Improved mutants of Renilla luciferase for imaging applications in living subjects
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INTRODUCTION ACTIVE SITE RESIDUES

The haloalkane dehalogenases contain a conserved aspghtaamate,
and histidine triad in their enzymatic core. Based on thgnahent data,
the equivalent triad iRenilla (D120, E144, and H285) were mutated,
and shown to be critical for luciferase activity.

The optical signal generated BRenillaLuciferase (RLuc) allows its use
as a biomolecular label as well as a reporter gene. Seveypqbs are
attempting to make use of RLuc as a label by constructingfupro-
teins of RLuc with engineered antibodiésl|1, 2] or receptands B, 4].
These RLuc labeled proteins can then be used for studyiraptectar-

o _ _ o _ Specific Activity (relative to RLuc) Serumty, (h)
gets within vitro assays anth vivo imaging.

natve | h | cp | n | 400a mouserat

RLuc8 43+0.2 3.0 58 88 59 197 94
RLuc8-D120A/0.000 0.001 0.001 0.003 0.21>100 > 100
RLuc8-D120N 0.023  0.016 0.050 0.34 5.1|>100 > 100
RLuc8-E144A/0.000 0.000 0.000 0.000 0.000 57 13
RLuc8-E144Q0.000 0.000 0.000 0.000 0.002100 > 100
RLuc8-H285A/0.023  0.020 0.046 0.028 0.20> 100 21

Use of RLuc as a label, however, requires high stability actevigy in
a variety of environments, including mammalian serum. Toi&e this
goal, we have characterized mutants of RLuc with respectiions sta-
bility and light output, and have used the results to devalop mutation
form of RLuc (RLuc8). RLuc8 shows markedly improved chagaistics
for use as a bioluminescent label, and also shows increagdmlutput
when used as a reporter gene in mammalian cells.

RLUC STABILIZATION MAMMALIAN REPORTER GENE

A human codon optimized version of rluc (Promega) was cldntaithe ~ To demonstrate the applicability of these results in theedrof a mam-

pBAD expression system which adds a Myc epitope and a 6xidigota malian reporter gene, expression vectors were constructiedRLuc,
ALIGNMENT the C-terminus of the construct. As part of this C|0ning’ ﬂgrjeader C124A, C124A/M185V, and RLUC.S |n_ a pcDNA 3.1 backbone, with t

sequence was added to the N-terminus of RLuc in order totdiretein ~ 9ene under the control of a constitutive promotor (CMV). S&énam-

. . . . ., expression into the bacterial periplasm. Mutations weeatintroduced Malian expression plasmids were then transiently trafstento 2937
Using PredictProtein, RLuc was found to have high homold¢$6% |, qite_girected mutagenesis. or CHO cells. The results 24 hours post transfection are shosow

similar) to a number of bacterial haloalkane dehalogendbesmay In- | | | | | with the bars representing the standard error of the meam.aFgven
dicate a horizontal gene transfer event. An alignment geadrusing For protein expressiort;. coliLMG 194 cells were induced in log phase ¢¢|| [ine. all differences between mutants were significamt < 0.06 us-

CLUSTAL Wis shown below, note that the numbering I1s with =to  and grown tor 12-14 hours at 32. The periplasmic fraction was then g 3 two-tailedt-test. The increased light output for the mutants was

the RLuc sequence. extracted by osmotic shocl6]l and the His-tagged protein purified by ~onsistent with thén vitro data.
nickel affinity chromatography. Following determinatiohpwotein con- w
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From the aligned sequences, candidate mutations were rclkaogEosi- A vawe [T e T T T a00n | mouserat | peakimean
. . . ative RLuc 7+05x10°% 1.1x10° 3.5x10% 1.7x10? 1.2x107° . .
tions where RLuc clearly diverged from the consensus. Thadegy was | T CONCLUSION
. . . . Mutation Specific Activity (relative to RLuc)
predicated upon the hypothesis that, following a horizioggae transfer, C124A 12001 075 079 063 068 | 7.004 66105 482 498
mutations would be allowed to accumulate in the RLuc secgiémat are carGior2aA 004 078 o074 066 098 26 33 | 485 50 - .
Ceutral in the context dRenillacvtonlasm but could be deleterious in the  SiAsecin 012 010 006 015 019 | 24 3.0 476 492 The combination of 8 favorable mutations generated a miRantllalu-
AS54P/A55T/C124A | 0.21 0.1 0.11 0.38 0.22 119 129 470 483 . - L .
more varied environments tqatya bpacterial enzvme encainter ASAPIC120A 0.05 004 0.05  0.08 0.06 | 14 13 468 482 ciferase (RLuc8) that exhibited a greater than 150-foldiBta improve-
A55T/C124A 1.7 1.2 0.58 1.4 2.4 30 29 486 504 . .
y F16L/C124A 1.3 1.0 1.3 0.88 1.8 11 9.4 486 502 ment In murine serum when compared to RLud (hr versus>100 hr).
] ] ] ] _ C124A/S130A 1.7 1.4 1.7 1.4 2.6 18 14 482 498 . - L
Previous work in the literature performed targeted cyslemutagenesis ggjﬁ//ﬁigrzﬂ 25403 21 Lo 19 26 12 11 482 498 _In addition to _bel_ng more stable, RLl:IC8 also exhlb!teql astlead-fold
with the idea of avoiding inappropriate disulfide bond fotioa in a se- CIAFISON 002 0oL 003 001 o001 le 16 | 438 504 improvement in light output, along with a 5 nm emission speutred
creted version of RLucH]. That work showed that a C124A mutation ~ cuesamion 11 0% 007 10 12 | 65 51 180 496 shlft with respect to th_e native It_Jleerase. This optl_mlzléelnllla lu-
(C152A in [5]) stabilizes RLuc, and that C73 (C101 in [5]) exquired C124AF190M 8132 33;‘;‘ 3323 8:3? 8:32 21; 233 180 495 ciferase represents a significant Improvement that WM:I\_/aIIt_s use for
for activity. In light of the alignment data, C73 can be seeté¢ abso- C124A/G2208 clxgz gjgl 3353 fjgs 101201 éjg %12 473 490 the labeling of biomolecules and following these conssutvivo.
lutely conserved across the enzymes, while C124 differa fite bacteria C124AM253L |19 1.4 16 16 L7 |15 10 471 488
C124A/S257G 1.1 0.95 1.3 1.1 3.0 1.3 14 477 493
C124A/F261L/F262L 0.00 0.00 0.00 0.00 0.00 N/A N/A
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and/or stability were combined along with the C124A mutatioto a
single protein (RLuc8). The 8 mutations present in RLuc8 ApéT,
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