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I. INTRODUCTION

The method of purifying biological products on assive scale utilizing basic
scientific and engineering concepts is known as daparation. The ultimate goal of this
technique is to purify biological substances, calisl molecules. Based on their size, shape,
polarity, density, solubility, diffusivity and ed&rostatic charge, biological products can be
separated and purified. High selectivity and higbdpctivity are extremely necessary for
bioseparation. Despite having a foundation in cotiveal chemical separation techniques,
bioseparation has certain key distinctions. Thidue to the fact that, biological substances as
opposed to synthetic chemicals utilized in conwardl methods, are used to purify and
separate the components in bio separation. Polyaades, nucleic acids and proteins are
therefore not appropriate for the demanding coowliti of conventional procedures like
adsorption and evaporation. Often, the beginningerra from which they are processed
only contains extremely small amounts of the ddsiii@al result. As a result, massive
amounts of diluted product streams must be prodasserder to produce a tiny quantity of
pure product. The beginning substance frequenthtatos undesirable contaminants whose
genetic makeup is comparable to that of the desme=silt, making these separation
techniques highly challenging.

II. PRINCIPLES OF BIOSEPARATION

1. Selectivity and Specificity: Selectivity necessitates that every componentrimxaure be
present, much like specificity does. Specificitythe ability to objectively evaluate an
analyte in the presence of elements that one caelsonably expect to be
present.(Source: ) One can use "specificity" ofetdevity" interchangeably. This is bad
since specificity can't be assessed because itsideyed an absolute idea. A selective
reaction or test can also occur when other chemiea¢ present but exhibit some
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preference for the substance of interest, wheregeeific reaction or test can only occur
when the substance of interest is present. Fewioeacare specific, despite the fact that
many exhibit selectivity. Enabling the target bidewnles to be separated from complex
biological matrices is the aim of bioseparationhteques. A frequent basis for metal
identification techniques (such atomic emissioncspenetry) is selectivity from the
detecting apparatus, or detection selectivity. Mdth such as chromatography,
electrophoresis, and membrane separations for a midge of species often depend on
separation selectivity, or selectivity in the sepi@n process. Hyphenated techniques,
such as liquid chromatography-mass spectrometryNIS}, which combine selectivities
with respect to separation and detection, can iieadt when there is an especially high
demand for selectivity. Tandem mass spectrometigh s liquid chromatography-mass
spectrometry-mass spectrometry (LC-MS-MS), yieldssealectivity that is rarely
compromised when positive and unbiased identificatiis required in legal
circumstances. In recent times, arrays have begrloged to integrate sensors with
different kinds and degrees of selectivity. Thectieams provide what has been called
"computational selectivity" because they are pra@id on interactions that are normally
evaluated in a mathematical domain (chemometrfosually, selectivity is increased by
analyzing the spectral data using chemometric igales and employing a full spectrum
encompassing multiple wavelengths as opposed itogle svavelength. This approach to
managing near-infrared spectra serves as an extcellample of the idea. There have
also been descriptions of single sensors with mdiffe incorporated selectivities; these
sensors, including spectroelectrochemical detedt@ssuse charge location, electrolysis
potential, and spectral wavelength, have a multergalectivity feature that was designed
to reduce interferences. [2]

2. Affinity-Based Interactions. Many bioseparation approaches, such as antigdoedy,
ligand-receptor, or enzyme-substrate interactiogly, on specific interactions to achieve
selective binding and separations. It is basedxtremely precise biological interactions
between two molecules, such as those that occurebatan enzyme and a substrate, a
receptor and a ligand, or an antibody and an amtignderstanding the interactions
between the target molecule and the ligand iscalitior efficient affinity purification
because it influences the selection of a suitaffieity ligand and purification procedure.
Because of the growing popularity of affinity picédtion, many of the commonly used
ligands coupled to affinity matrices are now widalyailable on the market. In other
cases, however, it may be essential to manufadnesh affinity chromatographic
material by fusing the ligand to the matrix.

To separate one or more of the required biomoleduben their impurities, affinit
ybased bioseparations use a biological recogntimnomena that is reversible and speci
fic. These processes call for steps like precipitat chromatography, two phase
extractions and membrane-based purifications.

These can alternatively be categorized as affihitymatographic and non-
chromatographic methods.Even while affinity biogafians have been heavily sought aft
er for the isolation of medicinal proteins, nothisgknown about how they might be used
to recover polymer-protein conjugates.
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Because of its highresolution capabilities, chrargeaphy will continue to be the
favoredapproach for the purification of biopharmadazls, hence the shift in affinity qua
lities has primarily been addressed in chromatdgcaprocedures.

Even while affinity bioseparations have been hgasdlught after for the isolation
of medicinal proteins, nothing is known about hnnyt might be used to recover polymer
-protein conjugates.

No matter the type of operation, the fundamenggdsin a protein affinity-

based bioseparation are(1) trapping of the praising the ligand (which can be free or
coupled to a specific matrix), (2) washing or egti@n of the mixture's impurities, and
(3) elution or extraction of the target proteinhi§hly precise biological contact between
a target and a ligand underpins the selective #edtive purification method known as
affinity chromatography (AC). AC advantages incluidgh sample concentration, high
sample selectivity, high level of purification (neorthan 1,000-fold), scalability,

preservation of biological activity using gentl@pedures, and time savings.

Affinity chromatography has not been widely usedthe purification of PEGylat
ed proteins following a PEGylation procedure.

The purification of PEGylated proteins followindP?&Gylation procedure has not
yet seen many applications of affinity chromatogsap4]

Physical Properties. A quality of matter which is known as a physipabperty is one that
is unrelated to a change in its chemical makeupnsig color, hardness, electrical
conductivity and melting and boiling points, arefev common examples of physical
gualities. Different physical characteristics irdihg size, hydrophobicity, charge, and
solubility are used in bioseparation procedurem#ke it easier to isolate biomolecules.[5]
Important properties for bioseparation purposetide thermal stability, diffusivity, charge,
solubility, and isoelectric pH. The ability or bty to change of most bio products is used
extensively in process design.[6]

1. BIOSEPARATION TECHNIQUES

1. Chromatography: Chromatography is a crucial biophysical method thetkes it
possible to distinguish, separate, and purify metu constituent parts for both
guantitative and qualitative study. Based on certeaits like size and structure, overall
charge, the presence of hydrophobic groups onutface, and the binding ability to the
stationary phase, proteins can be purified. Thishoaology bases the chromatography
process on three elements. A "solid" phase alwagkesi up the stationary phase. A
mobile phase is frequently composed of a "liquid’ "gaseous component.” The
technique is known as liquid chromatography (LCh# mobile phase is liquid, and gas
chromatography (GC) if the mobile phase is gas. édagmatography is a technique that
is used to evaluate gases, volatile liquid mixtu@sd solid materials. For thermally
unstable and non-volatile compounds, liquid chragegphy is very beneficial. A variety
of chromatographic procedures have been develapguioduce this type of biological
separation. Gel filtration chromatography, lon exue chromatography, and affinity
based chromatography are a few examples.. [7]
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* Gd Filtration Chromatography: Gel filtration chromatography or molect-sieve
chromatography depends on the capacity of the culds to pass through the po
of the gelfiltration matrix, because the molecules in the sample have diffi
molecular sizesThe stationary phase in this approach is mads uplecularly size«
pores with a narrow range of sizes. These arerseefdp as'molecular sieves'. Wt
an aqueous solution containing molecules of varisigss is pumped through t
column, particlesdrger than the pores of the filtration matrix flowickly through it.
Smaller molecules move slowly through the columitisgmolecular sievesThe
elusion of molecules occurs in the decreasing omfemolecular weight. Th
‘exclusion limit’ of a particLar gel is the molecular weight of the lightest ncale
that cannot pass through its po [8]
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* lon Exchange Chromatography: Based on their affinity for ion exchangers, i
and polar compounds can be separated using ionaegehchromatography (al
known as ion chromatography). Thus, the reverdialesfer of ions across the desi
ions in the original solution and the ions on tla iexchangers constitutes !
separation principle. It is possible to use bottiooé&c and anionic exchangers in f
process. Positively charged cations will be drawrtdtionic exchangers containi
negatively charged groups. These are also knovAtialéc ion exchangers. Positive
charged anions will be drawn to negatively chargatns by anionic exchange
also known as Basic ion exchang.. The charged groups that make up the
exchangers are essentially covalently linked touppermost layer of an insoluk
matrix. Groups in the matrix that are positivelyn@gatively charged can be detec
When the maix dissolves in an aqueous solution, ions with apposite charge wi
surround its charged groups. In this "ion cloudyid can be swapped back and f
without changing the features or characteristicstted matrix. The most use
technique for ion echange chromatography is column chromatograNonetheless,
there are also thitayer chromatographic techniques that essentiglgrate on th
ion exchange principle.This type of chromatograpdgpends on the attracti
between an analyte and an opgely charged stationary phase, or exchange. [7]
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e Affinity Chromatography: Affinity chromatography is widely utilized fc
biomolecule purification. As with antibo-antigen binding, the approach relies on
extremely unique interaction betweenanalyte and its counterpart. The counter
gets stuck on the stationary phase, forming thiaigffcolumn. While the intende
analyte, along with a variety of other chemicalseg through the column, only t
analyte retains; everything else passeough. The analyte is then released ¢
pointed band using an eluent, capable of elimigatite analyte from its homologt
While affinity purification is simple in theory, geloping an agent that binds t
analyte specifically and with high affinity, lowed by developing another agent t

discharges the analyte without denaturation, isaiweays a simple tas
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2. Electrophoresis: A laboratory procedure called electrophoresis sdu® divide nucleir
acids and protein molecules according to theirtetad charge as well as their size. T
molecules are moved using an electric current tjica gel or a similar matrix. Small
molecules can flow more quickly than larger molecudssa result of the pores in t
matrix that act as a sieve. Standards whose saeaslteen identified are separated on
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same gel and compared to the sample to ascergasizé of the molecules in the sample.
Because molecules are electrically charged, thegabject to a force when they are in an
electric field. Higher-charged molecules experiegeEater force from the electrical field,
which leads them to move through support mediuna abtass-proportionate distance.
Agarose gel serves as the electrolyte matrix in Ddéctrophoresis, which is widely
used. Its large pore size makes it easier for tamg@ecules to get through, but it is not
suitable for filtering smaller molecules. Polydamide gel electrophoresis (PAGE) has a
greater resolution than agarose gel, which makesorte appropriate for quantitative
analysis. As a result, interactions between pretaimd DNA can be detected. It can also
be used to learn more about how bacteria becon&tanesto antibiotics using plasmid
analysis.

« SDSPAGE (Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
separates): Proteins are separated analytically using SDS-PA@Eed on their
molecular weight. Smaller proteins move fastermyielectrophoresis because the gel
matrix provides less resistance. Protein strucamae charge are two more parameters
that influence how quickly molecules move acrose gel matrix. Polymerized
acrylamide (polyacrylamide) creates a matrix wtk aippearance of a mesh for the
separation of proteins with specific sizes. Becaofsé@s strength, the gel may be
easily handled. Using polyacrylamide gel electrapbis of SDS-treated proteins,
researchers may simply, cheaply, and preciselyraapproteins based on their length.
In response to the electric field, the proteins enthrough the gel like sand through a
sieve. Because proteins have a net positive ortivegeharge, they can flow in the
direction of the isoelectric point, where they haw® net charge. Proteins that are
uniformly negatively charged and denaturized casdsted depending on size as they
travel towards the positive electrode. This isniest often used technology for high
resolution analytical separation of protein mixgyrand it works well in applications
where the natural features of protein structurduoiction are not required. SDS-
PAGE is thus employed in a variety of procedunesluiding immunochemical protein
identification and quantification (western blotf)ngrotein expression analysis, and
protein sample purification. SDS-PAGE has a distoisadvantage in that proteins
are purposefully denaturated before electropharésigeneral, proteins recovered by
SDS-PAGE cannot be tested for rotein binding irdoas, enzymatic activity, and so
on. [9(i)]

Copyright © 2024 Authors Pags|



Futuristic Trends in Biotechnolo

e4SBN: 978-93-6252-520-8

IIP Series, Volume 3, Bocl6, Part 1, Chapter 4
BIOSEPARATION: TECHNIQUES AND APPLICATIONS FOR PURICATION
AND ANALYSIS IN BIOTECHNOLOGY

1 Load protein sample 2 Apply current 3 Analyze gel

» Capillary Electrophoresis. This separation methativides molecules into grou
based on their size and charge in an electric.figis carried out in an electroly
solutionfilled capillary (a tiny glass tubeDue to changes in electrophoretic rang
motion, which varies with siz chargeyiscosity, and solvent, analytes are separ:
The voltage range that can be used in traditiomaletectrophores procedures, is
constrained because the technique arl can be destroyed due to heating effi
caused by work done by the voltage. Because of thgh surfac-to-volume ratio,
capillaries are better at dissipating heat. As sulte the applied voltages for
capillary electrophoresis study are typicalletween 10,000 and 20,000 V. H-
performance separations are carried ol capillary electrophoresis. Most of the tin
CE separations are quicker and more effective tlogaid chromatography. Liqui
chromatography can separate charged moleculesakillary electrophoresis does
more effectively. Compared to hi-performance liquid chromatography (HPLC),
has a higher peak capacity, which makes separations effective and allows for tl
detection of more peaks. Instrumentation may béeratbasc. HPLC is more
adaptable, and a variety of stationary and molhiesps have been created for vari
kinds of molecules.g(ii)]
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3. Filtration: Filtration is a process used to sepe solids fromliquids or gases using a
filter medium. The fluid that passes through the filter isexlihe filtrate

4. Centrifugation: Centrifugation is a process that uses centrifugatef to separal
particles from a solution based on their densitgdimm viscosity, size, shape, and rc
speed. Irthis procedure, a centrifuge is used. A centrifagerates on the sedimentat
principle, which states that substances segregateding to density under the impact
gravitational forceParticles will settle ar form a pellet at the bottom of thube or
container during rapid centrifugation. After cefugation, this pellet is made of hea
and dense particles suspended in the sample anblecegadily separated for immedi
analysis. Buoyancy, which is influenced by the iiqun which the parcles are
suspended, is another principle at action duringrdagation. The speed and length
centrifugation are also important elements to take account in the planning
experiments, as increasing the duration and speedntrifugation increees the degree
of separation. These variables can be determinemdar to get the best separatior
desired particlesf interest. The size and diameter of the rotors alao have an impa
on efficiency and performance. Ultra centrifugafi@ensity gadient centrifugation ar
differential centrifugation are a few types of gédogation procedure Yeast
fermentation, cheese making, biological sample re¢iom, milk separation are a fe

applications of centrifugatio [9(iii)]

V Pellet

Precipitate (pellet) stands for the concentrated particles
in  tube after successful centrifugation

Supernatant is the remaining solution above the pellet,

IV.APPLICATIONS OF BIOSEPARATION
1. Biopharmaceutical Production: Bioseparation is crucial in the production of thpsnatic

proteins, vaccines, and monoclonal antibodies, heigh purity and activity ar
essential. Biopharmaceuticals are complex drugghegized from ving tissues or
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organisms, frequently employing modern and advangiedechnological techniques.
They include blood and its components, somaticscajene therapies, vaccinations,
recombinant therapeutic proteins, and live drugsdus cell therapy, which are distinct
from pharmaceuticals that are entirely produced.[@0ce low-volume, high-purity
products are desired, production costs and miclogiical contamination (by bacteria,
viruses, and mycoplasma) are significant challengmsh being concerned about. Hence,
the expense of making such a medicine or biologpalduct ready for commercial
consumption includes a significant portion of Bipaeation and downstream processing
equipment costs.[11] The high-dose demand for séWwonoclonal Antibodies used to
treat various types of cancer, rheumatoid arthrégvere asthma, macular degeneration,
multiple sclerosis, and other diseases, translatesannual production requirements for
purified products in the metric ton range. The vasjority of the contaminant proteins
are removed using a Protein-A affinity chromatogramolumn, purifying a batch of
material in four cycles. In the large-scale mantufisec of recombinant protein products,
the costs of purification and recovery can makenaprly 80% of the overall cost of
production. For instance, items may need to be %9fre during processing with
virtually no DNA, viruses, or endotoxins remainifig] The biopharmaceutical market
Bioseparation systems are dominated by chromatbgraystems, centrifuges, and
membranes/filters because these are the most offed products. Although there are
many different approaches or systems availableBfoseparation, there are not many
options that can equal the yield and purity statislaof chromatography, which is the
principal technology utilized in the downstream ipaation of biopharmaceuticals and
continues to be the industry standard. From estaibly a list of possible drug candidates
(using High Performance Liquid Chromatography) wsuaing the quality of drug
formulations, analyzing the efficacy and releaseetiof innovative drug formulations to
developing manufacturing processes, chromatograplemployed throughout the drug
development process. The global yearly market éavrgstream processing equipment is
anticipated to have developed at a high rate ofiaP0% per year.[11] Because the key to
lowering production costs is stressing advanceBidseparation-downstream processing
equipment, it is worthwhile to make an effort tottbe evaluate and comprehend the
various aspects involved in downstream processing.

2. Biorefineries. Bioseparation plays a vital role in the processofgbiomass-derived
feedstocks for the production of biofuels, biocheais, and bio-based materials. Nature
stores Solar energy as Biomass which is thouglasod renewable substitute for fossil
fuels. In biorefineries, bioresources are sustdyngvocessed to supply an array of
commercial goods and energy. Surprisingly, natsr@arfectly capable of functioning
well with a mixture of reactants leading to a mnetwf products. Nature, thus, does not
provide mankind with pure chemicals. In contrabe themical industry has evolved
along the lines of incorporating almost pure rawamnals (derived through pre-treatment
stages) that are transformed into a mix of prodwoig then separated into pure
components. Thus, purity is the most importantdiacd control these processes. In
addition to the production of energy, fuels, andrfcals, a biorefinery may also produce
bioproducts such as food and livestock. It is intgatrr to highlight that all separation
technologies used in biorefineries involve a biosnpee-treatment step (mostly phase
separations, but also size reduction, dirt/sandovam and so on) that results in
conditioned biomass which is then used on dedicielhological platforms where it is
converted into products. For example; the produactiof ethanol fuel involves
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lignocellulosic biomass such as herbaceous cragsgeitchgrass), Agricultural residues
(e.g., crop straws, sugar cane bagasse, maizeues$idforestry wastes, wastepaper,
wood, and municipal wastes, which are the mostnietefeedstock for ethanol. The
fundamental process for converting cellulosic biesm#o fuel ethanol consists of a few
important steps like pretreatment and detoxificatiof feedstock, co-fermentation,
product separation and purification, wastewateattinent, etc, which involve fluid

mixture separation employing various methods (ergactive separations, affinity
chromatography, trigger-enhanced charge separa{ib®s These are some of the
separation technologies that can significantly iowpr biorefineries by streamlining
operations with fewer equipment and minimizing @peg costs with lower energy
requirements, increasing the competitiveness obtbeefineries even in the absence of
incentives. Since separations make up the bulkotdl tcosts in biorefineries, any
significant improvements in separations have themg@l to make or break a business.

3. Environmental Remediation: Bioseparation techniques are used in environmental
cleanup processes to remove contaminants from watai, and air. Growing
industrialization and technologies have increadeel isage of chemicals and their
discharge into the environment, jeopardizing edesys. Since biological treatment
procedures like bioremediation, provide a practiaald environmentally conscious
alternative to traditional chemical treatments,ytlaee currently gaining popularity for
removing harmful pollutants from the environmenedtment of oily waste has grown to
be a major problem in today's world. Oily wastehence, utilized as bases for the
synthesis of industrially significant biosurfactantvhich help in eliminating waste and
mitigate the long-lastingly harmful environmentaffeets. In contrast, chemical
surfactants, due to their badly controlled envirental discharge, constitute a serious
hazardous threat. Through their interactions wéh membranes and disruption of cell
structure, chemical surfactants have a negativeadinpn the microorganisms. Fish,
which absorb chemicals via their skin, and othemats and people that consume meat
begin to exhibit detrimental effects once the Is\ale high enough. As a result, in order
to manufacture biosurfactants, affordable feedstamkmpetent microorganisms, and
suitable bioengineering procedures like bioremeutiaare used. This allows them to
compete economically with the harmful syntheticmfeal surfactants. Although it has
been challenging to generate these compounds aingetitive price due to inefficient
bioprocessing and bioengineering. There is a deafthresearch on creating ideal
bioprocess approaches, and the potential for dtesttiwe biosurfactant synthesis, despite
substantial investigation in this area. [14] Inmierof air pollution, in order to gain a
greater understanding on how the harmful partigessent in air interact with it,
scientists are using Gas chromatography to extherh from a mixture of polluted air.
Researchers use various types of chromatograpkyutty airborne particle matter and
pinpoint the source of air pollution. Because atitles could target the sources of the
particles if they knew their chemical makeup, reslears try to determine the nature of
the particles. The researchers then try to undwisthe risks associated with these
particles. Particle matter 10 micrometers, or PM&0One sort of particle matter being
examined by chromatography and is linked to diesgines. PM10 also originates from
industrial sources, lowering air quality.[15] A&abbf 3.3 billion tonnes of carbon dioxide
releases into the atmosphere, and food wasteimatstl to have a carbon footprint that
makes up around 8% of those emissions. In ordexdoce greenhouse gas emissions, the
concepts of net-zero (carbon neutrality) are u3ée balance between carbon released
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into the atmosphere and carbon absorbed from thiecoement through carbon sinks is
referred to as carbon neutrality. Both refineriedl ghe food processing sector generate
substantial amounts of oily waste which promotes €flssion.[14] A higher carbon
economy coupled with the breakdown of waste greatlyreases greenhouse gas
emissions and contributes to climate change. Assalt;, waste reduction, reuse, and
recycling can support the production of novel, exnital, and safe biosurfactants. To
replace the prevailing "take, create, and discawtynomic development narrative and
implement environmental sustainability, the ideal gominciples of bio-economy have
been established as a system model. In terms @frwwatd soil pollution, the present soil
remediation technologies, such as pump and trestsg and soil incineration, are either
impractically expensive or difficult to implemenritising certain plants to absorb Poly-
and perfluoroalkyl substances (PFASS) in situ fe#d by eliminating them through the
process of incineration is a treatment method fdtAFcontaminated soil and
groundwater, but it takes a lot of time.[16] Thencepts of gas-liquid and high-
performance liquid chromatography have been puttteg and critically analyzed and
employed in water and soil research, environmeuedervation, and so on. One such use
has been in extraction of Herbicide residues froaniows matrices. Thus, all these
chromatography Bioseparation techniques are extelysibeing researched by the
scientists across the globe and used for extracfigollutants from the ecosystem and to
analyze their hazardous nature and the extent mfetathey pose to the environment
followed by creating new methods to get rid of théem the ecosystem.

4. Diagnostic and Analytical Applications. Bioseparation is employed in diagnostic tests,
immunoassays, and proteomics to isolate and anaigrearkers and proteins. The need
for bio-separation has increased due to the ingastnormous advances in life science
and biotechnology. In order to meet new testingidss it is constantly necessary to
enhance the performance of the available diagnotgts. The application of
nanoparticles has the potential to advance in vdiagnostics to a new level of
effectiveness. For the purpose of detecting tabg@nolecules, these nanoparticles are
coupled with recognition molecules like oligonudides or antibodies. Nanoparticles
have been used in cellular imaging, DNA diagnostaesl bioseparation of particular cell
cultures and immunoassays.[17] Based on mass epettly and magnetic hanopatrticles,
many brand-new and incredibly sensitive immunoagsalgniques have been designed.
These techniques have excellent potential for m®a-separation and immunoassay. For
instance, magnetic Fe203/Au core/shell nanopastiate being used in bioseparation due
to the simplicity of use and high separation ey of this efficient technology.
Practically, nearly all of the antigens in the testution are separated biologically using
magnetic Fe203/Au core/shell nanoparticles. Thindagitro procedures and MRI tests,
another type of nanoparticle, magnetite nanopadjcivere found to be harmless in
clinical quantities. These nanoparticles are rgadiernalized by cancer cells due to their
exceedingly small sizes and positively chargedasa$. These functional nanoparticles
hence form a potential platform for future in viwad in vivo tests because of all these
advantageous characteristics.[18,19] A similar kafidpproach is carried out where the
antigen-antibody response that is incubated in mdgenous manner, tests large-
molecular-weight antigens with sensitivities congide to those of other non-isotopic
heterogeneous immunoassays. For instance, thedhgprecipitating synthetic polymer,
poly-N-isopropylacrylamide (polyNIPAAmM) which is lsble in water is combined with a
monoclonal antibody (MAb) and used in a unique s®pan procedure for an
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immunoassay. Above a threshold temperature of 31Qrecipitates out of water,
allowing a polymer bound immune complex to be ested from the solution. In addition
to immunoassays, this basic technique is appliedh twide range of bioseparation
procedures when a particular component in a bodyabér, biological fluid or industrial
process stream needs to be isolated for analysispvery, or disposal.[20] This
technology makes it feasible to remove pollutamtsogins as well as recover products.
The present-day chromatographic and associatedasepamethods have thus advanced
to the point that they can effectively separate glarated samples in the proteomics,
pharmaceutical, and food industries. Enzymes ateims that perform crucial biological
reactions through their activity. The majority ofterprises use column chromatography,
salt and solvent precipitation, electrophoresig] ather traditional procedures to treat
distinct extracellular enzymes downstream. Thus, dbvelopment of an effective and
affordable downstream processing technology is irequin order to attain utmost
enzyme purity, activity, and recovery levels. Hyghmdic interaction liquid
chromatography (HILIC) is one such chromatograpieichnique which has its own
advantages in facilitating the separation of hytrip or strongly polar molecules (such
as glycopeptides, metabolites, etc.) due to theisolhydrophilic interactions. In the
disciplines of proteomics, metabolomics, food scegrand medicine, the combination of
HILIC with various other separation techniques,sprds great separation efficiency
towards complicated samples.[21] The reverse naicelktraction (RME) technology is
another technique which is being explored as aerrative to the other typical
downstream processing procedures. The most ex@btential of reverse micelles is the
separation and/or purification of proteins/enzynmetsvo quick and easy processes with a
high degree of activity. Affinity based separationigrently include membrane based
purification, precipitation, and phase extractioBgsides affinity ligands that have a
biological link (in vivo) with the target proteirg wide range of additional ligands are
currently used in affinity-based separations. Cieelanetal ions, dyes, and peptides are
examples of them.[22] Enzymes catalyze all processdiving systems because of their
biological affinity for their substrates. Drugskdi hormones, work by chemically
recognizing receptors. Thus, the original concédgtiological affinity was based on the
in vivo connection of molecules. A single volumeokocannot adequately cover the
constantly growing body of research on affinity-ddseparations. It has actually taken
on a variety of facets. The invention of next-gatien medicines with decreased
immunogenicity, enhanced safety, and increasedaefji is changing the biotech and
pharmaceutical industries owing to the developnoémpirotein and peptide therapies. The
most common application of modified proteins anchowonal antibodies is in oncology.
The study of gene and cellular functions at thetginolevel is called proteomics.
Determining protein expression phases, post-traask changes, protein localisation,
and protein-protein interactions are the objectivEproteomics. The development and
detection of protein biomarkers for disease stateme of the significant objectives of
proteomics that needs specific consideration i ttontext. Proteins pose the most
challenges in bioseparations out of all the biomalkes.[23]

V. EMERGING TRENDSAND FUTURE PERSPECTIVES:
1. Continuous Bioseparation: The development of continuous bioseparation ETE®

reduces processing times, simplifies operationsd anhances productivity in
biomanufacturing. The development of continuoussé&paration processes reduces
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processing times, simplifies operations, and engsmproductivity in biomanufacturing.
The value of continuous downstream bioprocessingeisoming clear, but connecting
multiple processes and integrating upstream i$ difficult. Facilities for downstream
bioprocessing are subject to taxes like never kef@Greater quantities of smaller batches
and more product to purify due to rising monocloaaiibody (mAb) demand, expanding
biosimilar research, and upstream yield advancesndPtiblic uproar over medicine
prices and the movement to lower the cost of gommds further drivers for ongoing
bioseparation. The cost of downstream batch bigssiag is substantially influenced by
the use of multistep procedures, huge buffer volynaend equipment like Protein A
resins. Process intensification, which involvescpssing smaller volumes of material
semi-continuously or constantly, is how suppliersl goroducers are resolving these
issues. Chromatography systems and associatedcpatiah stages are being evaluated
and scaled up to manufacturing scales.[24] To tesise overall number of downstream
processing steps required, biopharmaceutical peyduand technology suppliers are
examining continuous processes and merging vagolgions. To make the continuous
capture phase easier, numerous multi-column prdeebsiologies have been developed.
It has been tried to use several smaller columeeideve Static Binding Capacity (SBC)
from Dynamic Binding Capacity (DBC) at a speciflow rate. Aqueous micellar two-
phase systems (AMTPS) and functional magnetic @estiare used in conjunction with
continuous magnetic extraction (CME), a novel pssc&lea, to continuously purify
proteins. CME has been effectively used for progaimification in the past, and it has
recently been suggested that it be used for enzymmaversion processes. The ability of
AMTPS to form two phases above the so-called loartical solution temperature
(LCST), which enables switching the system betwaesingle phase and a two-phase
regime employing a minor temperature shift, is u poperty for the CME process. CME
in conjunction with enzymatic conversion procedurgsiards against enzyme
contamination of the product. The reaction can &sile regulated by removing the
enzyme from the suspension quickly. The immobilizstzyme is more stable with
respect to temperature, pH, and other factors amad loe reused repeatedly by
continuously recovering the immobilisates, maximagi their lifetime. Further
investigation is necessary, nevertheless, to coenphe smaller multiple columns'
effectiveness with that of a single standard colfig®j In another research, a continuous
magnetophoretic bioseparation chip is used folatsaj cells from the peripheral blood,
such as circulating tumor cells. The chip is mageotia continuous-flow microfluidic
platform with gradients of magnetic fields that wepecifically tailored locally. Since the
magnets' high-gradient magnetic field is spatiallggular, magnetic particles moving
through a fluidic channel are attracted to it.[R@y forces like the magnetic and fluidic
forces and their impact on design parameters foefcient separation are taken into
consideration by the computational model. Most rddie advancements use semi-
continuous chromatography. The control strategylace is insufficient to guarantee
process robustness for continuous operations. Foeckal models based on
thermodynamics and kinetics will be needed for iomaus processes in the future in
order to better understand the process and dewelperior control strategies for online
process monitoring.
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