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viper venom; GMCSF, granulocyte-macrophage colony stimu-
lating factor; GST, glutathione S-transferase; IgG, immuno-
globulin G; IPTG, isoprepyl-p-D-thiogalactopyranoside; kb,
1000 bp; MTPBS, 150 mM NaCl, 16 mM Na,HPO,, 4 mM
NaH,PO, (pH 7.3); nt, nucleotide(s); ori, origin of DNA replica-
tion; pGEX, plasmid expression vector(s); Pollk, Klenow (large)
fragment of E. coli DNA polymerase I; R resistance; RESA,
ring-infected erythrocyte surface antigen; SDS, sodium dodecyl
sulfate; Sj26, M, 26000 GST of S. japonicum; Tc, tetracycline; X,
blood coagulation factor X,.
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INTRODUCTION

Several vectors have been constructed that sim-
plify the purification of foreign polypeptides ex-
pressed in E. coli (reviewed by Marston, 1986). For
example, polypeptides expressed as fusions with
E. coli p-galactosidase (Gray et al., 1982; Koenen
et al., 1982; Riither and Muller-Hill, 1983) can be
purified from crude cell lysates by substrate-affinity
or immuno-affinity chromatography (Germino et al.,
1983; Ullmann, 1984; Promega Biotec) or if, like
trpE fusion proteins, they are insoluble (Itakura
et al., 1977; Kleid et al., 1981; Young and Davis,
1983; Stanley and Luzio, 1984) they can be purified
from the insoluble fraction of lysed bacteria
(Marston, 1986). Other vectors direct the synthesis
of polypeptides as fusions with staphylococcal pro-
tein A that can be purified by affinity chromato-
graphy on IgG-Sepharose (Uhlen etal., 1983;
Nilsson etal., 1985; Abrahmsen etal, 1986;
Lowenadler et al., 1986). A disadvantage of these
methods is that the denaturing reagents used during
purification can be expected to alter the antigenicity
and functional activity of the purified product, while
an additional problem with the protein A system is
that the binding of fusion proteins to IgG compli-
cates immunological analysis. Alternative purifica-
tion strategies involve the synthesis of polypeptides
containing poly-arginine at their C terminus that can
be purified by cation-exchange chromatography
(Sassenfeld and Brewer, 1984), or the production of
polypeptides that are secreted into the periplasmic
space or culture medium (Marston, 1986; Abrahm-
sen et al., 1986; Lowenadler et al., 1986; Kato et al.,
1987). Although these last approaches have been
used successfully in some instances, their generality
is unclear.

We describe here novel pGEX based on the
enzyme glutathione GST (EC 2.5.1.18) that avoid
several of the difficulties described above. We have
previously identified an M, 26000 antigen (Sj26)
encoded by the parasitic helminth S. japonicum as a
GST (Smith etal., 1986) and have expressed
enzymatically active Sj26 in E. coli (Smith et al.,
1988). Many mammalian GST isozymes can be
purified by affinity chromatography on immobilised
glutathione followed by competitive-elution with
excess reduced glutathione (Simons and Vander
Jagt, 1977; Mannervik, 1985), and this property is

shared by both native $j26 and Sj26 synthesised in
E. coli (Smith et al., 1986; 1988). This last observa-
tion suggested to us that it might be possible to
develop an expression vector that would direct the
synthesis of foreign polypeptides as fusions with
Sj26 that could then be purified under non-denatur-
ing conditions by glutathione-affinity chromato-
graphy. We show here that a variety of eukaryotic
polypeptides can be expressed in E. coli as soluble
and stable GST fusion proteins and that these fusion
proteins can be readily purified.

MATERIALS AND METHODS
(a) Affinity purification of fusion proteins

Overnight cultures of E. coli transformed with
parental or recombinant pGEX plasmids were
diluted 1:10 in 800 ml of fresh medium and grown
for 1h at 37°C before adding IPTG to 0.1 mM. After
a further 3-7 h of growth, cells were pelleted and
resuspended in 1/50-1/100 culture volume of
MTPBS. Cells were lysed on ice by mild sonication
and after adding Triton X-100 (BDH Chemicals) to
1%, were subjected to centrifugation at 10000 x g
for 5 min at 4°C. The supernatant was mixed at
room temperature in a 50-ml polypropylene tube on
a rotating platform with 1-2 ml 509, glutathione-
agarose beads (sulphur linkage, Sigma). After
absorption for 2 min, beads were collected by brief
centrifugation at 500 x g and washed three times
with 50 ml MTPBS. Fusion protein was eluted by
competition with free glutathione using 2 x 2-min
washes with 1 bead volume of 50 mM Tris - HCI (pH
8.0) containing 5 mM reduced glutathione (Sigma)
(final pH 7.5, freshly prepared). Beads were pre-
swollen in MTPBS, washed twice in the same buffer
and stored in MTPBS at 4°C as a 50%, solution
(v/v). Contamination of purified fusion proteins with
E. coli proteins, is reduced by including Triton X-100
during absorption with glutathione-agarose and also
by minimising the period of sonication. The yield of
unstable fusion proteins can be increased by delaying
the addition of IPTG until less than an hour before
cell harvest. Glutathione-agarose beads have a
capacity of at least 8 mg of fusion protein/ml of
swollen beads, and can either be used several times
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same fusion protein or else recycled by wash-
'h 3 M NaCl (Simons and Vander Jagt, 1981).

of fusion protein were calculated from the
>ance at 280 nm using the relation 1 4,4, = 0.5
| derived from protein concentration estima-
(Hartree, 1972) of protein purified from cells
ormed with pGEX-1 and using bovine serum
iin as a standard.

rreening of transformants

ss screening of transformants for expression of
| protein was conveniently carried out on 1.5ml
e resuspended in 300 ul MTPBS. After soni-
1 and centrifugation, the supernatant was mixed
0 ul of 50% glutathione-agarose beads, washed
} x 1 ml MTPBS and the beads were boiled in
1 sample buffer for analysis on a 0.1%
-10% polyacrylamide gel (Laemmli and Favre,

followed by staining with 0.05% Coomassie

LTS AND DISCUSSION
onstruction and structure of the pGEX vectors

¢ plasmid pSj5 directs the synthesis of Sj26 in
i under the control of the IPTG-inducible tac
oter (Smith et al., 1988). Through a series of
pulations pSj5 was modified so that foreign
)eptides could be expressed as fusions with the
minus of Sj26. The resulting plasmid (P GEX-1)
1) contains: (7) the tac promoter (Amann et al.,
: De Boer et al., 1983a) followed by the com-
coding sequence of Sj26 (Smith et al., 1986;
) in which the normal termination codon is
ced by a polylinker containing unique recogni-
sites for BamHI, Smal and EcoRI and followed
GA translation termination codons in all three
ng frames (Fig. 1b); (i) the p-lactamase-coding
ApR; (iii) ori; and (iv) a fragment of the lac
>n containing the over-expressed lac9 allele of
1c repressor and part of lacZ. Two derivatives
yGEX-1 were constructed (pGEX-2T and
:X-3X; Fig. 1b)in which the reading frame at the
iple cloning site is shifted by either one or two
rough the introduction of oligodeoxynucleotides
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encoding the cleavage-recognition sequences of the
site-specific proteases thrombin (pGEX-2T) or fac-
tor X, (pGEX-3X).

Induction of the tac promoter with IPTG in cells
transformed with pGEX-1 results in the synthesis of
a 27.5-kDa polypeptide consisting of Sj26 with an
additional 10-aa residue at its C terminus (Fig. 2a).
Despite its abundance, the 27.5-kDa polypeptide
does not form insoluble inclusion bodies and
remains in the supernatant of cells lysed by soni-
cation and subjected to centrifugation at 10 000 x g
for 5 min (Fig. 2b). Furthermore, the C-terminal
extension to Sj26 does not affect binding to gluta-
thione-agarose and so affinity chromatography of
cell extracts results in the efficient purification of the
27.5-kDa molecule with yields of at least 15 pg/mi of
culture and in the absence of detectable contamina-
tion with E. coli proteins (Fig. 2b). Similar properties
are observed for the modified Sj26 polypeptides
encoded by pGEX-2T and pGEX-3X that both
contain an additional 14-aa residue at the C ter-
minus. In the absence of inducer, the plasmid-
encoded lacI9 allele is efficient in repressing tran-
scription from the tac promoter (Fig. 2a), even in
E. coli strains such as C600 or GM48 (Marinus,
1973) that carry a wild-type lacl allele (unpublished
data).

(b) Expression and purification of Plasmodium fal-
ciparum antigens

To test the generality of the pGEX vectors as a
system for the expression and purification of foreign
polypeptides, cDNAs corresponding to several dif-
ferent antigens of P. falciparum, the causative agent
of falciparum malaria, were inserted into the multiple
cloning site of the appropriate pGEX vector. The
cDNAs chosen encode portions of two different anti-
gens (Ag63, Ag361) both related to heat-shock pro-
tein 70 (Bianco et al., 1986; Peterson et al., 1987),
and two antigens containing tandemly repeated pep-
tides (Agl6é, EcoRI-RESA) (Coppel et al.,, 1983;
Favaloro et al., 1986). In each case synthesis of an
abundant GST fusion protein was observed and
these fusion proteins could be purified by affinity
chromatography of cell extracts on immobilised
glutathione with yields of between 1.6 and 5 pg/ml of
culture (Fig. 3). Of 21 different P. falciparum cDNAs
or cDNA fragments that have been expressed in the




EcoRV

ORI /l; 9

Lys Ser Asp Pro Arg Glu Phe Ile Val Thr Asp #*#%
AAA TCG GAT CCC CGG SAA TIC ATC GIG_ACT GAC TGA CGA TCT G

r—ee )
BamHI Smal  EcoRI

Thrombin

Lys Ser Asp Leu val Pro Arg* Gly Ser Pro Gly Ile His Arg Asp #*¥**
AAA TCG GAT CIG GIT CCG CGT GGA TCC CCG GGA ATT CAT CGT _GAC TGA CIG ACG ATC TG

[
BamBI Smal  EcoRI

Factor X

N Bt
Lys Ser Asp Leu Ile Glu Gly Argt Gly Ile Pro Gly Asn Ser Ser ##*
pGEX-3X AAA TCG GAT CIG ATC GAA GGT CGT GGG _ATC CCC GGG AAT TCA TCG TGA CIG ACT GAC GAT CTG

BamHI Smal  EcoRI

Fig. 1. Structure of the pGEX vectors. (a) Schematic representation of pGEX-1. The positions of unique PstI and EcoRYV restriction
sites are indicated. (b) Nucleotide sequence of pGEX-1, pGEX-2T and pGEX-3X at the C terminus of the Sj26 cDNA. The normal
translation termination codon of the $j26 cDNA began at nt 7 and has been destroyed through the introduction of oligodeoxynucleotides
encoding cleavage sites for BamHI, Smal and EcoRI (underlined by brackets) and TGA stop codons in all three frames (underlined).
The vectors pGEX-2T and pGEX-3X contain additional sequences encoding protease cleavage sites recognised by thrombin and factor
X,, respectively. Details of the construction of these vectors are as follows. Multiple cloning sites were created in the pSjl Sj26 cDNA
(Smith et al., 1986; 1988) through the introduction of a BamHI linker at the unique Mn/I cleavage site so that the TAA translation
termination codon of Sj26 was replaced with the sequence TCGGATCC. The 5’ terminus of the pSjl cDNA was also altered through
the replacement of the 5'-terminal EcoRI-Sau96i fragment with oligodeoxynucleotides containing a BamHI cleavage site followed by
the sequence CACCATGTCC and then nt 12-38 of the pSj1 cDNA, so producing a BamHI fragment encoding native Sj26 (Smith et al.,
1988). This BamHI fragment was inserted into the BamHI site of pIC19H (Marsh et al., 1984) such that the cDNA 3’ terminus was
followed by unique Smal, EcoRI, Clal and EcoRV cleavage sites. A blunt-ended BamHI-EcoRYV fragment containing the reconstructed
Sj26 cDNA was inserted into the PwII site of ptac124Eco [prac12 (Amann et al., 1983) modified by filling in the unique EcoRI site
and religation] in the correct orientation for transcription from the fac promoter. This plasmid (pSj10) was further modified through
the introduction of an oligodeoxynucleotide (5’~-TGACTGACTGA-3') encoding stop codons in all three frames into the blunt-ended
Clal site at the cDNA 3’ terminus, while the BamHI cleavage site at the cDNA 5’ terminus was deleted by filling in using Pollk. Cells
transformed with this plasmid (pSj104Bam7Stop7) and induced with IPTG synthesised a 27.5-kDa polypeptide but at less than 207,
of the level in cells transformed with pSj5, a plasmid derived from ptac11 encoding native Sj26 (Smith et al., 1988). This difference in
"expression may be due to the increased G + C content and length of the region between the tac ribosome-binding site and the ATG
translation initiation codon in pSj104Bam7Stop7 (Stormo et al., 1982; De Boer et al., 1983b) and so the 3’ terminus of the modified
$j26 cDNA in pSjl04Bam7Stop7 containing the multiple cloning sites and termination codons was introduced into pS;j5 as follows.
A HindlI1-Ndel fragment of pSj5 containing the gene for Tc® was replaced with a 1.7-kb EcoRI fragment derived from pMC9 (Miller
et al., 1984) containing the /ac/9 allele and a portion of /acZ. Blunt-end ligation of purified fragments after treatment with Pollk produced
a plasmid (p4.5) in which lacI9, Ap® and tac-Sj26 are all transcribed in the same direction. The EcoRI cleavage site at the 3’ terminus
of the Sj26 cDNA in p4.5 was removed by filling in and religation while the EcoRI site at the cDNA 5’ terminus was destroyed by
mutagenesis as described by Mandecki (1986) using a 30-mer oligodeoxynucleotide to generate the sequence tac-GTATTC-Sj26 cDNA.
A Bcll fragment of this plasmid containing the 3’ terminus of lacI 9, the rac promoter and the 5’ portion of the $j26 cDNA was inserted
into the unique Be/l site of a plasmid formed by joining a Bc/I-EcoRI fragment of p4.5 containing Ap®, ori and the 5’ portion of /acl9
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sression and purification of GST in cells transformed with pGEX-1. (A) Timecourse of expression after induction. An overnight
cells transformed with pGEX-1 was diluted 1:10 in fresh medium, grown for 90 min and IPTG added to 1 mM. Samples
| at the times indicated and separated by electrophoresis through a 0.1% SDS-13% polyacrylamide gel (Laemmli and Favre,
wed by staining with Coomassie blue. (B) Purification of GST. Cells transformed with pGEX-1 were grown as above except
added to 0.1 mM and the culture was harvested 3 h after induction. GST was purified as described in MATERIALS AND
)S, section a, and samples taken of whole cells (T), insoluble pellet (P) and supernatant (S) after centrifugation, unbound
J) after incubation of supernatant with glutathione-agarose beads and purified material (E) eluted from beads. Samples were
to 200 ul of culture and were analysed as described above. The position and sizes (kDa) of molecular weight markers (M)

ted.

ectors, 14 have given rise to soluble or par- and J. Smythe, personal communications). An even
uble fusion proteins that could be purified by higher success rate (22/26) has been observed for the
thromatography on immobilised glutathione expression of cDNAs derived from other organisms

ublished data; L. Corcoran, A. Cowman, P. including those encoding portions of parasite anti-
r, C. Langford, V. Marshall, G. Peterson gens (unpublished data), human auto-antigens (J.

T-Accl fragment of pSj10DBam7Stop7 containing the 3’ terminus of the Sj26 cDNA followed by multiple cloning sites,
' codons and nt 2067-2246 of pBR322. Cleavage with Bc/l was on plasmid DNA grown in methylase-deficient GM48 cells

1983) and the EcoRI and Accl termini were blunt-ended by treatment with Pollk. A transformant was identified containing
(pGEX-1) with the structure shown in Fig. 1a. Oligodeoxynucleotides encoding cleavage recognition sites of thrombin or factor
aserted into the BamHI site of pGEX-1 generating plasmids (pPGEX-2T and pGEX-3X) in which the unique BamHI site is
1ed by one or two nucleotides (Fig. 1b). Nucleotide sequences were confirmed by dideoxynucleotide sequencing of plasmid
en and Seeburg, 1985) and, except where indicated, plasmids were transformed into E. coli strain JM109 (Yanisch-Perron et al.,
striction enzymes and DNA modifying enzymes were purchased from New England Biolabs and used according to the
arer’s instructions. (Amp* = Ap®; ORI = ori.)
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Fig. 3. Purification of P. falciparum antigens expressed as GST
fusion proteins. Growth of cell cultures and purification of fusion
proteins was as described in MATERIALS AND METHODS,
section a, and samples were analysed by electrophoresis through
a 0.1% SDS-10% polyacrylamide gel followed by staining with
Coomassie blue. T, total cell extract; P, material purified on
glutathione-agarose. Cells were transformed with pGEX-1, or
recombinant plasmids consisting of a 555-bp EcoRV-EcoRI frag-
ment of Ag63 in Smal-EcoRI cleaved pGEX-3X (63), a 1010-bp
EcoRI fragment of Ag361 in EcoRI cleaved pSj10 (361), a 763-bp
EcoRI fragment of Agl6é in EcoRI-cleaved pSjl0 (16) or a
1317-bp EcoRI fragment of RESA in EcoRI-cut pGEX-3X (R).
The position and sizes (kDa) of M, markers (M) are indicated.

McNeilage and X. Li, personal communications), a
fragment of the a-chain of the murine T-cell receptor
(G. Morahan, personal communication), and murine
interleukin 4 and GMCSF (unpublished data). Sizes
of fusion proteins range from 32 to 84 kDa.

In a minority of cases, purification has been
unsuccessful and these failures are all attributable to
insolubility of the fusion protein. Insolubility is a
frequent characteristic of foreign proteins expressed
in E. coli (Marston, 1986) and in this context it is

surprising that the majority of GST fusion proteins
are wholly or partly soluble. Little is known about the
factors responsible for insolubility (Marston, 1986)
but in several instances insolubility of GST fusion
proteins is associated with the presence of strongly
hydrophobic regions and elimination of these regions
greatly increases stability and/or solubility (our un-
published data; C. Langford, in preparation; G.
Peterson, personal communication). Other insoluble
fusion proteins either contain many charged residues
or are larger than 100 kDa. Insoluble fusion proteins
can nevertheless be purified by affinity chromato-
graphy if they are solubilised in 19, Triton X-100,
1% Tween 20, 10 mM dithiothreitol or 0.037, SDS,
since these conditions do not disrupt binding to
glutathione-agarose (our unpublished data). Purifi-
cation of other insoluble fusion proteins must be by
conventional methods (Marston, 1986) unless the
polypeptide can be expressed in several fragments
that each form a soluble fusion protein. Insolubility
has sometimes been associated with increased pro-
tein stability in E. coli (Cheng et al., 1981), but not in
other cases (Schoemaker et al., 1985). In general
both insoluble and soluble GST fusion proteins are
stable and where direct comparison is possible, the
stability of a polypeptide expressed as a soluble GST
fusion is similar to that expressed as an insoluble
B-galactosidase fusion (unpublished data).

Despite the amino acid sequence identity of 429,
between Sj26 and the rat GST Yb, isozyme, no
immunological cross-reactivity has been observed
between Sj26 and rabbit GST isozymes (Smith
et al., 1986) and good antibody responses have been
generated against the foreign polypeptide portion of
fusions in immunised mice, rabbits and sheep (un-
published data). Although experience is limited,
responses appear to be as good as or better than
those to equivalent S-galactosidase fusions, perhaps
reflecting the smaller size of the GST carrier (26 kDa
compared with 116 kDa). Responses to Sj26 vary in
different mouse strains (Davern et al., 1987) and
similar variation is observed in the response to poly-
peptides expressed as fusions with GST (our unpub-
lished data).

(c) Protease cleavage of purified fusion proteins

The utility of the pGEX vectors for the production
of foreign polypeptides in E. coli would be increased
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wing purification, the GST carrier could be
d from fusion proteins by cleavage with site-
: proteases. This approach has been success-
some fusion proteins containing the recog-
ite of factor X, (Nagai and Thorgersen, 1984)
igenase (Germino and Bastia, 1984), but has
nes been ineffective (Allen et al., 1985) per-
ae to the insolubility of fusion proteins or the
ze of denaturing reagents.
sdeoxynucleotides encoding the cleavage
ition site of thrombin (Chang, 1985) or factor
igai and Thorgersen, 1984) were introduced
iately 5' to the multiple cloning site of
-1 generating the plasmids pGEX-2T and
-3X respectively (Fig. 1b). Insertion of a
Rsal-EcoR1 fragment of the Agé3 cDNA
> et al., 1986) between the Smal and EcoRI
f pGEX-2T resulted in the expression of a
1 fusion protein that could be purified on
jone-agarose (Fig.4A). Incubation of this
. with thrombin led to the production of two

pGEX PGEX-2T-Agé3
" 0600 510203060 T UG

Wl o - -

W Ao
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fragments, one the GST carrier, and the other a
22.5-kDa portion of Ag63 (Fig. 4A). Efficient cleav-
age occurred within 30 min and at an enzyme-to-
substrate ratio of 1:500. A small proportion of
fusion protein was resistant to cleavage even after
incubation for 2 h with a ten-fold higher concen-
tration of enzyme. Similarly, expression of a 555-bp
EcoRV-EcoRl fragment of Ag63 using the
pGEX-3X vector resulted in the synthesis of a
43-kDa fusion protein that was cleaved into two
fragments by factor X, (Fig. 4B). Cleavage with fac-
tor X, was slower and less efficient than with
thrombin, possibly due to inefficient activation of
factor X. Three other pGEX-2 fusions and one addi-
tional pGEX-3X fusion have been tested for cleavage
by the appropriate protease and in each case efficient
cleavage was observed (our unpublished data) sug-
gesting that purified GST fusion proteins are good
substrates for site-specific proteolysis, possibly
because they are soluble under non-denaturing con-
ditions.

B oeen pGEX-3X-Ag63
M0120 0 51020360120 7T UG

94— —

67— =
4a3- - G oS R (D R =
0= -
aaw —ay
20~
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’rotease cleavage of purified fusion proteins. (Panel A) Thrombin cleavage. Purified fusion protein from cells transformed with

or with pGEX-2T containing a 580-bp Rsal-EcoRI fragment of Agé3 was incubated with protease at 25°C in elution buffer
ng 150 mM NaCl, 2.5 mM CaCl, and 100 ng human thrombin (Sigma) (Eaton et al., 1986) and approx. 50 ug fusion protein
umber of min (0—60 min) indicated. Lanes T, U and G: cleavage reactions after removal of glutathione by dilution with 40 vols.
BS followed by concentration using a Centricon-10 concentrator (Amicon Corp.); T, total reaction after concentration; U,

after incubation with glutathione-agarose beads; G, material bound to glutathione-agarose beads. Samples were analysed by
horesis though a 0.1% SDS-13% polyacrylamide gel followed by staining with Coomassie blue. The size (kDa) and position
arkers (M) are indicated. (Panel B) Factor X, cleavage. Purified fusion protein from cells transformed with pGEX-1 or with
}X containing a 555-bp EcoRV-EcoRI fragment of Ag63 was incubated for different periods with factor X, or absorbed with
ane-agarose after cleavage and analysed as described in panel A. Cleavage with factor X, was at 25°C in elution buffer containing
NaCl, 1 mM CaCl,, 500 ng human factor X, and approx. 50 ug purified fusion protein (Nagai and Thogersen, 1984). Activation
- X (Sigma) was at 37°C for 5 min in a reaction containing 7 pg factor X, 75 ng activating enzyme, 8 mM Tris - HCl (pH 8.0),
NaCl and 8 mM CaCl, (Fujikawa et al., 1972). The apparent excess of released GST carrier following cleavage compared with
unt of the Ag63 polypeptide fragment may reflect differences in the extent of staining of these polypeptides with Coomassie blue.
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Neither thrombin nor factor X, cleave the GST
carrier and so after proteolysis both the carrier and
any uncleaved fusion protein can be removed from
the cleavage reaction by absorption on glutathione-
agarose leaving only the purified polypeptide product
(Fig. 4). Furthermore, if site-specific proteases can
be produced as GST fusion proteins that retain
proteolytic activity, it is possible that the protease
could also be removed by absorption. This possi-
bility is encouraged by the findings that many fusion
proteins are soluble and bind to glutathione-agarose,
and that a purified mouse GMCSF-GST fusion pro-
tein has biological activity (D. Metcalf, personal
communication).

{(d) Conclusions

(1) We have constructed a series of pGEX that
simplify the purification of foreign polypeptides pro-
duced in E. coli. Polypeptides are expressed as C-ter-
minal fusions with Sj26 and can be purified under
non-denaturing conditions by affinity chromatogra-
phy on immobilised glutathione. Using batch wash-
ing procedures, several fusion proteins can be puri-
fied in parallel in less than 2 h with yields of between
1.6 and 15 pug/ml of culture. Almost 50 different
polypeptides have been tested in the pGEX system,
the majority of which (36/47) are expressed as GST
fusion proteins that are soluble and can be purified
by glutathione-affinity chromatography.

(2) Protease cleavage sites for thrombin and fac-
tor X, have been introduced at the C terminus of
Sj26 so that the GST carrier can be removed from
fusion proteins after purification. Six different GST
fusion proteins have been tested and shown to be
susceptible to specific and efficient cleavage when
incubated with the appropriate protease. Further
purification of the polypeptide product can be
achieved by absorption on immobilised glutathione
to remove the GST carrier and any uncleaved fusion
protein.

(3) The pGEX vectors contain the over-expressed
lacI? allele of the lac repressor and so expression of
GST fusion proteins from the strong tac promoter is
efficiently repressed until induction with IPTG,
regardless of the lacI status of the E. coli host. This
feature, together with the provision of frame-shifted
cloning sites, and the high level of expression, ease
of purification and efficient site-specific cleavage of

GST fusion proteins makes the pGEX vectors con-
venient for the construction and analysis of cDNA
expression libraries, and may also provide an in-
expensive alternative to the chemical synthesis of
peptides (C. Langford, in preparation).
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