PROTEIN DETECTION REAGENTS AND METHODS WITH DYES AND DEXTRINS Technical Field
The present invention relates to reagents, methods and kits for detection of proteins and quantitative
determinatidM@{¥dtesd’@oncentration. Background Art Several methods arB(@E/&iRBIE/A5p226tecting
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
in the optical properties of the dye, such that there is a colour change proportional to the amount of
protein present in the sample. Protein-complexing dyes used for in. vitro protein qua.ntitation include
bromocresol _green (S,g:.gndg%r,r L(JZTSI ﬁalg.E NGO'N31"88A4I:]'[§3M7 T}I{-I,g\SB,%\J Ia}rnd @%Eh%%r%rggk%% these are of
limited use as they Bind ﬁmostgexc?usivef‘y 0 alburmin andpgeneraﬂy are not very sensitive. Other
methods to determine protein concentration include the Biuret method (Mokrasch and McGilvely, J.
Biol. Chem. (1956). 221, p. 909), in which peptide structures containing at least two peptide linkages
are reacted withJethstida PEade solution to form a vioict-celoured chelate complex. WO
2007/125372PCT/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

reduction of thephosphaiungsticandihpsphirmalybdic asidsintungstamand malybdrixgm fjde by the

Cu-protein complex and by the tryptophan and tyrosine of the protein. A serious drawback of both the
Biuret and Lovfi§tetiesys o thereteinganadidol SPEIYEtRENT adetrsHRRdR D& prRSWif protein
samples. Dye/piei¢parRiex formation using Coomassie Brilliant Blue G-250 as a
protein-complexing dye has been described (Bradford U.S. Pat. No. 4,023,933). Coomassie Brilliant
Blue dyes will bind to a wide variety of proteins. Moreover, the use of the G-250 dye in the appropriate
acid medium r%s&{l:tﬁég@lﬂ{gtﬂgtassay reagent having a sensitivity approximately 100 times greater
than the Biuret and conventional dye binding techniques and about 3 to 5 times that of the Lowry
method (Bradford U.S. Pat. No. 4,023,933). The use of Coomassie Brilliant Blue G-250 dye in the
procedure disclosedlin W (02R,935 e RO Acsak.(iAg BABYRHYRIAgCs QeHTicgds that
employ other dyes, including high sensitivity, which permits the Use of small sample size and utility
when reducingthgentngrampresient infasampleiConnsadsiti Btilliahnsige iGchBdexdste- hindindfferent
colour forms, r u blue f 0 e-ﬁ eesezgltin djtgﬁl\%@g alkaline sglutiog while
the red form is%ﬂeggegn%he‘rﬁgr edéj%c%gs%h%?)%%ﬁ 0-1). In adi ic solution, 6é:oomas;iséB BriIIilgnt Blue
G-250 is presarddntéouilibrivrhichivwe grroteiredempbinmrdis; hiddsotatiths areobednishhia
appearance. Itds believed that as protein binds to th e ejs % [ iffe 1
microenvironmf:(a)rllﬂ{t[zlafarll%1%l th%tan %roc%%gté)é ?%ﬂ# th%gét%% %%éegkjﬁs%at%i\%@g% %recgig c% o%fr (t;(? ?ﬁceadye. The
strength of theacigentdismfishmplytartfohptoteirtlassays \W @007/ TL2EEYRP G0 BB 20074030226 3
sensitivity using Coomassie dyes, hecause an increase in the strengh of the acid megdi ses a
significant Ioss&ﬁesg%éﬁll\l/ﬁ)g 81‘}[ tﬁgogseégyl?ﬁseelﬁ}o%&nﬁa?/esgglnﬁplt ex ?élﬁo 1o é:é)é“rlé’g% gﬁ%ﬂﬁ@% affects
the stability of thes=cbldor pradueitithe incecpfansitiatitiningragente suntvasoettesswl, wresto keep

the protein-dye complex egatin 0 eriod of time; however, oo much ethanol
results in a maﬁgé]a(ﬁr?ﬁt tfgﬂgéﬂg%{e %af’m %gﬁg ’@iiﬁ%ﬁ%&g gf%%%ﬁ?/ir%rﬁrggﬁt t%%tr:gh Which is
less polar. It hag-deeh piesitdated shattbetineghbiisin ahithesassaylisshe hindingifamsanbanieh form
of the dye to a less E‘% r environment of the protein. This perhaps also explains the negative effect of
large quantitie$oRd gé@ﬁ?éﬁﬁto‘fea{é’e%ﬁbg htie assay, since these compounds are generally
non-polar in nature and would tend to change the environment of the dye.

Other methods to determine protein concentration include the Biuret
method (Mokrasch and McGilvery, J. Biol. Chem. (1956). 221, p. 909),
in which peptide structures containing at least two peptide linkages are
reacted with Cu?* in alkaline solution to form a violet-ccloured chelate

complex.

Lowry et al. (J. Lab. Clin. Med. (1951). 39, 663) used a pre-treatment of

proteins with an alkaline copper solution, similar to the Biuret method,



The principal drawbacks of the Bradford assay are the effective lack of colour stability for extended
periods, largely due to precipitation of the protein-dye complex; the failure to show substantially the
same reactiW®) 200ai2388at proteins; the failure to follow Beer's law; and, md$iTrB3pEMHP22he adverse
affect on the assay of detergents present in a sample (Bradford, M Anal Biochem , 72 248-254, 1976
and U.S. Pat. No. 4,023,933). Dye/protein complex formation is also used for staining proteins in gels,
such as those used in electrophoresis. For example, the dye Coomassie Brilliant Blue G-250 in
perchloric acidisilied has haditkmused (ReisBescAltbuetatddO7 Fvhnch Bctems AAB09516).
Currently, several commercial Coomassie-based formulations ar ailable.tp staip proteins.in gels
after electrophﬁ%iﬁ: &Eﬁ&%ﬁ?%%&ﬁ?}%le%ﬁép%rﬁ&?g aﬁa}gepﬁ%ﬁls? d‘rél{:ellg‘gsjhtslpstgechcé)sl EBs are
used to facilitaersepaeion proteins. Bedatie deidigaithadiethelysilesp et nalgstichange on
binding of Coomassie dyes tq protein, the detergent WO 2Q07/125372PCT/GB2007/050226 4 must
be removed bfmgﬂ%%h’lﬁﬁdﬁe%ﬂé%,%sﬁﬂ%g%e&% elalgﬁajggﬁ]\}b%%g% al |n§16r§fcs%aures.
Thus a major disgevantage plsyarhassdprotairieishtionand guasitation thepprticular 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 methods for detection and
quantitative deferpinglianalaeiein Wrighhave:inpiored talRlanseto e piedente tidetergents in
the samples and which have improved protein-dye colour stability. Disclosure of the Invention The

invention provieRBRXeatRIRF96E dEtskao8r HetEScdBlisAEE o LsHsiRITG R ()R Protein
protein-compleggqgli%g,_ and, (b) one or more dextrins. The protein-complexing dye is a dye which
typically undergoes a change in optical properties on formation of a protein-dye complex, this can be a
change in absorption spectra as occurs with CoomassieTM brilliant blue dyes, bromocresol green,

HABA, methyl grange, Biuret (eagsfat, Biiraidaagentuith rlibntiasatteuriergrptidiawryieagents); or

a change in emission spectra, as occurs for dyes which form a fluorescent protein! dye comglex, e.g.
&+that the

Coomassie Orafge TVOtisreseaplexiad fusy hay dsaascribed Riarierd 1S pkstérr

p“’te'U‘COmp'e4<16@§}€5‘3%ﬁ?5@86ﬁ9£8{§%?ﬂ?{8¥?e%mefaséégym BiplginscanAlexing dya,dees not

comprise an antibody or peptide. . _ .
proteins. Moreover, the use of the G-250 dye in the appropriate acid
medium results in a protein assay reagent having a sensitivity
approximately 100 times greater than the Biuret and conventional dye
binding techniques and about 3 to 5 times that of the Lowry method
(Bradford U.S. Pat. No. 4,023,933). The use of Coomassie Brilliant Blue

G-250 dye in the procedure disclosed in US 4,023,933, the “Bradford

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 Coomassie brilliant blue dye R-250. For some protein
complexing W¥EA03A35# barticular Coomassie dyes, a low pH is required tP&ABRICHBSAR e sSary
change in optical properties on protein/ dye complex formation. Accordingly, the invention further
provides a reagent for detection of protein comprising;_(a) a protein-complexing dye, (b) one or more
dextrins, and, (c) an acid with a pKa of 4 or less. In the reagent, it is preferred that the dye is present at
a concentratiogdp §i8 vapogsehf Wo ekt :08486 [habauke. 3% intyraueterably orrahbubD.005%
to 0.05 % (w/v). In use the reagent may be diluted. typically the ratio of reagent to d%t{gnt, e.g.
protein-contairi§ g8iifidmarirpe iﬁatﬁéer%r@eséﬁrﬁé?%ﬁﬂsﬁl% SABETUVER PO G eRi8R0f protein

in solutions CORRINIRELRSIACANE eblaFIdNaleHH R folaiuea falivefi Fenasficis Histeitebiliaining
solution could be used. For solutions with a higher protein concentration, e.g. 0.1mg/m1 tg 2mg/ml, a

1:60 volume retio BieeapfomioRsIBALconthini My S¥tfsh Woi SRS I pRate e fiFldehave a
PKa in the range;of QJp %eHEFéefebi&ééﬁrti?é {bal hedeagapbasiril 8fgtdgalimoremeferably

the acid will have a pKa in the range of from about 1 to about 3, so that the reagent has a pH of 0 to 1.

Many useful adigsareabéntinsaintihel Bk darETE W AOR0OLEIS 37HBEPIGES Y 0302586 6 (US
4,023,933) and,Gipdler pReNt (R 18P BitaRle AEdS. Clude pheriwidrinent

phosphorous (phosphonic) acid, periodic acid, selenic acid, maleic acid, oxalic acid and dichloroacetic
acid. Phosphotiie ane piibsphdsidessdecias prifdras) begreraréd phedphuHidhsidis figmige
(methylene) lrigaegaNaRIc aoid (N ol fomarecialbnayadshieRadasie agjd 4 a teagasuaecording
to the invention, when acid’is present, it will'generally be present at a concentration of from about 4%
to about 20% prefdramyreom abditeawrrieivout This, praferabty Hem eBBIRINSHNE ARERIIVS, (W/v).
The reagent mayhe diued | e dingl enseatiation ebasid wilihe i the range of from
about 2% to abeoﬁﬁcgog}:&?ﬁ%gaﬁ%%c%%%gég a3 m%dure%fﬁ p(;%i%as%{ang monobasic acid, i?’such mixtures
it is preferred thhatte catiopofumotibasic gemordhasioncitblenithaeiye sfidwasilttznddabout
3:1. In the reaq:ﬁglggl a g%ﬁb%sigmonobas%co?%gem'xtélre is generally present at a concentration in the
range of from abou §%t0 apsti ig%l?\l/?\ﬂ 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 ghout 0.5 ta about 15%. A reagent according to the inventi ORIl qneerjpore
dextrins, prefe?gary BLIBEHES rgr%aéﬁ n?eé(arsdg%(?ﬁﬁe( 1:%1 (%% odextrin %Ié)c%%gcég%gﬁose CA) and
derivatives therasdtfr preftiled rémgentendwtigesanks ol argrdcyblod éxtims c ulabitenlindatdextrins

comprise 6 or more glucpse units, prefer %I%( 10 ar more glucpse units, e.9. 15 alucose unijts;
cyclodextrins \A}ﬂif@iﬁ%gr' KFha -}&D%, (1 %br)e o?cg (ysc%ﬁ’y glﬁ%gssé% lFrlltl %?lgyc?%lgmy (%s%es will
generally comprise 8ty eidiiseese priscSisjable deilivadvies fridhuddeeptakis:, 6udanatyt p- 7
cyclodextrin, C?QB&%& ;,l%gyggggg(stgna? edc’g %rgozi){én g{tshggj? CchC lgedtgl)%%rﬁts present in a
sample (Bradford,.M.,.Anal. Biochem.,.72.248-254, 1976 and U.S. Pat.

No. 4,023,933).

Dye/protein complex formation is also used for staining proteins in
gels, such as those used in electrophoresis. For example, the dye
Coomassie Brilliant Blue G-250 in perchloric acid solution has been so

used {Reisner, A. H. et al. (1975) Anal. Biochem. 64, 509-516).

Currently, several commercial Coomassie-based formulations are
available to stain proteins in gels after electrophoretic separation. For
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; two or more cyclic dextrins selected from a-CD, p-CD,
y-CD and CWOf1ikeS3 %X linear and cyclic dextrins such a linear dextrin anBOHERXK IO BHa-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 "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 faris3eo reaasnts, Methadsand k§E girthe:ventiors Samadextérscaiderttaind
concentrations will interfere with the certain dyes due to the surface-active properties of the dextrin.
The dextrins aRERVORHES SERR IR LHiSSentrations for different dyes can be easily determined
by those skilled in the art. For a given protein, the choice of dextrin or mixture of _dextrins used may be
optimised and where one or more dextrin is used, the ratio may be adjusted to achieve the most

effective condiibhafortdetBaIBR aRi8ryaaBEEatiBh ofXegRRRroBIPHH Brofficitte. #fbagents
of the inventiora%%ﬁ%ﬂa@) wil ganerallyabe easent alaFonesa aliainike 6angoofifrwi.01 to

200 mg/ml, preferably in the range of from 0.5 to 50 mg/ml. Where mixtures of dextrins are used these
concentrationsdERite tiFthEhetal kst eRfR el tmon IR B the TeReiatay BRAJERST such
that the final c%ﬁ%ﬁ{ggqﬁigfmgghﬁ%gptimised 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 8 particular concentration of the detergent. Appropriate final
dextrin conceriialigpa eanhe sty delermined pihoss skled et seuagb ady aieasuing
absorbance or emission spectra, as appropriate, of the protein-dye complex in the presence of various
concentrationsaoithe gextritativixtutetet quxptioFopCoprssie biliiek blfevc2sunaEesastion can
be measured 3 s ARS0rBUGH L3 Q9D I EAGSRTACCAUNG [0 hrReention Ay fillage
comprise a solubi ISINg agent, such as an alcohol, to maintain solubility of the dye-protein complex.
The solubilisingragenvedmpvetany-syent ohaw reskisdadior. delays precipitation of the dye-protein
complex. One or more alcohols may be included in the reagent, suitable alcohols include ethanol,
methanol and propanol. Other appropriate 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% to a Qu%ié)s% ,(v/\Q Qi%éef%t%'x frolrgnabout 0.1% to about 5% (v/v), more preferably from
about 1% to abolt 59 (\l/ \7'.) A‘reagent ofrﬂ":le invention may comprise a detergent. The reagent can be
provided in a multipart system, e.g. as one or more agueous components, which are combined to form

a reagent of thg,invention. If provided, in two parts, pne part may comprise.the dye ionally acid
and/or optionali)jﬁc%ﬂf&%ﬁﬁsﬁ &8 g’r%léya erlﬁgﬁ% %ﬁzﬁ%gggéﬁ%é%ﬁﬁli%@ béﬁent has

extended stabilityr{fdsdhgusfone year when kept refrigerated) and when mixed to form the reagent, the
reagent itself is stable for more than 6 months when kept refrigerated at 4C. A reagent according to
the invention may Selﬁ]é%efé%'B?‘&RLneﬁf%dgﬁeé S‘Prgibre dextrin(s) with commercially available
protein staining regigebise @O nBsadfarkasaay 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 accardansenvith therinvration. Exanrplesipé subictommemsiblyvadiigiesisohelnde the
following: Pierce: 23236Coomassie Plus - The Better Bradford Assaa/ Kit (includes sg]andards
in optical properties on formation ot a protemn-dye complex, ithis can be
a change in absorption spectra as occurs with Coomassie™ brilliant
blue dyes, bromocresol green, HABA, methyl orange, Biuret reagent,
Biuret reagent with Folin-Ciocalteu reagent (Lowry reagents); or a
change in emission spectra, as occurs for dyes which form a fluorescent
protein/dye complex, e.g. Coomassie Orange™, fluorescein, Alexofluor,

phycoerythrin, Texas Red™.



23238 Coomassie Plus - The Better Bradford Assay Reagent 23200 Coomassie (Bradford) Protein
Assay Kit 23296 Coomassie (Bradford) Dry Protein Assay Plates 2 x 96 well 23596 Coomassie
(Bradford) DWPR#STEISA3say Plates 5 x 96 well BioRad: 500-0201EDU QuiBk BfB2B7A§B32¢ 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 Start Bradford Protein Assay Kit 4 500-0006EDU
Bio-Rad Protein Assay Dye Reagent Concentrate Sigrma Aldrich: B6916 Bradford Reagent (Sigma)
27813 Coomassiegr) prefeieasseyaeagentdsiotehenika flivkay Chdnwedtesaly tdeieatiorisanch
guantitation of protein using some protein-complexing dyes.is sug'ect 0 very sjgnificant.interference
from detergen@?%tfr]ﬁbuIﬁﬂﬁﬁ%ﬁrge%lﬁffggfétéi&“@ﬂ%@ Hifc #Fpléﬂﬁa cﬁpe{s EYIRESS eBlue
0-250, Coomasgsieiraik0o256k siedenassie 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,dextindshigherghaartbedie affinipenfiisideiecephiastie dye,Byiigings suitable
amount of a dextrin or a mixture of dextrins, the deter%ent can be traﬁ%ed in.a dextrin-detergent

complex, there%??ﬁﬁﬁﬁﬁ@etl}i’é’@é@%eh]dlﬁlﬁé’ﬁ’tﬁe%j SRk Vs (Eacmshor
Compared to qgsRtlysavailahlaseagents ioyPrRieissletpeiof heagepient henperiap egede used

successfully when detergents are present in thfﬁgotein-containing samples. This is of great

significance asiR@gehRATHRBIRTSREBHARSIE pFoE deleBhidina eaviksthih @t adRGgents or
surfactants, sugh,as i3y be.tersized i Saluiise MBRINEARSRIOGINS BEIREXYAF P lBinp Risectly

from micro-organisms using detergent rich Solutions, e.g. commercially available extraction solutions
such as B-PERIM&HR®TelLyticTM. 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.

Accordingly, the invention further provides a reagent for detection of

protein comprising:
{(a) a protein-complexing dye,
(b) one or more dextrins, and,

(c} an acid with a pKa of 4 or less.

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 sample with a solution comprising : (a) a
protein-comyexYy/d3a8720) one or more dextrins, and, (c) an acid with a pKE &fGBaPIE48023nd
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. 11 In a further embodiment the invention provides a method of quantifying

protein compriging coria¢ing 3) samele GangBINGatetein (Uth aisaBMigroE)Mpsising:ita) acids
protein-complexing dye, (b) one or more dextrin(s), and quantifying dye/protein complex formation. For
dyes that requiRFRSIRoRg Iy ReIRERGBRifer? C?ﬁPQﬁF(ﬂVEr&Q?&%§ %&%5‘%{&1@%{?@%‘1}5 protein

comprising confagting g sameplgsantaiingerelein Witk alroldiien compriginbltapadeateinsidmplexing
dye, (b) one or more dextrin(s), and, (c) an acid with a pKa of 4 or less; and quantifying dye/protein
complex formadtiBasphoric and phosphonic acids are preferred. A preferred phosphonic

acid is Nitrilotris (methylene) triphosphonic acid (NTP), a commercially

available polybasic acid.

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 plate, filter paper, nitrocellulose membrane or resin.
AccordinglyWe a#adzisithal embodiment the invention further provides a mRGAEB3ITEERR0g protein
comprising: (a) providing a support comprising protein, (b) contacting the protein with a solution
comprising: (i) a protein-complexing dye, and, (ii) ane or more dextrin(s), and detecting dye/protein
complex formation. For protein complexing dyes that rgquire acidic conditions, the invention provides a
method of detagfing deateih COMRFSIG HABRAVIdngy: BipaTcomMNEIng-proisiyatheitacting the
protein with a solution comprising: (i)a protein-complexing dye, WO

200711253728 esteF06t1050226 12 (ii) one or more dextrin(s), and, (i) 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 descyibed gbove.

The protein-coMﬁﬁHF@sd)@, Sl BiiRTor & dextRs(s)8RE; i BreSHIARE W HIES 0Pl SYEES, can be
provided by a rgageh aCeRIEING LO4he iBveRtien. Which mavbe diktecttedorrathesoimtion.dbe
solution may comprise a solubilising agent such as an alcohol as described herein.

and y-CD; two or more cyclic dextrins selected from a-CD, B-CD, y-CD

and CA; mixtures of linear and cyclic dextrins such a linear dextrin and

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

more of a-CD, B-CD, y-CD and CA. Unless the context directs

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. Using methods of the invention contacting can be performed
in the preseWée2004d138id8¥gent. These methods are particularly suitable for #etHERYYTHAR6IN
polyacrylamide gel, agarose gel or polymer composite gel, for example when a protein sample has
been separated using an electric field, e.g. by electropporesis. The reagents and methods described
herein for the detection and quantitative determination of protein in gels, such as those produced

following sepataichcudimy snedsuticafisit, @f. heeldetrgieavesis ADPINBIEdRvdhtdha gbdadures
so that Washin%ﬁ%%‘éf’é‘?ﬁ)@%%%‘(ﬁed%§§ﬁgn&%§éﬁﬂiﬁ%§ 25y A §XCestiee SiainRagkoryund

stain) are no longer required. , the methods are carried out at room temperature. In methods
of the inventiorxieteciiedofomeatsnivhyg ciespriveirccompierissip Bomekitadet8cangophdige in
absorption or emission spectra of the rotein.comple Qe i WO
007112557 20T IO 2oL L o SRt e o e TSR
blue dyes suchias Gex&firCotonrigiranged meytbimdetdtiedlimsimyasmedntibhahagparatlis2sith as a
colorimeter, for example capable of measurin rbance at a wavelength,in the range of from
570nm to 620nar‘§.sﬁ5£839élseﬁgt%ﬁdrel?gaosg%%gr%e%% fbgs%?r |(t)1r(1) %p%%?%’o%b drmation 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/V §%&Fo%%%%ﬁ%@l%rt%i€ﬁ%\%X\?&%ﬁ&tﬁ%ﬁﬂg@ggf%ﬁ %éjﬁl)% %grrlml.’léb%sdg that
undergo a chaagerin emissioraspaeiratftosinatonmehmpadieistslyhilitpple, tietediingprandia
performed by measuying emjssion, for example using a spectrofluorometer (luminescent
spectrometer),Cﬁm%itﬁi%a%{@g%ﬂgg@%ﬁri%&ﬁﬁ t&%O@%?ﬁgfétct%é%‘i&%‘?ﬁ/d%
complex may c@enpyiseateRtityitigthefame uiteobrpiatdin/dymedoxplex present so as to determine the

amount or concentration of protein, Quantifying can be performe& by methods that comprise
measuring a change in absorption or emission spectra of the dye/protein complex. Quantifying may

comprise for exampler-MeassiNgEhedoHl Shangen As dedciibet @isarhancestatdigandasiieid by a
spectrophotometric method and chan%re’(ﬂin absorbance over time may be measured. Absorba(fce IS

generally meashiEH A€ SGHATBRhGIRSHRB 4L A3 ut £8EC- a BRI PBHIALS. BT hassie
brilliant blue G:420{aBserhansesissnspatedsal anvamelansthselcab it RODNiMe thelaberibance

maximum for this dye when complexed to protein. When using Coomassie brilliant blue G250, protein

can be detecteBH¢TABRIDiNY BEthalrehelss Rtesssbin B arE885A A EIBRARITR HIHE

dye/protein complex.o ¢ TR HeBrTinaRraisineoeaNEkaiaN. S REfERITRP a6 t0R BAIESIPN Tpeasured
can be compared with a standard value, standard set of values, or standard curve, The results are
highly reprodu@bring’addraierasshaRmsaahReyHampidout 1% to about 5% (v/v).

A reagent of the invention may comprise a detergent.

The reagent can be provided in a multipart system, e.g. as one or more
aqueous components, which are combined to form a reagent of the
invention. If provided in two parts, one part may comprise the dye,
optionally acid and/or optionally alcohol, whilst the other may comprise
the dextrin(s). Each individual component has extended stability (for
about one year when kept refrigerated) and when 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 approximately 0.1 pg per 1 ml of sample.
Moreover, tNeQiHE H2§8iRed for such accurate and sensitive determinationsRETESBAWA Bt 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 comprigireg @ine Seimdre deasares Kirs thoda et gakmi/ o qeartityibyr protoimaiayadbmprise
one or more dexjri d in- ' .ﬁiﬂﬂ_ﬂs!l Ki Y i re
acid(s) and/or%zﬁé%{%%% a]% %@ﬁ%gl%%%%ﬁ?oﬁ%ﬁecnng)éa%/%ﬁ%g%%?yﬁég%% ir(?s{ ilg;}?
accordance wiihthesiventbromayccompmise daetigeat of thehovdatvry, Wiidh iiay bevisraticded as a

mulipart systeg whetgin e sompanenis. e iixed I o1 piteagent abtevapion, Jhe invenion

deS 1R

further provides the uSe of one or more dextrin(s) to enhance formation of a protein-binding

dye/protein complex in the presence of a detergent. Furthermore, the invention provides the use of

one or more d%;ctrins to reduce interference of a detergent in formation of a protein-binding dye/protein
) ierce: ) . )

complex in the presence of a detergent. 15 The invention yet further provides the use of one or more

dextrins to alteR 8#8aptical paparirssidé dAdiyie, sUthaBa firatdiradfoptedsgalyeKin (heqredence of a
detergent. List of Fi%%rlsﬁ%figure 1: Standard curves for protein samples without detergent Both
[

methods give r%% near response for samples free of detergent. The slope of the curve and the
correlation coeff3x38 @emompsikaPlifor it RethadBirdfatih g\ xmdareingmcluded in the reagent

do not interfere with protein-dye binding. Figyre 2: Standard c s for protein samples including
detergent (0.2@;%/%@ ?%%%1%5%@&’?#&%5%&1 ﬁ%y;@;gs a linear response with the slopes
and the correlatigpaoafician: bsingRamterapBi9 the sivpessad Rlaedatidcapeficdnt for samples
without detergent. Figure 3: Detection of protein.in polyacrylamide gel The following samples were run
on each gel: L&ne>? %ﬂggeméﬁrﬂgﬁéﬁdﬁ]‘)ﬁé o5 %ﬁﬁ@@q%%fgﬁa l’égé%g%lﬁﬁo.% 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—lamin 5 mg/ml Lane 10 Empty Lane 11 Beta-lactoglobulin 10 mg/ml Lane 12

Molecular weigh St EDU 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 Start Bradford Protein Assay Kit 4
500-0006EDU Bio-Rad Protein Assay Dye Reagent Concentrate

Sigma Aldrich:
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 minutes incubation in the staining solutions. Examples
Example 1: WkepHXatid7df Bradford Reagent To 100 mg Coomassie BrilliarR@I{eBROLTEWRPas added
479 ethanol, 85g phosphoric acid and 850g water. This solution was mixed for 20 minutes, to ensure
all components were dissolved, resulting in a reagentﬁ?mprising 0.01% (w/v) Coomassie Brilliant Blue
0-250, 4.7% ethanol (w/v) and 8.5% (w/v) phosphoric acid. To this solution different dextrins were
added as indicaffid itythd shecifietexgmpidorBradfayeAsSy (BtamglardsMithokt) Fivewidrolftres of
sample squtioHs containingafrom t()l.llm(;,“l)/fn(]:1 V¥{1:1i5 mg/t | pr et%g aerll,lo{/oraftro O.Ql()g/o t%g.?i% etergent
were pipetted Mo %lenw%ﬂs b 95wl micrS ﬁrerp%?és. b this Was addéd 306 microfitres of Bradford
reagent. The afpsptbanckvageneasuragleiksthenetRediniigideteige dicknteeferenaehkibe thfterent

detergents were used in the experiment, namely sodium dodecylsulphate (SDS) (anionic),
Cetyltrimethyl SR H?&lr?ibté (%‘?AEEP?S&?F%Y(SF? Pltm-20 (non-ionic), TRITONTm-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), betacyclodextrin Q3-CD) and gamma-cyclodextrin (y-CD),
o cquimass. PTRRETE DI U & (L S AP0 oA I, ESaeaRose
concentrationsgivetgealseéesios AhBmdiarddssaycaiamingtiotalieitd Aomasndrdextanes)or

saturated concentration of the various dextrin(s). Table of aﬁsorbam{a measured at 595 nm blanked
m&eprotem—contammg samples. This 1s of great significance as

against a watel'sa
reagents of the invention allow protein detection in an environment rich
in detergents or surfactants, such as may be required to solubilise
membrane proteins or to extract proteins directly from micro-organisms
using detergent rich solutions, e.g. commercially available extraction

solutions such as B-PER® | 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 I13-CD y-CDMIX SDS (0.5% w/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% w/v) 0.231 0.035 0.015 0.019 0.143 0.018 B) Bradford assay containing a total of
10mg/m1 dextrin(s) of the various dextrin(s). Table of absorbance measured at 595 nm blanked
against a watér 208387 No dextrin D15 a-CD 13-CD y-CD MIX PCT/GB2007/050226
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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% wi/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 absorbance measured at 595 nm blanked against a water
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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% w/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 PCT/GB2007/050226
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mixture of these dextrins (MIX) was also used. In addition, different

cycloamylose concentrations were also tested.

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 sample. No dextrin CA 10 mg/ml CA 1 mg/ml SDS
(0.1% wiv) WQBHINBA22-0.023 CTAB (0.1% w/v) 0.412 -0.081 0.003 TWERNZBINTIFR26)
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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% 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 BR2BOWIRS3R a given concentration of a particular detergent, aPSigH-8Be4YBH2e value
indicates high background, due to the presence of the detergent, such that that the blue colour
detected is not representative of the amount of proteit%djye complex present and thus is not
representative of the protein 19 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

';hna:jt glcecrl:—:'r;sc Ieg}fsré)r%% E%%r{féﬁfgggg%g% @‘% ?e%t &rE %ehsencg of dextr.in increase; the sensitivity
y i . ergent the optimal choice of dextrin and
concentration of dext_rin can be determined_ by measuring gbsorbance at the absorbe_mcc_a peak of the
Syelororen coPgL NG piesenceof o conegialon g 6 BT e
prepared in the concentration range 0.08 mg/ml to 10 mg/ml. Thirty
microlitres of the sample was diluted with ten microlitres Nupage LDS
Sample buffer (Invitrogen, NPO007). Duplicate 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
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 (p-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 Sofdtigis 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-gyclodaxtdn darfe Bor 2R SogibatafoysidextipiipEiand 250 mg gamma-cyclodextrin
(y-CD) to 100m1 of solution A. WO 20071125372PCT/GB2007//050226 20 Preparation of the
Samples and GelhYRFRSF SRR BEIRIR¥S5y18Bin (BLG) (Sigma, L-0130) was prepared in the
concentration rangngiqg H9RYLe d0-mgiml. Thirty microlitres of the sample was diluted with ten
microlitres Nupage LDS Sample buffer (Invitrogen, NP0O007). Duplicate gels were prepared, fifteen
microlitres of each sample was loaded onto each gel (Nupage 10% Bis-Tris, Invitrogen, NP0302). Ten
microlitres of the Mark 12T molecidaimgight Standar ddKi 99 ik E8 ) WA 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 sabmethed infadefacsing ansh Br(asemiifgas|paescihich 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 (3-CD), 2.5 mg/ml beta-cyclodextrin (P-CD) and 2.5 mg/mi
gamma-cyclodekelieily-0m) yreheastheo@niaes 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). 21 Claims 1.A reagent for detection of protein comprising: (a) a protein-complexing dye,
and, (b) one ocomdactiegrnprRikiragicht acsiwlimnteemiprisingich is suitable for use in a method of
detecting and/or quantifying protein,

(a) a protein-complexing dye, and

(b) one or more dextrins,
and detecting and/or quantifying dye/protein complex formation,

wherein the method is suitable for detecting and/or quantifying protein

when the protein is in the presence of a detergent or a surfactant.

3. A reagent according to claim 1 or claim 2 wherein the reagent is a

reagent concentrate.

4. A reagent according to any of claims 1 to 3 and which further
comprises an acid with a pKa of 4 or less, preferably the acid having a

pKa in the range of from about 1 to about 3.

S. A reagent according to any of claims 1 to 4 and which further

comprises a solubilising agent.



wherein the method comprises contacting a protein with a solution comprising: (a) a
protein-complexing dye, and (b) one or more dextrins, and detecting and/or quantifying dye/protein
complex formation, wherein the method is suitable for detecting and/or quantifying protein when the
protein is in the presence of a detergent or a surfactant. 3.A reagent according to claim 1 or claim 2
wherein the reagent is a reagent concentrate. 4.A reaggent according to any of claims 1 to 3 and which
further comprises an acid with a pKa of 4 or less, preferaply the acid %:V;wi g a pKa,in the range of from
about 1 to abd?t 3. 5/ TEAGERE RLTEHE %o B oY c?iil‘gl?é‘}ccj 4 4% g'r? ﬁﬁ%ﬁfﬁ@ a
solubilising agesinp2xbnd dgadené 26y dibehis- Ry Dietaiain 1 to 5 wherein the proteincomplexing
dye does not comprise a protein. 7. A reagent according to any one of claims 1 to 6 wherein the dye is
a Coomassie dye, for example a Coomassie brilliant blue dye, such as G-250. 8. A reagent according

to any one of glaims A tReA RraifchiriAextn SANCEAE J0AaSisthe ta e REHGm aRew Q3 to

about 200mg/ml. ] ) L
a Coomassie dye, for example a Coomassie brilliant blue dye, such as
G-250.
8. A reagent according to any one of claims 1 to 7 wherein the

dextrin concentration is in the range of from about 0.01 to about

200mg/ml.

9. A reagent according to any one of claims 1 to 8 wherein the
dextrin concentration is in the range of from about 0.5 to about

S0mg/ml.

10. A reagent according to any one of claims 1 to 9 wherein the dye is
present at a concentration in the range of from about 0.001% to about

0.1% (w/v).

11. A reagent according to any one of claims 1 to 10 which may be
diluted, wherein typically the ratio of reagent to diluent is in the range

of from about 1:1 to about 1:60.

12. A reagent according to claim 4 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% (w/v).

13. A reagent according to any of claims 1 to 12 comprising one or

more alcohols, wherein the one or more alcohols are selected from



9. A reagent according to any one of claims 1 to 8 wherein the dextrin concentration is in the range of
from about 0.5 to about 50mg/ml. 10. A reagent according to any one of claims 1 to 9 wherein the dye
is present at a concentration in the range of from about 0.001% to about 0.1% (w/v). 11. A reagent
according to any one of claims 1 to 10 which may be diluted, wherein typically the ratio of reagent to
diluent is in the range of from about 1:1 to about 1:602312. A reagent according to claim 4 wherein the

acid is an acid selected from a phpsphoric acid, a phosphaqrous_ (phosphonic) acid, periodic acid,
selenic acid, n‘?ﬁ?é‘?@ﬁl:’lmmﬁﬁdggf B IRTORAR i AT VG R imﬁsa(]ﬁ%}ﬂ%ﬂgﬁéﬁ%?ﬁﬂggb%nic acid
and wherein the aejchiaBRSEOL VA tePaBRRtatioN.of fiom about 4% to about 20% (w/v). 13. A reagent
according to any of claims 1 to 12 comprising one or more alcohols, wherein the one or more alcohols
are selected from 23 ethanol, methanol and propanol, and wherein the alcohol concentration is from
about 0.1% to ppout A0%eWent4 o EEAARMNE 2ESOFHRY Y aptahdaimstd tq 33 @@m%@mga a
detergent. 15. A multipart or single component kit suitable for detecting protein, the kit comprising one
or more dextrifEEE88H protein-complexing dye.

15. A multipart or single component kit suitable for detecting protein,

the kit comprising one or more dextrin(s) and a protein-complexing dye.
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