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Truncation of Vargula Luciferase Still Results in Retention of

Luminescence
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Significant amino acid sequence homology in two regions of Vargula hilgendorfii to one in
apoaequorin was reported. The intra-amino acid homology in Vargula luciferase between
residues 81-312 and 321-540 was 18.3%, and each of this intra-homologous region contained
the region homologous to apoaequorin. In order to prove the possibility that only one of the
homologous regions is sufficient for luminescence, we have produced a chimeric protein
comprising of only the N-terminal homologous region of Vargula luciferase fused to
protein A. Comparison of the luminescence of this truncated luciferase indicated that there
was 38.5% retention in the bioluminescence of luciferase when compared to that of the
mature form of luciferase. This fact may have interesting implications for further study of

engineered luciferase.
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The light-emitting reaction of Vargula luciferase is simple
and unique in that it consists of the oxidation of luciferin by
molecular oxygen in the presence of luciferase and does not
require any energy rich compounds nor any cofactors (1-3).
It is also a cysteine rich protein which can not be produced
in Escherichia coli (4). These unique features make this
protein of 5556 amino-acids an interesting luciferase to
engineer.

Significant amino acid sequence homology in two regions
of Vargula luciferase (residues 97-154 and 353-411) to the
same amino-acid region of apoaequorin (residues 82-144)
was reported (5), and the fact that the substrates in
Vargula and Aequorea have the same imidazopyrazine
backbone structure indicates that there is an internal
duplication within the luciferase gene. And as such, the
regions between 81-312 and 321-540 were found to be
19.3% amino acid homologous and each contained one
glycosylation site. These facts may signify that one of the
homologous regions is sufficient for light emission. In order
to prove this possibility, we here attempted to produce a
truncated Vargula hilgendorfii luciferase having only the
N-terminal homologous region (Pro28-Cys312) in mam-
malian COS-1 cells.

For this purpose, we used the chimeric protein A-
Vargula luciferase (4) in which the protein A (6) tag
allowed easy activity measurement. The construction of the
expression plasmids were performed with standard tech-
niques (7). E. coli used for the propagation of DNA was
XL1-Blue obtained from Stratagene.

Protein A- Vargula luciferase fusion vector (pPRSVPAL-
cluc) encoding a mouse Vy; signal sequence (8) and a single
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Fc binding domain (SpA-D) from Staphylococcus aureus
fused upstream of the mature form of Vargula luciferase
(Pro29-Gln555) for expression in mammalian cells was
constructed previously (4). For expression of the truncated
luciferase, vector pRSVPALclucT, shown in Fig. 1 was
constructed. Primers 5 -CCTGCAGGCGGTGGCGGATC-
GCCGTCAAGTACACCA-3 and 5-ATGCGGCCGCTTA-

TGCAGCGCATGTCTC-3' were synthesized with Sse-

83871 site and Notl site with a stop codon respectively. The
N-terminal fragment of luciferase containing Pro28-Cys-
312 was amplified by PCR using the above primers with
Pyrococcus furiosus DNA polymerase (Stratagene, La
dJolla, CA). The DNA Thermal Cycler used was from Perkin
Elmer Cetus (Takara, Kyoto). Amplified fragments were
ligated to pRSVPALcluc after deleting the DNA encoding
the entire luciferase fragment with Sse83871 and Notl
enzymes. As a result, pRSVPALclucT having the entire
c¢DNA of Vargula luciferase replaced by newly amplified
DNA of truncated luciferase was constructed. All enzymes
were from Takara or New England BioLabs.

Simian COS-1 cells (Riken Cell Bank, Tokyo) were
transfected transiently with plasmids, pRSVPALcluc and
pRSVPALclucT, by DEAE-dextran method. The cells were
cultured using Dulbecco’s Modified Eagle Medium (Nissui
Pharmaceuticals, Tokyo) containing 10% calf serum (Gibco
BRL, Grand Island, NY) in a humidified 5% CO, incubator
at 37°C. After 3-4 days of incubation, the culture super-
natant and adherent cells were collected for characteriza-
tion of the expressed protein.

The cytosolic extract was prepared in 300 il of phos-
phate buffered saline (PBS, pH 7.2), after sonicating the
cells with a Branson sonifier in the presence of protease
inhibitors. 2 u1 of 0.1 xzg/ml luciferin in n-butanol, which
was chemically synthesized in accordance with the method

Vol. 119, No. 4, 1996 601

2T0Z ‘2 5800100 Uo A1slBAluN pezy dlwes| e /Alo'sfeulnolploxo-qly/:dny woly papeojumoq


http://jb.oxfordjournals.org/

602

of Inoue et al. (9), was added per reaction volume. The
luminescence measurements were taken with ATP photo-
meter (Sai Technology, CA, USA), immediately after the
addition of luciferin.

Bioluminescent analysis of the chimeric protein indicat-
ed that there was significant luciferase activity when
compared to that of mock transfected cells, as shown in
Table I (18t row). The results suggest that the expression of
the truncated chimeric protein in COS-1 cells was success-
ful. To confirm this, Western blot analysis using anti-
Vargula luciferase was performed. Briefly, 50 u1 of soni-
cated cytosolic extract was precipitated by the addition of
50 ul of 20% trichloroacetic acid. SDS-PAGE was per-
formed, and the electrophoresed proteins were transferred
to a nitrocellulose membrane, and incubated serially with
rabbit anti-luciferase antiserum raised against recombi-
nant Vargula luciferase and peroxidase conjugated goat
anti-rabbit antibody (Tago, Burlingame, CA) in T'ris buffer
containing 0.1% Tween 20. The blots were visualized by
enhanced chemiluminescent detection system (Amersham,
Buckinghamshire, England) for peroxidase labeled anti-
bodies. A main band of truncated luciferase fused to SpA-D
was observed, as shown in Fig. 2A (lane 3) of about 45 kDa
as expected, this value being higher than the calculated
molecular weight (38.7 kDa) due to glycosylation. Species
of that of the mature form of Vargula luciferase fused to
SpA-D (lane 2), whose molecular weight is about 77 kDa,
was also observed, as previously reported (4).

In order to precisely quantitate the concentration of the
truncated chimeric protein and to compare the activity with
that of the mature form of luciferase, we made use of the
fact that SpA-D domain binds to the Fc region of IgG, and
the following procedure being performed. The luciferase
activity of cytosolic extracts of pRSVPALcluc and
PRSVPALclucT transfected cells was measured and then
the same protein was precipitated as described before and
Western blotting carried out, using rabbit IgG peroxidase.

luciferase

SpA-D

truncated
SpA-D luciferase
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Fig. 1. Schematic representation of the expression plasmids,
pRSVPALcluc and pRSVPALclucT. The coding region of the D-
domain of protein A (SpA-D) was fused to the N-terminal region of
Vargula luaferase (pRSVPAlLcluc) and to the truncated form of
luciferase (pRSVPALclucT). The expression of both plasmids is
driven by Rous sarcoma virus promoter (RSV).

TABLE I. Comparison of the specific bioluminescence mea-
surements. Transfected COS-1 cells were sonicated in 300 u10of PBS,
and then 50 x4l was taken for the measurement of total biolumines-
cence. The band intensities of the Western blot in Fig. 2B was
numerically represented for comparison with the specific biolumines-
cence of the truncated and the mature form of luciferase.

Mock pRSVPALcluc pRSVPALclucT

Total cytosolic activity (cps) 1,000.5 18,5680.8 24,9137
Band intensity of protein 0 8,894 31,022
% Specific activity e 100 38.5
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The band intensity was further scanned with Apple Scanner
(Apple Computer), and numerically represented (Table I).
Figure 2B shows that distinct bands were seen at the same
positions as in Fig. 2A, but the ratios of intensities were
found to be slightly different. In Fig. 2A, the ratio of band
intensity of lane 2 to 3 i8 1:1.7, whereas that in Fig. 2B is
1:3.4, which indicates that concentration of the truncated
luciferase using anti-Vargula luciferase resulted in 50%
lower values when compared to that estimated with IgG-
peroxidase. This is probably due to the decrease in binding
of the anti-Vargula luciferase to the truncated luciferase.
These results indicate that the amount of protein could be
precisely determined using IgG-peroxidase. Comparison of
the specific luminescence of the truncated luciferase to that
of the mature form of luciferase shows that 38.5% of the
activity of the mature form of luciferase is retained by the
truncated form. This indicates that the N-terminal

Fig. 2. Western blot analyses of the expressed proteins. Pro-
teins were electrophoresed on a 7.56% reducing SDS-polyacrylamide
gel, and then transferred to a nitrocellulose membrane by the
semi-dry method. The expressed proteins were detected with (A)
anti- Vargula luaiferase and (B) IgG-peroxidase, as described in the
text. Lanes 1, Mock-; 2, pRSVPALcluc-; and 3, pRSVPALclucT-
transfected.
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Fig 3. Immuno-assay using the truncated chimeric luciferase.
Various amounts of IgG-Sepharose 6FF were incubated with 300 1 of
culture supernatant containing the truncated chimeric luaferase at
4'C for 1 h. The unbound protein was washed out, and the biolumines-
cence of the luciferase bound to the beads was measured immediately
after injecting luciferin.
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Study of Truncated Vargula Luciferase

homologous region alone may be sufficient for light emis-
sion and that the active site lies in this region. In the case of
luciferase, studies have shown that the protein normally
loses its luminescence when its semi-domain is deleted, due
to distortion of the secondary structure. For instance, in
apoaequorin, deletion of a single C-terminal proline results
in retention of only 1% of the luminescence of the mature
form (10) and in firefly luciferase, deletion of C-terminal 12
amino acids results in complete loss of activity (1I1).
Therefore, it is interesting to note that the deletion of the
C-terminal region of Vargula luciferase, still resulted in
retention of luminescence.

In order to confirm that the truncated luciferase could be
utilized for the quantitation of IgG, another experiment
was carried out. Various amounts of IgG-Sepharose 6FF
were taken and the volume of the dispersed beads was
adjusted to 20 4] with Sepharose 6B. These beads were
then incubated with 300 il of the culture supernatant
containing the chimeric protein at 4°C on a rotating wheel
for 1 h. The beads were washed 4 to 5 times with 1 ml PBS,
in order to wash away the unbound protein. The biolumines-
cent activity of luciferase bound to the beads was measured
after dispersing the beads in 100 4l of PBS and injecting
luciferin just before measurement, as described above.
Figure 3 shows that there is a linear relationship between
the amount of human IgG covalently immobilized on
Sepharose and the bioluminescence.

In conclusion, this study has shown that the Vargula
luciferase retained considerable activity even when the
C-terminal 241 amino-acids were deleted and the N-termi-
nal homologous region may be sufficient for the lumines-
cence. Although further studies have to be carried out to
determine the amino acids responsible for the biolumines-
cence, the fact that truncated luciferase retained some
activity, may have important implications for the further
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development of engineered luciferases.

REFERENCES

1. Shimomura, O., Johnson, F.H., and Masugi, T. (1969) Cypridina
bioluminescence: Light emitting oxyluciferin-luciferase com-
plex. Science 164, 1299-1300

2. Harvey, E.N. (1952) Bioluminescence, pp. 297-331, Academic
Press, New York

3. Oshihara, W. (1993) Luminescent analysis method using Var-
gula luciferase in Bioluminescence and. Chemiluminescence (Ka-
zami, J., Nakamura, H., Kawano, G., and Kunitomo, T., eds.),
pp. 361-365, John Wiley & Sons, New York

4. Maeda, Y., Ueda, H., Hara, T., Kazami, J., Kawano, G., Suzuki,
E., and Nagamune, T. (1996) Expression of a bifunctional
chimeric protein A-Vargula hilgendorfii luciferasse in mam-
malian cells. BioTechniques 20, 116-121

5. Thompson, E.M., Nagata, E., and Tsuji, F.I. (1989) Cloning and
expression of cDNA for the luciferase from the marine ostracod
Vargula hilgendorfii. Proc. Natl. Acad. Sci. USA 88, 6567-6571

6. Uhlen, M., Guss, B., Nilsson, B., Gatenbeck, 8., Philipson, L.,
and Linberg, M. (1984) Complete sequence of the Staphylococcal
gene encoding protein A. J. Biol. Chem. 259, 1695-1702

7. Sambrook, J., Fritsch, E.F., and Maniatis, T. (1989) Molecular
Cloning: A Laboratory Manual, 2nd ed. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY

8. Ueda, H., Kikuchi, M., Yagi, S., and Nishimura, H. (1992)
Antigen responsive antibody-receptor kinase chimera. Bio/
Technol. 10, 430-433

9. Inoue, S., Sugiura, S., Kakoi, H., and Goto, T. (1969) Cypridina
bioluminescence: A new route for the synthesis of Cypridina
luciferin and its analogs. Tetrahedron Lett. 20, 1609-1610

10. Nomura, M., Inouye, 8., Ohmiya, Y., and Tsuji, F.I. (1991) A
C-terminal proline is required for bioluminescence of the Ca**-
binding photoprotein, aequorin. FEBS Lett. 295, 63-66

11. Sala-Newby, G.B. and Campbell, A.K. (1994) Stepwise removal
of the C-terminal 12 amino acids of firefly luciferase results in
graded loss of activity. Biochim. Biophys. Acta 1208, 1556-160

2T0Z ‘2 5800100 uo A1sloAluN pezy dlwes| e /Alo'sfeulnolploxo-qly/:dny woly papeojumoq


http://jb.oxfordjournals.org/

