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Abstract

The demands of structural and functional genomics for large quantities of soluble, properly folded proteins in heterologous hosts
have been aided by advancements in the Weld of protein production and puriWcation. Escherichia coli, the preferred host for recombi-
nant protein expression, presents many challenges which must be surmounted in order to over-express heterologous proteins. These
challenges include the proteolytic degradation of target proteins, protein misfolding, poor solubility, and the necessity for good puri-
Wcation methodologies. Gene fusion technologies have been able to improve heterologous expression by overcoming many of these
challenges. The ability of gene fusions to improve expression, solubility, puriWcation, and decrease proteolytic degradation will be
discussed in this review. The main disadvantage, cleaving the protein fusion, will also be addressed. Focus will be given to the newly
described SUMO fusion system and the improvements that this technology has advanced over traditional gene fusion systems.
  2005 Elsevier Inc. All rights reserved.

Keywords: Protein expression; Gene fusion; Protein fusion; Ubhiquitin; SUMO; Ubiquitin-like proteins
EYcient recombinant protein expression is a major
bottleneck for structural genomics and proteomics.
Despite progress in automation, soluble protein expres-
sion is frequently the rate-limiting step for many
researchers. The preferred host for recombinant protein
expression has historically been Escherichia coli (E. coli)
due to the simplicity and low costs associated with using
this host. While E. coli has proved a successful host for
the expression of many heterologous proteins, it is fre-
quently not capable of expressing soluble heterologous
proteins. The Southeast Collaboratory for Structural
Genomics (SECSG)1 reports that of the 6386 proteins
they have expressed in E. coli only 22.7% (1452) have
been soluble (as published on SECSG web page 03/04/
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2005). Much advancement has been made toward
improving recombinant protein expression in E. coli,
including the development of strong promoters [1], co-
expression with chaperones [2], and through the use of
protein fusions. No other technology has been as eVec-
tive at improving the solubility of recombinant proteins
as fusion systems, especially for diYcult-to-express pro-
teins. A variety of structures have been used as fusion
motifs (Table 1). These fusion proteins are frequently
employed to enhance protein expression and facilitate
puriWcation [3–5]. There is no particular similarity
among these proteins in terms of molecular weight,
structure, or function, with the exception of ubiquitin
(Ub) and SUMO, which share a common structure [6].
This review will discuss the advantages of fusion tech-
nologies. These advantages include the manner in which
protein expression is enhanced, proteolytic degradation
of the target protein is decreased, protein folding and
solubility are increased, and puriWcation and detection
are simpliWed. The main disadvantage of fusion technol-
ogy, cleaving the protein fusion, is also covered. In addi-
tion, focus is given to the newly described SUMO fusion
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systems. SUMO fusions appear to have all of the advan-
tages of traditional fusion systems, and due to the activ-
ity of SUMO proteases do not encounter the same
diYculties with cleavage.

Advantages of recombinant protein fusion technology

Protection from degradation

Proteolysis is highly regulated and plays critical roles
in maintaining cellular homeostasis, including removing
unwanted or incorrectly folded proteins from the cell [7].
Often, recombinant proteins are viewed as unwanted by
cells and are subjected to proteolytic degradation,
decreasing the level of recombinant protein expression
(reviewed in [8]). Several strategies have been developed
to protect recombinant proteins from degradation
including the use of protease inhibitors [9], secretion into
the periplasm [10] or culture medium [11], and generating
protective fusions [12]. Fusions between the N-terminus
of target proteins and protein tags (Table 1) have been
shown to protect the target protein from degradation
[13–15]. Furthermore, fusions with C-terminus [16], dual
C- and N-terminal fusions [17], and tandem fusions of
multiple copies of the target gene [18] have been shown
to aVord protection from proteolytic degradation.

The compartmentalization hypothesis describes the
mechanism by which gene fusions protect against
proteolytic degradation [19]. Fusions can promote the
translocation of their partner proteins to diVerent cellu-
lar compartments, thereby decreasing the concentration
of the recombinant protein in the protease-rich cytosol.
For example, maltose binding protein (MBP) can trans-
locate to the membrane compartment of the cell [20] or
SUMO can translocate from the cytosol to the nucleus
[21]. The tags can thereby compartmentalize their part-

Table 1
Fusion partner proteins, which enhance expression and simplify puriW-
cation

Abbreviations used: SUMO, small ubiquitin modifying protein; Ni–
NTA, nickel–nitriloacetic acid; CTHS, C-terminal half of SUMO;
NTHS, N-terminal half of SUMO; GST, glutathione S-transferase;
MBP, maltose binding protein; Trx, thioredoxin; Ub, ubiquitin.

a The N-terminus of SUMO is very Xexible and can accommodate a
variety of aYnity tags (e.g., GST). The SUMO system can therefore be
tailored to the researcher’s desired aYnity tag.

Fusion partner Molecular
weight (kDa)

PuriWcation method

6£ Hisa-SUMO 12.2 Ni–NTAa

CTHS 7 NTHS
GST 27.3 Glutathione–Sepharose
6£ His-NusA 58.4 Ni–NTA
MBP 45 Amylose resin
TRX 14.3 ThioBond resin
6£ HIS-Ub 8.6 Ni–NTA
Flag peptide 1 Anti-Flag antibodies
ner proteins and decrease the susceptibility to proteo-
lytic degradation.

Enhanced recombinant protein expression

Protein expression is a complex process dependent
upon mRNA stability and translational eYciency, as well
as transcriptional regulation. Enhanced recombinant
protein expression is the result of a high mRNA copy
number, eYcient translational initiation and elongation,
stability of the mRNA, and translation enhancers
(reviewed in [22]). Many heterologous genes are not
translated eYciently due to codon usage bias. Codon bias
has been implicated as one of the main reasons for ineY-

cient translation (e.g., malaria parasite genes [23]). Codon
bias has been overcome by engineering new strains or cell
lines that contain rare tRNAs or by altering the problem-
atic codons to more common prokaryotic codons [24].
Strong and highly regulated promoters from E. coli,
yeast, and insect cells are available [14,25,26], and as such
transcription of the heterologous gene is usually not a
rate-limiting factor. It has been observed that many
fusion proteins enhance protein expression [14,15,27],
however, the exact mechanism by which fusion proteins
achieve this enhanced expression is unknown. It has been
speculated that enhanced expression is the result of the
highly conserved structures of these proteins. Attachment
of a highly evolved translational frame at the N-terminus
of an ineYciently translated protein may help to improve
the latter’s eYciency of expression [28].

Improved protein folding

Although E. coli is usually the Wrst choice as a recombi-
nant expression organism, many eukaryotic proteins, espe-
cially proteins with disulWde bridges, cannot be expressed
as soluble, active, and properly folded proteins in E. coli
[29]. When a large quantity of protein is expressed, macro-
molecular crowding (200–300 mg/ml in the cytoplasm)
presents an unfavorable environment for protein folding.
Frequently, the result of a high concentration of incor-
rectly folded recombinant protein is the formation of
inclusion bodies [30]. In fact, the level of aggregated pro-
tein can increase to the extent that inclusion bodies are
observable by light microscopy as round bodies surround-
ing the cytosol of E. coli [31]. While the formation of inclu-
sion bodies does aVord protection from proteolytic
degradation, and re-folding can recover active proteins
from inactive inclusion bodies, the initial expression of
correctly folded, soluble recombinant protein is ideal [32].

Several strategies have been developed to promote the
expression of properly folded recombinant protein,
including co-expression of molecular chaperones [2] and
foldases [33], expression of secreted proteins [34], and
expression of protein fusions [35]. Fusion partners
(Table 1) have been shown to act as solubility enhancers,
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although the exact mechanism by which they improve
solubility has not been described. It has been hypothe-
sized that these fusions may act as chaperones [36]. The
fusion of a stable or conserved structure to an insoluble
recombinant protein may serve to stabilize and promote
proper folding of the recombinant protein. MBP has
been shown to function as a general molecular chaper-
one in the context of a fusion protein by binding to
aggregation-prone folding intermediates of passenger
proteins and preventing their self-association [36].
Fusion tags have also been hypothesized to enhance the
solubility of the protein target by acting as a nucleus of
folding (“molten globule hypothesis”) [37,38]. This the-
ory suggests that a fusion tag acts as a nucleation site for
the folding of the target protein. Ub, which has a highly
hydrophobic core, has been shown to be the fastest fold-
ing protein known [39]. Ub’s ancient structure is highly
conserved in SUMO, as well as in other ubiquitin-like
proteins used as fusions [6]. When fused to Ub or
SUMO, otherwise insoluble proteins have been observed
to fold properly and be soluble [14,15].

SimpliWed puriWcation and detection

The use of protein fusion technology oVers the oppor-
tunity to simplify and facilitate puriWcation and detection
of recombinant proteins. Fusing a tag to the target pro-
tein provides a one-step puriWcation procedure by pass-
ing cell extracts or supernatants over an appropriate
aYnity matrix. Numerous examples of aYnity puriWca-
tion exist for fusion proteins, including nickel–nitriloace-
tic acid to isolate hexahistidine-fused proteins [40], biotin
to isolate streptavidin-fused proteins [41], and amylose to
isolate MBP-fused proteins [42]. The fusion tag can also
be used to identify the recombinant product through
Western blotting by way of anti-tag antibodies [43].

Disadvantages of recombinant protein fusion technology

Cleaving the fusion protein

Cleavage of protein fusions to generate free protein
remains the major disadvantage of protein fusion tech-
nologies. Cleavage of the fusion is usually necessary
because the fusion interferes with the structural or func-
tional properties of the recombinant protein [44]. A vari-
ety of chemical and enzymatic methodologies have been
developed to cleave fusions [45,46]. These methods
include the use of engineered cleavage sites, which are
recognized by the proteases and are positioned between
the fusion tag and the protein target. Proteases that have
been employed to cleave fusion tags include tobacco etch
virus (Tev) protease [47], factor Xa, or thrombin prote-
ase (reviewed in [46]). Problems associated with proteo-
lytic cleavage of fusion tags are low yield, precipitation
of the protein of interest, labor-intensive optimization of
cleavage conditions, expense of proteases, and failure to
recover active, structurally intact protein [48].

Another major problem encountered with the cleav-
age of fusion proteins is the generation of non-native N-
terminal amino acids. Many structural and therapeutic
proteins require a speciWc N-terminus, other than methi-
onine, for biological activity (e.g., chemokines). All
nascent proteins have methionine as their N-terminal
residue; some (e.g., precursor proteins, which undergo
proteolytic maturation) then undergo post-translational
processing and modiWcation, leading to a variety of N-
terminal amino acids. Experiments performed by Var-
shavsky and co-workers [49] in the 1980s demonstrated
that the expression of ubiquitin-�-galactosidase in yeast
leads to rapid processing of ubiquitin in the cells. The
processing of Ub-X-fusion, where X is any amino acid,
was independent of the identity of residue X [19,49]. It
was observed that the in vivo half-life of the resulting
protein varied as a function of the N-terminal residue of
the protein (residue X). The “N-end rule” proposes that
there is a relationship between the identity of a protein’s
N-terminal residue and its half-life. For an in depth dis-
cussion of the “N-end rule,” please see appropriate pub-
lications of Varshavsky and co-workers [19,49].

Cleavage by the aforementioned proteases results in
the retention of several amino acids, which are down-
stream from the cleavage site and required for protease
recognition. For example, thrombin will cleave the
sequence LVPRGS at the arginine residue, resulting in
an N-terminal extension of the target protein by two
amino acids (GS) [46]. Since many proteins require a
speciWc N-terminus for biological activity, half-life, or
structural stability, this characteristic of protease cleav-
age can have serious eVects on the ability to recombi-
nantly produce active protein. Notable exceptions
include the intein, SUMO, and Ub fusion systems. The
intein fusion system utilizes the inducible self-cleavage
activity of engineered protein splicing elements (termed
inteins). In the presence of thiols such as DTT, �-
mercaptoethanol or cysteine, the intein undergoes spe-
ciWc self-cleavage which releases the target protein from
the tag. When fused directly to the N-terminus of the tar-
get protein cleavage results in the production of a target
protein without any extra non-native residues attached
to its terminus after cleavage [45].

Unlike intein-mediated cleavage, the Ub and SUMO
fusion systems do require the use of proteases for
removal of the tag. However, the SUMO proteases and
the deubiquitylating enzymes (DUBs) are distinct from
other proteases that recognize a peptide sequence, as they
recognize the tertiary structure of the SUMO or Ub tag.
When the target protein is fused directly to the C-termi-
nus of SUMO or Ub, cleavage will not result in extrane-
ous residues at the N-terminus of the target protein and
therefore will yield native-like protein [15,49]. The DUBs
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have a major drawback in that complete cleavage of the
Ub tag requires a large amount of enzyme (1:10 molar
ratio of DUB to target) [50]. The SUMO protease has
been reported to be much more robust, requiring only a
1:5000 molar ratio of protease to target [15]. The new
generation of SUMO proteases has been shown to be
even more catalytically active requiring only 1:100,000
molar ratio of protease to target (Butt et al. unpublished
results) (see further discussion below).

SUMO fusion technology

SUMO and SUMO pathways

The SUMO family of proteins has been described
extensively in the literature (reviewed in [51]). SUMO and
the SUMO pathway are highly conserved in all eukary-
otes from yeast to humans, but are absent from prokary-
otes (Fig. 1) [52–54]. Saccharomyces cerevisiae has only a
single SUMO gene, SMT3 which is essential for viability
[55,56]. In contrast, vertebrates have three SUMO genes,
SUMO-1, SUMO-2, and SUMO-3. The three human
SUMOs are highly homologous, with human SUMO-1
sharing 50% sequence identity with human SUMO-2 and
SUMO-3 [56], and human SUMO-2 and SUMO-3 shar-
ing 87% sequence identity with each other [57]. SMT3
shares 47% sequence identity with human SUMO-1.
Although overall sequence identity between Ub and
SUMO is only 18%, structure determination by nuclear
magnetic resonance (NMR) reveals that the two proteins
possess a common three-dimensional structure that is
characterized by a tightly packed globular fold with �-
sheets wrapped around one �-helix [6].

The family of SUMO proteins function, like Ub, as
covalent modiWers of other proteins, and sumoylation
occurs in a similar fashion to the ubiquitination of pro-
teins [57–59] (Fig. 1). SUMO is activated in an ATP-
dependent step by the formation of a thioester bond with
the SUMO activating enzyme E1. Following activation,
SUMO is transferred to SUMO E2, or SUMO-conjugat-
ing enzyme. Following conjugation to E2, SUMO is trans-
ferred to its target protein through the activity of SUMO
E3. These modiWcations can have a variety of cellular con-
sequences. Sumoylation can antagonize the action of
ubiquitination by preventing ubiquitin-meditated proteol-
ysis [60]. SUMO conjugation has also been observed to
impact higher-order chromatin structure [61], transcrip-
tional regulation [62], DNA repair pathways [63], nuclear
transport [64], and signal transduction pathways [65].

SUMO conjugation to target proteins is a dynamic
process, which changes in response to a variety of stimuli
[66]. SUMO can be removed from target proteins enzy-
matically by SUMO C-terminal hydrolases-isopeptid-
ases, several of which are now known in many species
including yeast (Ulp1 and Ulp2) [67–69], Arabidopsis
[70], and humans [59,71–73]. SUMO proteases share a
common C-terminal domain (Ulp domain), and have no
sequence homology to the DUBs [67–69].

SUMO fusion enhances protein expression, solubility, and 
puriWcation in prokaryotes

Recently, SUMO has been fused to the N-terminus of
several proteins, including matrix metalloprotease
(MMP13), green Xuorescent protein (GFP), and SARS-
CoV 3CL protease, and used as a recombinant expres-
sion system [15,74] (www.lifesensors.com). SUMO fusion
leads to enhanced expression and solubility (Fig. 2A and
unpublished results). For example, when MMP13 is
expressed without SUMO fusion in E. coli, it is contained
primarily in inclusion bodies. However, when MMP13 is
expressed as a SUMO fusion, MMP13 was observed pri-
marily in the soluble fraction [15]. The eVect that SUMO
has on enhancing protein solubility has been explained in
part by the structure of SUMO. SUMO has an external
hydrophilic surface and inner hydrophobic core, which
may exert a detergent-like eVect on otherwise insoluble
proteins [15]. A hexahistidine SUMO fusion construct
has been shown to enhance expression and facilitate puri-
Wcation with Ni–NTA chromatography. Ni–NTA chro-
matography has been used to purify the fusion from the
cellular lysate (Fig. 2B) [15].

SUMO proteases

As described above, the major disadvantage of
fusion protein technology is cleavage of the tag. Com-

Fig. 1. The SUMO cycle. SUMO is synthesized as a precursor and
cleaved by SUMO proteases (yeast Ulp1 or Ulp2). Activating enzyme
(E1), conjugating enzyme (E2), and ligase (E3) are named according to
yeast where most were discovered.

http://www.lifesensors.com
http://www.lifesensors.com
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monly used proteases do not cleave all fusions
eYciently, accurately and, moreover, can generate
extraneous amino acids at the N-terminus of the target
protein [75]. SUMO proteases, which are members of
the cysteine protease superfamily, are able to overcome
these diYculties. SUMO proteases (LifeSensors) are
accurate and eYcient in cleavage of the SUMO tag and
allow for retention of the desired N-terminus. To date,
we have cleaved approximately 100 SUMO fusions and
never observed erroneous cleavage within the partner
protein. Unlike other proteases that recognize a pep-
tide sequence, SUMO proteases recognize the tertiary
structure of the SUMO tag and cleavage does not
result in an extended the N-terminus in the partner
protein. Owing to its unique structure, SUMO protease
can accommodate a variety of SUMO fusion partner
proteins (Fig. 4). SUMO proteases have been observed
to completely cleave a broad range (6–110 kDa) of
partner proteins fused to SUMO [15,74]. In addition,
SUMO protease is able to cleave eYciently under a
wide range of conditions, including pH, temperature,
and ionic strength (Fig. 3). Unfortunately, SUMO pro-
tease is not able to cleave target proteins which contain
an N-terminal proline. SUMO proteases have a con-
Fig. 2. Enhanced expression and puriWcation using the SUMO fusion system. (A) Enhanced expression of SARS-CoV 3CL protease (3CL) by
SUMO fusion in E. coli. Cells grown in Luria–Bertani (LB) media were induced at the temperatures and for the lengths of time indicated. Just before
expression was induced and after induction was completed the cells from a 1.5 ml aliquot of culture were lysed. Samples of whole cell lysates (»7.5 �l)
from the various expression conditions were resolved in 12% SDS-gels and stained with Coomassie blue. Molecular weights (in kDa) were as indi-
cated, and arrowheads highlight expected/observed positions of respective expressed protein bands [74]. (B) An SDS gel depicting the puriWcation of
SARS-CoV 3CL protease. Total cell lysate was passed over a Ni–NTA column, washed with 40 mM imidazole, and eluted with 300 mM imidazole
(aYnity puriWed). Cleavage with the SUMO protease was conducted under standard conditions, and the sample was passed over another Ni–NTA
column to remove the SUMO protease and tag (subtracted). Aliquots of the samples (each containing »5 �g protein) were separated on a 12% SDS-
gel and stained with Coomassie blue. The migration positions of the SUMO fusion and the proteins resulting from the cleavage are as indicated [74].
Fig. 3. EVect of various conditions on the activity of SUMO protease. SUMO-green Xuorescent protein fusion (SUMO-GFP) (2.5 �g) was incubated
with SUMO protease (1:5000 molar ratio of SUMO-GFP to protease) for 1 h under conditions described in the Wgure: temperatures of 4 or 37 °C,
and concentration ranges of imidazole (at 25 °C), sodium dodecyl sulfate (SDS) (at 25 °C), Triton X-100 (at 25 °C), urea (at 25 °C), or guanidine
hydrochloride (at 25 °C). The data show that the enzyme is active over a broad temperature range and tolerates highly adverse biochemical condi-
tions [15].
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strictive hydrophobic tunnel within the active site, and
substrates must pass through this tunnel during cleav-
age (Fig. 4) [76]. It has been hypothesized that the con-
strictive tunnel is unable to accommodate the
structural changes induced by prolines near the clevage
site.

Fig. 4. The X-ray crystal structure of human SUMO protease (Senp2,
grey) in complex with human SUMO-1 (black) [76]. SUMO-1 must
pass through a constrictive hydrophobic tunnel (arrow) within the
active site in order to be cleaved by Senp2.
SUMO fusion in eukaryotic hosts, the split SUMO 
solution

This review is primarily focused on the role of
SUMO fusion expression systems in prokaryotic cells.
However, it is relevant to mention that fusion of Ub to
under-expressed genes in eukaryotes enhances the level
of protein production, even though the Ub tag is
cleaved by endogenous DUBs [77]. We have also
observed dramatic enhancement of under-expressed
proteins in eukaryotes after fusion with SUMO.
Similar to Ub, the SUMO tag is cleaved soon after
translation (Edavettal and Butt, unpublished). These
studies suggest that protein expression enhancing
properties of Ub and like proteins (SUMO) are pre-
served in eukaryotes.

The lack of an endogenous SUMO protease in E.
coli facilitates the use of SUMO as a puriWcation tag in
this host organism. However, in eukaryotic systems,
endogenous SUMO proteases immediately cleave
SUMO fusions, making puriWcation using the SUMO
tag impossible. A novel fusion system, split SUMO, has
been developed to overcome this problem. In the split
SUMO system, SUMO is bifurcated into N- and C-ter-
minal halves (NTHS and CTHS) (Fig. 5A). Fusion of
the CTHS to the N-terminus of a target protein allows
enhancement of expression in eukaryotes and, most
importantly, the fusion is not recognized by endoge-
nous SUMO proteases; therefore it is not cleaved in
vivo and can facilitate puriWcation. CTHS has strong
hydrophobic interactions with NTHS, and mixture of
Fig. 5. The split SUMO expression system. (A) The structure of SUMO, and the N- and C-terminal halves (NTHS and CTHS). The target protein is
fused to the CTHS, and the full SUMO structure is reconstituted after puriWcation by incubating with NTHS. (B) The reconstitution of cleavable
structure on the CTHS fusion in vitro and cleavage by Ulp1. An SDS PAGE of 6£ His-CTHS-GFP (8 �g) fusion protein puriWed from E. coli that
was incubated for 30 min at 30 °C with puriWed 6£ His-NTHS (2 �g) and increasing concentrations of SUMO protease (lane 1, CTHS-GFP + NTHS
and lanes 2–9, CTHS-GFP + NTHS with decreasing concentrations of SUMO protease (1000, 500, 250, 125, 62.5, 31.3, 15.6, 7.8, and 3.9 ng)). Note
the release of free GFP indicating the reconstitution of the full SUMO structure at high protease concentrations.
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NTHS with the CTHS fusion allows for reconstitution
of SUMO in vitro. Reconstitution of intact SUMO by
non-covalent interactions between the two halves in
vitro generates a substrate for SUMO protease, permit-
ting cleavage and puriWcation of the partner protein
(Fig. 5B). We have also observed that fusion of a secre-
tory signal to the N-terminus of the SUMO fusion per-
mits enhanced expression and prevents cleavage of the
SUMO tag (Edavettal et al., unpublished). We believe
that the secretory signal aVords protection from the
endogenous SUMO proteases because the nascent pro-
tein is captured by the endoplasmic reticulum, and
secreted into the media, therefore bypassing the prote-
ase-rich cytosol.

Conclusions and future directions

Rapid, eYcient, and cost-eVective protein expression
and puriWcation strategies are required for high through-
put structural genomics and the production of therapeu-
tic proteins. Fusion protein technology represents one
strategy to achieve these goals. Fusion protein technol-
ogy allows for the enhanced expression of recombinant,
proteins, which are protected from degradation and
have improved solubility and simpliWed puriWcation and
detection. The major drawback to most fusion systems is
cleavage of the fusion tag, which can result in the genera-
tion of non-native N-termini and erroneous cleavage.
The SUMO fusion expression system aVords the advan-
tages of other fusion technologies, but also the SUMO
protease is eYcient, accurate, and does not result in the
extraneous residues at the N-terminus of the target pro-
tein. We are currently developing the second generation
of SUMO tags, which have demonstrated added
enhanced expression of under-expressed proteins, and
the second generation of SUMO proteases, which are
even more robust than Ulp1.

The SUMO and split SUMO fusion technologies
allow for eYcient recombinant expression in both pro-
karyotic and eukaryotic hosts. This technology has been
used to eYciently express and purify a variety of pro-
teins, including membrane proteins [78]. Another inno-
vative application of the SUMO fusion technology is its
use as an immobilization tool for protein arrays. Appli-
cations for protein arrays include expression proWling,
protein isolation and puriWcation, protein–protein inter-
action studies, and small molecular drug discovery [79–
81]. SUMO has both Xexible N- and C-termini, allowing
dynamic processes to occur with relative ease, and the
complex can be released from the solid support by the
action of SUMO protease, which facilitates the identiW-

cation and characterization of the partner protein(s).
SUMO and other fusion technologies will allow for
eYcient recombinant expression of proteins, aiding in
numerous future discoveries.
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