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ABSTRACT

The high-throughput techniques used in nanoprotengenerally outperform in comparison to normal
proteomics techniques. Approaches like disease doien detection in humans are one of the majoreaelments, which
have led to the detection of different biomarkensgutoimmune, infectious, neurodegenerative andi@aascular disease.
The use of novel sensors and different nanoproteapproaches also helps in identifying biomarkersiffferent types of
cancer and other diseases. In plant biology, namepmic assists in gene transfer, creation of delagucleic acid
crystals and identification and quantification ofal protein. It also has application in microbgabteomics research.
Using nanoproteomics has also helped in studyitigdascientific areas like proteobionics and semréts. This review

article covers the current application and futur@spects of nanoproteomics approaches.
KEYWORDS: Biological Systems, Disease Biomarker, NanopasicNanoproteomics
INTRODUCTION

Nanoproteomics is the amalgamation of nanotechyadogl proteomics. Methods related to nanotechnoéogly
proteomics play a major role in research and dewveént but deciphering certain processes at the leed has always
met with difficulties when considering any singleodd aspect between nanotechnology and proteomitos. main
problem that still exists with proteomics is thatis not possible to detect all the protein molesupresent inside a
biomaterial. Another issue with proteomics is tlyaamic concentration barrier, which is about thghhdynamic range of
concentration of protein molecules that exists ibi@logical material. These are some of the reashres to which
proteomics needs new technologies that will fadiitit to register single molecules in the presasfckighly abundant
molecules. Nanotechnology plays a significant inlthese new technologies as it cans the abiliegister and visualize
single molecules and their complexes, as well aglesinanoparticles. The existing nanotechnologioathods are
scanning electron microscopy, near field scanningraacopy, microcantilever techniques, nanowire amashopore
detectors [1, 2].

NANOPROTEOMIC APPROACHES IN DIFFERENT FIELDS

2.1 Disease Biomarker DetectionAdvancement in proteomics has led into the dispoeé disease biomarker
by coupling high-throughput techniques with novelnasensors. Reports on biomarkers have also focosetheir
detection limit and their application for the deiews of autoimmune diseases, infectious diseasesrodegenerative
diseases and cardiovascular diseases. Some ofatlmiy biomarkers used in the diagnosis of diffediseases using
nanoproteomics are HSA (Diabetes) [3], Proteinag@/8gener Granulomatosis) [4], HBV Virus (Hepajifis], Anthrax
protective antigen (Anthrax) [6], ADDL (Alzheimer)7], Tau protein (Alzheimer) [8], CRP, TNFand IL-6

(Inflammation, CVR) [9]. Application of nanoprote@es has also become a part of cancer researcherbiff
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nanoproteomics approaches have been applied fondok@r detection in cancer diagnosis. AFP (serubd),[CEA
(serum) [11], PSA (serum) [12], CA15-3 (blood) [1BISA-ACT Complex (serum) [14], EGFR (cancer deks$) [15] and
SK-BR-3 (breast cancer cell lines) [16] are som¢éhefbiomarkers detected using gold nanopartiddesNPs). Different
studies using quantum dots (QDs) for cancer didgrusve also revealed biomarkers as Mucinl (egpdthehncer cells)
[17], CD44v6+ and CD24- (breast cancer cells) [F&3CA and HER2 (cancer cell line) [19], Nucleolinli&egrin avp3
(cell line) [20], PSA (purified protein) [21] anéw more. Carbon nanotubes (CNTs), used for cariegndsis has also
found biomarkers like AFP (serum) [22], Volatileganic compounds biomarker (breath) [23], PSA, PShlAtelet factor
& IL-6 (serum) [24] and few more. Silicon nanowira® yet another approach for biomarker detecticzaincer research.
VEGF (blood) [25], PSA, PSdl-antichymotrypsin, CEA and mucin-1 (serum) [264 ZRP (serum) [27] are some of the
biomarkers detected through silicon nanowires. Othajor techniques used for biomarker detectionr@momechanical
resonators [28], suspended microchannel resonf6is optofluidic ring resonator sensors [30], noicantilevers [31],
silicon photonic microring resonators [32], 2D dkver array chip [33] and silver nanoparticles,[3%]. Physical and
chemical principles about nanomaterials and theifias and how they can use in proteomics hasdylreeen reported
earlier [36]. Application of nanotechnology in molgar diagnostics has increased as medical diaigeostly on

molecular markers and highly specific therapiegdted at disease specific receptors [36].

2.2 Nanotechnology Derivatives:The nanotechnology derivatives having differenplegations in biological
system e.g. in biomedical diagnostics, in agri- tdgbnology, bio-sensor technology etdi) Au-NPs
(gold nanoparticles):important nano-derivatives researchers have developed an integrated proteapigroach using
chemically functionalized gold nanoparticles asaah probe for affinity purification to analyze ar¢je protein compleix
vivo. This approach has been applied to globally maptrénscriptional activation complex of estrogespmnse element
(ERE) and have been designated as quantitativepnate@mics for protein complexes (QNanoPX) [37].lffunctional
gold nanoparticles can be used for diseases diegand therapy [38] by forming complexes as cypbptide-capped gold
nanoparticles (CP-AuNPs) [39jhich acts as prodrugs for delivery of anticanasd antiviral agents. pH Low Insertion
Peptide (pHLIP) [40] is yet another technology, ethtargets gold nanopatrticles into tumors and refieial for radiation
oncology and imaging. Gold Nanoparticles also astpotential antimicrobial agents fiéscherichia coliand Salmonella
typhi [41]. (i) SERS(Surface-enhanced Raman scattering spectroscagyptoven to be highly efficient as it provides a

lot of information about the chemical structurepabbed substances.

It has its wide application in medical diagnosislsias detection of human breast cancer cells E@&gntial
noninvasive nasopharyngeal cancer @3] studies of frozen and deparaffinized tissudeof pediatric tumors [44-47].
(i) QDs(Quantum dots) are generally nanoparticles ofaicganductor material. Usually they are sulfideselenides of
metals like zinc or cadmium, eg. ZnS or CdSe. Quantiots are continuously getting adopted by lifeersze and
biomedical communities as it has a lot of appl@adiin biology and biomedicine. Various applicasiai quantum dots in
the medical field are tumor targeted bioimaging][4livery of vitamin D to tumors in case of breeancer, detection of
Parklinsons disease at early stage [49], QDs-bfiserkscent biosensing for proteins and nucleid 0] as well as its
conjugation with carbon nanotubes has been usedidgnostic purposes [51-52]. (iW)agnetic Immunoassaiagnetic
beads have replaced the conventional, enzymesisatbpes and fluorescent moieties in case of niagimemunoassay.
It is a novel type of diagnostic immunoassay, inirg the specific binding to an antibody for itgigan, and a magnetic

label is conjugated to one element of the pair.
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The application of magnetic immunoassay in fooddisafcontrol has also proved successful as it helps
detection of a bacterial toxins [53]. Quantitatiamealysis of intracellular proteins produced witkiglls is also possible

using paramagnetic particles [54- 55].

It has been also reported the field of remanenaeergéed by magnetic markers utilized during magneti
immunoassay can be measured with superconductirmtum interference device (SQUID) [56]. Detectiond a
quantification of cell-surface antigen using magneanoparticles is yet another possibility, whigips in early diagnosis
of diseases like cancer [57]. Medical diagnostioed pathogen detection and testing water sampela three major
application of magnetic immunoassay [58]. @B)o-barcode assayScientific reports have also mentioned about a
bio-barcode assay which is a highly sensitive taphan for detecting target proteins and nucleic sicidetection of
specific targets is also possible with use of ithieitol (DTT) induced ligand exchange [59]. Galdnoparticles are
generally used for this assay, but it can alsodréopmed using polystyrene (PS) microparticles Wwhice used in case of

fluorophore-labeled barcodes [60].

A protein of interest can also be detected at astamlevel using a colorimetric bioassay [61]. Bhsan
sensitivity of this assay prostate-specific antif@BA) was earlier detected at a concentrationwasaks 500 aM [6Zhut a
report of 2009 has also mentioned about a bio-lolErd®SA assay which is approximately 300 times mseresitive than
the commercially available immunoassays [63]. Lateports have also mentioned the application ¢ #ssay in
detection of neurotransmitter such as dopamine. [Bdither on the basis of detection of nucleic ‘acidrgets this assay
has also been used for simultaneous detectionuoftfpes of virus DNA using capillary DNA analyZé5], for detecting
two targets DNAs using a label-free bio-barcodeapd66] and for detecting DNA of microbes such Sa&imonella
enterica which is a major cause of foodborne illness [6lZdtest reports have mentioned about its sensitifdty
dual-aptamer recognition [68] and development ofaptamer-based bio-barcode assay for screeningcamter drugs
[69]. (vi) NWs(Nanowires) often called nanowhiskers or nanoroésvery minute, solid and crystalline rods measuring
between 10-100 nm in diameter and around few mieters in length. Preparation of nanowire and igliegtion in
detecting target molecules is in trend for quiteoaiple of years. Molecular imprinted polymers (MIRsing alumina

nanoporous membranes have shown a good bindintyddstween the imprinted site and template proteatecule.

The reason behind the binding ability is that timgrinted sites are either close to the surface thieasurface of
MIPs due to which it can recognize the sites oftrget protein [70]. A review on nanowire senduais also mentioned
about its importance in medical and life scienddsese sensors have unique capabilities in binding target protein
which can act as a major breakthrough in the disgoand development of potential pharmaceuticad teting as a tool

for drug discovery.

These sensors also have key properties of detebtiy and monitoring its enzymatic elongation. Apadm
these, they can also be used as devices for damieofi multiple disease marker proteins and singtases [71, 72].
Delivery of cytotoxic agents into target cells isaapossible using silica nanowires (SiNWs). Ussiiga nanowires Shiga
toxin type 1A subunit (StxAl) was inserted intotavkd bovine and human epithelial cells, and ta&hhology can be
used as an immunotherapy for different diseasds Hifica nanowires have also been configured eld-#ffect transistors
(FETs) and are extremely sensitive for electricaledtion of proteins [74, 75]. Approaches usingtivally aligned
nanowires fixed to the surface for biosensing, tedgtiysiology and drug delivery has also been ssfoé[76]. Microbial

nanowires has also been reporteGepbacter sulfurreducenshere the nanowires are none other than its ovinwgiich
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helps in transferring the electrons that are formftdr obtaining energy for its growth by oxidiziogganic compounds
[77]. A latest report has also mentioned about &fom of functional nanowires from amyloid peptidgesit has a natural
tendency to self-assemble into nanofibrillar stuues. Researchers have also shown that Ni-NTA daseowires have
better protein purification efficiency and are morstable in the form of dry powder [78]. (vii)
Nanocantilevers Nanocantilevers are rectangular shaped thin stfigdicon of few nanometers in width used as sesnso
for detecting and capturing bio-molecules. Eanésearchers used to work with microcantileverslzindssays have been
carried for prostate-specific antigen (PSA) [79kig this technology, as a result of surface stesluced from
antigen-antibody reaction the biomarker proteina etso be detected [80]. It can also be used fowexing the
biophysical and biochemical processes into sigtiets can be recorded [81]. In context to the improents required in
nanoscience, nanocantilever has come forward asamdlytical device that is portable, label freal dre operated at a
rapid pace. Thus, it helps in detection of proteimgleic acids, viruses and bacteria [82, 83]sTachnology has emerged
as a low-cost and ultra-sensitive alternative teps in comparison to the existing optically ded¢elctand chemical
techniques. Cantilever arrays have also been usddtecting mutations in BRAF gene [84]. It is aagén humans that
produces a protein called B-Raf. Latest reportsehaléo mentioned about development of a cantil&esed protein

biosensor that can detect antibodies [85].

2.3 Biomarker Detection Using Sensorstatest reports on nanoproteomics approaches hHagaesded throught
the study of label-based [86] and label-free daacsystems [87], indicating their advantages apglieations in
biomarker discovery. Under label-based detectiontgn microarrays has been employed as an alteenat conventional
ELSA procedures due to its high-throughput charésties. Protein microarrays studies for prostarcer have detected
five potential protein biomarkers-vonWillebrand tiac IgM, al-antic-hymotrypsin, villin and 1gG. Cyanine dyes
(Cy3 and Cy5) are among the most common fluorockmmployed for protein microarray detection duethieir
brightness and reduced complexity of labeling pnastevith charged lysine residues. Bead-based awagsalso be used
for the kinetic characterization as well as thesiiattion of enzymes with multiple substrates in @tiplexed analysis.
Stable isotope labeling with amino acids in celltune (SILAC) is a label technique which is analyzby mass
spectrometry [88]. In spite of the wide use of laised techniques researchers are focusing ohffaleetechniques, as
they are cleaner, faster and simpler. Most commasid label-free techniques in proteomics areativel quantification
by the peak intensity of LC-MS, relative quantifioa by spectral count and absolute label free fiieation. Biomarkers
related to metabolic diseases have also been imlfor diseases like diabetes mellitus, gout, hypesemia, Lesch-
Nyhan syndrome and chronic liver disease. Althotlgdne is immense progress in the field of biomadiscovery, but it
is still getting encountered with technological amdlogical challenges like difficulty in detectioof low-abundance

protein, dynamic range of protein concentration exiieme variations between individuals [89].

2.4 Nanoproteomics and Plant BiologyNanotechnology has also proved valuable in thatdiéotechnology
sector. Production of transgenic plants is alwayssiered superior as compared to that of normtlau Moreover, the
transgenic technology is considered as an impottaitin plant research and has an extensive agiit in agricultural
research and formulation of phytomedicines. Easieategies includedgrobacteriumtransformation and also by some
physical techniques like microprojectile, electrgimn, etc. Latest nanotechnology includes digeste transfer with the
help of nanoparticles. Currently, carbon nanotuf&lST), liposomes and positively charged liposomgmfectin) are
used as novel technologies for gene transfer [@@fbon nanotubes with the immobilized cellulose a&ctan efficient

DNA delivery system in plant cells [91]. CNTs oretbther hand, can also penetrate the seed coatranthtically affect
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germination and growth of plants. Treatment of sa6th nanoparticles like zinc oxide and cerium axiths revealed that
these nanoparticles get accumulated on the soicandeduce the productivity of plants. Researchake also found a
way of converting plant matter into building bloc& common plastics using a nanotechnology protestsoffers an

alternative to oil-based production.

In comparison to existing plastic bags which aredpced from crops such as corn and sugar and haeeya
limited use, the new system produces chemicalslasinw petrochemical works and can be used in eewahge of
industries. Application of nanotechnology in croptbchnology includes the successful creation ofADdystals by
producing synthetic DNA sequences that can selérabke into a series of a three dimensional triarille pattern.
This structure can help in crop improvement by aigjag and linking biomolecules like carbohydratksids, proteins
and nucleic acids to these crystals. It has alem lodserved that for isolation of mannan /manndsaity proteins from
dilute samples, and its concentration by nano-tigiiromatography (nano-LC) and capillary eletroamtography (CEC)
is also possible with use of monolithic capillagiiumns with mannan immobilized in it [92]. A groopresearchers have
also inserted carbon-coated iron nanoparticlesumkin plant and it was used as nanodevices fortptathological
treatment [93]. Based on their uses a microarrayiofoRNAs (miRNAs) collected from roots and leaeésice seedlings
has also been analyzed [94]. Quantitative and i@k characterization of lupin proteins from fawitivars ofLupinus
albushas also been carried using microfluidic nano HRLIGp coupled with lon Trap mass spectrometer awlgroven

to be a very sensitive technique [95].

A recent report has also mentioned about carbcedgrminated carbosilane dendrimers, which are w@sed
nanoadditives for separating different proteinsspne in olive and soyabean seeds [96]. Specifidallyelation to food-
related allergies, pulp proteins of Avocad®e(sea americana)has also been studied using nanoscale liquid
chromatography coupled to tandem mass spectrorfredno-LC-MS/MS) through combinatorial peptide ligaibraries
(CPLL) [97]. Nano-LC-MS/MS technique has also beead to study the proteins associated with chaing®syza sativa
when the plant gets infected with Rice Yellow MetWirus (RYMV) [98], for assessing the differenhis of proteins
present in the xylem, and phloem saps [99] as agefbr studying the different kinds of proteinsganet on the leaves and
roots of rice plant [100]. Nano UPLC-MSs yet another technique, which has been useitiémtifying and quantifying

the total protein present in soyabean seeds [101].

2.5 Other Important Approaches: Current proteomic approaches have been dividedtimbd categories — mass
spectrometry and Non-mass spectrometry based. MALOF (Matrix-assisted laser desorption/ionisationet of flight),
atmospheric  pressure-MALDI, LC/MS/MS  (Liquid chromography—-mass  spectrometry), 2D  gel/MS
(two-dimensional gel - mass spectrometry) and naterare some of the mass spectrometry based teesnichereas 2D
gel electrophoresis, multi-dimensional protein tifesation technology (MudPIT), protein arrays, thgbrid systems and
isotope-coded affinity tagging are non-mass spawtoy based techniques. All these techniques haiedawn merits and
demerits [102- 107]. Nucleic Acid Programmable BiotArrays (NAPPA) are yet another approach, whithzes a
complex mammalian cell-free expression system todyce proteinsin situ. This method is an alternative to
fluorescent-labeled approaches. It appears to hagecapability of analyzing protein function andotein-protein
interaction in studies promising for personalizeddimine [108]. NAPPA is capable of probing with gqué sensitivity
nativein situ protein-protein interactions and also helps imidieation of key proteins involved in the contral cancer

and its proliferation [109- 110]. Atomic force migcopy (AFM) has been introduced as a powerful adtarization
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platform which provides valuable insights about siigface proteome of microbial cells. In currentmobial proteomics
research, analyzing microbial cell-surface protags@n exigent task which has a major application drug design,

vaccine development and microbial monitoring [11PH1
ALLIED SCIENTIFIC AREAS

Research and development associated with nanopnaedas also led to the emergence of new areashea
in this field. Few researchers have also menticaieolit proteobionics which they have considered amsve branch of
nanoproteomics. In proteobionics, biomimetics hdesn introduced into proteomics and it is about shely of
primordial proteins synthesized by nanobacterié3[1$ecretomics is yet another area where protedeseted by cell,
tissue or organism are getting studied with thepsupof proteomic and nanoproteomic approachesinAdepth study of
the secretome of hepatocellular carcinoma cells lwsn done where the protein enrichment is perfdrmging
nanometer-sized Linder's type L Zeolite crystaliod.TL-zeolite), protein fractionation through 1-8DS-PAGE and
finally protein purification though LC-ESI-MS/MS 4]. Researchers have also observed that whenheiddtcells are
exposed to cigarette smoke, they generally resppyrsecreting some secretome which when analyzed) ugino liquid

chromatography coupled with high-resolution magcspmetry revealed about the unique peptides présd [115].

Using nanoproteomic approaches, it has also cotodight that nanomaterials have been very sucokgsthe
detecting biomarkers and has a lot of applicationfood and beverages sector [116]. Latest repmmt@pplication of
nanomaterials include cancer nanomedicine [117], Li@fulness of melatonin nanoparticles [119],tsgsis and ability
of silver-doped titanium Ti@ powder-coated surfaces [120], surface morpholdg¥rmAl,O, ceramic materials [121],
electrospun nanofibers for drug delivery applicasid122], antimicrobial activity of Hippurate namwmoposite [123],
PEI-siRNA nanocomplex for liver cancer therapy [[L3#%operties of C-15 nanopeptide and its effectHmia cell line
[125], effect of aluminium silicate nanotube cogtion bone regeneration [126], application of gadsharod [127, 128],
action of gold-coated magnetite nanoparticles irrimeu breast cancer [129], magnetic nanoparticlesemgenerative
medicine [130] as well as for screening of C-raaciprotein for diagnosing cardiovascular diseagd ]Jlinteraction of
nanomaterials with biological systems [132], atyiwf silver nanoparticles on bone surgery devi{d&s8], importance of
nanomagnetically labeled immunoassay in clinicahgdosis [134], antibody-cojugated Rubpy dye-dopditas
nanoparticles for detection d¥ibrio cholera Ol [135], even nanoparticles entered into a humady bthrough
nanomedicines often helps in medicial imaging [13tection of pathogenic viruses using syntheskitda-coated
magnetic nanoparticles [137], antifungal effechgéiroxyapatite decorated with silver (HA@AQ) nandisées [138], use
of nano-hydroxyapatite/collagen/poly (L-lactic gcithHAC/PLA) composites as a vascularized bone tdubs for
grafting [139], antitumor activity of Chitosan ngrasticles (CS-NPs) [140], vascular tissue engimgerihrough
Chitosan/collagen scaffold [141], ectopic bone fation with help of injectible Chitosan/Nanohydropgite/Collagen
composites [142], silica nanaoparticles in drugwael systems [143] and correlation of silver naadigles and chitin
powder for antimicrobial activity [144]. Persona&d medicine is yet another developing sector whétie the help of

nanomaterials even stem cell tracking has becorssilde [145].
CONCLUSIONS

With respect to traditional techniques related vatbteomics, nanoproteomics have lots of techradaiantage.

Diagnosis of human diseases has become a wholeakier with application of nanotechnology and hasolme a
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trendsetter. Nanoproteomics has been so much ittt it is even possible to detect a solitagienule with a protein.

Use of nanopatrticles like manganese oxide, pedicembon and combination of QDs with magnetic iraide also helps

in medical imaging like MRI. Medical devices careavbe miniaturized like a heart pacemaker. Buttgafencerns still

exist with the usage of nanoparticles as fainagvo use of nanoparticles is concerned due to toxidignoproteomic’s

approaches have also proven beneficial with iteessgful utilization in microbial proteomic studisd also in relation to

plants. This approach will definitely have a braamhge of application in near future and will overe most of the

drawbacks for the existing technologies.
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