CHAPTER 2

THEORY AND LITERATURE REVIEW

A. Theoretical review
2.1. Aqueous two-phase system
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2.1.1 Phase diagrajms

The composition of Y a“‘-':'- presented on many
kinds of phase diagranmsuc as equilaters ngulrl‘-diagram, right triangular
diagram, and rectangular diagram, e In our study, to record the
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the phasef diagram) will be in one phase, while any mixtures in the
heterogeneous region (to the right of the phase diagram) will separate into two
phases. In figure 2.1, point M represents a two-phase mixture consisting of a
top phase at composition T and a bottom phase at composition B. Tie-lines
connect phase compositions on the phase diagram that are in equilibrium with

one another. Points on the same tie line give rise to systems with identical top
and bottom phase compositions but with differing mass of phase.
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2.1.2 Phase separatio I
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The meanqdroplet diameter is a function of the hydrodynamic condition in the
mixer:

dq = f3( Re, We, t,) (Eq.2.4)
With an increase in phase concentration, interfacial tension increases which
results in an increase of droplet diameter, which in turn, decreases fractional

dispersed phase hold-up and the mass transfer coefficient. Moreover, the PEG-
rich phase viscosity increases with phase concentration. In conclusion



fractional dispersed phase hold-up as well as the mass transfer coefficient
decrease with an increase in system composition (Parwa, 1993).

Integration of equation 3 gives the profile of inter-phase height as a function of

time and from it the time required for a complete separation tg; can be estimated
as:

ty = fa( Re, We) (Eq.2.5)

2.1.3 Partition coefficients |
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2.1.4 Extraction c,,_————_."l

For solute B (Seader ef &I, 1998)the stion TactorWas defined as:
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2.2. Fermentation, extraction
2.2.1 Fermentation in batch reactor with well mixed assumption

For constant volume batch reactors, the mass balance may be calculated as:

dx
dt

e Forcells:

= iy (Eq.2.9)
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e For substrate: daC,"" =—q,X (Eq.2.11)
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e For product: d—C’izq,,X (Eq.2.13)
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Mass balance of solute:Vy = Vg +V¢ (Eq.2.18)

Or xM Vm = x5 Vg + xC. Ve (Eq.2.19)

B. Literature review

2.3  Parameters affecting phase diagram characteristics



Since we are interested in applying an aqueous two-phase system for extractive
fermentation, knowledge on phase diagram and its phase separation are very
important. It was found that the position of phase diagram depends on many
factors such as pH, temperature, molecular weight of polymer, type of salt, etc.

Albertson (1986) indicated that phase separation in an aqueous mixture of a
polymer with a given salt depends on polymer type more than on polymer size.
In addition, Zaslavsky (1995) reported that with the same type of polymer, the
higher molecular weight results in shifting the binodal curve towards the original
point [ (0,0) co-ordinate]. However
be altered. Similarly to increas
temperature relocates the bif
1995).
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Sebastiao (1996) shit — f the top phase and
phosphate concentratibr cregSed with pH while the
polymer concentration ' the bottom phase and the phésphate in the top phase
decreased. According to theJesults, the pli_pf a phase system can influence its

tie-line length: J{ﬂq ﬁ ‘fzi of the binodals of
PEG-sodium orv@c osphate systems towards lower polymer and salt
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system wﬂw potassium phosphate at pH 6.0 < system with potassium
phosphate at pH 7.5 < system with potassium phosphate at pH 9 < system with
sodium phosphate at pH 6. The pH difference between coexisting phases may
result in cutinase and total protein partition dependence on pH (the presented
pH values refer to the initial mixtures before phase separation). Maintaining the

pH and type of cation constant, the tie-line length increased with increasing
PEG 1000 concentration.
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Changing pH introduces variations on both charge of protein ionic groups and
ion composition of aqueous two-phase systems. When pH is lowered from 9 to
6, cutinase becomes less negative while at the same time the ratio H,PO4 7/
HPO,* increases. As the mono-valent anion is less effective in salting out the
PEG (Ananthapandmanabhan et al, 1986) a higher salt concentration will be
required for phase formation (Huddleston, et al, 1991) and the interfacial
potential difference will be reduced (Zaslavsky, et al, 1982). Because of the
increased phosphate concentration in the lower phase, the water molecules
available for solute solvation decre 7 ’and protein reach their solubility limit

(Sebastiao et al, 1996).
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The partition coefficient could also be calculated as:
INK'=1InKg + yZ (Eq.2.20)

For good separation and purification, the product should have a high K value
and the contaminant should have a very low K value (Zaslavsky, 1995). In



addition, Zaslavsky (1995) and Albertsson (1986) reported that partition
coefficient (K) and Ko decreased with increase of solute molecular weight (MW).
The effect of MW of a solute on its partition behavior while clearly observed for
some solutes seems to be counterbalanced by some other factors or
nonexistence for the other solute.

2.5 Extractive fermentation using aqueous two-phase system

To our knowledge, up to date, there are only two published papers regarding to
extractive fermentation for alkaline, pr roduction. To give a broader ideal,

we therefore, include some ractive fermentation of other
products in this report.

Extractive fermentati salng jprotease, production was studied by

many authors. Umakosk *EG/dextran aqueous two phase
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and improged amo was produced from five-carbon sugars.

An extractive fermentation for animal cell to produce IgG and hybridoma was
reported by Zijlstra (1998). The report showed that with increasing PEG-dye-
ligand concentration up to 100% did increase the partition coefficient, but was
not effective in concentrating the IgG in the top phase of the ATPs culture
medium at a pH of 7.8. Furthermore, addition of the PEG-dye-ligand to ATPs
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2.5.2 Extractive fermentation for alkaline protease production

Lee et al (1990) reported that the PEG/dextran T500 aqueous two-phase
system is suitable for extractive fermentation of alkaline protease. The results
shown that with 5 %( w/w) of PEG 6000 and 5 % dextran T500, after 50 h of
fermentation, the total enzyme activity reached 1.3 times of that of the control
culture. In order to improve the productivity of protease, repeated batch
cultivation were successfully carried out four times by optimizing the top phase
composition of freshly added media, which resulted in 13.8, 35.9, 27.8 and 34.7

units.h'ml™ of protease based Wamounts of replaced top phase,
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