


formation of inclusion bodies (Inouye and Sasaki, Protein Expression and Purification, 56:261-

268 (2007)). The formation of inclusion bodies is likely due to the instability of the protein. 

[0005] 	The substrate specificity of Oplophorus luciferase is unexpectedly broad (Inouye and 

Shimomura. BBRC, 223:349 (1997)). For instance, bisdeoxycoelenterazine (i.e., coelenterazine-

hh), an analog of coelenterazine, is an excellent substrate for Oplophorus luciferase comparable 

to coelenterazine (Nakamura et al., Tetrahedron Lett., 38:6405 (1997)). Moreover, Oplophorus 

luciferase is a secreted enzyme, like the luciferase of the marine ostracod Cypridina (Vargula) 

hilgendorfli (Johnson and Shimomura, Meth. Enzyme, 57:331 (1978)), which also uses an 

imidazopyrazinone-type luciferin to emit light. 

SUMMARY 

[0005a] 	In one aspect, the present invention refers to a compound of formula (lb): 

(Ib) 

wherein R2  is selected from the group consisting of 

or 

2 

C2_5 straight chain alkyl; 
R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or -OCH2OC(0)R; 
R8  is 



R8  

R6 	 (Ia) 
wherein R2  is selected from the group consisting of 

/ 
	

Z , or 

X is -S-, -0- or -NR22-; 
Z is -CH- or -N-; 
each RI1  is independently-C(0)R" or-CH20C(0)R"; 
R22  is H, CH3  or CH2CH3; 
each R is independently C1 _7  straight-chain alkyl or C1-7  branched alkyl; 
R" is C1 _7  straight-chain alkyl or C1 _7  branched alkyl; 
the dashed bonds indicate the presence of an optional ring, which may be saturated 
or unsaturated. 

[0005b1 	In another aspect, the present invention relates to a compound of formula 

[0005c] 	In yet another aspect, the present invention relates to a kit comprising a compound 
as described herein or a compound of formula (Ia): 

C2-5 straight chain alkyl; 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or -OCH2OC(0)R; 

R8  is 



X is -S-, -0- or -NR22  • 

Z is -CH- or -N-; 

each R11  is independently -C(0)R" or -CH2OC(0)R"; 

R22  is H, CH3  or CH2CH3; 

each R is independently C1-7  straight-chain alkyl or C1-7  branched alkyl; 

R" is C1 -7  straight-chain alkyl or C1 _7  branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated. 

[0005d] 	In a further aspect, the present invention relates to a method for detecting 
luminescence in a sample comprising contacting a sample with a compound as described herein 
or a compound of formula (Ia): 

r 
,-, 

../`•,, 
N 	R8  
H 

R6 	
v 	

(Ia) 
wherein R2  is selected from the group consisting of 

X 	X 

	

\ 7 	r  / ,,____(/,_ , / 	z , or 

C2-5 straight chain alkyl; 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or -OCH2OC(0)R; 

R8  is 

2b 



N 

R8  

X is —S-, —0- or —NR22-;'  

Z is —CH- or —N-; 

each RH  is independently —C(0)R" or —CH2OC(0)R"; 

R22  is H, CH3  or CH2CH3; 

each R is independently C1_7 straight-chain alkyl or C1_7 branched alkyl; 

R" is C1 _7 straight-chain alkyl or C1 _7  branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 
contacting the sample with a coelenterazine-utilizing luciferase, if it is not present in the 
sample; and detecting luminescence. 

[0005e] 	In a further aspect, the present invention relates to a method for detecting 
luminescence in a transgenic animal comprising administering a compound as described herein 
or a compound of formula (Ia): 

R6 	 (Ia) 
wherein R2  is selected from the group consisting of 

C2-5 straight chain alkyl; 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or -OCH2OC(0)R; 

R8  is 

2c 



X is —S-, —0- or —NR22-; 

Z is —CH- or —N-; 

each RH  is independently —C(0)R" or —CH2OC(0)R"; 

R22  is H, CH3  or CH2CH3; 

each R is independently C1,7  straight-chain alkyl or C1,7  branched alkyl; 

R" is C1-7 straight-chain alkyl or C1-7 branched alkyl; 
the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 
to a transgenic animal; and detecting luminescence; 
wherein the transgenic animal expresses a coelenterazine-utilizing luciferase. 

2d 



R3  

R4  , H or lower cycloalkyl; 

[0006] 	In an example, the disclosure relates to a compound of formula (Ia) or (Ib): 

R2  

 

(Ia) 

or 

(Ib) 

wherein R2  is selected from the group consisting of 

X 	,---- X 
	 ‘Z 	" 

/ 	/ Z 
straight chain alkyl; 

or C2-5 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or -OCH2OC(0)R; 

R8  is selected from the group consisting of 

wherein R3  and R4  are both H or both C1 _2  alkyl; 

W is -NH2, halo, -OH, -NHC(0)R, -CO2R; 

2e 



OH 

, or 

0 
, R8  is not 

with the proviso that when R2  is 
0 

R 

with the proviso that when R2  is 
cycloalkyl; and 

R3  

, R8  is 	 R or lower 

X is —S-, —0- or —NR22-; 

Y is —H, -OH, or —ORI I ; 

Z is —CH- or —N-; 

each RI I  is independently —C(0)R" or —CH2OC(0)R"; 

R22  is H, CH3  or CH2CH3; 

each R is independently C1_7 straight-chain alkyl or C1_7 branched alkyl; 

R" is C1 _7  straight-chain alkyl or C1 _7  branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated or 
unsaturated; 

with the proviso that when R6  is NH2, R2  is , 
	Z , or C2-5 alkyl; 

or R8  is not 

[0007] 	In another example, the disclosure relates to a compound selected from 
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H 

3882 3881 3899 3900 3945 4002 

3840 3886 3857 3887 3913 

3932 3925 3933 3946 3889 3939 

4525 4540 4541 

H 

3894 

Ph HO 

3897 3841 3842 

[0008] 	In an example, the disclosure relates to a compound of formula 

or 

[0009] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 

SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence. 

[0010] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 
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SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to an 

OgLuc polypeptide of SEQ ID NO: 3 with the proviso that the polypeptide encoded by the 

polynucleotide is not one of those listed in Table 47. 

[0011] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 

SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a 

polypeptide of SEQ ID NO: 31 with the proviso that the polypeptide encoded by the 

polynucleotide is not SEQ ID NO: 3 or 15. 

[0012] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 60% amino acid sequence identity to SEQ ID NO: 1 

comprising at least one amino acid substitution at a position corresponding to an amino acid in 

SEQ ID NO: 1 wherein the OgLuc variant polypeptide has enhanced luminescence relative to a 

polypeptide of SEQ ID NO: 29 with the proviso that the polypeptide encoded by the 

polynucleotide is not SEQ ID NO: 3 or 15. 

[0013] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1 comprising amino acid substitutions A4E, Q11R, A33K, V44I, P115E, Q124K, 

Y1381, N166R, 190V, F54I, Q18L, F68Y, L72Q, and M75K corresponding to SEQ ID NO: 1 and 

the OgLuc variant polypeptide having luciferase activity. 

[0014] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at 

position 18 is leucine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is 

isoleucine, at position 68 is tyrosine, at position 72 is glutamine, at position 75 is lysine, at 

position 90 is valine, at position 115 is glutamate, at position 124 is lysine, at position 138 is 

isoleucine, and at position 166 is arginine corresponding to SEQ ID NO: 1 and the OgLuc variant 

polypeptide having luciferase activity. 

[0015] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1 comprising amino acid substitutions A4E, Q11R, A33K, V44I, P115E, Q124K, 
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Y1381, N166R, Q1 8L, F54I, L92H, and Y109F corresponding to SEQ ID NO: 1 and the OgLuc 

variant polypeptide having luciferase activity. 

[0016] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1 comprising amino acid substitutions A4E, Q 11R, A33K, V44I, A54I, F77Y, 

190V, P115E, Q124K, Y1381 and N166R corresponding to SEQ ID NO: 1 and the OgLuc variant 

polypeptide having luciferase activity. 

[0017] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at 

position 18 is leucine, at position 33 is lysine, at position 44 is isoleucine, at position 54 is 

isoleucine, at position 92 is histidine, at position 109 is phenylalanine, at position 115 is 

glutamate, at position 124 is lysine, at position 138 is isoleucine, and at position 166 is arginine 

corresponding to SEQ ID NO: 1 and the OgLuc variant polypeptide having luciferase activity. 

[0018] 	In an example, the disclosure relates to an isolated polynucleotide encoding an OgLuc 

variant polypeptide having at least 80% amino acid sequence identity to an OgLuc polypeptide of 

SEQ ID NO: 1, wherein the amino acid at position 4 is glutamate, at position 11 is arginine, at 

position 33 is lysine, at position 44 is isoleucine, at position 54 is isoleucine, at position 77 is 

tyrosine, at position 90 is valine, at position 115 is glutamate, at position 124 is lysine, at position 

138 is isoleucine, and at position 166 is arginine corresponding to SEQ ID NO: 1 and the OgLuc 

variant polypeptide having luciferase activity. 

[0019] 	In an example, the disclosure relates to an isolated polynucleotide comprising the 

polynucleotide encoding the polypeptide of SEQ ID NO: 19. 

[0020] 	In an example, the disclosure relates to an isolated polynucleotide comprising the 

polynucleotide of SEQ ID NO: 18, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 42, SEQ ID 

NO: 88, or SEQ ID NO: 92. 

[0021] 	In an example, the disclosure relates to an isolated polynucleotide encoding a decapod 

luciferase polypeptide having at least 30% amino acid sequence identity to SEQ ID NO: 1, the 

polypeptide comprising a sequence pattern corresponding to the sequence pattern of Formula 

(VII) and including no more than 5 differences, wherein differences include differences from 

pattern positions 1, 2, 3, 5, 8, 10, 12, 14, 15, 17, or 18 relative to Formula (VII) according to the 
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OgLuc pattern listed in Table 4 as well as gaps or insertions between any of the pattern positions 

of Formula (VII) according to the OgLuc pattern listed in Table 4, wherein the decapod 

luciferase produces luminescence in the presence of a coelenterazine. 

[0022] 	In an example, the disclosure relates to a synthetic nucleotide sequence encoding an 

OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less 

nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 2 and 

having 90% or more nucleic acid sequence identity to SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID 

NO: 24, or SEQ ID NO: 25 or the complement thereof, wherein the decreased sequence identity 

is a result of different codons in the synthetic nucleotide sequence relative to the codons in the 

parent nucleic acid sequence, wherein the synthetic nucleotide sequence encodes a OgLuc variant 

which has at least 85% amino acid sequence identity to the corresponding luciferase encoded by 

the parent nucleic acid sequence, and wherein the synthetic nucleotide sequence has a reduced 

number of regulatory sequences relative to the parent nucleic acid sequence. 

[0023] 	In an example, the disclosure relates to a synthetic nucleotide sequence encoding an 

OgLuc variant polypeptide comprising a fragment of at least 300 nucleotides having 80% or less 

nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 14 and 

having 90% or more nucleic acid sequence identity to SEQ ID NO: 22 or SEQ ID NO: 23 or the 

complement thereof, wherein the decreased sequence identity is a result of different codons in the 

synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein 

the synthetic nucleotide sequence encodes a firefly luciferase which has at least 85% amino acid 

sequence identity to the corresponding luciferase encoded by the parent nucleic acid sequence, 

and wherein the synthetic nucleotide sequence has a reduced number of regulatory sequences 

relative to the parent nucleic acid sequence. 

[0024] 	In an example, the disclosure relates to a synthetic nucleotide sequence encoding an 

OgLuc variant polypeptide comprising a fragment of at least 100 nucleotides having 80% or less 

nucleic acid sequence identity to a parent nucleic acid sequence having SEQ ID NO: 18 and 

having 90% or more nucleic acid sequence identity to SEQ ID NO: 24 or SEQ ID NO: 25 or the 

complement thereof, wherein the decreased sequence identity is a result of different codons in the 

synthetic nucleotide sequence relative to the codons in the parent nucleic acid sequence, wherein 

the synthetic nucleotide sequence encodes a OgLuc variant which has at least 85% amino acid 

sequence identity to the corresponding luciferase encoded by the parent nucleic acid sequence, 

and wherein the synthetic nucleotide sequence has a reduced number of regulatory sequences 

relative to the parent nucleic acid sequence. 
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[0025] 	In an example, the disclosure relates to a fusion peptide comprising a signal peptide 

from Oplophorus gracilirostris fused to a heterologous protein, wherein said signal peptide is 

SEQ ID NO: 54, wherein the fusion peptide is expressed in a cell and secreted from the cell. 

[0026] 	In an example, the disclosure relates to a method of generating a polynucleotide 

encoding a OgLuc variant polypeptide comprising: (a) using a parental fusion protein construct 

comprising a parental OgLuc polypeptide and at least one heterologous polypeptide to generate a 

library of variant fusion proteins; and (b) screening the library for at least one of enhanced 

luminescence, enhanced enzyme stability or enhanced biocompatibility relative to the parental 

fusion protein construct. 

[0027] 	In an example, the disclosure relates to a method of generating codon-optimized 

polynucleotides encoding a luciferase for use in an organism, comprising: for each amino acid in 

the luciferase, randomly selecting a codon from the two most commonly used codons used in the 

organism to encode for the amino acid to produce a first codon-optimized polynucleotide. 

[0028] 	Other examples of the disclosure will become apparent by consideration of the 

detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 	FIG. 1 shows the chemical structure of native coelenterazine, known bis-

coelenterazine (coelenterazine-hh), and known coelenterazine-h, where R2, R6 and R8 represent 

the regions of the molecule where modifications were made. 

[0030] 	FIG. 2 shows the chemical structure of novel coelenterazines PBI-3939, PBI-3889, 

PBI-3945, PBI-4002, PBI-3841, PBI-3897, PBI-3896, PBI-3925, PBI-3894, PBI-3932, and PBI-

3840. 

[0031] 	FIG. 3 shows the Km determination of PBI-3939. 

[0032] 	FIG. 4 shows the chemical structure of various novel coelenterazines of the present 

invention. 

[0033] 	FIGS. 5A-G show the luminescence (RLUs) generated from lysed bacterial cells 

expressing Cl+A4E using native, known, and novel coelenterazine as substrates. FIGS. 5A, 5C-

5G show independent experiments measuring the luminescence in RLUs generated by Cl+A4E 

with known and novel coelenterazines using native coelenterazine as a comparison. FIG. 5B 
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Claims 

1. A compound of formula (Ib): 

 

(I b) 

wherein R2  is selected from the group consisting of 

X 
" 

1 	 7 

or 
C2_5 straight chain alkyl; 
R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or -OCH2OC(0)R; 
R8  is 

X is -S-, -0- or -NR22-; 
Z is -CH- or -N-; 
each R11  is independently-C(0)R" or-CH20C(0)R"; 
R22 is H, CH3  or CH2CH3; 
each R is independently C1_7  straight-chain alkyl or C1.7  branched alkyl; 
R" is C1.7 straight-chain alkyl or C1..7  branched alkyl; 
the dashed bonds indicate the presence of an optional ring, which may be saturated 
or unsaturated. 

2. A compound according to claim 1, 
wherein R2  is 

291 



and 
X is 0 or S. 

3. A compound according to claim 1, wherein R2  is C2-5 straight-chain alkyl. 

4. A compound according to any one of the preceding claims, wherein R11  is - 
CH20C(0)C(CH3)3. 

5. A compound according to any one of claims 1-4, wherein R" is -C(CH3)3, -CH(CH3)2, - 
CH2C(CH3)3, or -CH2CH(CH3)2. 

6. A compound of formula 

7 	A kit comprising a compound according to any one of claims 1-6 or a compound of 
formula (Ia): 

(la) 

wherein R2  is selected from the group consisting of 
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rx, 

or 

 

C2-5 straight chain alkyl; 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or - 
OCH20C(0)R; 

R8  is 

X is —S-, —0- or —NR22-; 

Z is —CH- or —N-; 

each R11  is independently —C(0)R" or —CH20C(0)R"; 

R22  is H, CH3  or CH2CH3; 

each R is independently C1_, straight-chain alkyl or C1:7  branched alkyl; 

R" is 01.7  straight-chain alkyl or C1_7  branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated 
or unsaturated. 

8. The kit of claim 7 further comprising a luciferase. 

9. The kit of claim 8, wherein the luciferase is an Oplophorus or Renilla luciferase. 

10. A kit of any one of claims 7-9, further comprising a buffer reagent. 

11. A method for detecting luminescence in a sample comprising 
contacting a sample with a compound according to any one of claims 1-6 or a 
compound of formula (Ia): 
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N 	R8  
H 

(Ia) 

wherein R2  is selected from the group consisting of 

rx, 	rrx 

/ U2 
   z 

, 

	 
/ 	z 7  or 

C2-5 straight chain alkyl; 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or - 
OCH20C(0)R; 

R8  is 

X is —S-, —0- or —NR22-; 

Z is —CH- or —N-; 

each R" is independently —C(0)R" or —CH2OC(0)R"; 

R22  is H, CH3  or CH2CH3; 

each R is independently 01.7 straight-chain alkyl or C1.7 branched alkyl; 

R" is 01_, straight-chain alkyl or 01_, branched alkyl; 

the dashed bonds indicate the presence of an optional ring, which may be saturated 
or unsaturated; 
contacting the sample with a coelenterazine-utilizing luciferase, if it is not present in 
the sample; and detecting luminescence. 

12. 	The method of claim 11, wherein the sample contains live cells. 
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N 	R8  
H 

(la) 

13. The method of claim 11, wherein the sample contains a coelenterazine-utilizing 
luciferase. 

14. A method for detecting luminescence in a transgenic animal comprising 
administering a compound according to any one of claims 1-6 or a compound of 
formula (Ia): 

wherein R2  is selected from the group consisting of 

rx  \ 	 > r  / 	
/ 

LI,......,_ , . / 

z , or 

C2-5 straight chain alkyl; 

R6  is selected from the group consisting of -H, -OH, -NH2, -OC(0)R or - 
OCH20C(0)R; 

R8  is 

X is —S-, —0- or —NR22-; 

Z is —CH- or —N-; 

each R11  is independently —C(0)R" or —CH2OC(0)R"; 

R22  is H, CH3  or CH2CF13; 

each R is independently C1_7 straight-chain alkyl or C1_7 branched alkyl; 

R" is C1_7 straight-chain alkyl or C1_7 branched alkyl; 
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the dashed bonds indicate the presence of an optional ring, which may be saturated 
or unsaturated; 
to a transgenic animal; and detecting luminescence; 
wherein the transgenic animal expresses a coelenterazine-utilizing luciferase. 
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