Engineering Stem Cell Factor Ligands with Different c-Kit Agonistic Potencies
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Materials and Methods

Protein purification

The genes encoding for the SCF wvariants (SCFwr, SCFm, SCFwmkoie, SCFwmkogrsr, and
SCFm,seapF1265,v1314,E134G,v1391) were amplified from pCTCON vector by PCR. The reaction was performed
with Phusion DNA polymerase (New England Biolabs, USA) using as forward primer
GCCGAGGAATTCGAAGGTATTTGTAGAAAC and as reverse primer
CCCTACCCTAGGTGATACAACGCAATCTG, except for SCFwmsesp,Fi2es,vi31a 3461301 in which the
reverse primer was GCCGCGCCTAGGTGATACAATGCAATCT. The PCR product was digested
with Ecorl and Avrll (New England Biolabs, USA) and ligated to a recombinant pPIC9K plasmid
(Invitrogen, Israel) containing the AOX1 promotor for expression the genes. The pPICIK plasmid
contains an N-terminal Flag epitope tag and a C-terminal 6xHis-tag for labeling and purification of
the expressed protein, respectively. The ligated plasmid was then transformed into Escherichia coli
cells, as described in the Materials and Methods section, and sequenced. The plasmids were
linearized using Sacl restriction enzyme (New England Biolabs, USA) and transformed into a
competent Pichia pastoris G5115 strain (Invitrogen, Israel) by using the Multi-Copy Pichia expression
kit protocol (Invitrogen, Israel). After transformation, the yeast was grown on RDB plates (18.6 %
sorbitol, 2 % agar, 2 % dextrose, 1.34 % yeast nitrogen base, 4x10-* % biotin and 5x10-* % each of L-
glutamic acid, L-methionine, L-leucine, L-lysine, and L-isoleucine) to recover and then collected and
plated on a YPD selective medium with Geneticin plates (4 mg/ml Geneticin). A few colonies were
picked randomly and cultured in 5 mL of BMGY (2 % peptone, 1 % yeast extract, 0.23 % K2H(POa),
1.1812 % KH2(POs), 1.34 % yeast nitrogen base, 4x10-° % biotin, 1% glycerol) overnight at 30 °C in
order to identify a high expression clone for each variant. Each clone was induced by resuspending
each culture in 5 mL of BMMY (2 % peptone, 1 % yeast extract, 0.23 % K2H(POs), 1.1812 % KH2(POs),
1.34 % yeast nitrogen base, 4x10-5 % biotin, 0.5% methanol) for 3 days at 30 °C; methanol was added
each day in a final concentration of 0.5%. On the third day, western blot analysis was performed
using 20 uL of cells taken from each culture. Mouse anti-Flag primary antibody (Sigma Aldrich,
Israel) at a ratio of 1:000 followed by anti-mouse antibody conjugated to alkaline phosphatase
(Jackson ImmunoResearch, West Grove, PA, USA) at a ratio of 1:5000 were incubated for 1 h at room
temperature. BCIP regent (2 mL, Sigma Aldrich, Israel) was used for analysis. The clone from the
culture with the highest protein expression level was further selected for a large-scale production,
which included inoculation into 50 mL of BMGY and overnight incubation at 30 °C, followed by 3
days of incubation in 500 mL of BMMY. During this period, methanol was added each day to a final
concentration of 0.5%. On the third day, the culture was prepared for purification by Ni/NTA affinity
chromatography. For this purification step, the culture was centrifuged and filtered, and then NaCl
(final concentration of 500 mM) and imidazole (final concentration of 10 mM) were added. Thereafter,
the supernatant was equilibrated to pH 8.0 and allowed to stand for 1 h at 4 °C. The supernatant was
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centrifuged and filtered again. The supernatant was then uploaded onto a Ni/NTA column (GE
Healthcare Life Sciences, USA) overnight by using a peristaltic pump. The column was washed with
a buffer containing 20 mM sodium phosphate, 500 mM NaCl and 10 mM imidazole, pH 8.0, and then
eluted with buffer containing 20 mM sodium phosphate, 500 mM NaCl and 500 mM imidazole, pH
8.0. The protein buffer was then replaced with PBS, and the solution was concentrated by using
Vivaspin with a 5-kDa cutoff (Vivaproducts, MA, USA). Where needed, sugars linked via N-
glycosylation sites were removed from the concentrated protein by using 1:10 G5 buffer and 2 pL of
Endo-HF enzyme (New England Biolabs) overnight at 25 °C. All proteins were further purified using
AKTA pure 150 FPLC with a Superdex 75 10/300 size-exclusion chromatography column (GE
Healthcare Life Sciences, USA) with elution buffer (50 mM Tris, pH 7.5, 100 mM NaCl and 5 mM
CaClz). During the purification process, the proteins were loaded on 15% SDS-PAGE to evaluate their
purity. The yield of each of the purification processes was 0.5-3 mg per 1 L of yeast culture, as
determined using a NanoDrop spectrophotometer (Thermo Scientific, MA, USA) (extinction

coefficient 13,200 M 'cm™), based on protein absorbance at 280 nm. Protein samples were also
subjected to mass spectrometry analysis (Ilse Katz Institute for Nanoscale Science and Technology,
Ben-Gurion University of the Negev, Israel).

Circular dichroism (CD) analysis

Structure determination of the proteins was performed using J-815 spectropolarimeter (JASCO) in a
1-mm path quartz cuvette. Spectra of 50 puM purified protein (SCFwr, SCFv, SCFwmkoe or
SCFm,sear F1265,v1314,E134G,v1391) in PBS, pH 7.2, were obtained at room temperature over the range of 185-
260 nm for structure determination. Each spectrum was a merge of 4 scans and was normalized to
obtain ellipticity (degree x cm?/dmol).

Supplementary Figures

linker

Figure S1. YSD. Schematic representation of the yeast surface display (YSD) system. SCF
proteins were displayed on the yeast surface and the soluble target was c-Kit. A primary
antibody labeled with FITC and a secondary labeled with PE were used for detection of
binding to c-Kit and SCF mutant expression on the yeast surface, respectively. This diagram
also presents the experimental setup for the flow cytometry assay in which the association
of the soluble form of each protein, SCFwr, SCFm, SCFwmkoe, SCFwmkogrosr and
SCFwm ss4p,F1265,v1314,E134G,v1s91, with the same SCF protein (SCF in the rectangular box) displayed
on yeast was monitored. AGA 1 and AGA2 stand for cell wall anchoring subunits of the a-
agglutinin heterodimer.
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Figure S2. Binding analysis of individual SCF variants to soluble c-Kit. (A) Affinity of
SCFwr and first-generation YSD SCFwu library variants for c-Kit. Mean fluorescence affinity
values were obtained by flow cytometry analysis using 50 pM c-Kit. The identity of
individual clones is indicated on the X-axis as a number. (B) Affinity of second generation
YSD SCFwu library variants for c-Kit. Mean fluorescence affinity values were obtained by
flow cytometry analysis using different concentrations of c-Kit (black: 100 nM, gray:10 nM,
white:1 nM). The identity of individual clones in panel B is indicated on the X-axis and
corresponds to 5 — SCEmkaekuN, 26 — SCEmkogDpoz, and 27— SCFEmkoeLsr. Binding values
were normalized to SCFubinding values tested against 100 nM c-Kit. Values are means *
SEM of three independent experiments.
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Figure S3. Protein production and purification. (A) SDS-PAGE of SCFEmkoe post Ni/NTA
affinity chromatography (lane 1) and after deglycosylation followed by size-exclusion
chromatography (SEC) (lane 2). (B) SEC analysis of SCFwr. The same chromatogram was
obtained for the other SCF proteins. (C) Mass spectrometry results for SCFmkae. (D) SDS-
PAGE for purified variants: lane 1 - SCFwr, lane 2 - SCFv, lane 3 - SCFEwmkog, lane 4 -

SCFM,s64P,F1265,v1314,E134G,v1391, lane 5 - SCFm ko1E,Losr.
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Figure S4. CD spectra of the purified proteins. (A) Structure analysis of non-glycosylated
SCFEwr (black solid line), glycosylated SCFwr (solid gray line), SCFum (black small lines)
SCFEwmkoie (black dots) and SCFwmsesp,Fi26s,vis1a E1346,visar (black dot and line). All measurements
were performed with 50 uM protein in PBS, pH 7.4, at 25 °C.



Figure S5. Schematic representation showing the locations of SCF mutations in the
SCF/c-Kit complex (PDB: 1SCF). Mutations V49L, F63L, K91E and L98R are highlighted in
brown, purple, green and red, respectively. SCF is shown in blue, and c-Kit, in grey.



