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Design & Optimization of 

Protein Refolding

US Patent  0272117  December, 2005
V. Srinivasan & S. Datta, AstraZeneca



ICDs of Mycobacterium tuberculosis

ICD 1: Rv 3339c 1227 bp / 409 aa 45.514 kD 
ICD 2: Rv 0066c 2235 bp / 745 aa 82.551 kD

Cloning & Expression:
Both the ICD genes were PCR amplified, cloned in 
pET System and the proteins expressed in E coli



Expression of M. tb S ICD
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Protein Isolation Protocol:
M.tb S - ICD expressed in E. coli

Induced cells harvested  & lysed by sonication

Pellet dispersed and Inclusion Bodies purified     by 
Sucrose Step (15 & 60 %) Gradient

Pure IB solubilized in 6M Guanidine HCl, & 25 mM DTT 

Refolded by rapid dilution (1:100) into PBS - IM NDSB, 
Dialyzed (PBS/ 10% Glycerol)  & Concentrated

ICD Functionally Active as Determined by Assay



Assay With Refolded Enzyme

ICD  ReactionICD  Reaction



Product Characterization:
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� The Selwyn Progress Curve is a simple way to determine 
whether a decrease in the rate of a reaction is due to inactivation
of the enzyme

[E] . t = f ( [P] ) – as given by Michaelis and Davidsohn (1911)

� Thus, when a set of progress curves - where the results are 
plotted against the product of [enzyme] and time - is observed for a 
reaction in which all  parameters except enzyme concentration 
are kept constant, we see that all the points lie on the same curve

� If the enzyme is becoming denatured / deactivated  the 
observations for different concentrations of the enzyme fall on 
different curves, as [E] becomes a time-dependent quantity



TRADITIONALLY REFOLDED SICD
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Major Problem: Tendency of denatured protein to aggregate during 
Renaturation – molten globular state

Key Factors that Influence Protein Refolding/ Aggregation:

1. [Protein] : directly proportional to the rate of multimolecular
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1. [Protein] : directly proportional to the rate of multimolecular
interactions

2. Temperature: directly proportional to hydrophobic 
interactions

3.  [Residual Denaturant]: influences the folded vs denatured 
states

4.   pH of the refolding buffer: Local pI in micro environment



� When attempts are made to optimize  protein refolding 
process, it is usually done by Changing One Separate factor at a 
Time (COST) – resulting in several protein folding protocols

� COST is extremely cumbersome, requiring an immense amount
of experimental work, time and money

� In the field of Product Engineering,  methods are available for 
multi-factorial optimization to improve  product quality – among 
which the most versatile being the Taguchi Technique
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� Developed by Genichi Taguchi, this  approach to quality 
engineering focuses on minimizing variation as the main means 
of improving quality

� This method includes a set of tables that enable main 
variables  and interactions to be investigated in  a minimum 
number of  trials



� Traditional optimization of 4 reaction components using 3         
different levels for each, would require 34 = 81 trials

� With the Taguchi technique, we achieve the same result 
using just  9 trials
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Orthogonal array for 4 components (1, 2, 3, 4) each at three 
different levels A, B & C (which differs for each variable):

Expt1 A              A            A            A

1            2           3            4

Expt1 A              A            A            A
Expt2 A              B            B            B
Expt3 A              C            C            C        
Expt4 B              A            B            C
Expt5 B B            C            A
Expt6 B              C            A             B
Expt7 C              A            C             B
Expt8 C              B            A             C 
Expt9 C              C            B             A



Protein Isolation Protocol:

M.tb S - ICD expressed in E. coli

Induced cells harvested  & lysed by sonication

Pellet dispersed and Inclusion Bodies purified     
by Sucrose Step (15 & 60 %) Gradientby Sucrose Step (15 & 60 %) Gradient

Pure IB solubilized in 6M Guanidine HCl, 25 
mM DTT 

Subjected to Taguchi Orthogonal Array  
Processing



Orthogonal Array Used for M. tb S-ICD:

pH oC Dilution   [Protein] mmmmg
Expt 1 6.4 4   3 20
Expt 2 6.4 12 10 70
Expt 3 6.4 30 30 200Expt 3 6.4 30 30 200
Expt 4 7.5 4 10 200
Expt 5 7.5 12 30 20
Expt 6 7.5 30          3 70
Expt 7 8.5 4          30 70
Expt 8 8.5 12          3 200
Expt 9 8.5 30         10 20



Using the Taguchi function, it is possible to 
estimate the effect of the individual components:

n

SNL = -10log[1/n SSSS1/yi 2]

i=1

SNL= signal-to-noise ratio
n = number of levels
y = product yieldy = product yield

The most optimal conditions give the highest SNL

SNL

Variant

optimum



EFFECT OF DILUTION
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[Protein] : 50 -70 mg
Temperature : 4o C
Dilution : 1:10 fold
pH : 7.5 - 8.5



TRADITIONALLY REFOLDED SICD
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OPTIMALLY REFOLDED SICD

0
0.2
0.4
0.6
0.8

1
1.2

0 20 40 60 80 100

[enzyme] X time(hours)

A
bs

 3
40

nm



ICD: Reaction, Assay & Km Determination

• Enzyme activity was assayed by monitoring the conversion of NADP• Enzyme activity was assayed by monitoring the conversion of NADP
to NADPH at 340 nm 

• By Lineweaver-Burk & Cornish-Bowden analyses, the Km of ICD1
for Isocitrate is 6-17 mM

• The reported values of Km for the M.tb Isocitrate Lyases are 145 and 
1300 mM

• This large difference in the Km values imply the metabolic status of 
M.tb appears to be a la E.coli, at the Isocitrate Branch Point



� Protein refolding is a multi-factorial inter-dependent 
dynamic process. Arbitrary choice of each of the variables to 
arrive at quality product is tedious, time-consuming and 
expensive

� Adopting an engineering technique, the Taguchi Method,  

������������� !���" !��#�"�$��"%&'���"()

� Adopting an engineering technique, the Taguchi Method,  
provides the optimal condition for each of the variables with 
minimum number of experiments

� Refolding of M. tb ICD has been taken as a case study: a  
successful optimization of the conditions arriving at high 
quality protein, supported by Comparative Functional 
Stability data, has been accomplished 
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An Approach to Produce High Quality Protein has been 
developed, by combining the Taguchi Technique for 
Optimizing the Refolding Process &  the  Selwyn Test of Optimizing the Refolding Process &  the  Selwyn Test of 
Progress Curves for evaluating Functional Stability, that may 
have profound impact across many facets of Recombinant 
Protein Applications, including HTS based Drug Discovery 
Processes






