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Abstract

Many proteins can’t be studied using solution NMR methods because they have limited solubility.
To overcome this problem, recalcitrant proteins can be fused to a more soluble protein that
functions as a solubility tag. However, signals arising from the solubility tag hinder data analysis
because they increase spectral complexity. We report a new method to rapidly and efficiently add a
non-isotopically labeled Small Ubiquitin-like Modifier protein (SUMO) solubility tag to an
isotopically labeled protein. The method makes use of a newly developed SUMO-Sortase tagging
reagent in which SUMO and the Sortase A (SrtA) enzyme are present within the same
polypeptide. The SUMO-Sortase reagent rapidly attaches SUMO to any protein that contains the
sequence LPXTG at its C-terminus. It modifies proteins at least 15-times faster than previously
described approaches, and does not require active dialysis or centrifugation during the reaction to
increase product yields. In addition, silently tagged proteins are readily purified using the well-
established SUMO expression and purification system. The utility of the SUMO-Sortase tagging
reagent is demonstrated using PhoP and green fluorescent proteins, which are ~90% modified with
SUMO at room temperature within four hours. SrtA is widely used as a tool to construct
bioconjugates. Significant rate enhancements in these procedures may also be achieved by fusing
the sortase enzyme to its nucleophile substrate.

Keywords
Silent solubility tag; sortase; protein ligation; SUMO

NMR spectroscopy is a powerful tool in which to study the structure and dynamics of
proteins in solution (Cavanagh et al. 2010). However, in order to perform detailed studies,
proteins must be soluble and stable in NMR compatible buffers at concentrations of
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~250-500 uM or higher. Moreover, even higher protein concentrations are preferred as the
signal-to-noise scales linearly with concentration. A significant problem limiting the study
of many biologically interesting proteins is their limited solubility. Although a range of
buffer conditions can be explored to improve protein solubility, many times these efforts
prove unsuccessful. Fusing recalcitrant proteins to a more soluble domain (e.g. thioredoxin,
maltose binding protein (MBP), protein G B1 domain (GB1), and glutathione-S-transferase
domains (GST)) can dramatically improve overall solubility and are frequently used to
facilitate expression and purification (di Guan et al. 1988; Smith and Johnson 1988; Huth et
al. 1997; LaVallie et al. 2000). Wagner and colleagues pioneered the use of protein
“solubility tags” for NMR studies by demonstrating that the solubility and overall spectral
quality of a poorly behaving protein can be improved by fusing it to GB1 (Zhou et al. 2001;
Zhou and Wagner 2009). However, the NMR spectra of the GB1 fusion contained additional,
unwanted signals from the solubility tag (GB1) that increased spectral complexity. To avoid
this problem, newer “silent” solubility tagging methods have been developed in which the
isotopically enriched protein of interest is first purified, and then ligated /n vitroto an
unlabeled, more soluble protein. Because the added solubility domain is not isotopically
labeled, it is NMR “silent” and does not increase the spectral complexity (Ziiger and Iwai
2005; Kobashigawa et al. 2009). Similar, /n vitro ligation approaches are employed to
segmentally isotope label multi-domain containing proteins, thereby reducing their spectral
complexity (Yamazaki et al. 1998; Muona et al. 2010; Refaei et al. 2011; Freiburger et al.
2015).

Two approaches have been developed to attach silent solubility tags to proteins, intein trans-
splicing and sortase catalyzed transpeptidation. In the intein trans-splicing method, split
inteins self-associate to catalyze the splicing event (Yamazaki et al. 1998; Xu et al. 1999;
Ziger and Iwai 2005; Muona et al. 2010). Silent tagging is performed in vitro, and requires
both the target protein and solubility tag first be expressed and purified as a split-intein
fusion. These fusion proteins are then joined via trans-splicing in which the split-intein
components are eliminated. Although high yields are obtainable, reaction times of 1-2 days,
and special protein reagents (the split-intein fusions) are required. A second approach uses
the S. aureus sortase (SrtA) enzyme that joins via a peptide bond the protein of interest to
the silent solubility tag. SrtA is a cysteine transpeptidase that catalyzes peptide bond
formation between the threonine residue within the sequence LPXTG (where X is any amino
acid), and the amino group of a peptide that contains a penta-glycine (Glys) sequence at its
N-terminus (Mazmanian 1999; Perry et al. 2002; Spirig et al. 2011; Schneewind and
Missiakas 2014). In elegant work by Kobashigawa and colleagues, SrtA was used to append
a silent tag to the C-terminus of an isotopically labeled protein (Kobashigawa et al. 2009).
The reaction required three purified protein components: the unlabeled solubility tag
containing an N-terminal Glyg sequence (Glys-GBL1 in their study), the isotopically enriched
target protein containing a C-terminal LPXTG sequence, and the SrtA transpeptidase. Using
this approach, ~90% of the isotope labeled target protein was silently tagged with GB1 by
performing the reaction for 3 days at room temperature. To improve yields the reaction was
performed during dialysis to facilitate cleavage product removal. More recently, Sattler and
colleagues demonstrated the utility of this approach for segmental labeling, and achieved
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faster modification rates by removing the product during the reaction by centrifugal
concentration (Freiburger et al. 2015).

Our objective was to create a more efficient and rapid solubility tagging method that
satisfied the following criteria. First, proteins should be rapidly modified with the tag within
a day, preferably in a process that can be conducted at lower temperatures to avoid protein
aggregation and/or degradation of the isotopically labeled protein. Second, >90% of the
labeled protein should be converted into the silently tagged protein product. This is critical
as the target protein may be difficult to obtain and/or expensive to produce. Third, the
tagging reaction should be a simple process that requires a minimum number of reagents,
and should require only minor modification of the protein of interest. Finally, the procedure
should be readily integrated into an established protein expression and purification scheme,
enabling silently tagged proteins to be purified using conventional approaches.

We developed a SUMO-tagging system that silently tags poorly soluble proteins with an
unlabeled Small Ubiquitin-like Modifier (SUMO) protein. SUMO was chosen because of its
low molecular weight (12 kDa), and because it has previously been shown to improve
protein solubility (Malakhov et al. 2004; Marblestone et al. 2006; Panavas et al. 2009;
Peroutka lii et al. 2011). Moreover, using SUMO as a solubility tag enables the new system
to be integrated into the widely used, and commercially available, SUMO affinity tag
purification (LifeSensors (Malakhov et al. 2004, Catalog no. 1001K) or ThermoFisher
(Catalog no. K300-01)). In the SUMO affinity tag purification procedure, proteins are
produced as fusion with an N-terminal 6xHis-SUMO affinity tag (Fig. 1a). The 6xHis-
SUMO-Protein fusion is purified using standard immaobilized metal affinity chromatography
(IMAC) resin (e.g. Ni2* or Co2* columns). The 6xHis-SUMO tag is then removed by adding
the highly specific 6xHis-Ulpl protease, and the protein of interest is then purified by
reapplying the mixture to the IMAC column. The protein of interest appears in the flow-
through, while 6xHis-Ulpl protease and 6xHis-SUMO are retained on the column. The
SUMO-tagging system described here is readily integrated into this purification scheme
because it makes use of 6xHis-SUMO-Protein fusion, as well as the robust 6xHis-Ulpl
protease. In our procedure, the isotopically enriched protein is expressed as a 6xHis-SUMO-
Protein fusion, an unlabeled SUMO tag is then added in a single step to the protein, and the
desired Protein-SUMO fusion is generated using the conventional SUMO affinity tag
purification scheme (Fig. 1b). This approach is advantageous, as it simplifies procedures
required to obtain the final product and because at all points in the process the protein
remains fused to a solubility tag so as to minimize losses caused by aggregation.

The SUMO-tagging system is based on the SrtA-mediated approach developed by
Kobashigawa and colleagues, but simplifies the process by creating a single SUMO-SrtA
reagent that silently tags any protein containing the sequence LPXTG at its C-terminus
(Kobashigawa et al. 2009). Moreover, because SrtA and its SUMO substrate are located
within the same polypeptide, the rate of modification (“tagging”) is significantly increased
(vide infra). The tagging reagent consists of a SUMO-SrtA fusion protein harboring five
glycine residues at its N-terminus, and a histidine tag at its C-terminus (Glys-SUMO-
SrtA-6xHis). Distinct from previous reported approaches, the ligation reaction requires only
two components, the new tagging reagent and a purified protein that contains a C-terminal
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LPXTG sequence. To facilitate integration into SUMO affinity tag purification system, the
protein to be tagged is produced as a 6xHis-SUMO-Protein-LPETG fusion (Fig. 1b). When
the tagging reagent and fusion protein are incubated with one another, the reagent joins itself
via a peptide bond to the C-terminal end of 6xHis-SUMO-Protein-LPETG to create a 6xHis-
SUMO-Protein-LPET-Glys-SUMO-SrtA-6xHis ligation product. The ligation mixture is
then incubated with 6xHis-Ulpl protease, releasing the N-terminal SUMO tag (6xHis-
SUMO), the SrtA enzyme (SrtA-6xHis), and the desired tagged protein product (Protein-
LPET-Glys-SUMO). Because only the product lacks a histidine tag, it is purified by
immobilized metal affinity chromatography (IMAC).

The utility of the SUMO-tagging system was initially demonstrated using the PhoP protein
from M. tuberculosis. PhoP is a two-component response regulator that binds DNA through
its C-terminal domain (PhoPC, residues 142-2470f PhoP) (Pathak et al. 2010; Macdonald et
al. 2015). PhoPC was chosen because the isolated domain exhibits limited solubility in
NMR compatible buffers, and it requires high salt concentrations; PhoPC is initially soluble
in buffer containing 50 mM sodium phosphate pH 6.5 and 300 mM NacCl, but the protein
begins to aggregate and precipitate to below ~500 puM after ~24-48 hours. To tag PhoPC, a
6xHis-SUMO-PhoPC-LPETG fusion protein was expressed from a commercially available
pSUMO plasmid and purified by IMAC (Fig 1a). The protein was then incubated at 25°C for
varying amounts time with unlabeled tagging reagent (Glys-SUMO-SrtA-6xHis) at a 1:5
molar ratio of protein to reagent. As shown in Fig. 2a, approximately 90% of PhoPC is
converted into the ligated product within 4 hours. We also verified the robustness of the
modification procedure using Green-fluorescent protein (GFP) containing the sequence
LPETG at its C-terminus (GFP-LPETG). As shown in Fig. 2b, when it is incubated with
Glys-SUMO-SrtA-6xHis using similar reaction conditions, ~90% of GFP-LPETG is ligated
to the tagging reagent within five hours. For some proteins, it may be desirable to add silent
solubility tags using lower reaction temperatures to avoid protein aggregation and/or
proteolysis. Fig. 2¢c shows that this can readily be accomplished using the reagent, as it only
requires 18 hours to convert ~90% of GFP-LPETG into the tagged product when the
reaction is performed at 4°C (1:5 ratio molar ratio of protein to reagent).

An attractive feature of the SUMO-tagging system is that the silently tagged protein product
can readily be purified for NMR studies using the SUMO affinity tag protein purification
system (Fig. 1). This was demonstrated by silently tagging U-[1°N]-PhoPC with unlabeled
SUMO protein. The U-[1°N]-PhoPC protein was produced using the pSUMO vector as a
His-SUMO-PhoPC-LPETG fusion and purified using IMAC (Fig. 1a). The protein was then
modified using the tagging reagent and processed by adding the Ulpl protease, which
selectively cleaves the peptide bond between residues in the Gly-Ser (or Gly-Gly) dipeptide
sequence located at the C-terminus of SUMO. Ulp1 cleaves the ligation product at two sites,
one cleavage event removes the labeled N-terminal SUMO domain, while the second
cleavage removes SrtA. This releases the desired silently tagged U-[°N]-PhoPC-[14N]-
SUMO protein, and the histidine tagged U-[1°N]-SUMO and SrtA proteins. Because U-
[15N]-PhoPC-[14N]-SUMO is not histidine tagged, it is readily separated from the other
reactants by IMAC; U-[1°N]-PhoPC-[1*N]-SUMO does not bind the IMAC column in the
absence of imidazole, while the histidine tagged U-[1°N]-SUMO and SrtA reaction
components bind the column. Fig. 3 shows that silent tagging eliminates spectral complexity
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caused by the solubility tag. The H-15N HSQC spectrum of the U-[1°N]-SUMO-PhoPC-
LPETG protein obtained prior to silent tagging contains signals arising from both PhoPC
and the N-terminal SUMO domain, whereas only signals from PhoPC are observed in the
silently tagged U-[15N]-PhoPC-LPET-[**N]-Glys-SUMO protein (signals enclosed by a
rectangle in fig. 3 demonstrate the removal of SUMO resonances after the silent tagging
reaction). Importantly, addition of the C-terminal silent SUMO tag to PhoPC enables protein
concentrations in excess of 1 mM to be obtained, while halving the amount of NaCl that is
required.

The SUMO-tagging reagent reported here silently tags proteins at least 15-times faster than
a previously described method that used the isolated SrtA enzyme; using our reagent ~90%
reaction yields are obtained in 4 hours, whereas reaction times of three days are required
when the isolated enzyme is employed (Kobashigawa et al. 2009). The accelerated rate of
modification presumably occurs because the effective concentration of the Glys nucleophile
near the enzyme active site in SrtA enzyme is increased because it is located within the same
polypeptide (Krishnamurthy et al. 2007). This is beneficial, as it overcomes SrtA’s
intrinsically weak affinity for the Glys nucleophile (K, = 140 uM) (Chen et al. 2011). To
directly explore the utility of fusing the enzyme to its nucleophile substrate, we performed a
conventional three component SrtA-catalyzed reaction in which the reactants and SrtA were
located on separate polypeptides. The isolated enzyme (SrtA-6xHis), and Glys-SUMO and
GFP-LPETG substrates were mixed at a molar ratio of 5:5:1 at 25°C (Fig. 2d). In this three
component reaction, only ~50% of the GFP-LPETG substrate is converted into product after
6 hours, a modification rate that is significantly slower than the rate obtained using the
SUMO-tagging reagent that contains the nucleophile substrate fused to SrtA (compare figs
1b and 2d). In the SUMO-SrtA reagent, the component proteins are connected by a ~12
amino acid linker that is presumably structurally disordered (Ilangovan et al. 2001; Naik et
al. 2006). Interestingly, this connector is critical for activity, as a deletion mutant of the
reagent that removes the connector has greatly diminished activity (data not shown). This is
presumably because in the reagent the connector segment is conformationally flexible,
enabling the Glys nucleophile located at the N-terminal end of the SUMO domain in the
SUMO-SrtA reagent to enter the active site of SrtA. Based on the established reaction
mechanism of SrtA, the reagent can be expected to first cleave the LPXTG component of the
substrate to form a thio-acyl bond to the target protein, which is then resolved by enhanced
intramolecular nucleophilic attack by the Glys component of the reagent. In principle, even
faster reaction rates may be obtainable by optimizing the connector segment to further
increase the effective concentration of the Glys component of the reagent near the active
site. Moreover, further optimization may be beneficial, since even though it is possible to
produce 40 milligrams of pure Gly5-SUMO-SrtA-6xHis reagent per liter of culture, the
connector segment within the reagent is susceptible to proteolytic degradation necessitating
a three-step purification procedure. However, it should be stressed, that once the reagent is
purified it is stable for ~2-3 weeks when stored at —20°C (or —80°C for longer).

In this paper we described a new reagent that efficiently adds unlabeled SUMO solubility
enhancement tags to proteins that are prone to aggregate at concentrations required for NMR
studies. There are several advantages to our approach as compared to previously reported
methods. First, proteins are tagged more rapidly, with ~90% of the target protein modified
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within ~4 hours, versus 2-3 days when other methods are used. Additionally, we have
demonstrated that efficient tagging can be achieved at lower temperatures (4°C). Second, it
requires minimal modification of the target protein as only the LPXTG sequence needs to be
added, unlike other methods that require the production of split intein protein fusions. Third,
the new method is designed to be used with the well-established SUMO expression and
purification system (fig. 1). This facilitates purification of the tagged product and enables the
potential utility of solubility tagging to be easily assessed without having to modify the
protein of interest. This is because the NMR spectra of the 6xHis-SUMO-Protein
intermediate that is produced during the standard SUMO expression and purification
procedure are expected to be similar to the spectra of the final silently tagged protein, albeit
the spectra of the intermediate will contain additional signals from SUMO. Thus, if the
spectra of 6xHis-SUMO-Protein intermediate are of good quality it is worthwhile to perform
the silent tagging reaction. Finally, as compared to previously described methods that use
SrtA, the new method requires fewer protein components in the reaction (two instead of
three), and rapid modification is obtained without the need for dialysis or centrifugation
during the ligation reaction (Kobashigawa et al. 2009; Refaei et al. 2011; Freiburger et al.
2015). In addition to silent tagging, SrtA has been successfully used to label cells, add
proteins to solid supports, and to generate antibody conjugates, nucleic acid-protein fusions,
and PEGylation/Lipidated proteins (Parthasarathy et al.; Chan et al. 2007; Pritz et al. 2007;
Antos et al. 2008; Sakamoto et al. 2010; Levary et al. 2011). In principle, the approach
described here could be used to significantly increase the rate and extent of modifications in
these procedures by fusing the nucleophile substrate to the sortase enzyme.

Preparation of the SUMO-SrtA tagging reagent and substrates

The SUMO-tagging reagent (Glys-SUMO-SrtA-6xHis) used in this study contained SUMO
connected to the N-terminus of residues 59-206 of SrtA. Appended to the N- and C-terminus
of this polypeptide was the sequence GGGGG (Gly5) and HHHHHH (6xHis). The plasmid
overexpressing the SUMO-SrtA tagging reagent was generated by traditional restriction
digest cloning. This was accomplished by ligating the SrtA gene insert into the pPSUMO
vector (LifeSensors) using BamH1 and Xhol restriction enzymes and using the Quikchange
mutagenesis reaction to add N-terminal Glys sequence (Agilent). The vector encoding the
reagent produces the following protein:
MGGGGGSSEHEHEHSSGLVPRGSHMASMSDSEVNQEAKPEVKPEVKPETHINLKVS
DGSSEIFFKIKKTTPLRRLMEAFAKRQGKEMDSLRFLYDGIRIQADQTPEDLDMEDN
DIIEAHREQIGGSQAKPQIPKDKSKVAGY IEIPDADIKEPVYPGPATPEQLNRGVSFAEE
NESLDDQONISIAGHTFIDRPNYQFTNLKAAKKGSMVYFKVGNETRKYKMTSIRDVK
PTDVGVLDEQKGKDKQLTLITCDDYNEKTGVWEKRKIFVATEVKLEHHHHHH. The
sequence of the polypeptide that connects the SUMO and SrtA is underlined. The GFP and
PhoPC substrates that were modified by the SUMO-SrtA tagging reagent were expressed
from the pSUMO plasmid and contained the amino acid sequence LPETGGEST at their C-
termini introduced using the Quikchange mutagenesis method. Here we include the
sequence of the SUMO-PhoPC-LPETG construct utilized in these experiments:
MGSSHHHHHHSSGLVYPRGSHMASMSDSEVNQEAKPEVKPEVKPETHINLKVSDGSS
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EIFFKIKKTTPLRRLMEAFAKRQGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEA
HREQIGGSKGNKEPRNVRLTFADIELDEETHEVWKAGQPVSLSPTEFTLLRYFVINAG
TVLSKPKILDHVWRYDFGGDVNVVESYVSYLRRKIDTGEKRLLHTLRGVGYVLREP
RLPETGGEEST.

All proteins were expressed in appropriately transformed Escherichia coli (E. coli) BL21
(DE3) cells. The unlabeled U-[**N]-Glys-SUMO-SrtA tagging reagent cultures were grown
at 37°C to an OD600 of 0.6 before induction with isopropyl B-D-thiogalactopyranoside
(IPTG) (Goldbio) to a final concentration of 1 mM in LB media. Induction proceeded at
18°C overnight before harvesting the cells by centrifugation at 7000g for 10 min at 4°C. The
cell pellet was then resuspended in lysis buffer consisting of: 50 mM Tris-HCI, 300 mM
NaCl (pH 8.0) containing protease inhibitor cocktail (Calbiochem) and
phenylmethanesulfonyl fluoride (PMSF) (Sigma). Cells were lysed by sonication and
centrifuged at 15,0009 for 50 min at 4°C. The supernatant was then incubated with 6.0 mL
of pre-equilibrated Co2* resin (Thermo) for 10 min at 4°C on a rotisserie before being
transferred to a gravity column. The resin was then washed with 100 mL lysis buffer, and the
protein was finally eluted by adding lysis buffer containing 150 mM imidazole. Fractions
containing the Glys-SUMO-SrtA A59 tagging reagent were then buffer exchanged via
concentrator (Amicon) into 50 mM MES pH6.0 buffer for HiTrap SP HP ion exchange
chromatography (GE Healthcare). The Glys-SUMO-SrtA reagent was eluted from the 5 mL
SP HP column by a linear gradient over 40mins into 50 mM MES pH6.0, 1 M NaCl. A final
gel-filtration (Superdex 75pg, GE Healthcare) step is carried out to remove any further
contaminants and buffer exchange into the ligation reaction buffer, 50 mM Tris-HCI pH 7.5,
150 mM NaCl, 10 mM CaCl,. The SUMO-GFP-LPETG and SUMO-PhoPC-LPETG
proteins were expressed and purified in a similar fashion. However they did not require
further downstream ion exchange or gel-filtration chromatography, a one-step Co?* affinity
purification yielded highly pure protein. The proteins were buffer exchanged into ligation
reaction buffer, 50 mM Tris-HCI pH 7.5, 150 mM NaCl, 10 mM CacCl;, by dialysis.

Ligation Reactions

All ligation reactions were performed in 1.7 mL Eppendorf tubes rotating at either room
temperature (25°C) or in the cold at 4°C. Reactions were performed in 50 mM Tris-HCI pH
7.5, 150 mM NaCl, 10 mM CacCl, buffer and contained 5:1 molar ratio of the SUMO-SrtA
tagging reagent to labelled target protein. Typically, proteins concentrations of ~125 pM and
~25 UM were used for SUMO-SrtA and its substrate protein, respectively. The progress of
the reactions was followed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and the band intensity quantified by densitometry using the program ImageJ
(NIH). Post-ligation purification was carried out within 24 hours of the reaction. Briefly, the
ligated product of the reaction, U-[1°N] SUMO-Protein-LPET-[*4N]-Glys-SUMO-SrtA, was
dialyzed into 50 mM Tris-HCI pH 8.0, 150 mM NaCl buffer and Ulp1 protease was added at
a 25:1 molar ratio. After incubation overnight at 4°C, the final ligated product was obtained
by application to a Co?* affinity column. It is important to note that in the absence of a
nucleophile substrate the sortase enzyme functions as a protease and can cleave the final
protein product (U-[1*N] SUMO-Protein-LPET-[14N]-Glys-SUMO-SrtA) unless the enzyme
is removed. For our reactions we found that the product was stable for 24-36 hours in the
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presence of SUMO-tagging reagent (Glys-SUMO-SrtA-6xHis) and that proteolysis of the
substrate was not a problem if the ligated product was immediately processed by the
addition of Ulp1 protease and IMAC chromatography. However, it is important to note that
the ligated product can readily be stabilized by adding a sortase inhibitor (p-
hydroxymecuribenzoic acid, Sigma) after the ligation reaction is complete, as this small
molecule inhibits the sortase enzyme but does not affect the activity of Ulp1 protease.

NMR data acquisition and processing

1H-15N-HSQC NMR experiments were performed at 298 K on a Bruker Avance HD 600-
MHz spectrometer and Bruker Avance 11 500-MHz spectrometer equipped with triple
resonance cryogenic probes. NMR spectra were processed using NMRPipe (Delaglio et al.
1995).
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Figure 1.
Schematic of a typical 6xHis-SUMO-Protein purification and of the Silent Tagging reaction

by SUMO-SrtA

(A) A schematic of a typical SUMO fusion purification (B) A schematic of the Silent
Tagging reaction by SUMO-SrtA. The target protein is expressed in isotopically enriched
media producing a labeled fusion protein. The target protein is expressed as a SUMO fusion
protein with a C-terminal sortase, LPETG, recognition motif, aiding in overall expression
and solubility. The unlabeled one-reagent SUMO-SrtA fusion tagging reagent will rapidly
recognize the LPETG motif and cleave between the carbonyl of the threonine and glycine
residues present in the motif. This reaction is resolved when the sortase Glys secondary
substrate nucleophile, fused to the N-terminus of the unlabeled SUMO, enters the active site
and the enzyme performs a transpeptidation reaction yielding the amino terminus of the
penta-glycine motif appended to the LPET motif present in the target protein. This ligation
mixture is then incubated with UlpZ, the SUMO protease, releasing both the labelled SUMO
solubility tag, and the sortase enzyme from the ligation product. This allows for a rapid
purification of the ligation product by cobalt (or nickel) affinity purification.
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Figure 2.
A. ImageJ analysis (top) of the SDS-PAGE results (bottom) of conversion of 15N-SUMO-

PhoPC-LPETG into 15N-SUMO-PhoPC-LPETG-14N-SUMO. This reaction was carried out
as a 5:1 mixture of the SUMO-SIA single tagging reagent to 2°N-SUMO-PhoPC-LPETG
resulting in ~90% conversion to product in 4 hours at room temperature (25°C). P, ligation
product, R, SUMO-SrtA reagent, and S, SUMO-PhoPC-LPETG substrates. Lane 1,
molecular weight ladder, lane 2, SUMO-SrtA tagging reagent, lane 3, 1°’N-SUMO-PhoPC-
LPETG control, lane 4, 5:1 reagent: °N-SUMO-PhoPC-LPETG ligation reaction 0 hour,
lane 5, 1 hour, lane 6, 2 hours, lane 7, 3 hours, lane 8, 4 hours, lane 9, 6 hours. B. ImageJ
analysis (top) of the representative SDS-PAGE results (bottom) indicate that the 5:1
incubation of the SUMO-SrtA ligation reagent with GFP-LPETG results in the conversion
of approximately 90% of the initial substrate into ligated product in approximately 5 hours
at room temperature (25°C). Lane 1, SUMO-SrtA tagging reagent, lane 2, GFP-LPETG,
lane 3, O hour reaction, lane 4, 1 hour, lane 5, 2.5 hour, lane 6, 4 hours, lane 7, 6 hours. C.
ImageJ analysis (top) of the SDS-PAGE results (bottom) indicate that the 5:1 incubation of
the SUMO-SrtA ligation reagent with GFP-LPETG results in the conversion of
approximately 90% of the initial substrate into ligated product in approximately 18 hours at
low temp (4°C). Reactions done in the cold prevent degradation of the ligated product,
tagging reagent, and target protein. Lane 1, GFP-LPETG control, lane 2, 5:1 reagent:GFP-
LPETG ligation reaction 0 hour, lane 3, ligation reaction 1 hour, lane 4, 2 hours, lane 5, 3
hours, lane 6, 4 hours, lane 7, 5 hours, lane 8, 6 hours, lane 9, 7 hours, lane 10, 18 hours. D.
3 component reaction does not have high yield or efficiency. ImageJ analysis (top) of the
SDS-PAGE results (bottom) of conversion of GFP-LPETG into ligation product. This
reaction was carried out as a 5:5:1 mixture of the Glys-SUMO and SrtA-6xHis to GFP-
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LPETG resulting in ~55% conversion to product in 6 hours at room temperature (25°C).
Lane 1, reaction 0 hour, lane 2, reaction 1 hour, lane 3, reaction 2 hours, lane 4, 3 hour, lane
5, 4 hours, lane 6, 5 hours, lane 7, 6 hours.
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HSQCs of SUMO tagged 1°N-PhoPC. 1°N-SUMO-PhoPC-LPETG prior to the SUMO-SrtA
silent ligation reaction (top), and after SUMO-SrtA silent tagging reaction (bottom). The
boxed regions show regions where signals from the 15N-SUMO tag are removed by
replacing it with the silent SUMO tag.
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