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General Context 

Downstream Processes: 

1.Clarification or removal of non-soluble 

particles  

2. Product isolation  

3. Product purification  

4. Product polishing 
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Objectives and scopes 

1. Design of a new downstream 

technology  

Å Application of IL as electrolytes in 

polymeric ABS systems; 

Å Study the influence of several 

parameters on the ABS formation: IL 

structure and concentration; 

Å Extraction studies with probe 

molecules (Cytochrome c and 

Chloranilic acid). 

2. Integration of upstream and 

downstream processes 

Å Purification of His-Tagged L-

ASPase I from fermentation 

broth using affinity 

chromatography on a FPLC 

system. 

Å Obtaining a pure enzyme with 

high yields and specific activity 

for a promissory commercial 

pharmaceutical application. 

Downstream Processes 
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1. Ionic liquids as a novel class of 

electrolytes in polymeric aqueous 

biphasic systems 
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Motivation 

The tendency for charged and non-

charged polymer to segregate into 

two-phases is strongly suppressed 

Addition of small amounts of 

inorganic salts acting as 

electrolytes 

PEG 8000 

(Polyethylene glycol) 
NaPA 8000 

(sodium polyacrylate) 

Å Simple recycling that 

enables their application 

at larger scales 

Å Environmentally friendly 

Å Relatively low-cost 
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Innovation: ILs as electrolytes 

Electrolyte  ̧Adjuvant 

ILs are salts in the liquid state below a 

stated temperature of 100ºC, formed by a 

large organic cation and an anion of either 

organic or inorganic nature. 

 

To use ILs as a novel class of 

electrolytes in polymeric ABS 

Å Designer solvents, 

 

 

 

 

Å High capability of solvating 

compounds from a wide 

spectrum of polarities. 
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Materials and Methods 

  

Chemical structure of the  ILs used as electrolytes. 

Ionic Liquids 

Probe Molecules 

Cloud point titration method 

Determination of binodal curves 

(A) Experimental design of binodal curves 

(B) Partition of Cyt c, CA and IL  
by applying the ABS 

Mixture point: 
15 wt% PEG 8000 + 4.5 wt% NaPA 8000 + 

 5 wt% electrolyte 

 (imidazolium-based and inorganic salts) 

 

Cytochrome c (Cyt c) 

Equine heart 
Chloranilic acid (CA) 

Quantification using UV-Vis for further 

calculations 
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PEG 8000+ NaPA 8000+ IL as 

electrolyte 

Binodal curves of different types 

of ABS:  

 
PEG 8000 (component 1) + NaPA 8000 

(component 2) + [C2mim]Cl as electrolyte 

( )̧ 

 

[C2mim]Cl (component 1) + K3PO4 

(component 2) (É) 

 

PEG 1500 (component 1) + K3PO4 

(component 2) + [C2mim]Cl as adjuvant 

(ƶ) 
 

PEG 1500 (component 1) + [C2mim]Cl 

(component 2) (ú) 

Increasing of binodal region   
 

V Possible to work at a very low 

polymer concentration  

     (e.g. å10% of each polymer); 

 

V More biocompatible routes 
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Inorganic salts vs. ILs 

Both NaCl and Na2SO4 were more efficient to induce the 

phase separation than the ILs studied. 

The enhanced ability to undergo phase separation is closely 

related to the decrease on the hydrogen-bond basicity (ɓ). 

Other parameters beyond the hydrophobic nature of the 

cation are influencing the ABS formation. 

Binodal curves of the polymeric ABS containing 5 wt% of 

electrolyte (either inorganic salts or ILs): NaCl (É), 

Na2SO4 (É), [C2mim][N(CN)2] (r), [C2mim][Tos]  (+), 

[C2mim][CF3SO3] (É), [C2mim]Cl ( )̧, [Ch]Cl (ú), 

[OHC2mim]Cl (Â), [C2mim][CH3CO2] (í), [N2,2,2,2]Br (Ã), 

[C2mim][CH3SO3] ( )̧, [N2,2,2,2]Cl (É), [C2mim][DMP] (¹). 

Binodal curves adjusted using Eq. Merchuk are 

represented in dashed lines. The influence of ILôs 

structural features is provided separately in the insets to 

simplify the analysis. 
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Electrolyte concentration 

By increasing the electrolyte 

concentration (increasing the ionic 

strength) enhanced capacities to 

perform ABS are accomplished  

The stronger aptitude of NaCl to undergo phase 

separation compared to [C2mim][N(CN)2] can be 

minimized at lower electrolyte concentrations 

(e.g. 0.1 wt%)  

The results reported by Johansson et 

al. for polymeric ABS using inorganic 

salts as electrolytes; however 

concentrations below 1.05 wt% have 

never been studied. 

Binodal curves of polymeric ABS at different 

electrolytesô concentration: 5 wt% of NaCl (ƶ), 2.5 

wt% of NaCl ( )̧, 0.1 wt% NaCl (É), 5 wt% of 

[C2mim][N(CN)2] (r), 2.5 wt% of [C2mim][N(CN)2] 

(¹) and 0.1 wt % [C2mim][N(CN)2] (Ï). Binodal 

curves adjusted using Merchuk Eq  are represented 

in dashed lines. The arrow is a guide to the eye 
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Characterization of ILsô partition 

and media pH 

 

 

 

 

KIL (blue bars) of [C2mim]-based ILs and pH values of the corresponding 

bottom-phase of the systems ( )̧. The lines are provided just to guide the eye 

KIL trend: 
 

[C2mim][DMP] å [OHC2mim]Cl > 

[C2mim][CH3SO3] > [C2mim][CF3SO3] > 

[C2mim][CH3CO2] > [C2mim][Tos] > 

 [C2mim]Cl > [C2mim][N(CN)2] 

IL migrates towards the NaPA-rich phase (KIL > 1) 

Exception of [C2mim][N(CN)2], which is equally 

distributed among both aqueous phases (KIL = 1). 

Electrostatic Interaction 

KIL =  
ὃbs(Ὅὒὄ)

ὃbs(ὍὒὝ)
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Application of ABS as purification 

platforms 

The EECA is boosted by the use of NaCl as electrolyte when 

compared to ILs  

The EECyt c is boosted by the use of ILs and Na2SO4 as 

electrolyte when compared to NaCl 

ὉὉ=  
ὠάέὰὩὧόὰὩ ὶὭὧὬ× [ὓ]άέὰὩὧόὰὩ ὶὭὧὬ

ὠὭ× [ὓ]Ὥ
× 100  
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Study of IL concentration in the 

extraction performance 

Effect of [C2mim][N(CN)2] concentration on the partition coefficients, KCA  

(blue bars) and extraction efficiency data, EECA, % (p) of CA. 

Evidences of improvements at lower 

concentrations are noticed as the EECA 

increases at circa 10 ï 15 %. 

The minimization of IL content causes a 

significant enhancement at the level of KCA 

KCA =  
[ὅὃ]Ὕ
[ὅὃ]ὄ
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2. FPLC Purification of 

recombinant L-Asparaginase I 

from Saccharomyces cerevisae 

expressed in Escherichia coli 
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Motivation 

L-Asparaginase (ASNase) is an important 

chemotherapeutic agent for acute lymphocytic 

leukemia (ALL) in children. 

Need to find a downstream processé 

V Rentable; 

V Eco-friendly; 

V Low number purification steps; 

V High yields and purification of the enzyme; 

 

Integration of up- and 

downstream process 
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ÄKTApurifier GE Healthcare 
Å Pump P-900 

Å Monitor UV-900 

Å Monitor UPC-900 

Å Valve INV-907 

Å Mixer M-925 

Å Valves SV-903, FV-923 

 

Affinity chromatography  

Hi Trap IMAC FF, 5ml 
Å Ideal for purification of histidine-tagged 

recombinant proteins 

Å IMAC ï Immoblized metal ion affinity 

chromatography 

Å Charged with Ni 2+ 
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Experimental Design 

Polyacrylamide gel 

electrophoresis 

combined with silver 

staining 

 

 

 

Nessler activity assay 

+ 

Protein quantification 

by UV spectroscopy 

ÅCell lysis by a chemical step (detergent ï BugBuster)  

ÅFiltration by membrane-0.45 µm of pore diameter followed by 
sonication 

1.  Pre-treatment of the sample 

ÅA linear gradient, running from 0 mM to 500 mM of imidazole 
at 5.0 mL.min-1 was performed in order to identify the lowest 
imidazole concentration of the elution buffer capable of to 
extract the higher amount of ASNase I.  

2. FPLC  Linear Gradient ï Imidazole 

ÅA two-step approach was used, where the imidazole 
concentrations initially selected (32.0 and 54.4%) were 
applied. This concentration range was obtained from the 
Linear Gradient step. 

3. FPLC Two-Step approach 
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FPLC  linear gradient of imidazole 

  
Polyacrylamide gel electrophoresis in 

combination with silver staining 

L- ASP 1 (~45kDa) 
Wash-out unbound proteins  

 no interaction with the column 

Best Imidazole 

Concentration: 

32.0 ï 54.4% 

Sample Protein 

Concentration 
 (mg.mL

-1

) 

Enzymatic activity 

(IU.mL
-1

) 
Specific activity 

(IU.mg
-1

) 

Fractions 4-5 3.5442 ± 0.0002 0.0614 ± 0.0003 0.02  ± 0.00 
Fractions 14-18 0.0536 ±  0.0107 0.0261 ± 0.0001 0.49  ± 0.00 
Fractions 20-31 0.0170 ±  0.0021 0.1121 ± 0.0013 6.61  ± 0.08 
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FPLC Step ï Imidazole 

  
Polyacrylamide gel electrophoresis in 

combination with silver staining 

The eluted fractions 38-42 (total volume of 7.5 mL) 

were purified with higher specific ASNase I activity  
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Å A novel downstream ABS 

technique was successfully 

developed.  

Å The use of low concentration of 

ILs (0.1wt %) proved to be  

beneficial.  

Å Advantageous to boost the 

extractive performance of 

different bio(molecules) 

including Cyt c and CA.  

Å The ASNase I purification from fermentation broth was 

successfully performed by FPLC single-step process. 
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Future work 

Å Extensive screening with other IL families  

  ILs of more benign nature 

  ILs with tensioactive properties 

Å Application of these novel ABS in the extraction of added-value 

compounds from real matrices. 

Å Understand the mechanism at molecular-level. 

Å Investigation of other polymer blends. 

Å Optimization of FPLC parameters (e.g. pump pressure, initial 

volume injected, elution and binding buffer formulations). 

Å Utilization of imidazolium based ILs in the elution buffer. 
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