PROTEIN DETECTION REAGENTS AND METHODS WITH DYES AND
DEXTRINS Technical Field The present invention relates to reagents,

WOr8tHi0as3ahd kits for detection of proteins and quantitative deR€RRAGH050226

of protein concentration. Background Art Several methods arc available

for detecting proteins and determining the concentration of a protein in

solution. These include dye-binding methods, which are well known. in the

art, and involve a non-specific reaction in which a protein-complexing dye

binds to the protein. The formation of a dye-protein complex causes a

change 10,10, oplicel foneIlice;of 116 e, Seh Il T 13 GRlot e

change proporbflonal to the amount oporoteln present in the sample.

Protein-complexing dyes used for in. vitro protein qua.ntitation include

bromocresol _green (C.lindlcr, U.S. Pat. No. 3,884,637), HABA and

melhesan gt these are of limited use as they bind almost exclusively

to albumin and generally are not very sensitive. Other methods to

determine protein concentration include the Biuret method (Mokrasch and

MGG I dnBiok Gherb 19261123148, Wdhvdnichpentide SEyGIURSts for

containing at least two peptide linkages are reacted with Cu2+ in alkaline .

SEILRRIAOB fobin dPFRiENEE oafRd cﬁé%&ﬂétéﬁﬁﬁ%x.dﬁf@mmauon of protein

200 AL129343RCT/GB2007/050226 2 followed by addition of

Folin-Ciocalteu reagent (which contains lithium salts of phosphotungstic

and phosphomolybdic acids). The colour produced was a result of the

BIHEI Rk rosphotungstic and phosphomolybdic acids to tungsten

and molybdenum blue by the Cu-protein complex and by the tryptophan

and tyrosine of the protein. A serious drawback of both the Biuret and

Qunrmethadzdadhatihey Saangt ol ale (e g 280 dhahd &iefinining

present in protein samples. Dye/protein complex formation using

CoomassierBridiannBiieaGpestean arpraedinticomplékingcdjadite e edye-binding
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O T e the s ecife

dyadtitre appripdbtexapic mittoomnpdektinig dytotdindssday tleagerntein. The
aving.a sensiivity roximately 100 time ter th iuret .
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owpenathar (Riadiped SL8hPEtaNoh4re2i3, 938pldhe cbang€ punaximnal to
illiant Blue G-250 dye in the procedure disclosed in 1)S.4.023.933 the

B AT SR e S i ock P imoptpiATne dyes

d utilit reducj r In a sampl omassie
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ive fofmiefihkeldyssis presenéyn bautrahbine stkaivudisaitatiyn whilslthemin and
red form.is present in markedly acid solution (pH O- 1). In acidic solution,

E6Bf: e%ﬁlﬁﬁﬁtﬁﬁ% T80 present in equilibrium between the red

and blue forms; such solutions are brownish in appearance. It is believed

that as protein hinds to, the dye, the dye is brought into a different }
RERSEOHTRGR: B MO o BER Rof PR et il g Biuret
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protein.assay WO 20071125372PCT/GB2007/050226 3 sensitivjty using
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Gadses@ amficartloss Ameansiiyblefithe assaynd ke piolein-d¥ured chelate
complex tends to aggregate, which affects the stability of the colour

“®he presence of a solubilising agent, such as ethanol, tends to
keep the protein-dye complex from aggregating for a reasonable period of
time; however, too much ethanol results in a marked shift to the blue form

dianayiy®, ¢k.(Ehhage SiiRe MadroiiRed) (o ORRICHIS o és s gptment of
hag,hegR Reatvlaiediihatithe mashapisanofithe asaayds edidingRfdmethod,
carbanion form of the dye to a less polar environment of the protein. This
perhaps also explains the negative effect of large quantities of detergent

and of acetone on the assay, since these compounds are generally

non-polar in nature and would tend to change the environment of the dye.




The principal drawbacks of the Bradford assay are the effective lack of
colour stability for extended periods, largely due to precipitation of the
WQREEE 28878 complex; the failure to show substantially the sank& FEaBRAT050226
to different proteins; the failure to follow Beer's law; and, most importantly,
the adverse affect on the assay of detergents present in a sample
(Bradford, M Anal Biochem , 72 248-254, 1976 and U.S. Pat. No.
£:02WR 33 b PyekpiatainafoRyliex Givvatiemis edgensdafuicktainimtpins lithium

prqteins | Is, such as thase used in electrophoresis,. For example,the
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Currently, seyveral commercial Coomassie-based formylations are

RSB SRS R T AT HBRN PSR Bl Py the Cu-
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acilitate separation of proteins. Because detergents adversely affect the

colour change on binding of Coomassie dyes to protein, the detergent

WQ2997 4 12034 BRAT /618299y 1R20826:4 tmust Heoemonesthy e vierahat they

wash procedures, resulting in extended and convoluted staining X )
preRatird9 1S aTRRler iigadatithye Wialy 2bas O btdihcasiLngn Protein
gtaw@ggitation, in particular using Lowry assay reagents or Coomassie

dyes, is the interference from detergents, surfactants and other

amphipathic molecules. Accordingly, there is a desire for reagents and

PeAgS i detestinandaiantiniva determnation spmoiainmiiodiue G-250
have improved tolerance to the presence of deter%(]ants in the samples and

whiehprateinmsrvalgraaineyhas deatapityr et dBirddetdeU.S. Pat. No.
I@:@ﬁ'ﬁ%ﬂ?? IPERHAR AR KR AT RIERL ffedelptlion R REPEEWide variety of
comprising, or consisting of: (a) a protein-complexing dye, and, (b) one or )
mméedﬁﬁtriMommot&?ﬁlcﬁﬁﬂ)l@f(iﬁ@@ﬁr%&’d@@%h&ﬁ%i@ﬂ@mpﬁate acid
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complex, this can be a changde in absorption spectra as occurs with

@p@rmwnbrm%tmeajg@sgmmbmg&g@gmqqm prepgmtional dye
%%%55%‘é%ﬁea%%@t’a%f%sa%egt Wit Folin-Ciogalteyrrepagent - QWhkethod

réagents); or a change in emission spectra, as occurs for dyes which form
dBicmiésod iy BotBat. dYe. chydPRQ I3y, (dumiassie PangeTasic Brilliant Blue
fluo ein, Alexafluor, phycoerythri s.Re ipreferfeddhat Jeord
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including high sensitivity, which permits the use of small sample size

and utility when reducing agents are present in a sample.

Coomassie Brilliant Blue G-250 exists in two different colour forms, red
and blue. The blue form of the dye is present in neutral and alkaline
solution while the red form is present in markedly acid solution (pH O-
1). In acidic solution, Coomassie Brilliant Blue G-250 is present in
equilibrium between the red and blue forms; such solutions are
brownish in appearance. It is believed that as protein binds to the dye,
the dye is brought into a different microenvironment and is then
protected from the acid medium that gives the red colour to the dye.

The strength of the acid medium is important for protein assay



The protein-complexing dye is preferably a Coomassie dye, such as a
Coomassie brilliant blue dye, e.g. Coomassie brilliant blue dye 0-250 or

W@HHHmESs brilliant blue dye R-250. For some protein compleBGigedRe87/050226

and in particular Coomassie dyes, a low pH is required to achieve the
necessary change in optical properties gn protein/ dye complex formation.
Accordingly, the invention further provid%s a reagent for detection of

Reaigiri ¢ RIkNgG CabmpriRiniGermpixiag sy e ihenereniarendextrieagth of
and, (c) an acid with a pKa of 4 or less. In the reagent, it is preferred ¢
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the reagent may be diluted. typically the ratio of reagent to diluent, e.

plofdis-csieaminigr sgieibn, Wik @1 $FEFENEE Bf BiistRe. pEsAbogtich as
L6050r deteqtion,ofprqtein dn SRMERN:GRNRIRINERS REMM lgEiesating for a

protein, a 1:1 volume ratio of reagent to protein-containing solution could

peasmeablsr enuirmselitimpighavreEin tepcertahoftBaRel 1KsgMES in a
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would be appropriate. Useful acids have a'pKa in the range of 0 to 4, )
pretengblylsidh lesdessthalane Habast haem pessrlater thagrghe mechanism
%r{e[ﬁlr@ |¥§Qe$ acidwilb havea BKa I0NSIANIe RfomralRulydadROMsY polar
so that the reagent has a pH'0f 0 to 1. Many useful acids are identified in )
theBradioreitatdnthe preein 1 253 TP oIy R (ReB X & pgsthe negative
wRe3933). 4 Indler patep (He %ge:?ﬁ: ' § i%l%%lfoﬁg%i%H%@a since
rﬁw%%&hcgﬁg:agg%,%a{qgﬁé%%%r%u%}%p% 5p 01%1&??: ac%;J , periodic acid, selenig ’
atidsenatsicpmith dxaliccagithandlliichioroacddt dvididhosphsdcwanld tend to
phosphonic acids. are preferred., A pyeferred phosphonic acid is Nitrilotris
&e%ﬁ%%ﬁe etﬁgﬁfég%%%nﬁg%ag?ﬂﬁ ,ea commercially available polybasic

acid. In a reagent according to the invention, when acid is present, it will

nerally be present at a concentration, of from about 4% t 0
TR SR A9E 50 AL b ST o St 7 058 Lock of
alidot. 5% billvy: The erbgedtdhap tiediiuled gelysd sadv thatthpifimtibn of the

concentration of acid will be,in the range of from about 2% to about 20%
'ﬁ%’%f&'éﬁ'ﬁ b&FR e %?Solﬁ%lc%ar%’ méﬁggvasisc%c%?ﬁls‘%g)ﬁ e same
rpbgutes il iscotifesred thatdhe natialof folybasictdationoBasic sbidkis éamd, most

the range of from about 2:1 to about 3:1, In the reagent .
RS R TR RS o oI5 St S CEBFRLA PGS In @
isdhegrngereldford ahoyt ArdalaiRidctYn (v/TP. Preferibly, ofdfimaatduy.S. Pat.
2% to about 5% (v/v). For use, the reagent may be diluted to give a final

WRcénttator o khe polybasic/monobasic acid mixture in the range of

from about 0.5 to about 15%. A reagent according to the invention

comprises one or more dextrins, preferably selected from a linear dextrin . .

(BY& ByQbBXAATPRI alEYEIGH0RR (R AibakrifhnEaHaRPIRICINS 10

%@f@[r%aa%gt £QBNisesANg T M- Gpptlodextsins. Bettablatinsia; the dye
extrins comprise 6 or more glucose units, preferably 10 or rpor,e glycos
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8 or more glucose units. Suitable derivatives include heptakis

2,6-di-a-butyl p- 7 cyclodextrin, carboxymethyl 13-cyclodextrin and

canhrampeihyl acxslad exfiimercial  Coomassie-based formulations are

available to stain proteins in gels after electrophoretic separation. For

)a’sﬁjeen 50

many electrophoretic applications, detergents such as SDS are used to
facilitate separation of proteins. Because detergents adversely affect the

colour change on binding of Coomassie dyes to protein, the detergent



Mixtures of dextrins may be used, for example mixtures of cyclic dextrins,
such as two or more cyclic dextrins selected from a-CD, [3-CD and y-CD;

WRRMHH 2812 cyclic dextrins selected from a-CD, p-CD, y-CD &6d1GR2007/050226

mixtures of linear and cyclic dextrins such a linear dextrin and one or more

of a-CD, 3-CD and y-CD; or a linear dextrin and one or more of a-CD,

13-CD, y-CD and CA. Unless the context directs otherwise, the term
SRIHMasHsediEIginseneampassbsHeden iy dextrindgrivativesnded and
Some derivatives of cyclodextrin, dextrin and certain cycloamyloses may
sorolated BHRPARNE REYFBEYESS suited for use in reagents, methods

and kits of the invention. Some dextrins at certain concentrations will

interfere with the certain dyes due to the surface-active properties of the
déxe. RherRIFinsAPRIARaR 1a8pe Ahve diterraRig cndntandigirgtion and

differentayes can bppaniyidetermined thosessidieddndba@tor oC8omassie
given protein, the choice of dextrin or mixture of_dextrins used may be
ShtRRisel® atBevhBres i SR eRore aBxXtrifGEuEsR the PlIdaRtf e and other
adiystad serchigueehigIgaost effective conditions for detection and/or
quantification of a given protein or protein sample. In reagents of the
invention the dextrin(s) will generally be present at a concentration in the
@B?Srqiﬁgf?,otﬂ%ltg %Qoamgégirgrﬁ;?r?@%g@‘f&e LAN9eREfIsR 9-Ro1o @ltection
mg/ml. Where mixtures of dextrins are used these concentrations relate to
tandotaldertitacbiccedieatiominatioon obthersdgnt mayide abjgtedimproved
iRating,ieat copesnialion dlaextin s oRUmECLIBAMVER PIOISIEN have
and protein concentration. When a detérgent is present in"the protein
dampley¢dentutive athrecomeantratidpilbtxdextrin(s) may be optimised for a
given detergent and a 8 particular concentration of the detergent.
Appropriate final dextrin concentrations can be easily determined by those
skilled in the art for example by measuring absorbance or emission

ectra, as ap riate. of the protein-dye complex in the presence of
\jg%ﬁ)%%ggﬁgeﬁ %?}gnsﬂﬁﬁﬁelé%(trin or mixture of dextrins. For
Coomassie brilliant blue 0-250, absorption can be measured at the

sorption peak, 595nm. A reagent aceording to. the invention.may further.
e e ORINY P SHER S 3k SRS PR Eh i) e or

the:rtyistirgteift complex. The solubilising agent can be any agent that

reduces or delays precipjtation of the d g-protein complex. One or more

alco I?rﬁﬁ?}tﬁg{’i %‘i’ﬁ]&&eﬁ]ﬁ%%gggg “suitable alcohols include ethanol,
methianehandrpropendeQiasappropriate alcohols are those with good

water solubility that show little or no behaviour as detergents. When

alcohol is present in the reagent, the concentration is generally from 0.1%

R PcEO% -(ovhHleatatably, # am abget @HHaRboul BYutviergoosea change
preferably from about 1% to about 5% (v/\%:| A reagg%%?f the inventio

Ry EOHBHEE ARISRTSenD THETBLRthOEdh BEOrOUEEE IS armRiftipatt s can be

SYSte{Rr:8- 5 QRS OFITINE aPeHs CNponaRts witichCuernartired tailliant
form a reagent of the invention. If provided in two parts, one part may

dHHprist e droBREEFEAY BERF AN BAio R A SHATRRISPHE TirisAgent,
rEﬁYlP@f“ﬁ’Qé%éh% dextrn(shlizachiddiviyalcoppanelidhasexiendetlts); or a

stability (for about one year when kept refrigerated) and when mixed to

SR RE (Eh GERIS THRT T SHEHE Rs APIS SHABIR 1BF MKrs IRRACS HIth & Wingrescent
KeRL fefHgaRTechah fifex” ECROBINAREISINIIRABINVERHAR BYERE Alexofluor,
generated By combining one or more dextrin(s) with commercially

dvhysserpibidn,. skamaty fesdd¥nts, e.g. Bradford assay reagents or other
Coomassie protein staining reagents. Commercially available 9 protein

staining reagents, methods and kits; in particular commercially available
Bradford assay reagents methods and kits, can be adapted by inclusion of

one or more dextrins in accordance with the invention. Examples of such
commercially available kits include the following: Pierce: 23236Coomassie

Plus - The Better Bradford Assay Kit (includes standards)

S
n



23238 Coomassie Plus - The Better Bradford Assay Reagent 23200

Coomassie (Bradford) Protein Assay Kit 23296 Coomassie (Bradford) Dry
WErtHaiRRE3ay Plates 2 x 96 well 23596 Coomassie (Bradford@@OinsProtéi$0226

Assay Plates 5 x 96 well BioRad: 500-0201EDU Quick Start Bradford

Protein Assay Kit 1 500-0202EDU Quick Start Bradford Protein Assay Kit

2 500-0203EDU Quick Start Bradford Protein Assay Kit 3 500-0204EDU

Quick ptefebradfaitbieretain Arsaykitanbpl RO Y BioeRaddrateinprise a

Assay.Dye Reagent Concentrate Sigma Algrich: B6916 Bradforc{ Reagent

R PR el GHGIBT 2O R PTG b A iR ise. an

camitipralpegeigstion and quantitation of protein using some

protein-complexing dyes is subject to very significant interference from

detergents; particularly adversely affected are the protein complexing

dyRs GAMPRSTISANRRMB0dFoamaseifRashP-2500caMEaRsIafda80Rh as a

Biuret reagent and Biuret reagent with Folin-Ciocalteuy reagent. This

froemanTeeredhRR HRINE diffoufti8s. YORMBREWRMAY 1B He BHGHdYsy G250 or
heedbisdeiavrthihpl e frtagoniormsraseRAINH IR therHBXking dyes,
and the affinity of the detergent for the dextrin is higher than the 10 )
amfitroPRE R e RSy By ugiIlg W Rlilalnd aMbtRtote achieve the
IRUB-Q5-8 MPHUrERT dexXtriBs Rg1defpigsaitan bedrapreddmadye complex
dextrin-detergent complex, thereby, limiting the degree to which the
derergéintinhibits the protein-dye reaction. Compared to currently

available reagents for protein detection, reagents of the invention can be

used successfully when detergents are present in the protein-containing

SonplsHeiys ishet grasmnsiipiridanthers psayites of theasoahtifir aflstgction of
gjrloé@é@r%g@%' ,lé%'x n environment rich in detergents or surfactants, such

S may be required to solubilise membrane proteins or to extract proteins
diretlydrone taicrecorgattsigudig detergent rich solutions, e.g.
commmerciall ilabl QGtio lutions such as B-PER(r) , and
Ceﬁ%éﬁ\% .#@ﬁﬁﬁ%ﬂ%ﬁhé&ﬁbvides a method of detecting protein
confpfisingeendtaatingrapdfeteihcomtidsimg sample with a solution
comprising: (a) a protein-complexing dye, and, (b) one or more dextrins,
and detecting formation of a dye/protein complex.
In the reagent, it is preferred that the dye is present at a concentration

in the range of from about 0.001% to about 0.1% (w/v), preferably from
about _0.005% to 0.05 % (w/v). In use the reagent may be diluted,

typically the ratio of reagent to diluent, e.g. protein-containing solution,
will be in the range of from about 1:1 to about 1:60. For detection of
protein in solutions containing 25 pg/ml or less protein, a 1:1 volume
ratio of reagent to protein-containing solution could be used. For
solutions with a higher protein concentration, e.g. 0.lmg/ml to
2mg/ml, a 1:60 volume ratio of reagent to protein-containing solution

would be appropriate.

Useful acids have a pKa in the range of O to 4, preferably 3 or less so
that the reagent has a pH of -1 to 1; more preferably the acid will have
a pKa in the range of from about 1 to about 3, so that the reagent has a

pH of O to 1. Many useful acids are identified in the Bradford patent



For dyes that require strongly acidic conditions, the invention provides a
method of detecting protein comprising contacting a protein-containing

W@ MBI With a solution comprising : (a) a protein-complexing 8¢d/GBRHI&S0226
or more dextrins, and, (c) an acid with a pKa of 4 or less; and detecting
formation of a dye/protein complex. Detecting the formation of dye/protein
complex may comprise quantifying the amount of dye/protein complex
{ormed, 50319 Buyletaiming gl eenernkaionod prR B sasitabll acids

In a further embodiment the inventign provides a method of quantifying . 4.
BRGRIAT I PIRE RBRGARIE RIS RBREIHR PRSERARIHCA g ioperiodic
GRMRPrISERHR) 2 pIQleRrsRMPlexny dyally ad@r Aiade dpitilehait acid.
g}uantl ing dye/protein complex formation. For dyes that require a_strongly.

BORRIFRATSHFSh RS VRO A HIbYiAES RYREHSH oy BARATIAG bR honic
CRTRPLSING CADRENG R BRI FARBIND REYEGH 2R LPPIYTIAN commercially

comprising: (a) a protein-complexing dye, (b) one or more dextrin(s), and,
ayaitedir At Ragicastid or less; and quantifying dye/protein complex
formation.

In a reagent according to the invention, when acid is present, it will
generally be present at a concentration of from about 4% to about 20%
preferably from about 4% to about 12%, preferably {rom about 7.5% to
about 9.5% (w/v). The reagent may be diluted in use such that the final
concentration of acid will be in the range of from about 2% to about

20%.

The acid can be a mixture of polybasic and moncbasic acid, in such
mixtures it is preferred that the ratio of polybasic to monobasic acid is
in the range of from about 2:1 to about 3:1. In the reagent, a
polybasic/monobasic acid mixture is generally present at a
concentration in the range of from about 1 to about 15% (v/v),

preferably.of from. about 2% to about 5% (v/v)... For use, the reagent

may be diluted to give a final concentration of the polybasic/monobasic

acid mixture in the range of from about 0.5 to about 15%.

A reagent according to the invention comprises one or more dextrins,
preferably selected from a linear dextrin (D), a cyclodexirin (CD}, a
cycloamylose (CA) and derivatives thereof. A preferred reagent
comprises one or more cyclodextrins. Suitable linear dextrins comprise
6 or more glucose units, preferably 10 or more glucose units, e.g. 15
glucose units; cyclodextrins will generally have 6 (a-CD), 7 (3-CD), or 8
(y-CD) glucose units; cycloamyloses will generally comprise 8 or more

glucose units. Suitable derivatives include heptakis 2,6-di-o-butyl -



The protein-containing sample can be a solution, or the protein-containing
sample can be provided on a support, such as a gel, sol, chromatography
WP/ F8T2paper, nitrocellulose membrane or resin. AccordinB@A/{nBap07/050226
additional embodiment the invention further provides a method of

detecting protein comprising: (a) providing a support comprising protein,

(b) contacting the protein with a solution‘comprising: (i) a

RretelaSRrRIexina dyexpn@thill) rerslosgtaixtriaed addeiggingthyl a-
dye/protein complex formation. For protein complexing dyes that require
syeledeRtitns, the invention provides a method of detecting protein
comprising: (a) providing a support comprising protein, (b) contacting the

protein with a _solution comprising: (i)a protein-complexing dye, WO )
dosrres3 pipEerEERBomes0 2 PECdii) tHe SFATBRIGIE can@! cyclic
(B-8036d WithadKasrf 400igse; apdetRaling [y eMERiRIA EAMRIBXCD, B-CD
formation. Suitable protein complexing dyes, dextrins and, if r?[%ﬂ?i{ed'

aaids YoFRe| i8iendih TRETo RRCUSEd TH RReBdastsFi{EaRv éhtdR afs €D, v-CD
desgribad ARQYEr DS PIRIEL-CAMPISKING AHSHONSOS M L ASXEIHedfin and

if present, acid with a pKa of 4 or less, can be provided by a reagent

aoeordingnonheoinvefilon fvkibh ard) Heldlited © fensahclssianandeone or
3%'6‘%&9”J?a}SP@BP“S?(ﬁiO'kib't'ifi”%ﬁae%ﬁl!m 5 ARAICHPR! Sontext directs

escribed herein.
otherwise, the term “dextrin” as used herein encompasses dextrins and

dextrin derivatives.

Some derivatives of cyclodextrin, dextrin and certain cycloamyloses may
act as surfactants and may be less suited for use in reagents, methods
and kits of the invention. Some dextrins at certain concentrations will
interfere with the certain dyes due to the surface-active properties of the
dextrin. The dextrins and their respective interfering concentrations for

different dyes can be easily determined by those skilled in the art.

may be optimised and where one or more dextrin is used, the ratio may
be adjusted to achieve the most effective conditions for detection and/or

quantification of a given protein or protein sample.

In reagents of the invention the dextrin(s) will generally be present at a
concentration in the range of from 0.01 to 200 mg/ml, preferably in the
range of from 0.5 to 50 mg/ml. Where mixtures of dextrins are used
these concentrations relate to the total dextrin concentration. Dilution
of the reagent may be adjusted such that the final concentration of
dextrin is optimised for a given protein and protein concentration.
When a detergent is present in the protein sample, the choice and

concentration of dextrin(s) may be optimised for a given detergent and a



The support can be a gel, sol, chromatography plate, filter paper,
nitrocellulose membrane or resin. The support may comprise a detergent.

WM G1aieMods of the invention contacting can be performed R¢#i€B2007/050226

presence of a detergent. These methods are particularly suitable for

detecting protein in polyacrylamide gel, ggarose gel or polymer composite

gel, for example when a protein sample has been separated using an _
¢lectiivflaid, @on.cey tlettpsphelredis Tirdeegrehts dupiefiogks final dextrin
desained ersld f8éﬁh%ﬁeé§§ﬂ§”§é@§#@fﬁé'@% ARISUNAANAR 96 the art for
protein in gels, such as those produced following separation using an ‘
elgatrip ety anedywizgy apirodsis stmplifnesmientispactraceduaRigopriate,
th ashing progedures to.remove; deter S.su :
R o R P RS S P, Sl genyeations of
niethdestain carmeckoutafdaxtemperatoreCloomethss lofithairtvbhiorz-250,
detecting formation of a dye prqtein . complex may comprisegetecting a
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some instances, a colour change WO 20071125372PCT/GB2007/050226

3 may be detected; for example when usin omassie brilliant blue e
O S o8R0 E o DA BT HE LISk RN, Brteiylising
aRargtusushcias acalieisheibr, tor exd miglincapdblsibtynedsthniagdye-protein
absorhance af a wavelength in the range of from 570nm to 620nm, For
KRESEund o%OfH %Elﬂga%rlbﬁo‘ﬁagbe ?raaﬁﬁffo?%eéﬁ%nt%f’tg reduces or
RISt dye-eaipRlexrieteatiagigane eerfedredloyx measuring
absorbance, for example using a spectrophotometric method.
Conventional apparatus may be used for spectrophotometric analyses,

Vel 3y ANHYEVASSRetY eRRgtoRalerIwHB & imaveleRgiirrngeaifi®e alcohols
400 to 700 nm. For dyes that under?o a change in emission spectra on
prex;

oRiNSh eteseteifiayb R dBieaMY X an B perGhIeByiate alcohols

MEAIWIRG SMiFSINR- IPRARPRISIUSNEY SRectofioramnties (luwpineseaibur as
siectrometer), suitably with a wavelength range of 190nm to 800 nm.

g e PHtem /Al BSthBIaRTRREPEIR S GashRYig fhedinBiation is
fyeteidys,corniex RISsaNhse 8890 AeteminetheBorBiR about 0.1% to

concentration of protein, Quantifying can be performe& by methods that
PSR M EBATNTE oF e s B e s EniZeibn 3BaktkG 41 V)
dye/protein complex. Quantifying may comprise for example measuring a

colour change. As described absorbance can be measured by a
dhacrgpnstomdtAd RYShbeRIBThAeFenia S ARLSEEVer time may be
measured. Absorbance is generally measured at a wavelength in the

range of from about 400 to about 700 nm. For Coomassie brilliant blue
Ghsocagsorbance s measided anawadisngit GHAHOUL50ENAS Plee or more

%ﬁ%&%%ecgﬁé%ﬁggg twj%g% ‘A.’P@”c%ﬁ’ﬂtﬂk%ad@ mna\/\%ﬁ%ent of the

oomass nt blue G250, protein can be detected by
ronitoting of tHepmorddsd inrnbiserbaactsat 396 marduaayforpiatsisef the dye,

thetqé{b%@lrlo'[%igiﬁoyrpdz)&r o E8£§‘§/@f881%?‘%ﬁ§9%ﬁ?@&9& s y comprise
agsorbance or emission measured can be corhpared with a standar
vileed stetimiiafs) setizalalied]vxistahdathpomenT Heae stiteardedigiigbility (for

rgBBq&i%J %imtr)llg %’%%I‘a & @I%e ﬁggth?“\évrigetr% e%jagj'&? Swhen mixed to form the
reagent, the reagent itself is stable for more than 6 months when kept
refrigerated at 4°C. A reagent according to the invention may be
generated by combining one or more dextrin{s) with commercially
available protein staining reagents, e.g. Bradford assay reagents or

other Coomassie protein staining reagents. Commercially available



Because of the high sensitivity displayed using reagents and methods of

the invention, protein concentrations can be selected which are as low as
WQaYoiaatately 0.1 pg per 1 ml of sample. Moreover, the time PediB2)931050226

such accurate and sensitive determinations is less than about 2 minutes

per sample in contrast to 30-40 minutesgenerally required for traditional

Lowry or Biuret type assays. Consequently, methods of this invention are

migblgianfdaabiagorsaganatommib edalgsid dfiaginpaibersler sapaplasrcially

Losinsiiandulier BRAger ks sdsienin 2avanauan Eine e RikiBred by

the kits comprising one or more dextrin(s). Kits for detecting and/or

douahtifjiny pfoteire nray tornpridexinansy morecdendiasemddth the invention.

otein-complexing dye. Additiopally, a ki ] o
B e A BT B R AT AE B vice
guantifying proteins in accordance with the invention may comprise a
s a&%rg.of the invention, which may be provided as a multipart system
wheren the components are mixed to form a reagent of the invention. The
ipg@gon furthEoprovisiee tituse of nacRuteor&dedfions)Aesnhdfite(includes
formation (éa protein-binding dye/protein complex in the presence of a
&é@?égﬁfl urthermore, the invention provides the use of one or more
dSeBs CoeduesinPliereritho B thete Brend forfbrination Réagent

rotein-binding dye/protein co péex in.the presence of a detergent. 15
%r%ﬁ&/eé% r{%ragrfaﬂ%]}a ?ﬂéebggt\glsgﬁe%git more dextrins to alter
the ppEaabpropedies Bradiyeds UshyaBra wieieAscamplaxsn 2 yed & #hel
presence_ of a detergent. List of Figures Figure 1: Standard curves for
%%?ﬁs%mmﬁ%f%@f%ﬁ Bl HHEtROAS eh SO
response for samples free of detergent. The slope of the curve and the
correlation coefficient are comparable for both methods indicating the

ncluded in the reagent do not interfere with protein-dye binding.

Houw203RMiaideiineston metericrmiesdie nding deterpent (0.25%
CTABg. Only the reagent including dextrins gives a linear response with

REQ; @it Rivn Bemdrsd BeptgitoniRadoidtid the slopes
HLCETIARIN cesifieRH iF SBRMRIES WiIPRGs IRMGH} Kigure 3:

Detection of E)rﬁeln in polyacrylamide gel The following samples were run

oP8a6R GEEDIh gk st ReagipschRaataimnvApsay Tt 1ane 2
Brja-bosstonelimAoR mopphiane &8 rb@%tq@a%em @L6.8g/mphiane

4 Beta-lactoglobulin 0.31 mg/ml Lane 5 Beta-lactoglobulin 0.63 mg/ml
Lane 6 Beta-lactoglobulin 1.25 mg/ml Lane 7 Beta-lactoglobulin 2.5 mg/ml

l@%%lfmagéﬁpe 9 Beta-lactoglobulin' 5 mg/ml Lane 10 Empty Lane 11
efa-lactoglobulin 10 mg/ml Lane 12 Molecular weight standard

B6916 Bradford Reagent (Sigma)

27813 Coomassie® protein assay reagent BioChemika (Fluka)

Conventionally, detection and quantitation of protein using some
protein-complexing dyes is subject to very significant interference from
detergents; particularly adversely affected are the protein complexing
dyes Coomassie blue G-250, Coomassie Red G-250, Coomassie Orange,
Biuret reagent and Biuret reagent with Folin-Ciocalteu reagent. This
invention overcomes these difficulties. Without wishing to be bound by
theory, it is believed that the detergent forms a complex with the dextrin

and the affinity of the detergent for the dextrin is higher than the



16 Gel B was stained with solution B, gel A was stained with solution A, as

described in Example 3. The gels were photographed after 1 hour 45
WORMIT@2S#T@ubation in the staining solutions. Examples ExampBleriGB2007/050226

Preparation of Bradford Reagent To 100 mg Coomassie Brilliant Blue

(G-250) was added 47g ethanol, 85g pq sphoric acid and 850g water.

This solution was mixed for 20 minutes, to ensure all components were

diffsoived redrdtidgtiorgenendent ttommgbyisingB0t%r{w/v) Sadatdssiemount of a

Aduant B 0220 41120 S0 0UY) 3 BN PESPRYTGAH e in &

St oitiéh H?f?éren? d2xtHinS Were’ added as indicated n the specific
exanples] Bragiand AssapkStantenc:bethioniHive ricrotitegsesf Sampleich the

splutions cantaini rom 0.1mg/m1 w 1.5 mg/ml protein and/or from

5&6%& gaf‘glg’é?gr fitRW %81 "défﬁaﬁﬁfén e'wells of 96-well microtitre
plates. To this was added 300 microlitres of Bradford reagent. The

absorbance was measured at 595 nm. Reducing Detergent Interference
RS GG B B TR B IR P S Del 0 Wty Sotfhy reagents
dederyIsuirhaie (SO (anioried CebdtisRillylantmeanidetdi@mideare present
(CTAB) (cationjc), TWEENfmM-20 (non-ionic), TRITONTmM-X 100 .

(Borfhi BT AR BIGOIHAMBI B RATIRIGP uifferBit dexPhSt iegificace as

expedment nareahyHextioh 1816 Praleha-gyetedrdrih(@rCBivironment rich
betacyclodextrin Q3-CD) and gamma-cyclodextrin (y-CD), an, equimass

17 ARIGFETtReSE dRMIRENIR) WESBIsBUBRYInEdBH e f@nsolubilise
oyelaanmyiRs s censRIYratianscyera g irsied. HBradiRKhassddro-organisms

containing a total of 100mg/m1 dextrin(s) or saturated concentration of the
Wiiogs HELERRENE THBIe SPHAESINSN Gt CHEFLEI8YE mMvdiailegcxtraction

WHNSHAVRIRSAVMEPER® |, and CelLytic™,

The invention further provides a method of detecting protein comprising
contacting a protein-containing sample with a solution comprising:

(a) a protein-complexing dye, and,

(b) one or more dextrins,

and detecting formation of a dye/protein complex.

For dyes that require strongly acidic conditions, the invention provides
a method of detecting protein comprising contacting a protein-
containing sample with a solution comprising :

(a) a protein-complexing dye,

(b} one or more dextrins, and,

(c) an acid with a pKa of 4 or less;

and detecting formation of a dye/protein complex.

Detecting the formation of dye/protein complex may comprise
quantifying the amount of dye/protein complex formed, so as to

determine the concentration of protein in the sample.



No dextrin D15 a-CD 13-CD y-CDMIX SDS (0.5% wi/v) 0.326 0.007 0.013
0.089 0.038 0.047 CTAB (0.25% wi/v) 0.785 0.024 0.003 0.067
WO 2007/125372 PCT/GB2007/050226
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In a further embodiment the invention provides a method of quantifying
protein comprising contacting a sample containing protein with a
solution comprising:
(a) a protein-complexing dye,
(b) one or more dextrin(s),

and quantifying dye/protein complex formation.

For dyes that require a strongly acidic environment, the invention
provides a method of quantifying protein comprising contacting a
sample containing protein with a solution comprising:

(a) a protein-complexing dye,

(b) one or more dextrin(s), and,

(c) an acid with a pKa of 4 or less;

and quantifying dye/protein complex formation.

The protein-containing sample can be a solution, or the protein-
containing sample can be provided on a support, such as a gel, sol,

chromatography plate, filter paper, nitrocellulose membrane or resin.

Accordingly, in an additional embodiment the invention further provides
a method of detecting protein comprising:
(a) providing a support comprising protein,
(b) contacting the protein with a solution comprising:
(i) a protein-complexing dye, and,
(ii}  one or more dextrin(s),

and detecting dye/protein complex formation.

For protein complexing dyes that require acidic conditions, the
invention provides a method of detecting protein comprising:

(a) providing a support comprising protein,

(b) contacting the protein with a solution comprising:

(i) a protein-complexing dye,



0.015 0.020 TWEEN-20 (0.25% w/v) 1.027 0.453 0.134 0.077 0.344 0.041
TRITON-X100(0.10% wi/v) 0.677 0.101 0.034 0.017 0.022 0.003
WO 2007/125372 PCT/GB2007/050226
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(i  one or more dextrin(s), and,
(iii) an acid with a pKa of 4 or less;

and detecting dye/protein complex formation.

Suitable protein complexing dyes, dextrins and, if required, acids for
inclusion in the solution used in methods of the invention are described
above. The protein-complexing dye, one or more dextrin(s) and, if
present, acid with a pKa of 4 or less, can be provided by a reagent
according to the invention, which may be diluted to form the solution.
The solution may comprise a solubilising agent such as an alcohol as

described herein.

The support can be a gel, sol, chromatography plate, filter paper,
nitrocellulose membrane or resin. The support may comprise a
detergent. Using methods of the invention contacting can be performed
in the presence of a detergent. These methods are particularly suitable
for detecting protein in polyacrylamide gel, agarose gel or polymer
composite gel, for example when a protein sample has been separated

using an electric field, e.g. by electrophoresis.

The reagents and methods described herein for the detection and
quantitative determination of protein in gels, such as those produced
following separation using an eclectric field, e.g. by electrophoresis,
simplify conventional procedures so that washing procedures to remove
detergents such as SDS and excessive stain (background stain) are no

longer required.
Typically, the methods are carried out at room temperature.
In methods of the invention detecting formation of a dye protein

complex may comprise detecting a change in absorption or emission

spectra of the dye/protein complex. In some instances, a colour change



Brij-35 (0.50% wi/v) 0.231 0.035 0.015 0.019 0.143 0.018 B) Bradford

assay containing a total of 10mg/m21 dextrin(s) of the various dextrin(s).
WOE186EBsorbance measured at 595 nm blanked against a ak&B2007/050226

sample. No dextrin D15 a-CD 13-CD y-CD MIX
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may be detected; for example when using Coomassie brilliant blue dyes

such as G-250. Colour changes may be detected using conventional

apparatus, such as a colorimeter, for example capable of measuring

absorbance at a wavelength in the range of from 570nm to 620nm.

For dyes that undergo a change in absorption spectra on formation of a

protein/dye complex, detecting can be performed by measuring

absorbance, for example using a spectrophotometric method.

Conventional apparatus may be used for spectrophotometric analyses,

such as a UV/VIS Spectrophotometer with a wavelength range of from

400 to 700 nm.

For dyes that undergo a change in emission spectra on formation of a

protein/dye complex, detecting can be performed by measuring

emission, for example using a spectrofluorometer (luminescent

spectrometer), suitably with a wavelength range of 190nm to 800 nm.

Detecting the protein/dye complex may comprise quantifying the

amount of protein/dye complex present so as to determine the amount

that comprise measuring a change in absorption or emission spectra of

the dye/protein complex. Quantifying may comprise for example

measuring a colour change. As described absorbance can be measured

by a spectrophotometric method and change in absorbance over time

may be measured. Absorbance is generally measured at a wavelength in

the range of from about 400 to about 700 nm.

For Coomassie brilliant blue G-250, absorbance is measured at a

wavelength of about 595 nm, the absorbance maximum for this dye

when complexed to protein. When using Coomassie brilliant blue G-

250, protein can be detected by monitoring of the increase in

absorbance at 595 nm due to formation of the dye/protein complex.



SDS (0.5% wi/v) 0.326 0.051 0.003 0.025 0.005 0.000 CTAB (0.25% wi/v)

0.785 0.184 0.026 0.029 0.164 0.008 TWEEN-20 (0.25% w/v) 1.027 0.855
WO 2007/125372 PCT/GB2007/050226
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To determine protein concentration, the absorbance or emission
measured can be compared with a standard value, standard set of
values, or standard curve. The results are highly reproducible and

accurate as shown in the Examples.

Because of the high sensitivity displayed using reagents and methods of
the invention, protein concentrations can be selected which are as low
as approximately 0.1 pg per 1 ml of sample. Moreover, the time
required for such accurate and sensitive determinations is less than
about 2 minutes per sample in contrast to 30-40 minutes generally
required for traditional Lowry or Biuret type assays. Consequently,
methods of this invention are highly amenable to automation and

analysis of large numbers of samples.

The invention further provides kits for detecting and/or quantifying
protein, the kits comprising one or more dextrin(s). Kits for detecting
and/or quantifying protein may comprise one or more dextrins and a
protein-complexing dye. Additionally, a kit may comprise one or more
acid(s) and/or alcohol(s) as described herein. A kit for detecting and/or
guantifying proteins in accordance with the invention may comprise a
reagent of the invention, which may be provided as a multipart system

wherein the components are mixed to form a reagent of the invention.

The invention further provides the use of one or more dextrin(s) to
enhance formation of a protein-binding dye/protein complex in the

presernce of a detergent.

Furthermore, the invention provides the use of one or more dextrins to
reduce interference of a detergent in formation of a protein-binding

dye/protein complex in the presence of a detergent.



0.167 0.171 0.625 0.376 TRITON-X100 (0.10% w/v) 0.677 0.076 0.003

0.006 0.019 0.095 Brij-35 (0.50% w/v) 0.231 0.046 -0.02 0.001 0.007
WO 2007/125372 PCT/GB2007/050226
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The invention yet further provides the use of one or more dextrins to
alter the optical properties of a dye, such as a protein-complexing dye,

in the presence of a detergent.

List of Figures
Figure 1: Standard curves for protein samples without detergent

Both methods give reasonable linear response for samples f[ree of
detergent. The slope of the curve and the correlation coefficient are
comparable for both methods indicating the dextrins included in the

reagent do not interfere with protein-dye binding.

Figure 2: Standard curves for protein samples including detergent
(0.25% CTAB). Only the reagent including dextrins gives a linear
response with the slopes and the correlation -coefficient being
comparable to the slopes and correlation coefficient for samples without

detergent.

Figure 3: Detection of protein in polyacrylamide gel

The following samples were run on each gel:
Lane 1 Molecular weight standard, Mark 12™.
Lane 2 Beta-lactoglobulin 0.08 mg/ml

Lane 3 Beta-lactoglobulin 0.16 mg/ml

Lane 4 Beta-lactoglobulin 0.31 mg/ml

Lane 5 Beta-lactoglobulin 0.63 mg/ml

Lane 6 Beta-lactoglobulin 1.25 mg/ml

Lane 7 Beta-lactoglobulin 2.5 mg/ml

Lane 8 Empty

Lane 9 Beta-lactoglobulin 5 mg/ml

Lane 10 Empty

Lane 11 Beta-lactoglobulin 10 mg/ml

Lane 12 Molecular weight standard



0.026 WO 20071125372PCT/GB20071050226 18 C) Bradford assay

containing a total of Img/m1 dextrin(s) of the various dextrin(s). Table of
WQRHGYEREE measured at 595 nm blanked against a water saR{TeGBRIY7/050226

dextrin D15 a-CD 11-CD y-CD MIX SDS (0.5% w/v) 0.326 0.195 0.010
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Gel B was stained with solution B, gel A was stained with solution A, as
described in Example 3. The gels were photographed after 1 hour 45

minutes incubation in the staining solutions.

Examples

Example 1:

Preparation of Bradford Reagent

To 100 mg Coomassie Brilliant Blue (G-250) was added 47g ethanol,
85g phosphoric acid and 850g water. This solution was mixed for 20
minutes, to ensure all components were dissolved, resulting in a
reagent comprising 0.01% (w/v) Coomassie Brilliant Blue G-250, 4.7%
ethanol (w/v) and 8.5% (w/v) phosphoric acid. To this solution different

dextrins were added as indicated in the specific examples.

Bradford Assay (Standard Method)

‘Five microlitres of saniple solutions containing from 0. 1mg/ml to 1:5
mg/ml protein and/or from 0.00% to 0.5% detergent were pipetted into
the wells of 96-well microtitre plates. To this was added 300 microlitres

of Bradford reagent. The absorbance was measured at 595 nm.

Reducing Detergent Interference

Five different detergents were used in the experiment, namely sodium
dodecylsulphate (SDS) (anionic), Cetyltrimethylammonium bromide
(CTAB) (cationic), TWEEN™-20 (non-ionic), TRITON™-X 100 (non-ionic)
and Brij-35 (non-ionic). Four different dextrins were used in the
experiment, namely dextrin-15 (D15), alpha-cyclodextrin (a-CD), beta-

cyclodextrin (B-CD) and gamma-cyclodextrin (y-CD), an equimass



0.056 0.079 0.020 CTAB (0.25% wi/v) 0.785 0.674 0.163 0.176 0.603

0.407 TWEEN-20(0.25% w/ v) 1.027 0.999 0.842 0.803 0.952

WO 2007/125372

mixture of these dextrins (MIX) was also used.

17

cycloamylose concentrations were also tested.

PCT/GB2007/050226

In addition, different

A) Bradford assay containing a total of 100mg/ml dextrin(s) or

saturated concentration of the various dextrin(s).

Table of absorbance measured at 595 nm blanked against a water

sample.

No

) D15 |a-CD | B-CD |y-CD | MIX

dextrin
SDS (0.5% w/v) 0.326 0.007 | 6.013 { 0.089 | 0.038 | 0.047
CTAB {0.25% w/v) 0.785 0.024 | 0.003 | 0.067 | 0.015 | 0.020
TWEEN-20 (0.25% w/v) | 1.027 0.453 | 0.134 | 0.077 | 0.344 | 0.041
TRITON-X 100 (0.10%

0.677 0.101 ] 0.034 | 0.017 | 0.022 | 0.003
w/v)
Brij-35 (0.50% w/v) 0.231 0.035{0.015|0.0190.143 1 0.018

B) Bradford assay containing a total of 10mg/ml dextrin(s) of the

various dextrin(s).

Table of absorbance measured at 595 nm blanked

against a water

sample.

No dextrin | D15 | a-CD | p-CD | y-CD | MIX
SDS {(0.5% w/v) 0.326 0.051 | 0.003 | 0.025 | 0.005 | 0.000
CTAB {0.25% w/v) | 0.785 0.184 | 0.026 | 0.029 | 0.164 | 0.008
TWEEN-20

1.027 0.8550.167 | 0.171 | 0.625 | 0.376
(0.25% w/v)
TRITON-X100

0.677 0.076 | 0.003 | 0.006 | 0.019 | 0.095
(0.10% w/v)
Brij-35 (0.50% w/v) | 0.231 0.046 | -0.02 | 0.001 | 0.007 | 0.026




0.947 TRITON-X100(0.10% w/ v) 0.677 0.248 0.288 0.040 0.032 0.003

Brij-35 (0.50% w/v) 0.231 0.098 0.003 0.033 0.040 0.002

WO 2007/125372 PCT/GB2007/050226
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C) Bradford assay containing a total of 1mg/mli dextrin(s) of the various
dextrin(s).

Table of absorbance measured at 595 nm blanked against a water

sample.

No

_ D15 a-CD | B-CD | y-CD | MIX

dextrin
SDS {0.5% w/v) 0.326 0.195  0.010 | 0.056 | 0.079 | 0.020
CTAB (0.25% w/v) 0.785 0.674 1 0.163 |1 0.176 | 0.603 | 0.407
TWEEN-20 (0.25%

1.027 0.099  (0.842 | 0.803 | 0.952 | 0.947
w/v)
TRITON-X100 (0.10%

0.677 0.248 0.288 | 0.040 | 0.032 | 0.003
w/v)
Brij-35 (0.50% w/v) 0.231 0.098 0.003 | 0.033}{ 0.040 | 0.002

D) Bradford assay containing various concentrations of cycloamylose
(CA).

Table of absorbance measured at 593 nm blanked against a water

sample.
No dextrin cA A

10 mg/ml | 1 mg/ml|
SDS (0.1% w/v) -0.063 -0.072 -0.023 |
CTAB (0.1% w/v) 0.412 -0.081 0.003
TWEEN-20 (0.1% w/v) 0.462 0.074 0.352
TRITON-X 100 (0.1% w/v) | 0.677 -0.024 0.410
Brij-35 (0.1% w/v) -0.024 -0.025 -0.011

The absorbance at 595nm provides an indication of the amount of the
blue form of the Coomassie G-250 dye. At a given concentration of a
high

background, due to the presence of the detergent, such that that the

particular detergent, a high absorbance value indicates

blue colour detected is not representative of the amount of protein-dye

complex present and thus is not representative of the protein



D) Bradford assay containing various concentrations of cycloamylose

(CA). Table of absorbance measured at 595 nm blanked against a water
WQAMPHIRSIW dextrin CA 10 mg/ml CA 1 mg/ml SDS (0.1% w/NPCDEBR07/050226

-0.072 -0.023 CTAB (0.1% w/v) 0.412 -0.081 0.003 TWEEN-20 (0.1% wi/v)
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concentration. It can be seen that for each of the detergents tested, the

presence of a dextrin or dextrins in the solution resulted in a lower

absorbance value, indicating that there is less background interference

and that the presence of dextrin increases the sensitivity and accuracy

of protein detection. For a given detergent the optimal choice of dextrin

and concentration of dextrin can be determined by measuring

absorbance at the absorbance peak of the dye/protein complex in the

presence of various concentrations of dextrins and combinations

thereof.

Example 2: Linearity Of Standard Curves In Presence Of Detergents

A dilution series of two different proteins, bovine serum albumin (BSA)

(Pierce, 23209) and bovine immunoglobulin (IgG) (Sigma, 15506) was

created in the concentration range 0.1 mg/ml to 1.5 mg/ml. CTAB was

chosen as detergent and was added to the protein samples to a

concentration of 0.25% (w/v). Bradford assays were performed with

Bradford reagent containing 0.25 mg/ml dextrin-15 (D15), 0.25 mg/ml
alpha-cyclodextrin (a-CD), 0.25 mg/ml beta-cyclodextrin (3-CD} and

0.25 mg/ml gamma-cyclodextrin _(y-CD ), these were compared with

Bradford assay performed with Bradford reagent containing no dextrins.

Example 3: Detection of Protein in Polyacrylamide Gel

Preparation of Gel Staining Solutions

To 80 mg Coomassie Brilliant Blue (G-250) was added 50g ethanol, 80g

phosphoric acid and 850g water. The solution was mixed for 20 minutes

to ensure all components were dissolved - this was solution A.

Following this, solution B was made by adding 250 mg dextrin-15, 250

mg alpha-cyclodextrin (a-CD), 250 mg beta-cyclodextrin (3-CD) and 250

mg gamma-cyclodextrin (y-CD) to 100ml of solution A.



0.462 0.074 0.352 TRITON-X 100 (0.1% wi/v) 0.677 -0.024 0.410 Brij-35
(0.1% wl/v) -0.024 -0.025 -0.011 The absorbance at 595nm provides an
WOiEERSR78f the amount of the blue form of the Coomassie GPLIUCB807:4450226
a given concentration of a particular detergent, a high absorbance value
indicates high background, due to the pgesence of the detergent, such that
that the blue colour detected is not repreSentative of the amount of
protein-dye complex present and thus is not representative of the protein

9 concenjratio can,be seen that,for each of the detergents tested, the
eRpratien c?&{:ﬁf'r?o%miﬁg ﬁﬂheﬂs‘gﬁtion resulted in a lower

absorbance value, indicating that there is less background interference

and that the presence of dextrin increases the sensitiyity and accura

Orof i HRECtB e & i\%*?fé?&boeaf)iﬁ%t%btiﬁaﬁ‘%moi I%W@éxmﬁﬁén%&) was
cRiEalion oheextiiteanrbeidatennigedhysnegsuingabsorbagémat Thirty

the absorbance peak of the dye/protein complex in th&é)res nc

( eo
MR Ao RS BYRISMTAS SHEPEBth I ERio S TBIEET X plepage LDS
Idneaply Qhatardanshiivbemin Rreseors. Of Delshaents gels were prepared,

fifteen microlitres of each sample was loaded onto each gel (Nupage 10%
Bis-Tris, Invitrogen, NP0302). Ten microlitres of the Mark 12™
molecular weight standard (Invitrogen, LC5677) was also loaded in the
gel. The gels were run at constant voltage (200V) for 35 min in
standard MES buffer. Following this, one gel was submerged in 25 ml
of solution B (a staining solution which consisted of 25 ml of solution A
as described above containing a mixture of dextrins as follows: 2.5
mg/ml dextrin-15 (D15), 2.5 mg/ml alpha-cyclodextrin (a-CD), 2.5
mg/ml beta-cyclodextrin (3-CD) and 2.5 mg/ml gamma-cyclodextrin (y-
CD)). The other gel was submerged in a staining solution consisting of
25 ml of solution A. After 1 hour 45 minutes incubation in the staining

solutions, the gels were photographed (Figure 3).



A dilution series of two different proteins, bovine serum albumin (BSA)
(Pierce, 23209) and bovine immunog|pbulin (IgG) (Sigma, 15506) was
created in the concentration range 0.1 mg/ml to 1.5 mg/ml. CTAB was
chosen as detergent and was added to the protein samples to a
clcamgsntration of 0.25% (w/v). Bradford assays were performed with
Bradford reagent containing 0.25 mg/ml dextrin-15 (D15), 0.25 mg/ml
alpha-cyclodextrin (a-CD), 0.25 mg/ ml beta-cyclodextrin (p-CD) and 0.25
1. fgimethpehhdetgeivdexnd (W@ CDfying sEaiginecoompsinadonitia@ingl forfotein
wiP a6 REH tBRARW|Hy Bradford reagent containing no dextrins. Example 3:
Detection of Protein in Polyacrylamide Gel Preparation of Gel Staining
Solutions To 80 mg Coomassie Brilliant Blue (G-250) was added 50g
(apthpmoodr80gnmiiesipbalye aoid and 8509 water. The solution was mixed for
(bi&f@'%é%@ﬂﬁ%e all components were dissolved - this was solution A.
ollowing this, solution B was made by adding 250 mg dextrin-15, 250 mg
alpha-cyclodextrin (a-CD), 250 mg beta-cyclodextrin (p-CD) and 250 mg
argidereatinycladextgnapiiing Wyd/Ptsteinaf@apikio fonailéo)
20071125372PCT/GB2007/050226 20 Preparation of the Samples and
Gels A dilution series of beta-lactoglobulin (BLG) (Sigma, L-0130) was
whsreaharde imgiogoifceHtizIB nParsisEeotng MEwar te VBN Pigity when the
protgRabtie hefphe saupieavRstikiiegruitdyeraterolitres Nupage LDS
Sample buffer (Invitrogen, NPO007). Duplicate gels were prepared, fifteen
microlitres of each sample was loaded onto each gel (Nupage 10%
2. Bis-Tathdehvitcogeim N ROBRBE)N Tlewhei@iolities pfoties Mark 11T \Mregtocealaf a
dé@@wﬁ_standard (Invitrogen, LC5677) was also loaded in the gel. The gels
were run at constant voltage (200V) for 35 min in standard MES buffer.
Following this, one gel was submerged in 25 ml of solution B (a staining
3. Jolutithosvhchrdonsistedyafizboimtl ahso lutod Whasetes e ipedteabis\ie solution or
as follows: 2.5 mg/ml dextrin-15 (D15), 2.5
th&%r?;) ?x%rH"IQ a@;@%{%%ﬁé%ﬁéﬁ Jéihts)) 2.5 mg/ml beta-cyclodextrin (P-CD) and
2.5 mg/ml gamma-cyclodextrin (y-CD)). The other gel was submerged in a
4. Shaim@mwluﬁea@m@statiwiaf 25 ihepéinothtiosuppdities Jalwré&remﬁ@fe a
cubc"rttlon in th stamln solution jr the gel rWer(?ooh Qt%d gr aper,
%ﬁ 1 A REthee or ec%mg o?/or q %ﬂ prdte pap
nlﬁt@@ﬁbﬂi@ﬁﬁgfﬁ@mﬂ@m@wpﬁmem with a solution comprising: (a) a
protein- complexing dye, and (b) one or more dextrins, and detecting
and/or nti ye/proteln complex formation, wherein the method is
5. ARG, HERENAY BrP h AHRAH, BroRRRRReR HEPNGRAAT fEuse! O

agarese ryse axﬁtatdetamm basmefasthjEcted to separation using an electric field,
for example by electrophoresis.

6. A method according to any of claims 3 to 5 wherein the support comprises a

detergent and/or wherein contacting is performed in the presence of a detergent.

7. A method according to any of claims 1 to 6 wherein detecting and/or quantifying
comprises detecting a change in absorption or emission spectra of the dye/protein

complex.

8. A method according to any of claims 1 to 7 wherein detecting and/ or quantifying

comprises detecting a colour change, for example by measuring absorbance,



2. A method according to claim 1 wherein the protein is in the presence of
a detergent. 3. A method according tg,any one of claims 1 to 2 wherein
the protein is in solution or the proteifiiis provided on a support. 4. A
method according to claim 3 wherein the support is a gel (for example a

suRAbIAGTY R Bpeerophetoagaresadrbd Jo, shiemataciame it fitelenanges of

fronr%ﬁr%:g&u 88%"5%@@%‘8 r%r] resin. 5. A method according to claim 4 _
wherein the support isa polyacrylamide gel or agarose gel and the protein

has been subjected to separation using an electric field, for example by

0. Qi%@&@&oé%b?d ProAdedhn® @M@W%Wiﬁfﬁﬁim@(ﬁ@oﬁﬂg%ﬁmﬁﬁ%ie
ﬁuﬁ?ﬁt corpé)rlses %eter %nt and/or wherein COﬂtaCtlnﬂqIS erformed in

brifiab G e Bt AGABPGERNS & MERRYIP A SRS e Traligihesr (4"
wherein detecting and/or quantifying comprises detecting a change in

1S HBHRYY ACETHRIR SAGFAIHE RECIRSID S ARBIERIR) %Fgﬁﬁled by

according to any of claims’1 to 7 wherein detecting and/ or quantifying
MERPHHNS SO RRAMMFLHELSIBE change, for example by measuring
absorbance, 22 suitably by a spectrophotometric method, for example at

12N %Ve?]%%gzggénrmrf%r%ngne Offféﬁl%ggo tl%) Q/ﬁgrggotﬂtg%g&% ge.'g‘r emission
metho accoroﬂng claim 8 wherein the pro eln-comp?exmg oR/e is
MEasORtEsSiICoMmaiedolth G- 25manid aBYEsThaReEasInFeaSlired)ugsa or standard
cuavelength of about 595 nm. 10. A method according to any of claims 1
to 9 wherein quantifying is performed by measuring absorbance over time.
11. A method according to any of claims 7 to 10 wherein the absorbance
12oTemivsiha e anyonaesof crapes ddtovith, dusthedescpaing stavidirg asupport

co\ﬁ%‘ﬂ@ﬁyg%r%@pg@%pw% éb%tél'gﬁﬁd’r},@égpd of any one of claims 1 to 11,

further comprising providing a support comprising protein, prior to the
contacting step. 13. The use of one or more dextrin(s) to enhance
1Fomrhatiase obfaqoio tei minre idgxdiré ) rateemicamog | éorimation e sepoedi-ainding

ARSI HESALAESE MOl deeins (o reduce interference ofa

etergent Iin formation oOf a protein dye/protein complex in the
presence of a detergent.

14. The use of one or more dextrins to reduce interference of a detergent in

formation of a protein-binding dye/protein complex in the presence of a detergent.

15. The use of claim 13 or 14 wherein the dextrin is provided as a reagent comprising

a protein-complexing dye, and one or move dextrins.
16. A use according to claim 15 wherein the reagent is a reagent concentrate.

17. A use according to any of claims 15 or 16 wherein the reagent further comprises

an acid with a pKa of 4 or less.

18. A use according to any of claims 15 to 17 wherein the reagent further comprises

a solubilising agent.

19. A use according to any of claims 15 to 18 wherein the protein-complexing dye

does not comprise a protein.



15. The use of claim 13 or 14 wherein the dextrin is provided as a reagent
comprising a protein-complexing dyﬁzesand one or move dextrins. 16. A
use according to claim 15 wherein the reagent is a reagent concentrate.
17. A use according to any of claims 15 or 16 wherein the reagent further

2GS aScRRIAR doMithy opKafof|4ifs 18530 18.whekenagronding ta eoymbssie
claims 15 to 17 wherein the reagent further compri solubilising agent.

e SreRe & s R AL B T e
protein-complexing dye does not comprise a protein. 23 20. A use

2190CREd REderainy %‘ﬁr@f sivsdan 18 wheseindhartirR I8 0 eBREM®ation
e, such as G-250. 21. A

. dye, for example a Coomassie brilliant blue d
s [ CRBREIRY R AT SE R ARE 29598 Wherein the dextrn
concentration is in the range of from about 0.01 to about 200mg/ml. 22. A

2HSE L%%Caéémai,ﬁ% ﬁ?)ﬁrﬂngn%f &H%l%&%é%%l"\(nﬁéﬁéﬂmﬁe Q@)‘(‘HH concentration

_concentration is’in the range of from about 0.5 to about 50mg/ml. 23. A
Is {i5Ee £RB98IRGTIBRRP BN O claims 15 to 22 wherein the dye is present at
to AEM@IH@HAN in the range of from about 0.001% to about 0.1% (w/v).

4. A i clai 510 2 '
2 A Dl e I 2 e A AR IR

CoRGRGE Jfaromtad HUNIE P AP APOYED00AE0 |© 88 H&:bYeigMb any one of

claim 15 to 24 comprising an acid with a pKa of 4 or less, preferably the

acjd having a pKa in the range of from apout 1 o about 3. 26. A us
2o G R B T T s T 4 2y SR Aol A0SR may e
dilptesspitugieiadibicalhhtspratio s (prampHoridyeid etiedisraeidf Selenrbout
1- 2¢ifafhRaleigacid, oxalic acid, dichloroacetic acid, and Nitrilotris

(methylene) triphosphonic acid and wherein the acid is present at a

concentration of from about 4% to about 20% (w/v). 27. A use according
250ranyechalaitisglid tny @mehef elnitha e 22 coonaridiextian scibleidted gramof 4

orde e AESHIN 7Y A REVIRG Y FIOAMIRSE AW S SYRLKER 5 Hout 3.

26. A use according to claim 25 wherein the acid is an acid selected from a
phosphoric acid, a phosphorous (phosphonic) acid, periodic acid, selenic acid, maleic
acid, oxalic acid, dichloroacetic acid, and Nitrilotris (methylene) triphosphonic acid
and wherein the acid is present at a concentration of from about 4% to about 20%
(Whv).

27. A use according to any of claims 15 to 26 wherein the one or more dextrin is
selected from a linear dextrin, cyclodextrin,

cycloamylose and derivatives thereof.

28. A use according to any of claims 15 to 27 wherein the reagent comprises one or
more alcohols, wherein the one or more alcohols are selected from ethanol,
methanol and propanol, and wherein the alcohol concentration is from about 0.1% to
about 10% v/v.

29. A use according to any of claims 15 to 28 wherein the reagent comprises a

detergent.



28. A use according to any of claims 15 to 27 wherein the reagent
comprises one or more alcohols, wherein the one or more alcohols are
selected from ethanol, methanol an 6ropano|, and wherein the alcohol
concentration is from about 0.1% to about 10% v/v. 29. A use according

300raeicaitnsgld thy 8nuharartiRel ERIEN/eereR isrSreadeitgainbyidéd as
use f;slgcr%rding to any one of claims 15 to 29 wherein the reagent is

a r%%lﬁa‘ r e
provPcI'@‘edS 42 multipart system.
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