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Objectives sanctioned

19" September, 2014 to 18" September, 2017

Application of snake venom toxins labeled with
functionalized nanoparticles for detecting
endogenous targets in cells and ex vivo tissues with
prospects for the development of novel diagnostic
and therapy tools.

Dr. Ashis Kumar Mukherjee, Tezpur University,
Tezpur

Dr. Yuri Utkin, National University of Science and
Technology, MISIS, Moscow

1. Isolation, purification and characterization (in vitro
activity study) of alpha-neurotoxins, nerve growth
factor from venom samples of cobra (Naja naja
and/or Naja kaouthia) and krait (Bungarus caeruleus
and/or Bungarus fasciatus) and nerve growth factor
from viper venoms (Vipera species).

2. To prepare the above mentioned toxins labelled
with functional nanoparticles as reporter groups.

3. Investigation of interaction of nanoparticles
conjugated toxins with receptors (the receptor-ligand
binding study) at the level of cells and tissue of
normal as well as of malignant origin.



Objectives achieved (Indian 1.

Partner)

2

Objectives achieved (Russian 1.
Partner)

Human resource development

Isolation, purification, and characterization of
biological activity of alpha-neurotoxins and
nerve growth factor (NGF) from venom samples
of cobra (Naja naja, N. kaouthia) and Russell's
viper (Daboia russelii).

Assessment of in vitro cytotoxicity of above
purified proteins against normal (PC-12) and
malignant (breast cancer MCF-7 and MDA-MB-
231) cells and haemolytic activity against
mammalian erythrocytes.

Investigation of interaction of above purified
proteins with cell surface TrkA receptor (the
receptor-ligand binding study) highly expressed
in normal (PC-12) and malignant (breast cancer
MCF-7 cells).

Synthesis of fluorescence CdSe quantum dots
and llabelling/conjugation of purified alpha-
neurotoxins and NGF  with  functional
nanoparticles as reporter groups.

Assessment of cytotoxicity of functionalized
fluorescence nanoparticles conjugated with
NGFs, short neurotoxin 1, and alpha-elapitoxin-
Nk2a against breast cancer cells.

Investigation of interaction of
nanoparticles/quantum dots conjugated NGF and
alpha-neurotoxins with cell surface receptors (the
receptor-ligand binding study).

(Indian Partner) The JRF appointed in this project is registered for

i. JRF/SRF Ph.D. degree at Tezpur University.



ii. PostDoc/RA

Research Outcome

i. Publication (list may be
included as annexure)

ii. Patents

iii. Technology developed |/
commercialized

Summary of progress work:
(Indian partner)

No provision for Potdoc/RA

Yes (2 publication in peer reviewed journal, 1 under

preparation)

No

Yes but not commercialized

Nerve growth factor (NGF) isoforms and alpha-
neurotoxins were isolated and purified from Indian
Russell's Viper (Daboia russelii), and cobra (N. naja
and N. kaouthia) venom samples. The molecular
mass and purity of above proteins were confirmed
by SDS-PAGE and/or mass spectrometry analyses
and they were identified by tandem mass
spectrometry (LC-MS/MS) analysis. The nerve
growth factors were also characterized for their
biological activity to induce neurite outgrowth in PC-
12 neuronal cells. The cytotoxicity of the above
proteins against mammalian normal PC-12
(neuronal) cells as well as malignant breast cancer
cells (MCF-7 and MDA-MB-231) were assayed in in
vitro and they were found to be devoid of
cytotoxicity. Further, the above proteins/toxins did
not induce hemolysis of the mammalian
erythrocytes. The binding of NGF and alpha-
neurotoxins to cell surface Trk group of receptors
highly expressed in PC-12 (normal neuronal cell



Summary of progress work:
(Russian partner)

line) and breast cancer MCF-7 cells assayed by
ELISA and Immuno fluorescence analyses
demonstrated that these toxins bind very specifically
to TrkA receptor subtype of the above cells. This
study indicates that the snake venom proteins under
study are very promising candidates for the
development of diagnostic reagent to detect breast
cancer of other cancer overexpressing TrkA receptor
on cell surface.

Fluorescent CdSe quantum dots/ nanoparticles with
different spectral properties were synthesized. Their
surface was functionalized with thiol-containing
compounds and the conjugates of alpha-cobratoxin
and nerve growth factors with fluorescent
nanoparticles were prepared. Influence of
fluorescent nanoparticles functionalized  with
glutathione on the survival of the PC-12 and MCF-7
cell lines was assessed and no cytotoxicity was
detected. The cytotoxicity of alpha-cobrotoxin
conjugated with fluorescent nanoparticles was also
determined against MCF-7 and PC-12 cells and the
toxin-fluorescent Nano conjugates were found to be
non-toxic. The conjugates of alpha-cobrotoxins and
NGF with fluorescent CdSe quantum dots were used
for visualization of TrkA and a7 nicotinic
acetylcholine receptor. Because quantum dots
produce highly bright fluorescent signal and
resistance to bleaching therefore, our study suggest
that CdSe labelled with snake venom NGF or alpha-
cobrotoxin are potent candidate for development of
diagnostic reagent for cancer.



9. Brief progress report (Indian Partner)

A. Isolation, purification, and characterization of biological activity of alpha-neurotoxins and
nerve growth factors (NGFs) from venom samples of cobra (Naja naja / N. kaouthia) and

Russell’s viper (Daboia russelii).

A1. Isolation, purification, and identification of nerve growth factor from Indian Russell’s

Viper (Daboia russelii) venom

Fractionation of D. russeli venom (200 mg) dissolved in 1.0 ml of 25 mM HEPES buffer
containing 50 mM NaCl (pH 7.0) on a HiLoad 16/600 Superdex 75 pg FPLC gel-filtration column
resulted in separation of venom proteins to 11 fractions (GF1 to GF-11). The desalted gel-
filtration peak RVVGF3 showed neuritogenesis potency in PC-12 cells derived from
pheochromocytoma of the rat adrenal medulla that has an embryonic origin from the neural
crest to detect the presence of neurotropin-like molecule (assay conditions are mentioned
below). This fraction was further separated in FPLC anion-exchange HiQ column and proteins
eluted from this column with 0-500 mM linear gradient of NaCl were separated in 17 peaks. Out
of the 17 anion-exchange peaks, the proteins of two peaks GF3HiQ5 and GF3HiQ6 eluted at
NaCl concentration of 100-120 mM showed neuritogenesis activity in PC-12 cells indicating they
contain NGF.

The FPLC anion-exchange peaks GF3HiIQ5 and GF3HiQ6 were re-fractionated in RP-UHPLC

Cys (Acclaim 300, 4.6 x150mm, 3 pm) column. The RP-UHPLC peaks (Figs. 1A, B) showed
neuritogenesis activity in PC-12 cells suggesting these are NGF isoforms from Russell's viper

venom.
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Fig. 1A. RP-UHPLC purification of NGF from RVV(Hi) GF3 HiQ 5 fraction. Flow rate was 30 mi
/min and elution of protein was monitored at 280 nm. Fraction volume was 0.25 ml.
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Fig. 1b. RP-UHPLC purification of NGF from RVV(Hi) GF3 HiQ 6 fraction. Flow rate was 30 ml
/min and elution of protein was monitored at 280 nm. Fraction volume was 0.25 ml.

The purity and molecular mass of Russell's viper NGFs were determined by MALDI-ToF-MS
analysis and their mass was determined at m/z 27.4, and 13.4 which are in the molecular mass
range of snake venom NGFs.

The identity of the purified NGFs was further confirmed by LC-MS/MS analysis of tryptic
digested proteins (Dutta, Chanda et al. 2017, Kalita, Patra et al. 2017). The generated data was
searched for their identity using MASCOT 2.4 search engine against the Uniprot Swiss-Prot
database (non-redundant database with reviewed proteins) against viperidae venom from NCBI
and the data were analyzed on Proteome Discoverer 1.4 software (Mukherjee, Dutta et al. 2016,
Kalita, Patra et al. 2017). The proteomic analysis showed the identity of the protein eluted in
RP-HPLC peak 1 with NGF sequences from snake venom (Table 1). The alignment of their

sequences is shown in Fig. 2. . .



Table 1. Identification of purified NGFs from Russell's viper (D. russelii) venom by LC-MS/MS
analysis of RVVGF3HiQ5P1 and RVVGF3HiQ6P1 fractions.

RVVGF3HiQ5P1
Accession | Description Score | Coverage | MS-MS derived MW Cal
sequences [kDa] | Pl
400499 Venom nerve growth 1233.21 38.46 INTACVCVISR 13.3 | 8.50
factor; Short=v-NGF; HWNSYcTTTDTFVR
Short=vNGF cKNPNPVPSGcR
cKNPNPVPSGcR
INTACVCVISRK
gYFFETK
335892642 | venom nerve growth 1233.21 18.52 INTAcVcVISR 274 | 8.62
factor 2 [Daboia HWNSYCTTTDTFVR
russelii] cKNPNPVPSGcR
cKNPNPVPSGcR
INTAcVcVISRK
qYFFETK
335892640 | venom nerve growth 1233.21 18.52 INTAcVcVISR 27.4 | 8.46
factor 1 [Daboia HWNSYcTTTDTFVR
russelii] cKNPNPVPSGcR
cKNPNPVPSGcR
INTAcVcVISRK
qYFFETK
RVVGF3HiQ6P1
Accession | Description Score Coverage | MS-MS derived Mw Cal
sequences [kDa] Pl
400499 RecName: 1147.09 31.62 INTACVCVISR 13.3| 8.50
Full=Venom nerve HWNSYcTTTDTFVR
growth factor; cKNPNPVPSGcR
Short=v-NGF; cKNPNPVPSGcR
Short=vNGF
335892642 | venom nerve 1147.09 15.23 INTACVCVISR 274 | 862
growth factor 2 HWNSYcTTTDTFVR
[Daboia russelii] cKNPNPVPSGCR
cKNPNPVPSGcR .
INTACVcVISRK
. qYFFETK
335892640 | venom nerve 1147.09 15.23 INTACVCVISR 274 | 846
growth factor 1 HWNSYcTTTDTFVR
[Daboia russelii] cKNPNPVPSGcR
cKNPNPVPSGcR
INTACVcVISRK
gYFFETK




Fig.2. Alignment of MS-MS derived tryptic peptide sequences with the identified NGF from RWV.
The sequences shown in color are tryptic peptide sequences.

> Accession No: 400499 [Venom nerve growth factor from Daboia russelii russelii]

HPVHNQGEFSVCDSVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDA
KHWNSYCTTTDTFVRALTMERNQASWRFIRINTACVCVISRKNDNFG

> Accession No: 335892642 [Venom nerve growth factor 2 from Daboia russelii
russelii]

MSMLCYTLIIAFLIGIRAAPKSEDNVSLRSPATPDLSDTSCAKTHEALKTSRNTDQHYPAPNKAEDQEFG
SAANIIVDPKLFQKRRFQSPRVLFSTQPPPLSRDEQSVEFLDNADSLNRNIRAKRATHPVHNQGEFSVCD
SVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDAKHWNSYCTTTDTF
VRALTMERNQASWRFIRINTACVCVISRKNDNF

» Accession No: 335892640 [Venom nerve growth factor 1 from Daboia russelii]

MSMLCYTLIIAFLIGIWAAPKSEDNVSLRSPATPDLSDNSCAKTHEALKTSRNTDQHYPAPNKAEDQEFG
SAANIIVDPKLFQKRRFQSPRVLFSTQPPPLSRDEQSVEFLDNADSLNRNIRAKRATHPVHNQGEFSVCD
SVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDAKHWNSYCTTTDTF
VRALTMERNQASWRFIRINTACVCVISRKNDNF

A2. Confirmation of biological activity (neurite outgrowth-inducing property) of NGF
purified from D. russelii venom on PC-12 cells

The neurite outgrowth-inducing property of two RP-HPLC purified proteins viz. RVVGF3HiQ5P1
and RVVGF3HiQ6P1 from D. r. russelii venom (demonstrated sequence homology with NGF)
was assayed against PC-12 cells obtained from American Type Culture Collection (ATCC,
USA). The cells at a cell density of 5 x 10* cells per well were grown in 6 well cell culture plate
in DMEM in presence or absence of 10% FBS, at 37 °C, 5% CO, for 14 days. The culture
medium was replaced at an interval of 3 days. The culture conditions were standardized using
commercial Nerve Growth Factor (Sigma Aldrich, Missouri, USA) derived from mouse
submaxillary glands. The cells showed distinct neurite outgrowth for the exogenously added
mouse NGF/RVV-NGF at concentrations of 100 ng/ml. (Fig. 3). This bioassay confirmed that the
purified proteins are NGF isoforms from Russell's viper (D. r. russelii) venom. This is the first
report on purification of NGF isoforms from Indian Russell's Viper venom.



DMEM + 10% FBS

DMEM + 10% FBS

Fig 3. PC-12 cells grown in DMEM containing 10% FBS showing positive neurite growth in

presence of NGFs purified from Russell's viper venom.

A3. Isolation, purification, and identification of alpha-neurotoxins from cobra (N. naja/ N.

kaouthia) venom

Fractionation of crude N. naja venom (25 mg) on an FPLC HiPrep CM FF 16/10 cation-
exchange column resulted in separation of venom proteins into 11 fractions [Nn(N)CEX P1-
P11]. The LC-MS/MS analysis of N. naja venom peaks suggested that short chain and long-
chain a-neurotoxins and cobrotoxins are predominated in peaks 5 to 9 whereas peaks 9 and 10
contained cardiotoxins and cytotoxins. NGF was found to present in peaks 7 and 8.

The desalted pooled fractions 7 and 8 were subjected to reversed-phase ultrahigh performance
chromatography (RP-UHPLC) fractionation on a Acclaim 300, Cyg, 4.6 X150 mm,3.0 pm column
equilibrated with the solvent A (100% MilliQ containing 0.1% TFA). After washing the unbound
proteins with solvent A, bound proteins were eluted by multisteps gradient of solvent B(90%
ACN containing 0.1% TFA). The flow rate was adjusted to 0.5 ml/min, fraction volume was 500
ul and elution of proteins/peptides was monitored at 280 nm (Figs. 4 A,B).
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Fig 4A: RP-UHPLC fractionation of Nn(N)CEX P7 fraction.
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Fig 4B. RP-UHPLC fractionation of Nk(N)CEX P8 fraction.
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The molecular mass and purity of protein in each RP-HPLC peak were det
ToF-MS analysis. Their masses were determined at m/z 6925 for Short neurotoxin 1 and 7883

for Alpha-elapitoxin-Nk2a.

The tryptic

ermined by MALDI-

digested RP-UHPLC purified proteins were subjected to LC-MS/MS analysis to

identify the proteins by following the procedures as described by us (Dutta, Chanda et al. 2017).

The MS/MS data were searched using MASCOT 2.4 search en
Prot database (non-redundant database with reviewed proteins) against Elapidae venom from

NCBI and the data were

gine against the Uniprot Swiss-

analyzed on Proteome Discoverer 1.4 software(Mukherjee, Dutta et al.

2016, Kalita, Patra et al. 2017). The proteomic analysis showed the identity of the protein eluted

in RP-HPLC peak with alpha-neurotoxin and short neurotoxin sequences

(Table 2).

Table 2. LC-MS/MS identification of al

from cobra venom

pha-neurotoxins purified from N. naja | N. kaouthia

venom.

RP- Protein MS-MS derived peptide | Identified Snake

UHPLC recovered | sequences protein/peptide Species

peak no. | (ug)

NR(N)CEX 5.4 Insufficient protein | -

P7RP1 for PMF

Nn(N)CEX 40.5 Could not be -

P7RP2 identified

Nn(N)CEX 33.9 LECHNQQSSQAPTTK Short neurotoxin 1 | Naja

P7RP3 TCSGETNCYKTCSGETNCYK philippinensis
LECHNQQSSQAPTTK

Nn(N)CEX 36.9 LECHNQQSSQAPTTK Short neurotoxin 1 Naj? - |

P7RP4 TCSGETNCYK philippinensis
LECHNQQSSQAPTTK
CFITPDITSK Alpha-elapitoxin- Naja kaouthia

Nk2a

Nk(N)CEX | 18.5 VKPGVNLNCCR Cobrotoxin-c Naja

P8RP1 LECHNQQSSQAPTTK kaouthia
TCSGETNCYK

12




VKPGVNLNCCR
LECHNQQSSQAPTTK

LECHDQQSSQTPTTTGCSGGETNCYK | Neurotoxin 3 | Naja
sputatrix
Nk(N)CEX | 41.4 No significant hit Unidentified*
P8RP2
Nk(N)CEX | 14.05 CFITPDITSK Alpha- Naja
P8RP3 elapitoxin- kaouthia
Nk2a
Nk(N)CEX | 71.77 LECHNQQSSQAPTTK Short Naja
P8RP4 TCSGETNCYK neurotoxin 1 | philippinensis
TCSGETNCYK
LECHNQQSSQAPTTK
LECHNQQSSQAPTTK

B. Assessment of in vitro cytotoxicity of NGF and alpha-cobrotoxins/ long chain
neurotoxins against normal (PC-12) and malignant (breast cancer MCF-7 and MDA-MB-
231) cells and haemolytic activity against mammalian erythrocytes

The in vitro cytotoxicity assay of NGFs against the breast cancer cells MCF-7 and MDA-MB-231
and normal PC-12 cells was done as described previously (Mukherjee and Mackessy 2013,
Mukherjee, Saviola et al. 2015). The purified RVV NGFs at a concentration of 200 ng/ml did not
show cytotoxicity against the normal as well as malignant cells (Fig. 5A) suggesting they are
devoid of cytotoxicity and may find diagnostic application for in vitro and endogenous detection

of cancer.

Further, the RVV NGF isoforms at a concentration of 1 mg/ml did not show hemolytic activity

against washed mammalian erythrocytes.
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Fig 5A: Cell cytotoxicity of RVV NGFs (200 nM) against PC-12 and human breast cancer cells.
Values are mean +SD of triplicate determinations. The survival of treated cells did not differ from

the control cells (p>0.05).

The in vitro cytotoxicity of purified short neurotoxin 1 and Alpha-elapitoxin-Nk2a at two different
concentrations (100 and 200 ng/ml) were assessed against MCF-7, MDA-MB-231, and PC-12
cells by MTT-based method (Mukherjee, Saviola et al. 2015). They were also devoid of
cytotoxicity against these cells (Figs. 5B, C). It is to be noted that snake venom toxins will not
show cytotoxicity against every cell type but their activity will limited to target cells only.
Therefore, the cells under study are not target of the RVV NGF or cobra venom neurotoxins.

As expected the cobra venom neurotoxins at a concentration of 1 mg/ml did not show

appreciable hemolytic activity against washed erythrocytes.

14



BB Control
B 100 ng/mil
EEE 200 ng/mi

120

100 A

Cell Viability (%)
3

40 -

MCF-7 MDA-MB-231 PC-12 HEK-203
Cell Types

Fig 5B. Assessment of cytotoxicity of a- Cobrotoxin against various cell lines. The values are
mean + SD of triplicate determinations. The survival of treated cells did not differ from the
control cells (p>0.05).
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Fig 5C. Cytotoxicity screening of a-elapitoxin-Nk2a using MTT assay for various cell lines. The

values are mean + SD of triplicate determinations.
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C. The receptor-ligand binding study: Investigation of interaction of above purified
proteins (RVV NGF and cobra venom neurotoxins) with cell surface TrkA receptor highly
expressed in surface of normal (PC-12) and malignant (breast cancer MCF-7) cells.

The binding of alpha-neurotoxin/ RVV-NGF to TrkA receptor was determined by ELISA. Briefly,
the PC-12 or MCF-7 cells (0.5 x 10°) were grown in 6 well cell culture plate in DMEM at 37 °C,
5% CO,, and then anti-TrkA, TrkB, TrkC or p75"™" primary antibody (1:1000 in DMEM) was
added to each well. After incubation for 1 h at 37 °C, 5% CO, the media was discarded and the
cells were washed with 1xPBS for three times. The PC-12 cells treated with 1X PBS only
served as control. Thereafter, alpha-cobratoxin (100 ng/ml) was added to each well and
incubated for 2 h at 37 °C, 5% CO,. The cells were washed with 1X PBS and the binding of
alpha-cobratoxin/ RVV-NGF to PC-12 cells / MCF-7 cells was determined by ELISA using anti-
alpha-cobratoxin/ RVV-NGF antibodies (1:1000) purified from polyvalent antivenom and rabbit
anti-horse 1gG conjugated with horseradish peroxidase (HRP) (1: 2000) as the secondary
antibody. The binding of alpha-cobratoxin or RVV-NGF to 1 X PBS-treated cells was considered
as base value (100% binding) and other values were compared to that.

Pre-incubation of PC-12 or MCF-7 cells with anti-TrkA antibody resulted in marked inhibition of
binding of alpha-cobratoxin/ RVV-NGF to these cells; however, blocking of TrkB, TrkC &
p75NTR receptor with respective antibodies did not influence their binding to PC-12 or MCF-7
cells (Fig 6A,B).These results suggest that alpha-cobratoxin and RVV-NGF bind specifically to
the TrkA receptor of the breast cancer cells suggesting their application as diagnostic tools to
detect those cancer highly expressing these receptors as compared to control cells.
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Fig 6A. Binding of alpha cobrotoxin to MCF-7 and PC-12 cells. The effect of anti-TrkA/B/C/
p75NTR antibody on ligand binding (alpha-cobrotoxin) to cellular receptor.
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TrkA/B/C/p75NTR antibody on ligand binding (NGF) to cellular receptor. The values are mean *
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In another set of study it was observed that pre-incubation of PC-12 cells with anti-TrkA
antibody or with K252a (chemical inhibitor of TrkA) resulted in abrogation of neuritogenesis
potency of RVV-NGF and alpha-cobrotoxin (Fig 6C); however, pre-incubation of PC-12 cells
with anti-TrkB/TrkC antibodies did not influence the RVV-NGF/ alpha-cobrotoxin-induced
neuritogenesis in PC-12 cells suggesting specific binding of RVV NGF/ alpha-cobrotoxin to TrkA

receptor subtype (Fig 6C).
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Fig 6C. Inhibitory effect of Anti-TrkA antibody and K252a on neuritogenesis induced by RVV
NGF and alpha Cobrotoxin in PC-12 cells. Values are mean + SD of three determinations.
Significance of difference with respect to control, *p< 0.01.

10. Brief progress report (Russian Partner)

10 A. Synthesis of fluorescence CdSe quantum dots and labeling/conjugation of purified
alpha-neurotoxins and NGF with functional nanoparticles as reporter groups.

For synthesis of CdSe/ZnS nanoparticles, the mixture of 0.0127 g (0.1 mole) of CdO and 0.1140
g (0.4 mole) of oleic acid was heated to 150° C with stirring under nitrogen. After complete
dissolvution of CdO, the mixture was cooled to room temperature. Then, 1.94 g of octodecene
was added, the mixture was heated to 320° C and maintained until the solution became clear.
Selenium precursor is prepared by dissolving 0.079 g (1 mol) of Se in 0.238 g (1.18 mol)
trioctylphosphine and 1.681 g (6.9 mol) octodecylamine (ODA). The obtained precursor is
introduced into the reaction flask and solution obtained is kept for particle growth. Particle
growth was stopped by introducing hexane into the reaction flask. The insoluble materials are
separated by centrifugation and washed with methanol.

Building of ZnS shell was carried out at a constant temperature under a nitrogen atmosphere.
To build up the shell zinc sulfide, zinc and sulfur precursors are prepared. The precursor of
sulfur (0.1 mol) was prepared by dissolving 0.064 g of sulfur (0.002 mol) in 20 mL of ODE at 150
°C under a nitrogen atmosphere. Precursor of zinc (0.1 mol) was prepared by dissolving 0.275 g
of zinc acetate (0.0015 mol) in a mixture of 4 ml and 11 ml ODE and OGE at 120 °C under
argon. Zinc precursor was stored under nitrogen. For ZnS sell building mixture of sulfur
precursor and OGE were placed in a flask purged with nitrogen for 20 min, then zinc precursor
and CdSe in hexane were added. The temperature of the mixture was raised to 140 ° C, the
mixture was kept at this temperature for 2 hours with constant stirring using a magnetic stirrer
and then cooled. To the resulting solution were added 2 parts of acetone by volume, and the
mixture was centrifuged at 4000 rev/min for 10 min. The resulting precipitate was washed with
acetone, stabilized by hydrophobic surface ligands and dispersed in hexane at low
concentration. The adsorption and fluorescence spectra of QDs obtained are shown on Fig. 7.

18
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Figure 7. The adsorption (UV-vis) and fluorescence (FL) spectra of QDs

QDs functionalization using glutathione

To obtain water-soluble nanocrystals, a sample of CdS/ZnS (152 mg) was dissolved in 300 pl of
hexane (506 mg/ml). Then 50 pl of the resulting solution was added to 150 pl of tetrahydrofuran
(THF) and sonicated for 5 minutes. A portion of 20 mg of glutathione was dissolved in 200 ul of
mixture of THF and water (1:1) (100 mg/ml). 130 pl of the resulting glutathione solution was
added to a solution to CdS/ZnS in hexane/THF. The mixture was kept at 60 °C for 5 minutes
and then centrifuge for 5 minutes at 13000 rev/min to completely precipitate modified CdS/ZnS
nanocrystals. The organic and aqueous layers are removed, the precipitate was carefully
washed with water, and dried at room temperature. To the dry residue 30 pl of water and 10 ul
of an aqueous solution of tetrapropylammonium hydroxide were added. Thu‘s. CdS/znS
nanoparticles were obtained in aqueous phase at a slightly alkaline pH.

For the synthesis of conjugates glutathione modified CdS/ZnS quantum dots with toxins the
latter were dissolved in water at a concentration of 10 mg/ml. Water soluble carbodiimide was
used as activator of free carboxyl groups of glutathione. To the aqueous solution of glutathione-
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modified quantum dots 25 pl of a solution of EDC and sulfo-NHS was added and the mixture
was incubated at room temperature for 10 minutes. Then 50 pl of protein (alpha-cobrotoxin/
RVV-NGF) solution was added, the mixture was incubated for 60-70 min and separated by gel-
filtration on Sephacel S-300. The separation profile is shown on Fig. 8.
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Figure 8. Separation of conjugates of QDs with toxin by gel-filtration on Sephacel S-300

column.

10B. Assessment of cytotoxicity of functionalized fluorescence nanoparticles
conjugated with NGFs, short neurotoxin 1, and alpha-elapitoxin-Nk2a against breast
cancer cells.

The study of cytotoxicity of fluorescent nanocrystals to be used for endogenous detection of
cancer in various cell lines was carried out by MTT-assay. Cytotoxicity (ability of chemicals in
damaging tissue/cell) was determined in in-vitro conditions against specific target cells viz. PC-
12 and MCF-7, which represent a neuroendocrine tumor medullary cells of adrenal rat and
adenocarcinoma cells of human breast cancer, respectively.

Rat pheochromocytoma PC-12 cells were cultured at 37 °C and 5% CO, in DMEM or RPMI
1640 medium (Sigma, USA) containing 10% fetal bovine serum (Hyclone) and 2 mM glutamine.
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For studies, cells were seeded into 96-well plate (Corning, USA) at a density 10-50 x10° cells
per well (60-70% of the monolayer). Human breast adenocarcinoma MCF-7 cells were cultured
at 37 °C and 5% CO; in DMEM medium with sodium pyruvate (Sigma,, USA) containing 10%
fetal bovine serum (Hyclone), 2 mM glutamine, 40 pg / ml Gentamicin and 10 pg / ml insulin.
Cells at a density of 5x10* were seeded in 35 mm Petri dishes in a volume of 2 ml per dish.

Fig. 9 shows the absorption spectra in visible region of fluorescence nanoparticles used for

cytotoxicity measurements.

Absorplion

500 550 600 650

Fig. 9. Absorbance spectra in visible region of fluorescence nanoparticles used for cytotoxicity
measurements.

Solutions containing respective concentrations of compounds were added into wells containing
cells and incubation continued for another 48 h at 37 °C. The cells treated with medium only
served as control. The cell cytotoxicity was assayed according to MTT based method. Data
were expressed as a percentage of control (untreated) cells and the values were taken as mean
+ SD of four replicates.

In total four different nanoparticle preparations have been used. Their effects on the survival of
MCF-7 and PC12 cell lines studied. The results obtained are presented in Figs. 10 to 11. It was
observed that MCF-7 cells were more resistant to the action of fluorescent nanoparticles than

PC-12 cells.
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Figure 10A: Influence of fluorescent nanoparticles functionalized with glutathione on the
survival of the MCF-7 cell line. Values are mean + SD of four replicates.
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Figure 10B: Influence of fluorescent nanoparticles functionalized with glutathione on the

survival of the PC-12 cell line. Values are mean + SD of four replicates.
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Figure 11A. Influence of alpha-cobratoxin conjugate with fluorescent nanoparticles on the
survival of PC-12 cells. Values are mean + SD of four replicates.
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Figure 11B. Influence of alpha-cobratoxin conjugate with fluorescent nanoparticles on the
survival of MCF-7 cells. Values are mean + SD of four replicates.
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Fig. 11C: Effect of cobra venom nerve growth factor conjugated fluorescent nanoparticles on

survival of MCF-7 cells. Values are mean + SD of four replicates.

10C. Investigation of interaction of nanoparticles conjugated toxins with receptors (the
receptor-ligand binding study) at the level of cells and tissue of normal as well as of

malignant origin.

The binding of nanoparticles (CdSe) conjugated toxins (alpha-neurotoxins and NGF) to MCF
and PC-12 cells was studied by fluroscence microscope. The PC-12 / MCF-7 cells (0.5 x 10%)
were grown in 96-well culture plate at 37 °C in a 5% CO, incubator for 24 h. The old media was
replaced with fresh media containing 10% horse serum (in PBS-T containing 1% BSA) for 30
min at room temperature. The wells were washed with 1X PBS for three times and the cells
were treated with 100 ng/ml of nanoparticles (CdSe) conjugated toxins / 1X PBS (untreated
control), and grown for 60 min at 37 °C, 5% CO; followed by washing the cells with PBS-T
(three times for 10 min each). The fluorescence intensity was determined by excitation at 568
nm and emission spectrum was recorded at 600 nm in a fluorescence microplate reader
(Varioskan LUX, ThermoFisher scientific, USA). ’

The CdSe- conjugated toxins fluoresces bright green due to binding of toxins (alpha-cobrotoxin/
NGF) to trkA receptor of the treated cells (Figs. 12A, B).
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A B.
Fig 12. Immunofluorescence detection of CdSe conjugated A. alpha-neurotoxin, B. RVV-NGF in
PC-12 cells.

Receptor binding studies with alpha7 nicotinic acetylcholine receptor

Conjugate of alpha-neurotoxin with CdSe quantum dots were used for visualization of human
alpha7 nicotinic acetylcholine receptors heterologously expressed in GHA4CI pituitary adenoma
cells. When the conjugate was irradiated with light wavelength of 530-550 nm, it resulted in
fluorescence of cells due to binding of conjugate of alpha-neurotoxin with CdSe quantum dots
with membrane receptors (Figs. 13A-C).

Fig 13 : Labeling of pituitary adenoma cells with the a-cobratoxin conjugated to QDs. (A)
Fluorescence intensity of cells after incubation with the conjugate of a-cobratoxin with QDs (the
white arrow shows the plasma membrane staining). (B) Image of cells obtained by bright-field
microscopy in transmitted light (the black arrow shows the same cell as in panel (a) when
photogrphed in transmitted light). (C) Fluorescence of the control cells without the addition of

the conjugate.
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