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1. Basic Concepts

= BIOSEPARATIONS

Removal of insolubles(Filtration, Centrifugation)

Isolation of products(Extraction, Supercritical
Fluid Extraction, Adsorption)

Purification(Chromatography, Precipitation, UF,
Electrophoresis)

Polishing(Crystallization, Drying)



1. Basic Concepts
- PRECIPITATION
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2. Precipitation with a Nonsolvent
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S AMEH0H A & & =2 chemical potential
Wi(solids) = p;(solutions)
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y; . concentration of solutei in the solution
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Figure 8.1-1. Precipitation in a mixed solvent. Adding a second solvent will often increase the
solute’s chemical potential and hence reduce its solubility. Such nonsolvents often have
¢flect which is highly dependent on phi.
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- Nonsolvent

1) =& Xl (Moderate MW)
The feed iscommonly a solution in a solvent like ethanol or
t-butanol, and the nonsolvent is water

2) =88 & (High MW)
Thefeed isusually a aqueous solution at the isoelectric pH.
The nonsolvent is awater miscible organic solvent like

ethanol and acetone.



- Heuristics

1. Precipitation at low temperature increases yield and reduces denaturation.

2. Precipitation is best at ionic strengths 0.05-0.2 M . Higher ionic strengths
require excess solvent and more dilute solutionsyield afinely divided
precipitate which is difficult to filter

3. High molecular weight solutes require less solvent to initiate precipitation.

Volume % solute
required for | =1.8-0.12In| molecular
recipitation weight

4. The solubility of one protein is usually decreased by the presence of other

proteins.
5. Precipitated solute which will not redissolve is probably denatured. It
produces further purifications.



3. Precipitation with Salts
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Solubility in Water K = [K*][NO4]

K : solubility product
Chemical Potentials
Wi(solids) = p;(solutions)
= n.o(solutions) + RTIN[i] +z TP
[1] : concentration of speciesi

z. :ioniccharge @ : electrostatic potential



InK = W, (solids) - p,2(solution) + pyos (SOlids) - oz (solution)

RT

solution of potassium nitrate which is slightly below saturation
add sodium nitrate

potassium nitrate preciptation



ex 2). salting out protein
Hzg = 5 o & m
::oH:E.zo*::o o2 0 H2°
O H,0 £-7
H20H2° H:éoﬂ?o OHZE::

Protein Dissolved in Water Protein in Ammonium Sulfate
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C. Choosing Salts
» Anions are effective in following order:

citrate > PO, » SO,# > CH3COO » Cl- > NO5
o Cations are effective in following order :
NH4* > K* > Na*

» Choose a salt that is cheap, for you will usealot of it.

» Choose a salt so that the density of the precipitate is different than the
density of solution. Doing so is hecessary for separation by centrifugation

* Add asolid salt rather then a salt solution to minimize dilution.
* Interpolate between experiments using an equation like

In[protein solubility] = A - m[salt concentration]



A: constant(function of protein, pH and Temp.)
m : constant(function pH, mixing and salt)

Solubility versus Salt Concentration
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4. Precipitation with Temperature

- Temp. increase —» selectively denaturation —» precipitation
* Desired properties (enzymatic activity) can be destroyed

- Assumption : Denaturation follows first order chemical kinetics with an

Arrhenius temperature dependence

diP] _
& =P

[P] : dissolved protein concentration
Kk : rate constant

k — koe-E/RT
Ky: characteristic constant
E : activation energy of the denaturatuion



ex 3) Purification of erythrocyte enzymes with chloroform

* This solvent does not alter these enzymes, but it denatures and
precipitates hemoglobin, which isthe most concentrated protein
In solution.

 To purify erythrocyte enzymes, we need only to shake an agueous
solution of these solutes with chloroform and then centrifuge to
remove the precipitated hemoglobin.
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Large Scale Precipitations
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1) Initial mixing : 2& & E&st |2 E nonsolvent L} &0

) Nucleation : SHAIQ| MH T EXO| AlE

) Diffusion limited growth : &) 2ol AHAEZ2 4 &
) Flow influenced growth : mixingotd 8 &2 =&

) Flocculation : 220/& UX= O 2 flocs @2 & &
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- Initial Mixing
=280 0OlRe AHE

(homogeneous) & oH
n&EAS 0|F2=(
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| : 28292 0FJ|= turbulent eddies® B+ 3 J|0| (4
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0 : solution 's density
Vv . kinematic viscosity
(P/V) : power per volume of the stirring
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- Nucleation
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Inorganic system : i Al
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Colloidal system : =2t& &

- Diffusion Limited Growth
STO yi| Tk

dt
y; : concentration of solute particles
Kk : rate constant(l/mol sec)
DdN
k = 8TT
D : diffusion coefficient
d: solute diameter

N : Avogadro’s number
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- Diffusion Limited Growth

1 ) 1
Y  VYio +kt
Yio- INitial solute concentration

Yil\_/l = Yio M

M, : Initial solute molecular weight
M= Mo (1+ yiokt)
M : average molecular weight
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- Flow Influenced growth
Growth of large particle: W EH0i| 2lot IAIS 2 =SS0l 2lof & &

dy;
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- Flocculation
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6. Conclusions

- AT BMHL OIS 55560 FHAIDIS 2Est g
— StM Il = second solvent &JF, S8HEI2 A (gmmonium
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