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Introduction
Overproduction in E. coli is a powerful
method that simplifies homogeneous
purification of recombinant proteins 
for structural and functional studies.
Typically achieved using the method
originally developed by Studier1, the
gene of interest is cloned under control of
a phage RNA polymerase promoter to
enable hyper-transcription of the messen-
ger RNA. Not all genes respond to hyper-
transcription; some readily produce
abundant protein, while others do not.

One potential problem of protein over-
production in E. coli is the tendency of
some proteins to form inclusion bodies,
insoluble aggregates of the protein. This
phenomenon is even observed for certain
native E. coli proteins when overpro-
duced in their normal environment. If
insolubility of overproduced proteins is
overlooked, much time and effort can be
wasted trying to purify a protein from
solution, when most of the desired protein
was actually discarded with the cellular
debris.

A rapid method to assess the solubility 
of an overproduced protein uses
EPICENTRE’s EasyLyse™ Bacterial Protein
Extraction Solution. With this method, a
single experiment provides two levels of
information about the protein of interest -

the extent of overproduction and the solu-
bility of the overproduced protein. The
EasyLyse method (outlined in Figure 1) is
straightforward and applicable to both
pilot scale experiments and to prescreen-
ing large-volume overproduction cultures.

Methods
From control (“empty vector” or pre-
induction) and induced cultures, 1-ml
cell samples are pelleted and resuspended
in 200 µl of EasyLyse Solution. After a 
5-minute incubation at room tempera-
ture, a 100-µl sample, representing the
total protein, is removed and the remainder
of the sample is centrifuged at full speed
for 3 minutes, separating insoluble pro-
teins from the soluble proteins, which
remain in the supernatant. The super-
natant is transferred to a new tube and the
entire pellet fraction is solubilized in 100 µl
1X SDS loading buffer. To assay the 
samples, 15 µl of the total and super-
natant fractions are each mixed with 5 µl
of 4X SDS loading buffer. The samples
and 15 µl of the solubilized pellet fraction
are heated at 95°C for 1 minute and sep-
arated by SDS-PAGE. These volumes are
appropriate for analysis of mid-log phase
cultures on mini-gels with Coomassie®

blue staining. Collecting duplicate cell
samples is recommended.

Results and Discussion
The usefulness of testing solubility with
EasyLyse Solution is illustrated in Figure 2.
Panel A shows the results obtained using
a common method to assess the extent of
protein overproduction (heating cells in
SDS). Two E. coli proteins, RNA helicase
B (RhlB) and polyphosphate kinase (PPK),
appear to be highly overproduced com-
pared to the control. However, because a
denaturing detergent is used in this pro-
cedure, soluble and insoluble proteins
are indistinguishable. Without further
information, these results suggest that
both proteins could be purified from solu-
tion using standard strategies. This is not
the case.

Panel B shows analysis of the same cul-
tures using the EasyLyse method. As in the
SDS lysis approach, examination of the

TOTAL fractions reveals that both RhlB
and PPK are overproduced relative to the
control. However, comparison of the
SUPERNATANT and PELLET fractions
shows that the majority of overproduced
RhlB is soluble, while overproduced PPK
is not. The EasyLyse experiment indicates
that standard strategies are appropriate
for RhlB purification, but would be fruit-
less for PPK purification. This information
could save substantial effort by informing
the researcher early on that alternative
strategies must be employed to either
improve PPK solubility in vivo, or to purify
insoluble PPK with subsequent in vitro
solubilization and refolding.

The EasyLyse method takes about 15 min-
utes to prepare samples from two or three
cultures for SDS-PAGE analysis. EasyLyse
Solution is particularly well suited to pro-
tein purification experiments because it is
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Figure 1: Diagram of overproduction and solubility
testing procedure using EasyLyse™ Bacterial
Protein Extraction Solution. A 1-ml aliquot of an
overnight bacterial culture is centrifuged to pellet
the cells, the supernatant is removed and the cell
pellet is suspended in 200 µl EasyLyse Solution.
After 5 minutes at room temperature, 100 µl is
removed from the tube (TOTAL protein fraction)
and the remaining lysed cells are centrifuged at full
speed for 3 minutes. The Supernatant (soluble pro-
tein fraction) is removed to a clean tube and the
Pellet (insoluble protein fraction) is solubilized in
100 µl 1X SDS loading buffer.



simple to use and reported to lyse cells
more completely and preserve enzyme
activity better than other chemical lysis
methods.2 Methods that do not employ
denaturing detergents, such as physical
disruption, can be used to assess protein
solubility, but these generally require spe-
cialized equipment or expertise and may
therefore be less attractive.

Before introduction of the EasyLyse Solution,
a similar method using EPICENTRE’s
ReadyPreps™ Protein Preparation Kit was
used to study factors influencing overpro-
duced PPK solubility. Because the proce-
dures are robust and do not require sig-
nificant expertise, this project proved an
excellent training opportunity for two stu-
dent researchers. Without any significant
prior research experience, they determined
the impact of cell culture conditions and

of chaperone co-overproduction3 on PPK
solubility. EasyLyse Bacterial Protein
Extraction Solution now offers a simple,
cost-effective approach to monitoring
protein overproduction and solubility.
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EasyLyse™ Bacterial Protein
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48 x 96 well

Contents:
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Enzyme Mix
MgCl2 Solution
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Figure 2. Protein overproduction and solubility assessment. Cultures of E.
coli BL21 DE3(pLysS) containing plasmids directing overproduction of RhlB
or PPK, or the empty vector control, were grown to mid-log phase, induced
for 3 hours with 1 mM IPTG, and cell samples collected. Panel A. Proteins
prepared from cells lysed by heating in SDS. Panel B. Proteins fractionated
using EasyLyse Solution. Total, Supernatant, and Pellet fractions were sepa-
rated on 10% gels and proteins visualized by staining with GelCode® Blue
(Pierce). The co-fractionation of normally soluble cellular proteins with the
insoluble overproduced protein is sometimes observed and appears inde-
pendent of lysis method and protein identity.

“In addition to EasyLyse Solution,

our laboratory uses other EPICEN-

TRE products to facilitate our

research. Bacterial chromosomal

DNA, from which genes encoding

RNA-degrading proteins are ampli-

fied, is purified from cells using the

MasterPure™ DNA Purification Kit

and amplified by PCR for cloning

into overproduction vectors using

the FailSafe™ PCR System. In our

experience, FailSafe has successfully

amplified genes when other 

products failed. RNA substrates are

used to measure RNA-degrading

enzyme activity and the laboratory

relies on AmpliScribe™ T7-Flash™

Transcription Kits to produce high

quality transcripts for these assays.”

Get twice the soluble protein and ten times the
enzyme activity of the leading detergent-based lysis reagent
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EasyLyse™ Bacterial Lysis Efficiency

• Gently Lyses bacteria
• Digests nucleic acids
• Single, 1-step addition
• Ideal for high throughput applications

Get twice the soluble protein and ten times the
enzyme activity of the leading detergent-based lysis reagent

GelCode® is a registered trademark of Pierce
Biotechnology, Inc. Coomassie® is a registered trade-
mark of Imperial Chemical Industries, Ltd.
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