Biology, biotechnology. 9th lecture: Downstrepracessing

9th lecture DOWNSTREAM PROCESSING

Every process industry that produces utile produsetst chemical, biochemical or purely bio-
tech based, will have a systematic process laybithagives an overall idea about the step by
step procedure involved in its large scale indakproduction. Generally, the bioreactor or
fermenter is considered as the basis for dividiggLinit operations prior to it as upstream and
following it as downstream.

UPSTREAM-PROCESSING starts from the preparation of fermentation, rdmsugh cell
propagation and product formation until the ,,cut’naicrobial process. At this point we have
the ready fermentation broth containing the degediuct (see previous lectures)
DOWN-STREAM PROCESSING after the ,cut” the product(s) will be isolatedrinadhe
multicomponent broth and purified to marketableliqya— this is the topic of this lecture.

In simple terms, the product isolation and puriiiea steps carried out subsequent to product
formation are called downstream processing. Ithe most important part that decides the
guality of the desired product obtained from th&ahraw materials.

WHAT IS COMMON IN DOWNSTREAM TECHNOLOGIES?
» The product is in aqueous solution.
» Multiphase system: water, +solid, +oily, (+air bigs)
» Complex system: many organic and inorganic substani solute, colloid and
dispersed form
WHAT IS DIFFERENT?
» Wide range in product concentration: 100 ppm10%-ig
» Wide range in production scale: 100 g/year1.000.000 t/year
» Many different operations (more than in chemicalistry)

OPERATIONAL SEQUENCE
There are no fixed operational sequences but gleggice-lines:

1. Separation of cell§f the presence of the biomass or cells causaslep they have to
be removed. The very first step in downstream gsiog is solid-liquid separation, in which
the cells (and other solids: medium pellets, CaGoduct crystals) are separated from the
fermentation broth. This can be done by

» filtration,

» centrifugation,

» sedimentation,

» flocculation or

» gravity settling.
Each of these processes has unique principle bghwhiworks to separate the solid content
from liquid broth.

(1/b Cell disruptiononly intracellular products)

If the product is storethside the cells, the cells must be ruptured dedproduct must be
freed. After releasing the product, we can proos#d product concentration and purifyca-
tion, as discussed next.

2. Concentration step(dh fact the product in diluted broth may not dmonomical enough
for efficient recovery. Enrichment of the produobrh the bioreactor effluents for increasing
product concentration may reduce the cost of prodacovery. If the desired product is
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extra-cellular, we can proceed to product concéntra Here, any unwanted component
which has notably different property from that lo€ tproduct is removed. Water is usually the
main impurity. Product concentration is carried vsing the unit operations like

» Extraction

» Adsorption

» Membrane filtration

» Precipitation

» (evaporation, distillation)

3. Purification Once the product is isolated and concentratext, is purification, which is
the most costly procedure of all. In this, unwantedhponents which closely resemble the
product in its physical and chemical propertiesraraoved. Highly sensitive and sophistica-
ted equipment is essential for product purificatima hence it is considered to make up a sig-
nificant fraction of downstream processing expamdit Different types of chromatography
are the highly popular and preferred methods.
Typical operations:
» all previous
» chromatography

4. PolishingThe last part is product polishing in which theified product is packed into a
form which is stable, easily portable and convenieruse. Product sterilization and removal
of trace contaminants are then performed to erthgrsafety of the product. Products are pu-
rified to achieve the demands of the market/custenf&andards, regulations, legal measu-
res).
Typical operations:

» all previous

» crystallization

» drying (spray drying, lyophilisation)

PURIFICATION < POLISHING

No strict distinction but different approach:

Purification:engineering approach, separation of impuritiegpimized for minimal product
loss.

Polishing:market approach, separation is optimized to étrttarket demands even if a part
of the product is lost.

However, biological or biotechnology products that used in pharmaceutical industry de-
mand for high grades of purity and quality to mibeir standards. Here is where downstream
processing becomes a crucial step in the overadgss. When dealing with biological or bio-
tech products, quality is more important than ginanAnd the quality of the product is deci-
ded by the purity. This requirement has led to ittereased focus on the significance of
downstream processing in biotech industry.

LEVELS OF PURITY
— Human injection pharma products
— Human enteral pharma products
— Veterinary pharma products
— Food
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— External pharma products
— Cosmetics (shor- long contact)
— Technical — raw material for other products
The Pharmacopoeia quality is not always the besfl NaCl in dextrose.)

CELL DISRUPTION

When the product is intra-cellular, one more stepdded after cell separation. This is cell
disruption, to release the product contained wit@iells are broken by mechanical, physical
or chemical methods

How strong is the cell wall?

Animal cells burst in deionized water, the micragms do not — the cell wall resists the
osmotic pressure.

How large is this pressure?

Physiological saline solution = 0,9% Na&l~1/6 Mol— ~ 1/3 osmol> p ~ 24/3 = 8 bar
— pressure vessel

KINETICS OF CELL DISRUPTION
The outflow of inner product (Pcan be described with a first order kinetic egueat- it's
independent from disruption method:

dr

dt i

Amount of product inside the cell at t = 0 is# By = maximal, later it decreases with t
approaching zero. Integrating this equation frota Owe have the

i dFI) _ t
? - _J. kdt
Ro ! 0
form.
InP-InR, = -k(t -0
transformed

R =R &

Engineers are not interested in cell containedycblut in recovered, liberated amount)(R

R=R-P
Expressed as

Ro=Ro[1-€"]

In many cases the sensitive products (i.e. protelasompose during the cell disruption pro-
cedure. This phenomenon should also be considerkithétic description of disruption. This
denaturation is also going on according a firseoreéaction kinetics:

ds _

—2=-K,S
dt ¢
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Here (S) is the specific activity of product (adi¥mg protein). Its value at t=0 ipSat a
later t is S. S/Sexpresses the ratio or percentage of active mi@edrom the whole amount.
Kg is the kinetic constant of decomposition procBepeating the previous integration the de-
composition shows an exponential function:

S=g e
The resultant yield is the product of the two pastars:

Re = RS
Substituting the forms:

Contracting the constants:
R = K(1-€") &

There is an optimal process time when the resujtietd is maximal.
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METHODS OF CELL DISRUPTION

ULTRASOUND

A common laboratory-scale method for cell disru
tion applies ultrasound (typically 20-50 kHz) te tk
sample gonicatior). In principle, the high-frequency
is generated electronically and the mechanical-er
gy is transmitted to the sample via a metal prola¢ t
oscillates with high frequency. The probe is plac
into the cell-containing sample and the high-freq
ency oscillation causes a localized low pressure
gion resulting in cavitation and impaction, ultirat
ly breaking open the cells. Acoustic cavitatiorthis
formation, growth, and implosive collapse (SONOPULS HD 2070




Biology, biotechnology. 9th lecture: Downstrepracessing

bubbles in a liquid. Although the basic technolaggs developed over 50 years ago, newer
systems permit cell disruption in smaller sampleslgding multiple samples under 200 pL
in microplate wells) and with an increased abil@ycontrol ultrasonication parameters.
Disadvantages include:

Heat generated by the ultrasound process mussbgdied (cooling)

High noise levels (most systems require hearingeptmn and sonic enclosures)
Yield variability

Free radicals are generated that can react wittr atiolecules.

Labor size only

VVVYVYY

BEAD MILLS

Cell disruption in bead mills is regarded @
one of the most efficient techniques for ph
sical cell disruption. Various designs ¢
bead mills have been used for microbial ¢
disruption. These mills consist of either
vertical or a horizontal cylindrical chambe
with a motor-driven central shaft supportin
a collection of offcentred discs or other ag
tating element. The chamber is filled to th
desired level with steel or 0,1-2 mm abras
on-resistant glass beads (ballotini) whig
provide the grinding action. The charge

grinding beads is retained in the chamber
a sieve-plate. The horizontal configuratid
of the mill is known to give a better effici
ency of disruption relative to the verticés
one.

Advantages:
» continuous operation possible
» scale up possible (up to 600-1000 litre grindingcs)

Disadvantages:
» Large energy consumption (needs cooling)

HIGH PRESSURE HOMOGENISATORS

Among the liquid shear disruption devices, the fpgbssure Manton-Gaulin APV type ho-
mogenizer is probably the most widely used. Théhdpgessure homogenizer consists of a
positive displacement piston pump with one or mosually three) plungers. The cell sus-
pension is drawn through a check valve into the puwylinder and, on the pressure stroke
(extreme high pressure, 200 - 600 - 1000 barprised through an adjustable discharge valve
with restricted orifice.
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Impact ring

Valve seat

Y

High-pressure homogenizer discharge valvj

unit. Single-stage manual
homogenising valve actuator assembly

The discharge pressure is controlled by a handwdsssgimbly, which, through a springloaded
valve rod, positions the valve, in relation to ttedve seat. During disruption, the cell suspen-
sion passes between the valve and its seat andgegon an impact ring.
Disruption mechanisms:
» Flow shear, large speed differences within a tigjaidl film
» Collision, in consequence of sudden changes irctire of movement cells hurtle into
the impact ring.

Continuous disruption: effectivity of disruptionrche calculated from the volume flow rate
through the homogenizer ¢ ™), the concentration of cell slurry (kg yeast/suspension),
and the number of passes.

Advantages:
» Possible continuous operation
> Possible scale up, large Manton-Gaulin APV homagasicapable of processing up
to 53 m/h * at 55.2 MPa are available

Disadvantages:

» Robust construction: single stage (200 — 600 bad)double valves (600 -1000 bar)

» Danger of clogging
In addition to yeasts and bacterial cell disruptitie high-pressure homogenizer has
been used for the disintegration of mycelial orgars such adspergillus nigerit has
not been found very suitable for this purpose. ol were encountered with
Aspergillus spdue to the blockage of the homogenizing valvealbmycelial pellets
gave rise to clogging of the homogenizer valve.

X-PRESS (freeze-press)

Freeze-pressing of microbial cell suspensions eamsied to disrupt the cells. Examples of the
freeze-pressing equipment include the Hughes pmaeskich a frozen paste of cells is forced
through a narrow slit or orifice, at temperaturéalmout -25°C.

The frozencell suspension is pressed trough an orifice.

How is it possible?



Biology, biotechnology. 9th lecture: Downstrepracessing

1000

In this process phase and consequent volu
changes of ice contribute to disruption.
If the pressure is high enough 2000 —
6000 bar- the ice gets compressible =
deformable.
The first triple point: -22C, 211,5 MPa
Relative density of crystal forms:
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volume reduction: -19% Ih
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In addition, solid shear due to crystalline ice
is important. Cell breakage in the press X-PRESS Zellendesintegrator
yields cell wall membrane preparations tha -
are relatively intact and may be a good me
thod for isolation of membrane-associated
enzymes.
Advantages:

> High efficiency

» No denaturation, decay

» Very concentrated cell cake can be

disrupted

Disadvantages:

» Batch operation only

» No scale up

» Heavy construction

PHYSICAL METHODS OF CELL DISRUPTION

DRYING:

hot air dryingis not effective and denaturating.

air drying at 25-30°c for 2-3 days causes autolysis.

slow vacuum dryin@f pastes (esp. bacteria) in a desicator causebysis.
lyophilisation(freeze drying) of cell suspensions is particyladeful for labile
enzymes.

solvent dryingdehydration with water-miscible solvents at lomperatures (e.qg.
acetone, gives acetone powder)

YV VVVY

FREEZING — THAWING

The freeze-thaw method is commonly used to lyseéebat and mammalian cells. The tech-

nique involves freezing a cell suspension in aiceyethanol bath or freezer and then thawing
the material at room temperature or 37 °C. Thishweif lysis causes cells to swell and ulti-

mately break as ice crystals form during the fnregzirocess and then contract during thaw-
ing. Multiple cycles are necessary for efficiensigy and the process can be quite lengthy.
However, freeze/thaw has been shown to effectivellgase recombinant proteins located in
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the cytoplasm of bacteria and is recommended fhyibis of mammalian cells in some proto-
cols.

CHANGE OF PHYSICAL CONDITIONS
Heat shock- in aqueous medium (0,5-1 hour at 60-80-100 °@drthe heat denaturation!)

Osmotic shock with neutral compounds (sugars, sugar alcoholgegbl) not with salts.
“Saturate” the cells with sugar, than transfer theta pure water.

Solvent treatment
» drying with acetone than dissolve the cell membsamigh ether
> Autolysis of yeasts with toluene

Detergent treatment

They penetrate into the cell membrane and destsastriucture.
» Both cationic and anionic detergents
> Bile acids

Decompression

Henry's low: 1

¢ :H—(t)Ep

At high pressure a lot of gas is dissolved in theitl
(even inside the cells).

With a sudden pressure drop the solubility drops,-t
the gas forms bubbles everywhere (like in sodag) an
explodes the cells.

ENZYMATIC METHODS
Enzymatic cell lysis, which is attractive in terofgts delicacy and specificity for just the cell
wall structure, is restricted by the cost of theyane which is lost into the extract. Enzymatic
cell lysis of bacteria using lysozyme has been asgfal for the isolation of enzymes.
Sensitivity of microorganisms to various lytic eneys varies greatly with the type, the phase
of growth and fermentation conditions.

Specific enzymes hydrolyzing the cell wall:

bacteria - lysozyme

yeasts - mannanase (Yeast Ly&dpphaga sp
moulds - chitinase, cellulase

plant cells - cellulase, pectinase

Multicomponent preparates:
snail enzyme - gastric juice
induced enzymes dfrichoderma sp

In some casesutolysisof microbial cells without any foreign enzyme mhg possible.
Autolysis of yeasts can be promoted with toluenh@ugh autolysis is, in general, slower
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than other disruption methods, it is volume indejeert and so 100 m3 of ceils may be lysed
as fast as 100 cm3.

Conclusion

A cell disruption process cannot be consideredatation from further downstream process-
ing. This is because the cell disruption operatadfiects the physical properties of the cell
slurry such as viscosity, density, particle sizgd aettleability of suspension, which in turn
affect subsequent processing. The choice of apjatepcell disruption equipment and the
extent of treatment in an equipment is an importetision in order to facilitate further

downstream processing of the disrupted material.



