1 ANTIGENI C PEPTIDES FILED OF THE | NVENTI ON The
present invention relates to peptide antigens of SEQ
ID Nos. 1 to 10; repeat notif dy-X-Ay-Asn-X-Ady of
SEQ I D No. 11; and a nethod of devel opi ng drug agai nst
tubercul osis, said method donprising steps of
targeting the proposed drug towards peptide antigens
of SEQID Nos. 1 to 11, and thereby devel oping the
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large unrelated families of highly acidic glycine rich proteins that constitute about 10% of
the coding capacity of the genome [3]. Comparative genome sequencing in various
mycobacterial species revealed that by and large PE and PPE gene families are ﬁnique to
Mycobacterium tuberculosis with few homologues in M. leprae, M. bovis, M. marinum
etc [4]. Amongst the M. leprae homologues, a major serine rich antigen is expressed in
leprosy patients [5]. V
It is generally believed that the PE and PPE genes could be a source of antigenic
variability. A recombinant PE PGRS (Rv1759¢) protein. was shown to possess

fibronectin binding properties and was also recognized by patient area [6]. Tﬁe same
group also reported immense intra-strain variability in the PGRS domain with the N-
terminal region staying constant. Transposon.insertion in the PE_PGRS gene (Rv1818¢c)
was shown to reduce macrophage infection ability of Mtb [7]. Surface localization of a
PPE protein (Rv1917¢) and many other PE_PGRS proteins has been reported [8.9]. Few
PE_PGRS genes have also been shown to be expressed during preclinical infection [10].
Dissection of the PE_PGRS genes into PE and the PGRS domains to stﬁdy their specific
immunological response during mice infection revealed that the PE region can elicit an
effective cellular immune response and the humoral response is largely directed against

the Gly-Ala rich PGRS domain [11]. The involvement of PE/PPE genes in the viluence
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PCR-RFLP analysis of the PPE ORF, Rv2608:

PCR-RFLP was carried out to examine if Rv2608 exhibited polymorphism in different

clinical isolates of M. tubercuolsis. Briefly, Rv2608 was PCR amplified from about 30

different clinical isolates and the amplified product was digested with Sau3Al enzymé.

The digested product was separated on a 10% polyacrylamide gel and visualized under

UV after ethidium bromide staining.

Cloning, overexpression and purification of Rv2608, a PPE MPTR subfamily

member of M. tuberculosis:

The PPE ORF, Rv2608 was amplified from M. tuberculosis H37Rv genorﬁic DNA using

primers carrying specific restriction enzyme sites to enable directional cloning. The

amplified gene was first cloned in pGEMT easy vector followed by subcloning in
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. epti_gc? of varying lengths corresponding to in-silico
ahqug‘iSéar g:d regions of high antigenic index were

commercially obtained as |yophilized powders. Peptide
Subjegtsyc kiftypfone” TB patients confirmed by tuberculin skin test, radiographic

examination and observation of Acid Fast Bacilli (AFB) in sputum for pulmonary TB and
at the site of presumed TB in case of extrapulmonary infection were selected for this
study. These patients were reporting to the Out Patient 'Department of the Mahavir
Hospital and Research Centre Hyderabad, India. All the patierits with confirmed
diagnosis of TB were culture positive as well. We categorized the patients as follows:
Category I: Individuals (n=22) diagnosed for TB for the first time; Category II:
Individuals (n=21) with a relapsed TB and Category III: Extrapulmonary TB patients
(n=8). Sera were collected from all the subjects during early stage of infection when
chemotherépy had just started. Healthy control (n=10) sera were taken from the
laboratory staff of CDFD. These were individuals who had not had a prolonged direct
contact with a TB patient. As this study was carried on a PPE gene family member of

Mtb, members of which are unique to mycobacteria [3], cross reactivity to this protein
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remove the cell debris and platelets. Cell concentration was adjusted to 10%/ml. Viability

of the cells was checked using Trypan Blue. To each well of the microtiter plates, 0.1ml

of cell suspension and 0.1 ml of antigen (2ng/ml) was added. ConA (Concanavalin A)

was used as a positive control antigen. Control and experimental cultures were run in

triplicate. The plate was incubated at 37°C with 5% CO; for a period of 72 hours. At the
end of the 3 day, 15pl of the tetrazolium salt MTT (2mg/ml) was added and incubated
for another 4 hours. The culture was terminated and the MTT crystals were dissolved in
100 pl of acidified isopropanol. After one hour, ithe optical density. was recorded using
ELISA plate reader at a.dual wavelength of 570 nm and- 620 nm reference filter. Data
were expressed as Stimulation Index (S.I.) ie. ratio of the.mean O.D. of experimental
cultures (with test antigen) to the mean O.D. of control cultures (without antigen). S.I.

greater than or equal to 2 was considered as positive stimulation index.
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earlier [14]. The Lynphocyte proliferation assays
were carried out essentially as per nethod descri bed
earlier with a few nodifications [16]. Heparini sed

bl ood was drawn and dilute@ with equal vol une of

RPM 1640 nedi um wi t hout serum Diluted bl ood was

| ayered on Ficoll gradient in 1:3 proportion. After a

| aw .S .800g) centrifugation for 30 m nutes, the
‘S““Bgﬁﬂlﬁgﬁgﬁ§blood nononucl ear cells (PBMCs) were

Analy e \téaer?qqgg g%m%@g%sl%\@eéﬁgfs%%%%l g%ggx%tcggeqa\t/vag 8er90rmed using
concentration was adjusted to 106/ m.. Viability

an onligg sefivpee (AHR// WHan RIS it exiudstats/ AR QYA  htg )etgcgﬁlc“}@pq the p
of the mcroliter plates, O ImM of cell suspension

valuegud Oetérmine dfftherntiageny (ifigranty bevasermdidfecknt Gatient categories with
(Concanavalin A) was used as a positive contro

respe@ntd @&th abkBEdn’ edstedNd'hexgHos i orBftdice Cinterutle Somedeany Werd NRlso
triplicate. The plate was incubated at 37C with 5% CO2

deterﬁng{edsfop&fch%gt &fdafe? mﬁé&@l%es BhrvieBR gr&wg)g vithe EQRidRred S%MEICHH}/

of the tetrazoliumsalt MT /m) mas added and

31gn1{1%?rpm%6\5? @a%f (Qorélflﬂﬁ%te 'l\lﬁtrrlarv%l HI%#E Ad 1R glaé am the r(%ults

al's vvere

hour

N d
oveaf 57, AHIAL] 5. °§cr é@@?a@ﬁ{rgﬁw&’ Sd lpleric st

reader at a dua

Index (SI ) i.e. ratlo of the mean OD of
we alsppeariierbiounlt testsIforupaized( edraperisers tof ameange px006 waseconsigered
O D. of control cultures (w thout antigen). S1
statisgcdigt @gnifibemn or equal to 2 was considered as positive
stimulation index. 5 .Statistical methods: Analysis
RESULT®ari ance (ANOVA) as a test of statistica
si gni fi cance was perforned using

Genetic variation in the PPE ORF, Rv2608

PE/PPE genes are predicted to be a source of antigenic variability of M. tuberculosis and
polymorphism in a few of them based upon variation in the number of repeat sequences
has aiready been reported [6]. We analyzed the PPE gene, Rv2608 of the major
polymorphic tandem repeat (MPTR) subclass by PCR-RFLP to score for the presence of
gehetic variation in different clinical isolates. The 1.7kb amplicon was digested with
Sau3Al and the digest was electrophoresed on a 10% polyacrylamide gel. 16% of.the
clinical isolates showed a deviation from the normal band pattern. Figure 1 gives the
complete summary of the polymorphism obtained in 30 different clinical isolates. The
disappearance of restriction fragments was restricted to the C terminus of the ORF, which

is the predicted variable region of the PPE ORFs. It was therefore important to further
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LaneE). The yield of the protein was 6mg/litre of culture. The recombinant protein was
dialyzed overnight and used for immunoreactivity analysis.
Design of synthetic peptides based on antigenicity prediction of Rv2608:
In-silico analysis of Rv2608 revealed the presence of two regions of high éntigenicity:
Two amino acid stretches (37 amino acids and 25 amino acids) corresponding to
important antigenic epitopes within Rv2608 were selected for peptide synthesis (Figure
3a). Additional eight overlapping regions (Figure 3b) which were essentially the <ubsets
of the two main peptides were also selected for peptide synthesis. These peptides were
used to map the antigenic domains of the protein, Table 1 shows the amino acid

sequences of all the 10 synthetic peptides used in the present study. The peptides were

part of the C terminal region of Rv2608 and apart from the high antigenic index also



6 evaluate Rv2608 in terns of its ability to elicit B
and T cell response in order to-study its role as a
possi bl e antigen for inmune surveillance. Expression
and purification of the rPPE protein: To evaluate the
antigenic ability of Rv2608, the correspondi ng gene
was expressed in E. coli BL21 cells and purified as a
6X Hi s-tag fusion protein. Purified reconbi nant Rv2608
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pepti des were al so selected for peptide synthesis.
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famil

compared to that of patients (p=0.0002 using student’s t test as a test of statistical
significance for paired comparison of means between the patients and healthy controls).
Synthetic peptides corresponding to regions of high antigenicity elicit strong
humoral immune response in patients with relapsed TB infection:

Having shown that the recombinant protein coded by Rv2608 elicited an antibody
response which was equal to or higher than that elicited by HsplQ antigen in all the
categories of TB patients selected for the study, we tried to dissect differential responses
if any as a function of patient category. For this, synthetic peptides spanning the two
major antigenic regions within Rv2608 (P1 and P2) were used in ELISA (Table i). The
results suggest that these peptides strongly react with patient sera (Figure 5) and hence

the protein must be generating a strong humoral response in the host. Since a positive



used to map the antigenic domains of the protein.
Table 1 shows the am no acid sequences of all the 10
synthetic peptides used in the present study. The
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with relapsed TB infection: Having shown that the
peptideamlgg'g); bl LptWhile haded] gpésaabSerebd ¢ tasd afrfresh infection
casesa(nCtaltegory I) was similar to that of extrapulmonary TB patients (Category III),
category II or the relapsed cases showed an unusually high antibody response to all the
peptides. The response of Category II patients was significantly higher than Category I or
II (p< 0.001 for both, using t test as a test of statistical significance).
The T cell response of TB patients to Rv2608 peptide antigens was low and the
differences between various categories of patients were not evident:
T cell proliferation assays were carried out to evaluate the response to different synthetic
peptides. The overall T cell response of patients to these peptides was: very low (S.I1.<2)
and the response could not distinguish between patient categories (p>0.05, using
ANOVA and Kruskal Wallis test) -at least for peptide 1 and its derivatives.

Peptide 2 and its derivatives exhibited a higher response in fresh infection cases

as against relapsed and extrapulmonary cases (p<0.05 for both, using t test for paired
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The rRv2608 protein was used in ELISAs to determine its reactivity to patient sera. The
primordial observation that the recombinant protein reacted with patient sera indicates
that this protein is definitely expressed during infection. Serum response of patients as
well as healthy controls to rRv2608 was equivalent to or greater than the response to
Hspl0, a well documented antigen of Mtb [17]. While category wise differentiation of
serum reactivity towards the full length recombinant protein was not very apparent, it was
significant to note that the extrapulmonary TB patients showed less reactivity with

rRv2608 protein as compared to Category I or II (p=0.048). It will be worthwhile to
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the redponiecaf paSedtat@eegofizdd atcobiing ub odifferent pEResawpl infecéen was
Rv2608 was subjected to PCR RFLP anal ysis. The
surprisldgBr ¥eidemalJatdgonn 11 matients (relapsed infection cases) demonstraté the
highest B cell response to the peptides followed by extrapulmonary TB cases.
The synthetic peptides were also used for T cell proliferation assays with the peripheral
blood mononuclear cells of all category patients. It has been earlier shown that in about
90% of patients with active TB, there is a significant antibody response and/or T cell
proliferative response -to peptide specific single antigens of M [21]. The 38kDa
antigenic protein of M tuberculosis is a potent stimulus for both T cell and B cell
responses in humans [{22,23]. The T cell proliferative response to the synthetic peptides
was of the order of fresh infection cases> relapsed TB > extrapulmonary TB cases at least
for peptide 2 and its derivatives. However, the observed Stimulation Index (SI) with all

the peptides was very low in all categories of TB patients (S.1.<2). A high humoral

response and a low cellular immune response to the peptides in category II patients points



the band pattern | ends weight to the hypothesis that
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negat ed our efforts to map the
important role in preventing antigen processing [25]. Peptides 2 and Zc, which have
lesser number of Gly-Asn repeats show a comparatively higher T cell resporise.
In conclusion, we have been able to establish a relationship between immune responses to
the PPE antigen and the status of the disease (fresh or relapsed TB). The present study is
the first report wherein we demonstrate, in a clinical setting, that the repeat sequences
present within Rv2608 elicit a high humoral immune response and a low T cell response.
Since PPE_MPTR is a gene family of Mtb of which Rv2608 is a member sharing the
MPTR motif, it is likely that other members of the same family may also serve the same
function in the bacterium. Our data contribute towards a better understanding of humoral
as well as cellular immune responses elicited by PPE antigens. The practical utility of

using these peptides for differentiating fresh infection from relapsed or reactivation cases

is another interesting proposition.
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*Residues in bold represent the Glycine-Asparagine repeat motifs.
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0.410 0.314 to 0.505 2Q FIGURE LEGENDS Fi gure 1:
Sau3Al Restriction map of PPE ORF, Rv2608. Arrowheads

oi nt t Sau3A si ' .
ST bR SOUaA ST ARE.OBE BYATRE A HIRSER e
Sau3A sites in the 1743bp ORF. Numbers above the line indicate the size of the
restriction fragments (in base pairs) generated after Sau3AI digestion. B: Summary of

Sau3Al PCR-RFLP pattern of 30 different clinical isolates of Mycobacterium

tuberculosis.

Figure 2: Expression and purification of M. tuberculosis protein corresponding to
the PPE ORF Rv2608. The left panel shows the uninduced and induced cell lysates and
proteinmolecular size marker (Lanes 1, 2, M). The right panel shows the purified

recombinant protein (Lane 3) and the protein molecular size marker (M).

Figure 3: In-silico analysis of Rv2608 reveals regions of high antigenic index
(potential antigenic determinants). Overall antigenic index of the protein was calculated
- using the James Wolfinson method of the Protean software of Lasergene NavigatorTM.
The boxed areas indicate the regions selected for designing synthetic peptides to map the
region that was actually eliciting a variable immune response. As can be seen, one of the
peptides (37mer) is largely composed of Gly-Asn repeats which is lesser in number in the
other peptide (23mer). B: Stretches of overlapping peptides used for ELISA and T cell

proliferation assay. These peptides were used to further map the region that was

antigenic.
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