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ABSTRACT

Bloodstream bacterial infections also known as bacteremia are associated with the release of
pathogen-associated molecular patterns (PAMPS) like lipopolysaccharides (LPS) and lipoteichoic
acids (LTA). These bacterial endotoxins can trigger an innate immune response in critically-ill
patients via the signal-transducing toll-like receptors (TLRs), and cause life threatening conditions
like sepsis. We have developed affordable and sensitive in vitro bioassays that not only give us
fundamental insights into the mode, stoichiometry and kinetics of LPS-TLR interactions but also
allow us to screen ligands and design novel point-of-care (POC) technologies that have high
clinical utility. To begin with, we have replicated the TLR4 pathway, active during the
pathogenesis of Gram-negative bacterial sepsis, into a single tube reaction to study the in vitro
complexation of recombinant TLR4 (rTLR4) with LPS in the presence of myeloid differentiation-
2 (MD2) and cluster of differentiation-14 (CD14) co-receptors in their free (membrane unbound)
form. Our results showed that rTLR4-MD2-LPS follow a 1:1:1 stoichiometry and CD14 plays a
crucial catalytic role in the complexation process. A bis-biguanide antibacterial agent called
alexidine was screened using our assay and it showed good LPS sequestration potential. To
understand the nature of this binding, we used NMR, fluorescence and SPR spectroscopy which
revealed that LPS and alexidine molecules have a mid-to-high binding affinity (Kp =38 £ 5.6 uM)
and a relative stoichiometry that lies between 1:2 to 1:4. These results were supported by
computational studies performed in collaboration with Prof. Hemant Kashyap’s group in Dept. of
Chemistry at IITD. In the end, we developed a simple, rapid and low-cost POC assay in a flow
through format called Septiflo-P for early detection of Gram-positive bacteria in a single drop of
blood plasma under 10 min. The principle of the assay involved receptor-less immobilization of
LTA on an affinity membrane and its amplification using monoclonal antibody-conjugated gold
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nanoprobes. The colorimetric response of the assay was detectable in the clinical range down to 1
pg/mL by the naked eye. The assay was benchmarked against a commercial ELISA and was also
clinically validated on 60 patient samples using procalcitonin (PCT) as a host biomarker for sepsis.
Further comparison with PCR on 30 clinical samples showed > 90% accuracy, establishing the

immense potential of our technology for faster and more cost-effective diagnosis of bacteraemia.
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show expected increase in F.I. The concentration of polymyxin B used in reaction was 2.4 pM.
(SN = supernatant, n = 3, p value; > 0.05 = ns, 0.01-0.05 = *, 0.001-0.01 = **, < 0.001 = ***), 57
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Fig. 4.1 Molecular structures of (A) LPS containing lipid A, R3 core and O55 antigen (Fig. 2.2)
and (B) alex molecule. Annotation: PA and PB: LIP A phosphate groups, PC and PD: core
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Fig. 4.2 A representative *H-NMR spectrum of (A) alex (B) LPS.......ccccceeveveceeeeereeeeereerenns 68

Fig. 4.3 'THNMR and 3P NMR spectroscopy as a function of LPS-alex relative concentrations.
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variation in the FWHM peak widths. (C) 3'P NMR spectra of (i) LPS, (ii) LPS:alex (1:2) and (iii)
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Fig. 4.4 Fluorescence spectroscopy results. (A) Effect of sonication on the fluorescence intensity
of LPS solutions. (B) Time-dependent fluorescence intensity changes in f-LPS on addition of
different alex concentrations. (C) Concentration-dependent fluorescence intensity changes in LPS
in the presence of alex and bacitracin (negative control). (D) Schematic depicts the expected phase

behaviour change in LPS as it DiNdS t0 aleX. ......c.ccviieiiiiicccec e 72

Fig. 4.5 Representative snap shots of MD simulation showing conformations of alex and LPS
(LIP A and R3 core) molecules in the bound state when (A) single and (B) two alex molecules are
present per LPS. The yellow spheres represent the phosphorous atoms and oxygen atoms are
rendered in red color. The dashed lines indicate atoms which are at close proximity. Note: O

antigen portion of LPS is not rendered in figure A and B for visual clarity.............c.cccecvevvennnnne. 73

Fig. 4.6 Overlay plot of SPR sensograms illustrating the association and dissociation phase of LIP

A-alex interaction at different alex concentrations in SOIULION. .........vvveeeeveeeeiieieieieeeeeeeieeeeeeeeenenens 74

Fig. 4.7 Overlay plot of SPR sensograms illustrating the (A) association and (B) dissociation phase
of LIP A-alex interaction for different concentrations of alex in solution. The dots in the graph
indicate the experimental points and solid lines show the fitted curve data using ORIGIN pro 8.0

software. The association (k,,) and disassociation (k,sf) rate constants were fitted using the
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Langmuir adsorption isotherm (1:1) which assumes that (i) there are a fixed number of vacant sites
of equal size and shape on the surface, (ii) each site can associate with only one molecule and (iii)
a dynamic equilibrium exists between the adsorbed and free molecules. The equations used were
y=Ax(1—exp(—kon*c*t)) andy = A xexp(k,rr *t), respectively, where, y is the
response unit, c is the concentration of alex and t is the time of association/dissociation. Only the

first few data points of the association and dissociation curves were used for fitting to get a more

exact estimate of the kg, and kg rp VAIUBS. .....ovviiiiii e, 75
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Fig. 5.4 Detailed characterization of the AUNPs post synthesis and bioconjugation. (A) A typical
UV-Vis graph showing a peak at 521 nm characteristic for AuNPs. The subsequent red-shifts in
absorbance obtained after mAb conjugation to AuNPs indicated their successful binding. (B) TEM
illustrated spherical particles with a narrow size distribution of 15 £ 4 nm. (C) DLS showed an
expected average particle size of 30 £ 4 nm (hydrodynamic diameter) which increased
systematically upon conjugation with mAb. Changes in the zeta-potential values were also
suggestive of successful conjugation. (D) Calibration graph obtained using Bradford’s assay for
the quantification of number of antibodies conjugated per AuUNP. The results indicated AUNP:mADb
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Fig. 5.5 (A) Actual representative images of the Septiflo-P assay and (B) the corresponding color

chart prepared uSiNg DIING FEVIBW. .........oiiiiiiiie e 93
Fig. 5.6 Interference study of Septiflo-P assay with a structurally similar molecule. LPS. (A) &

(B) show interference of LPS presence during measurement of LTA spiked samples (Note: Zero
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Fig. 5.7 Comparison of Septiflo-P performance with commercial ELISA. The spiked LTA
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Fig. 5.8 Correlation of Septiflo-P and Septiflo-N (credit: Rohini) results with hematological
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