WO 01/ 31028 PCTI GB0O0/ 04133 1 Novel Enzynme The present invention relates to -
a novel protein, in particular nutant |uciferase enzynes whi ch show

di stinctive P operties as 5 conpared to corresponding wild type enzyne, to
DNA encodV®§ e proteins, to the use of these enzyne RGI/GBYMBA33and t o
test kits cont a| ning them Firefly luciferase catal yses the oxidation of
luciferin in the 10 presence of ATP, My2+ and nol ecul ar oxygen with the
resultant production of light. This reaction has a quantumyield of about
0.88. The light emtting property hgf Igd to its use in a wde variety of

| umi nometric assays where ATP |evel s Af Efy measur ed. Exanpl es of such *
assays include those which 15 are based upon the described in EP-B-680515

and WO 96/ 026Reé ﬂllétsenﬁaﬂﬂvé?{tfl%ﬁsr@-]f&é!ﬁ%g é%ﬁx}éleb)éot@n{ aher ghefi&Srar
Luci ferase i s obtai.nable rect

|
e bRt 0GR RSre Bhare b et P aey ARt P EREPEEFAES @oci oo
from whi ch | genpanedsde toxnespondinbtwiildetlypé mriayne, t he D¥penegdimENI| or

KEIKE firefl tgése l;ﬂ-ertekﬁs,cwr:aéaus@mfz kHEs®| éhdvakei Al dssayvishan&asd European
firefly Lumgf%b ngrelica hg North Anerican firefly Photinus pyralis
and the glo AR RS FFfTca. 25 However, since many of the genes
encodi ng these enzynes have been cloned and sequenced they nmay al so be

produced usi PﬂreﬁeycQﬂbims@uétagﬁmkaeyexmml B82NMudINbr LU NARS

encodi ng,,the enz usee to.tr nsf rmoicroor SIS suc as, E. 30

coli whi 0?1 tﬁe?lseéycﬁr 8§aiﬁfe§4 esPPed"% ’6’6&?& wg?ﬂe colrguf’l 5% he 1 i ght
emtted by tReeductigpnes liedy.ustails WeaQEB%WSMSnat Aeantamoraeddyofire broadly
simlar. |t soedid oRes. hetnyf ulight dnitWayepesjiidtyCRys i die tol ieé e@lse @it her to

be ore 35 CROUd LYY I3 AREEIINS CIELEROLnolL AL s LSSt orE

where nul tiple repor are’req 1 fferent
events Wit hi heﬂﬁamg&ﬁﬁr%%-rrpfﬁéam% Wéysﬁﬁh assaYS fnclude 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-worms.

20 Particular species from which luciferases have been obtained
include the Japanese GENJI or KEIKE fireflies, Luciola cruciata
and Luciola lateralis, the East European 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 monitor
different events within the same sample. One way of
distinguishing reporter molecules is to utilise luciferase




di stinguishing reporter nolecules is to utilise luciferase WO 01/31028
PCT/ GB00/ 04133 2 nol ecules which emt |ight at distinct wavel engths. This

may be achi ey by using reporter nol ecul es conpri sing Ci¥e £S
derived fWBrW’aﬁ’%f erent species of beetle or gl owworm X lfotseréatlve

strategy however is to produce nmutant |uciferases 5 using reconbi nant DNA
technol ogy, so as to produce a variation 2in the wavel ength of the signal.
Exanpl es of such nutants are provided in WO 95/18853. Furthernore, the

heat stabilitysQcutés didlRd éﬁf@mﬁlgmnattammé@ waveh bREESLS Ihisusdy t hat
to te eratures_in eXCESS of

they | ose actj vi % ose
about | 306, " pehd iachidrd vy 18t Ae bepotes FeHeFRbet opPRirint TiF3ArErE A,
the enzyne i sdeniged fromstdféerant ispghiesrivifeheetimmear gloweiomy. iAnthe assay

is effected sndghabiah dt@QP ﬁw‘,@véfaﬁ it@NpEodithet h99§nt filciters&s@ml e in
order to i Ccrease reactlon = . Mut an | uci f er ases é‘?ﬁ% |ncr sed

t her nost alf! | | 13428 ERAMRATENE R ESCRR 2833 W §§? & VTﬁéa‘leqnst of
t hese descri bigs tha waveldengbhcof cihes eidmali .ngEzampitest ofnsath pesantoar@l? in

the 20 Japanesgfiae&fiy woussfadexsse, in particular by replacing a threonine
residue with an isol eucine residue. The latter describes nutant

| uci ferases having over 60%simlarity to luciferase from Photi nus
pyralis, Luci®bithermeprel itba, héakisthhil ity cifavildrndutecdrbinansrtyges but in

whi ch t heygani ﬂfhﬁ@ks}s@é i5CShEH L HaRl EREP OteNEct 1 it§S hiitee Fapi8ly Rith nus
pyralis or 356 of the Luciola species is nutated such that it 1s other

than gl ut ane@¥P°sgAdte FepRerdeunesr ipsexassr of rheuy é?&r&?értl%ﬁéﬂvat e,
| | 030 | t 468 5
proline or glyadngsec30 £p;d ‘%.ri’l@kp 81 Bld 'é@s%?h@ékéé? hd! LR rygs

and t he Internatlona Pat ent |ca i on romit, desc
further such $AfdaREsStaxedt AF shJ&i’sémbﬁ?féﬁ deRBeER I GesOF | HodhenAPEaY H&ve

luci ferase acdfféictyd aifliedt highHenpe¥aturd Irahttyor @onditibrisypEotuci ferase
such as t se gﬁLP tlrgg? Pé”%c'rﬁasg‘r’re'a%h&]a a&arper.lgrel ica, Luciola
a

cruci ata OI’ LUCI atera

Mutant luciferases having increased thermostability are known
from EP-A-524448 and WO0/95/25798. The first of these describes
"a 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, Luciola
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 are described
which have luciferase activity and at least 60% similarity to
wild-type luciferase such as those from Photinus pyralis,

35 Lucicla mingrelica, Luciola cruciata or Luciola lateralis
enzyme, but which include mutations at various positions in the
protein, including amongst others, (a) the amino acid residue



enzynme, but which include nutations at various positions in the protein,
I ncl udi ng anongst others, (a) the am no acid residue WO 01/31028

PCT/ GBOO' 04133 3 corresponding to residue 214 in Photi | i
| uci f er asVAAUI®, [ esi due 216 of Luciola nmingrelica, L%&é@é'{o@?{fgi ata or

Luciola lateralis luciferase; or (b) the amno acid residue correspondi ng
to residue 232 in 5 Photinus pyralis luckferase and to residue 234 of
Luciola mngrelica, Luciola cruciata or Luciola lateralis luciferase; or

c) am no ' | ; aJell t,0. | 95 i . Phot . i
I(uzzi fer aseagln%otE ggérgaélgéggr%;%g? %%%lgloéﬁ?n%%??lulgc%,'ﬁ}dﬁg‘%l% gagéf)ﬁag%{altz or
Luci ol a | at er &Pi segiguef 8t asef LpRéotpirgagtiraabicipimeriatatapprnut ati ng

(or introduci ngrisis lakeR9lBHLi1dcBtersdlfédLrent position within the
luciferase prptein, large shifts, in the wavel ength of the itted light 15
may be achi evégS arfisi SF‘lf‘%ea it scf’ﬁﬁwgglf‘%eﬁ'%ﬁéﬁ‘ﬁ %513 5

Furthernoré, thetimu mrrﬂim lgtigenaseednd i ghtremhgud 34npf oedolaneki ng t he
enzyme bet !t er n3hbtdfheal OnhdlotlV Br@SHAUSoINIA o0k Ofh dtlalFL | FiR12L fadl,oC! Uded

or in vitro assays ere CoA or other gl ow ki netic 1 nducing” conpounds

are not presefRf. 20 The present invention provides a reconbinant protein

Ihav! Pg | uci/\;]eeasanmt hﬁid weatiduatcdr]?aszborﬁﬂ‘}igstm teiduy 295 an\/vbhdtimed
uci ferase in.in.t sequen 0 e ' L d_ residue

correspondi ngS ’E’ %é'ir]less .E&ﬁ:é?%%?%i ﬁnéﬁt& fﬁ%gguﬁy%él)irgf 2%]11%8%9},@?1 §§E‘|l"§a'rrut at ed

as conpar 88 t ducimla grueipndirnbusidld- latqraligclieifesresesuch that the

| uci ferase enzyne is able to emt light at a different wavel ength as

conpared to ft{l]e corres ong_‘i n l%% e .luciferase and{ar gas.e hanced
t her nost abi | | t%® a?spp&&ﬁblgfrse af’g gﬁ@ c \?lg%sbﬂoﬁ‘a AR 1485 L R ﬁﬁl?{}cﬁf‘er ase.
W | d-type | ucahinrmeeideafuenddfiowanthpeaitifoor within Fhei tucifferhge reconbi nant
forme of the ppy&h, 0DNatd |snder£Nol itAYSwdWe18hbth of the emitted light
15 may be achieved and/or the enzyme has improved thermostability.
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
25 luciferase is mutated as compared to the corresponding wild-
type 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

30 luciferase.

Wild-type luciferase sequences which can form the basis of the
recombinant forms of the invention include Photinus pyralis,
Luciola mingrelica, Luciola crugiata or Luciola lateralis,

35 Hotaria paroula, Pyrophorus plagiophthalamus Lampyris

noctiluca, Pyrocoelia nayako, Photinus pennsylvanica or



Luciola mngrelica, Luciola cruciata or Luciola lateralis, 35 Hotaria
paroul a, Pyrophorus pl agi opht hal amus Lanpyris noctiluca, Pyrocoelia
nayako, Plgp& .ﬂﬂﬁ 8pennsyl vanica or |i' WO 01/31028 PCT/ GBOO 04133

Phri xot hri X &(ralﬁ road-worns - see Biochem 38 (1999) 827RCT/gB§U44133

Bi ol um nescent enzymes from species that can use the substrate D-luciferin
(4, 5-di hydro-2-[ 6- hydroxy-2-benzot hi azolyj]-4 5 thiazole carboxylic acid)
to produce light em ssion may form the basis of the nutant enzynes of the

{ nventi on. PagtiGUlAEN 431 ¥DRaLUSECr 58 SEGUENFeSEY] gl can, orm the

basis of the reconbinant forns o e invention 1 nclud I nus
pyralis, Luci®8"@)mingrelica, Luciola cruciata or Luciola lateralis,

Eyot ari aI par ommuﬁﬂﬁ@éﬁmtl_&nﬂh@i @Rbh N e s tlkéﬁ'raél hi §sé1?:§{ei EHEé’urtaﬁe
rocoel i a nayaka.and n ennsyl vani ca. n particular e
| uci f er ases Zar(g'lﬁgﬁ%%le{ng% a#%%#@‘?? gérﬁ\f‘ygﬁ8f¥“r1%§°eﬁ§f’§ﬁ”r%z,° EE@T%’[ a

m ngrelica, Lddiagrie rardoaybioracig)ctolrrodacerkidhd emzysion may Lfmimol a

mngrelica, lin Bhais Gfi¢hatmutdntldsifed bat efdlinyeRBZYHES, the appropriate
amno acid residue is at position 359 in the sequence. 20 The sequences of
all the various luciferases show that they are highly conserved having a
signi ficant Regtéeubdr silditbyne JuchferssensefeenceBhiwbicteana tbai the

cor r espondi Npals@gi &N HRIMRBEokBIRanE NENHHR SEULES CETeRE Eol G LiYe det er ni nabl e
by exam nﬁtl sequences to, detect the nost sim/lar regions,

f. the 25 gt t i
al t hough 1'f Qﬂ’é’%éggﬁﬂyr@&ﬁﬁer%‘]"éf’?? BIRGTELBFY JOHRAR CRUSIgEa "Best fit" from
the Uni ver si thpedplaVbotersil hs Cavehirdts faomplt orpyophprus el agDepRtienes al
(1984) Nucl eizenAc) gy B%%%Q&Gba,l%yr§§2éz§t%f)gﬁ§§¢‘o %%d RSy gy Or der to

determ ne correspondi ng regions or pa am no aci ds between the
vari ous sequdif@B8Ylvinigematively or additionally, corresponding acids can
be determ ned by

15 In particular, the luciferases are enzymes obtainable from
Photinus pyralis, Luciola mingrelica, Luciola cruciata or
Luciola lateralis enzyme. In Luciola mingrelica, Luciola
cruciata or Luciola lateralis enzymes, the appropriate amino
acid residue is at position 359 in the sequence.

20
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
enzyme sequences are readily determinable by examination of the

25 sequences to detect the most similar regions, although if
necessary commercially available software (e.g. “Bestfit” from
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

36 amino acids between the various sequences. Alternatively or
additionally, corresponding acids can be determined by
reference 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

35 connection with the present application.



reference to L. Ye et al., Biochim Biophys Acta 1339 (1997) 39-52 which
shows the sequences of the enzymes, together with the nunbering, which

nunberi ng ﬁyos% LS to be used in 35 connection with theépresent

applicatio /31028 PCT/ GBOO/ 04133 5 As regards t h&FERPMBHIE change
of the amno acid residue corresponding to residue 357 in Photinus pyralis,
luci ferase, nost wild-type sequences havegan acid residue (aspartic acid
or glutamc acid) at this position. The exception to this is sonme 5 forns

of the |uci ferﬁ:‘?ereﬁfargpogﬂ PH3. AN KhiAN o Lhe 6B LUy Rgipgeponding

residue (355) 1s the non- resi ne or
Phri xot hri x | u%qurasasedwvelte rerddugr ?é’ép’dhdihﬁém%ﬂ’ﬁbhs |lszcv35maqm PVGR or

in PBU “Wwhere mds'd %ildSddecuedquihcesThatse iah gemrﬂﬁadwﬁ(a@gﬁhﬂelafdcddussg as
a substitute i i_S iiion of t han aspart.c _aci
gl utam ¢ aci d, %f“ilgegcc#dql g{ac&r}e ngtms cgéee exc?ﬁ%r ¢t %r e%gla?l Pt
am no aci d ¥ esfenms P& thee gnattaraget AE aPhediinge| RISy S¥ARIRE, 1N iebiah fhebasi c

anmno aci ds léprréePordingy sbSEaud (359) rﬁé‘%he”&ﬁt—@@h&f AHYiA0e 2SI ndUGH as

| euci ne, valine or _I sol eyci Hf Y char fpoI ar @g\ no_aci ds such ..as
tyrosine, aspatii ART™Y I SR HEP ?‘ﬁﬁén SHEERPRR WNEER| The CorrsmRUWHRA or

t hr eoni ne. | n geswittionl i V364 imPvaeor am &bed whmrtehlammmlsargatbml ar amni no
acl d such as tifasiReenclas iAo RO (fedlas If SN IEu:FLinG bBId Y

preferred amino acid residues for substitution at this position are
tyrosine, YphétyFREaRIF tHPD 13 PEBRR SFhan ASPRtipPet Ly %Pfla‘l"y‘f Fsiife.
Ceneral |l y speaklige er demtimes esi dues at this position give rise to the
| argest shifts and may al so assist thernostability. 25 Wiere wild-type
sequences i ncl.ude non-acidic amno acid residues at this sition, they

are suitably rift 2P&H $37ES- H?e(‘rfeéf’ﬁﬁt HoRCitGiTIPeFH T £eS4PS 5has been
found t hat by neplatedigithea emmyraeidic tdeissduay inchedingababéagininof atidgt

em tted byst heychf ef\asgel o HHghihesk, ndn-polar amino acids such as
leucine, valine or isoleucine, uncharged polar amino acids such
as tyrosine, asparagine, glutamine, phenylalanine, serine,
tryptophan or threconine. In particular, it may be replaced
with an uncharged polar amino acid such as tyrosine,

20 asparagine, 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 562nm. '

A wavelength shift of 50nm has considerable potential for use
in assay applications as a shift of this magnitude can be



sone cases up to 50nmtowards the red end of the spectrum Thus, D357Y
mut ant Photinus pyralis luciferase emts light at a wavel ength of sone

612nm as ¢o to the wild-type enzyne 35 which ents
wavel engt Pi"‘g?%% nm A wavel ength shift of 50nm has con&éié’?"g@ﬂl@ ‘%’ot enti al

for use in assay applications as a shift of this magnitude can be WO
01/ 31028 PCT/ GBOO 04133 6 readily defineg spectrally. Different col oured
| uci ferases could be enployed as reporter nol ecules in gene expression

st udi es, e”abké%g}ﬁeﬂr{% gg?gg%a%@om bpﬁégngfcmu@eghm%asggne for

exanpl e as desc Mult1ple 5 anal yte testi ng could al so
be perfornmed #PYH! PecPFRIYSE 3% “RAGEPT. m"l*f?é’“ﬁﬁi’,‘tmc aret FEPISSIAP i n this
case i s a deeptidits,Nenddldnmy the giaullcanécud wonsednilng nf ass@y thehthorkl| ogy.

A red mutant d . 10 | i i 10 ATP Whi ch
red mitan gﬁeﬁﬁ[ fot Pﬁn&ﬁew de¥ienanal, 5»'0”95?18%%'3“ 'ﬁﬂ‘ltf Ple i~

cont ai ned g 's “or rter wavel engt hs
of |ight. ¥ForaBdk¥Es ées‘é’-"rgeG%B‘F cﬁ}rsédbgo?"tﬁﬁ%“ﬁedvﬁfl HS% HFSEr BSred 1 ght.
Exanpl es of redbexd.oured solutions which are frequently the subject of
such anal ysi s include blood 15 sanples or a solution of eukaryotic cell

cul ture nediumwhich may contain a red, col oured ndi c tor en using a

m xture of coFBfir§asst FP%"- dfentiottydp Lbis|qaser if a£é5§ept Fed Jif (cPLuT ots
generate a depgrtirmhlarinalsefay e asddyheéytadologws t iAC wkdrhytanttereukdot her

agent in gpe ﬁ%mmeefu.g.e a(ft?‘ta?lﬁ %ﬂ{f%”séﬁg%n £6r PAW QLA | Rre@linkgbe used

in photocat hode spectr ana SIS can be set to detec% ej ther one or both
peaks gener at Eélg‘i‘ﬁﬁlt& §Frﬂﬁh€rs§ﬂ’f}ﬂ’%mdPn“B’t<Ffélm%?‘ﬂ%°r froFtehossible to
di sti ngui sh beavermgphstenh ifighk. f rkom axamplleand 2&d grodenredrigdlationm t he sane

sanpl e. Furt hﬁ&@P& Got! Lb&}; begn fend ﬁk@&pﬂegeof\@e@ eag&mﬁlsta&u@@&sbe

af fected by the presence t he cofactor coen feature
gi ves ri seyt owPth BF&s FR TRy nthe tsﬁpée%ﬁz‘ifrrézc%oan(?&é'lsa b’é“ﬁl}élga Pﬂ %#1

assay for 15§ hesatlect or. a solution of eukaryotic cell culture medium which
may contain a red coloured 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 (CoOA).
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.



As descri bed bel ow, the effect the cofactor coenzyne A on the in vitro
spectrumof emtted |light was investigated. As the concentration of
coenzyne A‘i"h:‘} LGases the spectral distribution 35 alters_and at the highest
concent r at YOAY3Y® coA the spectrumis doninated by wavePEHGBIO413E ¢ he

regi on 590-630nmw th a pronounced peak at 610nm - --------- --- WO
01/31028 PCT/ GBOO 04133 7 Thus in accordance with a further aspect of the'
i nvention, there is provided an assay for determning the presence in a

sanpl e of OOAxhvx\%] 1?1h gégﬁyan%gng{éﬁsgs ag aeboveB%@tt C())qig?. & i ?E?g ed of

cont ai ni ng Co 08 FeFRSESS Gescri b er-w
reagents whi chhese iscRERTidied: an rIsdY ﬁ%lﬁetegmrwq &Ehasey4sgare ein ﬁl

reacti on, neasatipledof heoayawhlengidsagf colgrgBes caddingdtbromampee sanpl e and

reLating Ll 5ol g dRERPIRNEE g BIACTR L LI 0ol Qe SUEANLBSRAY T De

useful in the® ron o te of ¥> ells, for
exanpl e mi tr obPIRIReE Nl otBgK aFASEeRES d’é?llcﬁl apRreguaned 0 PRERE APOBAL r at i on

of CgAI in E §Oidc1(f_€|_t£§eﬁ151c15ef:&i &bb&ﬁi%ﬁ,hiﬁgbsuﬁnﬂ ¢Bé i wfredengtierabl y with
et abol 1 ¢c sta t n
imﬂ é:boinlgte #ﬁ gl?ez %lé) anh f‘eiaﬂ: i cu?ar tpﬁ %‘ln&?

nmoni tor the rgani sm  par n VIVo
concent r at i onopfabsgerceERE CoPnce the wavel ength of the em SSI on varies
dependi ng upon the CoA concentration. Such assays nmay 20 be particularly

usef ul in | | I; gaég t in the
productlon of an %mas 20& q%r?%%ti?};%éa&%t&ogéb ﬁm% gp&%’lok%
concentrat i on%rcéﬂté a¥3453t&|‘flt¥n%ﬂeéi’if' |ff?6| Eémleof“lFé?Qiga&é?‘BS WTosynt hesi s
and vary Wwit heukdigosi@rasatison status of the cell. A nunber of netabolic 25
di sorders such as carci nogenesi s and di abetes, show abnornalities in the
fatty acid metabolites and consequently unusual CoA |evels. Assays of the
i nventi on mayFd% e#3eple n threconfengration of SeHrocEndfetosellEdS exanpl e,
the CoA | gvel seffat@@ely high, and varies considerably with metabolic status.

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 metabolic

25 disorders such as carcinogenesis and diabetes, show
abnormalities in the fatty acid metabolites and consequently
unusual CoA levels. Assays of the invention may be used in the
diagnosis of such conditions. For example, the CoA 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.




within a cell sanple, such as a blood sanple, froma patient, 30 may be
determ ned by neasuring the wavel ength of light emtted froma |uciferase
of the 'nWH/ﬂﬂz used in the assay. This result may be_conpared with that
obt ai ned froma aanple of healthy cells to deternine whBEHEBOW4L33

wavel engt h has changed and thus that a nodified CoA level is present. This
may be 35 indicative of a disease state ig the patient. Cells are suitably
| ysed prior to assay using a known |ytic agent. WO 01/31028 PCT/ GBOO 04133

8 It is beli ef@q_st B@ilé% %HEE'OH%C 158%&1‘&6 %&cﬂ%ﬁi i? s 35n! §57 G4 tically

associated wth t bi nd mg coenzy & SUrf ace of the
| uci f er ase en%cﬁ/é Y &F5e b‘?%?)d (“‘H§Pn§he ?FBE‘LW dtidienofiperangymg Bof t war e,
Tri pos Ltd.) Whenathessinflacenob tife ludhfiiasenchAme &asNBdltduekar (m t was

noted. This POGHehroAPRPGhiel Sl s hk?&?&&h&?@ﬂ%@ fBd0.4 B3 AG0357 and

nmeasur ed between gn Vi € =y "thl s
pocket appeart dsApPEFErWy (B)+ A GERlhRAUAT, PPF“R?HW pRESHue This WPCKES54,
D357 and 1232ppRess duedbeHifediny Ea5iduek HapPLE3ISH0ahQIIBEY BREdge acr 0ss

the cleft gi HRe of e 0 e Flgure 8).
W t hout bei n%jﬁ%&%g&b gg?@CﬁlAt sg{‘aé(rrig "ng'g?b OQ"t %g %5%{ %%btr:illzdgl ng

resi dues may IPeeFPERd B:Ihéseﬂﬁ‘ﬁ‘fﬁ— BBPEI LT FFagar tunrdh at hargens pegkste liinedn
solution to pur}{)\redédwesl H8Yes ERSekeD3§7 LAA desp. almdm&&esl\nfﬂ&b éﬁ'ﬁi @sal | ows

CoA bi ndi 9. sHpedr! o GRRA tmtdgy Lgfostsh hENET B S%gﬁ% qhi,00 Vl\:y‘é%%eE col i

cells expres Oefpg mutants of fir ucl erase of e i f wer e
grown on dif f%r &KP THIIER Btketss (Befdesre®) the in vivo spectrum of

emtted |ight were observed. Switching froma rich medium(LB) to a

defined mn e t 5§ 4 e.,sol e carbon
soulrce resu: ﬁéh?ﬁ@éﬂrﬁﬁ%ﬁﬂsﬁ%@ }bgnl&}é?% ilf' "ﬁgbggg et?"gég Sent and a

reduction i n EREIDRI cﬁ?ﬁf‘i’\’%t‘qa@nb?’r@ﬁ"s‘ﬁé?t%@%véPeﬁ‘Pgﬁ%agqm@nnﬁ?epr ovi de
yet a fulist hemzpeeans dh sohitriohnl bogpidvddeay elaggkhpedkdd ghl2Rrddebeand f or

assay purpoSelA 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 source 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 purpose in some
way. This may mean that they result in enhanced
thermostability and/or colour shift properties, and/or the Ka
for ATP of the enzymes. Examples of mutations which give rise



Mut ation of the 357 position of in the protein has been found 30 to result
I n enhanced thernostability. The proteins nmay contain further nmutations in

t he sequen i ded the luciferase activity of the protein is not unduly

conproniseSﬁDQﬁ%&#utations suitably enhance the properti ECHFBUEHBRe enzynme
or better suit it for the intended purpose in sone way. This may nean that

they result in enhanced thernostability agd/or colour shift properties, )
and/or the K for ATP of the enzynes. Exanples of mnutations which give

rise WO 01/ 310 1 o r i .t re tibed.i.n
VD05 18655, T GoLeet Fiis vy g(%tslé%r#é\?&aﬁ&egagyel e MRRERLH SBdtBie in
WO 96/ 22376 arfffackt Er Hatyasnare plassiibeg pfor sxpmplewdn ¥Q19643887610%5. S I n

general , effecirterhatibmdl @asetn\apphbeestfonurd. t PCTygBasitito2ée i n terns of
alterations in the properties. The nutant |uciferases of the invention may

i ncl ude other _specific mutations which enhance thernostability as conpared
to 10 wildtyle 9eneFabr £f8ects) 9famutations haye |kegst fopnd &P be)addisivei no
aci d residue cior responsk gtéfatidn8oincink Podpéftieishe Photinus pyralis

| uci ferase (356 in Luciola luciferase) is nutated; (b) the am no acid

resi due correg&gnding to position 215 in 15 Photinus pyralis |uciferase or
(217 in Luci ole BuEiRt Jausifexases gf tghe daventinopavbincladeethesi d; or (c¢)
the ami no aci dsgeesiftlt emaartt 659 cindich gerlanices t ikinodtdbiTi tyPast ddiparpdr 8d i S

| uci f er ase0r .J:Q 4L.E€S) Lug] <[] el i c uclgl a- cruci ata or
Luci ol a | altoera‘{ilcigl Fgé:?kig‘rcgggfgzed (%%%glglr‘nf%%’ aa(k::i gearggs,i% gegf:orrespondi ng
to residue 232&)nthprRRinguacid repidue forresRdios 9 amddpdaeid3840pfLuciol a
mngrelica, LumeolPRotiniai pyPalis Lucifdraskat®salins thofdfeiastterase) a1 NO
acid residue g@gégggpnding to residue 295 in Photinus pyralis luciferase
or to residue of " Luciola mingrelica, 25 Luciola 'cruciata or Luciola

| ateralis |ucifPdriBe;amipp afichgeatier cosrasReringetp RNFingor #18niho acid 14

of the 18§ 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 Luciola
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

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

of Luciola lateralis gene;



Photinus pyralis luciferase or to residue 16 of Luciola mngrelica, or 17
in Luciola cruciata or Luciola latera3is; (g) amno acid residue
correspong am no acid 35 of the 30 Photinus pyrali 4_ ciferase or to
resi due 3$&o€llgﬂﬁzgi ola mngrelica, or to residue 38 of Lﬁ% /gpgmc‘ﬂ'ﬁci ata or
Luciola .lateralis; (h) am no acid residue corresponding to amno acid
residue 105 of the Photinus pyralis lucygerase or to residue 106 of
Luciola 35 mingrelica, 107 of Luciola cruciata or Luciola .lateralis or

108 ~of Luciqli§ Lai&f adis f8NGueVQAlspbdbndcl GREEY Qtld3red el 3aM NO
acid residue corres’%?ond,l ng to am no acid residue 234, of ége {[}%tl.ngs
pyralis | uci P& sk Hotigus RAmgddsoMeIferaaei N £° REFAYS 2238, oL fH4PA2
cruci ata or ligyebRidat guaiérs crpristd B@ Aseiblacdaderss isrrespondi ng to
am no acid residue, 420 . f_.tih i i i fera t esi due
422 of Luci ol(i) ?ﬁ“lnngc’r glcllga,geﬁfgggogg&o‘{:ers%g?%?%é géro %ﬂ(k:#%lafgq Fa?gsr%ﬁesgzk)

am no aci § r efi the Bmtiagporitiaddst ugifienasacin toespgiifues 182 f Lugdo
pyralis |uci 85,8881 fka,t QubssideudistLhbrlucé P 1884 Bis;ca, Luciola
cruciata or Luciola lateralis; 10 is dlffgrent to the ani.no acjd }Q’Q ch
appears in tH&) EBMREGIATHY WLl FOTTAFROBEHUL Fle *BH vﬁ?éf’ef%sjtdr]r‘«? uci f er ase
enzyne has i rdr easeehdtiensgstmiliibi luciferesapar ¢ residuecdiynef Jugirhd t he
amno acid of '%gxefP{Jégig?Mié‘%r%Meéf %gﬁz,bafalfae&_aﬁsraﬁs;thl s position. 15

Thus pref erré."dl Xanp proteins of e Invention are nutated w |l d-type
| uci f er as¥s \iise AL FRRaBtt KA then amaRP RFidcMRich fapPeaxan &P8p to 100 ani no
aci d resi duesorpesparicabgywind ngpe sédirncédOamdrivheratn dshe andifaxasepr ef er ably
up 10 30 am 19,85l dus Rclfudd LhEERU:abo1I A ATLBRANA! cB!ad dzyme.
correspondi ng position I n ane appropriate wld-type enzyme._ ThuS, in one
preferred e iR rithe ERENY AL AL ofhe KRXFPRRANGLGE wildAnswPe 91 ferPeF ase of
Phot i nus pyr alti shisieysdtioni N addi ti on

15

oti nus

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 no 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 amino 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;



25 to the nutation at the 357 position as descri bed above, at |east one
of; a) the am no acid residue corresponding to amno acid 354 of the

Phot i nus px&g =3 %Bumferase is other than glutamate; (b) the amino acid
resi due cor SB i ng to position 215 in 30 Photinus pyrBf1/6B0MIBer ase or
I s a hydrophobic amno acid other than alanine; (c) the am no acid residue
corresponding to residue 214 in Photinus,pyralis luciferase is other than
t hreonine; (d) the am no acid residue correspondl ng to resi due 232 in 35

Photinus Dyral | & ekl SASe b o AIDEh- LT ol QUCLARL, (o) 203 N0 354

resi due corres e STl ralls u0| erase i's
ot her than phel’mtahaﬁlmeral\i‘@ Dldl@?@é%e nmpmmmsshem#ﬁmm no acid

resi due correspondnffo taiantadi fel dotfesPontiiey tBNahimdiadivr 8616t kuei f erase

[ ther th I I d d t
aci 0 35 of T helIAES EagP AL BRRPT dereEnes ShRCHHERT cuci ng: S ()

am no aci d ¥ esilduentos raesddonels itpet covrsapondingl toesinine atd8 refidueel®hot i nus
pyralis |ucifefasgel ?n&t;bs% ﬁyngl i‘ﬁ't’:ﬂpera%é)lsa@tﬂgr AGiath Bfébﬂiée

corresponding to anino acid resid he Photinus pyralis | UCI ferase
i s other than Edparine aé’éFidresﬂ“)’-‘ Sﬂ’F‘Fﬁ?PQE?’ch &S G'ﬁb“‘?:@tcrlgsb%ﬂd’iuﬁg $%b amino
aci d residue 430 tnhdOprkdtinbe pirailiisubudifezhss isuorher atan aspditdic hbbdy

serine; (k) a r r Qo J due 0 of
The Phot | ntis: pUVafiin] Seif P8R Lesidhttnd foofhlis Ak FERANPAZD

t he protei ¥ ofof ﬁéelfﬁ@ﬁwérpw%?l Leaiferaseiip eshendhancpeeingie sequence
of Luciola m ngcr)ehmeo aktiai fé<idueUsbBiedponding toohminataeial tesieNaysry and

wherein, in ad o] the mut.at i n. ositia 59.as esgl bed above,
at | east one q‘J %’ t%heo MR jfar(‘:al“lc?isr s?l?ﬁégﬁ%rlrsegg%%%%ﬁ’g tg am&r%o acid 356
of the Photlnus pyralis Iumferase I's other than glutamate; 20 (b) the

am no acid re%iﬂ'é?n&lﬂfxfe@?ﬁoﬂfg @gownp%% thONndtAtidh JRPLisLs chwtalds
| uci ferase or 1s a obi ¢ 'am no

15 the luc1fera e sequence of Luc;ola 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 aminoc acid residue corresponding to amino 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;

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

25 1luciferase is other than glycine (for ILuciola mingrelica based
sequences) or aparagine (for Luciola cruciata or Luciola
lateralis) based seguences;

(d) the amino acid residue corresponding to residue 234 of
Luciola 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

35 ILuciola mingrelica, Luciola cruciata or Luciola lateralis is

other than phenylalanine;



ot her than al anine or threonine; (c) the amno acid residue correspondi ng
to residue 216 of Luciola mngrelica, Luciola cruciata or Luciola

lateral i s S0 4gisf €rase is other than glycine (for Luciola ni n(grel i ca based
sequences) or aparagine (for Luciola cruciata or: Liici ol a¥“V5B&Y%¥1s) based
sequences; (d) the am no acid residue corresponding to residue 234 of
Luciola mngrelica, Luciola cruciata or Lpciola |lateralis 30 luciferase is
ot her than serine; (e) amno acid residue corresponding to residue 297 of

Luciola M NYfl bfifng %%%%&m%ga&&g nh¥hd AP el &ilds oeughd fSmse is

other than leucine, (f) amno acid resi due corresponding to am no acid 16

of 35 Luci ol driAgnglifFa .cor 3qdirol Aueiehs Aracsdita @& GrGitia drdPFalis isot her

t han phenyl algyherethadD193i9d 028 PCT/ GBOO 04133 12 (g) amino acid residue

correspondi ng,,.t,0_resi due .37 _of . Lugj 1,6 i r ' | gl

cruciata or LUdi 8ME™ Y aatcgfia ?ssldlulg 8%?%1%? O?ﬁg%‘? Iqos%%é?g(?%%a%gﬁ%&gécﬁ(ﬁr esi due

cor r espondi ngeft dugivhd misggetios, djecioR 63'"6#{%@%1"&0%1@9#6#%1&&&i ol a

cruciata or ld4¢le@! gndig@yalns; is other than glycine; (i) amno acid

residue corresponding to .,am no, acid residue 236 _of Luci. I ngr gl.i.ca,

Luci ol a cruci éBaaﬂfn‘gl?&lgl 2e9ivE, SPFEeRen 6??12tr° fhan° gﬁcy% %g;gl‘i]% 3¢ ani no

aci d resi due coduespbndiingrebiqags Liatop Zrutiqteion| ducinisgdeFeralis gei ol a

cruci ata or ld4§e@l ndlg@iaines; is other than threonine; (k) amno acid

resi due corresponding tqQ am no acid residuye 312 of ,%uci&l a giﬁlgr.el i_ca,

Luci ol a cluci Ba2Btnd RG-81 Le3iguer SPFEeIRonding §i9, EPsi s 4hr 86ntHE YPor

Luci ol a m ngrreingeal bessedustolicreas)iats orallbobold datentlid dscotineatthaor

Luciola | at e\r,ﬁi’lrie%))ilp@;sed sequences. The particul ar substituted am no acids
|

i n any case give X ) _ ) )
(k) amino acid residue corresponding to amino acid residue 312

-of Luciola mingrelica, Luciola cruciata or Luciola 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. 1In 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

30 substituting an amino acid of different properties for the wild
type amino acid. Thus hydrophilic amino acid residues may, in
some cases be preferably subétituted 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
luciferase activity and at least 60% similarity to luciferase



20 rise to enhanced thernostability can be determ ned by routine nethods
as illustrated hereinafter. In each case, different substitutions may
result in egBansfes thermostability. Substitution may be effected by
site-directed nmutagenesis of DNA encoding native or suit BET/EBMR4EIS
proteins as would be 25 understood by the skilled person. The invention in
this case is associated with the identifigq ?tlon of the positions which are’
associated with thernostability. In general however, it nay be desirable to

consi der 30 su i | | f different L9 ties | rthe wld
type am no am%sctmr?ﬁétﬁgudf%ﬁfgﬁ%g g’riﬁcg%&ag‘lq F%ISJIC des ﬁ’g??ra cﬁuc"saor?e tases -
be preferably &ailrt dEarakie enmmeophisio amithe sagqiehceesifdtles emsgmei ce
versa. Simlardy edst e d#kn0o acid residues may be substituted with basic

resi dues. st ance, rotein ma i se a pr.otein having

| uci f er ase actﬁ)l fg YR aFé‘gs‘{) esagYs s‘f?ﬁr\éi?‘?’:f 90 P XSG HENE se @701/ 31028
PCT/ GBOO/ 04133Phot3nhs @pdalidsi nrs fpyase iand tocresigduai mﬁ elfi caciddaci ol a
cruciata or %&Ehé@t & Lbfa ed}%}éﬁfté"‘&%r 8udid1% éQ€e§£ﬁ‘éeT&§1 fra"sQ

enzyme, at |east one ; he am no acli d residue correspon
resi due 214 | H“UtEtF‘ﬁcﬁq‘h% 15 %’H it8ap (jreepire %&hFoCQ%sPéuéh%@%f Lu0| ol a
m ngrelica, Llﬁz@h&g@’d&lf@}@sé}r Irum ola | at eral is | UCI ferase IS mut at ed and

i s ot her thand}bhrggnl ne in_th ﬁ of _Phot Ogtj?s § Juciferase; or (b)
the amino aci o™ eSP 8 FE L8 &Y potr?ai" 3° (CEFEERYLE Y W”fﬁ % ithus pyr alis
| uci f er asellandPhoginesirirel28usfiferaseland o ngtseldueaZB‘!Lmﬁl Beeicdmuci ata or

Luci ol a | at eradmaréyfeaf e&:ﬂéfoias PUE A & o2 NElyd £ 101 hsi-eztme i 'f%!esé@eié n the

case of Photinus %%ra is luciferase; or (c) amno acid resi
cor r espondi ng™5aFed e iogther Ehgh |‘f‘i’8§eu‘i’5‘ep9‘F‘aF’i‘% qagei P%r%’é’él%ﬂ to
resi due 297 Ofpyt'HE.f..fﬂlalcliEé@iﬁ | ed, Luciola cruciata or Luciola lateralis

luciferase is(ﬁyté%lﬁ% %gld residue corresponding to residue 295 in Photinus
15 pyralis luciferase and to residue 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 segquences 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. “Bestfit” from
the University of Wisconsin Genetics Computer Group: see
Devereux et al (19284) Nucleic Acid Research 12: 387-395) can be

30 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 to L. Ye et al., Biochim. 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,



I's for exanple, other than phenylalanine in the case of Photinus pyralis
luci ferase; and the luciferase enzyne has increased thernmostability as 20
conpar ed il d-type luciferase. The sequences of ag he vari ous
Iuciferasgg)g 03%4hat they are highly conserved. having 5g BﬂW*Q%%nt
degree of simlarity between them This neans that correspondi ng regi ons
anmong the 25 enzyme sequences are readily, determ nabl e by exam nation of
the sequences to detect the nost simlar regions, although if necessary

commerci al |y g %é?‘%&f%)%m§9£tmrd3 t‘x@e&un"e8§§tgdltabﬁg(ogéﬁ)fﬁduﬂiﬁﬁ?ras nby of

W sconsi n Gene uter Group; see . Devereux et % Nucl eic Acid
Research 12: PS32r °c8ﬁ1%e3“3’(§‘ Ggeﬂlqr’l’rnﬁrd@ry"t“é‘edei’ﬁ’rﬁ%elﬁ &< pondi ng
regi ons or parsbuewd:ﬁre, ppolineqCiptisnykilaadne | methdpnbns, Iegpeopies:. or

Al ternatively

di ti a rmned b
ref erence tocli’gli:vr?éj B BQEHlB %{Iclﬁ?g‘? Egéél%é%%lt%S%ﬁ%lgg7?ﬁ;§9 52. 35y

Wth respédct tthése?wqaégﬂé% q%aﬁaacrtﬁmeh o FHAHGugcP Y rigs FHpELnus
cor r espondi n@yﬁr@li@&.sﬂﬁ@aﬂﬂﬂe | NaPheid P ceyFed |ssmhus:tdﬁroases HEte1n31028

PCT/ GB00O/ 04133 14 t ar am no aci.d threo I lLaced with
a non pol ariI i ok a(:d:alg9 Eer 2olg aﬂesﬁeuealﬁluc a%l)asﬁgtl%P Xt t‘m
i sol euci ne, Positien maNeay$aledhianee Hhet ﬁhem%abtlllyﬁl'(ﬂﬁné}heor cyst eine. A

particularly d@ﬁ:eégfsd@%ngugﬁiﬁwhhem& @hrbbeirfe By epns (Hsiesballe

correspon 0_resi due otinus_.p . n

preferredl% PELFESS £E* ys"’[h | E appﬁ-aiovv%%e%f/hﬁdlpifé?le alrl]10 Jg'jtlrd%élggdues such
as aspar agi neluaufernsa epeoynes dmciuge aulyglmhmoﬂhemmed@g@amqtﬁrya of the
correspondi Ng,;6R4YAE 33 Eé?&gi‘r@ QQPM}%&%stﬁiaSgﬂ%%ltthJ}nusj,osg hes, a@i no

aci ds which appear at t ositionin wl é’ | uci f er agse enzynes
i ncl ude gl ycia® PRud¥51q14i ﬁﬁ%’ceilatéa W&f’lla" %&rl&ﬁf 2™PXEBEr agi ne
(Pyrophor us ploagi Didi ,hPyzevel iaCnRaydks Prbtiams pfaRpsilearnica CYUCKIBt d19i uci ol a
Iateralls Lan@ygééane (Phrixothix) . These may advantageously be

substituted with non-polar or different non-polar side chains

such as alanine and 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

25 wild type sequences include serine and asparagine. Suitably,
these polar residues are substituted by non-polar residues such
as those outlined above. A particularly preferred substitution
for the residue corresponding to residue 232 in Photinus
pyralis luciferase and to residue 234 of Luciola mingrelica,

30 Luciola cruciata or Luciola lateralis luciferase at group is

alanine.

Changes of the amino acid residue corresponding to residue 295
in Photinus pyralis luciferase and to residue 297 of Luciola

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

corresponds to position 292 in Phrixothix luciferase.) In



noctiluca, Pyrocelia nayako Photinus pennsylvanica LY, KW J19) 15 and
serine (Phrixothix) These may advantageously be substituted with

non- pol ar Qg fos§ ent non-pol ar-side chains such as al ani ne and cyst ei ne.
As regards tﬂe pOSSIb|e change of the anino acid residue PEVEBIV¥EHondi ng
to residue 232 in Photinus pyralis luciferase, the nonpolar amno acid

i soleucine is suitably replaced with a dijfferent non polar anino acid such’
as al ani ne, glycine valine, lecine, proline, phenylalanine, nethionine,

o VBt oPTaN, coraHtes] nehe QHIRE AU L38PPA 18 Rindlb81RPMAISY |0 20

wld type sequ nces serine and asparagrne. hese “pol ar
resi dues are stbist Wﬁﬂwlﬁylﬂﬁrﬂrpdﬁaﬁlﬁ%‘sl aaege sﬂﬂ?hsua%ahlhrogbamd ifead

above. A partidgiffeirbiit Hai-pbLes auihst idids . ONFof WxamBEe ) E.ﬁil @Het £fs espondi ng
to residue 232 in ,.Photinus gyr?algr uci f er, o resi.due 234 of Luciola

se ana rL‘
mngrelica, 3¥idéfel PEA Fmtﬁ%la@lg PRY'E anﬁjdisf AP group
is alaniné Ormigesdcﬁltthhe aihiferenti nbr ol dneantigor esixbndurly 4o resi due 295

in Photinus pyi@ifie] Utducdhas 1dfednk Jaaahéueleo‘iéueinéuqsrehﬁne 35
m ngrelica, Luc eﬁgll a_cruciata or Luciolal qtera

affect the thdlSHO4PRHIY i (yYBFORIE BF cTEINTI0R Thi%s paEg ‘bl'?ﬁgﬁo%r? rﬁSQl t i on
292 in Phri xotsubstitetfcar foe. jhel phevy [/a310@ Sre20OLEBRY@4£8RIMMg to general ,

the anino_aci C&é&dw'ﬁp%' bwﬂnlus d§¥%sp9héif&$h901@q'e@c9}9@nyl al ani ne or
| euci ne. These are suitably change di fferent non-polar am no acids.

For exanpl®€, in Photinus pyralis, the non-polar am no acid phenyl al ani ne
is suitably 5 Muspkicedtnthe amigiof ﬁeidameslidne pedrre spondicigato cgmiswwc hcad

al ani ne, | eucimne sILye sBeiNed ;J}%ali.é“l'u%% Pése %&04:6 Wnino"BEAY QB! 05,

tryptophan or cysteine. A particul arl%1 erre substitution for the
phenyl al ani ne 16$PY USHEPERTO PN t rlF@EPﬁHﬂa lygiferasphots AIEopyral i s
| uci ferase i s pogeible. THidldntinbosctd relsedas (whiadhi ik dskdiye correspondi ng

to am no aBiCiphenylalanine, but may also be leucine, serine, arginine or in

some instances tyrosine) is suitably 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-~polar amino acid residue or
a different non-polar amino acid such as alanine, valine,

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 bpPhotinus pyralis sequence and/or mutation at the amino acid

residue corresponding to amino acid 35 of the Photinus pyralis

luciferase are preferably not the only mutation in the enzyme.



14 of the Photinus pyralis luciferase or to amno acid 16 in Luciola

| uci ferase (13 in Phrixothrix luciferase) is also possible. This am no
acid resid Qﬂﬁi S usually 15 phenyl al ani ne, but nay al so be | eucine,
serine, arginine or in some instances tyrosine) is suitaBFy/CBAUMIR to a
different amno acid, in particular to a different nonpolar am no acid
such as al anine, valine, |eucine, isoleucijge, proline, nethionine or
tryptophan, preferably alanine 20 Mut ation at the ami no acid residue
correspondi ng am_no VAS i, f. se or to
am no acid reé#Qf ar§78ul %%18 ﬁ%ng% Ség@ %Eé? fakhg %%gétlghgther
Luci ol a spp.) defdped| akritse eﬂfEﬁﬂqb9élaqTﬁh?S&thOPQ§ytd°vaf¢Q¥§eaH@#@ﬁﬁg\M | d
type 25 enzynes pahellodP)iiaCisiarl 24Lid¥e FhBBOhhs Wy rRY i ius) tbphsdl SO

| ysi ne, histidine, glycine, alanine, glutam ne and aspartic acid at this
position. Suitably the amno residue at this position is substituted with
a non- pol ars arfhemgasi df rdel duninmracid defiduecporreapopding tmirmsided dOSuch as

al ani ne, valing, ptRheddyahans rl%mtfépéfél%aeto PEilune, 1081 eBLRSILT
tryptophan. A preferred amno acid at this position is alanine, where this

is different tBLAIFELHFRd It‘s?ﬁel%rﬁﬁﬁ‘iéatMR”at‘i“Sﬁgl%\tlattﬁéaéi-ﬁ fgciEptase,
correspondi ng {1®2Pafi Phoikxothrot) wag aBso RIFFelkdushed thaknsstdq UL g cofheor

matation at the AT A0 3l Genlest IURCOLIESRAN! 10 52 5A0LNG 381 £ 3P L he

Phot i nus pyral ruci ferdse ared refera mitat 1 on inthe
enzyne. V\omllml@zsamv @Rd8/ @@I@ye 95 glih@}nar 0% 1fierihe ylrac?éléhﬁamw -by
others of the mas@t B08Ssuidabl P eshanged efor MiPRELéR NBh-HEIATE aRl nd QfdildsQNS
correspondi ng %?ﬁ |ons %%4 395 or'éég gg Photlnrs %ﬁ¥ﬂ|s J£C|ferase
5 Changes of t'ir‘i"’er & Srcitl PRRYARYE RBFESs0iBT MPT 81 2% iR 18%:

Photi nus pyraldlanipei fersadsablyl teplaced dighlacdofferant oen pnﬂ-ngr&;tmma

Luci ol a cruci %&dor sheici £ éhéﬁil@l@hiﬁe' l{(‘éufcgﬁéseglycﬁigz x}éhBE“ xot hri x) may
al so affect. the therppstab |E genera Pn1no aci d

at this po®itigifleEcipgrproll

preferred substitution for the alanine residue corresponding to

etglonlA% or Lryptoph partlcu

residue 105 in Photinus pyralis luciferase is wvaline.

Changes of the amino acid residue corresponding to residue 234

20 in Photinus pyralis luciferase and to residue 236 of Luciola
mingrelica, Luciola cruciata or Luciola lateralis luciferase
{231 in Phrixothrix), may alsc affect the thermostability of
the protein. 1In general, the amino acid at this position is
aspartic acid or glycine and in some cases, glutamine or

25 threonine. These are suitably changed for non-polar or
different non-polar amino acids as appropriate. For example,
in Photinus pyralis, the amino acid residue is aspartic acid is
suitably replaced with a non polar amino acid, such as alanine,
leucine, glycine, valine, isoleucine, proline, methionine or

30 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 position (for
example in Luciola luciferase), this may be substituted with a

35 different non-polar amino acid.



10 polar am no acid al anine or glycine, or serine in Phrixothrix. These
are suitably changed for different non-polar amno acids. For exanple, in
Phot i nus R?b%/ the non-polar amno acid alanine is suitably replaced
with a different ®hon pol ar amino acid, such as phenyl al Bé¥/aBO/ME3Ci ne,

gl ycine, valine, 15 isoleucine, praline, nethionine or tryptophan. A
particularly preferred substitution for, 4he alanine residue corresponding -
to residue 105 in Photinus pyralis Iuci#erase is valine. Changes of the

am no acid r ﬁ!%: gggs oq.I ﬁgp Og ]E_(? idggecozr%éspggdﬂnﬁphogIsr}i.u uep¥£&1| s

| uci ferase a re5| a m n cruCrata or
Luci ol a | at eri®l PBotipyss eva%bzs (-1231f¢1r#SPth(dt0h|r9§§dum?2ab§0ﬁlalfipéet t he

t her nost abi | ifinget1idd)e LRE PSR r&ruhm&eaera&al&ﬂaelmmmi&’cﬁfer&& s
p03|t|on is asparti¢ acid or gﬁém ne and in sone cases, glutam ne or 25

threoni ne. Thédd if FAIGKPERTIF &9t 818 Hoh PREEXQERFIX gEddse M@t 3k5h- pol ar
anino aci ds affapprider thémod%ablkxwrmfethe iproffkbdhi N pgnexdls, thée

ant no' act d 1 gallCadsy 88PAIL GoBELrbr 3 Sl dthhkgd@RloARE il a1 R0N POl ar

am no acid, such as alanine, “leuc]ne, cl ne i'ne, isoleuclne
proline, net ﬁFSﬁP?lérthﬁwrinPBpMmﬂ pﬁ’ﬁs@u?%ﬁ |§PlﬁPB}3ér9hé&g§‘é|b§qr| tution
for the phenilfférnthenciestgldepobir ampoodacigist. 0 FesiekarpP84 imn Phot i nus

pyrati s | ucl ipasfad Sy8bY el ene S he? w%gia@%ﬂ W@ eRChdharhfRhdle SuCh

as glycine is presen i s -position.
| uci f er asld) , SLRFAMIRRy BRreANIBL PHit'SFORLR Y é“§51ﬂlﬂq%ﬂéﬁ%aﬁ&¥r56?we -ani no

acid. WD 01/31028 PCT/ GBOO 04133 17 Changes of the am no acid residue
cor r espondi thER#ﬁ%Lfd e Haflnol fofd Ghbilite RUEALIGoA G & 3881806 41 resi due

422 of Luciola ellica, Luciola cruciata or atera
| uci f erase G!!l‘?h?trfnlbﬁr?&%’tlﬁ-lsl Jughfegasampdi 8 residhe 242 mE fuFrédda may al so
5 affect thenlihgfdmiztagbibdio)aotbriditatpr 6f eiutiola gmﬁfaalzs Id&feﬁi&é}o acid at

ol yei he. UnolaY 3 HEEQ BRG, BRLALPIRINATLE uRFWirREntl. CARECTIS. T oo
aci ds. For eggﬁ%|qgslphe at thls p051t10n varies amongst the known
luciferase proteins, being histidine in Photinus pyralis,
Pyrocelia nayako, Lampyris noctiluca and some forms of Photinus
pennsylanvanica luciferase, threonine in Luciola mingrelica,

20 Hotaria paroula and Phrixothix (where it is amino acid 307)
luciferase, valine in Luciocla cruciata and Luciola 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

25 amino acid residue which increases thermostability of the
enzyme. A particularly preferred substitution for the histidine
residue corresponding to residue 310 in Photinus pyralis

luciferase is 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

35 glycine, 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




Photinus pyralis, the serine may be replaced wth asparagi ne, 10 gl utam ne,
thrgoni ne or tyrosine, and in particular threonine. Changes of the am no
acid resi esponding to residue 310 in Photinus rali uci ferase
and to re%ﬁlzﬁ%Z of Lucfola ningrelica, Luciola cr ucPé‘FTo(GBP 043¢ ol a

| ateralis luciferase, 15 may al so affect the thernostability of the
protein. The amno acid residue at thisposition varies anongst the known
luci ferase proteins, bei ng histidine in Pﬁoti nus pyralis, Pyrocelia

nayako, Lanmpyris, noctil UCI%dSQHEwé sIWEs%s PhAk! RLS ndl 2SS RAAR C2

| uci f er ase, 85h I?‘lels' a“m ngre 20 Hotari'a paroul a and
Phri xot hi x ( wivdrephebijcs raﬂiql‘rtﬁsaéﬁidt@{ﬁ?)wsfl'&lh‘?ff éﬁn&éﬁce Ve Wevetenatds ol a

cruciata and shﬁ@’e%ﬁ dnat ehymies, Fuaan!ema; athe @ rieBescem P datge us

pl agi opht hal fer S Th e | IS
position is ﬁ'&éﬁ % gmg%onécpgla }ﬁ Q?ﬁgt&ﬂ%ﬁ?ﬁ?g@ﬁa%ﬁﬂ g?ent 25
am no aci & r@mlaeeam @t Potktdene3dst rﬁé}*ﬁﬁ%&ﬂ}lﬁrf“?s'ﬁ? &Y -enzyne. A
particularly preferred substitution for the histidine residue

cort espondi ng. | 0.1 e8I g 110 1 SO NBRIEAR, S coLUSKUIRSE1 L6 13601 i e

30 O her present exa Ln a
preferred entide mamo atché Pe cﬂ”@ ﬁ°&+%’€9%&§r¥?ﬁ?°i“§lmglt° aniPA oA Gl alat

Fg;gt i onLcor rﬁ,S@,QBﬂcb]].[bg 1h@1§é&a{1§é agnsi %Eébhei:mﬁwpﬁhauswa:hﬁyigedilt& lauci f er ase
in Lyci ciferase) cha r.Qm t ' ar 0 an
am no aci gﬁ%r' ohicyam fﬁ)‘?/ lBr ﬁtﬁgug?yé:gngrgﬁ%&%g%d. FLJ’hSw t%bf’L t he

ami no acid atvaltthasaﬁpwlswmﬁd $nt EPpA-AP24A48- val i ne, | eucine, isoleucine are
asparagi ne, but nost preferably is lysine or arginine. This is . WO
01/ 31028 PCT/ GBOQ, 041£ﬁ81 nmut at.i on, Iétu esgrl bg]qlg 0#2 425798. It has

i e

been found t HFCTERGHGpiBEi P R R e P AP nP S h 845 “hance t he

wavel engt h steicorbibfanthduehfsnase EprymRs-noFRey thRFepreskasdsE 6P%a | arge

15 similarity to wild sequences such as those of Photinus pyralis,
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 80% 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 sequences 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 trisodiﬁm 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



hydr ophobic (V or 1), polar (N) or positively charged (Kor R} 5 amno acid
at position 354 enhances thernostability. In an alternative preferred
enmbodi men‘[c‘iooi §)rote| n also has the amno acid at the position

correspon amino acid 217 in Luciola |luciferase PEWEBIM430t i nus
pyralis) changed to a 10 hydrophobic anmno acid in particular to

i sol eucine, leucine or valine as descrijped in EP-A-052448. Proteins of t he
i nvention include both wild-type and reconbinant | uciferase enzynmes. They

have at 'eas&llgﬁn{%ér@tﬂ}’??%ést%&wd}'ﬂai xﬁ&’ﬁ‘%ﬁe?e {,gct;l ag#lg}[% . f Photi nus

pyralis, Luci Cl O C|ata or uc ] |s enzynme
in the sense PRAFSER: MoRst (MOFEQ%G‘&FH PRPsidige Prptedentinidaghbywi | d-type
enzynes are spa@shed, istikthee prvoile22rs, @fpluhs-lment Tiod .~ opY ikt ¥t ei ns can

have a grea %r [Tol el %&r Z%O%hg%@rd ¥u1 1P%loa”rﬂ,_ ‘l—'ﬂarfggﬁ,/o‘{ t 70% nor e

preferablsy eas nost era éo O0the wild-type
enzymes 15 SREFIRBERES fSFnFlF%rLlﬁmﬂ'eﬁerﬁsaFea rdphw: ktpge=1; (@@Pude al lelic

vari ants, prpehewys $q aﬂuo@&prpenasegetleagem& .asThewddquancé Farbwnidet | y

produced enzy s CTJ;F‘XBC%‘ &eﬁggggst)édya% %’%h@é&das' Qh&hﬁ] sghey are

encoded by nuc gequences which encode
wi | d-type eﬁ?ﬁmcﬁnd’éﬁms’%%nﬁgéhﬁt H’}‘Br}t’%ﬁ%éteiqﬁﬂn%rﬂ?irt Fems. Such

condi ti ons \mp&rison, Wehth Wienet Sfhehe L mltsams aﬂytrlalze.d drhabpecgmrt, and

” | if df
O ot e Ty S gt 0T, SRRPBATe A8 oranesred pt o et AT o kupar ~ suphad oy,

stringency @mgm drigstaintye thef akaogighm3 x SCC at ~—about anbi ent
tenperature to about 65C, and hi gh stringency conditions as 0.1 x SSC at
- about 650 SC 1s the na L gg 1__g)lelSM 0.915M Lt |sod| um

citrate. AEECHIA T BXRNRLES f’?n%r&g%nst rong as" la’ﬁda%eo wcl)n
parti cul ar lupéfetasel afemgm@f witlp e et rares efuthr Autations a§equences of
the invasti gitiBed@anassessed usi-ng the nmultiple WO 01131028 PCT/ GB00/ 04133
-- - 19 alignnent method descri bed-by-Li pman and Pearson, - (Li pman, D.J.

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 is
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),
35 CTG, CTT or CTC {leu), ATC or ATT (ile), GGT or GGC {gly), -and
CCG CCA or CCT (pro), thus eliminating rare codons. In the
case of the synthetic gene illustrated below (SEQ ID NO 1) and
in Figure 14, this resulted in-a total of 139 silent mutations



& Pearson, WR (1985) Rapid and-Sensitive Protein Simlarity Searches,

Sci ence, vol 227, ppl435-1441)--.- The "optim sed" percentage score shoul d
be cal cul @{((fﬁls%z%h the-following --- 5 paraneters for the Lipnan-Pearson
al gorithm gap penalty =4 and gap penal ty | engt "PEHEBOME3sequences

for which si m'Iarlty Is to be assessed should be used as the "test
sequence" which neans that--the base seqygnce for the conparison, such as
the sequence-of Photinus pyralis or any of 10 the other sequences as

(ecorded in Yg gl idles nzwpﬂoq}-raw%%ng 1ES RileMdial L N Orild ¢

al'gorithm - ar ~exanpl és” of eins o I nve tlon are Sfd type
| uci f erase s&qnBakeotiiden %@"b#nnﬁ@@f l¢hEorm Partops the FLPRIAMS ned above.
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as described abRVehe Wchhdne LRE: I lightcad by, Bh D380y PR | d-type

sequences whi" tation
ef fect -t hd desried JAMERFBrATh clagelyy $iifdlat | PRERTRIC %ﬁ%‘%}“ﬂﬂ@ readl ly

apparent, basedueusds ¥hikhavdvedge Ddastheogesnmiilaritgeor prefepiaiyeared
gbodi ment 0f b0e Jb Qhi Olles 8ol BrGrafidh l30da: B XRENRlInLIERS:
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hi ghl y expressed genes from -- conmon expression hosts such as-E. coli and,
at the sane @anBther aiseifdlt hexturbr Gitlie nap 08 «ampdonped niletl préduditgi & genes

codi ng he t he new gene 30
has a cod‘on u?g?ﬁ %%%ls{a @;% tﬁr‘{] ﬁacI%B? Pft(é' nhgéuﬁéégluglg%d I nsect

expr essi on sf§?‘é¥ﬂ3¢tlln(§lr sékﬁ?mlTéesmeﬂab?)é%ﬁtBHBn%Wé'céﬁo?\%rtflér‘iul?ﬁe am no
aci ds arg, |Qbmbix|1aﬂ;oz@|a§! 6amisertlte MeyayenBange bt ehFemy sGifldmapyd, 35 CTG

CTT or CTC (| | L nﬁT%lgBtAT é?‘}icuqlg’% ?%t%é? oY % ABde %:ﬁéetglgg‘eor T

(pro), thus e NG rare c the s gene.
i | lustrated HBEGYW (@E@rwﬁm Pitamvithip Qléﬁé:DF& coqing Fe§u~’r‘-t1§’emﬁh -B total
of 139 siisentinnthétdm2yme WO AHHi3162481 IRCELEBOIYD4E33 urz?i@;uereestun"i@:tﬁannew

non- rar e cougag, (4 U’ oNde0sal dna Thochi ine Son ﬁpgaﬂﬁ%ﬁ%@n

Figure 14 formp e ribosone Dbinding site an not code. The
COdIng sequeﬁ@ ?ﬁxﬁQ$§Val of the peroxisome targeting sequence may be

advantageous.

20 In the example illustrated hereinafter, nine new unigue
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. 1In 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



wi th the nethionine residue indicated by an up arrow. This 5 coding
sequence and closely sim |l ar sequences, for exanple sequences which have
at | east 9QW%%L$&% rity or preferably at least 95%simlarity forma
preferred aspec the invention. Another useful featurBCHABY4IIY be
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under the contysBbctdfoL@REr Hvetk €Nt S such as pronoters, enhancers,
terminators etc. These vectors can then be used to transforma host cel |,

for exanple a prokaryotic or eukaryotic cell such as a plant or WO 01/31028
PCT/ GBBOO' 04133he2 hatinue| pysdlis DBS7Y mupant i ouwlifierasegpwakacyetted bel | such

as E 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 greater
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
D357W
D357K
30 D357N
D3571
E3541/D357Y
E354V/D357Y
E354C/D357Y
35 E354R/D357Y
E3548/D357Y
E354N/D357Y
E354K/D357M



coli so that the cell expresses the desired luciferase enzyne. Culture of
the thus transforned cells using conditions which are well known in the
art will Raseddiedsn the production of the 5 luciferase engyme-yhi.¢ii can then
be separated fromthe culture medium Wiere the cells aré pFant or ani nma
cells, plants or animals may be propagated fromsaid cells. The protein
may then be extracted fromthe plants, @2 in the case of transgenic
animals, the proteins may be recovered fromml k. Vectors, 10 transforned
cells, transdgsisg/pisit s and ani mal s and nmet hods of produci ng enzyne by

culturing th formfurther aspects of the invention. The
Phot i nus pyriﬁﬁ%ggégéwpnutant | uci ferase was created by 15 random

mut agenesi s B35484B33Med hereinafter. It was found that the D357Y single
poi nt nut ati qizspRPOysAs a | arge colour shift in the wavel ength of |ight

emtted a d eater thernostability than wild type luciferase.
Furt her |nv3%§862$$%ﬁ£ have reveal ed that a range of substitutions at 20

this positiorE3$48éD33%%e to good thernostability and/or to large colour
shifts. Partigslapypssnpl es of nmutant enzynes of Photinus pyralis which

fall wthin t&gﬁzg&g of the invention include the follow ng: 25 D357Y
D357F D357W ® D357N D3571 E3541/D357Y E354V/ D357Y E354C/ D357Y
35 E354R/ D35EB54E3ABAFTFD357Y EI354N D357Y E354K/ D357M
10 E354T/D357Y
E354A/D357N
I351M/E354R/D357V
E3548/D357V
E354R/D357TW
15 E354R/D357M
E354R/D3578S
E354N/D357S

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 oligonucleotides added to the PCR reaction in
order to effect the relevant mutations 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 biocluminescent 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



HT. WD 01/ 31028 PCT/ GBOQO 04133 22 E354R/ D357L E354W D357W E354H D357W
E354R/ D357F 5 E354K/ D357F E354S/ D357F E354M D357F E354A/ D357R

E354A/ D357RK %@‘@éﬂl D357Y E354A/ D357N 1351M E354R/ D357V E354S/ D357V
E354R/ D357\ 4R/ D357M E354R/ D357S E354N D357S or BeliEBW4IBs of any
of these when derived fromthe 20 |uciferases of other species. The
mutations for the creation of the above myfants were introduced to the

| uci ferase gene on plasm d pET23 by site- directed nutagenesis, (PCR) or

conbi nat ori al es I n i.de d he
PCR reaction PS?EL@'(?FEIl tg gcg:% Q %p%loﬁgf%‘\g ‘J&B %r% gr%n@%qg II
has been reporrteéﬁe'ﬂﬁse\ﬂe@ﬂéﬁﬂ tWaPeFffR-f“bFP%cﬂarc‘}flcﬂb?*ﬁtassﬁﬁt ations at the 354

and 215 positions are additive. This 30 invention provides the possibility

of conbi ni ng e . SU t r Qi Ne! rppstability
I n a nmutant terﬁé ﬁ&r\ﬂ?%ﬁ lalssiL %‘gf'g??g ZJH&QF&RQCIR %&éﬁ&%h%%& g’?otel ns of
t he i nventPon W‘F'Pl%ld‘&ﬁht%@fﬁﬁ%F? ‘Efe thesaetARPapEng fizayampaiiign nescent
assay whi ch udirhwies tihewhidalei ferase/luciferin reaction as a signalling

neans. There are
Figure 1 is a'log graph showing % remaining activity versus
time of 45°C incubation of several mutant enzymes in accordance

10 with the invention;

Figure 2 shows the spectral 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, {(¢)
a D357N mutant, (d) a D357W mutant, (e) a D357I mutant, (f) a
D357F 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, E354I, 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/D357Y;

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

(.

30
Figure 6 shows molecular modelling diagram, illustrating a
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;



many such assays known in the literature. The proteins may therefore be
included in kits prepared with a view to WD 01/31028 PCT/ GBOO' 04133 23

per form ngvébul%]?ﬁssays, optionally with luciferin and anﬁfﬁﬁgﬁ%%l eagent s

required to pertrormthe particular assay. The invention e
particularly described by way of 5 exanple with reference to the
acconpanying diagrammatic drawings in wgjch: Figure 1 is alog graph
showi ng % renmaining activity versus tinme of 45C incubation of several

mut ant enzynmes in accordance 10 with the invention; Figure 2 shows the
spectral peaks obtained by incubati ngihig. coli cells expresi ng%Jn ci ferase
enzymes in a Foprat® sheweekhe Wit NiFe [RIGIIBIRSSSHRSr EPHREr% SPhE e used
is (a) reconmyolantellts sixpdessimey Ruvintus pyralis luotfémrses 835{K)DISTB357K

mut ant, (c) 57 ant, ) 7 wﬁﬁ&{ luf SR Eda ant, (f) a
D357F nut ant,(%()g%r%%n%w;mtébﬂt ggﬁ‘gﬁ?ﬁ)wa _ouﬁéngrgrultngnt E3541 + D357Y; 20
Figure 3 i%s ®@cgtapti sifoworgvimenopininglnmadiutang gyucRki®&us tine of three
mut ant enzynes, E3541, D357Y and the double nmutant (DM E3541/D357Y;

Figure 4 shows th m_ssion f..(2a i ., W type enzyne
and (b) the ﬁgﬁfé ?ru sa%t gﬁﬁ%ggﬁ@lﬂ%?é;ﬁ%%eegﬂiosﬁ,\{laslpg?tép show ng the
rate decay ofdisitoibwtior ofi bight emittachkyi narantyif. dPY Pl 3u91wraaﬁd a
D357K nmut ant pgyazyee  (:) 30 Figure 6 shows nol ecul ar nodel I'i ng di agram
illustratjng a potential CoA binding pocket within the luciferase enzyne;
Figure 7 shows the in vivo biolum nescent spectra emtted by E. 35 coli

cel | s expresstigyreni@rits P. ap3phaishevwing ither aREmaidsed daya ofr she reif®ctB; (b)

growt h on m njgrebangylispecapsh SAYIbAGINALE; 1idht) o8l oWéd) BNmatrt . nedi um

and gl ucose; WO 91/310 8 PCT/ GB 04133
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
E354I/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 sequence (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.



24 Figure 8 shows the in vivo biolum nescent spectra emtted by E. coli
cells expressing nutant P. pyralis |uciferase E354K/ D357M (a) growth on
LB; (b) gr 55 m ni mal medi um and sodium 5 acetate; (c rowt h on

m ni mal nedi um ang gl ucose; Figure 9 is a graph show ng tH{d’@H0@EB3 of CoA
on spectral distribution of light emtted by mutant P. pyralis luciferase
D357Y; 10 Figure 10 is a graph showi ng thegsnormalised data of the effect
of CoA on spectral distribution of light emtted by nutant P. pyralis

| uci ferase DB%%E % |gure 11 is a graph showing the effect of CoA on
spectral dis I I ght em tted by . rrutant P pyralis luciferase
E3541/ D357Y ( BdSRERLLCE A 2P GRAE dSahie Mukant Lyeiferdseure 12

il utst rat es th?or Eﬁﬁfqtzﬁ.bfoﬂf Sﬁl&e];ilﬁn(?b}fdtﬁﬁﬁs Qi}&aZQs}JtlinglSl@fbdeP theated
construction g synt hetic r e |gu e Ll lustr

constructs useaa8 %or—grﬁ??]eﬂ: “gf a%omg g? é‘@?ﬁ Bigchany,, is%l) shows
t he cDNA séquéidde '{34576'@5I3D: NGIE) pG#—'PQM sOne Hehrerymwgie afeperor-

(i ncl uding nU%'rSQé'ﬁiQﬁszo&uM o fxd @ul@aiéné%fh be géxﬁqseﬁ&:&i RALHG t e

but are not c and the eﬁgﬁ% am Eo aci d_sequence ich starts at
Phe merhioni nd? Pilediidoh rarahoRi i bes NTASE 50F (MO and 36
Figure 15 il | Us8r@tles Aheecdnsy Abbrayi iconyisifedofathe ermottiliong PChe mut ant
encoded by thﬁrsaaeéseufcaga{&tageé&% M\P&M%GZéexP&T/CQBQ%%mno 25

Exanple 1 ldentification and Characterisation ant Luciferase Two
libraries 18t PPLR 1V 2rBRBt i HHERePyIhIEhe) veekak é’PﬁEé‘” 'cr(éﬁf%‘ifgeff?edl'a
error-prone PE&LIad A, obedtd.at. al ., Anal. Biochem (1995) 5 224, 347-353],
were prepared. One library conprised of error prone PCR products of the

full length Iuc gene, cloned into the
he “pET23a library was expressed in E. coli strain BL21(DE3)},

(E. coli B F dem ompT hsdS(rsms) gald (DE3}).

15 .
The pBSK(+) library was expressed in HB10l E. coli cells,
(supE44 arald4 galK2 lacYl A(gpt-proA) 62 rpsL20 (Strf) xyl-5 mtl-
1l recAl3 A{mrcC-mrr) HsdS (rm’). PpET23a 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.5.A.), and
sprayed with luciferin 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). This
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



T7 expression system pET23a, (Novagen Inc., Mdison, W, US. A). A second
l'ibrary consisted of the error-prone PCR products of a short section of
the luc g l{i&\éerl ng am no 10 acids 199-352, cloned in_the vector

pBSK( +) , agene, La Jolla, CA U S A). The pET23aP¢TEPY133as
expressed in E. coli strain BL21(DE3), (E coil B F dam onpT hsdS(rB nB)
gall. (DE3)). 15 The pBSK(+) library was,gxpressed in HB101 E. coli cells,
(supE44 arald gal K2 lacYl 4 (gpt proA) 62 rpsL20 (Str ) xyl-5 ntl- 1 recAl3

dimree ) il colddles BEJ@%%] ANDePERESE™ Fol AHLoHBE LY 151G 0800 dudes

(3-1act anase and con I n_resistance
har bouri ng t MRexp| a%#ﬁ‘-"d—edAﬂn Echec Bppisiaf, brighknessanéf bidhtd eff t¥ed R8pr epar ed

library by eleget ioqiaitatli osy fusithgr acHir@Bééxisatdohl Fifl seme sexkegisewn

overnight at 37C on LB a cont ai nj n Lcillip a_25 concentration of
S0/ i 'The. &heI & veth CRLAIES, MRS LRRLRY HedBr s 2 (RRiignPEder to
M nnet onka, Mcreesid soUtkat\.the anelrmcﬂqmabyednwualnluslumlf&benssmmldon (500pM

D-luciferin, QoLassd é.@oﬁﬁéé £ ol @ﬁgwlﬁggﬂf_%fée}xr@é& ik EREq cméo5 0) The

colonies were _view Docurrent ation and
Anal ysi s Syst@hPPRPISHRFaReS L?’E’nﬁlll%?oﬂr%t"af’?%?w]i‘ltr an kiqredipms egrat ed
the bi ol um neseeateimyrampeciliar armpeatthes yeewi epraydd witke lurifeodince an

f the |ight tted by th I he b ht f
wne taken oo Sl o ans Fhewash LRnnd PRBLAgsT T . ThES| (ReoRa Y S het g
01/ 31028 mCT/n@ﬁEHO&bl@Bsﬁﬁre'Myeldeﬂxurﬁyeslme florednsettgenedalyris of
t her nost abi I| a1(2=_,n ‘3§1v e §e| 5#1 Heg Q%§Qg§ %ogghgfg ness of

| i ght emtte& wer e edfor rac erisatron. In sone
screens, théhErm@%#ableoP@W were aisﬁ*@ubété%l witrg 2o JuckiegaRes prior to 5

screeni ng so achabitPhankhensdrdsabbeligyt.ants coul d be sel ected. Col onies
I solated fromthe prinmary screen were patched onto

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

The luciferase reaction was initiated by the addition of 10pl

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

using a Biotrace M3 lumincmeter.

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 50pul aliquots of crude cell extract were incubated in a water

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



nyl on nmenbranes and al so grown overnight in LB nedium containing
anpicillin. The patches were sprayed with luciferin solution and viewed in
the Al phal ngggiMes’Ni s secondary screen 10 hel ped to positivel éyl dentify
clones for TRVItFD anal ysis of luciferase activity. E. BeVEBYMIES
expressing possible thernostable enzynes were assayed in vitro for
luciferase activity and thernostability. 15 In vitro assays for luciferase’
activity were performed at room terrperature usi ng the Prorrega Luci f erase

Assay System ( td 0 i ferase
reaction was |£§ﬂ(ﬁq§§a&d’<§% ?géé {:e?ﬁﬁ? %Iass’% cr ued'('a néf’? %ﬁﬁ?s?o
1001A Promega Q_QIGWFEYGY?@ %EW%@CR?@ |percentagep ofj the |°c-my1naihe resul t ant

bi ol um nescencatdmstyrasured using a Biotrace MB | um noneter. Crude cell
extracts were prepared as described in the Pronmega 25 technical bulletin
no. 101. Aliquots of E. coli overnight cultures were lysed in cell culture
lysi s reagént ,LA@2GRARITY i0F- PHFREISAEE X FIFANENT AAVLYL Ei waTHE] tie OBTT), 2nM

1, 2- di am nocyizlcobexmue whlrdl, Nothedt £id a3catis o&delarJéJ%wWﬂ%reeL %
Triton X-100, 1.25 rr%/m hen | soz%rre for 10 mnute room 30

tenperature. cudBe taken Fornthe Sngveg vh lose Y °o‘?f s gEigipalrhe
properties of ddevety yieer wifcubhuishait begiveh itempérarurdepengerhlues,

i nacti vation studle. Eppendorf tubes c 35,5 al j qyot s of

crude cell ext'aRe 5%58%??1 8dr?‘§uc§ &ﬁt %Vl Qa'?ﬁré?“éaqéla\‘f@h"% elF&f%re.

At |5te tine ptaembsmirtdae&wlme\g&:@ﬂd&wae Pﬁf&l fﬂ@l@él?&pr%7ofe%0V6d and |

cool ed on |cedpr|0r 0 assay. Remainin ?CI ase. activity was expresse
}‘b%/tﬁ’a R}&Fy E}

as a percenta &3t 409 25F Maa-\e “BYaphs of percent age
remai ning activity versus tinme of |ncubat|on were plotted and used to

cal cul ate t11)4ghiePaTEdch 5.5 cbiE dilolBs MRRsE g ihe RBgy e Lo lose 50%

of its original activity after mcubgtlon at a given tenperature., T1l/2
val ues, thermostable’luciferase as determined above, was sequenced in

15 order to determine the mutations responsible for the
thermostability of the enzyme.

Plasmid DNA was prepared using the QIAGEN QIAprep Spin Miniprep
Kit, (QIAGEN Ltd, Crawley, W. Sussex, UK), following the

20 protocol for using a microcentrifuge (QIAprep Miniprep Handbook
04/98).

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



(time for activity to reduce to 50% of original activity), were 10
determ ned in crude extracts at 37C from | og graphs of % remaining
activity VISR time (not shown). Plasmid DNA fromE. coli clones
expressi ng" 3388t thernostabl e |uciferase as deter mi nRETAERNO13F a5

sequenced in 15 order to determne the nutations responsible for the

thernostability of the enzyne. Plasm d was prepared using the Q AGEN

Q Aprep Spin Mniprep Kit, (Q AGEN Ltd, awl ey, W Sussex UK), follow ng
the 20 protocol for .using_a m.crocentrifuge (, ep Handbook

(e 520 Pt ocglobole sl 0e IHECSL Lo (G Conely M irep Sandbook

UK, using an AB|t&@isSHE 8 thesmSstaldiddey ehdhehenza® ABI PRI SMTM  Bi gDyeTM
Term nat or Cycl e Sequenci ng Ready Reaction Kit (Perkin El nmer Applied

Bi osystens) wh i.s based up di deoxy. chain_term, natl on nethod [F.
Sangor ot Al s Raprtidhlanty nenps <’ Bkt S PR G A albgt Ol T
aresult of thhsrmplehhzqmeasmtvarm B35irgleasninalexcidf cleahgethe cryst al

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
cl ose to posit+ , V\:hl ch can affect both ther nostability and spectral

WO 01/ 31028 P $HOQ : gepes d gtantmt this region
could be i rmO&haatdea @ot@tma% abﬁéﬁaetmﬁabhstyt Q:fhet H87 AN 8on P357Y i's
a particul 8”{,\% the (gl e nutant, bein %’ép mgg pler nost abl e

| uci f er asé the ﬁ?j? nhhagenaRt Y YeRaRgEEor a‘h"ﬁ’tg Fhe; ?%rﬁﬁalggﬁ? ed

Mut agenesi s tQEEl&(ﬁﬁin@eUt befeaﬁ}eaué@mtﬂ:agan@émkltp estidatagendl) fI.fael’ePt g
mut ati ons at 357,..po 0 site g erfornme
using the Str f’fé;e’ngA £%< Qﬁge'#h i lgsﬁré%t%éggﬁ/u%a%eﬁggas lefig
(Stratagene, Bé&26loMag, ugd ip 8L giteTHérentesniutaranegisa. J5ML) pROYYCNDD

Report, 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 recJ sbcC umuC::Tn5 (Kan®)
uvrC [F’ proAB lacl9%AM15 Tn 10 (Tet”) Amy Cam"]]
Oligonucleotide primers were synthesized by Sigma-Genosys Ltd.,
Cambridge, UK and were designed using an intelligent doping

20 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 amino acid substitution.

25 '

In this way, libraries of amino acid substituted luciferase
mutants were produced.

The following oligonucleotides (and their complementary
partners) were used: |



site-directed nutagenesis. All

3/96), was used in all
col i

nmut agenesi s reactions were transfornmed into E.
ela- (m:rA—%3 a ,&m:rCB- hsdSMR-nrr) 171 endAl

recB rec) S8EEWHC : Tns (Kann) "uvrC [F

Cam'] ]
Canbri dge,
Arkin et al., Bio-technology, (1992)10,
Bi ochem 218, 454-457] were used to
priners to produce groups of _possible mutations rather

7- 300,

i ndi vi dual pri fdtgoRuslecgide Brimgs K33 Substitution. 2p
nut ant s

libraries of am no aci d substltuted | uci ferase
foll ow ng ol | gGHEEEE ; 99<a0E , o1
WO 01/31028 PCT/ GO0 04133 29 G i gonuc eotide Primer (
Substitution éécccgagggggat [tat] aaaccgggcgcgg (SEQ | D

products
15 strain XL1-Blue, [
SupE44 tM1 gyrA96 re.l Al |ac
proAB | acl " ZAMGU/GRO0@13BTet r) Any
A i gonucl eotide priners were synthesized by Sigma-Genosys Ltd.,
UK and were desi gned using anz%ntelligent doping 20 system[A R~
W. Huang et al.
desi gn degenerate oligonucl eotide

of the

Anal .

han, Usi g
Y AT way,
febstigpbtered. The
YTers) wWere used:
b' -+3') Am no Acid
NO Y 4)

cacccgagggggat fcagecyddogpgel | Gmat ¢ beioy ¢ gad ompyalgtgdt gy

B 1,0SEYID NO 5)

cacccgagggggat [(gﬁé(ﬂ-jﬂth( gp)] aaaccgggcgcggtcgg CF, L,WY X (SEQ ID NO 6)
cacccgagggggafLLar\(na\ gc)laaaccgggegeggtcgg R S K N H Q _(SEQ LD NO 7)

The |ibraries GRCFTREFITGIRRE &) derblitcd 1 a8a¢ra80raaagtFIgolrCr BrleFmbst abi lity.
The nunber of GSE@rmreslot 6) be screened was 5 caI cuI at ed Lsi ng the equation

[S. dime et KR
es to be screened, n

[In(l P)]1/[1n(
Is the
The libraries of mutants were screened as previously for
The number of colonies to be screened was

thermostability.
5 calculated using the equation [S. Climie et al., J. Biol. Chem.

265 (1990) 18776-18779]

N = [1n(1-P)]/[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 Az ® 0.5. Luciferase

expression was then induced by addition of isopropyl f-

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 Extraction

Reagent, (Pierce Chemical Company, Rochford, U.S.Al), 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. P8465, Sigma,




10 nunber of possible codons at the target position and P is the
probability that every codon in the mxture is sanpled for screening at

| east onc al cul ati on was based on P=0.95. The bt ai ned from
site-di reg‘ioe r/yirr(ﬁzt({’agenesi s were. assayed for lucifer as?%@#é?“?%hgnd
characterised in tinme 15 dependent thernoinactivation studies. Mitants
identified as desirable in this way weresggrown in 400nl LB nedi um
containing anpicillin, to A260 AS 0.5. Luciferase expression was then

i nduced by addi.tion aof isopropyl (3,20 .thiogal actoside (I P to a final
concentratio a&f‘tllr‘ﬁ\ﬁlsThglg%‘&l%g &e?é't)i‘ieﬁagnaccg%’gt §8 §Te BoBERY th shaki ng,
for 3 hours spilubion ccohdnkilsit regpdbyercmst prétemdason. THhecaldsilysate wael |
pell et was r p %p&q i - ' t g} raction Reagent, (Pierce
Chem cal Corrp%g%g,g ochffggafw% g@AB’ , ?%%/I % 'rlhlg%gtteg'pr oduce a crude extract,
following the B-PER m protocol for Maxi-Scale Bacterial Protein

Extracti od. Raeossperdnattadt SHfjrthe Erude@serdohidaist snbfamaiadacb, 5001,

(Product No. is . ] 00/41 j Loui s,

M ssouri, U g?%.é)@,or\lﬂa/?slgggglle ta%ﬁéﬁ%&%%gg Ué@soll‘gltéi gﬁa%%gflﬁﬁ?ﬁt endogenous
prot eases. Tpsecipitdtpedabetwgen 30Weand &% ifargedtien 3onE@Red or 30 ni nut es.
5 The supernajaiiefsd BetE¥AE e¥hifGlateRSa B URILTEEHsidhaclir 8¢td. 3pation with
anmoni um sul phate, The féac]tétlfbgn t hat \Hpr m%]t ted between 30% and 55%
saturation cont&i e PHB; ¢ BPLOET 279 sﬁé.f i TR LRI VRELOR s pended i n
0.5nml Trios |dQécpdAl8 . s@udiedd DIT and used for thernoinactivation and 10
spectral studies. The replacenents D357L, T, V\ W R |, S K Nand F were
i ntroduced. These tants were characterised in _in_vitro

t her noi nact i v4Ei BTPATHPRES 3°dPudt St Facks. 118 The H&E BI¥S Surifi ed
extracts wer éntrédiiaeei. 1Thesel hutants weret tsxramteadsed ain dn biffaer: 50nM

pot assi um pheaRhAS Mk 8 o HEuls £OWrALRLAY MQ%nsaL Urat ed anmoni um
sul phat e,lslm\/l

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
110p)l 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).



dithiothreitol and 0.2% BSA. 20 110l aliquots of protein solution were
I ncubated at 40C or 45C for set periods of time and cooled on ice prior to

assay. Lugj activity was then neasured as described in Exanple 1,
using Pr one%ég{/%iﬁf erase Assay Reagent (1 in 2 dilution) PCTGBUREI3S syt S

are shown in Tables 2 & 3 and in Figure 1. T1/2 values were determned in
crude extracts at 40C (Table 2) and 45C (Jabl e 3). WO 01/31028

PCT/ GB00/ 04133 31 Table 2 Table 3 Mitant TlI/2 Mutant T112 D357K 2.2
D357W 2.5 D357R 4'.2 D357F 6.5 D357S 4.6 D357Y 10.4 D357N 4.8 RW <1.0
D357V 5.9 D357T 7.3 D357L1%é1? 18.0 D3571 rWr <1.Tgbf\lel3the substitutions’
di spl ayed enhanced thernostabilTify | conparison_to reconbi nant wild type.

5 Exanpl e 3 Changes i n j\Werehenffhz of { Emitted Li JhutAntnoTaei d| repl acenent s

at position 357 were alfSEsoRSEI ¥R T af f ect tg EEAAR 4°B ctra of |ight

emtted by the enzyne. An._’LD.JﬁaJ\I,_V:fug# (2501), J_Erc.g._L__geJ_ cultures, as
described in Exanple 2 \HéPgRgrD over ni ght at G'Pé, fas §p n down in a

m crocentrifuge and thg ps6pernpgaét fenoved. Celjlbssaxprpssisg) different

nmut ant | uci f er ases vvereggggﬂ.b -Ebjs; nla citrate Lfﬁ‘w‘Tc. 10
D357V 5.9
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

Amino acid replacements at position 357 were also observed to

affect the in vivo spectra of light emitted by the enzyme. An
10 aliquot, (250ul), 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 150pl 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(a}-(g)).
20 These results are summarised in Table 4 below.

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

25 particular, D357Y, P and I showed significant shifts to longer
wavelengths of emitted light.,



(p115.0) containing 150l D-luciferin and the light emtted from15 the in
vVivo reaction was anal ysed by neasuring the em ssion spectra using a
SPECTRAMaX6, pl at e Spectrofluoronmeter, (Ml ecular ' p.

Cal i forni a, ﬁ‘%&% . Large changes in the spect¥al: peali.gét/i\"&éq/(f%)%s t he

di stribution of vvavel engths was observed for the mutants D357Y, F and |
(Figure 2(a)-(g)). 20 These results are gpynmarised in Table 4 below. in
addition, the in vivo |lum nescence of the nmutants was assessed by eye in a

dark room T nt S d f eir

| um nescencqulpg%?g gggteg ZE ?ar tslbgﬁ %hﬁlsgfﬁﬁt%lgnd&#g showedﬂ;s}%gm ficant
shifts to | oregelsumwlpeaged]shoobeedne.t @dt| oyl .toARTshif®d An/ BiH2®ut to
PCT/ GBOO 04133 45 e ddhc2CIR &ARESbut forfk tméag)spekhfacfm\galf@efé}ltour of

light em ssion appeared to be _due, not only to a shift in X, but to a

di fference i FaZBRERIHRS PSn‘élstlt'?th\El%‘ﬁect ra fromdifferent wavel engths of
visible I sght. 5 Table 4 Mutant (nm Deviation fromrW (rin) rW 558
D357K 556 -2 D357N 558 0 D357W 558 Op, 3354l 606 +48 D357F 611 +53 D357Y
613 +55 Reconbi nant |d type (r-wt) enzyne was used for pari son of of
in vivo light enissiofMBtaioneiaaf (inhe Wlﬁﬁ%%tfsrmlﬁwmw F and |

di spl ay considerabl e $hiFts—rgagher—vavetrength—mexime—Exafpl e 4 Enzyne
properties in the pregence orl absence of2 CoA

D357K 556

D357N 558 0
D357w 558 0
D3571 606 +48
D357F 611 +53
D357Y 613 +55

Recombinant wild type (r-wt) enzyme was used for comparison of
Amax of in vivo light emission of some of the 357 mutants.
10 D357Y, F and I display considerable shifts in their wavelength

maxima.

Example 4
Enzvme 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 (5ul) was mixed with 15041 Promega
Luciferase Assay Reagent. Another aliquot was mixed with an
equivalent assay buffer in which CoA is absent, (25mM Tris

20 Tricine pH7.8, 5.0mM MgSO,:, 0.1lmM EDTA, 2mM DTT, 470uM D-

luciferin, 530uM 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 bioluminescent
25 emission in the absence and presence of CoA, with dramatic
' shift in Anax. The effect of CoA on the kinetics of the
luciferase reaction can also be seen by in the difference in
RLU scales. (RLU - Relative Light Units).



15 D357Y was partially purified by amoni um sul phate precipitation, as
described in the Exanple 1. This partially purified D357Y enzyne (51) was

m xed wt romega Luciferase_ Assay Reagent. Another aliquot was
m xed wi tﬁojoﬁg oéfgur val ent assay buffer in which CoA is 5‘5’5’@#90";16325n1\/| Tris

20 Tricine pH7.8, 5. 0nM MgS&™4, 0. 1mM EDTA, 2nM DTT, 470M D- luciferin,
530pM ATP). The emi ssion spectra of thejjwo reactions wer e nmeasured and
are shown in Fi gures 9 and 10. The spectra di spl ay a marked difference in

bi ol um nesc 2 | Al re th
dramatic sh gl r%% rLf“P gei?f%% on Q ﬁs%fslbg?%hwf

| uci f erase r‘@d@ﬂr ‘é‘?ﬁ @&ﬁﬂ?s’d" e §éw P fatedie t&PfP’é#%?ﬁ@é ?H CoA-U scal es. .
(RLU - Rel ative Li ght Units). WD 01/31028 PCT/ GBOO 04133 33 This

di fference i on-gives rise to the possibility of wusing the enzyne
I n an assay %caﬁr—g%%éct the presence of COA.  Exanple 5 5 Preparation and
Properti &s & Propesihes afi Bouble Mukantnt agensi s as described in

Exanpl e 2, a}smgdewa-emuwé& mEaE&Ea% as Ddse¥ives angixanpred,i a-order to

study any c [ fegt op

em ssi on. h% st a?%l ?f/ lé:3ul‘§lr7ifif [ edﬁﬁg{jgﬁg %"g%% @%%4%8&( Iﬁ%S?bB&a/a
diluted, 1 |arw1§mm+1mtéva ¢ i| BRRR [thrPoTEabiii by andSBﬁMurthfaésgltﬁfn
phosphate bumiesiqtl’. 8 containing 10% saturated anmoni um sul phate, 1nM

di thiothpei tol and 0:2% BSA. 15 1101 aliquots of protein solution were

i ncubat eg at 45C---for set periods of tinme and cooled on ice prior to
assay. Luciméra%@léétlh’vf"ﬁllf\%&g o enBakinted E434hrieP380%t yWasusi ng  Pronega
Luci ferase Adsayedieagentiy,l iinfioZa diHeittbDmgctiva0idheuddubt esomut ant di spl ayed

a marked increase, in
potassium phosphate buffer pH7.8 containing 10% saturated .

ammonium sulphate, 1mM dithiothreitol and 0.2% BSA.

15
110pnl aliguots 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

25 thermostability of the mutant, giving a tis2 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 -
30 Dp357Y, 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 Amx Of _61lnm.

However, the spectrum has a greater contribution of



thernostability in conparison to the single nmutants E3541 and D357Y

I ndi vidually, (see Figure--3). Thernoinactivation studies of partially
purified I tant confirmed the increased 25 thernogfability of the
mut ant , g?@lﬁéﬁgﬁgl i 2 value-of 7.7 mn. when inactivat eﬁéﬁf; ¥3I t was
noted that the double nutant displays a nuch deeper red - col our of

| um nescence than the individual mutants,pf E3541 and 30 D357Y, displaying
additivity of-col our of |um nescence. The em ssion spectra of reconbi nant

wld type an t he .dou 54| _+. Y.pere
al so neasur eguﬁ@gﬁ%r%%gt gé&‘g?g%y 9%%#{%% gg ef‘s)%: s'fal?égg%tnﬁéx gﬁﬁf’é‘% .Q%Sé%
Eni ssi on speSerRefreesupRBeaTANGR, Bhep Wd syalised by. g¥q nmEmipgiRy aPectfa
spectrum has ia graid ekteadtd idisplayedla WO tR] QRENGEH/NCBERE O3 3hapd

| um nescence {10 L eqi. mMel i-Ng [ eeper red
appear ance V\ﬁ];él% %]/Hsag’glliegg%ﬁ bsgmg;!/e.gE m s$i gér}ﬂés%%?t lr—"gaﬂﬁhﬂ' é%gﬁeégutr?acts

di spl ayed3a définite change in spectral shape and a wavel ength shift of
44nm relative to rWI, (see Figure 5 4). The in vivo em ssion spectrum of

t he doubl e ant _shows both a _sharpening .of the.bandw dth for.th eak
wavel engt h g#hgrﬁl Pt'ed® Flfugshstm(’Gfgﬁ‘%‘puﬁlnagaﬁbeegtlpggé% e egla%wnst Wﬁgtgon
from 10 wavelsbageemingf of ghr bapdwidth dgirobhs 4@akcwave lenigshdefirmmiitsedf f ect
of tﬂese nut Qﬁ.i;?ﬂg(élﬁdh?aérﬁzﬁ at B@cii:ém_ 5 tiagg@e &Bt&bﬂngtiirdi\gife&ngf PL he enlzzlyme
to the calour o | Ql um cent . light. T nprove ot on ux
The in viO‘\I(}o B’la‘é?herﬁg%egcgﬁglzlgo E* ¥5 iregé???@%%@%“é’l ng the nutant D357K
was observed to be very bright relative to the 20 other nutants at this

position. Thent! &sdhaltiBeéffertobrt fhdscCRnaY Bl oS i AAS¢ MR tHE | fipoRtance
| um noret er, o%héﬁqg %%gkg%i§¥a%ggeenzyme to the colour of bioluminescent
light.
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 pPW60laJ54 for cassette mutagenesis

Two new unique restriction sites were introduced into the luc
gene, in the plasmid pPW60la/J54, using two pairs of synthetic



the rate of photon em ssion over tinme. Aliquots of E. coli «cell free
extracts containing reconbinant wild type enzyne or the nutant D357 were
added to avtn’)'ﬁf/ 1§ sAsSe assay cocktail, 25 which did not contain any reagents
that woul d ‘pronot’e glow kinetics e.g. coenzyneA The rat dlﬁ of
photon em ssion was neasured over time (15s) for both enzymes was observed.
to be significantly slower for the rrutan%s D357K (Figure 4). In other
words the mutant enzyme has reaction kinetics, which are 30 inhibited to a
| esser degree, ver h 1 onds_of t tlon t han

t he reconbi nantlgano?ltlf eotlgé?tz{/se% I’e@}a{ ? t %ongl fat or| a cagtse ?ns

mut agenesi s atingsedudeshg 9%l andda Kt rSStJSt@E}O!! Fikfi.-nO8rhare PRASH d
pPW60I aJ54 f ompaassaliithiAUERggeasi SPIEsmiACYontiglAg Ak féw Q1teklvgs nere

i ntroduced intQ PV\BOl 1354, usi ng airs

of synthetic ﬁﬁ%ﬁ?fﬁé’%&lgﬁ‘%@%@‘ﬁsgmﬁcﬂ [ Sgn‘?ﬁ: BEPTHRL y( §ee£}5 egw) A

total of sPx SPPERiCHHPRasitRf makes riddpesdikleste| uas Foabkpatoniadt ri cti on

site, 63 basecpasétte aMBadenadikhtd émogeneme Rlsgsst <l oFoBhRddM N t hese new

sites was called nPWOL QJS‘iAfgggnéK Qjet&rn%sgg gst?rﬂf“t%‘ety of these
es 1

5 restriction 8Pt gs ira oss |na cassette

mut agenesi s tBrelk“pﬂbrSGQFﬁ'ec%fOFfeét%eﬂﬁ' ﬂaﬁﬁﬁﬁﬁasgubst i tut | ons at amino acid
positions 354 and 357 in the primary sequence of f|refly | uci ferase. 10
Spel (a)5' 0gggct a O%I - ntl1 060 (SEQ
ID NO 8) SPel =P% (SEQ I D

NO 9) 15 Kpni wgws@g@%a@g@@gt Accattttttgaagcg 3' nt1078- nt1113
(SEQ I D NO 10) Kpnl (b) 5'-cgcttcaaaaaatggTacCactttaccgaccgcgcc-3' 20 (SEQ
I

D NO 11) Spel (b) 5’-cgggtgtaatcagaatagcACTAgtagtctcagtgagccc-3’
{(SEQ ID NO 9)

OO

15
KpnI (a) 5’-aggcgcggtcggtaaagtGgtAcoattttttgaageg-3’ ntl078-~
ntl113 (SEQ ID NO 10)

KpnI (b) 5’'-cgcttcaaaaaatggTacCactttaccgaccgecgee—37

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 oligonucleotides was synthesised which when
annealed created a double stranded cassette which could be
ligated directly into plasmid pPW60lad54SpeI/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 57~
ctagtgctattctgattacacccNNG/CggggatNNG/Caaaccgggcgeggtcggtaaagtg
gta-3' {SEQ ID NO 12)



Nucl eoti des highlighted in bold formthe endonucl ease recognition site and
those in upper case the position of the point nutations necessary to

create th ' 25 Step 2 Cassette design and library construction A pair
of synt het%‘ll(zblt(/)ﬁ?zgonucl eoti des was synthesi sed whicch whenP CHRRYMLY creat ed

a doubl e stranded cassette which could be ligated directly into plasmd
pPWs0l aJ54Spel / Kpnl digested at 30 the ngy restriction sites. The cassette
was designed to introduce all possible conbinations of the 20 naturally
occulrribng am agogﬂb% at positions 354 and 357 in the primary sequgnce. 35
Loopl i b2A 5' -

ct agt gct at t cC@5E FERIFSEERPEIT TG hEFfINe s saec3 FIVgegtAtaFFcasarftagcagea- 3'
(SEQ I D NO 12pedx®No316L8 PCT/ GBOO 04133 36 Looplib2B 5' -

cactttaccgacggcgccc tt t ccccd CNNgggt gt aat cagaat agca-3'  (SEQ I D NO
13 20 of “oacHi GiE HEhI BENG BPaR v ATROB OGP YRR s ke 36 B

buf f er co#t aboif igr ddmiaInisy H0HMpEEis-4C1 2501V Mg CR 5mathdlgadrwdl hetated00C f or
3mn. This solufj s then copled.s|pwWy in heating bl qck.to <50C to
anneal the c%ﬁp”%n?@? ygnklé‘qU'chsessplul"rh%p meﬁﬁ%"b ‘iﬂ°ﬁ§gnf£qwg'(¥t FBe¥ were
t_heE lsi gftt edhé?%mlgolblawi&d;o N?:W't%%ltﬁﬂﬁhlﬁ! /dﬁ?nbome@lta_tQaﬁ m@e?ﬁég.esteg :
Wi t el an nl.. uots_of the |ligation teaction wer en used to
t r ansf (F;r m E. cjj"B‘(’)I ‘-i‘nr%fﬁf Eje%?uﬁ%??'ltgl%lseﬁfg%p%’re&t ﬁb?ﬁteﬂf t8F° éiaég‘ﬂqopor ation
transfor ned ©8W6QlandSppl dfrand,owkicin haB been digeated widht 8ped mgd50g/ n

anpi ci |10 aRgn®! QW R¥ESE BORhedligatibn Joecdiohl QUEOEHIAY uSEP to0! ONi es were

pi cked at random from 15 the plates and used to inoculate | nm_of LB
cont ai ni ng é'tﬁﬁ?‘f:{"ﬁmi i ﬁog’G Hsa]ﬁi\rce? | PSR CEE CFERRIGAEAP™ - THESFI at es were
covered and ehectwidogagiowtrevneforngd call8 e e phasdrthloungon IR egald

plates containing 50pg/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 1lml 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 50Ml aliquots of the stationary phase
overnight cultures were transferred to two clear plastic round
bottom 26 well microtitre plates (Dynex). One plate was covered
and incubated on a heated block for 8 minutes (block surface

25 temperéture 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



20 In vivo screening the randomy sel ected clones The next norning 501
aliquots of the stationary phase overnight cultures were transferred to
two cl ear round bottom 96 well microtitre plates

pl ate was &’)@gﬁe and i ncubated on a heated bl ock for 8#‘%‘?‘@@4'(3& ock
surface 25 tenperature 45C) whilst the other was kept at 37C. The in vivo
| uci ferase activity in the cells from bot?,pl ates was then detected and
recorded, at roomtenperature, by adding 501 of a 100mM sodiumcitrate
buffer pH 5.0 L i u s a.th | |
transferring tqriﬁ%fa?e ?e “?‘%4 ggbcgérr]ifa(rala gbm; Yo og %%e théf"g s%/thqg’r%k(Al ha
| mager). The Inrgmr tibedag watvné HRfatthe &hdcl@oaar%ﬁlemadufm whe in

integrated ovefivd asez%loghswﬁsc aeéeédsezsn@&ee IR69E416 0Nt PAFJTRI  paper
film Seventy-nine cultures ex ]%&t he %Eegat est biolym nescence, 35 as

det ermi ned by SPRESHR GRAMEEY ofr Fﬁ% FIPREE YRS OHRE AVEPLART IRelB ab ect ed
; gr aI secosd ryegdnaf Bﬁsr%e:]pl AGrniky 20001 £ haemrﬁmaﬂe?%m@ém 04133
cultures were in e ut e eatin ocC prior to
bei ng assayed.ceﬁ‘fr’t‘ﬁ'l? %5 apq (fg’@sﬁsd’%@t 88&L S‘FEE 1 \7 JesReRdefotR abi lity
screens 25 V\BﬂQOﬁDQﬁ;nOﬁﬂé sg%umvglu&mecweﬁexaaal LK %ggiﬁlﬁﬁl%ﬁlgcﬁow paer eh
grown over ni ght a and. t he next nor of t over ni ght
cul tures was 8?1?‘?‘[’1’\]9@& FeFUeRene (?8 cH gié?'?éﬁ?cﬁérlé‘ rae§' b%nded in
1501 of 100mVipdesitimmirretitarebplier aud Ehe mrvuapm:wgum;mam | uci ferin.

The resus Rﬁnd‘éﬂh&@iérﬁ siﬁ@é@nﬁd’%ﬂ;@ié&?%@r éQc}@ M ehe mitladst 1 eciBethObd tys Pl ate
and the in vivo ggslumnes e

ssipn s ectrum e each of the
mut ant | uci f ePAREESSELES10G, A g‘lgéﬁmﬂsﬁr geu ft5 Bﬁ?'élf n?%evéeqépﬁ(]:??%nax 96
well plate flfloorimeter. Thee reeults @rer sumnaniaed siod the Takleldbbeldw.bel ow.
Step 4 15 ldentification of nutations Plasm d DNA was prepared fromthe 25
cl ones sel ect by, in vivo screening and sequenced using gene specific
sequenci ng pr - Mutations resulting in amno acid changes at positions
354 and 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 identified. One mutant, also

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 E3548/D357Y 612
6 E354N/D357Y 608
7 E354K/D357M 556,606
8 E354R/D357L 588
9 E354W/D357W 610
10 E354H/D357W 606
11 E354R/D357F 596
12 E354K/D357F 608




357 in the primary sequence were identified. One nutant, also 20 contai ned
an additional nutation resulting in an amno; acid substitution at position
1351 (Tablgy gdsezkabl € 5 Mutant Mitations Peak. Wavel engt hﬁ%,égg%?/%%zyne 1
E354V/ D357Y 614 2 E3541/D357Y 612 3 E354C/ D357Y 612 7Y 600 5
E354S/ D357Y 612 6 E354N D357Y 608 7 E354K/ D357M 556, 606 8 E354R/ D357L
588 9 E354WD357W 610 10 E354H D357W 6Q% 11 E354R/ D357F 596 12

E354K/ D357F 608 WD 01/31028. PCT/ GB00/ 04133 38 Mutant Mutati ons Peak

Wavel engt hs W 3 59 0 15
E354A/ D357R 5562 -fBFE354A/ Poak WaveTEtuL]

] 354A/ D357N 560
19 1351M E354R/BM®Y 606 20 E354S/ D357V 556,608 21 E354R/ D357W 600 22

E354R/ D357M 596 133 E354R [B3548 /p3BTF 24 E304N D357/51®00 1 W E354/ D357 552
14 E354M/D357F 610
15 E354A/D357R 556
16 E354A/D357F 610
17 E354T/D357Y 612
18 E354A/D357N 560
19 I351M/E354R/D357V 606
20 E354S/D357Vv 556,608
21 E354R/D357W 600
22 E354R/D357M 596
23 E354R/D3578 592
24 E354N/D357S 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~-614nm.

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 612nm.

Example 8
In vitro screening for thermostability

Cell free extracts of the selected clones were prepared by
20 1lysis and the thermostability of the luciferase from each
extract was determined in a thermal inactivation experiment.

501l of each extract was placed in an eppendorf tube and



where rWI signifies reconbinant wild-type. A nunber of nutant |uciferases
were selected fromthe in vivo 5 assays for thernpstability. The majority
of these |Uﬁbfo‘i’/§fb§ﬁ5 al so show large changes in the in vivo spectrum of
enmitted light wth many showing greater contributions frBrI/FEMRYMLss

wavel engt hs of light (>580nm. A nunber of spectra also showed a
significant narrow ng of bandwi dth around;g single peak of 10 610-614nm
Repl acenents of E354 and D357 with a hydrophobic and an aromatic am no

' vivo: spect 1 IRURRER Bhawrerctiath Bt 3adt B, Fod ARAGK BURSS ound
612nm  Exanplat &henapprapxriste ecimepgifortiehel ipeitaleabi temdvel| afid edheext r act s
of the sel ect edyligRRS 1\%1%95@%%@‘,% ,%Qshyéas BYle t416 t}@raﬁtab' ity

of the luciferase fromeach extrag etermn |nat er na
i nactivation &F&&Ff‘ﬁe‘?ﬁmam%%la‘&fwé&% hveé’)?PPaE’cmerP%éWtPﬁt BRZIPBEndor f
tube and WO 01ds3¥6238 #CecBORitxit38ildXyipecubated in a waterbath heated to

45C for 4, 9 and 16 mnutes. At the appipRrigate tinepoint the aliquot was
removed and the remaining luciferase activity neasured Table 6 shows the

percent renai{fHFY™8ct i vi { POFEPREASS PRELYRY ZPRa] 'ﬁi‘t“&nPfE‘i’i’E%ng"—’a‘@ R
recombi nant viNod (by@e. Tabl e 6 Enzyme Percentgge activity remaining ter
7504 2 100 49 B 757 7] 0500 o2 3 $4m3 4 10088 B9 714 5 MOBIRS 72, 2
53 6 100 93|84.8 71 100 95 87 75.4 -

2 100 99 84.7 67.17

3 100 92 73 53.3

4 100 94 89 71.4

5 100 85 72.2 53

6 100 93 84.8 71

7 100 63.7 31 11,7

8 100 58.6 19 4.9

9 100 85.4 65.3 42.3

10 100 65.5 27.8 10.6

i1 100 88.6 70 54

12 100 90 69 52

13 100 83 60.5 39

14 100 80 61 39

15 100 1.7 0.1 nd

16 100 920 76 63

17 100 91 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

IWT 100 0.05 nd nd

where “*nd” indicates not done.



7 100 63.7 31 11.7 8 100 58.6 19 4.9 9 100 85.4 65.3 42.3 10 100 65.5
27.8 10.6 11 100 88.6 70 54 12+100 90 69 52 13 100 83 60.5 39 14 100 80
61 39 15 0.1 nd 16 100 90 76 63 17 100 91 78 8 100 19 1.8
nd 19 103‘1(%7)”%'.’2} nd 20 100 17 1.1 nd 21 100 71 63 34 g@‘ﬁ%ﬁ’d"‘éﬁ 40 21
23 100 29 4 0.6 24 100 28 4 0.4 25 (D357K) 100 0.1 nd nd rW 100 0.05 nd
nd where "nd" indicates not done. WO 01,81028 PCT/ GBQ0/ 04133 40 The
results indicate that the m)st t hernostabl e | uci ferases were those with an

aromatic am a?égllacts R a}i‘%n tﬁ%g tﬁh‘ Eﬁerthe\%nogegbfe ll"ﬁ g?ef%’éysOphOb' c (V

or 1), polar ﬁ) or 05| am no aci osition
354. 5 Exanpl"ers Ef‘?-‘@cf"l‘é\“ %ﬂ' GWPHaEb‘h(ﬁmthBn%c’d’n atth8°?ht‘\ﬂ“v35§p9gt FuRF of
emtted |ighty. addes afsirget hpdrophbbes et ozar hopolanr ¢R5 on pbhetismdyt r um of

10 emtted |i g?} 0 I 1 s Z%A(: %)t SXRE§SSi ng mut ant
| uci f er ases Iﬁ%% %rgﬁzgﬁﬁpé%g’lg? % ab §Le%§lv\3as ?nvestlgat ed. A 50m
culture of cells was grown to nmid |og phase on LB nedi um

Example 9 )

Effect of growth conditions on the in vivo spectrum of emitted

light.
The effect of different carbon sources on the spectrum of

10 emitted light from E. coli BL21(DE3) cells expressing mutant
luciferases D357Y or E354K + D357M (7 above) was investigated.

A 50ml culture of cells was grown to mid log phase on LB medium
and then harvested by centrifugation. The cell pellet was

15 resuspended in 1lml 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 200pl 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 biocluminescent emission spectrum emitted by each of

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

Figures 7 and 8.

The results show that switching from a rich medium (LB) (Figure
30 7a, 8a) to a defined minimal medium with either acetate (Figure
7o, 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.



and then harvested by centrifugation. The cell pellet was 15 resuspended in
im of sterile distilled water and a 100ul aliquot of this suspensi on vvas
then used t@olofefoyd ate 5m of fresh LB, M mnimal nmedium+ 2nM so
acetate or I\/g m ni mal  medi um + 2nM gl ucose in a 25nm St e’f’?T"pﬁ""(‘Hb’é The
cultures were allowed to continue growing, at 37C with shaking, and after
90 20 mi nutes (D357Y) or 120 minutes (enzyge 7) a 200l aliquot of cells
was renoved centrifuged and resuspended in 150ul of 100mM sodiumcitrate
buffer pH 5.0 i,nhpg 0.5nM D-lTwuciferin. The resuspended cells were
then pl aced i £k |tre pI ate and the I n VI vo bi ol um nescent eni ssi on
spect rum eni t t B hiop @ndos 2 gElea of ¥ S
Mol ecul ar Devn‘mﬁe Sﬁ&&ﬁdﬁwmxl%mhbeﬁl ate fI uori rreter The resul ts are
shown in Figutes hg re h [o rlch
medi um (LB) ( ecomZuﬁ ?/"allg8g % E%n??%gé%?n?%\ err\tal'\'{b’;mg %:f{ytir%gw el ther
acet at e (Flburblmflsram Q§|57§I%@é%ﬁ’glméﬁc"el&:}masft% teol e carbon
sogrcte_ resul tlﬁdndg@nﬁht% tiss bea#pn@earﬁa\ws@ ehgt éstelh ﬁmﬁﬂeeéogag%rzand a
reduction in the contr utipn fromshorter n
PCT/ GB00/ 04133° ZPfymﬁxi‘arrp ggﬁosqgt?rtﬂmc ’%lq-‘cr)lr?mglr'to l% éerftV\Qﬁgrétc e |§sat I on
of reconbi nantthieedlueifarasgsvenet BHFLTiRd Péré‘é@é’nReé‘brﬁallﬂénmeq @cidpe
Bgotl nus pyralctaa:benwf&xemdnahe; fHaDné (@ad)ucrémrmsesnmﬁﬁica??lga&54l +h
57Ywere ur nei 1,0 order t.,0 analy e.effect of the
cof actor WDarbiasivats edia- chhal i T Hrenyt Srlh En it A8 el |
three |ucif er ssdd mweletmpiell‘etpsasan@sﬂmgoieb@ razbeokiydretasi d

carbohydrate bjamalcaemsmﬁlnl 8nd @AMcohs®iar, heoanaey @heCodsingsr 19 fimpagyces
equii. This CBIVIha eectlvelé/to acid swoll en

cel l ul ose and $¢& goﬁﬁﬂ ?Eé’ﬂ}d’h;‘r’a‘r’éﬁ‘& 189 ¥H¥nnan and gl ucomannan,

formng the basis for a sinple single step affinity purification scheme.
15 Luci f ergsesdcigedasdds theedBY €as dmM Rannpe tkbumal toll @9Quilds€riderude

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 (5np1l) was added to 100#1 of assay reagent, 25mM Tris-Tricine pH

7.8, 5.0mM MgSO4, 0.lmM EDTA, 530uM 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 E354I + 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 therefore associated with the
concentrations of CoA. As the concentration of coenzyme A



cell free extracts, washed, and then eluted selectively using soluble

pol ysacchari des. Fusion proteins:purified this way were wused in assays to
nmeasur e t e, yeelsengt hs of emtted light in reactions contalnlng di f ferent
anounts of coenzyme A. Enzynme 20 (51) was added to 100l PeT/G. Beagent ,
25mM Tris-Tricine pH 7.8, 5.0nM MgSO™4, 0. 1mM EDTA, 530NIATP and 470M
D-luciferin, containing different amount ? of coenzyne A Figures 9-11 show
the effect of increasing concentrations of coenzynmg A on the spectrun1of
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CBM di d not ﬁhp\ﬂ/han:ye@ldjnﬁbﬂ-CGBHnm:BQlﬁl fd proncascdd pankedd $1ewpr elsd ng t he
native |ucifey %%%raﬁtsrﬂ f@r %.chncbsrl X\L;L.ﬁé)d %§a¥ﬁ OJoutblig xﬁlp?a(httr HEEP& there

bi ol umi nescent’
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the fusion prelveleng®b slloamopmiryurediTh f f erences are therefore associated
with the concentrations of CoA. As the concentration of coenzyne A WD

01/ 31028 PCT/ GB00/ 04133 42 increases the spectral distribution alters and
at the hi gheExampd@ckhtrati ons of CoA the spectrumis doninated by

wavel engt hs pirradtzbeidxeg;ifosy&&mmnmwrﬁi& pypaniouneete paskmatateddnm The
spectr al I%hl JuchStAPsti R keg f05 M@faéjﬁubl e nutant where there 5 is a

si gni ficant a_single peak of wavelength
610nm ( Fi gur & B¥YRpthebdgdue geneppiggudesigneds a%?rﬂsr?@fngéecph%ﬁ“nus pyralis

luci f erase melagefuclddbtiushpdimat usindahe? 34htRentld 3briteyysynthbied | uc gene
was desi gned %@@aassggbgeger el | ANUGLERLL AR B! EPedtd] A01bOFERKRRNES T S

strat egy out 13 e uence was engi neered to create a
| uci f er ase with the amino a01ds 214C, 3 4K 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 XL1l-Blue cells. Plasmid DNA was prepared from
clones containing the assembled inserts and segquenced 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 (FA).



with the am no acids 214C, 354K and 357F. 15 Twenty-nine pairs of

over | appi ng synthetic oligonucleotides were synthesised by Sigma-CGenosys
Ltd, purifi GE and ligated in three assenblies of approxi mately
550bp (1 DRI‘ggfm{mzﬁ 3, Figure 13). Each assenbly was thenW?é&?"éﬁlﬁ
separately into 20 the vector pBSK(+) and the resulting constructs were
used to transformE. coli XL1-Blue cells. Pl asmd DNA was prepared from
cl ones containing the assenbled inserts and sequenced to confirmthe

fidel ity of {hehBGaendie BE6SSAE aBleilotha OhLOVMICLERESFIGRsRYy pr oducts of

the ol i gosynt hesi S Ies conp | cate rocess. DNA"

sequenci ng i desfeepethe, Baphgl eandh SR ct 3&§§én’b‘l‘ Nailii PP-E!%’S’kEranH‘ 4 SPCR was
used to corregiosintonsmrigeye afs ORI £n 3 nalmiechitorthai &Bp‘hapeptﬂ@ﬁ andass pair

del etion at t@ s§ nff':gca(?z E?&%Stf?&ﬁtthe f‘géeﬁtgn% QI' trib‘%:e% %o%ggm: was

achi eved byllgatlngamx ure S contal ni ng wth IDRIS
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and cl ones expfethenNgnBtdel. Versdy ol e ekt £odtad of SENGroldNXLI-BlueO assay.
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The conpl ete GEt#ESS, &épn@dthwg%mﬂysm m‘f/*@fezs PCT/ GB0OO/ 04133 43 The
synthetic gene was assenbled into the vector pBSK(+) between the BanH |
and Sal | t i I i e not in
frame wt hﬁ’lt hgl%ael @ﬁ%%ﬁ?k%ﬂgﬁf thé énf} m#}??gfﬁtg |é4t§ngggf?%e}n the | ac

pr onot er . I—bmﬂaesrtgdeamli@f’c oviegcRko emawessarpt cduparkd withatthe prel i m nary
characteri sati,QQ nofe Jfi@ BREHE gaFill ttﬁ@ss%' ' 1d SRuCULIGF B Ohided GRLb1e

XL1-Blue cells expressin were prepared, from overni

cul tures, usi MyteR ‘F"rsoﬁég‘&l#m M?F&dthiﬁnwbﬁ‘ﬁe’f}f%’sttaﬁlw"t of the
enzyne in t he e3serem3I5SWagFidnere 165gsted at 50C over 20 m nutes and conpared -
with the s



t her nost abl e nut ant E3541 +D357Y. The new codon optim sed triple nutant was
significantly nore thernostable than the nutant E3541+D357Y (Figure 15).

15 WO 01/%&9&? EgT/GBCEYO4133 44 Clainms 1. A reconbinant protein having

| uci f erase RCtTVAty and at | east 60% simlarity to a w PETCPYO4NHC f er ase
wherein in the 5 sequence of the enzyne, the am no acid residue
corresponding to residue 357 in Photinug,pyralis luciferase is nutated as
conpared to the corresponding wild-type l'uciferase, such that the
luciferase enzyne is able to emt Iightlat a different wavel ength as
conpared to the correspondi ng mﬁld-typg £0™F uci ferase and/or has enhanced
thernostability as conpared to the corresponding wld-type luciferase. 2.

A reconbi nanty pr szaetélc&m(ﬁhﬁlt NSrdt@ i@l aamnlg wﬁeipéfhsrehactﬁai@ Wwhiidat ype
| uci f erase Sg | uci T rasefr nus pyrali.s, uLﬁ%loIa

uepc
ni ngrelica, L%@I g §0 cr’sﬁgll et o ’o]I‘gtVB?e ‘%ﬁlfgra?ﬁ)t qEE1Batd
Pyrophor u$ plseghepte ofl ahgsenmmpythg ardoei acich rePydee oesinrgsponyding te

Phot i nus pe%ayhu@rysezam&sn&uﬁsr sppmsnaaaﬁﬁfsel Ds aRidhngs to claim2
wherein the wld t C|ferase S uence of an _enzyne

e
obt ai nabl e f FGIPRPRY |tﬁu§ f)y‘?%ﬁ?p%%&%lwé %Welli“%geﬁﬁﬁ ofYCR dM3Ei at a or
Luci ol a | at erthei $uciteraese izyvie Asrakionitonemit frighei at acedifdergptt o claim1

or claim2 %%-éﬁézﬂbtiﬁhg %Aﬁfa\ﬁp@olﬁfé fcské\éﬁ:o%%qﬁenmd—%ys& | uci ferase
fromPhotlnu ralis relica, Luc or Luciola
lateralis H§'{“§¥?3"F§r 833;“ l%?r“oﬁﬁg W%FQ@*WH&H\%?S CBWBVF*?% tRoctil uca

or Pyrocoel i &heagekrespoddinge vwiidnbypeildic3Berasi.due correspondi ng to residue
357 in Photinus pyralis luciferase i s ot her than aspartic acid or glutamc
acid. 5. A reconbinant protein accord o% m 1 or claim?2  wherein

said wild-tyfe Iu f%?%‘?é“g’é‘qﬁ?&glf‘sa%‘f |°‘d€?f%‘f ain’l wheteln“ene

said w11d—type luciferase sequence is of luciferase from

15 Photinus pyralis, Luciola mingrelica, Luciola cruciata or
Luciola lateralis, Hotaria paroula, Pyrophorus plagiophthalamus
Lampyris noctiluca, Pyrocoelia nayako or Photinus

pennsylvanica.

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

cruciata or Luciola lateralis enzyme.

25 4. A recombinant protein according to claim 1 or claim 2
wherein said wild-type luciferase sequence is of luciferase
from Photinus pyralis, Luciola mingrelica, Luciola cruciata or
Luciola lateralis, Hotaria parcula, Pyrophorus plagiophthalamus
Lampyris noctiluca or Pyrocoelia nayako and the amino acid

30 residue corresponding to residue 357 in Photinus pyralis

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

35 from Photinus pennsylvanica and the amino acid residue
corresponding to residue 357 in Photinus pyralis luciferase is

other than wvaline.

gy



35 from Photi nus pennsyl vanica and the amno acid residue corresponding to
residue 357 in Photinus pyralis luciferase is other than valine. | Ills/i
111111 WO OdpdtRf8s PCT/ GBOO 04133 45 6. A reconbi nant protei n according
any one of the preceding clainms wherein the amino acid r BST/Geo/04133
corresponding to residue 357 in Photinus pyralis luciferase is other than
aspartic acid, glutamc acid or valine. §57. A reconbinant protein
according any one of the preceding clains wherein the am no acid residue

correspondi ng (0 resi [ i ral LS, yci ferase | .
unchar ged pol aér° amﬁ?\g@%ﬁ%ﬁéﬂ&ﬂg&k}h g‘g%%’g‘{'lﬁ‘ n%ﬁ)f)ro%efa?l g?:ec F%F%gi”fgo claim-
7 wherei n t he Slaim§owherein £k AR NCORFEE FERdPARY FAFrraRPRi®I3LT F9F1HMBt i nus

pyralis |ucife3sseni shotyimsi pgraxizedytiteraisBei9rotheyPtdthaRpaidid acid,
r ecombi nant prffu@aﬂi@ﬁf&%i ggvgﬂﬁ%l aim8 wherein the amno acid residue
ue 357 Th

correspondi ng 1o resi Otinus pyralis luciferase is tyrosine.
10. A proteéin according to any one of the preceding claims 20 wherein the
Er ot e: n has at7.| east rgeaﬁtﬁiﬁhhﬁid&ihoaé&KEJiQQ?S@% d‘nreomls!:&m baaaidmﬂgm s,
uci ol a m ngrel,i a i.at a 0 ralj.s. A.protein
according to aénlfgg‘ﬁe&%%cﬂe? Het}%% (Laégnéglgn%g% élegngéuezgo\f%%g%oawa@gaﬁglrgasslﬁ u%ne of
the foll ow ng 3Tt dni Bretiagsceygaddiedlucifenabe i3 3a hochdngedspolgmpmihe ani no
acid residue gigesponding to amno acid 354 of the Photinus pyralis
| uci ferase1 (356 in Luciola luciferase) is nutated; 30 (b) the amno acid
resi due corresponding to position 215 in Photinus pyralis luciferase or
(217 in Luciol8a | udi recerhipapt protginfageardingdetosiebnc? ahegeincihe

amino acid residue corresponding to residue 357 in Photinus
pyralis luciferase is tyrosine, phenylalanine or tryptophan.

15 9. A recombinant protein according to claim 8 wherein the
amino acid residue corresponding to residue 357 in Photinus

pbyralis 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 of the precedin§ claims

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

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

30 (b} the amino acid residue corresponding to position 215 in
Photinus pyralis luciferase or (217 in Luciola luciferase) is a
different hydrophobic amino acid;

(c) the amino acid residue corresponding to residue 214 in
Photinus pyralis luciferase or to residue 216 of Luciola

35  mingrelica, Luciola cruciata or Luciola lateralis luciferase;

N



(c) the amno acid residue corresponding to residue 214 in Photinus
pyralis luciferase or to residue 216 of Luciola 35 mngrelica, Luci oI a

crumatag&%q&lalaterallsIumferase e rrrrel lLvii I
NN 31028 PCT/ GBOO 04133 46 (d) the ami no BEVEB P%%l%?ue
corresponding to residue 232 in Photinus pyralis luciferase or to residue

234 of Luciola mngrelica, Luciola crucihgta or Luciola lateralis
| uci ferase; (e) am no acid residue corresponding to residue 295 in

Photi nus 5 PYEA! L |4inbeLans b1t er&aar@ggog&i%goftg Lieisoha vhaope! | ca

Luci ol a cruci ata of Luero atera ucif erase am no_aci d residue
cor r espondi ndPPEIBRF RyTadi s UWPiEPTaTR OrpRet Ferisiusy #ad iaf IgEEPEf ase or to

r1 gs l( d;Je 16 Ofmllnbgél)iéh dmzawﬁ lceacltwldil Bubidnd ataae.eﬂislq]yeiﬁeiﬁsﬁr alis;
g) am no acl [ esl aye correspondi n am Nno ac| t he Otl nus

ot st s et 185 eBLT P30, EEHGE S REHOi oY 0 FERLIS 203 ib (s

cruci ata 6r lpyeardia lutidesdsess or( h¢ canidoeazdd o'ﬂasaudmela:mmespbimh,ng to

am no aci d 1§34y, %czgf: tJPLBB%L{‘%t@EEﬂ& S.Luc?ﬂ?%um £lase or to residue

106 of Luciola 15 mngrelica, Luciola cruciata or ola lateralis; (i)
anino acid rd$? d%l%raFégp’éﬁ'ﬁi-ldﬂg ERFLaFPORIRRY For @BiPRIACig414 RE (e Phot i nus
pyralis |uci frep@sgud pyralieuditerade @r kUCiédidiueNl O €lnvedo1d uci ol a

cruciata or Lucﬁ‘l géfllat gr%l&% (ﬁbzﬁaﬁ% oﬁusglcgo e |ague orresponding to

amino acid résidue 420 pyralis T%i*érase or to residue
422 of LU8i ol(g) aming ecidaresigueoterrasponding dio rutnolaxidaBeref ithe (k)

amno acid r%b@ﬂﬁu.&?fyﬁ:ﬁﬂ@fl‘i‘z'cE!Geié’séiTHrnQoaféﬁdhéssﬂl&f fﬂs@zo@é the Photinus
pyralis luciferase or to re of Luciola mngrelica, Luciola

cruciata or I’."dE?G‘F‘%“’faat @P‘é‘}‘?lf °§§°’r%t"d°1rf &retria Jetetr ¥ no acid which
appears in tHe) awincespdddiesyduel cotrngspondine moeanimb wWrdderasidue 1061 f er ase

enzynme has | Be! £RS bhoelRLINSLA0LL! {0ciGR GOUTA 30 £0s ALS1EY By ALY the
am no acid correspondi ng w type lTuciferase
15 mingrelica, Luciola cruciata or Luciola lateralis;

(i) amino acid residue corresponding to amino acid residue 234
of the Photinus pyralis luciferase or to residue 236 of Lucicla
mingrelica, Luciola cruciata or Luciola lateralis;

(j) amino acid residue corresponding to amino acid residue 420

20 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 Luciola
mingrelica, Luciola cruciata or Luciocla lateralis;

25 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 position.

30
12. A protein according to any one of the preceding claims
wherein the amino acid residue corresponding to amino acid 354
of the Photinus pyralis luciferase (356 in Luciola luciferase)
is mutated.

35

13. A protein according to claim 12 wherein the amino acid

residue corresponding to residue 214 in Photinus pyralis

e



at this position. 30 12. A protein according to any one of the preceding
clainse wherein the amno acid residue corresponding to amno acid 354 of
the PhotinugoRysfhd S |uciferase (356 in Luciola Iumferasg& is nmutated. 35
13. A protein accord| ng to claim12 wherein the am no aci (0]
corresponding to residue 214 in Photinus pyralis I "I 12U "'l Ul U
111 a CL WO 01/31028 PCT/ GB00/ 04133 4734l uciferase or to residue 216 of
Luciola mngrelica, Luciola cruciata or Luci ola lateralis luciferase is

nutated to a dlfferent h id. .5 14, ucI ci d which
encodes a | uci Y748 5yg gestlgélugny ?I?Jr%mﬁf’grébi ng g?%“%g. 15. A
nucl ei ¢ acid mdrﬂ@n d-uellal«?nlﬁzteml{m lugnfﬂmaisss ia mstatedetd @ gene. 10

16. A nucl ei ¢ HGirdrfC HydrBEndBi ChaiAd ktiwherein the codon usage has been
optim sed for a particular expression host and/or unique restriction sites

have been introduced. 15 17. A nucleic acid according to claim14 or claim
15 which donprlidsed nucledst pdéd WhibhoeneideSEQ 1ri@rase orccrrdéng ercenywhi ch

has at |east Q¥ gfmﬂeag,hggeai}@r @4 Q9imsl8. A vector conprising a nucleic acid
according to any one of claims 14 to 17. 19. A cell transforned with a

vector according to clai m 18. 20. A nethod of producing a protein
according to &y ohenefleizbacidiansotding X3, chmint 4nwhichl cooppissea cul ture
of a cell accordiRgeid qgghei m19. 21. The use of a protein according to any
one of cl allo to 13 in a biolum nescent assay.

16. A nucleic acid according to claim 14 wherein the codon

usage has been optimised for a particular expression host

and/or unique restriction sites have been introduced.

15 17. A nucleic acid according to claim 14 or claim 15 which
comprises nucleotides 9-1661 of SEQ ID NO 1, or a sequence
which has at least 90% similarity thereto.

18. A vector comprising a nucleic acid according to any one of
20 claims 14 to 17.

19. A cell transformed with a vector according to claim 18.

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

according to claim 18.

21. The use of a protein according to any one of claims 1 to
13 in a bioluminescent assay.

30
.,22. A kit comprising a protein according to any one of claims

1 to 13.

23. A kit according to claim 22 which further comprises

35 luciferin.

24. An assay for determining the presence in a sample of Coa,
which assay comprises adding to a sample suspected of

I IIIIII l"l! Illll ﬂ I"I



30 22. A kit conprising a protein according to any one of clains 1 to 13.
23. A kit according to claim 22 which further conprises 35 |uci feri n 24.
An assay rmning the presence in a sanple of CoA whi ch as

conpri ses%ol ngﬁto a sanmpl e suspected of "I11111 ii! * CCEVEPIYU133) I I I 1111
S* WO 01/31028 PCT/ GB00/ 04133 48 contai ni ng CoA, Iu0| ferase as clainmed in
any one of clains 1 to 11 above togethepew th other reagents which are
required to bring about a luciferase/luciferin reaction, nmeasuring the
wavel enght of ht emt he sa r tat] i e
presence or a sé:%cemc?f 1‘55’“%,55 %sa}ssanaag%%#] S ? OIQ?Q derte ;iﬁ?stfi &ge in
di agnosi s of lldpbpee é@gefih&&lﬂlﬂm Pthey IIIeIagFMEI I“IhIllcF‘I pre reqtured to

bring about a luciferase/luciferin reaction, measuring the
wavelenght of light emitted from the sample and relating this
5 to the presence or absence of CoA.

25. An assay according to claim 24 for use in diagnosis of
diabetes.
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