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Stage # 1. Solid-Liquid Separation:

The first step in product recovery is the separation of whole cells (cell biomass) an
ingredients from the culture broth (Note: If the desired product is an intracellular metab
released from the cells before subjecting to solid-liquid separation). Some authors use the t
of microbial cells for the separation of cells from the culture medium. Several methods
solid-liquid sepalration. These include flotation, flocculation, filtration and centrifugation.

When a gas is introduced into the liquid broth, it forms bubbles. The cells and other solid particles get
adsorbed on gas bubbles. These bubbles rise to the foam layer which can be collected and removed.
The presence of certain substances, referred to as collector substances, facilitates stable foam
formation e.g., long chain fatty acids, amines.

Flocculation JJil :
In flocculation, the cells (or cell debris) form large aggregates to settle down for easy removal. The
process of flocculation depends on the nature of cells and the ionic constituents of the medium.
Addition of flocculating agents (inorganic salt, organic polyelectrolyte, mineral hydrocolloid) is often
necessary to achieve appropriate flocculation.

Filtration:

Filtration is the most commonly used technique for separating the biomass and culture filtrate. The
efficiency of filtration depends on many factors— the size of the organism, presence of other organisms,
viscosity of the medium, and temperature. Several filters such as depth filters, absolute filters, rotary
drum vacuum filters and membrane filters are in use.




Membrane Filters:

In this type of filtration, membranes with specific pore sizes can be used. However, ¢
filters is @ major limitation. There are two types of membrane filtrations—static filtra
flow filtration (Fig. 20.3). In cross-flow filtration, the culture broth is pumped in a cross
across the membrane. This reduces the clogging process and hence better than the sta
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Fig. 20.3 : Filter systems for separation of biomass and culture filtrate (A) Static-fiow filtration
(B) Cross-flow filtration.




ypes of filtration processes:

There are 3 major types of filtrations based on the particle sizes and other character
These are microfiltration, ultrafiltration and reverse osmosis.
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Type Sizes of particles separated Compound or particle separated
1. Microfiltration 0.1-10 um Cells or cell fractions, viruses.
2. Ultrafiltration 0.001-0.1 um Compounds with molecular weights greater
than 1000 (e.g. enzymes).
3. Reverse osmosis 0.0001-0.001 um Compounds with molecular weights less

(hyperfiltration) than 1000 (e.g. lactose).




ntrifugation:

e technique of centrifugation is based on the principle of density differences betwe
parated and the medium. Thus, centrifugation is mostly used for separating solid parti
hase (fluid/particle separation). Unlike the centrifugation that is conveniently carried
aboratory scale, there are certain limitations for large scale industrial centrifugation.

owever, in recent years, continuous flow industrial centrifuges have been developed. Ther
continuous feeding of the slurry and collection of clarified fluid, while the solids deposited ca
intermittently. The different types of centrifuges are depicted in Fig. 20.4, and briefly describ
hereunder.
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Stage # 2. Release of Intracellular Products:

As already stated, there are several biotechnological products (vitamins, enzymes)
within the cells. Such compounds have to be first released (maximally and in an acti
their further processing and final isolation. The microorganisms or other cells can be
disrupted by physical, chemical or enzymatic methods. The outline of different techniq
breakage of cells is given in Fig. 20.5.

CELL DISRUPTION
Physical methods Chemucal methods Enzymatic methods

Ultrasonication ™ Alkalies t Lysozyme
- Osmotic shock — Organic solvents g:’canue mannanase
— Heat shock — Detergents

(thermolysis)
— Hlm-pmss_me "

homogenisation

— Impingeme ¥
— Grinding with glass beads

mm:mmmaﬂmbmmmm
(* indicate mechanical methods while all the remaining are non-mechanical).




selection of a particular method depends on the nature of the cells, since there is a
erty of cell disruption or breakage. For instance, Gram-negative bacteria and filame
e easily broken compared to Gram-positive bacteria and yeasts.

| Disruption:

ysical methods of cell disruption:
e microorganisms or cells can be disrupted by certain physical methods to release the intracd
Itra sonication:

ltrasonic disintegration is widely employed in the laboratory. However, due to high cost, it is not
arge-scale use in industries.

Osmotic shock:

This method involves the suspension of cells (free from growth medium) in 20% buffered sucrose. The
then transferred to water at about 4°C. Osmotic shock is used for the release of hydrolytic enzymes a
proteins from Gram-negative bacteria.



t shock (thermolysis):

akage of cells by subjecting them to heat is relatively easy and cheap. But this technig
a very few heat-stable intracellular products.

gh pressure homogenization:

is technique involves forcing of cell suspension at high pressure through a very narrow orifict
tmospheric pressure. This sudden release of high pressure creates a liquid shear that can b

mpingement:

impingement. It has been successfully used for breaking E. coli cells. The advantage with impi
technique is that it can be effectively used for disrupting cells even at a low concentration.



ding with glass beads:

cells mixed with glass beads are subjected to a very high speed in a reaction vessel.
forced against the wall of the vessel by the beads. Several factors influence the cell
ntity of the glass beads, concentration and age of cells, temperature and agitator spe
ditions, one can expect a maximal breakage of about 80% of the cells.

diagrammatic representation of a cell disrupter employing glass beeds is shown in Fig. 20.6.
lindrical body with an inlet, outlet and a central motor-driven shaft. The cylinder is fitted w
he cell suspension is added through the inlet and the disrupted cells come out through the\out
he cell disrupter is kept cool while the operation is on.

Disrupted cells ‘l
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nical and non-mechanical methods:

g the physical methods of cell disruption described before, ultra sonication, high-pressure
gement and grinding with glass beads are mechanical while osmotic shock and heat shock
ical and enzymatic methods (described below) are non- mechanical in nature.

A&

mical methods of cell disruption:
tment with alkalies, organic solvents and detergents can lyse the cells to release the contents.
alies:

abil
cien

ali treatment has been used for the extraction of some bacterial proteins. However, the alkali s
duct is very crucial for the success of this method e.g., recombinant growth hormone can be ef
coli by treatment with sodium hydroxide at pH 11.

rganic solvents:

everal water miscible organic solvents can be used to disrupt the cells e.g., methanol, ethanol, isopropanc
hese compounds are inflammable; hence require specialized equipment for fire safety. The organic solvent
requently used. It is believed that toluene dissolves membrane phospholipids and creates membrane \pores ft
intracellular contents.

Detergents:

denature membrane proteins and lyse the cells. Non-ionic detergents (although less reactive than i
used to some extent e.g., Triton X-100 or Tween. The problem with the use of detergents is that
steps, particularly the salt precipitation. This limitation can be overcome by using ultrafiltration or }
chromatography for purification.



ymatic methods of cell disruption:

Ll disruption by enzymatic methods has certain advantages i.e., lysis of cells occurs undd
selective manner. This is quite advantageous for product recovery. Lysozyme is the mos
zyme and is commercially available (produced from hen egg white). It hydrolyses B-1,

contents. Certain other enzymes are also used, although less frequently, for cell disruption.
yeast cell walls, glucanase and mannanase in combination with proteases are used.

Combination of methods:

In order to increase the efficiency of cell disintegration in a cost-effective manner, a combination of |
chemical and enzymatic methods is employed.



e # 3. Concentration:

filtrate that is free from suspended particles (cells, cell debris etc.) usually contains|d
ired product is a very minor constituent. The water has to be removed to achieve the p
commonly used techniques for concentrating biological products are evaporation, liquid
mbrane filtration, precipitation and adsorption. The actual procedure adopted depends o
sired product (quality and quantity to be retained as far as possible) and the cost factor.

aporation:

ater in the broth filtrate can be removed by a simple evaporation process. The evaporators
eating device for supply of steam, and unit for the separation of concentrated product and vapo
or condensing vapour, accessories and control equipment. The capacity of the equipment is varial
range from small laboratory scale to industrial scale.



-Liquid Extraction:

oncentration of biological products can be achieved by transferring the desired product (s
e to another liquid phase, a phenomenon referred to as liquid-liquid extraction. Besides cond
nique is also useful for partial purification of a product.

efficiency of extraction is dependent on the partition coefficient i.e. the relative distributio
een the two liquid phases. The process of liquid-liquid extraction may be broadly categoriz
lecular weight products and extraction of high molecular weight products.

traction of low molecular weight products:

using organic solvents, the lipophilic compounds can be conveniently extracted. However, it is
tract hydrophilic compounds. Extraction of lipophilic products can be done by the following technique

hysical extraction:

he compound gets itself distributed between two liquid phases based on the physical properties. This tec
used for extraction of non-ionising compounds.

Dissociation extraction:

This technique is suitable for the extraction of ionisable compounds. Certain antibiotics can be extrac
procedure.

Reactive extraction:

In this case, the desired product is made to react with a carrier molecule (e.g., phosphorus compoug
amine) and extracted into organic solvent. Reactive extraction procedure is quite useful for the e
compounds that are highly soluble in water (aqueous phase) e.g., organic acids.



rane Filtration:

brane filtration has become a common separation technique in industrial biotechnology.
eniently used for the separation of biomolecules and particles, and for the concentration
brane filtration technique basically involves the use of a semipermeable membrane that s
particles/molecules that are bigger than the pore size while the smaller molecules pass thrd
mbrane pores.

embrane adsorbers:

hey are micro- or macro porous membranes with ion exchange groups and/or affinity ligands.
adsorbers can bind to proteins and retain them. Such proteins can be eluted by employing soluti
chromatography.



ipitation:

recipitation, ligand precipitation.

eutral salts:

and temperature.

Organic solvents:

Ethanol, acetone and propanol are the commonly used organic solvents for protein precipitatior
the dielectric constant of the medium and enhance electrostatic interaction between protein
lead to precipitation. Since proteins are denatured by organic solvents, the precipitation pro
carried out below 0°C.



ease in temperature:
heat sensitive proteins can be precipitated by increasing the temperature.
ange in pH:

terations in pH can also lead to protein precipitation.

ffinity precipitation:

he affinity interaction (e.g., between antigen and antibody) is exploited for precipitation|of

Adsorption:

The biological products of fermentation can be concentrated by using solid adsorbent particles. In
days, activated charcoal was used as the adsorbent material. In recent years, cellulose-based

employed for protein concentration.

methacrylate and acrylate based matrices are used. The process of adsorption can be carried
bed of adsorbent column and passing the culture broth through it. The desired product, held by
can be eluted.



# 4. Purification by Chromatography:

biological products of fermentation (proteins, pharmaceuticals,
nostic compounds and research materials) are very effectively
ified by chromatography. It is basically an analytical technique
ling with the separation of closely related compounds from a
ture. Chromatography usually consists of a stationary phase and

bile phase. Chromatography Principle
e stationary phase is the porous solid matrix packed in a column ] .
quilibrated with a suitable solvent) on to which the mixture of Gel-filtration (size exclusion)  Size and shape

ompounds to be separated is loaded. The compounds are eluted by a

obile phase. lon-xchange Net charge

A single mobile phase may be used continuously or it may be changed charge
appropriately to facilitate the release of desired compounds. The eluate W Nt

from the column can be monitored continuously (e.g. protein elution ; w ical affinity
can be monitored by ultraviolet adsorption at 280 nm), and collected in mm’ “

fractions of definite volumes. molecular recognition

The different types of chromatography techniques used for separation “W interaction Polarity
(mainly proteins) along with the principles are given in Table 20.2. A (hydrophobicty
large number of matrices are commercially available for purification of

proteins e.g., agarose, cellulose, polyacrylamide, porous silica, cross- of molecules)
linked dextran, polystyrene. Some of the important features of selected

chromatographic techniques are briefly described. Immobilized metal-ion affinity  Metal ion binding




Gel-filtra

This is also referred to as size-exclusion chromatography. In this technique, the sep
ed on the size, shape and molecular weight. The sponge-like gel beads with pores se
r separation of smaller and bigger molecules. A solution mixture containing molecules
different proteins) is applied to the @

he smaller molecules enter the gel beads through their pores and get trapped. On the ot
olecules cannot pass through the pores and therefore come out first with the mobile liqu
industrial scale, gel-filtration is particularly useful to remove salts and low molecular weig
high molecula




-exchange chromatography:

involves the separation of molecules based on their surface charges. lon-exchangers are oi
changers which have negatively charged groups like carboxymethyl and sulfonate, and anio
ith positively charged groups like diethylaminoethyl (DEAE).

n ion-exchange chromatography, the pH of the medium is very crucial, since the net charge va
ther words, the pH determines the effective charge on both the target molecule and the ion-e
ionic bound molecules can be eluted from the matrix by changing the pH of the eluant or by\incre
concentration of salt solution. lon-exchange chromatography is useful for the purification of antibit
the purification of proteins.



ty chromatography:

is an elegant method for the purification of proteins from a complex mixture. Affinit
d on an interaction of a protein with an immobilized ligand. The ligand can be a specif
n inhibitor. The immobilized ligand on a solid matrix can be effectively used to fish out c
ctures.

able 20.3, some examples of ligands used for the purification of proteins are given. The pr
and can be eluted by reducing their interaction. This can be achieved by changing the pH \of
ering the ionic strength or by using another free ligand molecule. The fresh ligand used has to
e subsequent steps.




# 5. Formulation:

lation broadly refers to the maintenance of activity and stability of a biotechnological products during s
rmulation of low molecular weight products (solvents, organic acids) can be achieved by concentrating
of the water. For certain small molecules, (antibiotics, citric acid), formulation can be done by crystalliza

ins are highly susceptible for loss of biological activity; hence their formulation requires special care. Certa
dded to prolong the shelf life of protein. The stabilizers of protein formulation include sugars (sucrose, |
ride, ammonium sulfate), polymers (polyethylene glycol) and polyhydric alcohols (glycerol). Proteins may ¢
of solutions, suspensions or dry powders.

ing:

e commercially available.

pray drying:

pray drying is used for drying large volumes of liquids. In spray drying, small droplets of liquid containing the prod
hrough a nozzle directing it over a stream of hot gas. The water evaporates and the solid particles are left behind

Freeze-drying:

Freeze-drying or lyophilization is the most preferred method for drying and formulation of a wide-range of products
foogstuffs, bacteria, viruses. This is mainly because freeze-drying usually does not cause loss of biological activity o
product.

Lyophilization is based on the principle of sublimation of a liquid from a frozen state. In the actual technique, the ljg
product is frozen and then dried in a freeze-dryer under vacuum. The vacuum can now be released and the produg
can be sealed e.g., penicillin can be freeze dried directly in ampules.



Gel Filtration

polymer beads |

Protein mixture is added

to column containing
cross-linked polymer.
B
Protein molecules separate = 7577959
by size; larger molecules
pass more freely, appearing
in the earlier fractions, | || @ JL
12834586
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lon Exchange

to column contuming
cation exchangers

Proteins move through the
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pH being used. With cation
exchangers, proteins with
n more negative net charge

by their net charge at the ’

move faster and elute earlier.
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