors at both 24hours and 9éours posinfection.lt is difficult understand which cytokines
play the most critical role in increasing HIV uptake becausén the larger picture,
EX30R1939A8053nd MRC16939/4605 induce the same cytokines and more e 11N "%°and
EU40™ 7 with respect to uninfected MDM. Yet, TZM cells incubatedvith 96-hour from
EX30R1939A6055nd MRC16193%A605gnpears to be limited in HAL uptake compared to SN
induced byEU11M15%andEU40™ > at the same time point.

TZM-bl cells are highly permissive to H¥ infection due to high expression of@reptors
including CD4 and CCRS5. I t Mb-indubed ENeif added6 pr o] €
hoursafter infection a substantial number of HIMparticles are alreadgiken up into TZMbl

cells and hence the cytokine impact will have a greater influence oR1HIVR post

integration, reducing the impact on HIVuptake.Increased LTR activityvas observeda

TZM-bl cellsincubatedwith both the24-hour and 96hoursSN from MDM infected with
EX3001939A605 LNg78MT and CDC155¥'T (Fig. 4.5 Table 4.3. It was surprising that
MRC16193948%induced SNonly increased LTR activity with the 96ur SN and had no

effect with the 24hour SN.given that this strain induces more cytokines that EX%S8605at

both time point§Chapter 3; Table 3.3t is difficult to recognise the precise fagg)involved
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with increasing LTR activity in the SEX30°193%4605 byt not iNMRC16°1939A6055N | Perhaps
the overabundancef cytokines induced biWIRC167193%4605may have a negative effect on
LTR activity. This can be supported by the observation that at tie@dtime point the levsl

of cytokines induced by MRCE&3%46% relative to uninfected MDMare highly elevated
comparedo levelsthe strain induceat 96hourspostinfection relative tauninfeced MDM.
Furthermore, using the 9&ur SN with relatively the same cytokine profilebut in less
guantities compared to Abur SN (comparing only cytokines analysed in this project),
resulted in significantly highTR activity (Fig. 4.57 Fig. 4.6 Table 4.4. This data may be
indicating that although cytokines may increase LTR activity in TiMan overabundance of
cytokines may also serve to limit the LTR activity. Additionalfy-1 replication may be
influenceddifferently under different conditimFor example,ite SN ofH37RV193%T605yjth
comparably higher cytokine magnitude niaN from lineage matche@DC1551'" had no
effect of HIV-1 LTR activity with the 96hour SN On the other handyith EU111V7%° and
EU40™*%induced SN resulted iincreased LTR activity when the SN was added before
infection and had no effect postfection, whichmears these strains likely induce mainly
factors that prime TZMbl cellsand have lessnpact LTRactivationpostintegration

Table 4.5. A summary table of the effect of SN from the different strains on LTR activity in-B¥M
cells

Summary of HI\V1 production in MDM incubated withltb induced SN |
96-hours SN

H37RVP1939/T605
HN878VT
CDC1557
Ex30Q1939/A605
MRC16P1939/A605
EU11 1N1759
EU 40Tl759

= shows where SN had no effect on HIMLTR activity, + shows where SN increased HI\LTR activity

HIV-1 andMtb may not always be emfecting the same cell but might share the same close
environment which may still give a chance idib to influence HI\A1 via the cytokine milieu.

This phenomenon is called the bystander cell effect. Here | measured the bystander effect by
infecting M2 MDM with HIV-1 and incubating the HAL infected MDM withMtb-induced

SN (Fig. 47; Table 45). Surprisigly, the Mtb-induce SN from the laboratorstrains and

clinical paireu11M7° andEU40™ > did not affect HI\V1 productive infection, whilst it was
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significantly decreased by the clinical p&X30?1°3%A6%5gnd decreased but not significantly
by MRC1671939/4605(Fig. 48; Table 4.5. Productive infection is also increased in MDM that
were incubated with SN frorRi37RV1939T605 compared to productive infection in MDM
incubated withEX30R1939A605 SN (Fig. 4.8 Table 4.5. | propose that, rather than ghi
phenotype being increased production of HIVh the presence ti37RV193%T605SN putis
ratheran impeding of production in the presence of SN frEX30R193%A605 There is prior
evidence which supports thsttb-induced soluble factors increase HlVreplication and
productive infection in PBM(38]. So, it was a surprise to observe tEX30R1939A605gnd
MRC16°1939A6%induced SN significantly decreased HiVproductive infection compared to
SN from unstimulated MDM and HRIL only infected MDM. However, there is precedent for
Mtb induced soluble factors leading to a decrease in-Hpfoductive infection during eo
infection. Similar findings have been observed in earlier studies on the effédtbofo-
infection on HI\A1 replication, that either reported inhibition or no effect on-HlIxéplication

and productive infection in MDM when dnfected withMtb [54-56]. Shattocket al., (1994)

[54], showed that MDMnfected with H37Rv had a greater than 50 % reduction in the LTR
activity using an reverse transcriptase a454y. Although the authors did not measure the
effect of infection on viral release by MDM, they suggest that the assay they usedlsould
be extended to productive infectif®]. Mancinoet al., (1994)[55], reported that infecting
MDM with Mtb and then HIV1 results in increased H¥Y productive infection, as measured
by p24 in the SN. However, when the authors either simultaneously infected MDM with HIV
1 andMtb or co-infected HIV-1 infected MDM withMtb they observed no difference in HV

1 productive infection[55]. It is estimated that a single round of infection for HIMn
macrophages is 48urs[57]. In my experiments the SN was addedhb8rspostHIV-1
infection, possibly even before all the HIVis taken up into MDM. This increases the
likelihood that HI\A1 receptor antagonists such as CCL3, CCL4 and CCL5 inhibited the uptake
of HIV-1 into MDM and affected subsequent infection rounds with-#INence the low p24

in the presence d&&X30°1939A60% and MRC 16719394803 induced SN.

The investigation into the effect of differential cytokine induction on HIroductive
infection was completed with M1 and M2 MDM. | found no significant modificatioH Ibf-

1 productive infection between MDM gofected with experimental strains and the controls
strains. It is worthy to note that the samples used were harvested 11 days ptshf¢ition
and four days po#itb co-infection and cell death was not ana&gsn these experiments. Cell

death is a practical reason why productive infection would be similar between the models

14¢



despite differences in HAL replication. As mentioned earlier that HIVis an obligate
intracellular parasite that is completely retiam the host for replicatiorMRC16°193%/A605
which significantly increases cytokine production comparegdaR1939A%yas expected to
increase HIV1 production as well. However, if there was increased cell death due to
MRC16°1939A60%5¢q infection, that would give a reasonable explanation for the similar-HIV

production levels betwedaX3001939A605nd MRC 1671939/A605

4.4. Conclusion
Two pairs of phylogenetically close strains Mfb belonging to L2 and L4, with a SNP

predicted to be under HIY selection in a lipid metabolising gene were tested for their capacity
to induce HI\A1 replication and production. | observed that soluble factors induced by these
strains in MDM increased thdlV-1 LTR activity (as a proxy for HIVreplication) in TZM

bl using SN harvested Z#burs and 9éours posinfection. The SN from the strains also
primed the TZMbl cells, increasing infection with HRZ, however, this was only noticed with

SN harveste@4-hours posinfectionfor the L4 clinical straingpointing to soluble factors that

are produced earlirhe L2 clinical strains induced primed TZM cells with both 2sour and
96-hour SN, pointing that factors involved in priming are produced at boghgoints for these
strains. There was no differential modification of HY production by L2 clinical pairs
EU11M75° andEU40™ 7% also these strains had a minimal effect on cytokine secretion in co
infected MDM. There was a significant differencecytokine secretion between MDM co
infected with clinical strairfEX30°193%46%5gnd clinical paitMRC16°193%46%5 However, this
difference did not translate to differences in HI\production during canfection. However,
co-incubation with SN fronEX30R1®BYA805 clinical strain resulted in significantly decreased
HIV-1 production in MDM. The clinical palEX30°193%A605gnd MRC 16719394605y ere taken
forward for genetic engineering in Chapter 5, after which analysis of the role of the SNP
observed inEX30R93%9A805 o the difference in cytokine secretion and whether this would
influence HI\A1 production either during direct infection or via a bystander effect is analysed
in Chapter 6.
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4.6. Supplementary material
The following supplementary data provides raw cytokine secretion level. The material contains

four tables of cytokine secretion by MDMfected with HI\A1 and MDM ceinfected with
HIV-1 and different laboratory and clinical strains and constitutive cytokine secretion by
uninfected. The cytokines were measured from SN harvested at bbhtiutposinfection
and 96hours post infection @hanalysed by Luminex assay. Luminex data was analysed using

GraphPad prism.

152



Supplementary Table4.1. Cytokine secretion level with interquartile range fréitv -1 infectedMDM and MDM co-infected withHIV -1/Mtb

laboratorystrains24-hours posinfectionwith Mtb

Analyte

H 37R\f19391T605

Infection

Median level of cytokine secretion with Interquartile range (pg/ml)

CDC155WT

Infection

HN878"T

Infection

HIV -1 infection

CCL11
CCL2
CCL3
CCL4
CCL5
CXCL10
CXCL8

CXCL9
GM-CSF
IFN-U
IFN-2
IL-10
IL-12
IL-13
IL-15
IL-17
IL-1RA
IL-16
IL-2

14.51(11.78- 43.25)
4395(3249- 12877)
14153(623.9- 33823)
6727(1691- 21469)
1575(947.8- 8792)
134(18.25- 1202)
16864(6925- 26684)

119.3(115.8- 485.8)
129.3(9.02- 1073)
337.9(146.9- 530.5)
71.91(10.58- 303.5)
16.3(3.56- 64.72)
2065(36.29- 13815)
188.8(171.3- 286.4)
643.1(522.1- 1744)
103.4(84.9- 173.2)
11973(7726- 16253
88.16(23.89- 354.5)
73.77(46.43- 194.8)

22.63(11.78i 33.48)
6520(2531- 16708)
1518(1074- 2748)
2825(1847- 4214)
1744(947.8- 2540)
222.8(29.6- 860.5)
10549(5885- 15652)

75.27(34.78- 115.8)
18.04(9.02- 36.15)
125.9(104.9- 434.3)
10.49(10.39- 10.58)
6.89(3.56- 11.94)
238.2(199.9- 365.9)
160.1(83.21- 224.6)
392.9(195.2- 522.1)
60.85(22.41- 84.9)
7450(3309i 16801)
85.22(39.73- 130.7)
45.16(35.41- 46.43)

28.48(11.78- 33.48)
4580(3644- 22925)
4773(3069- 32150)
6280(3063- 21469)
2540(947.8- 6434)
115.21.93- 590.9)
20966(11933- 26799)

169.8(34.78- 429.6)
52.72(9.02- 436.3)
342.7(125.5- 489.1)
22.61(10.58- 237.6)
13.6(3.56- 47.52)
664.9(475.3- 12126)
239.6(105.4- 297.1)
522.1(321.6- 1337)
84.9(48.01- 149.3)
9284(4248- 17754)
247.2(65.24- 325.3)
85.47(43.88- 163.6)

28.48(11.78- 40.17)
3329(421.9- 10708)
435.9(152.4- 34508)
335.2(56.02- 21469)
2540(947.8- 8663)

53.97(18.25- 569.5)
955.7(315.6- 27329)

115.8(34.78- 485.8)
9.02(7.6- 727.4)
216.3(33.69- 505)
10.58(3.8- 273.1)
8.41(3.56- 58.39)
69.63(36.29- 13815)
171.3(65.09- 264.3)
522.1(103.1- 1466)
84.9(11.94- 173.2)
9659(841- 16715)
40.4(11.77- 448.4)
46.43(10.52- 194.8)

1)



IL-2R
IL-4
IL-5
IL -6
IL-7
TNF

994.6(331.2- 2961)
317.8(127.3- 803.1)
97.75(64.32- 200.3)
1640(120.3- 17373)
271.3(210.8- 594.9)
51.39(0.56- 1111)

274.4(217.7- 331.2)
190.8(150.6- 231)

43.71(23.09- 64.32)
251.6(190.6- 402.5)
137.2(44.51- 210.8)
21.19(11.71- 26.07)

692.5(360.6- 2698)
356.2(213.4- 645.9)
64.32(38.12- 185.6)
731.4(474.4- 8836)
205.2(104.3- 511.5)
37.78(20.38- 250.4)

331.2(86.27- 2717)
58.18(34.8- 803.1)
64.32(13.13- 200.3)
29.32(20.87- 15854)
210.8(12.2- 552.2)
11.8(11.71- 742)

Median cytokine secretion levels with interquartile range. values for n =HINB78"T and n = donors for CDC15%1andH37R\/1939/T605
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Supplementary Table4.2. Median cytokine secretion level with interquartile range from HimMfected MDM and MDM cenfected with

HIV-1/Mtb laboratory strains 968ours posinfection withMtb

Median level of cytokine secretion with Interquartile range (pg/ml)

Analyte

H37 R\P1939/T605

Infection

CDC155T

Infection

HN878VT

Infection

No infection

CCL11
CCL2
CCL3
CCL4
CCL5
CXCL10
CXCL8

CXCL9
GM-CSF
IFN-U
IFN -2
IL-10
IL-12
IL-13
IL-15
IL-17
IL-1RA
IL-1b
IL-2

14.51(11.78- 43.25)
4561(430- 22632)
1857(103.3- 28211)
1110(275.9- 21469)
1575(947.8- 8792)
4.575(1.59- 513.7)
14126(2819- 27559)

144.5(66.65- 659.1)
7.73(0.25- 253.8)
67.47(24.07- 489.1)
10.58(4.55- 219.4)
2.13(0.14- 47.52)
302.7(36.29- 10228)
21.28(1.03- 260.5)
154.3(61.85- 1156)
11.35(1 - 140.7)
9079(702.5- 27676)
29.11(12.72- 206.7)
13.02(2.16- 140.7)

6.7(0.51- 32.43)
1797(513.9- 27713)
423.4(65.94- 1153)
606.7(253.6- 2223)
491.8(0.21- 5109)
2.915(1.23- 627.6)
8026(3108- 15921)

87.62(34.78- 659.1)
1.115(0.25- 12.75)
38.73(24.07- 580.5)
6.64(0.75- 23.49)
0.365(0.14- 10.22)
160(59.05- 496.2)
15.41(1.03- 264.2)
85.82(43.08- 522.1)
7.495(1 - 84.9)
4958(188.4- 31910)
19.23(8.62- 98.68)
8.865(2.16- 46.43)

8.415(2.978- 31.92)
5355(903.3- 27199)
812.6(161.8- 1087)
1089(379.6- 1970)
543.5(29.3- 5109)
15.2(1.5- 626.3)
14688(3638- 12813)

108.5(58.68- 624.3)
5.665(0.57- 12.5)
90.64(31.04- 556.4)
13.19(1.545- 22.74)
2.375(0.14- 10.08)
273.5(107.3- 437.2)
49.71(1.03- 263.2)
187.9(57.16- 479.1)
23.49(1.998- 83.9)
7093(566.6- 31722)
39.41(10.8- 283.1)
22.94(4.925- 44.27)

7.075(0.51- 33.48)
797(167.5- 24192)
306.9(13.9- 27753)
168.4(47.23- 21469)
481(0.21- 5194)
11.83(0.17- 440.7)
771.6(108.7- 27208)

76(34.78- 391.6)
3.925(0.01- 303.4)
31.06(14.71- 489.1)
7.19(0.75- 219.4)
2.075(0.01- 49.73)
31.39(8.15- 9851)
28.85(1.03- 252.5)
90.99(18.1- 1202)
7.965(1 - 149.3)
7148(182.9- 31948)
11.77(0.46- 241.9)
8.335(0.09- 140.7)



IL-2R 300.2(43.91- 2125) 116.9(43.91- 331.2) 181.8(69.59- 287.3) 86.27(10.86- 2400)

IL -4 66.46(14.3- 668.2) 37.84(11.14- 231) 105.3(14.3- 219.8) 32.87(3.96- 707.5)
IL-5 10.48(0.41- 169.5) 3.965(0.41- 64.32) 11.81(0.41- 63.91) 13.47(0.41- 169.5)
IL-6 149.4(24.1- 9691) 86.34(34.83- 220.6) 307.8(45.26- 185.8) 12.16(0.42- 12059)
IL-7 210.8(75.07- 437.3) 91.78(12.2- 225.6) 203.1(46.9- 213.4) 132.5(12.2- 478)
TNF 2.425(0.34- 90.98) 1.345(0.34- 11.8) 6.99(0.34- 11.46) 0.675(0.14- 105)

Median cytokine secretion levels with interquartile range. values for n =HINB78"T and n = donors for CDC15%1andH37R\/1939/T605
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Supplementary Table4.3. Median cytokine secretion level with interquartile range from HimMfected MDM and MDM cenfected with

HIV -1/Mtb clinical strains 24ours posinfection withMtb

Median level of cytokine secretion with Inerquartile range (pg/ml)

Analyte EX30RLI39/A605 MRC 16 L939/A605 ELJ11 1759 EUA401759
Co-infection Co-infection Co-infection Co-infection
CCL11 30.51(11.78- 43.25) 46.23(33.48- 98.22) 28.83 (11.78 35.85) 27.76 (11.78 33.59)
CCL2 4893(41311 19798) 6389 (4917 29466) 3988 (3489 17328) 3852 (2055 10235)
CCL3 6408 (1553 36106) 33583 (18809 41393) 4217 (1510 32832) 868.8 (646.1 32205)
CCL4 7230 (2096 21469) 21469 (3430 43621) 5499 (2024 21469) 1805 (1327 21469)
CCL5 2540 (947.8 9318) 8773 (2540 15910) 2540 (947.8 6875) 2540 (947.9 6286)
CXCL10 105.5 (29.6 800.3) 193.5 (174 4422) 34.99 (17.24 109.3) 22 .35 (17.24 40.9)
CXCLS8 22332 (7353 27327) 26448 (11933 28076) 20109 (6205 26523) 9010 (3257 27213)
CXCL9 296.2 (34.78 538.5) 775.2 (538.5 16676) 208.4 (34.78 391.6) 115.8 (34.78 368.7)
GM-CSF 37.75 (17.08 747.7) 410.6 (229.1 1364) 43.01 (9.02 480.4) 22.95 (9.02 411.3)
IFN-U 381.8 (119 580.5) 528.3(307.1i 1432) 231.5 (104.9 537.2) 146.9 (88.34 399.4)
IFN-o 30.71 (10.39 288.4) 294.9 (148.9 549.2) 10.58 (10.39 246.6) 10.58 (3.8 219.4)
IL-10 10.71 (3.56 66.81) 71.98 (39.65 143.4) 10.22 (3.56 56.24) 10.18 (3.56 45.29)
IL-12 905.4 (245.6 13815) 13815 (485.3 37610) 611.6 (250.7 12817) 142 (36.29 11655)
IL-13 271.4 (95.54 325.8) 282.8 (167.8 530.4) 232.2 (95.54 297.1) 198 (65.09 256.5)
IL-15 739.7 (263.7 1687) 1696 (1056 3574) 522.1 (195.2 1248) 522.1 (103.1 1248)
IL-17 129.9 (48.0% 187.7) 184.1 (124.3 380.8) 84.9 (36.79 165.5) 84.9 (22.41- 149.3)
IL-1RA 11350 (4478 21644) 17030 (13569 69070) 10733 (4518 18749) 10278 (3537 13460)
IL-1 b 263.4 (49.24 684.5) 326.8 (159.1 679) 226.5 (49.24 331.9) 98.68 (39.73 252)
IL-2 104.1 (35.4% 199.7) 209.3 (150.6 494.6) 88.57 (35.4% 163.6) 46.43 (25.22 152.4)



IL-2R 982.1 (269.4 2774) 2896 (1524 5645) 578.8 (217.1 2441) 331.2 (86.21 2338)

IL -4 420.7 (165.9 835) 817.1 (518.6 1630) 373.2 (132.9 720.3) 154.9 (110.6 677)
IL-5 64.32 (23.09 214.1) 220.5 (97.4 281.4) 64.32 (23.09 200.3) 64.32 (23.09 185.6)
IL-6 1071 (228.5 17538) 16879 (11969 22015) 659.4 (212.9 11509) 179.9 (123.3 8339)
IL-7 329.2 (44.5% 594.9) 579.4 (275.1 1023) 105.6 (44.5% 525.4) 210.8 (12.2 458)
TNF 48.27 (16.3 827.3) 950.8 (400.1 1346) 31.93 (14.09 320.5) 11.8 (9.08 218.7)

Median cytokine secretion levels with interquartile range. values for n =HINB78"T and n = donors for CDC15%1andH37R\/1939/T605
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Supplementary Table4.4. Median cytokine secretion level with interquartile range from HImMfected MDM and MDM cenfected with

HIV -1/Mtb clinical strains 9éhours posinfection withMtb

Median level of cytokine secretion withnterquartile range (pg/ml)

Analyte E X30R1939/A605 MRC16>1939/A605 EU11NL759 EUA0 759
Co-infection Co-infection Co-infection Co-infection
CCL11 9.735 (0.51' 51.96) 29.92 (15.89 56.25) 8.08 (0.51i 33.48) 8.08 (0.51i 33.48)
CCL2 7310(457.31 39117) 12456 (3454 49098) 1293 (335.6 21278) 1421 (537.2 10934)
CCL3 736.1 (49.99 36031) 18002 (3741 36855) 425.9 (49.99 28085) 432.9 (127.7 24940)
CCL4 1268 (183.3 21469) 6389 (9501 21469) 635.8 (156.8 19814) 577.2(312.61 16439)
CCL5 676.8 (0.21 11039) 1185 (136.9 11025) 481 (0.21i 4636) 481 (0.21i 3875)
CXCL10 18.74 (0.81 493.2) 68.44 (22.93 787.1) 12.19 (1.23 494.1) 12.19 (1.59 548.7)
CXCLS8 14484 (1773 27300) 22760 (11933 123091) 10354(1279i 26981) 9497 (2396 27120)
CXCL9 115.8 (34.78 886) 1083 (376.2 20093) 87.62 (34.78 886) 100.5 (34.78 659.1)
GM-CSF 4.35 (0.47i 1165) 296.8 (13.59 1237) 4.78 (0.01i 306.3) 4.655 (0.36 262.8)
IEN-U 104.5 (14.71 723) 277.3(115.2i 1063) 75.48 (14.71 691.2) 65.23 (14.71 620.1)
IFN-2 22.61 (2.76 391.2) 120.2 (20.13 682.8) 9.23 (0.75 251) 10.03 (0.75 205.6)
IL-10 2.375 (0.14 64.72) 25.42 (4.73 108) 2.225 (0.14 56.24) 2.075 (0.01 47.52)
IL-12 201.6(59.92i 13815) 821.0 (485.3 27064) 144.5 (42.97 10290) 108.1 (21.62 9118)
IL-13 51.91 (1.03 325.8) 105.3 (18.84 473.5) 41.41 (1.03 325.8) 38.09 (1.03 256.5)
IL-15 188.8 (18.1 2001) 818.7 (249.1 2194) 153.7 (18.T 1293) 97.9 (18.1i 1108)
IL-17 18.02 (1i 201.5) 71.63 (11.57 267.4) 16.3 (1i 157.6) 9.87 (1i 149.3)
IL-1RA 11584 (277.3 33316) 19299 (702.5 54779) 7780 (182.9 36457) 7881 (235.9 31492)
IL-1 b 56.47 (10.8 859.5) 354 (26.68 2384) 28.63 (5.92 505.6) 26.1 (10.8 252)
IL-2 20.36 (1.23 236.9) 91.7 (21.18 294.3) 10.5 (0.09 152.4) 17.85 (2.16 143.7)



IL-2R
IL-4
IL-5
IL -6
IL-7
TNF

176.9 (10.86 3350)
93.38 (7.75 920.1)
10.2 (0.4 227)
171.5 (13.51 23698)
140 (12.2 654.7)
7.27 (0.14i 848.4)

1380 (526.7 3295)
357.4 (110.8 1187)
66.61 (16.07 227)
8226 (3559 51810)
336.8 (134.2 754.5)
218.2 (7.53 1675)

113.9 (10.86 2296)
76.04(7.75i 737.2)
15.18 (0.4% 214.1)
102.3 (8.53 13311)
132.5 (12.2 516.2)
6.62 (0.14 118.3)

113.1 (43.91 1805)
59.09 (14.3 685.8)
13.47 (0.41 185.6)
69.06 (15.61 9581)
160.2 (12.2 487.8)
6.435 (0.34 85.52)

Median cytokine secretion levels with interquartile range. values for n =HINB78"T and n = donors for CDC15%1andH37R\/1939/T605

16C



Chapter 5Genetic engineering &NHn pks2of Mycobacterium
tuberculosiglinical and laboratory strains: reverting clinical strain
SNRo wildtype and introducing clinical variggiHnto wildtype
laboratory strain

5.1. Introduction

Genetic engineering is a powerful tool for studying gene functiornrembtential effeds) of
mutations. A number of techniques are available for genetic engineeriiMgbithat can
accomplish mutagenesis or allelic exchaifije In this project | used the allelic exchange
method of recombineerifi@] as a tool for generatingngle base pair changeshtb clinical

and laboratory strains of interest. Recombineering was best suited for use in my experiments
because it avoids the use of a suicide vector, which is integrated into the genome of the host
cells to introduce the mutah of interes{1]. Mutagenesis using a suicide vector requires that
the full-length gene with thenutation be cloned into a plasmid that containsaatibiotic
resistance markgB]. The plasmid with the gene of interest is used to transkdtfowhere it
integrates via homologous recombineering into the genomMdtiof[3], While unmarked
mutants can be generated using a deicrector, this approach requires several rounds of
culture and selection. Given that | was working with clinical strains, | wanted to keep passage
to a minimum and therefore chose the recombineering appf@hcRecombineering takes
advantage dfiomologous recombination proteins found in mycobacterioph&ig$.1). The

protein gp61 from the mycobacteriophage Che9c facilitates homologous recombination in
recombineering ofitb (Fig. 5.1)[2]. A key study by van Kessel and Hatful, (20(3g)defined
paraméers for successful recombineering. The authors showed that recombineering with
ssDNA vyielded a better result than using dsDNA and that it wasr 10000-times more
efficient when using ssDNA designed to bind to the lagging strand compared ssDNA designed
to bind to the leading stranf?]. These principles were followed when designing the

recombineering strategy designed here.
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Figure 5.1. Simplified schematic of recombineering.

(A) Mtb strains are electroporated in the presence of pNIT plasmid that contains a gene for GP61
recombinase enzymeaaghl 36) gene t hat c¢onf eB) Strainsteassforsnedamthc e t ok
pNIT are cultured and the production of GP61 recombinase enzyme is induced wittCIMiIlIdwing
inductionbacterial are further electroporated in the presence of ssDNA substrate with the SNP of choice and

(D) the GP61 enzyme facilitatdvomologous recombination between genomic DNA and the ssDNA during
replication and consequently the insertion of the SNP of choice in the genomic DNA.

This chapter describes attempts to genetically engBR&Yin lipid metabolisingMtb genes
that were observed in clinictb strains predicted to be under HIVpositive directional
selection[4], to establish a clear genotyphenotype link betweeSNPin lipid metabolism
genes, cytokine production grabnsequentlyHIV -1 replication. In this work, | attempted to
revertthe SNP observed in the clinical straingre wildtypeH37RV193%¥T605%5equenceandto

introducethe SNP found itheclinical strainsnto wildtype H37R\1939/T605

Given the technical challenges around genetic engineering of chftioakrains, only one pair

of clinical isolates s taken forward for recombineering. | selecteiRC16°1939A605gnd
EX30R1939A605hased ortheir cording and lipid phenotype€itapter 3). These data showed

that although both strains exhibited an intensive cording phenotype in media without detergent
supplementationyIRC167193%46055howed higher levels of cording compare& K30°193%/A605
(chapter 3; Fig. 3.4). Moreover, TLC data revealed differences in cell wall lipids between the
strains (chapter 3; Fig. 3i163.9). When the strains were used to infect MDM in the presence
(chapter 4; Table 4.3) and absence of HI¥cinfections (chapter 3; Table 3.2), there was
significantly more cytokines induce by MDM infected orinfected with MRC16°1939/A605
compared t&EX30R19394605 These phenotypic differences guided the selection of strains to be
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taken, forward for genetic emggeringto definitively link the observed SNP to the phenotypes

observed in previous chapters phenotypes.

5.2. Results

5.2.1. Protein modelling to predict functional consequence of the two pks2 mutations in
clinical strains.

| used a predicted model of the proteks®Pfrom Mtb to analyse the potential impact of SNP

5817 which confers the change from proline to glutamine is position 1939 (P19R290Q3NP

1815 which confers the am@acid change from threonine 605 to an alanine (T605A) (Table

3.1). To do this, I used the protein fold recognition server, Phigte2/(www.sbg.bio.ic.ac.yk

[5], to predict a 3D structure okB2 from Mth. Although pedicted protein structures can be
used to draw inferences about the protgishould be notedhowever,thatsome regions of

the modelled structure may be predicted with low confidence, which can, in turn, impact the
final predicted spatial pason of the amino acid in the protein.

The first mutation of interest is a proligdutamine change at position1939 (P1939Q) found in
EX30R1939A805(Fig. 5 2A). The original amino acid P1939 has a-shgped side chain and
occupies a pocket of spacetire 3D structure that is created by surrounding amino acids. In
the mutagenesis predictive model, the amino acid replacing P1939, gluE8in€Q1939)

has a long side chain and appears to protrude outside of the pocket of space originally occupied
by P1939 (Fig. 5.2B) suggesting potentially significant implications for the protein’'s structure

and function.
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Figure 5.2. A computer-generated model of pks2 protein fromMycobacterium tuberculosishowing

proline in position 1939.

The protein structure was generated using an amino acid sequence from mycobrowser
(https://mycobrowser.epfl.ch). The model was generated usitgiPi~old Recognition Server (Phyre2)
(http://www.sbg.bio.ic.ac.uk). The final 3D structure was analysed using the molecular visualisation
software Pymol.4) shows the position of prolir€939 (arrow); an amino acid found Ex30Q1939/A605 (B)

in silico mutation of proline to glutamine (arrow), to match amino acid found in H37Rv.

The second amino acid of interest is found in bBEXB0R1939/A605 gnd MRC1671939/A605
threonine605, (T605). This amino acid is found on the surfaks2n aregionlooped. The
original amino acid in that position a threonine at position 605 has a loAgohanside chain

(Fig. 5.3A) and is replaced by a smaller polar amino acid, alanine (Fig. 5.3b). According to the
predictive model and mutagenesis the orientatibthe side chain does not change and still
protrudes outwards, which suggests this mutation may have a minor impact on protein
secondary structure and function. Given that this mutation is found in both strains and is
predicted to have limited impact oropein structure, it is unlikely that this amino acid change

has a major phenotypic consequeincthis context
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Figure 5.3. A computer-generated model of pks2 protein fromMycobacterium tuberculosishowing
threonine in position 605.

The protein structure was generated using an amino acid sequence from mycobrowser
(https://mycobrowser.epfl.ch). The model was generated using Protein Fold Recognition Server (Phyre2)
(http://www.sbg.bio.ic.ac.uk). The final 3D structure was analysed usiagmolecular visualisation
software PymolA) shows the position of threonw&5 (arrow); an amino acid found fx3(R1939A605gnd
MRC1619394602 (B) in silico mutation of proline to alanine (arrow), to match amino acid found in H37Rv.

5.2.2. Recombineeringf pks2in EX3§1939/A605 \JRC 161939/A605%3nd H37R{1939/T605

5.2.2.1. Transformation of strains with pNIT plasmid containing the gene for the gp61
recombinase enzyme
The first step of recombineering is introduction of the pNIT [2], plasmid containing the

mycobacteriophagderived proteins required for successful homologous recombinfion
The experimental flow applied to do this is presented in Fgywih water useds a negative

control and the episomal pOLYG plasmid [6] as a posttiesformatiorcontrol.

The growth of colonies on 7H10 media supplemented with kanamycin2&arg/m) was

indicative of successful transformation with pNNitbd o e s n 6 t contain a gel
resistance to kan and therefore growth in the presence of kan suggests that cells have taken up
the plasmid and should be further screened for successful transformation. | observed 3x104
and 1x104CFU for EX30R193%/A8053nd MR C167193%/A80° respectively on kan containing plates

(Table 5.1) indicating successful uptake of pNIT. For all dilutions, the H37Rv strain
electroporated with pNIT displayed a lawn and therefore it was not possible to determine a
colony count for trs strain (Table 5.1). Controls provided expected results: the negative control

of Mtb electroporated in the presence of water only and plated in media with kan did not
produce colonies, yet an aliquot of the same sampMtbfstrains grew on antibiotifree

media (Table 5.1) confirming that cells were still vialilee strains were also electroporated
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in the presence of pOLYG as a positive control for transformation and that produced colonies

that were too numerous to count (TNTC).

Table 5.1. Colony counts ofMtb strains electroporated following electroporation to insert

pNIT plasmid.

Strain Sample Experiment/control Antibiotic CFU/mL
EX30Q1939/A605¢0|ony counts

EX30Q1939/A605  pNIT pNIT electroporation kanamycin 3 X104
plasmid experiment

EX30Q1939/A605  \Water/No Negative growth control kanamycin 0
DNA

EX30Q1939/A605  \Water/No Positive growth control No antibiotic ~ 1.12 X10
DNA

MRC16P1939/A805¢o|ony counts
MRC16P1939A605 nN|T PNIT electroporation kanamycin 1 X10*
experiment

MRC16P1939A605 \Water/No Negative growth control kanamycin 0

DNA

MRC16P1939/4605 \water/No  Positive growth control  No antibiotic ~ 8.21 X1¢
DNA

H37Rv colony counts

H37RVP1939/T605  gNIT pNIT electroporation kanamycin TNTC
plasmid experiment

H37RVP19397T605  \Water/No Negative growth control kanamycin 0
DNA

H37RVP1939/T605  \Water/No Positive growth control No antibiotic ~ TNTC
DNA

| selected single colonies that were growing on kan containing media and applied colony PCR
to detect thea p lg@né. Colony PCR was performed by picking single colonies and
resuspending in TE buffer. Part of the resuspended colony was plated on a 7Hd @latedi

and the rest was heat killed for colony PCR. Five colonies from EKgQ?l93%/A605

electroporation and one colony displayed the correctly sized band frghegérie (Fig. 5.4:
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lane 4) and was taken forward for recombineering. TMRE 1671939485 colonies that were
growing on kan were picked and tested for the presenaepohvéa @ CR. Amplification of

a p hvaa®also only observed one of the colonies. A total of eight colonietSitRy 19397605

were picked and tested for the presence of the gene, and again amplification was successful
from one colony. Electrophoresis gels lRC161939A6053ndH37R V1939605 gre not shown

in the data, however, they resemble thaE ¥B0°193%A895(Fig. 5.4) The growth of the strains

in media supplemented with kan and the PCR results were taken as confirmation of a successful

transformation, the amplicons were not seqednc

C 1 2 3 4 5 6 7 8 9 10 11

2176
1766

1233
1033

653
517
543
394
298
234
154

Figure54. Agar ose gel of APH( 30) ExpefscsgNmpl i fied from &
Multiple single colonies were picked and resuspended in TE buffer. Colony samples were btddr80

1 h, boiled samples were used for PCR to amplifyatieh (géné Ysing the Roche FastStart Taq kit. PCR
products were analysed using gel electrophoresis with the Sitginah DNA molecular ladder VI and
reference. The getepresents amplification of a 764 bp fragment ofahe h (généfrpm single colonies
andamplification ofa p h (géné ffom pNIT isolated frof. coliused a positive control he first lane is
always the molecular weight ladder, the second last lane is alwaysditigecontrol,and the final lane is
always the negative control for all geds amplification fromex3®193946%single coloniesane2, 3, 5 and

6 represent failed amplification from colonies and lane 4 represents a successful amplificatiprhof 3 6 )
gene,B) amplification fromMRC16°193%A605single colonies lane 2, and 3 represent failed amplification
from colonies and lane 4 represents a sssfcé amplification ofa p h (g8né,L) amplification from
H37R\1939T605single colonies lane 2, 4, 5, 6, 7, 8, and 9 represent failed amplification from colonies and
lane 3 represents a successful amplificatioa pf h (géhé. )

5.2.2.2. Confirmation of stable production of GP61
Before electroporation to introduce the ssDNA substrateNttby | tested whether thgp61

gene was expressed and the GP61 recombinase protein was stably produced by the transformed
Mtb strairs. This test was onlgompleted irthegp61gene in the pNIT plasmid is under the

control of a isovaleraitrile inducible promoterwhich is activated by the addition of IVN.
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EX30R1939A805nN|T was grown until an OD600 of 0.8 and induced withroM of IVN, and
samples were collected before inducti@h), 8 hours posinduction, and 24 hours pest
induction for analysis with SDBAGE. (Fig. 54). This testing stable protein production was
boy completed inEX30R199A605 gnd the data was inferred rfdMRC16°193%A605 gng
H37R\)31939/T60§

) 9 Resuspend in TE buffer

o Culture Mtb strains -

o Centrifuge culture in 50 mL tube

oS /S S

6 Analyse by gel electrophoresis e Purify protein e Heat-kill

Figure 5.5. Schematic of protein analysis itMtb strains following induction with IVN.
Mtb culture was grown in media and induced with INV. The culture was harvested by centrifugation and
heat killed. Heakilled culture was used to purify protein. The protein was analysed usindP8BE.

| assessed the production of GP61 recombinase enzyBEX3R1%3¥4%pN|T by analysing
protein production via SDBAGE. SDSPAGE is not a quantitative method, however, by
observing an increase in the size of a protein band at an expected moleculaoveiginte,
differences in the scale of protein production can be inferred. Here | observed an increase in
the size of the protein band atKibdaltons(kDa) (Fig. 5.6), which is the expected molecular
weight of GP61 proteijrwhich suggests that more thfe protein is being produced over time.

A small band of protein was observed at 0 hours (lane 2) (Fig. 5.6), before induction, which
points to a leaky promoter, leading to production of small protein quantities in the absence of
IVN treatment. However, thprotein band increases substantially in size 8 hours after induction
and further increases 24 hours after induction. This evidence can be taken to infer that IVN
induced the production of GP61 and importantly these data confirm that the pNIT plasmid is
functional inEX30R193%/A605: HN|T.,
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Figure 5.6. SDSPAGE of gp61 protein induced inEx3193946%3: pNIT using IVN.

EX3(R19392605:pN|T was cultured in 5 mL of 7H9 media supplemented with kanamycin until the an OD600
of 0.6.1 0.8. 1 mL of the culture was harvestedn of IVN was added to the remaining culture. 2 mL of
media was harvested after 8 h and 24 h post induction. Thevee#idheat killed and protein was harvested.
The protein was analysed using a 15 % SEI&E. An unstained Protein Ladder, Broad Range (New
England BioLabs) was used as a marker. (1) molecular weight marker, (2) 0 h before induction, (3)
production of prote after 8 h of inducing, (4) protein produced 24 h post induction.

5.2.2.3. Coelectroporation of sSDNA with pOLYG to decrease the number of colonies to be
screened in search olutants.
The final step of recombineering involves transformMtb (containing therecombinase

expressing pNIT plasmid) with ssDNA substrates to insert the desired mutation. The ssDNA
substrates were designed to introd@&P in two pks2 positions:SNR5817 @&l939) and
SNP-1815 @&605) (Table 2.5). The ssDNA substrates were desigrasltomologous to these
regions except for the one nucleotide change that confers the mutation. Effective recombination
at the region of interest would result in the incorporation of the desired single base change into
the strains genom]. The final step in recombineering is completed without a positive
selective marker, to create unmarked transfornf@ht3 he lack of a positive selective markers
makes screening for the successfully transformed mutant challenging. Therefore, | used a co
eledroporation approach to minimize the number of colonies that would need to be screened.
To do this, | ceelectroporated strains with ssDNA together with the episomal pO[SfG
plasmid. This plasmid has a gene that confers resistance to hyg in the backbone, meaning that
only colonies whgh take up pOLYG would grow in the presence of hyg supplementation in
the media plates. Transformed samples could then be selected on hyg and colonies that grow

would indicate that DNA had been taken up during electroporafithough uptake of
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pOLYG doesot necessarily correlate with uptake of the ssDNA substrate, this approach was
takento reduce the number of transformants that would need to be screened by PCR to identify
successful incorporation of the SNP (via homologous recombination of ssBNkJwing
identification of positive recombinantdeg pOLYG plasmidcould be lost from strainby
successive rounds sfilculturing in antibioticfree media. The pNIT+ strains were prepared

for electroporation by culturing as previously stated (Chapter 2[3e33ils of electroporation

conditions are described in table 5.2.

Table 5.2. Colony counts ofMtb strains electroporated following electroporation to insert

pNIT plasmid

DNA used for Media Purpose

electroporation  conditions for

selection

No DNA (water) Antibiotic free Provides an indication of the number of cells t

survived theelectroporation.

No DNA (water) hyg Would indicate whether cells were contamina
with a hyg resistant strain or whether spontane

mutations with hyg resistance were occurring.

pOLYG only hyg Provides an indication efficiency of DNA uptal

during electroporation.
pOLYG + hyg Would generate ssDNA transformed cells. 1
ssDNA inclusion of pOLYG in the electroporation allov

for the use of hyg for selection.

ssDNA only Antibiotic free Would generate ssDNA transformed cells.

CFU counts foH37RV1939T05g|lowing electroporation to modify SNP815 (T605A) and
SNR5817 (P1939Q) are represented in Fig. 5.7A and Fig. 5.7B, respeciilielfCFU count
for all three strains were roughly similar at about Hcf0/ml following electroporation with

pOLYG only and plating in media supplemented with hipdear plots)(Fig. 5.7A).The cfu
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for EX30R1939/A6053nd H3 7RV 193%T605|ectroporated with water and plated on antibiotic free
media, were also similar at about 1.3%Ehd 1.2x16 cfu/ml, while the cfu countsof
MRC16°193%A6%yere the highest at 1x16fu/ml (Fig. 5.7A). The clinical strain cfu decreased
when electroporated in the presence of pOLYG only, this was more evident in with
MRC16°1939A605(Fig, 5.7A).

The cfu count droppedonsiderablyin both EX3001939A605 and MRC 16719394805 \when the
strains were electroporated in the presence of both ssSDNA and pOLYG, then plated on media
with hyg (Fig. 5.7B&C) The number oEX30°193%A6%5¢0|onijes (electroporated with pOLYG

and either ssDNA) that grew in the presence of hyg waddds lower (Fig. YA-C) as
compared to colonies for the positive growth control (electroporated in the presence of water
and plated on antibiotitee media).Similar to EX30°193%A605 MRC 16719394605 sgmples
electroporated with ssDNA + pOLYG that were plated on mediaaggng hyg displayed-5

log less colonies compared to colonies that were plated in media without antibiotic (Fig. 5.7A
C). This suggests that inclusion of ssSDNA in theatectroporation results in lower survival of

the clinical strainsThis was not obseed in the cficountsfor H37RV1939T6%5ransformed in

the presence of ssSDNA and/or pOLYiG which the cfuemainedoughly x10°CFU/mL (Fig.
5.7B&C). This cfu counis similar to positive controlH37RV1?3%T05¢|ectroporated in the
presence of water and plated without hfgg)all the electroporation conditioiiBig. 5.7A and

Fig. 5.7B).This datandicates thapOLYG is easily taken up by the strain, which then become
hyg resistant and thatectroporation eftiency ofH37R\V1%9T6%yas high.
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Figure 5.7. Average CFU following electroporation in the presence of ssDNA and/or pOLY @ change

two SNPin pks2

H37R\P1939T605 pN|T, EX3QR1939/A605pN | T andMRC1671939A605pNIT wereelectroporated in the presence

of water or 500 ng pOL® or three different concentration edchssDNA substrate (100 ng, 250 ng and
500ng) with or without 500 ng of pOLYG. The electroporation samples were plated in the solid media
supplemented or not supplemented witlgromycin Plates were incubated and colonies were counied 2

3 weeks later. Eaathot represents number of colonies counted for each dilution factor in each concentration
of ssDNA. (A) transformation witppOLYG only (B) transformation with sSDNA substrates specific for
SNR1815 changing amino acid T605 to A605 (ssDIRB05A) for all strains and €) transformation with
ssDNA substrates specific for base 5817 changing amino acid Q1939 to P1939 for all strains.

5.2.3. Mutation confirmation: SNB817 is more amenable to change than SRP7
Sanger sequencing was used to confirm successful introduction of the desired mutation

following electroporation. Colonies growing on hyg were subjected to a colony baleahd
region of interest withirpks2was amplified, and correctly sized products evenbmitted for
Sanger sequencing. A representative sequencing chromatémré&NR1815 indicates the
successful change géc toacc (A605T)in the genome of thEX30R1939/A805:aN|T strain(Fig.
5.10).
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Figure 5.8. Sanger sequencing data representation of base modification at amino acid position 605

Colonies ofEX30R1939/A605:pN|T, MRC 16719394605 pNIT andH37RV1939Te0%:pN| T, respectively, were resuspended in TE buffer and heat killed. PCR was performed
on the colony boils to amplify a region pks2spanning position SNB815, aa605. The PCR amplicons were sent for sequencing at the Central Analytic Facility at

Stellerbosch University. The imageepresents position 6@ghere A) accin H37R\V1939T805yas changed tgcg (B) gecin EX30R1939/4605yas changed tacc and
(C) gccin MRC1671939/A805y35 changed tacc. Data was analysed using the genius psofevare (Biomatters).
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Table 53 shows the number of colonies for whipks2was successfully amplified together
with the percentage of colonies that contained the desired mutatioEXBOR3¥A6%5gnd
MRC1671939/A8095]| the colonies that were screened for the SNR5modification (A605T)
showedthe correct base changethat site, indicating a 100 % success screening success rate
for the A605T mutation. Surprising37RV1%3%T6%yas |ess amenable to the change in that
postion, butwith only a 4.16 % success rate. Given tHaTRV’1939T6%g g well characterised
strain, that has been passaged numerous times, it was expected to be more permissive to
electroporation compared to the clinical strair®wever, | observed thahe recovered
H37RV1939Te05pacteriawhenelectroporated with ssSDNA and pOLYGig. 5.7) was similar

to pOLYG only, whereas electroporation in the presence of ssSDNA and pOLYG for the clinical
strains reduced bacterial viability (Fig. 5.8ig. 5.9). Tlis could mean that37R\1939/T605

was efficient in uptaking pOLYG and less efficient in uptaking the ssDN#&rnatively,the
lowerrate of induced mutation iH37RV193%T6%5s that there are other mutations in this strain
that would negatively interact with the 605 mutations (i.e. epistatic effects), however further
investigation of this potential reason was beyond the scope of this workuandssfully
generatednutants wes taken forward for phenotyping (Table 5.4)

Table 5.3. The rate of positive mutants in the number of screened colonies fidthistrains

Pks2605 Pks21939

Strains Colonies PCR* Colonies Total PCR* Colonies

screened colonies with colonies  colonies with

by PCR sequenced SNP  screened. sequenced SNP

change by PCR change

E X30Q1939/A605 19 14 14 70 46 0
- PNIT (100%

)
MRC16P1939/A6 12 11 11 63 56 0
05 pNIT (100%

)
H37R\P1939/T60 37 24 1(4.16 84 52 0
SpNIT %)
Total screened 68 49 25 (51 217 210 0

%)
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While electroporation experiments to introduce $NdP-1815mutation was successful for all
strains, after screening a total of 68 colonies, strains containing a muaatlBINRS5817
(aal939 could not be found (Table 5.4). To generate these strthi@lectroporationvas
repeated (this time only using the pOLYG-electroporation strategyecause contamination

was prevalent when usirggDNA alonen previous assays) and plated in media supplemented
with hyg. Two different electroporation experiments were completed for each strain and after
screening a total of1Z colonies from both experimenig colonies that contained a mutation

at the desired positiomere identified for all three straitf$able 5.4). The mutation ael939
seems to be less amenable to induced genetic change, which might point to that Ipeisig

critical for the protein and changing it affects the integrity of the protein.

Table 5.4 indicates the panel of mutant strains that were generated via the genetic engineering
strategy presented above and taken forward for further characterigatiomnmunological and

lipid assays to establish genotypleenotype relationship¥he mutantMRC161939/A603

strain carries the same allele combination as wildtype H3ARwreas the mutant
H37RV1939T605A  has the pks2 allele combination of wildtype MRC16 Wildtype
EX30R1939A605 gnd mutant EX30Q1939/A605Tontain unique combinationhat arenot

present in the other 4 strains

Table 5.4. The combination ofvildtype and thi& mutant strains that were successfully created

with geneticengineering.

Original 1st SNP  Amino 2nd SNP Amino  Mutant strain

Strains details acid details acid

EX30Q1939/A605  nt: C5817 Q1939 nt: A605 EX30Q1939/A605T
G1815

MRC16P1939/A605 nt: A5817 P1939 nt: A605 MRC161939/A605
G1815

H37Rv nt: A5817 P1939 nt: T605 H37Rv
A1815 P1939T605A

5.2.4. Analysis of wikdype and mutantMtb strain lipid profiles by TLC
To understand whether there were differences in cell wall lipids between Wihanda nt s 0

strains oMtb, both WT and mutant strains were sent for TLC analysiese strains presumed
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to have lost the pOLYG plasmid since there was no growth observed ia swggilemented
with hyg. Strains were prepared as in Chapter 3 (section 3.3.1, methods: 2.2.4) for analysis
with TLC. Due to delays over COVH29 lockdowns the full repertoire of lipids characterised

in Chapter 3 (Fig. 3.6 3.9) could not be completedrf mutants butvill be done as future
work. Only characterisation of TDM, TMM, amRE, CL and PIMipids are reportedh Figure

5.11 The TLC data shows thahilst theloadingof the same amount of extract was performed
similar density for all strainwas not observedhe mutantH37RV'1939T608 hasthe faintes

lipid profile of al strains. Compared to wildtype H37RM37RV1939T60% haga relative
decrease iTMM, and CLcompared to TDM and Pand a loss of the two lower PE bantds

is alsomissingPl and PIMs although these are the faintest in wildtygrel thus their absence
could be due to the overall lower lipid staining for the mut@omparingeX30R193%A605gn(
EX30QH39A8%5Tihey wee near identical expect for a faiowver PE band that was present in
the mutant EX3893%A605Tand not wildtypehey also have a relatively higher abundance of Pl
as compared to H37RBoth these strains are missing TMM in their cell wall lipid extriid.(
5.11). | also observeonly subtle differences the lipids measured faWRC1671939/A46053n(
MRC161939/A805 ' Both strainswere missing TMM and PIMs in their cell wall lipid extract
and both also have tfi@inter lower PE band which watsopresent imutant EX3@1939A605T.

and this was alseelativelybrighter in mutanMRC 16719394608 comparedo wildtype MRC16

(Fig. 5.11). PI was also barely detectable in wildtype MRC16 and absent in mutant
MRC16°193%9A805 ' Unfortunately, SE1 our primary lipid of interest regulated by pks2 is not

clearly represented in these TLC.

H37RVPI939/T605 H37RVPI939/T605A EX30Q1939/A605 EX30Q1939/A605T MRCI6P1939/ABOS MRC16PI939/A605T

PGL
-
TDM — - - ot
-
TMM -
-
PE - -
—
PI
PIM 4
Origin A .

N :

Figure 5.9. Thin layer chromatography analysisof apolar cell wall lipids from Mtb WT and mutant
strains.
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All the strains were cultured media without Tween 80. The strains were allowed to grow for 10 days. The
cultures were centrifuged, and the media discarded, and the pellet wailéeat 80°C for 1 h. The pellet

was used to extract polar and apolaidigp which were analysed by TLC. The TLC represent lipids from
H37RV1939T605  (P1939/T60% ~ H37RV1939T608  (P1939/T6054, EX30RI939/A605  (91939/A609,
EX30R1939/A605T (1939/A6057, MRC16°1939/A605(P1939/A60% and MRC1671939/A605T (P1939/A605).

Lipids represent: TDM Trehalose di-mycolate), TMM (Trehalose monenycolate), PE
(phosphatidylethanolamine), CL (cardiolipin) and PIM (phosphatidylinositol mannosides) points to

lipid difference between wildtype and mutant strains.

5.3. Discussion
To address the question of whether theical strainphenotypedifferences | observed in

Chapter 3 and Chapter 4 are attributable toSh in pks2 the twoMrtb clinical strains
EX3QRI939A605 gnd MRC16°19394605and one lineage matched laboratory strain H37Rv were
taken forward for genetic engineeriigX30R1939A6053ndMR C 1671939460 |injcal strains were

chosen for genetic engineering because | observed differences in cording phenotypes (Fig. 3.4),
differences in cell wall lipid production (Chapter 3; Fig 3.8.9),and differences igytokine
secretion in the absence (Table 3. 3) and presence ol ldbdnfection (Table 4.2) between

these strains. There were two SNP identifigokis2of EX30°193%A605 thefirst SNP in position

5817 was identified biKochet al.,(2017)[4] to be under HIV1 positive directional selection

and changes proline to a glutamine (P1939Q). A second SNP in position 1815, was chosen
after analysis opks2sequences in botBX30°1939A605and MRC16°193%A605(Taple 2.3). The

SNP was chosen because it occurs in the same gene as the SNP under positive directional
selection and it only occurs in the clinical strains and not the lab strain. The SNP is a non
synonymous SNP changing a threonine to an alanine (T)6@8d\ | predicted the SNP may

work in tandem with the SNP 5817 (P1939(uccessfully generated singd@asemutations

at SNR1815 in all three strains but could not generate mutations a58WNPin any strain.

A search of the protein data bank (PDBJ not yield results of know structure of thiesP

protein fromMtb. Bordoli et al., (2009) [7], stated that the number of determined protein
structures is less than 1 % thfe know protein sequencégs]. However, proteins can be
classified into families with similar sequences and similar fold and fun@prand such
similarities form basis for protein structure prediction via the sequ@hcéused an online

tool PhyreZ5] to predict the structure ofkB2 from the amino acid sequence (Fig. b.Rig.

5.3). The amino acid sequence of a protein can be used to predict with high accuracy the 3D
structure of proteind?ks2encodes a synthase involved in the metabolism ef {4], and if
mutatiors occur in the active siteis conceivable thaheycouldaffect the functioning of the

synthaseand thereforepossibly Sk1 production in these strains. The SNP responsible for
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P1939Q is observed mregion thatdoes not appear to correspondtie ative site and the
proline assunga slightly buried spatial distribution in the protein. Proline is a ring shaped
bulky amino acid which can occupy a small pocket of space, due to thehapgd structure,

but glutamine has a longer side chain (Fig 5/2hen glutamine replaces an amino acid like
proline its long side chain may cause steric clashes with adjacent amino acids, disrupting forces
responsible for holding the protein structure infa€f. This information shows the possible
effects amino acid changes may have on protein structure and consequently function (Fig 5.2).
However, further studies are required to confirm whether any phenotypic changes result from

the differencan amino acids and by extension the SNP.

The second SNP responsible for T605A mutation occurs in an alpha helix that makes up a loop
on the surface of protein and this position is unlikely to be in the active site of the protein (Fig
5.3). However, sincéhe change is from a loaghained, polar amino acid (threonine) to a
smaller, norpolar amino acid (alanine}his may serve to have a destructive effect on the
stability of the protein. The protein structure achieves stability by burying thealansde

chains. In fact in a given protein structure, 75 % of thepwlar side chains are burigtil].

To determine genotypghenotype relationships, recombineering wgdiad to introduc&NP

of interest intoEX30R193%/A605 \JRC1671939A4605and H37Rv (Chapter 2; Table 2.4). The first
step of recombineering requires the introduction of the pNIT plasmid into strains to facilitate
expression of recombineering proteins. Strains transformed with pNIT were easily identified
by antibiotic selectiotecause of tha p hgerie on pNIT, which confers kan resistaficd.

The second step of recombineering involves introducing ssDNA containibgXthateon of
interest into the pNIfransformed straing.o facilitate more efficient screening of this second
step of recombineering, | modified the original protocol for recombineering slightipuring

the second round of electroporation to insert the ssDNA substrate, | included a plakivi& pO

[6], which has a hyg resistance sequence in the backbone. The inclusion of this plasmid allowed
more efficient selection of transformants for screening because bacteria which take up pOLYG
would be selected on plates supplemented with hyg. Even though traasém with pOLYG

does not translate to transformation with ssDNA or homologous recombination in transformed
bacteria, it does lower the number of colonies to be screened. The pOLYG phlamutddbe
subsequently lost in the strains following culture irdraevithout hyg supplementation.

The SNP responsible for T605A, was amenable to mutation in the clinical strains as indicated

by 100% success rate of screening via Sanger sequencing were positive for the mutation (Table
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5.3). H37Rv appeared to be lessemable to genetic change because only a single colony out
of 24 was positive for theatroducedmutation.SNR-5817 responsible for P1939Q found in
EX30R1939/A605an( predicted to be HA positive directional selection could not be mutated
via recombineeng in this work. Without significantly more work,ig difficult to provide a
conclusivereasonfor why this SNP could not be changed. It is possibi theP1939Q
mutation changes the protein structure too significantly and requires other mutattomshe

genome to allow for effective protein folding.

Although | was not able to successfully makedhange aSNR5817 inEX30R1939A605 | wag

able to makex new mutant combinatiowith the change i8NR-1815 that changes T605 to

ABO5 inEX30RI93IA0ST gnd MRC1671939/4603 - the MRC16 mutant resembles wildtype H37Rv
whilst EX3(R1939A605Teantains a new uniqueks2allele combinationThe mutation oBNP

1815 inH37RV1939T603 createda mutant straivhich resemblesvildtype MRC1671939/A605

From the limited data that is available on lipid production between the mutant and WT strains,
SL-1 could not be assesseahd only subtle changes in PE were seen between the clinical
wildtype and mutants. By contrad87RvV’1939T60% showeddramatic relative loss afMM and

CL/PG compared to TDM and PBue to the large number of lipid changes observed in the
mutant H37R{°28T650/compared to wildtyp&l37RV’1939T6%these may be due to otteNP
introduced intdH37RV1939T608 Theeffects electroporation on global lipid production in the
strains and more specifically the effect on the lipid of interest if critical to analyse. While
attempts were made to measure the same lipid species for the strains before and after
electroporationthis was not possibld.o understand this effeethole genome sequenciog

the strains to compare any differences in genes responsible for the metabolism of the lipids that
differ between the wildype and mutant strains.

It must be noted that much vkoremains to be completed to look at the full repertoire of lipids
measured initially to conclude the effect of the mutation on cell wall lipid produdiius.
includes the critical Si1 lipid, which is regulated by theks2gene, which is the primary gen

of interest in thesstrains. Without the TLC analysis of TLC in the mutant strains to understand
the effect of the mutation, this work remains incomplete. An important future experiment is
the analysis of the mutant strains with lipid magsctrometryo see the effect of the mutations

on cells wall lipids, especially in the critical 9L Nevertheless, genetic engineering of clinical
Mtb strains to establish genotypéenotype relationships are not often undertaken and the

partial success of this stegfy represents a significant technical achievenestly, for both
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EX3001939A605 gand MRC16°1939A605 gelection on hyg after eslectroporation with
pOLYG+ssDNA resulted in fewer colonies, than when cells were electroporated with ssSDNA
only and plated o antibioticfree media. These data show that my modification of the
conventional protocol to include @ectroporation of a plasmid containing an antibiotic
marker to allow selection of electroporated bacteria successfully reduced the overall number

of colonies to be screened for SNP validation.

5.4. Conclusion
| was able to use recombineering to successfully make unmarked mutants in Mitical

strains, which as mentioned above has not often been attempted nor accomplished often in the
field. Mutation eficiency appears to be site specifidvitb because SNR815responsible for

T605A was easily changeable back to A605T in the clinical strains or T605A in the lab strain
to match the clinical strain SNP. However, | was unable to successfully chang&83R/P
responsible for P1939@ EX30 predicted to be under HIY selection pressuréVutants
generated in this section were taken forward along with WT strains to infect MDM in the
presence of HIVL coinfection to examine the role (if any) that is played by the SNP observed

in position 1815 (T605Apn P1939Qelatedimmunological phenotypes.

Supplementary Figuig1. thin layer chromatography analysis of lipids from different
strains ofMtb
The TLC runs by Dr Apoorva Bhatt were conducted simultaneoustyather lipids from

different projects in our lab. As such, the TLC runs for the strains sent for this project were
not completed chronologically and for this reason the TLC gels shown here are from two

different gels that were modified to put matchinguists next to each other. The following
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Figure 5.10. Thin layer chromatography analysis of apolar cell wall lipids fromMtb WT and mutant

strains.

All the strains were cultured media without Tween 80. The strains were allowed to grow for 10 days. The
cultures were centrifuged, and the media discardedhamukllet was hedilled at 80°C for 1 h. The pellet

was used to extract polar and apolar lipids, which were analysed by TLC. The TLC represent lipids from
different strains oMtb. Lipids represent: TDM (Trehaloseiycolate), TMM (Trehalose morAmycdate),

PE (phosphatidylethanolamine), CL (cardiolipin) and PIM (phosphatidylinositol mannosides). Arrow points
to lipid difference between wildtype and mutant strains.
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Chapter 6LinkingMtb pks2genotype to cytokine and HIV
phenotype inco-infected human macrophages

6.1. Introduction
Mtb co-infection affects HIV1 replication by two mechanisms: (#jb lipids bind to host PRR

and stimulate HIV1 activating hTH1], (2) Mtb lipids stimulate cytokines which also induce
HIV-1 activatinghuman transcriptional factoreTF) and thereby increase HY repication

[1]. Cytokines also influence HRI infection dynants by increasing the expression of HIV

1 entry cereceptor or blocking access to HIMcoreceptorg2]. The outcome ofMtb infection

varies between different straif8]. This difference in phenotype was documented in
differential cytokine production between HN878 and H3TAyvIn fact, Reed and colleagues

[4], showed that H37Rv increased cytokine production compared to HN878 because it lacked
a cell wall lipid that modifies cytokine secretion. Using this data, Rambal., (2009)[5],
showed that increased production of cytokines by CDC1551 compared to HN878 accounted
for the observed increase in HIVp24 antigen of PBMC emfected with CDC1551 compared

to HN878[5]. This data demonstrates that underlying genetic variatidvitinstrains and
consequent diversity in cytokine responses may influencelHihfection in dseasesites. The
outcome of HIA1 infection is also determined by the biojagf the infected hog6]. A study

by Trachtenberegt al.,(2003)[7], found that individals who were homozygous for two of the
three HLA class | alleles progressed more rapidly to AIDS compared to individuals who were
heterozygous for all three allelgg. While a different studghowed slow disease progression

in individuals with isoleucing0 inHLA-B compared to individuals with threonine in position

80 [8]. The observations in these studies underly the question of the effect of different

inflammatory enviroments on HIV1 replication.

As described in Chapter 5, several phenotypic differences between the phylogenetically close
MRC1671939A8053nd EX30°1939/A605strains, including differences in lipid (chapter 3; Figs 3.6

T 3.9) and cytokine production in tdsence (chapter 3; Table 3.3) and presence oflHI¥

infection (chapter 4; Tabl3 4.2) were observed. Phenotypic differences were not as profound
betweenEU111M75 and EU4075° therefore onlyMRC16™1939/A605gnd EX3(R1939/A605yere

taken forward fogenetic engineering. The data presented in the sections that follow describe
in-depth immunological characterisation of engineered strains generated in Chapter 5, together

with their wildtype strains, to investigate the impact that single base pair chapys2have
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on cytokine production and HK replication duringMtb-HIV-1 coinfection of human

macrophages.

6.2. Results

6.2.1. Transwell assay saip to monitor direct canfection and bystander effects bftb

infection on HIML production.
The Mtb/HIV -1 coinfection experiments used to assess the impact of SNP engineering on
straininduced phenotypes were carried out usingaaswell assayThe transwell plate is a
good model to mimic simultaneous-tdection in the top chamber and bystander cell effect
in the bottom chamber. The top chamber of the tvegl plate has a membrane with pores
that are0.4mm in size (Fig. 6.1) These pores sizes allowed the movement of-Hparticles
between the top and bottom chambetlV-1 particle sizes are between 100 to 120 nm in
diameter[9] - while restricting the movement dfitb bacteria fom the top to the bottom
chamberasMtb rodsare araverage 24 nm in size[10]. Due to the number of conditions and
strains to be tested, | only used M2 MDM fordafion with both HIV1 andMtb strains. In
Chapter 3 and Chapter 4, | observed that there were limited differences in cytokine secretion
between M1 and M2 polarised MDM during-tdection withMtb and HIV-1. Although | did
not observe any differences if\H1 production between M1 and M2 MDM, there is precedent
in the literature for increased HI{Y production in M2 MDM compared to M[IL1, 12]
therefore | chose M2 polarised MDM for these experimdnised seeded M2 MDM in the
top and tle bottom well. | infected both the top and bottom wells with HIsnd allowed the
infection to continue for seven days without mixing the two wells, while refreshing 50% of the
media every three days. After seven days;inhéected the top well only witMtb for 4 hours
and then combined the top and the bottom well to allow cytokines to mix. | harvested the SN
in co-infected MDM (top chamber) and the bystander MDM (bottom chamberaridl 96

hours posinfection withMtb and used Luminex to measure p24
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Figure 6.1. Schematic transwell plate infectin conditions used to assess the impact b strains on HIV-
1 replication in co-infected and bystander cells.

The schematic show#\) top chamber and bottom chamber of the tnae plate with MDM infected with HIV
1 only,(B) top and bottom chamber of the tramsll plate with top chamber eafected withMtb and HIV-1 and
the bottom chamber infected with H1/only.

6.2.2. Transwell baseline parameters: HIVimigration is similar between the top and the
bottom chamber

One of the caveats to this tranell assay is the pore size of the membraneraéipg the top
and the bottom chamber. Ideally, a travedl membrane that excludes both HIVandMtb
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from moving between the chambers (Fig. 6.1), while allowing cytokines and chemokines to
move freely, would have been best to use. In that case, phenotypes observed in each chamber
would be resulting from the infection carried out in that chamber and thlerey milieu only.
However,a transwell plate with this membrane was not available to use and there one that
was used in these experiments hadepwhich allowed the movement of HNL as well as
cytokines between the top and the bottom chambers annthigid influence the analysis of
HIV-1 production measured by SN HIVp24. It was, therefore, important to understand the
movement of HIV1 from the top chamber to the bottom chamber and from the bottom chamber
to the top chamber in the absence ofirdection. That would help to understand the
contribution of migrating HIV1 to the observed HRL phenotype in the chamber being
analysed. To achieve this, | set up three control wells where there was: (1)ikfidction of

the top chamber only, (2) HNY infedion occurred in both the top and bottom chamber, and
(3) HIV-1 infection only in the bottom chamber. | then analysed-HIpoduction in the top

and bottom chambers for each condition to understand howlHh¢6ved to an uninfected
chambefrom an infecteathamber. All chambers were seeded with the same amount of MDM
andinfected with the same MOI &flV-1.

Firstly, 1 analysed the production of HY p24 in the top chamber only of all three
experimental conditions (Table 6Hig 6. 2A). The data here st a statistically significant
difference inp24 (as a proxy foHIV-1) in the top chamber when there is infection in that
chamber Table 6.1; Fig 6. 2A The amount of HIVL harvested in the top chamber when both
the top and the bottom chamber are infédse65fold higher (p = 0.008) compared to HIV

1 harvested in the top chamber when only the bottom chamber is inféeted 6.1; Fig 6.

2A). Moreover, there was 5#f6ld more HIV-1 (p = 0.@38) in the top chamber when only

the top chamber was infectedmpared to HIVL harvested in the top chamber when only the
bottom chamber was infectedable 6.1; Fig 6. 2AThere was no statistically significant
difference in HI\A1 production in the top chamber when the bottom chamber was also infected
(p =0.2448)Table 6.1; Fig 6. 2\ This data shows thatithough HIV-1 was recovered in the

top chamber when there was no direct top chamber infection, which proves migration from the
bottom to the top chamber, the amount of HIWas not enough to influence anadysf HIV-

1 production in the top chamber.

Then, | went on to measure the amount of HIvecovered in the bottom chamber from all

three experimental conditions (Table 6.1; Fig.Bj.2Analysis of HI\A1 from the bottom
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chamber shows that HY was 10.4fold higher in the bottom chamber when both the top and
the bottom chamber are infected compared to when only the top chamberisitiééted (p

= 0.005) (Table 6.1; Fig. 6.2). The bottom chamber also had-5o&l higher HI\-1 in the

SN (p = 0.@38), when only the bottom chamber was infected compared to when only in the
top chamber was infected (Table 6.1; Fig. 6.2B). Importantly, there was no statically significant
difference in HIV\1 production between having infection in both the top and the bottom
chamber compared to having infection in the bottom chamber only (p = 0.¢Z8 6.1;

Fig 6. B). This data indicates that although there was more movement et ftm the top

to the bottom chamber, than bottom to top, this was not significant to rin8ukllV-1

production analysis in the bottom chamber.

Table 6.1. Analysis of HIV-1 p24 production by MDM in the trasveell plate
HIV -1 harvested in top chamber

Infection Both chambers Infection Both chambers v Infection top chamber v

v infection Top chamber infection bottom chamber infection bottom chamber
Analyte Fold change p-value Fold change p-value Fold change p-value
HIV-1 - ns 65.01 0.0016 57.62 0.0238
p24

HIV -1 harvested in bottom chamber

Infection Both chambers Infection Both chambers v Infection bottom chamber v

Vv infection Top chamber infection bottom chamber infection top chamber
Analyte Fold change p-value Fold change p-value Fold change p-value
HIV -1 10.12 0.006 - ns 5.65 0.0238
p24

StatisticsKruskalWallis multiple comparison test with Twatage linear stepp procedure of Benjamin, Krieger
and Yekutieli False discovery rate (FDR): with a cut off 0.1. Mean fold chbetyeeen compared groups. P

value of comparison with FDR of <0.1. Fold change of-gsigmificant (ns) value is not shown.
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Figure 6.2. Secretion of p24 by MDM infected with HIV-1.
Monocytes from 6 donors were polarised to M2. The MDM were infected withIHiM 7 days. Seven days pastection the media replaced (equivalent te co

infection). SN that was used for p24 analysis was harvested aften®. Secretion of p24 was measiby Luminex assa&) from the top chamber only ari®)
from the bottom chamber onlgtatistics:KruskatWallis multiple comparison test with Twatage linear stepp procedure of Benjamin, Krieger and Yekutieli False
discovery rate (FDR): with a cut o8 1. Mean fold change between compared groupsli®e of comparison with FDR of <0.1. Fold change of-agmificant (ns) value is

not shown.




















































































































































































