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Abstract 
 

Historically, viruses have been significant contributors to morbidity and mortality in humans, 

which is recently exemplified by the global impact of the COVID-19 pandemic. Unraveling the 

virus lifecycle and developing effective therapeutics constitute critical research endeavors. 

Viruses hijack host cellular machinery for replication and assembly, with sustained viral 

infections posing a threat by compromising the host immune system, leading to potentially fatal 

outcomes. Recent studies indicate that viruses may facilitate the development of 

neurodegenerative disorders in humans. Examples include Herpes Simplex Virus-1 (HSV-1), 

which has been linked to Alzheimer’s, Multiple Sclerosis (MS), and Parkinson’s disease; Human 

T-cell Leukemia Virus type-1 (HTLV-1) which has been associated with tropical spastic 

paraparesis; and HIV, linked to the HIV-associated neurodegenerative disorder (HAND’s). Thus, 

developing treatment strategies to prevent or slow down neurotropic virus-induced 

neurodegenerative disorders is a priority, which requires a deeper understanding of virus-host 

interaction pathways. Studying conserved sequences in viruses may be an essential tool for 

generating basic knowledge of such pathways. Such conserved sequences encode structural and 

non-structural viral proteins critical for various infection cycle stages. These sequences aid in 

identifying specific viruses and provide insights into conserved host-pathogen interaction 

techniques and can even serve as epitopes for vaccine development.  

In the first part of the thesis work, we sought to elucidate the functional significance of the 

conserved pentapeptide sequence (VGGVV) identified in Aβ and analogous aggregation-prone 

viral proteins, such as the Virion Infectivity Factor (Vif-1) of Human Immunodeficiency Virus 

1 (HIV-1). HIV plaques, detected in the cerebral tissue of the afflicted individuals, have been 

found to harbor beta-amyloid protein responsible for debilitating neurodegenerative Alzheimer’s 

disease. A meticulous examination of Vif-1 was conducted to discern its propensity for inducing 
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aggregation in Aβ peptides. The study provided insights into the molecular mechanisms 

underpinning the correlation between viral infection and protein amyloid aggregation. 

In the second part of the thesis, we explored the possibility of utilizing virus-like particles of 

Chikungunya Virus (CHIKV) as protein nanocontainers for delivery of foreign material to 

specific cell types. CHIKV VLPs were chemically modified to allow the conjugation of small, 

targeting peptides on the surface. The particles were subjected to a limited denaturation strategy 

to allow incorporation of fluorescent dye. The engineering strategies employed here resulted in 

the targeting of CHIKV VLPs to bone cells and breast carcinoma cells, as well as the deposition 

of the packaged cargo in target cells, indicating the potential of CHIKV nanocontainers for 

therapeutic delivery. 

Thus, this study delves into both the disease-causing aspects of viruses and the therapeutic 

potential of virus nanocontainers. The findings of this work may contribute to advancing our 

understanding of virus-host interaction and pave the way for innovative therapeutic strategies 

involving virus-like particles. 
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सार 
 

ऐतिहातसक रूप से, वायरस मनुष्यों में रुग्णिा और मृतु्य दर में अतिप्रायपूर्ण ययगदानकिाण रहे हैं, तिसका 

उदाहरर् हाल ही में COVID-19 महामारी के वैतिक प्रिाव से तमला है। वायरस के िीवनचक्र कय उिागर 

करना और प्रिावी उपचार तवज्ञान तवकतसि करना महत्वपूर्ण अनुसोंधातनक प्रयास हैं। वायरस प्रतिकृति 

और सोंययिन के तलए मेिबान सेलुलर मशीनरी का अपहरर् कर लेिे हैं, तनरोंिर वायरल सोंक्रमर् मेिबान 

प्रतिरक्षा प्रर्ाली से समझौिा करके खिरा पैदा करिे हैं, तिससे सोंिातवि घािक पररर्ाम हयिे हैं। हाल के 

अध्ययनयों से सोंकेि तमलिा है तक मनुष्यों कय सोंक्रतमि करने वाले वायरस नू्यरयडीिेनेरेतिव तवकारयों के 

तवकास कय बढावा दे सकिे हैं। उदाहरर्यों में अल्जाइमर, मल्टीपल से्कलेरयतसस (एमएस) और पातकिं सोंस 

रयग से िुडा हपीस तसम्प्लेक्स वायरस-1 (एचएसवी-1); िर ॉतपकल स्पास्टिक पैरापैरेतसस से िुडा ह्यूमन 

िी-सेल लू्यकेतमया वायरस िाइप-1 (एचिीएलवी-1); और एचआईवी नू्यरयडीिेनेरेतिव तडसऑडणर 

(एचएएनडी) से िुडे वायरस एचआईवी शातमल हैं। इस प्रकार, नू्यरयिर यतपक वायरस-पे्रररि नू्यरयडीिेनेरेतिव 

तवकारयों कय रयकने या धीमा करने के तलए उपचार रर्नीतिययों का तवकास करना एक प्राथतमकिा है, तिसके 

तलए वायरस-हयि इोंिरैक्शन मागों की गहरी समझ की आवश्यकिा हयिी है। ऐसे मागों के बारे में बुतनयादी 

ज्ञान उत्पन्न करने के तलए वायरस में सोंरतक्षि अनुक्रमयों का अध्ययन एक आवश्यक साधन हय सकिा है। 

ऐसे सोंरतक्षि अनुक्रम तवतिन्न सोंक्रमर् चक्र चरर्यों के तलए महत्वपूर्ण सोंरचनात्मक और गैर-सोंरचनात्मक 

वायरल प्रयिीन कय कूिबद्ध करिे हैं। ये अनुक्रम तवतशष्ट वायरस की पहचान करने में सहायिा करिे हैं 

और सोंरतक्षि मेिबान-रयगज़नक़ इोंिरैक्शन िकनीकयों में अोंिर्दणतष्ट प्रदान करिे हैं, और यहाों िक तक िीका 

तवकतसि करने के तलए एतपियप के रूप में िी काम कर सकिे हैं।  

थीतसस कायण के पहले िाग में, हमने Aβ में पहचाने गए सोंरतक्षि पेंिापेप्टाइड अनुक्रम (VGGVV) और 

अनुरूप एकत्रीकरर्-प्रवर् वायरल प्रयिीन िैसे मानव इमु्यनयडेतितशएों सी वायरस 1 (एचआईवी-1) के 

तवररयन सोंक्रामक कारक (वीआईएि-1) के कायाणत्मक महत्व कय स्पष्ट करने की कयतशश की है। पीतडि 

व्यस्टिययों के मस्टिष्क के ऊिकयों में पाए िाने वाले एचआईवी लाक में नू्यरयडीिेनेरेतिव अल्जाइमर रयग 

कय कमियर करने के तलए तिमे्मदार बीिा-एतमलॉइड प्रयिीन पाया गया है। Aβ पेप्टाइड्स में एकत्रीकरर् 

कय पे्रररि करने की इसकी प्रवृति कय समझने के तलए वीआईएि-1 की सावधानीपूवणक िाोंच की गई। 

अध्ययन ने वायरल सोंक्रमर् और प्रयिीन अमाइलॉइड एकत्रीकरर् के बीच सोंबोंध कय रेखाोंतकि करने वाले 

आर्तवक िोंत्र में अोंिर्दणतष्ट प्रदान की। 

थीतसस के दूसरे िाग में, हमने तवतशष्ट प्रकार की कयतशकाओों िक बाहरी पदाथण पहोंचाने के तलए 

तचकनगुतनया वायरस (CHIKV) के वायरस िैसे कर्यों कय प्रयिीन नैनयकों िेनर के रूप में उपययग करने की 
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सोंिावना का पिा लगाया। सिह पर छयिे, लतक्षि पेप्टाइड्स के सोंयुग्मन की अनुमति देने के तलए CHIKV 

वीएलपी कय रासायतनक रूप से सोंशयतधि तकया गया था। फ्लयरयसेंि डाई कय शातमल करने की अनुमति 

देने के तलए कर्यों कय एक सीतमि तवकृिीकरर् कायणनीति के अधीन तकया गया था। यहाों तनययतिि 

इोंिीतनयररोंग कायणनीतिययों के पररर्ामस्वरूप CHIKV वीएलपी कय हड्डी कयतशकाओों और िन कातसणनयमा 

कयतशकाओों कय लतक्षि तकया गया, साथ ही लतक्षि कयतशकाओों में पैक तकए गए कागो का िमाव हआ, 

िय तचतकत्सीय तविरर् के तलए CHIKV नैनयकों िेनसण की क्षमिा का सोंकेि देिा है। 

इस प्रकार, यह अध्ययन वायरस के रयग पैदा करने वाले पहलुओों और वायरस नैनयकों िेनरयों की तचतकत्सीय 

क्षमिा दयनयों पर प्रकाश डालिा है। इस कायण के तनष्कर्ण वायरस-मेिबान सोंपकण  की हमारी समझ कय आगे 

बढाने में ययगदान दे सकिे हैं और वायरस िैसे कर्यों कय शातमल करने वाली नवीन तचतकत्सीय कायणनीतिययों 

का मागण प्रशि कर सकिे हैं। 
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The nasal and olfactory epithelium acts as an infection site for several viruses. 

Subsequent axonal transport spread the virus to the CNS. (D) The BBB which is 

composed of brain microvascular endothelium cells (BMVECs) with specialized tight 

junctions, surrounded by basement membrane, pericytes, astrocytes, and neurons. 

Infected leukocytes can traverse this barrier carrying virus into the brain parenchyma. 

(E) Alternatively, virus particles in the bloodstream can infect BMVECs, 

compromising the BBB. Figure Adapted from review by Orkide O. Koyuncu. Cell 

host and microbe Volume 13, Issue 4, 17 April 2013, Pages 379-393 

10 Figure 2.4. Diagram illustrating how the activation of microglia by signals of damage 

results in a common cascade of molecular signaling shared by the protein aggregates 

linked to tauopathies, Parkinson's disease, and Alzheimer's disease. Figure adapted 

from Guzman-Martinez et. al. Frontiers in Pharmacology volume 10, 12 September 

2019 

11 Figure 2.5.  Diagrammatic explanation of neuroinvasion by HIV-1. The "Trojan Horse 

hypothesis" states that HIV-1 enters the brain through the migration of infected monocytes 

that develop into perivascular macrophages.  Another way that viruses enter the brain is 

through the passage of infected CD4+ T cells. Additional likely reasons for central nervous 

system infection include viral entry directly into the brain; or HIV-1 entry through brain 

microvascular endothelial cell transcytosis. As a virus enters the brain, it begins to actively 

infect microglia and macrophages. There are known limitations to astrocyte infection. There 

is doubt about the infection of oligodendrocytes, particularly neurons because viruses can not 

affect them directly. Figure adapted from Ghafouri et. al. 2006. Retrovirology Volume 3, 

Issue 1, 19 May 2006, Pages 1-11 

12 Figure 2.6. Delineating the intricate impact of HIV-1 infection on the brain's (HAND) 

neuronal landscape. Soluble factors induce a signaling cascade triggering NMDAR 

activation, along with mGluR, RTK, Kv, GPCR, and potentially MHC I. Excess 

calcium influx and intracellular release, driven by IP3 receptors, activate calpains, 

cleaving postsynaptic proteins like PSD-95, causing synaptic dysfunction. Viral 

proteins exacerbate excitotoxicity, promoting cellular death pathways and apoptosis. 

Figure adapted from Lindl et. al. Journal of neuroimmune pharmacology, Volume 5, 

16 April 2010, Pages 294-309 

13 Figure 2.7.  Schematic highlighting vulnerable stages in adult neurogenesis affected 

by HIV infection in the brain. HIV-associated inflammation negatively influences 

neural progenitor cells, astrocytes, and differentiating NPCs, potentially impeding the 

integration of these cells into synaptic circuits. Figure adapted from Lindl et. al. 

Journal of neuroimmune pharmacology Volume 5, 16 April 2010, Pages 294-309 

14 Figure 2.8. Schematic depiction of HIV-1 Tat protein post-infection, illustrating its 

passage through the blood-brain barrier (BBB) and modulation of BBB function. Key 

cellular factors involved in this process are highlighted, MMP-9 (Matrix 

metalloproteinases), IL-6 (Interleukin 6), VCAM (Vascular cell adhesion molecule-

1), ICAM (Intercellular Adhesion Molecule 1), TNF alpha (tumor necrosis factor-α), 
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CD 45 (Cluster of Differentiation 54), NF-κB (Nuclear factor kappa B ). Figure 

adapted from Bagashev and Sawaya. Virology Journal Volume 10, 21 December 

2013, Pages 1-20 

15 Figure 2.9. Representation of multiple sequence alignment (using Jal view) and 

shortlisted VGGVV and VG*VV mutations in human viruses 

16 Figure 2.10. Predicted structures of Vif-1. A) structure predicted by AlphFold and  

(B) superposition of AlphaFold and SWISS MODEL-predicted structures 

17 Figure 2.11: Aggregation hot spots prediction of A: Amyloid Beta(green), B: Vif-1 

(VGGVV, black), Mutant Vif-1, C: (VGIVV), and D: (VGKVV), (blue and red color 

respectively) using Aggrescan 

18 Figure 2.12. Hdock based docking between Vif-1 and Aβ. Structure of the complex 

formed by the docking between the WT Vif-1 with Aβ in the presence (A) and absence 

(B) of Zn2+ ion. Structural complex formed upon docking between mutant VGIVV 

(C) and mutant VGKVV (D) with Aβ without Zn2+ ion. Green color represents Vif-

1 protein, red stretch represents the VGGVV sequence in Vif whereas blue and cyan 

color in red stretch represents the third position mutation (G to I, blue and G to K, 

cyan), and purple color ball in figure A represents Zn2+. Abeta peptide, yellow color, 

has orange color stretch representing VGGVV sequence 

19 Figure 2.13. MD simulation for 100 ns of Vif-1 WT and mutants with Aβ. A) RMSD 

and B) RMSF during the simulation period for Aβ and WT Vif-1 (absence of Zn+2, 

VGGVV, blue), Aβ and WT Vif-1 (presence of Zn+2, VGGVV, green), Aβ and mutant 

Vif-1 (VGIVV, black), and Aβ and mutant Vif-1 (VGKVV, red). The light blue 

shaded region represents the fluctuations in the VGGVV region of Vif-1 (Main figure) 

versus that present in the Aβ (inset) 

20 Figure 2.14. Visualization of GFP and GFP-tagged Vif-1 with Aβ in neuronal SH-

SY5Y cells using confocal microscopy. Upper panel represents cells visualized using 

oligomer specific antibody, while the lower panel is visualized using fibril specific 

antibodies. The red color puncta shows the presence of Aβ and magenta color shows 

the presence of oligomers (in upper two panels) and fibrils (in lower two panels). 

After 48 hours, utilizing GFP-transfected SHSY5Y cells as the control, the cells 

transfected with GFP_Vif-1 exhibit prominent red puncta, signifying the presence of 

Aβ, distributed around the cell periphery. Notably, puncta composed of oligomers and 

fibrils (magenta color) are predominantly intracellular. The upper panel, denoting the 

abundance of oligomers, displays a higher concentration of magenta puncta, while the 

lower panels, indicative of fibrils, reveal a lesser presence. This suggests that 48 hours 

post-transfection, oligomers were readily detectable, whereas fibril formation tends 

to occur at a later stage of aggregation. This implyes that an extended post-

transfection period may be necessary for conversion of oligomers to fibrils 

21 Figure 2.15.  Quantitative analysis of apoptotic and division genes in SH-SY5Y cells 

transfected with pEGFP-Vif-1(VGGVV) and with 5mg/ml and 15mg/ml of peptides 

P1, P2 and P3. HPRT is taken as a housekeeping gene, and GFP transfected cells as 

control. A) Shows the fold change in expression of Cas3, Cas9, p53, Aβ, IL-6, STAT-

1, and TGF, and proliferation and differentiation markers: Nestin and MAP-2. IL-6, 

Nestin and MAP2 are downregulated while the rest of the genes are upregulated. B, 
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C, and D) represent the fold-change in the expression of Cas3, Cas9, p53, Aβ, IL-6, 

STAT-1, TGF, BACE and, proliferation and differentiation markers: Nestin and 

MAP-2. Cells transfected with lipofectamine without peptide were taken as control. 

In case of P1, all genes were downregulated except MAPs (differentiation marker), 

whereas in P2 and P3 both proliferation and differentiation genes were upregulated, 

and the rest are downregulated 

22 Figure 3.1.  Worldwide distribution of Chikungunya virus disease case notification 

rate per 100 000 population, (as of 12 months from November 2022-October 2023, 

published on ECDC site). 

23 Figure 3.2. Life cycle of CHIKV in infected cells and dissemination to different 

tissues and organs. Schematic representation of CHIKV entry in infected cells, 

replication, genome packaging, release, and dissemination to tissues and organs 

(adapted from Bordi et. al. 2015) 

24 Figure 3.3. (A) Schematic description of Chikungunya virus transmission via 

mosquito (Aedes aegypti or Aedes albopictus) bite. (B) Followed by replication in the 

skin, fibroblasts, and disseminates all body parts like liver, muscle, joints, lymphoid 

tissue (lymph nodes and spleen) and brain (adapted from Schwartz and Albert 2010, 

Reyes Ballista et. al. 2023) 

25 Figure 3.4. Schematic representation of differences between the RA joint (right) and 

a healthy joint (left). Monocytes/macrophages are the main producers of the pro-

inflammatory cytokines that cause arthritis, cartilage destruction, and bone loss in the 

RA joint. Involved in arthritis are also neutrophils, B cells, T cells, dendritic cells, and 

osteoclasts. The synovial membrane is formed by a lining layer and a sub-lining layer. 

The lining layer is made up of MLS (macrophage-like synovial cells) and FLS 

(fibroblast cells). Non-resident macrophages that arise from monocytes enter the joint 

from blood vessels (adapted from Roszkowski and Ciechomska 2021) 

26 Figure 3.5.  Synovial Fibroblasts interacts with various bone cells and immune cells 

in Rheumatoid Arthritis condition leading to bone erosion and cartilage destruction, 

recruitment and activation of pro-inflammatory factors like TNF and pro-angiogenic 

factors like VEGF, tissue invasion and leading to apoptotic resistant and reduced 

contact inhibition (adapted from Aghakhani, Zerrouk, and Niarakis 2020).   

27 Figure 3.6: Vector map of CHIKV structural protein genes cassette 37997(capsid-E3-

E2-6K-E1) 

28 Figure 3.7: Schematic representation of conjugation strategy 

29 Figure 3.8: Illustration of incorporation strategy using detergent and fluorescent dye. 

30 Figure 3.9: Description of exposed lysine on E2 and E1 eveloped protein exposed on 

the surface of CHIKV VLP for structural modification 

31 Figure 3.10: CHIKV VLPs harvested after transfecting CHIKV genes cassette 37997 

in HEK 293T cells, (A) isolated CHIKV VLPs using ultracentrifuge, (B) western blot 

to detect E2, E1 and C structural protein of CHIKV VLPs; M-marker  
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32 Figure 3.11:  Electron microscopy of of CHIKV VLPs 

33 Figure 3.12: DLS profile of CHIKV VLPs 

34 Figure 3.13: Intrinsic fluorescence (tryptophan fluorescence) profile of purified 

CHIKV VLPs at different temperatures (20°C to 80°C) and pH (7.2 and 5.5) 

35 Figure 3.14: CD spectroscopy of purified CHIKV VLPs at different temperatures 

(20°C to 80°C) and at (i) pH 7.2 and (ii) pH 5.5, (iii) comparative profile of secondary 

structure loss at 222 nm at different pH with respective to different temperatures 

36 Figure 3.15: Analysis of CHIKV VLPs after conjuating with t-Lyp1 peptide using 

SEM(PEG)2 crosslinker, (A) A schematic of t-Lyp1 conjugated and unconjugated 

CHIKV VLPs, (B) DLS merged profile of t-Lyp1 conjugated and unconjugated 

CHIKV VLPs 

37 Figure 3.16: DSC profile of VLP (t-Lyp1 unconjugated) and CnVLP (t-Lyp1 

conjugated CHIKV VLPs) 

38 Figure 3.17. Analysis of incorporation of sulforhodamine-B dye in CHIKV VLPs 

using gradient of detergent, (A) TEM analysis after incorporation, (B) Analysis of 

encapsulated dye in CHIKV VLPs using fluorescence spectroscopy, (C)fluorescence 

spectroscopy of dye encapsulated in t-Lyp1 conjugated and unconjugated CHIKV 

VLPs, (D) Standard plot of Sulforhodamine-B using fluorescence spectroscopy 

39 Figure 3.18: CHIKV VLPs Binding study on HCE, MDA MB231 and SW982 cells 

using confocal microscopy. We observed the localization of green fluorescence of E2 

and red fluorescence of encapsulated sulforhodamine-B in association with the 

cellular membranes in SW982 and MDA-MB 231 cells; however, in the case of HCE 

cells no such association was observed. The line plots on the right panel shows the 

overlap of green (E2), red (sulforhodamine-B dye) and blue (membrane) 

fluorescence, indicating the binding of both unconjugated and tLyp-1 conjugated 

Virus-Like Particles (VLPs) on the membrane 

40 Figure 3.19: CHIKV VLPs internalization study in HCE using confocal microscopy. 

The cells were fixed after 10 and 30 minutes post-treatment with conjugated and 

unconjugated VLPs. The viral glycoprotein E2 is stained green, SulfoB is red, and the 

membrane is stained blue 

41 Figure 3.20: CHIKV VLPs internalization study in MDA-MB-231 cells using 

confocal microscopy. The cells were fixed after 10 and 30 minutes post-treatment 

with conjugated and unconjugated VLPs. The viral glycoprotein E2 is stained green, 

SulfoB is red, and the membrane is stained blue 

42 Figure 3.21: CHIKV VLPs internalization study in SW982 cells using confocal 

microscopy. The cells were fixed after 10 and 30 minutes post-treatment with 

conjugated and unconjugated VLPs. The viral glycoprotein E2 is stained green, 

SulfoB is red, and the membrane is stained blue 
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2 Table 2.2: Peptide sequence shortlisted after analyzing the VGGVV third position 
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3 Table 2.3: List of primers for Quantitative PCR (qPCR). 

4 Table 3.1. Description of different routes of CHIKV entry 
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LIST OF ABBREVIATIONS 
 

 

A280              Absorbance measured at 280 nm 

APS              Ammonium per sulfate 

Å              Angstrom 

~              Approximately 

Aβ              Beta Amyloid 

AIDS              Acquired Immunodeficiency Syndrome 

APP              Amyloid Precursor Protein 

a.u.              Arbitrary Units 

CD              Circular dichroism 

°C              Degree Celsius 

CNS              Central Nervous System 

Cp              Heat Capacity at constant pressure 

DNA              Deoxyribonucleic Acid 

dNTP              Deoxyribonucleotide      triphosphate 

DSC              Differential Scanning Calorimetry 

e.g.              Exempli gratia, or “for example” 

λmax              Fluorescence emission maxima 

g              Gram 

HIV-1              Human Immunodeficiency Virus type 1 

HSV-1               Herpes Simplex Virus type 1 

hrs              Hour/hours 

i.e.              I d est, or “that is” 

kb              Kilobase pair 

kDa              K ilodalton 

µg              Microgram 

µl              Microliter 

mdeg              Milli degrees 

mg              Milligram 

ml              Milliliter 

Mm                   Millimolar 

min              Minute 

M              Molar 

MW              Molecular weight 

DAPI              4′,6-diamidino-2-phenylindole  

ng              Nanogram 

nm                     Nanometer 

NCBI              National Center for Biotechnology Information 

DMEM             Dulbecco's Modified Eagle Medium 

%              Percent 

PAGE                Polyacrylamide gel electrophoresis 

PCR              Polymerase Chain Reaction 

PDB              Protein Data Bank 

RFU              Relative Fluorescence Units 

rpm              Revolutions per minute 

RT              Room Temperature 

s              Second 

SDS              Sodium dodecyl sulphate 

SP              Slow Progressors of HIV-1 

h              hours 

Tm              Melting Temperature 

EGFP               Enhanced green fluorescent protein 

Trp              Tryptophan 
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vs.              Versus 

VGGVV            N’-Val-Gly-Gly-Val-Val-C’ peptide stretch 

Vif              Virion Infectivity Factor 

HRP               Horseradish peroxidase 

CHIKV              Chikungunya virus 

RNA                  Ribonucleic acid 

T                        Triangulaton number 

RRV                   Ross Rivr Virus 

VEEV                Venezuelan Eastern Equine Encephalitis Virus 

SFV                    Semliki Forest Virus 

SINV                  Sindbis Virus 

NSP                    Non-Structural Protein 

Tat                      Trans-Activator of Transcription 

VLP                    Virus Like Particle 

TBST                  Tris Buffered Saline with Tween 

NaCl                   Sodium Chloride 

Tris                     Trisaminomethane 

НЕК                    Human Embryonic Kidney 

VGGVV              N’-Val-Gly-Gly-Val-Val-C’ peptide stretch 

NaAcetate           Sodium Acetate 

PBS                     Phosphate Buffered Saline 

SEC                     Size Exclusion Chromatography 

CDNA                 complementary DNA 

PVDF                  Polyvinylidene difluoride 

VMD                  Visual Molecular Dynamics 

SD                       Standard Deviation 

WGA                   Wheat Germ Agglutinin 

MD                      Molecular Dynamics 

DMEM                Dulbecco's Modified Eagle's Medium 

FBS                     Fetal Bovine Serum 

SulfoB                 Sulforhodamine B 

KCI                      Potassium Chloride 

MgCl                   Magnesium Chloride 

EGFP                  Enhanced Green Fluorescent Protein 

qRT-PCR            Quantitative Reverse Transcription Polymerase Chain Reaction 

Ct                        Cyclic Threshold 

HRP                    Horse Radish Peroxidase 

rpm                     Revolutions per minute 

TEM                   Transmission Electron Microscopy 

SW982                Synoviocytes 

MDAMB231      M.D. Anderson and MB stands for Metastasis Breast cancer 

SHSY5Y             SK-N-SH neuroblastoma cell line 

HCE                    Human corneal epithelial cell  

ND                      Neurodegenerative Disorder 

AD                      Alzheimer’s Disease 

PD                      Parkinson’s Disease 

 

  




