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T
o study proteins and their func-
tions, you must produce, extract
and purify them. The process
usually begins with culturing

cells in liquid media under conditions that
maximize target protein expression. Cells
containing the expressed protein are har-
vested by centrifugation or filtration, resus-
pended in a buffer or lysis reagent, and me-
chanically or chemically disrupted to
prepare a cell extract (1–4). Following an-
other round of centrifugation or filtration
to remove residual intact cells and debris,
the extract is ready for the purification
phase of the process, which commonly in-
volves column or batch chromatography.
Whereas this process is satisfactory for
many applications, the number and types of
steps required make it unsuitable for high
throughput (HT) formats, which require
rapid purification of hundreds of proteins
simultaneously. We describe here a novel
HT-compatible method for direct affinity
purification of proteins from E. coli that
eliminates the necessity for multiple 
mechanical extraction and separation proce-
dures.

The key element in this method is ex-
traction of cells directly in their culture
medium using a concentrated mixture of
specialized detergents called PopCulture™
Reagent (see Figure 1). Recombinant pro-
teins are purified from the resulting mixture
by the addition of an affinity matrix, wash-
ing the matrix-target protein complex to

remove spent culture medium and cellular
contaminants, and elution of the purified
protein from the matrix. The entire cultur-
ing, extraction, and purification process can
be achieved in the original culture tube or
multiwell plate. This “in-media” protein
purification procedure may be adapted to
high throughput robotic processing of sam-
ples for proteomics research and any appli-
cation that would benefit from the in-
creased speed and convenience it provides.

Extraction and purification of proteins
from without harvesting cells
Anthony Grabski, Don Drott, Mark Handley, Mark Mehler and Robert Novy—
Novagen, Inc.
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Figure 1. PopCulture method

Induced culture

Add PopCulture™ Reagent
10' room temperature

optional: add lysozyme and/or
Benzonase® Nuclease

Add affinity resin
5' room temperature

Wash, elute

Pure protein



2
inNovations 13

FEATURE ARTICLE

Background

A variety of methods exist for cellular
disintegration and extraction of proteins
from cells, ranging from enzymatic diges-
tion and osmotic shock to ultrasonication,
grinding, and pressure disruption (4). These
“traditional” methods have inherent advan-
tages and disadvantages. Generally, vigorous
mechanical treatments reduce viscosity, but
can result in heat and oxidative inactivation
of labile proteins. Gentle treatments may
not release the target protein from the cells,
and produce extremely viscous extracts due
to the high concentration of unsheared nu-
cleic acids. Traditional methods all 
require an initial cell harvest step, which
concentrates cell mass and removes media
components. This step, as well as any me-
chanical lysis step, is difficult to automate
and scale down for the purpose of extract-
ing and purifying small amounts of many
proteins simultaneously.

Recently, extraction and recovery of 
proteins produced in both prokaryotes and
eukaryotes have been simplified through the
application of specialized reagents that elim-
inate the need for mechanical or enzymatic
disruption of cells. For example, Novagen’s
BugBuster™ Protein Extraction Reagent is
a mixture of detergents capable of perforat-
ing bacterial cells without denaturing pro-
teins (5, 6). When used with Benzonase®

Nuclease, non-viscous E. coli cell extracts
can be easily prepared and 
directly applied to a variety of chromatogra-
phy media for target protein purification. 

The “1X” ready-to-use form of
BugBuster reagent effectively extracts solu-
ble proteins from E. coli cells when used to
resuspend cell pellets. This led us to con-
sider the possibility that a concentrated 
formulation of detergents could achieve
similar performance when added directly to
unprocessed cultures, eliminating the need
to collect the cells. Assuming that proteins
could be extracted by this method, purifica-
tion of intact protein may be further 
complicated by the presence of media com-
ponents, metabolic products and cell debris
in the mixture.

The following examples demonstrate
that direct processing and affinity chro-
matography of total culture extracts can
produce high yields of target 

proteins with purity and quality similar to
conventionally purified preparations.

Purification of a His•Tag fusion
protein from total culture
extracts

As a test vector for E. coli extraction and
purification we used pET-41b(+), which ex-
presses a 35.6 kDa GST•Tag™/
His•Tag® fusion protein that can be purified
using immobilized metal chelation chro-
matography (IMAC; His•Bind® Resins) or
immobilized glutathione (GST•Bind™
Resins). Both affinity purification methods
are compatible with the conditions of total
culture extraction with the PopCulture
Reagent, and magnetic formats are available
that are well suited for HT applications.

For testing IMAC purification, the gen-
eral protocol given in Table 1 was used with
three different affinity supports: His•Bind
Resin, Ni-NTA His•Bind Resin, and
His•Bind Magnetic Agarose Beads. The
His•Bind Resin was pre-charged with Ni2+

before equilibration with 1X His•Bind
Buffer, and the other two supports (which
are already Ni2+-charged) were directly
equilibrated in the same buffer at step 4 in
the protocol. With His•Bind and Ni-NTA
His•Bind samples, the target protein was
captured in batch mode and then the resins
were transferred to small columns for final
washing and elution steps. Multiwell filter
plates can also be used for this application.
With His•Bind Magnetic Agarose Beads,
the entire purification procedure was 

Figure 2. IMAC purification of a His•Tag fusion protein from E. coli total culture extracts
Panel A. E. coli strain BL21(DE3) containing pET-41b(+) was grown in liquid culture and protein expression induced with 1 mM IPTG for
approximately 3 h (final OD600 = 9.0). Samples (2.7 ml) of the culture were dispensed into 15-ml tubes and 0.3 ml PopCulture Reagent was
added to each tube (except for the control). The 2.7-ml control sample was centrifuged at 10,000 x g for 5 min to harvest the cells, and the
supernatant removed and discarded. The cell pellet from the control was suspended in 0.3 ml BugBuster Reagent. All samples were incu-
bated for 10 min at room temperature, treated with 2 µl Benzonase Nuclease, and processed as described in Table 1 and the text. Target pro-
teins were eluted with 2 x 150 µl of 0.5X His•Bind Elute Buffer.
Panel B. The same recombinant used in Panel A was induced with IPTG for 3 h (final OD600 = 4.8). The culture was dispensed in 1.0 ml
samples into a deep 96-well plate (2 ml well capacity) and 0.1 volume PopCulture Reagent was added per well. After pipetting up and down
to mix, 1 µl Benzonase was added followed by another mixing step and the samples were incubated 10 min at room temperature. His•Bind
Magnetic Agarose Beads (50 µl of a 50% slurry equilibrated in 1X His•Bind Binding Buffer) were added to each sample, mixed, and incu-
bated 5 min at room temperature. The samples were subjected to a magnetic field using pin magnets to collect the beads. The beads were
washed three times with 750 µl His•Bind Wash Buffer. Target protein was eluted with 200 µl 0.5X His•Bind Elute Buffer followed by 100 µl
0.5X His•Bind Elute Buffer. All samples were analyzed by SDS PAGE (4–20% gradient gels) and Coomassie blue staining.

M 1 2 3 4 M M 5 6

continued from page 1

← Target 
protein

Table 1. General protocol for PopCulture™ extraction and purification
1. Culture cells in liquid media under conditions for target protein production.

2. Add 0.1 culture volume PopCulture™ Reagent, mix, and incubate 10 minutes at room temperature.

3. (Optional) Add lysozyme and/or Benzonase® Nuclease, mix and incubate 10–15 minutes at room temperature.

4. Add equilibrated affinity resin, mix, and incubate 5 minutes at room temperature.

5. Separate the affinity resin from the culture extract by filtration or magnetic isolation.

6. Wash the affinity resin.

7. Elute the target protein using the appropriate elution buffer.

8. Remove the affinity resin.

9. Analyze the purified protein.

A. Batch/column purification B. Magnetic purification

kDa 
225 –
150 –

100 –

75 –

50 –

35 –

25 –

15 –

10 –
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35 –
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10 –

M. Perfect Protein™ Markers (10–225 kDa)
1. Crude extract
2. PopCulture + His•Bind Resin
3. PopCulture + Ni-NTA His•Bind Resin
4. Control + His•Bind Resin
5. Crude extract
6. PopCulture + His•Bind Mag. Agarose



performed in batch mode using 2-ml deep
96-well plates and a magnetic pin rack to
collect the beads for binding, wash and elu-
tion steps. As a control, cells were harvested
by centrifugation from an equal volume of
culture, and protein was extracted with
BugBuster™ Reagent. The control extract
was clarified by centrifugation and the target
protein purified using His•Bind Resin.

The results are summarized in Figure 2
and Table 2. The data show that with all
three types of IMAC matrix, the yield of pu-
rified target protein recovered from
PopCulture total culture extracts was signifi-
cantly greater than the yield from the control

purification. Furthermore, the purity of the
target protein was similar to that of protein
purified by the standard method using cen-
trifugation for cell harvest and extract clarifi-
cation. (Several minor truncated GST prod-
ucts are routinely observed.) Most notably,
the use of His•Bind Magnetic Agarose Beads
enabled the entire procedure to be carried
out in a single tube without the need for
columns or centrifugation.

Purification of a GST fusion protein
from total culture extracts

The GST•Tag/His•Tag fusion protein
expressed from pET-41b(+) was also puri-
fied with GST•Bind Resin, using the affin-
ity of the GST (glutathione-S-transferase)
domain for immobilized reduced glu-
tathione on the resin. As in the His•Bind
purification experiments, two different
GST•Bind formats were used. Figure 3 and
Table 2 show the results of these purifica-
tions. A batch protocol was performed with
the standard GST•Bind Resin (Panel A),
and a magnetic protocol was used with
GST•Bind Magnetic Agarose Beads (Panel
B). Extraction and purification of this pro-
tein from PopCulture total culture extracts
using the GST affinity produced yields and
purity similar to the controls using standard
harvest and extraction procedures.

Effect of lysozyme

Lysozyme, which cleaves a bond in the
peptidoglycan layer of the E. coli cell wall, is
widely used to enhance cell lysis. We there-
fore investigated the effect of lysozyme on
the efficiency of protein extraction when
used in combination with the PopCulture
Reagent. Table 3 and Figure 4 demonstrate
that lysozyme increased the yield of proteins
in PopCulture total extracts. In Table 3,
BL21(DE3) and BL21(DE3)pLysS hosts
were used for expression and purification of
a His•Tag β-galactosidase fusion protein en-
coded by a pET plasmid. Parallel cultures
were processed with PopCulture Reagent,
either omitting or including the addition of
lysozyme to the procedure. The data show
that the yield of this large protein (a
tetramer composed of 118 kDa subunits)
was increased two- to three-fold by includ-
ing a source of lysozyme in the extraction.
Furthermore, extraction was equally effec-

tive using a pLysS host (which expresses low
levels of T7 lysozyme), or adding purified
chicken egg or recombinant lysozyme to the
PopCulture extraction with a non-pLysS
host.

The gel analysis in Figure 4 further
demonstrates that the overall extraction effi-
ciency was enhanced by lysozyme for β-gal
and GST fusion proteins. Again, low level
expression of T7 lysozyme in the
BL21(DE3)pLysS host was sufficient to im-
prove target protein extraction efficiency to
a level similar to that obtained by treating
the BL21(DE3) host with either egg white
or recombinant lysozyme. Therefore, when
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Table 2. Purification of His•Tag® GST 
expressed in E. coli

Purification Method Yield1 Purity2

Standard His•Bind® 74 83

PopCulture™ His•Bind 111 89

PopCulture Ni-NTA His•Bind 170 85

PopCulture His•Bind Magnetic3 128 94

Standard GST•Bind™ 42 92

PopCulture GST•Bind 45 90

PopCulture GST•Bind Magnetic3 40 94

1. Yield in micrograms of target protein purified per ml of cul-
ture, as determined by BCA protein assay.

2. % purity determined by scanning densitometry of
Coomassie blue stained SDS polyacrylamide gels.

3. Data represent the average of 8 separate wells processed in
parallel.

Figure 3. GST•Bind purification of a GST fusion protein from E. coli total culture extracts
Panel A. E. coli strain BL21(DE3) containing pET-41b(+) was grown in liquid culture and protein expression induced with 1 mM IPTG for
approximately 3 h (final OD600 = 2.1). Samples (3 ml) of the culture were dispensed into 15-ml tubes and 0.3 ml PopCulture Reagent was
added to each tube (except for the control). The 30-ml control sample was centrifuged at 10,000 x g for 5 min to harvest the cells, and the
supernatant removed and discarded. The cell pellet from the control was suspended in 1X BugBuster Reagent at a ratio of 5 ml/g cells. All
samples were incubated for 10 min at room temperature, treated with 2 µl Benzonase Nuclease, and processed as described in Table 1 and
the text. Target proteins were eluted with 2 x 375 µl of GST Elute Buffer. 
Panel B. The same recombinant used in Panel A was induced with IPTG for 3 h (final OD600 = 4.8). The culture was processed exactly as de-
scribed in the legend of Figure 2B (n = 8 wells), except that GST•Bind Magnetic Agarose Beads and 1X GST Bind/Wash Buffer were used
for purification. Target protein was eluted with 100 µl 1X GST Elute Buffer. All samples were analyzed by SDS PAGE (4–20% gradient gels)
and Coomassie blue staining.
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A. Batch/column purification B. Magnetic purification
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M. Perfect Protein™ Markers (10–225 kDa)
1. Crude extract
2. PopCulture + GST•Bind Resin
3. Control + GST•Bind Resin
4. Crude extract
5. PopCulture + GST•Bind Mag. Agarose

Table 3. Effect of lysozyme on PopCulture
yield of His•Tag β-gal

Host Cell Mass1 Lys2 Yield3 Purity4

BL21(DE3)pLysS 11 – 27 94

BL21(DE3)pLysS 11 chicken 23 94

BL21(DE3)pLysS 11 recomb. 26 87

BL21(DE3) 15 – 11 84

BL21(DE3) 15 chicken 38 93

BL21(DE3) 15 recomb. 38 93

1. Wet weight, in mg/ml, as determined by harvesting cells by
centrifugation and weighing the pellet.

2. Lysozyme added to PopCulture procedure as described in
Table 1.

3. Yield in micrograms per ml of culture of β-gal purified using
His•Bind Magnetic Agarose Beads, as determined by BCA
protein assay.

4. % purity determined by scanning densitometry of
Coomassie blue stained SDS polyacrylamide gels.



target proteins are expressed in
BL21(DE3)pLysS host strains, maximum
PopCulture™ extraction efficiency may be
obtained without exogenous lysozyme 
addition.

Effect of culture medium

As shown in Table 4, PopCulture
Reagent was equally effective for extraction
of proteins expressed in E. coli cultured in
three standard media formulations. For this
experiment, BL21(DE3) containing pET-
41b(+) was grown in Terrific Broth (TB),
2X YT, and Luria Broth (LB, which was
also used for all other experiments). The ex-
pressed His•Tag® GST fusion protein was
extracted and purified using PopCulture
and His•Bind® Magnetic Agarose Beads.
Protein purity was similar for all media
tested. However, as expected, cell mass and
total protein yield were greater in the richer
TB medium. 

Summary

We have developed a detergent-based
reagent, called PopCulture Reagent, that
can be added directly to cultures of E. coli
to effectively extract recombinant proteins
without the need for cell harvest. Successful
purification of intact fusion proteins from
total culture extracts has been demonstrated
using IMAC and GST affinity approaches.
Based on these results, we may expect that
this method would also be compatible with
a number of other affinity purification
strategies, including the use of immobilized
antibodies and other ligands that bind to
their protein targets in the presence of salts
and other media components present in
total culture extracts. This novel method
provides a number of advantages for high-
throughput purification of recombinant
proteins, including:

• Elimination of the need for separating
cells from culture media.

• Elimination of the need for mechanical
disruption of cells.

• Elimination of the need to clarify cell
extracts prior to purification.

• Direct affinity adsorption of target
proteins to resin directly from the total
culture extract.

• Ability to rapidly perform the entire cell
growth and purification process in a
single tube or well.

Our experiments have shown that the
addition of lysozyme or the use of a pLysS
host increases the efficiency of protein ex-
traction with the procedure. Benzonase®

Nuclease may also be added to degrade en-
dogenous nucleic acids. While viscosity has
not been a problem with these experiments,
it is possible that procedures using higher
cell densities, robotic manipulations, and/or
specific target proteins would benefit from
the addition of Benzonase.

REFERENCES
1. Burgess, R. R., ed. (1987) “Protein

Purification: Micro to Macro,” Alan R.
Liss Inc., New York.

2. Deutscher, M. P., ed. (1990) Meth.
Enzymol. 182, “Guide to Protein
Purification,” Academic Press, Inc.,
New York.

3. Scopes, R. K. (1994) “Protein
Purification: Principles and Practice,”
3rd ed., Springer Verlag, New York.

4. Hopkins, T. R. (1991) in “Purification
and Analysis of Recombinant Proteins,”
Seetharam, R. and Sharma, S. K., 
eds., pp. 57–84, Marcel Dekker, Inc.,
New York.

5. Grabski, A. C., McCormick, M., and
Mierendorf, R. (1999) inNovations 10,
17–19.

6. Trim, J. E. and Sawyer, D. L. (2001)
inNovations 12, 5–6.

4
inNovations 13

FEATURE ARTICLE
continued from page 3

Figure 4. Effect of lysozyme on PopCulture extraction efficiency
Panel A. E. coli strain BL21(DE3) containing pET-28b(+) β-galactosidase or pET-41b(+) was grown in liquid culture and protein expression
induced with 1 mM IPTG for approximately 3 h. To obtain sufficient protein for gel analysis, cells were concentrated prior to treatment, and
were resuspended in a 1:10 dilution of PopCulture Reagent and incubated 10 min at room temperature. The indicated samples received an
additional 15 min treatment with chicken egg lysozyme or recombinant lysozyme.
Panel B. BL21(DE3) and BL21(DE3)pLysS hosts containing pET β-galactosidase recombinants were grown in liquid culture and protein ex-
pression induced with 1 mM IPTG for approximately 3 h. Samples of the cultures were processed as in Panel A with the indicated lysozyme
treatments. Total cell protein (TCP) samples were prepared by resuspending cell pellets in SDS sample buffer. The TCP and equal volumes
of all PopCulture extracts were analyzed by SDS PAGE (4–20% gradient gels) and Coomassie blue staining.

pET-28b(+) β-gal             pET-41b(+) pET-28b(+) β-gal
M TCP PC PC TCP PC PC TCP TCP PC PC PC PC

rlys                              rlys pLysS pLysS    lys      rlys

←β-gal

A. BL21(DE3) +/– lysozyme                B. BL21(DE3) vs. BL21(DE3)pLysS hosts

kDa 
225 –
150 –
100 –
75 –

50 –

35 –

25 –

15 –

10 –

M Perfect Protein™ Markers
TCP total cell protein
PC PopCulture extract
lys + chicken lysozyme
rlys + recombinant lysozyme
pLysS BL21(DE3)pLysS host

← GST

Table 4. PopCulture purification of His•Tag
GST using different media

Medium Cell Mass1 Yield2 Purity3

Terrific Broth 13 81 90

2X YT 11 30 95

Luria Broth (LB) 9 40 89

1. Wet weight, in mg/ml, as determined by harvesting cells by
centrifugation and weighing the pellet.

2. Yield in micrograms per ml of culture of target protein puri-
fied using His•Bind Magnetic Agarose Beads, as determined
by BCA protein assay.

3. Determined by scanning densitometry of Coomassie blue
stained SDS polyacrylamide gels.

Product Size Cat. No.

PopCulture™ Reagent 15 ml 71092-3
75 ml 71092-4

250 ml 71092-5

PopCulture GST•Bind™
Magnetic Purification Kit 71094-3
(includes PopCulture Reagent, GST•Bind Magnetic Agarose Beads,
Buffers and Chicken Egg Lysozyme)

PopCulture His•Bind®

Magnetic Purification Kit 71095-3
(includes PopCulture Reagent, His•Bind Magnetic Agarose
Beads, Buffers and Chicken Egg Lysozyme)

Benzonase® Nuclease,
Purity > 90% 10,000 U 70746-3

Lysozyme, 1 g 4403
Chicken Egg White 5 g

GST•Bind™ Magnetic 2 x 1 ml 71084-3
Agarose Beads 10 x 1 ml 71084-4

His•Bind® Magnetic 2 x 1 ml 71002-3
Agarose Beads 10 x 1 ml 71002-4

Magnetight™ Separation Stand 69964-3
(holds 4 x 1.5-ml tubes, 1 x 15-ml tube, or 1 x 50-ml tube)

Magnetight Multitube Rack 70747-3
(holds 30 x 1.5-ml tubes, with 10-place removable magnet)

= Calbiochem brand product

/Products/ProductDetail_NVG.asp?CatNO=71092
/Products/ProductDetail_NVG.asp?CatNO=71094
/Products/ProductDetail_NVG.asp?CatNO=71095
/Products/ProductDetail_NVG.asp?CatNO=70746
/Products/ProductDetail_NVG.asp?CatNO=4403
/Products/ProductDetail_NVG.asp?CatNO=71084
/Products/ProductDetail_NVG.asp?CatNO=71002
69964
/Products/ProductDetail_NVG.asp?CatNO=70747
Scott Monsma
Note: boxes around catalog numbers are hot links to product detail pages on the Novagen web site. Click one and see!
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F
or our studies on the mechanism of
nuclear protein transport, we ana-
lyzed the interactions of one of the
main factors required for transport,

importin β, with other factors known to be
involved in the process. Domain mapping of
importin β to identify the Ran-binding
domain and the nuclear pore complex bind-
ing domain was carried out using fragments
of importin β expressed in Novagen’s pET-30
expression vector, which produces fusion pro-
teins containing the S•Tag™ sequence. 

A family of transporters called
importins/exportins, or karyopherins, medi-
ates the transport of many proteins between
the cytoplasm and nucleus (1). Each of these
transporters binds to a cargo protein and car-
ries the protein through the nuclear pore
complex. The binding of Ran-GTP to the
transporter regulates the binding of cargo pro-
teins to the transporters. Exportins can only
bind cargo cooperatively with Ran-GTP,
whereas importins release their cargo when
bound to Ran-GTP. To understand how
transport is regulated, we needed to map the
domains of importin β that bind to the nu-
clear pore and to Ran-GTP. In order to create
the recombinant importin β necessary for
these experiments, we cloned the human im-
portin β cDNA into Novagen’s pET-30
vector. Our choice of pET-30 for expression
in bacteria was influenced by the small size of
the S•Tag to minimize interference with the
rest of the protein and the high affinity inter-
action of the S•Tag with S-protein. The
S•Tag binds S-protein very specifically and
under a variety of conditions allowing us
some latitude in our choice of binding condi-
tions.

Mapping of binding domains

We first mapped the Ran-binding domain
on importin β (2). A number of amino and
carboxyl terminal deletions of importin β
were created in pET-30 and expressed in E.
coli BL21(DE3) cells. The fusion proteins
were purified binding to Novagen’s Ni-NTA
His•Bind® Resin using the His•Bind Buffer
Kit. In some cases, the S•Tag fusion proteins
were adsorbed onto S-protein Agarose from a

100,000 × g supernatant from the lysed bac-
teria and used directly in binding experi-
ments. The amount of each fusion protein on
a given amount of beads was adjusted so that
each binding assay had an equimolar amount
of importin β present. Each aliquot of beads
with an importin β fusion protein was incu-
bated with 1 µg of recombinant Ran that had
been charged in vitro with GTP. After a 30-
minute incubation at 4°C, the beads were
washed and the bound proteins eluted with
1X SDS-PAGE sample buffer. The samples
were resolved by SDS-PAGE and transferred
to nitrocellulose. Western blotting with an an-
tibody to Ran was used for detection. The
immunoblot in Figure 1 clearly shows that
the amino terminal 282 amino acids were re-
quired for efficient Ran-GTP binding.
Deletion of even the first seven amino acids
from the amino terminus greatly decreased
binding. This domain map for Ran-binding
by importin β has subsequently been con-

firmed by the X-ray crystal structure of the
importin β/Ran-GTP complex.

In order for importin β to carry a cargo
protein through the nuclear pore complex, it
must bind to several components of the pore
called nucleoporins. Mapping of the domain
of importin β that binds to the nuclear pore
complex was carried out in a permeabilized
cell assay (3). Cells grown on glass coverslips
are permeabilized with the glycoside digitonin
in an isotonic buffer. The digitonin permea-
bilizes the plasma membrane but leaves all of
the intracellular membranes intact. These
cells are capable of carrying out nuclear pro-
tein import in the presence of added cytosol
and are therefore useful to map the interac-
tions of importin β with the nuclear pore
complex. The same S•Tag importin β fusion
proteins that were used to map the Ran-bind-
ing domain were used to map the pore-bind-
ing domain (4). Ni-NTA His•Bind purified
proteins were dialyzed into import buffer and

Figure 1. Domain map of Ran-GTP binding to importin β
S•Tag fusion proteins of fragments of importin β (Impβ) were expressed in pET-30, purified and bound to S-protein Agarose.
Recombinant Ran-GTP was mixed with each fusion protein and bound protein was resolved by SDS-PAGE. A Western blot of the gel was
probed with an antibody to Ran and the antibodies were detected by chemiluminescence. The amino acid residues of human importin β
present in each construct are indicated.
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Figure 2. Binding of importin β to permeabilized cells
S•Tag fusion proteins of fragments of importin β were incubated on permeabilized MDBK cells grown on glass coverslips. The fusion
proteins were detected with S-protein FITC and viewed by epi-fluorescence microscopy.

Domain mapping of nuclear transport factors
Stephen A. Adam—Department of Cell and Molecular Biology, Northwestern University Medical School, Chicago IL  60611
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C
adherins constitute a large
family of calcium-dependent
single-transmembrane glycopro-
teins that are responsible for

maintaining the integrity of cell-cell con-
tacts in all multicellular organisms. By in-
teracting with other cell junction proteins
via their ectodomains and with the actin cy-
toskeleton via their cytoplasmic domains,
cadherins mediate the rearrangement of
cell-cell adhesions during development and
growth of cells that are undergoing prolifer-
ation, differentiation and physical grouping.
We have identified developmentally impor-
tant cadherin molecules that are specific to
the midgut epithelium of a number of in-
sects. These midgut specific insect cadherins
are crucial target receptors for the Cry
toxins of the entomopathogenic bacterium
Bacillus thuringiensis (Bt). The toxins bind
with high affinity and specificity to the cad-

herin receptors on the midgut epithelium
surface and exert insecticidal toxic action by
disrupting the structural and functional in-
tegrity of the tissue.

Characterization of insect cadherin re-
ceptors for Cry toxins is fundamentally im-
portant for continued and improved use of
environmentally sound microbial insecti-
cides based on Bt. However, membrane as-
sociation of cadherin receptors and their
specific expression profiles during insect de-
velopment necessitate cloning and charac-
terization of the corresponding receptor
genes in different biological systems includ-
ing bacteria, insect and mammalian cells.
To gain insight into the biological proper-
ties of insect cadherin receptors for Cry
toxins and the structural determinants in-
volved in receptor-toxin interactions, we
cloned a 265-amino acid ectodomain por-
tion of a cadherin receptor from a lepi-

dopteran insect (moth) and expressed the
peptide with a His•Tag® sequence using the
pTriEx™-2 multisystem expression vector.
Expression of the recombinant pTriEx-2
plasmid in Origami™(DE3)pLacI and
Tuner™(DE3)pLacI cells followed by pu-
rification of the ~35 kDa target product
using His•Bind® metal chelation chro-
matography was accomplished flawlessly,
generating high yields of the protein (Figure
3). Although expression in the bacterial
hosts resulted in accumulation of the target
protein in inclusion bodies, solubilization
and affinity enrichment of the protein
under denaturing conditions followed by
purification and multistep dialysis in rena-
turing conditions efficiently generated re-
folded protein retaining complete toxin
binding ability. The expressed and purified
product was suitable for determining toxin-
receptor interaction properties as well as for

concentrated to equalize the molar concentra-
tions between fusion proteins. The S•Tag
proteins were incubated with digitonin-per-
meabilized cells for 15 minutes on ice fol-
lowed by washing with import buffer. The
bound importin β was detected by incubating
the cells with Novagen’s S-protein FITC con-
jugate at the recommended dilution for 15
minutes on ice. After washing to remove un-
bound S-protein, the coverslips were
mounted in import buffer and observed by
epi-fluorescence microscopy. Figure 2 shows
that the pore complex binding domain of im-
portin β lies between residues 152 and 352 of
the protein. This binding domain was re-
cently confirmed by the X-ray crystal struc-
ture of importin β bound to a fragment of a
pore complex protein.

Discussion

We have used the pET-30 expression

system to analyze the binding domains of sev-
eral other proteins involved in nuclear trans-
port. In every case, the ability to use either the
S•Tag or the His•Tag® sequences in each
fusion protein has been instrumental in our
success. The S•Tag is compatible with other
fusion tags and is highly specific for the S-
protein so proteins with different types of tags
can be combined in binding assays. The high
affinity interaction of the S•Tag with S-pro-
tein has enabled us to wash complexes with
high stringency without eluting the fusion
protein from the affinity resin. The S•Tag can
be used for detection of fusion proteins on
immunoblots, which can be useful in screen-
ing bacterial colonies for poorly expressed
proteins. The fluoresceinated S-protein does
have a low background of nuclear binding,
similar to some secondary antibodies, but this
background does not interfere with the detec-
tion of specific binding.
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Product Size Cat. No.

pET Expression System 30
plus Competent Cells 70782-3

Ni-NTA His•Bind® Resin 10 ml 70666-3
25 ml 70666-4

100 ml 70666-5

His•Bind Buffer Kit 69755-3

S-protein FITC Conjugate 200 µl 69060-3

S-protein AP Conjugate 50 µl 69598-3

S-protein Agarose 2 ml 69704-3
5 x 2 ml 69704-4
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structure analysis using CD-spectrometry
and X-ray crystallography. Furthermore, ef-
ficient expression of the target receptor pro-
tein by the versatile pTriEx-2 vector facili-
tated studies of the receptor-toxin
interactions in various heterologous cell sys-
tems without subcloning into additional
vectors.

Results and discussion

Recombinant proteins containing fusion
tags facilitate purification and detection of
proteins and, sometimes, can simplify mole-
cular characterization studies. There are a
wide variety of expression vectors and hosts
for amplification of fusion proteins. The
criteria for selecting an appropriate vector
and host for the amplification of a fusion
construct is complicated by the nature of
the target molecule and various factors that
influence the expression, solubility, confor-
mation, yield and post-translational modifi-
cation of proteins. Furthermore, it is crucial
that the structural and functional properties
of the fusion product correlate with the
actual characteristics of the target protein
and that they are suitable for downstream

applications. The pTriEx-2 vector was em-
ployed successfully to clone and amplify a
fusion tagged cadherin ectodomain frag-
ment from the midgut epithelial cells of a
moth. The vector was very efficient in gen-
erating high yields of the target protein
when expression was induced in Origami
and Tuner bacterial cells. Both bacteria con-
taining the expression vector were grown in
LB medium containing 1% glucose (Figure
1), however, the expression level of the
target protein was significantly higher when
induction with IPTG was done in the ab-
sence of glucose (Figure 2). In addition to
efficient expression in bacterial hosts, the
pTriEx-2 vector also enables expression in
insect and mammalian cells because it con-
tains special promoter elements. This fea-
ture is advantageous because of the time
saved by eliminating the need for cloning
into different vectors. In conclusion,
pTriEx-2 vector and Origami(DE3)
pLacI and Tuner(DE3)pLacI bacterial cells
are ideal for cloning and expression of cad-
herin ectodomain fragments. Furthermore,
when combined with affinity purification
using His•Bind Resin, the approach can

provide efficient molecular tools that
streamline biochemical analyses designed to
examine the structure and function of re-
combinant proteins.

Figure 1. Expression of cadherin ectodomain
fragment in LB medium supplemented with
1% glucose.
A truncated cDNA fragment encoding a 265-amino acid
ectodomain portion of a lepidopteran cadherin receptor for Cry
toxins was cloned into pTriEx-2 vector using NovaBlue Singles™
Competent Cells. The recombinant plasmid was later transformed
into the Origami(DE3)pLacI and Tuner(DE3)pLacI bacterial hosts
for expression. The cells were grown in LB medium containing 50
µg/ml carbenicillin supplemented with 1% glucose for 16 h by
shaking vigorously at 37°C. To induce the expression of the
target protein, IPTG was added to a final concentration of 1 mM.
Protein samples from cultures of transformed Origami (lanes 2 &
3) and Tuner (lanes 4 & 5) cells, before induction (lanes 2 & 4)
and 3 hours after induction (lanes 3 & 5), were analyzed by SDS
gel electrophoresis. The level of target protein (band shown by
arrow) expression in both hosts was not satisfactory when induc-
tion was performed in the presence of glucose.

Figure 2. Expression of cadherin ectodomain
fragment in LB medium without glucose.
The bacterial hosts Origami(DE3)pLacI and Tuner(DE3)pLacI
were transformed with the recombinant plasmid containing an
insect cadherin ectodomain cDNA fragment. The transformed
cells were grown in LB medium containing 50 µg/ml carbenicillin
supplemented with 1% glucose for 16 h by shaking vigorously at
370C. Then the bacterial cells were collected by centrifugation at
2,000 x g for 20 min at 4°C. The bacteria were resuspended in LB
medium without glucose. IPTG was added to the final concentra-
tion of 1 mM for induction of target protein expression. Protein
samples from cultures of transformed Origami (lanes 2 & 3) and
Tuner (lanes 4 & 5) cells, before induction (lanes 2 & 4) and 3
hours after induction (lanes 3 & 5), were analyzed by SDS gel
electrophoresis. The expression was efficient and high yields of
~35 kDa target protein (band indicated by arrow) were achieved
when both hosts were induced by IPTG in the absence of glucose.

Figure 3. Purification of receptor cadherin
ectodomain fragment and immuno-ligand blot
analysis of toxin-receptor binding.
A 100-ml sample of bacterial culture expressing the His•Tag
fusion protein was harvested after 3 h of induction by centrifuga-
tion at 10,000 x g for 10 min at 4°C. The bacterial cell pellet was
weighed and resuspended in appropriate volume (5 ml/g) of
BugBuster™ Reagent. The suspension was transferred into a 15-
ml polypropylene tube and Benzonase® Nuclease (25 units/ml)
was added. The suspension was gently mixed at room tempera-
ture for 20 min and then transferred into a 15-ml glass COREX
centrifuge tube. Soluble and insoluble fractions were separated
by centrifugation at 16,000 x g for 15 min at 4°C and analyzed by
SDS gel electrophoresis (lanes 2 & 3, respectively). Most of the
~35 kDa target product was observed in inclusion bodies in the
pellet. The pellet was solubilized in 6 ml of binding buffer
(His•Bind Buffer Kit) containing 6 M urea. The solution was
added to 1 ml of His•Bind Resin in a small polypropylene
column and mixed gently for 30 min at room temperature. The
column was washed and the target protein purified according to
the protocol provided with the His•Bind Buffer Kit. The protein
was eluted in two 2-ml fractions in Elute Buffer (lanes 4 & 5). The
fractions were pooled, dialyzed against the binding buffer with 6
M urea and further enriched with the recharged His•Bind
column. The fractions obtained at this step contained the purified
target protein (lane 6). The protein was subjected to refolding by
using multistep dialysis against buffer (10 mM Tris-HCl, pH 8.0)
with decreasing concentrations of urea (6 M, 3 M, 1.5 M, 0 M).
The final product (lane 7) efficiently bound the Cry toxin in an
immuno-ligand blot experiment (lane 8).

Product Size Cat. No.

pTriEx™ Bacterial
Expression System 2 70867-3
(includes pTriEx-2 vector, Tuner™(DE3)pLacI, Origami™(DE3)pLacI
Competent Cells, SOC Medium, Test Plasmid)

His•Bind® Resin 10 ml 69670-3
50 ml 69670-4

100 ml 69670-5

His•Bind® Buffer Kit 69755-3

BugBuster™ Protein 100 ml 70584-3
Extraction Reagent 500 ml 70584-4

Benzonase® Nuclease,
Purity > 90% 10,000 U 70746-3

/Products/ProductDetail_NVG.asp?CatNO=70867
/Products/ProductDetail_NVG.asp?CatNO=69670
/Products/ProductDetail_NVG.asp?CatNO=69755
/Products/ProductDetail_NVG.asp?CatNO=70584
/Products/ProductDetail_NVG.asp?CatNO=70746
Scott Monsma
Note: boxes around catalog numbers are hot links to product detail pages on the Novagen web site. Click one and see!



M
any popular bacterial ex-
pression systems, including
the pET system, contain
components of the lac

operon. For example, in the pET system
transcription of the target gene is controlled
by a bacteriophage T7 promoter, and the
production of the T7 RNA polymerase in
expression hosts (λDE3 lysogens) is regu-
lated by a lac promoter derivative, the E.
coli L8-UV5 lac promoter (see Figure 1).

Negative regulation by repressor

The wild type lac operon has two dis-
tinct mechanisms of regulation; one is nega-
tive (decreases transcription), and the other
is positive (stimulates transcription).
Negative regulation is mediated by the lac
repressor. Transcription initiation begins
with the binding of E. coli RNA polymerase
to the promoter; however, the successful
transition from transcription initiation to
transcription elongation can be influenced
by downstream elements. Between the pro-
moter and the coding regions in the operon
is the lac operator, which is a specific DNA
sequence to which lac repressor binds. The
binding of repressor to the operator greatly
decreases the frequency of successful tran-
scription elongation events by the RNA
polymerase. Inducers of the lac operon (e.g.,
IPTG) permit transcription because they
bind to the lac repressor and substantially
decrease its binding affinity to the lac
operator.

Positive regulation by CAP + cAMP
and the glucose effect

It would seem that there should be little
to no expression in cells in the absence of
inducer and expression should proceed
when an inducer is added. However, effi-
cient transcription initiation also requires
the presence of cyclic AMP (cAMP) and
cyclic AMP receptor protein, called CRP or
CAP. The CAP/cAMP complex binds just
upstream of the lac promoter and directly
stimulates transcription by RNA poly-
merase. Because the binding of CAP to
DNA requires cAMP, induction of tran-
scription depends on the level of cAMP in

the cell. cAMP levels are strongly influenced
by the carbon source present in the
medium. In the presence of glucose (an
easily metabolized monosaccharide), cAMP
levels are low, so transcription from the lac
promoter is low. This phenomenon is called
the glucose effect or catabolite repression
and is shared by a number of E. coli oper-
ons. When glucose is absent and the cell is
forced to use an alternative carbon source,
such as glycerol, cAMP levels rise. The re-
sulting formation of the CAP/cAMP com-
plex stimulates transcription from the lac
promoter. Therefore, full induction of the
lac operon is achieved only in the presence
of both inducer and elevated cAMP levels.

elements and other transcriptional
controls in the pET System

The lambda DE3 prophage encoding
T7 RNA polymerase in pET expression
hosts carries the L8-UV5 promoter, which
has three point mutations that distinguish it
from the wild type lac promoter (Figure 1).
Two point mutations in the –10 region in-
crease promoter strength and decrease its
dependence on CAP/cAMP stimulation for
full activation. The third-point mutation is
located in the CAP/cAMP binding site and
decreases the affinity for CAP/cAMP. This
mutation reduces, but does not eliminate,
sensitivity to catabolite repression. The net
effect of the three-point mutations is the
creation of a stronger promoter that is less

sensitive to the glucose effect. This allows
strong IPTG induction of T7 RNA poly-
merase expression even in the presence of
glucose.

Although the lac and L8-UV5 promot-
ers are well repressed in the absence of in-
ducer, both exhibit detectable basal activity.
In the case of λDE3 lysogens, basal expres-
sion of even a small amount of T7 RNA
polymerase can lead to problems if the
target gene in the pET vector produces a
protein toxic to the host cell. Therefore, ad-
ditional levels of control are built into the
pET vectors and hosts. Vectors with a
“T7lac” promoter have a T7 promoter fol-
lowed by a lac operator sequence. The
operator in these plasmids provides a place
for lac repressor to bind, reducing transcrip-
tion by any T7 RNA polymerase that may
be expressed in the absence of inducer.
Another level of control is provided in ex-
pression hosts containing the pLysS plas-
mid, which expresses T7 lysozyme, a pro-
tein that binds to and inhibits T7 RNA
polymerase. The need for these additional
sources of regulation depends on the target
protein being expressed; the more damaging
the protein is to bacterial cells, the more
regulation is required. 

As first described by Grossman et al. (1),
yet another level of regulation can be em-
ployed with the pET System by exploiting
the glucose effect described above, i.e., 
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Use of glucose to control basal expression in the pET System
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lacI lacO2

RBS RBS

cAMP/CAP
binding site

L8-UV5 lac promoter

TTTACA TATAAT lacZ T7 gene 1

T7 RNA polymerase
Transcription start

CAP/cAMP

repressor

lacO1lacO3

E. coli RNA polymerase

Figure 1. Transcriptional control of T7 gene 1 in λDE3 lysogens
Transcription of T7 gene 1 (encoding T7 RNA polymerase) in pET System expression hosts (λDE3 lysogens) is controlled by the L8-UV5
lac promoter. T7 gene 1 is transcribed as the second gene in a bicistronic mRNA (the first gene contains an N-terminal fragment of lacZ
that includes the α-peptide coding region). Positions of the three mutations of the wild type lac promoter region are indicated by colored
circles. The lac repressor (lacI gene product) binds to lacO1, and then interacts with pseudo-operators lacO2 and lacO3 to prevent transcrip-
tion by E. coli RNA polymerase. The inducer IPTG binds to the repressor, reducing its affinity for lacO1 and thus enabling transcription to
occur. When cAMP levels are sufficiently high (e.g., in the absence of glucose) the CAP/cAMP complex is formed and binds immediately
upstream from the promoter to fully stimulate transcription. In the presence of glucose, CAP/cAMP is not formed and transcription is de-
creased. This is called the glucose effect, or catabolite repression.
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supplementing standard media such as LB
with glucose to keep cAMP levels low.
Apparently, although the L8-UV5 promoter
is less dependent on CAP/cAMP stimula-
tion than the wild type lac promoter, in
practice there is still a significant reduction
in basal transcription in the presence of glu-
cose. This can be particularly important for
pET vector expression when hosts that do
not carry the pLysS plasmid are allowed to
grow to stationary phase, where uninduced
expression is maximal (1, 4). Others have
also reported that supplementing LB media
with glucose to a final concentration of
0.5–1.0% prevents the increased basal activ-
ity observed in cultures grown to stationary
phase (1, 2).

Example of the glucose effect on pET
expression

Figure 2 demonstrates the dramatic dif-
ference that glucose can make when cul-
tures are grown to stationary phase by
overnight incubation at 37°C. pET-30 re-
combinants expressing green fluorescent
protein (GFP) in Tuner™(DE3) and
Tuner(DE3)pLysS hosts were tested under
different growth conditions. Cultures in LB
medium lacking or containing 1% glucose
were grown to stationary phase (16 hours)
or to log phase (OD600 = 0.6 and 1.0). The
log phase cultures were then induced with
IPTG for 3 hours at 37°C. Each condition
was carried out in duplicate with two inde-
pendent recombinants. Cells were harvested

at the end of the culture period and total
cell protein (TCP) samples were analyzed
by SDS-polyacrylamide gel electrophoresis.

Figure 2, panel A shows the gel profiles
of the overnight cultures grown without
added inducer. The overnight Tuner(DE3)
cultures lacking glucose (lanes 1–2) exhib-
ited easily detectable levels of target protein
production, whereas target protein was un-
detectable in the same cultures supple-
mented with 1% glucose (lanes 5–6). In
contrast, the Tuner(DE3)pLysS cultures
grown to stationary phase did not require
glucose to prevent uninduced expression
(lanes 3–4 without glucose vs. lanes 7–8

with glucose).
Figure 2, panel B demonstrates that glu-

cose addition did not interfere with IPTG
induction of the target protein. In fact,
IPTG induction from the pLysS host ap-
peared to be enhanced in the presence of
glucose. High induction was observed from
the Tuner(DE3) cultures regardless of glu-
cose addition (panel B, lanes 1–2 vs. lanes
5–6). Much lower expression of the target
protein was observed from the pLysS-based
host grown in glucose (lanes 7–8), but it
was barely detectable in the host grown

without glucose (lanes 3–4).
One possible explanation for the low

IPTG induction results observed in the
pLysS host is that in the absence of glucose
the expression of T7 lysozyme from pLysS
may be substantially elevated. In uninduced
pLysS host cultures, some transcription of
the LysS gene is probably achieved via read-
through transcription from the upstream
chloramphenicol acetyltransferase (CAT)
promoter. In the absence of glucose, cAMP
levels would be expected to rise during the
later stages of the growth cycle. Because the
CAT promoter is also stimulated by the
CAP/cAMP complex (3), elevated tran-
scription of the lysozyme gene from the
CAT promoter would occur. In Figure 2, a
unique protein band was observed between
the 15 and 25 kDa protein markers in
pLysS cultures, which corresponds to the
predicted size of T7 lysozyme (17 kDa).
This band was significantly more intense in
pLysS cultures grown without glucose rela-
tive to those grown in the presence of glu-
cose. A sufficiently high level of T7
lysozyme may saturate all of the available
T7 RNA polymerase and thereby block
target gene transcription. This may account
for the variability that is sometimes ob-
served when attempting to induce target
proteins in pLysS hosts.

Summary

In conclusion, supplementing culture
media with glucose provides a simple, inex-

A. Cultures grown to stationary phase (16 h) B. Cultures grown to OD600 = 0.6–1 and induced 3 h with IPTG

M 1 2 3 4 5 6 7 8
kDa 

150 –

100 –
75 –

50 –

35 –

25 –

15 –

M 1 2 3 4 5 6 7 8

Figure 2. Expression of GFP from a pET-30 construct under different conditions
Tuner(DE3) and Tuner(DE3)pLysS hosts carrying a pET-30 Ek/LIC GFPuv recombinant were grown under various conditions and analyzed for target protein expression by SDS-PAGE of total cell extracts. In Panel
A, 3-ml cultures were grown to stationary phase by overnight incubation (16 h) at 37°C with shaking at 300 rpm. In Panel B, 3-ml cultures were grown to an OD600 between 0.6 and 1.0 and then induced by the ad-
dition of 1 mM IPTG for 3 h at 37°C with shaking at 300 rpm. For gel analysis, cells were harvested by centrifugation and the pellets resuspended in BugBuster™ HT Protein Extraction Reagent. After the addition
of 4X SDS Sample Buffer, samples corresponding to equivalent numbers of cells (based on harvest OD600) were loaded on a 10–20% gradient gel. In both panels, lanes 1–4 represent cultures grown in standard
LB broth and lanes 5–8 represent cultures grown in LB broth supplemented with 1% glucose. The respective hosts are indicated. Pairs of lanes represent duplicate samples derived from independent clones.

M. Perfect Protein™ Markers (15–150 kDa)

Lane Host Medium
1. Tuner(DE3) LB
2. Tuner(DE3) LB
3. Tuner(DE3)pLysS LB
4. Tuner(DE3)pLysS LB
5. Tuner(DE3) LB + glucose
6. Tuner(DE3) LB + glucose
7. Tuner(DE3)pLysS LB + glucose
8. Tuner(DE3)pLysS LB + glucose

← Target 
protein

← T7 lysozyme

continued on page 10

Supplementing LB medium with 
1% glucose prevents increased basal 
expression in   DE3 lysogens grown 

to stationary phase.



S
odium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-
PAGE) is the most widely used ana-
lytical method to resolve separate

components of a protein mixture. It is
almost obligatory to assess the purity of a
protein through an electrophoretic method.
SDS-PAGE simultaneously exploits differ-
ences in molecular size to resolve proteins
differing by as little as 1% in their elec-
trophoretic mobility through the gel matrix
(1). The technique is also a powerful tool for
estimating the molecular weights of proteins
(2, 3). The success of SDS-PAGE as an in-
dispensable tool in protein analysis has been
attributed to three innovations that permit-
ted the correlation of electrophoretic mobil-
ity with a protein’s molecular mass (4). First
was the introduction of discontinuous buffer
systems where the sample and gel running
buffers differ in both composition, Tris-
HCl/Tris-glycine, and pH, 6.8/8.3, respec-
tively (5, 6). Discontinuous buffer systems
allow larger sample volumes to be loaded
while maintaining good resolution of sample

components because the proteins are fo-
cused, or “stacked,” as thin bands prior to
entering the resolving gel. Second was the
use of the detergent sodium dodecyl sulfate
(SDS) and reducing agents to denature pro-
teins (7). SDS binds strongly to proteins at
an approximate ratio of 1 dodecyl sulfate
molecule per 2 amino acid residues (8).
Therefore, the negative charge/unit mass
ratio when SDS is bound to the polypeptide
chain is similar for all proteins. Third was
the combination of the first two discoveries
employing a simple Tris-glycine buffer
system (9). More recently, buffer combina-
tions such as Tris-borate (10) and Tris-
tricine (11) have improved the resolving
power of the original methods. Modern
SDS-PAGE has evolved to use microslab
precast gels (12). Precast and packaged gels
in a wide variety of gel formulations, acry-
lamide percentages, thicknesses, well for-
mats, and buffer systems are now commer-
cially available from several manufacturers.
Therefore, successful SDS-PAGE analysis of
protein samples no longer depends on te-

dious gel casting, buffer preparation and ap-
paratus set-up, but on careful sample prepa-
ration and treatment prior to loading the
gel. This article describes techniques and
procedures as a guide for preparation of pro-
tein samples for SDS-PAGE analysis.

Sample buffer preparation

To ensure consistent and successful
PAGE analysis, the highest purity reagents
should be used to prepare sample buffer
stock solutions. After a reliable source of
electrophoresis reagents has been identified,
the vendor and buffer component chemicals
should be maintained. High purity elec-
trophoresis, Ultrol® grade, and molecular bi-
ology grade reagents are available through
Novagen’s partner brand, Calbiochem.
Solutions must be carefully and safely pre-
pared, dated, and chemical lot numbers
recorded. Concentrated stock solutions
should not be stored for long periods of
time. Tris base, rather than Tris-Cl, should
be used for buffer preparation and pH ad-
justment made with HCl. Use of Tris-Cl

10
inNovations 13

ARTICLE

Preparation of protein samples for SDS-polyacrylamide gel
electrophoresis: procedures and tips
Anthony C. Grabski1 and Richard R. Burgess2—1Novagen, Inc. and 2McArdle Laboratory for Cancer Research, University of
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continued from page 9

pensive method to maintain very low basal
expression levels of T7 RNA polymerase in
the λDE3 lysogenic expression hosts used
in the pET System. This is especially true
when λDE3 hosts carrying pET plasmids
are grown to stationary phase. A disadvan-
tage with glucose addition is that after an
initial rapid growth phase the metabolic
breakdown products of glucose will lead to
acidic culture conditions and lower cell
density at stationary phase. The data pre-
sented in Figure 2 demonstrate that strong
induction can be achieved from λDE3 lyso-
gens in the presence of glucose for some
target proteins. Note, however, that theoret-
ically the strongest induction of T7 RNA
polymerase would be expected when glu-
cose is absent and cAMP levels are elevated.
Accordingly, in some cases (see preceding
article), higher target protein expression

may be observed in the absence of glucose.
Overall, the optimal combination of strin-
gent uninduced repression and high in-
duced expression may be achieved by initial
growth in the presence of glucose, followed
by switching to medium without glucose
for induction.

Novagen’s recommendations for growth
and induction of pET constructs in expres-
sion hosts are based on the information pre-
sented above. For innocuous proteins, any
pET vector and λDE3 lysogen are suitable
in a variety of media. But for proteins that
are potentially toxic to the bacterial cell, we
recommend using either a pET vector with
a T7lac promoter or expression hosts that
carry the pLysS plasmid. In addition, our
general advice is to avoid growing a λDE3
lysogen carrying a pET plasmid to station-
ary phase. If the cells must be grown to sta-

tionary phase, we recommend the addition
of 0.5 to 1.0% glucose to the medium, so
that the glucose effect can be exploited to
reduce basal expression. 
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will result in a higher ionic strength, poor
migration and diffuse protein bands (13). A
respirator or dust mask should be worn
when handling powdered SDS. Sulfhydryl
reagents, dithiothreitol (DTT) and 2-mer-
captoethanol (2-ME) can be unstable in so-
lution and are toxic. These chemicals should
be measured in a fume hood while wearing
gloves and safety glasses. Although 2-ME is
historically the chemical of choice for reduc-
tion of protein disulfide bonds in SDS-
PAGE (7, 9), DTT is also a very effective al-
ternative (14). Glycerol is added to increase
the sample density, facilitating gel loading
and preventing convective migration out of
the sample wells. A small amount of
bromphenol blue is added as a visual aid
during sample loading and as a tracking dye,
allowing easy monitoring of electrophoretic
progress.

The sample buffer recipes listed in Table
1 are commonly used for Tris-glycine SDS-
PAGE analysis of protein samples under de-
naturing, reduced conditions (7, 9, 13).
When preparing these buffers, wear gloves
to avoid keratin (skin protein) contamina-
tion. A heterogeneous cluster of bands
around 55 kDa can be seen when a keratin-
contaminated sample or sample buffer is
used. This is particularly obvious with high
sensitivity silver staining methods. The
sample buffer should be divided into 1-ml
aliquots and can be stored frozen (–70°C)
for several months. Prior to use, warm
(37°C) and mix the solution briefly to com-
pletely dissolve the SDS.

Protein sample preparation

Sample preparation is critical for clear
and accurate resolution of protein bands.
Photographic quality results are routinely
possible if samples are carefully prepared.
Common mistakes during sample prepara-
tion include using an incorrect protein-to-
sample buffer ratio, delayed heating, over-
heating, failure to remove insoluble
material, and overloading and underloading
of protein. To prevent inadequate sample
buffer-to-protein ratios, overloading, and
underloading of samples, the protein con-
centration of the sample should be deter-
mined using a standard protein assay such as
the CB-Protein Assay™, Non-Interfering
Protein Assay™, or bicinchoninic acid

(BCA) assay prior to sample buffer addition.
Loading too much protein will result in dis-
torted, poorly resolved bands in the over-
loaded lane and distorted electrophoretic
patterns in adjacent lanes. Underloading
simply prevents detection of minor compo-
nents while even major bands will be too
faint for photographic reproduction of the

gel. Depending on the well size and gel
thickness, the amount of protein loaded
should range from 0.5–4.0 µg for purified
samples and from 40–60 µg for crude sam-
ples if a Coomassie blue stain (e.g.,
RAPIDstain™) is used. Silver staining
methods (such as the FASTsilver™ Kit) are
approximately 100-fold more sensitive, and
therefore require less protein per sample.

SDS-PAGE sample buffer treatment is
designed to completely dissociate all pro-
teins into their subunit polypeptides.
Proteins heated in the presence of SDS are
denatured and imparted with a strong nega-
tive charge. Thiol reagents in the sample
buffer reduce disulfide bonds. It is impor-
tant to use enough sample buffer in order to
maintain an excess of SDS. Most polypep-
tides bind SDS in a constant mass ratio of

1.4 µg SDS per 1.0 µg polypeptide, but a
ratio of 3:1 is recommended (15). The 2X
sample buffer prepared as shown in Table 1
contains 40 µg/µl SDS. Maintained reduc-
tion of protein sulfhydryls is essential in
order to prevent intramolecular disulfide
bond formation through oxidized cysteines.
If artifactual band heterogeneity or unusual
doublets are noted in SDS-PAGE results
from samples containing sulfhydryls, insuf-
ficient reducing agent was present during
sample treatment or the oxidation of cys-
teines may have occurred during the stack-
ing phase of electrophoresis. These artifacts
may be prevented if samples are treated with
iodoacetamide (IAA) after heating in the ap-
propriate concentration of sample buffer.
The IAA treatment irreversibly blocks
sulfhydryls and destroys excess reducing
agent (16). Therefore, the sample buffer
recipes in Table 1 do not necessarily indicate
functional dilution factors, but rather they
are convenient stock concentrations permit-
ting correct addition of reagents to samples
of high and low protein concentration.

Delayed heating of samples after sample
buffer addition or excessive heating can
cause electrophoretic artifacts due to protein
degradation and peptide bond cleavage, re-
spectively. Upon addition of SDS sample
buffer, samples should be immediately
mixed and heated to 85°C for three min-
utes. This treatment is usually sufficient to
reduce disulfides, solubilize and dissociate
proteins without peptide bond cleavage.
Addition of SDS sample buffer will begin to
denature most proteins. However, proteases
are known to be resistant to SDS denatura-
tion alone (15, 17). Partially denatured sam-
ples (particularly crude extracts) are there-
fore extremely sensitive to proteolytic
degradation as protease active sites within
the polypeptides become exposed by SDS
treatment. Immediate heating limits degra-
dation by completely denaturing all proteins
including resistant proteases through the
combination of heat, SDS, and reductant.
Protease inhibitors may also be used during
sample preparation to limit proteolysis.
Excessive heating, e.g., 100°C for prolonged
periods, may break peptide bonds or cause
selective aggregation and band smearing
(18). Asp-Pro bonds have been demon-
strated to be sensitive to thermal cleavage.

Sample preparation is critical 
for clear and accurate resolution 

of protein bands.

Table 1. SDS-PAGE sample buffer recipes

Component Concentration

2X 4X

Tris-HCl, pH 6.81 0.125 M 0.25 M

SDS 4% 8%

2-ME2 5% 10%

DTT3 0.15 M 0.3 M

Glycerol 20% 30%

Bromphenol blue .01% .02%

1. Prepared using Tris base, pH adjusted with HCl.

2. If 2-ME is used, omit DTT.

3. If DTT is used, omit 2-ME.

continued on page 12



In some cases more extreme heating may be
necessary to completely denature the protein
(19, 20). Therefore, if prolonged heating at
100°C is necessary for complete dissociation
of a thermally stable protein, the effects of
such treatment upon peptide bond cleavage
must be considered (21). Some proteins
such as histones and membrane proteins
may not completely dissolve by heating in
SDS sample buffer alone and may require
addition of 6–8 M urea or a nonionic deter-
gent such as Triton X-100 (22, 23). After
heat treatment in SDS sample buffer, insolu-
ble material must be removed by brief cen-
trifugation. This is easily accomplished by a
two-minute spin in a microcentrifuge at
17,000 × g. Failure to remove precipitated
insoluble material from the sample will
cause streaking within the gel. The super-
natant of the treated sample is now ready to
load. The sample may be stored at 4°C
overnight or frozen at –20°C for longer peri-
ods. Warm stored samples briefly at 37°C to
redissolve the SDS and recentrifuge to
remove insoluble material prior to loading.

Preparation of difficult samples

Samples that are dilute, acidic, very vis-
cous, or that contain interfering compounds
pose unique challenges to the SDS-PAGE
analysis method. However, these difficult
samples can be analyzed by SDS-PAGE
through the application of one or more of
the following pre-treatment techniques.
Samples too dilute for analysis can be con-
centrated by several methods including
lyophilization, spin concentrators, dialysis
against concentrated polyethylene glycol
(PEG), and absorption of excess solvent by
exposure of the dialysis bag containing
sample to dry PEG, Aquacide or gel filtra-
tion media such as Sephadex®. Samples con-
centrated through these methods may be di-
alyzed against 50 mM Tris-HCl, pH 6.8 to
remove low molecular weight impurities
prior to addition of SDS sample buffer.
Dilute samples, acidic samples and samples
containing interfering compounds such as
potassium, guanidine hydrochloride, or
ionic detergents can be precipitated by
trichloroacetic acid or acetone to concen-
trate the proteins and remove contaminants.
Protocols for TCA, acetone/methanol, and
ethanol precipitation are described in refer-
ences 4, 15, 17 and 24. A modified acetone

precipitation method is also described in
Novagen Technical Bulletin 012, available at
www.novagen.com. Crude cell extracts are
often extremely viscous due to the high con-
centration of unsheared nucleic acids. The
high viscosity is problematic during gel
loading, because samples are difficult to
pipet and will not be evenly distributed in
the sample well. Viscosity can be eliminated
by treatment of samples with Benzonase®

Nuclease prior to addition of sample buffer.
This recombinant endonuclease completely
degrades all forms of DNA and RNA and is
free from proteolytic activity. Viscosity can
also be reduced by physical shearing of the
nucleic acids through sonication or by vigor-
ous vortex mixing of the heated sample.
Employing these pre-treatment protocols
will allow successful SDS-PAGE analysis of
samples that are very dilute, viscous or cont-
aminated with interfering compounds.
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ARTICLE
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Product Size Cat. No.

Benzonase® Nuclease,
Purity > 90% 10,000 U 70746-3

Aquacide I 1 kg 1785

Aquacide II 1 kg 17851

Aquacide III 1 kg 17852

CB-Protein Assay™ 1 kit 219468

Non-Interfering
Protein Assay™ 1 kit 488250

Tris Base, Ultrol® 100 g 648311
Grade 1 kg

Cleland’s Reagent, 1 g 233155
Reduced (DTT) 5 g

Glycerol, Molecular 100 ml 356352
Biology Grade 1 liter

Sodium n-Dodecyl Sulfate,
High Purity 25 g 428016

4X SDS Sample Buffer 2 ml 70607-3

Perfect Protein™
Markers, 15–150 kDa 100 lanes 69149-3

Perfect Protein™
Markers, 10–225 kDa 100 lanes 69079-3

Trail Mix™ Protein
Markers 100 lanes 70980-3

RAPIDstain™ 1000 ml 553215

FASTsilver™ Kit 1 kit 341298

= Calbiochem brand product
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NEW PRODUCTS

Novagen’s popular pET-41 and pET-
43.1 expression vectors are now available as
prepared Ek/LIC vectors for convenient
cloning. LIC Vector Kits offer rapid, direc-
tional cloning of PCR products without re-
striction enzyme digestion or ligation reac-
tions. Special primer extensions enable the
generation of long single-stranded over-
hangs by treatment with T4 DNA
Polymerase included in the kits. The exten-
sion sequences are designed so that the ex-
onuclease activity of the polymerase digests
one strand from the 3'-end until it encoun-
ters a dTTP residue, which corresponds to
the dATP present in the reaction mix. The
polymerase then fills in the dATP, leaving
the defined overhang. The insert anneals
with the vector in the correct orientation,

and no ligation is necessary prior to trans-
formation.

The Ek/LIC site in Ek/LIC vectors (see
map below) has a 13-base, single-stranded
overhang on the left side and a 14-base,
single-stranded overhang on the right side.
The left side is designed to encode the
recognition site for enterokinase
(DDDDK↓). This feature enables removal
of all of the vector encoded fusion se-
quences from expressed proteins by cleavage
with enterokinase. The following sequences
must be added to the 5'-end of the target
gene PCR primers to generate vector-com-
patible overhangs:

Sense primer: 5'-GAC GAC GAC AAG ATX*

Antisense primer: 5'-GAG GAG AAG CCC GGT

* The first nucleotide of the insert-specific sequence must complete the
codon ATX to give Ile (X = A, C or T) or Met (X = G).

The antisense primer may encode a stop
codon or allow read-through to the vector-
encoded stop codon present after the C-ter-
minal His•Tag® sequence.

Kits contain prepared Ek/LIC vector,
LIC-qualified T4 DNA Polymerase,
buffers, NovaBlue Singles™ Competent
Cells, BL21(DE3) Competent Cells,
BL21(DE3)pLysS Competent Cells, SOC
Medium and Test Plasmid.

Advantages

• Directional cloning into powerful
expression vectors: pET-41 for GST
fusion and pET-43.1 for NusA fusion

• No restriction digestion or ligation
• Ultra-low background: > 95%

recombinants
• Complete removal of N-terminal fusion

sequences with enterokinase
• Same insert preparation is compatible

with all Novagen Ek/LIC vectors
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pET-41 Ek/LIC

pET-43.1 Ek/LIC

pET-41 & pET-43.1 Ek/LIC Vector Kits for high efficiency, 
directional PCR cloning 

pET-41 Ek/LIC
pET-43.1 Ek/LIC

UltraMobius™ 200 Plasmid Kit for midi-scale isolation of 
ultra-high quality plasmid DNA 

The UltraMobius™ 200 Plasmid Kit is
designed for fast, convenient and economi-
cal isolation of up to 200 µg ultrapure, en-
dotoxin-free plasmid DNA from 35-ml
overnight bacterial cultures, using high
copy number plasmids (up to 25 µg for low
copy number plasmids). The kit features
the same high capacity anion exchange ten-
tacle resin as the other Mobius™ kits and

incorporates a unique filter basket that min-
imizes the centrifugation steps required for
clarification of bacterial lysates. The
UltraMobius 200 Plasmid Kit differs from
the Mobius 200 Plasmid Kit by including
an extra step in the procedure that further
reduces already low endotoxin levels
reached with the Mobius Kit. Purified plas-
mid DNA is suitable for the most demand-

ing applications such as DNA microinjec-
tion and transfection of sensitive cell lines.

Product Size Cat. No.

pET-41 Ek/LIC
Vector Kit 20 rxn 71071-3

pET-43.1 Ek/LIC
Vector Kit 20 rxn 71072-3

Product Size Cat. No.

UltraMobius™ 200
Plasmid Kit 25 rxn 71090-3

/Products/ProductDetail_NVG.asp?CatNO=71071
/Products/ProductDetail_NVG.asp?CatNO=71072
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Novagen now offers
a complete selection
of enzymes and kits
for PCR, featuring
KOD HiFi DNA
Polymerase. This
unique proofread-
ing enzyme, iso-
lated from the 

extreme thermophile Thermococcus ko-
dakaraensis KOD1, possesses superior pro-
cessivity and fidelity that enable faster,
more accurate PCR amplification than with
conventional enzymes, including Pfu DNA
polymerase (1). KOD HiFi DNA
Polymerase is also available in a Hot Start
version for high specificity and increased
read length (2), and as a blend (KOD XL
DNA Polymerase) recommended for very
long templates (3).

For increased specificity and conven-
ience with standard PCR, we now offer

NovaTaq™ Hot Start DNA Polymerase
and the Taq Antibody. NovaTaq Hot Start
DNA Polymerase is a chemically modified
form of Taq DNA polymerase that becomes
active when heated at 95°C for 7–10 min-
utes. The Taq Antibody is available as an al-
ternative means to provide hot start capa-
bility to NovaTaq DNA Polymerase as well
as other sources of Taq DNA polymerase.
Please refer to the following table as a guide
to select the appropriate enzyme combina-
tion for your application.

1. Takagi, M., Nishioka, M., Kakihara,
H., Kitabayashi, M., Inoue, H.,
Kawakami, B., Oka, M., and Imanaka,
T. (1997) Appl. Environ. Microbiol. 63,
4504–4510.

2. Mizuguchi, H., Nakatsuji, M.,
Fujiwara, S., Takagi, M., and Imanaka,
T. (1999) J. Biochem. (Tokyo) 126,
762–768.

3. Nishioka, M., Mizuguchi, H.,
Fujiwara, S., Komatsubara, S.,
Kitabayashi, M., Uemura, H., Takagi,
M., and Imanaka, T. (2001) J.
Biotechnol. 88, 141–149.
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NEW PRODUCTS

Enzymes and Kits for PCR

Enzyme PCR Product Elongation Specificity Fidelity Yield GC-rich PCR Product
Size Rate Templates Ends

NovaTaq DNA Polymerase < 5 kbp 60 bases/s • • • nr 3'-dA

NovaTaq Hot Start DNA Polymerase < 5 kbp 60 bases/s ••• • •• nr 3'-dA

NovaTaq DNA Polymerase 
+ Taq Antibody < 5 kbp 60 bases/s ••• • •• nr 3'-dA

KOD HiFi DNA Polymerase < 6 kbp 120 bases/s • ••• ••• •• blunt

KOD Hot Start DNA Polymerase < 20 kbp 120 bases/s ••• ••• ••• ••• blunt

KOD XL DNA Polymerase < 30 kbp 120 bases/s • ••• ••• ••• blunt + 3'-dA

• = satisfactory •• = good ••• = excellent nr = not recommended

NovaTaq DNA Polymerase* is a pre-
mium quality recombinant form of
Thermus aquaticus DNA polymerase. This
thermostable enzyme is suitable for a wide
range of PCR applications. The enzyme
leaves single 3'-dA overhangs that make the

products suitable for cloning by T-vector or
AccepTor™ Vector methods, as well as
Novagen’s Perfectly Blunt® Vector Kits. The
enzyme is available separately or in
NovaTaq PCR Kits and PCR Master Mix. 

Nova ™ DNA Polymerase

NovaTaq Hot Start DNA Polymerase* is
a heat-activatable, chemically modified
form of NovaTaq DNA Polymerase, which
is inactive at room temperature. NovaTaq
Hot Start DNA Polymerase provides im-
proved specificity and yield when compared
to standard Taq DNA polymerase and can
eliminate the presence of non-specific am-
plification products such as primer-dimers
and misprimed products.

Advantages

• Higher PCR specificity
and yield

• Improved low-copy target
amplification 

• Automated room
temperature set up

• Target amplification of up
to 5 kbp

• Ideal for quantitative
PCR applications

Nova Hot Start DNA Polymerase

Taq Antibody is a monoclonal antibody
for automated hot start PCR. It provides an
antibody-mediated hot start that enhances
the specificity and sensitivity of PCR. The
antibody inhibits both native and recombi-

nant Taq DNA polymerase activities, and is
effective with NovaTaq DNA Polymerase.
One microgram (1 µl) of antibody inhibits
> 95% of 5 units of Taq DNA polymerase.

Antibody

1. Markers
2. 1.0 kbp fragment amplified using NovaTaq Hot Start DNA Polymerase
3. 1.0 kbp fragment amplified using Competitor A chemically modified

Taq DNA polymerase

1           2            3

Product Size Cat. No.

NovaTaq™ Hot Start 250 U 71091-3
DNA Polymerase 5 x 250 U 71091-4

Product Size Cat. No.

NovaTaq™ DNA 100 U 71003-3
Polymerase 500 U 71003-4

2,500 U 71003-5

NovaTaq PCR Kit 250 U 71005-3

NovaTaq PCR Kit PLUS 250 U 71006-3

NovaTaq PCR Master Mix 250 U 71007-3

Product Size Cat. No.

Taq Antibody 100 µg 71088-3

/Products/ProductDetail_NVG.asp?CatNO=71003
/Products/ProductDetail_NVG.asp?CatNO=71005
/Products/ProductDetail_NVG.asp?CatNO=71006
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/Products/ProductDetail_NVG.asp?CatNO=71088
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KOD HiFi DNA Polymerase*† is a re-
combinant form of Thermococcus ko-
dakaraensis KOD1 DNA polymerase. It is
the most efficient thermostable DNA poly-
merase, exhibiting higher accuracy, elonga-
tion rate and processivity than any other
commercially available DNA polymerase.
KOD is simply the best proofreading DNA
polymerase available on the market! 

Advantages

• Higher fidelity than Pfu DNA
polymerase—excellent for cloning

• Greater yield—extension speed is 2X
faster than Taq DNA polymerase and 5X
faster than Pfu DNA polymerase 

• More accurate PCR in a shorter time
• No truncated amplification products in

PCR reaction
• Free 2 mM dNTP Mix included

KOD HiFi DNA Polymerase

KOD Hot Start DNA Polymerase*† is a
heat-activatable form of KOD HiFi DNA
Polymerase for automated PCR set up.
KOD Hot Start DNA Polymerase combines
the high fidelity, fast extension speed and
outstanding processivity of KOD HiFi
DNA Polymerase with the high yield and
specificity of the antibody-based Hot Start
technology.

Advantages

• Highest accuracy, yield and processivity
among commercially available
proofreading DNA polymerases

• Amplifies genomic DNA
templates up to 12 kbp

• Amplifies plasmid DNA
templates up to 20 kbp

• Successfully amplifies GC-
rich sequences

• Eliminates mispriming and
primer-dimer formation 

• Convenient room
temperature set up

• Optimal KOD Hot Start Buffer for PCR
performance over a wide range of targets

• Free 2 mM dNTP Mix included 

KOD Hot Start DNA Polymerase

KOD XL DNA Polymerase*†‡ is a high
performance enzyme mix for long and accu-
rate PCR. The enzyme mixture is designed
for reliable amplification of long, complex
targets with robust yield and high accuracy.

Advantages

• Ideal for amplification of large DNA
fragments from purified DNA or crude
samples

• Amplifies DNA templates up to 30 kbp
• Successfully amplifies GC-rich sequences
• Free 2 mM dNTP Mix included

KOD XL DNA Polymerase

The One Step RT-PCR Kit† is a conven-
ient one-enzyme, single-buffer system for
RT-PCR. It is specifically designed for
rapid, easy RNA PCR screening using the
thermostable rTth DNA Polymerase. 

rTth DNA Polymerase acts as both a re-
verse transcriptase and a DNA polymerase
in a unique single buffer system. The kit
eliminates cumbersome northern blotting
techniques to identify specific RNA species.
The speed and sensitivity of the One Step

RT-PCR Kit make it ideally suited for rou-
tine screening of multiple samples where
the goal is to detect gene expression. 

Each kit provides sufficient reagents to
perform 50 RT-PCR reactions. Positive
control RNA and primers set are also in-
cluded.

Advantages

• Robust one-step, one-enzyme system for
easy sample screening

• Minimizes carryover contamination

• High temperature reverse transcription
for RNA targets with secondary
structures or high GC content

• Ideal for gene expression studies 

One Step RT-PCR Kit

1. Markers
2. 8.4 kbp myosin heavy chain gene fragment amplified from human 

genomic DNA using KOD Hot Start DNA Polymerase
3. 12.3 kbp β-globin gene fragment amplified from human genomic DNA

using KOD Hot Start DNA polymerase

* Sold under licensing arrangements with F. Hoffmann-La Roche Ltd., Roche Molecular Systems, Inc. and PE Corporation.

† Manufactured by TOYOBO and distributed by Novagen.

‡ Licensed under US Patent Number 5,436,149 owned by Takara Shuzo Co., Ltd.

1         2          3

Product Size Cat. No.

KOD HiFi 
DNA Polymerase 250 U 71085-3

Product Size Cat. No.

KOD Hot Start 200 U 71086-3
DNA Polymerase 5 x 200 U 71086-4

Product Size Cat. No.

KOD XL 250 U 71087-3
DNA Polymerase 5 x 250 U 71087-4

Product Size Cat. No.

One Step RT-PCR Kit 50 rxn 71089-3
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ANNOUNCEMENTS

Novagen, Inc. • 601 Science Dr. • Madison, WI 53711

Novagen

ADDRESS CORRECTION REQUESTED

Prices are subject to change without notice. The fol-
lowing are trademarks of Novagen, Inc.: AccepTor,
BugBuster, GST•Tag, GST•Bind, GeneJuice, Mobius,
TriEx, S•Tag, Origami, Perfect Protein, PopCulture,
NovaTaq, Singles, Trail Mix, Tuner, UltraMobius,
LumiBlot, His•Bind, His•Tag, Novagen logo, and
Novagen name.

Benzonase is a trademark of Benzon Pharma A/S.
Ultrol is a trademark of Calbiochem-Novabiochem Corp.
Coomassie is a trademark of Imperial Industries PLC.
Triton and Tris are trademarks of Rohm and Haas.
RAPIDstain, CB-Protein Assay, FASTsilver and Non-
Interfering Protein Assay are trademarks of Geno
Technology, Inc. Sephadex is a trademark of Pharmacia AB.
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NEW PROTEOMICS I CATALOG

Proteomics I represents the dedicated effort of Novagen and Calbiochem to
develop and bring together unique products specifically for the emerging
field of proteomics. We are pleased to offer an extensive range of quality
reagents for Protein Extraction, Purification and Analysis. Request your
copy of Proteomics I by calling your local Novagen office or by visiting our
web site at www.novagen.com.
Novagen, the Gold Standard in protein expression. . .now sets the standard in
quality reagents for proteomics research.

NOVAGEN PRODUCTS AVAILABLE THROUGH VWR INTERNATIONAL

For your added convenience, Novagen products can also be
obtained through VWR in the United States and Canada.
Contact VWR at 800-932-5000 for more information or to
place an order.

UPCOMING MEETINGS

Novagen representatives will be attending the American Society for Cell Biology, 41st Annual
Meeting December 8–12, 2001 in Washington, D.C., and the Nature Biotechnology Winter
Symposia, “The Genome and Beyond—Genomics and Structural Biology for Medicine,”
February 2–6, 2002 in Miami Beach, FL. At the February meeting we will be presenting a work-
shop entitled, “Accelerated High-Efficiency Cloning and Multisystem Protein Expression.”
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