Downstream
Processing

gt e

s the fermentation is complete (described in
Chapter 19), it is necessary to recover the
desired end product. The end products inclyde
antibiotics, amino acids, vitamins, organic acids,
industrial enzymes, and vaccines. The extraction
and purification of a biotechnological product

- from fermentation is referred to as downstream

processing (DSP) or product recovery. DSP is as
complex and important as fermentation process. It
often requires the expertise and technical skills of
chemists, process engineers, besides bioscientists.

In the present day biotechnology, the

fermentation and downstream processing are

considered as an integrated system. The methodology

“adopted for downstream processing depends on the
and the degree of purification réquired, besides the
presence of other products. The product recovery
yield in general is expected to be higher, if the

number of steps in DSP is lower.

The desired products for isolation by DSP are
most frequently metabolites which may be present
as follows.

1. Intracellular metabolites : These products
are located within the cells e.g. vitamins enzymes
’ .

2.. Extracellular metabolites : They are pr
outside the cells (culture fluids) €.8. most a t'Fl):)'es(?nt
(pepicillin, streptomycin), amino acids .:nll rotics
citric acid, some enzymes (@amylases, prgt:a;;)s';o"

3. Both intracell
ular and ext
L race
vitamin B,,, flavomycin. llular eg.

R

Sometimes, the microorganism may itself be 1,
desired end product for isolation e.g. single.ce|
protein. The product recovery as a_biomass s
simpler. When subjected to heat, the cells aggregate
and form clumps which can be separated by

sedimentation.
[ e N

- STAGES IN DOWNSTREAM

Downstream processing of metabolites is
multistage operation, and may be broadly divided

into the following stages.
1. Solid-liquid separation
2. Release of intracellular products
3. Concentration
4. Purification
5. Formulation.

. n
In Fig. 20.1, an outline of the major steps !
d they are

downstream processing is given, an -
described in some detail in the following pag

SOLID-LIQUID SEPARATION
recovery s e

The first step in product s
separation of whole cells (cell blor]?ure proth
other insoluble ingradients from the Cf’nr Cellulﬂr

i

(Note : If the desired product is a}f: cells pefort

metabolite, it must be released from tne
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DESIRED PRCDUCT
IN CULTURE BROTH

INTRACELLULAR EXTRACELLULAR
PRODUCT PRODUCT
CELL DISRUPTION
(physicgl, chemical ~
enzymatic methods)
-
BROTH WITH SOLIDS
AND LIQUID
SOLID-LIQUID
SEPARATION

(flotation, flocculation,
filtration, centrifugation)

~

CONCENTRATION
(evaporation, liquid-
liquid extraction,
membrane filtration,
precipitation, adsorption)

-

PURIFICATION BY
) CHROMATOGRAPHY
(gel-filtration,
ion-exchange, affinity,

hydrophobic interaction)

FORMULATION
(drying, freeze—drying,
crystallization)

FINAL PRODUCT

\
- —

Fig. 20.1 : A summary of the major steps in
downstream processing.

\

A_’_____—__—-—"‘
“of 0.5-10um. Rotary drum vacuu

subjecting to solid-liquid separation. Details of cell
disruption are described later). Some authors use
the term harvesting of microbial cells for the
separation of cells from the culture medium.

Several methods are in use for solid-liquid
separation. These include flotation, flocculation,
filtration and centrifugation.

_ELOTATION

When a gas is introduced into the liquid broth,
ﬂ@@_ Bbles. The cells and other solid particleg
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

In flocculation, the cells (or cell debris) form

large aggregates to settle down for easy removal.

The process of flocculation depends on the nature
——— Ly NH .

of cells and the ionic constituents of the medium.

’-'-‘-.’.__ _'——,’—_—__/‘, '-—_—_._—___

Addition of flocculating agents (inorganic salt

organic_polyel w_mi_n_e_@i hydrocolloid) is
_——————-”‘

often necessary to achieve appropriate flocculation.

'FILTRATION «~

Filtration is the most commonly used technique
for separating the biomass and culture filtrate. The
T ——

“efficiency of filtration de ends on many factors—=

the size of the organism, presence of other

organisms, \g_s-c‘gs/ith of the _medium, .and
femperature. Several filters such as depth filters,
g ——————

absolute filters, rotary drum vacuum filters and

S .
membrane filters are in use.
Depth filters They are composed of a

filamentous matrix s;;w asbestos or
d within the

filter paper. The particles are trappe

matrix and the fluid passes out. Filamentous fungi
can be removed by using depth filters.

Absolute filters : These filters are with{s_p_e,ciﬁf.
ore sizes.that are smaller than the particles to be

removed. Bacteria from culture medium can be
removed by absolute filters.

Rotary drum vacuum filters : These filters ar€
frequently used for separation of broth containing

i i ize
% solids (by volume) and particles In the si
10-40% solids (by v cles i Shave

: filtrati f yeast cells
been successfully use_ci for flIt{r?ﬂ‘ ofiyeas —

—
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Drying
Dewatering 4

. Cake
Rotating drum

Fig. 20.2 : Diagrammatic representation of a rotary
drum vacuum filter.

and filamentous fungi. The equipment is simple
with Immsumption and is easy to
operate. The filtration unit consists of a rotating
drum partially immersed in a tank of broth (Fig.
20.2). As the drum rotates, it picks up the biomass
which gets deposited as a cake on the drum
surface. This filter cake can be easily removed.

Membrane filters : In this type of filtration,
membranes with specific pore sizes can be used.-
There are two types of membrane filtrations—static
filtration and cross-flow filtration (Fig. 20.3). In
cross-flow filtration, the culture broth is pumped in
a crosswise fashion across the membrane. This

reduces the clogging process.and hence better than
the static filtration.

—= ‘CHNOLQQY

pl’OCQsSes
There are 3 major types of

Types of filtration

. . filtrat
the particle sizes and other Chafactztrlons g
These are microfiltration, u“ra'f,(T e 203n
reverse 0smosis. Htrati,, anij

CENTRIFUGATION

The technique of centrifugation
principle of density differences
particles to be separated and the
centrifugation is mostly used for 5,
particles  from liquid phase (ﬂuid/g s{)h'd
separation). Unlike the centrifugation {Jhamcl'e
conveniently carried out in the IaboratOry ?t is
there are certain limitations for large scaje indu:ta!e,
centrifugation.  However, in recent yeé:Iral
continuous flow industrial centrifuges have be:,;
developed. There is a continuous feeding of the
slurry and collection of clarified fluid, while the
solids deposited can be removed intermittently, The
different types of centrifuges are depicted in
Fig. 20.4, and briefly described hereunder.

IS baseq on

belWEEn the
medium- Thue
€paratijp

Tubular bowl centrifuge (Fig. 20.4A) : Thisis 2
simple and a small centrifuge, commonly used in
ilot plants, - Tubular bowl centrifuge can be
operated at a high centrifugal speed, and can be
run in both batch or continuous mode. The solids
———— O — ——
are removed manually.

Disc centrifuge (Fig. 20.4B) : It consists'of
several discs that separate the bowl into setting
zones. The feed/slurry is fed through a central tube.

\ R
Culture solution
iomass
0 00 Goncan*
99020.090%0
— 00 00000470079 057—
: Culture 0000 OOO OOOO 09
| Biomass e VO 0V0o¥Y 00 0,0
concentrate soluon __, 0 oO 0 000000000008)000
14— Membrane ..--P.--Pf--?.f.o.@.f.9.-9..9-9- Membra®
Filrate K Firate
(A) ®)

. : z tion
Fig. 20.3 : Filter systems for Separation of biomass and culture filtrate (A) Stat:;:fflo_w filtra®™
Feken (B) Crose—flow filtration Sanasienil R
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Chapter 20 - 22—

e

Tasie 20.1 Major types of filtration processes with characteristic features

Type Sizes of particles separated Compound or particle separated
. Microfiltration 0.1-10 um Cells or cell fractions, viruses.
». Ultrafitration 0.001-0.1 um

3. Reverseé 0SMOSis
(hyperﬁltration)

0.0001-0.001 um

Compounds with molecular weights greater
than 1000 (e.g. enzymes).

Compounds with molecular weights less
than 1000 (e.g. lactose).

The clarified fluid moves upwards while the solids
settle at the lower surface.

Multichamber centrifuge (Fig. 20.4C) : This is

basically a modification of tubular b type of
. -_—, y
centrifuge. It consists of several chambers

P ek d
connected in such a way that the feed flows in a
zigzag _fashion. There is a variation 1n the
Centrifugal force in different chambers. The force is
much higher in the periphery chambers, as a result
smallest particles settle down in the outermost
chamber.

scroll centrifuge or decanter (Fig. 20.4D) : 1t is
composed of a rotating horizontal bow! tapered at
one end. The decanter is generally used to
concentrate fluids with high solid concentration
(biomass content 5-80%). The solids are deposited
on the wall of the bow! which can be scrapped and
removed from the narrow end.

RELEASE OF INTRACELLULAR
PRODUCTS

As already stated, there are several
biotechnological products (vitamins, enzymes)
which are located within the cells. Such

compounds have to be first released (maximally
and in an active form) for their further processing

3 M
and final isolation. The microorganisms or other

cells can be disintegrated or disrupted by physical,
chemical or ‘enzymatic methods. The outline of
different techniques used for breakage of cells is
given in Fig. 20.5. The selection of a particular
method depends on the nature of the cells, since

there is a wide variation n the property of cell

disruption or breakage. For instance, Gram-negative
bacteria and filamentous fungi can be more easily
broken compared to Gram-positive bacteria and
yeasts.

Clarified
fluid out Fluid
T Fluid in
in l-
- —+ Clarified
fluid out

f ¥
Cells
and )

Fluid in .
(A) & solids
)

j\ (@i‘ﬁed
fluid out 3
!

(©)

Rotating
‘:grizontal bowl
] Fl.uid

: L
[

Cells and
solids

Clarified

fluid out (D)

Fig. 2 ? ; &
0.4 : Centrifuges commonly used in downstream processing (A) Tubular bow! centrifuge (B) D:sc Ay

~—_centrifuge (C) Multichamber centrifuge (0) Scroll centrifuge (decanter. . —

B .
lotechnology [18]
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‘T’hysical methods I

— Ultrasonication'i‘

L Osmotic shock

— Heat shoclg
(thermolysus)

— High-pressure 4,
homogenisation

— lmpingement*

L Grinding with glass bealdsﬂ<

ELL DISRUPTION

Alkalies

Organic solvents

[ Enzymatic n@

Lysozyme

Glucana
se,m
and protease anﬂﬂnaSe

Detergents

Fig. 20.5 : Major methods for
( indicate mechanical meth

cell disruption to release the intracellular products
ods while all the ‘re.maim"ng“a(e non-mechan}'cal).

._~CELL DISRUPTION
' Physical methods of cell disruption
The microorganisms or cells can be disrupted by
certain physical methods to release the intracellular
products.
Ultrasonication : Uﬁrasonic disintegfation is

widely employed in the laboratory. However, due

to high cost, it is not suitable for large-scale use in
“industries. - 3

Osmotic shock : This method involves the

suspension of cells (free from growth medium) in_

20% buffered sucrose. The cells are then transferred
e e A —————er - . —
to water at about 4°C. Osmotic shock is used for

the release of hydrolytic enzymes and binding

proteins from Gram-negative bacteria.

Heat shock (thermolysis) : Breakage of cells by
subjecting them to heat is relatively easy and
cheap. But this technique can be used only for a
very few heat-stable intracellular products.

High pressure homogenization : This technique

involves forcing of cell suspension at high pressure

through a very narrow_orifice to come out to
atmospheric pressure. This sudden release of high

Impingement : In this procedure, a stream of

suspended 'cells at high velocity and pressyre
forced to hit either a stationary surface or a sec a%
on

C u "n 1 1 H
stream of SUSREATRO. oS, ded cells (impinge Ilterallm

—

to strike or hit). The cells are disrupted by the
forces created at the point of contag
Microfluidizer is a device developed based on thé
principle of impingement. It has been successfully
used for breaking E. coli cells. The advantage with
impingement technique is that it can be effectively
used for disrupting cells even at a low
cor_lpga_ntration. ap=

Grinding with glass beads : The cells mixed
with glass beads are subjected to a very high speed

-,—\.—-——\——r"-"’—_—_
3 reaction vessel. The cells break as they are

Several factors influence the cell breakage-size an
quantity of the glass beads, concentration and, g
of cells, temperature and agitator speed. Under
optimal conditions, one can expect 2 maximal
breakage of about 80% of the cells.

A diagrammatic representation of a ¢

disrupter employing glass beeds is show! .
Fig. 20.6. It contains a cylindrical body with a-n
inlet, outlet and a central motor-driven Shaﬁ',To.thls
shaft are fitted radial agitators. The cylinde.r is flgzd
with glass beads. The cell suspension % out
through the inlet and the disrupted cells Fomier is
through the outlet. The body of the cell 48
kept cool while the operation is on.
Mechanical and non-me‘ﬂ“"'lical
methods SR fio"

. '
X disrP
Among the physical methods of Ce’.’ 4 re55”re

described _above, ultrasonication
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Disrupted cells

T

Cell suspension

l

o i +—— Coolant
0
0 0 0 0 . 0 . 00 (z)o Oo
0 0 0 o” 0
°o ° 0 0,0 0%" ¢ 00% Glass beads
0 0 0 0 00 g O
0 0 o 00
. 4— Shaft
0 %0 o0
00 00 0 0 % Y 0 0 0o
0 0 (0] 0 0o
0 0
0o 0 0 0 0 00 0 0
0 0 00 04 . oo ooo
0 0 0 .
’ s 00| ° 0 OO 0 Body of disrupter
\\
Baffle to Radial disc
prevent outflow

Fig. 20.6 : Diagrammatic representation of a cell disrupter.

homogenisation, impigement and grinding with

glass beads are mechanical while osmotic_shock

and heat shock are non-mechanical. The chemical
PNt N

and enzymatic methods (described below) are non-

mechanical in nature.

Chemical methods of cell disruption

Treatment with alkalies, organic solvents
and detergents can lyse the cells to release the

contents. m?

Alkalies : Alkali treatment has been used for the
extraction of some bacterial proteins. However, the
alkali stability of the esired product i ial

product is very crucia
for the success of this method e.g., recombinant
growth hormone can be efficiently released from
E coli by treatment with sodium hydroxide at

pH 11. B

Organic solvents : Several water miscible

membrane proteins_and lyse the cells. Non-ionic
detergents (although less reactive than ionic ones)
are also used to some extent e.g., Triton X-100 or
Tween. The problem with the use of detergents is
that they affect purification steps, particularly the

salt precipitation. This limitation can be overcome

by using ultrafiltration or ion-exchange chromato-
graphy for purification.

Enzymatic metﬁods of cell disruption

Cell disruption by enzymatic methods has

certain_advantages i.e., lysis of cells occurs under
mild conditions in a selective manner. This is quite

milg concaliont:
advantageous for product recovery.

Lysozyme is the most frequently used enzyme
and is commercially available (produced from hen
egg white).’l_t_hldﬂ)_lx_s,es B-1, 4-glycosidic bonds of
the mucopeptide in bacterial cell walls. The Gram-
positive bacteria (with Thigh content of cell wall

organi o
w can be used to disrupt the cells .
., methanol, ethanol, isopropanol, butanol. mucopeptides) are more susceptible for the action

-sr:eezfalﬁse?poun.ds are M@'ﬁ_ hence require
solvent toluiqmpmem for fire safety. The organic
that toluen dpe is_frequently used. It is believed

e dissolves membrane phospholipids and

emb -
Contents rane pores for release of intracellular

Deter
< gents
Cationjc. Detergents that are ionic in nature

cetyl tri
Sod?lummnrethy‘ ammonium bromide or
auryl sulfate can depature

"""Onic.

of lysozyme. For Gram-negative bacteria, lysozyme
in association with EDTA can break the cells. As

e cell wall gets digested by lysozyme, the‘_o_gmgf_is

cte break the periplasmic membrane to release
the intracellular contents.

o used, although

For the lysis ©
nnanase 1N

Certain other enzymes are als
less frequently, for cell disruption.
yeast cell walls, glucanase and ma
combination with proteases are used.
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Combination of methods

ici of cell
In order to increase the ef.flcwncyﬁmner )
disintegration in a cost-effective dnnnl n;-;tic
C . y
combination of physical, chemical and enzy
methods is employed.

CONCENTRATION

The filtrate that is free from suspgndEd Paftol/de?
(cells, cell debris etc.§ usually contains 80-98 o O
water. The desired product is a very minor
constitugnt. The water has to be removed tlo
achieve the product concentration. The co—mmqn Y
used techniques for concentrating blolog[cal
products are evaporation, liquid-liquid extractl‘on,
membrane filtration, precipitation and adsorption.
The actual procedure adopted depends on the
nature of the desired product (quality and quantity
to be retained as far as possible) and the cost factor.

EVAPORATION

Water in the broth filtrate can be removed by a
simple evaporation process. The evaporators, in
general, have a heating device for supply of steam,
and unit for the separation of*concentrated product
and vabour, a condenser for condensing vapour,
accessories and control equipment. The capacity of
the equipment is variable that may range from
small laboratory scale to industrial scale. Some of
the important types of evaporators in common use
are briefly described.

Plate evaporators

- As the steam is

AFalling film evaporators ;
flows down long tubes whic
thin film over the heating
evaporators are suitable for
viscous Products of fermenta

In this Case, the liquid
h gets distributed as 5
surface, Falling film
rémoving” water from
tion. ‘

Forced film evaporators
mechanically driv

: The liquig films are
for Producing dry

en and\these devices are suitable
product Concentrates

ced film €Vaporators . These
Sat.e tt)he liquid Very quickly (in’
Uttable f,, oncentrating even

ances, In t
: €se €vapor,
is used to s Porators, 5

on the liquid
. over
Conica| Surfaceg for instantaneous

' Centrifugal for
equipment evapor
seconds), hence
heat-labile subst
centrifugal force
heated plates of
evaporation.

®

The_concentration of biologica| fodugy
achieved by transferring the desireq ro du:t Can b,
from one liquid phase to am’(:‘)lute)
phenomenon referred to as quUid'IiQUid ex't) ase

Besides concentration, this technique s alg, _
for partial purification of a Product. The efﬁcieUSefm
extraction is dependent on the part,'{’\encw
i.e. the relative distribution of a Substance bety,
the two liquid phases. The Process of |; uid een
extraction may be broadly categorized 3¢ extragl.hd
of low molecular weight Products ang ex lon
high molecular weight products.

Extraction of low molecular
weight products

By using organic solvents, the lipophilic 0
compounds can be conveniently “exfracieq
However, it is quite diffic

ult to extract hydrophilic
compounds. Extraction of lipophilic pro

ducts can
be done by the following techniques.

\) Physical extraction : T
distributed between two |
physical properties.
extraction of

he compound gets itself
iquid phases based on the

‘This technique s used for

NON-ionisin compounds.

2.) Dissociation extraction
suitable for the extraction

Certain antibiotics can
procedure.

: This technique is
of ionisable compounds.
e extracted by this
\

Z) Reactive extraction : In this case, the desired
roduct is made to react with a carrier molecule

(e.g., phosphorus.compound, aliphatic amine) and
e

xtracted into organic solvent. Reactive extraction
m—aﬁmme extraction of
certain compounds that are highly soluble in water
(2queous phase) €.g., organic acids.

LO Supercritical

technique differg
the materials us
fluids (S Fs).

and liquids ;
temperature 3
low critical t

: . id extractio

used in the extraction. Supercritical ﬂuld;)((;CF =

is rather ex ensive, hence not widely use m coffe€
€€n used for the extraction of caffeine 10

4 -ants fr0
beans, ang Pigments and flavor ingradien
biological Materials).

fluid (SCF) extraction : _Th's
from the above procedures, 5_'_”C€|
ed for extraction are SUPercﬂ“Czs
CFs are intermediates between gaz "
nd exist as fluids above thei_f,”_itt}-/
nd pressure. Supercritical COy W

. mOﬂIY
€mperature and pressure is cOM
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hapter 20 : DOWNSTREAM PROCESSING
Chaptel=——"

n of high molecular
mpounds

Extracﬁo
weight ©©
eins_are the most predominant high
prot weight _ products  produced i
mrmenﬁ?@ime—& Organic solvents cannot be
'Se’d rn protein_Q‘l@Ct'—orL as they lose theijr
us ivities. They are extracted by using an
2qUEOLS two-phase systems or reverse micelles
formaﬁon- )

Aqueous two-phase systems (ATPS) : They can
pe prepared by mixing a polymer (eg.
polyethylene glycol) and a salt solution (ammonium
culfate) or two different polymers. Water is the
main component in ATPS, but the two phases are
not miscible. Cells and other solids remain in one
phase while the proteins are transferred to other
phase. The distribution of the desired product is
based on its surface and ionic character and the
nature of phases. Th separation takes much longer
time by ATPS.

e
-~

Reverse miceller systems : Reverse micelles are
stable aggregates of surfactant molecules and water
in organic solvents. The proteins can be extracted
from the aqueous medium by forming reverse
micelles. In fact, the enzymes can be extracted by
this procedure without loss of biological activity.

MEMBRANE FILTRATION

Membrane filtration has become a common
separation technique in industrial biotechnology. It
can be conveniently used for the separation of
biomolecules and  particles, and for the
concentration of fluids. The membrane filtration
technique basically involves the use of a semi-
permeable membrane that selectively retains the
Particles/molecules that are bigger than the pore

277
The other types of m

A em T
are discribe briefly Ptine filtration techniques

evaporation.

Pervaporation i :
S
extraction quite useful for the

i » Tecovery and concentration of volatile
products. However, this procedure has a limitation

smce. it cannot be used for large scale separation of
volatile products due to cost factor.

Pe_rstraction : This is an advanced technique .
working on the principle of membrane filtration
coupled with solvent extraction. The hydrophobic

compounds can be recovered/concentrated by this
method.

e
PRECIPITATION

Precipitation is the most commonly used
technique in industry for the concentration of
macromolecules  such as  proteins  and
polysaccharides. Further, precipitation technique
can also be employed for the removal of certain
unwanted byproducts e.g. nucleic acids, pigments.
Neutral salts, organic solvents, high molecular
weight polymers (ionic or non-ionic), besid(.es
alteration in temperature and pH are used'l'n
precipitation. In addition to these non-specific
protein precipitation reactions (i.e. the nature of the
protein is unimportant), there are some ;.)roFem
specific precipitations €.§., affinity precipitation,
ligand precipitation.

Size while the smaller molecules pass through the/” Neutral salts : The most commonly used salt is

membrane pores.

Membranes used in filtration are made up of
po:yn?enc materials such as polyethersulfone and
&Z,ﬁ:y}@‘d@ It is rather difficuTt to sterilize
ultrafihzne filters. In recent years, microfilters and

'S composed of ceramics and steel are

mmonium sulfate, since it is highly soluble, non-
a e — T

toxic to proteins and lox./v-’pnced. 'Ar:l:r:::::::e?
sulfate increases hydrophob:c_mtera;t:ond vl
protein molecules that result. in thelgprzné)em .
The precipitation of proteins is eztration, o2,
several factors such as protein conce

avai rature.
dilable, Cleaning and sterilization of such filters nd tempe acetone and
e easy, Organic solvents : Etha"‘:i’/ nic solvents
a .
. mmonly used 08 slectri€
ul e fltration techniques namely microfiltration, P’ "P""o! o th.e .tC:tion. They reduce t | i’tféstatic
tafiltratiop, ques n Y - osis)  for protein precipiid’ d enhance €€ :
dve alreaq ’ snd h)’perﬁltration {reyes P conSfant of the medium an 3

Y

een described (Refer Table 20-1)-
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are denatur€ by
ss has to be
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interaction between protein Mo
precipitation. Since proteins_ ©
organic solvents, the precipitation proce
carried out below 0°C. o
Non-ionic polymers : Polyeth_yle.ne gl}l’COle (rpl -
is a high molecular weight non-ionic polym it of
can precipitate proteins. It reduces the ql.Jan y
water available for protein solvation taure
precipitates protein. PEG  does not dena
proteins, besides being non-toxic.
harged polymers
ethyleneimine are US€C:

th oppositely charged
harge neutralisation

) uch as
lonic polymers : The ¢ 4

polyacrylic acid and poly
They form complexes wi
protein molecules that causes C
and precepitation.

. The heat sensitive

Increase in temperature
g the

proteins can be precipitated by increasin
temperature.

Change in pH : Alterations in pH can also lead
to protein precipitation.

Affinity precipitation : The affinity interaction
(e.g., between antigen and antibody) is exploited
for precipitation of proteins.

Precipitation by ligands : Ligands with specific
binding sites for proteins have been successfully
used for selective precipitation.

ADSORPTION

The biological products of fermentation can be
concentrated by using solid adsorbent particles. In
the early days, activated charcoal was used as the
adsorbent material. In recent years, cellulose-based
adw_@fgprotein concentration.
And for concentration of low molecular weight
compounds  (vitamins, antibiotics, peptides)
poly§tyrene, methacrylate and acrylate based
matnces. are used. The process of adsorption can
be carried out by making a bed of adsorbent

column and passing the culture broth through it.

The desired prod
iy product, held by the adsorbent, can be

\/ PURIFICATION BY CHROMATOGRAPHY

The Dbiological products of
(proteins, pharmaceuticals, diagnosti
and research materials) are very efftsa o
by chromatography. It is basicall g
technique dealing with the separ:ti

fermentation
compounds
vely purified
an analytical
on of closely

" Gel-filtration chromatography

Taste 20.2 Chromatographic fech III q“

with the principles for separation ofes ili);

Protely,

Chromatography Princip)
e

Gel-filtration (size exclusion) Size ang shap
:

lon-exchange Net charge
Chromatofocussing Net charge
Affinity Biological affy 4,

molecular ecognition

Polarity
(hydrophobicity
of molecules)

Hydrophobic interaction

Immobilized metal-ion affinity Metal ion binding

related compounds from a mixture. Chromat.
graphy usually consists of a stationary phase a4
mobile phase. The stationary phas&@ the porous
solid matrix packed in a column (equilibrated with
a suitable solvent) on to which the mixture of
compounds to be separated is loaded. The
compounds are eluted by a mobile phase. A single
mobile phase may be used continuously or it may
be changed appropriately to facilitate the release of
desired compounds. The eluate from the column
can be monitored continuously (e.g. protein elution
-can be monitored by ultraviolet adsorption at 280
nm), and collected in fractions of definite volumes.

The different types of chromatography
techniques used for separation (mainly proteins
along with the principles are given in Table 20.2.A
large number of matrices are commercially
available for purification of proteins e.g., agarosé

“cellulose, polyacrylamide, porous silica, Cros

linked dextran, polystyrene. Some of the important

features of selected chromatographic techniques
are briefly described.

. This is als0
referred to as size-exclusion chromatogfaphy' g
this technique, the separation of molecules s basz

on the size, shape and molecular weighlt' ular
ec

sponge-like gel beads with pores serve as Mo e
sieves f Wblggl 5
molecumolecu' ed
of different sizes (e.g. different proteins) is app";s

u
to the column and eluted. The smi“j[_"iqw/c

enter the gel beads through their pores and 8
S~—— wl

et
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Fig. 20.7 ¢ The principle of gel-filtration chromatography.

wrapped. On the other hand, the larger molecules
ot pass through the pores and therefore come
out first with the mobile liquid (Fig. 20.7). At the
industrial scale; gel- iltration is particularly useful
o remove salts and low molecular weight
compounds from high molecular weight products.

«*“on-exchange chromatography : It involves the
separation of molecules based on their surface
charges. lon-exchangers are of two types (c¢ation-
exchangers which have negatively charged groups
like carboxymethyl and sulfonate, and anion-
exchangers with positively charged groups like
diethylaminoethyl (DEAE). The most commonly
used cation-exchangers are Dowex HCR and
Amberlite IR, the anion-exchangers are Dowex SAR
and Amberlite IRA.

In ion-exchange chromatography, the pH of the
medium is very crucial, since the net charge varies
with pH. In other words, the pH determines the
effective charge on both the target molecule and
the ion-exchanger. The ionic bound molecules can
be eluted from the matrix by changing the pH of
the eluant or by increasing the concentration of salt
solution. lon-exchange chromatography is useful

for.tﬁhe purification of antibiotics, besides the
purification of proteins.

Affinity chromatography : This is an elegant
?oeth(:d fo’_ the purification of proteins from a
On”;l; fif:tmlxtlfre. Affinity cl'_mrom_atography is l-)z.ased
ligand TehfaCtl{On of a protein with an immobilized
substr;;te eb'ga”d can be a specific antibody,
immobili’zs:j1 strate analogue or an inhibitor. The
effective) ed ligand on a solid matrix can be
StructUresyl U;ed to fish out complementary
used for then al.)l.e 2‘_’-3, some examples of ligands
Protein bou:;“f'catmn f)f proteins are given. The
"educing their i to th(? ligand can be eluted by
Changing the '”l_tlefacnon. This can be achieved by
strength o L _Of the buffer, altering the ionic

’ Y using another free ligand molecule.

The fresh ligand used has to be removed in the
subsequent steps.

Hydrophobic interaction  chromatography
(HIC) : This is based on the principle of weak
hydrophobic interactions between the hydrophobic
ligands (alkyl, aryl side chains on matrix) and

hydrophobic amino acids of proteins. The
differences in the composition of hydrophobic
amino acids in proteins can be used for

their separation. The elution of proteins can be
done by lowering the salt concentration, decreasing
the polarity of the medium or reducing the
temperature.

FORMULATION

Formulation broadly refers to the maintenance
of activity and stability of a biotechnological
products during storage and distribution. The
formulation of low molecular weight products
(solvents, organic acids) can be achieved by
concentrating them with removal of most of the
water. For certain small molecules, (antibiotics,
citric acid), formulation can be done by
crystallization by adding salts.

Proteins are highly susceptible for loss of
biological activity, hence their formulation requires
special care. Certain stabilizing additives are added
to prolong the shelf life of protein. The stabilizers
of protein formulation include sugars (sucrose,
lactose), salts (sodium chloride, ammonium sulfate),
polymers (polyethylene glycol) and polyhydric
alcohols (glycerol). Proteins may be formulated
in the form of solutions, suspensions or dry
powders.

" Taste 20.3 Some examples of ligands used for v
separation of proteins by affinity

chromatography
Ligand Type of protein
Antibody Antigen
Cofactor Enzyme
Receptor Hormone
Hapten Antibody
Inhibitor Enzyme
Lectins Glycoproteins
Heparin Coagulation factors
Metal ions Metw
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Drying

ential component of prfoduc]tc
i i ro

formulation. It basically involves the transie

i st
heat to a wet product for removal of moisture. More
of the biological products of fermentation 4

sensitive to heat, and therefore require gentle drying
methods.

Drying is an ess

Based on the method of heat transfer, drying
devices may be categorized as contact-,

convection-, radiation dryers. These three types of

dryers are commercially available.

Spray drying

N Spray drying is used for drying large volumes of

liquids. In spray drying, small droplets of liquid
containing the product are passed through a nozzle
directing it over a stream of hot gas. The water
evaporates and the solid particles are left behind.

‘ reeze-drying

Freeze-drying or lyophilization is the most
preferred method for drying and formulation of a
wide-range of products—pharmaceuticals,
foodstuffs, diagnostics, bacteria, viruses. This -is

BIOTECHNOLOGY

mainly because freeze-drying usually

cause loss of biological activity of lheoss oy
product. ESireq

Lyophilization is based on the princip
€o

sublimation of a liquid from a frozen State, |

scitaT technique, The iauTd Contafing
is frozen and then dried in a f’e928~dryEr un:d
vacuum. The vacuum can now be releasey a;!(;
the product containing vials can be Sealog
e.g., penicillin can be freeze dried directly i,

ampules.

INTEGRATION OF
DIFFERENT PROCESSES

It is ideal to integrate the fermentation ang
downstream processing to finally get the desired
product. However, this has not been practicable for
various reasons.

Integration of certain stages in downstream
processing for purification of product has met with
some success. For instance, protein concentration
by extraction into two phase systems combined
with clarification and purification can be done
together.
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