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DENOVO DESIGN OF POTENT AND SELECTIVE INTERLEUKIN MIMETICS

Cross Reference
This application claims prority to U.S. Provisional Patent Application Serial Nos.
62/689.769 filed June 25, 2018 and 62/768.733 filed November 16, 2018, cach incorporaied

by reference herein in its entirety.

Background

The considerable potential of central immune cytokine interleukins such as [L-2 and
IL~4 for cancer treatment has sparked numcrous cfforts to improve their therapeutic
properties by mutation and/or chemical modification. However, because these approaches are
closely tied to native 1L-2 or IL-4, they cannot ehminate undesirable properties such as low
stability and binding to the 1L-2 receptor o subunit ({L-2Ra), to H.-4 receptor oV heterodimer
{(JL-4RaY¥ ), or to IL-13 receptor o subunit (JL.-13Ra).

Summary

In onc aspect, a method s provided. A computing device determines a structure for a
plurality of residues of a protein where the structure of the plurality of residues provides a
particudar receptor binding mierface. The computing device determines a plurality of
designed residues using 3 mimetic design protocol provided by the computing device,
wherein the plurality of designed residues provide the particular receptor binding interface,
and wherein the plurality of designed residues differ from the plurality of residucs.

The computing device determines one or more connecting helix structures that
connect the plurality of designed residucs. The computing device determines a first protein
backbone for the protein by assembling the one or more connecting helix structures and the
plurality of designed residues over a plurality of combinations. The computing device designs
a second protein backbone for the protein for flexibility and low energy structures based on
the first protein backbone. The computing device generates an output related 1o at least the

second protein backbone.
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Also included are non-naturally occurring proteins prepared by the methods described
herein. The non-naturally occurring proteins can be cytokines, for example, non-naturally
occurring HL-2 or [L.-4 {also referred to hercin as 1L-2, 1L-2/15 mimetics or {L-4 mimetics).

In another aspect, a computing device is provided. The computing device mcludes one
or more processors; and data storage that is configured to store at least computer-readable
mstructions that, when executed by the one or more processors, cause the computing device
to perform functions. The functions include: determining a structure for a plurality of residues
of a protem that provides a particular receptor binding interface; determining a plurality of
designed residucs using a mimetic design protocol, wherein the plurality of designed residues
provide the particular receptor binding interface, and wherein the plurality of designed
residues differ from the plurality of residues; determining one or more connecting helix
structures that connect the plurality of designed residues; determining a first protein backbone
for the protein by assembling the onc or more connecting helix structures and the plarality of
designed residucs over a plurality of combinations; designing a second protein backboue for
the protein for flexibility and low energy structures based on the first protein backbone; and
generating an output related to at least the second protein backbone for the protein.

{n another aspect, a non-transttory computer-readable medium is provided. The non-
transitory computer-readable medivm is configured to store at least computer-readable
mstructions that, when executed by one or more processors of a computing device, cause the
computing device to perform functions. The functions include: determining a structure fora
plurality of residues of a protein that provides a particular receptor binding micrface;
determuning a plurality of designed residues using a mimetic design protocol, wherein the
plurality of designed residugs provide the particular receptor binding mterface, and wherein
the plurality of designed residues differ from the plurality of residues; determining one or
more connecting helix structures that connect the plurality of designed residues; determining
a first protein backbone for the protein by assembling the one or more connecting helix
structures and the plurality of designed residues over a plurality of combinations; designing a
second protein backbone for the protein for flexibility and low encrgy structures based on the
first protein backbone; and generating an output related to at feast the second protein
backbone for the protein.

In another aspect, a device 1s provided. The device includes: means for determining a
structure for a plurality of residues of a protein that provides a particular receptor binding
mterface; means for deternining a plurality of designed residues using a mimetic design

protocol, wherein the plurality of designed residucs provide the particular receptor binding
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mterface, and wherein the plurality of designed residues differ from the plurality of residues;
means for determining one or more connecting helix structures that connect the plurality of
designed residues; means for determining a tirst protein backbone for the protein by
assembling the one or more connecting helix structures and the plurality of designed residues
over a plurality of combinations; means for designing a second protein backbone for the
protein for flexibility and low energy structures based on the first protein backbone; and
means for gencrating an output related to at oast the second protein backbone for the protein.

In another aspect, non-naturally occurring polypeptides are provided comprising
domains X1, X2, X3, and X4, wherein:

{(a} X1 1is a peptide comprising the amino acid sequence at least 25%, 27%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%., T5%, 80%, 85%, 90%, 95%, 98%, or 100%

MAL (SEQ ID NO:1);

wdentical to THAY
{b) X2 i3 a helical-peptide of at least # amino acids i length;
(c) X3 is a peptide comprising the anino acid sequence at least 25%%, 27%,
30%, 33%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or

100% 1dentical to YAFNFELI (SEQ ID NG:2),

{d} X4 15 a peptide comprising the amino acid sequence at feast 25%, 27%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%., T5%, 80%, 85%, 90%, 95%, 98%, or 100%
identical to {TILQSWIF (SEQ 1D NG:3);

wherein X1, X2, X3, and X4 may be in any order in the polypeptide;

wherein anmino acid linkers may he present between any of the domains; and

wherein the polypeptide binds to 1L-2 receptor BY, heterodimer (IL-2RBY ), [L-4
receptor oV, heterodimer (IL-4RaV ), or IL-13 receptor o subunit (JL-13Raq).

In other aspects are provided pharmaceutical compositions comprising on¢ or more
polypeptide disclosed hercin and a pharmaceutically acceptable carnier, recombinant nucleic
actds encoding a polypeptide disclosed herein, espression vectors comprising the
recombinant nucleic acids disclosed herein, and recombinant host cells comprsing one or
more expression vector disclosed herein. In a further aspect, methods for treating cancer are
provided, comprising administering to a subject having cancer one or more polvpeptide,
recombmant nucleic acid, expression vector comprising the recombinant nucleic acid, and/or
recombinant host cells disclosed herein or a pharmaceutical composition thereof in an

amount effective to treat the tumor.
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Bescription of the Drawings
The following figures are in accordance with exampic embodiments:

Figure 1A-1D Computational design of de novo cytekine mimetics, FIG. 1A) The
designed numetics have four helices; three mimetic IL-2 interactions with hIL-2RBY,, while
the fourth holds the first three in place. Top: in the first gencration of designs, each of the
core elements of [L-2 (helices HI-H4} were independently idealized using fragment-
assemblv from a clustered 1deal fragment database (size: 4 a.a.}); botiom: in the second
generation of designs the core clements were instead bl using parametric equations that
recapitulate the shape of cach disembodied helix, allowing changes in the length of each helix
bv +/~ 8 a.a ; FIG. 1B} Pairs of helices were reconnected using ideal loop fragmenis (size: 4
a.a. or 7 aa., for gen-1 and gen-2 respectively, see Methods), representative examples are
shown with newly built elements connecting cach pair of helices; FIG. 1€} The helix
hairpins generated in FIG. 1B were assembled in all possible combinations to generate fully
connected protein backbones; FIG, 11} The designs and expenimentally matured versions
were tested for bindimg by veast display, and those exiubiting high affinity binding were
recombinantly expressed (£, coli) and tested for binding using surface plasmon resonance
and 1L.-2 like phospho-STATS (pSTATS) signaling. The resulis for 3 designs of the first
generation and 10 designs from the second generation are shown in the 2D-plot n solid
symbols. The open star 13 Neoleukin-2/13, the arrow originates in its parent (unoptinnized)
design.

Figure 2ZA-2C. Characterization of neolenkin-2/15. FIG. 2A) From fop to borton:
In surface plasmon resonance experiments, neoleukin-2/15 does not bind haman or murine
IL-2Rq, but binds both human and murine HL-2RB with sinular affinity (Kg~ 11.2 nM and
16.1 nM, for human and mice receptor, respectivelv). Like natural IL-2, neoleukin-2/15 binds
poorly to the Y. receptor, and exhibits cooperative bindimg for both human and murnine -
2RBY, (K4~ 18.8 nM and 38.4 nM, for the human and mice heterodimeric receptor, while
the Kd of native hIL-2 and Super-2 are ~ 193.6 oM and 300.9 nM, see Table El). FIG. 2B}
fopr fn-vifro pSTATS signaling studies demonstrate that neoleukin-2/15 elicits 1L-2-like
signaling in human cells (ECsg), and activates with ~identical potency (HCso ~ 73.0 pM and
492 pM on CD25+ and CD25- cells, respectively) human YT-1 NK cells with or without -
2Ra expression {(CD25); bottom: similarly ex vivo experiments in murine CD4+ primary cells
deronstrate that neoleukin-2/15 can also clicit potent [L-2 like signaling in murine cells, and
ts independent of FL-2Ra expression (ECsy ~ 24 pM and 129 pM on CD25+ and CD25- cells,

respectively); FiG, 20} rop: binding experiments {OCTET) show that neoleukin-2/15 can be
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meubated for 2 hours at 80°C without any noticeable loss of binding, whereas human and
murine -2 quickly lose activity; hodton: an ex vive experiment on cultured murine
splenocyies that require HL-2 for survival, demonstrates that neoleukin-2/15 jncubated at 95°C
for 1 hour still drnives cell survival effectively (~70% relative fuminescence, at 10 ng/ml)},
while mIL2 and Super-2 are virtually inactive (~10% and 0.1%, respectively at 10 ng/ml}).

Figure 3A-3E. Structure of neclenkin-2/15 (Neo-2/15) and its ternary complex
with miL-2REY.. FIG. 3A) Top: structural alignment of neoleukin-2/15 (Neo-2/15) chain A
with the design model {r.m.s.d. 1.11 A for 100 Ca atoms): bottom: detail of interface helices
H1, H3 and H4 (numbered according to hil-2, see Fig 1}. The mterface side chains are
shown in sticks; Fi{. 3B} crystallographic structure of the temary complex of Neo-2/15 with
mIL-2RP and v, (rms.d 1.27 A for the 93 modeled Ca atoms of Neo-2/15 in the ternary
complex); FIG. 3C) structural alignment of monomeric Neo-2/15 (chain A) with Neo-2/15 in
the ternary complex (r.m.s.d 1.71 A for the 93 modeled Ca atoms in the ternary complex).
Helix H4 shows an approximately 4.0 + shift of helix H4 in the temary-complex structure
corpared to the monomeric crystal structure; FEG. 3D} crystallographic structure of: hiL-2
{cartoon representation). The regions that interact with the IL-2R8 and v, are denoted. The
loop-rich region from hil-2 that interacts with 1L-2Ra does not exist in the de novo mimetic
MNeo-2/15. FIG. 3E): crystallographic structure of neoleukin-2/15 from the temary complex
im “b)” {cartoon representation}. The regions that interact with the IL-2Rp and v, are denoted.
The loop-rich region from hiL-2 that interacts with IL-2Ra does not exist in the de novo
mimetic Neo-2/15.

Figure 4A-4G. Immunogenicity, immunostimulatory and therapeutic activity of
neolenkin-2/13. FIG. 4A) Dose escalation effect of neoleukin-2/15 (Neo-2/15) mn naive
mice T cells. Naive C537BL/6 mice were treated daily with neoleakin-2/15 or miL-2 at the
mdicated concentrations (n=2-3 per group}. After 14 days, spleens were harvested and
analvzed by flow cytometry using the mdicated markers. The bar plot shows that miL-2
enhanced CB4+ Treg expansion in a dose dependent fashion, while Neo-2/15 had little or no
cffect 1n expansion of Treg cells. Neoleukin-2/15 drove a higher CD8+ Treg ratio compared
to mil-2; FIG, 4B) Effect of Neo-2/15 in mice 10 an atrway inflammation model (20
nglday/mouse, 7 days). Smmilar to naive mice, Neo-2/15 does not increase the frequency of
antigen-specific CD4+ Foxp3+ Ty 10 the ymphoid organs, and is comparably effective to
miL-2 10 increasing the frequency of lung resident (Thy1.2- by intravascular labeling) CD8+

T cells; FIG.4C) Neoleukin~2/15 does not have detectable immunogenicity. CSTBL/6 mice
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were inoculated with 3x10° B16F 10 cells by subcutaneous injection. Starting on day 1, mice
were treated daily with neoleukin-2/15 {10 ug) or equimolar mil-2 by intraperitoncal {i.p.)
mjection (n=10 for cach group). After 14 days, serum (antiserum) was collected and IgG was
detected by ELISA 1 plates coated with fetal bovine serum (FBS 10%, negative control),
neoleukin-2/15, mil-2 hil-2, or Ovalbumin (OV A} as negative control {the dotted ling
shows the average of the negative control). Anti-Neo-2/15 polyclonal antibody was used ag
positive control (black, n=2) and did not cross react with miIL-2 or h-1L2; FIG, 413 C57BL/6
mice were nnnumized with 500 pg KO Neo-2/15 in complete Freund’s adjuvant and boosted
on days 7 and 15 with 500 pg KO Neo-2/15 in incomplete Freund’s adjuvant. Reactivity
against KO Neo-2/15 and native Neo-2/15, as well as cross-reactivity with mouse {L-2 were
determined by incubation of serum {(dilated 1: 1,000 1n PBS) with plate-bound KO Neo-2/13,
Neo-2/15 or mouse 1L-2 as mdicated. Serum binding was detected using an anti-mouse
secondary antibody conjugated to HRP followed by incubation with TMB. Data are reported
as optical density at 450 nm. Top, naive mouse serum; boffom, immunized mouse serum.
FiG. 4E-4G) Therapeutic efficacy of Neoleukin-2/15: FIG. 4E) BALB/C mice were
moculated with CT26 tumors. Starting on day 6, mice were treated daily with 1.p. injection of
mlilL~2 or neoleukin-2/15 (10 ug), or were left untreated {n = 5 per group). Tumor growth
curves {fop, show only data for surviving mice). Survival curves (boffom). Mice were
euthanized when weight loss exceeded 109 of initial weight or when tumor size reached
1.300 mm”. FIG. 4F) C57BL/6 mice were inoculated with B16 tumors as in “a)”. Starting on
day 1, mice were treated daily with 1.p. injection of neoleukin-2/15 (10 ug} or equimolar
mlL-2 {(n = 10 per group). Twice-weekly treatment with TA99 was added on day 3. Mice
were eothanized when weight loss exceeded 10% of initial weight or when tumor size
reached 2,000 mm’. Tumor growth curves (fop and botrom leff). Survival curve, inset shows
average weight change (fop right). Quantification of cause of death (bottom right). FIG. 4G)
Neo-2/15 elicits a higher CD8+ Treg ratio than mouse IL-2. CS7BL/6 mice were noculated
with B16 tumors and treated by daily Lp. injection as indicated. Treatment with TA9Y
{bottom plot) was started on day 5 and continucd twice-weekly. Tumors were harvested from
mice when they reached 2,000 mm® and analyzed by flow cytometry. The CD8: Treg cell ratio
was calculated by dividing the percentage CD45™ CD3” cells that were CD8” by the
percentage that were CD4™ (D25 FoxP3™,

Figure SA-51), Therapeutic effect of necleukin-2/15 on colon cancer. FiG. 5A)
BALB/C mice were inoculated with CT26 tumors. Starting on day-9 and ending on day-14,

mice were treated daily with i.p. injection of mil-2 or neoleukin-2/135 at the specified
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concentrations, or were left untreated (n = 5 per group}. Tumor growth curves (fop, show
only data for surviving mice}. Survival curves (botrom). Mice were euthanized when weight
loss exceeded 10% of initial weight or when tumor size reached 1,300 mum’. FIG. 5B-3D)
The bar-plots compare the T cell populations for BALB/C mice (n=3 per group} that were
moculated with CT26 tumors and treated starting from dav-6 with by daily t.p. injection of
10ug of Neolukin-2/15 or 10ug mil-2 or no-treatment {(No Tx). On day-14 the percentage of
Treg cells (CD4™ CD45™ FoxP3, top graph) and CD8 Treg cell ratio ((CD457 CD3™ CDR™ Y
Treg, bottom graph) was assessed in: FIG. 3B) tumors, FIG. 5C) neighboring inguinal lymph
node (LN}, and FIG, 5B spleen.

Figure 6A-61), Therapeutic effect of necleukin-2/15 on melanoma. FIG. 6A-6E)
Tumor growth curves {(hoffom) and survival curves {fop) for C57BL/6 mice that were
moculated with B16 tumors and treated with low (1 pg/mice/day, a-b) or high doses of
necleukin-2/15 (10 ug/mice/day, c-d). Starting on day 1, mice {n = 5 per group} were treated
daily with i.p. injection of FIG. 6A): single agent neoleukin-2/13 at 1 ug/mice or equimolar
mlL-2 {(n = 5 per group), or FIG. 6B): the same treatments in combination with a twice-
weekly treatment with TA99 (started on day 53, Mice were euthanized when tumor size
reached 2,000 mo’. C57BL/6 mice were inoculated with B16 tumors and treated by daily
Lp. injection as indicated. FIG, 6C-6D) Similar to “a-b)”, but starting on day 4, mice were
treated daily with 1.p. injection of 10 pg/mouse of necleakin-2/13, or equimolar mIL-2, either
alone FIG. 6C) or in combination with twice-weekly TA99 started on day 4 FIG. 68). Mice
were cuthanized when tumor size reached 2,000 mun’ . The therapeutic effect of Neoleukin-
2/15 1s dose dependent (lugher doses are better) and is potentiated in the presence of the
antibody TA99. The experiments were performed once. In all the growth curves, data are
mean + s5.¢.m. Results were analysed by one-way ANOVA {95% confidence interval), except
for survival curves that were assessed using the Mantel-Cox test (95% confidence mterval).

Figure 7A-7C. Reengineering of neoleukin-2/15 into a human interleukin-4 (hiL-
4} mimetic {nepleukin-4). FI1G. 74) Neo-2/15 structurally aligned into the structure of 1L-4
m complex with 11.-4Rg and Y. (from PDB code 3BPL). Fourteen 1L.-4 residucs that contact
IL-4Ra and that were grafied mto Neo-2/13 are labeled. FIG. 7B} Neoleukin-4 (Neo-4), a
new protein with sixteen amine actd mutations compared to Neo-2/15. These mutations are
labeled; thirteen of these were dertved from the IE-4 residucs depicted m panel “a)” that
mediate contact with IL-4Rg, and three of them (H8M, K681 and 198F, underlined in the
figure) were mtroduced by directed evolution using random mutagenesis and screening for

high binding affinity vanants. FIG, 7C) Biolaver interforometry data showing that Neo-4,
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hike IL-4, binds to [L-4Rq alone, has no affinity for V. alone, but binds to Y. when IL-4Ra 15
present in sohution.

Figure 8A-8B8. Stimulatory effect of Nenleukin-2/15 oo human CAR-T cells. FIG.
84) Anti-CD3/CD28 stimulated or FIG. 8B) unstimulated human primary CD4 (fop) or CDE
(bottom) T cells were cultured in mdicated concentrations of human IL2 or neoleukin-2/15. T
cell proliferation is measured as fold change over T cells cultured without IL2 supplement.
MNeo-2/13 is as effective as native [L-2 at inducing proliferation of stimulated CAR-T cells,
and more cffective than native IL-2 at mducing proliferation of umstimulated CAR-T cclls,
particolarly of unstimulated CD8 CAR-T cells.

Figure 9A-91), Overall sequence conservation in binding residues for each of the
four commen helices, combining information from three different de novo-designed IL-
2 mimics. Sequence logos were generated using combined data from binding experiments
(using the heterodimeric mouse 1L-2RByc) from three independent SSM mutagenesis libraries
for G2 _neo? 40 1F seq27, G2 neo? 40 1F seq2Y and G2 neo? 40 1F scq36 {(Figs. 11-
13). Al of these proteins are functional high-affinity de novo mimetics of mouse and human
1L-2, some having topologies that differ from that of Neo-2/15, but all containing the four
Helices HI (FIG. 9A; Neo-~2/15 1-22 1s SEQ 1D NO:248, 11-2 6-27 15 SEQ 1D NO:249, 1L-
15 1-151s SEQ ID NG:250), H3 (FIG. 9B; Neo-2/15 34-551s SEQ ID NG:251, 1L-2 82-103
s SEQ ID N(:252, IL-15 539-80 13 SEQ 1D NO:253), H2' (FIG, 9C; Neo-2/15 58-76 1s SEQ
1D NG:254, [L-2 50-68 15 SEQ 1D NO:255, 1L-15 34-52 1s SEQ 1D NO:256) and H4 (FIG.
9B Neo-2/15 80-100 1s SEQ ID NOG:257, H-2 111-1311s SEQ ID NO: 258, 1L-15 93113 15
SEQ D NG:259). The logos show the combined iformation for each helix independently.
Below each logo, a line graph shows the probability score (higher means more conserved) for
cach amino acid in the Neo-2/15 sequence. The solid horizontal line highlights positions
where the Neo-2/15 amino acid has a probability score 230% (that is, these anuno acids
contribute more generally to receptor binding as thev are globally enriched in the binding
populations across all of the de noveo 1L-2 mimics tested}. The topology of each helix in Neo-
2/15 15 shown left of cach logo. The sequences of the Neo-2/15 helices and those of the
corresponding helices (structurally aligned) in human [L-2 and IL-15 are shown below the
graphs, highlighting the distinctiveness of the Neo-2/15 helices and binding interfaces.

Figure 10A-10D. Experimental optimization of GI_neeZ 40. FIG. 16A-1860)
Heatmaps for G1_neo? 40 single-sitc mutagenesis library showing enrichment at specific
positions after consecutive rounds of increasing selection with FIG., 18A) 50 oM, FIG, 18B)

2 oM, and FIG. 100) 6.1 oM IL-Z2RPY. heterodimer. Based on these enrichment data, a
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combinatorial library was designed with nucleotide diversity 1.5 x 10°. FIG. 16D} Amino
acid residucs available in the initial combinatorial library are depicted indicating residues
predicted to be advantageous {shown above the original sequence) and deleterious (shown
below the original sequence; in the depiction of the original sequence, black indicates
residues that are represented in the combinatorial library and gray, residues not represented in
the combinatorial hibrary,

Figure 11A-11E. Experimental optimization of G2 _neo? 40 1¥ seq27. Heatmaps
for G2 neo? 40 1F seq27 single-site mnutagenesis library showing enrichiment at specific
positions after consecutive rounds of increasing selection with FIG, 11A) 10 oM, FIG. 11B)
oM, FIG. 110 0.1 oM, and FIG. 11D) 0.1 oM IL-2RBY. heterodimer. Based on these
enrichment data, a combinatorial library was designed with nucleotide diversity 5.3 x 10°.
FiG:, 11E) Amino acid residues available in the initial combinatorial library are depicted
mdicating residues predicted to be advantageous; black indicates residues in the starting
sequence represented in the combinatorial library.

Figure 12A-12KE. Experimental optimization of G2 _neo? 40 1F seq29. Heatmaps
for G2 neo? 40 1F seq29 single-site muutagenesis library showing enrichment at specific
positions afier consecutive rounds of increasing selection with FIG. 124) 10 oM, FIG. 12B)
InM, FIG. 12€) 0.1 oM, and FIG. 120) 0.1 oM IL-2RPY, heterodimer. Based on these
enrichment data, a combinatorial library was designed with nucleotide diversity 2.9 x 10°.
FIG, 12K) Amino acid residues available in the nitial combinatorial library are depicted
mdicating residues predicted to be advantageous; black indicates residucs in the starting
sequence represented i the combinatonal library.

Figure 13A-13E. Experimental optimization of G2_neo2 48 1F seq36. Heatmaps
for G2 neo? 40 1F seq36 single-sitc mutagenesis library showing enrichment at specific
positions after consecutive rounds of increasing selection with FIG. 134) 10 oM, FIG. 138}
1 nM, FI{, 13C) 0.1 oM, and FIG, 13D) 0.1 nM IL-2RBY. heterodimer. Based on these
enrichment data, a combinatorial library was designed with nucleotide diversity 2.7 x 10°.
FIG. 13E) Amino acid residuces available in the initial combinatonial library are depicted
mdicating residues predicted to be advantageous; black mmdicates residues in the starting
sequence represented in the combmatornal library,

Figure 14A-14B. Circular Dichroism (CD) thermal denaturation expeniments for
multiple 1L.-2/11.-15 de nove designed numetics, generation-1. FIG. 14A) Thermal

denaturation curves and FI1{., 14B) wavelength scans,
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Figure 15A-15B. Circular Dichroism (CD) thermal denatoration experiments for
multiple 1L-2/11-15 de novo designed mimetics, generation-1 experimentally optimized.
FIG. 15A) Thermal denaturation curves and FIG. 18B) wavelength scans.

Figure 16A-16D. Circular dichroism thermal melts for IL-2/IL-15 numetic designs
generation-2. FIG. 16A and FIG. 18(C) Thermal denaturation curves and FIG. 16B and FIG.
16D) wavelength scans.

Figure 17A-17C. Expression, purification, and thermal denaturation
characterization of neoleukin-2/15. FI1G. 17A) SDS Tris-Tricine gel electrophoresis
showing expression and purification over affinity column. FIG. 178} Circular dichroism at
222 nm during thermal melting from 25°C to 95°C, showing robust temperature stability.
FIG. 17C) Cireular dichroism wavelength scans at 23°C, 953°C and then again 25°C, showing
that neoleukin-2/15 does not fully melt at 95°C and refolds fully after cooling back to 25°C.

Figure 184-18D. Single disuifide stapled variants of necleukin-2/15 with higher
thermal stability. Structural model of disulfide stabilized vanants of Neoleukin-2/15 arc
shown with positions of the mutated residues labeled and the disulfide bond shown. Two
strategies were used to generated the disolfide variants: FIG. 18A) mtemal placement at
residues 38 and 75 and terounal linkage; FIG. 18B) for the terminal vanant, three residucs
were added to each terminus in order to limit any distortions to the starting structure that
would otherwise be reguired to form the disulfide bond. CD spectra at 25°C, 95°C and 25°C
after cooling for the internal and terminal disuifide vananis are shown below their structural
models. Both varants show very hitle signal loss at 93°C and complete refolding upon
cooling; FIG. 18() thermal melts of each varnant were performed by monitoring CD signal at
222.0 nm over a vange of temperatures. Each of the disulfide variants shows improved
stability relative the native, FIG, 18D} binding strength of cach variant to IL-2RByc was
measured by biolaver interferometry. Contrary fo disrupting the binding interaction, these
data show the introduction of the disalfide bond improves the binding of the mimetics to 1L-
Z2RPyc. Both disulfide-bonded variants exhubit an improvement in binding HL-ZRfye (Kd ~
13+£049and 1.8 = 0.26 nM, for the internal and external disuifide-staples, respectively,
compared to 6.9 + 0.61 nM for Neo-2/15 under the same experimental conditions), which is
congistent with the expected effect of disulfide-induced stabilization of the protem’s binding
site.

Figure 194-19B. Robustness of neoleukin-2/15 to single-point cysteine mutants
on non-binding interface positions, FIG, 19A) Schematic showing point mutant positions

i neolukin-2/15 that can individually be mutated to cysteine without interfering with
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expression of the protein or binding to IL-2RByc. Positions were chosen to avoid interference
with receptor binding. FIG. 19B) Association kinetics of Neolukin-2/13 cysteine mutants
with 1L-2R Py, measured using biolayer interferometry. All of the vartants associate with
receptor approximately similarly to Neo-2/15.

Figure 204A-208C, Expression, purification, and thermal denaturation
characterization of necleskin-4, FIG, 284} 5DS Tris-Tricine gel electrophoresis showing
expression and purification over affinity column. FI1G. 208) Circular dichroism at 222 am
during thermal melting from 25°C to 95°C, showing robust temperature stability. FIG. 28C)
Circular dichroism wavelength scans at 25°C, 95°C and then again 25°C, showing that
neoleukin-4 does not fully melt at 95°C and refolds fully after cooling back to 25°C.

Figure 21A-21D. Cytokine levels in non-human primates response to Neo-2/15 or
Neo-2/15-PEG, Two non-human primates (NHP) per group, one male and one female per
group, were assigned o treatment with either vehicle, Neo-2/15 or Neo-2/15-PEG
{comprising Neo-2/15 with a single cysteine mutation of E62C conjugated 1o PEG40K).
Animals were admimistered either 0 (vehicle), 0.1, 0.2 or 0.3 mg/kg of Neo-2/15, or $.05,
0.10 or 0.15 mg/kg of Neo-2/13-PEG, by intravenous bolas. Animals treated with Neo-2/153
PEG were administered by intravenous bolus. Cyvitokine samples were taken 0, 4, 8 and 24
hours post dose. Cytokine serum samples were prepared and frozen at <-70°C and shipped
for analysis where samples were analyzed through a Lumines multiplex immuonoassays
system. Several cytokines, meluding IL-10 (FIG. 21A-21B) and IL-15 (FIG.21C-21D)
demonsirated marked differences in the time course of cytokine production, consistent with a
more sustained pharmacodynamic effect for the PEGylated molecule.

Figure 22: A block diagram of an example computing network.

Figure 23A. A block diagram of an example computing device.

Figure 23B: A block diagram of an example network of computing devices arranged
as a cloud-based server system.

Figure 24: A flowchart of a method.

Betailed Description

As used herein and unless otherwise mdicated, the terms “a” and “an” are taken to
mean “one”, “at least one” or “one or more”. Unless otherwise required by context, singular

terms used herein shall include pluralities and plural terms shall include the singular.
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Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprnsing’, and the like are o be construed in an inclusive
sense as opposed 1o an exclusive or exhaustive sense; that 15 to say, in the sense of
“mchuding, but not limited to”. Words using the smgular or plural number also include the
plural or singular number, respectively. Additionally, the words “herein,” “above”™ and
"oelow™ and words of similar import, when used in this application, shall refer to this
application as a whole and not to any particular portions of this application.

As used herein, the amino acid residues are abbreviated as follows: alanine (Ala; A},
asparagine {Asn; N), aspartic acid {Asp; D), arginine (Arg; R}, cysteine {Cys; C}, ghitamic
acid (Glu; E), glutamine (Gln; Q). glvcine (Gly; G), histidine (His; H), isoleucine (Me; I},
teucine (Leu: L}, tysing (Lvs; K), methionine (Met; M), phenvialanine (Phe; F), proline
(Pro; Py, serine (Ser; 8), threontne (Thr;, T), tryptophan {Trp; W), tyrosine (Tyr; Y), and
valine (Val; V).

All embodiments of any aspect of the invention can be used in combination, unless
the context clearly dictates otherwise.

In one aspect, the invention provides non-naturally occurnng polypeptides comprising
domains X1, X2, X3, and X4, wherein:

{a} X1 is a peptide comprising the amino acid sequence at least 25% identical to

LYDAL (SEQ ID NO: 1)

), X2 18 a helical-peptide of at least & amino acids in length;

(c) X3 is a peptide comprising the amino acid sequence at least 25% identical to
JAFNFELY (SEQID NO:2);

{d} X4 15 a peptide comprising the amino acid sequence at least 25% identical to
ITILOSWIF (SEQ 1D NOG:3);

wherem X1, X2, X3, and X4 may be in any order in the polypeptide;

wherein amino acid linkers may be present between any of the domains; and

wherein the polypeptide binds to 1L-2 receptor PY . heterodimer (IL-2RPY ) [L-4
receptor ay heterodimer (IL-4RaV ), or IL-13 receptor a subunit (IL-13Ra). In various
embodiments, the polypeptides bind H-2RBY, or {L-4Ra¥ . with a binding affinity of 200
oM or less, 100 nM or fess, 50 nM or less or 25 nM or fess.

In one aspect, the invention provides non-naturaily occurnng polypeptides comprising
domains X1, X2, X3, and X4, wherein:

(a) X1 is a peptide comprising the amino acid sequence at least 85% identical {o

EHALYDAY (SEQ ID NO:1);

12
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{b} X2 1s a helical-peptide of at least 8 amino acids in length;

{c) X3 is a peptide comprising the amino acid sequence at least 85% identical to
YAFXNFELL (SEQ 1D NO:2);

{d) X4 1s a peptide comprising the amino acid sequence at least 85% identical to
ITILQSWIF (SEQ ID NO:3y,;

wherein X1, X2, X3, and X4 may be in any order in the polypeptide;

wherein anmino acid linkers may he present between any of the domains; and

wherein the polypeptide binds to IL-2 receptor BY heterodimer (IL-2RBY ). In
various embodiments, the polypeptides bind IL-2RPY. with a binding affinity of 200 nM or
tess, 100 nM or less, 50 nM or less or 23 nM or less.

In one aspect, the mvention provides non-naturally occurming polyvpeptides comprising
domains X1, X2, X3, and X4, wherein:

(a) X1 is a peptide comprising the amino acid sequence FHALYRAL (SEQ ID
NGO

{b} X2 18 a helical-peptide of at least 8 amino acids in length;

{c) X3 is a peptide comprising the aminoe acid sequence YAFNFELY (SEQ ID
NG:2);

{d) X4 is a peptide comprising the amino acid sequence
ITILQSWIF (SEQ ID NO:3y,;

wherein X1, X2, X3, and X4 may be in any order in the polypeptide;

wherein anmino acid linkers may he present between any of the domains; and

wherein the polypeptide binds to 1L-2 receptor BY . heterodimer (IL-2RBY . In
various embodiments, the polypeptides bind IL-2RBY. with a binding affinity of 200 nM or
less, 100 nM or less, 50 nM or less or 23 nM or less.

As shown in the examples that follow, the polypeptides of the disclosure are {(a}
mimetics of IL-2 and interleukin-15 (JL-15) that bind to the IL-2 receptor BY, heterodimer
(1L-2RPY ), but have no binding site for IL-2Ra or IL-15Ra, or (b} mimetics of 1L.-4 that
bind to the 15.-4 receptor ¥ beterodimer (IL-4Ra¥ ) or IL-13 receptor a subunit (JL-13Rea)
(natural I1.-4 and the IL-4 mimetics described herein cross-react with [L-13 receptor, forming
an IL-4Ra/IL13Ra heterodimer). The designs are hyper-stable, bind to human and mouse IL-
2RPBY. or IL-4RaY . with higher affinity than the natural cvtokines, and elicit downstream
cell signaling independent of 1L-2Ra and 1L-15Ka, or independent of H.~13Ra. The

polypeptides can be used, for example, to treat cancer.
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The term protein mimetic as used herein refers to a protein that unitates certain
aspects of the function of ansther protein. The two proteins typically have different amino
acid sequence and/or different structures. Provided herein, among other things, are de novo
mimetics of 112 and 1L-15. The aspects of the function of [L-2 and 11.-13 that these
mimetics imitate is the induction of heterodimerization of IL-2RBY ¢, leading to
phosphorylation of STATS. Because IL-2 and 1L-13 both signal through heterodimerization
of 1L-2KPYc, these mimetics imitate this biological function of both [L.-2 and 11.-15. These
mimetics may be referred to herein as mimetics of IL-2, of IL-15, or of both 1L-2 and 1L-15.

Also provided are de novo mimetics of HL-4. These mimetics are capable of imitating
certain functions of IL-4. The function of 1L-4 that these mimetics imitate is the induction of
heterodmmernization of IL~4RaY . (and/or heterodimenzation of IL-4Ro/IL-13Ra).

Native hiL-2 comprises four helices connected by long irregular loops. The N-
terminal helix {H1) mteracts with both the beta and gamma subunits, the third helix (H3)
mteracts with the beta subunit, and the C-terninal helix (H4) with the gamma subunit; the
alpha subumt interacting surface is formed by the irregular second helix {(H2) and two long
loops, one connecting H1 to H2 and the other connecting H3 and H4. Idealized proteins were
designed and produced in which H1, H3 and H4 arc replaced by idealized structural domains,
meluding but not himiuted to helices and beta strands (referred to as domains X 1, X3 and X4,
respectively) displaving an IL-2RBY, or IL-4Ra¥ ., interface inspired by H1, H3 and H4, and
i which H2 i3 replaced with an idealized helix {(referred 1o as domain X2} that offers better
packing. As shown in the examples, extensive mutational studies bave been carried ow,
demonstrating that the amino acid sequence of each peptide domain each can be extensively
modified without loss of binding to the IL-2 or [L-4 receptor, and that the domains can be
placed in any order whike retaiming binding io the 1L-2 or IL-4 receptor. The polypeptides
may comprise L ammo acids and glveine, D- amino acids and glycine, or combinations
thereof.

Thus, X1, X2, X3, and X4 may be in any order in the polypeptide; n non-limiting
embodiments, the ordening may be X1-X2-X3-X4; X1-X3-X2-X4; X1-X4-X2-X3; X3-X2-~
X1-X4; X4-X3-X2-X1; X2-X3-X4-X 1, X2-X1-X4-X3; ete.

The domains may be separated by amino acid linkers of any length of ammo acid
composition. There is no requirement for linkers; in one embodiment there are no linkers
present between any of the domains. In other embodiments, an anuno acid linker may be
present between 1, 2, or all 3 junctions between domains X1, X2 X3 and X4, The linker

may be of any length as deemed appropriate for an intended use.
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In various embodiments, X1 is a peptide comprising the amino acid sequence at least
25%, 27%, 30%, 353%, 40%, 45%, 50%, 35%, 60%, 65%, 70%, 75%, 80%, &5%, 90%, 91%,

12%%, 93%, 94%, 039, 965%, 97%, 98%, 99%, or 100% identical to SEQ 1D NO:1. In other

»

e

embodiments, X3 is a peptide comprising the amino acid sequence at least 25%, 27%, 30%,
35%., 40%, 45%, 50%, 55%, 60%, 65%, T0%, T5%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%m 96%, 97%. 98%, 99%, or 100% identical to SEQ ID NO:2. In further embodiments,
X4 1s a peptide comprising the amino acid sequence at feast 25%, 27%, 30%, 35%, /—10‘3/0,
45%, 50%, 55%, 60%, 63%, T0%, 75%, 0%, 85%, 90%, 91%, 92%, 93%, 94%, 95% 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NG:3.

in onc embodiment, the polypeptides are IL-2/15 mimetics and (1} X1 mcludes one or
both of the following: H at residue 2 and Y at residue 3; and/or (1) X3 includes 1, 2, 3, 4, or
all 5 of the following: Y at residoe 1, F at residue 3, N at residue 4, L at residue 7, and T at
residue 8. In a further embodiment, (111} X4 mncludes I at residue 8.

In another embodument, the polypeptides are [L.-4 numetics, and (i) X1 includes £ at
residue 2 and K at residoe 5 and () X3 includes F at residue 1, K at residue 3, R at residue
4, R at residue 7. and N at residoe 8. In a further embodiment, (1) X4 mnclodes F at residue
8.

In all of these embodiments, X1, X3, and X4 may be any suitable length, meaning
gach domain may contain any suitable number of additional amino acids other than the
peptides of SEQ 1D NOS:1, 2, and 3, respectively. In one embodiment, X1 is a peptide
comprising the amino acid scquence at least 25%, 27%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 63%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 100% identical along its length to the
peptide PRKKIQLHAYHALYBALMILNI (SEQ ID NG 4); X3 45 a peptide comprising the

amino acid sequence at least 25%, 27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

/ '/”
///

75%, 80%, 85%, 9%, 95%, 98%, or 100% identical along its length the peptide
LEDYAFNFELMLEEIARLFESG (SEQ ID NG:5); and X4 13 a peptide comprising the amino
acid sequence at least 25%, 27%, 30%, 353%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
B0%, 85%, 90%, 95%, 98%, or 100% identical along s length to the peptide
EDEQEEMANANTILOQSWIFS(SEQ ID NO:6).

In one embodiment, X1 is a peptide comprising the amino acid sequence at least 80%

wlentical along its length to the peptide PKKKIQLHATHALYRALMIENI (SEQ 1D NG 4);

X3 is a peptide comprising the amino acid sequence at least 80% identical along its length the

peptide LEDYAFNFELILEEIARLFESG (SEQ ID NG:5); and X4 is a peptide comprising
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the amino acid sequence at least 80% identical along #ts length to the peptide
EDEQEEMANALTILQSWIFS(SEQ 1D NO:6).

{n onc embodiment, X1 is a peptide comprising the anuno acid scquence at least 85%
wdentical along its length to the peptide PKKEIQLHATHA LY DALMILNI (SEQ 1D NO: 4);
X3 1s a peptide comprising the amino acid sequence at least 85% identical along its length the
peptide LEDYAFNFELALEEIARLFESG {(SEQ 1D NG:5); and X4 i3 a peptide comprising
the amino acid sequence at feast 85% identical along its length to the peptide
EDEQEEMANALTILOSWIFS(SEQ ID NO:6).

In onc embodiment, X1 is a peptide comprising the amino acid sequence at least 90%
identical along its length to the peptide PKKKIQLHATHALYRALMILNI (SEQ 1D NO: 4);
X3 13 a peptide comprising the amino acid sequence at least 90% dentical along its length the
peptide LEDYAFNFELMLEEIARLFESG (SEQ 1D NG:5); and X4 15 a peptide comprising
the amino acid sequence at least 90% identical along 1ts length to the peptide
EDEQEEMANAITILQOSWIFS(SEQ 1D NO:o).

In one embodiment, X1 is a peptide comprising the amino acid sequence at least 95%

identical along its length to the peptide PKKKIQLHAYHALYRALMIENI (SEQ ID NG: 4);

rrs,

X3 is a peptide comprising the amino acid sequence at least 953% identical along its length the
peptide LEDYAFNFELILEEIARLFESG (SEQ 1D NG:3); and X4 15 a peptide comprising
the amino acid sequence at least 95% identical along its length to the peptide
EDHEQEEMANANTILOSWIFS(SEQ ID NQO:6).

In one embodiment, X1 15 a peptide comprising the amino acid sequence 100%
identical along its length to the peptide PKKKIQLHANHAL Y BALMIENI (SEQ ID NO: 4);
X3 is a peptide comprising the amino acid sequence 100% identical along its length to the
peptide LEDYAFNFELILEEIARLFESG (SEG 1D NG:3Y, and X4 is a peptide comprising
the amino acid sequence 100% 1dentical along its length to the peptide
EDEGEEMANARTILQOSWIFS(SEQ ID NG.6).

In one embodiment, the polypeptides are 1L-2/15 mimetics and (3} X1 includes 1, 2, 3,
4, or all 5 of the following: L at residue 7, H at residue 8, H at residue 11, Y at residue 14, M
at residue 18; and/or (11) X3mcludes 1,2,3,4,5.6,7, or all 8 of the followmmg: D at
residoe 3, Y at residue 4, F at resadue 6, N at residue 7, L at residue 10, T at residoe 11, E at
residue 13, or E at residue 14. In a further embodiment, (111} X4 mncludes [ at residue 19.

in onc embodiment of {L.-2 mimetics, amino acid substitutions relative to the
reference peptide domains (e SEQ ID NOS: 1,2, 3, 4, 5, or 6) do not occur at AA residues

marked in bold font.
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In ancther embodiment, the polypeptides are [L-4/1L-13 numetics, and

X1 1s a peptide comprising the amino acid sequence at least 25%, 27%, 30%, 35%.
40%, 43%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 100% identical
along 1ts length to the peptide PKKKIQIMAEEALKDALSILNI (SEQ D NO: 8);

X3 is a peptide comprising the amino acid sequence at least 37% 40%, 45%, 50%,
55%, 60%, 65%. 70%, 75%, 80%, 83%, 90%, 95%, 98%, or 100% identical along its length
the peptide LERFAKRFERNLWGIARLFESG (SEQ 1D NO: 9); and

X4 1s a peptide comprising the amino acid sequence at least 25%, 27%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%. 95%, 98%, or 100%

identical along its length to the peptide EDEQEEMANAHTILOSWEFS (SEQ 1D NO: 10}

wherein

1) X1 includes T at residue 7. T or M at residue 8, E at residue 11, K at residue 14
and 8 at residue 14; and

{11} X3 includes R at residue 3, F at residue 4, K at residue 6, R at residuc 7, R at
residue 10, N at residue 11, W at residue 13, and G at residue 14,

In a further embodiment, (i1} X4 includes F at residue 19.

in one embodiment, amino acid substitutions relative to the reference peptide
domains are conservative amimno acid substittions. As used heremn, “conservative anuno acid
substitution” means a given amino acid can be replaced by a residue having similar
physiochemical characteristics, e.g.. substituting one aliphatic residue for another {such as
lle, Val, Leu, or Ala for one another), or substitution of one polar residue for another (such as
between Lys and Arg; Glu and Asp; or Gln and Asn). Other such conservative substitutions,
¢.g., substitutions of entire regions having similar hyvdrophobicity characteristics, are known.
Polvpeptides comprising conservative amino acid substitutions can be tested in any one of
the assavs described herein to confirm that a desired activity, ¢.g. antigen-bmding activity
and specificity of a native or reference polypeptide is retained. Amino acids can be grouped
according to simtlaritics in the properties of their side chains (in A, L. Lehninger, in
Biochemistry, second ed., pp. 73-75, Worth Publishers, New York (1975)): (1) non-polar:
Ala (&), Val (V), Leu (L), Tle (), Pro (P}, Phe (F), Tip (W), Met (M}, (2) uncharged polar:
Gly {G), Ser (8}, Thr (T}, Cys (C), Tyr (Y), Asn (N}, Gln (Q); €3) acidic: Asp (D), Glu (E);
{4} basic: Lys (K}, Arg (R}, His (H}). Alternatively, naturally occurring residues can be
divided into groups based on conumon side-chain properties: {1} hydrophobic: Notleucine,
Met, Ala, Val, Leu, le; (2) neuvtral hydrophilic: Cys, Ser, Thr, Asn, Gln; (3) acidic: Asp, Glu;

{4) basic: His, Lys, Arg; (5} residues that influence chain orientation: Gly, Pro; (6} aromatic
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Trp, Tyr, Phe. Non-conservative substititions will entail exchanging a member of one of
these classes for another class. Particular conservative substitutions inclade, for example; Ala
mto Gly or into Ser; Arg info Lvs; Asn into Glnoor into H 1s; Asp into Glu; Cvs mnte Ser: Gin
mto Asn; Glu into Asp; Gly mnto Ala or into Pro; His mnto Asn or into Gln; fle mto Leu or into
Val; Leu mto He or mto Val; Lys into Arg, into Gln or into Glu; Met into Leu, into Tyr or
mnto He; Phe into Met, into Leu or into Fyr; Ser into Thr; Thr into Ser; Trp into Tyr; Tyr nto
Trp; and/or Phe into Val, into le orinto Leu.

In one embodiment, amino acid residues in X1 relative to SEQ 1D NO:4 are selected

from the group consisting of

Position 01. A F 1 i M P Q R S W
Position 02: A D E G Y K

Position 03 D E F W K

Position 04. D E K N P R W
Position 05: D E H i K L M S
Position 06: A D E G L P S W Q
Position 07. D E L G Y i

Position 08. A F H W Y M T
Position 091 C F P A

Position 100 C D E F K P

Position 11, D F H

Position 12: A D E P I v
Position 13 H I L M P R v W
Position 14:  F R W Y K

Position 15 D E N Y

Position 16 A C L M S

Position 17:  F I L M P R

Position 18 G M 3 Y S

Position 19: 1 M P 0 Y

Posthion 20: A K L M G R NS
Position21. G K N p R S W
Pogition 22: D E 1 K M N W Y

{n onc embodiment the polypeptides are 1L.-4 mimetics, and position 7 is {, position 8

is Mor T, position 11 1s E, position 14 15 K, and position 18 is 5.
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In another embodiment the polypeptides are IL-2 mimetics, and 1, 2, 3, 4, or 5 of the

following are not truc: position 7 is I, position 8 is M or T, position 11 is E, position 14 is K,

and position 18 is 8.

In another embodiment, anuno acid residues m X3 relative to SEQ 1D NG5 are

selected from the group consisting of!

Position 01:
Position 02:
Position 03;
Position 04
Position 05:
Position 06:
Position 07:
Position 08:
Position 09:
Posthion 10:
Position 11;
Position 12:

Position 13;

“/'

Position 14
Position 15:
Position 16:
Position 17:
Pogition 18:
Position 19
Position 20
Position 21:

Posttion 22:

L

o

o oR oMo

N o= =T

-

D

K
‘&r

z ~ z =

ol

K

M

v

W
G
L
N

W

w o

=W

Q

M
M
S

‘&r

v

v

R

5
R
Ve

K
F

Vo F

g s T
T W

&7

s T W

W

In another embodiment, the polvpeptides are [L-4/1L~13 mimetics and position 3 is R,

position 4 18 F, position 615 K, position 7 138 R, position 1015 R, position 11 1s N, position 13

is W, and position 14 is G.

in another embodiment, the polypeptides are [L-2 mimetics and 1,2, 3,4, 5,6, 7, or

all 8 of the following are not true: position 3 is R, position 4 is F, position 6 15 K, position 7 is

R, position 10 is R, position 11 is N, position 13 is W, and posttion 1415 G.
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In any of such embodiments, the polypeptide further allows for a cysteine at position

17 relative to SEQ 1D NO:3 m addition to the amino acid residues of H, K, £, N and R.

Accordingly, anmino acid residues in X3 relative to SEQ 1D NO:35 can be selected from the

group consisting of:
Position 01 A
Position 02: D
Position 03: D
Position 04:
Position 05. A
Position (6. A
Position 07 D
Position 08; A
Position 09: C
Position 10: F
Position 11 1
Position 12.  F
Position 13: A
Position 14: A
Position 151 C
Position 16, A
Position 17: H
Position 18:
Position 19 D
Position 20: A
Position 21. D

Position 22: A

o

g R

es BN e

D

K M 1
Y R

T Y F

S vV W
MT Y

S T R
L ™M 5

L R S

M Y R

T Y

M S Y
G 1 N

G H S

M VW
S 1 y
N R C

1 L Q
NoOW

F G M
H L M
K N 5

AV
T

P

Y

R
‘&r

K

F

v E

STEW
T W
v

5 T Y W

In another embodiment, amino acid residues i X4 relative to SEQ ID NO:6 are

selected from the group consisting of.

Position 01:

D
Position 02 D
Position 03. K
Position 04:  E
Position 05: A

Position 06 C

D

K v

8

K

K Q R

G H S

G 1 M
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Position 07, E L M P R T
Pogition 08. A F L M W

Position (Y. A G L N Q R 1
Position 1 A D E F H I W
Position 11; M N S A W
Position 12 | K L s Y

Position 13:  C L M R 5 I
Position 14. 1 L P T Y

Position 15.  F G i L M N v
Position 16. H K Q R

Position 17 C F K S W Y
Position 18; K Q T W

Position 191 C G N i

Position 20: C F G L Y

Position 21: A F G H 5 Y

In another embodiment, the polypeptides are IL-4/1L-13 mimetics and position 1915 L
In another embodiment, the polypeptides are 1L.-2 mimetics and position 19 is not L

In anv of such embodiments, the polvpeptide further allows for a cysteine at position
3 relative to SEQ 1D NO:6 in addition to the amino acid residues of B, G, Hand K.

Accordingly, amino acid residues in X4 relative to SEQ ID NO:6 can be selected

from the group consisting ot

Position 01: D E G K v

Position 02 D i M 5

Position 03.  E G H K C

Position 04:  E G I K Q R 8
Position 05 A D E G H 5 3
Position 06: C D E G | M G R I A%
Position 07:  C L M P R T
Position 08: A F L M W

Position 09 A G L Q R T
Pogition 10: A C D E F H i W
Position 11. | M M ' A W

Position 12; 1 K L S A

Positionn 13: C L M R s T
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Position 14. 1 L P T Y

Position 15.  F G i L M N v
Position 16. H K Q R

Position 17 C F K S W Y
Position 18; K Q T W

Position 191 C G N i

Position 20: C F G i

Position 21. A F G H Y

As noted herein, domain X2 is a structural domain, and thus anv amino acid sequence
that connects the relevant other domains (depending on domain order) and allows them to
fold can be used. The length required will depend on the structure of the protein being made
and can be 3 amino acids or longer. In one exemplary and non-limiting embodiment, X2 1sa
peptide comprising the amino acid sequence at least 20%, 27%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% identical along its length to KDEAEKAKRMKEWMKRIKT (SEQ ID
NG:7). In a further embodiment, anuno acid residues in X2 relative to SEQ 1D NO:7 are
selected from the group consisting of

Position 011 A H L M R 5 v K
5

Position 02: A D E 3 R T \Y W Y
Posttion 03: C E G K L M O R W
Position 04: A F G N 5 T v Y
Position 05. A E G I M R Y

Position 06: E K L N R v

Position 07: C E I L ) T A W
Position 08: H K M S T W Y
Position 09: A I L M 0] 5 R

Position 10: A I M 8 W Y

Position 11: I K i 5 v

Position 12.  { E K L P Q R T
Pogition 13. A D H N W

Position 14 A C G i I 1 Y M
Position 15: A E G i K L M R hY
Position 160 G H L R s A%

22
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Position 17: A i L \Y%
Position 18: A C D E G H i K M )
Position 191 D E G L N Y T

In another embodiment, the polypeptides are 1L-4/1L-13 mimetics and posttion 11 1s L
In another embodiment, the polypeptides are IL-2 mimetics and position 1l isnot L

In any of such embodiments, the polyvpeptide further allows for a cysteine at positions
5 or 16 relative to SEQ 1D NGO:7.

Alternatively, in any of such embodiments, the polypeptide further allows for a
cysieine at positions |, 2, 5, 9 or 16 relative to SEQ 1D NQOY

Accordingly, amino acid residues in X2 relative to SEQ 1D NO:7 can be selected

from the group consisting of:

Position 01 A H L M R 5 \% K C
Position 02: A D E Y, R 5 T A% W Y C
Position 03: C G K L M Q R W
Position 04: A F G N 5 T v Y

Position 05. A E G I M R Y C

Position 6. C E K L N R A%

Position 07 A C E I L 5 T v W
Position 08: H K M S T W Y

Position 091 A I L M g 5 R C

Position 10: A I M 8 W Y

Position 11: I K L 5 v

Position 12. E K L P 3 R T

Pogition 13. A D H N W

Position 14: A C G i L 5 T v M
Position 15: A E G 1 K L M R v
Position 160 G H L R s T A% C

Position 17 A I L A%

Position 18: A C D G H I K M 8
Position 19 D E G N v T

in another embodiment, the polypeptide comprises a polypeptide at least at least 25%,

27%,
939

&N

23

0%, 33%, 40%, 45%, 50%, 55%, 60%, 635%, T0%, 75%, 80%, 85%, 0%, 91%, 92%,
4]

3
, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amino acid
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sequence selected from the group consisting of the following polvpeptides (1.e. SEQID
NOS:11-94, 103-184, 190-243, and 245-247) . Underlined residues are linkers and are
optional and cach residue of the linker, when present, may compnse any amino acid. For
each varant below, two SEQ I3 NOS are provided: a first SEQ 1D NO: that includes the
linker positions as optional and variable, and a second 5EQ ID NQ: that lists the sequence as

shown below.

G1_11e02_33 H1l->H4- STVK‘/JQLQE\E“iALJLWNQI\'K.J LEPNENLNRATITAAQSWI STGRKIDLDKAEDIRRNSDOARR
>H2 T~ GIDVRDLISNAQVILLE NO: 11
>H32

I

)
WSWISTGKIDLDKAEDIRRNSDOARR

3)

I DKAEDIRRNSDQARR

DEAEDIRRNSDOARR

YCDKAEDIRRNSDQARR

ADT N ol
MX'JJ\{L\JPFL

NAQ\'J DLEAC (SEQ ID NO: 105)

CDEAEDIRRNSDQARR

]
5
[

t
o
1

PNEELNRAITDAQSWISTGKIDLDRAEELARNLEKRKVRD
IALELK (SEQ ID NO: 14}
IILNESPERPNEELNRAITDAQSWI STGKIDLDRAEELARNLEKVRD
\KVIALELK (3EQ ID NO: 106)
1 neo2 37HH1->H4-
SH2 -
>H3 STKELOLOAEHFLLDVOMI
EALKRGIDVRDLVSNAKVIALELK
G]._.LEEOZ_BS H1l->H4- | ST K.JQL QARHFLLDVOMILNESPEPNEE
>H2' - DLVSNAKVIALELK
>H3 HFLLDVOMILNESPEP!
EALKRGIDVRDLVSNAKVIALELK
G]._.LEEOZ_39 H1l->H4- § STRKKLOLQAEHFLLDVO! SPE NRALTDAD CRNLEKVRD
>H2 " - EALKRGIDVRDLVSNACY] K NO:

CRNLEKVRD

>H3

Lu:d:'.*rLL_JVg;T 1 SPNEELNRAITD

S ks AN
EALKRGIDVRDLVSNAL

Gl neoZ 40H1->H4- LOLOAEHALLDAQMMLN

SH2 - RGIDVRDLASNLKVILLELA (3EQ ID NO: g
>H3 KLOLOAEHALLDAQMMILNRSPEPNERLNRITITTMOSWI STGRIDLDGAKELAKEVEELRQ
EAEKRGIDVRDLASNLKVILLELA (SEQ ID NO: 110)
Gl neoZ 41fH1->H4- | STKKLOLOAEHALLDAQMMLNRSPEPNEKINRITITTMOSCISTGKCDLDGAKELARKEVEELRY

SH2 - EAEKRGIDVRDLASNLKVILLEL ID NO
>H3 STRKKLOLOAERHALLDAOMMILNRSPERPNEKLNRITTTM DLDGAKELAKEVEELRQ
I

EAEKRGIDVRDLASNLKVILLELA (SEQ

IQLOLEHALLDVOMALNRSPEPNESLNRMITWLOSWI STGKIDLDNAQEMAKEAEKTRK
(DVRDLISNIIVILLELS (SEQ ID NO:
QLEHALLDVOMALNRSPEPNESLNRMITWL DLDNAQEMAKEAEKIRK

EMEKRGIDVRDLISNIIVILLELS (SEQ ID NO:

24



CA 03102653 2020-12-03

WO 2020/005819 PCT/US2019/038703

Gl neolZ 43FH1->H4- | STRKKIQLOLEHALLDVOMALNRSPEPNESLNRMITWLOSCISTGKCDLDNAQEMAKEAERIRK
SHZ - EMEKRGIDVRDLISNIIVILLELS (SEQ ID NO: 21}
>H3 P QsC

—
wn
P
)
=
@]
W]
-
£
=
b

@}
td
)
>
&l
2
[xal
o
b4
x
>3

—
w

Gl STRKIQLOLEHALLDVOMALD QSWISTGKIDLDNAQEMCKEAEKIRK

EMEKRGIDVRDLISNICVILLELS (S
TEKKIQLOLEHALLDVOMALNRSPEPNESLNRMITWLQS

MEKRGIDVRDLISNICVILLELS (SEQ ID NO: 1l

]
)
o
)
.
S
N
N

N
o
(0]
wn
(@]
92}
= o
i
[
Pt
)
=
—
)
o
]

INAQEMCKEAEKIRK

=

r
i

Gl nec2 40 HI->H4- |STRRKTQLLAEHALLDAFMMLNVVPEPNEKLNRITTTMOSWIYTGKIDADGAKELAK
1A >HZ - YEKRGIDVEDDASNLKVILLELA (SEQ ID NO: 23)

>H3 5T QLLAEHALLDAFMMLNVVPEPNEKLNRIT
YEK DVEDDASNLKVILLELA (SEQ ID NO: 115}

CIDADGA

1 neoZ 40 |H1->H4- |STKKTQLLAERHALLDAHMMLNMLPEENEKLNRIITTM
SHZT - YEKRGIDVEDEASNLKVILLELA (SEQ ID NO: 24;
>H3 STK Y LLAEHALLDAHMMLNMLPEPNERKLNRITTTMOSWIHTGKIDC

YEKRGIDVEDEASNLKVILLELA (SEQ ID NO: 116)

DGAQELAKEVEELEQR

1 ‘,{b 'L‘L

STRETQLLAEHALLDAFMMLNMVPEPNEKL
ic >HZ2' - FEKRGIDVEDEASNLKVILLELA
>H3 STKKTQLLAEHALLDAFMMLNMYP
FERRGIDVEDEASNLKVILLELA

H27 - LEKRGIDVEDYASNLKVILLELA
>H3 STRKTQLLAEHALLDALMMLNMVPER
LEKRGIDVEDYASNLKVILLELA

61 neo2 40 [Hi->H4- |STKKTQLLAEHALLDALMMLNMVPEEN
>

Gl nec2 40 HI->H4- |STRRKTQLLAEHALLDAHMMINVVPEPNEKINRITTTMOSWIYTGKID
18 SH27 - LERKRGIDVDDDASNLRKVILLELA (9‘6” ID NO: 27}
>H3 STK

.
LEER

.{

Gl > LNR
iF SHZ' - HEKRGIDVEDYASNLKVILLELA (SEQ ID NO:
>H3 STRKTQLLAEHALLDALMMLNLLPERPNERLNRITITTMQSW] YGAQETLAKEVEELEQR

HEKRGIDVEDYASNLKVILLELA (SEQ ID NO:

LEKRGIDVDDDASNLKVILLELA (SEQ ID NO:

Gl neo2 40 STKKTHLLAEHALLDAYMMLNVMPEPNEKLNRITTTMOSWIFTGKI DGDGAKELAKEVEELEQE
H2’-  |FEKRGIDVDDDASNLKVILLELA (SEQ ID NO:
>H3 STKKTHLLAEHALLDAYMMLNVMPEPNEKLNRIITTMQSWI FTGKI DGDGAKELAKEVEE

FEKRGIDVDDDASNLKVILLELA (SEQ ID NO:

o
VoI
=

i

v
=
[isS

]

Gl nec2 40 [H1->H4- STKKTQLLAEHALLDAYI\’H"ELNL"V"PEPLIEKLURI

T >H2' -~ YERRGIDVDDYASNLKVILLELA (3EQ ID NO:
>H3 STKKTOQLLARHALLDAYMMLNLVPEPNEKLNRIITT
YEKRGIDVDDYASNLKVILLELA (SEQ ID NO:

Hi->H4- |ST? P’”‘QI_JAEHA]'_J_.I')AFIVFVTI NVLPEPNEKLNRIITT
>HZ2' - LEKRGIDVDDDASNLKVILLELA (SEQ ID NO: 32

3 STRKTQLMARHALLDAFMMLNVLPERPNERLNRITITTMQSWIFTGRKIDGDDAQELAK
LEKRGIDVDDDASNLKVILLELA (SEQ ID NO: 124

GDDAQEL?

AV

EELE

JERY;

2
Gl neoZ 40 HI->H4- |STKKTQLLIEHALLDALDMSRNLEPEPNEKLSRITITTMQSWIFTGKIDGDGAQQLAKEVEELEQE
1F HI SHZT - HEKRGEDVEDEASNLKVILLELA (SEQ ID NO: 33}
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»H3 STHKTQLLIEHALLDALDMSRNLPEPNEKLSRIITTMOSWIEFTGKIDGDGAQQLAKEVEELEQE
HEKRGEDVEDEASNLKVILLELA (SEQ ID NO: 123}

Gl necz 40 HI->H4- |STKKTQLLLEHALLDALHMRENLPEPNEKLSRITTTMOSWIFTGKIDGDGAQRLAKEVEELEQR
>HZ - HEKRG

>H3 STRETQLLLEHALLDALHAMRRNLPE
HEKRGRDVEDDASNLKVILLELA

RDVEDDASNLKVILLELA (SEQ ID NO: 324}
PN QSWIFTGKIDGDGAQELAKEVEE

EQE

Gl nec2 40 H1->H4- |STKKTQLLIEHALLDALNMRKEKL
1F H3 SHZT - HEKRGGDVEDYASNLKVILLELA
>H3 TRKTQLLIEHALLDALNMRKKLEE
HEKRGGDVEDYASNLKVILLELA

P

B _Hi->H4- |STKKTQLLLEHALLDALH
1F _H4 »H2’~  [HEKRGGDVEDYASNLKVILLELA

3 STKKTQLLLEHALLDALHMSRELPEPNEKLNRITTDMOSWIFTGKI DGDGAQDLAKEVEELEQE
HEKRGGDVEDYASNLKVILLELA (3EQ ID NO: 128)

61 neol2 40 |[Hi->H4- |STRKT LEQE
LF H5 >HZT - HEKR LLE
>H3 ST P’”‘QLA_’ EHALLDALHAMSRKLPERPNEKLSRIITIMOSWIFTGKIDGDGAQHLAKEVEELEQE

HEKRGGEVEDEASNLKVILLELA (SEQ ID NO: 129}

Gl nec2 40 [H1->H4- |STKKTQLLIEHALLDALHMKRKLPEEN L TNMOS
1F H6 >H2’~  |HEKRGQDVEDYASNLKVILLELA (SEQ ID NO: 38)
>H3 STKKTQLLIEHALLDALHMKRKLEEPNEKLNRIITNMQSWIFTEKIDGDGAQDLAKEVEELEQE
HEKRGODVEDYASNLKVILLELA (SEQ ID NO: 130)

Gl neo2 40 [H1->H4- |STEKTQLAAEHALRDALMLKHL
1 >H2' -  [HEVRGIDVEDYASNLKVILLHLA (SEQ ID NO: 3

>H3 STEKTQLAAEHALRDALMLK: SNEKLARLITTMOSWQFTGKI DGDGAQELAKEVEELQQE

HEVRGIDVEDYASNLKVILLHLA (SEQ ID NO: 131)

B STKNTQLAAEDALLDALMLRNLLNEPNEKLARI I TTMQSWOFTEKI DGDGAQELAKEVEELQQE

1F M2 »H2'-  |[HEERGIDVEDYASNLKVILLQLA (SEQ ID NO: 40}

13 STKNTQLAAEDALLDALMLRNLLNEPNEKLARIITT

HEERGIDVEDYASNLKVILLQLA (3EQ ID NO:

eo2 40 [Hi-»>H4- |STEKTQHAAEDALRDALMLRNLLNEPNEKLARIITTMQSWOF

>

H27 - HEVRGIDVEDYASNLKVILLOLA (SEQ ID NO:
>H3 STEKTOQHAAEDALRDALMLRNLLNEENEKLARIITTMOSW
HEVRGIDVEDYASNLKVILLOLA (SEQ ID NO:

ID NO: 42;

Ty inl A0 . SOLT A
G2 neoZ 40 H1->H4-

LELDALMMIS

1F 5eql3 SH2 -~ y ID NO: 43}
>H3 HALLDATIMMINLESESNERKMNRI ITTMOSWIFTGTE CARELAKLVEELRER
ST LKELS 3
G2 neoZ 40 {H1->H4-
lE‘ms ch” >H2! -
>H3 LITTLOSW

136}

SNEKMNRLITIVRS

seql SH2Z - ID NO: 45)
>H3
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LIEELLLDATMVINA

ID NO: 46}

LRINRT

e
(951
=
ea]

k&

APRGIDTEDYMINMEVI TKELS

G2 neo? 40 HI1->H4-

PGEIDPDHAEEM

LTWLOS

SNERKINE

PRLAREMYKILEELREE

G2 neo2 40 H1I->H4-

1F seqll »H2T - {(SEQ ID
>H3 SNEKLNRI TTETIDEDRG

LNVERL

SR LNRIITTMO

(3EQ ID NO: 144)

LAKLVEELRER

DT EDYVINT

YOLIMEALLLDLIMVL

DEDEAZEMAKMLKELE

1F seql3 SH2 - DY MSNMIVIMEE SEQ ID NO: 53}
>H3 TLNMIGES AREMARMLKEIEDE

G2 _neo2 40 HI->H4- LAKT

LREE

<
3]
rla
=
i
.
s
)
|

GZ _neoZ 4

HOARRLAKLVRELREE

ERLNRIITTMOSH
ID NO: 55

]

1F se 4]:} SH2T -

INERLNRIIT

IMLLNL
IVILE ('SEQ ID NO:
CMLINLSSESNERMNRLITILOSW

FPREPGIDTEDYISNAIVILKELZ {SEQ ID NO: 149

NEKLNRIITTMQ
SEQ ID NO: 583

SNEKLNRTITTM

TIDPDRAERL
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RGIDTEDR

LLVEHALLDALMMI] FNGTIDEDOARELAKLVEELRER

NIL

ALMMLY

TENGTL ARELAKLVEEL

LAK

ELYVS)

G2 neo?2 40 H1->H4- WOARELAKLVE

1F seqg2l

ID NO: ©1)

e, PR M, T
GZ neo A0 H1->H4- CDRAEE
F SH2 -

HAY

I\ Te PRl

SEQ ID NO 03}

SNEKLNRLITWLOS

LR

SNERMNRLIT

ID NO: 64}

)
TNV L

DALMILN

VILK

PORARELERKLANEIEDE

ﬁ
v
P
“y
[92]
<

VILOELA (€
ALY ;

LRVILOELA |

[eRaitesi

THAEEAK

DVIMLIN

ALLDVIMLLE

CEELAKLMES

(SEQ ID NO: 70

SO DTN
QWLREVWE

s oy Y Is] T TS TWT. R
52 neoZ 40 H PEKKERQ RELA
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G2 _neol 40 H1->H4- [TNKKAQLHAEFALHDALMLLNLSSESNERLNRIITWLOSIIFYGTYDPDMVKEAVKDADEIEDE
1F seqz ‘- IRKRGIDTEDYVSNLRLILOELA ID NO: 83

)
>H3 TNKKAQLHAEFALHDALMLLNLSSESNERLNRIITWLOSIIFYGTYDPDMVKEAVKDADEIEDE
45

MRKRGIDTEDYVSNLRLILOELA

G2 neoZ 40 {H1->H4- [INKEAQLHAEFALYDALMLLNLSSES NRIITWLOSIIFYETYDEDMVKEAVKLADEIEDE
1F seg27 S1{»H2’-  MRKRKIDTEDYVVNLRLILQELA (SEQ ID NO: 84)
8 >H3 TNKEAQLHAEFALYDALMLINLSSES L FYETYDPDMVKEAVKLADEIEDE

MREKRKIDTEDYVVNLRLILOELA

- {TKEKDAELLAEFALYDALMLINLSS
MRKRGIDTEDYVSNLRLILOELA ]
TKKDAELLAEFPALYDALMLLNLSSESNERLNEIITWLOSIIFYGTYDPDMVKEAVKLADETIEDE
IRKRGIDTEDYVSNLRLILOELA 3

FYGTYDPDMVKEAVKLADEIEDE

Z _H1->H4- [INKRAQLHAEFALYDALMLINLSSE TRLNT
1F seq27 SZ{>H2' - MREKRKIDTEDYVVNLRYILOELA

H3 TNRKKAQLHAEFPALYDALMLINLSSES

MRERKIDTEDYVVNLRYILOELA (

OSQTE WDLLLEHALLDVILMLIND { ID NO: 87}
ELYYSNLKLILEELAREMERNGLS DEAEEWROWKKIVERIRQIRSNNSDLNEAKELLNRLITY I
OSOIFEVLHGVGETDOEKKEESWKKWDLLLEHALLDVEMLIND (SEQ O: 178)

G2 _neoZ 4 : LivlebuAPPMLRL_:_ AEEWROWKKIVERIRQIRSN
F seq2d ¢ - SOTFEY ) K KWELHLEHALLDVLMLLND (SEQ ID NO 88)
1 HLREMLPVFLSJ"?EEVRQWVVIV RIPQIRSNNSDLNEAKELLNELITYI
LDVLMLLND {SEQ ID NO: 179)

QWKKIVERIRQIRSNI
IALLDVILMLIND (3
Q,

EDYYSNLKLILEELAREMERNGLSDKAEEW
HT

R
E

QSOIFEVLEGVGETDOEKKEESWKKWEL i Q
>HL EDYYSNLELILEELAREMERNGLS DKAEEWROWKKIVERIRQIRSNNSDLNEAKELLNRLITYL
OSCIFEVLEGVGETDOERKEESWKKWELHLEHALLDVILMLLND Q 180)

b}

Neoleukin-

3= PRKKKIQLHAEHALYDALMILNIVKTNSPRPAEEKLEDYAFNFELIL S GDOKDEAEKA

JbDUQFFMA\'ATI"IA.Q\\Y/ IFS (SEQ ID NO: 90

2/15 KRMEEWMKRLKT TS 9 )
PEKKIQLHAEM 7\7 ILNIVEKTNSPPAEERKLEDYAFNFELI LEEIARLEFESGDOKDEAEKA
KRMKEWMEKRIKT DEQEEMANATITILOSWIFS (SEQ ID NO: 181)

PRKEKKIQLLABHALFDLIMILNIVKTNSONAEEKLEDYAYNAGVL
KPMKEWMKRIKDTASEDEQEEMANEIITILOSWNES (SEQ I
PEKKIQLLAEHALFDLIMILNTVKTNSOQNAEEKLEDYAYNAGY
KRMKEWMKRIKDTASEDEQEEMANEIITILOSWNES (SEQ ID

(SEQ ID NO: %4)

IDYAFNFELI
IFS (SEQ ID I

INKRMEKEWMERIKT

ooticnal
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linker in
this
depicted

sequence)

LKDALSTILNIVKTNSP
\EngMﬁﬂﬁl'FIL WSWIFES (SEQ ID NO: 183)

WMKRIKTTASE

IL4 G2 neo? 40 PKKKIQITAEEALKDALSILNIVKTINSPEZ ERFAKRFERNLWGIARLFESGDOKDEAEKAKRMKE
| 1F seg36 S11 WMKRIKTTASEDEQEEMANAIITILQSWIFS ID NO: 92)

PPAEEQLERFAKRFERNLWGIARLIESGDORKDEAEKAKRMEE

MIE)

ARKRFERNLWGIARLFESGDOQKDEAEKARKRMIE

Neoleunkin~-4 PREKKIQIMAREALKDALSTLNIVKT JER

(i.e. WMERIKTTASE EMANAI'TILQSW N SEQ NO: 93)
IL4_G2_H€OZ_4O PREKL : I SEQLE . TERNLWGIARLFESGDOKDEAERAKREMIE
1F seq36 S11 ¥ Y ) QSWFFS (S ID NO: 184)

For each vanant below, two SEQ 1D NQOs are provided: a first SEQ 1D NO: that hists
the sequence as shown below, and a second SEQ D NO: that includes the linker positions as

optional and vanable.

>Necleukin-2/15 RB0C (8EQ ID NO: 130)

PKKKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIACLFESGRQKDEAEKAKRMK
EWMKRIKTTASEDEQEEMANATIITILOSWIEFS*

>Weoleukin-2/15 R50C (SEQ ID NO: 217)

LEDYAFNPFELILEEIACLFESGREKDEAEKAKRMK

>Necleukin-2/15 ES3C(SEQ ID NO: 191)

PREKIQLHAEHALYDALMILNIVRINSPPARERKLEDYAFNFELILEETARLEFCSGDQKDEAEKAKRMK
EWMKRIKTTASEDEQEEMANATIITILOSWIEFS*

>Weoleukin-2/15 E53C{(SEQ ID NO: 218)

PREKKICLHAEHALYDATMI DN I XXX XX XXX XL EDYAFNFELILEETIARLFCSGRXEKDEARKAKRMK
EWMERIKTEEXEDEQEEMANATITILQESWIFS*

>Neoleukin-2/15 DBEC(SEQ ID NG: 192)

PREKKIQLHAEHALYDALMILNIVRINSPPAEERLEDYAFNFELILEEIARLFESGCORDEAERKARRMK
EWMKRIKTTASEDEQEEMANATITILOSWIFS*

>Neoleukin-2/15 DEEC{SEQ ID NO: 219)

PRKKKICLHAEHALYDALMILN T XXX XXX XX EAX L EDYAFNFELILEEIARLFESGCOKDEARKAKRMK
EWMERIKTEEXEDEQEEMANATITILQESWIFS®
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>Neoleukin-2/15 K58C{SEQ ID NO: 183)

PREKKICLHAEHALYDAIMILNIVETNSPPAEREK LEDYAFNFELILEEIARLFESGRQCDEARKAKRMK
EWMKRIKTTASEDEQEEMANATITILOSWIEFS*

>Neoleukin-2/15 KS8C(SEQ ID NO: 220)

PKK(TQLHATLATYDA|MTTkTXXXXXXXXXXXLEDYAFWFELIﬂmF‘ARLFHS. CDEAEKAKRMK
EWMKRIKTZXXEDEQEEMANATITILOSWIFS*

>Neoleukin-2/15 D59C(8EQ ID NO: 1%4)

PRKKKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFESGRQKCEARKAKRMK
EWMERIKTTASEDEQEEMANATITILQESWIFS®

>Neoleukin-2/15 DSSC(SEQ ID NO: 221)

LHARHALY DALMILN I XXX XXX XXX LEDYAFNFELILEEIARLFESGEXEK CEAEKAKRMK
EWMKRIKTEXXEDEQEEMANATITILOSWIEFS*

>Necleukin-2/15 E62C(ZEQ ID NO: 195)

PKKEICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFESGRQKDEACKAKRMK
RIKTTASEDEQEEMANATIITILOSWIFS*

W
>Neoleukin-2/15 E62C(SEQ ID NO: 222)

PKEKKIQLHAFHALYDAIMILNI XXX XXX XXX X T EDYAFNFELILEREIARLFESCGXEXKDEACKAKRMK
JWVKWlKIXXXEDJthWhNALL”lLQ WIFS*

>Necleukin-2/15 RE6C(SEQ ID NO: 196)

5 HAEHALYDALMILNIVEKTNSPPAEERLEDYAFNFELILEEIARLFESCGRQKDEAEKAKCMK
EWMKRIKTTASEDEQEEMANATIITILOSWIEFS*

>Weoleukin-2/15 RE6C(SEQ ID NO: 223)

PYKKIQLHAEHALYDA llLNLXXKXXXXXXXXJ&JVAFNFELILEEIARLFESGXXKLEAEKAKCMK

>Necleukin-2/15 E6SC(SEQ ID NO: 197)

PREKIQLHAEHALYDALMILNIVRINSPPARERKLEDYAFNFELILEETARLFESGDQKDEAEKAKRMK
CWMERIKTTASEDEQEEMANATIITILOSWIEFS*

>Neoleukin-2/15 E69C{SEQ ID NO: 224)

PREKKICLHAEHALYDATMI DN I XXX X XXX XX L EDYAFNFELILEETARLFESGXEKDEAERKAKRMK
CWMERIKTEEZEDEQEEMANATITILOSWIEFS
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>Neoleukin-2/15 R73C{SEQ ID NO: 188)

PREKKICLHAEHALYDAIMILNIVETNSPPAEEK LEDYAFNFELILEEIARLFESCGRQKDEARKAKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIEFS*

(€3]

>Neoleukin-2/15 R73C(SEQ ID NO: 225)

PRKKIQLHAEHALYDALMILN T XXX X XXX XXX XL EDYAFNFELILEEIARLFESGEXKDEAEKAKRMK
EWMKCIKTZXXEDEQEEMANATITILOSWIFS*

>Necoleukin-2/15 TT7C(8EQ ID NO: 19%%)

10 PRKKKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFESGRRKDEARKAKRMK
EWMERIKTCASEDEQEEMANATIITILQESWIFS*

>Neoleukin-2/15 T77C(SEQ ID NO: 226)

PKKKIQLHAERHALY DALMILN I XXX X XXX XXX LEDYAFNFELILEEIARLFESGEXKDEAEKAKRMK
EWMKRIKTCASEDEQEEMANATITILOSWIFS*

15
>Necleukin-2/15 E82C(ZEQ ID NO: 200)

LHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFESGRRKDEARKAKRMEK
EWMEKRIKTTASEDCQEEMANATITILOEWIFS*

>Neoleukin-2/15 E82C(SEQ ID NO: 227)

20 PKKKIQLHAERHALY DALMILN I XXX X XXX XXX LEDYAFNFELILEEIARLFESGEXKDEAEKAKRMK
EWMKRIKTEXXEDCOEEMANATITILOSWIES*

>Necleukin-2/15 E85C(ZEQ ID NO: 201)

5

30 >Neoleukin-2/15 R50C R73C{SEQ ID NO: 202}

PREKIQLHAEHALYDALMILNIVRINSPPAREBRKLEDYAFNFELILEETACLFESGDQKDEAEKARKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIEFS*

>Reocleukin-2/15 R50C RY3C(3EQ ID ND: 229}

PREKKICLHAEHALYDALMI LN I XXX X XXX L EDYAFNFELILEEIACL FESCGREKDEARKAKRMK
35 EWMKCIKTXEXEDEQEEMANATITILOSWIFS
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>Neoleukin-2/15 E53C R73C(ZEQ ID NO: 203)

PKKKIQLHAEHALYDALMILNIVRTNSPPAERRKLEDYAFNFELILEEIARLFCSGDQKDEAEKAKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIEFS*

>Neoleukin-2/15 BEB3C R73C(SEQ ID NO: 230)

EWMKCTKTXXXEDEQEEMANATITILOSWIFS*

>Reocleukin-2/15 D56C RY3C(ZEQ ID NOD: 204)

PKKKIQLHAEHALYDAIMILNIVETITNSPPAREKLEDYAFNFELTLEEIARLFESGCOKDEAEKAKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIEFS*

>Neoleukin-2/15 DS6C R73C(SEQ ID NO: 231)

PREKKIQLHAEHALYDALMIT NI XX XX XXX XKL EDYAFNFELILEETARLFESGCORDEARKARRMK
EWMKCIKTXXXEDEQEEMANATITILOQSWIFS >

>Reocleukin-2/15 K58C R73C (8EQ ID ND:205)

PRKEKKICLHAEHALYDALMILNIVETNSPPAEREK LEDYAFNFELILEEIARLFESGRQCDEARKAKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIEFS*

>Neoleukin-2/15 K58C R73C (SEQ ID N0O:232)

EWMKCIKTEEXEDEQEEMANATITILOSWIFS
>Necleukin-2/15 DSSC R73C(SEQ ID NO: 206)

PREKIQLHAEHALYDALMILNIVRINSPPAREBRKLEDYAFNFELILEETARLFESGDQKCEAEKARKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIEFS*

>Reocleukin-2/15 D53C RY3C(ZEQ ID ND: 233}

PREKKICLHAEHALYDATMI DN I XXX X XX XXX L EDYAFNFELILEETIARLFESCGREKCEARKAKRMK

EWMKCIKTXEXEDEQEEMANATITILOSWIFS

>Neoleukin-2/15 B62C R73C(SEQ ID NO: 2407)

PREKIQLHAEHALYDALMILNIVRINSPPARERKLEDYAFNFELILEETARLFESGDQKDEACKARKRMK
EWMKCIKTTASEDEQEEMANATITILOSWIFS*

>Neoleukin-2/15 E62C R73C(SEQ ID NO: 234}

PKKKIQLHAEHALYDALMI LN I XX XXX X XXX L EDYAFNFELILEEIARLFESGXXKDEACKAKRMEK
EWMECTIKTEEXEDEQEEMANATITILQESWIFS®
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>Neoleukin-2/15 R66C R73C(SEQ ID NO: 208}

PREKKICLHAEHALYDALMILNIVETNSPPAEEK LEDYAFNFELILEEIARLFESCGRQKDEARKAKCMK
EWMEKCIKTTASEDEQEEMANATITILQSWIFS®

>Neoleukin-2/15 R66C R73C(SEQ ID NO: 235)

PRKKIQLHAEHALYDALMILN I XXX X XXX XXX XL EDYAFNFELILEEIARLFESGEXKDEAEKAKCMK
EWMKCIKTZXXEDEQEEMANATITILOSWIFS

>Neoleukin-2/15 R50C EB2C(SEQ ID NO: 209)

PRKKKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIACLFESGRRKDEARKAKRMK
EWMERIKTTASEDCOQEEMANATITILQSWIFS®

>Neoleukin-2/15 R50C EB2C(ZEQ ID NO: 236)

LHARHALY DALMILN XXX XXX XXX LEDYAFNFELILEEIACLFESGEXKDEAEKAKRMK
EWMKRIKTEXXEDCOEEMANATITILOSWIEFS*

>Necleukin-2/15 ES3C EG2C(SEQ ID NO: 210}

PKKEKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFCSGRQKDEAEKAKRMK
EWMEKRIKTTASEDCQEEMANATITILOEWIFS*

>Neoleukin-2/15 E53C EB2C(ZEQ ID NO: 237)

PKEKKIQLHAFHALYDAIMILNI XXX XXX XXX X T EDYAFNFELILEREIARLFCSCGXEXKDEAEKAKRMK

>Necleukin-2/15 DS6C E82C(SEQ ID NO: 211}

HAEHALYDALMILNIVEKTNSPPAEERLEDYAFNFELILEEIARLFESGCOKDEAEKAKRMEK
EWMKRIKTTASEDCQEEMANATIITILOSWIEFS*

>Reocleukin-2/15 D56C EB2C(ZEQ ID ND: 238}

PREKKICLHAEHALYDAIMI DN I XXX X XX XXX L EDYAFNFELILEETIARLFESGCOKDEARKAKRMK

EWMKRIKTEEXEDCOEEMANATITILOSWIFS

>Neoleukin-2/15 RBE8C E82C(SEQ ID NO: 212)

PREKIQLHAEHALYDALMILNIVRINSPPAREBRKLEDYAFNFELILEETARLFESGDQCDEAEKAKRMK
EWMKRIKTTASEDCOEEMANATITILOSWIFS*

>Neoleukin-2/15 K58C EB2C(SEQ ID NO: 239)

PREKKICLHAEHALYDATMI DN I XXX X XXX XX L EDYAFNFELILEETIARLFESGRECDEARKAKRMK
EWMERIKTEEXEDCOEEMANATITILOESWIFS*
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>Neoleukin-2/15 D59C EB2C(SEQ ID NO: 213}

PRKEKKICLHAEHALYDALMILNIVETNSPPAEEK LEDYAFNFELILEEIARLFESCGRDQKCEAERKAKRMK
EWMERIKTTASEDCOQEEMANATITILQSWIFS®

>Neoleukin-2/15 D5SC EB2C(SEQ ID NO: 240)

(€3]

PKK&TQLHATLZ\T YOALMIL NI XXX X XXX LEDYAFNFELILEEIARLFESGEXKCEAEKAKRMK
WMKRIKTZXXEDCOEEMANATTITILOSWIFS

»Necleukin-2/15 E62C ES2C(SEQ ID NO: 214)

10 PRKKKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFESGRQKDEACKAKRMK
EWMERIKTTASEDCOQEEMANATITILQSWIFS®

>Neoleukin-2/15 E62C EB2C(SEQ ID NO: 241)

LHARHALY DALMILN I XXX XXX XXX LEDYAFNFELILEEIARLFESGEXKDEACKAKRMK
EWMKRIKTEXXEDCOEEMANATITILOSWIEFS*

15
>Necleukin-2/15 R66C EG2C(SEQ ID NO: 215}

PKKEKICLHAEHALYDALMILNIVETNSPPAEER LEDYAFNFELILEEIARLFESGROKDEAEKAKCMK
RL KTTASED\.,QE EMANATITILQSWIFSY

oy
LA

>Neoleukin-2/15 R66C EB2C(SEQ ID NO: 242)

20 PKK‘KIQL‘{AEPALY‘ \u Lt\ mxxwmxxw EDYAFNFELTLEEIARLFESCXXKDEAEKAKCMK

>Neoleukin-2/15 E69C E82C(SEQ ID NO: 216)

5 HAEHALYDALMILNIVEKTNSPPAEERLEDYAFNFELILEEIARLFESCGRQKDEAEKAKRMK
25 CWMEKRL KTTASEI)CQE.E‘MANAl ITILOSWIFS*

»Neoleukin-2/15 E69C ES2C(SEQ ID NO: 243)

PREKKICLHAEHALYDATMI DN I XXX X XX XXX L EDYAFNFELILEETIARLFESGREKDEAERKAKRMK

CWMKRIKTEEXEDCOEEMANATITILOSWIEFS*

In one embodiment, the polypeptide comprises a polypeptide at least at least 25%
30 27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%. 70%, 75%, 80%, 85%, 90%, 91%,. 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amino acid
sequence selected from the group consisting of SEQ ID N(:90, 181, and 247,
in another embodiment, the polvpeptide comprises a polvpeptide identical to the
ammno acid sequence of SEQ ID NG90, 181, or 247, wherem the polvpeptide (i) does not

35 bind to human or murine IL-2Ralpha, {#1) binds to human IL2RB with an affinity of about
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11.2 oM (111} binds to munne IL2REB with an affinity of abowut 16.1 nm (iv) binds to human
1IL-2RBY, with an affinity of about 18.8 nM and (v} binds to murine IL-2RBY. with an
affinity of about 3.4 nM.

In any of these embodiments of the full length polypeptides, the polvpeptide may be
an FL-4/1L-13 mumetic, wherein position 7 is | position 8 18 T or M, position 11 is E, position
1415 K, position 18 is 5, position 33 is {, position 36 is R, position 37 is ¥, position 39 15 K,
position 40 is K, position 43 is R, position 44 is N, position 46 is W, and posttion 47 s 5. In
a further embodiment, position 68 is I and position 98 1s F.

In any of these embodiments of the full length polypeptides, the polypeptide may be
an IL-2 mimetic, wherein 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, or all 14 of the following arc
not true: position 7 1s |, posttion § 18 T or M, position 11 1s E, position 14 1s K, position 13 is
S, position 33 1s , position 36 is R, position 37 1s F, position 39 13 K, position 40 15 R,
position 43 1s R, position 44 1g N, position 46 15 W, and position 47 15 5. In a further
embodiment, one or both of the following are not truc: position 68 is | and position 98 15 F.

In one embodiment, the IL-2 mimetic polypeptides of any embodiment or
combination of embodiments disclosed herein have a three dimensional structure with
structural coordinates having a root mean square deviation of conumon residue backbone
atoms or alpha carbon atoms of less than 2.5 Angstroms, less than 1.5 Angstroms, or less than
1 Angstrom when superimposed on backbone atoms or alpha carbon atoms of the three
dimensional structure of native [L-2.

In another embodiment, the H.~2 simetic polypeptides of any embodiment or
combination of embodiments disclosed herein have a three dimensional structure with
structural coordimates having a root mean square deviation of common residue backbone
atoms or alpha carbon atoms of less than 2.5 Angstroms, less than 1.5 Angstroms, or less than
1 Angstrom when superimposed on backbone atoms or alpha carbon atoms of a three
dimensional structure having the structural coordinates of Table E2.

In a further embodiment, the IL-2 mimetic polypeptides of any embodiment or
combination of embodiments disclosed hercin, when m temary complex with the mouse 1L-2
receptor BY., have a three dimensional structure wherein the structural coordinates of
common residue backbone atoms or alpha carbon atoms have a root mean square deviation of
less than 2.5 Angstroms, less than 1.5 Angstroms, or less than 1 Angstrom when
superimposed on backbone atoms or alpha carbon atoms of the three dimensional structure of

native IL-2 when in ternary complex with the mouse IL-2 receptor BY ..
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In another embodiment, the IL-4 mimetic polypeptides of any embodiment or
combination of embodiments disclosed herem have a three dimensional structure with
structural coordinates comprising a root mean square deviation of common residue backbone
atoms or alpha carbon atoms of less than 2.5 Angsiroms less than 1.5 Angstroms, or less than
1 Angstrom when superimposed on backbone atoms or alpha carbon atoms of the three
dimensional structure of native [L-4,

In cach of these embodiments, the three dimensional structure of the polypeptide may
be determined using computational modeling or alternatively, the three dimensional structurg
of the polypeptide is determingd using crystallographically-determined structural data.

In onc embodiment of any cmbodiment or combination of embodiments disclosed
herein, X1, X2, X3, and X4 are alpha-helical domains. In another embodiment, the amino
acid length of each of X1, X2, X3 and X4 is independently at least about 8, 10, 12, 14, 16, 19,
or more amino acids in length. In other embodiments, the amino acid length of each of X1,
X2, X3 and X4 is mdependently no more than 1000, 500, 400, 300, 2060, 100, or 36 anmino
acids in length. In varous further embodiments, the amuno acid length of each of X1, X2,
X3 and X4 1s independently between about 8-1000, 8-500, 8-400, 8-300, 8-200, 8-100, &-30,
10-1000, 10-500, 10-400, 10-300, 10-200, 106-100, 10-30, 12-1000, 12-300, 12-400, 12-300,
12-200, 12-100, 12-30, 14-1000, 14-5300, 14-400, 14-300, 14-200, 14-100, 14-50, 16-1000,
16-500, 16-400, 16-300, 16-200, 16-100, 16-30, 19-1000, 19-500, 19400, 19-300, 19-200,
19-1090, or about 19-50 amino acids in length.

In another embodiment, the H.~2 simetic polypeptides of any embodiment or
combination of embodiments disclosed herein, X1 binds to the beta and the gamma subunit
of the human IL-2 receptor.  In another embodiment of the IL-2 mimetic polypeptides of any
embodiment or combination of embodiments disclosed herein, X2 does not bind to the human
1L-2 receptor. In another embodiment, of the [L-2 mimetic polypeptides of any embodiment
or combination of embodiments disclosed herein, X3 binds to the beta subunit of the human
1L-2 receptor. In a further embodiment of the IL-2 mimetic polypeptides of any embodiment
o1 combination of embodiments disclosed herein, X4 binds to the ganuna subunit of the
human IL-2 receptor. Tn another embodiment or the IL-2 mimetic polypeptides of any
embodiment or combination of embodiments disclosed herein, the polypeptide does not bind
to the alpha subunit of the human or murine [L-2 receptor. In one embodiment, binding to
the receptors is specific binding as deternmined by surface plasmon resonance at biclogically
relevant concentrations. In another embodiment, the IL-2 mimetic polypeptides of any

embodiment or combination of embodiments disclosed herein that bind to the 1L-2 receptor
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BY . heterodimer (1L-2RBY .} do so with a binding affinity of 200 nm or less, 100 nm or less,
50 nM or less, or 25 nM or less. In a further embodiment of the 1L-2 numetic polypeptides of
any emabodiment or combination of embodiments disclosed herein, the polypeptide’s affinity
for the human and mouse 1L-2 receptors is about equal to or greater than that of native IL-2.

In one embodiment of the IL-4 mimetic polypeptides of any embodiment or
combination of embodiments disclosed herein that bind to the IL-4 recepior oY heterodimer
(IL~-4Ra¥ ) do so with a binding affinity of 200 not or less, 100 nm or less, 50 oM or less, or
25 nM orless. In another embodiment of the IL-4 mimetic polypeptides of any embodiment
or combination of embodiments disclosed herein, the polypeptide’s affinity for the human
and mouse 1L-4 receptors is about equal to or greater than that of native 1L-4.

In one embodiment of the 1L-2 mimetic polyvpeptides of any embodiment or
combination of embodiments disclosed herein, the polypeptide stimulates STATS
phosphorylation in cells expressing the 1L-2 receptor with potency about equal to or greater
than native 1L-2. In another embodiment of the 1L-2 mimetic polypeptides of any
embodiment or combination of embodiments disclosed herein, the polypeptide stimulates
STATS phosphorylation in cells expressing the 1L-2 receptor with potency about equal to or
greater than native 1L-2 m cells expressing -2 receptor BY heterodimer but lacking the 1L-
2 receptor o,

In another embodiment, the H.-2 mimetic polyvpeptides of any embodiment or
combination of embodiments disclosed herein demonstrate thermal stability about equal to or
greater than the thermal stability of native 1L-2.

In a further embodiment, the polvpeptides of any embodiment or combination of
embodiments disclosed herein, the polypeptides maintain or recover at least 70%, 80%, or
50% of their folded structure after thermal stability testing, and/or maintain or recover at least
30% of their ellipticity spectrum after thermal stability testing, and/or mamtam or recover at
least 70% or 80% of their activity after thermal stability testing. In one embodiment, such
activity is determingd by a STATS phosphorylation assay. In another embodiment, thermal
stability 1s measured by circular dichroism (CD) spectroscopy at 222 oM. In a further
embodiment, the thermal stability test comprises heating the polypeptide from 23 degrees
Celsius to 93 degrees Celsius in a one hour time frame, cooling the polypeptide to 25 degrees
Celsius in a 3 minute time frame and monitoring ellipticity at 222 nm.

The polypeptides described herein may be chemically syothesized or recombinantly
expressed (when the polypeptide is genetically encodable}. The polypeptides may be hinked

to other compounds, such as stabilization compounds to promote an increased half-life m
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vive, inchiding but not limited to albumin, PEGylation (attachment of one or more
polvethylene glveol chaing), HESvlation, PASvlation, glycosylation, or may be produced as
an Fe~fusion or in deimmunized variants. Such hinkage can be covalent or non-covalent. For
example, addition of polyethyiene glycol (“PEG”) containing moicties may comprise
attachment of a PEG group linked to maleimide group ("PEG-MAL") to a cysteine residue of
the polypeptide. Suitable examples of PEG-MAL arc methoxy PEG-MAL 5 kD; methoxy
PEG-MAL 20 kD; methoxy (PEG2-MAL 40 kD) methoxy PEG(MAL)2 5 kD, methoxy
PEG(MAL)Y? 20 kb, methoxy PEG(MAL)? 40 kD; or any combination thereof. See also US
Patent No. 8,148,109, In other embodiments, the PEG may comprise branched chain PEGs
and/or multiple PEG chains.

In one embodiment, the stabilization compound, including but not limited to a PEG-
contaming moicty, 1s hinked at a cysteine residue 1n the polypeptide. In another embodiment,
the cvsteine residue is present in the X2 domain. In some embodiments, the cysteine residue
1s prosent, for example, in any one of a number of positions in the X2 domain. In some such
embodiments, the X2 domain is at feast 1% amino acids in length and the cystemne residue 1s at
positions 1, 2, 5, 9 or 16 relative to those 19 amino acids. In a further embodiment, the
stabilization compound, including but not imited to a PEG-containing moiety, is linked to
the cvstemne residue via a maleimude group, including but not limited to linked to a cystemne
residue present at amino acid residue 62 relative to SEQ 1D NO:SG.

In some aspects, the polypeptide is a Neo-2/15 polypeptide and an amino acid of Neo-
2/15 1s mutated to a cysteine residue for attachment of a stabilization moiety (c.g., PEG-
containing moiety) thereto. In some aspects, the polyvpeptide is a Neo~2/15 polypeptide and
the amino acid at positions 50, 53, 62, 69, 73, 82, 56, 58, 539, 66, 77, or &5 or a combination
thereof relative to SEQ D NG90, 181, or 247 is mutated to a cysteine residue for attachment
of a stabilization moicty (¢.g., PEG-containing moiety) thereto. Accordingly, m a further
embodiment, the polypeptide comprises a polypeptide at least 25%, 27%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%. 753%, 80%, 85%, 90%, 95%, 98%. or 100% identical to
the full length of the amino acid sequence of SEQ 1D NG90, 181, or 247 {Neo-2/15], and
wherein one, two, three, four, five, or all six of the following mutations are present:

R30C;

ES3C;

£62C;

E69C;

R73C; and/or
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E82C.
In a further embodiment, the polypeptide comprises a polvpeptide at least 25%, 27%,
5, 353%, 40%, 45%, 50%. 535%, 60%, 65%, T0%, T75%, 80%, 85%, 90%, 953%. 98%, or

100% 1dentical o the full length of the amino acid sequence of SEQ 1D NG90, 181, or 247,
and wherein one, two, three, four, five, six, seven, eight, nine, ten, eleven, or all twelve of
the following mutations are present

D36,

K38(;

D39C;

R66C;

T77C;

ER5C;

R30C;

ES3C;

E62C;

E69C:

R73C; and/or

ER2C.

In a further embodiment, the polypeptide comprises a polypeptide at least 25%, 27%,
30%, 35%, 40%. 45%, 50%, 35%. 60%, 65%, T0%. 75%, 80%, 83%. 90%, 95%, 98%. or
100% identical to the full length of the amino acid sequence selected from the group
consisting of SEQ ID NO&: 190-243,

In one embodiment, the p@iypeptide comprises a polypeptide at least at least 25%,

27%, 30%, 35%, 40%, 45%, 50% o, 60%, 65%, 70%, 753%, 80%, 85%, 90%, 91%, 92%
93%, 94%, 93%, 96%, 97%. 98%, 99%, or 100% 1dentical along its length to the amino acid

sequence selected from the group consisting of SEQ 1D NO:190 and 217, In one aspect, the
polypeptide comprises a polypeptide at least at least 25%, 27%, 309, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical along 1ts length to the amino acid sequence of SEQ 1D NG 190,
In one embodiment, the polypeptide comprises a polypeptide at least at least 25%,

27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%. 80%, 85%, 90%, 91%, 92%,
03%., 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the anmino acid
sequence selected from the group consisting of SEQ 1D NO:191 and 218, In one aspect, the
polypeptide comprises a polypeptide at least at least 25%, 27%, 309, 35%, 40%, 45%, 50%,
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55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
59%., or 100% identical along its length to the amino acid sequence of SEQ ID NO:191.
in one embodiment, the polypeptide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 91%, 92%,
939%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid
sequence selected from the group counsisting of SEQ 1D NG:192 and 219. In one aspest, the
polypeptide cormaprses a polypeptide at least at least 23%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
59%., or 100% identical along its length to the amino acid sequence of SEQ D NG:192 .
in one embodiment, the polypeptide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 91%, 92%,
939%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid
sequence selected from the group counsisting of SEQ 1D NG:193 and 220. In one aspet, the
polypeptide comprises pﬁiypepﬁd@ at least at least 25%, 27%, 30%, 359, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical along its Iength io the amino acid sequence of SEQ ID NO:193.
in one embodiment, the polypeptide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 91%, 92%,
939%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid
sequence selected from the group counsisting of SEQ 1D NG:194 and 221. In one aspest, the
polypeptide cormaprses a polypeptide at least at least 23%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical along its length to the amino acid sequence of SEQ D NO: 194,
In one embodimem, the poiypeptﬁde comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amino acid
sequence selected from the group counsisting of SEQ 1D NG 195 and 222. In one aspeat, the
polypeptide cormaprses a polypeptide at least at least 23%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% 1dentical along its length to the amino acid sequence of SEQ ID N(G:195.
In one embodiment, the polypeptide comprises a polypeptide at least at least 25%,
27%. 30%, 35%, 40%, 43%. 50%, 53%, 60%, 65%, T0%. 73%. 80%, 83%, 90%, 91%, 92%,
939%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid

sequence selected from the group counsisting of SEQ 1D NG:196 and 223. In one aspest, the
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polypeptide comprises a polyvpeptide at least at least 25%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%. 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical along its length to the amino acid sequence of SEQ 1D NO:196.

In one embodiment, the polypepiide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 350%, 53%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%,
939%, 94%, 95%. 96%, 97%, 98%. 99%, or 100% identical along its length to the amino acid
sequence sciected from the group counsisting of SEQ 1D NG 197 and 224. In one aspect, the
polypeptide comprises a polyvpeptide at least at least 25%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical along its length to the amino acid sequence of SEQ 1D NO:197.

In one embodiment, the polypepiide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%,
939%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid
sequence sciected from the group counsisting of SEQ 1D NG 198 and 225, In one aspect, the
polvpeptide comprises a polvpeptide at least at least 25%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical along its length to the amino acid sequence of SEQ 1D NO:198.

In one embodiment, the polypepiide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%,
939%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid
sequence sciected from the group counsisting of SEQ 1D NG:199 and 226. In one aspect, the
polvpeptide comprises a polvpeptide at least at least 25%, 27%. 30%, 33%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
59%., or 100% identical along its length to the amino acid sequence of SEQ ID NO:199.

In one embodiment, the polypepiide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, T70%, 75%, 80%, 85%, 90%, 91%, 92%,
939%, 94%, 95%. 96%, 97%, 98%. 99%, or 100% identical along its length to the amino acid
sequence sciected from the group counsisting of SEQ 1D NG:200 and 227. In one aspect, the
polypeptide compnises a polvpeptide at least at least 23%, 27%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
59%., or 100% identical along its length to the amino acid sequence of SEQ ID NO:200.

in one embodiment, the polypeptide comprises a polypeptide at least at least 25%,
27%, 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 91%, 92%,

939%, 94%, 95%. 96%, 97%, 98%, 99%, or 100% identical along its length to the amine acid
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sequence selected from the group consisting of SEQ ID N(O:201 and 228, In one aspect, the
polypeptide comprises a polypeptide at keast at least 253%, 27%, 30%, 353%, 40%, 45%, 50%,
559, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%. 94%, 953%, 96%, 97%, 98%,
99%, or 100% identical along its length to the amino acid sequence of SEQ 1D NO:201.

In another embodiment, the polypeptide comprises a polypeptide at least 25%, 27%,
30%, 35%, 40%, 45%, 50%, 35%. 60%, 65%, T0%. 75%, 80%, 83%, 90%, 95%, 98%. or
100% identical to the full length of the amino acid sequence selected from the group
consisting of SEQ 1D NG:195, 207, 214, 222, 234, and 241, or wherein the polypeptide
comprises a polypeptide at least 25%, 27%, 30%, 35%, 40%, 45%. 509%, 55%, 60%, 65%,
0%, 75%, 80%, 85%, 90%, 95%, 989, or 100% identical to the full length of the amino
acid sequence selected from the group consisting of SEQ 1D NO: 195, 2067, and 214,

In a further embodiment, the polypeptide further comprises a targeting domain. In
this embodiment, the polypeptide can be directed to a target of mterest. The targeting domamn
may be covalently or non~covalently bound to the polypeptide. in embodiments where the
targeting domain is non-covalently bound to the polypeptide, any suitable means for such
non-covalent binding may be used, including but not limited to streptavidin-biotin linkers.

In another embodiment, the targeting domain, when present, 18 a translational fusion
with the polypeptide. In this embodiment, the polypeptide and the targeting domam may
directly abut each other in the translational fusion or may be linked by a polypeptide hinker
suttable for an intended purpose. Exemplary such linkers include, but are not limited, o
those disclosed in WO2016178905, WO2018153865 (in particular, at page 13), and WO
2018170179 (in particular, at paragraphs [0316}-{0317]). In other embodiments, suitable
hnkers inchude, but are not limited to peptide linkers, such as GGGGG (SEQ D NO: 953,
GSGGG (SEQ 1B NO: 963, GGGGGG (SEQ 1D NO: 97), GGSGGG (SEQ 1D NO: 983,
GGRGGSGGGSGGSGSG (SEQ ID NG: 99), GRGGSGGGSGGSGSG (SEQ 1D NO: 100y,
GGSGGSGOGRGGSGEGESGESGGGSGHEES (SEQ D NO: 101), and [GGGGX], (SEQ
1D NG: 102}, where X 1s Q, Eor Sand nig 2-5.

The targeting domains arc polypeptide domains or small molecules that bind to a
target of mterest. In one non-limiting embodiment, the targeting domain binds to a cell
surface protein; in this embodiment, the cell may be any cell type of intergst that mclodes a
surface protein that can be bound by a suitable targeting domain. In one embodiment, the cell
surface proteins are present on the surface of cclls selected from the group consisting of
taemor cells, tumor vascular component cells, tumor microenvironment cells (e.g. fibroblasts,

mfiltrating immune cells, or stromal elements), other cancer cells and immune cells
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{including but not limited to CD8+ T cells, T-regulatory cells, dendritic cellis, NK cells, or
macrophages). When the cell surface protein is on the surface of a tumor cell, vaseular
coraponent cell, or tumor microenvironment cell (¢.g. fibroblasts, infiltrating mmune cells,
ot stromal elements), any suitable tumor cell, vascular component cell, or tumor
microenyirgnment cell surface marker may be targeted, including but not limited to EGFR,
BGFRVITEL Her?, HERS, EpCAM, MELN, M6, PSMA, TROPZ, RORL, RGN, PD-LE,
C47, CYLA-4, C5, Chyie, CD20, CD25, CDR7, CN30, CD53, 40, CD45, CAMPATH-
1, BCMA, €8-1, PB-L1, B7-H3, B7-DC, HLD-DBR, carcincembryonic antigen {(CHAY, TAG-
72, MUCH, folate-binding protein, A33, G250, prostate-specific membrane antigen (PSMA},
fervitin, G2, GI¥3, GM2, Le', CA-125, CA19-9, epidermal growth factor, pI83HER2, 1L-2
recoptor, BGFRvI (de2-7 EGEFR), fibroblast activation protein, fenascin, a
metalloproienase, endosialing vascular endothelial growth factor, avB3, WTE, LMP2 HPY
E6, HPY E7, Her-2/meu, MAGE A3, p53 nonmutant, NY-EXO-1, Melan AVMARTL, Ras
mutant, gp 00, 153 mutant, PRI, ber-abl, tyronsivase, survivin, PSA, hTERT, a Sarcoma
translocation breakpoint protoin, EphAZ, PAP, ML-IAP, AFP, ERG, NATT, PAXG, ALK,
androgen receptor, oyelin B 1, polysialic aad, MYCON, Rholl, TRP-2, fucosyl M1,
mesothelin (MSLN), PSCA, MAGE Al she{animaly, CYPIBY, PLAVI, GM3, BORIS, To.
GloboH, ETVG-AML, NY-BRE-1, RGAS, SARTE, §Twn, Carbonic anhydrase EX, PAXS, OV~
TESL Spenm protein 17, LOK, HMWMAA, AKAPR4, 85X2 XAGE 1, Leguman, Tig 3,
VEGERZ MAD-CT-1, PDGEFR-B, MAD-CT-2, ROR2. TRAILT MUCIS, MAGE A4,
MAGE C2, GAGE, EGFR, CMET, HERZ, MUCIS, CAs, NAPIZE, TROPY, CLDNG,
CLDNIS, CLDNIS 2, CLorflse, ROMN, LYSE, FRA, DLL3, PTR7, STRAS, TMPRSSS,
TMPRES4, TMEMZ3E, UPKIB, VTONE, LIV, RORL, and Fos-related antigen 1.

in other embodiments, when the cell surface protein is on the surface of a tumor cell,
vascular component cell, or tumor microenvironment cell {e.g. fibroblasts, infiltrating
immune cells, or stromal glements), any suitable tumor cell, vascolar component cell, or
temor microenvironment cell surface marker may be targeted, including but not limited to
targets in the following list:
{1} BMPR1B (bone morphogenetic protein receptor-type IB, Genbank accession no.
NM sub --001203};
{2y E16 (LATI, SLL7AS, Genbank accession no. NM. sub.--03486);
{3) STEAPI (six transmembrane epithelial antigen of prostate, Genbank accession no.
NM.sub --(12449);
{(4) 0772P (CA125, MUC16, Genbank accession no. AF361486);
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{5} MPF {(MPF, MSLN, SMR, megakarvocyte potentiating factor, mesothelin, Genbank
accession no. NM.sub --005823);

{6) Nap13b (NAPI-3B, NPTHb, SLC34A2, solute carrier family 34 (sodium phosphate),
member 2, type H sodium-dependent phosphate transporter 3b, Genbank accession no.
NM.sub. 006424}

{7} Sema 5b (FLJ10372, KIAA 1445 Mm. 42015, SEMASB, SEMAQG, Semaphorin 3b Hlog,
sema domain, seven thrombospondin repeats (type | and type 1-like), transmembrane domain
{TM} and short cytoplasmic domain, (semaphorin} 3B, Genbank accession no. ABO40E78);
{83 PSCA hig (2700050C12Rik, C5300080 1 6Rik, RIKEN cDINA 2700050C 12, RIKEN
cDNA 27060050C12 gene, Genbank accession no. AY358628);

{9) ETBR (Endothelin type B receptor, Genbank accession no. AY273463);

{10y MSG783 {(RNF124, hypothetical protein FLIZ0315, Genbank accession no. NM.sub.--
017763);

(11 STEAP2 (HGNC sub.--8639, [PCA-1, PCANAPL, STAMPL, STEAPZ, STMP, prostate
cancer associated gene 1, prostate cancer associated protem 1, six transmembrane epithelial
antigen of prostate 2, six transmembrane prostate protein, Genbank accession no. AF455138);
(12) TrpM4 (BR22450, FLI20041, TRPM4, TRPM4R, transicot receptor potential cation
channel, subfamily M, member 4, Genbank accession no. NM.sub.--017636);

(13) CRIPTO (CR, CRI, CRGF, CRIPTO, TDGEI, teratocarcinoma-derived growth factor,
Genbank accession no. NP .sub 003203 or NM sub --003212);

{14) CD21 (CR2 (Complement receptor 2) or C3DR(C3d/Epstein Barr virus recoptor) or Hs.
73792, Genbank accession no. M26004);

{15) CD79b (IGh (immunoglobulin-associated beta), B29, Genbank accession no. NM.sub -
000626},

(16) FcRH2 (IFGP4, IRTA4, SPAPIA (SHZ domain contaming phosphatase anchor protein
1a}, SPAPIB, SPAPIC, Genbank accession no. NM_--030764);

{17) HER? {Genbank accession no. M11730);

{18) NCA {Genbank accession no. M18728);

{19y MDP {Genbank accession no. BCO17023);

{20) IL20R alpha. (Genbank accession no. AFI84971};

{21} Brevican {Genbank accession no. AF229053);

{22} Ephb2R (Genbank accession no. NM_--004447);

{23y ASLG659 (Genbank accession no. AX092328)
{24) PSCA {({Genbank accession no. Al297436);
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{25y GEDA (Genbank accession no. AY260763);
{26y BAFF-R (Genbank aceession no. NP --443177.1);
{27y CD22 (Genbank accession no. NP-001762.1);
(28) CD79a(CD79A, CD7Y alpha., immunoglobulin-associated alpha, a B cell-specific
protein that covalently interacts with Ig beta (CD79B) and forms a complex on the surface
with Ig M molecules, transduces a signal involved in B-cell differendiation, Genbank
accession No, NP_--001774.1);
{29y CXCRS (Burdatt's lymphoma receptor 1, a G protein-coupled receptor that is activated
by the CXCL13 chemokine, functions in lymphocyte migration and humoral defense, plays a
role in HIV-2 infection and perhaps development of AIDS, lymphoma, mycloma, and
leukemia, Genbank accession No. NP_--001707.1};
(30) HLA-DOB (Beta subunit of MHC class T molecule (Ia antigen) that binds peptides and
presents them to P4+ T lvmphocytes, Genbank accession No. NP --002111.1);
{31) P2X5 (Punnergic receptor PZX ligand-gated 1on channel 3, an ion channel gated by
extracellular ATP, may be mvolved in synaptic transmission and neurogenesis, deficiency
may contribute to the pathophysiology of idiopathic detrusor instability, Genbank accession
No. NP _--002552.2);

32y CB72 (B-cell differentiation antigen CD72, Lvb-2, Genbank accession No. NP_--
001773.1);
(33) LY 64 (Lymphocyte antigen 64 {RP105), type | membrane protein of the leucine rich
repeat (LRR) family, regulates B-cell activation and apoptosis, loss of function is associated
with increased disease activity in patients with systemic lupus ervthematosis, Genbank
accession No. NP 005573 13;
{34y FCRH1 (Fc receptor-like protein 1, a putative receptor for the immunoglobulin Fe
domain that contains C2 type Ig-like and I'TAM domains, may have a role in B-lvmphocyite
differentiation, Genbank accession No. NP --443170.1); or
(35) IRTA? {Jovmumnoglobulin superfamily receptor translocation associated 2, a putative
mmmunoreceptor with possible roles in B cell development and lyvmphomagenesis;
deregulation of the gene by translocation occurs in some B cell malignancies, Genbank
accession No. NP 11257113

in another ernbodiment, the targeting domain binds to immune cell surface markers.

In this embodiment, the target may be cell surface proteins on any suitable immune cel,
mcluding but not hmited to CD8+ T cells, T-regulatory cells, dendritic cells, NK cells or

macrophages. The targeting domain may target any suitable immune cell surface marker
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{whether an endogenous or an engineered immune cell; including but not imited to
engineered CAR-T cells), including but not imited to C83, CD4, CD8_ D1, CHZ6, CD2L,
CO5s CD37, €030, C033, D40, CD6R, CDI123, CD254, -1, B7-H3, and CTLA4 In
another embodiment, the targeting domain binds to PD-1, PDL-1, CTLA-4, TROP2, B7-H3,
CD33, CD22, carbonic anhydrase X, CD123, Nectin-4, tissue factor antigen, D154, B7-
H3, B7-H4, FAP (fibroblast activation protein) or MUC6, and/or wherein the targeting
domain binds to PD-1, PDL-1, CTLA-4, TROPZ, B7-H3, CD33, CD22, carbonic anhydrase
IX, CD123, Nectin-4, tissue factor antigen, CD 154, B7-H3, B7-H4, FAP (fibroblast
activation protein) or MUCH6,

in all these embodiments, the targeting domains can be any suitable polypeptides that
bind to targets of mterest and can be incorporated into the polypeptide of the disclosure. In
non-hmiting embodiments, the targeting domain may inchade but 1s not limited to an ackFv, a
Flab}, a F{ab');, a B cell receptor {BCR), a BARPmn, an affibody. & moncbody, a nanobedy,
diabody, an antibody {including a monospecific or bispecitic antibody); a cell-targeting
oligopeptide mcluding but not limited to RGD mtegrin-binding peptides, de novo designed
binders, aptamers, a bicycle peptide, conotoxins, small molecules such as folic acid, and a
virus that binds to the cell surtace.

In another embodiment, the polypeptides include at least one disulfide bond Ge.: 1, 2,
3, 4, or more disulfide bonds). Any suntable disulfide bonds may be used, such as disulfide
bonds linking two different helices. In one embodiment, the disulfide bonds include a
disulfide bond linking helix ¥ (X1} and helix 4 (X4). The disulfide bond may, for example,
improve the thermal stabilitv of the polypeptide as compared 1o a substantially similar
polvpeptide with no disulfide bond linking two domains together.

The polypeptides and peptide domains of the invention may include additional
residues at the N-terminus, C-ternunus, or both that are not present in the polypeptides or
peptide domains of the disclosure; these additional residues are not included in determiming
the percent identity of the polypeptides or peptide domains of the disclosure relative to the
reference polypeptide. Such residues may be any residues suitable for an intended use,
meluding but not limited to detection tags {i.¢.; fluorescent proteins, antibody epitope tags,
cte.), adaptors, higands suitable for purposes of purification (His tags, ¢tc.), other peptide
domains that add functionality to the polypeptides, etc. Residues suitable for attachment of
such groups may include cysteine, lysine or p-acetylphenylalanine residues or can be tags,
such as amino acid tags suitable for reaction with transglutaminases as disclosed m U S,

Patent Nos. 9,676,871 and 9,777,070.
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In a further aspect, the present invention provides nucleic acids, inclading isolated
nucleic acids, encoding a polypeptide of the present invention that can be genetically
encoded. The 1solated nucleic acid sequence may comprise KNA or DNA . Such isolated
nucleic acid sequences may comprise additional sequences useful for promoting expression
and/or purification of the encoded protemn, including but not limited to polv A sequences,
modified Kozak sequences, and sequences encoding ¢pitope tags, export signals, and
secretory signals, nuclear localization signals, and plasma membrane localization signals. It
will be apparent to those of skill in the art, based on the teachings herein, what nacleic acid
sequences will encode the polypeptides of the iavention.

in another aspect, the present invention provides recombinant expression vectors
coraprising the isolated nucleic acid of any aspect of the invention operatively linked to a
suttable control sequence. "Recombinant expression vector” includes vectors that operatively
tink a nucleic acid coding region or gene to any control sequences capable of effecting
expression of the gene product. “Control sequences” operably hinked to the nucleic acid
sequences of the invention are nucleic acid sequences capable of effecting the expression of
the nucleic acid molecules. The control sequences need not be contiguous with the nacleic
acid sequences, so fong as they function to direct the expression thereof. Thus, for example,
miervening untranslated yet transcribed sequences can be present between a promoter
sequence and the nucleic acid sequences and the promoter sequence can still be considered
"operably linked" to the coding sequensce. Other such control sequences include, but are not
limited to, polvadenylation signals, tormination signals, and nbosome hinding sites. Such
expression vectors include but are not imited to, plasmud and viral-based expression vectors.
The control sequence used to drive expression of the disclosed nucleic acid sequences in a
mammalian systom may be constitutive {dnven by any of a variety of promoters, including
but not hmuted to, CMV, 5V40, RSV, actin, EF) or inducible (driven by anv of a number of
mducible promoters including, but not limited to, tetracveline, ecdysone, steroid-responsive).
The expression vector must be replicable in the host organisms either as an episome or by
mitegration into bost chromosomal DNA. in various embodiments, the expression vector
may comprise a plasmid, viral-based vector (including but not timited to a retroviral vector or
oncolytic viras), or any other suitable expression vector. In some embodiments, the
expression vector can be administered in the methods of the disclosure to express the
polypeptides in vive for therapeutic benefit. In non-limiting erabodiments, the expression
vectors can be used to transfect or transduce cell therapeutic targets (including but not himited

to CAR-T cells or tumor cells) to effect the therapeutic methods disclosed herein.
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In a further aspect, the present disclosure provides host cells that comprise the
recombinant expression vectors diselosed herein, wherein the host cells can be either
prokarvotic or cukarvotic. The cells can be transiently or stably engincered to ncorporate
the expression vector of the imvention, using techniques including but not Himited to bacterial
transformations, calciom phosphate co-precipitation, electroporation, or liposome mediated-,
DEAEFE dextran mediated-, polycationic mediated-, or viral mediated transfection. (See, for
example, Moleculor Cloning: A Laboratory Manual (Sambrook, et al., 1989, Cold Spring
Harbor Laboratory Press), Culture of Animal Cells: A Manual of Basic Technigue, 2 Fd
(R 1 Freshney. 1987, Liss, Inc. New York, NY)}. A method of producing a polypeptide
according to the iovention is an additional part of the invention. The method comprises the
steps of (a} culturimg a host according to this aspect of the invention under conditions
conducive to the expression of the polypeptide, and (b) optionally, recovering the expressed
potypeptide. The expressed polypeptide can be recovered from the cell free extract, but
preferably they are recovered from the culture medium.

In a turther aspect, the present disclosure provides antibodies that selectively bind to
the polypeptides of the disclosure. The antibodies can be polvelonal, monoclonal antibodies,
humanized antibodics, and fragments thereof, and can be made using techniques known 1o
those of skill in the art. As used herein, “selectively bind” means preferential binding of the
antibody to the polvpeptide of the disclosure, as opposed to one or more other biglogical
molecules, structures, cells, tissues, ¢tc., as is well understood by those of skill in the art.

In another aspect, the present disclosure provides pharmaceutical compositions,
comprising one or more polypeptides, nucleic acids, expression vectors, and/or host cells of
the disclosure and a pharmaceutically acceptable carrier. The pharmaceutical compositions
of the disclosure can be used, for example, in the methods of the disclosure described below.
The pharmaceutical composition may comprise m addition to the polypeptide of the
disclosure {a) a lvoprotectant; (b} a surfactant; (¢} a bulking agent; (d) a tonicity adjusting
agent; {¢} a stabilizer; {f) a preservative and/or (g} a buffer,

In some embodiments, the buffer in the pharmaceutical composition is a Fris buffer, a
histidime buffer, a phosphate buffer, a citrate buffer or an acetate buffer. The pharmaceutical
composition may also inclade a lyoprotectant, ¢.g. sucrose, sorbitol or trehalose. In certain
embodiments, the pharmaceutical composition includes a preservative ¢.g. benzatkonium
chioride, benzethonium, chlorohexadine, phenol, m-cresol, benzyl alcohol, methylparaben,
propylparaben, chlorobutanol, o-cresol, p-cresol, chlorocresol, phenylmercuric nitrate,

thimerosal, benzoic acid, and various mixtures thereof. In other embodiments, the
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pharmaceutical composition meludes a bulking agent, like glvcine. In vet other embodiments,
the pharmaceutical composition includes a surfactant ¢ g, polysorbate-20, polvsorbate-40,
polysorbate- 60, polysorbate-63, polysorbate-80 polysorbate-85, poloxamer-188, sorbitan
monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan monooleate, sorbitan
trilaurate, sorbitan tristcarate, sorbitan tnoleaste, or a combination thereof. The
pharmaceutical composttion may also include a tonicity adjusting agent, ¢.g., a compound
that renders the formulation substantially isotonic or isoosmotic with human blood.
Exemplary tonteity adjusting agents mclude sucrose, sorbitol, glycine, methionine, mannitol,
dextrose, inositol, sodium chloride, arginine and arginine hyvdrochloride. In other
embodiments, the pharmaceutical composition additionally includes a stabilizer, c.g., a
molecule which, when combined with a protein of interest substantially prevents or reduces
chemical and/or physical instability of the protein of interest in Ivophitized or liguid form.
Exemplary stabilizers include sucrose, sorbitol, glycine, nostiol, sodium chloride,
methionine, arginine, and arginine hvdrochlonde.

The polypeptides, nucleic acids, expression vectors, and/or host cells may be the sole
active agent i the pharmaccutical composition, or the composition may further comprise one
or more other active agents suttable for an udended use.

In a further aspect, the present disclosure provides methods for treating and/or
Iimiting cancer, comprising administering to a subiect in need thereof a therapeutically
effective amount of one or more polypeptides, nucleic acids, expregsion vectors, and/or host
cells of the disclosure, salts theroof, conjugates thereof, or pharmaceutical compositions
thercof, to treat and/or limit the cancer. When the method compriscs treating cancer, the one
or more polypeptides, nucleic acids, expression vectors, and/or host cells are administered to
a subject that has already been diagnosed as having cancer. As used herein, "treat" or
“treating” means accomplishing one or more of the followmg: (a) reducing the size or volume
of tumors and/or metastases in the subject; (b) limiting any increase m the size or volame of
temors and/or metastases inn the subject; (¢} increasing survival; {(d) reducing the severity of
symptoms associated with cancer; (¢) limiting or preventing development of symptoms
assoctated with cancer; and (f) inhibiting worseming of symptoms associated with cancer.

When the method comprises hmiting development of cancer, the one or more
polypeptides, nucleic acids, expression vectors, and/or host cells are administered
prophvliactically to a subject that is not known to have cancer, but may be at risk of cancer.

As used hereimn, “hmiting” means to linnit development of cancer in subjects at risk of cancer,
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mcluding but not himited to subjects with a family history of cancer, subjects genetically
predisposed to cancer, subjects that are symptomatic for cancer, gtc.

The methods can be used to {reat or limit development of any suitable cancer,
meluding but not iimiuted to colon cancer, melanoma, renal cell cancer, head and neck
squamous cell cancer, gastric cancer, urothelial carcinoma, Hodgkin lymphoma, non-small
cell lung cancer, small cell lung cancer, hepatocellular carcinoma, pancreatic cancer, Merkel
cell carcinoma colorectal cancer, acute myeloid leukemia, acute lymphoblastic leukenua,
chronic ymphoceytic leukemia, non-Hodgkin lymphoma, multiple myeloma, ovanan cancer,
cervical cancer, and any tumor types selected by a diagnostic test, such as nucrosatellite
mstability, tumor mutational burden, PD-L1 expression level, or the immunoscore assay {(as
developed by the Society for Immunotherapy of Cancer).

The subject may be any subject that has or is at risk of developing cancer. In one
embodiment, the subject 18 a mammal, mcluding but not imited to humans, dogs, cats,
horses, cattle, ctc.

In a further aspect, the present disclosure provides methods for modulating an
mmmune response in a subject by administering to a subject a polypeptide, recombinant
nucleic acid, expression vector, recombinant host ecll, or the pharmaceutical composition of
the present disclosure.

As used herein, an "immune response” being modulated refers to a response by a celi
of the nnmune system, such as a B eell, T ecll (B4 or CD8), regulatory T cell, antigen-
presenting cell, dendritic cell, monocyte, macrophage, NKT cell, NK cell, bascphil,
cosinophil, or neutrophil, to a stimulus. In some embodiments, the response is specific fora
particular antigen {(an "antigen-specific response”), and refers to a response by a CD4 T cell,
CD8 T cell, or B cell via their antigen-specific receptor. In some embodiments, an immuneg
response is a T cel response, such as a CD4+ response or a CD&+ response. Such responses
by these cells can include, for example, cytotoxicity, proliferation, cytokine or chemokine
production, trafficking, or phagocytosis, and can be dependent on the nature of the immune
cell vodergoing the response. In some embodiments of the compositions and methods
descnbed berein, an tmmune response being modulated is T-ccll mediated.

In some aspects, the inmmune response is an anti-~cancer immune response. In some
such aspects, an 1L-2 mimetic described heremn 18 administered to a subject having cancer to

modulate an anti-cancer inmune response in the subject.
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In some aspects, the tmmane response s a tissue reparative immune response. In
some such aspects, an 1L-4 mimetic described here is administered 1o a subject in need
thereof to modulate a tissue reparative immune response in the subject.

In some aspects, the immune response 1s a wound healing imnnme response. In some
such aspects, an [L-4 mimetic described here 13 administered to a subject in need thereof to
modulate a wound healing immune response in the subject.

In some aspects, methods are provided for modulating an tmowine response to a
second therapeutic agent in a subject. In some such aspects, the method comprises
administering a polypeptide of the present disclosure 10 combination with an effective
amount of the sccond therapeutic agent to the subject. The second therapeutic agent can be,
for example, a chemotherapeutic agent or an antigen-specific immunotherapeutic agent. In
some aspects, the antigen-specific immunotherapeutic agent comprises chimeric antigen
receptor T cells (CAR-T celis). In some aspects, the polypeptide of the present disclosure
enhances the imumune response of the subject to the therapeutic agent. The imumune response
can be enhanced, for example, by mmproving the T cell response (including CAR-T ccll
response), augmenting the mnate T cell innnune response, decreasing inflammation,
mhibtting T regulatory cell activity, or combinations thercof.

In some aspects, a cytokine mimetic of the present mmvention, ¢.g., an IL-4 mimetic as
described herein, will be impregnated to or otherwise associated with a biomaterial and the
biomaterial will be introduced to a subject. In some agpects, the biomaterial will be a
component of an implantable medical device and the device will be, for example, coated with
the biomaterial. Such medical devices include, for example, vascular and arterial grafts. [L-4
and/or IL-4 associated biomaterials can be used, for example, to promote wound healing
and/or tissue repair and regeneration.

As used herein, a “therapeutically effective amount” refers to an amount of the
polypeptide, nucleie acids, expression vectors, and/or host cells that is effective for treating
and/or Imiting cancer. The polypeptides, mucleic acids, expression vectors, and/or host cells
arc typically formulated as a pharmaceutical composition, such as those disclosed above, and
can be admmistered via any suitable route, including but not imited to orally, by mhalation
spray, ocularly, intravencusly, subcutancously, mtrapernitoneally, and intravesicularly in
dosage unit formulations containing conventional pharmaceutically acceptable carriers,
adjuvants, and vehicles. In one particular embodiment, the polypeptides, nucleic acids,
gxpression vectors, and/or host cells are admimistered mucosally, including but not imited to

mtraoccular, inhaled, or intranasal admioistration. In another particular embodiment, the

53



10

15

20

25

30

CA 03102653 2020-12-03

WO 2020/005819 PCT/US2019/038703

polvpeptides, nucleic acids, expression vectors, and/or host cells are admimstered orally.
Such particular embodiments can be administered via droplets, nebulizers, sprays, or other
suitable formulations.

Any suitable dosage range may be used as determined by attending medical
personnel. Dosage regimens can be adjusted to provide the optimum desired response (e.g., a
therapeutic or prophylactic response}. A suitable dosage range for the polypeptides may, for
mstance, be 0.1 ugrkg-100 mg/ke body weight; alternatively, it mav be 0.5 ug/kg to 50
me/kg: ughke to 25 mg/ke, or 5 ug/kg to 10 mg/kg body weight. In some embodiments, the
recommended dose could be lower than 0.1 meg/ke, especially if administered locally. In
other embodiments, the recommended dose could be based on weight/m” (i.c. body surface
area}, and/or it could be administered at a fixed dose {e.g., .05-100 mg). The polypeptides,
nucleie acids, expression vectors, and/or host cells can be delivered m a single bolus, or may
be administered more than once {e.g, 2, 3, 4, 53, or more times) as determined by an attending
physician.

The polypeptides, nucleic acids, expression vectors, and/or host cells made be
administered as the sole prophylactic or therapeutic agent, or may be administered together
with (i.c.. combined or separately) one or more other prophylactic or therapeutic agents,
meluding but not himuted to tumor resection, chemotherapy, radiation therapy,

immunotherapy, etc.

Example Computing Environment

Figure 22 1s a block diagram of an example computing network. Some or all of the
above-mentioned techniques disclosed hercin, sach as but not limited to techniques diselosed
as part of and/or being performed by software, the Rosetta software suite, RosettaScripts,
PyRosetta, Rosetta applications, and/or other herein-described computer software and
computer hardware, can be part of and/or performed by a computing device. For example,
FIG X1 shows protein design system 102 configured to communicate, via network 106, with
client devices 104a, 104b, and 104c¢ and protemn database 108, In some cmbodiments, protein
design system 102 and/or proten database 108 can be a computing deviee configured to
perform some or all of the herein described methods and techniques, such as bat not limited
to, method 300 and functionality described as being part of or related to Rosetta. Protein
database 108 can, in some cmbodiments, store information related to and/or used by Rosetta.

Network 106 may correspond to a LAN, a wide area network (WAN3}, a corporate

mtranet, the public Intemet, or any other type of network configured to provide a
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communications path between networked computing devices. Network 106 may also
correspond to a combination of one or more LANs, WANs, corporate intranets, and/or the
public Internet.

Although Figure 22 only shows three chent devices 104a, 104b, 104c, distnibuted
application architectures may serve tens, hundreds, or thousands of client devices. Moreover,
client devices 104a, 104b, 104c¢ {or any additional client devices) may be any sort of
computing device, such as an ordinary laptop computer, deskiop computer, network ternunal,
wirgless communication device (2.g., a cell phong or smart phone), and so on. In some
embodiments, client devices 104a, 104b, 104c¢ can be dedicated to probiem solving / using
the Rosctta software suite. In other cmbodiments, client devices 104a, 104b. 104¢ can be used
as general purpose computers that are configured o perform a number of tasks and need not
be dedicated to problem solving / using the Rosetta software suite. In still other embodiments,
part or all of the fimetionality of protein design system 102 and/or protein database 108 can
be incorporated in a client device, such as client device 104a, 104b, and/or 104c¢.

Computing Environment Architecture

Figure 23A 15 a block diagram of an example computing device {e.g., system) In
particular, computing device 200 shown 1n Figure 23A can be configured to: include
components of and/or perform one or more functions of some or all of the herein described
methods and technigues, such as but not hmited to, method 300 and functionality described
as being part of or related to Rosetta. Computing device 200 may include a user interface
module 201, a network-communication mnterface module 202, one or more processors 203,
data storage 204, and protein synthesis device 220, all of which may be linked together via a
system bus, network, or other connection mechanism 205,

User interface module 201 can be operable to send data to and/or receive data from
external user input/output devices. For example, user interface module 201 can be configured
to send and/or receive data to and/or from user input devices such as a keyboard, a kevpad, a
touch screen, a computer mouse, a track ball, a joystick, a camera, a voice recognition
module, and/or other similar devices. User interface module 201 can also be configured to
provide output to user display devices, such as one or more cathode ray tubes (CRT), hiquid
crystal displays (LCD), hight emitting diodes (LEDs}, displays using digital light processing
{DLP} technology. printers, light bulbs, and/or other similar devices, either now known or
later developed. User interface module 201 can also be configured to generate audibie
cutput(s), such as a speaker, speaker jack, audio cutput port, audic output device, earphones,

and/or other similar devices.
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Network-communications interface module 202 can include one or more wirgless
mterfaces 207 and/or one or more wircline interfaces 208 that are configurable to
communicate via a network, such as network 106 shown in Figure 22, Wireless interfaces
207 can include one or more wireless transmitters, recervers, and/or transceivers, such as a
Bluetooth transceiver, a Zighee transcetver, a Wi-Fi transcetver, a WiMAX transceiver,
and/or other similar type of wireless transceiver configurable to communicate via a wireless
network. Wirchine interfaces 208 can include one or more wirglinge transmitters, receivers,
and/or transceivers, such as an Ethemnet transceiver, a Universal Serial Bus (USB)
transceiver, or similar transceiver configurable to communicate via a twisted pair, one or
more wites, a coaxial cable, a fiber-optic link, or a similar physical connection to a wireline
network,

in some embodiments, network communications mterface module 202 can be
configured to provide reliable, secured, and/or authenticated communications. For each
communication described herein, information for ensuring rehable communications (7.2,
guaranteed message delivery) can be provided, perhaps as part of a message header and/or
footer {e.g., packet/message sequencing information, encapsulation header(s) and/or
footer(s), size/time information, and transmission verification information such as CRC
and/or parity check valuecs). Communications can be made secure {e.g., be encoded or
encrvpied) and/or decrvpted/decoded asing one or more cryvptographic protocols and/or
algorithms, such as, but not imited to, DES, AES, RSA, Diffic-Hellman, and/or BSA. Other
cryptographic protocols and/or algorithms can be used as well or in addition to those listed
herein to secure {(and then decrypt/decode) communications.

Processors 203 can include one or more general purpose processors and/or one or
more special purpose processors {e.g., digital signal processors, application specific
miegrated circuits, etc.). Processors 203 can be configured to execute computer-readable
program instructions 206 contained i data storage 204 and/or other mstructions as described
herein. Data storage 204 can include one or more computer-readable storage media that can
be read and/or accessed by at least one of processors 203, The one or more computer-
readable storage media can mclude volatile and/or non-volatile storage components, such as
optical, magnetic, organic or other memory or disc storage, which can be integrated in whole
or in part with at least one of processors 203. In some embodiments. data storage 204 can be
implemented using a single physical device {e.g., one optical, magnetic, organic or other
memory or disc storage unit), while in other embodiments, data storage 204 can be

unplemented using two or more physical devices.
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Data storage 204 can include computer-readable program mstructions 206 and
perhaps additional data. For example, 1n some embodiments, data storage 204 can store part
or all of data utilized bv a protein design system and/or a protein database; e.g., protein
designs system 102, protein database 108, In some embodiments, data storage 204 can
additionally include storage required to perform at least part of the herem-described methods
and techmiques and/or at least part of the functionality of the hercin-described devices and
networks.

In some examples, computing device 200 includes protein synthesis device 220.
Protein synthesis device can synthesize {or gengrate polypeptides based on input data
provided to protein synthesis device 220 using commands and/or data provided by processors
203 and/or data storage 204. For example, pait or all of the functionality of protein synthesis
device 220 can be performed by a semi-automated or an antomated peptide synthesizer.
Figure 23B depicts a network 106 of computing clusters 209a, 209, 209¢ arranged as
a cloud-based server syster in accordance with an example embodiment. Data and/or
software for protein design system 102 can be stored on one or more cloud-based devices that
store program logic and/or data of cloud-based applications and/or services. In some
cxamples, protein design system 102 can be a single computing device residing in a single
computimg center. In other examples, protein design system 102 can include multiple
computing devices in a single computing center, or even multiple computing devices located
m muliiple computing centers located in diverse geographic locations.

In some examples. data and/or software for protein design systerm 102 can be encoded
as computer readable information stored in tangible computer readable media {or computer
readable storage media) and accessible by chient devigces 104a, 104b, and 104¢, and/or other
computing devices. In some examples, data and/or software for protein design svstem 102
can be stored on a single disk drive or other tangible storage media, or can be implemented
on maltiple disk drives or other tangible storage media located at one or more diverse
geographic locations.

Figurc 238 depicts a cloud-based server system in accordance with an exaniple
embodiment. In Figure 238, the functions of protein design system 102 can be distributed
among three computing clusters 209a, 209b, and 209¢c. Computing cluster 209a can include
ong or more computing devices 200a, chuster storage arrays 210a, and cluster routers 211a
connected by a local cluster network 212a. Similarly, computing cluster 209b can nchude one
or more computing devices 200b, cluster storage arrays 210b, and cluster routers 211b

connected by a local cluster network 212b. Likewise, computing cluster 209¢ can include one
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or more compuating devices 200¢, cluster storage arrays 210¢, and chuster routers 21 lc
connected by a local cluster network 212¢.

In some examples, cach of the computing clusters 209a, 209b, and 209¢ can have an
equal number of computing devices, an equal number of cluster storage arravs, and an equal
number of chister routers. In other examples, however, each computing cluster can have
different numbers of computing devices, different numbers of cluster storage arrays, and
different numbers of cluster routers. The number of computing devices, cluster storage
arrays, and cluster routers in each compating cluster can depend on the computing task or
tasks assigned to cach computing cluster.

In computing cluster 2093, for cxample, computing devices 200a can be contigured to
perform vanous computing tasks of protein design system 102, In one example, the various
functionalities of protein design system 102 can be distributed among one or more of
computing devices 200a, 200b, and 200:c. Computing devices 200b and 200c¢ 1n computing
clusters 209b and 209¢ can be configured similady to computing devices 2002 in computing
cluster 20%a. On the other hand, n some examples, corputing devices 200a, 200b, and 200c
can be configured to perform different functions.

in some examples, computing tasks and stored data associated with profein design
system 102 can be distributed across computing devices 200a, 200b, and 200¢ based at least
in part on the processing requirements of protein design system 102, the processing
capabilitics of computing devices 200a. 200b, and 200c¢, the latency of the network links
between the computing devices i each computing chuster and between the computing
clusters themselves, and/or other factors that can contribute to the cost, speed, fanlt-tolerance,
resiliency, efficiency, and/or other design goals of the overall system architecture.

The cluster storage arrays 210a, 210b, and 210c of the computing clusters 209a, 2090,
and 209¢ can be data storage arrays that include disk array controllers configured to manage
read and write access to groups of hard disk drives. The disk array controllers, alone or in
conjunction with their respective computing devices, can also be configured to manage
backup or redundant copies of the data stored in the cluster storage arrays 1o protect against
disk drive or other cluster storage arvay failures and/or network failures that prevent one or
more computing devices from accessing one or more cluster storage arrays.

Similar to the manner in which the functions of protein design system 102 can be
distributed across computing devices 200a, 200b, and 200c of computing clusters 209a, 209b,
and 209¢, various active portions and/or backup portions of these components can be

distributed across cluster storage arrays 210a, 210b, and 210¢. For example, some cluster
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storage arrays can be configured to store one portion of the data and/or software of protein
design system 102, while other chister storage arrays can store a separate portion of the data
and/or software of protein design svstem 102, Additionally, some cluster storage arrays can
be configured to store backup versions of data stored in other cluster storage arrayvs.

The cluster routers 211a, 211h, and 211c in computing clusters 20%a, 209b, and 209¢
can include networking equipment configured to provide intermal and external
communications for the computing clusters. For example, the cluster routers 21lam
computing cluster 209a can inclode one or more internet switching and routing devices
configured to provide {1} local area network commumications between the computing devices
200a and the cluster storage arrays 201a via the local cluster network 212a, and (1) wide area
network commumnications between the computing cluster 209a and the computing clusters
209b and 209¢ via the wide area network connection 2133 to network 106, Cluster routers
211b and 211¢ can inchide network equipment simular to the cluster routers 21 1a, and cluster
routers 211b and 21 1c can perform similar networking functions for computing chasters 209b
and 209b that cluster routers 21 la perform for computing cluster 209a.

In some examples, the configuration of the cluster routers 211a, 211b, and 21 1¢ can
be based at least in part on the data conmmunication requirements of the computing devices
and cluster storage arrays, the data communications capabilities of the network equipment
the cluster routers 211a, 211h, and 211c, the latency and throughput of local networks 2124,
212b, 212¢, the latency, throughput, and cost of wide area network links 213a, 213b, and
213c¢, and/or other factors that can contribute to the cost, speed, fault-tolerance, resiliency,
efficiency and/or other design goals of the moderation system architecture.

Example Methods of Operation

Figure 24 1s a flow chart of an example method 300. Method 300 can be carried out
bv a computing device, such as computing device 200 described in the context of at least FIG
2A. At least the examples of method 300 mentioned below are discussed above.

Method 300 can begin at block 310, where the computing device can determine a
structure for a plurality of residues of a protein using a computing device, where the structure
of the plurality of residues provides a particular receptor binding interface. As will be
anderstood by the skilled practitioner, the determining of a structure for a plurality of
residues of a protein where the structure of the plurality of residuces provides a particular
receptor binding miterface is typicallv the identification of the original residues of a native
protein that bind to a particudar receptor binding interface whereas the plurality of designed

residues are identified residhies that can bind to the same receptor binding interface.
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At block 320, the computing device can determine a phurality of designed residues
using a mimetic design protocol, where the plurality of designed residuges provide the
particular receptor binding interface, and where the plurality of designed residues differ from
the plurality of residues.

In some examples, determining the phuality of designed residucs vsing the mimetic
design protocol can include determining an idealized residue using a database of idealized
residucs, where the idealized residuc is related to a designed residue of the plurality of
designed residues. In some of these examples, determining the idealized residue using the
database of idealized residues can inchide: retrieving one or more idealized fragments related
to the idealized residuc from the database of idealized residues; and determining the idealized
residue by reconstructing the related designed residue using the one or more idealized
fragments. In some of these examples, reconstructing the related designed residue using the
one or more idealized fragments can include: reconnecting pairs of the one or more idealized
fragments by use of combinatorial fragment assembly of the pairs of the one or more
idealized fragments; and using Cartesian-constrained backbone mmimization to determine
whether the pairs of the one or more idealized fragments link two or more of the phuality of
designed residues. In some of these examples, reconstructing the related designed residuce
using the one or more idealized fragments can include: veritving that overlapping fragments
of the idealized residue are idealized fragments using the database of idealized residues;
verifying whether the idealized residue does not clash with a target receptor associated with
the particular receptor binding interface; and afier vernifying that the idealized residue does
not clash with a target receptor associated with the particular receptor binding interface,
determining a most probable amino acid at each position of the idealized residue using the
database of idealized residues. In some of these examples, determining the first protein
backbone for the protein by assembling the one or more connecting helix structures and the
plurality of designed residues over the plurality of combinations can include: recombining the
pairs of the one or more idealized fragments by combinatorially recombining the pairs of the
one or more 1dealized fragments; and determining the first protein backbone for the protein
using the recombined pairs of the one or more idealized fragments. In some of these
examples, combmatortally recombining the pairs of the one or more idealized fragments can
mchide ranking the pairs of the one or more idealized fragments based on an interconnection
length between idealized fragments of the pairs of the one or more idealized fragments.

In other examples, determining the plurality of designed residues using the mimetic

design protocol can include: determining an idealized residue using one or more parametric
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cquations that represent a shape of a designed residue of the plurality of designed residues;
and determining a single fragment that closes the idealized residue with at least one designed
residue of the plurality of designed residucs. In some of these examples, the designed residue
can include a helical structure, and the one or more parametric equations can include an
equation related to phi and psi angles of the helical strocture. In some of these examples, the
equation related to phi and psi angles of the helical stracture can include one or more terms
related to an angular pitch of the phi and psi angles of the helical structure.

At block 330, the computing device can determine one or more connecting helix
structures that connect the plurality of designed residues.

At block 340, the computing device can determine a first protein backbone for the
protein by assembling the one or more comnecting helix structures and the plurality of
designed residues over a plurality of combinations.

At block 350, the computing device can design a second protein backbone for the
protein for flexibility and low energy structures based on the first protein backbone.

At block 360, the computing device can generate an output related to at least the
second protein backbone. In some examples, gencrating the output related to the second
protein backbone for the protein can include designing one or more molecules based on the
second protein backbone for the protem.

In other examples, generating the output related to the second protein backbone for
the protein can include: generating a synthetic gene for the protein that is based the second
protein backbone for the protein; expressing a particular protein 7 vivo using the syathetic
gene; and purifving the particular protein. In some of these examples, expressing the
particular protein sequence 72 vive using the synthetic gene can mehide expressing the
particular protein sequence in one or more Fscherichio coli that include the synthetic genge,

In other examples, generating the output related to the second protein backbone for
the protein can mchude generating one or more images that include at least part of the second
protein backbone for the protein.

In other examples, the computing device can include a protein svnthesis device; then,
senerating the output related to at least the second protein backbone for the protein can
melude synthesizing at least the second protein backbone for the protein using the protemn
synthesis device.

{n onc embodiment, the methods are for designing a protein mimctic, as exempliticd

herein.
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Also included are non-naturally occurring proteins prepared by the computational
methods described herein. The non-natorally occurring proteins can be cytokines, for
cxample, non-naturally occurring 1L-2 or 1L-4 mimetics.

¢ particulars shown herein are by way of example and for purposes of illustrative
discussion of embodiments of the present invention only and are presented in the cause of
providing what 1s believed to be the most useful and readily understood description of the
principles and conceptual aspects of various embodiments of the mvention. Io this regard, no
attempt is made to show structural details of the mvention in more detai] than is necessary for
the fundamental understanding of the invention, the description taken with the drawings
and/or examples making apparent to those skilled in the art how the several forms of the
mvention may be embodied in practice.

The above definitions and explanations are meant and intended to be controlling in
any future construction vnless clearly and unambiguously modified in the following
examples or when application of the meaning renders any construction meaningless or
essentially meaningless. In cases where the construction of the term would render it
meaningless or essentially meaningless, the definition should be taken from Webster's
Dictionary, 3" Edition or a dictionary known to those of skill in the art, such as the Oxford
Dictionary of Biochemistry and Molecular Biology (Ed. Anthony Smith, Oxtord University
Pregs, Oxtord, 2004).

The above description provides specific details for a thorough understanding of, and
enabling description for, embodiments of the disclosure. However, one skilled in the art will
understand that the disclosure may be practiced without these details. In other instances, well-
known structures and functions have not been shown or described in detail to avoid
ponecessarly obscuaring the description of the embodiments of the disclosare. The description
of embodiments of the disclosure is not intended to be exhaustive or to limit the disclosure to
the precise form disclosed. While specific embodiments of, and examples for, the disclosure
are described herein for dlustrative purposes, various equivalent modifications are possible
within the scope of the disclosure, as those skilled in the relevant art will recognize.

All of the references cited herein are incorporated by reference. Aspects of the
disclosure can be modified, if necessary, to employ the systems, functions and concepts of
the above references and application to provide vet further embodiments of the disclosure.
These and other changes can be made to the disclosure in light of the detailed descuption.

Specific elements of any of the foregoing embodiments can be combined or

substituted for elements 1 other embodiments. Furthermaore, while advantages associated
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with certain embodiments of the disclosure have been descnbed in the context of these
embodiments, sther embodiments may alsc exhibit such advantages, and not all embodiments
need necessanly exhubit such advantages to fall within the scope of the disclosure.

¢ above detailed description describes vanous features and functions of the
disclosed systems, devices, and methods with reference to the accompanying figures. In the
figures, similar symbolis typically identify similar components, unless context dictates
otherwise. The illustrative embodiments described in the detailed description, figures, and
claims are not meant to be miting. Other embodiments can be utilized, and other changes
can be made, without departing from the spirit or scope of the subject matter presented
herein. it will be readily understood that the aspects of the present disclosure, as generally
described herein, and illustrated in the figures, can be arranged, substituted, combined,
separated, and designed in a wide variety of different configurations, all of which are
explicitly contemplated herein.

With respect to any or all of the ladder diagrams, scenanios, and flow charts in the
figures and as discussed herein, each block and/or communication may represent a processing
of information and/or a transmission of mformation 1n accordance with example
embodiments. Aliernative embodiments are included within the scope of these example
embodiments. In these alternative embodiments, for example, functions described as blocks,
fransmissions, commuications, requests, responses, and/or messages may be executed out of
order from that shown or discussed, including sobstantially concurrent or in reverse order,
depending on the functionality involved. Further, more or fower blocks and/or functions may
be used with any of the ladder diagrams, scenarios, and flow charts discussed herein, and
these ladder diagrams, scenarios, and flow charts may be combined with one another, i part
or in whole.

A block that represents a processing of mformation may correspond to circuitry that
can be configured to perform the specific logical functions of a herein-described method or
technigue. Alternatively or additionally, a block that represents a processing of information
may correspond to a module, a segment, or a portion of program code (including related
data). The program code may include one or more instructions executable by a processor for
mnplementing specific logical functions or actions in the method or technique. The program
code and/or related data may be stored on any type of computer readable medium such as a
storage device including a disk or hard drive or other storage mediun

The computer readable medium may also mclude non-transitory computer readable

media such as computer-readable media that stores data for short periods of time like register
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memory, processor cache, and random access memory (RAM). The computer readable media
may also include non-transitory computer readable media that stores program code and/or
data for longer periods of time, such as secondarv or persistent long term storage, like read
only memory (ROM), optical or magnetic disks, compact-disc read only memory (CD-

5 ROM), for example. The computer readable media may alsc be any other volatile or non-
volatile storage systems. A computer readable medivm may be considered a computer
readable storage medium, for example, or a tangible storage device. Moreover, a block that
represents one or more information transmissions may correspond to information
transmissions between software and/or hardware modules inn the same physical device.

10 However, other information transmissions may be between software modules and/or
hardware modules in different physical devices.
Numerous modifications and variations of the present disclosure are possible in hight

of the above teachings.

EXAMPLES
A computational approach for designing de novo cytokine mimetics is described that
recapitulate the functional sites of the natural cyviokines, but otherwise are unrelated m
topology or aming acid sequence. This strategy was used to design de nove mimetics of IL-2
20 and interleukin-15 (IL-15) *° that bind to the IL-2 receptor BY. heterodimer (IL-2RBY ) 'Y,
but have no binding site for IL-2Ru or 1L-15Ra. The designs are hyper-stable, bind to human
and mouse IL-2RBY, with higher affinity than the natural cvtokines, and elicit downstream
cell signaling independent of IL-2Ra and {L-15Ra. Crystal structures of an experimentally
optinized numetic, neoleukin-2/15, arc very close to the design model and provide the first
25 structural information on the murine [L-2RPY. complex. Neoleukin-2/15 has highly
cfficacious therapeutic activity compared to HL-2 in murine models of melanoma and colon
cancer, with reduced toxicity and no signs of immunogenicity. This strategy for building
hyper-stable de novo mimetics can be readily applied to a multitude of natural cytokines and
other signaling proteins, enabling the creation of superior therapeutic candidates with
30 enhanced clinical profiles.
Because of the potent biological activity of natural protein hormones and cvtokines,
there have been extensive efforts to improve their potential therapeutic efficacy through
protein engineering. Sach efforts have sought to simplify manufacturing, extend half-hife,

1820

and modulate receptor interactions . However, there are inherent challenges to the
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development of a new therapeutic when starting with a naturally occurring bioactive protein.
First, most natural proteins are only marginally stable ' °, hence amine acid substitutions
aimed at ncreasing efficacy can decrease expression or cause aggregation, making
manufactunng and storage difficult. More substantial changes, such as the deletion or fusion
of functional or targeting domains, are often unworkable and can dramatically alter
pharmacokinetic properties and tissue penetration . Second, any immune response against
the engineered variant may cross-react with the endogenous molecule *° ™ with potentially
catastrophic consequences. A computational design approach was developed to generate
analogues of natural proteins with improved therapeutic propertics that circumvent these
challenges, focusing c¢tfort on engincering de nove cyiokine mumetics displaying specific
subsets of the receptor binding mnterfaces optimal for treating disease.

Many cytokines interact with multiple different receptor subunits % and like
most naturally occurring proteins, contain non-ideal structural features that compromise
stability but are important for function. A computational protocol was developed in which
the structural elements interacting with the desired receptor subunit{s) are fixed in space, and
an idealized globular protein structure 1s bualt to support these elements. Previous efforts
were extended using combinatorial fragment assembly to support short linear epitopes with
parametric construction of disembodied helices coupled with knowledge-based Toop closure
(Figare la-b}. The approach was tested by attempting to de nove design stable idealized
proteins with interaction surfaces minicking those of human 1L-2 (hL-2} and human H-15
(hiL.~15) for the buman IL-2RBY. (WL-2RPY ), but entirely lacking the IL-2 receptor alpha
{JL.-2Ru} interaction surface. Previous efforts at removing the alpha interaction region in hiL-

944,45

2, by cither mutation " {¢.g. F42A mutation of Super-2, also known as H9 *) or

2,13,

PEGyiation {c.g. NKTR-214 -}, have resulted in markedly reduced stability, binding and/or
potency of the cviokine on the hiL-2RBY ., receptor while failing to completely elimunate the
alpha interaction.

Computational design of 1L-2/1L-15 mimetics that bind and activate JL-2RBY
Mative hil-Z comprises four helices connected by long wrregular loops. The N-terminal helix
{H1) interacts with both the beta and gamma subunits of the 11.-2 receptor, the third helix
{H3} interacts with the beta subunit, and the C-terminal helix (H4) with the gamma subunit;
the alpha subunit interacting surface is formed by the nregular second helix (H2) and two
long loops, one connecting H1 to HZ and the other connecting H3 and H4. An idealized
protein was designed that recapitulates the interface formed by H1, H3 and H4 with beta and

gamma and to replace H2 with a regular helix that offers better packing. The helices HI, H3
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and H4 (see Figure 1a) were used as a template for the binding site, while helix H2 was
reconstructed (H27) using a database off highly-represented clustered-fragments (sec
Methods). Pairs of helices were connected with loops extracted from the same database {sec
Figure 1b), the resulting helical hairpms combined nto fully connected backbones (see

48 . . ; . . .
6% combinatorial flexible backbone sequence design caleulations

Figure ¢}, and Rosetta
were carried out in the presence of hIL-2RBY . {see Methods). The top four computational
designs and eight single-disulfide stapled vaniations {sce Table 51) were selected for
expenimental characterization by veast display (see Methods). Eight designs were found to
bind fluorescently-tagged beta-gamuma chimeric {L-2 receptor at low-nanomolar
concentrations. The best non-disulfide desizgn (G1 _neo? 40) was subjected to site saturation
mutagenesis followed by selection and combination of atfimty-increasing substitutions for
the murine IL-2RPY (mIL-2RBY,, sce Figure 10). Optimized designs (were expressed
recombinantly i £. cofi and found to elicit pSTATS signaling in vitro on 1L-2-respounsive
muring cells at low-nanomolar or even picomolar concentrations (see Table E1), but had
relatively low thermal stability (Tm ~<45°C, see Figures 14 and 15). To improve stability,
the computational design protocol was repeated starting from the backbone of the highest
affinity first round design {(G1 neo2 40 1F, topology: HI->H4->H2 ->H3), coupling the
loop building process with parametric variation in helix length (+/- 8 amino acids, see Figure
1a bottom panel). This second approach improved the quality of the models by enabling the
exploration of substantially more combinations of loops connecting each pair of helices. The
fourteen best designs of the second generation, along with twenty-seven Rosetta sequence
redesigns of G _neo?2 40 IF (see Table $3), were expenimentally characterized and all but
one were found to bind 1L-2 receptor at low-nanomolar concentrations (Figure 1d, Table E1,
and Figure 16} The three highest affinity and stability designs {one sequence redesign and
two new mimetics) were subjected to site saturation mutagenesis for miL-2RBY. binding
(Figares 11-13), followed by selection and combination of affinity-increasing substitutions
for both homan and mouse H-2RBY .. The matured designs (see Table $4) showed enhanced
binding while retaining hyper-stability (sce Table E1}. The top design, neoleukin~2/15 {also
referred to herein as Neo-2/15}, 15 a 100 residue proten with a new topology and sequence
quite different from human or murine IL-2 (29% scquence identity to hIL-2 over 89 reaiducs,
and 16% sequence wlentity to odL-2 over 76 aligned residues, in structural iopology-aguostic
based alignment, sce Table El).

Funclional characterization of neclenkin-2/15: Neoleukin-2/15 binds with high

affiraty o human and mouse [L-2RBY. {(Kd ~38 nM and ~19 aM, respectively), but does not
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mteract with IL-2Ra (Figure 2a). The affinitics of Neoleukin-2/15 for the human and mouse
1L-2 receptors (IL-2RP and IL-2RBY .} are significantly higher than those of the
corresponding native 1L-2 cviokines. In contrast with native 1L-2, Neoleukin-2/15 elicits 1L~
2Ro-independent signaling 1n both human and munine {L-2-responsive cells (Figure 2b, fop),
and in murine prmary T cells (Figure 2b, borfom}. Neoleukin-2/15 activates 1L-2Ra- cells
more potently than pative human or murine 1L-2 in accordance with its higher binding
affinity. In primary celis, neoleukin-2/13 is more active on HL.-2Rg- cells and less active on
IL-2Rut+ compared to Super-2, presumably due to its complete lack of [L-2Ra binding.
Neoleukin-2/15 ig hyper-stable (see Figure 17} and dogs not loge binding affinity for hil-
2RPY ., following incubation at 80°C for 2 hours, while hil.-2 and Super-2 are completely
mactivated after 10 munutes (half-inactivation fime = ~4.2 min and ~2.6 min, respectively,
Figure 2¢}.  Smmilarly, in ex vive primary cell cultures, necleukin-2/15 drove T cell survival
effectively after being boiled for 60 minuies at 95°C, while these conditions nactivated both
1L.-2 and Super-2 (Figure Z¢, bottom). Thermal denaturation studics were carried out on
many other of the designed mimetics, demonstrating their thermal stability as well (see
Figure 14-16}. This unprecedented stability for a cvtokine-like molecule, bevond ehmmating
the requirement for cold chain storage, suggests a robustness to mutations {sec Figure 13 and
18-19), genetic fusions and chemical modification greatly exceeding that of native [L-2,
which could contribute to the development of improved or new therapeutic properties (see
Figure 73

Structure of monomeric neoleukin-2/13 and terpary complex with miL-2ZRBY
The X-ray crystal structure of neoleukin-2/13 was determined and found it to be very close to
the computational design model (rm.s.d.co= 1.1-1.3 A for the 6 copies in the asymmetric
unit, Figure 3a). The crystal structare of neoleukin-2/15 in a temary complex with muring 1L
ZRBY, (Figure 3b, Table E2) was solved; this may be the first example in which a de nove
designed protein enabled the structural determination of a previously vnsolved natural
receptor complex. The neoleukin-2/15 design model and crystal structure align with the
mouse ternary complex structure with rms.d.coof 1.27 and 1.29 A, respectively (Figure 3¢).
The order of helices in Neoleukin-2/15 (in IL-2 numbering) 1s HI->H3->H2 ->H4 (see
Figures 1a and 3a.d). The H1-H3 loop is disordered mn the ternary complex, but helix H3 isin
close agrecment with the predicted structure; there is also an cutward movement of helix H4
and the H2 -H4 loop compared to the monomeric structure (Figure 3¢} Neoleukin-2/15
mteracts with miL-2RB via helices H1 and H3, and with V. via the HI and H4 helices (Figure

3¢}, and these regions align closely with both the computational design mode! {Figure 3a) and
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the monemeric crystal structure {Figure 3¢). Structural alignment to the previcusly reported
crystal structure of the hiL-2 receptor complex » reveals a close agreement between the
helical backbones of Neoleukin-2/15 and hif.-2 in the binding site, despite the different
topology of the two protems (Figure 3d-e). Some side chain interactions between neoleukin-
2/15 and miL-2RBY are present in the hIL-2 - hIL-2RPY complex, while others such as
L19Y, arose during the computational design process.

Therapeutic applications of neclenkin-2/15: The clinical usc of 11.-2 has been
mainly limited by toxicity ** %, Although the interactions responsible for IL-2 toxicity in
humans are incompletely understood, in murine models toxicity 1s T cell independent and
amcliorated in animals deficient in the HL~-2Ro chain (CD25+). Thus, many offorts have been
directed to reengineer H.-2 to weaken mteractions with IL-2Ra, but mutations in the CD25
binding site can be highly destabilizing ©. The inherent low stability of IL-2 and its tightly
evolved dependence on CD25 have been barriers to the translation of reengineered [L-2
compounds. Other cfforts have focused on IL-15 > since it elicits similar signaling to IL-2
by dimerizing the IL-2RBY . but has no attimty for CD25. However, 1L-15 is dependent on
trans presentation by the IL-150 {CD215) receptor that 1s displayed primarily on antigen-
presenting cells and natural killer ceils. The low stability of native 1L.-15 and s dependence
on trans presentation have also been substantial barriers to reengineering efforts = >,
Dose escalation studies on naive mice show that mIE-2 preferentially expands

45657 gy
8 7% ywhile

regulatory T cells, consistent with preferential binding to UD25+ cell
neolenkin-2/15 primarily drives expansion of CD8 T cells (Figure 4a) and does not induce
or minimally induces expansion of regulatory T cells only at the hughest dose tested.
Similarly, m a murine model of airway mflammation, which normally induces a small
percentage of tissue resident CD&+ T cells, neoleukin-2/15 produces an increase i Thyl. 2
CD447 CDS™ T cells without increasing CD4™ Foxp3™ antigen-specific Tregs in the lymphoid
organs (Figure 4b).

L3¢ nove protein design allows the circumvention of the stractural limitations of native
cytokines, but there is a possibility of elictting anti-drog antibodies. To test whether
neoleukin-2/15 elicits an anti-drug response, tumor-bearing mice were treated daily with
neoleukin-2/15 over a period of 2 weeks, and no evidence of anti-drug antibodies was
observed in any of the treated amimals (Figare 4¢, left panel; a similar lack of immune
response was observed for other de nove design therapeutic candidates *'). Polyclonal
antibodics against neoleukin-2/15 were produced by vaccinating mice with an nactive

necleukin-2/15 mutant (K. 0. neoleukin} in complete Freund’s adjuvant. These polyclonal
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anti-necleukin-2/15 antibodies did not cross react with human or mouse IL-2 (Figure 4¢).

The absence of binding to native IL-2 suggests that even if there is an immune response to
neoleukin-2/15, this response is unlikely to cross-react with endogenous 1L.-2. Furthermore,
sice the sequence dentity between neoleukin-2/15 and hiL-2 15 low {(<30%, see Table E1),
an autoimnnine response against host -2 18 much more likely with previous enginecred hIL-
2 variants {¢.g. Super-2, see Table E1) which differ from ¢ndogencus 1L-2 by only a few
mutations.

The therapeutic efficacy of neoleukin-2/15 was tested 1n the poorly immunogenic
B16F10 melanoma and the more immunogenic UT26 colon cancer mouse models. Single
agent treatment with neoleukin-2/13 led to dose-dependent delays in tumour growth in both
cancer models. In CT26 colon cancer, single agent freatment showed improved efficacy to
that observed for recombinant mIL-2 (Figure 4d and Figure 5}. In B16F10 melanoma, co-
treatment with the anti-melanoma antibody TA99 (anti-TRP1) led to significant tumour
growth delays, while TA99 treatment alone had bittle effoct (Figure 4e and Figure 6). Tn long
term survival experiments (8 weeks), neoleukin-2/15 in combination with TAYY showed
substantially reduced toxicity and an overall superior therapeutic effect compared to mil-2
(Figure 4¢). Mice treated with the combination mil-2 and TA9Y steadily lost weight and
their overall health dechined to the point of requiring cuthanasia, whereas hitle decline was
cbserved with the combination of neoleukin-2/15 and TA99 (Figure de}. Consistent with a
therapeutic benefit, neoleukin-2/15 treatment led to a significant mcrease in mtratumoral
CDR: T ratios (sce Figure 4f and Figure 5), which bas been previously correlated with
effective antitumor immune responses . The increases of (D8 T, ratios by neoleukin-2/15
are dose and antigen dependent (Figure 44); optimum therapeuatic effects were obtained at
higher doses and in combination with other immuactherapies (see Figure 6). Altogether,
these data show that neoleukin-2/15 exhibits the predicted homeostatic benefit denved from
its L2 hike immunopotentiator activity, but without the adverse effects associated with
CD25" preferential binding. These enhanced propertics and low-toxicity may allow the
routine use of neoleukin-2/13 for other immunotherapics where recombinant §1.~2 is not
broadly used. As an example of such a use, the potential application ot neolenkin-2/15 to
enthance CAR-T cell therapy (see Figure 8} was investigated. NSG mice inoculated with 0.5
10° RAJI tumor cells were left untreated, were treated with 0.8 x 10° anti-CD19 CAR-T cells
{infused 7 days after inoculation of tumor cells), or were similardy treated with anti-CD19
CAR-T cells plus 20 pg/day of either human IL-2 or neoleukin-2/15 on days 8-14 after tumor

moculation. As expected, Neoleukin-2/15 significantly enhanced the anti-tumor effect of
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CAR-T cell therapy m this model, slowing growth of the tumor and extending the survival of
the mouse {data not shown).

{Je novo design of protein numetics has the potential to transform the field of protein-
based therapeutics, enabling the development of biosuperior molecules with enhanced
therapeutic properties and reduced side-cffects, not only for cvickings, but for virtually any
biclogically active molecule with known or accurately predictable structure. Because of the
mcremental nature of current traditional engincering approaches {¢.g. 1-3 amino acid
substitutions, chemical modification at a single site}, most of the shortcomings of the parent
molecule are ineviiably passed on to the resulting engincered variants, often in an
cxacerbated form. By building numetics de novo, these shoricomings can be compictely
avoided: unlike recombinant IL-2 and enginecred vanants of hiL-2, neoleukin-2/15 can be
solubly expressed in 2. coli {see Fig 17), retains activity at high temperature, does not interact
with I1L-2Ro and is robust to substantial sequence changes that allow the enginecring of new
functions (Fig. 7). Likely because of the small size and high stability of de novo designed
proteins, immunogenicity appears to be low, and in contrast to incremental vaniants of hil-2,
any antibody response to the mimetic is unhikely to cross react with the natural parent
cviokine. Because of their high stability and robustness, and their tailored interaction
surfaces, designed mimetics are likely to be particularly powerful m next generation
therapeutics which combine different protein functionalities, for example targeted versions of
neoleukin-2/15.

Robust modularity of neoleukin-2/15, Disulfide-stapling and reengineering into
an {4 mimetic: Neoleukin-2/15 is highly modular, allowing to easily tune its properties,
such as mcreasing its stability or modify its binding preference. This modularity and
robustness was taken advantage of by introducing, by computational design, stability
enhancing single-disulfide staples that preserve the function of neoleukin-2/15 > For this,
two orthogonal strategies were used. First, a disulfide bridge was introduced by searching
pairs of positions with favorable geometrical arrangements followed by flexible backbone
mininization. The final design introduced a single disulfide between residues 38 and 75,
which stabilizes helices H3 and H2. In the second approach, the N- and C-terminus of
neoleukin-2/15 was remodeled to allow the introdaction of a single-disolfide staple that
encompasses the entire protein (added sequences UNSN (SEQ 1D NO:260) and NFQC (SEQ
1D NG:261), for N- and C-termin, respectively after removing terminal P and S residues, sce
Figure 18} Both disulfide stapling strategies increased the stability of necleukin-2/15 (Tm >

95°C}, while retaining its sequence and function mostly unaffected {sce Figure 18}, The
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modularity propertics of neoleukin-2/15 were used to modify its binding preference. All
cytokines in the interleukin-2 fanuly mteract with the Y. and share a common architecture.
Therefore, it was hypothesized that neoleukin-2/15 could be transformed into another
cvtokine mimetic of the [L-2 fanmily by changing only amino acids in the half of the binding-
site that micracts with IL-2Rf (helices H1 and H3). As proof of a concept, human
mterteukin-4 (WiL-4) was chosen as target, since it shares extensive structural homology with

8061 Neo-2/15 was modified to

11.-2 and has potential applications in regencrative medicine
bind to the human IL-4 receptor (comprising {L-4Ra and Y.} and not to the human IL-2
receptor (comprising IL~-2RP and Y.} by aligning the Neo-2/15 model indo the structure of
buman L4 bound to its {L.-4 receptor, and mutating 14 residues in Neo-2/15 to match the
amino-acids of IL-4 at those structural positions that mediate interactions between IL-4 and
IL4r {Figure 7). Binding was further optinized by directed evolution using random
mutagenesis and screening for high binding affinity variants, which introduced two additional
amino acid substitutions and modified one of the fourteen original residues grafied from the
IL-4 protein, thereby creating a new protein Neoleukin-4 with a total of sixteen mutations
from Neoleukin-2/15. The resultung optimized design, necleukin-4 (see Table 85), was
recombinantly expressed and purified from F. coli and tested for binding. Neoleukin~4 binds
with high atfimty to [L-4Ra receptor, binds cooperatively to IL-4RoY (see Figure 7), and
does not bind with any affinity to the IL-2 receptor (data not shown} Neoleukin-4 retains the
superior thermostable properties of neoleukin-2/15 (see Figure 20b.c}, and binds to the H.-13
receptor as expected given the natural cross-reactivity of IL.-4 to 1L-13 receptor (data not
shown}. Altogether, this shows that neoleukin-2/13 is robust enough to act as a modular
scaffold where significant rational sequence changes can be introduced to modify its function

or physical properties in a highly predictable way

Methods

Coemputational design of de novo cytokine mimetics: The design of de novo
cytokine mimetics began by defining a the structure of hIL-2 in the gquaternary complex with
the HL-2RBY . receptor as template for the design. After inspection, the residues composing
the bindimg-site were defined as hotspots using Rosetta’s metadata (PDBInfolabels). The
structure was feed into the new mumetic design protocol that is programmed in PyRosetta,
and which can automatically detect the core-secondary structure elements that compose the

target-template and produce the resulting de novo mumetic backbones with full RosettaScripts
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compatible information for design. Briefly, the mimetic bailding algorithm works as follows.
For the first gencration of designs, each of the core-clements was idealized by reconstruction
using loops from a clustered databasc of highly-ideal fragments (fragment-size 4 amino
acids). After idealization, the mimetic building protocol aims to reconnect the idealized
elements by pairs in all possible combinations. To do this it uses combinatorial fragment
assembly of sequence-agnostic fragmeuts from the database, followed by cartesian-
constrained backbone munimization for potential solutions (i.¢. where the N~ and C- ends of
the built fragment are close enough to link the two secondary structures). After munimization,
the solutions are verified to contain highly ideal fragments (i.c. that everv overlapping
fragment that composes the two connected clements is also contained within the databasc)
and no backbone clashes with the target (context) receptor. Passing backbone solutions were
then profiled using the same database of fragments in order to determing the most probable
amino acids at cach position {this information was encoded in metadata on the design). Nexd,
solutions for pairs of connected secondary structures were combmatorially recombined to
produce fully connected backbones by using graph theory connected components. Since the
number of solutions grows exponentially with each pair of clements, at cach fragment
combination step we ranked the designs to favor those with shorter interconnections between
pairs of core elements, and kept only the top solutions to proceed to the next step. Fully
connected solutions were then profiled by layer (interface, core, non-core-surface, surface), in
order to restrict the identities of the possible amino acids to be laver-compatible. Finally, all
the nformation on hoispots, compatible buit-fragment amino acids and lavers were
combined (hotspot has precedence to amino acid probability, and amino acid probability took
precedence to laver). These fully profiled backbones were then passed to RosettaScripts for
flexible backbone design and filtering {see rosetta-script in Appendix A}, For the second
generation of designs, two approaches were followed. In the first approach. sequence
redesigns of the best first generation optimized design were executed {(G1_neo? 40 1F, see
Appendix B}. Jo the second approach new mimetics were engincered using G1 _neo? 40 1F
as the target template. The mimetic design protocol in this sccond generation was similar to
the one described for the first generation, but with two key differences. Firstly, the core-
fragments were no longer built from fragments, but instead by discovering parametric
cquations of repetitive phi and psi angles {omega fixed to 180°) that result in repetitive
secondary structures that recapitulated each of the target helices as close as possible, a
“pitch” on the phi and pst angles was allowed every X-amino acids in order to allow the

helices the possibility to have curvature (final parameters: HI:, H2:, H3, H4), the sue of these
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parametric equations allowed to change the size of cach of the core-elements in the target
struchure at will {either increase or decrease the size), which was coupled (max/min 8.a.a.}
with the loop building process, and reductions n the size of the core elements were not
allowed to remove hotspots from the binding site. The second difference 1n the second
generation designs, is that instead of reconnecting the secondary structure core-elements we
used a fragment-size of 7 amino acids, and no combinatorial assembly of more than one
fragment was allowed (i.c. a single fragment has to be able to close a pair of seccondary
structures). The rest of the design algorithm was in essence similar to the one followed in the
generation one (sec Appendix C). The Rosctta energy functions used were “talaris2013” and
“talaris2014”, for the first and sccond generation of designs, respectively.

¢ databases of highly ideal fragments used for the design of the backbones tor the
de nove mimetics were constructed with the new Rosetta application
“keenters_clustering_of fragments™ using an extensive database of non-redundant publicly
available protein structures from the RCSEB protein data bank, which was comprised of 16767
PDBs for the 4-mer database used for the first generation designs, and 7062 PDBs for the 7-
mer database used for the second generation designs,

Yeast display: Yeast were transformed with genes encoding the proteins to be
displayved together with lineanzed pETeon3 vector. The vector was linearized by 100 fold
overdigestion by Ndel and Xhol (New England Biolabs) and then purified by gel extraction
{{hagen). The genes included 50 bases of overlap with the vector on both the 37 and 37 ends
such that homologous recombination would place the genes in frame between the AGAZ
gene and the myc tag on the vector. Yeast were grown in C-Trp-Ura media prior to induction
i SGCAA media as previously described. 12-18 hours after induction, cells were washed in
chilled display buffer (50mM NaPO, pH 8, 20mM NaCl, 0.5% BSA} and incubated with
varying concentrations of biotinylated receptor (either human or murine 1L-2Rq, IL-2RB, 1L~
2Ry, or haman IL-4Ro) while being agitated at 4°C. After approximately 30 minutes, cells
were washed again in chilled buffer, and then meuobated on ice for 5 minutes with FITC-
conjugated anti-c-Myc antibody (1 uk per 3x10° cells) and streptavidin-phycoerythrin (| uL
per 100 ul. volume of veast). Yeast were then washed and counted by flow cviometry {Accun
6} or sorted by FACS (Sony SH80G). For experiments i which the nitial receptor
meubation was condacted with a combination of bictinylated 1L-2Ry and non-biotinylated
1L.-4Rg, the non-biotinylated receptor was provided in molar ¢xcess.

Mutagenesis and affinity mataration: For crror-prone PCR based mutagenesis, the

design to be mutated was cloned nto pETcon3 vector and amplified using the MutalGene U
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mutagenesis kit {Invitrogen} per manufacturer’s mstractions to yield a mutation frequency of
approximately 1% per nucleotide. 1 pg of this mutated gene was electroporated into EBY 100
veast together with 1 ug of linearized pETcon3 vector, with a transformation efficiency on
the order of 10°. The veast were induced and sorted multiple times in succession with
progressively decreasing concentrations of receptor until convergence of the population. The
veast were regrown in C-Trp-Ura media between cach sort,

Site~saturation mutagencsis {S5M) libraries were constructed from synthetic DNA
from Genscript. For cach aming acid on each design template, forward primers and reverse
primers were designed such that PCR amplification would result ina 5 PCR product with a
degenerate NNK codon and a 3° PCR product, respectively. Amplification of “lett” and
“right” products by COF and COR primers vielded a serics of template products each
consisting of a degencrate NNK codon at a different residue position. For each design, these
products were pooled to vield the SSM library. 85M libranies were transformed by
clectroporation into conditioned Saccharomyces cerevisiae strain EBY 100 cells, along with
hnearized pETCONS vector, using the protocol previously described by Benatuil et al.

Combinatonial libraries were constructed from synthetic BNA from Genscript
containing ambiguous nucleotides and similarly transformed mto linearized pETCON3S
Vetor.

Protein expression: Genes encoding the designed protein sequences were
synthesized and cloned into pET-28b(+} £. coli plasmid expression vectors (GenScript, N-
terminal 6xHis tag and thrombin cleavage site}. Plasmids were then transformed into
chemically competent F. coli Lemo2 1 cells (NEB). Protem expression was performed using
Terrific Broth and M salts, coltares were grown at 37°C until 0D reached approximately
0.8, then expression was nduced with 1 mM of isopropyi B-D-thiogalactopyrancside
(IPTG), and temperature was lowered to 18 °C. After expression for approxamately 18 hours,,
cells were harvested and lysed with a Microfhudics M1 10P microfhudizer at 18,000 psi, then
the sohuble fraction was clarified by centrifugation at 24,000 g for 20 numutes. The soluble
fraction was purnfied by Immaobilized Metal Affinity Chromatograpy (Qiagen) followed by
FPLC size-exclusion chromatography (Superdex 75 10/300 GL, GE Healthcare). The
purified necleakin-2/13 was characterized by Mass Spectrum (MB) venification of the
molecular weight of the species in solution (Thermoe Scientific ), Size HExclusion - MultiAngle
Laser Light Scattering (SEC-MALLS) in order to vertty monomerie state and molecular

weight (Agilent, Wyatt), SDS-PAGE, and endotoxin levels {Charles River).
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Human and mousc IL-2 complex components including hil-2 {(a.a. 1-133}, hiL-2Ra
{aa 1-217), WL-2RB (aa. 1-214) hiL-2Ry {(aa. 1-232), miL-2 (a.a. 1-149), miL-2Rax
ectodomain (a.a. 1-213), mbL-2RP ectodomain {aa. 1-215), and my, ectodomain {a.a 1-233)
were secreted and punfied using a baculovirus expression svstem, as previously described
4 Al proteins were purified to >98% homogeneity with a Superdex 200 sizing column
{GE Healthcare) cquilibrated in HBS. Purity was veritied by SDS-PAGE analysis. For
expression of biotinvlated human IL.-2 and mouse IL-2 receptor subunits, proteins containing
a C-terminal bigtim acceptor peptide (BAP}ENDIFEAQRKIEWHE (SEQ 1D NO:262) were
expressed and purified as described via Ni-NTA affinity chromatography and then
biotinylated with the soluble BirA higase enzyme in 0.5 mM Bicine pH 8.3, 100 mM ATP,
100 mM magnesium acetate, and 500 mM biotin (S1gma}. Excess biotin was removed by stze
exclusion chromatography on a Superdex 200 column equilibrated in HBS.

Meoleukin-2 crystal and co-crystal structures: C-terminally 6xHis-tagged
endoglveostdase H {endoH) and murnine IL-2R and HL-2Ry were expressed separately in Hi-
five cells using a baculovirus svstem as previously described. IL-2Ry was grown in the
presence of § pM kifunensin. After approxamately 72 hours, the secreted proteins were
purified from the media by passing over a Ni-NTA agarose column and eluted with 200 mM
mmidazole in HBS buffer (150 mM NaCl, 10 mM HEPES pH 7.3). EndoH was exchanged
mto HBS buffer by diafiltration. miL-2Ry was deglycosviated by overnight mcubation with
175 {wiw} endoH. miL-2RB and miL-2Ry were further purified and buffer exchanged by
FPLC using an S200 column (GE Life Sciences).

Monomeric neoleukin-2/15 was concentrated to 12 mg/mi and cryvstatlized by vapor
diffusion from 2.4 M sodin malonate pH 7.0, and crystals were harvested and flash frozen
without further cryoprotection. Crystals diffracted to 2.0 A resolution at Stanford
Svnchrotron Radiation Laboratory beamline 12-2 and were indexed and mtegrated using
XDS (Kabsch, 2010). The space groap was assigned with Pointless (Evans, 2006}, and
scaling was performed with Aimless {Evans and Murshudov, 2613} from the CCP4 suite
{Winn et al , 2013}, OGur predicted model was used as a scarch ensemble to solve the structure
by molecular replacement in Phaser (McCoy et al., 20073, with six protomers located in the
asynumetric unit. After imtial rebuilding with Autobuild (Terwilliger et al,, 2008), iterative
cycles of manual rebutlding and refinement were performed using Coot (Emsley et al, 2010)

and Phenix {Adams et al, 2010).
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To crystallize the temary neoleukinmiL-ZREmiL-ZRy complex, the three proteins
were combined i equimolar ratios, digested overmight with 1:100 {(w/w) carboxvpeptidases
A and B to remove purification tags. and purified by FPLC using an 5200 colummn; fractions
contatning all three proteins were pooled and concentrated to 20 mg/md. Initial neediclike
microcrystals were formed by vapor diffusion from 0.1 M imidazole pH 8.0, 1 M sodium
citrate and used to prepare a microseed stock for subsequent use in microseed matrix
screening (MMS, (ID'Arcy ot al., 2014}). Afier a single tteration of MMS, crystals grown in
the same precipitant were cryvoprotecied with 30% cthylene glveol, harvested and dittracted
anisotropically t0 3.4 A x 3.8 A x 4.1 A resolution at Advanced Photon Source beamline
231D-B. The structure was solved by molecular replacement i Phaser using the human -
2RP and IL-ZRy structures {pdb [ 2B5I) as search ensembles. This produced an electron
density map into which two poly-alanine alpha helices could be manually built. Following
rigid body refinement in Phenix, electron density for the two unmodeled alpha helices, along
with the BC loop and some aromatic side chains, became visible, allowing docking of the
monomeric necleukin. Two further iterations of MMS and use of an additive screen
{Hampion Research) produced crystals grown by vapor diffusion using 150 nd of protein, 125
nl of well solution containing 0.1 M Tas pH 7.5, 5% dextran sulfate, 2.1 M ammoninm
sulfate and 25 nf of microseed stock containing 1.3 M ammonium sulfate, 50 mM Tris pH
7.5, 50 mM inidazole pH 8.0, 300 mM sodium citrate. Crvstals cryoprotected with 3 M
sodium malonate were flash frozen and diffracted anisotropically to 2.5 Ax 37 A x38 A at
Advanced Light Source beamline 5.0.1. After processing the data with XIS, an elliptical
resolution limit was applicd using the STARANISO server (Bruhn etal | 2017}, Rapid
convergence of the model was obtained by refinement against these reflections using TLS
and target restraints to the ugher resolution human receptor (PDB 1d 2B51) and neoleukin-
2/15 structures in Buster (Smart et al| 2012; Bricogne et al., 2016), with manual rebwilding in
Coot, followed by a final round of refinement in Phenix with no target restraints. Structure
figures were prepared with PyMol (Schrodinger, LLC. 2010, The PyMOL Molecular
Graphics System, Version 2.1.0). Software ased i this project was mstalled and configured
by SBGrid (Morn et al, 2013}

Cell Lines: Unmodified YT-1°" and IL-2Ra” YT-1 human natural killer cells * were

cultured in RPMI complete medium (RPMI 1640 medium supplemented with 10% fetal

(¥,

bovine serum, 2 mM L-glutamine, mimimum non-essential amino acids, sodium pyruvate, 2

mM HEPES, and penicillin-streptomycin [Gibeol). CTLL-2 cells purchased from ATCC
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were coltured in RPMI complete with 10% T-STIM culture supplement with ConA
{Corning). All cells were maintained at 37°C in 2 humidified atmosphere with 5% CO,. The
subpopulation of YT-1 cells expressing 1L-2Ra was purified via magnetic selection as
described previously U, Enrichment and persistence of IL-2Ra expression was mouitored by
analvsis of PE-conjugated anti-human {L-2Ra {Biolegend} antibody binding on an Accun €6
flow evtometer (BD Biosciences). .

Circular dichroism (CD): Far-ultraviolet CD measurements were carried out with an
AVIV spectrometer model 420 in PBS buffer (pH 7.43 in a 1 mm path-length cuvette with
protein concentration of ~0.20 mg/md (unless otherwise mentioned in the text). Temperature
melts where from 23 to 93 °C and monitored absorption signal at 222 nm (steps of 2 °C/mun,
30 s of equilibration by step). Wavelength scans (195-260 nm} were collected at 25°C and
95°C, and again at 25°C after fast refolding (~5 min}.

Binding studies: Surface plasmon resonance (SPR): For IL-2 receptor aftinity
titration studies, biotinviated human or mouse IL-2Rq, IL-2RB, and IL-2Ry receptors were
mmmobilized to streptavidin-coated chips for analvsis on a Biacore T100 instrument (GE
Healtheare). An trrelevant biotinylated protein was immobilized in the reference channel to
subtract non-specific binding. Less than 100 response units {RU) of each ligand was
immobilized to nunimize mass transfer effects. Three-fold serial dilutions of hiL-2, miL-2,
Super-2, or engineered L-2 numetics were flowed over the immobilized ligands for 60 s and
dissociation was measured for 240 s, For IL-2R By, binding studies, saturating concentrations
of hIL-2RP (3 uM) or miL-2RBE {5 uM) were added to the mdicated concentrations of hil-2
or miL-2, respectively. Surface regencration for all interactions was conducted using 15 s
exposure to 1 M MgCl2 in 10 mM sodinm acetate pH 5.5 SPR experiments were carried out
mn HBS-P+ buffer (GE Healtheare) supplemented with 0.2% bovine serom albumin (BSA) at
25°C and all binding studies were performed at a flow rate of 50 L/min to prevent analyte
rebindimg. Data was visualized and processed using the Biacore T100 evaluation software
version 2.0 (GE Healthcare). Equilibrium titration curve fitting and equilibnium binding
dissociation (KD) value determination was implemented using GraphPad Prism assuming all
binding interactions to be first order. Biolayer interferometry: binding data were collected in
a Octet REDYS (ForteBio, Menlo Park, CA) and processed using the instrument’s integrated
softwarc using a 1'1 binding model. Biotinvlated target receptors, either human or murine {L-
2Ra, IL-2Rf, IL-2Ry, or human 1L-4Rg, were functionalized to streptavidin coated

biosensors {SA ForteBio) at 1ug/ml in binding buffer (10 mM HEPES [pH 7.4}, 150 mM
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NaCl, 3 mM EDTA, 0.05% surfactant P20, 0.5% non-fat dry milk} for 300 seconds. Analyte
proteins were diluted from concentrated stocks into binding buffer. Afier baseline
measurement mn binding buffer alone, the binding kinetics were monitored by dipping the
biosensors in wells contaming 100 nM ot the designed protein (association) and then dipping
the sensors back into baseline wells {dissociation}. For binding experiments i which either
1L-ZRP or IL-4Ro were supplemented in solution while IL-2Ry was bound to the sensor, the
supplcroental proteins were provided in 2.5 fold molar excess

STATS phosphorylation studies: /n vifro studies: Approximately 2x10° YT-1, IL-
2Re” Y T-1. or CTLL-2 cells were plated in each well of a 96-well plate and re-suspended in
RPMI complete medium containing serial dilutions of hil-2, miL-2, Super-2, or engincered
1L-2 mametics. Cells were stimulated for 15 min at 37°C and immediately fixed by addition
of formaldehyde to 1.5% and 10 mun mmcubation at room temperature. Permeabilization of
cells was achigved by resuspension in ice-cold 100% methanol for 30 min at 4°C. Fixed and
permeabilized cells were washed twice with FACS buffer (phosphate-buffered saline [PBS]
pH 7.2 containing 0.1% bovine serum albumin} and incubated with Alexa Fluor® 647-
conjugated anti-STATS pY 694 (BD Biosciences) diluted in FACS buffer for 2 hours at room
temperature. Cells were then washed twice in FACS buffer and MFI was determined on a
CytoFLEX flow cytometer (Beckman-Coulter). Dose-response curves were fitted to a logistic
model and half-maximal effective concentration (ECsy values) were calculated using
GraphPad Prism data analysis software after subtraction of the mean fluorescence intensity
{MF1) of unstimulated cclls and nommalization to the maximum signal intensity. Experiments
were conducted in triplicate and performed three times with sinular results. Ex vivo studies:
Spleens and lymph nodes were harvested from wild-type CSTBL/ST or B6; 12084-11 2r™
{CD253K ) mice purchased from The Jackson Laboratory and mads nto a single cell
suspension i sort butfer (2% Fetal Calf Seruoin pH 7.2 phosphate-buffered saline} CB4+T
cells were enriched through negative selection by staming the cell suspension with biotin-
conjugatzd anti-B220, OD& NK1. L D11, Chilc, Terl 19, and CD Y antibodies at 1104
for 30 min ondce. Following a wash with sort buffer, andi-biotin MicroBeads (Miltenvi
Bistos) wore added to the cell suspension at 20 ul, per 10 total colis and incubated on ice for
20 mamutes. Cells were washed, resuspended and negative seloction was then performed using
EasySep Magnets (STEMCELL Technologies). Approsimately 1 x10° enriched cells were
added to cach well of a 96-well plate in RPMI compleic medig with 5% FCS with 10-fold

serial dilutions of mlb~2, Super-2, or Neoleukm-2/135. Cells were stuoulated for 20 minutes at
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37°C in 5% COy, fixed with 4% PYA and incubated for 30 minutes at 4°C. Following fixation,
cells were harvested and washed twice with sort buffor and agam fixed i 500 pl. 90% ice-
cold meethanol i dH,O for 30 minuies on ice for permeabilization. Cells were washed twice
with Perm/Wash Buffor (BD Biosciences) and stwned with anti-CD4-PerCP 1n Permy/Wash
buffer {1:300}, ant-CD44-Alexa Fluor 700 (1200}, anti-CD2S5-PE-Cy7 {1:2003, and 5 uL per
saraple of anti-pSTATS-PE pY 694 for 45 nun at room tomperature in the dark. Cells were
washed with Perma/Wash and re-suspended in sort buffer for analveis on a BD LSRR U flow
cytometer (BD Biosciences}).

in vive murine airway inflammation experiments: C37BL/6J ware purchased from
The Jackson Laboratory. Mice were inoculated miranasally with 26ud. of whole house dust
mite antigen {Greer) resuspended in PBS fo a total of 23ug Derpl per mouse. From Days 127,
mice were given a daily intraperitoneal injection of 20ug mib-2 m stenle PBS {(pH 72} a
molar equuvalent of Neoleukin-2/15 in stertie PBS, or no injection. On Bay 8, circulating T
cells were mtravascularly labeled and tetramer positive cells were coriched from bymiph nodes
and spleen or hung as previously deseribed (Hondowicz, Immumity, 2016). Both the columm
Hosw-through and bound fractions were saved for flow ovtometry analysis. Cells were surface
stained with antibodics and analyzed ona BD LSR ¥ flow cviometer (B Biosciences).
Ammal modets: CSTBL/G nues were purchased from The Jackson Laboratory or bred in
house and. BALB/c mice were purchased from Charles River, Antmals were maintaned
according to protocols approved by Dana-Farber Uancer Institute {DF{T) fnstitutional
Anmal Care and Use Commuttee, Diregdo Geral de Veterinaria and MM Lishoa ethical
commiiies.

Colorectal carcinema i vive mice experiments: CT26 cells were sowrced from
Jocelyne Demengeot’s rescarch group at IGC (Instituto Gulbenkian de Ciéncia), Portugal On
day 0, 5 x 1075 cells were mjected subcutaneously (s.c.) mto the tflanks of BALB/c mice with
50 ul ofa 1:1 mixtore of Dulbecco’™s modified Eagle medium {Gibeo} with Matrigel
{Corning). Starting on day 6, when tumour volome reached around 100mm3, neoleukin-2/15
and mil-2 (Peprotech) were administered daily by idraperttoneal (1.p.) mjection 1 50 pl. of
PBS (Gibeo). Treatment with anti-PD-1 antibody (Bio X Cell} was performed twice a week
by Lp. jection of 200 pg per mouse in PBS. Mice were sacrificed when tumour volume
reached 1,300 mm3.

Melanoma in vive experiments: Bis6F10 colls wore purchased from ATCC, OUnday
0, 55107 cells were inoculated by s.¢. infection in 300 uL of Hank's Balanced Salt Solution

{Gibeo}. Starting on day 1, neoloukin-2/15 and miL-2 {Peprotech} were admunistered daily by
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mtrapenioneal (Lp} injection 1 200 gl of LPS-free PBS (Teknova). Treatment with TAY9 (a
gift from Noor Momin and Dane Wittoup, Massachusetts Institute of Technologyy at 150
pe/mouse was added several days later as indicated. Mice were sacrificed when tamaor
vohime reached 2,000 mum 3,

Flow eytometry: Excised tumors were minced, enzyvmatically digested (Miltenvi
Biotec), and passed through a 40-wrw filier. Colls from sploens and tumor-draining lyraph
nodes were dispersed into PES thwough a 40-pm cell strainer using the back ofa T-ml
syringe phimger. Al cell suspensions were washed once with PBS, and the cell pelict wag
resuspended in 2% inactivated fotal calf serum contamning flucrophore-conjugated antibodics.
Cells were tncubated for 15 mmutos at 4°C then fixed, permeabilized, and stained using a
Bickegend FoxP3 stamnmg kit Samples were analyzed on a B Fortessa Hlow cyiometer.

Antibodies {BioLegend) used i melanoma expenments were: CD45-BYVTLH {clone 30-F1 1}

CRE-BV650 ¢33-6.7), CD4-BV421 ¢GR1.S), TCRB-BV3 10 (H37-597), {D25-AF488

B

{(PCAHY), FoxP3-PE (MF-14). Andibodigs {eBioscionce} used in colon carcinoma experimants
were: CDAS-BYII0 GO-F Uy, COE-BVTH (17A2), CH4Ob-FITC (DX, CI34-BVo0s
(GKA), CD8-PECYT (33-6.7), Foxp3-APC (FIK-16s), Fixable Viability Dve eFluor 780
{cBioscience ) was used to exchude dead cells.

Generation of anti-nenleukin-2/15 polycdional antibody: Mice were mjected tp .
with 500 pg of KO neolenkin i 200 gl ofa 1} emudsion of PBS and Complete Freund's
Adjavant. Mice were boosted on days 7 and 15 with 500 ug of KO neoleukin n 200 yb of a
11 emulsion of PBS and Incompiete Freund’s Adjuvant, On day 20, senum was coliected and
recognition of necloukin-2/15 was confirmed by ELISA.

Enzyme-linked immunosorbent assay {ELISAY High-binding %6-well plates
{Coming) were coated overnight at 4°Cwith 100 ng/mb of neclenkin-2/15, mil-2
{Peprotechy, kL2 (Peprotech), or ovalbumin (Sgma-Aldnch} in carbonate buffer. Antbody
binding to target profeins was detected using HRP-conjugated sheep anti-mouse gl {GE
Healtheare} at 75 ng/mb. Plates were developed with tetramethyibenzidine and HCL
Absorbance was measured at 450 npm with an EnVision Multimode Plate Reader
{Porkinkhuer}.

T cell profiferation assay: Cells were izsolated from a mouse spleen using an
FasySep T Coll Isolation Kt (Stemeelt Technologiosy, They were plated in RPMI m Y6-well
culture plates at a density of 10,000 cells/well, Media were supplemented with regular or

heat-treated neoleukin-2/15, rmil-2, or Super-2. After 5 days of incubation at 37°C cell
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survival and proliferation were measured by Cell Trter-Glo Luminescent Cell Viability Assay
{Promega).

Statistical and power analyses: In vivo murine atway milammation cxpernments:
MIKEL. 57 vive murine Colon cancer expenmenis; CARLOS. i vive munne Melanoma
experiments: Compartsons of the survival of tumor-bearing mice were performed using the
fog-rank {Mantel-Cox} test. Comparisons of woight loss in tunor-bearing mice were
performed using a two-tailed t test. A P value lees than 0.05 was considerad to be significant.
The minimom group size was determined using G%Power for an expected large offect size

{Cohen's d= 1.75).

Biolaver Interferometry analysis of a Mouse Serum Albumin (MSA) fusion to
Meoleukin-2/15. Genetic fusion of Neoleukin-2/15 to MSA for extended half-life and
preserves ntact binding affinity of the cytokine mimetic to murine IL-2RBeta and H.-
2RGamma €33.5 + 0.2 nM) {data not shown}. The construct utilized in this study was as

follows:

Optional: (HisTag TEVY cleavage sitc in parenthesgs)
Mouse serum albumin (italicized)

Linker

MeoZ/15 (bold font)
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Biotin-mIL2Gamma was immobilized on a Streptavidin biosensor, MSA-Neo?2
concentration was titrated from 729 to 1nM in presence of saturating concentrations of
mil.2Beta. Biolaver interferometry was carried out as above: bindiog data were collected in
a Octet REDYS (ForteBio, Menlo Park, CA) and processed using the instrument’s integrated
software using a 111 binding model. Biotinvlated target receptors, either human or murine L~

2R, IL-2RB, [L-2Ry, or human 1L-4Ra, were functionalized to streptavidin coated
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biosensors (SA ForteBio) at 1yug/mi in binding buffer (10 mM HEPES [pH 7.4}, 150 mM
NaCl, 3 mM EDTA, 0.05% surfactant P20, 0.5% non-fat dry milk) for 300 seconds. Analyie
proteins were diluted trom concentrated stocks mnto binding butfer. Aficr baseline
measurement m binding buffer alone, the binding kinetics were monitored by dipping the
biosensors in wells contaming 100 nM of the designed protein (association) and then dipping
the sensors back mto baseline wells (dissociation).

CAR-T cell in vivo experiments: fun vitro T cell prohiferation assay. Primary human
T cells were obtained from healthy donors. Peripheral blood mononuclear cells (PBMO) were
isclated by centrifugation over Ficoll-Hypaque (Sigma). T cells were isolated using
EasySep ™ CDS or (D4 negative isolation kits (STEMCELL Technologics). To stinulate T
cells, T cells were thawed and incubated with anti-CD3/CD28 Dynabeads (Gibeo) at 11 ratio
n media sapplemented with 50 IU/ml (3. 1ng/ml) of IL2. Beads were removed after four days
of incubation. Stimulated or freshly thawed unstimulated T cells were plated at 30000 or
50000 cells/well, respectively, in 96 well format and cubtured in indicated concentrations of
1L.2 or neolenkin-2/15 in triplicate. Three days later, proliferation was measured using
CellTiter-Glo 2.0. (Promega).

In vivo RAJ experiment: Six- to cight-weck old NSG mice were obtained tfrom the
Jackson Laboratory. 0.5%¥1076 RAJI tumor cells transduced with tHuc/eGFP were tail vein
mjected mto the NSG mice. Seven days post tumor inject, lentiviral transduced anti-CD19
CAR T cells (0.4%1076 CD4, 0.4*1076 CDR) prepared as described in (Liu et al, 2016} were
mfused 1.v. into mice. hil.2 or neoleukin-2/15 at 20pg/mouse were given 1.p. from day 8 to 16
post tumor injection.

Preparation of PEGylated polypeptides: Neo-2/15 stocks with either single or dual
cysteine mutations were dialyzed mnto phosphate buffer, pH7.0 and adjusted to 1.0-2 Omg/ml.
TCEP was added at a molar ratio of 10:1 {o protein and mcubated for 10 nunutes at RT 1o
reduce disuifides. Maleimide-modified PEG40k (PEG40k-MA) or PEG30k (PEG30k-MA}
powder was added directly to the reduced proten solution at a molar ratic of 16:1
PEG:cysteine and incubated for 2 hours with stirring. Aliguots for SDS-PAGE were taken
directly from the reaction mixture. These data demonstrate the rapid, spontancous, and near-
gquantitative formation of covalent linkages between PEG40k-MA or PEG30k-MA and Neo-
2/13 cysteine mutants in the expected stoichiometry.

Treatment with Neo-2/15 and PEGylated Neo-2/15-E62C (Neo-2/15-PEG)
demonstrated changes in the levels of multiple inflammatory markers: Two non-human

primates (NHP), one male and one female per group, were assigned to treatment with either
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vehicle {group 1}, Neo-2/13 (w/o PEG) (groups 2-4} or Neo-2/15 PEG (groups 5-7; single
cysteine mutation of E62C and PEG40K). Animals treated with vehicle or Neo-2/15 {(w/o
PEG) were dosed by intravenous (1V) bolus on study days 1, 2, 3, 4, 5, 6 and 7 (once daily
for one week) at dose levels of either 0 {vehicle) or dose adjusted values of 0.07, 0.21 or 0.14
mg/kg/day Neo 2/15 (w/o PEG) {groups 2, 3 and 4, respectively). Animals treated with Neo-
2/15 PEG were dosed by IV bolus on study davs 1 and 7 at dose levels of 0.05, 015 0r 010
mg/kg/day Neo-2/15PEG (groups 5, 6 and 7, respectively). Cytokine samples were taken on
day I and 7 at timepoints of 0, 4, 8 and 24 hours post dose. Cytokine serum samples were
prepared and frozen at <-70°C and shipped for analysis where samples were analyzed
through a Luminex multiplex immunoassays svstem. Several evtokines, including #.~15 and
1L~10 demonstrated marked differences in the time-course of cviokine production, consistent
with a more sustained pharmacodynamic effect for the PEGylated molecule.

Targeted Neo-2/15 fusions retained their [L-2R binding affinity and
demonsirated anti-tumor effects. Select targeting domains were fused to the N-or C-
termini of Neo-2/15 via peptide linkers and were tested i vifro to characterize their binding
affinity to human and mouse IL-2R by Biolayer Interferometry. The results confirmed that
fusions to Neo-2/15 at etther the N or € termini did not hinder its ability to bind IL-2R.
Subsequent in vitro Flow Cytometry studies confirmed that the fusion proteins were capable
of binding a target roceptor on the surface of a cell. The efficacy of the targeted constructs
was evaluated m in vivo mouse experiments, in which it was demonstrated that a targeted
MNeo-2/15 moiety to tumor cells or immune cells has a beneficial anti-tumor effect over a non-
targeted control {data not shown},

Fusions that were tested include but are not imited to: (1) a fusion of an anti-CD47
nanobody to the C terminus of Neo 2/15 via the linker of SEQ 1D NO:100; (b) a fusion of an
anti~-CD47 nanobody to the N terminus of Neo 2/15 via the hinker of SEG ID NG 100,{c} a
fusion of an anti-CTLA4 nanobody to the € terminus of Neo 2/15 via the linker of SEQ 1D
NG 100; {d) a fusion of anti-CTLA4 nanobody to the N terminus of Neo 2/15 via the linker
of SEQ ID NO:100; (¢} a fusion of an anti-PDL-1 nanobody to the € terminus of Neo 2/15
via the linker of SEQ 1D NG:100; and (£ a fusion of an anfi-PDL-1 nanobody o the N
terminus of Neo 2/15 via the hinker of SEQ ID NG 100.

Fusions of albumin to Neo -2 /15 maintained [L-2R binding affinity. Mouse
serum albumin (MSA) was fused to the N-termuinus of Neo 2/15 via a peptide linker and was
tested i vifro to characterize its binding affinity to mouse IL-2R by Biolayer Interferometry.

Biotin-miL.2Gamma was imumobilized on a Streptavidin biosensor, M5A-NeoZ concentration
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was titrated from 729 to InM in presence of saturating concentrations of miL2Beta. The
fusions maintained [L-2R binding capacity {data not shown).

PEGvlated and non-PEGylated Neo-2/15 does not elicit 2 meaningful anti-drug
antibody (ADA) response in non-human primates (NHPs}). The potential of PEGylated
and non-PEGvlated Neo-2/15 {for PEGylated Neo-2/15: single cysteine mutation of E62(
and PEG40K) to clicit ADAs was tested in non-human primates. Animals were administered
mtravenousty with either compound for 1 week: PEGvlated Neo-2/150n davs 1 and 7; wild-
tyvpe Neo-2/15 on days 1-7. Blood was drawn at varicus times thercafter and analyzed for the
presence of antibodies specific for the adnunistered compound. Each dose group consisted of
I malc and 1 female macaque. Non-PEGviated Neo-2/15 was administered via datly iv bolus
mjection for 7 consecutive days at 0. lm/kg, 0. 2mg/kg, or 0.3mg/kg. PEGyvlated Neo-2/15 was
administered via v bolus tnjection at 0.015mg/kg, 0.050mg/ke, and 0.10mg/kg ondays 1 and
7. An equivalent volume of saline was administered daily to a vehicle control group for 7
consccutive days. Approximately 750ul of blood was collected from cach animal for ADA
analysis on study Days 1 (pre-dose}, 22, 29, and 43 via the cephalic or saphenous vein. Serum
was extracted from blood using a serum separator tube on wet ice and subsequently stored at
-80C until analysis. AH cynomolgus macaques recciving either vehicle or PEGylated Neo-
2/15 tested negative for ADAs on days 22, 29, and 43 demonstrating that PEGvlated Neo-
2/15 did not elicit a detectable immune response, even after repeat dosing, despite being a
computationally-designed protein that is entirely foreign to the macaque immune svstem.
Both (1 male; 1 female) macaques receiving vehicle control tested negative for ADAs against
wild-type Neo-2/13 on days 1, 13, 22, and 28. All animals (3 males; 2 temales) in the groups
receiving non-PEGvlated Neo-2/15 tested negative for ADAs on day 1 {pre-dose}. Of these, 3
out of 5 (60%) remained negative for ADAs on days 22, 29, and 43. The remaining two
animals subsequently tested positive for ADdAs on days 22, 29, or 43, One subject tested
positive on days 22 and 29, but reterned negative by day 43. For that subject, the ADA
response was low and transient, suggesting miramal clinical significance. Another subject
tested positive on days 22, 29, and 43. For that subject, the measured ADA concentrations

were well below 100ng/ml and thus of unclear clinical relevance.
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Data Tables

Table E1. Characterization of several de novo designed mimetics of IL-2/1L-15.
The table shows the Kd of de novo [L-2/11L-15 numetics and reference cyiokines for: miL-
2RP. mIL-2RPBY ¢, ECse. the sequence similarity by structural alignment (MICAN *) against
hiE-2 (PDB: 2B31) and mil-2 {(PDB:), the parent of each molecule, its aming acid length,
and the sequences for the de novo 1L.-2 mimetics. “N/87 stands for non-significant and “N/A”

for non-available.

Table i

: HsiL HsiL ; i Seq identity to Seq identity to Exp. ;

; SiL- P : i : : B - PR
Name : . pSTATSp [HsiL-Z{%/({num: MmiL-2(%/ | optimize: Parent molecule :

. 2RBYc | 2RB : : : ; . length |

: : : i aa.algn)} | {pumaa. aign)} d : :
i} / s :

{expid.} :

v ()

Hsli-2 1936 | 3269 0 041/(a) | 1000/(120) | 545/(112} ¢ - ; 133

Amit2 Esasz;.o L 4950.0 . 39.05/(a);  54.5/{112) woe/i12zy L - - 130

Superkine

M,

IS
&
)
o
)

007/(a) i 949/(117) | 509/{114) | ¥ Hsi-2 133

(PDB: 3QAZ)

G1 _neoc2 40

Gl neo2 41

Gl nec? 43 | 533.4 | 286101

i De nova mimetic

S 7 : i
27.6 0-12/4 | design inspired !
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Neaoleukin-2/15

E is8 | 112 00s/fa) | 292/(89 | 157/(83 oy G2.neo2 40 1F
E(GZ__ne\’JZ__AO__lF___E 8 2 0. S /[ {a) S A 5.7/(83) _dsn36 :

dsn36_opt)

Binding affinity {Kd} to Mmil-2RBX¢, and cell signaling {EC50) in murine T {CTLL-2, CD25+) celis

: £C50
Kd | Kd
z {CD25+)

: : : ¢ Segq identity to | Seq identity to Bxp.

Lo Mmit- - Mimil- : : :

Name : : i pSTATS [Hsi-2{%/{num Mmil-2{%/
; 2RBXe | IRB : :

: : Poas.
P o Parent molecule ! ; :
: : optimize | : length ¢
a.a.algnll | {pum a.a. algnl) | p :
{nM}/ 5 :

nbd) (bt} {expid.} .

Hsli-2 | 4927 181060 0.002/(d) | ¥see top tabie

126.2 1456.0: 0.003/(e) *see top tabie

Super-2 /
Superkine

(PDB: 3QAZ)

£ 6799.0 1 37.38/ (d

[68300.00 9.38/(d) | 40.7/(36) 262/(80) | Y Gi_neo? 40_IF

532&0 N/S | 352/(d) . 39.5/188) 25.0/(80) | Y Gineo2 40_1F. 87

§1c-0.70.0E 0.93 /(d} 26.2/{80) | ¥ 1_neo?_4C_1F |

|G1_neo2 40_1F H

[
3

5123.0 [45300.0. 84.69 / (d 39.5 7186} 23.8/(80) | Y  Glneo2 40 1F. 87
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43 | 2139 | 0.007/(d 25.0/(30) Y Gineol 40_1F. 87

P31 necZ 40 1F
M2 T T

253/(79) ¥ Gi_neo2 40_1F . 87

Seguence

G2_neo2 40 1F s

. redesignof | 87
eqd :

| G1_neol 40 1F

Sequeance

 G2_neo? 40 1F s

redasign of 87
eql2 :

. Gi_neo2 40 1F

 G7_nec?_40_1F s
' eqld

Sequence

redesign of E 37
| GIL_neo2_40_1F

: ' Seguence :
253/{78) | N | redesignof | 87
: : G1 neo2 40 _1F:

| G2_neo2 40_1F s

i 378 | N/A L LO0B /(R
2g2b : :

| G2_neo?_40_1F s
: agl? :

: ' Sequence
250/(86) | N | redesignof | 87

136 N/A
: | Gi_neo2 40_1F

i De nove mimeti

(G2 _neo? 40 1F &
sn29

AT ¢ design using
89790y . N 107
: template: ;

382 | N/A | 0.48/(f
| G1_neo? 40_IF

. De nove mimetic |

: o i designusing
9250 N/A L 76178 33.0/(97 | 234/(4) . N &

G2_neo2_40_iF d
' sn30 E : E : : § i template:

| G1_neo2 40 1F

*see top tabie

{ De novo mimetic

e § E design inspired E
17.9/7{84) N : o L100
: . ontemplate:

 G1_neo?_40_1F

G2_nec2_40_1fF_d.
' snd0

Meoleukin-2/15

: E ®
{G2_neo?_40_1F_ see top table

dan36_opt)
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Table E2. Crystallographic data table for neoleukin-2/15 and neoleskin-2/15

guaternary complex with miL-2ZRBY..

Wavalength
Resolstion range

Eflipsoiial resolution limit {4} {divection)

Snace group

Unit celt (&, }

Tatad reflections

Unigue reflections

Rultiplicity

Completensss {spherical} %}
Camplatensss (afipsofdal) (%)
Mean Heigmaly

Wilson B¥actor

R-merge

f-meas

R-pim

coifz

cer

Rasohdion range used in refinement

Reflections used in refir ik
Refiactions ueed tor R-free
Rework

R-fee

Number of non-hydrogen atoms

macromoiscsles

ligands

saivent
Protein residues
RMSB{bonds}
R#S{angles}
Ramachandran favored (3%)
Ramachandran aflowed (%}
Ramaschandran outhiers (%
Rotamer outliars {%}
Clashsoore
Averags B-fackr

macranoiecuiss

figands

scivent
Numbes f TLE groups

Neolkeukin2i1d
(6DGE}

Neoleukin2/15 ternary complex with IL-2R

BHES)

@0.28 - 1808 {2.07 ~ 1909}

P212121

73.73,86 8, 92,31, 90, 80, 90
351741 (32344}

40655 {3277)

BT (B4}

92,58 (77.83)

12,4 (1,25}
34 54

4027 {1,709}
0.1094 (1.824)
0.0369 (36252}
0.859 (0.557}

1 (0845}

39.28 - 1599 {207 - 1009
STT4T (3125}
1640 {143)
©.2037 (D.a1a7}
02260 (Q.3377}
4791

4735

56

597

4005

g8

87 44

250

¢

128

24

52.56

5254

5421
20

47.005 ~ 2.516 (2.828 ~ 2.518)
ABET {0065 2° + 0.098 ¢*)
2.768 (0.884 a* + (1.468 ¢}

2.516 {0.132 3™ +0.858 b” + 0468 &)

F2t2E%

55,128, 67914, 172,084, 85, 90, 80

132356 (7634)
13061 (658}
95{11.2)

52.3 (4.0}
83.2(77.2)
68 {1.3)

39,86
0.285(2 518}
0.380 (2.638)
4,122 (0.790}
D967 (DA45)
0893 (0.328)
43.82 - 2516 (2.806 - 2515)
13923 (138)
1366 {14}
0.2211 (0.3271)
©,2058 {3.4428)
4109

3048

138

13

482

0.004

0.4

7.4

29

3

45

455

4705

4639

67.79

2734

@

“Statisiics for the highastyeselution shell are shown in parentheses,

Table S1: Amino acid seguences for the best twelve first-round designs. Ten of

the designs were {G1 neo2 35-44) were expenmentally characterized by veast display and

all but two (Gl neo? 35 and Gl neo2 44)

ere found to bind flucrescently labeled

chimeric ILRPy. at low nanomolar concentrations via flow cytometry screening of designed

first-round protein binders. Designs indicated were expressed on veast and mcubated with 2

nb RIL-2RBY . or 0 nM IL-2RBY . {data not shown).

Design

Sequence

STERKWOLOAEHALLDWOMALNKSPEPNENLNRATTAA

ecZ 3ZARREAEKRGIDVRDLISNAQVILLEAR  ({SEC ID NO:

SWISTGRIDLDKAEDIRRNSDO

88




WO 2020/005819

CA 03102653 2020-12-03

PCT/US2019/038703

“TKKM'Ly&[h]}LLWQM]L,AgﬁkpN NINRATTAAQSCISTGKCDLDEKAEDIRRNS DO
Gl neoZ 34JARREARKRGIDVRDLISNAQVY {SEQ 1D NO: 104)
STRKKWOLOARHALLDWOMALNKSPEPNENINRATTAAQSWI STGKIDCDKAEDIRRNSDQ
Gl neo? 35ARREAEKRGIDVRDLISNAQVILLEAC (SEQ ID NO: 105)
STRKLOLOAEHFLLDVOMILNESPEPNEER STGRIDLDRAEELARNLEK
Gl neoZ 36IVRDEALKRGIDVRDLVSNAKY
STRELOQLOAERFLLDVOMILNESPEPNEELNRCITDAQSWI STGRIDLDRAEECARNLEK
51 neo2 37VRDEALKRGIDVRDLVSNAKVIALELK (SEg ID NO: 10
STKELOLOAEHFLLDVOMILNESPEPNEELNRATITDAQSCI STGKCDLDRAEELARNLEK
Gl neoZ 3B{VRDEALKRGIDVRDLVSNAKVIALELK (SEQ ID NO: 108)
STEKLOLOAEHFLLDVOMILNESPEPNEELNRATTDAQSWI STGKIDLDRAEELCRNLER
Gl neo? 39VRDEALKRGIDVRDLVSNACVIALELK (S8EQ ID NO: 109)
STRKKLOLOAERHALLDAQMMINESPEPNERINRITTTMOSWI STGKIDLDGARKELAKEVEE
Gl neoZ 40{LROEAEKRGIDVRDLASNLEVILLELA (SEQ ID NO: 110)
STREKLOQLOCABHEALLDAQMMLNRSPEPNERLNRIT I TTMQSCT STGRCOLODGARELAKEVER
51 neold ALLROEAERRGIDVRDLASNLKVILLELA (SEQ ID NO: 111)
STRKEIQLOLERALLDVOMATLNRSPEPNESTINRMITWLOSWI STGKIDLDNAQEMAKEAEK
Gl neoZ 4Z2{TRKEMEKRGIDVRDLISNIIVILLELS (SEQ ID NO: 112)
STKKIQLOLEHALLDVOMALNRSPEPNESINRMITWLOSCTSTGKCDLDNAQEMAREARK
Gl neoZ AZJIRKEMEKRGIDVRDLISNIIVILLELS (SEQ ID NO: 113)
STEKKIQLOLEHEALLDVOMALNESPEPNESTNRMITWLOSWI STGKIDLDNAQEMCKEAEK
Gl neo? 44{IRKEMEKRGIDVRDLISNICVILLELS (SEQ ID NO: 114)

Table 82. Anuno acid sequences for the experimentally optimized first-round designs.

Design

Seguence

Gl necZ BTERKTQLLAEHALLDAFMMLNVVPRPNEKLNRITITTMOSWIYTGKIDADGAKELAKEVERLLE
40 1A ERRGIDVEDDASNLKVILLELA (SEQ ID NO: 115)
Gl neoZ [STKKTQLLARHALLDAHMMLNMLPEPNERKLNRIITTMCSWIHTGKIDGDGACELAKEVEELER
40 1B QEYEKRGIDVEDEASNLEVILLELA (SEQ ID NO: 116)
Gl neoZ [STKKTQLLAEHALLDAFMMINMVPEPNEKLNRIITTMQSWIFTGKIDGDGAKELAKEVEELE
40 1C QEFEKRGIDVEDEASNLKVILLELA (3EQ ID NO: 117)
Gl neoZ [STKKTQLLAERHALLDALMMINMVPEPNEKLNRIITTMOSWIFTGKIDGDCGAQELAREVEELE
40 1D  |QELEKRGIDVEDYASNLKVILLELA (SEQ ID NO: 118)
Gl neci BTRKTQLLABHALLDAHMMINVVPEPNERLNRIITTMOSWIYTGRKIDRDGAQELAKEVEELE
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40 1E QELERKRGIDVDDDASNLKVILLELA (SEQ ID NO:

p
[y
e}

LDATMMINLLPEPNEKLNRIITTMOSWIFTGKIDGDGAQELAKEVEELE
WYASNLDEVILLELA (SEQ ID No: 120;

Gl nec?Z IBTREKTQLLAEHALLDAYMMINMVPEPNERKINRIITIMOSWILTGRIDSDGAQELAKEVEELE

40 1G  |QELEKRGIDVDDDASNLKVILLELA (SEQ ID NO: 121)

AEHALLDAYMMINVMPEPNEKLNRIITTMOSWI FTGKIDGDGAKE LAREVERLE
VDDDASNLEVILI

Gl nec? ISTKRTHLLE

40 _1H

QTRKT

Gl neocZ STRKKTQLLARHALLDAYMMILNI
40 QDEYERRGIDVDDY ASNLKY

TGRIDADGAQELATEVEELE

:.__}n
b
4

TLLELA (SEQ ID NO: 123}

SHALLDAPMMLNVLPEPNEKLNRIITTMOSWIFTGKIDGDDAORLAKEVERLE

RGIDVDDDASNLEKVILI

a3

Gl necZ |
40 1J

(SEQ ID NC: 124}

l':]

Gl neoZ [STKKTQLLIEHALLDALDMSRNLPEPNERKLSRIITTMCQSWI
40 1F H l QEHEKRGEDVEDEASNLRKVILLELA

TGRKIDGDGACQLAKEVEELE

-

]
=
fei
=

Gl nec? ISTKKTQLLLEHALLDALHMRRNLPEPNEKLSRIITTMQOSW
40 17 HZIQEHEKRGRDVEDDASNLKVILLELA (SEQ ID NO: 128}

FTGKIDGDGAQELAKEVE

KKTQLLIEHALLDALNMREKKLPEPNEKLSRIITOMOSWIFTGKIDGDGAQQLAKEVEELE

sT
40 1F HIQEHEKRGGDVEDYASNLEKVILLELA (SEQ ID No: 127

Gl neoZ [STKKTQLLLEHALLDALHMSRELPEPNEKLNRIITDMQSWIFTGKIDGDGAQDLAKEVEELE
40 1F H4QEHEKRGGDVEDYASNLKVILLELA (SEQ ID NO: 128)

TERTOL KLS

;...‘
iy

] |55 LIEHALLUALHMSRKLPEPNE
40 1F H5QEHEKRGGEVEDEASNLKVILLELA (SEQ ID NO: 128)

n
v
T
&

;
3
=

o
e
CC

TTGKIDGDGAQHLAKENV

Gl nec?Z IBTREKTQLLIEHALLDALHMKRKLPEPNERKLNRIITNMOSWIFTERIDGDGAQDLAKEVEELE

40 1F HOQEHEKRGODVEDYASNLKY

LELA (SEQ ID NO: 130)

Gl necZ |3T

40 1F MIOE

ERTQLAAEHALRDALMLKELLNEPNEKLARTITTMOSWQ FTGKI DGDGAQE LAKEVERT

GIDVEDYASNLEVILLHLA (SEQ ID NO: 131)

51l nec? IBTRNTQLAAEDALLDALMLRNLINEPNERLARIITTMQSWOFTERIDGDGAQELAKEVEELQ

40 QEHEERGIDVEDYASNLKVILLOLA (SEQ ID NO: 132)

G1_
40_1F

ALMLRNLINEPNEKLARTIITTMOSWQFTEKIDGDGAQELAKEVEELQ
ASNLKVILLOLA (SEQ ID NO:

f"

Table S3; Amino  acid  sequences for  second-round  designs.
{3 peo? 40 1F seql2 1o G2 peo? 40 1F seqd¥ correspond 1o the 27 Rosctla sequence

redesigns of G neoZ 40 1F, G2 nee? 40 IF seq?9 o G2 neo? 40 1F seqd? ropresant

the 14 pow de nove munetic designs,
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WV E

- PO
G2 neocZ 40

F seqg39

F oseqg4dd

G2 nec?z 40

Table 34.

second-round

o
5
foi
Lo}
7

REREIDTEDYVVNLRL

QSIIEYETYDPDMVKEAV

ID NO: 175)

TNKKAQLHA
KLADEIEDE

RKRKIDTEDYVVNLR

CSIIFTGTYDPDMY

NLELTLEELAREMERNGLSE
QSQIFEVLHGVGETDOEKK

S

IVER]
SWKEKWDLLLEH

L LNELITY T /\ (\]

NLEVILEELAREMERNGLSDKAEE
VIEREGETDQERKKEE

KIVERIRQIRSNNSDLN

WEKWELHLEH

-

ALLDV

)

G2 neoZ 40
3 30 277

segz9 387

G2 neo? 40

h‘j

QIFEVLEGVGETDX

IERNGLSDEAE
EEKKEESWKEK:

ITRQIRSNNSDL]

ELHLEHALLDVLMLL
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Neolukin~2/15

(1.e. PRRKICLEAEHALYDAL VETNSPPAE DYAFRT LEETARLEESG
GZz_neoZ 40 _1FpHOKDEAEKAKRMKEWMKRIKTTASEDEQEEMANATITILOSWIFS (SEQ ID NO:
seg36 S811) 181)

PRERIQLLABHALDFDLIMIDNIVKTNSONAEEKDEDY AYNAGVILEETARLEESG

OKDEARKAKEMEEWMKRIKDTASEDEQEEMANETIITITLOSWNES (SEC ID NO:

)£
162)

seg36e S12

Necleukin-2/15-HBY-K33E: Hi->HI-»H2 -4
PRKKIQLYAEHALY DALMILNIVKTNSPPAELELEDYAFNFELILEEIARLFESGDOKDEAEKAKRMKEWMKRIKTTAS
EDEQEEMANANTILOSWIFS (SEQ ID NO: 94)

Binding of Neoleukin-2/15-H8Y-K33E to the L2 receptor was measured by biolayer
miterferometry, and it was found to have higher binding affinity than Neoleukn-2 for IL.2-
Rbeta, both when tested agamst IL2Rbeta alone and when tested against the ITL2Rbeta-
gamma complex. This increased affinity was attributable mostly to an improved off-rate from
1L.2-Rbeta.

Table 85. Amino acid sequences for the interleukin-4 mimetic designs based on

reengineenng of neolukin-2/15.

Design Sequence
PKKKIQITAEEALKDALSTILNIVKTNSPPAEEQLERFAKR FERNLWG TARLF
Thé G2 nec?z 40 1 IFSGDOKDEAEKAKRMKEWMKRIKTTASEDEQEEMANATIITILQSWIFS
¥ seq36 | (SEQ ID NO: 183)
Necleukin—-4
i.e PKKKIQIMAEEALKDALSTLNIVKTNSPPAEEQLERFAKRFERNLWG TARLF

IL4 . 40 7 ESGDOKDEARKAKRMIEWMKRIKTTASEDEQEEMANATITITILOSWEES
e © {(sEQ ID NO: 184)

MIE)

94
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Appendix A. RosettaScripts XML protocol for seguence design of mimetics generation-1.

is2013.wts />

5 <SFANGMA welghts=talarisZ013 dO'\.A]Il’&la,v\Tt‘ />
J
</S\/ORE£XITQ>

<FILTERS>
<353 P"eajhtiﬁn ndmﬂ:”:spreﬂ”

. Lano/PROGRAMS /psip
0" uze svm="0"

10

ipred single"
3.80

<ScoreType name="rama" scorefxn="SFXN6"
score type="rama" threshold=0.0 confidence="0" />
15 <PackStat name=pack threshold=0.63 confidence=1/>
<Holes name=hocles threshold=1l.2 confidence=0/>
<ScoreType name="score" scorelfxn="IFXNG"
score type="total score" threshold=0.0 confidence="0" />
© <ResidueCount name="nres’ confidence="0" />
20 <CalculatorFilter name="score res”
cquation="3SCORE/NRES" threshold="-1.7" confidence="1">
<SCORE name="3CORE" filter name="score" />
<NRES name="NRES" filter name="nres" />
</CalculatorFilter>
25 <CompoundStatement name=filt >
<AND filter name=sspred />
<AND filter name=rama />
<AND fi

ilter name=score res />
<AND flLter_name:pac] />
30 </CompoundStatement>

</FILTERS>

CTASKOPERATIONS>
<InitializeFromCommandline name="init"/>
35 <IncludeCurrent name="inclcur?®/>
<LimitAromaChi? nvmemllmechiQ />
DizallowlfNon
<ReadResfile

40 </TASKOPERATIONS>

45  task upeﬁa‘iﬁr%:”ini' resfi a,ilmltchiZ" scorefxn="SFXNGJA™
allow design=' only _ £ reglon="0"
design by psipred="0" design
clear designable residues="0"

<FastRelax name=relax />

50 <ParsedProtocol name="complexbDe

¥§ ) ¥y
=L

e
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<Add mover name="fdesign" />

<Add mover name="relax" />
iy

<RAdd mover name="dssp" />
</ParsedProtocol>
5 <LOOpOVLL name="fastDesignProtein®
me="¢ exDesign® filter name=filt drift=0

‘ms_whenfail=FAIL DO NOT RETRY/>

10

<Add mover name=fastDesignProtein />
15 <Add filter_nawe Qd />
<Add
<Add
<Add
<Add
20 <Add )
</PROTOCOLS>
</ROSETTASCRIPTS>
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Appendix B, RosettaScripts XML protoco! for sequence redesigns of
Gl Neo2 40 1F (i.e. generation-2).

<ROSETTASCRIPTS

S
N T TR
5 LSCOREFXNS>

<SFXNG vanilla welghts="./talaris2014 cart.wts®
symne c=0 />
<SFXN6dA vanilla
welghts=",/talaris2014 cart downAla.wts" symmetric=0 />
10 <SFXN6JA norep elect
welghts="./talaris201
<Rewe />
/>

/ -
</ SFRNGAA =
</SCCOREFXNS>
20

<MOVERS>

v I

<8witchChainOrder name="keep only chain A"
chain order="1"/>

/Dﬂ()i/lJE\*\>

25

TERS>

<!=--Not Enabled-->
<Holes name="holes dizab

ed” threshold="1.2"

30

confidence="0" />
1d="0.65"

111 _disabled thres!

tonet

cmdz"/work’ﬂadyianﬁ/ERb RAMC/E LQY&Q/LurD"EL“w gingle®
use probability="0" use svm="0" threshold=0.85

confidence="0"/>
40 <BnrheQUnsat}?““ﬂs name="unszat core disabled" cutoff=0
task operations="only core residues” jump numoer=0

confidence="0"/> B
<RmsdSimple name="rmsdl chainA disabled”
reference name="reference conformation”™ chain="1" align="1"
45 threshold="1.0" confide: he:”""’>

Qe

<PmsdSimple name="rmsdZ chain® disabled”
n" chain="1" align="1"

a
reference name="reference conformatio
.07 conflaeﬁcem"”"/~
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RmsdSimple name="rmsd3 chair

<

ainhA disa
reference name="reference conformation” chain="1" align="1"
threshold="1.0" confidence="0"/>
<CalculatorFilter name="score res disabled”

equation="3SCORE/NRES" threshold="-1.8" conf
<8 1 g

CORE name=9"3COREY filter name="score dl«ubin/"
/o
/o
<NRES name="NRES" filter _name="nres disabled" />

</CalculatorFPilter>

----- '‘vackstat enabled" threshold="0.65"
/>

nd*ﬂ:”:syreq enabled
ano/PLOCthp/,b1preo/rurp»l
"O" use svm="0" thresho

use Erobab
confidence="1"/>

i T 3§

Filter name="score res enabled

equation="SCORE/NRES" threshold="-1.8" confidence="1">
<SCORE name="SCORE" filter name="score disabled™

ol l .- +
<Calculator

<NRES name="NRES" filter name="nres disabled" />
</CalculatorFilter>
<CavityVolume name="cav volmdisabled" s
<BuriedUnsatHbonds name="unsat core enabled" cutoff=0

core residues” jump number=0

name="rmsdl chainh snabled®
conformation” chain=m1" aligrn="1"
_an/>

me:”"quZ chainA enabled”

—”Lnievcﬂcﬂ cwnfgrmation” chain="1" align="1"

': ndwcz"Ym d3 chainA snabled"

ence conformation” chain="1" aligr="1"
/\ nr‘le::::”" i />
»b@f?u\nh name=all enabled filters >

/

fiiter name=sspred enabled />
<AND filter name=score res enabled />
<AND f:._&ter___name:packstatm_eub~ =d />
<AND filter name=unsat core enabled />
</ConmpoundStatement>
</FILTERS>

,...
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<SelectBySASA name="only core residues” mode="mc"
probe radius=2.0 core asa=20.0 surface asa=30.0 core=i
boundary=0 surface=0 verbose=1 />
ict to

<LayerDesign name="layer all" layer=%zaii"
use sidegh~¢1 neighbors="True” pore radius="2.0"

verbose="true®” >
<NoRepackDisulfides
<all aa=%"c"

'T

speration="omit"™ />

</NoRepackDisulfides>
sidueSubset
name= layerdesignOmit"” selector="hotspots”
>
=ntRepackingRLT/
secif atlor"”ﬁlye operation="omit” />
sidueSubset>
name="rﬁsfl e layerdesignCmit"”
filen: ' £ fix.resfile™ >
~ification="fized" operation="omit"” />
>
append="M" />
</corex>
<bcundary>
11 append="M" />
me="layer boundary surface"
layer="boundary surface” use sidechain nei ghbo"%m”Trué"
ppre_*aajus:”Z.O" verbose="true”™ >
<NcRepackDisulfides rame:"d sulf™ >

<all aa="c"

operation="omit" />
</NoRepackDisul:
<OperateOnRes fo;eSubset
verd

name="hotspot onlyrepack layerdesignOmit” selector="hotspots”
>
chacklnLRLT
cation="fixed"” operation="omit"™ />
<, eSubse
< e:”re ayerdesignOmit"
filename=%"./1 el >
ication="fixed"” cpasration="omit"™ />
<,
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<all append="M" />
</core>
<boundary>

<all append="MY" />
>

<BavePoseMover name="save RMSDreference conformation®
reference name="re _conzﬁrmatign"/>
<AddConstraintseToCurrentConformati
nama=constrainCh
task operations="init,resfile,inclcur,limitchiZ,only native H,
ayer all,hotspot onlyrepack,not chain B,ncot chain C,not chain
D" CA only=1 />
<ClearConstraintsMover name=clearAllConstraints />
<PackRotamersMover 1 norep”

T
efxn="3F¥NedA norep elect”
f

b
b
k/!

-l

-

name="design al

sCor
task operat iows:"init,res”*le,1nc1cur,11m1tch12,only native H,
laye.>a¢l,] otspot onlyrepack,not chain B,not chain C,not chain
Dl! //'>
<PackRotamersMover name="design onlyCore norep”
scorefxn="3SFXNEdA norep =lect”

<TaskAwareMinMover name="min vanilla BBSCY

scorefxrn="SFXNG vanilila™ Dbb="1" chi="1" Jump="1"
task oLera*Wo“sm"1th resfile, inclcur, limitchiZ,only native H,
layer all,hotspot onlyrepack,not chain B,not chain C,not chain
DY />
B <FastDesign name="fdesign all elec”

scorefxn="SFXN6&6dA vanilla”®

task operations="init,resfile,inclcur,limitchi2,only native H,
1ayerma11,hotwpotmonlyrepack,notwchain B,not chain C,not chain
D" nl oh: . region="0" design by psipred=7"{"

0

design by frag qual="0" repeats="3"

‘eSluAabWG residues="0

e}
}._
1)
o
i
O

<Ch 1 bb=1i/>
<Chain number=2 chi=0 bb=0/>
o ,

<Chain number=3 chi=0 bb=0/>

101



10

15

20

25

30

40

45

50

WO 2020/005819

</FastRelax>
<Pars

<Add mover
<Add mover
<Add mover

Add filte

Check RMSD -->

<Add mover

CA-contralints -- >

</ParzsedProtcecc
<GenericSimuala

racver nan

periodic mo

eval uehl od="20" histo

]

drift="1"

edProtocol name="desic

e
<Add mover

F

CA 03102653 2020-12-03

name="constrainCAi

name="design all norep" />

rame:"min vanilla
name= ”IT‘_Ll'l V\;il’lil 1a

name="rmsd chainh e

name="clearallConstraints”

PCT/US2019/038703

I w minimize vanilla™ >

START CA-

ol>
tedAnnealer name="3 n¥
e="design onlyCore noreg 160"
ver:"dealgn all w La”
], ..... V!’:OH
polz rank="1" recover low="]1
file="mc" keep ch CkpolnL file="0"

9]
o
=
G
P._
D)
(@
<
s
[0}
i
;

low" LTemp
<AND f
sample type="low" temp
<//FJ__L & r‘f‘-\
%P“rlcSLmu

5
1
4

Nal

%ar@]
Trials="3"

%topm1ng

<Filters>

<APPLY TO POSE>
</BPPLY TO POSE>

>
eCarlo name="MC Fast
mover name=”f: ;3 )
fil_xa: name="cav vol chainA dis
rx\/pa::: "low o

era
filter name="score

- T 7.
erature=0.05 />

atedAnnealer:

preapp 1 v Wy

condition="a ll enabled

102
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mover name=save RMSDreference conformation />

mover name=SA DesignProtein />

i
£i
filter B _ _ena
10 filter name=sspred chainA enabled />
filt £ chainA disabled />

chalnaA di

F s N
</PROTOCOLSE

</ROSETTASCRIPTS>
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Appendix €. RosettaScrnipts XML protocol for sequence design of new mumetics

10

15

20

30

35

40

50

generation-2 (i.e. mimetics based on G Ngo2 40 IF as template).

<ROSETTASCRIPTE>

<SCOREFXNS>
<SFXN€é vanilla weights="./talaris2014 cart.wts”
symmetric=0 />
<BFXNG6dA vanllla
welghts="./talaris2014 cart downAla.wts" symmetric=0 />
<BEXNEdA norvep elect
welghts="./talaris2014 cart downAla.wts" symmetric=0 >
<Reweight scoretype=ifa rep weight=0.058 />
<Rewelght scoretype=fa elec weight=1.0 />
p

J— - v e e T » oy e S ~
Vﬁlqhtsz",/LaierSZ 4 cart downAla.wts" symmetric=0 >
<Rewelight scoretype=fa elec weight=2.0 />

A,

w

A
S~

[97]
Q
O/
2N
=1
Iy o
>

=
[€2]

A\

<MOV

m
53

[45]
V]

A
[97]
bt
.
ot
e
52

hainOrder name="keep oniy chain AY

chain order

| s~
CoTal 3Core

:corefxn-"bﬁXNv_Vani_la" score
threshold=0.0 confidence="g" />
<ResidueCount name="nres disabled” confidence="{" />
’ ame=packstat oasableo threshold="0.65"
repeats="3" co“fidence:"O" />
ction name="sspred disabled
7/

ano/PROGRAME /psipred/runpsipred single®

1

Q

\

Lty="0" use svm="0" threshold=0.85

<BuriedUnsatHbonds namg=”unswt_ﬂowe dizabled®™ cutoeff=0
task operatio ' Jump numbe r=0
confidence="0"/>

<Lmsj5¢mole

name="rmsd]
.F

reference align="1"

threshold= "1.‘” “opi Qcﬂccm’D
imple name="rmsd
>=lreference “,nf
i” confidence="
~imple name:"rmsdB_chainf disabled”

"reference conformation”™ chain="1" align="1"

51 I an il
onfidence="0 />

aligns=
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<CalculatorfFilter name="score res
=quation=' bL)PE/NRhO” threshold="~1

SCORE name="SCORE" fil!

/>
<NRES name="NRES" filter name="nre:

</CalculatorFilter>

<l --Enabled-->

<Pack3tat name="packstat enabled” thre
repaats="3" confidence="1" /> B

<SS8Prediction namm:”CQprwd enabled”
cmd="/work/dadriano/PROGRAME /paipred/runpsiprs

i

threshold=0.85

1

use probability="0" use svm="0"

idence="1"/>

TN
Y

-

<CalculatorFilter name="score res _enak
="gCORE/NRESY threshcold="-1.8" confide
<SCORE name="3CORE" filter name="s

D
ie)
=
b
7
ot
f
O
=
0
oy

D

<NRES name="NRES" filter name="nres
</CalculatorFilter>
<CavityVolume name="cav vol disabled®
edUn awa:"gngat core

e con;ormatlon" chain=
idence="1%/>

thL:"Ymch chainA enabled

Erence chain=

PCT/US2019/038703

sshold="0
»_/.'_.'_ A /o

)
[9)t
n

d single™

led”
noe="1%>
core. dimuhle

TIY oalign="1"
123
" oalign=v1n

Woen“'
ame="1 enabled”
.VQWCQ_ chain="1" align="1"
idence=
1Statement led filters >
filter name=sspred enabled />
fiiter name=score res snabled />
filter namempdphgtat_enabled />
<BAND filter name=unsat core enabled />

</CompoundStatement>

</FILTERS>

\‘"munain A Fd
<t--Not Enable
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o Repacking--:

e="hots

narmn

PCT/US2019/038703

>
I <o 3 ] T
ot onlvrepack

gRLT/>

</Op >

<!--Layer Design as Tom Helped to set omit cperations.
Thanks Tom L. :)-->

<Lay=rDesign 7 fflayer all®™ layer="gll"
use sidechain neighbors="True" ﬁ: re radius="2.0"
verbose="true” >

<NoRepackDisulfides name="disulf?® >
<all aa=Yc" specification="fixed"

operatior:
/hpheoockd1su$fmdes>
<Opqrapevu&931oue uovet
zelector

nCrnlt®

="hotspots”

<PreventRepackingRLT/>
<all speci f cation="{fixed" operation="omit"™ />
</OperateOnResidueSubset>
<ReadResfile name”"re%.¢lemlayerdes¢qr dmit”
filename="./inpu sfile
cif ion="omit"™ />
S o
s="True"
GﬁadeI ulfides name="digulf" >
<all aa="c" gpecification="fixed"
speration="omit"™ />
</NoRepackbDisulfides>
<OperatelnResiduelubset
name="hotspot onlyrepack layerdesignOmit" selector="hotspots”
. — -
<PreventRepackingRLT/
<all specific atlon:”rixed" operation="omit” />
</OperateOnResiduesSubset>
<ReadResfile name="resfile layerdesignOmit"
filename="./input fix.resfile” >
<all specification="fixed" operation="omit” />

<all appsnd="M" />
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y>
<all append="M" />
</boundary>
</LayerDesign>
</TASKOPERATIONSE>
save wM“Dreferencg _conformation™
formation™/>

entConformationM

;only native H,
Lot chaln B,“of _chain C,not chain

/”1 arConstraintsMover name=clearAlld

<PackRotamersMover name="design all n
scorefxn="SFXN&6dA norep elect”™

sonstralnts />
wrep”

task o eratiopg:"ln.f resfile, inclcur, limitchi2, only native H
M 14 L 7 _Y 7
layer all,hotspot onlyrepack,not chain B,not chain rot Fhaﬁn
D" />
<PackRotamersMover name="design onlyCore norep”
scorefzn="3FXNEdA norep elect™
task operations="init,resfile,inclicur,limitchi?,only native H
7 7 S 7
layer all,hotspot onlyrepack, “ﬁly core ”e~“ﬂ nes,not chain B, no
t chain C,not i />
<

task opers
layer all
T i3} //\
<Tas Qw:-ar»—%hnl\d over name="min vanilla BBRSCY

':nlu

|__
-
~N
9
-y
-

="SFXNG vani

i it,resfile,inclcur, limitchi?,only native H,
onlyrepack,not chain B,not chain C,not chain

<Fast
gcorefzn="3SFXN6JA vanilla™
task OLeT%*“O”%x"1hif resfile, inclcur, limitchiZ,only native H,
layer all,hotspoet onlyrep na
design worst region="0" design by psipred="0"

Design name="fdesign all elec”

niyrepack,noct chain B,not chln C,not chain

DY only de : L
des sign by frag qual="0" repeats="3"
Cleaf_}GSJQPa le residues="0" max redesigns="2000" >
<FastRelax name=fast relax vanilla
scorefxn="SFXN6dA vanilla™>
H>

<MoveMap name="mappyvir

<Chain number=1
<Chiain number=2
<Chain number=3
<Chain number=4
<J~mp number=1

ﬁ
E -

</MoveMap>
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<ParsedProtocol name="design all w minimize vanilila” >
<Rdd mover name="constrainCi" /> <i-- START CA-

over name="design all nore
Add mover na .c:"mln van ill‘ FC" />

C"r‘

Check RMS

wdd mover

CA-contraints —->
</ParsedProtocol>

<GenericSimulatedAnnealer name="SA DesignProt
mnover nome:’iﬂvjqn onlyCore norep® trials

"desilgn all w minimize vanilla®
eval "
cover low="1" preapply="0"
dri
1

mc™ k@er vhecxpoin‘
a

temperature="

name="gcore res chainA disabled"
=0.05% />

nealer>

name="MC FastDesignProtein
mover gme:"idcs;gx al _Llﬁ“!

filter na chainA disabled"
sample Ty
trials="3" preapply="0"

<G\rCVi

5
1
4

stopping condition="all enabled filters chainA" >
<PFilters>
<AND filter name="unsat core chainA disabled”
sample type="low™ />
<AND filter name="score res chainA disabled”

9 .t_‘,pa...n'i ow™ //'>
</Filters>
\/Geivrlkﬁortejarlo>

~.
‘7
"r‘
s
=
n
62
\Y4

eference conformation />
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<Add
<Add
<Add
<Add
<Add
<Add
<Add
<Add
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mover name=MC FastDe s*‘qn‘r‘/‘rotein />
£i11 ,e‘ _names rmsd2 chai nA enabled />
move st 1r=_Lu§z varu;;a />

\_,hol_l".“ QSMLGQ />
cav_vol chainA disabled />
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We claim
1. A non-naturally occurring polvpeptide comprising domains X1, X2, X3, and X4,

wherein:

{a} X1 is a peptide comprising the amino acid sequence at feast 25%, 27%, 30%,
353%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 93%, 98%, or 100%
identical to FHALYRAL (SEQ ID NOG:1};

{b) X2 is a helical-peptide of at Ieast & amino acids 1n length;

{c) X3 is a peptide ccmprismg the amino acid sequence at feast 25%, 27%, 30%,
35%, 40%, 45%, 50%, 35%, 60%, 65%, T0%, 75%, 80%, &3%, 90% 98%, or 100%
wlentical to \M* ELU(SEQ D NO:2),

”

{d) X4disa pepﬁde comprising the amino acid sequence at least 25%, 27%, 30%,
353%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 93%, 98%, or 100%
wdentical to YTHLQSWIF (SEG ID NO:3),

wherein X1, X2, X3, and X4 may be in any order in the polypeptide;

wherein amino acid linkers may be present between any of the domains; and

wherein the polypeptide binds to IL-2 receptor BY . heterodimer (IL-2RBY), IL-4
cceptor oY cheterodimer (IL-4Ra¥ ), or 1L-13 recoptor o subumit (JL-13Ra).

2. The polypeptide of claim 1, whercin:
(1) X1 includes one or both of the following: H at residue 2 and Y at residue 5;
and/or

{11} X3mcludes 1, 2, 3, 4, or all 5 of the following: Y at residue 1, F at residue 3,

N at residue 4, L at residue 7, and 1 at residue 8.

3. The polvpeptide of claim 1 or 2, wherem:
(1) X4 icludes I at residue 8.
4. The polypeptide of claim 1, wherein:

{1} X1 includes E at residue 2 and K at residue 5; and
{11) X3 includes F at residue 1, K at residue 3, R at residuc 4, Ratresidue 7, and N

at residue 8

5. The polypeptide of claim T or 4, wherein

(i) X4 includes F at residue 8.
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6. The polypeptide of any one of claims 1-5, wherein:

X1 is a peptide compusing the amino acid sequence at least 259, 27%, 30%, 35%,
4(%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 100%
wdentical along its length to the peptide PKKEKIQLHATHALY DALMILNI (SEQ ID NO: 43 ;

X3 13 a peptide comprising the aming acid sequence at least 25%, 27%, 30%, 35%,
40%, 45%, 30%., 55%, 60%, 65%., 70%, 75%, 80%. 85%, 90%, 93%, 98%, or 100%
wentical along its length the peptide LEDYAFNFELMLEEIARLFESG (SEQ ID N(:5) ; and

X4 1s a peptide comprising the amino acid sequence at least 25%, 27%, 30%, 35%.
40%, 43%, 50%, 35%, 60%., 65%, 70%, 75%, 80%, 85%, 90%. 95%, 98%, or 100%

wdentical along its length to the peptide EDEQEEMANATITILOSWIFS (SEQ D NO:w6)y .

7. The polypeptide of ¢laim 6, wherein:

(i) X1 includes 1, , 4, or all 5 of the following: L at residue 7, H at residuce 8,
H at residue 11, Y at residue 14; M at residue 18; and/or

{11) X3includes 1,2, 3,4, 5,6, 7, orall 8 of the following: D at residue 3, Y at
residuc 4. F at residue 6, N at residue 7, L at residue 10, { at residue 11, E at residue 13, or E

at residue 14,

3. The polvpeptide of ¢laim 6 or 7, wherein:

(i) X4 includes I at residuc 19,

9. The polypeptide of claim 6, wherem:

X1 1s a peptide comprising the amino acid sequence at least 25%, 27%, 30%, 35%.
40%, 45%, 50%, 559, 60%, 65%, 70%, 73%, 80%, 85%, 90%, 95%, 98%, or 100% identical
along its length to the peptide PKEKKIQIMAEEALKDALSIINI (SEQ ID NO: 8);

3 is a peptide comprising the amino acid sequence at least 37% 40%, 45%, 50%,

55%, 60%, 65%, T0%, 75%, 80%, 85%. 90%, 95%, 98%, or 100% identical along its length
the peptide LERFAKRFERNLWGIARLFESG (SEQ ID NG: 9); and

X4 1s a peptide comprising the amino acid sequence at least 25%, 27%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%. 95%, 98%, or 100%
wlentical along its length to the peptide EDEQEEMANAHTILQSWEFS (SEQ 1D NO: 10).

wherein
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{1} X1 includes I at residue 7, T or M at residue 8, E at residue 11, K at residue 14

and § at residue 18; and
(i) X3 includes R at residue 3, F at residuc 4, K at residue 6, R at residue 7, R at

residue 10, N at residue 11, W at residue 13, and G at residue 14

10.  The polypeptide of claim 9, wherein

(i) X4 mmcludes F at residue 19,

11, The polypeptide of anv one of claims 1-7. wherein amino acid substitutions relative to

the reference peptide domains do not occur at AA residues marked in bold font.

12, The polypeptide of any one of claims 1-11, wherein amino acid substitutions relative

to the reference peptide domatns are conservative aming acid substitutions,

13, The polypeptide of any one of claims 1-12, wherein the domains are arranged N-
terminal to C-terminal in an arrangement selected from the group consisting of X1-X2-X3-
X4, X1-X3-X2-X4; X1-X4-X2-X3; X3-X2-X1-X4; X4-X3-X2-X1; X2-X3-X4-X1; and X2-
X1-X4-X3,

14.  The polypeptide of any one of claims 6-13, wherein amino acid residues relative to

SEQ 1D NO:4 are sclected from the group consisting of:

Postion 01: A F I L M P 3 R S W
Position 02: A ) E G v

Position 03: D E F W K

Position 04: D E K N P W

Position 05 D E H 1 K L M K
Position 06: A D E G L P 5 W Q
Position 07: D E 1 O Y i

Position 08: A F H W Y M T

Position 09: F P A

Position 10: D E F K P

Position 1. D F H

Position 12; A D E P S T pY

Position 13: H I L M P R A% W
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Position 14.  F R W Y K
Position 15 B E N Y
Position 16 A C L M S
Position 170 F I L M P R
Position 18: G M 3 Y S
Position 19, 1 L M | g A
Position 20: A K L M Y] R S
Position21: G I8 N p R S W
Position 22. D E i M N W Y
15. The polvpeptide of claim 14, wherein position 7 is I, position 8 1s M or T, position 11
is E, position 14 is K and position 1813 8.
16.  The polypeptide of claim 14, wherein 1, 2, 3, 4, or $ of the following are not true:

position 7 15 1, position 8 is M or T, position 11 1s E, position 14 is K, and position 1813 S.

17, The polypeptide of anv one of claims 6-16, wherein amine acid residues relative to

SEQ D NG!S are selected from the group consisting of:

Position 01
Position 02:
Position 03:
Posttion 04:
Position 05;
Position 06;
Position 07:
Position 08;
Position 09
Position 10:
Posthion 11:
Position 12:

Position 13:

W

Position 14:

Position 15;

A
D
D
C
A

i

=@

= Z

R

M

M I

R

Y F

v W Y

T V Y K
T R

M 5 v F
R 5 T \Y E
Y R

v

5 v

H 5 v
v W
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Position 16: A )] G ) T v
Position 17 H K L N R

Position 18:  C D G i I Q R’ f W

Position 191 D F M N W

Position 200 A C E F G M 5 Y

Position21. D E G H L M R 5 I v W
Posttion 22: A D G K N S Y

18.  The polypeptide of anv one of claims 6 to 17 comprising a cysteine substitution at
position §7 or 20 relative to SEQ 1D NG:5.

19. The polyvpeptide of claim 17 or 18, wherein position 3 1s R, position 4 is F, position 6

1s K, position 7 is R, position 10 15 R, position 11 is N, position 13 is W, and position 14 is G.

20. The polypeptide of claim 17 or 18, wherein 1, 2,3, 4, 5,6, 7, or all 8 of the tollowing
are not true: position 3 is R, position 4 15 F, position 615 K, position 7 18 R, position 10138 R,

position 11 is N, position 13 is W, and position 14is G.

21, The polypeptide of any one of claims 6-20, wheremn amino acid residues relative to
SEQ 1D NO:6 are selected from the group consisting of!

Position 01: D E G K Y

Position 02: D I M 8

G H K

i

Position 03:

Position 04:  E G i K Q R S
Position 05 A D E G H S Y
Position 06:  C D E G i M Q R T v

Position 07 C E L M P R T

Position 08: A F i

Position 09 A G L N Q R T
D E

Position 10: A C

Pogition 11 | M N 5 A% W
Position 12: | K L S v
Position 131 C L M R S T
Position 14, 1 L P 1 Y
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Position 15: F G i L M N V

Position 16: H K Q

Position 17 C F K S W Y

Position 18: K Q T W

Posttion 191 C G N I

Position 20: C F G L Y

Posttion 21: A F G H S Y

22, The polypeptide of anv one of claims 6 ic 21 comprising a cysteine substitution at
position 3 refative to SEQ NO:6.

23. The polvpeptide of claim 21 or 22 where position 191s L

24, The polypeptide of claim 21 or 22 where position 19 13 not 1.

25. The polvpeptide of any one of claims 1-24, wherein X2 is a peptide comprising the

amino acid sequence at least 25%, 27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
T5%, 80%, 85%, 90%, 95%, 98%, or 100% identical along its length to

KDEAEKAKRMKEWMEKRIKT (SEQ ID NG:7) .

26, The polypeptide of claim 25, wherein amino acid residucs relative to SEQ D NO:7

are selected from the group consisting of’

Position 01: A H L M R S A% K
Position 02: A D E Y R S T Y W Y
Position 03: E G K L N 3 R W
Position 04 A F G N K T Y Y
Position 05. A E G I M R A% C
Position 061 C E K L N R v

Position 07: A C E I L 3 T \Y W
Position 08 H K L M s I W Y
Position 09: A I I M g S R

Position 10: A I M 8 W Y

Position 11. i K L K A
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Position 12. E K L P 3 R T
Pogition 13. A D H I W

Position 14 A C G i I 8 1 Y M
Position 15 A E G i K L M R v

Position 16: G H L R S T 3 C

Position 17 A I L Y

Position 18: A C D E G H I K M 8
Position 19 D E G L N v T

27 The polypeptide of claum 23 or 26 comprising a cysteine substitution at position 1, 2,

5,9, 12, or 16 relative to SEQ NG.7.

28. The polvpeptide of claim 26 or 27, wherein position 11 1s L

28, The polypeptide of claim 26 or 27, wherem position 11 s not L

30,  The polypeptide of any one of claims 1-29, wherein the polypeptide comprises a
polypeptide at least 25%, 27%. 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%.
80%, 85%, 90%, 95%, 98%, or 100% identical to the amino acid sequence selected from the

group consisting of SEQ 1B NOS:11-94, 103-184, 190-243, and 245-247.

31, The polypeptide of any one of claims 1-29, wherein the polypeptide comprises a
polypeptide at least 25%, 27%, 30%, 35%. 40%, 45%, 50%, 53%, 60%, 65%, 70%, 75%,
80%, 83%, 90%, 95%, 98%, or 100% identical to the amino acid sequence selected from the

group consisting of SEQ 1D NOS:90 and 181

32.  'The polvpeptide of any one of claims 1-31, wherein the polypeptide comprises a
polypeptide at Jeast 25%. 27%, 30%., 35%, 40%, 45%, 50%. 55%, 60%, 65%, 70%, 75%,
80%, 83%, 90%, 95%, 98%, or 100% 1identical to the full length of the amino acid sequence
of SEQ ID N3:90, and wherein one, two, or more of the following mutations are present;

R30C;

E33(;

E62C;

E69C;
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R73C; and/or
ES2¢C.
33, The polyvpeptide of any one of claims 1-31, wherein the polypeptide comprises a

polypeptide at least 25%, 27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%,
809, 85%, 90%, 95%, 98%, or 100% identical to the full length of the amine acid sequence
of SEQ ID NO:181, and wherein one, two, or more of the following mutations are present
D36l
K38,
DsoC:
R66C;
T77C,
E&5C;
R50C;
ES3C;
E62(;
E69C;
R73(; and/or
ER2C.

34, The poiypeptide of claim 32 or 33, wherem the polypeptide comprises a polypeptide
at feast 25%, 27%, 30%, 35%, 40%., 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%
90%, 95%, 98%, or 100% 1identical to the full length of the amine acid sequence selected
from the group consisting of SEQ 1D NOS: 190-243; or wherein the polypeptide comprises a
polypeptide at least 25%, 27%. 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%.
80%, 85%, 90%, 95%, 98%, or 100% identical to the full length of the amino acid sequence
selected from the group consisting of SEQ ID NO:195 and 222; or wherein the polypeptide
compa‘ises a polypeptide at least 25%, 27%, 30%, 35%, 40%, 45%, 50%, 553%, 60%, 65%,
70%, 73%, 80% o, 90%, @ 98%, or 100% 1dentical to the full length of the amino
acid sequence of SEQ D NG:19s.
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35, The polypeptide of any one of claims 1-34, wherein the polypeptide 13 linked to a
stabilization compound, including but not imited to a polyethylene glycol {("PEG™)

containing moiety.

36.  The polyvpeptide of claim 35, wherein the stabilization compound, inchiding but not

timited to a PEG-containing moicty, is linked at a cysteing residue in the polypeptide.

37.  The polypeptide of claim 36, wherein the cysteine residue is present in X2.

38, The polypeptide of any one of claims 35-37, wherein the stabilization compound,
meluding but not hmsted to a PEG-containing moiety, is linked to the cvsteine reside via a
malermide group, including but not imited to linked to a cysteine residue present at aming

acid residue 62 relative to SEQ 1D NG:60.

39, The polypeptide of any one of claims 1-38, wherein the polypeptide comprises a
polvpeptide at least 25%, 27%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 83%. 90%, 95%, 98%, or 100% identical to the amino acid sequence selected from the

group consisting of SEQ 1D NO:92, 93, 183, and 184,

40, The polypeptide of any one of claims 30-39, wherein position 7 1s I, position 8 is T or
M, position 11 1s E, position 14 1s K, position 18 is §, position 33 is (3, posttion 36 13 R,
position 37 is F, position 39 is K, posttion 40 1s R, position 43 is R, position 44 is N, position

46 is W, and position 47 s .

41, The polypeptide of claim 40, wherein position 68 is T and position 98 1s F.

42. The polypeptide of any one of claims 30-39, wherein 1, 2,3, 4, 5,6,7. 8,9, 10, 11,
12, 13, or alll 4 of the following are not true: position 7 1s §, position 8 1s T or M, position 11
18 E, position 14 1s K, position 18 1s §, position 33 15 Q, position 36 1s R, position 37 is F,
position 39 is K, position 40 is R, position 43 is R, position 44 13 N, position 46 1s W, and

position 47 is 3.

43, The polypeptide of claim 42, wherein one or both of the following are not true:

position 68 is § and position 98 s F.
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44, The polypeptide of claim 1, wherein the polvpeptide comprises a polvpeptide at least
80% ideutical to the amino acid sequence selected from the group consisting of SEQ 1D

NOS:11-94, 163-184, 190-243, and 245-247.

45, The polypeptide of claim 44, whergin the polypeptide comprises a polypeptide at feast
90% identical to the amino acid sequence sclected from the group counsisting of SEQ 1D

NOS:11-94, 103-184, 190-243, and 245-247.

46.  The polypeptide of claim 44 or 45 wherein the polypeptide binds to {1.-2 receptor BY.
heterodimer (L-2RBVY.).

47. The polypeptide of claim 1, wherein:
{a) X1 is a peptide comprising the amino acid sequence at least 85% identical to

AL (SEQID NO:),

BHAL

{b} X2 1s a helical-peptide of at least 8 amino acids in length;

{c} X3 is a peptide comprising the amino acid sequence at least 83% identical to
YAFNFELL(SEQ ID NO:2);

(d} X4 is a peptide comprising the amino acid sequence at least 85% identical to
STILQSWIF (SEQ 1D NO:3)Y,

wherein X1, X2, X3, and X4 may be in any order in the polypeptide;

wherein amino acid linkers may be present between any of the domains; and

wherein the polypeptide binds to IL-2 receptor BY . heterodimer (FL-2ZRBY ).

48.  The polvpeptide of claim 1, wheren:

X1 15 a peptide comprising the amino acid sequence at least 80% identical along its
fength to the peptide PKKEKIQLHAYHALYDALMILNI (SEQ 1D NO: 4) ;

X3 is a peptide comprising the amine acid sequence at least 80% identical along s
fength to the peptide LEDYAFNFELNLEEIARLFESG (SEQ ID NG:5) ; and

X4 1s a peptide comprising the amino acid at least 80% 1identical along its length to

the peptide EDEQEEMANAITILOSWIFS (SEQ ID NO:6) .

49. The polyvpeptide of claim 48, wherein:
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X1 is a peptide comprising the amino acid sequence at least 90% identical along its
length to the peptide PKKKIQLHATHALYRALMILNE (SEQ ID NO: 4 ;

X3 is a peptide comprising the amino acid sequence at least 90% 1identical along its
length to the peptide L EDYAFNFELALEEIARLFESG (SEQ ID NG:5) ; and

X4 15 a peptide comprising the amino acid at least 90% identical along its length to

the peptide EDEQEEMANATYTILOSWIFS (SEQ ID NO:6)

50, The polypeptide of any one of claims 47 16 49, wherein X2 18 a peptide comprising
the amino acid sequence at least 90% identical along its length to

KDEAEKAKRMKEWMKRIKT (SEQ 1D NG:T) .

51, The polypeptide of any one of claims 44-50, wherein the polypeptide is linked to a
polyethyiene glycol ("PEG”) containing moiety at a cysteine residue in X2 of the

polypeptide.

52. The polypeptide of claim 51 wherein the polypeptide comprises a polypeptide at least
90% 1dentical to the amino acid sequence selected from the group consisting of SEQ 1D
NOS: 195 and 222 and wherein the PEG-containing moiety, s linked to the cysteine reside at

amino acid residue 62 relative to SEQ ID N(G:195.

53. The polypeptide of any one of claims 44 to 52, wherein the domains are arranged N-
terminal to C-terminal in an arrangement selected from the group consisting of X1-X3-X2-

X4,

54, The polyvpeptide of any one of claims 2-3, 6-8, 11-14, 16-17, 20-21, 24-26, 29-38, 42-
43 and 47 -33 having a three dimensional structure with structural coordinates having a root
mean square deviation of common residue backbone atoms or alpha carbon atoms of less than
2.5 Angstroms when superimposed on backbone atoms or alpha carbon atoms of the three

dimensional structure of native [L-2.
55, The polyvpeptide of any one of claims 2-3, 6-8, 11-14, 16-17, 20-21, 24-26, 29-38, 42-

44 and 47-53 having a threc dimensional stractore with stroctural coordinates having a root

mean square deviation of common residue backbone atoms or alpha carbon atoms of less than
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2.5 Angstroms when seperimposed on backbone atoms or alpha carbon atoms of a three

dimensional structure having the stractural coordinates of Table E2.

56. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-17, 20-21, 24-26, 29-38, 42-
45, and 47 -33, whereim when in ternary complex with the mouse 1L-2 receptor BY., the
polvpeptide has a three dimensional structure with structural coordinates having a root mean
square deviation of common residue backbone atoms or alpha carbon atoms of less than 2.5
Angstroras when superimposed on backbone atoms or alpha carbon atoms of the three
dimensional structure of native -2 when in ternary complex with the mouse [L-2 receptor

BYe.

57. The polypeptide of any one of claims 54-56 wherein the root mean square deviation is

fess than 1.5 Angstroms.

58. The polypeptide of claim 57 wheremn the root mean square deviation is less than 1

Angstrom.

59.  The polypeptide of any one of claims 4-6, 9-13, 17-19, 21-23, 25-28, 30, and 39-41
having a three dimensional structure with stractural coordinates having a root mean square
deviation of common residue backbone atoms or alpha carbon atoms of less than 2.5
Angstroras when superimposed on backbone atoms or alpha carbon atoms of the three

dimensional structure of native [L-4.

60.  The polypeptide of claim 39 wherein the root mean square deviation 1s less than 1.5
Angstroms.
61.  The polypeptide of claim 59 or 60 wherein the root mean square deviation is iess than

1 Angstront.

62.  The polypeptide of any one of claims 54-61 wherein the three dimensional structure

of the polvpeptide 1s determined using computational modeling.

63. The polypeptide of any one of claims 1-62, wherein X1, X2, X3, and X4 are alpha-

helical domains.
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64. The polypeptide of any one of claims 1-63 wherein the aming acid length of each of

X1, X2, X3 and X4 15 at least about 8 amino acids in length.

65. The polyvpeptide of any one of claims 1-64 wherein the amino acid length of each of

X1, X2, X3 and X4 13 at least about 19 amino acids in length.

60 The polypeptide of any one of claims 1-65 wherein the amino acid length of cach of
X1, X2, X3 and X4 i3 no more than 1000 amino acids in length, no more than 500 amino
acids in length, no more than 400 amino acids 1n length, no more than 300 anino acids in
length, no more than 200 amino acids i length, no more than 100 amino acids in length, or

amino acids in length 50 amino acids m length.
67. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-
55, and 62-66, wherein X1 binds to the beta and the gamma subunit of the human IL-2

receptor.

68.  The polyvpeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-
555, and 62-67 wherein X2 does not bind to the human IL-2 receptor.

69. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-

55, and 62-68, wherein X3 binds to the beta subunit of the human L-2 receptor.

70. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 26-38, 42-

35, and 62-69, wherein X4 binds to the gamma subunit of the human 1L-2 receptor.

71.  'The polvpeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-

55, and 62-70 that does not bind to the alpha subunit of the human or murine 1L.-2 receptor.

72 The polypeptide of any one of claims 67-71 wherein the binding s specific binding as

determined by surface plasmon resonance at biologically relevant concentrations.
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73.  The polypeptide of any one of claims 2-3, 6-§, 11-14, 16-18, 20-22, 24.27 26-38, 42-
55, and 62-72 that binds to that binds to the IL-2 receptor BY . heterodimer (IL-2RPY ) with a

binding affinity of 200 nm or less, 100 nm or less, 50 oM or less, or 25 nM or less.

74. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-
55, and 62-73 wherein the polypeptide’s affinity for the homan and mouse 1L-2 receptors is

about equal to or greater than that of native 1L-2.

75 The polypeptide of any one of claims 4-6, 9-13, 17-19, 21-23, 25-28, 30, 35-37, 39-
41, and 59-66 that binds to that binds to the 1L-4 receptor a¥ heterodimer (JL-4Ra¥ ) with a

binding affinity of 200 nm or less, 100 nm or less, 50 nM or less, or 25 nM or less.

76. The polypeptide of any one of claimg 4-6, 9-15, 17-19, 21-23, 25-28, 30, 35-37, 35-
41, 59-66, and 75, wherein the polypeptide’s affinity for the human and mouse [L.-4 receptors

18 about equal to or greater than that of native 1L-4.

77 The polypeptide of any onc of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42~
35, and 62-74, wherein the polypeptide stimulates STATS phosphorviation n cells

expressing the IL-2 receptor with potency about equal to or greater than native IL-2.

73. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-
55, 62-74, and 77 wherein the polypeptide stimulates STATS phosphorviation i cells
expressing the 1L-2 receptor with potency about equal to or greater than native IL-2 in cells

expressing 1L-2 recepior BY. heterodimer but lacking the 1L-2 receptor a.
79. The polypeptide of any one of claims 2-3, 6-8, 11-14, 16-18, 20-22, 24-27, 29-38, 42-
55, 62-74, and 77-78, whercin the polypeptide demonstrates thermal stability about equal to

or greater than the thenmal stability of native 1L-2.

80.  The polypeptide of any one of claims 1-79, that maintains or recovers at least 70% of

its folded structure after thermal stability testing.

31, The polypeptide of any one of claims 1-80 that maintains or recovers at least 30% of

its folded structure after thermal stability testing.
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82. The polypeptide of any one of claims 1-81 that maintains or recovers at least 90% of

its folded structure after thermal stability testing.

83, The polypeptide of any one of claims 1-82 that maintams or recovers at least 80% of

its ellipticity spectrum after thermal stability testing.

84, The polypeptide of any one of claims 1-83 that maintains or recovers at least 70%

activity after thermal stability testing.

35 The polypeptide of anv one of claims 1-84 that mamtams or recovers at least 0%

activity after thermal stability testing.

86 The polypeptide of any one of claims 84 or 85 wherein activity is determined by a

STATS phosphorylation assay.

87 The polypeptide of anv one of claims 79-85 wherein thermal stability is measured by

circular dichroism (CD) spectroscopy at 222 nM

88.  'The polypeptide of claim 87 wherein the thermal stability test comprises heating the
polypeptide from 25 degrees Celsius to 95 degrees Celsius in one hour time frame |, cooling
the polypeptide to 25 degrees Celsius in a 5 munute time frame and monitoning ellipticity at

227 nm.

39, The polypeptide of claim 1, wheremn the polypeptide comprises a polypepude at least
50% 1dentical, at least 95% identical or 1009 identical to the amino acid sequence of SEQ 1D
NG:90, 181, or 247 wheremn the polypeptide (i) does not bind to human or murine IL-
ZRalpha, (i1} binds to human IL2EB with an affinity of about 11.2 oM (111} binds to munne
IL2RB with an affinity of about 16.1 nm (IV) binds to human IL-2RBY . with an affinity of
about 18.8 nM and (V) binds to murme IL-2RBY . with an affinity of about 3.4 M.

90, The polypeptide of any one of claims 1-89, wherein the polvpeptide includes at least

one disulfide bond.
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51. The polypeptide of claim 90 whercin the disulfide bond links two of the X1, X2, X3,

and X4 domains together.

92.  The polvpeptide of claim 90 or 91 wherein the disulfide bond links the X1 domain to
the X4 domain.

93.  The polypeptide of claim 90-92 wherein the disulfide linkage improves the thermal
stability of the polypeptide as compared to a substantially similar polypeptide with no

disulfide bond linking two domains together.

94, The polyvpeptide of any one of claims 1-93, wherein the polypeptide further comprises

a targeting domain.

95.  The polypeptide of claim 94, wherein the targeting domain is a transiational fusion

with the polypeptide.

96, The polypeptide of claim 94 or 95 wherein the targeting domain binds to a ccll

surface protein.

97.  'The polypeptide of claim 96, wherein the cell surface protein is present on the surface
of cells selected from the group consisting of tumor cells, vascular components, tumor
microenvironment (¢.g. fibroblasts, mfilirating immune cells, or stromal elements), other
cancer cells and timmune cells (including but not limited to CD8+ T cells, T-regulatory cells,
dendritic cells, NK cells, or macrophages), such immune cell surface markers including but
not imited to CD3, CD4, €D, C1%, CD20, CD21, CD25, C037, CD30, CH33, CD40,
CDo8, CD123, CD254, PD-1, B7T-H3, and CTLA-4,

9%.  The polypeptide of claim 96, wherein the targeting domain binds to a tumor cell,

tumor vascular component cell, or tumor microenvironment cell surface marker.

59, The polypeptide of claim 98, wherein the cell surface marker is selected from the
group including but not lunited to EGFR, EGFRyIL Her2, HER3, EpCAM, MSLM, MUCTE,
PEMA, TROPZ RORY, RON, PD-LE, CD47, UTLA-4UDS, CONY, D26, CD23, CB37,
CE30, CD33, Ch40) CD45 CAMPATH-1, BOMA, CS-1 PD-LT, BT-H3, B7-DC, HLD-
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BE, carcincembrvonig antigen {(CEA), TAG-72, EpCAM, MUCH, Blate-binding protomn,
A33, G250, prostate-specific membrane antigen (PSMA), ferritin, G2, GD3, GMZ, L,
CA-125 CATS-Y, epidermal growth factor, p18SHERY, -7 recepior, HGFRVEL {de2-7
EGEFR), fibroblast activation profein, tenasein, a metalloprotemase, endosiahing, vascular
endothelial growih factor, avB3, WT1, LMP2, HPY E6, HPY E7 Her-2/neu, MAGE A3, p33
nonmmdant, MY -ESG-1, MelanA/MARTY, Ras mudard, gpii0, p53 mutang, PRI, ber-abl,
tyronsinase, survivin, PRA, KTERT, a Sarcoroa translocation breakpomt profein, Epba2,
PAP ML-IAP, AFP, ERG, NATT, PAXG, ALK, androgen receptor, oyvelin B 1, polysialic
actd, MYCN, Rholl, TRP-2, fucosyl GMI, mesothelin (MSLN), PSTCA, MAGE Al
sbefanimaly, CYPIBY, PLAV I GM3, BORIS, To, GloboH, ETV6-AMIL, NY-BR-1, RGSA,
SARTS, 5Tn, Carbonic anhydrase PX, PAXS, OV-TESL Sperm protem 17, LCK,
HMWRMAA, AKAP4 S5X2 XAGE 1, Legumain, Tie 3, VEGFR2, MAD-{T-1, PBGFR-E,
MAD-CT-2 RORZ, TRAILY, MUCHS, MAGE Ad, MAGE €2, GAGE, EGFR UMET,
HERS, MUCHS, CAs, NAPIZB, TROPZ, CLDNG, CLDNI6, CLDNIS.Z, CLorfige, RON,
LYsE, FRA, DLL3, PTEY, STRAsS, TMPRSS3, TMPRESS, TMEM2Z38, UPKIE, VTUNI,
LIV, RORY, Fos-related antigen 1, and the markers listed below:

{1) BMPRIB (bone morphogenctic protein receptor-type 1B, Genbank accession no.

NM.sub --001203);

{2y E16 (LATI, SLC7AS, Genbank accession no. NM.sub.--003486);

(3) STEAPI (six transmembrane epithelial antigen of prostate, Genbank accession no.

NM sub.--012449);

{4y 0772P (CA125, MUCI6, Genbank accession no. AF361486),

{5} MPF {MPF, MSLN, SMR, megakarvocyte potentiating factor, mesothelin, Genbank
accession no. NM.sub --005823);

{6) Napi3b (NAPI-3B, NPTIb, SLC34A2, solute carrier tamily 34 (sodium phosphate),
member 2, type H sodium-dependent phosphate transporter 3b, Genbank accession no.

NM sub.~-006424);

{7) Sema 5b (FLJ10372, KIAA 1445, Mm. 42015, SEMASB, SEMAG, Semaphorin 5b Hlog,
sema domain, seven thrombospondin repeats (type | and type 1-like), transmembrane domain
{TM} and short cytoplasmic domain, (semaphorin} 3B, Genbank accession no. ABO40E78);
{83 PSCA hig (2700050C12Rik, C5300080 1 6Rik, RIKEN cDINA 2700050C 12, RIKEN
cDNA 27060050C12 gene, Genbank accession no. AY358628);

{9) ETBR (Endothelin type B receptor, Genbank accession no. AY275463);

{10y MSG783 {RNF124, hypothetical protein FLIZ0315, Genbank accession no. NM.sub.~-
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617763);

{11y STEAPZ (HGNC sub.--8639, IPCA-~1, PCANAPI, STAMPI, STEAP2, STMP, prostate
cancer associated gene 1, prostate cancer associated protein 1, six transmembrane epithelial
anfigen of prostate 2, six transmembrane prostate protein, Genbank accession no. AF455138);
(12) TrpM4 (BR22450, FLI20041, TRPM4, TRPMA4B, transient receptor potential cation
channel, subfamily M, member 4, Genbank accession no. NM sub.--017636);

(13) CRIPTO (CR, CR1, CRGF, CRIPTO, TDGYF L, teratocarcinoma-denived growth factor,
Genbank accession no. NP.sub --003203 or NM.sub --003212);

{14y CD21 (CR2 {Complement receptor 23 or U3DR{C3d/Epstein Barr virus receptor) or Hs.
73792, Genbank accession no. M26004);

{15) CD79b (IGb immunoglobulin-associated beta}, B2Y, Genbank accession no. NM.sub.~-
(006263,

(16) FcRH2 (JFGP4. IRTA4, SPAPIA (5HZ domain containing phosphatase anchor protein
1a}, SPAPIB, SPAPIC, Genbank accession no. NM.sub --030764);

{17) HER2 {Genbank accession no. M11730);

{18y NCA (Genbank accession no. M18728);

{19) MDP (Genbank accession no. BCO17023);

{20} IL20R alpha. {Genbank accession no. AF184971);

(21) Brevican (Genbank accession no. AF229053);

{22) EphbZR (Genbank accession no. NM sub 004442},

{23) ASLG639 (Geonbank accession no. AX092328);

{24) PSCA (Genbank accession no. AJ297436);

{25y GEDA (Genbank accession no. AY260763);

{26y BAFF-R (Genbank accession no. NP sub.-443177.1);

{27y CD22 (Genbank accession no. NP-001762.1);

(28) CD79a (CD79A, CD79 alpha., immunoglobulin-associated alpha, a B cell-specific
protein that covalently interacts with Ig beta (CD798) and forms a complex on the sarface
with {g M molecules, transduces a signal mvolved m B-cell differentiation, Genbank
accesston No. NP sub --001774 1),

{29y CXCRS (Burkitt's lymphoma receptor 1, a & protein-coupled receptor that 1s activated
by the CXCL13 chemokine, functions in lymphocyte migration and humoral defense, plays a
role in HIV-2 infection and perhaps development of AIDS, lymphoma, mycloma, and
levkemia, Genbank accession No. NP sub --001707.1});

(30) HLA-DOB (Beta subunit of MHC class I molecule (Ia antigen) that binds peptides and
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presents them to CD4+ T lymphocvtes, Genbank accession No. NP sub --002111.1);

{31y P2X35 (Purinergic receptor P2X ligand-gated ion channel 3, an ion channel gated by
extraccliular ATP, may be involved in synaptic transmission and neurogenesis, deficiency
may contribute to the pathophysiology of idiopathic detrusor mstabiiity, Genbank accession
No. NP .sub --002552.2}
(32) CDB72 (B-cell differentiation antigen CD72, Lyvb-2, Genbank accession No. NP sab -

001773.1);

{33y LY 64 (Lymphocyte antigen 64 (RP103), tyvpe [ membrane protein of the leucine rich
repeat {LRR) fanmuly, regulates B-cell activation and apoptosis, loss of function is associated
with increased discase activity in patients with systemic lupus ervthematosis, Genbank
accession No, NP.sub.~-003573.1);

(34) FCRHI (Fc receptor-like protein 1, a putative receptor for the immunoglobulin Fe
domain that contains C2 type Ig-like and ITAM domains, may have a role in B-lymphocvte
differentiation, Genbank accession No. NP.sub.~-443170.1); and

{35) IRTA2 {ITmmunogiobulin superfanmily receptor translocation associated 2, a putative
inmunoreceptor with possible roles in B cell development and lymphomagenesis;
deregulation of the gene by translocation occurs in some B cell malignancies, Genbank

accession No, NP.sub.~-112571.1).

136, The polypeptide of claim 96, wherein the targeting domain binds to an immune cell
surface marker (including but not limited to CD8+ T cells, T-regulatory cells, dendritic cells,
NK cells, or macrophages), wherein the immune cell surface marker may include but is not
hmited to CD3, CD4, CDS, CR19, D20, CD2L, D25, CL37, D30, CL33, D40, CDos,
D123, CB234, PD-1, B7-H3, and CTLA-4, and/or wherein the targeting domain binds to
PD-1, PDL-{, CTLA-4, TROPZ, B7-H3, CD33, CD22, carbomic anhvdrase IX, CD123,
Nectin-4, tissue factor antigen, (D154, B7-H3, B7-H4, FAP (fibroblast activation protein} or
MUCHS6.

101, The polypeptide of any one of claims 94-100, wherein the targeting domain may
mclude but is not hmited to an scFv, a F(ab), a F(ab™});, a B cell receptor (BCR), a DARPmn,
an affibody, a monobody, a nanchody, diabody, an antibody (including a monospecific or
bispecific antibody); a cell-targeting oligopeptide including but not limited to RGD integrin-
binding peptides, de novo designed binders, aptamers, a bicycle peptide, conotoxins, small

molecules such as folic acid, and a virus that binds to the cell surface.
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102, A recombinant nuckeic acid encoding the polypeptide of any one of claims 1-101.

103, An expression vector comprising the recombinant nucleic acid of claim 102

operatively linked to a promoter.

104. A recombinant host cell comprising the mucleic acid of claim 102 and/or the

expression vector of claim 103,

105. A pharmaceutical composition, comprising the polypepiide of any onc of claims -
101, the recombmnant nucleic acid of claim 102, the expression vector of claim 103, or the

recombinant host cell of claim 104, and a pharmaceutically acceptable carrier.

106. A method for treating cancer, comprising administering to a subject having cancer the
polypeptide of any one of claims 1-101, the recombinant nucleic acid of claim 102, the
expression vector of claim 103, the recombinant host cell of claim 104, or the pharmaceatical

coraposition of claim 105 m an amownt effective to treat the tumor,

107.  The method of claim 106, where the cancer is selected from the group consisting of
colon cancer, melanoma, renal cell cancer, head and neck squamous cell cancer, gastric
cancer, urothelial carcinoma, Hodgkin lymphoma, non-small cell lung cancer, small cell lung
cancer, hepatoceliular carcinoma, pancreatic cancer, Merkel cell carcinoma, colorectal
cancer, acute myeloid leukemia, acute lvmphoblastic levkemia, chronic lymphocytic
leukemia, non-Hodgkin lymphoma, multiple myeloma, ovarian cancer, cervical cancer, and
any tumor types sclected by a diagnostic test, such as microsatellite mstability, tumor
mutational burden, PD-L1 expression level, or the immuonoscore assay {as developed by the

Society for Immunoctherapy of Cancer).

108.  The polypeptide of any one of claims 1-101, the recombinant nucleic acid of claim
102, the expression vector of claim 103, the recombinant host cell of claim 104, or the
pharmaceutical composition of claim 103 for use as a medicament for treating cancer and/or

for modulating an invmune respounse in a subject.
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109, A method for modulating an immune response in a subject comprising administering
to the subject the polypeptide of any one of ¢laims 1-101, the recombinant nucleic acid of
claim 102, the expression vector of claim 103, the recombinant host cell of claim 014, or the

phammaceutical composition of claim 105

110, The method of claim 109 wherein the immune response is an angi-cancer iramuong

response, a fissue reparative immune response or a wound healing immune response.

111, The method of claim 109 or 110, wherein the polypeptide, recombinant nucleic acid,
cxpression vector, recombinant host cell, or phanmaceutical composition is administered as a

component of a biomaterial.

112, The method of any one of ¢laims 109-111 further comprising administering a second

therapeutic agent to the subject.

113, The method of claim 112 wherein the polypeptide enhances the subject’s immune

response 1o the second therapeutic agent.

114, The method of any one of claims 112-113 wherem the second therapeutic agent
comprises a chemotherapeutic agent or an antigen-specific immunotherapeutic agent
mchuding but not imited to a chimeric antigen receptor T cell.
115, A method, comprising:

determining a structure for a plurality of residues of a protein using a computing
device, wherein the structure of the plurality of residues provides a particular receptor
binding interface;

determining a plurality of designed residues using a mimetic design protocol provided
by the computing device, wherein the plurality ot designed residues provide the particular
receptor binding interface, and wherein the plurality of designed residues differ from the
plurality of residues;

determining one or more connecting helix structures that connect the plurality of

designed residues using the computing device;
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determining a first protein backbone for the protein by assembling the one or more
connecting helix structures and the phurality of designed residues over a plurality of
combinations using the computing device;

designing a second protein backbone for the protein for flexability and low energy
structures based on the first protein backbone using the computing device; and

generating an output related 1o at least the second protein backbone.

116.  The method of claim 115, wheremn deternnning the plurality of designed residoes
using the mimetic design protocol comprises determining an idealized residue using a
database of idealized residues, wherein the idealized residue is related to a designed residue

of the plurality of designed residues.

117, The method of claim 116, wherein determining the idealized residue using the
database of idealized residues comprises:

retrieving one or more idealized fragments related to the wdealized residue from the
database of idealized residues; and

determining the idealized residue by reconstructing the related designed residue using

the one or more 1dealized fragments.

118, The method of claim 117, wherein reconstructing the related designed residuc using
the one or more wdealized fragments comprises:

reconnecting pairs of the one or more idealized fragments by: use of combinatonal
fragment assembly of the pairs of the one or more idealized fragments; and

using Cartesian-constrained backbone minimization to determine whether the pairs of

the one or more 1dealized fragments link two or more of the plurality of designed residues.

119, The method of claim 118, wherein reconstructing the related designed residuc using
the one or more wdealized fragments comprises:

renifying that overlapping fragments of the idealized residue are idealized fragments
using the database of ideabized residues;

verifying whether the idealized residue does not clash with a target receptor

associated with the particular receptor binding interface; and
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after verifying that the idealized residue does not clash with a target receptor
associated with the particular receptor binding nterface, deteomining a most probable aming

acid at cach position of the idealized residue using the database of idealized residucs.

120.  The method of claim 118, wherein determining the first protein backbone for the
protein by assembling the one or more connecting helix structures and the plurality of
designed residucs over the plurality of combinations comprises:

recombining the pairs of the one or more idealized fragments by combinatorially
recombining the pairs of the one or more idealized fragments; and

determining the first protein backbone for the protemn using the recombined pairs of

the one or more 1dealized fragments.

121, The method of claim 120, wherein combinatorially recombining the pairs of the one
or more idealized fragments comprises ranking the pairs of the onc or more idealized
fragments based on an mterconnection iength between idealized fragments of the pairs of the

one or more idealized fragments.

122, The method of claim 115, wheremn determiming the plurality of designed residues
using the mimetic design protocol comprises:
determuning an dealized residue using one or more parametac equations that
represent a shape of a designed residue of the plurality of designed residues; and
determining a single fragment that closes the idealized residue with at least one

designed residue of the plurality of designed residues.

123, The method of claim 122, wherem the designed residue comprises a helical structure,
and wherein the one or more parametrie equations comprise an equation related to phi and psi

angles of the helical structure.
124. The method of claim 123, wherein the equation related to phi and psi angles of the

helical structure inchudes one or more terms related to an angular pitch of the phi and pst

angles of the helical structure
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125. The method of claim 113, wherein generating the cutput related to the second protein
backbone for the protein comprises designing one or more molecules based on the second

protein backbone for the protein.

126. The method of claim 115, wherein generating the output related to the second protemn
backbone for the protein comprises:

generating a synthetic gene for the protein that is based the second protein backbone
for the protein;

expressing a particular protein im vive using the synthetic gene; and

purifying the particular protein.
127.  The method of claim 126, wherein expressing the particular protein sequence i vivo
using the synthetic gene comprises expressing the particular protein sequence in one or more
Fscherichia coli that include the synthetic gene.
128, The method of claim 115, wherein generating the output related to the second protein
backbone for the protein comprises generating one or more images that include at least part
of the second protein backbone for the protem.
129. The method of claim 115, wherein the computing device comprises a protein synthesig
device, and wherein gencrating the output related to at least the second protein backbone for
the protein comprises synthesizing at least the second protein backbone for the protein using

the protein synthesis device.

130.  The method of any one of claims 115 to 129 wherein the method 1s for designing a

protein mimetic.

131. A nou-naturally cccurring protein mimetic identified by the method of claim 130.

132, The non-natarally protein of claim 131 that 1s a evtokine numetic.

133, The non-naturally protein of claim 122 that is an [L-2 mumetic or an 1L-4 numetic,
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134, A computing device, comprising:
one or more processors; and
data storage, configured to store at least computer-readable instructions that, when
executed, cause the computing device to perform functions comprising:
determining a structure for a plurality of residues of a protein that provides a
particudar receptor binding mterface;
determining a plurality of designed residues using a mimetic design protocol,
wherein the plurality of designed residues provide the particular receptor binding
mterface, and wherein the plurality of designed residues differ from the plurality of
residues;
deternuning one or more connecting helix structures that connect the plurality
of designed residues;
determining a first protein backbone for the protein by assembling the one or
more connecting helix structures and the plurality of designed residues overa
plurality of combinations;
designing a second protein backbone for the protein for flexability and low
energy structures based on the first protemn backbone; and
generating an output related to at least the second protein backbone tor the

protein,

135, The computing device of claim 134, wherein determining the plurality of designed
residues using the mimetic design protocol comprises determining an idealized residuc using
a database of idealized residues, wherem the idealized residue is related to a designed residue

of the plurality of designed residues.

136. The computing device of claim 134, whergin determining the plorality of designed
residues using the mimetic design protocol comprises:
determining an idealized residuc using one or more parametric equations that
represent a shape of a designed residue of the plurality of designed residues; and
determining a single fragment that closes the idealized residue with at least one

designed residae of the plurality of designed residues.

137. The computing device of claim 135, whergin the computing device further comprises a

protein synthesis device, and wherein generating the output related to at least the second
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protein backbone for the protein comprises synthesizing at least the second protein backbone

for the protein using the protein synthesis device.

138. A non-transitory computer-readable medium, configured to store at Ieast computer-
5 readable instructions that, when exccuted by one or more processors of a computing device,
cause the computing device to perform functions comprising:
determining a structure for a plurality of residucs of a protein that provides a
particolar receptor binding interface;
determining a phurality of designed residues using a mimetic design protocol, wherein
10 the plurality of designed residucs provide the particular receptor binding interface, and
wherein the plurality of designed residues differ from the plurality of residues;
determining one or more connecting helix stractures that connect the plarality of
designed residues;
determining a first protein backbone for the protein by assembling the one or more
15  connecting helix structures and the plurahity of designed residues over a plurality of
combinations;
designing a sccond protein backbone for the protein for flexibility and low energy
structures based on the first proten backbone; and
gencrating an output related to at least the second protein backbone for the protein,

20
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FIG. 2C
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FIG. 4D
Cross-reactivity
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FIG. 4E
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FIG. 4G
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FIG. 5A
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FIG. 5C
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FIG. 6A
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FIG. 6B
Low dose treatment
+ TA99 (150 ug/twice a week)

N

e TN
< K.O. neoleukin (1 pg/day)

sss MmiL-2 (1.3 ug/day)
= Neoleukin-2/15 (1 ug/day)

100

-
3 P=0.038
:“' ;\\3\\\\\\\\§ M\\\\\\\\\\\\\\\\\\\\\'\@

S 50 ns]
'E \i“\ ‘

-

E _P=0014

28
e
£
Q
N
h
=
®]
=
o

28

Days after tumour cell implantation

25/80



CA 03102653 2020-12-03

WO 2020/005819 PCT/US2019/038703

FIG. 6C
High dose treatment
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FIG. 6D
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FIG. 8A
(in vitro) proliferation of stimulated T-cells
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FIG. 8B

(in vitro) proliferation of unstimulated T-cells
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