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ABSTRACT
The lethality of bacterial infections on the human population does not need any introduction
and if we take a careful look at the statistics of global mortality, it is @ major reason to worry.
Data from World Health Organization (WHO) suggest that infectious diseases affect more than
300 million people worldwide, of which 7 million die annually. Disease-causing bacteria
typically reside as localized infections inside or on the body and can occasionally translocate
into the bloodstream to cause systemic inflammation that leads to severe medical conditions
like sepsis. This happens more commonly in immunocompromised patients suffering from
trauma, burns, wounds, injury, or in neonatal and geriatric populations. Localized bacterial
infections inside the body can also have dire implications in the long term as bacteria tend to
hide in the human body for indefinite periods of time both externally (skin, wounds) or
internally (in specific organs like liver, lungs, cervix etc.) and this long-term association can
alter the cellular growth mechanisms and physiochemical environment in mammalian cells
leading to tumor-like conditions. Helicobacter pylori (H. pylori) causing stomach cancer is a

classic example.

While antibiotics are available to fight bacterial infections, their untargeted intake and non-
specific distribution greatly reduces their efficacy. Particular challenge lies for intracellular
bacteria that escape antibacterial action altogether by seeking refuge inside cancer cells, also
evading immune response of the body. Ultimately, higher doses of drugs have to be given
which results into the bigger problem of antimicrobial resistance (AMR). It is also recently
reported that the presence of bacteria can also lower the effectiveness of chemotherapeutic
drugs causing resistance in cancer patients. While individual therapies are available for
combating bacterial infections and cancer, no therapy exists for simultaneous targeting of both

cancer and intracellular bacteria. This can be an issue as bacteria may escape unhurt from a

\



tumor site and become potential carriers of lethal infection or systemic inflammation. Thus,
timely intervention is required both from the therapy and diagnostic viewpoint to address this
issue. In my thesis, we have addressed both these unmet needs by developing two novel
platforms - (1) Dualosomes or multifunctional drug delivery vehicles designed to co-target
cancer and intracellularized bacteria residing inside cancer cells, and (2) Septiflo-N, a
disposable, point-of-care (POC) bioassay for early (presymptomatic) detection of Gram-
negative bacteremia (bacteria in blood) providing results under 10 min with a detection limit

of 100 fg/mL by eye.
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regular and S. typhi-infected Huh-7 liver cells in the presence of free Doxorubicin. The 48 h
data showed increase in 1Csp value from 0.742 + 0.217 uM to 3.002 + 0.183 pM in the presence
of bacteria in both cases. (B) S. typhi-infected Huh-7 cells incubated with D, S+D, DL, SDL,
FSDL for 48 h. MTT and LDH data showed that co-packaged drug formulation (FSDL aka
Dualosomes) is superior to liposomal Doxorubicin or free Doxorubicin with = 85% reduction
in I1Cso value (1Cso of D = 3.002 + 0.183 puM, ICso of FSDL = 0.469 + 0.184 uM). Here, D: free
Doxorubicin, S: free sushi peptide S3, DL: Doxorubicin liposomes, S+D: free sushi peptide S3
and free Doxorubicin, SDL: sushi peptide S3-Doxorubicin-liposome and FSDL: Folic acid-

sushi peptide S3-DoXOrubICIN IPOSOMIES........cciiiiiiiiieierie i 95

Figure 5.4. Viability of S. typhi-infected Huh-7 cells using LDH and MTT assays after 24 h of
incubation with all combinations of drug formulations. Here, D: free Doxorubicin, S: free sushi
peptide S3, DL: Doxorubicin liposomes, SD: free sushi peptide S3 and free Doxorubicin, DSL:
sushi peptide S3-Doxorubicin-liposome and FSDL.: folic acid-sushi peptide S3-Doxorubicin
liposome or, Dualosome. Note the reduction in ICso value in FSDL (0.545 + 0.054 puM) from

D (1.808 + 0.174 UM) (P*** VAIUE < 0.01) vvvvvorveeeeeeeereeseeeseeeeessesesseseeseessssessessessseeeeenees 96

Figure 5.5. Bacterial cell viability assays. The treated Huh-7 cells were lysed and the
internalized S. typhi bacteria were plated on agar plates and kept in an incubator at 37°C for
(A).48 hand (B) 24 h. The colony count, after 48 h, showed that Dualosomes (ICso = 1.002 +
0.265 uM) were superior to both sushi peptide S3 alone in the free form or in combination with
Doxorubicin (ICso = 3.218 + 0.508 uM) giving ~ 68% reduction in ICso values (p*** value <

001 OO 98

Figure 5.6. S. typhi-infected Huh-7 cancer cells treated with D, DL, S, SL, SD, DSL and FSDL

for 48 h, lysed and plated on agar plates. The image represents the colony count of bacteria
XVii



after 48 h of incubation at 37°C. As seen here, Dualosome (FSDL) was the most effective in

KilliNg the S. typhi CEIIS. ...c.veeeie e 99

Figure 5.7 (A) Red fluorescence corresponding to higher internalization of Doxorubicin in
case of SDL and FSDL in both regular and S. typhi-infected Huh-7 cells was observed after 4
h, nucleus dyed with DAPI. (B) The quantified fluorescence of internalized Doxorubicin in D,
SDL and FSDL established the role of sushi peptide S3 and FA in the internalization of
liposomes, and that the presence of S. typhi negatively impacts the internalization of
Doxorubicin into the cancer cells. Here, D: free Doxorubicin, S: free sushi peptide S3, DL:
Doxorubicin liposomes, S+D: free sushi peptide S3 and free Doxorubicin, SDL.: sushi peptide
S3-Doxorubicin-liposome and FSDL: Folic acid-sushi peptide S3-Doxorubicin liposomes.

Scale bar = 20 pum, p*** value < 0.01. ... 99

Figure 5.8. Fluorescence microscopy images taken after 0.5 and 4 h of incubation of all drug
formulations in uninfected Huh-7 cells. The autofluorescent Doxorubicin appears as red
whereas, the cells show up in blue color as their nuclei have been dyed with DAPI. The scale
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Figure 5.9. Fluorescence microscopy images taken after 0.5 and 4 h of incubation of all drug
formulations in infected Huh-7 cells. The autofluorescent Doxorubicin appears red whereas,
the cells show up in blue color as their nuclei have been dyed with DAPI. The overall
Doxorubicin intensity was lesser in this case as compared to Figure 5.8. The scale bar is 20

U PSP 101

Figure 5.10. Live/dead assay: Fluorescence microscopy data of S. typhi-infected Huh-7
cancer cells treated with free Doxorubicin (D), Doxorubicin liposomes (DL), sushi peptide S3

(S), sushi peptide S3 liposomes (SL), free sushi peptide S3 and free Doxorubicin (S+D), sushi
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peptide S3-Doxorubicin-liposome (SDL), folic acid-sushi peptide S3-Doxorubicin liposomes
(FSDL) for 48 h and stained with SYTO 9 (green, live) and propidium iodide (red, dead). The
fluorescent micrographs showed less cancer cell death/few bacterial death in case of D or DL
and significantly more cell death in case of FSDL (Dualosomes). Cells dyed as red confirmed
the quantitative results showing Dualosomes as most efficient systems for killing both cell
types. Here, S. typhi bacteria appear as dots and the Huh-7 are the roundish shaped cells. Scale
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Figure 5.11. S. typhi-infected Huh-7 cancer cells treated with D, DL, S, SL, SD, DSL and
FSDL for 48 h, stained with neutral red dye and imaged using brightfield optical microscopy.
As evident from the images, Dualosomes were most effective in killing both cell types. The
dead Huh-7 cells appear more granular and mostly ruptured with less number of bacteria as

compared to the controls. Scale bar iS 20 M. ..o 103

Figure 5.12. The anticancer drug (D) and antibacterial peptide (S) were cross-tested in their
free and liposomal forms on (A) S. typhi and (B) Huh-7 cancer cells and showed no major
cytotoxicity. Empty liposomes were also non-toxic to both cell types. (C) Individual liposomal
forms of sushi peptide S3 (SL) and Doxorubicin (DL) tested in combination were also less

effective (20% in case of antibacterial and 50% in case of anticancer) than FSDL.............. 104

Figure 6.1. Schematic of Septiflo-N bioassay developed for the rapid, bedside detection of

Gram-negative DACIEIEIMIA. .........civi it ra et e b e anes 114

Figure 6.2. Actual set up of the Septiflo assay comprising of Septiflo-P and Septiflo-N

platforms for Gram-detection/stratifiCation ...............ccceeviiiii i 116
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Figure 6.4. (A) Actual representative images of the Septiflo-N assay and (B) its corresponding
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Figure 6.6. Interference studies. Septiflo-N scores obtained with samples spiked with (A)
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Figure 6.7. Comparison of Septiflo performance with commercial ELISAs. The spiked LPS
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Figure 6.8. Correlation of Septiflo-N results with hematological parameters (sample size, n =
60) taking LPS threshold levels as 100 pg/mL in blood. LPS scoring against (A) PCT and (B)
neutrophil count. The green color indicates normal range and the pink indicates out of range
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Figure 6.9. Receiver operating characteristic (ROC) curves for (A) Septiflo-N with PCT

biomarker. ROC curves obtained for (B) Septiflo-N using PCR as reference. ..................... 126

Figure 6.10. Typical PCR gel images for (A) Gram-negative blood samples. Lanes 1, 6: PCR
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