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CLAIMS

What is claimed is:

L. A polynucledtide encoding a modified luciferase polypeptide having at least 60%
amino acid sequence identity to a wild-type Oplophorus luciferase gomprising at least one
amino acid substitution at a position correspondiné to an amino agid in a wild-type
Oplophorus luciferase of SEQ ID NO:1, wherein the modified Juciferase polypeptide has at
least one of enhanced luminescence, enhanced signal stability, and enhanced protein stability
relative to the wild-type Oplophbrus luciferase.

2. The polynucleotide of claim 1, wherein the encofled modified luciferase polypeptidé
has enhanced luminescence relative to the wild-type @Iplophorus luciferase and an amino acid
substitutioh ét at least one of positions 2, 4, 11, 20,23, 28, 33, 34, 44, 45, 51, 54, 68, 72, 75,
76,77, 89, 90, 92,99, 104, 115, 124, 135, 138, 139, 143, 144, 164, 166, 167, or 169
corresponding to SEQ ID NO:1.

3, The polynucleotide of claim 1 or 2, yherein the modified luciferase polypeptide has
enhanced signal stability relative to wild-fype Oplophorus luciferase, and an amino acid
substitution at at least one of positions 4, 11, 20, 28, 33, 54, 68, 75, 115, 124, 138, 143, or
166, corresponding to SEQ ID NO:1

4. The polynucleotide of any gne of claims 1-3, wherein the encoded modified luciferase
polypeptide has enhanced profe' stability relative to wild-type Oplophéru& luciferase, and an
amino acid substitution at at l¢ast one 6f positions 11, 20, 28, 33, 34, 44, 45, 51, 54, 68, 72,
75,77, 89,90, 92,99, 104, £15, 124, 135, 138, 139, 143, 144, 164, 166, 167, or 169

corresponding to SEQ IYNO:1.

49




- WO 2010/127368 PCT/U$2010/033449
5. The polynucleotide of any one of claims 1-4, wherein the encoded mgdified luciferase
polypeptide further comprises a deletion of luciferase residues correspondjhg to the N-
terminus of the wild—type Oplophorus luciferase of SEQ ID NO:10.
6. The polynucleotide of claim 5, wherein the deletion is at most/27 residues of the
luciferase sequence.
7. The polynucleotide of any one of claims 1-6, wherein thefwild-type Oplophorus
luciferase is from Oplophorus gracilirostris, Oplophorus grimfildii, Oplophorus spinicauda,
Oplophorus Joliaceus, Oplophbrus novaezelandiae, Oplophdrus typus, or Oplophorus
Spinous.
8. ‘The polynucleotide of any one of claims 1-7, whierein the encoded modified luciferase
polypeptide comprises a substitution corresponding t) at least one of T2S, A4E/S/R/G/D/T/L,
Q1IR/V/I/L/K/T, Q20R, E23V, S28P, A33K, L34M, V441/L, V45E, G51V, |
A54F/T /V/G/S/W/L/I, F68S/Y/V, L72Q, M75 Q/G/T/A, 176V, FTTW, V791, K89E,
~ I90T/V, L92S/A/G/Q, I99V, P104L, P115E/IfQ/L/V/G/H/R/S/C/A/T, Q124K, N135K,
Y 138V/I/N/T/L/C/R/M/K, D139E, 1143L, N144K, C164S, N166R/K/A/L/P/Q/S, 1167V, or
169L corresponding to SEQ ID NO:1.
9. The polynucleotide of any one/f claims 1-8, wherein the encoded modified luciferase
polypeptide comprises amino acid § bstitutions at positions 11, 33, 44, 54, 115, 124, 138, énd :
| 166 corresponding to SEQ 1D NQ/1. |
10. The polynucleotide of ¢laim 9, wherein the substitutions comprise Q11R, A33K,
V441, A54F, P115E, Q124K/Y 1381, and N166R.
11.  The polynucleotidg of claim 9 or 10, wherein the encoded modified luciferase further
comprises an amino aci éubstitution at position 4 corresponding to SEQ ID NO:1.

12. Thekpolynucl tide of claim 11, wherein the amino acid at position 4 is glutamic acid.
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13.  The polynucleotide of any one of claims 9-12, wherein the encoded njodified
luciferase further comprises amino acid substitutions at positions 45, 135, J04, 139, and 167
corresponding to SEQ ID NO:1.
14.  The polynucleotide of claim 13, wherein the amino acid at posgftion 45 is glutamic
acid, position 104 is leucine, position 135 is lysine, position 139 is glutamic acid, and
position 167 is valine.
15.  The polynucleotide of any one of claims 9-12, whereinfhe encoded modified
luciferase further comprises amino acid substitutions at posifions 28, 34, 51, 99 and 143
corresponding to SEQ ID NO:1.
16.  The polynucleotide of claim 16, wherein the a ﬁo acid at positioﬁ 28 is proline,
positioﬁ 34 is methionine, position 51 is valine, posit;on 99 is valine, and position 143 is
leucine. -
17.  The polynucleotide of claim 11 or 12, fufther comprising a substitution of at leést one
_ amino acid at position 20, 54, 68, 72,77,79, §9, 90, 92, or 164 corresponding to SEQ ID
NO:1.
18.  The polynucleotide of claim 17, wherein the amino acid at position 20 is arginine,
position 54 is isoleucine, position 68 ig/serine, position 72 is glutamine, position 75 is lysine,
position 77 is tryptophan, position 7@ is isoleucine, position 89 is glutamic ac-id, position 90 is
threonine or valine, position 92 is lyciﬁe,'élutamine, serine or alanine, and position 164 is
serine.
19.  The polynucleotide of any one of claims 1-8, wherein the encoded modified luciferase
polypeptide comprises amjho acid substitutions at positions 23, 28, 143, and 166
corresponding to SEQ 1Ip NO:1.

20. The polynucleptide of claim 19, wherein the substitutions comprise E23V, S28P,

1143V, and N166R
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21.  The polynucleotide of ahy one of claims 1-8, wherein the encoded mgdified luciferase
polypeptide comprises amino acid substitutions at positions 4, 34, 76, and 166 corresponding
to SEQ ID NO:1.

22,  The polynucleotide of claim 21, wherein the substitutions congprise A4S, L.34M,
176V, and N166R.
23.  The polynucleotide of any one of claims 1-8, wherein the, encoded modified luciferase
polypeptide comprises amino acid substitutions at positions 514 99, and 166 corresponding to
SEQ ID NO:1.
24, The polynucleotide of claim 23, wherein the sﬁbst' utions comprise G51V, 199V, and
NI66R. :
25.  The polynucleotide of any one of claims 1-2¢ , wherein the polynucleotide further
encodes a polypeptide of interest linked to the mé iﬁed luciferase polypeptide, the
polypeptide of interest and the modified lucifergbe polypeptide capable of being expressed as
- a fusion protein. |
26. A vector comprising the polynucleofide of any of claims 1-25.

27.  The vector of claim 26, wherein tfic polynucleotide is operably linked to a promoter.

28. A cell comprising the polynuclgotide of any one of claims 1-25 or the vector of claim

26 or 27.
29. A non-human transgenic afiimal coﬁiprising the cell of claim 28.
30. A non-human transgeni¢ animal comprising the polynucleotide of any one of claims

1-25 or the vector of claim 2¢/ or 27.

31. A modified luciferghe encoded by the polynucleotide of any one claims 1-25.

32. A polypeptide erfoded by the polynucleotide of any one of claims 1-25.

33. A fusion protefn comprising a modified luciferase encoded by the polynucleotide of

any one of claims 1£24.
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34. A method of producing .a modified luciferase comprising growing thg cell of claim 28
under conditions that permit expression of the modified luciferase.

35. A method o‘f producing a modified luciferase comprising introdycing the vector of
claim 26 or 27 into a cell under conditions which permit expression of the modified
luciferase.

36. A kit comprising the polynucleotide of any one of claimg/1-25 or the vector of claim
26 or 27.

37. A kit comprising the modified luciferase of claim 31/ -




CLAIMS
What is claimed is:

1. A polynucleotide encoding a modified luciferase polypeptide having at least 60%
amino acid sequence identity to a wild-type Oplophorus luciferase comprising at least one
amino acid substitution at a position corresponding to an amino acid in a wild-type
Oplophorus luciferase of SEQ ID NO:1, wherein the modified luciferase polypeptide has at
least one of enhanced luminescence, enhanced signal stability, and enhanced protein
stability relative to the wild-type Oplophorus luciferase.

2. The polynucleotide of claim 1, wherein the encoded modified luciferase polypeptide
has enhanced luminescence relative to the wild-type Oplophorus luciferase and an amino
acid substitution at at least one of positions 2, 4, 11, 20, 23, 28, 33, 34, 44, 45, 51, 54, 68,
72,75, 76, 77, 89, 90, 92, 99, 104, 115, 124, 135, 138, 139, 143, 144, 166, 167, or 169
corresponding to SEQ ID NO:1.

3. The polynucleotide of claim 1 or 2, wherein the modified luciferase polypeptide has
enhanced signal stability relative to wild-type Oplophorus luciferase, and an amino acid
substitution at at least one of positions 4, 11, 20, 28, 33, 54, 68, 75, 115, 124, 138, 143, or
166, corresponding to SEQ ID NO:1.

4, The polynucleotide of any one of claims 1-3, wherein the encoded modified luciferase
polypeptide has enhanced protein stability relative to wild-type Oplophorus luciferase, and
an amino acid substitution at at least one of positions 11, 20, 28, 33, 34, 44, 45, 51, 54, 68,
72, 75,77, 89, 90, 92, 99, 104, 115, 124, 135, 138, 139, 143, 144, 166, 167, or 169
corresponding to SEQ ID NO:1.

5. The polynucleotide of any one of claims 1-4, wherein the encoded modified luciferase
polypeptide further comprises a deletion of luciferase residues corresponding to the N-
terminus of the wild-type Oplophorus luciferase of SEQ ID NO:10.

6. The polynucleotide of claim 5, wherein the deletion is at most 27 residues of the
luciferase sequence.

7. The polynucleotide of any one of claims 1-6, wherein the wild-type Oplophorus
luciferase is from Oplophorus gracilirostris, Oplophorus grimaldii, Oplophorus spinicauda,
Oplophorus foliaceus, Oplophorus novaezelandiae, Oplophorus typus, or Oplophorus
spinous.

8. The polynucleotide of any one of claims 1-7, wherein the encoded maodified luciferase
polypeptide comprises a substitution corresponding to at least one of T2S, A4E/S/R/G/D/TIL,
QMIR/NVNILIKIT, Q20R, E23V, S28P, A33K, L34M, V44l/L, V45E, G51V,
AB4F/T/VIG/S/W/LN, F68S/YIV, L72Q, M75R/KIQ/GIT/A, 176V, FTTW, V79I, K89E, 190T/V,
L92S/A/G/Q, 199V, P104L, P115E/I/Q/LIVIG/H/R/SIC/AIT, Q124K, N135K,
Y138V/I/N/T/L/IC/R/M/K, D139E, 1143L, N144K, N166R/K/A/L/P/Q/S, 1167V, or 169L
corresponding to SEQ ID NO:1.

9. The polynucleotide of any one of claims 1-8, wherein the encoded modified luciferase
polypeptide comprises amino acid substitutions at positions 11, 33, 44, 54, 115, 124, 138,
and 166 corresponding to SEQ ID NO:1.

10. The polynucleotide of claim 9, wherein the substitutions comprise Q11R, A33K, V44l,
AbB4F, P115E, Q124K, Y138l, and N166R.
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11. The polynucleotide of claim 9 or 10, wherein the encoded modified luciferase further
comprises an amino acid substitution at position 4 corresponding to SEQ ID NO:1.

12. The polynucleotide of claim 11, wherein the amino acid at position 4 is glutamic acid.

13. The polynucleotide of any one of claims 9-12, wherein the encoded modified
luciferase further comprises amino acid substitutions at positions 45, 135, 104, 139, and 167
corresponding to SEQ ID NO:1.

14. The polynucleotide of claim 13, wherein the amino acid at position 45 is glutamic
acid, position 104 is leucine, position 135 is lysine, position 139 is glutamic acid, and position
167 is valine.

15. The polynucleotide of any one of claims 9-12, wherein the encoded modified
luciferase further comprises amino acid substitutions at positions 28, 34, 51, 99 and 143
corresponding to SEQ ID NO:1.

16. The polynucleotide of claim 16, wherein the amino acid at position 28 is proline,
position 34 is methionine, position 51 is valine, position 99 is valine, and position 143 is
leucine.

17. The polynucleotide of claim 11 or 12, further comprising a substitution of at least one
amino acid at position 20, 54, 68, 72, 77,79, 89, 90, or 92 corresponding to SEQ ID NO:1.

18. The polynucleotide of claim 17, wherein the amino acid at position 20 is arginine,
position 54 is isoleucine, position 68 is serine, position 72 is glutamine, position 75 is lysine,
position 77 is tryptophan, position 79 is isoleucine, position 89 is glutamic acid, position 90 is
threonine or valine, and position 92 is glycine, glutamine, serine or alanine.

19. The polynucleotide of any one of claims 1-8, wherein the encoded modified luciferase
polypeptide comprises amino acid substitutions at positions 23, 28, 143, and 166
corresponding to SEQ ID NO:1.

1 20. The polynucleotide of claim 19, wherein the substitutions comprise E23V, S28P,
1143V, and N166R.

21. The polynucleotide of any one of claims 1-8, wherein the encoded modified luciferase
polypeptide comprises amino acid substitutions at positions 4, 34, 76, and 166
corresponding to SEQ ID NO:1.

22, The polynucleotide of claim 21, wherein the substitutions comprise A4S, L34M, 176V,
and N166R.

23. The polynucleotide of any one of claims 1-8, wherein the encoded modified luciferase
polypeptide comprises amino acid substitutions at positions 51, 99, and 166 corresponding
to SEQ ID NO:1.

24, The polynucleotide of claim 23, wherein the substitutions comprise G51V, 199V, and
N166R.

25. The polynucleotide of any one of claims 1-24, wherein the polynucleotide further
encodes a polypeptide of interest linked to the modified luciferase polypeptide, the
polypeptide of interest and the modified luciferase polypeptide capable of being expressed
as a fusion protein.
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26. A vector comprising the polynucleotide of any of claims 1-25.
27. The vector of claim 26, wherein the polynucleotide is operably linked to a promoter.

28. A cell comprising the polynucleotide of any one of claims 1-25 or the vector of claim
26 or 27.

29. A non-human transgenic animal comprising the cell of claim 28.

30. A non-human transgenic animal comprising the polynucleotide of any one of claims
1-25 or the vector of claim 26 or 27.

31. A modified luciferase encoded by the polynucleotide of any one claims 1-25.
32. A polypeptide encoded by the polynucleotide of any one of claims 1-25.

33. A fusion protein comprising a modified luciferase encoded by the polynucleotide of
any one of claims 1-24.

34. A method of producing a modified luciferase comprising growing the cell of claim 28
under conditions that permit expression of the modified luciferase.

35. A method of producing a modified luciferase comprising introducing the vector of
claim 26 or 27 into a cell under conditions which permit expression of the modified
luciferase.

36. A kit comprising the polynucleotide of any one of claims 1-25 or the vector of claim
26 or 27.

37. A kit comprising the modified luciferase of claim 31.

38. The polynucleotide of claim 1, wherein the modified luciferase polypeptide has
luciferase activity and utilizes a coelenterazine as a substrate to generate luminescence.

39. The polynucleotide of claim 1, having at least 80% amino acid sequence identity to
SEQ ID NO:1.
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