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being measured. Examples of such assays include those which
15 are based upon the described in EP-B-680515 and WO 96/02665 but

many others are used routinely in laboratories.

Luciferase is obtainable directly from the bodies of insects,
in particular beetles such as fireflies or glow-woIms.

20 Particular species from which luciferases have been obtained
include the Japanese GENJI or KEIKE fireflies, Luciola cruciata
and Luciola lateralis, the East Européan firefly Luciola

mingrelica, the North american firefly Photinus pyralis and the
glow-worm Lampyris noctiluca.

25
However, since many of the genes encoding these enzymes have

been cloned and sequenced, they may also be produced using
recombinant DNA technology. Recombinant DNA sequences encoding
the enzymes are used to transform microorganisms such as E.

30 coli which then express the desired enzyme product.

The colour of the light emitted by these enzymes when used in
assays in the laboratory are broadly similar. It would be
helpful if the wavelength could be altered, either to be more
35 easily read by the specific detector, or for use in systems
where multiple reporters are required, for example to monitox
different events within the same sample. One way of

distinguishing reporter molecules is to utilise luciferase
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15 eéxample in order to increase reaction rate,

Mutant luciferases having increased thermostability are known
from EP-A-524448 and W0/95/25798. The first of these describes
4@ mutant luciferase having a mutation at position 217 in the

20 Japanese firefly luciferase, in particular by replacing a
threonine residue with an isoleucine residue. The latter
describes mutant luciferases having over 60% similarity to
luciferase from Photinus pyralis, Luciola mingrelica, lLuciolgs
cruciata or Luciola lateralis but in which the amino acid

25 residue corresponding to residue 354 of Photinus pyralis or 356
of the Luciola species is mutated such that it is other than
glutamate, and in particular is other than glutamate,
aspartate, proline or glycine.

30 Co-pending British Patent Application No.9823468.5 and the
International Patent Application derived from it, describes
further such mutants. In this case, proteins aré described
which have luciferase activity and at least 60% similarity to
wild-type luciferase such as those from Photinus pyralis,

35 Luciola mingrelica, Luciola ecruciata or Luciola lateralis
enzyme, but which include mutations at various positions in the

protein, including amongst others, (a) the amino acid residue
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to residue 234 of Luciola mngrelica, Luciola cruciata or Luciola

| ateralis luciferase; or (c) amno acid residue corresponding to i due

295 in Photinus pyralis luciferase and to 3 esidue 297 of Luciola

mngrelica, Luciola cruciata or Luciola lateralis luciferase. 10 The
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15 Furthermore, the proton flux of emitted light may be improved,
making the enzyme better suited to in vivo assays where glow
kinetics are precluded or in vitro assays where CoA or other

‘glow kinetic inducing’ compounds are not present.

20 The present invention provides a recombinant protein having
luciferase activity and at least 60% similarity to a wild-type
luciferase wherein in the sequence of the enzyme, the amino acid
residue corresponding to residue 357 in Photinus pyralis
luciferase is mutated as compared to the corresponding wild-type

25 luciferase, such that the luciferase enzyme is able to emit
light at a different wavelength as compared to the corresponding

wild-type luciferase and/or has enhanced thermostability as

compared to the corresponding wild-type luciferase.

30 Wild-type luciferase segquences which can form the basis of the
recombinant forms of the invention include Photinus pyralis,
fuciola mingrelica, Luciola cruciata or Luciola lateralis,

Hotaria parvula, Pyrophorus plagiophthalamus Lampyris noctiluca,
Pyrocoelia miyako, Photuris pennsylvanica or

35
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Bi ol um nescent enzymes from species that can use the substrate D-luciferin
gg4ﬁ¢gobgdro 2- [ 6- hydr oxy- 2- benzot hi azol yl j - 4- thiazole carboxylic aci d3Ba0041
produce light enission may formthe 5 basis of the mutant1érfE¥nB¥ of the
invention. Particular wild-type luciferase sequences which can formthe

basis of the reconbinant forns of the invention include Photinus pyralis,
Luciola mngrelica, Luciola cruciata or Luciola 10 lateralis, Hotaria

parvul a, Pyrophorus pl agi opht hal anus Lanpyris noctiluca, Pyrocoelia m yako
and Photuris pennsylvanica. In particular, the luciferases are enzynes

obtai nable fr ra)foht%}ﬂy cBYigbS-udiifd O 3ol BILERLAD 38-Uald0Y B2YSLEbT00!

15 Luciola |l & enz a mngrelica Luci ol cruci ata or
Luci ol a | at erild suemeprest eheym&ﬁnﬁﬂ@mié@@caﬁﬁnehaEC¢%prﬂﬁﬁ dbe isybgtrate

posi tion 359 %c*lf‘fe;gﬂuqﬁ 8- dconserveg[@%%d%x@li Bdieotaikus yhycater ases

show t hat they "are havi ng a si gnificant degree of
simlarity bexnmltehemrbwhyélmwsﬂ)t Mt pe'eﬁiraeepbmmq@nrlé@leﬁsmabmﬁgmhehe

enzyne seguences arg Eﬁgdhh{ag@téﬁﬂpdyyﬂog PYeexmvdatdon of the sequences
to detect "the nost simlar regions,” although if necessary comrercially

avail abl e software (e.g. "Bestfit" from25 the University of Wsconsin

Genetics CompiLer cﬁfla':!pwﬁ&ety%\a%eﬂpérerseageﬁa&%as Nyalcgi eaACkEdrResigar ch
12: 387-395) can e “used in order to determ ne correspondi ng_regi ons or

particul ar &aisie afi tbebeeqrEninand Formsust skl e tign; dprirde ofyobinus

addi tional ly, [11:6S P@Rdi; BYa ki Alfraiahe rdet el & aad- iyt ar ekerepge1s0 to L.
Ye et al., P hi m Bloph¥s Acta 1339 (1997) 39-52 which_ shows the

sequenced0 of lateredipmeso 2 Biye eV iAidy h P¥REPROHRER iR 13§ L opih e aﬂﬂﬁdﬁﬁmﬁﬁfls

systemis to pe. ugedal, NpeOhAEEL i L Mald bhe PR6ESEIY Pl Cabhota. 35
AAFNNFn SHEET 24-04-2002°1 4 APR 2604 GB00041 5 As. regards the possible

change of the am no acid residue corresponding to residue 357 in Photinus
pyralis |uci figr ps@riclbst, Vikel-Tyfidesaguenses draaenean oathtinalebe dfmon

(aspartic acld or .4 dam e acid) t b5 RO8Ed| HicThe expepbiond o this

is sone 5 forfwotdhu ferddd Uris pennsylvanica 1h whi
correspomsli nguicasidugat8od)is sertdwenonlpobacmbsmduwre\labﬂnelnwwla

cruciata or Luciola lateralis enzymes, the appropriate amino

acid residue is at position 359 in the sequence.

The sequences of all the various luciferases show that they are
20 highly conserved having a significant degree of similarity
between them. This means that corresponding regions among the
enzyme sequences are readily determinable by examination of the
| seguences to detect the most similar regions, although if
necessary commercially available software {e.g. “Bestfit” from
235 the University of Wisconsin Genetics Computer Group; see
Devereux et al {1984) Nucleic Acid Research 12: 387-395) can be
used in order to determine corresponding regions or particular
amino acids between the various sequences. Alternatively or
additionally, corresponding acids can be determined by reference
30 to L. Ye et al., Biochim. Biophys Acta 1339 (1997) 39-52 which
shows the sequences of the enzymes, together with the numbering,
which numbering system is to be used in connection with the

present application.

35
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some fornms of Phrixothrix luciferase where the corresponding position is
Y3a5@4-2002VGR or in PhRi, where it is L354 |eucine. Thui iﬂ{b neral , t h&B00041
am no acid used as a substitute amno acid 10 at this p 4i AR s ot her

t han .aspartic acid, glutamc acid, valine or |eucine. In nost cases,
therefore, an acidic amno acid residue is replaced wth a non-acidic

resi due, including basic am no acids 15 such as |ysine or arginine,

non- pol ar am no acids such as | eucine, valishe or isoleucine, uncharged

pol ar am no acids such as tyrosine, asparagine, glutam ne, phenylal anine,

serine, tryphophag, ofs té?{eegegemé ep@idd U dhe bhif®Yadigr H@RAGEd With
an uncharged pol ar’am no acid such as t%/r05| ne, asparagi ne, 20 serine or

t hr eoni ne. Paceiresrendingr éPeredddagi ho/ dai Phosdnuaeryrdbrs dusdferaseon at

this positiongare JWLSHE sRHEONESL AN o achAYREORNAN @RPaMRSE acid or
preferably tyrosine. CGenerally speaking, aromatic residues at this
position gi vegtpsanigp adig)| af geRts RMIFHI®Nand THEYSHFRF 8siter this is some

ther nbst alyi | i jyem@% MiaNee 19kk et yfe SLAURNGS si Pehnisiel viOIIacifli Ghash ngnaci d
residues at this position, they are suitably mutated into different non-
aci di ¢ resi dueRtresPandings reetfis olinf )t Hat tB% ROR RIS CRELEHS ynE2 L HIE 0%
way, the waveh@ndtdinef olfi ghtigaihipd Incitftbeakeciierasme soshbfpenkding
some cases up to 50nmtowards, the red end t he spect r.umLér?gh s, D357Y

t

f
mut ant Phot i RRSIRACR it§ Vdef 1 b s &F ¢8 Fﬁﬁht WRETY 1hael eBF18%ne
612nm as conpefed itro geherud | deliey penigny wre d3bseti &h emubstlicghe atimo acid

wavel ength of 562nm _A wavel ength.shif f S Si tential
for use Pn a%fsatj"lipﬁois\é\gtl?%n%ga%haemsrtl_'ﬁ]fa?' Sgggﬁg@rﬁsﬁb%t gggEgﬁlngbag&A NDED
SHEET 14 APR 20046eN0r01£88028. 6 PCT/ CBOO' 03133 readily defined spectrally.
Different coloured luciferases could be enployed as reporter nolecules in

gene expression studies, enabling the sinultaneous nonitoring of nore than
one gene, foin &edtplcasas, dekersIfd® i RAPVeFd%} 18853 RGREi preid ena yt e
testing coul d&13QeewRenf ormdl-adildi d webi @a@seirfS uding basic amino acids

15 such as lysine or arginine, non-polar amino acids such as
leucine, valine or isoleucine, uncharged polar amino acids such
as tyrosine, asparagine, glutamine, phenylalanine, serine,
tryptophan or threonine. In particularx, it may be replaced with
an uncharged polar amino acid such as tyrosine, asparagine,

20 serine or threonine. Particularly preferred amino acid residues
for substitution at this position are tyrosine, phenylalanine or
tryptophan and most preferably tyrosine. Generally speaking,
aromatic residues at this position give rise to the largest
shifts and may also assist thermostability.

25
Where wild-type sequences include non-acidic amino acid residues

at this position, they are suitably mutated into different non-

acidic residues.

30 It has been found that by mutating the enzyme in this way, the
wavelength of light emitted by the luciferase is shifted, in
some cases up to 50nm towards the red end of the spectrum.
Thus, D357Y mutant Photinus pyralis luciferase emits light at a
wavelength of some 612nm as compared to the wild-type enzyme

35 which emits light at a wavelength of 56Znm.

A wavelength shift of 50nm has considerable potential for use

in assay applications as a shift of this magnitude can be

AMENDED SHEET



| abel s. The fact that the light in this case is a deep red in colour is
particularly useful in assay nethodology. A red mutant coul dq3Greppsef ul
when anal ysing a solution for ATP which contai ned pignents or other

conmpounds y absorb shorter wavel engths of |ight.
red col our“gg Og}c?)‘ dtﬂjitﬁi on would not absorb red Iight. Exanpl ESIQ@E?@@&&& our ed

solutions which are frequently the subject of such analysis include blood
15 sanples or a solution of eukaryotic cell_ culture medi umwhich may
contain a red coloured pH indicator. When using a m xture of colourinetric

agents such as luciferases, the ability to generate_a deep red signal may
be 20 hel pful Fe38iLY cBeEINSA WREFET koY herDi €Nty CPRRUESHIUCi I§&AGR Rt es a

green signal . oeupzhoxaenbﬂmcmddecast vbpotised ridlecphekocat furtle sgreksabn
anal ysis can b aet to % %}]t her or both geaks enerated in

si ngl e sanpl e *“FA6P het" £ Sf‘&“g S TPBIHPEL T Wrﬁef:&@%n‘me
phot on fl ux frg(emea fed amhpaé gseéasemliddaun WOt Bé/mmfeB.samilelple

Furthermor g, 0P DEEI G, 020 LU, 0 USIEILh SO U s e alf ect ed

by the presence 0 t'or “coenzyne fea ure grves rise
to the possi billabeysthat this enzyme 30 could be used in an assay for the
cofactor. As described below, the effect the cofactor coenzyne A on the in
vitro spectrumof enitted Iight was investigated, As the concentration of

coenzyme A i n3P§a§%§tt‘H'eatsr§@€t L&PP i 57 st iS85e305 af t 40EP H7¢ AP ERLOWT ghfest

concentrati on@a@hs@faﬁm uSREGL I U é§sa}dﬁl‘l@tm@ﬁedoby Way ede@N gl Snt Nedled
regi on 59 nm w ronognced peak .a 2004 01/31028

610
P BT ROl a4 PE5RTRER Fret BBPURAERS [ 3P B et REF ALH oIS SPRET At 1 on
there is provipdedenns amsatheor cdepeuminiwig chheapr esgode sherzersanpl e of

CoA, whi ch as%g%%’ﬂ%{ déeosf agggfeg tf"o SEMpIE, §U§8§Cé&%u‘}fedc%ié‘tﬂéﬂ‘g CoA,

| uci ferase as descri abov er wth'other reagents are
required to brﬂfpﬁédalb@tutabsérlbuéﬁﬂekh%@-l ucﬁxﬁélpllﬁsréﬁcw%r?c’lﬁélégmFﬂbuﬂf@s

wavel engt h of wnkc8hsr&nt ddgRdnt L oM k& s EEULE oNduER! Ad NG ilshiisicl @dé NBLood
presence 15 samples or a solution of eukaryotic cell culture medium which

may contain a red ccloured pH indicator.

When using a mixture of colourimetric agents such as
luciferases, the ability to generate a deep red signal may be
20 helpful, particularly where another agent in the sample
generates a green signal. A photomultiplier tube used in
photocathode spectral analysis can be set to detect either one
or both peaks generated in a single sample. In other words, it
is possible to distinguish between photon flux from a red and

25 green emitter in the same sample.

Furthermore, it has been found that the wavelength shift can be
affected by the presence of the cofactor coenzyme A (CoR).
This feature gives rise to the possibility that this enzyme

30 could be used in an assay for the cofactor.

As described below, the effect the cofactor coenzyme A on the
in vitro spectrum of emitted light was investigated. As the
concentration of coenzyme A increases the spectral distribution
35 alters and at the highest concentrations of CoA the spectrum is
dominated by wavelengths in the region 590-630nm with a

pronounced peak at 610nm.



or absence of CoA 10 Such an assay may be useful in the ijet ection of the
~state of growth or activity of cells, for exanple m croo éaMRsZBﬁé or
eukaryotic cells. For exanple, the concentration of CoAin E. coli cells is

15 rel ati vel h{ﬁh’ and varies considerably with netaboli ¢cgi@dddnsiss The
mut ant en)‘iﬂ%‘@l the invention can be used to nonitor the netabolic

status of an organism particularly the in vivo concentration of the CoA
since the wavel ength of the em ssion vari_Fs dependi ng upon the CoA
concentration. Such assays nmay 20 be particularly useful in situations
where CoA is an inportant primary netabolite in the production, of
antibiotics (Bhup ihnacsmxmwéégeé)fu@qfuﬁéPe%N%meﬁpyﬁ?Fb% are al so

an_ i mpor tant f\dj §at Bropladilaky a3Sh{l K0REhRShoghe ginpsencs irt e
.starvation status o e cell. A nunber of .netabqlic eLs such as

5 di

car ci nogenesi sami@ Gifa%‘é?beﬁhisqli‘o\ﬂissé)ﬁnwlisteiseggﬁihnq ﬁteo faatig{r}gam d
met abol i tes agighfRRe80UEN Nt aitANgUELA CoAdiceehse @sstaacidbedhaboyRention
-may be used in the diagnosis of such_conditi : : | 843 hd A

| evel s from WWIshhSrawiel oG rE2980EH ‘glslctél %F%oﬁggﬁeﬁ%@f rgg%ng pati ent,
30 may be detgriidigdrhye masifdrig trhectwawel megehrand | thfhtaysilepeth 9% om a
luci ferase of the invention, U i 1athhé tHies 4ol tHBYpHs&sence

ql}htt eg%gg?%e%[‘ SE%% ng%%? FnbF¥ila % thy P

conpar ed wi t bt roma Sanple of healthy cells to determ ne
whet her the waweabsegth bAsCohanged and thus that a nodified CoA level is
present. This may be 35 indicative of a disease state in the patient. Cells

are suitably lysed prior to assay using a known |yt . RR 2004
WO 01/ 31038 8SWaT/amBessay Iy (e usefut | & 'S ﬁ&feﬁﬁleé’gn?”ﬁgq’%cfﬁéFéeAsi due at

posi tion 357 jsowid iokri 6atiyi@psacicetied, wéh exrapbenui erpangaaishscoenzyne A
When the surface of the |uciferase enzynme was contoured (using SYBL
protein rrodel?‘i“f'@‘ysc’c}flf:vxﬁ?t%s'rri pos Ltd.) to a resolution 5 of 1 Angstrom
(A), a small polar pocket was noted. This pocket appears to be |ined by

residues H310, E354 and Dé%%.mer{?}aﬁ%ﬁdop@dﬁeﬁﬂ 8- 1841 i Weansviewed from
the top of thE rﬁf_iag‘ uFé,_ | " pocket appears as gart of a langer pocket,
i ned 15 relatively high, and varies considerabl with metabolicé s
The mutant enzymes of the invention can be used to monitor the
metabolic status of an organism, particularly the in vivo
concentration of the CoA, since the wavelength of the emission
varies depending upon the CoA concentration. Such assays may
20 be particularly useful in situations where CoA is an important
primary metabolite in the production of antibiotics (e.g. in
streptomycetes). Cellular CoA concentrations are also an
important indicator of fatty acid biosynthesis and vary with
the starvation status of the cell. A number of metabelic
25 disorders such as carcinogenesis and diabetes, show
abnormalities in the fatty acid metabolites and consequently
anusual CoA levels. Assays of the invention may be used in the
diagnosis of such conditions. For example, the Coh levels from
within a cell sample, such as a blood sample, from a patient,
30 may be determined by measuring the wavelength of light emitted
from a luciferase of the invention, used in the assay. This
result may be compared with that obtained from a sample of
healthy cells to determine whether the wavelength has changed
and thus that a modified CoA level is present. This may be
35 indicative of a disease state in the patient. Cells are

suitably lysed prior to assay using a known lytic agent.



by residues H310, E354, D357 and 1232. Residues H310 and E354S-' lﬁplﬁm ar to
forma bridge across the cleft giving the appearance of two n‘a

pockets (See Figure 8). Wthout being bound by theory, it seens possible
that the ypgigd B*(ﬂ? resi dues may be flexi ble enough to di sengage when the 15
enzyne is in solution to provide a |arger pocket (-12A dee@@iH@B00A8183wni de)
whi ch all ows CoA binding. This is consistent with the energy cal cul ations.
When E. Coli cells expressing nutants of firefly luciferase of 20 the

i nvention were grown on different carbon solirces changes in the in vivo
spectrumof emtted |ight were observed. Switching froma rich nedi um (LB)
to a defined AfnifrePeifiedntiieththet frvine acetates dduelate goeigsol M5B alke
carbon sour ceceesiddrd; igzssRibtsa & e € s,0f.emtted |ight
and a reductign in thgj 25 ?Oﬂtl‘l but?%ﬂnq!}%o%mﬁw eg;%me/gvefﬁeﬁﬁ?ﬁ’g“ is may
provi de yet a" Furtlfersuréans of E}é‘htjr‘tﬂl{feﬁgsﬁh@mlh@ﬁgphnbbuiacghmmngtted

for assay purpusksprddeiat maaemmﬂes&%a&em i‘k%é’fm!dn)t% QrPéseo;}'Eg gﬁ been

found 30 4o Lt in enh ed t he proteins nma

further rrust at{;gfg g siiem Zgﬁenies ﬁea ?‘Pl%"Q‘in'lafseP%@dactThMSt yJOGRet he
protein i s notpredhd Yo benpimed Sieyl. reﬁﬂu%t%l@ﬁ%ﬁw abl yagnhapce the
properties ofmgg%utrlg% a7y é ter, swt the intended purpose in

sonme way. This may nean fhat- they resart Vil?lwge r?@e&het heP iStasi ity
and/ or col ourm%ltﬁ@tlepr &béﬁtﬁ)@@ketarﬁjﬂmﬁrb hes Kpartf @f ATPasfei > RXBZYNESRed

Exanpl es of i aleise@sewhissio Ia\!ﬁsil%@s% ﬁ?ﬁZ % 900 to
col our i.fts aresdesgrl bed '|g ds/ 1885%1(1’511 tati oﬁgsvﬁ 019341fofg 8 %3:[?4

val ues arg d e §Of S‘Pnéx%lrﬁJ‘PéjqenaWQB/%meéﬁdglvmmm iappabrfatent
Application Nt tRCTs598éD et |(Begenegate gdf fects of nutations have

been found to be additive in terns of alterations in the properties. The
mut ant |uciferases of the invention may include other specific nutations
whi ch enhancéitheutobe diby |baundpycapargd it skemsi bdss ypr: |l enase. I n

particul ar, eg lbgask o cid residue corres ndi n
ani no amg i ? % egl%éc}{elsﬁlgr)sa%;@r%a? %u% fera é g%S%lﬁWq_aﬁ ‘G'I’ea"%
| uciferaé ) %?Zyﬁﬂté§efp solution to prov1de a larger pocket (~12A deep and

~8A wide) which allows CoA binding. This is consistent with
the energy calculations.

When E. coli cells expressing mutants of firefly luciferase of
20 the invention were grown on different carbon sources changes in
the in vivo spectrum of emitted light were observed. Switching
from a rich medium (LB) to a defined minimal medium with either
acetate or glucose as the sole carbon scurce resulted in shifts
to longer wavelengths of emitted light and a reduction in the
25 contribution from shorter wavelengths. This may provide yet a
further means of controlling the wavelength of light emitted

for assay purposes.

Mutation of the 357 position of in the protein has been found
30 to result in enhanced thermostability.

The proteins may contain further mutations in the sequence
provided the luciferase activity of the protein is not unduly
compromised. The mutations suitably enhance the properties of
35 the enzyme or better suit it for the intended purpese in some
way. This may mean that they result in enhanced
thermostability and/or colour shift properties, and/or the K,

for ATP of the enzymes. Examples of mutations which give rise



(b) the amino acid residue corresponding to position 215 otinu .
28y04d2002 uci ferase or (217 in Luciola |uci ferase) is a di Ff erezm1 %BOOOM
hydr ophobi ¢ am no acid; or (c) the am no acid residue corresponding to
residue 214 in Photinus pyralis luciferase or to residue 216 of Luciola

m ngrelica, Luciola cruciata or Luciola lateralis luciferase; 20 (d) the

am no acid residue corresponding to residue 232 in Photinus pyralis

| uci ferase or to residue 234 of Luciola m%grel ica, Luciola cruciata or
Luciola lateralis luciferase; (e) amno acid residue corresponding to

resi due 295 irp BRObLLAUSHhi W alres dbbck fedisin HOASJ 1868 dueM@oat ping ydiisiha
mngrelica, 25 Luciola cruciata I i UGnf f m no
acid resi dueaééﬁFEslﬁoﬁafﬂﬁs 1B % arf‘?ar?glrggl g ?ﬁka‘%ﬂrﬁhéﬁ o?PnggﬁgaﬁiF dnd

| uci ferase ofnterngsichel FatehtlBppblaatmmdiel iP€F/GBPBAG1P 36 -LUCI ol a

cruciata or Luciola lateralis; (g) amno acid residue corresponding to

am no acid 35 of the 30 Photinus pyralis luciferase or to residue 37 of

Luci ol @ g1 nghegéserabr dffecssi diemdgabionsudiasieabeprncfarnd oro (RRLiasidd tive
lateralis; (h) amno COLT t@sam no acid residue 105

of the Photi alistpiPRITS E\qt}(??%légggse %lri ??%%851%6 of Luciola 35

m ngrelica, 107 of Luciola cruciata or 108 of Luciola lateralis gene;

AVENDED SHEEE, L 4 ORJ N 021531028 LonPCTHEBIALAASE (g1 i d
resi due corr spondl ng to amno acid residue :E’cp oc_}S| nc%sépa\éggl |
| uci f er ase OEPEGlf%lwtzﬁ’Gsof’htﬁ]&l%'Fhf“‘?ﬁ éf“ 1% GUEETS &F

Luci ol a ]Et e{,gi ;ﬁé )L AR agel d Iaespachxacaﬂramesponﬂea@t taneardmo aci d

d e Phot | 1i's. | ucif
Liciol & mi nRbl Tem SHRH GCA CFREI At BATEEEA Parar A B, aane aci d

residue corregpopsbhthid pamaaasan‘,udlf@same( 330 moLucmldDHommaG?ﬂ akFs

| uci ferase or to reS| due 312 of Luciola mngrelica, Luciola cruciata or
Luci ol a | at eP4F#%%9410 is different to the am no acid which appears |n t he
cor r espondi ngpWi £ tanpiecs agidnces hive WRITESPONHAND ybe fReSItdon 215

15 Photinus pyralis luciferase or (217 in Luciola luciferase) is a
different hydrophobic amino acid; or
(c) the amino acid residue corresponding to residue 214 in
Photinus pyralis luciferase or to residue 216 of Lucicla
mingrelica, Luciola cruciata or Luciola lateralis luciferase;

20 (d) the amino acid residue corresponding to residue 232 in
Photinus pyralis luciferase or to residue 234 of Luciola
mingrelica, Luciola cruciata or Luciola lateralis luciferase;
(e} amino acid residue corresponding to residue 295 in Photinus

' pyralis luciferase or to residue 297 of Luciola mingrelica,

25 Luciola cruciata or Luciola lateralis luciferase;
{f) amino acid residue corresponding to amino acid 14 of the
Photinus pyralis luciferase or to residue 16 of Luciola
mingrelica, or 17 in Luciola cruciata or Luciola lateralis;
(g) amino acid residue corresponding to amino acid 35 of the

30 Photinus pyralis luciferase or to residue 37 of Luciola

mingrelica, or to residue 38 of Luciola cruciata or Luciola

lateralis:
(h) amino acid residue corresponding to amino acid residue 105

of the Photinus pyralis luciferase or to residue 106 of Luciola

35 mingrelica, 107 of Luciola cruciata or 108 of Luciola lateralis

gene;

AMENDED SHEET



enzynme has increased thernostability as conpared to an enzyne havi n@ t he
am no acid of the corresponding wild-type luciferase at thi s'ldoéi““ h. 15
Thus preferred exanples of proteins of the invention are mnutated wild-type

| uci f er as@gp yQhsm nore than one amno acid, for exanpl e upctgedffsiasm no
acid residues, preferably no nore than 40 am no acids, and nore preferably

up to 30 amno acids, 20 are different to the amno acid at the
correspondi ng position in the appropriatgow | d-type enzynme. Thus, in one
preferred enbodi nent, the protein of the invention conprises |luciferase of

Photi nus pyral.is, wherein, in.additi 0t i a S503
position as dédcPPHBA At &4 uFe(Eagfﬁgﬁéﬁgﬁi?ga?gt ﬂﬁf?ma%dag?%h?%si du4e
cor r espondi n@ @hanPhot bl 354105 lididePhoei austpyredidue ga3pf of akeciela

other than glutamate, (b) the aming.acid resi.due,cesfespondi ng to position
215 in 30 PHBERGS*pHr a%‘f%lqeiﬁcfc lé?é%gé g)rr ?’?Ca Ef/dr ophobi'c am no aci d

other than al@ni aginbcicideemiidne acitkspesiddne toreypoRdifgredidesithit 214
in Photigus pyralig,lucifer l Ransthegopi figine( db2t be poEr@IAC d
residue c rr@%&ﬁai EGOF%)}";SE | gél%g&#ﬁ{er& Pﬁoti nus pyrual is luciferase is
ot her than i smirgueiltea, (B)cianisnoraciata @3 dycieder éapRiidid®y to resi due 295

in Photinus ralis I uci LS hAaAgPRENYhAHARIIS; rddid@de 2002 1 4
OR 1% GBOOO41&¥1a?%?oa%irl%%%ﬁgu%egt?} ue p(?orrecé’pondi ng to am ﬁo?gc' d 14 of

the Photi nusfpyhel Phot imis dvrsdiFslerifaragRafrphenis s e Ph) Laqi ot

aci d residue correspandi pg. 10 20-00: 864 Gr32ueliotBelabheiimys pyralis
| uci ferase i s othei than leucine; 5 (h) amno_acid resi,duz__ corresponding to
ani no acilé rdsi diéfeesnt ofo tthe PRSBP ML hyharPs2PRRFFEAEs & s ot her than

al ani ne; (i) PRQp86EINE &Fi IR ypET & i agdt ehareio we ducesedase 234  of
the Photinus pyralis luciferase I s other .than _aspart] { q. ] 1 &0
acid residue Qﬂ'}’rﬂ'@sBéﬁdi“i‘]‘@r‘ﬁ?e&rﬁtESI%%?t(fbrlgéLitHu8g4§%&1§i%%o$°t ﬁé %3?10 i NuS
pyralis | uci figyvasy ktheOkhfio tdida sér te;cote sprindénacyl ddyipguéuciferase
correspondi ng tq.an nQ agilgln_r esi due 310 of the Photinus pyralis luciferase

i s other tharfhi%¥¥iPdPRa*
15

Thus preferred examples of proteins of the invention are

mutated wild-type luciferases where more than one amino acid,
for example up to 100 amino acid residues, preferably noc more
than 40 amino acids, and more preferably up to 30 amino acids,

20 are different to the amino acid at the corresponding position

in the appropriate wild-type enzyme.

Thus, in one preferred embodiment, the protein of the invention
comprises luciferase of Photinus pyralis, wherein, in addition
25 to the mutation at the 357 position as described above, at

least one of;
a) the amino acid residue corresponding to amino acid 354 of

the Photinus pyralis luciferase is other than glutamate;
(b} the amino acid residue corresponding to position 215 in
30 Photinus pyralis luciferase or is a hydrophobic aminc acid

other than alanine;
{c) the amino acid residue corresponding to residue 214 in

Photinus pyralis luciferase is other than threonine;
(d) the amino acid residue corresponding to residue 232 in
35 Photinus pyralis luciferase is other than isoleucine;
(e) amino acid residue corresponding to residue 295 in Photinus

pyralis luciferase is other than phenylalanine;



Al'ternatively, the protein of the invention conprises protein 15 th

214ug4f,£_&)025e sequence of Luciola mngrelica, Luciola crucia Luci oI a GB00041:
l'ateralis enzyme, and wherein, in addition to the mut afli Lo@@“"posml on 359

as descri bed above, at |east one of a) the am no acid residue correspondi ng

to amno acid 356 of the Photinus pyralis luciferase is other than

glutamate; 20 (b) the am no acid residue corresponding to position 215 :in
Photinus pyralis luciferase or is a hydropHdbic amino acid other than

al anine or threonine; (c) the am no acid residue corresponding to residue

216 of  Luci qlea ﬁ?n_{lﬂéeé&ﬁ?,résli@u@' orUSpoid@iy tdlcimaha hal@rm iof 2hhe
luci ferase is other than glycine (for Luciola mn relh~l ? i sequences)
or apar agi ne Phbbintackoral of deicafgrareLbti OHeT | RRERY I3 Sequences;

(d) the am ng,acig; £esidyp &%&a«a&pea@lregﬁg@w@mm% atid 381 ®f ahe
m ngrelica, LacCi T2 cruci ata or Luciol a lateral 9P| uci ferase is other

than serine; Pheyinms v edl iF Aosidagagerespdiftfi fg ¥ o PESHRTE 297 -of Luciol a

mngrelica, IHFi ghenSrbiahRsabubuebotespaidimy it Iauﬁ:nf)eaa&e tess iatdeerl 0tshan
| euci ne; (f) am no acid residue corres%gndl ng .to agl N cid 6n ofe Luci ol a
35 mingrel i caf ofe aRbPoints EYErlsf tUCtHTLPST d& &MA%0r (PRI vt M4t eral i s

i's other thap h&%@'ﬁﬂ&&esANEéIDEDrﬁéﬁﬁﬁhcﬁmgO402@ﬁinGB®@i)ﬂJrededNéRZBGO4

12 (g) am no aC| d residue cor pon to resi du uci.ol
rningrelica, obrt!ss f’i‘P‘i.’dE‘lsolpe\’ré'idEl g %erﬂ_sﬁcl o] a%P teraf J|Ts é|1:35 Iac h&% Han

lysine; (h) a§j ngnbsd chdiesirdsedaer cespmphmgrlgo tananbdnacaeid enm;@@eweo 5

f L I | i 7 t
108 or  Li%i oA ViR eP 41 FPRAF o A B enes ELy Bt hg. e d 1ds, due.

cor r espondi ngk; oammcacam otersesludueozw;:cmdmgcutel aminpgreld gesidye 18
cruciata or ci.ol a,, aqleruasl ?S’éailﬁ %hé’df'fé:.l'&%% glsy 6k REY glga,(”)ls@mﬂgeam d

resi due corr% p‘b‘?ﬁj oTre Luciola mngrelica, Luciola
cruciata or Luciala lateralis is other than threonine;

Alternatively, the protein of the invention comprises protein

15 the luciferase sequence of Luciola mingrelica, Luciola cruciata
or Luciola lateralis enzyme, and wherein, in addition to the
mutation at position 359 as described above, at least one of
a) the amino acid residue corresponding to aminoc acid 356 of the
Photinus pyralis luciferase is other than glutamate;

20 (b) the amino acid residue corresponding to position 215 in
Photinus pyralis luciferase or is a hydrophobic amino acid other
than alanine or threonine;

(¢) the amino acid residue corresponding to residue 216 of
Luciola mingrelica, Luciola cruciata or Luciola lateralis

25 juciferase is other than glycine (for Luciola mingrelica based
sequences) or aparagine (for Luciola cruciata or Luciola
lateralis) based sequences;

(d) the amino acid residue corresponding to residue 234 of
ruciola mingrelica, Luciola cruciata or Luciola lateralis

30 luciferase is other than serine;

(e) amino acid residue corresponding to residue 297 of Luciola

mingrelica, Luciola cruciata or Luciola lateralis luciferase is

.

other than leucine;
(f) amino acid residue corresponding to amino acid 16 of Luciola

35 mingrelica, of amino acid 17 of Luciola cruciata or Luciola

lateralis is other than phenylalanine;

AMENDED SHEET



(k) am no acid residue corresponding to am no acid residue 312 of LUCiGﬁ(?OOM’-
24+ 0qp2002ca, Luciola cruciata or Luciola lateralis is 15 O%BS t han v
threonine (for Luciola mngrelica based sequences) or vall “Qﬂﬁ Luci ol a
cruciata or Luciola lateralis) based sequences. The particul ar substituted
am no acids in any case which give 20 rise to enhanced thernostability can
be determ ned by routine nethods as illustrated hereinafter. In each case,
different substitutions nmay result in enh&hced t her nost abi | i ty.
Substitution may be effected by site-directed nmutagenesis of DNA encodi ng
hative or SUi(EEj‘bhﬁiﬁHtQ&Td Rle@t@iascasrawpbrtiivg 26 nestecst cd dfy Iuvdogki | | ed
person. The invention in this case is . associated V\,iLth(L'nfa i_pegg}aflii%aii%on
of the posit méngrabied dfe 38adBoctUFEd i T TREPBEL ABTTT1Y . "1 ‘Jener a
however, it gaycPecrlgsinaiine;to consider substituting 30 an amino acid of
different properties for, the wild type am ng acid. . I N0
aci d resi dueshhadming agifk I€5488° Béplb‘?se‘foenr éﬁlgytgu%rgﬁyfu%%gf %Hyﬁdhg 0%

hydr ophobj ¢ gwi REcasi4l MBaRi@udsa, aod amie \sersareSidié arl¥ ofadingiiolani no
acid residues may be substituted.with, basic .resid For_4i nce, the
protein may E8HPLFER A pribt BFnEH%? R kiciE elrsagé g@?‘?r\/%ﬁ.‘fnar?&yag?h?éast 60%
simlarity tQilughies ass AYENDED: SHEEe SphhRL004 tWRIUI@Q FIA8 rgsidue 236

PCT/ GBOO' 04133 from Photj nus .pyral is,. . i . FN:1 el -yci{at a
or | Luci ol a Pat ParPL PR AR et ettt 1@ R anes e LAt

| east one of pthay £k ajliyvednaci d resi due corresponding to residue 214 in 5

Photinus pyralis |ucifer.ase at o) | LG A 423 BGr ehibeai
Luci ol a E’Puci(éf aa’BJrncf_dacﬁ%Sé:esgglé% a?é%s%sﬂ%?lfdg%gsg&i s nut at gdz_and i's of her

t han t hr eoni penipel hea cdseioflaPhotthuts qiyAaiciela kg feradds: 16y ofB§rt Hean
am no acid rgﬁirgggirgo_rrespondi ng to residue 232 in 10 Photinus pyralis
0

| uci ferase an resi due 234 of Luci.ola mngrelica, Luciola_cruci ﬂé’i or
Luci ol a |atenh)ismimmj&qida§ésﬂéue corresponding to amino acid residue

of Luciola mingrelica, Luciola cruciata or Lucicola lateralis is
15 other than threonine (for Luciola mingrelica based sequences) or

valine {(for Luciola cruciata or Luciola lateralis) based

sequences.

The particular substituted amino acids in any case .which give

20 rise to enhanced thermostability can be determined by routine
methods as illustrated hereinafter. In each case, different
substitutions may result in enhanced thermostability.
Substitution may be effected by site-directed mutagenesis of DNA
encoding native or suitable mutant proteins as would be

25 understood by the skilled person. The invention in this case is
associated with the identification of the positions which are

associated with thermostability.

in general however, it may be desirable to consider substituting
30 an amino acid of different properties for the wild type amino
acid. Thus hydrophilic amino acid residues may, in some cases
be preferably substituted with hydrophobic amino acid residues
and vice versa. Similarly, acidic amino acid residues may be
substituted with basic residues.
35
For instance, the protein may comprise a protein having

juciferase activity and at least 60% similarity to luciferase

AMENDED SHEET



mutated and is other than isoleucine in the case of Photinus pyralis
~luciferase; or (c) amno acid residue corresponding to residug{298 7004
Photinus 15 pyralis luciferase and to residue 297 of Luciola iningrelica,

Luci ol a coipidider Luciola lateralis luciferase is nmutat egraggboofsf or
exanpl e, other t%an phenyl al anine in the case of Photinus pyralis

| uci ferase; and the luciferase enzyne has increased thernostability as 20
conpared to the wild-type luciferase. The;gequences of all the various

| uci ferases show that they are highly conserved having a significant

degree of simlarity between them This neans that [r. ongli r.egi.ons
anong the 25 faemy ddoséppe e dte FEGHR1Y HEFEFHE FhpIE 1§§gx§ﬁ1ﬁér}%ttiao%&of

the sequenceg, 1 detgetr4 NEs MRSl WAdAin €gi N6, seduenargbf i the ragyBsary
~commercially avail able software (e.g. "Bestfit” from the University of

W sconsi n Geridt ileastopPRit®r’ Group; see Devereux et al (1984) Nucleic Acid
Research 12: 387+385imtRd e BGedsese i conredpontivngetermesidueof Fesifondi ng

regions or particular amno .acids between. .th [ Uepees:
Al ternati Vel yPRrtinggdPY Fahhd Ily}‘,ClgSF?gé%pzbrhd;itr?g%g%?%éé)@nesgg ggfer m ned by

reference to ging¥@18tadl LucHhnc hireiBtaphy Lukdpda 1380 Xalgg7iucBtrIPe 3§

Wth respect to the possible change of the .amn i SL@UBRotinus
cor r espondi ngntt@tedspadel 2 19FHST If’ﬂa?i‘f'lh SV flg ?ﬁé idﬁares(raease, 24-04-2002 1 4

APR 2004 CGBOOOW: ris 1dctiherfd arani no acid threonine is suitably replaced

with a non polar amno acid. such.as alanine,  glycine, lkbeez3? elyci ne,
i sol euci ne, pfRI ithe, aﬁﬁ’é‘?ly?%’lirﬁeﬁé,gu T Jfroenr}‘?]r?g,gll%{ y%t?orér%n or _cysteine. A

particul ayl y pief mivsePysabss i hudiifenaderanheos reRideni ods LHGE°

corresponding to residue_214 in .LpuUs Aldis 1§t&FAusN@uchfeie is
preferred subBti4 '%ﬁ'i?‘éﬁ/%%%i%%%gﬁgm%rvy di fferent polar gesidues such

as aspar agi nem@daddli anaposi dtier mapnal soletiaecdnt Hae (¢ 0<t EBPHRS of the

corr espondi ng_enzyne having, thregnine at this position. 10 Gther amno
aci ds whi ch a%@%ﬁl%#“?ﬁf% sititon in wild-type luciferas enzﬁgg&nus
include glycing (duiGicobaidi r@:‘ejdecgprpggmrpcb}ngpépvﬁpa}c}ueaga r 48
(PyrophorH§ Pﬁﬁréﬂfﬁjqu29§é923§’aéﬁ?toYEEsfﬁhe 297 of Luciola mingrelica,
Luciola cruciata or Luciola lateralis luciferase is mutated and
is for example, other than phenylalanine in the case of
Photinus pyralis luciferase;
and the luciferase enzyme has increased thermostability as

20 compared to the wild-type luciferase.

The sequences of all the various luciferases show that they are
highly conserved having a significant degree of similarity
between them. This means that corresponding regions among the
25 enzyme sequences are readily determinable by examination of the
sequences to detect the most similar regions, although if
necessary commercially available software (e.g. “pestfit” from
the University of Wisconsin Genetics Computer Group; see€
Devereux et al (1984) Nucleic Acid Research 12: 387-395) can be
30 used in order to determine corresponding regions oOr particular
amino acids between the various sequences. Alternatively or
additionally, corresponding acids can be determined by
reference to L. Ye et al., Bjiochim. Biophys Acta 1339 (1997)

39-52.

35
With respect to the possible change of the amino acid residue

corresponding to residue 214 in Photinus pyralis luciferase,



~and OR, Luciola cruciata, Luciola lateralis, Lanpyris noctiluca, Pyr OE:EE&(B(?OM‘:
24iQe200Phot uri s pennsyl vanica LY, KW J19) and serine 15 {(RhARRABNI X) . v
These nmay advant ageously be substituted with non- .polar or different

non- pol ar side chains such as alanine and cysteine. As regards the

possi bl e change of the am no acid residue 20 corresponding to residue 232
in Photinus pyralis luciferase, the nonpolar amno acid isoleucine is
suitably replaced with a different non pof"ar am no acid such as al ani ne,
glycine, valine, |lecine, proline, phenylalanine, nethionine, tryptophan or
cysteine. Othgs #1410 anGinds agppeaittewniate tilsi supoahbly oreplnagid Wity sypen
sequences include serine and asparagine.. Qui Yne | NESE ndP0hRn, figel dues
are substit uPebhPHE- F6t rS'r”élgi%ﬁjeslasnl}cé’aéﬁ%%%%'e _ou?]ni fed above A
particul arl y; gsedsired pwbstheutpleemylorlantine, r setiben o r d5pyBHaPhgnt 8T

resi due 232 in Photinu ralki i e andub O { &5 1B 234 tak Luciol a
m ngrelica, Eh%?%’r%‘r”_‘SOic%E?é‘fgl%%ﬂf c’%ﬁ Fat elrlal is | ulci_f erase at group is
al ani ne. s Changesnife tree idnknooanésharskindudoc 5es edp i hdnt £Hoddndde 295

in Photinus pyralis .|uciferase resirdue.394,198 ¢ {uaidna i smepgeebhéa,
Luci ol a cr ucPBF&LHF #5uéit8Pa"F at ﬁgﬁ% Il%%i forase. 3b may al so af ?ect t he

t her nost abi | jéyedr t b fReatat npoldihi res idwese SPER das tSRFSHNGN 359501
Phrixot hi x luciferase. ) La AVENDEDR SHERT 1241452802 ilt v} APBh2004 GB00041 |5
general , thep%%%orbg}aé 3¢°Phr s pOS?Sti on'i's a non- pﬁjl.ar ani.no__acid

phenyl al ani neooredmuciing. eTAEwe Baend)iHEBOP1BRaAG e PP Sdi P8 ent

non- pol o anq%ﬁ?e CE}H%-O EQR g8 XAADER, appeaZhati Buss pysaltiinn tive widd-ppbar

am no acld phenylalanine is sui_tabl(#eS re Iaczgug\& D, g, didfaneat Bepapekar
ami no aci d, bsechferass gazyBes LREHYIRe IIVEENdLUGATThe %G elct ne,

proline, nethipophng,, dspuRbephan(pyrapisireisnglasipphtholdrmis,y Giref€rr &8
substitution for the phenyl al anine resid ding, iesbduergdd, in
Phot i nus pyr apé sORuckdeOd€e CrECE 3T eqcﬁogglvg? %%?%%Ppa't thg}gﬁisno aci d
residue corrpspondi ng rigaxei Bhoacr s Hehmoly lvkeiPaokY nud pyHd) i anfugeFdidse
or to amno acid 16 or 17 _in_Luciol iferasey (d3 dubRiriukelhiyi¥h non-

| uci f er alde) {(BhEI%QRFNIssi| B‘}‘S?eﬂlﬁg agin“%alr#octag%?d resi due (which is usual 'y

-polar or different non-polar side chains such as alanine an

cysteine.

As regards the possible change of the amino acid residue
20 corresponding to residue 232 in Photinus pyralis luciferase, the
nonpolar amino acid isoleucine is suitably replaced with a
different non polar amino acid such as alanine, glycine, valine,
lecine, proline, phenylalanine, methionine, tryptophan or
cysteine. Other amino acids appearing at. this position in wild
25 type sequences include serine and asparagine. Suitably, these

polar residues are substituted by non-polar residues such as

those outlined above.
the residue corresponding to residue 232 in Photinus pyralls

A particularly preferred substitution for

luciferase and to residue 234 of Luciola mingrelica, Luciola

30 cruciata or Luciola lateralis luciferase at group 1s alanine.

Changes of the amino acid residue corresponding to residue 295

in Photinus pyralis luciferase and to residue 297 of Luciola

mingrelica, ruciola cruciata or Luciola lateralis luciferase,
35 may also affecf the thermostability of the protein. (This

corresponds to position 292 in Phrixothix luciferase.) In
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15 phenyl al ani ne, but nay al so be leucine, serine, arginine or in sone
257942008 tyrosine) is suitably changed to a different amno acid, in GBoQO41~
particular to a different nonpolar am no acid such as aﬂérAHRel,UUAvall
| euci-ne, isoleucine, proline, nethionine or tryptophan, preferably alanlne.
20 Mutation at the am no acid residue corresponding to amno acid 35 of
the Photinus pyralis luciferase or to amno acid residue 37 in Luciola
mngrelica luciferase (38 in other Luciolailspp.) nay also be effective.
This am no acid varies anongst wild type 25 enzynes whi ch may include
| euci ne (POl Rus, P! 8ld Sty o2lif0at! yﬁwepoﬁtg i8%s (GO r ABH L,
gl utam ne and aspartic acid osition arm no Tesidue
at this posi&réf Ph%ﬂ!&ﬂkﬁqﬁﬂ@t@d %FPﬁl@@runﬁ?ﬁﬁﬁaﬁr&nﬁﬁeteblﬁ gremiahee for a
di f ferent noalﬁ%ﬁén@md}pp%qla@ mﬂoa§cf&@nl Hor \A_a hBee, @} ani ne,

i sol euci ne,, proline, nethionine or tryptoph re erre am no aC|d at
this p03|t|oﬁyrél%ﬁéﬂﬁhﬂaHQMTQPéth§§1$% aQﬂ@1ﬂ§&§ﬁﬂa anipe g |sarithabd yenzyne.
Mitati onss at rLhe, 4MH nﬁ@pladdcméeg@@%rnqmtlerp% hboBci4, Adudes %fianme,
Photi nus pyralis sequence and/or nutation at the am no acid residd

cor r espondi n§e¥eingyi ¥ Y&LNG - 35261 1¢ hel THEMCHES - p?Fﬁﬂ%%erlmﬁﬁhﬂ@P&§éfare
preferably netytdsprm Brme8tkonei n A %&a&wmrlﬁh@m&iﬁﬁh%ﬁgm 4
APR 2004 GB000413 16, The re,suitabl Zacconpani e ot hers of the

nut ati ons def9hed€ £5€W€X ﬁﬁnbﬁ?tf%iﬂ%%' Fﬁ5§8SB?“gbggtFQnﬁ$§&8PFe§58naPng to
posi tions 21Aho£§ﬁhsamw&%21@f1Ehbférask [yr akeugiheci f erase. 5 Changes of the
am no ac resi due corresponding to residue 105 in Photinus pyralis

| uci fera e and to residue 106 of Luciola mngrelica, or residue 107 of
Luci ol a cruchatastion 2@8tbe awenolacid gesidbescbureésmorabag td0amino acid
Phr i XOLRr ! X), 1oye 230 AAbkafks! BPra  ILNIRSIEBRLLL 4 Ol 1R B" QLEL N1 6! Oz 17
general, the amno aci IS position IS a non-p am no

al ani ne or ghydnmeolerlusefen@6¢rﬂ$%ﬂﬁuéﬁhnﬁﬂtbﬂhesemaﬂersgﬁtab$yabﬁanged

for differen,s NYi=P0l 3higMmenddds B a8 AR fon Ilrs @%wgs pyralis, the
non-pol ar amno acid alanine is suitably replaced with a different non

pol ar ar¥no R@nyladaeprgs pakfAnIEdsonEe eueite, SEFigeychrReining g, in
i sol euci ne, gy iRetafEbhi oy owirgy) tisypuophBDy changed to a different

amino acid, in particular to a different nonpolar amino acid

such as alanine, valine, leucine, isoleucine, proline,
methionine or tryptophan, preferably alanine. '

20
Mutation at the amino acid residue corresponding to amino acid
35 of the Photinus pyralis luciferase or to amino acid residue
37 in Luciola mingrelica luciferase (38 in other Luciola spp.)
may also be effective. This amino acid varies amongst wild type

25 enzymes, which may include leucine (Photinus pyralis) but also
lysine, histidine, glycine, alanine, glutamine and aspartic acid
at this position. Suitably the amino residue at this position
is substituted with a non-peclar amino acid residue or a
different non-pelar amino acid such as alanine, wvaline,

30 phenylalanine, isoleucine, proline, methionine or tryptophan. A

preferred amino acid at this position is alanine, where this is

different to the wild-type enzyme.

Mutations at the amino acid corresponding to position 14 of the
35 Photinus pyralis sequence and/or mutation at the amino acid
residue corresponding to amino acid 35 of the Photinus pyralis

luciferase are preferably ncot the only mutaticon in the enzyme.
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A particularly preferred substitution for the al ani ne residue G 0413
ogqi4-espendi ng to residue 105 in Photinus pyralis luciferase is valine. %
Changes of the amino acid residue corresponding to resi H4dPRIME i n Photi nus
pyralis luciferase and to residue 236 of Luciola mngrelica, Luciola
cruciata or Luciola lateralis luciferase (231 in Phrixothrix), may al so
affect the thernostability of the protein. In general, the amno acid at
this position is 25 aspartic acid or glyci A and in some cases, gl ut am ne
or threonine. These are suitably changed for non-polar or different
non- pol ar am'rgg agj g @S AR QREbAbEniddIbexaiplre, of ntifhowitats ongy dafiged
the anino acid fesidue is aspartic acid is s i.%g?l XorEg%@rﬁﬁqlegwittoh a non
pol ar ani no abbde, siferPard i&MAAT NENOPBULT rPeO,Slgd gfycine, ‘vali'ne, isol eucine,
proline, net h%)gFj:pgné)rgﬂqr,y@ngbﬂnQBz Ao pariad cinluar py rpl &f ekvaideg@dst-i t uti on
for the pheng alanine residue corresponding to residue 234 in Photinus
pyralis luciferase is glycine. Were a non-polar am no acid residue_such
as glycine iéhﬁﬁ&éﬁﬁf athet RinS npoatid oregifdre evampbpondingcilrgsisiue 105
thi's

| uci f er ase), may be substituted with iff Qearr 33180
aci d. AVENDEDn SPEEtingy RyF2 Gﬁzi'ichgﬁﬁ’\?‘i(fgﬁidEgog%ggéuglgméﬂan e of t he
am no acid rﬁ%?k‘@lﬁ@ﬂ esPeedinget DOT esf dusisdg crachn®? itfud Py rd| Lyciola

luci ferase and to residug 422 of O FalelA-YHIYoEN 1A aFFeekatAe OF
Luciol a | at eﬂaFF@Hr%ilrUé:rlé?éasf’ﬂlk}yl&én Jﬁﬂrﬁ}{(yol?%rt?x g?e%ér?uand 418 in

Phri xot hri x ¢ge)mosEabidlizy. of ahéeprotdin { hdPmesrabrli t5horR™Re fFofefh. in
general, (he  am no.Acid 3t LhhspPesiss it seiunshanpes qolyycanenooac d

serine of0 t hFBORI RSB Yl v¢i fle. These are suitably. changed i
unchar ged pokarinsi o RoiideothFéx. exBRpte, a4 Spﬁaﬁghﬁsgh‘%wea‘{ %‘,r f %%%{?%e

may be replaced wiih agparagings. 9l pbannempl1dQ &hr enst heuopynaldsi neheand
in particul aPePRPROMT ne. 8hanges of the am nq ag d resi' dueec1 rpesponding to
resi due 310 nbn-Phbai ramingyBghfsal aeiPeras i h?ﬂ FeR1due %’%f o? Luci ol a
mingrelica, LUGEOLa,Criei Poda9r ahifibokeid atsercal bs bhenylslesgnels laugiaeso

affect the thernpostability of the protei he apipp; o2Gid Jresi-gueophadh hi s
positionuvargégcaﬁgng%ql%qﬁe Rﬁ8aﬁu81ne, ﬁkoigﬁ%, HePRio r@ﬁ opha

A particularly preferred substitution for the alanine residue

corresponding to residue 105 in Photinus pyralis luciferase is

valine.

20 Changes of the amino acid residue corresponding to residue 234

in Photinus pyralis luciferase and to residue 236 of Luciola

mingrelica, Luciola cruciata or Luciola lateralis luciferase

(231 in pPhrixothrix), may also affect the thermostability of the

protein. In general, the amino acid at this position is

25 aspartic acid or glycine and in some cases, glutamine or
These are suitably changed for non-polar or different
in Photinus

threonine.
non-polar amino acids as appropriate. For example,

pyralis, the amino acid residue is aspartic acid is suitably

replaced with a non polar amino acid, such as alanine, leucine,

30 glycine, valine, isoleucine, proline, methionine or tryptophan.

A particularly preferred substitution for the phenylalanine
residue corresponding to residue 234 in Photinus pyralis

luciferase is glycine. Where a non-polar amino acid residue such

as glycine is present at this foloF:)
this may be substituted with a different non-polar

ition (for example in Luciolsa

35 luciferase),

amino acid.
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luci ferase proteins, being histidine in Photinus pyralis, Pyrocelia ,
-g4k2)02 ampyri s noctiluca and some forns of Photuris pegnj%gkgﬁhgani ca GBO0O41
| uci ferase, threonine in Luciola mngrelica, 20 Hotaria p |" nd

Phrixothix (where it is amno acid 307) luciferase, valine in Luciola
cruciata and Luciola lateralis, and asparagine in sonme Pyrophorus

pl agi opht hal anus | uci ferase. Thus, in general, the amno acid at this

position is hydrophilic amino acid which fdy be changed for a different

am no acid 25 residue which increases thernostability of the enzyme. A
particularly RLabesr 68 enbsininet bendf eestdee hicatriedpoediegi dueresidue 420

correspondi ng to residue 310 in_Photinus pyralis |ucifer i argini ne.
30 Ot her nutani RetiBys HFHE pRELERTATH ‘%/rhcg t@nfﬁﬁéguﬁogﬁgx%ﬁp{'%‘?%ﬁn a
preferred emhqdipeNtcal NEyPIAECHuRli80a has Liei el Hatachdis alugoetdsen
corresponding to amno acid 354 of the Ph&tﬁinus Phﬁ-p rﬂll S chaferr%sea(l?é%G
in Luciol a | délFeinsBYyrbratdged FreRt §Pdtanhcd 4 1%8 FE 57 0 Y &5
aci g o: hte ot QQ@ng_C%’@ﬂ;éleqhe%?oﬁlt?biiﬂetproﬂls@m’ thr.I@taa'hd. Buii g?zmmlx Heheam no
acid a is position is tryptophan, valine, ine, e :

aspar agi ne, BOENADREIYrA 4B §>°$§ 193 He B uélrcg'%%fgﬁg.pﬁ?rs M%IEET 1
4 APR 2004 \\Ge9148182 8 Hit PCReGBOOY DA B3 nutTiteisenars gettealh bed-hanosg for

95/ 25798. It has been foynd tha d ' esi S | S PPSPHI QR
enhance the #&fEFERYEH™ Ifgtego%’o%%% %‘ﬁ%@ng& Srthg?ﬁo?gémé%e presence of a

| arge hydrophebiies( \tior deringomay Pe)renlansst til¢s| §SEABIGEE | 191G1EaRILDS,

amno acid at position 3 hapce het MstaRivhiabY thifo@hél ternative
preferrelf enﬁﬁg?ﬂ’éh‘f‘? %122%’6?%#2??1 g?&soﬁﬁlas the am no acid at the posi tion

corresponding to amno acid 217 in Luciola luciferase (215 in Photinus

pyralis) Chaf}ﬂgﬂ L9 & LG, yeinBhabie A6t e @od reBppAding W@rrdsidue 310
i sol euci ne, eucrne or vali ne as descri bed I %gEP- A—%5244 oP{c}f ei.ns, of the

i nventi on i néhudobbrds \BYFULFHAUGHEET 3T nFEFLArY ef d5 L enAAmss 2 They

have at | eas},,iﬁg%j_ﬁcai M @ildlby choctkts @equencds gachratis Hosd feiraPkot i nus
Py alls, 15 LUI(;;‘L}C,) glsr% nagg“.fegétcache"%lgl!e%lngsggﬂqiatgrao(tlr thgcﬁpé'@eirﬁt er’ﬁ'!e' Smino
acid residue at this position varies amongst the known
luciferase proteins, being histidine in Photinus pyralis,
Pyrocelia miyako, Lampyris noctiluca and some forms of Photuris
pennsylanvanica luciferase, threonine in Luciola mingrelica,

20 Hotaria parvula and Phrixothix (where it is amino acid 307)
luciferase, valine in Luciola cruciata and Luciocla lateralis,
and asparagine in some Pyrophorus plagiophthalamus luciferase.
Thus, in general, the amino acid at this position is hydrophilic
amino acid which may be changed for a different amino acid

55  residue which increases thermostability of the enzyme. A
particularly preferred substitution for the histidine residue

corresponding to residue 310 in Photinus pyralis luciferase 1s

arginine.

30 Other mutations may also be present in the enzyme. For example,
in a preferred embodiment, the protein also has the amino acid
at position corresponding to amino acid 354 of the Photinus
.pyralis luciferase (356 in Luciola luciferase) changed from
glutamate, in particular to an amino acid other than glycine,

35 proline or aspartic acid. Suitably, the amino acid at this
position is tryptophan, valine, leucine, isoleucine are

asparagine, but most preferably is lysine or arginine. This
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enzynme in the sense that at |east 60% of the am no acids present in the
w |l d-type enzynes are present in the proteins of the invention. Such
proteins can have a greater degree of 20 similarity, in pdrg ARMULMEr at

| east 709% eferably at |east 80% and nost preferab 90%
to the wm%%gw enzynmes |isted above. Simlar proteins a?éTg}}mbﬁ?légtype
include allelic variants, proteins fromother insect species as well as
reconbi nantly produced enzymes. They can bg readily 25 identified in that
they are encoded by nucleic acids which hybridise with sequences which
encode w | d-type enzynmes under stringent hybridisatjon conditions. Such
condi ti ons waMtathen $&| fesddisst d8d"By e PdrsontshET IR ﬁfoluﬂg S}F?St and
are exenpl i firgGirbphoBxanpd i duesSanbrank eisialion( 2889 cd/bitec waae leBPrh
Cloning, Cold Sprin rbor_Laborat Press),., | | ¢ ter | ow
stringency c&r’l"d& iBﬁst @ o et iﬁégﬁégm%re)( &8 gfgggﬁ%'%tc’fa ilg%?e

t enper at ur e thydabphbb66C(V and IHi,glpodari Myermoy posdhdivel yreharged. 1KxosR3 at
about 65C, SSC.| n : b e 1 3 trisodium
citrate. 3 xggghgi é@gg eogltt?r?éisggg é?l?%nn%sagwg%%%&s%% In
particular, the simlarity of a particular sequence to the sequences of
the invention gy herassessed prarRe rbhcemBldiming , Veho 1p s 29sd HasAPR
2004 PCTI GBC0104133 alignment nethod described by Li pnan and Pearson,,
(Lipran, D. J thegapiapennia iR hELBE5) t i P A REPSBAERY | G PHOCern
Simlarity S%m%%l??%ﬁm%a%?“ﬂghn pﬁﬂdﬂﬁvmpjz)ralime chepgedi se®
percenta score shoul e calculated with t Il Qw 5 par, or
the Li pnaﬁ 5788 °§F§o‘?r?1t’}ﬁnal&l&) lgl?arg%lpcu%%ng: tgl/g%&gcn%egaéggg%g{ tsoff

| ength =12. Tha isequendescridred\hincRP-3r0524848-ty is to be assessed should be
used as the "test sequence" which neans that the base sequence for the
conparison, such as the sequence of Photinus pyralis or any of 10 the other
sequences as Rmedgidedof nthe jgvesitionsipelinde Josdy Yipd-t¥RR & first into
the al gorithrpe RablingHt af u@XEHH RS Bk yine ©f eimyohatBeat nuerkt @osar e

\(,)Mu![ ?l- ;ggﬁébg\ﬁgﬁgarsi%ysggu‘?inlcde sV\eﬁc_rtubanggg s?tgchrr%rse t%]::sg hoef %oag.fn%@sp9§a ﬂ‘f’s,

Luciola mingrelica, Luciola cruciata or Luciola lateralis
enzyme in the sense that at least 60% of the amino acids
present in the wild-type enzymes are present in the proteins of
the invention. Such proteins can have a greater degree of

20 similarity, in particular at least 70%, more preferably at
least B0% and most preferably at least 90% to the wild-type
enzymes listed above. Similar proteins are of this type
include allelic variants, proteins from other insect species as
well as recombinantly produced enzymes. They can be readily

25 identified in that they are encoded by nucleic acids which
hybridise with seqguences which encode wild-type enzymes under
stringent hybridisation conditions. Such conditions would be
well understood by the person skilled in the art, and are
exemplified for example in Sambrook et al. {(1989) Molecular

30 Cloning, Cold Spring Harbor Laboratory Press). In general
terms, low stringency conditions can be defined as 3 x SCC at
about ambient temperature to about 65°C, and high stringency
conditions as 0.1 x SSC at about 65°C. SSC is the name of a
buffer of 0.15M NaCl, 0.015M trisodium citrate. 3 x SSC is

35 three times as strong as SSC and so on.

In particular, the similarity of a particular sequence to the

sequences of the invention may be assessed using the multiple



The invention further provides nucleic acids which encode the |uciferases
as described above. Suitably, the nucleic acids are based up3q4ﬁ®$2m£ype
sequences which are well known in the 20 art. Suitable nutation ect
the desir Lgdgl ON in the amino acid sequence woul d bepgeesodyaapparent,
based upon a” know edge of the genetic code. In a preferred enbodi nent of
the invention, the nucleic acid is 25 a synthetic gene. Suitably, the
synthetic gene is engineered to renove cogpons rarely found in highly
expressed genes from comon expression hosts such as E. coil and, at the

sane time, avoid the introdyction of codon el Yebosnd iaipeaes zadi ng
for beetle Iééﬂﬂ%’f‘%’é"eé@et’?ﬁfisgﬁf)ﬁ 5hP ngl r(Eaasx{t ngt )é'?he ne_w( ége 30. has a

codon utilisat pearsdat wW.R.oplde®l Hapidhen# $ensigiiveaREcteifs&dPilihtehsion
systens. For _exanpl e, erever j-bl s cofans frae imisad” aci ds
arg, leu, il&%2ff e%’nd“y\%reé’cﬁér‘éggﬁ%r?geﬁpgggw orr’, oce adftﬁc u33,CTG  CTT or
CTC (| eu), APEroentdde (sdcep, sEmTldhroeGoeleylyyed Hid G ®cT (pro),
thus el mnablpgntALE, GMl0R%e Liphdiepeaasonodlddis tsnkhiat i< ggap

el ow

illustratéed Q1D NO 1) and in Figure 14, .thi tedyi gnPcH ot al
of 139 sil enpenaibyivhans SAPRPADITE ¥NGSFTF310 Zérhlgc'#& 0704133 creat i ng

62 new non-r gLk ¢REPNS isL1% Bk sheedmiaalshonldHee fusest asgthricI®€8Ei des shown

in Figure 14 formpart of .the_ribas bi.0di ngL §idrnecahgy t4Hes do not code.
The codi ng s&§GRRRES bR ™RPLA % aemr%r%‘teh}:’gn% ne qrﬁjesf]i due | ngi cated by_an up

arrow. This %ofpdingorsequeicasante ciapeingesp i PRt LRFUBKERS!S £dr 2BXafpl e

sequences whi ch have at_ |east 90% siti )AL ty¥ ¢ 4 efier abhyrat, sheasd 96%
sinmilarity form gt ?EfSeercfueed“C(f‘{sﬂpgsc/tﬁ%)%glJ e invention. Another useful feature

whi ch may be earplreyefi mitennsrotihei #PFrithP-synt heti c assenbly is the
i ncorporation of new unique restriction sites. These sites nake

mut agenesis, in particular conbinatorial casseft gengsd svief-ci/pe gene
sinpler and Pasitdceiaf cgxHPlesrnohab T il er ??i ?gﬁalsrl‘@glttgesi rable to Cfeate

uni que restrijgidigRraké eSedidrtienwi e eNArcodiragef orhes THEBHEPH B515 in the
enzyne. Additionallg creation of a unique restriction site at the extrene
0

3' end of!% h@WJdA8eEo22?Yow si npl e fusi ons

The invention further provides nucleic acids which encode the
luciferases as described above. Suitably, the nucleic acids
are based upon wild-type sequences which are well known in the
20 art. Suitable mutation to effect the desired mutation in the
amino acid sequence would be readily apparent, based upon a

knowledge of the genetic code.

In a preferred embodiment of the invention, the nucleic acid 1is
25 a synthetic gene. Suitably, the synthetic gene is engineered

to remove codons rarely found in highly expressed genes from

common expression hosts such as E. coli and, at the same time,

avoid the introduction of codons rarely found in genes coding
for beetle luciferases. This approach ensures that the new gene
30 has a codon utilisation that is optimal for both E. coli and

insect expression systems.

For example, wherever possible the codons for the amino acids
arg, leu, ile, gly and pro were changed to CGT or CGC (arg).

3§ CTG, CTT or CTC (leu), ATC or ATT {ile), GGT or GGC {gly), and
CCG CCA or CCT (pro}, thus eliminating rare codons. 1In the

case of the synthetic gene jllustrated below (SEQ ID NO 1) and

in Figure 14, this resulted in a total of 139 silent mutations



and/ or renoval of the peroxisone targeting sequence may be advantageous.
20 In the exanple illustrated hereinafter, nine new unique restriction
sites were engineered, nostly in the central third of the geﬂé,Af?ﬂr@ﬂ(a

uni que Hi n@dd] ﬁiete was generated at the extrenme 3' end of the gene to
allow for si rrp termnal fusions (Figure 12). 25 Fi nal | BCT/GB80/64133
synthetic gene allows for the introduction of nutations to increase the
thernostablilty of the gene product, or tq otherw se nodify the properties
of the product as desired. In the Exarrplez?l | ustrated hereinafter for

I nstance, 30 three non-silent nmutations were engineered to introduce the

t her nost abi | | SFRYLHMG Ne? disiwd nehapees CPRIDAS, (EBSAKSE arlte DRBER) .| Nt Dhe Meirst

pol ypepti de. Fhgufisdeide AGhdan0in tﬂ%ur@vglat £QPn A e %%nm&&gr at ed

35 into an ex reSS| on vector such as a plasmd under the contro control
el ements suchPRI Dbt $ndehfahicdt 0t EPAf nat Bre casti®y FRevense s idscan

t hen be used &Dthk I’tﬁ{’éan@’ﬁH:L@nhﬁ&réﬂdu,e 1h@E ceXSdE h REOKAFy¥RL i Ordls
eukaryoti g cell .such as a plan ‘%ﬁ’l 4 APR. 1004 WO 01/31028 21

PCT/ GBOQY 0413 A Srel CTENE BUP FiP55dwt Felif b7 T S FHUALESFot £BE cBFIMRIRch as E.
coli so that ségueetds edyicbsbage tdre l@asir 80s | simikrrsy epzypeferdBlyt wre of

the thus tran dregkcel di t r '], known in the
art will resufé‘%n t eesﬁlfng ﬁ?z%%n&o E‘ng?%\%(?ms %é:%e\régyjﬁ% vihi oh ¢8R "t hen
be separated fromthe culture nedi um Wiere the cells are plant or ani nal

celI's, plantsa@dthéniysales 1 MayaferdLeRagaLed Bd URBVRACEhES p AR &1 N
may the be extracted fromthe plants, or in the case of transgenic

ani mal s, Phe PFHEHE Rayepkl ¥e’cso\}%‘teed|nf:?6ﬁ?1fﬁt}3|@n e BEFsUNAQ]  ansf or med
cel l's, transgessuripitdrins sabds anfieles sabds mwwd@@fgenpwsucmg:aarﬁwmaby

culuni 10 {heossallnesll, LRI WiFhes RERSE ek aveton. e
mut agenesi s awresdfilsddnher el mafargi culer wast frmyndet Idablrahbe D36 tY¥esitrgl e
poi nt nutati qihRFRIYER: rdct 8698 :5¥s0Ui ¢ 80 fdhe cona coding for subdomain B
15 in the enzyme. Additionally creation of a unique restriction
site at the extreme 3’ end of the gene to allow simple fusions
and/or removal of the peroxisome targeting seguence may be

advantagecus.

20 In the example illustrated hereinafter, nine new unique
restriction sites were engineered, mostly in the central third
of the gene, and a unique Hind III site was generated at the
extreme 3’ end of the gene to allow for simple C-terminal
fusions (Figure 12}.

25
Finally, use of a synthetic gene allows for the introduction of
mutations to increase the thermostablilty of the gene product,

- or to otherwise modify the properties of the product as
desired. In the Example illustrated hereinafter for instance,

30 three non-silent mutations were engineered to introduce the
thermostabilising amino acid changes T214C, E354K and D357F
into the polypeptide.

The nucleic acids of the invention are suitably incorporated
35 into an expression vector such as a plasmid under the control

of control elements such as promoters, enhancers, terminators

etc. These vectors can then be used to transform a host cell,

for example a prokaryotic or eukaryotic cell such as a plant or



in the wavel ength of light emtted and al so has greater thernostability
-than wld type luciferase. Further investigations have rMe@HRq@mt hat a
range of substitutions at 20 this position give rise to good

t her nost apiglghsYorgnd/ or to large colour shifts. Particul apcgaspbags of
mut ant enzynes of Photinus pyralis which fall within the scope of the

I nvention include the follow ng: 25 D357Y D357F D357W D357K 30 D357N
D3571 E3541/D357Y E354V/ D357Y E354C 7Y 35 E354R/ D357Y E354S/ D357Y
E354N D357Y E354K/ D357M WO 01/ 31028 22 E354R/ D357L E354W D357W
E354H D357W E354R/ D357F 5 E354K/ D357F E354S/ D357F. E3 MQ%%?F
E354A/ D357R 2B2%al/ TI37FDED ERPLFIAEEIYT ERFAAISIHE TS5 ESs2S Bas7v

E354S/ D357V E3%48Y [BRtWMike ESDARPI4Mes B3 RId337€8 luciferase enzyme.

Culture of the thus transformed cells using conditions which
are well known in the art will result in the production of the

§ luciferase enzyme which can then be separated from the culture
medium. Where the cells are plant or animal cells, plants or
animals may be propagated from said cells. The protein may
then be extracted from the plants, or in the case of transgenic
animals, the proteins may be recovered from milk. Vectors,

10 transformed cells, transgenic plants and animals and methods of
producing enzyme by culturing these cells all form further

aspects of the invention.

The FPhotinus pyralis D357Y mutant luciferase was created by
15 random mutagenesis as described hereinafter. It was found that
the D357Y single point mutation produces a large colour shift
in the wavelength of light emitted and also has greatex
thermostability than wild type luciferase. Further
investigations have revealed that a range of substitutions at
20 this position give rise to good thermostability and/or to large

colour shifts.

Particular examples of mutant enzymes of Photinus pyralis which
fall within the scope of the invention include the following:
25
D357Y
D357F
D357wW
D357K
30 D357N
D3571
E3541/D357Y
E354V/D357Y
E354C/D357Y
35 E354R/D357Y
E3548/D357Y
E354N/D357Y
E354K/D357M



E354N D357S 14 APR 2004 PCT/ GBOO 04133 or equival ents of any of these when
derived fromthe 20 luciferases of other species. The nutations for the
creation of the above nmutants were introduced to the lucif Qﬁ@ﬁﬁ@ﬁne on
pl asm d pﬁgg%ugxn§ite- di rected mut agenesis, (PCR) or conbi j 4
cassette 25 nufagenesis. The oligonucl eotides added to the FCRGB&AI0ON in
order to effect the relevant nutations are given below It has been
reported previously that the effect of point nutations at the 354 and 215
positions are additive. This 30 invention ﬁ?ovides the possibility of
conmbining three or nore such nmutations to provide high thernostability in
a mutant enzEd®dRMRIAVIhas a | arge colour shift. Luciferase proteins of the
invention w | t3agdyaMageously be 35 enployed in any biol um nescent assay
which utilises the luciferase/luciferin reaction as a signalling neans.
There are meP4EUABAH¥says known in the literature. The proteins may
therefore be pysdidet7ign kits prepared with a viewto 1 4 APR 2004 WO
01/ 31028 %3 PCIT. GBO%# 4133 perform ng such assays, optionally with
luci ferinand3f/R37dE reagents required to performthe particul ar assay.
5 The invent igE3s48A035vew be particul arly described by way of exanple with
reference to nyi ng diagranmatic drawings in which: Figure 1 is
a log graph s%éﬁaé?ﬁa%ﬁggnaining activity versus tinme of 45C incubation of
several nut arB3%#ARBSIRIi n accordance 10 with the invention; Figure 2 shows
the spectral paaks ke ned by incubating E. coil cells expresing
| uci ferase enzynes in a citrate buffer wth D-luciferin where where the
enzyme us¥d B34 O3C¢Enbi nant 15 wil'd-type Photinus pyralis |uciferase,
(b) a D357K mgd=mi/p3sek a D357N nmutant, (d) a D357Wnutant, (e) a D357I
Eggzgt, (1) a5 5%55Q%5%9£7v(9) a D357Y nutant and (h) a doubl e nutant
E3545/D357V

E354R/D357W
15 E354R/D357M
E354R/D357S
E354N/D3575

or equivalents of any of these when derived from the

20 luciferases of other species.

The mutations for the creation of the above mutants were
introduced to the luciferase gene on plasmid pET23 by site-
directed mutagenesis, (PCR) or combinatorial cassette

25 mutagenesis. The ¢ligonucleotides added to the PCR reaction in

order to effect the relevant mutaticons are given below.

It has been reported previously that the effect of point
mutations at the 354 and 215 positions are additive. This

30 invention provides the possibility of combining three or more
such mutations to provide high thermostability in a mutant

enzyme which has a large colour shift.

Luciferase proteins of the invention will advantageously be

35 employed in any bicluminescent assay which utilises the
luciferase/luciferin reaction as a signalling means. There are
many such assays known in the literature. The proteins may

therefore be included in kits prepared with a view to



+ D357Y; 20 Figure 3 is a graph showing the % renmaining activity versus

-time of three mutant enzynes, E3541, D357Y and the doubl e W&h (DM
E3541/D357Y; Figure 4 shows the em ssion spectra of (a) rel i [Ht wild

25 type e\g}@ﬁqgl(%gd (b) the double mutant (DM E3541/D357YpCcFiGBos/ends is a
graph show ng the rate decay of photon em ssions of reconbinant wld-type
() r-wt and a D357K nmutant enzyne (;) 30 Figure 6 shows nol ecul ar

model | ing diagram illustrating a potentjsal CoA bindi ng pocket within the
| uci ferase enzyme; Figure 7 shows the in vivo biolum nescent spectra

emtted by E. 35 coli cells expressin nt .P 1.S; Lf BRSNS 7Y
(a) grow h perigming) syFBwR#P 'n‘iom:ggi%n%diwljl%ha%Eg%%ﬁjmlégget atﬁe; (c)

growt h on m piHedndediedit aed € yxoserm\ne W3 t328128 4SIBYAPR 2004

PCT/ GB00/ 04133 Figure 8 shows the in vivo biolum nescent spectra emtted by
E. coli cells expressing mutant P. pyralis luciferase E3§)4K/ D357 (a)
growt h on LBrhé binwgrmmith enllimivdle paaruewkardYsG8Pam = h ¥t ¥P¥: °tc) growth

on m ni medi u I ndd QW €nQ LScanranigsioyg ngmiatécef f ect of
CoA on gggect?ﬁ?m&dﬁagﬂﬁ gfg?gﬁe%f i ght em’%teﬁglElr by nutant P. pyralis

| uci ferase BB887¥ngslOnFWHEER: 10 is a graph showing the normal i sed data of
the effect of CoA on spectral distribution of light emtted by nmutant P.

pyralis luciferase D357Y; 15 Figure,11.is .S ROME Y e vekEest of CoA
on spectral F#9eEeibdts 6168 ??%ﬁ s@rﬁ”ﬁ?ﬂdgb%n?rauq?%%p = pylrd;flei s luciferase

E3541/ D357Y (Ej,guse 4dop) ; b NOIgRBbirseevetaiia riaEiagur endynig)s; iRi garerdence
illustrates the restriction sites nodifications 20 utilised in the
const r ucttp onwothatkey iePta°fici f erase gene; Figure 13 illustrates

constructs used in the synthesis of a |luciferase gene; 25 Figure 14 shows
the cbNA Seq%eiggge(ZSEs c!w% It\:l(r?elgpgét%aqe peaks obtained by incubating E.
coli cells expresing luciferase enzymes in a citrate buffer
with D-luciferin where where the enzyme used is {a) recombinant
15 wild-type Photinus pyralis luciferase, (b) a D357K mutant, (c)
a D357N mutant, {d) a D357W mutant, (e) a D3571 mutant, (f) a
p357F mutant, (g) a D357Y mutant and (h) a double mutant E354I

+ D357Y;

20 Figure 3 is a graph showing the % remaining activity versus
time of three mutant enzymes, E3541, D357Y and the double
mutant (DM) E354I/D357Y;

Figure 4 shows the emission spectra of (a) recombinant wild

25 type enzyme and (b) the double mutant (DM) E354I/D337Y;

Figure 5 is a graph showing the rate decay of photon emissions
of recombinant wild-type (¢) r-wt and a D357K mutant enzyme
(v)-

30
Figure 6 shows molecular modelling diagram, illustrating 2

potential CoA binding pocket within the luciferase enzyme;

Figure 7 shows the in vivo bioluminescent spectra emitted by E.

35 coli cells expressing mutant P. pyralis luciferase D357y (a)

growth on LB; (b) growth on minimal medium and sodium acetate;

(c) growth on minimal medium and glucose;



synthetic luciferase gene (including nucleotides 1-8 which form part of
the ribosone binding site but are not coding) and the encoded am no acid
sequence which starts at the nethionine residue indicated by]ih@Rym;arrow
(SEQ I D NQydlp1s9¢d 30 Figure 15 illustrates the thernmostability of mitants
including the nutant encoded by the synthetic gene at 50CFPAI/BYMIB004 WO
01/31028 25 PCTI GB00104133 1 Exanple Identification and Characterisation

of Mutant Luciferase Two |ibraries of fi re%ly (Photinus pyralis)

| uci ferase, created wused error-prone PCR ™M Fromant et al ., Anal.

Bi ochem (1995) 5 224, 347-353], were prepared. One |ibrary conprised of
error prone PCR products of the full Iength luc gene, cloned into the T7

expressi on sygi @R ET233ws (Y A0L R ivaC bio Magl iedtenW spebk £a fenlit tRaS8GORd
|l ibrary consisted of the error-prone PCR_products _of ~.a short section_of
the luc gene, Cebve&Eldg &¥PR®SID RIS 08: Fraldsodugifarase 357

PBSK(+), (Straspgaetnlan I8} | &) GhowbhSo ninimbhempEIdmRaahd yoyiyimwas
expressed in E. _tali strain B 21("0DE3 . ﬂéE- oli B.F ?cm onpT hsdS(rp ne)
gal A (DE3) )acetaleind chparp4y™ |9 F“é%‘?;‘“ g 83849141 E. col i
cells, (supE44 aral4 gal K2 lacYl d(gpt proA) 62 rpsL20 (Strr) xyl-5 ntl- 1

recAl3 d (nrcl: S pET, BSK( b I t he gene
for 1i-lact anapls&eqlgeau?l_lggn eérapnﬁpjl}%hlolwllgﬁ %@%ieg{%ﬁgeggoéﬁ %hsc%elaclrtr)éél S

har bouri ng t héigicdbmitdonAnf Eligig] iemgtkead noywas:tanan$t opyieel W tlhvctiferpsepar ed
library by elggfg.oporation, using a BIORAD E. coli Pulser, and grown
over ni ght at C on LB agar, containing anpicillin at a 25 concentration of
509/ M. THWe cells were transferred to nylon nenbranes, (Osnonics,

M nnet onka, M-{gasoha8, il S drdph AMGwikH YL oMbl ikugi d£fd oS alnet kehe£H00M
D-luciferin, potassium salt, in 100mN sodiumcitrate buffer, p The

) I / : , H5.0).
col onies wer®f \f¥wed IBFRET&h MisiFiPHEH of J8gPBotARER A0 AUSART 3

pyralis luciferase D357Y;

15 Figure 11 is a graph showing the effect of CoA on spectral
distribution of light emitted by mutant P. pyralis luciferase
E3541/D357Y (Figure lla) and normalised data (Figure 1l1b);

Figure 12 illustrates the restriction sites modifications

20 utilised in the construction of a synthetic luciferase gene;

Figure 13 illustrates constructs used in the synthesis of a

luciferase gene:;

25 Figure 14 shows the cDNA seguence (SEQ ID NO 1) of the
synthetic luciferase gene (including nucleotides 1-8 which form
part of the ribosome binding site but are not coding) and the
encoded amino acid sequence which starts at the methionine
residue indicated by the up arrow (SEQ ID NO 2); and

30
Figure 15 illustrates the thermostability of mutants including

the mutant encoded by the synthetic gene at 50°C.



30 Analysis System (Fl owgen, Lichfield, Staffordshire, UK). This

- integrated the biolum nescence enmtted over a specified per g @ jtine to
produce an imge of the light emtted by the colonies. The brightness of
Iurrinescea%ﬁg taken as an indication of the thernostabcridepe0iiss

| uci f erase 01/31028 26 1 4 A PR 2004 PCT/ GB00/04 133 The col oni es
were then screened for thernostability. Colonies were selected on the
basis of brightness of light emtted and ,yere isolated for further
characterisation. In some screens, the E. coli colonies were incubated at
42C for 2 hours prior to 5 screening so that the thernostable nutants coul d
be sel ected. ExGopdai és i solated fromthe prinmary screen were patched onto
nyl on menbr angg ,23¢ i 8k 60010 2@WN CRY L4 dliegfitsaithoh BO t

anpicillin. The parches ver eéggagilgdgggr etélﬁjll’%ob%g%{ebc{ §gl:yképgg@nd:r‘éhe%d in

t he Al phal rrag')“eioTl'lbraTh?% ofe ositivel )r/_]l g?ntl fy
clones for ingdd e@rapapysics PR [MUCHfamaseence} vi tA,nalE eoFhery e

expressing possi bl e nost abl S r eigs R@mbRived rer fediror-
luci feras@ acividty ™ EHS{I W@F%E?aﬁglz‘%[m qu% i?%l v?%/o 255%(@ | uci f er ase
activity wer gqsie ecregradudtsomt tieerp@xlét deaatBi A 13%8°pr 6 @%gLﬂ‘m ferase

Assay System (Pronega . Cor [ di §@Raq¥¥, IM:S Aapisdhe wlci f er ase
reaction was nleﬁpégéalﬁ? et%gndg%?%l%% of “107 rude cel | e to

1001 Pronega Uismix.er.asd fewad Gobkeay |cqpisied aﬁ § SFF O TRE Iﬁ(es t ant

bi ol um nescence syr USERgién %pttm@ceuNBgém roveréng @niydge cel
extracts mr@%?%\ﬁgﬁggé H %Q:'rt +

scribed in the Pro b etin
no. 101. W i camids df99E35€oI¢1Q§\Pé’r Anghee RGGFe’ gg o ‘| {tS%gQ@%l&%Jé? Uj'lcalul ture
| ysis reagentgy, #%’S;m&lﬂr uSs.phosphate pH7. 8, 2mM dit h| othreitol (DTT), 2nmM
1,2- diam nocyc exame-N, N, N , N -tetraacetic acid, 10%glycerol, 1%
Trlton X-100, 1.25 ng/mM hen Iysozyrre) for 10 mnutes at room gg OF
tenperature. flqsETasaleoyere waserxprosst om iFee cpii oytnagn BLéhL{t e

properties of (éhecglnlz%rr%sd\é\ﬁroe A LeS edat ) e .

15
The pBSK(+) library was expressed in HB1Ol E. coli cells,

(supE44 aral4 galK2 lacYl A{gpt-proA) 62 rpsL20 (str'y xyl-5 mtl-
1 recal3 A{mrcC-mrr) Hsds (rm’y. pET23a and pBSK{+} both carry
the gene for P-lactamase and confer ampicillin resistance to E.

20 coli cells harbouring the plasmid.

An E. coli strain was transformed with the prepared library by

electroporation, using a BIORAD E. coli Pulser, and grown
overnight at 37°C on LB agar, containing ampicillin at a

25 concentration of 50ug/ml. The cells were transferred to nylon
membranes, {(Osmonics, Minnetonka, Minnesota, U.S.A.), and
sprayed with Juciferin solution {500uM D-luciferin, potassium
salt, in 100mM sodium citrate buffer, pH 5.0). The colonies

were viewed using an AlphaImager™ 1200 Documentation and
30 Analysis System (Flowgen, Lichfield, Staffordshire, UK). T?is
integrated the bioluminescence emitted over a specified period
of time to produce an image of the light emitted by the
colonies. The brightness of luminescence was taken as an

indication of the thermostability of luciferase.

35



dependent inactivation studies. Eppendorf tubes containing 35 50l aliquots
of crude cell extract were incubated in a water bath at a given
tenperature. At set tinme points tubes were WO 01/31028 27 114};@@? 004
PCT/ GB001Q¥id ¢g3foeyroved and cooled on ice prior to assay. Renaini

| uci ferase activity was expressed as a percentage of the SFiTé(f'?‘Pﬁ 4133
activity. 5 Log graphs of percentage remaining activity versus tinme of 10
i ncubation were plotted and used to calculagte t1/2 values. Tint is the
time taken for the enzyne to | ose 50% of iTs original activity after

incubation at _a given tenperature. Ti/2 values, (tinme for activity to
reduce to 509%06f COAPHLRRI Wekd itAay PCrirRred fet dherFedtabl bititte EREPREES at

37C from | og wirapBe1ett 8@ SerEHdILAGi8CEE VibE YgMETe4S offi MEgH N ¥mitRewNdnd
t%e. nmost t her nost abl e

Plasmid DNA fromE._ coli _ clones expressin

| uci ferase as “dét éFﬁgﬂ‘é%d %R/ef,sur\ﬁggrs‘éﬁ%%%te?fﬁsﬁtignor d&t IBCECEFRRRe t he
mut ations respengibke1l akoidifiest herBDsi@Ridddy 0f 4be RIIZ¥NMBouFS asdtidd YA
was prepared using the Q AGEN Q Aprep Spin Mniprep Kit, (Q AGEN Ltd,

Crawl ey, W SGEEERINGKTO $RAY dien§heRBO SR MEan tF of ok SPG gelected.

m crocentrifugeohQeAPisp Mt Fren thadpetkarP4/cI8en Wete A HEGUSRES N WS

undert aken b%l Eabrahglg? Tech"', nbridge, UK, .ugl n(F:; ABI, . PRI SM'" 377 DNA
Sequencer andYtRE BERERATHRIAEG A LIBP g BHR VE AR o “é&%l"@déé’ﬁ‘uenci ng Ready
Reaction Ki tcofPetking BryerciApphi. edTB: gsatsiterss wewki shrayedadet Lponf 4 i

di deoxy chain ;erm’ natign method [F. Sanger_et al,, Proc. Natl. Acad. Sci.
U S A 74, (F817F183632%46PHe3a0A50e 4 Imageri s ThoT kS eTMP3R By _RFTRER ant

D357Y wasgo i tenpkéi 6. pddie: iclel$t dheht 1 HEtihedl fbiClihevas® bEal{ond ioet
al., Structure, 4 %1996&,287-2981 shows that position 357 is 35 situated
on the surfadd<dferaee RO YandEr sCH b AESpEIPEE BN "BPLSSHALI® 1 can
affect both thermbstabid idnsymed wpestisdavkdt iMPRiIZ2004for luciferase

activity and thermostability.

15 In vitro assays for luciferase activity were performed at room
temperature using the Promega Luciferase Assay System (Promega
Corporation, Madison, WI, U.S5.A.).

The luciferase reaction was initiated by the addition of 10ul

20 crude cell extract to 100pl Promega Luciferase Assay Cocktail
{1 in 2 dilution). The resultant bioluminescence was measured

using & Biotrace M3 luminometer.

Crude cell extracts were prepared as described in the Promega

25 technical bulletin no. 101. Aliquots of E. coli overnight
cultures were lysed in cell culture lysis reagent, (25mM Tris-
phosphate pH7.8, 2mM dithiothreitol (DTT), 2mM 1,2~
diaminocyclohexame-N,N,N’,N’ -tetraacetic acid, 10% glycerol, 1%
Triton X-100, 1.25 mg/ml hen lysozyme) for 10 minutes at room

30 temperature. Crude lysate were then stored on ice prior to

assay.

The properties of the enzymes were further tested in time-
dependent inactivation studies. Eppendorf tubes containing
35 504l aliquots of crude cell extract were incubated in a water

bath at a given temperature. At set time points tubes were



WO 01/ 31028 28 PCT/ GB00/ 04133 properties. This indicates that this region
could be inportant in terns of the thernostability of the enzynme. D357Y is
a particularly thernostable nutant, being the nost 5 therlnbdPRe

| uci fera 0 '} a single amno acid change. Examlle 2 S¢pcBici@sized

Mut agenesi s 10 Create other 357 nutants In order to evaluate different

nmut ati ons at the 357 position, 10 site-directed nutagenesis was perforned
using the Stratagene QuikChange7" Site-Diyected Mitagenesis Kit,
(Stratagene, La Jolla, CA US. A). The plasm d pPW0la J54, (PJW MD

Report, 3/96), was used in all site-directed nutagenesi.s.: PLAaduGls of
t he nut agenesémovash@midofgolRF it s PEF e T A5G 3E: g% xfa%n?![ égi n XLl - Bl ue,

[ eld- (ncrA: Etg\(ﬂy v BRESMREH a)s 1 7heeteflages apEYde tdnigingyr A96 rel Al

| ac recB recﬁl sbcCumuC: : Tn5 (Xanr) wuvrC [F proAB lacl'ZAML5 Tn 10 (Tet')
Any Canr] ]| 2@€FiYdivucl eotide priners were synthesized by Sigma-Genosys
Ltd., Canbridge, UK and were designed using an intelligent doping 20

system [A R Arkin et al., Bio-techn 1 992)i 10+ v 20dr 200 timd/ of Huang et
al ., Anal® BLBEhETAPIS18T REICHEA V\greglg%gé%&t 0 deis:??n JE}Iegenﬁr ate .

ol i gonucl eot fdeupativer siere prodhet apdoupsdote GFISELRFR it 367 Ohe- r at'fer
than using individual primers_for_, each 1 i.d 85Ukl s i @igidalln this
way, librarié§ bPeanifo té‘g‘lgﬂ Eebsths l?tnezagpugclg)flg)?gsgﬁ mitant s wero produced.
The fol | owi ngcekigopuciteet i fesb4aih tadteisr gtoem|temprraryre parbfe’ 8ISk e

used: WO 01/31028 29 Aigonucleotide Prinmep 5 =>3".): .7 activity), were
cacccgagggggdtfnat feaaidyatychy (3RS B"N%U‘g" §t Sridinal activity

t : t SEQ £ %
Checesaioo et MY S anceetancaran ave: SEE AT °

remaining activity versus time (no

Plasmid DNA from E. coli clones expressing the most
thermostable luciferase as determined above, was seguenced 1in
15 order to determine the mutations responsible for the

thermostability of the enzyme.

Plasmid DNA was prepared using the QIAGEN QIAprep Spin Miniprep
Kit, (QIRGEN Ltd, Crawley, W. Sussex, UK), following the
20 protocol for using a microcentrifuge (QIAprep Miniprep Handbook
04/98).

nix

All DNA sequencing was undertaken by Babraham Tech™,
Cambridge, UK, using an ABI PRISM™ 377 DNA Sequencer and the

25 ABI PRISM™ BigDye™ Terminator Cycle Sequencing Ready Reaction
Kit (Perkin Elmer Applied Biosystems) which is based upon the
dideoxy chain termination method [F. Sanger et al., Proc. Natl.

Acad. Sci. U.S.A. 74, ({(1977) 5463-5467]) -

30 As a result of this work, the novel mutant D357Y was

identified.

The crystal structure of luciferase [E. Conti et al.,
Structure, 4 (1996) 287-298] shows that position 357 is
35 situated on the surface of the protein and is close to position

354, which can affect both thermostability and spectral



cacccgagggggat [ (ac) (ga) (gc) ] aaaccgggcgeggtcgg (SEQ ID NO 7) 1 4 APR 2004
PC 1 B00/ 04133 Amino Acid Substitution Y AI,L, T,VPC F L, W Y, X

RS K, NHQThe libraries of nmutants were screened as previ ouké #PR il

t her nost albigy)i028ne nunber of colonies to be screened was 5 cal cul ated
using the equation [S. Clinie et al., J. Biol. Chem 265 (F{JgpH00/04133
18776-187791 N = [In(1-P)]J/[In((n-1)/n)1 Where N is the nunber of col onies
to be screened, n is the 10 nunber of possible codons at the target
position and P is the probability that ev@?y codon in the mxture is

sanpl ed for screening at |east once. The cal cul ati on was based on P=0. 95.
The nutants oBfePeldies-omTSi & elndieatiasd that atfele siegiwer gould sk ednpfoattant
luci ferase acthVidimand ¢harastenésembhinili 88 & depgpdent _

t her noi nactivation studies. Miutants identified as deSirable in this way
were grown in 400mM LB medium containing anmpicillin, to A260 $4 0.5.

Lﬁci felrase eHPS BSSison pﬁﬁtl?@l’laiil}dlt@ﬁdmbh’tm tﬂl?%f%/l b_@riﬁﬂ@éqmél lrdo%tZO

t hi ogal actoside (I PTG ,to.a final conceptratjon o cells were
then i ncubsgt e%‘%{m%e%lﬁi %chs%%ﬁ%'g, 5F 3 mg'l;e aﬂ\‘f‘Bra?bgh%fW@&i ng by
centrifugation. The resultant cell pellet was resuspended in 10m B-PER'"'
Protein Extragtionh. Beagent, (Pierce Chem cal Conpany,. Rochford, U S A),
1mM DTT 25 t a crude extract, follow ng the B--PERTM protocol for
Maxi - Scal e Bafilgiliireptad Myt agenesits 40, cReatmsttient 887 Shemant sPr ot ease

| nhi bi tor Cocig &ldderSQ8! evd RIARIG: YR re RBARDa13109%Ra t B D14 531028 130,14 4- APR
7 PCT/ GBQO 04133 Saint Louis, Mssouri, US. A), was added to the B PER' "
sol ution Yo i ¥i%Hit TEAE8T RSRISHSiSa 8BS PHOIEE UpyRG Eheyitratagene

QuikChange™ Site-Directed Mutagenesis Kit, (Stratagene, La
Jolla, CA, U.5.A.). The plasmid pPWé0la J54, (PJW, MoD Report,
3/96), was used in all site-directed mutagenesis. BAll products

of the mutagenesis reactions were transformed into E. coli

15 strain XL1-Blue, [el4 (mcrA”) A(mcrCB-hsdSMR-mrr}171 endAl
supE44 thi-1 gyrA96 relAl lac recB recd sbeC umuC::Tns (Kan®)
uvrC [F’ proAB lacl9zAM15 Tn 10 (Tet") Amy Cam®]]
Oligonucleotide primers were synthesized by Sigma-Genosys Ltd.,
Cambridge, UK and were designed using an intelligent doping

200 system [A.R Arkin et al., Bio-technology, {1992)10, 297-300,
W, . Huang et al., Anal. Biochem. 218, 454-457] were used to
design degenerate oligonucleotide primers to produce groups of
possible mutations rather than using individual primers for
each aminc acid substitution.

25 '
In this way, libraries of amino acid substituted luciferase
mutants were produced.
The following oligonucleotides (and their complementary

partners) were used:



then centrifuged at 30 O0OQg for 30 m nutes. 5 The supernatant of the crude
extract was subjected to fractionation with anmmoni um sul phate. The

fraction that precipitated between 30% and 55% saturation E%tpﬂilmd
]

Iuciferamﬁwo\ﬂity. This material was resuspended in 0. S 00/®133CL
pH8. 0, 1 and used for thernoinactivation and 10 spectral studies.

The replacenents D357L, T, V\ W R 1, S K N and F were introduced.
These nutants were characterised in in vitro thernoinactivation studies of
crude extracts. 15 The partially purified extracts were diluted, 1 in 11,
into a thernoinactivation buffer: 50nM pot assi um phosphate buffer pH7.8
contai ning 10% saturated ammoni um sul phate, 1nM dithiothygitQl Ang 0. 2%
BSA. 20 1101 abiigtotuclebtpdetiimegol(btPdh)were incubated|at 40C or, 45C for
set periods of time and cooled on ice prior to assay. LUShPekrhsEi&Ltjvity

was then neasumd_as_dﬁscu_bed-m—%vmmmga CuciTerase
Assay Reagent ¢acGq9am9gnpatitinl2236cFRe“deRuI'ts are showh in Tables 2 & 3

and in Figure 4y T1/2 values were determ ned in crude extracts at 40C

(Tabl e 2) and - CH S0 DAIS3 31
Tabl e 2 Mit ant T292-99958RIaD RESS 98587 Dd5 V5. 9 35 T7.3 &

11.3 L (SEQ ID NO 5)
cacccgagggggat[(t)(gat)(gc)]aaaccgggcgcggtcgg c,F,L,W, Y, X
{SEQ ID NO 6)
cacccgagggggat[(ac)(ga)(QC)]aaaccgggcgcggtcgg R,S5,K,N,H,Q
{(SEQ ID NO 7}

The libraries of mutants were screened as previously for
thermostability. The number of colonies to he screened was

5 calculated using the eguation ([S. Climie et al., J. Biol. Chem.
265 (1990) 18776-18779]
N = [In{1-P)]1/[1n((n-1)/n}]

Where N is the number of colonies to be screened, n is the

10 number of possible codons at the target position and P is the
probability that every codon in the mixture is sampled for
screening at least once. The calculation was based on P=0.95.
The mutants obtained from site-directed mutagenesis were
assayed for luciferase activity and characterised in time-

15 dependent thermoinactivation studies.

Mutants identified as desirable in this way were grown in 400ml
LB medium, containing ampicillin, to Rz = 0.5. Luciferase
expression was then induced by addition of isopropyl B-

20 thiogalactoside (IPTG)} to a final concentration of 1lmM. The
cells were then incubated at 30°C, with shaking, for 3 hours
prior to harvesting by centrifugation. The resultant cell
pellet was resuspended in 10ml B-PER™ Protein Ext;action
Reagent, (Pierce Chemical CompanyL-Rochford, U.S.A.), 1mM DTT

25 to produce a crude extract, following the B-PER™ protocol for
Maxi-Scale Bacterial Protein Extraction. Reconstituted Sigma

Protease Inhibitor Cocktail, 500ul, (Product No. PB8465, Sigma,



118.0 <1.0 Table 3 MutantT1/2 D357W2.5 D357F6.5 D357Y 10.4 RWM<1.0 Al the
substitutions displayed enhanced thernostability in conparison to
reconbi nant wild type. 5 Examle 3 Changes in wavel ength of mgke&gti ght
Am no aci dwoai)zaggnents at position 357 were al so observed t & ARk ¢ t he
in vivo spectra of light emtted by the enzyne. An 10 ali /GBOOIMALY of
E. soli cell cultures, as described in Exanple 2 were grown overni ght at
37C, was spun down in a mcrocentrifuge \e,tg t he supernatant renoved. Cells
expressing different nutant |uciferases e incubated in a citrate buffer
(pH5.0) containing 1501 D--luciferin and the light emtted from 15 the in
vi vo reacti onSamst daal yssedibgoneasul i hah .t hewani ssded tspeet BapBR™MNg a

SPECTRAMax0 | ate S Lof | uoronet er, | ecul ar,_ . Devi ces. Corp.
California, %é{%ol)oe}l Et(?r gg’g% é%g%%d?%enot epgég%)ﬁ%?' pedie §§’(i$ef‘¥5aa£e e

di stribution dfemmasitandubed abs30dHIy ddrf 30 mimutar ants D357Y, F and |
(Figure 2(a)-(g)). 20 These results are sumarised in Table 4 below. In
addition, the in vivo |lum nescence of the nmutants was assessed by eye in a
dark room?® ThEPDIPeFREsAns af sthayadde evhraet Wwaf w8liegtedi rot heir

| umi nescence spastilchatiBn2fi PRI ihkat dim sEB3BKHYte F aiib le,Sheved significant
shifts to longer wavelengths of emtted |ight. WO 01/31028 14 A PR 2001

PCT/ GB00104135F 2 Piftaserebetsesn (W @and3sHr)saturetdhangentained our of
light em S_S'ﬂfbiaﬁ%Q%%EeQCEQVP@y.duephiréohaggl:%'ai Owags S SlspbRalitid Q. st
difference in contributions to the spectra fromdifferent

Tris HC]l pH8.0, 1mM DTT and used for thermoinactivation and

10 spectral studies.

The replacements D357L, T, V, W, R, I, S, K, N and F were
introduced. These mutants were characterised in in vitro
thermoinactivation studies of crude extracts.

15
The partially purified extracts were diluted, 1 in 11, into a
thermoinactivation buffer: 50mM potassium phosphate buffer
PH7.8 containing 10% saturated ammonium sulphate, 1lmM
dithiothreitol and 0.2% BSA.

20
110pl aliquots of protein solution were incubated at 40°C or
45°C for set periods of time and cooled on ice prior to assay.
Luciferase activity was then measured as described in Example
1, using Promega Luciferase Assay Reagent (1 in 2 dilution).

25

The results are shown in Tables 2 & 3 and in Figure 1. T1/2
values were determined in crude extracts at 40°C (Table 2) and

45°C (Table 3).



wavel engths of visible light. 5 Table 4 Mutant. (nm)Deviation fromrW (nm
r WI558- D357K556-2 D357N5580 D357Ws580 D3571606+48 D357F61Lr§?PF%ﬁZY613+55
Reconbi nant wild type (r-w) enzyne was used for conparison 0 in vivo
| i ght em"gﬁioglg (B% sone of the 357 nutants. 10 D357Y, F angCt/Gmioe/pd1asy

consi der abl'e h ts in their wavel ength maxi ma. Exanple 4 Enzyme properties
in the presence or absence of CoA 15 D357Y was partially purified by
ammoni um sul phate precipitation, as deschibed in the Exanple 1. This
partially purified D357Y enzyne (51) was m xed with 1501 Pronega

Luci ferase Assay Reagent. Another aliquot was mi xed with an equival ent
assay buffer in which CoA is absent, (25nm4 Tris 20'\/.?' I ke pH7. 8, 5.0nmM
MySO4, 0. 1mM EDTA, 2nM DTTEabdPOEM D- luciferin, 530 % The em ssion
spectra of the two r d-0RS [Wer£2 neasured and aM\etEsttothim F| gures 9 and
10. The spectra displ gy _a n If erence in blgigypmesseRt | 25 em ssion
in the absence and pr &SR of| €A, Mith dramatip s?ﬂwft n X _The effect of
CoA on the kinetics o;hlgjyem I{C4 T2r dse reaction tB3SH so| be>sepn by in the
difference in RLU scales_(RUUJ -_Rdl ative Light Hm4s)— TV HI] 31028 33
PC4/ 6Si 1a10A4 Thi s di fff@t¥ice i‘h-%iﬂssi on gives fP%‘*é“fo F\P passi bility of
using the enzyne in an gGay (|04 et ect t he presepBET of CJA.1-¢£x1rrpIe 55
Preparati on and Properjies of Mut ant Usi ng—stte-diTected nutagensi s

as described in Exanpl P¥7Va [doubl e| nut ant of E3541 + D357Y was engi neer ed
in order to study D357T 7.3

D357L 11.3
D3571 18.0
rWT <1.0

All the substitutions displayed enhanced thermostability in

comparison to recombinant wild type.

Example 3
Changes in Wavelength of Emitted Light

Aminc acid replacements at position 357 were also observed to

affect the in vivo spectra of light emitted by the enzyme. AR

10 aliquot, (250upl), of E. coli cell cultures, as described in

Example 2 were grown overnight at 37°C, was spun down in a

microcentrifuge and the supernatant removed. Cells expressing

different mutant luciferases were incubated in a citrate buffer

(pH5.0) containing 150pnl D-luciferin and the light emitted from
15 the in vivo reaction was analysed by measuring the emission

spectra using a SPECTRAmax® Microplate spectrofluorometer, |
(Molecular Devices Corp. california, U.S.A.). Large changes in
the spectral peak as well as the distribution of wavelengths
was observed for the mutants D357Y, F and I (Figure 2(ay-(g)).

20 These results are summarised in Table 4 below.

In addition, the in vivo luminescence of the mutants was
asseésed by eye in a dark room. The D357 mutants displayed a
variety of colours in their luminescence spectra. In

25 particular, D357Y, F and I showed significant shifts to longer

wavelengths of emitted light.



any cumul ative effects upon thernostability and colour of light em ssion.
10 15 20 The partially purified double nutant, E3541 + D357Y, was dil uted,
1in 11, into a thernoinactivation buffer: 50mV potassiun1ppp Uf buf f er
p11l7.8 conyaighii@gl0% saturated ammoni um sul phate, 1nM di t&ﬁé&ﬁa ol and
0.2% BSA. 110 aliquots of protein solution were incubated set
periods of tine and cooled on ice prior to assay. Luciferase activity was
t hen nmeasured as previously, using Pronegﬁ%;uciferase Assay Reagent (1 in
2 dilution). The double nmutant displayed a rked increase in
thernostability in conparison to the single nutants E3541 and D357Y

i ndi vi dual | y, 1¥ se¥nericggee, 3)e- ‘Ihe‘?fhﬁ?Fﬁac%h@a‘éﬁﬂﬁ%t%!i’di%%ouéfo%dﬂ{qhél |y
purified doub nc S t her, t

mut ant, gi vi négrﬁa o%zta‘?gﬁg%é%f é;ﬁ#]%de' b gngl ci'tol \r%at gg§at 4 BLt P&‘
not ed that t hee didifidrengat antcmmmsoasmchtmmctmedfrmld)Lﬁfeafent

| um nescence Qﬂ? sndi v, dugl ts s of E3541 and 30 D357Y, displaying
add|t|V|ty oﬁgco 5%@%h% PEH?neségﬂ?éga he emi ssion spectra of reconbi nant
wild type3and the crude extract of the double nmutant E3541 + D357Y were

al so nmeasured wusing the assay buffer deggnkbed in Exanple 3. 35 Emission
spectra neasured in vivo give X aX of 611nm However th pectrum has
a greater contribution %Ft%ﬁ§01%8&028)34vaﬂaﬁ$¢F2@UH‘rﬁ@ﬂl%ﬁb 04133

| um nescence fromthe Feg-—+eg 559}. 'v"vav,l -ergths—teadthg—t-o—i+t deeper red
appear ance when vi sual | sed by ye. Enission spectra in crude gxtracts

di spl ayed a definite chadge&i n] spectr al slape and a wavel ength shift of
44nm relative to rvw,—§%~ Frpgi e 5S4 TgThe Th—vivo—em-ssion—spect r um of

t he doubl e nutant shows _both al “Sharpening of the bandwi dth forl the peak
wavel ength of emitted |D337W 558 0 .
D3571 606 +48
D357F 611 +53
D3i57Y 613 +55

Recombinant wild type (r-wt) enzyme was used for comparison of

Amax ©f in vivo light emission of some of the 357 mutants.
10 D357Y, F and I display considerable shifts in their wavelength

maxima.

Example 4

Enzyme properties in the presence or absence of CoA

15 D357Y was partially purified by ammonium sulphate
precipitation, as described in the Example 1. This partially
purified D357Y enzyme (5pul) was mixed with 150pl Promega
Luciferase Assay Reagent, Another aliquot was mixed with an
equivalent assay buffer in which CoA is aksent, (25mM Tris

20 Tricine pH7.8, 5.0mM MgSQ.,, 0.1lmM EDTA, 2mM DTT, 470pM D-
luciferin, 530pM ATP). The emission spectra of the two

reactions were measured and are shown in Figures 9 and 10.

The spectra display a marked difference in bicluminescent
25 emission in the absence and presence of CoA, with dramatic
'shift in Awax. The effect of CoA on the kinetics of the
luciferase reaction can alsc be seen by in the difference in

RLU scales. (RLU - Relative Light Units).



light (613nm) and a decrease in the contribution from 10 wavel engt hs of
light in the region 540-560nm The dramatic effect of these nutations

i ndicates the inportance of this region of the enzyne to tﬁz col our of

bi ol um ”e@ﬁ%%lozhi ght. 15 Exanple _6 |Inproved Photon Fl uxpd ]ﬁﬁ%ﬂm%o

bi ol um nescence of E. coil cells expressing the nutant D357K was observed
to be very bright relative to the 20 other nutants at this position. The
flash kinetics of this enzyme was anal ysed using a | um noneter, which could
measure the rate of photon em ssion over tinme. Aliquots of E. coli cell
free extracts containing reconbi.nant wild type epzy - ; D357
were added tBhis |didifrErAsSe 5 SR SEIER G YCS %Es\ﬁhfg%hgﬁ? Oﬁgéggég?%iaér? any
reagents thaps eyl thePeREPhe Th Qi asbnet icdesegt tbenpyersmceTRE Fale of
decay of photon em ssion was neasured over tine (15s) for both enzynes was
observed to be significantly slower for the nutant D357K (Figure 4). In

ot her words thempgnd ant enzyne has reaction kinetics, which are 30 inhibited
to a | esser sast ibhReoti pelp1E5 Musggends of the reaction,

t han the T ecowbi+ o yITe. _EXanpl e 7. g‘oi nzéorieile gasgette

mut agenesi s Bsposiitendi E86Red My tEESPs 1852 51465 CF LAY HR PTG 1 486nT d
pPW01al54 fgr (casSeibe Y agenesiis DEBOY Nexy Wiigjueeredt in cindsy spt seudier e

i ntroduced into ?‘ie luc gene, in the asm P a ingft Hmairs
of syntheticamp W‘@P@QBQBSfie‘&tsAPﬁ"?Oggenﬁ#/a@g\g? 84%%480%%?&8& Ye\%%i des
(see bel ow) . g toidl. of six silent mutations introduced a Spel and a Kpnl
restriction site, 63 base pairs apart, within the gene. Plasm d contai ni ng
these neWsites was called pPW60Il aJ54Spel / Kpnl . The pre e and proximty
of these 5 resérpattiionlyi pesifibkdsiqublgoBei#tie t@%ée*cﬁr% at"6ri al
cassette nut agenesis it 9,expl 0fgrd he HekR6tfaof i vavidanbusobst i10aM ons at
am no acid poSitrons 354 and 357 in the o o d
potassium phosphate buffer pH7.8 containing 10% saturate

ammonium sulphate, 1mM dithiothreitol and 0.2% BSA.

15
110u1 aliquots of protein solution were incubated at 45°C for
set periods of time and cooled on ice prior to assay.
Luciferase activity was then measured as previously, using
Promega Luciferase Assay Reagent (1 in 2 dilution).

20

The double mutant displayed a marked increase in
thermostability in comparison to the single mutants E354I and
D357Y individually, (see Figure 3). Thermoinactivation studies
of partially purified double mutant confirmed the increased

235 thermostability of the mutant, giving a tuse value of 7.7 min

when inactivated at 45°C.

It was noted that the double mutant displays a much deeper red
colour of luminescence than the individual mutants of E354I and

306 D357Y, displaying additivity of colour of luminescence.

The emission spectra of recombinant wild type and the crude
extract of the double mutant E354I + D357Y were also measured
using the assay buffer described in Example 3.

35
Emission spectra measured in vivo give a Amsx of 6llnm.

However, the spectrum has a greater contribution of



primary sequence of firefly luciferase. 10 S el (a) 5 - ctcact a actacTAGI
ctattat attacaccc -3' ntl1021- nt1060 (SEQID NO8) S el (b) 5 -c tgtaatca
aata cACT to tctcat a ccc-3' (SEQID NO 9) 15 Kpnl (a) 5'- ﬁ C ﬁc t aaa t
tAccatttt thoagsfg3 Nt 1078- nt1113 (SEQ ID NO 10) Kpnl (b) 3 & APR 2004
cttcaaaaaat acCactttacc acc cgc c-3' 20 (SEQ ID NO 11) NudfdéeBipds13s3

hi ghlighted in bold. formthe endonucl ease recognition site and those in
upper case the position of the point nutafjons necessary to create the
site. 25 Step 2 Cassette design and |ibrary construction A pair of

synt hetic oligonucl eoti des was synt hesi sed whi ch when anneal ed created a
doubl e strandetriggssence GRrPRHROMeE BRILPT it e vailrBgtRy. | Iradipdasmi dts

pPW01aJ54Spadddfai rdugesheshr alce3WhleRevnaws Yadd bGt £98. Si kRS siDhe spasgphte
was designed to troduce all  possible combinations of the 20 naturally

I P ;
occurring amiiib FECEs SBFT PO (Hipd 2389 & e A tien ChARIG i heiRE CtEaduahere 5
- 35 Looplib2khd a wavelength shift of 44nm, relative to rWT, (see Figure
ct agt gct at.t ct gatt acacccNNG Cggggat NNG Caaaccgggcgcggt cggt aaagtg gta-3
(SEQ I D 12)" 'WO 01/ 31028 36 14 APR roof PCT/ GBOO 04133 Looplib2B 5'-

cactttaccgaccgcgcccggttt G CNNat ccccE CNNgggt gt aat cagaat agca-3' (SEQ I D NO
13) 2g of each,of; t be Logp: dihrar | l.eati ] xed.in

buf fer cont aﬁ}rhenénwm‘\’/l T%?%A%—Jfg{f Séeglts&ﬁ)%?%a ,Sﬁ%l%\gﬁh{ega e%hof"(s)ati%%t?or
3min. This sd&harreninasct Rde deoldeddsh oty tihe peake@valprstdckit emk&ORIt 0

anneal the caiRhkMeelghiy) SAMISNCRSreadbei ANBRALEH: Pl HONIE QL des were
t hen Ilgqbed |nt?eglasn1d pPW0I aJ54Spel / Kpnl,, which had been di gested
| .

with Spe andave gths of light in the region 540-560nm
The dramatic effect of these mutations indicates the importance
of this region of the enzyme to the colour of bioluminescent
iight.
15
Example 6

Improved Photon Flux

The in vivo bioluminescence of E. coli cells expressing the
mutant D357K was observed to be very bright relative to the

20 other mutants at this position. The flash kinetics of this
enzyme was analysed using a luminometer, which could measure
the rate of photon emission over time. Aliquots of E. coli
cell free extracts containing recombinant wild type enzyme or
the mutant D357 were added to a luciferase assay cocktail,

25 which did not contain any reagents that would promote glow
kinetics e.g. coenzymeA. The rate of decay of photon emission
was measured over time (15s) for both enzymes was observed to
be significantly slower for the mutant D357K (Figure 4). 1In
other words the mutant enzyme has reaction kinetics, which are

30 inhibited to a lesser degree, over at least the first 15
seconds of the reaction, than the recombinant wild type enzyme.

Example 7 _
Combinatorial cassette mutagenesis at positions E354 and D357

35 Step 1
Engineering plasmid pPW601laJ54 for cassette mutagenesis

Two new unique restriction sites were introduced into the luc

gene, in the plasmid pPW60la/J54, using two pairs of synthetic



10 Kpnl. Aliquots of the ligation reaction were then used to transformE.
-coli HB101l cells using el ectroporation. After electroporation transforned
cells were plated out on LB agar plates containing 50g/m afdi 2R 00in and
grown ovegl %25 %t 37C. The following day 869 col oni es WegrgdHogkeds at
randomfrom e plates and used to inoculate Iml of LB containing
anpicillin in 96 square-well plates (Beckman). The plates were covered and
the cells grown overnight at 37C with sha ;ng. Step 3 20 In vivo screening
the randomy sel ected clones The next norning 501 aliquots of the
stationary phase overnight cultures were transferred to,t I opkastic
round bot t orel9@oneklent tdan ieee PERR'Hs PDYAEX) .C %?éxpfé}%}{\@wa"g“tggverér and
i ncubat ed an g,1gakedabh oster§ @haBa kgt e# s bl otkors uriftace62Sbasampaiasur e

45C) whilst the other was kept at C The in. vi e I whEky in
the cells frcﬁﬁ%&tfhwbpé’c’éstqﬁagef’ﬁeng ol cfgﬁtai rgeégggédﬁéifsl?%tgm -

t enper at ur e, (_ka/lla_s@dppgeémmsxfspal/Kﬁﬂm\/l'rshedpua‘aemﬂ' a@ngl EEPT‘@P-I%Q? ghese

containing 0.5nmM D-luciferin paBde & helk toaRsheesing the plate
to a vided canerd 56t P?raﬁle?escénﬁ ﬁ%e&s stsesg%%1 Al pha | mager). The light

emtted by t heassesabesutagersarisr 6p Xk koreesnansfefttey P4t 88"8r | or 2

m nut es dsb I iR Sngeé:lpranQOOQd&%foﬁﬁltlaﬁﬁ)eISJ idna 3Sevemtgheni ne
cul tures exhibiti ng the greatest bio]um ne%gence 35 as determ ned by the

bri ght ness ofprimarynagguereoradedisni Y I'MC hE8F2%8el ected for a second round
of screening. This tinme the WO 01/31028 37 PCT ¢ ? 8433 cultures were
incubated for 16 m nutes on the heatl g_-assayed. O
the 55 cl¥hesSR& & L3 , e &%cg% 25 were
chosen for i mwiom- alaeosoaummamsue 8)These cl ones were grown overnight in
LB at 5 37C and the next norning 200ul of the overnight cultures was
centrifuged and the E. coli cell peI I ets ver e resuspended |n S0l of 100nmM
sodi um citratﬁ:d&mfm:er '}."1 H@3ts ‘ Sa 3 : resuspended
cells were thfﬁfgl Lh a white pI astic mcrotltre pI ate and the in vivo
bi ol um nescen em SSI on spectrumenitted by each of the nutant

| uci ferast¥s was anal ysed using a Ml ecul ar Devices Spectranax 96 wel |
plate Kpnl (a) 5'*ggcgcggtcggtaaagtegpnccattttttgaagcg-3' ntl078-

ntlll3 (SEQ ID NO 10}

Kpnl (b} 5'—cgcttcaaaaa@EggIgcCactttaccgaccgcgcc—3'

20 (SEQ ID NO 11)
Nucleotides highlighted in bold form the endonuclease

recognition site and those in upper case the position of the

point mutations necessary to create the site.

25 Step 2
Cassette design and library construction

A pair of synthetic cligonucleotides was synthesised which when

annealed created a double stranded cassette which could be
ligated directly into plasmid pPW601laJ54Spel/Kpnl digested at
30 the new restriction sites. The cassette was designed to
introduce all possible combinations of the 20 naturally
occurring amino acids at positions 354 and 357 in the primary

sequence.

35 Looplib2A 5 -
ctagtgctattctgattacacchNG/ngggatNNG/Caaaccgggcgcggtcggtaaagtg
gta-3' {SEQ ID NO 12)



fluorineter. The results are sumarised in the Table 1 below. Step 4 15
I dentification of mutations Plasm d DNA was prepared fromthe 25 clones
sel ected by in vivo screening and sequenced using gene speti fAPR 2ﬁ]§quenci ng
priners. wWabhpsigegs resulting in amno acid changes at p03|t|ons 354 and
357 in the primary sequence were identified. One nutant, alP&3R00dRBai ned

an additional nutation resulting in an am no acid substl tution at position
1351 (Table 5). Table 5 nt M MitationsPeak Wavel engths (nm t u a Enzyne
1E354V/ D357Y614 2E3541/ D357Y612 3E354C/ D357Y612 4E354R/ D357Y600

5E354S/ D357Y612 6E354N D357Y608 7E354K/ D357Mb56, 606 8E354R/ D357L588

9E354W D357Ws HPOPAEBSEH D357W606 11E354R/ D357F596 12E354K/ D357F608 WO 5’ -

01/31028 38 lca‘btAEBc%%Q&E@é%Q/tQél@ﬁN%&@é&M&m@g@B§E’£@d‘ca\6%\é%|a%gf-bs
(rim Enzyne %ﬁ%%ﬂﬁ §7F610
(
2ug of each of the loop library oligonuclectides was mixed in a
5 buffer containing 50mM Tris-HC1 pH 7.4, 25mM NaCl, and heated

to 100°C for 3min. This solution was then cooled slowly in a

heating block to <50°C to anneal the complimentary sequences.
The annealed oligonucleotides were then ligated into plasmid
pPW601aJ54Spel/Kpnl, which had been digested with Spel and

10 KpnI. Aliquots of the ligation reaction were then used to
transform E. coli HB101l cells using electroporation. After

electroporation transformed cells were plated out on LB agar
plates containing 50ug/ml ampicillin and grown overnight at
37°C. The following day 869 colonies were picked at random from

15 the plates and used to inoculate 1ml of LB containing
ampicillin in 96 square-well plates (Beckman). The plates were

covered and the cells grown overnight at 37°C with shaking.

Step 3
20 In vivo screening the randomly selected clones

The next morning 50ul aliquots of the stationary phase
overnight cultures were transferred to two clear plastic round
bottom 96 well microtitre plates (Dynex). One plate was coverec
and incubated on a heated block for 8 minutes {block surface

25 temperature 45°C) whilst the other was kept at 37°C. The in vivo
luciferase activity in the cells from both plates was then
detected and recorded, at room temperature, by adding 50ul of a
100mM sodium citrate buffer pH 5.0 containing 0.5mM D-luciferin
to the wells and then transferring the plate to a video camera

30 imager capture system (Alpha Imager). The light emitted by the
heated and control cultures was integrated over 1 or 2 minutes

.and the image recorded on thermal paper film.

Seventy-nine cultures exhibiting the greatest bioluminescence,
35 as determined by the brightness of the image recorded on film,

were selected for a second round of screening. This time the



14E354M D357F610 15E354A/ D357R556 16E354A/ D357F610 17E354T/ D357Y612

© 18E354A/ D357N560 191351M E354R/ D357V606 20E354S/ D357V556, 608

21E354R/ D357Ws00 22E354R/ D357Mb96 23E354R/ D357S592 24E354N‘%m%
of

r WTE354/ %g?%ﬁ,ﬁ\here rWI signifies reconbinant wil d-typepC
mutant |ucrferases were selected fromthe in vivo 5 assays for

thernostability. The majority of these luciferases also show | arge changes
in the in vivo spectrumof emtted light 4 th many show ng greater
contributions fromlonger wavelengths of |ight (>580nm. A nunber of

spectra al so showed a significant narrow ng of bandw dt upgd.@& si ngl e
peak of 10 e1btEESNAHErRebPERARSS: §°6f1§§%’d’q’§ﬁ5 %S%wq}e%tggﬁydr%phobi c and
an aromati C, AN NQ ABkingespasidael precge FE3iYneB3sadeatesulfrsmi Ahe tHe

| argest change 1 n the in viva spectrum which sh | gl e JLSopeak, of
narr ow bandw @y, thersaataBibhing SE)Fﬁﬁ‘BFeX\g \T%evicgi\ﬁ%egcféef;% ng for

t her nost abi | E%e@ﬁul bhe@yexé | anfeseok1bhes sedmcedwol ovrenigdite 1pr Epated by

20 lysis and the thernostability of the luciferase frome ract was
det er mi ned i B7% ©hdr beg netdcmOFRL NS 2 Wb inEARE . Ov%fﬂlg?ft ggtgﬁmgé)%t ract was

pl aced in an_eppe: f ec @l 1 4 1APRe 2004 MRt 14336 2 3G pREHERGBID/ 04133
i ncubat ed in® gﬁﬁ%&%&t %Hﬁeg’at ed to 45C for 4, 9 and 16 m nut.es.

{ the
appropriate tsoEpPGML0LAE sbddguwotciwaste chwiiryr ®fdot Hecmi’téarfé’ilﬁf;na'?'ﬁ%i or ase
activity measur .eg. ,Tab% 6_shows tfﬁgl REE SO rd @FBRNp DgcCtiinyiat whyee sus
time for all *WatEH*%en Sﬁege%u%psenv\e%l “as” T ecombj nant wi I d type,

plastic microtitre plate and the in vivo bioluminescent
10 emission spectrum emitted by each of the mutant luciferases was
analysed using a Molecular Devices Spectramax 96 well plate

fluorimeter. The results are summarised in the Table 1 below.

Step 4
15 Identification of mutations

Plasmid DNA was prepared from the 25 clones selected by in vivo

screening and sequenced using gene specific sequencing primers.

Mutations resulting in amino acid changes at positions 354 and

357 in the primary sequence were jdentified. One mutant, alsc
20 contained an additional mutation resulting in an amino acid

substitution at position I351 (Table 5).

Table 5
Mutant Mutations Peak Wavelengths (nm)
Enzyme
1 E354V/D357Y 614
2 E3541/D357Y 612
3 E354C/D357Y 612
4 E354R/D357Y 600
5 E3545/D357Y 612
© E354N/D357Y 608
7 E354K/D357TM 556,606
8 E354R/D357L 588
9 E354W/D357W 610
10 E354H/D357W 606
11 E354R/D357F 596
12 E354K/D357F 608




Tabl e 6 incubation at ft er Enzyme Percentage activity remai ning a No. (see
4 min4d 5C Table 5) O mMn9 mn 16 mn 87 75.4 1100 95 7 67.7 4 2100 99. 8 73
53.3 3100 92 89 71.4 4100 94 2 53 72 5100 85. 8 71 84 6100 ,93 %i‘ﬂ[ﬂ 1 7100

63, 79 4. 919 (1 58. © 3 42.3 65 9100 85.4. 8 10.6 27 1010 P
11100 38 6 e9Ey @clfﬁc 50/04133°

38

Mutant Mutations Peak Wavelengths (nm)

Enzyme
13 E3545/D357F 610
14 E354M/D357F 610
15 E354A/D357R 556
16 E354A/D357F 610
17 E354T/D357Y 612
18 E354A/D357N 560
13 I35IM/E354R/D357V 606
20 E354S5/D357V 556, 608
21 E354R/D357W 600
22 E354R/D357M 596
23 E354R/D3578 592
24 E354N/D3575 600
rWT E354/D357 552

where rWT signifies recombinant wild-type.

A number of mutant luciferases were selected from the in vivo
5 assays for thermostability. The majority of these luciferases

also show large changes in the in vivo spectrum of emitted

light with many showing greater contributions from longer

wavelengths of light (>580nm). A number of spectra also showed

a significant narrowing of bandwidth around a single peak of
10 610-6l4nm.

Replacements of E354 and D357 with a hydrophobic and an
aromatic amino acid respectively e.g. E354V, D357Y results in
the largest change in the in vivo spectrum which shows a single

15 peak, of narrow bandwidth, around 6l2Znm.

Example 8
In vitro screening for thermostability

Cell free extracts Qf the selected clones were prepared by
20 lysis and the thermostability of the luciferase from each

extract was determined in a thermal inactivation experiment.

S0ul of each extract was placed in an eppendorf tube and



12100 90 5 39 60 13100 83. 61 39 14100 80 1 nd O 15100 1.7. 76 63 16100 90

78 60 17100 91 18100191.8 nd 4 nd 1 1910017. 1 nd 1 201001y4 A@BZ@4 2110071
40 21 2210080 23100294 0.6 4 0.4 2410028 25(D357K)1000. 1nd nd nd d

r W100~~~we.g2B1gasWhere "nd" indicates not done. WO 01/ 310PGI/GB0Y0U3INPR
2f1ti4 PCT/GB00/04 133 The results indicate that the nost thernostable

| uci ferases were those with an aromatic amno acid at position 357 (Y, F
or 39

incubated in a waterbath heated to 45°C for 4, 9 and 16 minutes.
At the appropriate timepoint the aligquot was removed and the
remaining luciferase activity measured. Table 6 shows the
percent remaining activity versus time for all mutant enzymes

5 as well as recombinant wild type.

Table ©

Enzyme Percentage activity remaining after incubation at
No. (see 45°C

Table 5) 0 min 4 min 9 min 16 min
1 100 95 87 75.4
2 100 99 B84.7 67.7
3 100 92 73 53.3
4 100 94 89 71.4
) 100 85 72.2 53
6 100 93 84.8 71
7 100 63.7 31 11.7
8 100 58.6 19 4.9
) 100 85.4 65.3 42.3
10 100 65.5 27.8 10.6
11 100 88.6 70 54
12 100 a0 69 52
13 100 83 60.5 39
14 100 80 61 39
15 100 1.7 0.1 nd
16 100 a0 76 63
17 100 o1 78 60
18 100 19 1.8 nd
19 100 17 1.4 nd
20 100 17 1.1 nd
21 100 71 63 34
22 100 80 40 21
23 100 29 4 0.6
24 100 . 28 4 0.4
25 (D357K) 100 0.1 nd nd
rWT 100 0.05 nd nd

where “nd” indicates not done.




W and a | arge hydrophobic (V or 1), polar (N or positively charged (K or
R) am no acid at position 354. 5 Exanple 9 Effect of growh conditions on
the in vivo spectrumof enitted light. The effect of differd4rtARRallfon
sources owdbgsmpectrumof 10 emtted light fromE coil Blp%]ﬁgn%)mfﬁ' S
expressing nutant |uciferases D357Y or E354K + D357M (7 above) was

i nvestigated. A 50mL culture of cells was growmn to md | og phase on LB

medi um and then harvested by centrifugatign. The cell pellet was 15
resuspended in Im of sterile distilled water and a 100ul aliquot of this
suspensi on was then ysed to inoculate 5nl of fresh LB, M. mnimal nedium+
2nN sodi um acetatrESYL FROLIAFHFHE ChREdElf SOt TOSSaPLR RUSHHREASES i | n
tube. The culddteesheeeewi gh | avetdmatéontmine gfiavatgpoafit3d Y1 hyshakong,

and after 90 20 nm.nutes 57 r.120 g nutes (enz ) .a 200l .al iquot of
cells was re véa(?dcgn??#gé%d@é’ﬁgmpéguége%ﬁeﬁ’| %%ﬁNZfoidborﬁ\}ltlsvgésum
citrate buffethazded. @Kcont R ramigno0 abadll &k | pred ftgrdm 35¥he  resuspended cel | s
were thengplaced in a mcrotitre plate and the in vivo biol um nescent

em ssion spectrumemtted by each o 25 the nutant |uciferases was anal ysed
using a Ml edia@plpeVi ces Spectranmax 96 wel|l plate fluorinmeter. The
results are Wt Bf Gk eScohdRdols JhetKHESH ts vehepetHtim ¥ mlikBgaf rom
a rich medium(LB) (Figure 30 7a, Ba) to a definéd m ninal nedi um w t h

ei ther acetatiddPEgure 7b, Bb) or glucose (Figure 7c, 8c) as the sole
carbon sour cerher estiktedof ndsfidriehtt @akbmgesowsmnes engthe ofeciunrt ed | i ght

and a reductian.i he, contri tion.f ter velengths. WD.01/31028
2110 AR S ErRE s Rabing ce B 1 B RN e iRV ExSPA e MRedat
char act er i satliuvmd fefrasesob®$ ardr RBI5dK + ypRy2Mand mboanat vasifreresddgated.

Reconbi nant wild type Photinus pyralis enzyne and the nutant 5 |uciferases

D357Y and E3541 + D357Y were purified to honbgeneity in order to analyse
the effect off t9@lcepiturs of cells was grown to mid log phase on LB medium

and then harvested by centrifugation. The cell pellet was

15 resuspended in lml of sterile distilled water and a 100ul
aliquot of this suspension was then used to inoculate 5ml of
fresh LB, M9 minimal medium + 2mM sodium acetate or M9 minimal

medium + 2mM glucose in a 25ml Sterilin tube. The cultures were
allowed to continue growing, at 37°C with shaking, and after 90

20 minutes (D357Y) or 120 minutes (enzyme 7} a 2004l aliquot of
cells was removed centrifuged and resuspended in 150ul of 100mM
sodium citrate buffer pH 5.0 containing 0.5mM D-luciferin. The
resuspended cells were then placed in a microtitre plate and
the in vivo bicluminescent emission spectrum emitted by each o

25 the mutant luciferases was analysed using a Molecular Devices
Spectramax 96 well plate fluorimeter. The results are shown in

Figures 7 and 8.

fhe results show that switching from a rich medium (LB) (Figure
30 7a, Ba) to a defined minimal medium with either acetate (Figure

7b, 8b) or glucose (Figure 7c¢, 8c) as the sole carbon source

resulted in shifts to longer wavelengths of emitted light and a

reduction in the contribution from shorter wavelengths.



coenzynme A on the spectrum of the biolum nescent reaction. All three

| uci ferases were purified as fusions to a 143 am no acid ,carbohydrate

bi ndi ng modul e (CBM from the anaerobic fungus 10 Pi rorrycés‘ kl?ﬁllﬂﬁl This CBM
has been @bgy@mgg) bind selectively to acid swollen cell uporepanaishe

sol ubl e carbohydrates gal actomannan and gl ucomannan, form ng the basis for
a sinple single step affinity purification schene. 15 Luciferases fused to
t he CBM can be bound to cellulose in crudg cell free extracts, washed, and
then eluted selectively using soluble polysaccharides. Fusion proteins
purified this way were wused in assays to neasure the wavel engt hs of
emtted |ighExemple gdktions containing different amounts of coenzyne_ A
Enzyme 20 (5b)ryescadded aha 1p6ttnfl abaavctenipmaftion? S TEIRRIRS; & KaidH
7.8, 5.0nM MJSaZd, O \ P and 47011M D-luciferin, containing
di fferent anmbiiBts-Tio coedizy . es 9-11 show the effect of

i ncreasi Ng ceasembikdritona 1af tgpenPhate nisony tadis KIEYREUANSIthS gMt38Fi tt ed
by the purified.lLucifer 5 (N ¢Yfiéd &6 vO assays of

t he spectgurrrIBFlﬁ?’é?stﬁﬁ %@?25%@@#%&1 P?ggg bélr %ﬁc li, cells expressing
firefly |uci hemagenditsednt ordhe © Qr@rlmsﬁu@%feg#ﬁftf Bﬁgﬁpe Cﬁ\fadzl zﬁnot show
any signifi c%ggn?gmgig fer gReespt & ONIc ¥ $heXpiebsiingsichet natdateidnucPiér ase
Simlarly, in Vvitto assays of Fhe spect.rum of _bi ol usmt%egcggl aniftacgqi tted
by a comer cithiregolneifasfasggr FEF&PY i AnfYSTE fér se %Pr onega) were

i dentical toLhgoapecitalpiadiherobyle tioeM) usron ProtarproBEC THE Wlser ved
differences are therefore associa Wt e :akl 98%e ©f i VA thS

t he concéHtré%lifeﬁys?sc‘ifélﬁz‘ynérgﬁ\%&%gw g’ﬁgg %8'8?/%?]1%%3542 PCT/ GB0O/ 04133
i ncreases t hacspess Bl erliceiiliubote oandi ther soanblat carhohydgREES

concentrations of CoA the ect i m byhavaegliengbhsa simptllee

regi on 590- G%Aﬁcﬁf’f‘ﬁn%anpra%%o %gggﬂ%@?a%gatﬁg%gﬁ% The spectral shift is
nmost marked fsimgllkes tem bl &EimitanPunhEke 498 &BeP.- 5 sjgnificant narrow ng
of bandw dth around a single peak of wavel ength 610nm (Figure 11).

15 Luciferases fused to the CBEM can be bound to cellulose in crude

cell free extracts, washed, and then eluted selectively using

soluble polysaccharides. Fusion proteins purified this way were
used in assays to measure the wavelengths of emitted light in

reactions containing different amounts of coenzyme A. Enzyme
20 (5p1) was added to 100pl of assay reagent, 25mM Tris-Tricine pH
7.8, 5.0mM MgS04, 0.1mM EDTA, 530pM ATP and 470uM D-luciferin,

containing different amounts of coenzyme A. Figures 9-11 show
the effect of increasing concentrations of coenzyme A on the

spectrum of light emitted by the purified luciferases D357 and
25 E3541 + D357Y.

In vivo assays of the spectrum of bioluminescent light emitted
by E. coli cells expressing firefly luciferase fused to the C-
terminus of the fungal CBM did not show any significant

.30 differences from cells expressing the native luciferase
Similarly, in vitro assays of the spectrum of bioluminescent
light emitted by a commercial source of purified recombinant
luciferase (Promega) were identical to the spectrum emitted by
the fusion protein.

35
The observed differences are t+therefore assoclated with the

concentrations of CoA. As the concentration of coenzyme A



Exanpl e 12 Production of synthetic Photinus pyralis luciferase nmutated 10
such that it has 214C 354K/ 357F A synthetic |luc gene was desi gngbg) alﬁ[ﬂ
assenbl ed from oligonucleotide pairs using the synthesis str ¢ ﬁ tlined
above. Thay@gengiggquence was engi neered to create a | uci fe\rﬁ?ﬁ ith the
am no acids 214C, 354K and 357F. 15 Twenty-nine pairs of ove ﬁw{%b‘”
synthetic oligonucl eotides were synthesised by Sigma-CGenosys Ltd, purified
by PAGE and Iligated in three assenblies of 2approxi mately 550bp (IDRIS 1,2
& 3, Figure 13). Each assenbly was then |igated separately into 20 the
vector pBSK(+) and the resulting constructs were used to transformE. coli
XL1- - Bl ue cel FECrEREQH| BhONROFEE 2 br hArPUtiom aFehe 2 AtaltRf N st

assenbl ed :c nS@?h&e?ﬂﬂa§§&|Lber¢(f€doh0t%§0$ﬁédc’iﬁﬂlﬁrhﬁs; aéﬁidattlsé_doﬂoyt h@Y];.CBEsgth}he
presence of n- ol i gonucl eot i -products of the oligos esi in
the 25 assenbfPeli® ?*%?’%&'gﬁgmgu% 5t FEREUNBREA %eé‘d‘ugﬁcg%mi dﬁjﬁi fied
a single correpecassendttyftofisl PRES Ramxied tfoer RER dasbleusmddaho wloereathenree
assenbly aof IDRIS 3. whi gh ntaliped. i ngl i | et ] t '
end of the constfubtdh RleRRThEEEe Ry O MnBu8R P LE, SLbSTE Bed'0e”
ligating a nmiwavekerBithféifingsriFdguromBining IDRIS 1 with IDRIS 2 and 3.
The ligated DNA was then used to transformE. coif XL1-Blue <cells and

cl ones expressing active enzyne were selected using an in vivo assay.
Several cl oneBXa#Rke ¥t ect ed and sequenced to 35 confirmthe presence and
fidelity of theogydiid icx IsyatHenec Pravtiigist hgrseguencsa fehawe nutdtiaggure 14.
The comlﬁ}emm% . 01731028 43 14 APR 2004

PCT/ GB0018% 13345 Ret 2 - led into the vector pBSK(+)

bet ween t he BansyntlewdiSalucl geheegas rddasigined phdnkssembledt firem position the
gene is not | i h nepti.de LS; LYRLE | {; Jistance
fromthe | ac g%%%?ﬂ%%v%vg??l:g%ulg éq%ug?pg?gg%as %ﬁg?gggcgﬂﬁlﬁgabl e
prelimnary chbeeet erThmatdens sefiuenre sipsy pagiveared @ IcrprEe axkydderase E.

coli XL1-Bluéyith the amino acids 214C, 354K and 357F.
15

Twenty-nine pairs of overlapping synthetic oligonucleotides
were synthesised by Sigma-Genosys Ltd, purified by PAGE and
ligated in three assemblies of approximately 550bp (IDRIS 1,2 &
3, Figure 13). Each assembly was then ligated separately into

20 the vector pBSK(+) and the resulting constructs were used to
transform E. coli XLl-Blue cells. Plasmid DNA was prepared from
clones containing the assembled inserts and sequenced to
confirm the fidelity of the ORFs. The presence of n-1
oligonucleotides (by-products of the oligosynthesis) in the

25 assemblies complicated the build process. DNA sequencing
identified a single correct assembly of IDRIS 2 and the PCR was
used to correct one assembly of IDRIS 3 which contained a
single base pair deletion at the 5’ end of the construct.
Assembly of the complete ORF was achieved by ligating a mixture

30 of plasmids containing IDRIS 1 with IDRIS 2 and 3.

The ligated DNA was then used to transform E. coli XL1-Blue
cells and clones expressing active enzyme were selected using
an in vivo assay. Several clones were selected and sequenced to

35 confirm the presence and fidelity of the synthetic luc gene
having the sequence shown in Figure 14. The complete ORF was
called IDRIS (FR).



cells expressing IDRIS (FA) were prepared, fromovernight cultures, using
the Promega |ysis nethod. 10 The thernostability of the enzyne iﬂ t@LﬂE
extract was then tested at 50C over 20 minutes and conpared wit 4 2008

t her most alply6 1 A¥gant E3541+D357Y. The new codon optim sed petpBoo/oss ant was
significantly nore thernostable than the nmutant E3541+D357Y (Figure 15).
15 44 Cains 1 4 APR 2004 1. A reconbinant protein having luciferase
activity and at least 60%simlarity to g wild-type luciferase wherein in
the 5 sequence of the enzyne, the am no acid residue corresponding to
residue 357 in Photinus pyralis luciferase i t Iggymaredtothe
corr espondi n§hei F¥RERAFE T H@PFeY’%&e?SSseﬂ‘%ﬁegh%rftO%g ?g%l ?ar ase er}12¥£re is
able t0 et Yei@bin ained pdimkilf €r &0d Satavebenes hiragheonrphy binkey ¢ & 7158
corresponding w | d-type | uciferase [ hangies igeshabiisty
as conpared P§Siheon c'&'er @BSnﬁFn%OW]ﬁ%d??%g Vrltr}?]isftgrgase. 2.15&}\&; econbi pant
prot ei n accordisAgni picdrai Miktahee efrom fheshpe PRAMOGET ypROYEIEFefiSe
sequence i.s of luciferase f i 5 pys@niinarkuchatactdmgasipta,
Luciola ¢ uci(ié‘tcégﬁfa?_%c]isolpéfoepgggﬁg‘? iragl,%bl%btgfi a par vyl 2, PYraphenus

pl agi opht hal aifushkaemaymes. Orodei fekh, fregr SEE@‘F%;rﬁfygko or* Photuri s

pennsyl vani ca._ .3 éké@ecm 3BRIBT PEHD WedECPreban@d, 0 febmi overviieditei n t he
20 wi l d typeﬁ uci'f erase sedquence is the se uentecof an enzyme obtai nabl e
from Phot i nuswynaes s, uting ¢bg RFARs® ild82° 10019 cruciata or Luciol a

| ateralis enzyme 4. A reconbi nant protein according to claiml1l or claim2
25 wherein said wild-type lucifera S ce, | f gktenasecarom

Phot i nus '8yr dlhes thegro st aPidiidr &Fi glge %&(%Iﬁ(gﬂ gn c%égieg'lttg or Luciola
lateralis, Hiahi.a RAr¥efcaovEY T PPheiditepl agd opipaakdnusth ifpyris noctil uca

or Pyrocoelia myako and the am_ng aci esl respapndi Rsd® drapidue
357 in Photi mywrpgsspble 0 4a5d Fégéyénqd%?%t Eégul?%‘ggfogg’%a?& ¢ ac d orij

gl utami ¢ aci dyiBntAwkECoONdH IBtlankl gt sbre abeonds bepkeo tORA F1'¢ BYT¥1 i m 2
wherein said w | d-tﬁgg Lrﬁl fereagcg sequence is of luciferase from Photuris
pennsyl vani c&3Hd *PRa T Anf P& a7/ ési due correspondi ng

15



35 to residue 357 in Photinus pyralis luciferase is other than valine. 1 4
APR 20D 45 6. A reconbi nant protein according any one of the preceding
clainms wherein the am no acid residue corresponding to residue 357 in
Photinus pyralis luciferase is other than aspartic acid, glutamc acid or
valine. 5 7. A reconbinant protein according any one of the prlecARR Hd

clai ns wherein the anmino acid residue corfesponding to residue 357 in
Photi nus pyralis luciferase is an uncharged polar amno acid. 10 8. A
reconbi nant protein according to claimJasmerein the am no acid residue
corresponding to residue 357 in Photinus pyralis luciferase is tyrosine,
phenyl al ani ne or tryptophan. 15 9. A reconbi nant protein according to claim
8 wherein the am necasbihiesiphueetor nesipondivngf¢oagsesicdaeiBb7and ahot i nus

pyralis luciferase_. is tyrosine., 10. A.protej rdi.ng y . Qn f the
pr ecedi ng CH&F,?S ‘8% HECA ¥ hel pt d le]“l%n?iﬁgésnlaﬁ eéﬁ%%%‘éﬂf&éﬁ% Ilgr ??‘3 to
| uci f er ase fseagmeRbetdhushepgnalking, therciaoliacnd oigt eldsédyie oeixsispoadipiata or

Luciola | ateral.i.s, . i in O A1) 01 f r.ecedi ng
clainms 25 \Aﬁiec?ﬁdﬁss&%'{ %e%%ttghgsgﬁﬁf lgsfg %JE)E-NI ng errﬁtga&l%éngs}%agscorrpar ed to
wi | d type | woimberaseto (de cheraspordiag ditestfe logifespemdisvght 6haki no

aci d 354 of h ot J i 8.1 Ueif erasg;: { 386N Lugi & & Jdeiferase) is
nmut at ed; 30 t(l%) ?LPEg?%fm%é(S) e@%?@lergss’i%ﬁlee ggr?@?ﬁon [ rdlcgat.o position 215 in
Phot i nus pymalviedehath fag psoeperef21T Gh¢ KaEroPRP Ui ¥iddejyies 14C1pFR] ent

hydr ophgpi ¢ .am/pe 8¢k kinfince®) thbEndUHMa 186 dad esiniPa@ g0t agfeondi ng to
residue 214 in Photinus pyralis luciferase or to residue 216 of Luciola 35
rni ngrel i cacorgerpradeiuciidtatype Ltikiidied2Fateralis luciferase; 1 4 APR 7D04
46 (d) the am no acid residue corresponding to residue 232 in

2. A recombinant protein according to claim 1 wherein the said
wild-type luciferase seqguence is of luciferase from Photinus

15 pyralis, Luciola mingrelica, Luciola cruciata or Luciola
lateralis, Hotaria parvula, Pyrophorus plagiophthalamus Lampyris

noctiluca, Pyrocoelia miyako or Photuris pennsylvanica.

3. A recombinant protein according to claim 2 wherein the
20 wild type luciferase sequence is the seguence of an enzyme
obtainable from Photinus pyralis, Luciola mingrelica, Luciola

cruciata or Luciola lateralis enzyme.

4. A recombinant protein according to claim 1 or claim 2

25 wherein said wild-type luciferase sequence is of luciferase from
Photinus pyralis, ILucicla mingrelica, Lucicola cruciata or
Lucicla lateralis, Hotaria parvula, Pyrophorus plagiophthalamus
Lampyris noctiluca or Pyrocoelia miyakc and the amino acid
resicue corresponding to residue 357 in Photinus pyralis

30 luciferase is other than aspartic acid or glutamic acid.

5. A recombinant protein according to claim 1 or claim 2

wherein said wild-type luciferase sequence is of luciferase from

Photuris pennsylvanica and the aminc acid residue corresponding
35 to residue 357 in Photinus pyralis luciferase is other than

valine.



Photiinus pyralis luciferase or to residue 234 of Luciola mngreiica,
Luciola cruciata or Luciola lateralis luciferase; (e) amno acid residue
corresponding to residue 295 in Photinus 5 pyraiis luciferase or to residue
297 of Luciola mngrelica, Luciola cruciata or Luciola |ateral ﬁ' R 2004
luci ferase; (f) amno acid residue correspondl ng to amno acid %f tP1
Photinus pyralis luciferase or to residué¢>16 of Luciola m ngrelica, or 17
in Luciola cruciata or Luciola lateralis; 10 (g) am no acid residue
correspondi Bg tOAam“ieﬁ@fnh&hQ"iaﬂlt35r0f:eirﬁleacd%hrdﬁhgusnyowmd ioi tbeipeerascarrg to
resi due 37 of Luci relica, or to [es i due uci q ta or
Luci ol a | afefHTy W%e(rﬁ)ma 0" dlH 3FaE BBt coer rcé’éfﬁgrsl lq% am nogg{égd

resi due 10535151rofPfthﬁnIBhopymmlsp)lmlllfsriamnsterca@erotham) ggsirtue 206c of
Luciola mngreiica, 107 of Luciola cruciata or 108 of Luciola lateralis
gene; (i) aﬁ?ﬂ%alﬁlc(f & FEsPaus toTespondi ng to amino acid residue 234 of

t he Phots nus pyralis Iumferase or to residue 236 of Luciola 20

m ngrelica, .Luciqgl a ta c a )~ ral.No fesidue
correspondi F"lg togame%&écn% EQ Aééz%or%gé & hoorﬁ r?tfsg}olgr a?&é&f udg‘]isfer ase
or to residutaidR? wiedeioi (oha ammmglaerlldcaesmm orloarrersg@ilmrsg dro Irgéigra

| ateralis; I 310
25 of the Photi Dus s P ot T o et e S Pre voar e BT Ao raee

m ngrelica, atudi ol a cruci ata or Luciola lateralis; is different to the

am no agjd which appears in the corresponding wild type sequence and
wherein the luciferase enzynme has increased thernpstability as corrpared to
an enzyme 38-havPngeemebanto PEel 8l pfaqqre ddaer BS potithi™hg WRrESty pehe

luci ferase atnthisidPAestib0s. cdidre HRELE fo a&GAldiengst oi nghamiewef the
preceding clains_  wherein the am no acid resi du corresEondl ntgJ th% am no

aci d 354 35PyFaihd PHoheRase pit al O 0er f RY HEE 1388 P nC L ut i T35 f er ase)
is nutated. 1 4 APR 2004 47 13. A protein accordl ng to claim12 wherein the
amno acid residue corresponding to residue 214 | i r S

| uci ferdde dr to’r&&Falfe &Iogﬁ&? of S FARGr |c£a1tam|_ucwgfg‘§ew ad

aminc acid residue corresponding to residue 357 in Photinus

pyralis luciferase is tyrosine.

10. A protein according to any one of the preceding claims
20 wherein the protein has at least 80% similarity to luciferase
from Photinus pyralis, Luciola mingrelica, Luciola cruciata or

Luciola lateralis.

11. A protein according to any one cof the preceding claims

25 which has at least one of the following mutations as compared to
wild type luciferase:

{a) the amino acid residue corresponding to aminc acid 354 of
the Photinus pyralis luciferase (356 in Luciola luciferase) is
mutated;

30 (b) the amino acid residue corresponding toc position 215 in
Photinus pyralis luciferase or (217 in Luciola luciferase) is a
different hydreophobic amino acid; or
(c) the amino acid residue corresponding to residue 214 1in
Photinus pyralis luciferase or to residue 216 of Luciola

35 mingrelica, Lucicla cruciata or Luciola lateralis luciferase;



cruciata or Lucicla lateralis luciferase is nutated to a 5 different
hydr ophobi ¢ am no acid. 14. A nucleic acid which encodes a | uciferase
according to any one of the preceding clains. 10 15. A nucleic acid
according to claim 14 which conprises a synthetic gene. 16. A n{i¢l¥Rc#Hci d
according to claim 14 wherein the codon usage has been optim sed for a
particul ar expression host and/or 15 uni (ﬁﬁe restriction sites have been
i ntroduced. 17. A nucleic acid according to claim 14 or claim 15 which
conpri ses nugl eptd deind- 4664 wfsiSE® NG gndangatserpeEmse WBEchn has at
| east 90% simlarity thereto, . 18, vect or. . L Si, GLeic acid
accor di ng t%p%wuosné%]aglélglfcrrls%%ﬁg?o@ifeocf&s%gggﬁﬂ#gn@ g?ﬁ%d with a
vect or accomtlique tizac| abmidB8a @mcd@talometihoid lef lptedutinduaiproéstn

according to any .one _of . clai t | C ri.se e of
a cell accg?)di%‘bmtoo aEtg; ﬁ?i@%éofg?%ﬁ%@ﬂt}{ quﬁgggg%{g% égc%?%?%%%to any
one of ol ai pBrdiio 113ifknase bioltoniraestent2 Wssdy Lu20lA rkingredapei si ng a

01 ai m 22 whERH Toh CRAE EBpTT Ses Thcrf 6715 1A "APETUUA 48 24, An hosay
for determ nfngriihe présenesidue @osamppendinCeA, annhe cirigsddy ofohpti ses
any one of Bra T o At h e gat ey T TA St et canancs which are
requi red tombngrel atoubralll uciferiade/ toetfatd wIr duciPbh latedsdirng t he
vavel ength of) 1o, 0Lt Led; LLoMALhe. 5aMl i 380 hehatddg bl st ont he
presence or “absence of ~ CoA. 5°"An assay according to claim?24 for use
i n di agnosi ghofinwi aberdss DE:1iRIPE6t of ntacktridivRg3T PP @rédof claims 1
to 13, Mherﬁkﬁbrelica, or to residue 38 of Luciola cruciata or Luciola
lateralis;
(h} amino acid residue corresponding to amino acid residue 105
15 of the Photinus pyralis luciferase or to residue 106 of Luciola
mingrelica, 107 of Luciola cruciata or 108 of Luciola lateralis
gene;
(i) amino acid residue corresponding to amino acid residue 234
of the Photinus pyralis luciferase or to residue 23¢ of Luciola
20 mingrelica, Luciola cruciata or Luciola lateralis;
(9) amino acid residue corresponding to aminc acid residue 420
of the Photinus pyralis luciferase or to residue 422 of Luciola
mingrelica, Luciola cruciata or Luciocla laterallis:;
(k) aminc acid residue corresponding to amino acid residue 310
25 of the Photinus pyralis luciferase or to residue 312 of Luciola
mingrelica, Luciola cruciata or Luciola lateralis:
is different to the amino acid which appears in the
corresponding wild type sequence and wherein the luciferase
enzyme has increased thermostability as compared to an enzyme
30 having the amino acid of the corresponding wild-type luciferase

at this position.

12. A protein according to any one of the preceding claims
wherein the amino acid residue corresponding to amino acid 354
35 of the Photinus pyralis luciferase (356 in Luciola luciferase)

is mutated.



t he reconbi nant luciferase is other than Luc78-0B10, Luc9C -1B5, 15
disclosed in Figures 36 and 43 of wo 99/14336. 27. A reconbinant protein
havi ng luciferase activity and at |east 70%simlarity to a w | dwgﬁg

| uci ferase from Photinus pyralis, Luciola mngrelica, Luciola Iy t’or
Luciola 20 lateralis, Hotaria parvula, Pyrophorus plagi ophthal amus
Larnpyris noctiluca or Pyrocoelia niyakd? wherein in the sequence of the
enzyme, the ami no acid residue corresponding to residue 357 in Photinus
pyralis |uciifzer age pirstoist adeatbrasingonpariedrt 42t heereior rtdspeninngaaid d- t ype

| uci ferase, such that the lyciferase 25 en . 1s,,abl, oemt.light at a
di fferent V\é\?éllgHﬁt‘ﬁO%rseSp(?Bﬁ’ﬂ)ﬁ? e 5% élec%%/{glsnpzpr’;] ?ﬁé”\%ﬁ%‘iﬁlﬁe | uci f er ase
and/ or has lerhdscesk thermostabila t3l asfconparid ntigotrhéicar riespgorddi ng wi | d-

type luciferase., 30 28. A.reconbjnant. protein according.1o ai_m 27 wherein
the wild tfﬁé’cllﬂgff%lf’ a%sutflSZﬂug%:eerﬁrhtslst r%lécéke%]ruaesnecéSokuganteedngfrrg obt ai nabl e
from Phosi ndd figreht shydrewphobac némmgreelaicéd, Luciola cruciata or Luciola

| ateralis enzyme. 35 29. A reconbinant protein according to claim?27
wherein said wld-type luciferase sequence is of luciferase from Photinus
pyralis, LuGifel a®rirnghelt cxcid wdiehackeeisisisatalbfiiendss 4CEO4dnPR YO RRY49
lateralis, Hatapkarparpdaq:Ryropherus plagi ophthal amus Lanpyris noctiluca
or Pyrocoelia myako and the am no acid residue corresponding to residue
357 in Photinus pyralis luciferase is other than aspartic acid or glutamc
acid. 5180. 1A.reqombicnant 4iQf eickoaacwd didnglakiai M 2/hicA8 cemp2dsaherein  the
am no acid residue, corresponding to residue 357 in Photinus pyralis

| uci f erase *¥"G6PREICtHHIT aspartic acid, glutanic acid or valine. 10 31. A
reconbi nant protein according any one of clainms 27 to 30 wherein the am no
aci d resi dug ccorrespandi g, 4,0 Lesl e, 3% i1 1 BNOL I SIS YT BhiSchagi fer ase
i's an unchargéd polar am no "aci d. 52" A T é¢onbi nant protein according to
cl ai m 31 whasepa bae beari pptavised dirdgeradt FespongrREe sl ¢edicdie 8397°F n
Photinugs pyhabhs Lagif€hasq LStdynRsiengeeRheibdRhaBune or tryptophan.

17. A nucleic acid according to claim 14 or claim 15 which
comprises nucleotides 9-1661 of SEQ ID NG 1, or a sequence which

has at least 90% similarity thereto.

20
18. A vector comprising a nucleic acid according to any one of
claims 14 to 17.
19. A cell transformed with a vector according to claim 18B.

25
20. A method of producing a protein according to any one of
claims 1 to 13, which method comprises culture of a cell
according to claim 19.

30 21. The use of a protein according to any one of claims 1 to 13

in a bioluminescent assay.

22. A kit comprising a protein according to any cne of claims 1
to 13.

35
23. A kit according to claim 22 which further comprises

luciferin.



33. A reconbi nant protein according to claim32 wherein the 20 amno acid
resi due corresponding to residue 357 in Photinus pyralis Iuciferaﬁg ing.
tyrosine. 34. A protein according to any one of clains 27 to 33 ﬁ@?ﬂw‘
the protein has at |east 80%simlarity to luciferase from 25 Photi nus
pyralis, Luciola mngrelica, Luciola cru0|ata or Luciola lateralis. 35. A
protein according to any one of clains 278t 0 34 which has at |east one of
the following nmutations as conpared to wild type 30 luciferase: (a) the
am no acid residue corresponding to am no acid 354 of the Photinus pyralis

| uci f I [ [
L5 SR AR LD S LTS g AL L S e

resi due cor pos otinus pyralis [ uci ferase or
(217 in LucwhﬂehIaﬁaaWeca$By1$eﬁzﬁdddmﬁféﬁe@tsamniﬁoﬁhéﬁﬁét%ﬁnQ¥oCQBFﬂlnkﬂg 14

APP TON 50 (&) 116,300, 3¢L Ao 13l ncOny ashoRd Bea18s resiglue 2bdvin
Phot i nus pyralls Uciferase of to residue 216 of Luciola m ngrelica,

Luci ol a Cr utbgeher Windi obhet areaadnts PhEr! erigs@eauiasdt He RiAo2aet d @
residue COf5&?9;‘65@&&915&%@&&%%%%0% Be RNOLINUS nBYhabd Berldtdi bEr ASghOr to

resi due 234 o0 uciola mngrelica Luciola cruciata or Luciola lateralis

| uci f er ase; em{ eYehrinag &BF dSAER}HFRSCERIBSH¥NAIMG £68 FRSIRRRFSS68 Ph
Photinus pypabh& IdMCichgrase or to residue 297 of Luciola mngrelica,
Luciola cruciata or Luciola lateralis luciferase; 10 (f) am no acid residue
corresponding to amno acid 14 of the Photinus pyralis luciferase or to
resi due;d6 95 Lughohasayiaigicaliiea, torclain n4Ltick obge crruciiagaoeis lafci ol a

| ateralis % am no acid residue corresponding to amno acid 35 of the
Phot i nus pyFég %'§%ci ferase or to residue 37 of Luciola 15 mngrelica, or
to residue 38 of LUCIO|a cruciata or Luciola lateralis; (h) amno acid

resi due cor&gs d|n ue %%%QQFgﬁgd 5%§hﬂ%ﬁe19§ Cfglﬁguq @Qqunu&Kg%ﬁalls

| uci ferase or-'to rgs ciola” mngrelica, 107 of Luci o
cruci ata ortm68re¢omnmnamtalha%é@@ﬁﬁ@slSZthéﬁeU“¥1}“§ﬂﬁn85E$l&mFégla%%’

correspendi 09 L0, A0 NG, G4 E8SEEUHPIE of wo 99/14336.

27. A recombinant protein having luciferase activity and at
least 70% similarity to a wild-type luciferase from Photinus
pyralis, Luciola mingreiica, Luciola cruciata or Luciola

20 lateralis, Hotaria parvula, Pyrophorus plagiophthalamus Lampyris
noctiluca or Pyrocoelia miyako, wherein in the sequence of the
enzyme, the amino acid residue corresponding to residue 357 in
Photinus pyralis luciferase is mutated as compared to the
corresponding wild-type luciferase, such that the luciferase

25 enzyme is able to emit light at a different wavelength as
compared tc the corresponding wild-type luciferase and/or has
enhanced thermostability as compared te the corresponding wild-

type luciferase.

30 28. A recombinant protein according to claim 27 wherein the
wild type luciferase sequence 1s the sequence of an enzyme
obtainable from Photinus pyralis, Luciola mingrelica, Luciola

cruciata or Lucicla lateralis enzyme.

35 26. A recombinant protein according to claim 27 wherein said
wild-type luciferase seguence is of luciferase from Photinus

pyralis, Luciola mingrelica, Luciocla cruciata or Luciola



of the Photinus pyralis luciferase or to residue 236 of Luciola

m ngrelica, Luciola cruciata or Luciola lateralis; (j) amno acid residue
corresponding to am no acid residue 420 25 of the Photinus pyrhkidgR 2im

| uci ferase or to residue 422 of Luciola mngrelica, Luciola cruciata or
Lucicla lateralis; (k) amno acid residue corresponding to am no acid

resi due 310 of the Photinus pyralis luci*ferase or to residue 312 of
Luciola mngrelica, Luciola cruciata or Luciola lateralis; 30 is different
to the aninQaaéfﬂLMhi&btappeamérﬁdld;hEyrQ@mmﬁﬁp@ﬂdbmquﬁﬂaiawaeLsnnthﬁe
and wherein the | uci f erase qf%% E incng%%?d thernDst blll&ﬁ as
conpared t o”8h* ESAET hEGPREE APHG ath FRa"e Gt EsF6RAT G wi | d-type
| uci f erase c@t:réé'pcﬁlcﬂ@@l tbofiesﬁﬁje3@57A1prBFﬁc&IMUacp9hﬁHm lueidnyaonei of
claims 27 to_35 he am .no a0|?FéeS|due orresponding to amno acid

354 of the Tt4eHA Zﬂha§faﬁhb?|§ﬁﬁ§ pyr & aTﬁﬁnaFé ase (356 in Luciola

luciferase) is nutated. 37. A protein according to claim 36 wherein the
am no acid i due corresp to i-n Phot i

| uci f er ase 85‘ irég? erff% g?gkgg?oCCO%ﬁagg ﬁ%@‘zLuc?§I%£q%%8%ﬁgt%ﬁ or
Luci ol a | at ehal sidweicfidr aseidise muna&edom@nnﬂ toh freerdur IHfddoplRobEEnasi no
acid. 10 38. A uclelc C ife cerding, L

one of claifg" 521 fg%bge nucrgpcgggﬁdﬁg%%%rgl%gﬁfo C aﬁn1§ amﬁ?gﬂy
conpri ses avatymehetlc gene. 15 40. A nucleic acid according to claim 38
mherein1§he codon wusage has been optimsed for a particul ar expression
host and uni que restriction sites have been introduced. 20 4

nucl ei ¢ aci dlaccér 4k e igagItaPiP B8 Bra AP ATN 392 Mhi R °€oﬁb§%@ﬁ¥?ﬂ1&@lé8tldes

9-1661 of SEQLDNQKL aBind SEAMERGEWAI 6 rd¥dondlind €8S tre3QHu 8 Bbtafmty
thereto 42. A vector conprising a nucleic acid acc rdlggito anyaggg

claims 38 t &rg1inus pyKaddp| IRsmRaSemba o tHAAFEEE orO kit St fg
42,

Clalm

15 32. A recombinant protein according to claim 31 wherein the
amino acid residue corresponding to residue 357 in Photinus

pyralis luciferase is tyrosine, phenylalanine or tryptophan.

33. A recombinant protein according to claim 32 wherein the
20 aminc acid residue corresponding to residue 357 in Photinus

pyralis luciferase is tyrosine.

34. A protein according to any one of claims 27 to 33 wherein
the protein has at least B0% similarity to luciferase from
25 Photinus pyralis, Luciola mingrelica, Luciola cruciata or

Luciola laterallis.

35. A protein according to any one of claims 27 to 34 which has
at least one of the following mutations as compared to wild type
30 luciferase:
{a}) the amino acid residue corresponding tc amino acid 354 of
the Photinus pyralis luciferase (356 in Luciola luciferase) 1is
mutated;
(b) the amino acid residue corresponding teo positien 21% in
35 - Photinus pyralis luciferase or (217 in Luciola luciferase) is a

different hydrophobic amino acid; or



44. A nmet hod of producing a protein according to any one of 30 clains 27
to 37, which nmethod conprises culture of a cell according to clain143 45,
The use of a protein according to any one of clainms 27 to
bi ol um nescent assay. 35 46. A kit conprising a protein accordlng tgmgny
one of clains 27 to 37. 1 4 APR 2004 52 47. A kit according to claim46
whi ch further conprises luciferin. 5 48 50An assay for determning the
presence in a sanple of COA, which assay conprises adding to a sanple
tsusggct gd of(c{:omefuhamm@ aﬁﬁ)& :F]ésto:ldeeksaseeapomja‘tg‘r&@ rasanye ane of clains 27
o] above oget her wt ther reagents which are.re ed. t.o bring abo
a IUC|feraEE?FHEF?éﬁ”ﬁlﬁéagP?B%”“ﬁﬁggﬁr ﬂgr?%%nﬁh?éﬁeﬁg % PP lE ght go !

(e:&ttig fermb@@eﬁﬁdml Qg@adlae&ammat birsLtoidhe ercesramm lorcifalysence of

n assay accordin cl m 48 for d|a no f . dlabetes.
TS V0 01/ 31630 et oL S e ro L o ke e rRETRH 28 an BOFLe,
Wi t e, RﬁtePhdtﬂMdé(§WTaﬁ&@alhc1f§ﬂaHE oRacheteilddﬁJQﬁhyofNéuamml@ J
Squirrell, David <120> Nove

<150>GB 992%1@911’%1kﬁ%léi’%@liocé%“&tﬁgé%giﬁ% 44Fage?%§i£%f8%%> <4tz

{e) amino acid residue corresponding to residue 295 in Photinus

pyralis luciferase or to residue 297 of Lucicla mingrelica,
Luciola cruciata or Lucicla lateralis luciferase;

10 (£} amino acid residue corresponding to amino acid 14 of the
Photinus pyralis luciferase or to residue 16 of Luciola
mingrelica, or 17 in Luciola cruciata or Lucicla lateralis;

{g) amino acid residue corresponding to amino acid 35 of the
Photinus pyralis luciferase or to residue 37 of lLucicla

15 mingrelica, or to residue 38 of Lucicla cruciata or Lucicla
lateralis;

(h} amino acid residue corresponding to amino acid residue 105
of the Photinus pyralis luciferase or to residue 106 of Luciola
mingrelica, 107 of Luciola cruciate or 108 of Lucicla lateralis

20 gene;

(i) amino acid residue corresponding to amino acid residue 234

of the Photinus pyralis luciferase or to residue 236 of Luciola
mingrelica, Lucicla cruciata or Luciocla lateralis;

(3} amino acid residue corresponding tc aminc acid residue 420

25 of the Photinus pyralis luciferase or to residue 422 of Luciola
mingrelica, Luciola cruciata or Luciola lateralis:

(k) amino acid residue corresponding to amino acid residue 310
of the Photinus pyralis luciferase or to residue 312 of Lucicla
mingrelica, Lucicla cruciata or Luciola lateralis;

10 is different to the amino acid which appears in the
corresponding wild type sequence and wherein the luciferase
enzyme has increased thermostability as compared to an enzyme
having the amino acid of the corresponding wild-type luciferase

at this positicn.

36. A protein according to any one of claims 27 to 35 whereiln

the amino acid residue corresponding to aminc acid 354 cof the



<160>13 <170> Patentln Ver. 2.1 <210> 1 <211> 1661 <212> DNA <213>
Artificial Sequence <220> <221> CDS <222> (3)..(1661) <220> <223>
Description of Artificial Sequence: cDNA sequence of the synt e;i

| uci f erase gene 14 APR 2004 PCT/ GBOOL04133 <400> 1 gg atc cad @BR@% gac
gcc aaa aac atc aag aaa ggc ccg gcg cca 47 lle dn Met Qu Asp Ala Lys Asn
Ile Lys Lys Ay Pro Ala Pro -1 1 5 10 ttéltat cct ctg gag gat ggc acc get
ggc gag caa ctg cat aag get 95 Phe Tyr Pro Leu Qu Asp Ay Thr Ala Ay Qu

G n Leu H spLys; Ala 240525, A 1aa@ ¢gtetac [@eGothol giifeaakeggtisaca att
get ttt aca gat gca 143 Mt Lys Arg Tyr Ala Leu Val Pro Gy Thr Ile Ala
Phe Thr AspUAta-€¥H 35 40 45 cat atc 'gag gtg aac atc acg tac gcg gaa tac
ttc gaa atg tcc gtt 191 Hs Ile Au Val Asn Ile Thr Tyr Ala A u Tyr Phe

Gu Met Ser_Val 50 55 60 cgc ct ca gaa g tg aaa,cqc_tat t. ctg aat
aca aat cac3égt 239TOWEY I8 Oﬁ\fiég@ Alg‘é‘l%?%Lw eqf,ﬁ'lé] ﬁ?} ?ﬂuynci'_%%l&sn Thr
Asn Hi s Argrbs i rW0=03431028 2 rks4dAPR 2004 PRETIGBOQLE04133 atc gtc gta
tgc agt gaa_aac_ tct ctt caa ttc tt tg.c tg ct. . 1 |.,val Cys
Sex G u Asnleetf9r@reaon ﬁﬁerﬁfed”l%?lgr drvhretiy @dgg’gggb“gg?“é?&%/u ttt
atc ggt gttcggaiftd Qcguetglgch: @acidaclatifdmaise335 m@ated acLau Phe Ile
Gy val A ad\i/%‘l:'efaélnat %ry%rélpgoélscn a'?‘nslelol latgic-‘[yr
10 38. A nucleic acid which encodes a luciferase according to any

one of claims 27 to 37.

39. A nucleic acid according to claim 38 which comprises a

synthetic gene.

40. A nucleic acid according to claim 38 wherein the codon
usage has been optimised for a particular expression host and/or

unique restriction sites have been introduced.

20 41. B nucleic acid according to claim 38 or claim 39 which
comprises nucleotides 9-1661 of SEQ ID NO 1, or a sequence which

has at least 90% similarity theretoc.

42, A vector comprising a nucleic acid according tc any one of

25 claims 38 to 41.

43, & cell transformed with a vector according to claim 42.

44. A method of producing a protein according to any one of
30 claims 27 to 37, which method comprises culture of a cell

according to claim 43.

45. The use of a protein according to any one of claims 27 to
37 in a biocluminescent assay.

35
46. A kit comprising a protein according to any cne of claims

27 to 37.



95 100 105 aat gaa cgt gaa ctg ctt aac agt atg aac att tcg cag cct acc gta

383
115
431
135
Lys
tac
Adn
ggt
Phe
att
Al a
gtg
Al a
cct
Ile
cca
Phe
ggc
Phe
tcc
Lau
ttt
Ser
ctt
Hi s

Asn Qu Arg Qu Lau Leu Asn Ser Met Asn Ile Ser A n Pro Thr Val 110
120 125 gtc ttt gtt tcc aaa aag ggc ctg caa aaa att ctc aac|gtsPRCAfR, aaa
Val Phe Val Ser Lys Lys Ay Leu Gn Lys Ile Leu Asn Val Gn Lys 130
140 aaa ctg cca att atc cag aaa att att atc atg gat tct aaa acg gat 479
Lau Pro lle lle Gn Lys Ilelle lle M8t Asp Ser Lys Thr Asp 145 150 155
cag ggc ttt cag tcg atg tac acg ttc gtc aca tct cat ctg cot 527 Tyr
dy Phe GI n Ser Met Tyr Thr Phe Val Thr Ser H's Leu Pro 160 165 170 ccg
ttt aat ag.gat_ttt ca gag t cgt 575 Pro Gy
Asn gsﬁl e aﬁdl tél é‘l%n‘%’q p Arrgthﬁg %%é Y80’ 165 aaa aca
gca ct glad;xzfatlgl aat tcc tct ggc tct act ggt ctg cct 623 Lys Thr Ile
Lau Ile Met Asn Ser Ser Ay Ser Thr Ay Leu Pro 190 195 200 205 aag ggt
gcc ctt ccg cat cgt tgt gcc tge gtc cgt ttc tcg cat 671 Lys Gy Val
Leu Proddi s AngaGay Alog Opsevalnifrg thirerBeserHiss 1216 2aBp R igfeiege gat
att ttt a t (o]
phe @y Bey AR T eoTrE b Sen e oA e 53t 0a0 Soe o kot it gt
ttc cacCedt Ylferesgges aqlgaﬂtnte@ ast apeaPnd @f7e¥ainma 'sée Vdl 2Rafe Pro
H's Hi st é/trPéle WY Meke PN& alfin e Ihin Lew 240 1 ‘“géélgég GG riay QBQu‘@taC tgt
ttt cgt _gtc gtc ctc atg tat cgc ttt gaa 615 Tyr euIIeC?/

Arg Val l\‘/é}fq_@fel‘éétlcﬁ?rw oF 9t 1@y f?%@%@gZBﬁeg"éﬁa"edé‘j’gépgo t Q:Wg cgc
Ctgl(ﬁageﬁﬁﬁtécﬂ@r_@ﬁ{atﬂéts&ﬂﬂ.@@th@@lgﬁﬁlg GnusGy e RReckhay ¢ g Ser

A n Asp S IIe A@n Ser Ala 270 275 280 285 ctt ctg gtg cca acc ctg
tca ttcalP%/%mb% ak8%agc act ctg att. 911 Leu Leu Val Pro Thr Lau Phe
Phe Phe Al a Lys Ser Thr Leu Ile 290 295 300 gac aaa tac gat ctg tct aat

cac gaa,att geta 205, 996901908, W% 1x 98 hYP JIU AR bHLSRY SN Lev

du IIe
dlabetes

15



305 310 315 cct ctt tcg aaa gaa gtc gga gaa gcg gtt gca aaa cgc ttc cat ctt
1007 14 APR 2004 WD 01/31028 PCT/GB0OJ 04133 3 Pro Leu Ser Lys Gu Val Ay

du
t at
Ay
ttc
Lys
gtt
Val
ctg
Cys
gcg
Thr
get
Tyr
ctc
Ile
atc
Leu
gac
Asp
aa
Thr
acc
Al a

Ala Val Ala Lys Arg Phe His Leu 320 325 330 cca ggc atc t¢tAPRaBliggc
ggt c%%qjm%ag act act agt get att. 1055 Pro Gy || ecArGsoslomad y Tyr
Leu Thr u Thr Thr Ser Ala Ile 335 340 345 ctg att aca ccg aag ggc gat
aaa ccg ggc gcg gtc ggt aaa gtg 1103 Leu Ile Thr Pro Lys Ay Asp Phe
Pro Ay Ala Val Ay Lys Val szbOeE5133AN865 gta cca ttt ttt gaa gcg aag
gtg gat ctg gat acc ggc aaa acg 1151 Val Pro Phe Phe Qu Ala Lys Val
Asp1i@uris Bedhetad, yofl geatBhror3DOIGiE6 380 ctg ggc gtt aat cag cgt ggc gaa
tgt gtcusge,gpdteecd atg att 1199 Leu Ay Val Asn An Arg Gy Qu Leu
Val ArgwildleyPrizrbet |l e 385 390 395 atg tcc ggt tat gta aac aat ccg gaa
acc aacPgoee.cRachaitl gac 1247 Met Ser Ay Tyr Val Asn Asn Pro Gu Al a
Asn Al aMegRhyy | Nelpgiy 300 405 410 aag gat ggc tgg ctg cat tct ggc gac atc
tac tggSHHCTBRa §2E%1295 Lys Asp Gy Trp Leu His Ser Ay Asp Ile Al a
Tr p.G 415 420 425 gaa cac ttc ttc atc gtt gac cgc ctg aag tct
at gléésaN?“ercl gﬁ%“‘fs% Gu His Phe Phe Ile Val Asp Arg Leu Lys Ser Leu
Ly$,3dot" pkes 185014390 445 ggc tat cag gtg gcc cca get gaa ctg gaa tcg
ctc ctg caa cac 1391 4Gy Tyr Adn Val Ala Pro Ala G n Leu Qu Ser lIle
Leuwifd>n H s 450 455 460 cca aac atc ttc gac gcg ggc gtg gca ggt ctt ccg
gatigac gcc 1439 Pro Asn Ile Phe Asp Ala Gy Val Ala Ay Leu Pro Asp
Asp Ala 465 470 475 ggt gaa ctt ccg gcc gcc gtt gtt gtt ctc gag cac ggt

g acqle>gea4w2slg.y Qu Leu Pro Ala Ala Val Val Val Lev Qu Hs Ay Lys

MetlH80 1885 1898 acg gaa aaa gag atc gtg gat tac gtc gcc agt caa gta aca

gcgl‘éLO5>3%B (;l;ﬂ%_,ﬁ-lg Lys Gu Ile Val Asp Tyr Val Ala Ser A n Val Thr Thr

<151> 2000-07-10
<160> 13
<170> Patentln Ver. 2.1

<210> 1

<211> 1661

<212> DNA

<213> Artificial Sequence

<220>
<221> CDS
<222> (3)..(1661)

<220>
<223> Description of Artificial Sequence: cDNA sequence

of the synthetic luciferase gene

<400> 1 .
gg atc caa atg gaa gac gcc aaa aac atc aag aaa ggc ccg gcg cca
Ile Gln Met Glu Asp Ala Lys Asn Ile Lys Lys Gly Pro Rla Pro
-1 1 5 10

ttc tat cct ctg gag gat ggc acc gct ggc gag caa ctg cgt aag gct 95
Phe Tyr Pro Leu Glu Asp Gly Thr Ala Gly Glu Gln Leu His Lys Rla
15 20 25

atg aag cgt tac gcc ctg gtt cct ggt aca att gct ttt aca gat gca 143
Met Lys Arg Tyr Ala Leu Val Pro Gly Thr Ile Ala Phe Thr Asp Ala
30 35 40 45

cat atc gag gtg aac atc acg tac gcg gaa tac ttc gea atg tec gtt 191
His Ile Glu Val Asn Ile Thr Tyr Ala Glu Tyr Phe Glu Met SEE val
50 55

cgc ctg gca gaa gct atg 2aa cgc tat ggt ctg aat aca aat cac cgt 239
Arg Leu Ala Glu Ala Met Lys Arg Tyr Gly Leu Asn Thr Asn His Arg
65 70 15



495 500 505 aaa aag ctg cgc ggt ggc gtt gtg ttt gtg gac gaa gta ccg aaa ggt
~ 1583 Lys Lys Leu Arg Ay @y Val val Phe Val Asp Qu Val ,Pro Lﬁ] @y 510
515 520 525 ctt ace ggc aaa ctc gac gca cgt aaa atc cgc d letc att
aag 1631 g%lilmil'd}g Ay Lys Leu Asp Ala Arg Lys Ile Arg G uptt/eBowosibl e Lys
530 535 540 gcc aag aag ggc ggt aag tec aag ctt taa 1661 Ala Lys Lys Gy
Gy Lys Ser Lys Leu 545 550 WD 01/31028 <210> 2 <211> 552 <212> PRT <213>
Artifi cical gt2eque dgt<32Daac<tA3ztDamar i koo «of At yfd ekal 3efyuence:
Encodectlanvalova:crﬁssweme&s@zf sdrheet NA meqEEOCRtOfrosyal Beti c | uci ferase
gene 14 APRL PBCT/GBOO'0 3 <405 2 Ile A n Met @Pu Asp Ala Lys Asn Ile Lys
Lys Ay Pro Ala Pro Phe -1 1 5 10 Tyr Pro Leu Gu Asp Ay Thr Ala Ay GQu
G n LewdFi gcd g5t At Ak 9913209685 98D gomyec c@g@ BPE Wated2val 3BPo Ay Thr
|l e Al &lphilarikeu Abg NeaGw§al35134(5a345ﬂP| Broghie P BPnT18 YFhr Tyr Ala Qu
Tyr Phe GI F3Met Ser Val Arg1 50 55 60 Leu AP% Qu Ala Met Lys Arg Tyr Gy

Leu hr Asn Hi s 65 70 5 Val VI 39 Leu G n
sre endeieit PO U 0o et Seoh i o ol gl o vl A
Pro A Gu Arg uibegu Leu Asn Ser
Met Asn IIe Ser Adn Pro Thr Val Val 115 120 125

gtc ttt gtt tcc aaa aag gge ¢tg caa aaa att ctc aac gtg caa aaa 431
Val Phe Val Ser Lys Lys Gly Leu Gln Lys Ile Leu Asn Val Gln Lys
130 135 140

aaa ctg cca att atc cag aaa att att atc atg gat tct aaa acg gat 479
Lys Leu Pro Ile Ile Gln Lys Ile 1lle Ile Met Asp Ser Lys Thr Asp
145 150 155

tac cag ggc ttt cag tcg atg tac acg ttc gtc aca tet cat ctg cct 527
Tyr Gln Gly Phe Gln Ser Met Tyr Thr Phe Val Thr Ser His Leu Pro
160 165 170

ccg ggt ttt aat gaa tac gat ttt gta cca gag tcc ttt gat c¢gt gac 575
Pro Gly Phe Asn Glu Tyr Asp Phe Val Pro Glu Ser Phe Asp Arg Asp
175 180 185

aaa aca att gca ctg atc atg aat tcc tct gge tct act ggt ctg cct 623
Lys Thr Ile Ala Leu Ile Met Asn Ser Ser Gly Ser Thr Gly Leu Pro
190 185 200 205

aag ggt gtg gcc ctt ccg cat cgt tgt gecc tge gtc cgt ttc tcg cat 671
Lys Gly Val Ala Leu Pro His Arg Cys Ala Cys Val Arg Phe Ser His
210 215 220

gcec cge gat cct att ttt ggt aac caa atc att ccg gat act geg att 719
Ala Arg Asp Pro Ile Phe Gly Asn Gln Ile Ile Pro Asp Thr Ala I1le
225 230 235

ctg agt gtt gtt cca ttc cac cat ggt ttt ggc atg ttt act aca ctc 767
leu Ser Val Val Pro Phe His His Gly Phe Gly Met Phe Thr Thr Leu
240 245 250

gge tat ctg atc tgt ggoe ttt cgt gtc gtc ctc atg tat cgc ttt gaa B15
Gly Tyr Leu Ile Cys Gly Phe Arg Val Val Leu Met Tyr Arg Phe Glu
255 260 265

gaa gag ctg ttt ctg cgc tcc ctg cag gat tac aaa att caa agt gcg 863
Glu Glu Leu Phe Leu Arg Ser Leu Gin Asp Tyr Lys Ile Gln Ser Rla
270 275 280 285

ctt ctg gtg cca acc ctg ttt tca ttc ttec gcc aaa age act ctg att 911
Leu Leu Val Pro Thr Leu Phe Ser Phe Phe Ala Lys Ser Thr Leu Ile
290 295 _ 300

gac aaa tac gat ctg tct aat ctt cac gaa att gct agc ggc ggt gca 959
Asp Lys Tyr Asp Leu Ser Asn Leu His Glu Ile Ala Ser Gly Gly Ala
305 310 315

cct ctt tcg asa gaa gtc gga gaa gcg gtt gca aaa cge ttc cat ctt 1007



Phe Val Ser Lys Lys Gy Leu Gn Lys Ile Leu Asn Val G n Lys Lys 130 135
140 Leu Pro Ille Ile An Lys Ile lle Ile Met Asp Ser Lys Th fﬁy 145
150 155 dn dy Phe @n Ser Met Tyr Thr Phe Val Thr Ser HIS Leu ro Pro
160 165 Iy o1aeg Phe Asn G u Tyr Asp Phe Val Pro G u Ser RIBGB8I0INIG Asp
Lys 175 180 185 190 Thr Ile Ala Lewlle Met Asn Ser Ser Ay Ser Thr Gy
Leu Pro Lys 195 200 205 dvy Val Ala Leu Pro Hs Arg Cys Ala Cys Val Arg
Phe Serprbi sevAber 123061218aR 20y Atlg MspVér ala|lysPhes Ghy Hisnl€elin Ile Ile Pro
Asp Thr Ala IB20Leu 225 230 Z385 Ser Val Val P Phe Hs Hs @y Phe Qy

Met Phe Thr Thr Leu Ay 240 245 250 Tyr Leu IIe Gy Phe Ar Val Val
Leu I\/thCEFy(JgCAPg PRE QIG (2t 255 60296929 A/Y Eéugqﬁh%t‘i_eu g Ser Leu
An r?rfry‘?lni e @“nGJSérTYN%"L]eed’ 5 GQBOTh%8§ © 566 A8 B o Thr Leu Phe
Ser Phe Phe??Al a Lys Ser Thr*teu Ile Asp 9tf>295 300 Lys Tyr Asp Leu Ser
Aso Leuy Hi Ala e cad S5qed-euy ey Lys Qu
val @ xe%as‘tg“ %"“ %C%’L& e rgf‘fs%ég SR Y A
dn hr3 hr Thr Ser 3 | e Leu 3353&40 345 350 1lle

Thr Pro Lys Gy Asp Phe Lys Pro Ay Ala VaI Gly Lys Val Val 355 360 365
Pro PhgtPheaGtr Aka dausqdMplaayalrt Apjg b&u chAgprathecogelase ¢y Leldbl 370 375
380 G waVatroAsie Gha AugAl@ pydval el Bys LvalAsfr §ha@dGy s TaT [le Met 385
390 395 1 4 APR 2004370WD 01131028 PCi7%GB00104133 5 S0 @y Tyr Val Asn Asn

Pro Gu Ala Thr Asn Ala Leu Ile Asp Lals 400 405 410
ctg ggc gtt aat cag cgt ggc gaz ctg tdt gtc cgc ggt cct atg att 1199

Leu Gly Val Asn Gln Arg Gly Glu Leu Cys Val Arg Gly Pro Met Ile
385 390 395

atg tcc ggt tat gta aac aat ccg gaa gcg acc aac geoc ctt att gac 1247
Met Ser Gly Tyr Val Asn Asn Pro Glu Ala Thr Asn Ala Leu Ile Asp
400 405 410

aag gat ggc tgg ctg cat tct ggo gac atc get tac tgg gac gaa gac 1295
Lys Asp Gly Trp Leu His Ser Gly Asp Ile Ala Tyr Trp Asp Glu Asp
415 420 425

gaa cac ttc ttc ate gtt gac cgc ctg aag tct ctc att aaa tac aaa 1343
Glu Bis Phe Phe Ile Val Asp Arg Leu Lys Ser Leu Ile Lys Tyr Lys
430 435 440 445

ggc tat cag gtg gocc cca get gaa ctg gaa tcg atc ctc ctg caa cac 1391
Gly Tyr Gln Val Ala Pro Ala Glu Leu Glu Ser Ile Leu Leu Gln His
450 455 460

cca aac atc ttc gac gcg ggc gtg gca ggt ctt ccg gac gat gac gcc 1439
Pro Asn Ile Phe Asp Ala Gly Val Ala Gly Leu Pro Asp Asp Asp Ala
465 470 475

ggt gaa ctt ccg gcc gcc gtt gtt gtt ctc gag cac ggt aag acg atg 1487
Gly Glu Leu Pro Ala Ala Val Val Val Leu Glu RHis Gly Lys Thr Met
480 485 490

acg gaa aaa gag atc gtg gat tac gtc gcc agt caa gta aca acc gcg 1535
Thr Glu Lys Glu Ile Val Asp Tyr Val Ala Ser Gln Val Thr Thr Ala
495 500 505

aaa aag ctg cgc ggt ggc gtt gtg ttt gtg gac gaa gta ccg aaa g9t 1583
Lys Lys Leu Arg Gly Gly Val val Phe Val Asp Glu Val Pro Lys Gly
510 515 520 525

ctt acc ggc aaa ctc gac gca cgt aaa atc cge gag atc ctc att aag 1621
Leu Thr Gly Lys Leu Asp Ala Arg Lys Ile Arg Glu Ile Leu Ile Lys
530 535 540

gcc aag aag ggc ggt aag tcc aag ctt taa 1661
Ala Lys Lys Gly Gly Lys Ser Lys Leu
545 550



Asp Ay Trp Leu Hs Ser Ay Asp Ile Ala Tyr Trp Asp Qu Asp Gu 415 420
425 430 His Phe Phe Ile Val Asp Arg Leu Lys Ser Leu Ile Lys Tyr Lys Gy
435 440 445 Tyr A n Val Ala Pro Ala Gu Leu Gu Ser Ile Leul LeAPR Hs Pro
450 455 4@ 01Assrs! | e Phe Asp Ala Gy Val Ala Ay Leu Pro REP/GROPOIASH Al a
Ay 465 470 475 Gu Leu Pro Ala Ala Yal Val Val Leu GQu H's Gy Lys Thr
Met Thr 480 485 490 Qu Lys Qu Ile Val Asp Tyr Val Ala Ser A n Val Thr
Thr Al &2lygs 2 495 500 505 510 Lys Leu Arg Ay Ay Val Val Phe Val Asp GQu
Val Pro2lys 82y Leu 515 520 525 Thr Ay Lys Leu Asp Ala Arg Lys Ile Arg
Gu |l e2léy BRTe Lys Ala 530 535 540 Lys Lys Ay Ay Lys Ser Lys Leu 545
550 <2I@333 Arkplijcialetpmuerse 2> DNA <213> Artificial Sequence <220> <223>
Descri pt.i n of Artificial Sequence: cDNA sequence of synthetic |uciferase
gene <4407 3,1 aaqqct L gogel {A6caocell GLOSELLARLARADALE) COCggal L Lt acgt go60
gt cgagt t fgccg Eg@f&a@%tﬁ%&i@gi SULECC aantRe aacdccaccgcgeagl20
ctttttcgcggtltu%‘g &Gkboankogcgacgt aat ccacgatctctttttccgt cat cgt 180

cttaccgt gct cgagaacaacaacggcggccggaagtt caccggcgt cat cgt ccggaag240

acct gccaogeccgcgt cgaagat gttt gggt gt t gcaggaggat cgatt ccagtt cacc300

t ggggcaaectgamagoint Agi ats tlaat gagagedyschgy iyt b@abratrgadtyaa360
gtgttcgtcttlgt tccagt aagcgat gt cgccagaat gcagcdfgecat cctt gt caat 420

aagggcq‘gr goftec e tdeghyrt §§Y tthrachica e gdacatmare dtigghetc 68

®d§Ac480
acacagt*®cgccacgct gat t aaéfcccaqcegt ttt gccgft at ccagat cca a%ttmo
cgct t caXSaes gyt é‘a?"t 'y %cpg"é?c%’g’caeﬁggﬁt gagﬁagtﬁ?lg‘grcgscﬁ %g%g *§t 600
aat cagagt agcact agt.agi Lt LAAYRCC t C g660
gaagcg'iai tq £ ?(glcuag?:g%c?f t cj[:cgggc’%?cﬁt gégﬁgag%?gggg%cg%? ggggt 720

tt cogt gaagatt-Adas adat Gat abt tohcopt edgaghisdd rhgongaagaarganaa’80
65 70 75

Val Val Cys Ser Glu Asn Ser Leu Gln Phe Phe Met Pro Val Leu Gly
80 85 90
Ala Leu Phe Ile Gly Val Ala Val Ala Pro Ala Asn Asp Ile Tyr Asn
95 100 105 110
Glu Arg Glu Leu Leu Asn Ser Met Asn Ile Ser Gln Pro Thr Val val
115 120 125
Phe Val Ser Lys Lys Gly Leu Gln Lys Ile Leu Asn Val Gln Lys Lys
130 135 140
Leu Pro Ile Ile Gln Lys Ile Ile Ile Met Asp Ser Lys Thr Asp Tyr
145 150 155
Gln Gly Phe Gln Ser Met Tyr Thr Phe Val Thr Ser His Leu Pro Pro
160 165 170
Gly Phe Asn Glu Tyr Asp Phe Val Pro Glu Ser Fhe Asp Arg Asp Lys
175 180 185 190
Thr Ile Ala Leu Ile Met Asn Ser Ser Gly Ser Thr Gly Leu Pro Lys
195 200 205
Gly Val Ala Leu Pro His Arg Cys Rla Cys Val Arg Phe Ser His Ala
210 215 220
Arg Asp Pro Ile Phe Gly Asn Gln Ile Ile Pro Asp Thr Ala Ile Leu
225 230 235
Ser Val Val Pro Phe His His Gly Phe Gly Met Phe Thr Thr Leu Gly
240 245 250
Tyr Leu Ille Cys Gly Phe Arg Val Val Leu Met Tyr Arg Phe Glu Glu
255 260 265 270
Glu Leu Phe Leu Arg Ser Leu Gln Asp Tyr Lys Ile Gln Ser Ala Leu
275 280 285
Leu Val Pro Thr Leu Phe Ser Phe Phe Ala Lys Ser Thr Leu Ile Asp
290 295 300
Lys Tyr Rsp Leu Ser Asn Leu His Glu Ile Ala Ser Gly Gly BRla Pro
305 310 315
Leu Ser Lys Glu Val Gly Glu Ala Val Ala Lys Arg Phe His Leu Pro
320 325 330
Gly Ile Arg Gln Gly Tyr Gly Leu Thr Glu Thr Thr Ser Ala Ile Leu
335 340 345 350
Ile Thr Pro Lys Gly Asp Phe Lys Pro Gly Ala Val Gly Lys Val Val
355 360 365
Pro Phe Phe Glu Ala Lys Val Val Asp Leu Asp Thr Gly Lys Thr Leu
370 315 380
Gly Val Asn Gln Arg Gly Glu Leu Cys Val Arg Gly Pro Met Ile Met
385 390 3985



cagggt t ggcaccagaagcgcactttgaatttt gt aat cct gcagggagcgcagaaacag840
ctcttcttcaaagcgat acat gaggacgacacgaaagccacagat cagat agccgagt gt 900
agt aaacat gccaaaaccat ggt ggaat ggaacaacact cagaat cgcagt at ccggaay m
gatttggtt 3¢6ap3aad aggat cgcggacat gcgagaaacggacgcaggcacaac gy
cggaagggccacaccct t aggcagaccagt agagccagaggaat t cat gat cagt gcaat 1080
tgttttgtcacgat caaaggactttggt acaaaatcgtattcattaaaacccggaggcagll40
at gagat gegangapaovai acat 5a6idada e Cirghaare s Odldut tROARL GRAt 1200
gat aat aat t tapot ggat aat t ggcagetdtttttgcacgttgagaatttttt gcaggccl260
cttttt gysmasaaagacé acdyisagclyagpadk filacayacrgtAspagoageh caagl320
ttcattatdaat gt cgttcgccggdfcaact gcaacaccgad@aaaagcgcgeccage®cl380
cggcat aéagef’a?t@?aa@b@a’gﬂ tAsrcard deatlasgirrgatwnddytlyst Tygias t@agl440
accat agcgtttcat agct t df§ccaggcgaacggach t cgaagt at t ccgdddacgt 1500
gat gt t ca¥ctehatedt ity Eae gt g]a‘hé@‘é%gt’t attaggadetagtydat F491560

cttcatagccttatgca t cgccageggt deaat get ccagaggat c1620
Lt R Bl A5 SSCARERN S achocadb g Rl %1020,
<212> Dy 18d3roRhid ‘}%Ei\?a'l AYENGR, 8152805 615443 i REE IRL! on oOf
Artificial gggquence: [ gon% eoti de <400> 4g¢gacccgaggg ggatt at aaa
cCYgYCOeny L2z Ble v21lapddyr v21l 272 DNA 2l 3z Amfri fiChoh 158quence <220>
<223> ription o rtgolpi ci al Sequencesg91i gonucl eot | des19400>

223> Desc t fAtoE | S D1 | eot i des19400> 5

cacccgaygy Lggdreyelgaal g ogggedc ge tversp2d0>v6el Pe2llys 8dy eB12> DNA <213>
520

2004
/04133

<211> 30

of synthetic luciferase gene

<400> 3

ttaaagcttyg
gtcgagtttg
ctttttcgeg
cttacegtge
acctgccacg
tgggyccace
gtgttegtct
‘aagggcgttyg
acacagttcg
cgcttcaaaa
aatcagaata
gaagcgtttt
ttcgtgaaga
cagggttggc
ctcttcttca
agtaaacatg
gatttgotta
cggaagggcec
tgttttgtca
atgagatgtg
gataataatt
ctttttggaa
ttcattataa
" cggcataaag
accatagcegt
gatgttcacc
cttcatagec
cgggecttte

gacttaccge
ccggtaagac
gttgttactt
tcgagaacaa
cccgegtega
tgatagccectt
tcgteoccagt
gtcgcttceceg
ccacgctgat
aatggtacca
gcactagtag
gcaaccgctt
ttagacagat
accagaagcg
aagcgataca
ccaaaaccat
ccaaaaatag
acacccttag
cgatcaaagq
acgaacgtgt
ttctggataa
acaaagacta
atgtcgttcg
aattgaagag
ttcatagectt
tcgatatgtg
ttatgcagtt
ttgatgttitt

ccttettgge
ctttcggtac
gactggcgac
caacggcqggce
agatgtttgg
tgtatttaat
aagcgatgte
gattgtttac
taacgcccag
ctttaccgac
tctcagtgag
ctccgacttc
cgtatttgrc
cactttgaat
tgaggacgac
ggtggaatgg
gatcgeggge
gcagaccagt
actctggtac
acatcgactg
ttggcagttt
cggtaggcetg
ccggegcaac
agttttcact
ctgeccaggceg
catctgtaaa
gctcgecage
tggcgtctrc

cttaatgagg
ttcgtecaca
gtaatccacqg
cggaagttca
gtgttgcagg
gagagacttc
gccagaatgce
ataaccggac
cgttttgccg
cgcgeccggt
accatagcct
tttcgaaaga
aatcagagtg
tttgtaatce
acgaaagceca
aacaacactc
atgcgagaaa
agagccagag
aaaatcgtat
aaagccctgg
tttttgeacg
cgaaatgttc
tgcaacaccg
gcatacgacg
aacggacatt
agcaattgta
ggtgccatce
catttggatc

atctcgcgga
aacacaacgc
atctectrtitt
ccggegtcat
aggatcgatt
aggcggtcaa
agccagecat
ataatcatag
gratccagat
ttgaaatcgce
tgacggatgce
ggtgcaccgc
cttttggega
tgcagggage
cagatcagat
agaatcgcag
cggacgcagy
gaattcatga
tcattaaaac
taatcegttt
ttgagaattt
atactgttaa
ataaaaaqgcg
atacggtgat
tcgaagtatt
ccaggaacca
tccagaggat
c

Artificial Sequence 315 525
Thr Gly Lys Leu Asp Bla Arg Lys Ile Arg Glu Ile Leu Ile Lys Ala
530 535 540
Lys Lys Gly Gly Lys Ser Lys Leu
545 550
<210> 3
<211> 1661
<212> DNA
<213> Artificial Sequence
<220>
€223> Description of Artificial Sequence: cDNA sequence

ttttacgtgc
caccgcgceag
ccgtcatcgt
cgtccggaag
ccagttcagc
cgatgaagaa
ccttgtcaat
gaccgeggac
ccacaacctt
ccttcggtgt
ctggaagatg
cgctagcaat
agaatgaaaa
gcagaaacag
agccgagtgt
tatccggaat
cacaacgatg
tcagtgcaat
ccggaggcag
tagaatccat
tttgcaggcec
gcagttcacg
cgcccagcac
ttgtattcag
ccgcgtacgt
gggcgtaacg
agaatggcgc

60
120
180
240
300
360
420
480
540
600
660
720
780
B840
900
960
1020
1¢80
1140
1200
1260
1320
1380
1440
1500
15860
1620
166l



<220> <223> Description of Artificial Sequence: O igonucleotide <400> 6
cacccgaggg ggattdsaaa ccgggcgcgg tcgg <210> 7 <211> 34 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial {Jesrrerite:
ai gonuclw&t %«;02 400> 7 cacccgaggg ggat nrsaaa ccgggcgcegg ﬁ;@gg;mmﬁ338
211> 40 Vo) <213> Artificial gequence 14 APR 2004 PCT/ GBOO 04133
30 34 34 34 <220> <223> Description of Artificial Sequence: WO 01/31028
A i gonucl eotide 7 <400> 8 gggctcactg agactactag tgctattatg attacacccg <210>
9 <211> 40 <212> DNA <213> Artificial Sequence <220> <223> Description
of Artidzieral Sequence: A igonucl eotide <400> 9

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> bescription of Artificial Sequence:
Cligonucleotide
<400> ¢
cacccgaggg ggattataaa ccgggcgedg 30
<210> 5
<211> 34
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Seguence:
Oligonucleotide
<400> 5
cacccgaggg ggatvycaaa ccgggcgegg tcgg 34
<210> 6
<211> 34
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 6

cacccgaggg ggattdsaaa ccgggcgegg tcgg 34

<210> 7

<211> 34

«212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 7

cacccgaggg ggatmrsaaa ccgggegegg tegg 34

<210> 8

<211> 40

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:



cgggt gt aat cagaat agca ctagtagtct cagtgagccc <210> 10 <211> 36 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
d i gonucl eotide <400> 10 ggcgcggtcg gtaaagtggt accatttttt dapapmypelo> 11
<211> 36 widhAsioddA <213> Artificial Sequence <220> <223pcPempinptson of
Artifici a?" Sequence: digonucl eotide £400> 11 cgcttcaaaa aatggtacca
ctttaccgac cgcgcc <210> 12 <211> 62 <212> DNA <213> Artificial Sequence
<220> <221xHgsguchestidee <222> (24)..(25) <223> n=a or g or c or t <220>
<221> msc feature <222> (33)..(34) <223> n=a or g or c or t 14 APR 1004
PCT/ CBX@0641633 40 40 36 36 <220> WO 01/ 31028

gggctcactg agactactag tgctattatg attacacccg 40

<210> 9

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:

Oligonucleotide
<400> 9
cgggtgtaat cagaatagca ctagtagtct cagtgagecec 40
<210> 10
<211> 36
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

Oligonucleoctide
<400> 10
ggcgcggteg gtaaagtggt accatttttt gaageg 36
<210> 11
<211> 36
<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:

Oligonucleotide
<400> 11

36

cgcttcaaaa aatggtacca ctttaccgac €gegec

<210> 12

<211> 62

<212> DNA

<213> Artificial Sequence

<220>

<221> misc_feature
<222> (24)..(25)

<223> n=a or g or ¢ or t

<220>

<221> misc_feature
<222> {33)..(34)

<223> n=a or g or c or t

<220>



8 <223> Description of Artificial Sequence: digonucleotide 14APRI
" PCT/ GB00/ 04 133 <400> 12 ctagtgctat tctgattaca cccnnsgggg atnnsaaacc
gggcgcggtc ggtaaagtgg 60 to 62 <210> 13 <211> 55 <212> EN%%Q?@;:B
Artifici %qug“ﬁgce <220> <221> misc feature <222> (26)pctisBos > n=a
or g or c or t <220> <221> msc featgre <222> (35)_.(36) <223> n=a or ¢
or ¢ or t <220> <223> Description of Artificial Sequence: O igonucl eotide
<400> k328a0kbéaeedornGE JCCECE 20t tduA@d:C cccsnngggt gt aat cagaa tagca 55
Cligeonucleotide

<400> 12

ctagtgctat tctgattaca cccnnsgggg atnnsaaacc gggcgcggtc ggtaaagtgg 60
ta 62

<210> 13

<211> 55

<212> DNA

<213> Artificial Segquence

<220>

<221> misc_feature

<222> (26}..1027)

<223> n=a or g or ¢ or t

<220>

<221> misc_feature

€222> (35)..1(36)

<223> n=a or g or ¢ or t

<220>
<223> Description of Artificial Sequence:
Oligonucleotide

<400> 13
cactttaccg accgcgecccg gtttsnnatc cccesnngggt gtaatcagaa tagea 55



