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SI Materials and Methods

1. Plasmids construction

The parent pTMY vector [1] was first modified to express a new (GlysSer); linker at the C-terminus
of Aga2p as described in the manuscript. The fusion construct expression cassettes were then
engineered as follows to streamline binding assays and enzymatic bioconjugation studies, and also

to improve usability in future applications.

1.1 pCL vectors for binding assays

For binding assays using pCL plasmids, yYEGFP was expressed as a fusion to the N- or C-terminus
of Aga2p, and used as an indicator for expression levels of the fusion construct on yeast surface.
Cloning was used to introduce YEGFP at the N-terminus of Aga2p through Nhel and Miul
restriction sites (pCL-nGFP; Supplementary Fig. 2A), leaving the C-terminus of Aga2p available to
display a protein of interest. When designing pCL cloning primers containing a Mlul site, it is
important to include an additional base pair (guanine was used in this study) immediately preceding
the Mlul site to prevent a reading frame shift. The C-terminal portion of Aga2p was modified to
enable display of wild-type Axl Igl, an engineered Axl variant MYD1 [2] or scFv D1.3 [3, 4]. Open
reading frames encoding for these proteins were cloned downstream of a second (GlysSer); linker,
between Avrll and Spel restriction sites. A c-Myc tag was included at the C-terminus of the protein
of interest to generate pCL-nGFP-Aga2p-Axl (abbreviated pCL-Axl) or pCL-nGFP-Aga2p-D1.3.
(abbreviated pCL-D1.3). In addition, a Factor Xa cleavage site and a HA tag were included as
handles for protein characterization, if desired. For general use, YEGFP can be replaced by another
yeast-optimized fluorescent protein [5] using the Nhel and Mlul restriction sites, and an alternative
protein of interest can be cloned into the vector through the AvrIl and Spel restriction sites.

To display a protein of interest at the N-terminus of Aga2p, yEGFP was first cloned at the
C-terminus of Aga2p, after the (Gly4Ser); linker, using Xmal and Spel restriction sites (pCL-cGFP;
Supplementary Fig. 2B). NK1 was cloned upstream of the first (GlysSer); linker located N-terminal
to Aga2p, using Nhel and Mlul restriction sites to generate pCL-NK1-Aga2p-cGFP (abbreviated
pCL-NK1). The vector included a HA tag located upstream and a c-Myc tag located downstream of
NK1 to compare protein expression levels measured from epitope-binding antibodies or yEGFP.
For general use, yYEGFP can be replaced by another yeast-optimized fluorescent protein [5] using
the Xmal and Spel restriction sites, and an alternative protein of interest can be cloned into the

vector through the Nhel and the M/ul restriction sites.



1.2 pCL vectors for enzymatic assays

The engineered sortase variant 7M [6] and its substrate sequence LPETGG were cloned into the
pCL vector along with different linker strategies: a short linker (15 aa; (Gly4Ser)s), a long linker (42
aa; (GlysSer);—(Gly,Ser)y), or YEGFP plus a long linker ((GlysSer);—yEGFP—(Gly,Ser)y) (Figure
3B). The open reading frame encoding for sortase 7M was cloned into pCL-cGFP (described
above), upstream of Aga2p using Nhel and Mlul restriction sites. Then, each linker and the
LPETGG sequence were cloned downstream of Aga2p between Xmal and Spel restriction sites. For
plasmids with a short or long linker, a FLAG epitope tag was included to validate expression of the
linker and LPETGG fusion. Here, nucleotides encoding for the LPETGG and the FLAG tag
sequences were codon-optimized for S. cerevisiae as TTGCCAGAAACTGGTGGT and
GACTACAAAGACGATGATGACAAG, respectively. The resulting recombinant plasmids are
termed pCL-Srt-SS (Short linker plus Substrate sequence), pCL-Srt-LS (Long linker plus Substrate
sequence), and pCL-Srt-cGFP-LS (C-terminal GFP plus Long linker and Substrate sequence) (Fig.
3B).

1.3 pCL2: An optimized pCL vector for facile and modular cloning and library construction

The pCL vector was further optimized to add versatility and enhance compatibility with current
yeast display platforms. This upgraded vector is called pCL2. As an example, the vector pCL-Srt-
cGFP-LS was rebuilt to generate the pCL2-Srt-cGFP-LS vector (Supplementary Fig. 8). In the
pCL2 construct, the Mlul restriction site originally located downstream of the sortase sequence was
exchanged with BamHI, a restriction site that is compatible with the widely used yeast display
vector pCTCON2 [7]. This exchange also eliminates the need for an extra base pair preceding the
former Mlul site, which was required to keep the translated gene in frame. In addition, two Avrll
restriction sites were inserted flanking the c-Myc tag, which allows optional removal of the tag
using a single restriction enzyme digestion and re-ligation. Insertion of a Spel restriction site
downstream of the yEGFP and insertion of an EcoRI site upstream of the sortase substrate sequence
simplifies exchange of fluorescent proteins or C-terminal elements, respectively. The HA tag was
removed from the N-terminus of the entire expression cassette to streamline the construct and to
facilitate engineering of the N-terminal domain of a protein-of-interest. Finally, to minimize
potential homologous recombination between the (GlysSer); linker regions, these codon sequences

were randomized to reduce nucleotide sequence similarity.



2. Binding assays
2.1 scFv D1.3 binding to lysozyme. To evaluate the binding affinity of lysozyme to scFv D1.3

expressed using the pCL or pCT yeast display systems, 1 x 10° induced yeast cells were incubated
with varying concentrations of biotinylated lysozyme (Sigma, L0289) in PBSA for 12 h at room
temperature. Yeast expressing scFv D1.3 using the pCT-D1.3 vector were incubated with a 1:250
dilution of chicken anti-c-Myc antibody (Thermo Fisher Scientific, A21281) in PBSA for 30 min at
4 °C. Cells were washed with PBSA and incubated with a 1:100 dilution of AlexaFluor 488-labeled
goat anti-chicken IgY (Thermo Fisher Scientific, A11039) and a 1:50 dilution of streptavidin-PE
(BioLegend, 405204) for 15 min at 4 °C. Cells were then washed with PBSA prior to analysis by
flow cytometry. Yeast expressing the pCL-nGFP-Aga2p-D1.3 (pCL-D1.3) plasmid were stained
with a 1:50 dilution of streptavidin-PE for 15 min at 4 °C and washed with PBSA prior to flow

cytometry analysis.

2.2 Axl Igl binding to Gas6. Similar to the scFv D1.3—lysozyme binding assay, the Gas6 binding

affinity of Axl Igl expressed using the pCL or pCT vectors were measured by incubating 1 x 10
induced yeast cells with varying concentrations of His¢-tagged Gas6 [8] in PBSA for 17 h at room
temperature. For yeast expressing Axl Igl using the pCL vector, cells were incubated with a 1:100
dilution of anti-His Tag IgG Hilyte Fluor 555 (Anaspec, AS-61250-H555) for 20 min at 4 °C,
washed in PBSA, and analyzed by flow cytometry. For yeast transformed with pCT-nGFP-Aga2p-
Axl (pCL-Axl), induced cells were incubated with a 1:500 dilution of chicken anti-c-Myc antibody
(Thermo Fisher Scientific, A21281) for 30 min at 4 °C. Cells were washed with PBSA and
secondary antibody labeling was carried out by incubating with a 1:100 dilution of mouse anti-His
Tag IgG Hilyte Fluor 555 and a 1:100 dilution of goat anti-chicken IgY AlexaFluor 555 (Thermo
Fisher Scientific, A21437) for 20 min at 4 °C. Cells were then washed with PBSA and analyzed by

flow cytometry.

2.3 NK1 binding to Met. To measure the binding affinity of Met receptor to NK1 expressed using

the pCL or pTMY vectors, 5 x 10* induced yeast cells were incubated with various concentrations
of recombinant human Met-Fc (R&D Systems, 358-MT-100) for 6 h at 4 °C in PBSA100 (PBSA
supplemented with additional 100 mM NaCl). After incubation, yeast cells displaying NK1 using
the pCL-NK1-Aga2p-cGFP (pCL-NK1) plasmid were incubated with PBSA100 containing a 1:50
dilution of AlexaFluor 647 labeled goat anti-human IgG (Thermo Fisher Scientific, A21445) for 20
min at 4 °C, washed and analyzed by flow cytometry. For yeast transformed with pTMY-NK1, after



incubation with Met-Fc, cells were incubated with PBSA100 containing a 1:20 dilution of mouse
anti-HA antibody (Cell Signaling Technology, 2367) for 1 h at 4 °C. Cells were washed and then
incubated in PBSA100 containing a 1:20 dilution of goat anti-mouse IgG PE (Sigma, P9287) for 20
min at 4 °C, followed by incubation with PBSA100 containing a 1:50 dilution of AlexaFluor 647

goat anti-human IgG for 20 min at 4 °C. Cells were washed and analyzed by flow cytometry.

3. Antibody and target protein dissociation with washing steps
To compare changes in expression signals due to multiple washing steps performed during binding
assays, experiments were designed to mimic various antibody staining strategies: the original
condition with a minimal number of staining/washing steps; 1 additional wash for a two-step
secondary antibodies staining; and 2 additional washes for a tertiary antibody staining strategy.
Here, pCT-Axl and pCL-Axl vectors were used for demonstration.

Yeast cells transformed with pCT-Ax] were induced for expression and incubated with
Gas6 for 17 h at room temperature. After incubation, cells were washed one time with 1 ml of
PBSA and then incubated with 50 ul of PBSA containing a 1:500 dilution of chicken anti-c-Myc
antibody (Thermo Fisher Scientific, A21281) for 30 min at 4 °C. Following another wash with 1 ml
of PBSA, secondary antibody labeling was carried out in 50 pul PBSA containing a 1:100 dilution of
mouse anti-His Tag IgG Hilyte Fluor 555 (Anaspec, AS-61250-H555) and AlexaFluor 555 goat
anti-chicken IgY (Thermo Fisher Scientific, A21437) for 20 min at 4 °C. Cells were then analyzed
by flow cytometry (Accuri C6, BD Biosciences) after the final wash (three washes in total). For the
additional washing conditions, one or two incubation/wash steps were added (incubated in 50 pl
PBSA for 20-30 min at 4 °C and washed with 1 ml PBSA) between the anti-c-Myc primary
antibody staining step and the secondary antibodies staining step.

Due to constitutive yEGFP expression, antibody staining conditions are simplified using the
pCL vector. Yeast cells containing pCL-Ax] were induced for expression, incubated with Gas6 for
17 h at room temperature, washed one time, and then labeled with secondary antibody in 50 pl
PBSA containing a 1:100 dilution of mouse anti-His Tag IgG Hilyte Fluor 555. Only two wash
steps are necessary for binding assays performed on proteins displayed using the pCL system,
including the final wash before flow cytometry analysis. For the additional washing conditions, one
or two incubation/wash steps were added between the target-binding step and the secondary

antibody staining step.



To compare the expression signal changes in the pCT and pCL groups, the mean signal
values were normalized to the original condition and shown as bar graphs (Supplementary Fig. 6B).

For statistical analysis, p-values were calculated by Student’s t-test (one-tailed, paired).

4. Stability of yYEGFP expression levels

To measure the stability of the yEGFP signal over time, the assay was performed with 5 x 10*
induced yeast cells transformed with pCL-nGFP-Aga2p-Axl. The cells were incubated in 50 pl of
PBSA at room temperature and green fluorescence from yEGFP was measured using flow

cytometry (Guava, Millipore) at 0, 12, 24, 36, 48, and 72 h in triplicate.
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Supplementary Figure 1. Yeast-codon-optimized enhanced GFP (YEGFP) expression when fused
at the C-terminus (A) or N-terminus (B) of Aga2p under different induction temperatures (20 °C or
30 °C). Yeast cells were stained with anti-c-Myc primary antibody (Thermo Fisher Scientific,
A21281) followed by PE-labeled secondary antibody (Santa Cruz, sc-3730) to measure c-Myc
expression levels. Insets show histogram representations of data, including quantification of
geometric mean for c-Myc and GFP fluorescence.
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Supplementary Figure 2. Schematic diagrams and plasmid maps of pCL-nGFP (A) and pCL-cGFP
(B). The Axl Igl domain (Axl) was cloned into pCL-nGFP and the NK1 domain of human HGF
was cloned into pCL-cGFP as model proteins for binding assays.
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Supplementary Figure 3. Comparison of scFv D1.3 expression using pCT (A), pCL-cGFP (B), or
pCL-nGFP (C) at different induction temperatures. C-terminal expression of the scFv D1.3 protein
under induction at 20 °C was deemed most optimal.
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Supplementary Figure 5. A distinct yeast-displayed NK1 population is observed through detection
of GFP-expression of the pCL vector compared to low NK 1 expression observed with the pTMY
vector, measured through antibody staining of the HA epitope tag. In both cases, expression signals
were measured after incubating the yeast cells with 20 nM Met-Fc. With pCL-NK1, Met-Fc binding
levels are also higher, suggesting that this construct enables improved expression of functional NK1
protein.
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Supplementary Figure 6. Yeast-displayed yEGFP expression correlates with epitope tag
expression on the same yeast cell and its signal intensity remains constant over time. (A) yEGFP
fluorescence measured in yeast cells transformed with pCL-nGFP-Aga2p-Axl (pCL-Axl),
correlated with fluorescence of C-terminal c-Myc expression measured by antibody staining. Cells
were incubated with PBSA containing chicken anti-c-Myc antibody for 30 min at 4 °C, washed with
1 ml of PBSA, and then stained with PBSA containing AlexaFluor 555 goat anti-chicken IgY for 20
min at 4 °C. R was calculated from simple linear regression of all the clones in an expression-
positive population. (B) Comparison of expression signals between Axl Igl displayed using pCT or
pCL vectors upon increasing the number of antibody-staining/washing steps. In each group, signals
are normalized to the fluorescence intensity of the original condition. Error bars correspond to the
standard deviation of six independent measurements (n = 6 for each of pCT and pCL groups). One-
tailed, paired Student’s t-tests were performed to analyze significance of the expressing signal
change. **p <0.01; n.s. for p > 0.05. (C) yEGFP yeast surface expression levels measured over 70
h incubation of yeast at room temperature. In these studies, the Axl Igl protein is expressed using
the pCT or the pCL-nGFP-Aga2p-Axl vector. Error bars correspond to the standard deviation of
triplicate samples.
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Supplementary Figure 7. Flow cytometry scatter plots under various conditions for sortase-
LPETGG bioconjugation using pCL-Srt-LS (substrate tethered using a long linker), pCL-Srt-SS
(substrate tethered using a short linker), and pCL-Srt-cGFP-LS (substrate tethered through C-
terminal GFP plus a long linker).
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SEQ.1: pCL-nSrt-cGFP-LS
gtaataacctatttcttagcatttttgacgaaatttgctattttgttagagtcttttacaccatttgtctccacacctccgcettacatcaacaccaataacge
catttaatctaagcgcatcaccaacattttctggegtcagtccaccagctaacataaaatgtaagetttcggggctctcttgecttccaacccagtca
gaaatcgagttccaatccaaaagttcacctgtcccacctgcetictgaatcaaacaagggaataaacgaatgaggtttctgtgaagetgcactgagt
agtatgttgcagtcttttggaaatacgagtcttttaataactggcaaaccgaggaactcttggtattcttgccacgactcatctccatgcagttggacg
atatcaatgccgtaatcattgaccagagccaaaacatcctcecttaggttgattacgaaacacgccaaccaagtatttcggagtgectgaactattttt
atatgcttttacaagacttgaaattttccttgcaataaccgggtcaattgttctctttctattgggcacacatataatacccagcaagtcageatcggaa
tctagagcacattctgeggectetgtgetctgcaagecgceaaactttcaccaatggaccagaactacctgtgaaattaataacagacatactccaa
getgectttgtgtgcttaatcacgtatactcacgtgetcaatagtcaccaatgecctecectettggecctctecttttcttttttcgaccgaattaattctta
atcggcaaaaaaagaaaagctccggatcaagattgtacgtaaggtgacaagctatttttcaataaagaatatcttccactactgecatctggegtea
taactgcaaagtacacatatattacgatgctgttctattaaatgcttcctatattatatatatagtaatgtcgtgatctatggtgcactctcagtacaatct
getetgatgecgeatagttaagccagecccgacacccgecaacacccgetgacgegecectgacgggcttgtetgeteccecggeatececgettaca
gacaagctgtgaccgtctccgggagetgeatgtgtcagaggttttcaccgtcatcaccgaaacgegegagacgaaagggcectcgtgatacgec
tatttttataggttaatgtcatgataataatggtttcttagacggatcgcttgectgtaacttacacgegectecgtatcttitaatgatggaataatttggg
aatttactctgtgtttatttatttttatgttttgtatttggatittagaaagtaaataaagaaggtagaagagttacggaatgaagaaaaaaaaataaacaa
aggtttaaaaaatttcaacaaaaagcgtactttacatatatatttattagacaagaaaagcagattaaatagatatacattcgattaacgataagtaaa
atgtaaaatcacaggattttcgtgtgtggtcttctacacagacaagatgaaacaattcggcattaatacctgagagcaggaagagcaagataaaa
ggtagtatttgttggcgatcccectagagtcttttacatcttcggaaaacaaaaactattttttctttaatttctttttttactttctatttttaatttatatatttat
attaaaaaatttaaattataattatttttatagcacgtgatgaaaaggacccaggtggcacttttcggggaaatgtgcgeggaacccctatttgtttattt
ttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttce
gtgtcgeccttattcecttttttgeggcattttgecttectgtttttgetcacccagaaacgetggtgaaagtaaaagatgctgaagatcagttgggtgc
acgagtgggttacatcgaactggatctcaacageggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgageacttttaaagtt
ctgctatgtggcgeggtattatccegtattgacgecgggceaagageaactcggtegecgeatacactattctcagaatgacttggttgagtactca
ccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgeggcecaacttact
tctgacaacgatcggaggaccgaaggagctaaccgcettttttgcacaacatgggggatcatgtaactegecttgategttgggaaccggagetg
aatgaagccataccaaacgacgagcgtgacaccacgatgcectgtagcaatggcaacaacgttgcgcaaactattaactggegaactacttactc
tagcttcccggceaacaattaatagactggatggaggceggataaagttgecaggaccacttetgegetcggecctteceggetggetggtttattgetg
ataaatctggagccggtgagegtgggtctcgeggtatcattgecageactggggcecagatggtaagecctecegtategtagttatctacacgacg
gggagtcaggcaactatggatgaacgaaatagacagatcgetgagataggtgcctcactgattaageattggtaactgtcagaccaagtttacte
atatatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtttt
cgttccactgagcgtcagaccecgtagaaaagatcaaaggatcttcttgagatcectttttttctgegegtaatetgetgettgcaaacaaaaaaace
accgctaccagecggtggtttgtitgccggatcaagagcetaccaactctttttccgaaggtaactggettcagecagagegcagataccaaatactgt
tcttctagtgtagecgtagttaggecaccacttcaagaactctgtagcaccgectacatacctegetetgetaatectgttaccagtggetgetgeca

gtggcgataagtegtgtcttaccgggttggactcaagacgatagttaccggataaggegeageggtegggcetgaacggggggttcgtgcacac
agcccagcttggagcgaacgacctacaccgaactgagatacctacagegtgagcetatgagaaagegecacgcettcccgaagggagaaaggc

ggacaggtatccggtaageggeagggtcggaacaggagagegeacgagggagettccagggggaaacgectggtatetttatagtectgteg
ggtttcgecacctetgacttgagegtegatttttgtgatgetcgtcaggggggcggagectatggaaaaacgecagecaacgeggcectttttacggt
tcetggecttttgetggcecttttgetcacatgttctttcctgegttatccectgattctgtggataaccgtattaccgectttgagtgagetgatacegete
geegeagecgaacgaccgagegeagegagtcagtgagecgaggaageggaagagegeccaatacgcaaaccgectetceecgegegttgg
ccgattcattaatgcagcetggcacgacaggtttcccgactggaaagegggcagtgagcgcaacgcaattaatgtgagttagetcacteattagge
accccaggctttacactttatgcttccggetegtatgtigtgtggaattgtgageggataacaatttcacacaggaaacagctatgaccatgattacg
ccaagctcgaaattaaccctcactaaagggaacaaaagcetggtacccetcgatcgaggtecgacggtatcgatgagettgatatcgaattecttga

attttcaaaaattcttactttttttttggatggacgcaaagaagtttaataatcatattacatggcattaccaccatatacatatccatatacatatccatatc
taatcttacttatatgttgtggaaatgtaaagagccccattatcttagcctaaaaaaaccttetctttggaactttcagtaatacgcttaactgetcattge
tatattgaagtacggattagaagccgecgagegggtgacagecctccgaaggaagactctectecegtgegtectegtctticaccggtegegttee
tgaaacgcagatgtgcctcgegecgeactgetccgaacaataaagattctacaatactagcettttatggttatgaagaggaaaaattggeagtaac
ctggccccacaaaccttcaaatgaacgaatcaaattaacaaccataggatgataatgegattagttttttagecttatttctggggtaattaatcageg
aagcgatgatttttgatctattaacagatatataaatgcaaaaactgcataaccactttaactaatactttcaacattttcggtttgtattacttcttattcaa
atgtaataaaagtatcaacaaaaaattgttaatatacctctatactttaacgtcaaggagaaaaaaccccggatcatgaaggttttgattgtcttgttg



gctatcttcgetgetttgecattggecttagetcaaccggttattictactacecgtcggttccgetgcagaaggcetetttggacaagagagaagcetta
cccatacgatgttccagattacgctgctagccaagctaaacctcaaattccgaaagataaatcaaaagtggcaggctatattgaaattccagatgcet
gatattaaagaaccagtatatccaggaccagcaacacgcgaacaattaaatagaggtgtaagetttgcaaaagaaaatcaatcactagatgatca
aaatatttcaattgcaggacacactttcattgaccgtccgaactatcaatttacaaatcttaaagcagccaaaaaaggtagtatggtgtactttaaagt
tggtaatgaaacacgtaagtataaaatgacaagtataagaaacgttaagccaacagetgtagaagttctagatgaacaaaaaggtaaagataaac
aattaacattaattacttgtgatgattacaatgaagagacaggcgtttgggaaacacgtaaaatctttgtagctacagaagtcaaactcgaggacgce
gtcaggtggtggaggctctggtggcggtegatctggeggtggaggtictgaacaaaagettatctccgaagaagacttgcaggaactgacaact
atatgcgagcaaatcccctcaccaactttagaatcgacgecgtactctttgtcaacgactactattttggecaacgggaaggceaatgcaaggagtt
tttgaatattacaaatcagtaacgtttgtcagtaattgeggttctcaccectcaacaactagcaaaggcagecccataaacacacagtatgtttttggt
ggtggtggttctggtggtootggtictggtggtggtegtictcccgggatgtctaaaggtgaagaattattcactggtgtigtcccaattttggttgaa
ttagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtgatgetacttacggtaaattgaccttaaaatttatttgtactactgg
taaattgccagttccatggccaaccttagtcactacttticggttatggtgttcaatgtittgcgagatacccagatcatatgaaacaacatgactttttca
agtctgccatgccagaaggttatgticaagaaagaactatttttttcaaagatgacggtaactacaagaccagagctgaagtcaagtitgaaggtg
ataccttagttaatagaatcgaattaaaaggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgt
ttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatggttctgttcaattagctgaccattatca
acaaaatactccaattggtgatggtccagtcttgttaccagacaaccattacttatccactcaatctaagttatccaaagatccaaacgaaaagaga
gaccacatggtcttgttagaatttgttactgctgetggtattacccatggtatggatgaattgtacaaaggtggatcaggaggtictggtggatctggt
ggttcaggtggttcaggtggtictggaggttctggaggtictggtggatetttgccagaaactggtggttaatagactagtatgtctaaaggetega
gcgaaatctgataacaacagtgtagatgtaacaaaatcgactttgttcccactgtacttttagetcgtacaaaatacaatatacttttcatttctccgtaa
acaacatgttttcccatgtaatatccttttctatttttcgttccgttaccaactttacacatactttatatagctattcacttctatacactaaaaaactaagac
aattttaattttgctgcctgcecatatttcaatttgttataaattcctataatttatcctattagtagctaaaaaaagatgaatgtgaatcgaatcctaagaga
attccggatcctctagageggecgecaccgeggtggagetccaattcgecctatagtgagtegtattacaattcactggecgtegttttacaacgt
cgtgactgggaaaaccctggcgttacccaacttaatcgecttgecageacatcccectttcgecagetggegtaatagecgaagaggeccgeacceg
atcgcccttcccaacagttgegeagectgaatggegaatggegegacgegecctgtageggegeattaagegeggegggtgtggtggttacg
cgcagcgtgaccgctacacttgeccagegecctagegeccgetectttegetttettcecttectttctcgecacgttcgecggcetttceccegtecaag
ctctaaatcgggggctccctttagggttccgatttagtgcetttacggeacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggcce
atcgccctgatagacggtttttcgecctttgacgttggagtccacgttctitaatagtggactcttgttccaaactggaacaacactcaaccctatcte
ggtctattcttttgatttataagggattttgccgatttcggectattggttaaaaaatgagetgatttaacaaaaatttaacgegaattttaacaaaatatt
aacgcttacaatttcctgatgcggtattttctccttacgeatctgtgeggtatttcacaccgcatagatcggcaagtgcacaaacaatacttaaataaa
tactactca



SEQ.2: pCL2-nSrt-cGFP-LS
gtaataacctatttcttagcatttttgacgaaatttgctattttgttagagtcttttacaccatttgtctccacacctccgcettacatcaacaccaataacge
catttaatctaagcgcatcaccaacattttctggegtcagtccaccagctaacataaaatgtaagetttcggggctctcttgecttccaacccagtca
gaaatcgagttccaatccaaaagttcacctgtcccacctgcetictgaatcaaacaagggaataaacgaatgaggtttctgtgaagetgcactgagt
agtatgttgcagtcttttggaaatacgagtcttttaataactggcaaaccgaggaactcttggtattcttgccacgactcatctccatgcagttggacg
atatcaatgccgtaatcattgaccagagccaaaacatcctcecttaggttgattacgaaacacgccaaccaagtatttcggagtgectgaactattttt
atatgcttttacaagacttgaaattttccttgcaataaccgggtcaattgttctctttctattgggcacacatataatacccagcaagtcageatcggaa
tctagagcacattctgeggectetgtgetctgcaagecgceaaactttcaccaatggaccagaactacctgtgaaattaataacagacatactccaa
getgectttgtgtgcttaatcacgtatactcacgtgetcaatagtcaccaatgecctecectettggecctctecttttcttttttcgaccgaattaattctta
atcggcaaaaaaagaaaagctccggatcaagattgtacgtaaggtgacaagctatttttcaataaagaatatcttccactactgecatctggegtea
taactgcaaagtacacatatattacgatgctgtctattaaatgcttcctatattatatatatagtaatgtcgtttatggtgcactctcagtacaatctgetct
gatgccgcatagttaagccagecccgacaccegecaacacccgetgacgegecctgacgggcttgtetgetcccggeatecgettacagacaa
getgtgaccgtetccgggagetgeatgtgtcagaggttttcaccgtcatcaccgaaacgegegagacgaaagggectegtgatacgectattttt
ataggttaatgtcatgataataatggtttcttaggacggatcgcttgectgtaacttacacgcgectegtatcttttaatgatggaataatttgggaattt
actctgtgtttatttatttttatgttttgtatttggattttagaaagtaaataaagaaggtagaagagttacggaatgaagaaaaaaaaataaacaaaggt
ttaaaaaatttcaacaaaaagcgtactttacatatatatttattagacaagaaaagcagattaaatagatatacattcgattaacgataagtaaaatgta
aaatcacaggattttcgtgtgtggtcttctacacagacaagatgaaacaattcggcattaatacctgagagcaggaagagcaagataaaaggtag
tatttgttggcgatccecctagagtcttttacatcttcggaaaacaaaaactattttttctttaatttctttttttactttctatttttaatttatatatttatattaaa
aaatttaaattataattatttttatagcacgtgatgaaaaggacccaggtggcacttttcggggaaatgtgcgeggaacccctatttgtttatttttctaa
atacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtc
gcccttatteecttttttgecggeattttgecttectgtttttgctcacccagaaacgetggtgaaagtaaaagatgetgaagatcagttgggtgcacga
gtgggttacatcgaactggatctcaacagcggtaagatecttgagagttttcgeccccgaagaacgttttccaatgatgageacttttaaagttctget
atgtggcgcggtattatcccgtattgacgecgggcaagagcaactcggtecgecgceatacactattctcagaatgacttggttgagtactcaccagt
cacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataaccatgagtgataacactgeggcecaacttacttctga
caacgatcggaggaccgaaggagctaaccgctttttttcacaacatgggggatcatgtaactcgecttgategttgggaaccggagetgaatga
agccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgegcaaactattaactggegaactacttactctagett
cccggceaacaattaatagactggatggaggeggataaagttgcaggaccacttctgegeteggeccttceggetggctggtttattgetgataaat
ctggagceggtgagegtgggtetecgeggtateattgecageactggggccagatggtaageccteeegtategtagttatctacacgacgggcea
gtcaggcaactatggatgaacgaaatagacagatcgcetgagataggtgectcactgattaageattggtaactgtcagaccaagtttactcatatat
actttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttce
actgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgegegtaatctgetgettgcaaacaaaaaaaccaccgct
accagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggettcagcagagegeagataccaaatactgtccttcta
gtgtagccgtagttaggccaccacttcaagaactctgtagecaccgcectacatacctegetetgetaatectgttaccagtggetgetgecagtgge
gataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggegecageggtcgggctgaacggggggttcgtgcacacagece
agcttggagcgaacgacctacaccgaactgagatacctacagecgtgagceattgagaaagegecacgettcccgaagggagaaaggeggaca
ggtatccggtaagcggceagggtcggaacaggagagegeacgagggagcettccaggggggaacgectggtatetttatagtcetgtegggttte
gccacctctgacttgagegtcegatttttgtgatgctcgtcaggggggccgagectatggaaaaacgecageaacgeggcectttttacggttcetg
gecttttgetggecttttgetcacatgttetttcctgegttatccectgattctgtggataacegtattacecgectttgagtgagetgataccgetegeeg
cagccgaacgaccgagegceagegagtcagtgagegaggaageggaagagegeccaatacgeaaaccgectcteececgegegttggecga
ttcattaatgcagctggcacgacaggtttcccgactggaaagegggcagtgagegeaacgceaattaatgtgagttacctcactcattaggeacce
caggctttacactttatgcttccggctcctatgtigtgtggaattgtgageggataacaatttcacacaggaaacagctatgaccatgattacgecaa
gctcggaattaaccctcactaaagggaacaaaagetgggtacccgacaggttatcagcaacaacacagtcatatccattctcaattagetctacca
cagtgtgtgaaccaatgtatccagcaccacctgtaaccaaaacaattttagaagtactttcactttgtaactgagcetgtcatttatattgaattttcaaaa
attcttactttttttttggatggacgcaaagaagtttaataatcatattacatggcattaccaccatatacatatccatatctaatcttacttatatgttgtgg
aaatgtaaagagccccattatcttagcctaaaaaaaccttctctttggaactttcagtaatacgcttaactgetcattgetatattgaagtacggattag
aagccgecgagegggtgacagecctccgaaggaagactcetectecgtgegtectegtettcacecggtegegticctgaaacgeagatgtgect
cgcgcecgeactgetccgaacaataaagattctacaatactagcttttatggttatgaagaggaaaaattggeagtaacctggecccacaaaccttc
aaatgaacgaatcaaattaacaaccataggatgataatgcgattagttttttagccttatttctggggtaattaatcagcgaagegatgatttttgatct
attaacagatatataaatgcaaaaactgcataaccactttaactaatactttcaacattttcggtttgtattacttcttattcaaatgtaataaaagtatcaa



caaaaaattgttaatatacctctatactttaacgtcaaggagaaaaaaccccggatcatgaaggttttgattgtcttgttggctatcttcgetgctttge
cattggccttagctcaaccggttattictactaccgtcggttccgetgcagaaggcetcetttggacaagagagaagetgctageccaagetaaaccte
aaattccgaaagataaatcaaaagtggcaggctatattgaaattccagatgctgatattaaagaaccagtatatccaggaccagcaacacgcgaa
caattaaatagaggtgtaagctttgcaaaagaaaatcaatcactagatgatcaaaatatttcaattgcaggacacactttcattgaccgtccgaacta
tcaatttacaaatcttaaagcagccaaaaaaggtagtatggtgtactttaaagttggtaatgaaacacgtaagtataaaatgacaagtataagaaac
gttaagccaacagctgtagaagtictagatgaacaaaaaggtaaagataaacaattaacattaattacttgtgatgattacaatgaagagacaggce
gtttgggaaacacgtaaaatctttgtagctacagaagtcaaaggatccggeggeggaggetecggtggaggeggaageggeggtggaggta
gtcctagggaacaaaagcttatctccgaagaagacttgectaggecaggaactgacaactatatgegagcaaatcccctcaccaactttagaateg
acgccgtactctttgtcaacgactactattttggccaacgggaaggcaatgcaaggagttittgaatattacaaatcagtaacgtttgtcagtaattge
ggttctcacccctcaacaactagcaaaggcagecccataaacacacagtatgttittggtggteotgotictggtggtegtgatictggtggte oty
gttctccegggatgtctaaaggtgaagaattattcactggtgttgtcecaattttggttgaattagatggtgatgttaatggtcacaaattttetgtetce
ggtgaaggtgaaggtgatgctacttacggtaaattgaccttaaaatttatttgtactactggtaaattgecagttccatggecaaccttagtcactactt
tcggttatggtgttcaatgtittgcgagatacccagatcatatgaaacaacatgactttttcaagtctgecatgeccagaaggttatgticaagaaagaa
ctatttttttcaaagatgacggtaactacaagaccagagctgaagtcaagtitgaaggtgataccttagttaatagaatcgaattaaaaggtattgatt
ttaaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacatcatggctgacaaacaaaagaatggtatcaaa
gttaacttcaaaattagacacaacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgttac
cagacaaccattacttatccactcaatctaagttatccaaagatccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctgetggt
attacccatggtatggatgaattgtacaaaactagtggtgggteccggtggtageggagggtcaggeggaageggaggaageggegggtetgg
aggaagcggaggtagtggagoatctgaattcggeggcettgeccagaaactggeggetaatagetcgagatctgataacaacagtgtagatgtaa
caaaatcgactttgttcccactgtacttttagctcgtacaaaatacaatatacttttcatttctccgtaaacaacatgttttcccatgtaatatccttttctatt
tttcgttccgttaccaactttacacatactttatatagetattcacttctatacactaaaaaactaagacaattttaattttgetgectgecatatttcaatttg
ttataaattcctataatttatcctattagtagctaaaaaaagatgaatgtgaatcgaatcctaagagaattgagctccaattcgecctatagtgagtegt
attacaattcactggccgtcgttttacaacgtcgtgactgggaaaaccctggegttacccaacttaatcgecttgecageacatceececttegecag
ctggcgtaatagcgaagaggcccgeaccgatcgeccttcccaacagttgegeagectgaatggegaatggegegacgegecectgtagegge
gcattaagcgeggegggtgtggtggttacgegecagegtgaccgetacacttgecagegecctagegececgcetectttegetttctteecttecttt
ctcgecacgttegecggctttccecgtcaagetctaaatcgggggcteectttagggttcegatttagtgetttacggecacctcgaccccaaaaaa
cttgattagggtgatggttcacgtagtgggccatcgecctgatagacggtttttcgecctttgacgttggagtccacgttctttaatagtggactettgt
tccaaactggaacaacactcaaccctatctcggtctattcttttgatttataagggattttgecgatttcggectattggttaaaaaatgagcetgatttaa
caaaaatttaacgcgaattttaacaaaatattaacgtttacaatttcctgatgcggtattttctccttacgcatctgtgeggtatttcacaccgecaggcea
agtgcacaaacaatacttaaataaatactactca



