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ACTIVATION OF BIOLUMINESCENCE BY STRUCTURAL
COMPLEMENTATION

CROSS-REFERENCE TO RELATED APPLICATION
The present application claims priority to U.S. Provisional Patent Application Serial
No. 61/791,549 filed March 15, 2013, which is hereby incorporated by reference in its

entirety.

FIELD

Provided herein are compositions and methods for the assembly of a bioluminescent
complex from two or more non-luminescent (e.g., substantially non-luminescent) peptide
and/or polypeptide units. In particular, bioluminescent activity is conferred upon a non-
luminescent polypeptide via structural complementation with another, complementary non-

luminescent peptide.

BACKGROUND

Biological processes rely on covalent and non-covalent interactions between
molecules, macromolecules and molecular complexes. In order to understand such
processes, and to develop techniques and compounds to manipulate them for research,
clinical and other practical applications, it is necessary to have tools available to detect and
monitor these interactions. The study of these interactions, particularly under physiological
conditions (e.g. at normal expression levels for monitoring protein interactions), requires
high sensitivity.

It is to be understood that if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common

general knowledge in the art in Australia or any other country.

SUMMARY

The present invention relates to compositions comprising complementary non-
luminescent amino acid chains (e.g., substantially non-luminescent peptides and/or
polypeptides that are not fragments of a preexisting protein), complexes thereof, and methods

of generating an optically detectable bioluminescent signal upon association of the

10465660_1 (GHMatters) P100944.AU 13-Jul-18


P100944.AU

13 Jul 2018

2014236949

10

15

20

25

non-luminescent amino acid chains (e.g., peptides and/or polypeptides).

A first aspect provides a system comprising:

(a) a peptide comprising an amino acid sequence having less than 100% and
greater than 40% sequence identity with SEQ ID NO: 2, wherein a detectable bioluminescent
signal is produced in the presence of a substrate when the peptide contacts SEQ ID NO: 440;
and

(b) polypeptide comprising an amino acid sequence having less than 100% and
greater than 40% sequence identity with SEQ ID NO: 440, wherein a detectable
bioluminescent signal is produced in the presence of a substrate when the polypeptide
contacts SEQ ID NO: 2.

A second aspect provides a bioluminescent complex comprising the first and second
fusions of the first aspect.

A third aspect provides a method of detecting a stable interaction between the first
and second interaction polypeptides of the system of the first aspect comprising:

(a) placing the first and second fusions in conditions to allow for stable
interactions between the first and second interaction polypeptides to occur; and

(b) detecting the bioluminescent signal emitted, in the presence of a substrate, by
the peptide and polypeptide, wherein detection of the bioluminescent signal indicates a stable
interaction between the first and second interaction polypeptides.

In some embodiments, the present invention provides two or more non-luminescent,
or substantially non-luminescent peptides and/or polypeptides, that, when brought together,
assemble into a bioluminescent complex. In some embodiments, a pair of substantially non-
luminescent peptide and/or polypeptide units assembles into a bioluminescent complex. In
other embodiments, three or more substantially non-luminescent peptide and/or polypeptide
units assemble into a bioluminescent complex (e.g., ternary complex, tertiary complex, etc.).
Provided herein are technologies for detecting interactions between molecular entities (e.g.,

proteins, nucleic acids, carbohydrates, small molecules (e.g., small

la
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molecule libraries)) by correlating such interactions to the formation of a bioluminescent

complex of otherwise non-luminescent (e.g., substantially non-luminescent) amino acid chains.

In some embodiments, the assembled pair catalyzes a chemical reaction of an appropriate
substrate into a high energy state, and light is emitted. In some embodiments, a bioluminescent
complex exhibits luminescence in the presence of substrate (e.g., coelenterazine, furimazine,
etc.).

Although the embodiments described herein primarily describe and refer to
complementary, non-luminescent amino acid chains that form bioluminescent complexes, it is
noted that the present technology can equally be applied to other detectable attributes (e.g., other
enzymatic activities, generation of a fluorophore, generation of a chromophore, etc.). The
embodiments described herein relating to luminescence should be viewed as applying to
complementary, substantially non-enzymatically active amino acid chains (e.g., peptides and/or
polypeptides that are not fragments of a preexisting protein) that separately lack a specified
detectable activity (e.g., enzymatic activity) or substantially non-enzymatically active subunits of
a polypeptide, complexes thereof, and methods of generating the detectable activity (e.g., an
enzymatic activity) upon association of the complementary, substantially non-enzymatically
active amino acid chains (e.g., peptides and/or polypeptides). Further, embodiments described
herein that refer to non-luminescent peptides and/or polypeptides are applied, in some
embodiments, to substantially non-luminescent peptides and/or polypeptides.

The invention is further directed to assays for the detection of molecular interactions
between molecules of interest by linking the interaction of a pair of non-luminescent
peptides/polypeptides to the interaction molecules of interest (e.g., transient association, stable
association, complex formation, etc.). In such embodiments, a pair of a non-luminescent
elements are tethered (e.g., fused) to molecules of interest and assembly of the bioluminescent
complex is operated by the molecular interaction of the molecules of interest. If the molecules of
interest engage in a sufficiently stable interaction, the bioluminescent complex forms, and a
bioluminescent signal is generated. If the molecules of interest fail to engage in a sufficiently
stable interaction, the bioluminescent complex will not form or only form weakly, and a
bioluminescent signal is not detectable or is substantially reduced (e.g., substantially
undetectable, essentially not detectable, etc.). In some embodiments, the magnitude of the
detectable bioluminescent signal is proportional (e.g., directly proportional) to the amount,
strength, favorability, and/or stability of the molecular interactions between the molecules of
interest.

In some embodiments, the present invention provides peptides comprising an amino acid

sequence having less than 100% (e.g., 20%... 30%... 40%... 50%... 60%... 70%... 80%, or more)
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sequence identity with SEQ ID NO: 2, wherein a detectable bioluminescent signal is produced

when the peptide contacts a polypeptide consisting of SEQ ID NO: 440. In some embodiments,
the present invention provides peptides comprising an amino acid sequence having less than
100% and greater than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%,
>80%, >85%, >90%, >95%, >98%, >99%) sequence identity with SEQ ID NO: 2, wherein a
detectable bioluminescent signal is produced when the peptide contacts a polypeptide consisting
of SEQ ID NO: 440. In some embodiments, a detectable bioluminescent signal is produced when
the peptide contacts a polypeptide having less than 100% and greater than 40% (e.g., >40%,
>45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%, >98%, >99%)
sequence identity with SEQ ID NO: 440. In certain embodiments, the detectable bioluminescent
signal is produced, or is substantially increased, when the peptide associates with the polypeptide
comprising or consisting of SEQ ID NO: 440, or a portion thereof. In preferred embodiments, the
peptide exhibits alteration (e.g., enhancement) of one or more traits compared to a peptide of
SEQ ID NO: 2, wherein the traits are selected from: affinity for the polypeptide consisting of
SEQ ID NO: 440, expression, intracellular solubility, intracellular stability and bioluminescent
activity when combined with the polypeptide consisting of SEQ ID NO: 440. Although not
limited to these sequences, the peptide amino acid sequence may be selected from amino acid
sequences of SEQ ID NOS: 3-438 and 2162-2365. In some embodiments, fusion polypeptides
are provided that comprise: (a) an above described peptide, and (b) a first interaction polypeptide
that forms a complex with a second interaction polypeptide upon contact of the first interaction
polypeptide and the second interaction polypeptide. In certain embodiments, bioluminescent
complexes are provided that comprise: (a) a first fusion polypeptide described above and (b) a
second fusion polypeptide comprising: (i) the second interaction polypeptide and (ii) a
complement polypeptide that emits a detectable bioluminescent signal when associated with the
peptide comprising an amino acid sequence having less than 100% and greater than 40%
sequence identity with SEQ ID NO: 2; wherein the first fusion polypeptide and second fusion
polypeptide are associated; and wherein the peptide comprising an amino acid sequence having
less than 100% and greater than 40% sequence identity with SEQ ID NO: 2 and the complement
polypeptide are associated.

In some embodiments, the present invention provides polypeptides comprising an amino
acid sequence having less than 100% sequence identity with SEQ ID NO: 440, wherein a
detectable bioluminescent signal is produced when the polypeptide contacts a peptide consisting
of SEQ ID NO: 2. In some embodiments, the present invention provides polypeptides comprising
an amino acid sequence having less than 100% and greater than 40% (e.g., >40%, >45%, >50%,
>55%., >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%, >98%, >99%) sequence identity
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with SEQ ID NO: 440, wherein a detectable bioluminescent signal is produced when the

polypeptide contacts a peptide consisting of SEQ ID NO: 2. In some embodiments, a detectable
bioluminescent signal is produced when the polypeptide contacts a peptide having less than
100% and greater than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%,
>80%, >85%, >90%, >95%, >98%, >99%) sequence identity with SEQ ID NO: 2. In some
embodiments, the polypeptide exhibits alteration (e.g., enhancement) of one or more traits
compared to a peptide of SEQ ID NO: 440, wherein the traits are selected from: affinity for the
peptide consisting of SEQ ID NO: 2, expression, intracellular solubility, intracellular stability,
and bioluminescent activity when combined with the peptide consisting of SEQ ID NO: 2.
Although not limited to such sequences, the polypeptide amino acid sequence may be selected
from one of the amino acid sequences of SEQ ID NOS: 441-2156. In some embodiments, the
detectable bioluminescent signal is produced when the polypeptide associates with the peptide
consisting of SEQ ID NO: 2. In some embodiments, a fusion polypeptide is provided that
comprises: (a) a polypeptide described above and (b) a first interaction polypeptide that forms a
complex with a second interaction polypeptide upon contact of the first interaction polypeptide
and the second interaction polypeptide. In certain embodiments, a bioluminescent complex is
provided that comprises: (a) a first fusion polypeptide described above; and (b) a second fusion
polypeptide comprising: (i) the second interaction polypeptide and (ii) a complement peptide that
causes the polypeptide comprising an amino acid sequence having less than 100% and greater
than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%,
>95%, >98%, >99%) sequence identity with SEQ ID NO: 440 to emit a detectable
bioluminescent signal when an association is formed between the two; wherein the first fusion
polypeptide and second fusion polypeptide are associated; and wherein the polypeptide
comprising an amino acid sequence having less than 100% and greater than 40% (e.g., >40%,
>45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%, >98%, >99%)
sequence identity with SEQ ID NO: 440 and the complement peptide are associated.

In some embodiments, the present invention provides nucleic acids (e.g., DNA, RNA,
etc.), oligonucleotides, vectors, etc., that code for any of the peptides, polypeptides, fusion
proteins, etc., described herein. In some embodiments, a nucleic acid comprising or consisting of
one of the nucleic acid sequences of SEQ ID NOS: 3-438 and 2162-2365 (coding for non-
luminescent peptides) and/or SEQ ID NOS 441-2156 (coding for non-luminescent polypeptides)
are provided. In some embodiments, other nucleic acid sequences coding for amino acid
sequences of SEQ ID NOS: 3-438 and 2162-2365 and/or SEQ ID NOS 441-2156 are provided.

In certain embodiments, the present invention provides bioluminescent complexes

comprising: (a) a peptide comprising a peptide amino acid sequence having less than 100%
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sequence identity (e.g., >99%, <95%, <90%, <80%, <70%, <60%, <50%, ctc.) with SEQ ID NO:

2; and (b) a polypeptide comprising a polypeptide amino acid sequence having less than 100%
and greater than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%,
>85%, >90%, >95%, >98%, >99%) sequence identity with SEQ ID NO: 440, wherein the
bioluminescent complex exhibits detectable luminescence. In certain embodiments, the present
invention provides bioluminescent complexes comprising: (a) a peptide comprising a peptide
amino acid sequence having less than 100% and greater than 40% (e.g., >40%, >45%, >50%,
>55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%, >98%, >99%) sequence identity
with SEQ ID NO: 2; and (b) a polypeptide comprising a polypeptide amino acid sequence having
less than 100% and greater than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%,
>75%., >80%, >85%, >90%, >95%, >98%, >99%) sequence identity with SEQ ID NO: 440,
wherein the bioluminescent complex exhibits detectable luminescence. Although not limited to
particular sequences, in some embodiments, the peptide amino acid sequence is selected from
one of the amino acid sequences provided in SEQ ID NOS: 3-438 and 2162-2365.

In various embodiments, bioluminescent complexes are provided that comprise: (a) a first
amino acid sequence that is not a fragment of a preexisting protein; and (b) a second amino acid
sequence that is not a fragment of a preexisting protein, wherein the bioluminescent complex
exhibits detectable luminescence, wherein the first amino acid sequence and the second amino
acid sequence are associated. Some such bioluminescent complexes further comprise: (¢) a third
amino acid sequence comprising a first member of an interaction pair, wherein the third amino
acid sequence is covalently attached to the first amino acid sequence; and (d) a fourth amino acid
sequence comprising a second member of an interaction pair, wherein the fourth amino acid
sequence is covalently attached to the second amino acid sequence. In certain embodiments,
interactions (e.g., non-covalent interactions (e.g., hydrogen bonds, ionic bonds, van der Waals
forces, hydrophobic interactions, etc.) covalent interactions (e.g., disulfide bonds), etc.) between
the first amino acid sequence and the second amino acid sequence do not significantly associate
the first amino acid sequence and the second amino acid sequence in the absence of the
interactions between the first member and the second member of the interaction pair. In some
embodiments, a first polypeptide chain comprises the first amino acid sequence and the third
amino acid sequence, and wherein a second polypeptide chain comprises the second amino acid
sequence and the fourth amino acid sequence. In some embodiments, the first polypeptide chain
and the second polypeptide chain are expressed within a cell.

In some embodiments, the present invention provides a bioluminescent complex

comprising: (a) a pair of non-luminescent elements, wherein each non-luminescent element is not
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a fragment of a preexisting protein; (b) an interaction pair, wherein each interaction element of

the interaction pair is covalently attached to one of the non-luminescent elements.

Various embodiments described herein provide methods of detecting an interaction
between a first amino acid sequence and a second amino acid sequence comprising, for example,
the steps of: (a) attaching the first amino acid sequence to a third amino acid sequence and
attaching the second amino acid sequence to a fourth amino acid sequence, wherein the third and
fourth amino acid sequences are not fragments of a preexisting protein, wherein a complex of the
third and fourth amino acid sequences emits a detectable bioluminescent signal (e.g.,
substantially increased bioluminescence relative to the polypeptide chains separately), wherein
the interactions (e.g., non-covalent) between the third and fourth amino acid sequences are
insufficient to form, or only weakly form, a complex of the third and fourth amino acid
sequences in the absence of additional stabilizing and/or aggregating conditions, and wherein a
interaction between the first amino acid sequence and the second amino acid sequence provides
the additional stabilizing and/or aggregating forces to produce a complex of the third and fourth
amino acid sequences; (b) placing the first, second, third, and fourth amino acid sequences of
step (a) in conditions to allow for interactions between the first amino acid sequence and the
second amino acid sequence to occur; and (c) detecting the bioluminescent signal emitted by the
complex of the third and fourth amino acid sequences, wherein detection of the bioluminescent
signal indicates an interaction between the first amino acid sequence and the second amino acid
sequence. In some embodiments, attaching the first amino acid sequence to the third amino acid
sequence and the second amino acid sequence to the fourth amino acid sequence comprises
forming a first fusion protein comprising the first amino acid sequence and the third amino acid
sequence and forming a second fusion protein comprising the second amino acid sequence and
the fourth amino acid sequence. In some embodiments, the first fusion protein and the second
fusion protein further comprise linkers between said first and third amino acid sequences and
said second and fourth amino acid sequences, respectively. In certain embodiments, the first
fusion protein is expressed from a first nucleic acid sequence coding for the first and third amino
acid sequences, and the second fusion protein is expressed from a second nucleic acid sequence
coding for the second and fourth amino acid sequences. In some embodiments, a single vector
comprises the first nucleic acid sequence and the second nucleic acid sequence. In other
embodiments, the first nucleic acid sequence and the second nucleic acid sequence are on
separate vectors. In certain embodiments, the steps of (a) “attaching” and (b) “placing” comprise
expressing the first and second fusion proteins within a cell.

Provided herein are methods of creating, producing, generating, and/or optimizing a pair

of non-luminescent elements comprising: (a) aligning the sequences of three or more related
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proteins; (b) determining a consensus sequence for the related proteins; (¢) providing first and

second fragments of a protein related to three or more proteins (or providing first and second
fragments of one of the three or more proteins), wherein the fragments are individually
substantially non-luminescent but exhibit luminescence upon interaction of the fragments; (d)
mutating the first and second fragments at one or more positions each, wherein the mutations
alter the sequences of the fragments to be more similar to a corresponding portion of the
consensus sequence (e.g., wherein the mutating results in a pair of non-luminescent elements
that are not fragments of a preexisting protein), and (e) testing the pair of non-luminescent
elements for the absence (e.g., essential absence, substantial absence, etc.) of luminescence when
unassociated, and luminescence upon association of the non-luminescent pair into a
bioluminescent complex. Examples of such a process are described in Examples 1-5. In some
embodiments, the non-luminescent elements exhibit enhancement of one or more traits compared
to the first and second fragments, wherein the traits are selected from: increased reconstitution
affinity, decreased reconstitution affinity, enhanced expression, increased intracellular solubility,
increased intracellular stability, and increased intensity of reconstituted luminescence.

In some embodiments, the present invention provides detection reagents comprising: (a) a
polypeptide comprising an amino acid sequence having less than 100% and greater than 40%
sequence identity with SEQ ID NO: 440, wherein a detectable bioluminescent signal is produced
when the polypeptide contacts a peptide consisting of SEQ ID NO: 2, and (b) a substrate for a
bioluminescent complex produced by the polypeptide and a peptide consisting of SEQ ID NO: 2.
In some embodiments, the present invention provides detection reagents comprising: (a) a
peptide comprising an amino acid sequence having less than 100% sequence identity with SEQ
ID NO: 2, wherein a detectable bioluminescent signal is produced when the peptide contacts a
polypeptide consisting of SEQ ID NO: 440, and (b) a substrate for a bioluminescent complex
produced by the peptide and a polypeptide consisting of SEQ ID NO: 440. In some
embodiments, the present invention provides detection reagents comprising: (a) a peptide
comprising an amino acid sequence having less than 100% and greater than 40% sequence
identity with SEQ ID NO: 2, wherein a detectable bioluminescent signal is produced when the
peptide contacts a polypeptide consisting of SEQ ID NO: 440, and (b) a substrate for a
bioluminescent complex produced by the peptide and a polypeptide consisting of SEQ ID NO:
440.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 shows a graph depicting the effect of various mutations of the

GVTGWRLCKRISA (SEQ ID NO: 236) peptide on luminescence resulting from
complementation with SEQ ID NO: 440.

Figure 2 shows a graph depicting the effect of various mutations of the SEQ ID NO: 440
polypeptide on luminescence resulting from complementation with GVTGWRLCKRISA (SEQ
ID NO: 236) or GVTGWRLFKRISA (SEQ ID NO: 108) peptides.

Figure 3A shows the luminescence (RLUs) detected in each non-luminescent polypeptide
(NLpoly) mutant containing a single glycine to alanine substitution. Figure 3B shows the fold
increase in luminescence over wild-type.

Figure 4A show the luminescence (RLUs) detected in each NLpoly mutant containing a
composite of glycine to alanine substitutions. Figure 4B shows the fold increase in luminescence
over wild-type.

Figure 5 shows a graph depicting the luminescence (RLUs) detected in HT-NLpeptide
fusions.

Figure 6 shows a graph depicting the luminescence (RLUs) detected in HT-NLpep
fusions.

Figure 7 shows a graph depicting the luminescence (RLUs) detected in NLpeptide-HT
fusions.

Figure 8 shows the luminescence (RLUs) generated by a luminescent complex after
freeze-thaw cycles of non-luminescent peptide (NLpep).

Figure 9 shows concentration normalized activity of peptides, and the TMR gel used to
determine the relative concentrations.

Figure 10 shows a graph of the luminescence of various mutations of residue R11 of
NLpoly-5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 11 shows a graph of the luminescence of various mutations of residue A15 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 12 shows a graph of the luminescence of various mutations of residue L18 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 13 shows a graph of the luminescence of various mutations of residue F31 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).
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Figure 14 shows a graph of the luminescence of various mutations of residue V58 of

NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 15 shows a graph of the luminescence of various mutations of residue A67 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 16 shows a graph of the luminescence of various mutations of residue M106 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 17 shows a graph of the luminescence of various mutations of residue L149 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 18 shows a graph of the luminescence of various mutations of residue V157 of
NLpoly 5A2 in the presence of NLpep53 (top) and in the absence of complimentary peptide
(bottom).

Figure 19 shows a graph of the luminescence of NLpep-HT fusions.

Figure 20 shows a graph of the luminescence of NLpep-HT fusions, and a TMR gel
indicating their relative expression levels.

Figure 21 shows a graph of the luminescence of NLpep-HT fusions.

Figure 22 shows a graph of the luminescence of NLpoly 5A2 (top) and
NLpoly5A2+R11E in the presence of various NLpeps (bottom) .

Figure 23 shows a graph of the luminescence of NLpep-HT fusions.

Figure 24 shows a graph of the luminescence of NLpolys 1-13 with NLpep53 (top) and
without complimentary peptide (bottom).

Figure 25 shows a graph of the luminescence of various NLpolys with NLpep53 with
NANOGLO or DMEM buffer and furimazine or coelenterazine substrate.

Figure 26 shows a graph comparing luminescence in the presence of a ratio of furimazine
with coelenterazine for various NLpolys and NLpep53.

Figure 27 shows a graph comparing luminescence in the presence of a ratio of furimazine
to coelenterazine for various NLpolys and NLpep53.

Figure 28 shows a graph comparing luminescence in the presence of furimazine with
coelenterazine for various NLpolys and NLpep53 in HEK293 cell lysate.

Figure 29 shows a graph of the luminescence of various combinations of NLpoly and

NLpep pairs in DMEM buffer with furimazine.
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Figure 30 shows a graph of the signal/background luminescence of various combinations

of NLpoly and NLpep pairs in DMEM buffer with furimazine.

Figure 31 shows a graph of luminescence and substrate specificity of various NLpoly
mutants with NLpep69 using either furimazine or coelenterazine as a substrate.

Figure 32 shows a comparison of luminescence and substrate specificity of various
NLpoly mutants with NLpep69 using either furimazine or coelenterazine as a substrate, and
under either lytic (bottom graph) or live cell (top graph) conditions.

Figure 33 shows a comparison of luminescence and substrate specificity of NLpoly
mutants with NLpep78 using either furimazine or coelenterazine as a substrate, and under either
lytic (bottom graph) or live cell (top graph) conditions.

Figure 34 shows a comparison of luminescence and substrate specificity of various
NLpoly mutants with NLpep79 using either furimazine or coelenterazine as a substrate, and
under either lytic (bottom graph) or live cell (top graph) conditions.

Figure 35 shows graphs of the luminescence of NLpep78-HT (top) and NLpep79-HT
(bottom) fusions in the presence of various NLpolys.

Figure 36 shows a graph of the luminescence of various NLpolys in the absence of
NLpep.

Figure 37 shows graphs of the luminescence of NLpep78-HT (top) and NLpep79-HT
(bottom) fusions in the presence of various NLpolys with either furimazine or coelenterazine
substrates.

Figure 38 shows a graph of the luminescence of NLpep78-HT with various NLpolys
expressed in CHO and HeLa cells.

Figure 39 shows graphs of raw and normalized luminescence from NLpoly fused to
firefly luciferase expressed in HEK293, Hela, and CHO cell lysates.

Figure 40 shows graphs of raw and normalized luminescence from NLpoly fused to click
beetle red luciferase expressed in HEK293, Hela, and CHO cell lysates.

Figure 41 shows a graphs of luminescence of complementation in live cells using either
NLpoly wild-type or 5P.

Figure 42 shows graphs of luminescence of cell-free complementation of NLpep78-HT
fusion (top) and NLpep79-HT fusion (bottom) with various NLpolys.

Figure 43 shows a graph of binding affinities for various combinations of NLpeps and
NLpolys expressed in HeLa, HEK293 and CHO cell lysate.

Figure 44 shows a graph of binding affinities for various combinations of NLpeps and

NLpolys in PBS or NANOGLO buffer.
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Figure 45 shows a graph of binding affinities for NLpoly 5P with NLpep9 or NLpep53

expressed in HeLa, HEK293 or CHO cell lysate.

Figure 46 shows a graph of luminescence of varying amounts of NLpolys in the absence
of NLpep.

Figure 47 shows a graph of background luminescence of various NLpoly variants.

Figure 48 shows a graph of background luminescence of various NLpoly variants.

Figure 49 shows a SDS-PAGE gel of total lysate and soluble fraction of several NLpoly
variants

Figure 50 shows (a) a SDS-PAGE gel of the total lysate and soluble fraction of NLpoly
variants and (b) background luminescence of NLpoly variants.

Figure 51 shows graphs of the luminescence generated with several NLpoly variants
when complemented with 10nm (right) or 100nM (left) of NLpep78.

Figure 52 shows graphs depicting background luminescence in E. coli lysate of various
NLpoly variants.

Figure 53 shows graphs depicting luminescence in E. coli lysate of various NLpoly
variants complemented with NLpep78.

Figure 54 shows graphs depicting luminescence in E. coli lysate of various NLpoly
variants complemented with NLpep79.

Figure 55 shows a graph of signal to background of various NLPolys variants
complemented with NLpep78 or NLpep79 and normalized to NLpoly 5P.

Figure 56 shows a graph depicting background, luminescence with NLpep79 (right) or
NLpep78 (left) and signal-to-noise or various NLpoly variants.

Figure 57 shows a SDS-PAGE gel of the total lysate and soluble fraction in various
NLpoly 5P variants.

Figure 58 shows (A) the amount of total lysate and soluble fraction of NLpoly 5P and
NLpoly I107L, (B) luminescence generated by NLpoly SP or NLpoly 1107L without NLpep or
with NLpep78 or NLpep79 and (C) the improved signal-to-background of NLpoly I107L over
NLpoly 5P.

Figure 59 shows graphs of luminescence for various NLpoly variants (A) without
complementary peptide, (B) with NLpep78-HT and (C) with NLpep79-HT.

Figure 60 shows graphs of luminescence for various NLpoly variants (A) without
complementary peptide, (B) with NLpep78-HT and (C) with NLpep79-HT.

Figure 61 shows graphs of luminescence for various NLpoly variants (A) without

complementary peptide, (B) with NLpep78-HT and (C) with NLpep79-HT.
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Figure 62 shows graphs of luminescence for various NLpoly variants (A) without

complementary peptide, (B) with NLpep78-HT and (C) with NLpep79-HT.

Figure 63 shows binding affinity between an elongated NLpoly variant (additional amino
acids at the C-terminus) and a shortened NLpep (deleted amino acids at the N-terminus).

Figure 64 shows a graph of binding affinity of various NLpoly variants with NLpep78.

Figure 65 shows the binding and Vmax of NLpep80 and NLpep87 to SP expressed in
mammalian cells (CHO, HEK293T and HeLa).

Figure 66 shows the binding and Vmax of NLpep80 and NLpep87 to NLpoly 5P
expressed in E. coli.

Figure 67 shows a graph of luminescence of shortened NLpolys with elongated NLpeps.

Figure 68 shows graphs of Kd and Vmax of NLpoly 5P in HeLa lysate with various
complementary NLpeps.

Figure 69 shows a graph of binding affinities for several NLpoly variants with NLpep81.

Figure 70 shows a graph of binding affinities for several NLpoly variants with NLpep8&2.

Figure 71 shows a graph of binding affinities for several NLpoly mutants with NLpep78.

Figure 72 shows a graph of Michaelis constants for several NLpoly mutants with
NLpep78.

Figure 73 shows graphs of luminescence from a tertiary complementation of two NLpeps
and NLpoly 5P-B9.

Figure 74 shows a graph of luminescence of titration of NLpoly 5P with NLpep88-HT.

Figure 75 shows images of intracellular localization of various NLpep fusions with
HaloTag (HT).

Figure 76 shows images of intracellular localization of NLpoly(wt) and NLpoly(5P).

Figure 77 demonstrates the ability to detect via complementation an NLPep-conjugated
protein of interest following separation by SDS-PAGE and transfer to a PVDF membrane.

Figure 78 shows a graph of relative luminescent signal from various NLpoly variants
compared to NLpoly 5P (in the absence of NLpep).

Figure 79 shows a graph of relative luminescent signal over background from various
NLpolys compared to NLpoly 5P (in the absence of NLpep).

Figure 80 compares the dissociation constants for NLpeps consisting of either 1 or 2
repeat units of NLpep78.

Figure 81 shows the affinity between NLpoly SA2 and NLpep86.

Figure 82 shows graphs of the luminescence from NLpoly variants without NLpep, with
NLpep78, and NLpep79.
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Figure 83-90 show the dissociation constants as well as the Vmax values for NLpoly

5A2, 5P, 8S and 11S with 96 variants of NLpeps.

Figure 91 shows an image of a protein gel of total lysates and the soluble fraction of the
same lysate for NLpoly variants.

Figure 92 shows an image of a protein gel of total lysates and the soluble fraction of the
same lysate for NLpoly variants as well as a table containing the dissociation constants for the
same variants.

Figure 93 shows the substrate specificity for NLpoly 5P and 11S with NLpep79 and
demonstrates that NLpoly 11S has superior specificity for furimazine than 5P.

Figure 94 shows an image of a protein gel that follows the affinity purification of NLpoly
8S through binding NLpep78.

Figure 95 contains a table of the association and dissociation rate constants for the
binding of NLpoly WT or 11S to NLpepWT, 78 or 79.

Figure 96 shows the Km values for various pairs of NLpoly/NLpep.

Figure 97 compares the dissociation constant for NLpoly 11S/NLpep79 at sub-saturating
and saturating concentrations of furimazine.

Figure 98 compares the Km values for NLpoly SA2 with NLpepWT, 78 and 79.

Figure 99 shows the luminescence of NLpolys from various steps in the evolution process
in the absence of NLpep.

Figure 100 shows the improvement in luminescence from E. coli-derived NLpoly over
the course of the evolution process with an overall ~10° improvement (from
NLpolyWT:NLpepWT to NLpoly11S:NLpep80).

Figure 101 shows the improvement in luminescence from HeLa-expressed NLpoly over
the course of the evolution process with an overall ~10° improvement (from
NLpolyWT:NLpepWT to NLpoly11S:NLpep80).

Figure 102 shows the improvement in luminescence from HEK293 cell-expressed
NLpoly over the course of the evolution process with an overall ~10* improvement (from
NLpolyWT:NLpepWT to NLpoly11S:NLpep80).

Figure 103 shows dissociation constants and demonstrates a ~10* fold improvement in
binding affinity from NLpolyWT:NLpepWT to NLpolyl1S:NLpep86.

Figure 104 shows an image of a protein gel of total lysates and the soluble fraction of the
same lysate for NLpoly variants from various steps of the evolution process.

Figure 105 shows luminescence of various NLpolys in the absence of NLpep and in the

presence of NLpep78 and NLpep79.
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Figure 106 shows luminescence of various NLpolys in the absence of NLpep and in the

presence of NLpep78 and NLpep79.

Figure 107 shows luminescence of various NLpolys in the absence of NLpep and in the
presence of NLpep78 and NLpep79.

Figure 108 shows a comparison of luminescence generated by cells expressing different
combinations of FRB and FKBP fused to NLpoly5P and NLpep80/87 after 15 min treatment with
rapamycin or vehicle. Fold induction refers to signal generated in the presence of rapamycin
compared to signal generated with vehicle.

Figure 109 shows a comparison of luminescence generated by cells expressing different
combinations of FRB and FKBP fused to NLpoly5P and NLpep80/87 after 60 min treatment with
rapamycin or vehicle.

Figure 110 shows a comparison of luminescence generated by cells expressing different
combinations of FRB and FKBP fused to NLpolySP and NLpep80/87 after 120 min treatment
with rapamycin or vehicle.

Figure 111 shows a comparison of luminescence generated by cells expressing different
combinations of FRB and FKBP fused to NLpolySP and NLpep80/87 after 120 min treatment
with rapamycin or vehicle. All 8 possible combinations of FRB and FKBP fused to
NLpoly/NLpep were tested and less total DNA was used.

Figure 112 shows a comparison of luminescence generated by FRB or FKBP fusions
expressed in the absence of binding partner.

Figure 113 shows a comparison of luminescence generated by cells transfected with
varying amounts of FRB-NLpoly5P and FKBP-NLpep80/87 DNA.

Figure 114 shows a comparison of luminescence generated by cells transfected with
varying amounts of FRB-NLpoly5SP or FKBP-NLpep80/87 DNA in the absence of binding
partner.

Figure 115 shows a comparison of luminescence generated by cells transfected with
varying amounts of FRB-NLpoly5P and FKBP-NLpep80/87 DNA. This example differs from
Figure 113 in that lower levels of DNA were used.

Figure 116 shows a comparison of luminescence generated by cells transfected with
varying amounts of FRB-NLpoly5SP or FKBP-NLpep80/87 DNA in the absence of binding
partner. This differs from Figure 114 in that lower levels of DNA were used.

Figure 117 shows a comparison of luminescence generated by cells transfected with
varying amounts of FRB-NLpoly5P and FKBP-NLpep80 DNA after treatment with rapamycin

for different lengths of time.
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Figure 118 shows a comparison of luminescence generated by cells transfected with

varying amounts of FRB-NLpoly5P and FKBP-NLpep87 DNA after treatment with rapamycin
for different lengths of time.

Figure 119 shows a comparison of luminescence generated by cells expressing different
combinations of FRB-NLpolySP with FKBP-NLpep80/87/95/96/97. Assay was performed in
both a two-day and three-day format.

Figure 120 shows a comparison of luminescence generated by cells expressing different
combinations of FRB-NLpoly5A2 with FKBP-NLpep80/87/95/96/97. Assay was performed in
both a two-day and three-day format.

Figure 121shows a comparison of luminescence generated by cells expressing different
combinations of FRB-NLpoly5A2 or FRB-NLpoly!1S with FKBP-
NLpep101/104/105/106/107/108/109/110.

Figure 122 shows a comparison of luminescence generated by cells transfected with
different combinations of FRB-NLpoly5A2 or FRB-NLpoly11S with FKBP-
NLpep87/96/98/99/100/101/102/103.

Figure 123 shows a comparison of luminescence generated by cells transfected with
different levels of FRB-NLpolyl1S and FKBP-NLpep87/101/102/107 DNA.

Figure 124 shows a comparison of luminescence generated by cells transfected with
different levels of FRB-NLpoly5A2 and FKBP-NLpep87/101/102/107 DNA.

Figure 125 shows a rapamycin dose response curve showing luminescence of cells
expressing FRB-NLpoly5P and FKBP-NLpep80/87 DNA.

Figure 126 shows a rapamycin dose response curve showing luminescence of cells
expressing FRB-NLpoly5A2 or FRB-NLpoly!1S and FKBP-NLpep87/101 DNA.

Figure 127 shows a comparison of luminescence generated by cells expressing FRB-11S
and FKBP-101 and treated with substrate PBI-4377 or furimazine.

Figure 128 shows a rapamycin time course of cells expressing FRB-NLpolyl11S/5A2 and
FKBP-NLpep87/101 conducted in the presence or absence of rapamycin wherein the rapamycin
was added manually.

Figure 129 shows a rapamycin time course of cells expressing FRB-NLpolyl11S/5A2 and
FKBP-NLpep87/101 conducted in the presence or absence of rapamycin wherein the rapamycin
was added via instrument injector.

Figure 130 shows luminescence generated by FRB-NLpoly11S and FKBP-NLpep101 as
measured on two different luminescence-reading instruments.

Figure 131 provides images showing luminescence of cells expressing FRB-NLpoly11S and

FKBP-NLpepl01 at various times after treatment with rapamycin.

15



10

15

20

25

30

35

WO 2014/151736 PCT/US2014/026354
Figure 132 provides a graph showing Image J quantitation of the signal generated by

individual cells expressing FRB-NLpoly11S and FKBP-NLpep101 at various times after
treatment with rapamycin.

Figure 133 shows a comparison of luminescence in different cell lines expressing FRB-
NLpoly!11S and FKBP-NLpepl101.

Figure 134 shows a comparison of luminescence generated by cells expressing FRB-
NLpoly11S and FKBP-NLpep101 after treatment with the rapamycin competitive inhibitor
FK506.

Figure 135 shows (left side) luminescence generated by cells expressing FRB-NLpoly11S
and FKBP-NLpep101 after treatment with the rapamycin competitive inhibitor FK506, and (right
side) the percent of luminescence remaining after treatment with FK506.

Figure 136 shows luminescence generated by cells transfected with different
combinations of V2R-NLpoly5A2 or V2R-NLpoly11S with NLpep87/101-ARRB2 in the
presence or absence of the V2R agonist AVP.

Figure 137 shows an AVP treatment time course showing luminescence generated by cells
transfected with V2R-NLpoly11S and NLpep87/101-ARRB2 after treatment with AVP wherein
AVP was added manually.

Figure 138 shows an AVP treatment time course showing luminescence generated by cells
transfected with different combinations of V2R-NLpoly5A2 or V2R-NLpoly11S with
NLpep87/101-ARRB2 after treatment with AVP wherein AVP was added via instrument injector.

Figure 139 shows an AVP treatment time course at 37°C showing luminescence generated
by cells expressing different configurations of V2R and ARRB2 fused to NLpolyl1S and
NLpep101 after treatment with AVP.

Figure 140 shows a comparison of luminescence in different cell lines expressing V2R-
NLpepll1S and NLpep101-ARRB2.

Figure 141 shows 60X images showing luminescence of cells expressing V2R-
NLpolyl1S and NLpep101-ARRB?2 at various times after treatment with AVP.

Figure 142 shows 150X images showing luminescence of cells expressing V2R-
NLpolyl1S and NLpep101-ARRB?2 at various times after treatment with AVP.

Figure 143 shows a protein gel of total lysates and the soluble fraction of the same lysate
for NLpoly variants.

Figure 144 shows the dissociation constants for NLpoly 5P and combinations of
mutations at positions 31, 46, 75, 76, and 93 in NLpoly 5P.

Figure 145 shows a transferase example of post translational modification enzyme

activity detection using an NLpep and aminopeptidase.
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Figure 146 shows a hydrolase example of post translational modification enzyme activity

detection using an NLpep and methyl-specific antibody.

Figure 147 contains wavelength scans for NLpoly WT complemented with either
NLpepWT or NLpepWT conjugated to TMR.

Figure 148 contains wavelength scans for NanoLuc fused to HaloTag (NL-HT) and
NLpoly 5A2 complemented with NLPepWT with 4 additional amino acids (DEVD) and
conjugated to Non-chloroTOM (NCT).

Figure 149 shows a schematic a tertiary interaction wherein the energy transfer with an
NLpoly and NLpep can also be used to measure three molecules interacting. In the schematic, a
GPCR labeled with an NLpoly and a GPCR interacting protein labeled with an NLpep form a
bioluminescent complex when they interact. This allows measurement of the binary interaction.
If a small molecule GPCR ligand bearing an appropriate fluorescent moiety for energy transfer
interacts with this system, energy transfer will occur. Therefore, the binary protein-protein
interaction and the ternary drug-protein-protein interaction can be measured in the same

experiment.

Figure 150 shows a graph and table of binding affinities of NLpoly11S to synthetic
NLPep78 and NLPep78 at the N- or C-terminus of a fusion partner (HaloTag).

Figure 151 shows a graph and table of binding affinities of NLpoly11S to synthetic
NLPep79 and NLPep79 at the N- or C-terminus of a fusion partner (HaloTag).

Figure 152 shows a graph depicting normalized fluorescence intensity of NLpoly11S with
NLPep86 or PBI-4877.

Figure 153 shows a graph depicting normalized fluorescence intensity of NLpoly11S with
NLPep86 or PBI-5434.

Figure 154 shows a graph depicting normalized fluorescence intensity of NLpoly11S with
NLPep86 or PBI-5436.

Figure 155 shows a graph demonstrating furimazine binding affinity in affinity buffer of
complexes between NLpoly11S and NLpep86, 78, 99, 101, 104, 128 and 114.

Figure 156 shows a graph demonstrating furimazine binding affinity in NanoGlo assay

buffer of complexes between NLpoly11S and NLpep86, 78, 99, 101, 104, 128 and 114.

Figure 157 shows graphs depicting the change in affinity (NLpoly156/NLPep!l and

NLpolyl11S/NLPepl) with increasing concentrations of furimazine substrate.
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Figure 158 shows graphs depicting the change in affinity (NLpoly156/NLPep! and

NLpolyl11S/NLPepl) with increasing concentrations of NLPepl.

Figure 159 shows a graph depicting Vmax and Bmax NLPoly156, NLPoly11S, and
NanoLuc® luciferase (Nluc) with NLPepl.

Figure 160 shows a graph depicting RLU as a function of NLPep concentration for
NLPoly!1S and NLPep86, 78, 79, 99, 101, 104, 114, 128 and wt.

Figure 161 shows a Western blot depicting expression level in HEK293T cells of
NLPoly156 and NLPoly11S compared to full-length NanoLuc® luciferase.

Figure 162 shows graphs depicting a comparison of the affinity of the B-lactamase SME
and its inhibitor BLIPY50A as unfused proteins or when fused to NLPoly11S and NLPep114.

Figure 163 shows a comparison of luminescence generated by cells expressing different

combinations of FRB-NLpoly11S with FKBP-NLpep101/111-136

Figure 164 shows a comparison of luminescence generated by cells expressing different

combinations of FRB-NLpoly11S with FKBP-NLpep114 and 137-143.

Figure 165 shows rapamycin dose response curves of cells expressing FRB-NLpolyl11S

and FKBP-NLpep78/79/99/101/104/114/128

Figure 166 shows response of cells expressing FRB-NLpolyl1S and FKBP-
78/79/99/101/104/114/128 to the rapamycin competitive inhibitor FK506

Figure 167 shows a comparison of luminescence generated by cells transfected with

different ratios of FRB-NLpoly!11S and FKBP-NLpep114.

Figure 168 shows a comparison of luminescence generated by cells expressing
NLpolyl1S/NLpep114 fusions of FRB/FKBP in different orientations and with different linker
lengths.

Figure 169 shows graphs depicting rapamycin (A) dose-specific and (B) time-specific
induction of FRB-NLpoly1 1S/FKBP-NLpep114 or split firefly complementation signals.

Figure 170 shows graphs depicting FK506(A) dose-specific and (B) time-specific
inhibition of FRB-NLpoly11S/FKBP-NLpep114 or split firefly complementation signals.
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Figure 171 shows Western blots depicting similar expression levels of FKBP-NLpepl14

and FKBP-Fluc(394-544) at equal levels of transfected DNA.

Figure 172 shows graphs depicting (A) dose-specific and (B) time-specific inhibition of
NLpoly11S-BRD4 and Histone H3.3-NLpep114 interaction by IBET-151.

Figure 173 shows a graph depicting dose dependent increases in RAS/CRAF,
BRAF/BRAF and CRAF/BRAF dimerization in response to BRAF inhibitor GDC0879.

Figure 174 shows a graph depicting RLU as a function of NLPep concentration for
NLpolyl1S and NLpep86, wt, and NLpep114.

Figure 175 shows a schematic of an assay utilizing a high affinity peptide of a
luminescent pair as an intracellular protein tag and the polypeptide of the luminescent pair as a

detection reagent.

Figure 176 shows a graph demonstrating the linear range of the affinity of NLpoly11S
and MLpep86.

Figure 177 shows images demonstrating the sensitivity of detecting proteins tagged with
a high affinity NLPep using 11S. This figure also compares the detection using NLPep/NLPoly

to the detection using fluorescently labeled HaloTag.
Figure 178 shows a graph demonstating the stability of NLpoly11S.

Figure 179 shows a graph demonstrating the linear range of the affinity of NLpoly11S
and NLpep78.

Figure 180 shows a summary of NLpep sequences. High affinity (spontaneous) peptides
are those peptides (NLpep) which bind to NLpoly11S with high affinity. Dark/Quencher peptides
are those peptides (NLpep) which can reduce the levels of light being produced or detected from
NLpolyl1S.

Figure 181 shows a schematic for the concept of structural complementation where the
LSP and SSP (i.e., NLpoly and NLpep) are brought together to produce a bioluminescent signal
(panels A, B). Upon disruption of a protein interaction (i.e. X and Y), LSP and SSP come apart
resulting in a decrease in luminescence (Panel C).

Figure 182 A shows two options (A, B) for engineering structural complementation to be
a loss of signal upon protein interaction between X and Y and a gain of signal upon disruption of

the interaction between X and Y. Option A represents intermolecular structural complementation.
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Option B represents intramolecular structural complementation. Figure 182B shows a list of

genetic constructs that could be suitable for intramolecular structural complementation.

Figure 183 shows (A) inhibition of NLpoly11S and NLpep114 binding by various dark
peptides, and (B) dose-dependent inhibition by Lys-162 and Gln-162 peptides.

Figure 184 A shows that inhibition by Q-162 and A-162 is dose-dependent. Panel B
shows that Q-162 produces a signal on its own in a dose-dependent manner, while the dose-
dependency of A-162 is subtle at best.

Figure 185 shows graphs demonstrating dose-response of the dark peptides with CP Nluc.

Figure 186 shows graphs depicting a time course of dark peptide with CP Nluc.

Figure 187 shows the dark peptide dose-dependent inhibition of luminescence generated
from FRB-NLpoly11S alone and also between FRB-NLpoly11S and FKBP-NLpep114 in the
presence and absence of rapamycin.

Figure 188 shows the dark peptide dose-dependent inhibition of luminescence generated
from either FRB-NanoLuc (311) or NanoLuc-FRB (307) in the presence and absence of
rapamycin (RLU).

Figure 189 shows the dark peptide dose-dependent inhibition of luminescence generated
from either FRB-NanoLuc (311) or NanoLuc-FRB (307) in the presence and absence of
rapamycin (normalized to no dark peptide control; 100%).

Figure 190 shows that the dark peptides, when fused to FKBP, can compete with both
low (114) and high (80) affinity peptides (also FKBP fusions) and as a result reduce the total
luminescence being produced and detected in live cells.

Figure 191 shows the signal comparison between Fluc and NLpep86-based assays for
intracellular levels of Fluc.

Figure 192 shows graphs demonstrating the utility of tandem linked NLpeps in
complementing Npoly11S.

Figure 193 shows a graph demonstrating that NLpoly and NLpep components do not
interfere with intracellular degradation of reporter protein FlucP.

Figure 194 shows a schematic demonstrating and extracellular protease activity assay.

Figure 195 shows a schematic of an assay for measuring the activity of an enzyme using a
ProNLpep.

Figure 196 shows a schematic of an assay for screening antibodies, proteins, peptides or
transporters that mediate cellular internalization.

Figure 197 shows a schematic of a post-translational modification transferase assay.

Figure 198 shows a schematic of a post-translational modification hydrolase assay.
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Figure 199 shows graphs correlating Tyrosine Kinase SRC activity with
luminescence over background in a post-translational modification assay.

Figure 200 shows a graph depicting spontaneous complementation of three different
versions of NLpoly11S with twelve synthetic peptides.

Figure 201 shows a schematic of a homogeneous immunoassay format utilizing
fusions of NLpep and NLpoly with separate binding moieties A and B.

Figure 202 shows graphs demonstrating: (A) reduction in background luminescence
from NLpoly11S upon complex formation with GWALFKK and Dabcyl-GWALFKK, and
(B) NLpep86 forms a complex with NLpoly11S in the presence of GWALFKK and Dabcyl-
GWALFKK.

Figure 203 shows graphs demonstrating: (A) VIGWALFEEIL (Trp 11mer) and
VTGYALFEEIL (Tyr 11mer) induce luminescence over background (NLpoly11S alone; no
peptide control), and that the N-terminal Dabcyl versions of each provide significant
quenching of this signal, and (B) that NLpep86 forms a complex with NLpoly11S in the

presence of Dabcyl versions of Trp 11mer and Tyr 11mer.

DEFINITIONS

In the claims which follow and in the description of the invention, except where the
context requires otherwise due to express language or necessary implication, the word
“comprise’ or variations such as “comprises” or “comprising” is used in an inclusive sense,
1.e. to specify the presence of the stated features but not to preclude the presence or addition
of further features in various embodiments of the invention.

As used herein, the term “substantially” means that the recited characteristic,
parameter, and/or value need not be achieved exactly, but that deviations or variations,
including for example, tolerances, measurement error, measurement accuracy limitations and
other factors known to skill in the art, may occur in amounts that do not preclude the effect
the characteristic was intended to provide. A characteristic or feature that is substantially
absent (e.g., substantially non-luminescent) may be one that is within the noise, beneath
background, below the detection capabilities of the assay being used, or a small fraction (e.g.,
<1%, <0.1%, <0.01%, <0.001%, <0.00001%, <0.000001%, <0.0000001%) of the significant
characteristic (e.g., luminescent intensity of a bioluminescent protein or bioluminescent

complex).
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As used herein, the term “bioluminescence” refers to production and emission of light
by a chemical reaction catalyzed by, or enabled by, an enzyme, protein, protein complex, or
other biomolecule (e.g., bioluminescent complex). In typical embodiments, a substrate for a
bioluminescent entity (e.g., bioluminescent protein or bioluminescent complex) is converted
into an unstable form by the bioluminescent entity; the substrate subsequently emits light.

As used herein the term “complementary” refers to the characteristic of two or more
structural elements (e.g., peptide, polypeptide, nucleic acid, small molecule, etc.) of being
able to hybridize, dimerize, or otherwise form a complex with each other. For example, a

“complementary peptide and polypeptide” are capable of coming together to form a complex.
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Complementary elements may require assistance to form a complex (e.g., from interaction

elements), for example, to place the elements in the proper conformation for complementarity, to
co-localize complementary elements, to lower interaction energy for complementary, etc.

As used herein, the term “complex” refers to an assemblage or aggregate of molecules
(e.g., peptides, polypeptides, etc.) in direct and/or indirect contact with one another. In one
aspect, “contact,” or more particularly, “direct contact” means two or more molecules are close
enough so that attractive noncovalent interactions, such as Van der Waal forces, hydrogen
bonding, ionic and hydrophobic interactions, and the like, dominate the interaction of the
molecules. In such an aspect, a complex of molecules (e.g., a peptide and polypeptide) is formed
under assay conditions such that the complex is thermodynamically favored (e.g., compared to a
non-aggregated, or non-complexed, state of its component molecules). As used herein the term
“complex,” unless described as otherwise, refers to the assemblage of two or more molecules
(e.g., peptides, polypeptides or a combination thereof).

As used herein, the term “non-luminescent” refers to an entity (e.g., peptide, polypeptide,
complex, protein, etc.) that exhibits the characteristic of not emitting a detectable amount of light
in the visible spectrum (e.g., in the presence of a substrate). For example, an entity may be
referred to as non-luminescent if it does not exhibit detectable luminescence in a given assay. As
used herein, the term “non-luminescent” is synonymous with the term *“‘substantially non-
luminescent. For example, a non-luminescent polypeptide (NLpoly) is substantially non-
luminescent, exhibiting, for example, a 10-fold or more (e.g., 100-fold, 200-fold, 500-fold,
1x10°-fold, 1x10*-fold, 1x10°-fold, 1x10°-fold, 1x10’-fold, etc.) reduction in luminescence
compared to a complex of the NLpoly with its non-luminescent complement peptide. In some
embodiments, an entity is ‘“non-luminescent” if any light emission is sufficiently minimal so as
not to create interfering background for a particular assay.

As used herein, the terms “non-luminescent peptide” (e.g., NLpep) and “non-luminescent
polypeptide” (e.g., NLpoly) refer to peptides and polypeptides that exhibit substantially no
luminescence (e.g., in the presence of a substrate), or an amount that is beneath the noise, or a
10-fold or more (e.g., 100-fold, 200-fold, 500-fold, 1x10*-fold, 1x10*-fold, 1x10°-fold, 1x10°-
fold, 1x10’-fold, etc.) when compared to a significant signal (e.g., luminescent complex) under
standard conditions (e.g., physiological conditions, assay conditions, etc.) and with typical
instrumentation (e.g., luminometer, etc.). In some embodiments, such non-luminescent peptides
and polypeptides assemble, according to the criteria described herein, to form a bioluminescent
complex. As used herein, a “non-luminescent element” is a non-luminescent peptide or non-
luminescent polypeptide. The term “bioluminescent complex” refers to the assembled complex

of two or more non-luminescent peptides and/or non-luminescent polypeptides. The
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bioluminescent complex catalyzes or enables the conversion of a substrate for the bioluminescent

complex into an unstable form; the substrate subsequently emits light. When uncomplexed, two
non-luminescent elements that form a bioluminescent complex may be referred to as a “non-
luminescent pair.” If a bioluminescent complex is formed by three or more non-luminescent
peptides and/or non-luminescent polypeptides, the uncomplexed constituents of the
bioluminescent complex may be referred to as a “non-luminescent group.”

As used herein, the term “interaction element” refers to a moiety that assists in bringing
together a pair of non-luminescent elements or a non-luminescent group to form a
bioluminescent complex. In a typical embodiment, a pair of interaction elements (a.k.a.
“Interaction pair”) is attached to a pair of non-luminescent elements (e.g., non-luminescent
peptide/polypeptide pair), and the attractive interaction between the two interaction elements
facilitates formation of the bioluminescent complex; although the present invention is not limited
to such a mechanism, and an understanding of the mechanism is not required to practice the
invention. Interaction elements may facilitate formation of the bioluminescent complex by any
suitable mechanism (e.g., bringing non-luminescent pair/group into close proximity, placing a
non-luminescent pair/group in proper conformation for stable interaction, reducing activation
energy for complex formation, combinations thereof, etc.). An interaction element may be a
protein, polypeptide, peptide, small molecule, cofactor, nucleic acid, lipid, carbohydrate,
antibody, etc. An interaction pair may be made of two of the same interaction elements (i.e.
homopair) or two different interaction elements (i.e. heteropair). In the case of a heteropair, the
interaction elements may be the same type of moiety (e.g., polypeptides) or may be two different
types of moieties (e.g., polypeptide and small molecule). In some embodiments, in which
complex formation by the interaction pair is studied, an interaction pair may be referred to as a
“target pair” or a “pair of interest,” and the individual interaction elements are referred to as

I &

“target elements” (e.g., “target peptide,” “target polypeptide,” etc.) or “‘elements of interest” (e.g.,

I ¢

“peptide of interest,” “polypeptide or interest,” etc.).

As used herein, the term “preexisting protein” refers to an amino acid sequence that was
in physical existence prior to a certain event or date. A “peptide that is not a fragment of a
preexisting protein” is a short amino acid chain that is not a fragment or sub-sequence of a
protein (e.g., synthetic or naturally-occurring) that was in physical existence prior to the design
and/or synthesis of the peptide.

As used herein, the term “fragment” refers to a peptide or polypeptide that results from
dissection or “fragmentation” of a larger whole entity (e.g., protein, polypeptide, enzyme, etc.),

or a peptide or polypeptide prepared to have the same sequence as such. Therefore, a fragment is

a subsequence of the whole entity (e.g., protein, polypeptide, enzyme, etc.) from which it is made
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and/or designed. A peptide or polypeptide that is not a subsequence of a preexisting whole

protein is not a fragment (e.g., not a fragment of a preexisting protein). A peptide or polypeptide
that is “not a fragment of a preexisting bioluminescent protein” is an amino acid chain that is not
a subsequence of a protein (e.g., natural or synthetic) that: (1) was in physical existence prior to
design and/or synthesis of the peptide or polypeptide, and (2) exhibits substantial bioluminescent
activity.

As used herein, the term “subsequence” refers to peptide or polypeptide that has 100%
sequence identify with another, larger peptide or polypeptide. The subsequence is a perfect
sequence match for a portion of the larger amino acid chain.

As used herein, the term "sequence identity" refers to the degree two polymer sequences
(e.g., peptide, polypeptide, nucleic acid, etc.) have the same sequential composition of monomer
subunits. The term “sequence similarity” refers to the degree with which two polymer sequences
(e.g., peptide, polypeptide, nucleic acid, etc.) have similar polymer sequences. For example,
similar amino acids are those that share the same biophysical characteristics and can be grouped
into the families, e.g., acidic (e.g., aspartate, glutamate), basic (e.g., lysine, arginine, histidine),
non-polar (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan) and uncharged polar (e.g., glycine, asparagine, glutamine, cysteine, serine, threonine,
tyrosine). The “percent sequence identity” (or “percent sequence similarity”) is calculated by:
(1) comparing two optimally aligned sequences over a window of comparison (e.g., the length of
the longer sequence, the length of the shorter sequence, a specified window), (2) determining the
number of positions containing identical (or similar) monomers (e.g., same amino acids occurs in
both sequences, similar amino acid occurs in both sequences) to yield the number of matched
positions, (3) dividing the number of matched positions by the total number of positions in the
comparison window (e.g., the length of the longer sequence, the length of the shorter sequence, a
specified window), and (4) multiplying the result by 100 to yield the percent sequence identity or
percent sequence similarity. For example, if peptides A and B are both 20 amino acids in length
and have identical amino acids at all but 1 position, then peptide A and peptide B have 95%
sequence identity. If the amino acids at the non-identical position shared the same biophysical
characteristics (e.g., both were acidic), then peptide A and peptide B would have 100% sequence
similarity. As another example, if peptide C is 20 amino acids in length and peptide D is 15
amino acids in length, and 14 out of 15 amino acids in peptide D are identical to those of a
portion of peptide C, then peptides C and D have 70% sequence identity, but peptide D has
93.3% sequence identity to an optimal comparison window of peptide C. For the purpose of
calculating “percent sequence identity” (or “percent sequence similarity”) herein, any gaps in

aligned sequences are treated as mismatches at that position.

24



10

15

20

25

30

35

WO 2014/151736 PCT/US2014/026354
As used herein, the term “physiological conditions” encompasses any conditions

compatible with living cells, e.g., predominantly aqueous conditions of a temperature, pH,
salinity, chemical makeup, etc. that are compatible with living cells.

As used herein, the term "sample" is used in its broadest sense. In one sense, it is meant to
include a specimen or culture obtained from any source, as well as biological and environmental
samples. Biological samples may be obtained from animals (including humans) and encompass
fluids, solids, tissues, and gases. Biological samples include blood products, such as plasma,
serum and the like. Sample may also refer to cell lysates or purified forms of the peptides and/or
polypeptides described herein. Cell lysates may include cells that have been lysed with a lysing
agent or lysates such as rabbit reticulocyte or wheat germ lysates. Sample may also include cell-
free expression systems. Environmental samples include environmental material such as surface
matter, soil, water, crystals and industrial samples. Such examples are not however to be
construed as limiting the sample types applicable to the present invention.

As used herein, unless otherwise specified, the terms “peptide” and “polypeptide” refer to
polymer compounds of two or more amino acids joined through the main chain by peptide amide
bonds (--C(O)NH--). The term “peptide” typically refers to short amino acid polymers (e.g.,
chains having fewer than 25 amino acids), whereas the term “polypeptide” typically refers to
longer amino acid polymers (e.g., chains having more than 25 amino acids).

DETAILED DESCRIPTION

The study of protein interactions, particularly under physiological conditions and/or at
physiologic expression levels, requires high sensitivity. In particular embodiments described
herein, protein interactions with small molecules, nucleic acids, other proteins, etc. are detected
based on the association of two non-luminescent elements that come together to from a
bioluminescent complex capable of producing a detectable signal (e.g., luminescence). The
formation of the bioluminescent complex is dependent upon the protein interaction that is being
monitored.

Provided herein are compositions and methods for the assembly of a bioluminescent
complex from two or more non-luminescent peptide and/or polypeptide units (e.g., non-
luminescent pair). In some embodiments, the non-luminescent peptide and/or polypeptide units
are not fragments of a preexisting protein (e.g., are not complementary subsequences of a known
polypeptide sequence). In particular, bioluminescent activity is conferred upon a non-
luminescent polypeptide via structural complementation with a non-luminescent peptide.

In some embodiments, provided herein are non-luminescent pairs for use in detecting and
monitoring molecular interactions (e.g., protein-protein, protein-DNA, protein-RNA interactions,

RNA-DNA, protein-small molecule, RNA-small-molecule, etc.). Also provided herein are
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complementary panels of interchangeable non-luminescent elements (e.g., peptides and

polypeptides) that have variable affinities and luminescence upon formation of the various
bioluminescent complexes (e.g., a high-affinity/high-luminescence pair, a moderate-
affinity/high-luminescence pair, a low-affinity/moderate-luminescence pair, etc.). Utilizing
different combinations of non-luminescent elements provides an adaptable system comprising
various pairs ranging from lower to higher affinities, luminescence and other variable
characteristics. This adaptability allows the detection/monitoring of molecular interactions to be
fine-tuned to the specific molecule(s) of interest and expands the range of molecular interactions
that can be monitored to include interactions with very high or low affinities. Further provided
herein are methods by which non-luminescent pairs (or groups) and panels of non-luminescent
pairs (or groups) are developed and tested.

In some embodiments, the interaction between the peptide/polypeptide members of the
non-luminescent pair alone is insufficient to form the bioluminescent complex and produce the
resulting bioluminescent signal. However, if an interaction element is attached to each
peptide/polypeptide member of the non-luminescent pair, then the interactions of the interaction
pair (e.g., to form an interaction complex) facilitate formation of the bioluminescent complex. In
such embodiments, the bioluminescent signal from the bioluminescent complex (or the capacity
to produce such a signal in the presence of substrate) serves as a reporter for the formation of the
interaction complex. If an interaction complex is formed, then a bioluminescent complex is
formed, and a bioluminescent signal is detected/measured/monitored (e.g., in the presence of
substrate). If an interaction complex fails to form (e.g., due to unfavorable conditions, due to
unstable interaction between the interaction elements, due to incompatible interaction elements),
then a bioluminescent complex does not form, and a bioluminescent signal is not produced.

In certain embodiments, the interaction pair comprises two molecules of interest (e.g.,
proteins of interest). For example, assays can be performed to detect the interaction of two
molecules of interest by tethering each one to a separate member of a non-luminescent pair. If
the molecules of interest interact (e.g., transiently interact, stably interact, etc.), the non-
luminescent pair is brought into close proximity in a suitable conformation and a bioluminescent
complex is formed (and bioluminescent signal is produced/detected (in the presence of
substrate)). In the absence of an interaction between the molecules of interest (e.g., no complex
formation, not even transient interaction, etc.), the non-luminescent pair does not interact in a
sufficient manner, and a bioluminescent signal is not produced or only weakly produced. Such
embodiments can be used to study the effect of inhibitors on complex formation, the effect of

mutations on complex formation, the effect of conditions (e.g., temperature, pH, etc.) on complex
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formation, the interaction of a small molecule (e.g., potential therapeutic) with a target molecule,

etc.

Different non-luminescent pairs may require different strength, duration and/or stability
of the interaction complex to result in bioluminescent complex formation. In some
embodiments, a stable interaction complex is required to produce a detectable bioluminescent
signal. In other embodiments, even a weak or transient interaction complex results in
bioluminescent complex formation. In some embodiments, the strength or extent of an
interaction complex is directly proportional to the strength of the resulting bioluminescent signal.
Some non-luminescent pairs produce a detectable signal when combined with an interaction
complex with a high millimolar dissociation constant (e.g., K4>100 mM). Other non-
luminescent pairs require an interaction pair with a low millimolar (e.g., K4<100 mM),
micromolar (e.g., K4<1 mM), nanomolar (e.g., K4<1 uM), or even picomolar (e.g., K4<1 nM)
dissociation constant in order to produce a bioluminescent complex with a detectable signal.

In some embodiments, one or more of the non-luminescent peptides/polypeptides are not
fragments of a pre-existing protein. In some embodiments, one or more of the non-luminescent
peptides/polypeptides are not fragments of a pre-existing bioluminescent protein. In some
embodiments, neither/none of the non-luminescent peptides/polypeptides are fragments of a pre-
existing protein. In some embodiments, neither/none of the non-luminescent
peptides/polypeptides are fragments of a pre-existing bioluminescent protein. In some
embodiments, neither the non-luminescent peptide nor non-luminescent polypeptide that
assemble together to form a bioluminescent complex are fragments of a pre-existing protein. In
some embodiments, a non-luminescent element for use in embodiments of the present invention
1s not a subsequence of a preexisting protein. In some embodiments, a non-luminescent pair for
use in embodiments described herein does not comprise complementary subsequences of a
preexisting protein.

In some embodiments, non-luminescent peptides/polypeptides are substantially non-
luminescent in isolation. In certain embodiments, when placed in suitable conditions (e.g.,
physiological conditions), non-luminescent peptides/polypeptides interact to form a
bioluminescent complex and produce a bioluminescent signal in the presence of substrate. In
other embodiments, without the addition of one or more interaction elements (e.g.,
complementary interaction elements attached to the component non-luminescent peptide and
non-luminescent polypeptide), non-luminescent peptides/polypeptides are unable to form a
bioluminescent complex or only weakly form a complex. In such embodiments, non-
luminescent peptides/polypeptides are substantially non-luminescent in each other’s presence

alone, but produce significant detectable luminescence when aggregated, associated, oriented, or
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otherwise brought together by interaction elements. In some embodiments, without the addition

of one or more interaction elements (e.g., complementary interaction elements attached to the
component peptide and polypeptide), peptides and/or polypeptides that assemble into the
bioluminescent complex produce a low level of luminescence in each other’s presence, but
undergo a significant increase in detectable luminescence when aggregated, associated, oriented,
or otherwise brought together by interaction elements.

In some embodiments, compositions and methods described herein comprise one or more
interaction elements. In a typical embodiment, an interaction element is a moiety (e.g., peptide,
polypeptide, protein, small molecule, nucleic acid, lipid, carbohydrate, etc.) that is attached to a
peptide and/or polypeptide to assemble into the bioluminescent complex. The interaction
element facilitates the formation of a bioluminescent complex by any suitable mechanism,
including: interacting with one or both non-luminescent elements, inducing a conformational
change in a non-luminescent element, interacting with another interaction element (e.g., an
interaction element attached to the other non-luminescent element), bringing non-luminescent
elements into close proximity, orienting non-luminescent elements for proper interaction, etc.

In some embodiments, one or more interaction elements are added to a solution
containing the non-luminescent elements, but are not attached to the non-luminescent elements.
In such embodiments, the interaction element(s) interact with the non-luminescent elements to
induce formation of the bioluminescent complex or create conditions suitable for formation of
the bioluminescent complex. In other embodiments, a single interaction element is attached to
one member of a non-luminescent pair. In such embodiments, the lone interaction element
interacts with one or both of the non-luminescent elements to create favorable interactions for
formation of the bioluminescent complex. In typical embodiments of the present invention, one
interaction element is attached to each member of a non-luminescent pair. Favorable interactions
between the interaction elements facilitate interactions between the non-luminescent elements.
The interaction pair may stably interact, transiently interact, form a complex, etc. The interaction
of the interaction pair facilitates interaction of the non-luminescent elements (and formation of a
bioluminescent complex) by any suitable mechanism, including, but not limited to: bringing the
non-luminescent pair members into close proximity, properly orienting the non-luminescent pair
members from interaction, reducing non-covalent forces acting against non-luminescent pair
interaction, etc.

In some embodiments, an interaction pair comprises any two chemical moieties that
facilitate interaction of an associated non-luminescent pair. An interaction pair may consist of,
for example: two complementary nucleic acids, two polypeptides capable of dimerization (e.g.,

homodimer, heterodimer, etc.), a protein and ligand, protein and small molecule, an antibody and
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epitope, a reactive pair of small molecules, etc. Any suitable pair of interacting molecules may

find use as an interaction pair.

In some embodiments, an interaction pair comprises two molecules of interest (e.g.,
proteins of interest) or target molecules. In some embodiments, compositions and methods
herein provide useful assays (e.g., in vitro, in vivo, in situ, whole animal, etc.) for studying the
interactions between a pair of target molecules.

In certain embodiments, a pair off interaction elements, each attached to one of the non-
luminescent elements, interact with each other and thereby facilitate formation of the
bioluminescent complex. In some embodiments, the presence of a ligand, substrate, co-factor or
addition interaction element (e.g., not attached to non-luminescent element) is necessary to
induce the interaction between the interaction elements and facilitate bioluminescent complex
formation. In some embodiments, detecting a signal from the bioluminescent complex indicates
the presence of the ligand, substrate, co-factor or addition interaction element or conditions that
allow for interaction with the interaction elements.

In some embodiments, a pair off interaction elements, and a pair of non-luminescent
elements are all present in a single amino acid chain (e.g., (interaction element 1)-NLpep-
(interaction element 2)-NLpoly, NLpoly-(interaction element 1)-NLpep--(interaction element 2),
NLpoly-(interaction element 1)-(interaction element 2)-NLpep, etc.). In some embodiments in
which a pair off interaction elements, and a pair of non-luminescent elements are all present in a
single amino acid chain, a ligand, substrate, co-factor or addition interaction element is required
for the interaction pair to form an interaction complex and facilitate formation of the
bioluminescent complex.

In certain embodiments, an interaction element and a non-luminescent element are
attached, fused, linked, connected, etc. In typical embodiments, a first non-luminescent element
and a first interaction element are attached to each other, and a second non-luminescent element
and a second interaction element are attached to each other. Attachment of signal and interaction
elements may be achieved by any suitable mechanism, chemistry, linker, etc. The interaction
and non-luminescent elements are typically attached through covalent connection, but non-
covalent linking of the two elements is also provided. In some embodiments, the signal and
interaction elements are directly connected and, in other embodiments, they are connected by a
linker.

In some embodiments, in which the interaction element is a peptide or polypeptide, the
signal and interaction elements are contained within a single amino acid chain. In some
embodiments, a single amino acid chain comprises, consists of, or consists essentially of a non-

luminescent element and interaction element. In some embodiments, a single amino acid chain
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comprises, consists of, or consists essentially of a non-luminescent element, an interaction

element, and optionally one or more an N-terminal sequence, a C-terminal sequence, regulatory
elements (e.g., promoter, translational start site, etc.), and a linker sequence. In some
embodiments, the signal and interaction elements are contained within a fusion polypeptide. The
signal and interaction elements (and any other amino acid segments to be included in the fusion)
may be expressed separately; however, in other embodiments, a fusion protein is expressed that
comprises or consist of both the interaction and signal sequences.

In some embodiments, a first fusion protein comprising a first non-luminescent element
and first interaction element as well as a second fusion protein comprising a second non-
luminescent element and second interaction element are expressed within the same cells. In such
embodiments, the first and second fusion proteins are purified and/or isolated from the cells, or
the interaction of the fusion proteins is assayed within the cells. In other embodiments, first and
second fusion proteins are expressed in separate cells and combined (e.g., following purification
and/or isolation, or following fusion of the cells or portions of the cells, or by transfer of a fusion
protein from one cell to another, or by secretion of one or more fusion proteins into the
extracellular medium) for signal detection. In some embodiments, one or more fusion proteins
are expressed in cell lysate (e.g., rabbit reticulocyte lysate) or in a cell-free system. In some
embodiments, one or more fusion proteins are expressed from the genome of a virus or other
cellular pathogen.

In certain embodiments, nucleic acids, DNA, RNA, vectors, etc. are provided that encode
peptide, polypeptides, fusion polypeptide, fusion proteins, etc. of the present invention. Such
nucleic acids and vectors may be used for expression, transformation, transfection, injection, etc.

In some embodiments, a non-luminescent element and interaction element are connected
by a linker. In some embodiments, a linker connects the signal and interaction elements while
providing a desired amount of space/distance between the elements. In some embodiments, a
linker allows both the signal and interaction elements to form their respective pairs (e.g., non-
luminescent pair and interaction pair) simultaneously. In some embodiments, a linker assists the
interaction element in facilitating the formation of a non-luminescent pair interaction. In some
embodiments, when an interaction pair is formed, the linkers that connect each non-luminescent
element to their respective interaction elements position the non-luminescent elements at the
proper distance and conformation to form a bioluminescent complex. In some embodiments, an
interaction element and non-luminescent element are held in close proximity (e.g., <4 monomer
units) by a linker. In some embodiments, a linker provides a desired amount of distance (e.g., 1,
2,3,4,5,6...10... 20, or more monomer units) between signal and interaction elements (e.g., to

prevent undesirable interactions between signal and interaction elements, for steric
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considerations, to allow proper orientation of non-luminescent element upon formation of

interaction complex, to allow propagation of a complex-formation from interaction complex to
non-luminescent elements, etc.). In certain embodiments, a linker provides appropriate
attachment chemistry between the signal and interaction elements. A linker may also improve the
synthetic process of making the signal and interaction element (e.g., allowing them to be
synthesized as a single unit, allowing post synthesis connection of the two elements, etc.).

In some embodiments, a linker is any suitable chemical moiety capable of linking,
connecting, or tethering a non-luminescent element to an interaction element. In some
embodiments, a linker is a polymer of one or more repeating or non-repeating monomer units
(e.g., nucleic acid, amino acid, carbon-containing polymer, carbon chain, etc.). When a non-
luminescent element and interaction element are part of a fusion protein, a linker (when present)
1s typically an amino acid chain. When a non-luminescent element and interaction element are
tethered together after the expression of the individual elements, a linker may comprise any
chemical moiety with functional (or reactive) groups at either end that are reactive with
functional groups on the signal and interaction elements, respectively. Any suitable moiety
capable of tethering the signal and interaction elements may find use as a linker.

A wide variety of linkers may be used. In some embodiments, the linker is a single
covalent bond. In some embodiments, the linker comprises a linear or branched, cyclic or
heterocyclic, saturated or unsaturated, structure having 1-20 nonhydrogen atoms (e.g., C, N, P, O
and S) and is composed of any combination of alkyl, ether, thioether, imine, carboxylic, amine,
ester, carboxamide, sulfonamide, hydrazide bonds and aromatic or heteroaromatic bonds. In
some embodiments, linkers are longer than 20 nonhydrogen atoms (e.g. 21 non-hydrogen atoms,
25 non-hydrogen atoms, 30 non-hydrogen atoms, 40 non-hydrogen atoms, 50 non-hydrogen
atoms, 100 non-hydrogen atoms, etc.) In some embodiments, the linker comprises 1-50 non-
hydrogen atoms (in addition to hydrogen atoms) selected from the group of C, N, P, O and S (e.g.
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 non-hydrogen
atoms).

The present invention is not limited by the types of linkers available. The signal and
interaction elements are linked, either directly (e.g. linker consists of a single covalent bond) or
linked via a suitable linker. The present invention is not limited to any particular linker group. A
variety of linker groups are contemplated, and suitable linkers could comprise, but are not limited
to, alkyl groups, methylene carbon chains, ether, polyether, alkyl amide linker, a peptide linker, a
modified peptide linker, a Poly(ethylene glycol) (PEG) linker, a streptavidin-biotin or avidin-
biotin linker, polyaminoacids (e.g. polylysine), functionalised PEG, polysaccharides,
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glycosaminoglycans, dendritic polymers (W093/06868 and by Tomalia et al. in Angew. Chem.

Int. Ed. Engl. 29:138-175 (1990), herein incorporated by reference in their entireties), PEG-
chelant polymers (W94/08629, W094/09056 and W(096/26754, herein incorporated by reference
in their entireties), oligonucleotide linker, phospholipid derivatives, alkenyl chains, alkynyl
chains, disulfide, or a combination thereof. In some embodiments, the linker is cleavable (e.g.,
enzymatically (e.g., TEV protease site), chemically, photoinduced, etc.

In some embodiments, substantially non-luminescent peptides and polypeptides are
provided with less than 100% sequence identity and/or similarity to any portion of an existing
luciferase (e.g., a firefly luciferase, a Renilla luciferase, an Oplophorus luciferase, enhanced
Oplophorus luciferases as described in U.S. Pat. App. 2010/0281552 and U.S. Pat. App.
2012/0174242, herein incorporated by reference in their entireties). Certain embodiments of the
present invention involve the formation of bioluminescent complexes of non-luminescent
peptides and polypeptides with less than 100% sequence identity with all or a portion (e.g., 8 or
more amino acids, less than about 25 amino acids for peptides) of SEQ ID NO: 2157 (e.g.,
complete NANOLUC sequence). Certain embodiments of the present invention involve the
formation of bioluminescent complexes of non-luminescent peptides and polypeptides with less
than 100%, but more than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%,
>80%, >85%, >90%, >95%, >98%, >99%) sequence identity with all or a portion (e.g., 8 or more
amino acids, less than about 25 amino acids for peptides) of SEQ ID NO: 2157 (e.g., complete
NANOLUC sequence). In some embodiments, non-luminescent peptides and polypeptides are
provided with less than 100% sequence similarity with a portion (e.g., 8 or more amino acids,
less than about 25 amino acids for peptides) of SEQ ID NO: 2157 (e.g., peptides and
polypeptides that interact to form bioluminescent complexes). In some embodiments, non-
luminescent peptides and polypeptides are provided with less than 100%, but more than 40%
(e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%,
>98%, >99%) sequence similarity with a portion (e.g., 8 or more amino acids, less than about 25
amino acids for peptides) of SEQ ID NO: 2157 (e.g., peptides and polypeptides that interact to
form bioluminescent complexes). Non-luminescent peptides are provided that have less than
100% sequence identity and/or similarity with about a 25 amino acid or less portion of SEQ ID
NO: 2157, wherein such peptides form a bioluminescent complex when combined under
appropriate conditions (e.g., stabilized by an interaction pair) with a polypeptide having less than
100%, but more than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%,
>85%, >90%, >95%, >98%, >99%) sequence identity and/or similarity with another portion SEQ
ID NO: 2157. Non-luminescent peptides are provided that have less than 100%sequence identity

and/or similarity with about a 25 amino acid or less portion of SEQ ID NO: 2157, wherein such
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peptides form a bioluminescent complex when combined under appropriate conditions (e.g.,

stabilized by an interaction pair) with a polypeptide having less than 100%, but more than 40%
(e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%,
>98%, >99%) sequence identity and/or similarity with another portion SEQ ID NO: 2157. Non-
luminescent peptides are provided that have less than 100%, but more than 40% (e.g., >40%,
>45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%, >98%, >99%)
sequence identity and/or similarity with about a 25 amino acid or less portion of SEQ ID NO:
2157, wherein such peptides form a bioluminescent complex when combined under appropriate
conditions (e.g., stabilized by an interaction pair) with a polypeptide having less than 100%, but
more than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%,
>90%, >95%, >98%, >99%) sequence identity and/or similarity with another portion SEQ ID
NO: 2157. Similarly, non-luminescent polypeptides are provided that have less than 100%, but
more than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%,
>90%, >95%, >98%, >99%) sequence identity or similarity with a portion of SEQ ID NO: 2157,
wherein such polypeptides form a bioluminescent complex when combined under appropriate
conditions (e.g., stabilized by an interaction pair) with a peptide having less than 100%, but
optionally more than 40% (e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%,
>85%, >90%, >95%, >98%, >99%) sequence identity and/or similarity with another portion SEQ
ID NO: 2157. In some embodiments, non-luminescent peptides with less than 100sequence
identity or similarity with SEQ ID NO: 2 are provided. In some embodiments, non-luminescent
peptides with less than 100%, but more than 40% (e.g., >40%, >45%, >50%, >55%, >60%,
>65%, >70%, >75%, >80%, >85%, >90%, >95%, >98%, >99%) sequence identity or similarity
with SEQ ID NO: 2 are provided. In some embodiments, non-luminescent polypeptides with
less than 100 sequence identity or similarity with SEQ ID NO: 440 are provided.

In some embodiments, non-luminescent polypeptides with less than 100%, but more than 40%
(e.g., >40%, >45%, >50%, >55%, >60%, >65%, >70%, >75%, >80%, >85%, >90%, >95%,
>98%, >99%) sequence identity or similarity with SEQ ID NO: 440 are provided.

In some embodiments, non-luminescent peptides that find use in embodiments of the
present invention include peptides with one or more amino acid substitutions, deletions, or
additions from GVTGWRLCKRISA (SEQ ID NO: 236). In some embodiments, the present
invention provides peptides comprising one or more of amino acid sequences of Table 1, and/or
nucleic acids comprising the nucleic acid sequences of Table 1 (which code for the peptide

sequences of Table 1).
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Table 1. Peptide sequences

SEQ [PEPTIDE NO. POLY SEQUENCE

[ID MER

NO.
3 NLpep2 (w/ Met) [ N.A. ATGGACGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCG
4 NLpep2 (w/ Met) | A.A. MDVTGWRLCERILA
5 NLpep3 (w/ Met) [ N.A. ATGGGAGTGACCGCCTGGCGGCTGTGCGAACGCATTCTGGCG
6 NLpep3 (w/ Met) | A.A. MGVTAWRLCERILA
7 NLpep4 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTCTGGCG
8 NLpep4 (w/ Met) | AL A, MGVTGWRLCKRILA
9 NLpepS (w/ Met) [ N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTAGCGCG

10 NLpepS (w/ Met) [ A.A. MGVTGWRLCERISA

11 NLpep6 (w/ Met) [ N.A. ATGGACGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

12 NLpep6 (w/ Met) | A.A. MDVTGWRLCKRISA

13 NLpep7 (w/ Met) [ N.A. ATGGACGTGACCGGCTGGCGGCTGTGCAAGCGCATTCTGGCG

14 NLpep7 (w/ Met) | A.A. MDVTGWRLCKRILA

15 NLpep8 (w/ Met) [ N.A. ATGGACGTGACCGGCTGGCGGCTGTGCGAACGCATTAGCGCG

16 NLpep8 (w/ Met) | A.A. MDVTGWRLCERISA

17 NLpep9 (w/ Met) [ N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

18 NLpep9 (w/ Met) | AL A. MGVTGWRLCKRISA

19 | NLpeplO (w/Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGAACGAACGCATTCTGGCG

20 NLpepl0 (w/ Met) | ALA. MGVTGWRLNERILA

21 NLpepll (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGCAGGAACGCATTCTGGCG

22 | NLpepll (w/Met) | A.A. MGVTGWRLQERILA

23 NLpepl2 (w/ Met) | NA. ATGGGAGTGACCGGCTGGCGGCTGAAGAAGCGCCGGAGCCGG

24 NLpepl2 (w/ Met) | A.LA. MGVTGWRLKKRRSR

25 NLpepl3 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

26 NLpepl3 (w/ Met) | A.LA. MNVTGWRLCKRISA

27 | NLpepl4 (w/ Met) [ N.A. ATGAGCGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

28 NLpepl4 (w/ Met) | A.A.  MSVTGWRLCKRISA

29 | NLpepl5 (w/ Met) [ N.A. ATGGAGGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

30 NLpepl5 (w/ Met) | ALA. MEVTGWRLCKRISA

31 NLpepl6 (w/ Met) | N.A. ATGGGCGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

32 NLpepl6 (w/ Met) | A LA, MHVTGWRLCKRISA

33 NLpepl7 (w/ Met) | N.A. ATGGGACACACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

34 NLpepl7 (w/ Met) | A.A.  MGITGWRLCKRISA

35 | NLpepl8 (w/Met) | NA. ATGGGAGCCACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

36 NLpepl8 (w/ Met) | A.LA. MGATGWRLCKRISA

37 NLpepl9 (w/ Met) | N.A. ATGGGAAAGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

38 NLpepl9 (w/ Met) | A.LA. MGKTGWRLCKRISA
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39

NLpep20 (w/ Met)

N.A.

ATGGGACAGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

40 | NLpep20 (w/Met) | A.A. MGQTGWRLCKRISA
41 | NLpep2l (w/Met) | N.A. ATGGGAAGCACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
42 | NLpep2l (w/Met) | A.A. MGSTGWRLCKRISA
43 | NLpep22 (w/Met) | N.A. JATGGGAGTGGTGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
44 | NLpep22 (w/Met) | A.A. MGVVGWRLCKRISA
45 | NLpep23 (w/Met) | N.A. [ATGGGAGTGAAGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
46 | NLpep23 (w/Met) | A.A. MGVKGWRLCKRISA
47 | NLpep24 (w/Met) | N.A. [ATGGGAGTGCAGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
48 | NLpep24 (w/Met) | A.A. MGVQGWRLCKRISA
49 | NLpep25 (w/Met) | N.A. [ATGGGAGTGACCGGCACCCGGCTGTGCAAGCGCATTAGCGCG

50 | NLpep25 (w/Met) | A, A. MGVTGTRLCKRISA
51 NLpep26 (w/ Met) | N.A. ATGGGAGTGACCGGCAAGCGGCTGTGCAAGCGCATTAGCGCG
52 NLpep26 (w/ Met) | A.A.  MGVTGKRLCKRISA
53 | NLpep27 (w/Met) | N.A. ATGGGAGTGACCGGCGTGCGGCTGTGCAAGCGCATTAGCGCG
54 | NLpep27 (w/ Met) | A.A. MGVTGVRLCKRISA
55 | NLpep28 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCACTGCAAGCGCATTAGCGCG

56

NLpep28 (w/ Met)

AA.

MGVTGWRICKRISA

57

NLpep29 (w/ Met)

N.A.

ATGGGAGTGACCGGCTGGCGGGTGTGCAAGCGCATTAGCGCG

58

NLpep29 (w/ Met)

AA.

MGVTGWRVCKRISA

59

NLpep30 (w/ Met)

N.A.

ATGGGAGTGACCGGCTGGCGGACCTGCAAGCGCATTAGCGCG

60

NLpep30 (w/ Met)

AA.

MGVTGWRTCKRISA

61 NLpep31 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGTACTGCAAGCGCATTAGCGCG
62 NLpep31 (w/ Met) | A.A. MGVTGWRYCKRISA
63 NLpep32 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGAAGTGCAAGCGCATTAGCGCG
64 NLpep32 (w/ Met) | A.A. MGVTGWRKCKRISA
65 NLpep33 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGAACAAGCGCATTAGCGCG

66

NLpep33 (w/ Met)

AA.

MGVTGWRLNKRISA

67

NLpep34 (w/ Met)

N.A.

ATGGGAGTGACCGGCTGGCGGCTGACCAAGCGCATTAGCGCG

68

NLpep34 (w/ Met)

AA.

MGVTGWRLTKRISA

69

NLpep35 (w/ Met)

N.A.

ATGGGAGTGACCGGCTGGCGGCTGTGCAAGAAGATTAGCGCG

70

NLpep35 (w/ Met)

AA.

MGVTGWRLCKKISA

71

NLpep36 (w/ Met)

N.A.

ATGGGAGTGACCGGCTGGCGGCTGTGCAAGAACATTAGCGCG

72

NLpep36 (w/ Met)

AA.

MGVTGWRLCKNISA

73 NLpep37 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCGTGAGCGCG
74 | NLpep37 (w/ Met) | A.A. MGVTGWRLCKRVSA
75 NLpep38 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCCAGAGCGCG
76 | NLpep38 (w/Met) | AL A. MGVTGWRLCKRQSA
77 | NLpep39 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCGAGAGCGCG

78

NLpep39 (w/ Met)

AA.

MGVTGWRLCKRESA

79

NLpep40 (w/ Met)

N.A.

ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCCGGAGCGCG
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80 | NLpep40 (w/Met) | A.A. MGVTGWRLCKRRSA

81 | NLpep4l (w/Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCTTCAGCGCG
82 | NLpep4l (w/Met) | A.A. MGVTGWRLCKRFSA

83 | NLpep42 (w/Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCAAC
84 | NLpep42 (w/Met) | A.A. MGVTGWRLCKRISN

85 | NLpep43 (w/Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCACC
86 | NLpep43 (w/Met) | A.A. MGVTGWRLCKRIST

87 | NLpep44 (w/Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCCGG
88 | NLpep44 (w/Met) | A.A. MGVTGWRLCKRISR

89 | NLpep45s (w/ Met) | N.A. [ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCCTG
90 | NLpep45 (Ww/ Met) | A.A. MGVTGWRLCKRISL

91 | NLpep46 (Ww/Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGAG
92 | NLpep46 (w/ Met) | A.A. MGVTGWRLCKRISE

93 | NLpep47 (W/Met) | N.A. ATGGGAGTGACCGGCTTCCGGCTGTGCAAGCGCATTAGCGCG
94 | NLpep47 (W/ Met) | A.A. MGVTGFRLCKRISA

95 | NLpep48 (w/Met) | N.A. ATGGGAGTGACCGGCTACCGGCTGTGCAAGCGCATTAGCGCG
96 | NLpep48 (W/ Met) | A.A. MGVTGYRLCKRISA

97 | NLpep49(w/Met) | N.A. ATGGGAGTGACCGGCGAGCGGCTGTGCAAGCGCATTAGCGCG
98 | NLpep49(w/Met) | A.A. MGVTGERLCKRISA

99 | NLpeps0 (w/ Met) | N.A. ATGCAGGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
100 | NLpep50 (w/ Met) | A.A. MQVTGWRLCKRISA
101 | NLpep5! (w/Met) | N.A. ATGACCGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
102 | NLpep5! (W/ Met) | A.A. MTVTGWRLCKRISA
103 | NLpep52 (w/ Met) | N.A. ATGGGAGTGGAGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
104 | NLpep52 (W/ Met) | A.A. MGVEGWRLCKRISA
105 | NLpep53 (W/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG
106 | NLpep53 (W/ Met) | A.A. MGVTGWRLFKRISA
107 | NLpep54 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTACAAGCGCATTAGCGCG
108 | NLpep54 (W/ Met) | A.A. MGVTGWRLYKRISA
109 | NLpeps5 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGAGCAAGCGCATTAGCGCG
110 | NLpep55 (W/ Met) | A.A. MGVTGWRLSKRISA
111 | NLpep56 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGGGCAAGCGCATTAGCGCG
112 | NLpep56 (W/ Met) | A.A. MGVTGWRLHKRISA
113 | NLpep57 (W/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGATGAAGCGCATTAGCGCG
114 | NLpep57 (W Met) | A.A. MGVTGWRLMKRISA
115 | NLpeps8 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGGCCAAGCGCATTAGCGCG
116 | NLpep58 (W/ Met) | A.A. MGVTGWRLAKRISA
117 | NLpep39 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGCAGAAGCGCATTAGCGCG
118 | NLpep59 (W/ Met) | A.A. MGVTGWRLQKRISA
119 | NLpep60 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGCTGAAGCGCATTAGCGCG

120

NLpep60 (w/ Met)

AA.

MGVTGWRLLKRISA
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121 | NLpep61 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGAAGAAGCGCATTAGCGCG
122 | NLpep61 (w/ Met) [ A.A. MGVTGWRLKKRISA
123 | NLpep62 (w/ Met) | N.A. ATGAACCACACCGGCTGGCGGCTGAACAAGAAGGTGAGCAAC
124 | NLpep62 (w/ Met) | A.A. MNITGWRLNKKVSN
125 | NLpep63 (w/ Met) | N.A. ATGAACCACACCGGCTACCGGCTGAACAAGAAGGTGAGCAAC
126 | NLpep63 (w/ Met) [ A.A. MNITGYRLNKKVSN
127 | NLpep64 (w/ Met) | N.A. ATGTGCGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG
128 | NLpep64 (w/ Met) | A.A. MCVTGWRLFKRISA
129 | NLpep65 (w/ Met) | N.A. ATGCCCGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG
130 | NLpep65 (w/ Met) | A.A. MPVTGWRLFKRISA
131 | NLpep66 (w/ Met) | N.A. ATGAACCACACCGGCTACCGGCTGTTCAAGAAGGTGAGCAAC
132 | NLpep66 (w/ Met) | A.A. MNITGYRLFKKVSN
133 | NLpep67 (Ww/ Met) | N.A. ATGAACGTGACCGGCTACCGGCTGTTCAAGAAGGTGAGCAAC
134 | NLpep67 (Ww/ Met) | A.LA. MNVTGYRLFKKVSN
135 | NLpep68 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCAAGAAGGTGAGCAAC
136 | NLpep68 (w/ Met) | A.A. MNVTGWRLFKKVSN
137 | NLpep69 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC
138 | NLpep69 (w/ Met) | AL A. MNVTGWRLFKKISN
139 | NLpep70 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCAAC
140 | NLpep70 (w/ Met) [ A.A. MNVTGWRLFKRISN
141 | NLpep71 (w/ Met) | N.A. ATGGGAGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCAAC
142 | NLpep71 (w/ Met) [ A.A. MGVTGWRLFKRISN
143 | NLpep72 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCGAACGCATTAGCAAC
144 | NLpep72 (w/ Met) | A.A. MNVTGWRLFERISN
145 | NLpep73 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCAAGCGCATTCTGAAC
146 | NLpep73 (w/ Met) | A.A. MNVTGWRLFKRILN
147 | NLpep74 (w/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG
148 | NLpep74 (w/ Met) | A.A. MNVTGWRLFKRISA
149 | NLpep75 (Ww/ Met) | N.A. ATGAACGTGACCGGCTGGCGGCTGTTCGAAAAGATTAGCAAC
150 | NLpep75 (w/ Met) | A.A. MNVTGWRLFEKISN
151 | NLpep76 (w/ Met) | N.A. ATGAACGTGAGCGGCTGGCGGCTGTTCGAAAAGATTAGCAAC
152 | NLpep76 (w/ Met) | A.A. MNVSGWRLFEKISN
153 | NLpep77 (w/ Met) | N.A. [ATG-GTGACCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

154

NLpep77 (w/ Met)

AA.

M-VTGWRLFKKISN

155 | NLpep78 (w/ Met) | N.A. ATGAACGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC
156 | NLpep78 (w/ Met) [ A.A. MNVSGWRLFKKISN

157 | NLpep79 (w/ Met) | N.A. ATGAACGTGACCGGCTACCGGCTGTTCAAGAAGATTAGCAAC
158 | NLpep79 (w/ Met) | A.A. MNVTGYRLFKKISN

159 | NLpep80(w/ Met) [ N.A. ATGGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

160 | NLpep80(w/ Met) | A.A. MVSGWRLFKKISN

161

NLpep81 (w/ Met)

N.A.

ATGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC
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440 | NLpep8l (W/ Met) | A.A. MSGWRLFKKISN

163 | NLpep82 (Ww/ Met) | N.A. ATGGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

164 | NLpep82 (w/ Met) | A.A. MGWRLFKKISN

165 | NLpep83 (W/ Met) | N.A. ATGAACGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGC

166 | NLpep83 (w/ Met) | A.A. MNVSGWRLFKKIS

167 | NLpep84 (w/ Met) | N.A. [ATGAACGTGAGCGGCTGGCGGCTGTTCAAGAAGATT

168 | NLpep84 (w/ Met) | A.A. [MNVSGWRLFKKI

169 | NLpep85 (w/ Met) | N.A. ATGAACGTGAGCGGCTGGCGGCTGTTCAAGAAG

170 | NLpep85 (Ww/ Met) | A.A. [MNVSGWRLFKK

171 | NLpep86 (w/ Met) | N.A. ATGGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGC

172 | NLpep86 (w/ Met) | A.A. MVSGWRLFKKIS

173 | NLpep87 (w/ Met) | N.A. ATGAGCGGCTGGCGGCTGTTCAAGAAGATT

174 | NLpep87 (W/ Met) | A.A. MSGWRLFKKI

175 | NLpep88 (w/ Met) | N.A. ATGAACGTGAGCGGCTGGGGCCTGTTCAAGAAGATTAGCAAC

176 | NLpep88 (w/ Met) | A.A. [MNVSGWGLFKKISN

177 | NLpep89 (w/ Met) | N.A. ATGCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

178 | NLpep89 (w/ Met) | A.A. MPVSGWRLFKKISN

179 | NLpep90 (w/ Met) | N.A. [ATGAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

180 | NLpep90 (w/ Met) | A.A. [MNPVSGWRLFKKISN

181 | NLpep9l (w/ Met) | N.A. ]ATGATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCA
AC

182 | NLpep9l (w/ Met) | A.A. [MINPVSGWRLFKKISN

183 | NLpep92 (w/ Met) | N.A. ]ATGACCATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTA
GCAAC

184 | NLpep92 (w/ Met) | A.A. MTINPVSGWRLFKKISN

185 | NLpep93 (w/ Met) | N.A. ATGGTGACCATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAG
ATTAGCAAC

186 | NLpep93 (Ww/ Met) | A.A. [MVTINPVSGWRLFKKISN

187 | NLpep94 (w/ Met) | N.A. ATGCGGGTGACCATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGA
AGATTAGCAAC

188 | NLpep94 (w/ Met) | A.A. [MRVTINPVSGWRLFKKISN

189 | NLpep95 (w/ Met) | N.A. ATGAGCGGCTGGCGGCTGCTGAAGAAGATT

190 | NLpep95 (w/ Met) | A.A. [MSGWRLLKKI

191 | NLpep96 (w/ Met) | N.A. ]ATGACCGGCTACCGGCTGCTGAAGAAGATT

192 | NLpep96 (w/ Met) | A.A. MTGYRLLKKI

193 | NLpep97 (Ww/ Met) | N.A. ATGAGCGGCTGGCGGCTGTTCAAGAAG

194 | NLpep97 (W/ Met) | A.A. MSGWRLFKK

195 | NLpep98 (w/ Met) | N.A. [ATGGTGACCGGCTACCGGCTGTTCAAGAAGATTAGC

196 | NLpep98 (w/ Met) | A.A. MVTGYRLFKKIS

197 | NLpep99 (w/ Met) | N.A. [ATGGTGACCGGCTACCGGCTGTTCGAGAAGATTAGC

198 | NLpep99 (w/ Met) | A.A. MVTGYRLFEKIS
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199

NLpepl100 (w/ Met)

N.A.

ATGGTGACCGGCTACCGGCTGTTCGAGCAGATTAGC

200

NLpepl100 (w/ Met)

AA.

MVTGYRLFEQIS

201

NLpepl01 (w/ Met)

N.A.

ATGGTGACCGGCTACCGGCTGTTCGAGAAGGAGAGC

202

NLpepl01 (w/ Met)

AA.

MVTGYRLFEKES

203

NLpepl102 (w/ Met)

N.A.

ATGGTGACCGGCTACCGGCTGTTCGAGCAGGAGAGC

204

NLpepl102 (w/ Met)

AA.

MVTGYRLFEQES

205

NLpepl03 (w/ Met)

N.A.

ATGGTGACCGGCTACCGGCTGTTCGAGCAGGAGCTG

206

NLpepl03 (w/ Met)

AA.

MVTGYRLFEQEL

207

NLpepl104 (w/ Met)

N.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGAAGATTAGC

208

NLpepl104 (w/ Met)

AA.

MVEGYRLFEKIS

209

NLpepl05 (w/ Met)

N.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGCAGATTAGC

210

NLpepl05 (w/ Met)

AA.

MVEGYRLFEQIS

211

NLpepl106 (w/ Met)

N.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGAAGGAGAGC

212

NLpepl106 (w/ Met)

AA.

MVEGYRLFEKES

213

NLpepl07 (w/ Met)

N.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGCAGGAGAGC

214

NLpepl07 (w/ Met)

AA.

MVEGYRLFEQES

215

NLpepl108 (w/ Met)

N.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGCAGGAGCTG

216

NLpepl108 (w/ Met)

AA.

MVEGYRLFEQEL

217

NLpepl109 (w/ Met)

N.A.

ATGATTAGCGGCTGGCGGCTGATGAAGAACATTAGC

218

NLpepl109 (w/ Met)

AA.

MISGWRLMKNIS

219

NLpepl10 (w/ Met)

N.A.

ATGGTGGAGGGCTACCGGCTGTTCAAGAAGATTAGC

220

NLpepl10 (w/ Met)

AA.

MVEGYRLFKKIS

221

NLpep2 (w/o Met)

N.A.

GACGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCG

222

NLpep2 (w/o Met)

AA.

DVTGWRLCERILA

223

NLpep3 (w/o Met)

N.A.

GGAGTGACCGCCTGGCGGCTGTGCGAACGCATTCTGGCG

224

NLpep3 (w/o Met)

AA.

GVTAWRLCERILA

225

NLpep4 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTCTGGCG

226

NLpep4 (w/o Met)

AA.

GVTGWRLCKRILA

227

NLpep5 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCGAACGCATTAGCGCG

228

NLpep5 (w/o Met)

AA.

GVTGWRLCERISA

229

NLpep6 (w/o Met)

N.A.

GACGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

230

NLpep6 (w/o Met)

AA.

DVTGWRLCKRISA

231

NLpep7 (w/o Met)

N.A.

GACGTGACCGGCTGGCGGCTGTGCAAGCGCATTCTGGCG

232

NLpep7 (w/o Met)

AA.

DVTGWRLCKRILA

233

NLpep8 (w/o Met)

N.A.

GACGTGACCGGCTGGCGGCTGTGCGAACGCATTAGCGCG

234

NLpep8 (w/o Met)

AA.

DVTGWRLCERISA

235

NLpep9 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

236

NLpep9 (w/o Met)

AA.

GVTGWRLCKRISA

237

NLpepl0 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGAACGAACGCATTCTGGCG

238

NLpepl0 (w/o Met)

AA.

GVTGWRLNERILA

239

NLpepll (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGCAGGAACGCATTCTGGCG
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240 | NLpepll (w/o Met) | A.A. GVTGWRLQERILA

241 | NLpepl2 (w/o Met) | N.A. GGAGTGACCGGCTGGCGGCTGAAGAAGCGCCGGAGCCGG

242 | NLpepl2 (w/o Met) | A.A. GVTGWRLKKRRSR

243 | NLpepl3 (w/o Met) | N.A. AACGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

244 | NLpepl3 (w/o Met) | ALA. NVTGWRLCKRISA

245 | NLpepl4 (w/o Met) | N.A. AGCGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

246 | NLpepl4 (w/o Met) | A.A. SVTGWRLCKRISA

247 | NLpepl5 (w/o Met) | N.A. IGAGGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

248 | NLpepl5 (w/o Met) | A.A. EVTIGWRLCKRISA

249 | NLpepl6 (w/o Met) | N.A. GGCGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

250 | NLpepl6 (w/o Met) | ALA. HVTGWRLCKRISA

251 | NLpepl7 (w/o Met) | N.A. GGACACACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

252 | NLpepl7 (w/o Met) | A.A. GITGWRLCKRISA

253 | NLpepl8 (w/o Met) | N.A. GGAGCCACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

254 | NLpepl8 (w/o Met) | A.A. (GATGWRLCKRISA

255 | NLpepl9 (w/o Met) | N.A. GGAAAGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

256 | NLpepl9 (w/o Met) | A.A. (GKTGWRLCKRISA

257 | NLpep20 (w/o Met) | N.A. [GGACAGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

258 | NLpep20 (w/o Met) | A.A. (GQTGWRLCKRISA

259 | NLpep21 (w/o Met) | N.A. GGAAGCACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

260 | NLpep2l (w/o Met) | A.A. [GSTGWRLCKRISA

261 | NLpep22 (w/o Met) | N.A. IGGAGTGGTGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

262 | NLpep22 (w/o Met) | A.A. GVVGWRLCKRISA

263 | NLpep23 (w/o Met) | N.A. GGAGTGAAGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

264 | NLpep23 (w/o Met) | A.A. GVKGWRLCKRISA

265 | NLpep24 (w/o Met) | N.A. GGAGTGCAGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

266 | NLpep24 (w/o Met) [ A.A. GVQGWRLCKRISA

267 | NLpep25 (w/o Met) | N.A. GGAGTGACCGGCACCCGGCTGTGCAAGCGCATTAGCGCG

268 | NLpep25 (w/o Met) | A.A. (GVTGTRLCKRISA

269 | NLpep26 (w/o Met) | N.A. GGAGTGACCGGCAAGCGGCTGTGCAAGCGCATTAGCGCG

270 | NLpep26 (w/o Met) | A.A. (GVTGKRLCKRISA

271 | NLpep27 (w/o Met) | N.A. IGGAGTGACCGGCGTGCGGCTGTGCAAGCGCATTAGCGCG

272 | NLpep27 (w/o Met) | A.A. (GVTGVRLCKRISA

273 | NLpep28 (w/o Met) | N.A. GGAGTGACCGGCTGGCGGCACTGCAAGCGCATTAGCGCG

274 | NLpep28 (w/o Met) | A.A. GVTGWRICKRISA

275 | NLpep29 (w/o Met) | N.A. GGAGTGACCGGCTGGCGGGTGTGCAAGCGCATTAGCGCG

276 | NLpep29 (w/o Met) [ A.A. GVTGWRVCKRISA

277 | NLpep30 (w/o Met) | N.A. GGAGTGACCGGCTGGCGGACCTGCAAGCGCATTAGCGCG

278 | NLpep30 (w/o Met) | A.A. GVTGWRTCKRISA

279 | NLpep31 (w/o Met) | N.A. IGGAGTGACCGGCTGGCGGTACTGCAAGCGCATTAGCGCG

280 | NLpep31 (w/o Met) | A.A. GVTGWRYCKRISA
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281

NLpep32 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGAAGTGCAAGCGCATTAGCGCG

282

NLpep32 (w/o Met)

AA.

GVTGWRKCKRISA

283

NLpep33 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGAACAAGCGCATTAGCGCG

284

NLpep33 (w/o Met)

AA.

GVTGWRLNKRISA

285

NLpep34 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGACCAAGCGCATTAGCGCG

286

NLpep34 (w/o Met)

AA.

GVTGWRLTKRISA

287

NLpep35 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGAAGATTAGCGCG

288

NLpep35 (w/o Met)

AA.

GVTGWRLCKKISA

289

NLpep36 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGAACATTAGCGCG

290

NLpep36 (w/o Met)

AA.

GVTGWRLCKNISA

291

NLpep37 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCGTGAGCGCG

292

NLpep37 (w/o Met)

AA.

GVTGWRLCKRVSA

293

NLpep38 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCCAGAGCGCG

294

NLpep38 (w/o Met)

AA.

GVTGWRLCKRQSA

295

NLpep39 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCGAGAGCGCG

296

NLpep39 (w/o Met)

AA.

GVTGWRLCKRESA

297

NLpep40 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCCGGAGCGCG

298

NLpep40 (w/o Met)

AA.

GVTGWRLCKRRSA

299

NLpep4! (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCTTCAGCGCG

300

NLpep4! (w/o Met)

AA.

GVTGWRLCKRFSA

301

NLpep42 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCAAC

302

NLpep42 (w/o Met)

AA.

GVTGWRLCKRISN

303

NLpep43 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCACC

304

NLpep43 (w/o Met)

AA.

GVTGWRLCKRIST

305

NLpep44 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCCGG

306

NLpep44 (w/o Met)

AA.

GVTGWRLCKRISR

307

NLpep45 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCCTG

308

NLpep45 (w/o Met)

AA.

GVTGWRLCKRISL

309

NLpep46 (w/o Met)

N.A.

GGAGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGAG

310

NLpep46 (w/o Met)

AA.

GVTGWRLCKRISE

311

NLpep47 (w/o Met)

N.A.

GGAGTGACCGGCTTCCGGCTGTGCAAGCGCATTAGCGCG

312

NLpep47 (w/o Met)

AA.

GVTGFRLCKRISA

313

NLpep48 (w/o Met)

N.A.

GGAGTGACCGGCTACCGGCTGTGCAAGCGCATTAGCGCG

314

NLpep48 (w/o Met)

AA.

GVTGYRLCKRISA

315

NLpep49(w/o Met)

N.A.

GGAGTGACCGGCGAGCGGCTGTGCAAGCGCATTAGCGCG

316

NLpep49(w/o Met)

AA.

GVTGERLCKRISA

317

NLpep50 (w/o Met)

N.A.

CAGGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

318

NLpep50 (w/o Met)

AA.

QVTGWRLCKRISA

319

NLpep51 (w/o Met)

N.A.

ACCGTGACCGGCTGGCGGCTGTGCAAGCGCATTAGCGCG

320

NLpep51 (w/o Met)

AA.

TVTGWRLCKRISA

321

NLpep52 (w/o Met)

N.A.

GGAGTGGAGGGCTGGCGGCTGTGCAAGCGCATTAGCGCG
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322 | NLpep52 (w/o Met) | A.A. GVEGWRLCKRISA

323 | NLpep53 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG

324 | NLpep53 (w/o Met) | A.A. GVTGWRLFKRISA

325 | NLpep54 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGTACAAGCGCATTAGCGCG

326 | NLpep54 (w/o Met) | A.A. GVTGWRLYKRISA

327 | NLpep55 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGAGCAAGCGCATTAGCGCG

328 | NLpep55 (w/o Met) | A.A. (GVTGWRLSKRISA

329 | NLpep56 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGGGCAAGCGCATTAGCGCG

330 | NLpep56 (w/o Met) | A.A. GVTGWRLHKRISA

331 | NLpep57 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGATGAAGCGCATTAGCGCG

332 | NLpep57 (w/o Met) | A.A. GVTGWRLMKRISA

333 | NLpep58 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGGCCAAGCGCATTAGCGCG

334 | NLpep58 (w/o Met) | A.A. GVTGWRLAKRISA

335 | NLpep59 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGCAGAAGCGCATTAGCGCG

336 | NLpep59 (w/o Met) | A.A. GVTGWRLQKRISA

337 | NLpep60 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGCTGAAGCGCATTAGCGCG

338 | NLpep60 (w/o Met) | A.A. GVTGWRLLKRISA

339 | NLpep61 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGAAGAAGCGCATTAGCGCG

340 | NLpep61 (w/o Met) | A.A. GVTGWRLKKRISA

341 | NLpep62 (w/o Met) | N.A. JAACCACACCGGCTGGCGGCTGAACAAGAAGGTGAGCAAC

342 | NLpep62 (w/o Met) | A.A. NITGWRLNKKVSN

343 | NLpep63 (w/o Met) | N.A. [AACCACACCGGCTACCGGCTGAACAAGAAGGTGAGCAAC

344 | NLpep63 (w/o Met) | A.A. NITGYRLNKKVSN

345 | NLpep64 (w/o Met) | N.A. [TGCGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG

346 | NLpep64 (w/o Met) | A.A. CVTGWRLFKRISA

347 | NLpep65 (w/o Met) | N.A. [CCCGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG

348 | NLpep65 (w/o Met) | A.A. PVTGWRLFKRISA

349 | NLpep66 (w/o Met) | N.A. JAACCACACCGGCTACCGGCTGTTCAAGAAGGTGAGCAAC

350 | NLpep66 (w/o Met) | A.A. NITGYRLFKKVSN

351 | NLpep67 (w/o Met) | N.A. JAACGTGACCGGCTACCGGCTGTTCAAGAAGGTGAGCAAC

352 | NLpep67 (w/o Met) | AL A. NVTGYRLFKKVSN

353 | NLpep68 (w/o Met) | N.A. JAACGTGACCGGCTGGCGGCTGTTCAAGAAGGTGAGCAAC

354 | NLpep68 (w/o Met) | AL A. NVTGWRLFKKVSN

355 | NLpep69 (w/o Met) | N.A. AACGTGACCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

356 | NLpep69 (w/o Met) | AL A. NVTGWRLFKKISN

357 | NLpep70 (w/o Met) | N.A. JAACGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCAAC

358 | NLpep70 (w/o Met) | A.A. NVTGWRLFKRISN

359 | NLpep71 (w/o Met) | N.A. [GGAGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCAAC

360 | NLpep71 (w/o Met) | A.A. GVTGWRLFKRISN

361 | NLpep72 (w/o Met) | N.A. JAACGTGACCGGCTGGCGGCTGTTCGAACGCATTAGCAAC

362 | NLpep72 (w/o Met) | AL A. NVTGWRLFERISN
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363 | NLpep73 (w/o Met) | N.A. JAACGTGACCGGCTGGCGGCTGTTCAAGCGCATTCTGAAC

364 | NLpep73 (w/o Met) | AL A. NVTGWRLFKRILN

365 | NLpep74 (w/o Met) | N.A. JAACGTGACCGGCTGGCGGCTGTTCAAGCGCATTAGCGCG

366 | NLpep74 (w/o Met) | AL A. NVTGWRLFKRISA

367 | NLpep75 (w/o Met) | N.A. JAACGTGACCGGCTGGCGGCTGTTCGAAAAGATTAGCAAC

368 | NLpep75 (w/o Met) | A.A. NVTGWRLFEKISN

369 | NLpep76 (w/o Met) | N.A. JAACGTGAGCGGCTGGCGGCTGTTCGAAAAGATTAGCAAC

370 | NLpep76 (w/o Met) | A.A. [NVSGWRLFEKISN

371 | NLpep77 (w/o Met) | N.A. [GTGACCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

372 | NLpep77 (w/o Met) | A.A. [VTGWRLFKKISN

373 | NLpep78 (w/o Met) | N.A. JAACGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

374 | NLpep78 (w/o Met) | A.A. [NVSGWRLFKKISN

375 | NLpep79 (w/o Met) | N.A. AACGTGACCGGCTACCGGCTGTTCAAGAAGATTAGCAAC

376 | NLpep79 (w/o Met) | A.A. NVTGYRLFKKISN

377 | NLpep80(w/o Met) | N.A. [GTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

378 | NLpep80(w/o Met) | A.A. [VSGWRLFKKISN

379 | NLpep81 (w/o Met) | N.A. AGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

380 | NLpep81 (w/o Met) | A.A. SGWRLFKKISN

381 | NLpep82 (w/o Met) | N.A. GGCTGGCGGCTGTTCAAGAAGATTAGCAAC

382 | NLpep82 (w/o Met) | A.A. GWRLFKKISN

383 | NLpep83 (w/o Met) | N.A. JAACGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGC

384 | NLpep83 (w/o Met) | A.A. NVSGWRLFKKIS

385 | NLpep84 (w/o Met) | N.A. AACGTGAGCGGCTGGCGGCTGTTCAAGAAGATT

386 | NLpep84 (w/o Met) | AL A. NVSGWRLFKKI

387 | NLpep85 (w/o Met) | N.A. JAACGTGAGCGGCTGGCGGCTGTTCAAGAAG

388 | NLpep85 (w/o Met) | AL A. NVSGWRLFKK

389 | NLpep86 (w/o Met) | N.A. [GTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGC

390 | NLpep86 (w/o Met) | A.A. [VSGWRLFKKIS

391 | NLpep87 (w/o Met) | N.A. JAGCGGCTGGCGGCTGTTCAAGAAGATT

392 | NLpep87 (w/o Met) | A.A. SGWRLFKKI

393 | NLpep88 (w/o Met) | N.A. JAACGTGAGCGGCTGGGGCCTGTTCAAGAAGATTAGCAAC

394 | NLpep88 (w/o Met) | A.A. NVSGWGLFKKISN

395 | NLpep89 (w/o Met) | N.A. [CCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

396 | NLpep89 (w/o Met) | A.A. PVSGWRLFKKISN

397 | NLpep90 (w/o Met) | N.A. JAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

398 | NLpep90 (w/o Met) | A.A. NPVSGWRLFKKISN

399 | NLpep91 (w/o Met) | N.A. JATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCAAC

400 | NLpep9l (w/o Met) | A.A. INPVSGWRLFKKISN

401 | NLpep92 (w/o Met) | N.A. ACCATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTAGCA
AC

402 | NLpep92 (w/o Met) | A.A. [TINPVSGWRLFKKISN
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403

NLpep93 (w/o Met)

N.A.

GTGACCATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAGATTA
GCAAC

404

NLpep93 (w/o Met)

AA.

IVTINPVSGWRLFKKISN

405

NLpep94 (w/o Met)

N.A.

CGGGTGACCATCAACCCCGTGAGCGGCTGGCGGCTGTTCAAGAAG
ATTAGCAAC

406

NLpep94 (w/o Met)

AA.

RVTINPVSGWRLFKKISN

407

NLpep95 (w/o Met)

N.A.

AGCGGCTGGCGGCTGCTGAAGAAGATT

408

NLpep95 (w/o Met)

AA.

SGWRLLKKI

409

NLpep96 (w/o Met)

N.A.

ACCGGCTACCGGCTGCTGAAGAAGATT

410

NLpep96 (w/o Met)

AA.

TGYRLLKKI

411

NLpep97 (w/o Met)

N.A.

AGCGGCTGGCGGCTGTTCAAGAAG

412

NLpep97 (w/o Met)

AA.

SGWRLFKK

413

NLpep98 (w/o Met)

N.A.

GTGACCGGCTACCGGCTGTTCAAGAAGATTAGC

414

NLpep98 (w/o Met)

AA.

VTGYRLFKKIS

415

NLpep99 (w/o Met)

N.A.

GTGACCGGCTACCGGCTGTTCGAGAAGATTAGC

416

NLpep99 (w/o Met)

AA.

VTGYRLFEKIS

417

NLpepl100 (w/o Met)

N.A.

GTGACCGGCTACCGGCTGTTCGAGCAGATTAGC

418

NLpepl100 (w/o Met)

AA.

VTGYRLFEQIS

419

NLpepl01 (w/o Met)

N.A.

GTGACCGGCTACCGGCTGTTCGAGAAGGAGAGC

420

NLpepl01 (w/o Met)

AA.

VTGYRLFEKES

421

NLpepl02 (w/o Met)

N.A.

GTGACCGGCTACCGGCTGTTCGAGCAGGAGAGC

422

NLpepl02 (w/o Met)

AA.

VTGYRLFEQES

423

NLpepl03 (w/o Met)

N.A.

GTGACCGGCTACCGGCTGTTCGAGCAGGAGCTG

424

NLpepl03 (w/o Met)

AA.

VTGYRLFEQEL

425

NLpepl104 (w/o Met)

N.A.

GTGGAGGGCTACCGGCTGTTCGAGAAGATTAGC

426

NLpepl104 (w/o Met)

AA.

VEGYRLFEKIS

427

NLpepl05 (w/o Met)

N.A.

GTGGAGGGCTACCGGCTGTTCGAGCAGATTAGC

428

NLpepl05 (w/o Met)

AA.

VEGYRLFEQIS

429

NLpepl06 (w/o Met)

N.A.

GTGGAGGGCTACCGGCTGTTCGAGAAGGAGAGC

430

NLpepl06 (w/o Met)

AA.

VEGYRLFEKES
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431

NLpepl07 (w/o Met)

N.A.

GTGGAGGGCTACCGGCTGTTCGAGCAGGAGAGC

432

NLpepl07 (w/o Met)

AA.

VEGYRLFEQES

433

NLpepl108 (w/o Met)

N.A.

GTGGAGGGCTACCGGCTGTTCGAGCAGGAGCTG

434

NLpepl108 (w/o Met)

AA.

VEGYRLFEQEL

435

NLpepl09 (w/o Met)

N.A.

ATTAGCGGCTGGCGGCTGATGAAGAACATTAGC

436

NLpepl09 (w/o Met)

AA.

ISGWRLMKNIS

437

NLpepl10 (w/o Met)

N.A.

GTGGAGGGCTACCGGCTGTTCAAGAAGATTAGC

438

NLpepl10 (w/o Met)

AA.

VEGYRLFKKIS

2162NLpepl11 (w/ Met)

IN.A.

ATGGTGACCGGCTACCGGCTGTTCGAGGAGATCAGC

2163NLpepl11 (w/ Met)

A A.

MVTGYRLFEEIS

2164NLpepl12 (w/ Met)

IN.A.

ATGGTGACCGGCTACCGGCTGTTCGAGGAGGCCAGC

2165NLpepl12 (w/ Met)

A A.

MVTGYRLFEEAS

2166NLpep113 (w/ Met)

IN.A.

ATGGTGACCGGCTACCGGCTGTTCGAGGAGGAGAGC

2167NLpep113 (w/ Met)

A A.

MVTGYRLFEEES

2168NLpepl14 (w/ Met)

IN.A.

ATGGTGACCGGCTACCGGCTGTTCGAGGAGATCCTG

2169NLpepl114 (w/ Met)

A A.

MVTGYRLFEEIL

2170NLpepl115 (w/ Met)

IN.A.

ATGGTGACCGGCTACCGGCTGTTCGAGGAGGCCCTG

2171

INLpepl15 (w/ Met)

A A.

MVTGYRLFEEAL

2172NLpepl16 (w/ Met)

IN.A.

ATGGTGACCGGCTACCGGCTGTTCGAGGAGGAGCTG

2173

INLpepl16 (w/ Met)

A A.

MVTGYRLFEEEL

2174NLpepl17 (w/ Met)

IN.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGGAGATCAGC

2175

INLpepl17 (w/ Met)

A A.

MVEGYRLFEEIS

2176NLpep118 (w/ Met)

IN.A.

ATGGTGGAGGGCTACCGGCTGTTCGAGGAGGCCAGC
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2177NLpepl18 (w/ Met) |A.A. [MVEGYRLFEEAS

2178NLpepl19 (w/ Met) [N.A. JATGGTGGAGGGCTACCGGCTGTTCGAGGAGGAGAGC

2179NLpepl19 (w/ Met) |A.A. [MVEGYRLFEEES

2180NLpep120 (w/ Met) [N.A. JATGGTGGAGGGCTACCGGCTGTTCGAGGAGATCCTG

2181NLpep120 (w/ Met) |A.A. MVEGYRLFEEIL

2182NLpepl121 (w/ Met) [N.A. ATGGTGGAGGGCTACCGGCTGTTCGAGGAGGCCCTG

2183NLpepl21 (w/ Met) |A.A. MVEGYRLFEEAL

2184NLpepl122 (w/ Met) [N.A. I ATGGTGGAGGGCTACCGGCTGTTCGAGGAGGAGCTG

2185NLpepl122 (w/ Met) |A.A. MVEGYRLFEEEL

2186NLpep123 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGTTCAAGAAGATCCTG

2187NLpep123 (w/ Met) |JA.A. MVTGYRLFKKIL

2188NLpep124 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGATGAAGAAGATCCTG

2189NLpep124 (w/ Met) |A.A. MVTGYRLMKKIL

2190NLpep125 (w/ Met) |[N.A. JATGGTGACCGGCTACCGGCTGCACAAGAAGATCCTG

2191NLpepl125 (w/ Met) [A.A. [MVTGYRLHKKIL

2192NLpep126 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGCTGAAGAAGATCCTG

2193NLpepl126 (w/ Met) |A.A. MVTGYRLLKKIL

2194NLpepl127 (w/ Met) [N.A. I ATGGTGACCGGCTACCGGCTGAGCAAGAAGATCCTG

2195NLpepl27 (w/ Met)  |A.A. [MVTGYRLSKKIL

2196NLpep128 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGTTCGAGAAGATCCTG

2197NLpepl28 (w/ Met) |A.A. [MVTGYRLFEKIL

2198NLpep129(w/ Met)  [N.A. ATGGTGACCGGCTACCGGCTGATGGAGAAGATCCTG

2199NLpepl29(w/ Met)  |A.A. [MVTGYRLMEKIL

2200NLpep130 (w/ Met) [N.A. ATGGTGACCGGCTACCGGCTGCACGAGAAGATCCTG
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2201NLpep130 (w/ Met) |A.A. MVTGYRLHEKIL

2202NLpepl131 (w/ Met) [N.A. [ ATGGTGACCGGCTACCGGCTGCTGGAGAAGATCCTG

2203NLpepl131 (w/ Met) |A.A. MVTGYRLLEKIL

2204NLpepl132 (w/ Met) [N.A. I ATGGTGACCGGCTACCGGCTGAGCGAGAAGATCCTG

2205NLpep132 (w/ Met) |JA.A. MVTGYRLSEKIL

2206NLpepl133 (w/ Met) [N.A. | ATGGTGACCGGCTACCGGCTGATGGAGGAGATCCTG

2207NLpep133 (w/ Met) |A.A. MVTGYRLMEEIL

2208NLpepl134(w/ Met) [N.A.  ATGGTGACCGGCTACCGGCTGCACGAGGAGATCCTG

2209NLpep134(w/ Met) |A.A. MVTGYRLHEEIL

2210NLpep135 (w/ Met) [N.A. JATGGTGACCGGCTACCGGCTGCTGGAGGAGATCCTG

2211NLpepl135 (w/ Met) |A.A. MVTGYRLLEEIL

2212NLpepl136 (w/ Met) [N.A. I ATGGTGACCGGCTACCGGCTGAGCGAGGAGATCCTG

2213NLpep136 (w/ Met) |A.A. MVTGYRLSEEIL

2214NLpepl137(w/ Met)  [N.A.  JATGGTGAGCGGCTACCGGCTGTTCGAGGAGATCCTG

2215NLpep137(w/ Met)  |A.A. [MVSGYRLFEEIL

2216NLpep138(w/ Met)  [N.A.  JATGGTGACCGGCTGGCGGCTGTTCGAGGAGATCCTG

2217NLpep138(w/ Met)  |JA.A. MVTGWRLFEEIL

2218NLpepl139 (w/ Met) [N.A. [ ATGGTGAGCGGCTGGCGGCTGTTCGAGGAGATCCTG

2219NLpep139 (w/ Met) |A.A. [MVSGWRLFEEIL

2220NLpep140 (w/ Met) |N.A. JATGAACGTGACCGGCTACCGGCTGTTCGAGGAGATCCTG

2221NLpep140 (w/ Met) |A.A. [MNVTGYRLFEEIL

2222NLpepl41 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGTTCGAGGAGATCCTGAAC

2223NLpepl41 (w/ Met) |A.A. MVTGYRLFEEILN

2224NLpepl42 (w/ Met) |N.A. JATGAACGTGACCGGCTACCGGCTGTTCGAGGAGATCCTGAAC
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2225NLpepl42 (w/ Met) |A.A. [MNVTGYRLFEEILN

2226NLpepl43 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGTTCGAGGAGATC

2227NLpepl143 (w/ Met) |A.A. MVTGYRLFEEI

2228NLpepl44 (w/ Met) N.A. JATGGTGACCGGCTACCGGCTGTTCCAGAAGATCAGC

2229NLpepl44 (w/ Met) |A.A. MVTGYRLFQKIS

2230NLpepl145 (w/ Met) [N.A. JATGGTGACCGGCTACCGGCTGTTCAAGAAGATCAGCAAC

2231NLpepl145 (w/ Met) |JA.A. MVTGYRLFKKISN

2232NLpepl46 (w/ Met) |N.A. JATGGTGACCGGCTACCGGCTGTTCAAGAAGATCAGC

2233NLpepl46 (w/ Met) |A.A. MVTGYRLFKKIS

2234NLpepl47 (w/ Met) |A.A. [MVSGWRLFKKISA

2235NLpep148 (w/ Met) |A.A. MGVSGWRLFKKIS

2236NLpep149 (w/ Met) |A.A. MSVSGWRLFKKISN

2237NLpep150 (w/ Met) |A.A. [MSVSGWRLFKKISA

2238NLpepl51 (w/ Met) |A.A. [MNSVSGWRLFKKISA

2239NLpepl152 (w/ Met) |A.A. [MNSVSGWRLFKKISN

2240NLpepl153 (w/ Met) |A.A. [MSNVSGWRLFKKIS

2241NLpepl54 (w/ Met) |A.A. MSGVSGWRLFKKIS

2242NLpepl155 (w/ Met) |A.A. [MNSNVSGWRLFKKIS

2243NLpepl56 (w/ Met) |A.A. [MNSGVSGWRLFKKIS

2244NLpepl57 (w/ Met) |A.A. [MSVSGWRLFKKIS

2245NLpepl58 (w/ Met) |A.A. [MNSVSGWRLFKKIS

2246NLpep159 (w/ Met) |A.A. [MSNVSGWRLFKKISN

2247NLpep160 (w/ Met) |A.A. [MNSNVSGWRLFKKISN

2248NLpepl6l (w/ Met) |A.A. MGWRLFKK
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2249|NLpepl62(w/ Met) |A.A. MGWALFKK

2250NLpepl63 (w/ Met) |A.A. MVTGWALFEEIL

2251NLpepl64 (w/ Met) |A.A. [MVTGYALFQEIL

2252NLpepl65 (w/ Met) |A.A. [MVTGYALFEQIL

2253NLpepl66 (w/ Met) |A.A. MVTGYALFEEIL

2254NLpepl67 (w/ Met) |N.A. JATGGTGTCCGGCTGGGCACTGTTCAAGAAAATTTCC

2255NLpepl67 (w/ Met) |A.A. MVSGWALFKKIS

2256NLpepl68 (w/ Met) |A.A. MVSGWKLFKKIS

2257NLpep169 (w/ Met) |N.A. JATGGTGTCCGGCTGGCAGCTGTTCAAGAAAATTTCC

2258NLpepl69 (w/ Met)  |A.A. MVSGWQLFKKIS

2259NLpepl170 (w/ Met) |A.A. MVSGWELFKKIS

2260NLpepl71 (w/ Met) |N.A. JATGGTGTCCGGCTGGCTGCTGTTCAAGAAAATTTCC

2261NLpepl71 (w/ Met) |A.A. MVSGWLLFKKIS

2262NLpepl72(w/ Met) [N.A. JATGGTGTCCGGCTGGGTGCTGTTCAAGAAAATTTCC

2263NLpepl72(w/ Met)  |A.A. MVSGWVLFKKIS

2264NLpepl1l (w/o Met) [N.A.  [GTGACCGGCTACCGGCTGTTCGAGGAGATCAGC

2265NLpepl11 (w/o Met) |A.A. [VTGYRLFEEIS

2266NLpepl112 (w/o Met) [N.A. [GTGACCGGCTACCGGCTGTTCGAGGAGGCCAGC

2267NLpepl12 (w/o Met) |JA.A. [VTGYRLFEEAS

2268NLpepl13 (w/o Met) [N.A.  [GTGACCGGCTACCGGCTGTTCGAGGAGGAGAGC

2269NLpepl13 (w/o Met) |A.A. [VTGYRLFEEES

2270NLpepl114 (w/o Met) [N.A.  [GTGACCGGCTACCGGCTGTTCGAGGAGATCCTG

2271NLpepl14 (w/o Met) |A.A. [VTGYRLFEEIL

2272INLpepl15 (w/o Met) [N.A.  [GTGACCGGCTACCGGCTGTTCGAGGAGGCCCTG
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2273

INLpepl115 (w/o Met)

A A.

VTGYRLFEEAL

2274NLpepl16 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCGAGGAGGAGCTG

2275NLpepl16 (w/o Met)

A A.

VTGYRLFEEEL

2276NLpepl17 (w/o Met)

IN.A.

GTGGAGGGCTACCGGCTGTTCGAGGAGATCAGC

2277NLpepl17 (w/o Met)

A A.

VEGYRLFEEIS

2278NLpep118 (w/o Met)

IN.A.

GTGGAGGGCTACCGGCTGTTCGAGGAGGCCAGC

2279NLpep118 (w/o Met)

A A.

VEGYRLFEEAS

2280NLpep119 (w/o Met)

IN.A.

GTGGAGGGCTACCGGCTGTTCGAGGAGGAGAGC

2281

INLpep119 (w/o Met)

A A.

VEGYRLFEEES

2282

INLpep120 (w/o Met)

IN.A.

GTGGAGGGCTACCGGCTGTTCGAGGAGATCCTG

2283

INLpep120 (w/o Met)

A A.

VEGYRLFEEIL

2284NLpepl121 (w/o Met)

IN.A.

GTGGAGGGCTACCGGCTGTTCGAGGAGGCCCTG

2285

INLpep121 (w/o Met)

A A.

VEGYRLFEEAL

2286[NLpep122 (w/o Met)

IN.A.

GTGGAGGGCTACCGGCTGTTCGAGGAGGAGCTG

2287

INLpep122 (w/o Met)

A A.

VEGYRLFEEEL

2288

INLpep123 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCAAGAAGATCCTG

2289

INLpep123 (w/o Met)

A A.

VTGYRLFKKIL

2290NLpep124 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGATGAAGAAGATCCTG

2291

INLpep124 (w/o Met)

A A.

IVTGYRLMKKIL

2292

INLpep125 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGCACAAGAAGATCCTG

2293

INLpep125 (w/o Met)

A A.

VTGYRLHKKIL

2294NLpep126 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGCTGAAGAAGATCCTG

2295

INLpep126 (w/o Met)

A A.

VTGYRLLKKIL

2296NLpep127 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGAGCAAGAAGATCCTG
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2297NLpepl127 (w/o Met)

A A.

VTGYRLSKKIL

2298NLpep128 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCGAGAAGATCCTG

2299NLpep128 (w/o Met)

A A.

VTGYRLFEKIL

2300NLpep129(w/o Met)

IN.A.

GTGACCGGCTACCGGCTGATGGAGAAGATCCTG

2301

INLpep129(w/o Met)

A A.

VTGYRLMEKIL

2302NLpep130 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGCACGAGAAGATCCTG

2303

INLpep130 (w/o Met)

A A.

VTGYRLHEKIL

2304NLpepl131 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGCTGGAGAAGATCCTG

2305NLpepl31 (w/o Met)

A A.

VTGYRLLEKIL

2306NLpep132 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGAGCGAGAAGATCCTG

2307NLpep132 (w/o Met)

A A.

IVTGYRLSEKIL

2308NLpepl133 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGATGGAGGAGATCCTG

2309

NLpep133 (w/o Met)

A A.

VTGYRLMEEIL

2310NLpep134(w/o Met)

IN.A.

GTGACCGGCTACCGGCTGCACGAGGAGATCCTG

2311

INLpep134(w/o Met)

A A.

VTGYRLHEEIL

2312

INLpepl35 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGCTGGAGGAGATCCTG

2313

INLpepl35 (w/o Met)

A A.

VTGYRLLEEIL

2314NLpep136 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGAGCGAGGAGATCCTG

2315

INLpep136 (w/o Met)

A A.

VTGYRLSEEIL

2316NLpep137(w/o Met)

IN.A.

GTGAGCGGCTACCGGCTGTTCGAGGAGATCCTG

2317

INLpep137(w/o Met)

A A.

IVSGYRLFEEIL

2318

INLpep138(w/o Met)

IN.A.

GTGACCGGCTGGCGGCTGTTCGAGGAGATCCTG

2319

NLpep138(w/o Met)

A A.

VTGWRLFEEIL

2320NLpep139 (w/o Met)

IN.A.

GTGAGCGGCTGGCGGCTGTTCGAGGAGATCCTG
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2321

INLpep139 (w/o Met)

A A.

VSGWRLFEEIL

2322NLpep140 (w/o Met)

IN.A.

AACGTGACCGGCTACCGGCTGTTCGAGGAGATCCTG

2323

INLpep140 (w/o Met)

A A.

INVTGYRLFEEIL

2324NLpepl41 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCGAGGAGATCCTGAAC

2325NLpepl41 (w/o Met)

A A.

IVTGYRLFEEILN

2326NLpep142 (w/o Met)

IN.A.

AACGTGACCGGCTACCGGCTGTTCGAGGAGATCCTGAAC

2327NLpepl142 (w/o Met)

A A.

INVTGYRLFEEILN

2328NLpep143 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCGAGGAGATC

2329NLpep143 (w/o Met)

A A.

VTGYRLFEEI

2330NLpep144 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCCAGAAGATCAGC

2331

INLpep144 (w/o Met)

A A.

VTGYRLFQKIS

2332NLpepl145 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCAAGAAGATCAGCAAC

2333

INLpep145 (w/o Met)

A A.

IVTGYRLFKKISN

2334NLpep146 (w/o Met)

IN.A.

GTGACCGGCTACCGGCTGTTCAAGAAGATCAGC

2335

INLpep146 (w/o Met)

A A.

VTGYRLFKKIS

2336[NLpepl47 (w/o Met)

A A.

IVSGWRLFKKISA

2337

INLpep148 (w/o Met)

A A.

GVSGWRLFKKIS

2338

INLpep149 (w/o Met)

A A.

SVSGWRLFKKISN

2339NLpep150 (w/o Met)

A A.

SVSGWRLFKKISA

2340NLpepl151 (w/o Met)

A A.

INSVSGWRLFKKISA

2341

INLpep152 (w/o Met)

A A.

INSVSGWRLFKKISN

2342

INLpep153 (w/o Met)

A A.

SNVSGWRLFKKIS

2343

INLpep154 (w/o Met)

A A.

SGVSGWRLFKKIS

2344NLpepl155 (w/o Met)

A A.

INSNVSGWRLFKKIS
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2345NLpepl156 (w/o Met) [A.A. [NSGVSGWRLFKKIS

2346NLpepl57 (w/o Met) [A.A. [SVSGWRLFKKIS

2347NLpepl58 (w/o Met) [A.A. [NSVSGWRLFKKIS

2348NLpepl59 (w/o Met) [A.A. |[SNVSGWRLFKKISN

2349NLpep160 (w/o Met) [A.A. [NSNVSGWRLFKKISN

2350NLpepl61 (w/o Met) [A.A. |[GWRLFKK

2351NLpepl62(w/o Met) [A.A. [GWALFKK

2352NLpepl63 (w/o Met) [A.A. [VTGWALFEEIL

2353NLpepl64 (w/o Met) |A.A. [VTGYALFQEIL

2354NLpepl65 (w/o Met) |A.A. [VTGYALFEQIL

2355NLpepl66 (w/o Met) [A.A. [VITGYALFEEIL

2356NLpepl67 (w/o Met) [N.A. IGTGTCCGGCTGGGCACTGTTCAAGAAAATTTCC

2357NLpepl67 (w/o Met) [A.A. [VSGWALFKKIS

2358NLpepl68 (w/o Met) [A.A. [VSGWKLFKKIS

2359NLpep169 (w/o Met) [N.A. IGTGTCCGGCTGGCAGCTGTTCAAGAAAATTTCC

2360NLpepl69 (w/o Met) [A.A. [VSGWQLFKKIS

2361NLpepl70 (w/o Met) [A.A. [VSGWELFKKIS

2362NLpepl71 (w/o Met) [N.A. |IGTGTCCGGCTGGCTGCTGTTCAAGAAAATTTCC

2363NLpepl71 (w/o Met) [A.A. [VSGWLLFKKIS

2364NLpepl72(w/o Met) [N.A. |GTGTCCGGCTGGGTGCTGTTCAAGAAAATTTCC

2365NLpepl72(w/o Met) [A.A. [VSGWVLFKKIS

In certain embodiments, a peptide from Table 1 is provided. In some embodiments,
peptides comprise a single amino acid difference from GVTGWRLCKRISA (SEQ ID NO: 236)
5 and/or any of the peptides listed in Table 1. In some embodiments, peptides comprise two or
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more (e.g.,2,3,4,5,6,7,8,9, 10, etc.) amino acid differences from GVTGWRLCKRISA (SEQ

ID NO: 236) and/or any of the peptides listed in Table 1. In some embodiments, peptides are
provided comprising one of the amino acid sequences of SEQ ID NOS: 3-438 and 2162-2365. In
some embodiments, peptides are provided comprising one of the amino acid sequences of SEQ
ID NOS: 3-438 and 2162-2365 with one or more additions, substitutions, and/or deletions. In
some embodiments, a peptide or a portion thereof comprises greater than 70% sequence identity
(e.g., 71%, 75%, 80%, 85%, 90%, 95%, 99%) with one or more of the amino acid sequence of
SEQ ID NOS: 3-438 and 2162-2365. In some embodiments, nucleic acids are provided
comprising one of the nucleic acid coding sequences of SEQ ID NOS: 3-438 and 2162-2365. In
some embodiments, nucleic acids are provided comprising one of the nucleic acid sequences of
SEQ ID NOS: 3-438 and 2162-2365with one or more additions, substitutions, and/or deletions.
In some embodiments, a nucleic acid or a portion thereof comprises greater than 70% sequence
identity (e.g., 71%, 75%, 80%, 85%, 90%, 95%, 99%) with one or more of the nucleic acid
sequence of SEQ ID NOS: 3-438 and 2162-2365. In some embodiments, nucleic acids are
provided that code for one of the amino acid sequences of SEQ ID NOS: 3-438 and 2162-2365.
In some embodiments, nucleic acids are provided that code for one of the amino acid sequences
of SEQ ID NOS: 3-438 and 2162-2365 with one or more additions, substitutions, and/or
deletions. In some embodiments, a nucleic acid is provided that codes for an amino acid with
greater than 70% sequence identity (e.g., 71%, 75%, 80%, 85%, 90%, 95%, 99%) with one or
more of the amino acid sequences of SEQ ID NOS: 3-438 and 2162-2365.

In certain embodiments, a nucleic acid from Table 1 is provided. In some embodiments, a
nucleic acid encoding a peptide from Table 1 is provided. In some embodiments, a nucleic acid
of the present invention codes for a peptide that comprises a single amino acid difference from
MGVTGWRLCERILA (SEQ ID NO: 2) and/or any of the peptides listed in Table 1. In some
embodiments, nucleic acids code for peptides comprising two or more (e.g., 2, 3,4, 5,6, 7,8, 9,
10, etc.) amino acid differences from MGVTGWRLCERILA (SEQ ID NO: 2) and/or any of the
peptides listed in Table 1. In some embodiments, nucleic acids are provided comprising the
sequence of one of the nucleic acids in Table 1. In some embodiments, nucleic acids are
provided comprising one of the nucleic acids of Table 1 with one or more additions,
substitutions, and/or deletions. In some embodiments, a nucleic acid or a portion thereof
comprises greater than 70% sequence identity (e.g., 71%, 75%, 80%, 85%, 90%, 95%, 99%) with
one or more of the nucleic acids of Table 1.

In some embodiments, non-luminescent polypeptides that find use in embodiments of the
present invention include polypeptides with one or more amino acid substitutions, deletions, or

additions from SEQ ID NO: 440. In some embodiments, the present invention provides
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polypeptides comprising one or more of amino acid sequences of Table 2, and/or nucleic acids

comprising the nucleic acid sequences of Table 2 (which code for the polypeptide sequences of

Table 2).

Table 2. Polypeptide sequences

SIF;)Q Polymer] ID SEQ ID Poly. ID SEQ ID Poly. ID

NO NO NO

441 | N.A. RIIN 727 N.A. 5A2+V58P 1013 | N.A. | 5P D6 (-152-157)
442 | AA RIIN 728 AA 5A2+V58P 1014 A A | 5P D6 (-152-157)
443 | N.A. T13I 729 N.A. 5A2+V58Q 1015 | N.A. | 5P D7 (-151-157)
444 | AA T13I 730 AA 5A2+V58Q 1016 A A | 5P D7 (-151-157)
445 | N.A. G158 731 N.A. 5A2+VS58R 1017 | N.A. SP+F31A
446 | AA G158 732 AA 5A2+VS58R 1018 AA SP+F31A
447 | N.A. L18Q 733 N.A. 5A2+V58S 1019 | N.A. SP+F31C
448 | AA L18Q 734 AA 5A2+V58S 1020 AA SP+F31C
449 | N.A. Q20K 735 N.A. 5A2+V58T 1021 N.A. SP+F31D
450 | AA Q20K 736 AA 5A2+V58T 1022 AA SP+F31D
451 | N.A. V27M 737 N.A. 5A2+V58W 1023 | N.A. SP+F31E
452 | AA V27M 738 AA 5A2+V58W 1024 AA SP+F31E
453 | N.A. F31I 739 N.A. 5A2+V58Y 1025 | N.A. SP+F31G
454 | AA F31I 740 AA 5A2+V58Y 1026 AA SP+F31G
455 | N.A. F31L 741 N.A. 5A2+A67C 1027 | N.A. SP+F31H
456 | AA F31L 742 AA 5A2+A67C 1028 AA SP+F31H
457 | N.A. F31V 743 N.A. 5A2+A67D 1029 | N.A. SP+F311

458 | AA F31V 744 AA 5A2+A67D 1030 AA SP+F311

459 | N.A. Q32R 745 N.A. 5A2+A67E 1031 N.A. SP+F31K
460 | AA Q32R 746 AA 5A2+A67E 1032 AA SP+F31K
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461 | N.A. N33K 747 N.A. 5A2+A67F 1033 N.A. SP+F31L
462 | AA N33K 748 AA 5A2+A67F 1034 AA SP+F31L
463 | N.A. N33R 749 N.A. S5A2+A67G 1035 N.A. SP+F31M
464 | AA N33R 750 AA S5A2+A67G 1036 AA SP+F31M
465 | N.A. I56N 751 N.A. 5A2+A67H 1037 N.A. SP+F31IN
466 | AA I56N 752 AA 5A2+A67H 1038 AA SP+F31IN
467 | N.A. V58A 753 N.A. 5A2+A671 1039 | N.A. SP+F31P
468 | AA V58A 754 AA 5A2+A671 1040 AA SP+F31P
469 | N.A. I59T 755 N.A. 5A2+A67K 1041 N.A. SP+F31Q
470 | AA I59T 756 AA 5A2+A67K 1042 AA SP+F31Q
471 | N.A. G67S 757 N.A. 5A2+A67L 1043 N.A. SP+F31R
472 | AA G67S 758 AA 5A2+A67L 1044 AA SP+F31R
473 | N.A. G67D 759 N.A. 5A2+A67M 1045 N.A. SP+F31S
474 | AA G67D 760 AA 5A2+A67M 1046 AA SP+F31S
475 | N.A. K75E 761 N.A. 5A2+A67N 1047 N.A. SP+F31T
476 | AA K75E 762 AA 5A2+A67N 1048 AA SP+F31T
477 | N.A. M106V 763 N.A. 5A2+A67P 1049 | N.A. SP+F31V
478 | AA M106V 764 AA 5A2+A67P 1050 AA SP+F31V
479 | N.A. M1061 765 N.A. 5A2+A67Q 1051 N.A. SP+F31W
480 | AA M1061 766 AA 5A2+A67Q 1052 AA SP+F31W
481 | N.A. D108N 767 N.A. 5A2+A67R 1053 N.A. SP+F31Y
482 | AA D108N 768 AA 5A2+A67R 1054 AA SP+F31Y
483 | N.A. R112Q 769 N.A. 5A2+A67S 1055 N.A. SP +L46A
484 | AA R112Q 770 AA 5A2+A67S <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>