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represent simplified versions of the opened cylindrical representations in the right panels, in which: “H” represents the high 

hydrophobic surface area; “h” represents low hydrophobic surface area; “+” represents positively charged residues; and “h” 

represent hydrophilic residues.  

Figures 49C-49F show predicted 3-dimensional models of the structures of the peptides FSD5, FSD18, VSVG-PTD4, 

and a peptide having two beta-sheets and no alpha-helices, respectively. 5 

Figure 49G shows a multiple sequence alignment of the peptides His-CM18-PTD4; EB1-PTD4; His-C(LLKK)3C-PTD4; 

FSD5; FSD10; FSD19; FSD20; FSD21; FSD44; FSD46; and FSD63, along with “Consistency” scores for each residue position. 

For the alignment, histidine-rich domains were voluntarily excluded. 

Figures 50A-50C show microscopy images of live HeLa cells successfully transduced by the shuttle agent FSD5 with 

fluorescently labelled antibodies as cargos. Fig. 50A shows the cytoplasmic transduction of a Goat Anti-Rabbit IgG H&L (Alexa 10 

Fluor® 594) antibody visualized by bright field (upper panel) and fluorescence microscopy (lower panel) at 20x magnification. Fig. 

50B and 50C show the cytoplasmic transduction of a Goat Anti-Mouse IgG H&L (Alexa Fluor® 488) antibody visualized by bright 

field (upper panels) and fluorescence microscopy (lower panels) at 10x and 20x magnifications, respectively. 

Figure 50D shows the results of a transduction experiment in which an anti-NUP98 antibody, which recognizes an 

antigen in the perinuclear membrane, was transduced into HeLa cells using the shuttle agent FSD19. Following transduction, 15 

HeLa cells were fixed, permeabilized and labelled with a fluorescent (AlexaTM 488) secondary antibody recognizing the anti-

NUP98 antibody (left panels) and Hoechst nuclear staining (right panels). Upper and lower panels indicate images taken under 

20x and 40x magnification, respectively. 

Figures 51A-51F show the results of genome editing experiments in which CRISPR/Cas9-NLS genome editing 

complexes were transduced into different cell types (HeLa, NK cells, NIC-H196 cells, HCC-78 cells, and REC-1 cells) using 20 

different shuttle agent peptides (FSD5, FSD8, FSD10, FSD18), and successful genome editing was verified by genomic DNA 

cleavage assays. The CRISPR/Cas9-NLS complexes consisted of recombinant Cas9-NLS complexed with a crRNA/tracrRNA 

designed to cleave the HPRT genomic DNA sequence. Successful genome editing was observed by the detection of genomic 

DNA cleavage products (thick solid arrows), as compared to the uncleaved genomic target gene (thin dashed arrows). The 

negative control (- ctrl”) were from transduction experiments performed in the absence of any shuttle agent peptide. An imaging 25 

software was used to quantify the relative signal intensities of the cleavage product bands directly on gels. The sum of all the 

bands in a given lane corresponds to 100% of the signal, and the numerical value in italics at the bottom of each lane is the sum 

of the relative signals (%) of only the two cleavage product bands (thick solid arrows). 

Figure 51G shows the cleavage of the targeted HPRT genomic sequence by the CRISPR/Cas9-NLS complex 

transduced by FSD5, in the absence (“No template”) or presence (“+500 ng”) of a short DNA template (72 bp). Thin dashed 30 

arrows indicate the bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to the 

CRISPR/Cas9-NLS-mediated cleavage products of this target gene, which indicate the successful transduction of fully functional 

genome editing complexes in the presence and absence of the DNA template. The numerical value in italics at the bottom of 

each lane is the sum of the relative signals (%) of only the two cleavage product bands (thick solid arrows). Figure 51H shows 
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In some embodiments, the methods of the present description are in vitro methods. In other embodiments, the methods of 

the present description are in vivo methods. 

In some embodiments, the methods of the present description may comprise contacting the target eukaryotic cell with the 

shuttle agent, or composition as defined herein, and the polypeptide cargo. In some embodiments, the shuttle agent, or composition 

may be pre-incubated with the polypeptide cargo to form a mixture, prior to exposing the target eukaryotic cell to that mixture. In 5 

some embodiments, the type of shuttle agent may be selected based on the amino acid sequence of the polypeptide cargo to be 

delivered intracellularly. In other embodiments, the type of shuttle agent may be selected to take into account the amino acid 

sequence of the polypeptide cargo to be delivered intracellularly, the type of cell, the type of tissue, etc.  

In some embodiments, the method may comprise multiple treatments of the target cells with the shuttle agent, or 

composition (e.g., 1, 2, 3, 4 or more times per day, and/or on a pre-determined schedule). In such cases, lower concentrations of the 10 

shuttle agent, or composition may be advisable (e.g., for reduced toxicity). In some embodiments, the cells may be suspension cells 

or adherent cells. In some embodiments, the person of skill in the art will be able to adapt the teachings of the present description 

using different combinations of shuttles, domains, uses and methods to suit particular needs of delivering a polypeptide cargo to 

particular cells with a desired viability. 

In some embodiments, the methods of the present description may apply to methods of delivering a polypeptide cargo 15 

intracellularly to a cell in vivo. Such methods may be accomplished by parenteral administration or direct injection into a tissue, organ, 

or system. 

In some embodiments, the shuttle agent, or composition, and the polypeptide cargo may be exposed to the target cell in 

the presence or absence of serum. In some embodiments, the method may be suitable for clinical or therapeutic use. 

In some embodiments, the present description relates to a kit for delivering a polypeptide cargo from an extracellular space 20 

to the cytosol and/or nucleus of a target eukaryotic cell. In some embodiments, the present description relates to a kit for increasing 

the transduction efficiency of a polypeptide cargo to the cytosol of a target eukaryotic cell. The kit may comprise the shuttle agent, or 

composition as defined herein, and a suitable container. 

In some embodiments, the target eukaryotic cells may be an animal cell, a mammalian cell, or a human cell. In some 

embodiments, the target eukaryotic cells may be a stem cell (e.g., embryonic stem cells, pluripotent stem cells, induced pluripotent 25 

stem cells, neural stem cells, mesenchymal stem cells, hematopoietic stem cells, peripheral blood stem cells), a primary cell (e.g., 

myoblast, fibroblast), or an immune cell (e.g., NK cell, T cell, dendritic cell, antigen presenting cell). In some embodiments, the present 

description relates to an isolated cell comprising a synthetic peptide or polypeptide-based shuttle agent as defined herein. In some 

embodiments, the cell may be a protein-induced pluripotent stem cell. It will be understood that cells that are often resistant or not 

amenable to protein transduction may be interesting candidates for the synthetic peptides or polypeptide-based shuttle agents of the 30 

present description. 

In some embodiments, the present description relates to a method for producing a synthetic peptide shuttle agent that 

delivers a polypeptide cargo from an extracellular space to the cytosol and/or nucleus of a target eukaryotic cell, the method 

comprising synthesizing a peptide which is: 

(1)  a peptide at least 20 amino acids in length comprising  35 

(2) an amphipathic alpha-helical motif having  

(3) a positively-charged hydrophilic outer face, and a hydrophobic outer face,  

wherein at least five of the following parameters (4) to (15) are respected: 

(4) the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or 

M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation 40 

of the alpha-helix having 3.6 residues per turn; 

(5) the peptide has a hydrophobic moment (μ) of 3.5 to 11; 
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In some embodiments, the polypeptide cargo of interest may be: (i) the polypeptide cargo as defined herein; and/or (ii) one 

or more CRISPR-associated endonucleases alone or with one or more corresponding guide RNA and/or linear DNA templates as 

defined herein. 

ITEMS 5 

In some embodiments, the present description may relate to the following items: 

1. A method for delivering a polypeptide cargo from an extracellular space to the cytosol and/or nucleus of a target eukaryotic 

cell, said method comprising contacting the target eukaryotic cell with the polypeptide cargo in the presence of a shuttle agent at a 

concentration sufficient to increase the transduction efficiency of said polypeptide cargo, as compared to in the absence of said 

shuttle agent, wherein said shuttle agent is 10 

(1)  a peptide at least 20 amino acids in length comprising  

(2) an amphipathic alpha-helical motif having  

(3) a positively-charged hydrophilic outer face, and a hydrophobic outer face,  

wherein at least five of the following parameters (4) to (15) are respected: 

(4) the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or 15 

M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation 

of the alpha-helix having 3.6 residues per turn; 

(5) the peptide has a hydrophobic moment (μ) of 3.5 to 11; 

(6) the peptide has a predicted net charge of at least +4 at physiological pH; 

(7) the peptide has an isoelectric point (pI) of 8 to 13; 20 

(8) the peptide is composed of 35% to 65% of any combination of the amino acids: A, C, G, I, L, M, F, P, W, Y, and V; 

(9) the peptide is composed of 0% to 30% of any combination of the amino acids: N, Q, S, and T; 

(10) the peptide is composed of 35% to 85% of any combination of the amino acids: A, L, K, or R; 

(11) the peptide is composed of 15% to 45% of any combination of the amino acids: A and L, provided there being at least 

5% of L in the peptide; 25 

(12) the peptide is composed of 20% to 45% of any combination of the amino acids: K and R; 

(13) the peptide is composed of 0% to 10% of any combination of the amino acids: D and E; 

(14) the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R 

residues in the peptide (K + R), is less than or equal to 10%; and 

(15) the peptide is composed of 10% to 45% of any combination of the amino acids: Q, Y, W, P, I, S, G, V, F, E, D, C, M, 30 

N, T and H. 

2. The method of item 1, wherein the shuttle agent respects at least six, at least seven, at least eight, at least nine, at least 

ten, at least eleven, or respects all of parameters (4) to (15). 

35 

3. The method of item 1 or 2, wherein:  

(i) said shuttle agent is a peptide having a minimum length of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 amino acids, 

and a maximum length of 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 60, 65, 70, 80, 90, 100, 110, 

120, 130, 140, or 150 amino acids; 

(ii) said amphipathic alpha-helical motif has a hydrophobic moment (μ) between a lower limit of 3.5, 3.6, 3.7, 3.8, 3.9, 40 

4.0, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 5.0, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 
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10. The method of any one of items 1 to 9, wherein the peptide comprises an endosome leakage domain (ELD), and/or a cell 

penetrating domain (CPD). 

11. The method of item 10, wherein:  

(i) said ELD is or is from: an endosomolytic peptide; an antimicrobial peptide (AMP); a linear cationic alpha-helical 5 

antimicrobial peptide; a Cecropin-A/Melittin hybrid (CM series) peptide; pH-dependent membrane active peptide 

(PAMP); a peptide amphiphile; a peptide derived from the N terminus of the HA2 subunit of influenza hemagglutinin 

(HA); CM18; Diphtheria toxin T domain (DT); GALA; PEA; INF-7; LAH4; HGP; H5WYG; HA2; EB1; VSVG; 

Pseudomonas toxin; melittin; KALA; JST-1; C(LLKK)3C; G(LLKK)3G; or any combination thereof; 

(ii) said CPD is or is from: a cell-penetrating peptide or the protein transduction domain from a cell-penetrating peptide; 10 

TAT; PTD4; Penetratin (Antennapedia); pVEC; M918; Pep-1; Pep-2; Xentry; arginine stretch; transportan; SynB1; 

SynB3; or any combination thereof; or 

(iii) both (i) and (ii). 

12. The method of item 10 or 11, wherein said peptide comprises: 15 

(a)  an ELD comprising the amino acid sequence of any one of SEQ ID NOs: 1-15, 63, or 64, or a variant or fragment 

thereof having endosomolytic activity; 

(b) a CPD comprising the amino acid sequence of any one of SEQ ID NOs: 16-27 or 65, or a variant or fragment thereof 

having cell penetrating activity; or 

(c) both (a) and (b). 20 

13.  The method of any one of items 10 to 12, wherein:  

(i) said peptide comprises an ELD which is CM18, KALA, or C(LLKK)3C having the amino acid sequence of SEQ ID 

NO: 1, 14, or 63, or a variant thereof having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% 

identity to SEQ ID NO: 1, 14, or 63, and having endosomolytic activity; 25 

(ii) wherein said peptide comprises a CPD which is TAT or PTD4 having the amino acid sequence of SEQ ID NO: 17 

or 65, or a variant thereof having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity to SEQ 

ID NO: 17 or 65 and having cell penetrating activity; or 

(iii) both (i) and (ii). 

30 

14.  The method of any one of items 1 to 9, wherein said peptide comprises the amino acid sequence of any one of SEQ ID 

NOs: 57-59, 66-72, or 82-102, or a functional variant thereof having at least 85%, 90%, or 95% identity to any one of SEQ ID NOs: 

57-59, 66-72, or 82-102. 

15. The method of any one of items 1 to 14, wherein:  35 

(i) said shuttle agent is completely metabolizable by the target eukaryotic cell; and/or 

(ii) contacting the target eukaryotic cell with the polypeptide cargo in the presence of the shuttle agent at said 

concentration results in an increase in the transduction efficiency of said polypeptide cargo by at least 10-fold, 20-

fold, 30-fold, 40-fold, 50-fold, or 100-fold, as compared to in the absence of said shuttle agent. 

16. The method of any one of items 1 to 15, which is an in vitro method. 40 

17. A synthetic peptide shuttle agent which is the peptide as defined in any one of items 1 to 15. 
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35. The eukaryotic cell of item 34, which is an animal cell, a mammalian cell, a human cell, a stem cell, a primary cell, an 

immune cell, a T cell, an NK cell, or a dendritic cell. 

36. A method for delivering one or more CRISPR-associated endonucleases alone or with one or more corresponding guide 

RNA and/or linear DNA templates, to a target eukaryotic cell, said method comprising contacting the target eukaryotic cell with the 5 

endonuclease in the presence of a shuttle agent at a concentration sufficient to increase the transduction efficiency of said 

endonuclease, as compared to in the absence of said shuttle agent, wherein said shuttle agent is as defined in any one of items 1 

to 15. 

37. The method of item 36, which is an in vitro method, or an in vivo method. 10 

38. The method of item 36 or 37, wherein said one or more endonuclease is: a type I CRISPR endonuclease, a type II CRISPR 

endonuclease, a type III CRISPR endonuclease, a type IV CRISPR endonuclease, a type V CRISPR endonuclease, a type VI 

CRISPR endonuclease, or any combination thereof. 

15 

39. The method of item 36 or 37, wherein said one or more endonuclease is CRISPR associated protein 9 (Cas9), Cpf1, CasX, 

CasY, or any combination thereof; or a catalytically dead CRISPR associated protein 9 (dCas9), dCpf1, dCasX, dCasY, or any 

combination thereof. 

40. The method of any one of items 36 to 39, wherein said target eukaryotic cell is an animal cell, a mammalian cell, a human 20 

cell, a stem cell, a primary cell, an immune cell, a T cell, an NK cell, or a dendritic cell. 

41. The method of item 58, wherein said one or more corresponding guide RNA and/or linear DNA template targets one or 

more genes to reduce the immunogenicity, improve cytotoxicity, and/or otherwise improve the effectiveness of the target eukaryotic 

cell for cell-based therapy, as compared to a corresponding parent eukaryotic cell that has not been subjected to said method. 25 

42. The method of item 41, wherein said cell-based therapy is cell-based cancer immunotherapy. 

43. The method of any one of items 40 to 42, wherein said one or more corresponding guide RNA and/or linear DNA template 

targets the CBLB gene, c-CBL gene, GSK3 gene, ILT2 gene, CISH gene, NKG2a gene, B2M gene, or any combination thereof. 30 

44. A method for producing a synthetic peptide shuttle agent that delivers a polypeptide cargo from an extracellular space to 

the cytosol and/or nucleus of a target eukaryotic cell, said method comprising synthesizing a peptide which is: 

(1)  a peptide at least 20 amino acids in length comprising  

(2) an amphipathic alpha-helical motif having  35 

(3) a positively-charged hydrophilic outer face, and a hydrophobic outer face,  

wherein at least five of the following parameters (4) to (15) are respected: 

(4) the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or 

M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation 

of the alpha-helix having 3.6 residues per turn; 40 

(5) the peptide has a hydrophobic moment (μ) of 3.5 to 11; 

(6) the peptide has a predicted net charge of at least +4 at physiological pH; 
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Example B: 

Rational design of synthetic peptide shuttle agents

The parameters set forth in Table A1, and empirical knowledge gained (e.g., from Examples 1-15), were used to manually 

design the peptides listed in Table B1 in order to evaluate whether the parameters can be used for designing successful peptide 5 

shuttle agents.  

The peptides listed in Table B1 were tested for their ability to transduce GFP-NLS cargo (see Example 3.4) in HeLa cells, 

using the protein transduction assay as generally described in Example 3.1a. GFP-NLS recombinant protein (10 μM) was co-

incubated with 10 μM of the peptides and then exposed to HeLa cells for 1 min. The cells were subjected to flow cytometry analysis 

as described in Example 3.3. Results are shown in Tables B2 and B3. A “transduction score”-based analysis was also performed 10 

as discussed is Example A, and the results are shown in Table B4. Successful nuclear delivery of the transduced GFP-NLS 

(generally after only 1 minute of exposure to the peptide) was confirmed by fluorescence microscopy as described in Example 3.2

(data not shown). 

Peptides FSD1-FSD5 were initially designed based on the successful domain-based shuttle agent His-CM18-PTD4-His, 

with peptides FSD1-FSD4 being designed to intentionally unrespect one or more parameters set forth in Table A1, and FSD5 being 15 

designed to respect all fifteen parameters. As can be seen from Table B2, peptides FSD1-FSD4 displayed transduction efficiencies 

ranging from 2.45% to 37.6%. In contrast, the peptide FSD5 displayed high transduction efficiency (70.5%) and low toxicity (cell 

viability of 86%). 

3-dimensional modeling using PEP-FOLD, an online resource for de novo peptide structure prediction, predicted an alpha-

helical conformation for FSD5 (see Figure 49C; http://bioserv.rpbs.univ-paris-diderot.fr/services/PEP-FOLD/). In contrast, the 20 

peptide VSVG-PTD4, which showed only 3.5% transduction efficiency (see Table 10.3a), was predicted to adopt a different structure 

which included a shorter alpha helix, short beta-sheets (white arrows), and random coils (white shapeless lines). 

Helical wheel projections and side opened cylindrical representations of FSD5 and VSVG-PTD4 shown in Figures 49A 

and 49B (adapted from: http://rzlab.ucr.edu/scripts/wheel/wheel.cgi) illustrate the amphipathic nature of FSD5, as compared to 

VSVG-PTD4. The geometrical shape of each amino acid residue corresponds to its biochemical property based on the side chain 25 

of the residue (i.e., hydrophobicity, charge, or hydrophilicity). One of the main differences between the two opened cylindrical 

representations of FSD5 and VSVG-PTD4 is the presence of a highly hydrophobic core in FSD5 (outlined in Figure 49A, left and 

right panels), which is not present in VSVG-PTD4. The cylinder in the lower middle panels of Figures 49A and 49B represent 

simplified versions of the opened cylindrical representations in the right panels, in which: “H” represents the high hydrophobic surface 

area; “h” represents low hydrophobic surface area; “+” represents positively charged residues; and “h” represent hydrophilic residues.  30 

In light of the high transduction efficiency of FSD5, we used this shuttle agent as model to design peptides FSD6-FSD26. 

As shown in Table B2, a relatively high degree of amino acid substitutions was possible without completely losing transduction 

power, provided that most of the design parameters set forth in Table A1 were respected. The only peptide that displayed nearly a 

complete loss transduction efficiency among FSD6-FSD26 was FSD6, which is not predicted to adopt an amphipathic alpha-helix 

structure. Interestingly, peptide FSD18 showed high toxicity in HeLa cells when used at 10 μM, but showed high transduction 35 

efficiency and relatively low toxicity when used in other types of cells (see Examples E and G), suggesting that peptide toxicity may 

vary depending on the type of cells. 3-dimensional modeling using PEP-FOLD predicted two separate alpha-helices for FSD18 (see 

Figure 49D). 

Peptides FSN1-FSN8 were designed to explore the effects on transduction efficiency when one or more of the design 

parameters set forth in Table A1 are not respected.  40 
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Table B1. Manually-designed synthetic peptides and shuttle agents  

Peptide SEQ ID NO: Amino acid sequence 
Length 
(a.a.)

MW 
(kDa)

pI Charge

FSD1 104 HHHHHHKWKLLRRAAKKAARRYLKLLLKQLKLHHHHHH 38 4.85 12.03 11+ / 0- 
FSD2 105 HHHHHHWLKLLRRAAKKAARLYRKLLRKARKLHHHHHH 38 4.86 12.31 12+ / 0- 
FSD3 106 HHHHHHKRKKKRRAKKKRAWLYLALLLWALALHHHHHH 38 4.87 12.03 11+ / 0- 
FSD4 107 HHHHHHKRQLKRKLRKWKRLLRLLRLLARLWLHHHHHH 38 5.1 12.78 12+ / 0- 
FSD5 108 HHHHHHLLKLWSRLLKLWTQGRRLKAKRAKAHHHHHH 37 4.68 12.49 9+ / 0- 
FSD6 109 HHHHHHWYLALLALYWQRAKAKTRQRRRHHHHHH 34 4.49 11.84 7+ / 0- 
FSD7 110 HHHHHHWARLARAFARAIKKLYARALRRQARTG 33 3.99 12.4 9+ / 0- 
FSD8 111 HHHHHHKWKLARAFARAIKKLYARALRRQARTG 33 4.02 12.31 10+ / 0- 
FSD9 112 HHHHHHKWKLARAFARAIKKLYARALRRQARTGHHHHHH 39 4.85 12.31 10+ / 0- 
FSD10 113 KWKLARAFARAIKKLGGSGGGSYARALRRQARTG 34 3.66 12.31 10+ / 0- 
FSD11 114 HHHHHHKWKLARAFARALRAIKKLYARALRRQARTG 36 4.36 12.4 11+ / 0- 

FSD12 115 KWKLARAFARAIKKLYARALRRQARTG 27 3.2 12.31 10+ / 0- 

FSD13 116 HHHHHHKWAKLLRAFAKAIKKLYARLARRQARTGHHHHHH 40 4.93 12.19 10+ / 0- 
FSD14 117 HHHHHHLALARWARYFRILAKLKRTKRGQAKAHHHHHH 38 4.73 12.19 9+ / 0- 
FSD15 118 HHHHHHKWKIARAFARSLKKLYARLLARQAKTGHHHHHH 39 4.79 12.02 9+ / 0- 
FSD16 119 HHHHHHLLKLWSRLLKLWTQGRRLKAKRAKA 31 3.86 12.49 9+ / 0- 
FSD17 120 HHHHHHLAKLFKWLRALIRQGAKRKTKRASAHHHHHH 37 4.56 12.49 9+ / 0- 
FSD18 121 LLKLWSRLLKLWTQGGSGGGSGRRLKAKRAKA 32 3.49 12.49 9+ / 0- 
FSD19 122 HHHHHHLLKLWSRLLKTWTQGRRLKAKSAQASTRQAHHHHHH 36 4.32 12.48 8+ / 0- 
FSD20 123 HHHHAAVLKLWKRLLKLFRKGRRLKAKRAKAKR 33 4.12 12.71 14+ / 0- 
FSD21 124 HHHHHHFLKIWSRLIKIWTQGRRKGAQAAFR 31 3.85 12.48 7+ / 0- 
FSD22 125 HHHHHHVLKLWSRILKAFTQGRRMAAKRAKCNHHHHHH 32 3.87 12.02 8+ / 0- 
FSD23 126 HHHHHHLLKLWSRLLKEWTQGRRLEAKRAEAHHHHHH 31 3.88 10.93 7+ / 3- 
FSD24 127 HHHHHHLLCLWSRLLKLWTQGERLKAKCAKACER 34 4.14 9.75 7+ / 2- 
FSD25 128 HHHHHHVWKLFWTLLAAIYGRGKARQKRAKRQARG 35 4.25 12.19 9+ / 0- 
FSD26 129 ALLGLFIKWVKKVGTLFRKAKAGAQNRRAKAQKGK 35 3.88 12.33 11+ / 0- 
FSN1 130 HHHHHHKRKRRSKKRKLWTQGWLLLALLALAHHHHHH 31 3.86 12.49 9+ / 0- 
FSN2 131 HHHHHHKLKLRSRLKWGRTQLWRALAKKALLHHHHHH 31 3.86 12.49 9+ / 0- 
FSN3 132 HHHHHHQFLCFWLNKMGKHNTVWHGRHLKCHKRGKG 31 3.82 11.75 7+ / 0- 
FSN4 133 HHHHHHLLYLWRRLLKFWCAGRRVYAKCAKAYGCF 35 4.23 10.06 7+ / 0- 
FSN5 134 HHHHHHLLKLWRRLLKLFRKALRALAKRAKSALKRAQAA 39 4.68 12.71 12+ / 0- 
FSN6 135 HHHHHHLLKLWSRLLKLWTQALRALAKRAKALAHHHHHH 33 3.96 12.31 7+ / 0- 
FSN7 136 LIKLWSRFIKFWTQGRRIKAKLARAGQSWFG 31 3.75 12.48 8+ / 0- 
FSN8 137 HHHHHHFRKLWLAIVRAKK 19 2.4 12.02 5+ / 0- 
FSD43 

to 
FSD116 

169 
to 

242 
[Refer to Sequence Listing] - - - - 

Results computed using ProtParamTM online tool available from ExPASyTM Bioinformatics Resource Portal (http://web.expasy.org/protparam/); 
pI: Isoelectric point; Charge: Total number of positively (+) and negatively (-) charged residues 

Table B2. Transduction of GFP-NLS in HeLa cells 5 

Cells Peptide 
Mean % cells with GFP 

signal 
(± St. Dev.; n=3)

Cell viability (%)  
(± St. Dev.; n= 3) 

Design comments 

HeLa 

No 
peptide

0.41 ± 0.015 100 n/a 

FSD1 37.6 ± 3.44 60.3 ± 6.18 
Low % of infrequent amino acids (Q, Y, W, P, I, S, G, V, F, E, D, 

C, M, N, T, H)
FSD2 11.9 ± 1.69 76.3 ± 5.99 High hydrophobic moment
FSD3 2.45 ± 0.32 91.1 ± 6.37 No predicted amphipathic alpha helix

FSD4 6.60 ± 0.84 86.1 ± 8.15 
Low % of hydrophobic amino acids; Low % of infrequent amino 

acids (Q, Y, W, P, I, S, G, V, F, E, D, C, M, N, T, H)
FSD5 70.5 ± 6.44 86 ± 7.45 -
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FSD6 1 ± 0.12 88.1 ± 7.66 No predicted amphipathic alpha helix
FSD7 78.30 ± 5.11 38.5 ± 3.48 -
FSD8 62.30 ± 5.61 64.8 ± 7.59 -
FSD9 68.21 ± 6.35 67.3 ± 5.19 -
FSD10 73.23 ± 4.94 79.8 ± 4.73 -
FSD11 68.29 ± 3.11 60.9 ± 7.59 -
FSD12 61.58 ± 5.33 67.8 ± 4.83 -
FSD13 75.94 ± 7.48 49.5 ± 5.13 High hydrophobic moment
FSD14 43.25 ± 5.35 92.8 ± 7.42 -
FSD15 54.97 ± 4.28 96.1 ± 2.61 -
FSD16 57.34 ± 4.11 88.2 ± 2.66 -
FSD17 52.83 ± 6.69 99.1 ± 2.09 -
FSD18 77.11 ± 3.25 82.4 +/- 4.71 -
FSD19 55.17 ± 4.62 80.6 ± 5.36 -
FSD20 75.23 ± 5.91 65.4 ± 6.18 -
FSD21 46.74 ± 4.03 75.6 ± 5.99 -
FSD22 45.09 ± 3.95 80.2 ± 7.21 -
FSD23 50.34 ± 4.29 65.3 ± 5.44 -
FSD24 37.48 ± 4.08 75.3 ± 3.93 -
FSD25 32.67 ± 3.17 71.7 ± 5.08 -
FSD26 47.63 ± 4.19 59.26 ± 1.27 -

 “-“ = No parameters outside the limits set forth in Table A1. 

Table B3. Transduction of GFP-NLS in HeLa cells

Cells Peptide 
Mean % cells with 

GFP signal 
(± St. Dev.; n=3) 

Cell viability 
(%) 

(± St. Dev.; 
n= 3)

Design comments 

HeLa 

No 
peptide

0.38 ± 0.02 100 

FSN1 9.14 ± 0.93 94.3 ± 3.07 Low hydrophobic moment; weak amphiphilic structure
FSN2 12.13 ± 2.06 91.3 ± 4.66 Weak hydrophobic surface
FSN3 1.86 ± 97.15 97.2 ± 2.03 No predicted alpha-helical structure
FSN4 5.84 ± 0.49 90.5 ± 4.18 > 65% hydrophobic amino acids 
FSN5 13.29 ± 1.24 85.36 ± 6.16 Alanine + Leucine > 40%

FSN6 15.74 ± 1.63 32.63 ± 4.26 
High hydrophobic moment; difference between A/L and K/R residues is > 

20%

FSN7 3.56 ± 0.36 93.45 ± 3.61 
High hydrophobic moment; 55% of infrequent residues (other than A, L, K, 

R)
FSN8 3.52 ± 0.41 94.53 ± 3.72 Peptide length is less than 20
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