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Abstract: By virtue of their size, functional group diversity, and complex structure, proteins can
often recognize and modulate disease-relevant macromolecules that present a challenge to small-
molecule reagents. Additionally, high-throughput screening and evolution-based methods often
make the discovery of new protein binders simpler than the analogous small-molecule discovery

process. However, most proteins do not cross the lipid bilayer membrane of mammalian cells. This
largely limits the scope of protein therapeutics and basic research tools to those targeting
disease-relevant receptors on the cell surface or extracellular matrix. Previously, researchers have
shown that cationic resurfacing of proteins can endow cell penetration. However, in our experi-
ence, many proteins are not amenable to such extensive mutagenesis. Here, we report that nano-
bodies—a small and stable protein that can be evolved to recognize virtually any disease-relevant
receptor—are amenable to cationic resurfacing, which results in cell internalization. Once internal-
ized, these nanobodies access the cytosol. Polycationic resurfacing does not appreciably alter the
structure, expression, and function (target recognition) of a previously reported GFP-binding nano-
body, and multiple nanobody scaffolds are amenable to polycationic resurfacing. Given this, we
propose that polycationic resurfaced cell-penetrating nanobodies might represent a general scaf-

fold for intracellularly targeted protein drug discovery.
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Introduction

Proteins offer unique opportunities as therapeutics
and basic research tools. While all small-molecules
reported to date modulate a very small percentage
of the proteome (~2%)—and only a handful of pro-
tein structural classes'—the size, functional group
diversity, and complex three-dimensional structure
of proteins can enable much broader recognition.
Moreover, various high-throughput screening and
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evolution-based methods®™

make the discovery of
new protein binders simpler than the analogous
small-molecule focused process.

One major challenge to the broader use of pro-
teins in biomedical applications is their general
inability to efficiently cross the lipid bilayer of mam-
malian cells and access the cytosol. Thus, most cur-
rent protein drugs and basic research tools target
disease-relevant receptors that reside on the surface
of the cell or the extracellular matrix. Efforts to
unlock the full potential of proteins in biomedical
applications by enabling potent and functional cell
penetration have been a major focus of modern bio-
logics research.’™® Incorporation of polycationic link-
ages—such as polyarginine—has previously been
described as a means to enable cell penetration of
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Figure 1. (A) A previously reported nanobody that binds Green Fluorescent Protein (GFP), PDB: 30GO. This nanobody is
referred to as NB1 in this work. Complementarity-determining region (CDR) loops are highlighted in purple. (B) Residues on
NB1 that were mutated to either arginine or lysine to generate the resurfaced polycationic nanobody (pcNB1) are highlighted

with blue spheres.

various cargo, including proteins.'® More recently,
researchers have used protein engineering to gener-
ate polycationic features on the protein surface. For
example, Raines and coworkers reported that
“arginine grafting”—mutagenesis of clustered sol-
vent exposed amino acids to arginine—enables cellu-
lar uptake.!! In a conceptually similar strategy, Liu
and coworkers have shown that protein
“supercharging”—extensive mutagenesis of a large
number of solvent-exposed residues to positively
charged lysine or arginine—results in potent pene-
tration of mammalian cells.'?"*

While these polycationic resurfacing methods
endow potent cell penetration, a major challenge to
their broader application is the lack of established
and broadly applicable guidelines for this extensive
mutagenesis. Relatively little is known about how to
dramatically resurface a protein with a polycationic
feature in a manner that does not dramatically alter
or abolish its utility and/or function (stability, target
affinity, expression in Escherichia coli). In our expe-
rience, even structurally similar proteins respond
differently to such extensive mutagenesis, and many
proteins of therapeutic interest were not amenable
to polycationic resurfacing. Perhaps a simpler
approach is to focus effort on developing a single
resurfaced polycationic, cell-penetrating, protein
scaffold that is stable, expresses in E. coli, maintains
the function of the original protein, but can be
evolved to bind virtually any disease-relevant intra-
cellular target.

Single-domain antibodies derived from camelids,
referred to as nanobodies [Fig. 1(A)], have emerged
as an alternative to traditional antibodies.’®1® Fea-
tures of nanobodies make them well-suited as a gen-
eral scaffold for protein drug discovery and
polycationic resurfacing. In contrast to monoclonal
antibodies, produced in large
amounts in bacterial expression systems, are small
in size (~15 kDa), are usually very stable and often
bind their target with excellent affinities (Kp ~ 1-
100 nM) through interactions involving well-defined

nanobodies are
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antigen binding loops, referred to as the
complementarity-determining regions [CDRs, Fig.
1(A), purplel.}” Maturation of amino acids within
one or more of the CDR loops by high-throughput
screening or evolution-based methods can lead to
new proteins that bind virtually any macromolecular
target.w_20

The structure of nanobodies is highly homolo-
gous, and consists of the CDRs, where the nanobody
recognizes its target, and a framework region that is
rich in B-sheet and loop structure. Researchers have
shown that CDR loops can be inserted into a partic-
ularly stable nanobody scaffold, resulting in a new
nanobody that retains target affinity (based on
choice of CDR loops), but has improved stability
(based on judicious choice of the nanobody frame-
work).?! Based on this observation, we hypothesized
that if we could engineer polycationic resurfaced
nanobody scaffolds, the resulting framework region
could likely serve as a generic scaffold for the discov-
ery of cell-penetrating nanobodies that bind and
modulate disease-relevant intracellular receptors.

Results and Discussion

Polycationic resurfacing of three previously
reported nanobody frameworks

We began with a previously reported nanobody that
binds Green Fluorescent Protein [GFP, Fig. 1(A)].Y7
Structural analysis of the nanobody that binds GFP
(referred to as NB1, herein) revealed a large
solvent-exposed surface consisting of a B-sheet and
loop structure—within the framework region—that
is distinct from the CDR loops. We hypothesized
that extensive polycationic resurfacing within this
region by mutation of a critical number of residues
to arginine (R) or lysine (K) [Fig. 1(B), blue spheres]
should endow cell penetration. The sequence and
mutagenesis of the wild-type nanobody and resur-
faced variant is shown in Figure 2(A). Satisfyingly,
the polycationic resurfaced GFP-binding nanobody
(referred to as pcNB1, herein), which has a theoreti-
cal net charge of +14, expresses as a soluble protein

Resurfaced Cell-Penetrating Nanobodies
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Figure 2. (A) Sequence of wild-type nanobodies (NB1-3) and resurfaced polycationic nanobodies (pcNB1-3) described in this
work. (B) PAGE analysis of wild-type and resurfaced polycationic nanobodies described in this work. (C) Circular dichroism
spectra of wild-type (NB1-3) and resurfaced polycationic nanobodies (pcNB1-3) described in this work.

in E. coli [Fig. 2(B)]l. Expanding on this successful
result, we performed analogous polycationic resur-
facing on two other recently reported nanobodies,
which bind HER2%® or B-lactamase,?? respectively
(referred to as NB2 or NB3, herein). The sequence of
the wild-type nanobodies and resurfaced variants is
shown in Figure 2(A). While the size and sequence
of the CDR loops differ extensively, and small
changes in the framework sequence of the wild-type
nanobody exist, the resulting polycationic resurfaced
nanobodies (referred to as pcNB2 or pcNB3, herein),
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which have a theoretical net charge of +14 and
+15, respectively, express in E. coli as soluble pro-
teins [Fig. 2(B)]. Our resurfacing design is summar-
ized as follows: First, we set a goal of generating
nanobodies with a theoretical net charge of approxi-
mately +15, based on previous cell-penetration stud-
ies on supercharged or arginine grafted GFP’s. 111323
Second, we focused our mutation on residues that
were well within the framework region, and not in
or near the CDR loops. Third, we tried to space out
mutations, so as to avoid cation/cation repulsion,
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which would likely effect protein folding and/or sta-
bility. Once candidate residues were identified,
based on the above criteria, we considered whether
a mutation should result in installation of an argi-
nine or lysine. Since arginine results in better cell
surface binding, and cell-penetration,'® compared to
lysine, we favored mutation to arginine, unless the
size of neighboring residues suggested that mutation
to the relatively large arginine would potentially
result in steric clashing. Interestingly, given this
relatively simplistic resurfacing design, our initial
attempt at polycationic resurfacing was successful
for all three nanobody scaffolds. Since analogous
attempts to resurface other protein scaffolds are
often unsuccessful, in our experience, we conclude
that nanobodies may be particularly amenable to
such polycationic resurfacing.

Polycationic resurfacing does not alter
structure, but does endow internalization of
mammalian cells

We next assessed structural features of the wild-
type and resurfaced nanobodies by circular dichro-
ism. All examined—wild-type and
resurfaced variants—have a circular dichroism
spectra similar to a previously reported nanobody?*
[Fig. 2(C)]. Collectively, expression of all resurfaced
proteins in a soluble form, and similarities in the
circular dichroism spectra of the wild-type and
mutated variants, suggest that no dramatic struc-
tural changes occur as a result of polycationic
resurfacing.

To determine uptake efficiency we fused each
of our polycationic resurfaced nanobodies to GFP
and measured uptake by flow cytometry. 3T3 cells
were first treated with 10-500 nM polycationic
resurfaced nanobody-GFP fusion, then washed
with a phosphate buffered saline solution contain-
ing 20 U/mL heparin sulfate—which has been
previously shown to remove cell surface bound
protein especially supercharged proteins.®712714.23
Following treatment with trypsin, which has also
been shown to remove and/or degrade surface
bound protein,?® intracellular levels of nanobody-
GFP was measured by flow cytometry. For each
resurfaced nanobody we observed a concentration-
dependent increase of internalized fusion protein,
as seen in Figure 3(A-C). In contrast, fusion pro-
teins composed of the wild-type protein and GFP
do not appreciably penetrate 3T3 cells [Fig. 3(A—
C)]. Internalization was further analyzed by fluo-
rescence microscopy [Fig. 3(D-F)]. Significant lev-
els of each resurfaced nanobody-GFP fusion
protein were observed in 3T3 cells, following the
above described washing conditions to remove cell
surface-bound protein.

nanobodies
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Polycation resurfaced nanobodies access the
cytosol of mammalian cells

Interestingly, internalized arginine grafted GFP and
supercharged GFP appear as punctate foci in fluo-
rescence microscopy images'''* (see Fig. S4 Sup-
porting  Information)—suggesting encapsulation
within endosomes. However, the
nanobody-GFP fusions do not appear as such, sug-
gesting that appreciable amounts of these internal-
ized nanobodies might access the cytosol. This is
critical, since the discovery of future cell-penetrating
nanobodies based on these scaffolds would need to
access the cytosol in order to engage therapeutically-
relevant intracellular targets. This important aspect
of cell uptake was further analyzed using a previ-
ously described method.2%2” 3T3 cells were first
treated with 250 nM nanobody-GFP or polycationic
resurfaced nanobody-GFP fusions, then washed as
described above to remove cell surface bound pro-
tein. Cells were then lysed with a solution contain-
ing digitonin—which breaks the cell surface lipid
bilayer, but not endosomes. The cellular location of

resurfaced

each internalized fusion protein (cytosolic or endoso-
mal) was then assessed by Western blot, using an
anti-GFP antibody (a marker for internalized fusion
protein), anti-Erk 1/2 antibody (a marker for the
cytosol) or anti-Rab5 antibody (a marker for endo-
somes). No appreciable amount of GFP or wild-type
nanobody-GFP fusion is found within the cytosolic
extraction [following cell lysis with digitonin, Fig.
3(G), lanes 2-5], and no appreciable amount of Rab5
is observed (indicating that the lysis does not con-
tain endosomes). In contrast, internalized resurfaced
nanobody-GFP fusions appear in the cytosol—in the
fraction that tests positive for the cytosolic marker
Erk 1/2 but does not have any appreciable amount
of the endosome marker Rab5 [Fig. 3(G), lanes 6-8].
Thus, the polycationic resurfaced protein is capable
of dragging another protein (GFP) into the cytosol of
a mammalian cell.

Fusion to GFP is not required for polycationic
resurfaced nanobodies to penetrate mammalian cells
and access the cytosol. The same assay was
repeated, but cells were incubated with 500 nM
wild-type nanobodies or polycationic resurfaced
nanobodies with a minimal Hisg tag (for purification
and identification by Western blot). As before, wild-
type nanobodies do not appear in the cytosolic frac-
tion [Fig. 3(H), lanes 2—4]. In contrast, we observe
appreciable levels of the Hisg labeled polycationic
resurfaced nanobodies in the cytosolic portion of cell
lysate [which stains for cytosolic markers Erk 1/2,
Fig. 3(H), lanes 5-7]. As a positive control, when
cells are lysed with RIPA buffer, which breaks apart
the lipid bilayers of both the cell surface and endo-
somes, we observe a protein marker for endosomes
[Rab5, Fig. 3(D)].

Resurfaced Cell-Penetrating Nanobodies
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Figure 3. (A-C) Flow cytometry data that supports concentration-dependent uptake of resurfaced polycationic nanobody-GFP
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Rab5 (endosome marker) in cell lysate following digitonin lysis, but in extract following RIPA lysis. For all figures, experiments

were run in triplicate and representative data are shown.

Polycationic resurfacing does not alter
nanobody function and stability

Having established that the resurfaced nanobodies
penetrate mammalian cells and accesses the cytosol,
we next explored if this extensive mutagenesis alters
function (compared to the wild-type nanobody). This
is important, since we want to endow cell penetra-
tion, but maintain a structure capable of binding to

Bruce et al.

a target (ultimately an intracellular target following
CDR affinity maturation). Among the set of starting
nanobodies, retention of function is most easily
assessed using the GFP-binding nanobody,'”
its binding partner (GFP) is easily expressed and
observed, and this interaction is particularly well
characterized. In order to determine if polycationic
resurfaced GFP-binding nanobody (pcNB1 in this

since
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Figure 4. (A) Lane 1: Hisg-NB1; Lane 2: co-purification of untagged GFP with Hisg-NB1 from E. coli cell lysate; Lane 3:
co-purification of untagged GFP with Hisg-pcNB1; Lane 4: Hisg-GFP; Lane 5: Hisg-pcNB1. (B) Tube 1: Hise-NB1; Tube 2:
Hisg-pcNB1; Tubes 3-4: Hisg-NB1 and co-eluted GFP; Tubes 5-6: Hisg-pcNB1 and co-eluted GFP; Tube 7: Hisg-GFP;
Tube 8: untagged GFP. For all figures, experiments were run in triplicate and representative data are shown.

work) still binds GFP in a living cell, we co-
expressed Hisg-labeled NB1 or pcNB1 and untagged
GFP in E. coli from a pET-DUET plasmid. Following
purification on nickel-NTA resin, purified proteins
were analyzed by polyacrylamide gel electrophoresis
(PAGE) and Coomassie staining. Unsurprisingly,
untagged GFP co-purifies with Hisg-NB1 [Fig. 4(A),
lane 2]. Gratifyingly, untagged GFP also co-purifies
with the polycationic resurfaced variant Hisg-pcNB1,
suggesting that GFP affinity is retained, even in the
chemically complex environment of a living cell (E.
coli). In addition, we performed Isothermal Titration
Calorimetry (ITC) experiments to measure affinity
between NB1 or pcNB1 and GFP. Because of the
high affinity (Kp ~ 1 nM), it is difficult to use ITC
to measure the equilibrium binding constant with
precision. However, as previously reported'” NB1
binds GFP very tightly, and the resurfaced mutant
binds GFP with essentially the same affinity (Fig.
S5 Supporting Information).

We next set out to determine how polycationic
resurfacing affects protein stability and robust-
ness—important features when considering proteins
as basic research tools and therapeutic leads. As
previously stated, nanobodies are highly stable and
robust proteins. Previous reports have shown that
some nanobodies—including the GFP-binding nano-
body—can be thermally denatured, but refold when
cooled slowly. To see if the polycationic resurfaced
GFP-binding nanobody (pcNB1) has the same level
of stability and robustness, we tested its ability to
recover from thermal denaturation. Both the wild-
type Hisg-labeled GFP-binding nanobody (Hisg-NB1)
and Hisg-labeled polycationic resurfaced variant
(Hisg-pcNB1) were heated to 100°C for 2 min, then
allowed to cool to room temperature over the course
of 2 h. After cooling, the samples were incubated
with cell lysate from E. coli that expresses recombi-
nant GFP lacking a Hisg label. This solution was
then incubated with nickel-NTA resin, the resin was
washed, and nickel-bound protein was eluted with
imidazole solution. Under these conditions, if Hisg-
NB1 and Hisg-pcNB1 thermal

recover from
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denaturation and regain function (GFP affinity), elu-
tion from the column should include both NB1 or
pcNB1 and bound GFP. Eluted solutions were ana-
lyzed by a long wave (365 nm) hand-held lamp for
the presence of GFP. As expected, no appreciable
GFP fluorescence is seen when illuminating eluent
from nickel-bound Hisg-NB1 or Hisg-pcNB1 [Fig.
4(B), tubes 1-2]. However, GFP fluorescence (indi-
cating co-elution of the Hisg-nanobody and bound
GFP) is observed in eluent from nickel-bound Hisg-
NB1 and untagged GFP [Fig. 4(B), tubes 3—4]. As
might be expected with supercharged variants, simi-
lar levels of GFP fluorescence is observed in eluent
from nickel-bound Hisg-pcNB1 and untagged GFP
[Fig. 4(B), tubes 5-6]. As a positive control, eluent
from nickel-bound Hisg-GFP is similarly fluorescent
[Fig. 4(B), tube 7]. Collectively, these data show the
nanobodies NB1 and pcNB1 are not appreciably flu-
orescent, and NB1 and pcNB1 are able to recover
from thermal denaturation and bind GFP. Thus, pol-
ycationic resurfacing does not appreciably alter pro-
tein  nanobody stability and  robustness.
Unsurprisingly, GFP lacking a Hisg tag does not
have appreciable affinity for nickel-NTA [Fig. 4(B),
tube 8].

Conclusions

In conclusion, the inability of most proteins to pene-
trate mammalian cells greatly limits the identifica-
tion of new protein therapeutics that bind and
modulate disease-relevant intracellular targets. Pro-
teins with engineered solvent-exposed cationic fea-
tures penetrate mammalian cells, but a lack in
general guidelines for such extensive mutagenesis,
and the inability to perform such extensive muta-
genesis on a number of therapeutically-relevant pro-
teins, limits the broader application of this
approach. An alternative strategy is to identify a
single protein scaffold that is amenable to polyca-
tionic resurfacing, is cell-penetrating, accesses the
cytosol of mammalian cells, and can be evolved
using in vitro or in vivo techniques to generate cell-
penetrating proteins that bind and modulate

Resurfaced Cell-Penetrating Nanobodies



intracellular disease-relevant targets. Here, we show
that three previously reported nanobodies can be
resurfaced to display an extended polycationic fea-
ture on the framework region. This mutagenesis
results in a new nanobody that is potently cell-
penetrating, but structure, function, and stability/
robustness is maintained. Based on these findings,
we anticipate that polycationic resurfaced nanobod-
ies might serve as a general scaffold for the discov-
ery of protein basic research tools and therapeutic
leads that target disease-relevant intracellular
receptors. Efforts toward this goal are currently
underway and will be reported in due course.

Methods

Cloning

All plasmids were constructed on a pETDuet-1 back-
bone. All proteins were assembled from a set of over-
lapping oligonucleotides. Proteins were amplified
using vent and the constructs were ligated into Ndel
and Notl restriction enzyme cleavage sites in the
pETDuet-1 plasmid. Proteins containing GFP
fusions were assembled from a set of overlapping oli-
gonucleotides and ligated into Ndel and Kpnl
restriction enzyme cleavage sites in the pETDuet-1
plasmid.

Protein purification

Plasmids were transformed into BL21s (DE3). Cells
were grown in either 2500 or 500 mL LB cultures
containing carbenicillin at 37°C to ODgpg = ~0.6 and
induced with 1 mM IPTG at 25°C overnight. Cells
were then collected by centrifugation and resus-
pended in either phosphate buffer with 150 mM
NaCl for NBs (20 mM Sodium Phosphate, pH 7.4) or
resuspended in phosphate buffer with 2M NaCl for
pcNBs (20 mM Sodium Phosphate, pH 7.4) and
stored at —20°C. Frozen pellets were thawed and
incubated with complete ULTRA protease inhibitors
tablets then sonicated for 2 min. The lysate was
cleared by centrifugation (9000 rpm, 20 min) and
the supernatant was mixed with 1 mL Ni-NTA aga-
rose resin for 30 min. The resin was collected by
centrifugation (4950 rpm, 10 min). The resin was
washed with 50 mL buffer and 20 mM imidazole
then 10 mL buffer and 50 mM imidazole. The pro-
tein was then eluted with 7 mL buffer containing
300 mM imidazole. The proteins were dialyzed
against buffer and analyzed for purity by SDS-
PAGE. Purified proteins were quantified using
absorbance at 280 nm.

Circular dichroism

Proteins were purified as described above. Sepa-
rately, each protein was diluted to 6-8 uM in
Sodium Phosphate buffer (20 mM Sodium Phos-
phate, pH 7.4 and 150 mM NaCl). Wavelength data
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are the average of three scans from 250 to 200 nm
in 1 nm steps at 25°C.

Mammalian cell culture

NIH/3T3 cells were cultured in Dulbecco’s modified
Eagle medium (DMEM) with 10% Fetal Bovine
Serum (FBS). All cells were incubated at 37°C with
5% COq environment.

Live cell fluorescence microscopy

Mammalian cells were grown to ~80% confluency in
a six-well plate. Cells were then washed once with
PBS and 2 mL of 250 nM protein fused with GFP
was added. The cells were incubated with the pro-
tein solution for 3 h at 37°C, 5% COs environment.
After the incubation period, cells were washed once
with PBS and three times with PBS-HS (heparin
sulfate 20 U/mL) for 10 min at 37°C, 5% CO,. The
cells were then imaged on the EVOS FL fluorescence
microscope.

Flow cytometry

Mammalian cells were grown to 80% confluency in a
6-well plate. Cells were then washed once with PBS
and 2 mL of 10 nM, 250 nM, or 500 nM protein
fused with GFP was added. The cells were incubated
with the protein solution for 3 h at 37°C, 5% COy
environment. After the incubation period, cells were
washed once with PBS and three times with PBS-
HS (heparin sulfate 20 U/mL) for 10 min at 37°C,
5% COq. The cells were then removed from dish
with 0.25% trypsin-EDTA and collected by centrifu-
gation. The cells were then suspended in PBS and
taken for flow cytometry analysis.

Cytosolic protein extraction and whole cell
lysate preparation for Western blot

3T3 cells were plated in 6-well plate and grown to
~80% confluency. The cells were treated with
250 nM or 500 nM proteins (wtNB-GFP and pcNB-
GFP or wtNB and pcNB, respectively) for 24 h at
37°C, 5% COs. After treatment, cells were washed
once with PBS and once with PBS-HS (heparin sul-
fate 20 U/mL) for 10 min at 37°C, 5% COs then
lifted with 0.25% trypsin-EDTA and pelleted. For
cytosolic protein extraction, cell pellets were resus-
pended in 100 pL of 50 pg mL ™! digitonin in 75 mM
NaCl, 1 mM NaH,PO4, 8 mM Na,HPO,, 250 mM
sucrose supplemented with Roche protease inhibitor
cocktail for 10 min on ice. Cells were then centri-
fuged for 5 min at 13,000 rpm. Supernatant was
then used as cytosolic protein extraction. Left over
pellets were then re-suspended in 100 pL. RIPA
buffer supplemented with Roche protease inhibitor
cocktail and incubated on ice for 5 min then further
lysed through a 20 gauge needle. Supernatant was
then used as whole cell lysate extraction. Both
supernatants were collected and separated by
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SDS-PAGE and transferred to a nitrocellulose mem-
brane via an iBlot western blotting apparatus. The
membrane was incubated in 1X TBS with 5% milk
at 25°C for 1 h. The membrane was then washed
three times with 1X TBS and 0.1% Tween-20. Pri-
mary antibodies for GFP, Erk1/2, and Rab5 were
incubated with the membrane containing GFP fused
nanobodies overnight in 10 mL of 1X TBS, 5% BSA,
and 0.1% Tween-20 at 4°C. The western blot contain-
ing unfused nanobodies were incubated with pri-
mary antibodies for Hisg, Erk1/2, and Rab5b
overnight in same mixture. Both membranes were
washed 3X with 1X TBS containing 0.1% Tween-20
and then incubated in Anti-Rabbit (Alexa Fluor 790)
in 10 mL TBS, 5% milk and 0.1% Tween-20 for 1 h
at 25°C. The membrane was washed 3X with 1X
TBS containing 0.1% Tween-20 and imaged in 1X
TBS using the Odyssey Classic Infrared Imager.

Ni-NTA pull-down assay

wtNB1 and pcNB1 (nanobodies for GFP) tagged
with Hisg were cloned into MCS1 of pETDuet-1
using restriction enzymes Ncol and Notl. Untagged
GFP was cloned into MCS2 of pETDuet-1 using
restriction enzymes Ndel and Kpnl. Completed con-
structs were transformed into BL21s (DE3). Cells
containing the co-expressed pair were inoculated
and induced as described previously. Cells were pel-
leted and purified as described previously. The pull-
down was analyzed by SDS-PAGE.
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