9 March 2006 METHODS FOR SELECTI VELY STAINING WATER SOLUBLE PROTEI N USI NG
REACTI VE DYE AND | TS APPLI CATI ONS THEREOF FFELD OF | NVENTI O\Ma¥eh 200@sent
invention relates to the nethods for staiinkng protein. More particularly,
the present invention relates to nethods for both selectively staining a
gl ycosyl ated protein either by directly -using reactive dye or via staining

t he carrl ' (=Y j L protein
sel ect i ve Pi’@bﬁonfégﬁ@?&w%%wf&ﬁéﬁgwgﬁﬁﬁ? b BBV Por

di fferent analytlc 8 Ilcatlon 10 DESCRI PTI ON OF RELATED ART The

i mrunol ogi cal analjgﬁ% ébﬂ%gm%ABELK#ﬁUﬁgﬁé?Hﬁxﬁﬁg?been used.

w dely for practical appllcatlon in different fields, such as clinical

di agnosi s, environnental nonitoring, agricultural product anal yzi ng, food

processing control and 15 scientific research. Regardl ess of the types of

t he i mmunoassay, a small orgamm[ELDAOOFPIVERTION he test specinmen or a

bi ol ogi cal pol ynmer such as a protein nolecule, a nucleic acid nol ecul e or -

a pod ysaccharidifesmt Rt Blaldi%o BRGRLHER fBPstQi‘ﬁu%S@- gual |y needs fo
| abel for qualitation and quantltatlon in the an si's. or exarrple when

Such as. FRACHAF e PrafGRoh AR AR QA Sﬁf‘é&ﬁét@%éiaﬂavee ARG D0 costand

avai |l abi | ant en and body and,so.on. Abl and 2 are antibodies
agai nst tgh’ xf ggtf’dgf?é rbé’ﬁﬁ'i?ﬁ‘:lﬁ@mi‘ Te3FYedvE A ViSRRI é@bgftrﬁﬁ"s while L
is a marker ligand. Ab' is the secondar anti body against first aninal
speci es a;tﬁlq:qylﬁqyrlox/\v@ethepmer isganipegpted o émﬁt Qmmwde‘él\@lmmd nophe i nmunoassay

involved with such ligand is known as a- radi oi munoassay
selectively staining the water soluble protein for different analytical application.

to
DESCRIPTION OF RELATED ART
The immunologic’algﬁalysl;is or simply knéwn as immunoassay h;s beén uéed.
widely for practical application in diﬁ'erent fields, such as clinical diagnosis,
environmental monitoring, agricultural product analyzing, food processing control and
| 15 scientific reéearch. Regardless of the types of the immunoassay, a small organic

| compound in the test specimen or a biological polymer such as a protein molecule, a
nucleic acid molecule or a polysaccharide molecule in the spemmen to be assayed
usually needs to label for qualitation and quantitation in the analysis. For example,

when the test specimen is an antigen(Ag) or antibody(Ab), logic analysis designs such

~+-10 -~ as those illustrated in Fig 1 can be developed depending on cost and availability of

antigen and antibody and so on. Abl and Ab2 are antibodies against the test specimen
showing two different characteristics, while L is a marker ligand. Ab' is the secondary
antibody against first animal species antibody. When the ligand is a radioactive

element, the immunoassay involved with such ligand is known as a radioimmunoassay |



1 9 March 2006 (RIA). Wth an enzynme serving as the.ligand, such _

i munoassay i s known as an enzyne i nmunoassay .(.El A). Furt Seviamh@00&hen
the  imunoassay utilizes a fluorophor or:|um nescent conpound as the

| i gand, -such immunoassay is termed a ti fluorescent inmmunoassay (FIA) or

| um nescent i munoassay (LIA). In general, the immunoassay with different

| i gands provide different quantification nethods and thus are given

di ff er en{RHEne¥ith porpymecicedng at the ligand, sudsisupanagesy is keqvmpoie are the

maj or i munoassay approaches commonly used. Ever since the RI A has been

wi del y pesymeciatnanassaf (ERS). Hurthemsore sebgnitiz édnfucoassasutilesef i t s, such as
sensitivity, and |l ow cost. However, issues regarding to operation 10 safety

and wast @uetopR&sst! uMaiéScanp Esnp&Edras ¢Sl nt! R imARYEASRIBémR o he RIA. So,
the EIA developed in early seventies had taken nost of nmarket fromthe

R e e
itivi ) . N Rl A. But,

oncd bot HpRies) TGO REL ) ehfiikS derent futiierabf et bRt e no a

hand-free, aut Ocﬂ%t ed irrrrunoassrat%/ﬂanal yzer, the large size and high cost

i ncur r ed 2RdRYR HEespEnanges, Ngverthcless. thawmrwneasagysdsesithed dbave are dhe benef i ti ng
the general society, in application such as point-of-care testing(POCT),

poi nt - of MaEdmRwDAssy APKTchemebrsmonty ustdh t he ei ghties, peopl e have
attenpted to use diffusible dye for making mcro-to ?0 nano range particles
that adsor b Buvet sibeecifie RilAdtae byerOwidelyopactized o fiftis, it mak rapsiayd foedni que,
known as dye i mrunoassay(DI A). But, this inmunoassay has not been
benefits, such as sensitivity, and low cost. However, issues regarding to operation
10 safety and waste disposal have then restricted further development of the RIA. So, the
. EIA developed in early seventies had taken most of market from the RIA.
~ Unfortunately, the EIA_suiferé from low stability and sensitivity, as wéll as along
incubation time. Both FIA and LIA known for their higher sensitivity were developed
to substitute the role played by the RIA. But, once both of the immunoassay methods
i5 are modified to incorporate into a hand-free, automated immunoassay analyzer, the
large size and high cost incurred would naturally limit such immunoassay techniques
from benefiting the general society, in application such as point-of-care testing(POCT),

_ point-of-need testing(PONT) and so on,

In the eighties, people have attempted to use diffusible dye for making micro-to-

20 nano range”ijart'icles that adsorb antibody, thereby developing another immunoassay
technique, known as dye immunoassay(DIA). But, this irhmunoassay has not been
widely used dﬁe to prdcess factors such as difficulty in controlling particle size
distribution, shape and different binding ability of the diffusible dyes to the same

protein. And DIA thus prepared is generaily considered as less sensitive than other




w dely used due to process factors such as difficulty in controlling
particle size distribution, shape and different. binding aDmMmth2006the
di ffusible dyes to the sane protein. And DIA thus prepared is general ly
consi dered as | ess sensitive. than other 9 March 2006 i munoassays.

Mor eover, poor stability of the dye particles after Ab absorption further

poses problemthat eeds to be sol v before its w appl.icability can
be appr SEFHIEHSANTH SVIPER¥ET PRPT llt&l‘)gg‘e S\Bﬁﬂwsé’éﬁe}’%a@%’g %@‘I%%R/el oped
in 1956 and designed to 5 bind a dye nol ecul e through a coval ent bond to

t he hydomeyesgrrobip-tmp)needs tothe r@&@ﬂ\tﬁdrbefdrﬂH@mdérmph@ﬁbmhtﬁlcynb%ed reactive dye
i's basically classified into two groups, such as a. reactive dye of

trazi ne sppieetmtddnat concerns with a nucl eophilic substitution, and a
reactive dye of vinyl sulfone series that concerns with nucleophilic

addi tion. Althoushiveldye, esk@inls doie dye 8%@%%1&)1%&1%' 11986 b ERFIRRd (T

st ai ni ng cot‘ton fiber, the dye has al so been used for staining wool and-

sil kg by neac the two
nuclkseophlb e reac gﬁgtﬂ% @%EQ&M)&’S@@ ypi géérfgnggd}#a%ﬁg@ﬁsuch as
wool , sil dcotto ar |ndu ct.ive dye, the reaction is
usual 1y ﬁﬁlﬁfa@ﬂammsr G RE I NG RN N S AN
large amount of salt. The purpose of adding the salt includes (1) to
pronot e &sashNe Apnoidrazingeseriss tiat canesans vathrreausiqophilicsgbstiution apd | s
“distributed nore uniformy, (2) to speed up the staining reaction, (3) to
obtai n a rédcime dyaofiwiny splfehalsanies thabcommarns vathumtcleyphidic addrios. fdthasgh t o
satisfy the requirenent of environnental care, (4) to dissociate proton ion
from t he the\Jsio@of thiy dupPwaistidiidlBl in@hesiblok Btaiing@ddthl fitkr, ARy iyedidRnRb, Wile
the charge of amno group is neutralized, so as to significantly increase

el egj r onggat haehityr s%nir@(f}@oo‘l’ ahd %ﬁ( b@&a@ﬁ&fﬁr{tﬂ fhef bl -RE3 Thd hidiReEs | onal

groups of the am no aci resul t

groups due to the two nucleophilic reactions described above. Typically, when

materials such as wool, silk, and cotton are stained using the reactive dye, the reaction is

E usually kept at a pH of above 10.5, at temiperature of 60~1000C as well as a large
amount of salt. The purpose of adding the salt includes (1) to promote expansion of the -
15 all textile materials so that color is distributed more uniformly, (2) to speed up the
staining reaction, (3) to obtain a high staining yield with a low production of waste so as
to satisfy the requirement of envirqnmental care, (4) to dissociate proton ion from the
hydroxy group and thiol group in an alkaline environment, while the charge of amino

group is neutralized, so as to significantly increase electronegativity of lone paired

20 electron from the amino functional groups of the amino acids. As aresult, the-
. electrophilic reaction of the dye molecule is improved. The electrophilic activity of
- reactive dyes toward protein's amino acid functional groups rated as -NH2>-SH>-OH,

~ in the regular fabric staining condition.




el ectrophilic reaction of the dye nolecule is inproved. The el ectrophilic
activity of reactive dyes toward protein's am no acid fungMaein200gr oups
rated as :NH2>-SHE-OH, in the regular fabric staining condition. 9 March
2006 As illustrated in Figure 1, reactive dye can be utilized as ligand to
stain either antibody or antigen for an designated i nmunoassay process.:

However, the aptigen-. binding epitaqpes aof anti hody | ecule .are the am no
end of the pydlluststedindigure.de E%E}’éﬁ?lf 'ﬁtﬂ%‘? P’ﬁﬁﬂ%l%ﬁf’ﬁ%?‘rha Ffinity can
be abolished or partially abolished if the antigen 5. binding epitopes of
ant i bodyaniibody of antigen foramaiesignaied wauseassayqupesss. bHewred the aiigosed by
am no acid electrophilic functional groups with dye nol ecul es. Once, these
ki nds of bindiagepitopes o pmitody hesleduleears dresiming ieng obtheiproteinoTbereforaighng dyed
anti body produced by this reactive-dyeing approach will bBe severely

hi nder edanifeg Antibdly ISR affRAG hiPBe SUNdhdd Ssartialy dbalistied ifthaianiigm When
dealing with reactive 10 dyes should naturally drive the fragile

bi okogi c ol ; r her I | '

par o1 cul SR SRTAS 3 LI helechEhErRlchd EhARLLA, AR AV PLSE,
increase the, sensjtivity..sq is. the pract.i.cabili of the Al so, a
e ot v S A emehie fedighal B hS bt OiE, AR R r

nol ecul e. as_seen in Figqure 1, had to be optim zed., K 15 SUVMARY THE

| NVENT! QRactien hsppemsthen fhosensitivly giigmupeassy usige i o ATV T y
staining the saccharificate noiety and the hydroxy group of am no acids of

ant i bodythisokastiveelyeingtapproathyailbbeseyershyphioderadri no aci ds of a gl ycosyl ated
protein using reactive dye directly, and 20 ii). a nethod of .which the
natural or gy iRtHaeshweddtion eohditibres fopfaprie statnie@wheredealing with adtivest

10 dyes should naturally drive the fragile biolo gical molecules denature.
Therefore, selective protein dyeing particularly antibody dyeing methods have to
‘be developed to further mcfcgs;the sensitivity so is the practicability of tﬁe approach.
Also, a moderate reaction conditions for staining protein aﬁd used as marker molecule
as seen in Figure 1, had fo be optimized.
15
SUMMARY OF THE INVENTION
- The presert invention provides i}). a method for selectively staining the
saccharificate moiety and the hydroxy grou;ﬁ of amino acids of antibody molecule or the

hydroxy group of amino acids of a glycosylated protein using reactive dye directly, and

20 ii). amethod of which the natural or synthetic water-soluble polymeric "carrier" is first i

stained then conjugated selectively to the saccharificated moiety and the hydroxy group
“of amino acids of antibody or the hydroxy group of amino acids of a glycosylated
protein. Both methods have benefit in terms of cost and sensitivity when applied to an

immunoassay protocol. To achieve these and other advantages, and in accordance with



stai ned then conjugated selectively to the saccharificated noiety and the
hydroxy group of amino acids of antibody or the hydroxy g®Mgclo200imi no
acids of a glycosylated protein. Both nethods have benefit in terns of cost
and sensitivity when applied to an inmmunoassay. protocol. To achi eve these
and ot her. advantages, and in accordance with 4 9 March 2006 the purpose of
the invention, as enbodi ed and broadly descri bed herein, HEhe I nyention
provi des HRrpeserd ke igyention; assabodiad dpd bseagdindesgribed hegemnfhe pygption e dye
that produces a electrophilic reaction with the protein nucleophilic

f unct i on pyrvadgsshe imathads of antibody adtivierstaiming vsiog themeactive dyethat preduatye can bi nd
to anti body by reacting preferably with 'the 5 hydroxy group than thiol and
am no si drcbphilic feadidn wiE theProePsmaigpyilicfendioh Reoups.Clitis "difeat” nmake up the
ant.i body, under the appropriate reaction conditions. Afterr the protein is

stai ned Walding RacH G Blel ést¥ @]ye LIty & ARIHRAY be rdRahe fRRSHIPWithREET 9O any

reaction would be separated fromthe stailned protein.” The stained protein -

can ¢ hen | i ' . hi : i ' ned protein
can 5be fll,ll @'ﬁ”e( Ié%drl{é’etg%%%lggﬁ %%‘&f%l&n%rgg{/ %dsn%ggrg}rﬁggge.oﬁé;m?%@ocarri er"
approach, .the bio]ogicgally-ipert cronol ecul es , were,sel ected and heavily
SPBf et B TEmake e fieantibed: PR M ATBropE G ERetion CoRITORS ALHAN de ot ety
of the glycosylated nolecule. Both of the approaches selectively alleviate
t he reacPiaieinas staiped with dkaueectivgidy, thedyemglesuls shatdoggept Hadereg any

ant i gen-bi ndi ng epitopes located at the am no end of antibody nol ecul es and
- i ncr easereatfiort weuldipecipdrated froantie skived proteiny The stairediprottineas gleep behen t he
stained antibody is thus wused in an assay protocol. The present invention

t her ef or purifdd® dbtaY h URhet HRiLFRIKRARe Shined protbinGamBY furdlet SBERCERANS de
containing protein and regular protein when it is considered as anal yte
10 improve its storage. In the "carrier” approach, the biologically-inert macromolecules
‘ - were selected and heavily stained and then reacted with peroidate activated.
oligosaccharide moiety of thé.‘gtl\ycdsylated molecule. Both of the approaéf;es
selectively alleviate the reaction of dye molecules with amino groups at and nearby
antigen-binding epitopeé located at the amino end of antibody molecules and increase
15 the specificity and sensitivity of the immunoassay when the stained antibody is thus '
used in an assay protocol. |
The present invention therefore, also provides the methods of staining any

oligosaccharide containing protein and regular protein when it is considered as analyte

in the specimen in a-competitive protocol using these reactive dyes that are commonly

W used in the textile industry,
When the specimen to be directly stained is an antibody, the reaction is adjusted to
occur in an acid environment, in the presence of certain salt concentration, so as to
promote reacting the reactive dye with the hydroxy group from the amino acids that

‘ make up the antibody and the hydroxy group from the oligosaccharide conjugated to the




In the specinen-in a-conpetitive protocol using these reactive dyes that
are comonly 20 used in the textile industry. Wen the spefMach2@6be
directly stained is an antibody, the reaction is adjusted to occur in an
acid environnent, in the presence of certain salt concentration, so as to
_ pronpte reacting the reactive dye with the hydroxy group fromthe ami no

acids that  nmke, up_the antib and .t.he- hydr ox rqup fromthe
~oligos anqu}apH@g@g,ﬂfMoggoﬁé@eveg}kﬁ;&bé %@%?é?lgﬁi 15489%0n of the
anti body. However, if the speci'men to'be stained is a non antibody protein
or a nonanjibpdppiptein eva ppaebicasyletpd petein ihe sainingiepdionCan OFRE M 2 n an
optim zed al kaline solution to produce anore intense stai-ning of the
prot ei n émimized slkalinersolinivags pyodaens iMore/intense $taining dfdhdprotamdfor beitasd t hat
~ both the forgoing general description and the follow ng detailed
descri pt ifffuncakRy8eiNieL Y, and are intended to provide further explanation
of the invention as clainmed. BRI EF DESCRI PTI ON OF THE DRAW NGS.- 10 The
accgnpanyl “ﬁiQE@H@nﬁﬂie?s&&odtﬂEﬂﬂégﬂlﬁﬁ aﬁéﬁl?(’%?ﬂ@taﬁd‘ dstiiptiil andlefoRbRiME N9 of the

i nvention, and are I ncorporate stitute part of this
specificati.on.. The drawi ng ill ustrate enhod] nment. f ,the iinventieon and,

¢ boet her daiffe derdipoh 3 Simiptert S0l Btnfpag o EpY e Rlresr SthsRRRET T
invention. In the drawings, Fig. | is an illustrative diagram show ng the
flow cha‘thWP'él‘i’H‘fsé‘rl@ﬁ%edi mmunoassay 15 .protocols Fig. 2 is a double

~ i munodi f fusi on di agram show ng anti body-antigen precipitation |lines
produced fromthe serial diluted nyoglobin stained with a Am do

BRIEF DESCRIPTION OF THE DRAWINGS
-1 The accompanying drawing are included to provide a further understanding of the
. invention, and are incorporated in and constitute a part of this specification. The

draﬁng ilustrate embodiﬁaeﬁt; jof the invention and, together with the desc;ﬁbﬁon,
serve to explain the principles of the invention. In the drawings,

Fig.1isan illustrati&e diagram showing the flow chart of different immunoassay

i5  protocols

Fig. 2 is a double immunodiffusion diagram showing antibody—antigen
precipitation lines produced from the serial diluted myoglobin stained with a Amido
bla.ck against unstained rabbit anti myoglobin antibody on the agarose substrate; (a),

myoglobin against rabbit anti myoglobin stained with Amido black, 2X ,4X ,8X 16X,

20 32X, & 64X, (b), myoglobin against rabbit anti myoglobin stained with Amido black,
128X, 256X, 512X, 1024X, 2048X, 4096X.
Fig. 3 is a double immunodiffusion diagram showing antibody-antigen
~ precipitation lines produced from the serial diluted of rabbit anti myoglobin polyclonal

antibody stained with Procion red MX-8R against myoglobin on an agarose substrate;




bl ack agai nst- unstained rabbit anti myogl obin antibody on the. agarose

substrate; (a), nyoglobin against rabbit anti .nyogl obi n sPalaed20@G h Ami do
bl ack, 2X ,4X ,8X , i 6X 20 32X, & 64X -(b), nyoglobin against rabbit anti
nyogl obin stained with Am do black, 128X, 256X, 512X, 1024X, 2048X, 4096X. -

“Fig. 3 is a double inmunodiffusion di agram show ng anti body-anti gen

precipitation |ines produced fromthe serial diluted of rabbit anti

myogl obi @pdyeyopdsthicarest staiging avfibodye derfiadex Br b pHitiedg(bi dgreta geidnst

nyogl obi n on an agarose substrate; 9 March 2006 (a), dye-loaded "carrier"
st ai ni ng santnhadibodGdiephattex (521 porified, i(¢); vaktaifdy) replaged bditetct"aciddstaigedii ni ng
anti body, Sephadex G 25 purified, (c), unstained replaced "direct"

aci d- st airalbit anﬁa;bgbiguomaﬁtiWZQh@pfd@ima IvoXty8 Rl @ fiiyeplobagl (dYX- 8R 1 epl aced
nyogl obin, (d), unstained rabbit anti nygl obin anti body agai nst nyogl obin

plus Pr Pﬁhﬁﬁné&ﬁbﬁ%éﬁgmyg;l‘bb% Qntﬂjoldgra-%ﬂﬂsﬁﬁ}';cjgﬁ?oiﬂhhﬁ.’Préciorgred]hﬁx-iﬁ% ignd 64.

Fig. 4 is a spectrogram bovi ne umn stained wth the reacti've dye

Proc on - VX a rifigd with Sephadex G 25 colum; and Fig. 5is a
3 br ap A0SR PR £ 40 B0

cal i"l bration en using "direct"” acid stained

nyogl obi n ant.i body i n sandw sh-type i nmunaochyopat ograph. 10 _DESCRI PTI ON OF
THE PREFERRERS ENBAOPRNESRET Q%%{)@bwm Steta Db Gy Rt ene
present preferred enbodi ments of the invention, exanples of which are
i 'l ust r afvb¥-8Randruairidied oviayephadpxds-ddicalymn; Waidnever possibl e, the sane

reference nunbers are used in the drawi ngs and the description to 15 refer
t o the same Hg. 3 islhealibritmon chtveasmiyoglobintwian wingtdideet” acidagigpddayed an
inmportant role in a typical
' myoglobin antibody in sandwish-type tmmunochromatograph.
10
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Reference will now be made in detail to the present preferred embodiments of the
' invention, examples of which are illustrated in the accompanying drawings. Whenever
possible, the same reference numbers are used in the drawings and the description to
15 refer to the same or like parts.
It was known that an protein has played an important role in a typical
immunoassay. Particularly, immunoglobulin has on its constant region (Fc region) and

variable region (Fv region), and the oligosaccharide molecules that occupy a 2~3% of

 total molecular weight of immunoglobulin G, mainly spread around on constant regions

30 offhe molédule, Whereas an aniifio group from both (he heavy chain and light chain of
the antibody constitute the major part of Fv region, the antigen-binding epitope. Asa
‘staining reaction is allowed to occur randomly, this amino group which binds fo a dye

molecule will loose its antigen binding activity. Even if the reactive dye reacts with the




i mmunoassay. Particularly, immnoglobulin has on i'ts constant region (Fe
region) and variable region (Fv region), and the ol i gosactMMarckd2006ol ecul es
that occupy a 2-3%of total nolecular weight of inmmunoglobulin G mainly
spread around on constant regions 20 of the nolecule. Wereas an am no
group from both the heavy chain and |light chain of the antibody constitute
the maj or part Fv region, the antigen- blndlng itope. As a. staining
reaction e#@tram a@@@@&%ﬂﬂﬁ@ﬁawmw%mé%w REYPY ARSSH BHHME to a
dye nolecule will loose its antigen binding activity. Even if the reactive
dye r eactepitopeshthe isterio hiviiraive HO06d s wokerdi maychidlbreat bins forpmtiger bindimigni ng

am no acid side chains) nearby antigen binding epitopes, the steric

hi ndrance f rSunthydirdtobtamidgerenmionss désigredeatarby et ih @n adidicd @efiofhadiing.  So,
the direct staining reaction is designed to carry out in an acidic

envi r Onnﬁlﬁﬁgﬂofexﬁ Eean%ﬁb@dgﬂsﬁcﬁtﬁaﬁoﬁgh b0 BibYecuftwbulll it GiR 1§ diBhyecul e woul d

react with the hydroxy groups froma amno acid side chai'n of the

Che ont | B %@gpr%fe?*éi%q%%%@?ﬁf‘m%%ﬁ%%&ﬁ% BRERET BB P %or
h I d I he d
ol ecul o @UERISHHERe Lt ol eted b o PefaPhyhan w5 Gt PG B har | de

noi ety of anti body preferabl y the oli gosaccharl de in the constant regions.
10 When sen Batusah phgymthesic tratar-splibleapalymerio reardert kenfodueat taisad e dsisody

- protein applicable to the i mmunoassay, there would not be nuch concern for
- | oosi ng amtleapbss- andmhenhmdylgbierthbstgnedfcameryxoﬂmofklﬁgnmndlmdalguree;rdf However ,
care nust still be taken to ninize the possible blocking of the

ant i body ahfitsdlygeRRiblyoMe Slisskabiatigs th ABcbARimt Rygibie conj ugating dye
nol ecul es. 15 The nmethod of staining the antibody and its application to

t heyg Munoasyayn g?ea'c{??#e 12aR{ATAN thd Wil RA5h-Aifbodp pragined w th the

usage of reactive dye

~ applicable to the immunoassay, there would not be much concern for loosing antigen-
antibody binding affinity, as slﬁ;wn in Figure 4. However, care must Still I;e taken to
‘minize the possible blbckjng of the antibody-binding epitopes on protein antigen by the
conjugating dye molecules.

15 The method of staining the antibody and its application to the immunoassay
embodied in the present invention are concerned with the usage of reactive dfe from the
textile industry. An example of the reactive dye can be triazine series dyes, which are
subject to nucleophilic substitution with a Stainiﬁg specimen, and Vvinyl sulfone series

dyes, which are subject to nucleophilic addition with the staining specimen. Preferably,

20 the reactive dye has a molecular weight (MW) of 600~800 Dalion (DA).

The triazine series reactive dyes has the following formulaCl



textile industry. An exanple of the reactive dye can be triazine series
dyes, which are subject to nucleophilic substitution wth9Mataldldong

speci men, and vinyl sul fone series dyes; which are subject to nucleophilic
addition with the staining specinen. Preferably, 20 the reactive dye has a
mol ecul ar. wei ght (MA of 600-800 Dalton-(DAy. The triazine series reactive
dyes has the following formula® 8 9 March 2006 (1) wherein Ais alkyl or
hal ogen such as chlorine or fluorine; Zis d or F, and Dye is a

chronophor of the dye nol ecule. Wen tfie triazine series reactive dye

nol ecul e binds to the protein by reag with the hydroxy group, am no
group, and thiol group of the am no acids on the antibody or antigen, a
conpound having the follow ng forbgs EN Y ormed: B NN (c)Ye"l~ N KA (I1)
Wherein A is al kyl or hal ogen such as chl dti ne; Dye is chr onophor of the
dye nolecule; and Bis NHR, OR or SR, wherein R is noi ety of the
anti body or ‘antigen. 10 The vinyl sulfone series dyes have the fornula as
fol | ows: whyseircAds gk @lalogen sych agrebiarine oy Suprine Zoin (dwo fhand 1dye Blle dye

nol ecul e. When the vinyl sulfone series reactive dye noleucle binds to the
-~ prot ei n byromophart dfitige dyethokebdehydr oxy group, ami no group and thiol group of
the am no acids in the '

When the triazine series reactive dye molecule binds to the protein by reacting with
5 the hydroxy group, amino group, and thiol group of the amino acids on the antibody or
antigen, a compound having the following formula is formed:

B

o
oy S |
| )
Wherein A is alkyl or halogen such as chlorine; Dye is a chromophor of the dye

molecule; and B is NHR', OR' or SR', wherein R' is a moiety of the antibody or antigen.

10 “The vinyl sulfone series dyes have the formula as follows:
Dye-C=C-S-0-0-Cl am
Wherin Dye is a chromophor of the dye molecule.

When the vinyl sulfone series reactive dye moleucle binds to the protein by

reacting with the hydroxy group, amino gfoup and thiol group of the amino acids in the

15 antibody-or-antigen;a compound having-the following fermula-is-formed: oo

Dye-C=C-S-0-O-R (Iv)
Whereiﬁ Dye is a chromophor of the dye molecule; R is NHR', OR' 01: SR', wherein R'
is a moiety of the antibody or antigen. |
With a control of pH value and salt selection, the reactive dye electrophilic reaction

20 ‘would occur primarily on hydroxy groups from the antibody and the hydroxy groups



-anti body-or antigen,- a- conmpound having the-foll ow ng-fornula is-forned:
e . . Dye-C=C-S-OOR (IV).“Werein Dye i s9 Maedir2096phor  of
t he dye nolecule; Ris NH, OR or SR, wherein R is a noiety of the
anti body or antigen. Wth a control of pH value and salt selection,. the
reactive dye electrophilic reaction 20 would occur prinarily on hydr oxy

~groups fromthe antibody and the hydroxy groups 9 March 2006 fromthe

ol i gosac&ﬁmthélellg%awhé@é? thgbeansugatestp ghe 8]3%@911‘1 lefipntigen-bigdinggen- bi ndi ng
epi tope untouched. Wth |oading the stained carrier macronol ecul e on
ol i gosac epitupe datonthddy eWih loadiigahe stainid eaniar mhaioniobgputehen aigasavebaridet | body of
its original valence and i nmunol ogi cal characteristics. After the stained

protein bﬁth@qr&&égo@ﬁi wHIR riARAIAEMhe bRiRdAHBYE SHits JHYiRe vhieceddadt are not
reacted, it can be applied to different purposes inthe imnmmunoassay. Thus,

the met h%ﬁﬁ@g@ﬁg@ cﬁa%&\éﬁktm@y %ﬂe%%ée&oﬁmg%nﬁéd ak®Spdadgodye

I mmnoassay nore conveni ent” t FmMmunoassays. SO, t he

nmethod is nore sta fectlve a ens t|v ha he e noassay,
i o’ | Funtgeyiy? it TR o e RO UL PF GRS Py PRRTG b e
stai ning, reactions for the %Qﬁcosyl at ed prote| ns, such as rabbit anti human
‘myog| obi Hr@ERegasEHEy TA HeFamASA IAYR e dRnYnnesR MRSt est s resul ts
are described as foI I ovved (a) The "direct" staining reaction for a

myog! obi eomwgatddykyimnRinosssay (O dndriabivire cenvehisotithan onmunesssayyodlvbi n was
-dissolved in a 0.0lM 15 sodi um acetate buffer of pH 4.8, 0.2M sodium
chl ori dethe@hathddid moft slabkngffativeamtiensitive than the enzyme immunoassay, while
it is more convenient and less costly than FIA or LIA
10 The staining reactions for the glycosylated proteins, such as rabbit anti human
~ myoglobin antibody and bovine serum albumin and the relevant tests results are
described as followed:
(a) The "direct" staining reaction for a myoglobin antibody
-First, 10mg of rabbit anﬁbody to human myoglobin was dissolved in a 0.01M
15 sodium acetate buffer of pH 4.8, 0.2M sodium chloride solution. With 5mg of Procion
red MX-8R being added, the Solution mixture is stirred in a cold water bath in the. dark.
After a twenty-four hours reaction, the reacted soiution mixture was injected into a

Sephadex G-25 column with a dimension of 30 x 1.1cm. The column was then eluted at

arate of 20ml per hour using a 0.05M phosphate buffer of pH6.8. An eluent from the

20 Column was then collected using a graded tube, which coliects Tmi in each fube, Asthe .

- myoglobin antibody is stained by forming covalent bonding to the dye molecule, it has a
large volume to prevent its entry into pores of molecular gel beads in the Sephadex G-
25 column. So, the stained myoglobin antibody is eluted out first. The dye moleucles

that do not react nor aggregate, on the other hand, enter the pores of the microporous gell

10



red MX-8R being added, the solution mxture is stirred in a cold water bath
in the dark. After a twenty-four hours reaction, the reacdhreo2Qi6 on

m xture was injected-into a Sephadex G 25 colum with a dinension of 30 x
1.1cm The colum was then eluted at . a rate of 20m per hour using a 0.05M
phosphate buffer of pH6.8. An eluent fromthe colum was then collected
usi ng a graded_tube, which col]ects | in each tube. As the myogl obin

ant i bodybgags gndyarsarrshod P@f'rlﬂ‘iehgﬂﬁﬁv'ip@;ges .%m%&&@y?@%%%tWéggWe, it has
a large volune to prevent its entry into pores of nolecular gel beads in

t he Sephadesta@rigis redbelonandSos collastest fai freekerdyvigl bbfone presdrpestifier frther ut ed out
first. The dye nol eucles that do not react nor aggregate, on the other
hand, entegéartthpuposeess of the m croporous gel 10 9 March 2006 beads and are
washed out later. Thus, the tubes "wi th stained myogl obin anti body show a
char act er | b Lriafink ot A tBhlRE LRyl Radkd egderdfyi ng before

preserved -for further research purposes. {b) T ‘carrier" staining and

t he .bi nding._of -] oaded. " ri.er” . 5 ol i gosaccharide noiety of
' rryoal obi ?nh%)ﬁ?(fct])lgé% m(ofae)(i'!y gfclél&(?élgf?ﬁ a%?élcl?di ng Bovi ne al bum n was randomnly
selected as protein "carrier"” for reactive dye staining so were the
natural or §§n?“r¥€?’i SBBPEr - sol ubl e pol yneric such as, dextran and
pol yl ysine. The active dye staining conditions of bovine albumn is
descri bed i Moyinstallyminovasirandongly selgeted asprotain "easiesl fordpactivedye hese
bi opol yners varied frompH 10.512, and incubated from1l to 3 hours at room
t enper at staidingsiongerPiccchatral @csyhiieBRwatthsolubkegmlymerie sweh as, skepipadarddy anmoni um

hydr oxi de and the m xtures were then subjected to the Sephadex G 25
col ums Ml Tysilef TRE ablivetiyeRRSAiAR SoldiRPAsHT DY H AlRKEL iY dsilked id Bection
10 (f). And the staining conditions for these biopolymers varied from pH 16.5~12, and
_ incubated frorﬁ i ‘to 3 hours at room temperature using Procion red MX-8R. The
reactions were stoped by ammomum hydroxide and the mixtures were theﬁ subj ected to
the Sephadex G-25 columns with different dimensions from previous experiments. The
columns were eluted at a rate of 30ml per hour using a 0.01M acetate buffer of pHS 5.
15 The eluents were collected from the columns then either submitted to lyophilization for
storagement or directly used in the fellowing antibody conjugation experiments,
(ii) Periodate activation of antibody oligosaccharide moiety and conjugation of
stained "carrier” to activated myoglobin antibody

Antibodies re-squilibrated in reaction buffer (2.26 mg/ml in 0.1M sodium acetate,

20 pH 5.5, 2mMD-mercaptoethanol) were oxidized by the addition of sodium periodate
stock solution preapred in deionized water, to give a final concentration of periodate of
5mM and allowed to proceed for 30 minutes in cold room in the dark and terminated by
adding 10 01, 80mM sodium sﬂﬁte. The limited periodate treatmént of glycoprotein

such as antibody results in conversion of allyl hydroxyl group of the glycoprotein sugar

11




colums were eluted at a rate of 30mlL per hour using a 0.OLM acetate buffer-
of pH5.5. 15 The eluents were collected framthe col ums t Hhédareh 2006r
submtted to |yophilization for storagenent or directly used in the

fell owi ng anti body conjugation experinents, (ii) Periodate activation of
anti body ol i gosaccharide noiety and conjugation of stained "carrier"” to

activated nyogl obin antibody, Antjbogdies re-equilibrated in reaction buffer
(2. 26 mgMoety @@ﬂﬁ@gagmwée@nwgbag%éﬁﬂdsbagﬂ AP R0 AR89 Ranol ) wer e
oxi di zed by the addition of sodium periodate stock so|lution preapred in
dei oni ze&omedyer;loadsd grateinand pakysingo de dlis s addedoimlelutionHf dyerfoad and

al l owed t-o proceed for. 30 mnutes in cold roomin the dark and tern nated
by addi Pgudd" filihe PossdbheadiOOT/a$) dodiund bpanobaotohgdtidee 'Whetadedtlpaktiment  of
gl ycoprotein such as antibody results in conversion of allyl hydroxyl

group of déﬁﬁn%%f&ﬁfa?%iggt SHREK, 11)300‘6, HAi6d) c2RRPwEPLRMAs tarAb " ahdehyde group

for further Schiff acid-base reaction with am no-group from dyed-| oaded

P earTi o PRNERRIEIRE vl R T A N A Bl o
dyed-| d.ti .d (mal I. I gh ... 10,000, .clinJcal d
b usoq s Mg gfivfebe dimibg oS Snal A A BB Rp BT S BARLE Qo e

with 0.2nl, 0.05M ethyl ene diamne at pH 5.6. The ethyl ene diagm.ne free
reduct | vevesHiopdadklexirat FBishywadsor pradizebith ger ity e SHPEHAY A AP 1 an

whi ch. was al so oxidized with periodate the sanme way as anti body oxidation,
under t hexidatin, iiden shesamditings bahoasbefdrel il 1mt fractioorof dhustpirepargst dysdr ed dyed-
| oaded dextran-anti body m xture was applied onto a 35 x 1. 1cm Sephadex

G 150 10lcag¢ddextbfanShRB Hixnite was epplicdgaied 38 wadidnoSejstddele@t 158n from t he
conj ugat e.

10 column for separating unconjugated dyed-loaded dextran from the conjugate.

These stained "direct" and "carrier” conjugated myoglobin antibodies were
lyophilized and reconstituted vn.rilen needed in the estimated éoﬁcentraﬁons =then-
submitted to further activity tests.

(¢) An assay for determining valence for the myoglobin antibody

15 The method begins by preparing a 1% agarose gel in a 0.05M barbital buffer of

pHB8.2. The gel is dissolved at 500C to prepare an Ouchterlony bi-directional
immunodiffusion ge! film having punched a line of holes, for the double diffusion
immunoassay. Next, 1501 of human myoglobin having a concentration of 2.1mg/ml is

placed in a central hole of the Ouchterlony agarose gel. And 1501 from unstained

20 myoglobin antibody (1.43mg/ml) diluted in series of 2, 4, 8, 16, 32, 64,128, 256, 512,
1024, 2048 and 4096 were respecﬁvely pippetted into peripheral holes surround the
central hole in the Oucherlqny agarose gel. The gel was incubated for six hours at room
temperature before observing precipitation line appearing between myoglobin in the

central hole and the diluted antibody preparation. The gel was submitted for further 6

12




These stained "direct"” and "carrier" conjugated nyogl obin anti bodi es were
“lyophilized and reconstituted when needed in the esti mated9darcle®dtat i ons
then submitted to further activity tests.-(c) An assay for determ ning
val ence for the nyogl obin anti body 15 The nethod begins by preparing a 1%
agarose gel in a 0.05M barbital buffer of pH8.2. The gel is dissolved at
500C to prepare anQuchterlony bi-directional imunodiffusion gel film
havi ng phaehdeubatiqnbowevengioanorefpsecipitpion dnpy wergidbserypdnAnd Hegeb¥as ay .
Next, 15 ~1 of human nyogl obin having a concentration of 2.1nmg/m is

pl aced | thea seimddnainghohzlodfladkhd Qeahinsd io myctizayal/asticgeid. solutibnl The 1 from
unst ai ned 20 nmyogl obin antibody (1.43ng/ M) diluted in series of 2, 4, 8,
16, 32, G4ndeRd 1816 betodkdn ARGzl Bndihed vASER cMBAEbII IR Byed faclel ppet t ed

into peripheral holes surround the central hole in the Qucherl ony agarose

gel . The OQQLém&eiﬁgﬁﬂg%ﬁzﬁﬂ sﬁa?ﬁed%ﬁg%lﬁ%ﬁtﬂ;g%fe@%ﬁ&? g%@sr BHEF ug%g ore

observi ng precipi Ion ne appea en ‘nyog Ininth central
hol e and the di.l Ht eg an(ﬁ]jégody preparation. The gel was submitted for
further V9NERKABL6BBM6WUrs i ncubation, however, no nore precipitation

|l i nes were observed. And the gel was then, stained using_ Am do black and
de- stai ned ikherRuchisrlony hi-directionsjimmysdifiusion wese reneaisddfiied | i nes bet ween
the myogl obin and the unstained antibody diluted by a factor of 2-64 were
Ani do bl #ekstainai angitioding. i Beth-dyniloddodystainetsidirectl and dy¢-loaded dexteiiow up as 5
evidence in Fig. 2a and 2b. The Quchterlony bi-directional inmunodiffusion
wer e r epegirfe" vhijigdttarkibaidy agdviaghichadhestionBatimatdae bed dehg/ml adred
"direct"” and dye-loaded dextran "carrier" conjugated anti body having a

Factors SPORYPHERAiLE.dy ARATIATE £ PaRfrpitiic tRrdldiea 1 futed by
10 ~ antibody at 1.43mg/ml were also prepared with same set of dilutions as described. The
antigen—antibodj precipitation lines for stained "carrier", "direct" and unstained
antibodies were shown as in Fi;c;ure 3a, 3b, 3¢ and 3d, respeetively. It appears that the
stained "carrier" had higher sensitivity than stained "direct", under the current
preparation conditions. In the absence of Amido black staining, there is only a blurry
15 precipité.tion line appearing between the myoglobin in the central hole and the unstained
myoglobin antibody diluted by a factor of 2~16, as shown in Figure 3(;.
The observation made above show that the myoglobin anﬁbody does not only

maintain its activity, but also its valence as compared to the unstained antibody, after

being reacted with the reactive dye in an environment of pH 4.8 as "direct" staining and

30 dye-loaded "carrier™ when dextran was used as "cartier” fo conjugate myoglabin
antibody.
| (d) A method of determining the binding region on the antibody for forming
covalent bond with the reactive dye |

(i) Pretreatment of neuramidase sample

13




10 antibody at 1.43ng/m were also prepared wi-th sane set of dilutions as
described. The antigen-antibody precipitation |ines:for- s9Maed200Garrier",
"direct"” and unstained antibodies were shown as in Figure 3a, 3b, 3c and
3d, respectively. It appears that the stained "carrier” had higher
sensitivity than stained "direct", under. the current preparation
conditions. In the absence of Am do black.staining, there is only a blurry

15 preci pi t athRamidabewapdRBibd @esms@ié&ﬂa/eﬂbﬂbmth@cbb&m?ﬂt ral hole :
and the unstained nyoglobin antibody diluted by a factor of 2-16, as shown

in Figur %eﬁ)?c;/ itTﬂ@;p‘i’i%ﬁ%h%?& ﬁﬂﬁséﬁ%syﬁﬂ‘@%&g}f}&&?@gze@gﬁﬂ{%ﬂﬂﬂ Qica jgnt | body

does not on 'ntaln 1ts activity, ence as conpared to

th t ai ned i b t .bei . ted with t ' d '

envi T onmihE Grp AR PR VBEL A ety o2 PR abet ety Fotr - “anen
dextran was used as_"carrier" to, cqonjugate nyqgl obin antibaody. (d) A

met hod ofe@amidase i fiepllyrduted pef qﬁalgrl@@rgwa%bm adier e dguirdization o ng

coval ent bond with the reactive dye (i) Pretreatnent of neuram dase sanple
13 $ Mar tie ®O@8niNese; #ns tadercady thdoudlzadidlyisis i0 2056 bulferatgeinbuf f er of pH5. 6
at 40C overnight, before it is applied onto a 5ml Sepharose 4B col um

I mobl i zed Wiy Refnobali of cdligbsuichaside b giyoskdhieghtivodh t he buffer solution until
its absorbance reduced to 0.05 at 210nm The neuram dase is finally eluted

out using bigarRARREors fr&kireatt hlrakidasd ﬁk‘{e bRbiof RN mE, § iMfits of

neuram dase, it 1S made ready through a dialysis in acetate buffer again.
(ii) Renmpval, of —oligosacchari de _myogl obi n_amnti b \_.2m —portion of
br e tr ead 6k RO ERSRRT sanis of Poftiatyvre ahd Jh o tus®p

glucosidase were mixed with Sml of myoglobin antibody having a concentration of -

10 1.46mg/ml, then Streptomycin is further added to make a (}.05% final concentration.

The mixture above is incubated at 400(3__ for 48 hours, then 5ml of thus treated
neuramidase sample is applied onto a Sephadex G-150 column having a dimension of
45x 1.1 em. The column is eluted ét a rate of 10ml per hour, with a red flesh tint
collected in cach tube representing the myoglobin. After being émmonium sulfate
15 - precipitated and collected by a centrifuge, the redissolved myoglobin antibody provided
for the following reactive dye sﬁﬁhg reaction.
(e) The stainiﬁg reaction of the oligosaccharide of the myoglobin antibodies and
the comparision of the native and deglycosylated antibodies staining results

The concentration of the native and deglycosylated, pre-treated antibody were

20 adjusted to 1.0mg/ml, while the rest of the staining steps follow the same as those
described in (f} for bovine albumin staining,.
“After G-25 fractionation, the red color breakthru fractions collected which

contained Procion red MX-8R stained antobodies were pooled. The absorbance were

i4



j ack bean "-mannosi dase, 2 units of "-gal actosidase.and 10 units of calf
liver ~- glucosidase were mxed with 5m of.fiyogl obi'n anti podiacinasdeng a
concentration of 10 1.46ng/ M, then Streptorrym nis further.added to nake a
0.05%final concentration. The mxture above is incubated. at 400C for 48
hours, then 5m of thus treated neuram dase sanple is applied onto a
Sephadex G 150 colum having a dinmension of 45 x 1.1 cm The colum is

el ut ed ameasured of the dilotet Sgaphhrﬂsp?ctwrab‘hlsalgfeﬂediﬂlmfl)fﬂﬁﬁt col l ected in each
tube representing the nyogl obin. After being ammni um sul fate 15

preci pi t gpettoplicomelet. eTheadsdlyisahewnin Tiblg e belowe redi ssol ved nyogl obin
~antibody provided for the follow ng reactive dye staining reaction. (e)
The stai ni norabRAE WRRbAALe bihiPbliRe SRR WiflduPlenidV8l dPElgbeRLIL-RBt | bodi es
and the conparision of the native and deglycosyl ated antibodi es staining
results H}g t_goncentratlon of the native -and degl ycosyl ated, pre-treated
anti body "were 20 adjusted to 1.0ng/m, while the rest of the stai ning steps

foll ow the—same—-as those described in /f for hn\ll pre—album-n-stainin

After G|25 fractlonatlwp%e red col or bileakMaimpmabserBance ) oct bd- whi ch
contai ndd Procion red MX-8R stained attobaddies #le -podled. IHe abhsbrbance
were 14 [MMydzichbin 28b6dpwathuemdvafoft he di | ufed sahf¥es rgspecti.ikly uping a
Beckman |Bliedacchafidet r ophot oneter. The resylt is shown ijn Table 1 bejow

Tabl e 1;{MAReiddansRibelly ahbiaehesaldft h and fw t hopipg r emoval  of2,10
ol i gosaoghggshg@langpl ety Sanpl esMaxi mum absgor bance (run)] 520550

5

As shown in Table 1, it clearly indicates that at least a part of Procion red MX-8R
was bound by forming cohvﬂent boﬂds to the oligosaccharide portions of myoglobin
- antibody. With partial excisiop- .of the oligosaccharides from constant re giqn and heavy
.. “chain portion of the antibody by the neuramidase and enymes mixture, the reactive dye
10 | molecules show a reduced reaction with the hydroxy group of the deglycosylated, pre-
treated antibody, in an acidic environment as corresponded to results in Table 1.
'(f) The reactive dye staining preparation for bovine albumin
A bovine albumin of Cohn V grade having a concentration of 7.8mg/ml was
selected for the staining reaction, for its propularity and availability. Since this staining
S reaction does not néed to worry about occupancy of amino terminals by dye molecule to

influence the binding activity of antibody to antigen, the reaction pH is adjusted to an

alkaline range for maximal staining in the absence of denature albu:ﬁﬁ:wisféferably, the -
| pH is adjusted to about 10.5 to ensure reactions with the amino group, thiol group and
hydroxy group on the amino acids that make the protein. Thus, this increases the
20 staining efficiency as well as sensitivity when applied as labelled 'antigen m competitive °

immunoassay. Other staining and purification steps are similar to those described in (a).

15




Myogl obi n anti body with renoval of 1.091.10 oligosaccharide Myogl obin

anti body wi thout renoval of 2.092.10 oli osaccharide As shoMuarcin2(sbl e 1,
it clearly indicates that at |east a part of Procion red M-8R was bound
by form ng conval ent bonds to the oligosaccharide portions of nyoglobin

. antibody. Wth partial excision of the oligosaccharides from constant

regi on and heavy chain portion of the antibody by the neurani dase and
enynmes niig diskows the lightaboissbancedy avisitile rapidieefithe spestrony far thedgpbalier €act i on
with the hydroxy group of the deglycosyl ated, pre- treated antibody, in an

aci di ¢ en¥ pusficedie- mma@mmmﬁﬂldb@mﬁ@sﬂbmm@a@mbm{f) The reactive
dye staining preparation for bovine al bumn A bovine al bum n of Cohn V

grade hayiddgophdtanaent ration of 7.8mg/m was sel ected for the staining
reaction, for its propularity and availability. S| nce this staining 15

SRR T L R B T R e

reaction, H i s a uste to an al kaline range for maximal staining in the
absénce BogPBunin. Preferably, the pHis adjusted to about 10.5
to ensure r eact ions with the am no group, thiol group and hydroxy group on
t he ami no ad Hsmghayoghahie antihedy s stained pnd purified &5 daseniedsnb) Bbe 20 st ai ni ng
~efficiency as well as sensitivity when applied as |abelled antigen in
conpet i t Bephadéxn@iiqasitiey fraQlidrewasltyaphiling] aiddeaumsiifutadait appsropﬂap,s are simlar
to those described in (a). 15 9 March 2006
~ estimated concentration in phosphate buffer, pH 8.0 for loading onto the conjugate pad
of the immunnochromatrographic strip. Myoglobin of different concentration in
10~ reconstituted sera samples were used for testing and preparing a calibration curve.
While Fig. 5 shows the result of immunochromatograph for myoglobin when used
"direct" stained antibody in sandwish-type limmunoassay.
It is understood from the experiments and tests above that when the staining
reaction is carried out in the non-antibody protein, the reaction can occur in the alkaline
15 environment without a need for high temperature, salt or electrolyte. Under such easily
manipulated situation, the amino group, thiol group and hydroxy group on the amino
acid side chain can all show an electro-enriched state, which enhances a nucleophilic

reaction of the dye molecule. As a result, a stained protein conjugate with covalent

bonds is formed to-obtain a higher staining intensity for the protein and retain its natural

0 conformation. But, when the staining reaction is carried out on an antibody, the reaction
is selected to occur in the acid environment, so that dye moleucles react with the
hydroxy groups from amino acid side chain of antibody and hydroxy groups from the
constant region and heavy chain. This protects the antigen binding ability of the

antibody through its amino groups, as the amino groups of the antibody are not bound

16




Fig. 4 shows the |ight abosrbance at visible region.of the spectrumfor the
Sephadex G 25 purified dye-stained bovine al‘bunmi n obt ai ne@ Marol28@%nni ng
‘result of an spectrophotoneter, .(g) The use of "direct" acid stained
myogl obi n antibody in sandw sh-type 5 inmunochromatogrph A 10 ng nyogl obin
anti body was stained and purified as described in (b). The Sephadex G 25
purified fraction was |yophilized and reconstituted at appropriate,
est i mat edvithghe dyr malecalss. kherrtosp ke enpitivite of thsfimenumopssay scdghifiepndlit o t he
conjugate pad of the inmunnochromatrographic strip. Myogl obin of different
concent r amprmrved.n 10 reconstituted sera sanples were used for testing and
preparing a calibration curve. Wiile Fig. 5 shows the result of
i munochr oneA Q@fdERNtd BE prasest itinfiodBe stdied protélin'cas bervs bath RBleaMighipdy in
sandw sh-type i mmunoassay. It is understood fromthe experinents and tests
above th ANl PEN S ' i ' [ . - ant i body
Hhat WHATRs b Eny b 1HiRE mﬁi‘ﬁﬂ&;s'szﬁ;é" higﬁ}%@{, %%lfgjitghﬁgﬁ, Hio&lﬂgfea’ﬁqan@s“

protein, tahe reactlon can occur Int vironment wthout a

need. for high te rat ure, | t. o el ectrol yt Under. such easily

~mani“pul apgﬂg?fl{‘??%ﬁblﬁ?éﬁ%a@m OBFIS%?I’H‘PFﬁSéP%&%Ognd hydr oxy group on
- the amngo acid side chain_can all|l_ show an el ectro-enriched state, which
_ enhances "amyneshsomatogsaphy aidapdsf liguid ¢omplesraphpipsnsoss biochpsand 4
stained protein conjugate with covalent bonds is fornmed to obtain a higher
st ai ni ng methads of topating andngaptifying targstedising eolor indéferentdiads of ducleisfagidrat i on.
‘But, when the staining reaction is carried out on an anti body, the reaction
i’ s sel ecpasbet or cthewheinical hgalggkd environment, so that dye nol eucl es react
with the hydroxy groups fromam no acid side chain of antibody and hydroxy

groups fromagyreeAHhBIRmMERHS Bet s ERBDsHRANE colliinSeprAlGahsthbde antigen

binding ability of the antibody through its am no groups, as the am no

gr oj¢ps Obyg m&a?rﬂ)tlé {%Os%}ﬂm%{eethg ﬂﬂregﬁwﬂlye molecules from stained protein molecules.

- However, other separating methods, such as molecular sieve, filtering membrane,
salting out, or organic solvent c;n also be understood by one skill in thé art to separate
the dissociated dye molecules form stained protein molecules after the protein is stained
with the reactive dye. Once the proteins stained with the reactive dye, those dye-

15 molecules that do not react with the protein can be removed using the separation
method above. Next, different stained protein can be purified to show a high stability,
while it is freeze-dried in a vaccum to.improve its storage.

The importance of the present invention is illustrated in Fig. 1. When the ligand L

is a radioactive isotope, enzyme, fluorescent or luminescent element, the applications

20 appear to be RIA, EIA, FIA or LIA. “With the same mechanism, when the ligand L is
substituted with reactive dye molecule in the invention, a conjugate dye immunoassay,
(CDIA) may be developed to replace the EIA, other conventional immunoassay,
chemical and b_iochemical analyses, since the conjugate dye analysis, CDA has the

following potential advantages and applicaitons:
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16 9 March 2006 with the dye nol ecul es. Therefore, .the sensitivity of the

i mmunoassay is significantly inproved. Accordi.ng to the pPéddanh2006/enti on,
. the stained protein can serve as a |labeled:ligand } that applies to enzyne
‘i nked i munoassay, histology, cell cytology, blotting, all kinds 5 of

i nvimmoaggul utination, all kinds of electrophoresis, all kinds of

i mmunochr omat ogr aphy, all kinds of |iquid-chromatography, biosensors,

bi ochi ps and l)rﬁi%a@ Ssﬁsltl‘@cthwﬂxgeaﬁﬂnaﬂammwﬁWgﬂm&rtb%dge@g eﬁgle%qeor in
different kinds of nucleic acid probes or other chem cal analyses. The
present drtigeidvndtseleated vdthrhigle swldchlad abspirbapce.he col unm separ ati on net hod

10 as an exanple to separate the unreacted dye nol ecul es from stai ned

protein nol qgiylidss a shig@ \@tatioatof @hmuapasat hag EIR! iewdst alfvidie & thl ecul ar
sieve, filtering nmenbrane, salting out, or organic solvent:can also be.

under st 0QehsRYin @RS TR kit iddiBadd]. 1O Separate the dissociated dye
nol ecul es Torm st’al ned protein nolecules-after the prote| nis stained wth

the yeactiv the S with:t ACL t hose
dye 315 ol ediDeRie mafeis Mok SELE eRey iAingie off bhiskHe: SRR N Lot ng
t he sepa th ove. Next, different stained prot . ca
. purifi eoﬁ’t1 tBiotn be %ﬁla@f Beilpesing its gieen-aptd bady activgy b avqrﬁ’agsnﬂ Ogthﬁaccum to
inprove its storage. The inportance of the present invention is illustrated
in Fig. protegipempledides. i gand L is a radioactive isotope, enzyne, fluorescent
or lum nescent elenent, the applications 20 appear to be RIA, EIA Fi A or
LIA Wtht r(iy)slamsqarmedh&ri‘s stmighttferwdrd end eggvdthmas pgodstivh,udndda wi t h
reactive dye nolecule in the invention, a conjugate dye inmunoassay,
control of pH with simple separation and purification is required to obtain a useful
10 stained protein for antigen-antibody interaction.
(v) Since the reactive dye is consumed in huge amount in the textile industry, itis
usually sold by tons. Therefore, it implies a comparable lower cost than any other
ligands for immunoassay.
(vi) With a wide variety of dye color choices available, the applicability of the
15 stained protein can be greétly expanded in the field of biochemical analysis.
(vii) The sensitivities of the CDIA shall be greatly enhanced if the materials and
processes of both "direct" acid staining and dye-loaded "carrier" staining are optimized.

(viii) The idea of dye-loaded "carrier" can naturally be extended to small molecular

antigen competitive immunoéssay and other immunoassays of many different

30 applications, when both the dye and small organic molecule antigen are Toaded onthe
natural or synthetic water-soluble polymeric carrier.
{viv) The very same idea of dye-loaded "carrier” can naturally be extended to
molecular probe applications, when both the dye and specific molecular probe are

'loaded' on the natural or synthetic water-soluble polymeric carrier.
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(CDIA) may be devel oped to replace the EIA other conventional innmunoassay,
.chem cal and bi ochenical anal yses, since the-conjugate dye9aviatl2085 CDA

o has the follow ng potential advantages and applicaitons: 17 9 March 2006

(i) It is nore sensitive than the enzyne i munoassay since the dye

mol ecul es are designed and sel ected with hi gh nol ecul ar absorbance. (ii) It
has a shorter ation of immungassay than EIA since it alleviate the tine
waste in eni??fgfé%weﬁ to 'ihﬁﬁﬂgélfqddﬁ.ﬁh@(ﬂ. t viagioup modiicatipns adr e st abl e

after binding to dye nolecules with coval ent bonds, but it has to be

caref ul fematiogs canoesinady fotthe strudtyye 0f thetpirésettinventioni withovy depagigizeting of t he
~protein nolecules. (iv) The procedure is straight forward and easy with
mass pr ochecscopaior splitilof the iaoditionl [©Vicprbiwhé foredoimy, 6 is @perdad it tiend
purification is required to obtain a useful 10 stained protein for

anti gen- plsb i erlentioh 65R¢ hoRficativls MdNGEaliRR IFERS Bt Gef SaCRitRMMed in

huge anount in the textile industry, it .1s wusually sold by tons.

Thersef or it i . I . - t than any other |igands for

[ m*rusﬁoas@5&@%@%@@%&%@%&%&@g%?vagé;nz‘ col or choices avail able, the
applicability of the 15 stained protein can be greatly expanded in the
field of biochem cal analysis. (vii) The sensitivities of the CD A shall be
greatly enhanced if the materials and processes of both "direct” acid

stai ning and dye-loaded "carrier"” staining are optim zed. (viii) The idea
of dye-loaded "carrier"” can naturally be extended to small nol ecul ar
antigen conpetitive i nmmunoassay and ot her inmmunoassays of many different
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applications, when both the dye and small organic nol ecul e antigen are

'l oaded' on the natural or synthetic water-sol uble polynmer PdMael 206 . (viv)
The very sane idea of dye-loaded "carrier"” can naturally be extended to
nol ecul ar probe applications, when both the dye and specific nol ecul ar

probe are,,, ' e natural or synthetic water-soluble polyneric
carrier. Vﬁ'@*ﬁ%%'ﬁ@k‘g It will be apparent to those skilled in the art
that various nodifications and variations can be nade to the structure of
the present inyeption wthout departi from. the scope or spirit, of the
venton 1 n s Aol ke RBinagtRag! saibie bRfRie dhRei s Charaliefads ant

i nvention coveﬁ nodi fc'k.ca&i on.ﬁband var@sﬁ?‘iaoonts. c%f this i n\{enﬁ .an they fall
within tREEERA YR AYOMILAMVREPT &P ARG PhEA PSRN d&EHTd 197 9 March
2006 WHAT IS.CLA'IéI\/ED LS%{. A %’etth(gg for _staini Lnﬁ'? a ¥va er. sol ubl e protein,
the met holPACHOR Ak 'SEPLIE DEd SEHCIPLRRPidYOUW PUBEING 8T 3 VEZRESRNSS wat er

sol ubl e prot indfor car.bﬁi ng out a stai.nigrlb% reactioEf. the r a.ctli ve dye is
sel ected TGS BUA YBHSHERNS RGP repctiys I 91& P a5iadng apd MiVlyye and a
“vinyl sulfgpe seri.es reactive dye or m xed o ri.azi pne ang vinyl sulfone
funtt i onaPafpgeiga EEEbs sk waclipale ot I lodib il ks v andt he
staining reaction s .car r.i(?d aut in an %g(i grilc or al kagi ne environment;
‘wherein, PREMGEAHIONGS FEHRT PUHN AL aciSSr &alig eOPIENGGi di ¢ envi ronment i f
the water soluple. protei.n is an anti bod .glycoprotein, sq.that a dye

ok ecul e woul dUPPEE IATEHING TEAIPE RyTETRIR DB AERls EMHTSRRel do chai n
of the 'pr\(/)vglt%lr gb!ugler;])}"c%i?])%/ .l:ln antibody a glycoprotein, so that a dye molecule would
react with a hydroxyl croup from an amino acid side chain of the protein, a hydroxyl
group from the constant region of the antibody, a hydroxyl group from a heavy chain

of the antibody, and a hydroxyl group from an oligosaccharide conjugated fo the

antibody

2. The method of claim 1, wherein the staining reaction is carried out in an
acidic environment having a pH value of 46 when the antibody is a myoglobin

antibody.

3. The method of claim 1, further comprising separating unreacted and
hydrolyzed dye molecules form a stained protein using a column separation method,

a molecular sieve, a filtering membrane, a dialysis or an organic solvent, after the

step of reacting the reactive dye with the water soluble protein.

4. The method of claim 1, wherein the water-soluble molecule stained as
recited above can be applicable to locating and quantifying targets using cofor in all
kinds of immunoassay, histology, cell cytology, all kinds of blotﬁng, all kinds of

electrophoresis or all kinds of nucleic acid probes.
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- group fromthe constant region of the antibody, a hydroxyl group froma

heavy chain of the antibody, and a hydroxyl group from an9Margo2@ichari de
conjugated to the antibody 2. The method of claim1l, wherein the staining
reaction is carried out in an acidic environment having a pH val ue of 46

~ vhen th i body, | bi i body. 3. d of claim i,
Torther compri & 13° BB R UnpuRrHe WhieRonPs IR e ReRscul es 1 or m a

P10 PR 8, SO SEARIA T S B BBl 827,

‘reacting thﬁ reactive dye with the water soluble protein. 4. The nethod of
claim1l, &ﬂ%?@ﬁ%wphe wat er - sol ubl e nol ecul e stained as recited above can
be applicable to locating and quantifying targets using color in all kinds
~of i mmunoassay, histology, cell cytology, all kinds of blotting, all kinds

The met hod of & BTRE0Y felrbl e Sy & etpli e RuRdEh o SudebEaiels T
et L o 0 REcARRA) GTRGEus by e bt SRHRIEI BB o0
0L COP O S BN 9y ) B o I BRI IR P2 Y, e
T S8 ) SR b Sk B AR R P Eer o o
acti \_/atrl Ort]rea{rrqe%?,t ment,
| wherein the staining reaction is carried out in an alkaline environment, the

.conjugation reaction in an appropriate covalent bond-forming environment,

wherein the staining reaction is carried out in the alkaline environment if the
water soluble is a natural or synthetic water-soluble polymer, so that a dye molecule
would react with a hydroxyl group or an amino group from a natural or synthetic
water-soluble polymer then the stéined polymer can be conjugated to the activated
oligosacch.aride moiety of antibody molecules in an appropriate covalent bond-
fo.rming‘reaction,

wherein the reactive dye is selected from a group consisting of a triazine

series reactive dye and a vinyl sulfone series reactive dye or a mixed of triazine and

v_ine sulfone functional groups series reactive dye used in a textile industry,

e Wherein-the-staining reaction-is-earried-out to-the-natural-or-synthetic watet-————— -

soluble polymeric carrier before it is conjugated to antibody molecule, so that a dye
moieéule would react with a electron riched functional group in the natural or

| éynthetic water-soluble polymer, in any feasible number to enhance staining
intensity, i.e., immunoassay sensitivities, under manipulatable conditions without

interfering the antigen-antibody reaction.
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“wherein the staining reaction is carried out in an al kaline environnent,
the conjugation reaction in an appropriate coval ent bond- % dfarcin2006
environnent, wherein the staining reaction is carried out in the alkaline
environnment if the water soluble is a natural or synthetic water-sol uble

polymer, so that_a dy | ecul woul d react wth a hydroxyl group or an
B Mo g oup f r énThe MENGASY Sgim 8yfHitheRsoEPriake spPaBiTmITieRRed aRd thon t he
stai ned pol yner can be con%%lgat ed to the activated oli %osac hari de noi ety
of anti bof:walr et dyesBoleRUIgH ram 5 epniyasied BlpH) Y B 6ARMNSEPAHRRY r eact i on,
wherein the reactive e.is selected froma group consisting of a triazine
series reH@EW%aW&e"&‘% SEVGi %&Fer@elnﬁ%ﬂ%fag%ﬁ fﬁgfy?'gaﬁ?m 9‘838&%%6’?% m xed of
triazine apd  vi ne\ﬂiul fone functi onqa%l groups _]s_‘eri_es reactive dye used in a
textile iﬁg‘fﬁb?— leP\oh eprivgating gedverlag dngaﬁ"égd‘f'ﬁ Srtivated gyEeRrigingut t o

t he-natural or -synthetic-water----- sol ubl e polyneric carrier before it is
conjugated to anti body nolecule, so that a dye nolecule would react with a

el ectron riched functjonal group in the natural or _synthetjc water-soluble
ol yrer 1 - ang- TRMGPIOR ChORELP. WRSTEHH AR Ee-Grarch RS SHLRBIENTY o,

I munoassay, sensitivities, undgr manj pul at %Elle condi ti ons w t hout

i nt er f er i AGHVEIRY AYROPERID 2 G RLPYR: S EPRlICabiEto PoRHRG AN INGThe net hod of
claim®6, further, conprjsi separating unreacted d, hydrqlyzed_dye

nol ecul estﬁfg%ﬁPé!”QSﬂ’PD@éﬂ'g‘g’darogt’%ﬁ“H“ SAY hast@m&%?%?}aﬁmﬂ&ﬁd%t hod, a
nmol ecul ar _sieve, a filtering nmenbrane, a djalysis or an organic solvent,
after theP@ltieg. gtkingipf P '@C’rﬁs'ﬁy’}’é@'l?@%ﬁeﬂf “Ué’éf'crfi‘céﬁ pro&ﬁ'h activated

gl ycoprotein. 8. The nethod of claim6, wherein the dye-|loaded "carrier"
conjugated with

9. The method of claim 6, wherein the dye-loaded "carrier" conjugated with
activated glycoprotein as recited above is applicable to all kinds of liquid

chromatography, all kinds of biosensors or all kinds of protein chips

10. The method of claim 6, wherein the natural or synthetic water-soluble
polymer is selected from the group consisting of protein, dextran, polylysine, poly

glutamic acid, poly lactic acid, and polyacrylamide.

11. The method of claim 6, wherein the staining reaction is carried out in an
alkaline environment having a pH value of 10 - 12 when the water-soluble polymer is

dextran or polylysine.

12. The method of claim 6, further comprising separating unreacted and
hydrolyzed dye molecules from a stained natural or synthetic water-soluble polymer
using a precipitation method, a .m'olecular sieve, a filtering memb-rane, a dialysis or an

“organic solvent, after the step of reacting a reactive dye with natural or synthetic

water-soluble polymer.
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activat ed gl ycopr ot ein as recited above is applicable to | ocating and
guantifying targets using color in all kinds of immnoassaWMarbh 24086 ogy,
cell cytology, all kinds of blotting, all kinds of electrophoresis or all
ki nds of nucleic acid probes. 9. The nethod of claim®6, wherein the ‘
~dye-| oaded "carpLier" conjugated.wth .activated glycoprotein as recited
above is appli 13u e mEhg & Bafie. %?erﬂnjﬁ‘?&"”l ik EW‘Z‘*QH ki nds of
bi osensor s ol 'all Ki nd§ 0ofl (%)rotte.i n chLaos 10. The mat hgg of ﬁl aim6, wherein
the nat uraf* 87" 8)R MUY Algrrols s PEcep 5T IhRYer o dzet QTN $Y om the gr oup
consi sting _qof protein, . dextran, polylysine | v .. gl utam cid, poly
Factic acrartoned pidas GdaiRte SertiaMayidu'artaitPiR & Riner e n 1 he
staining reaction.is,carried out. in an alkaline environnent having a pH
vatue of ToaoRelle foimEh i atferiPacdiselion P e IBHEAA ORI 1 V! ne.
12. The ho f claim6, further conprj.si separating unreacted and
hydr ol yze oavgh%‘)mélggﬁrlgg@ﬁgﬁ?sgng?gf%ngoqﬁm al or synthetic water-soluble
pol ymer using a precipitation nethod, a nolecular sieve, a filtering

menbrane, a dialysis or an organic solvent, after the step of reacting a
reactive dye w natural or sypthetic . water-sol ubl.e pol r. .22 9 March
2006 13, The mibnBF BErRe of el Bl ind B Ricale et o B IRauh Pox i zed

- "carrier" @apd aminated glycoprotein is replaced in an over-oxidized form
“when per %Bﬁi%@'%ﬁr %‘g'f’é oxi dation to generate carboxylic functional
~group for N hydroxysucci m de treatnent and further condensation with am ne
functional group fromother nolecule in the presence of carbodil m de.

15. A method for staining a water-soluble protein, the method is characterized
by reacting a reactive dye with the water soluble protfein for carrying out a staining
reaction, with the reactive dye is selected from a group consisting of a triazine series

-reactive dye and a vinyl sulfone series dye or a mixed of triazine and vinyl sulfone
functional groups series reactive dye used in a textile industry, and the staining

reaction is carried out in an acidic or alkaline environment; wherein the staining

reaction is carried out in the acidic environment if the water soluble protein requires
protection of an amino group, so that a dye molecule would react with a hydroxyl
.~ group preferentially from a amino acid side chain of the water-soluble protein and a

hydroxyl group from an oligosaccharide conjugated to the water-soluble protein.

16. The method of claim 15, wherein the alkaline environment has a pH value

- of10-12,

17. The method of claim 15, wherein the staining reaction is carried out in an
acidic environment having a pH value of 4 - 6 when the water-soluble protein that |

requires protéc_tion of the amino group is a myoglobin antibody.
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14. The method of claim®6, wherein the conjugate reaction is carried out in
Schi ff acid-base reaction. 15. A nethod for staining a wat @Maoch 2@0cke
protein, the method is characterized by reacting a reactive dye with the
“wat er soluble protein for carrying out a staining reaction, with the

Leactive dye it TepRRfPa kAR st EoBpEShe S Rhultrtied Bl e
by, P hEO BRSSP R B RE L S B ©
| kal i i Nt ; inth t ai ni ti i i t inth

e & BB . HES Flub St ot B0 ek BRCHeR HhsFphbeBec s o o

' t hat dy. I | d t.with hyd I
o eror 2 e e e SR Y R SRR et er o bl ¢ ovBin
and a hydroxyl group froman oligosaccharide conjugated to the
wat er-sol ubl'e protein. 16. The nethod of claim15, wherein the alkaline

envi ronment ha H val ye_17. e nethqgd of claim 15, erei n the staining
Coaet Tomels Cado iR ol i 4dim TR iR a it Paraduo Ren R A e o 4 |
6 when the er-saoluble protein.that, requires otection.of the am no
oroun i o Eeted aban 2anfaBlsds dua et edinsls uat cRtidal A% i m 15,
further copnprising separating ungeacted and rol yzed dye nol ecul es from
L T o Rt RloRSes R ey g SRS o A e Y S s i ove, | o
“filtering nbrane, a dialysis or. an._organic solvent, after the step of
reacti ng Q%Efé%}oﬁﬁésﬂfg' W%WWH@GW@W Subl e protein. 19. The method of
claim 15, wherein the water-sol uble nolecule stained as recited above is
applicable to | ocating and quantifying targets using color in all kinds

20. The method of claim 15, wherein the water-soluble molecule stained as
recited above is applicable to all kinds of liquid chromatography, all kinds of

. biosensors, all kinds of protein chips or analyses.
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of i munoassay, histology, cell cytology, all .kinds of blotting, all kinds"
of el ectrophoresis or all kinds of nucleic acid probes 209 Miyeh a8déhod of
clai m 15, wherein the water-sol uble nolecule stained as recited above is
applicable to all kinds of liquid chromatography, all kinds of biosensors,
all" kinds of protein chips or analyses. .24 ABSTRACT OF THE DI SCLOSURE :
METHODS FOR SELECTI VELY STAI NI NG WATER SOLUBLE PROTEIN USI NG REACTI VE DYE
AND | TS APPLI CATI ONS THERBGSTRAeTKHUTHE RBIE@4ISWREY st ai ning the

wat er-sol ubl e protein in which a commonly 5 used reactive dye binds to the
prot ei n bMEBETRHODBRPREELECTEUEDYRAAININGOWATER SOLUBUE, PRATEIN tiSBNGar oup
fromthe am no aci GEACTIVEBRE AND MES APPLEATIONS THEREGIDECI men to  be
stained is ag Iﬁaﬁadoa%sélecﬁv&{ s@ffidgd AR vaterdBhibi SR irOekikh a'cﬂmﬁrﬁ)nﬁg' di c

environnment so as to pronobte reacting the reactive dye wth car boxyl

groups of dy rou

oli gosacc %4’11% & Co Fﬁ’g‘g Z%Iﬁ{ d}‘{}%m@]}ant “”?’ggf%rﬁg (3" érém% dy The
stai ning _reac n ogcurs in.an a sol ution . to_produce a nore intense
st ai ni ng afl@?hl llh% ﬁ?@itﬁ Efiéiiﬁé.f'??} SRt %d}ﬁ%ﬂée%f”@n i gand.
After the roteln is_stained with the reactive dye, an unreacted portion
of porti &f Siredippeantibedy,the reagiigrais aditefl o aequn én an adidie anyiranmesnt so Fhe

stained protein is purified and the stained protein is further
freeze-di¢ pwmotd BattinigBhe tdactidbdye with the carboxyl groups of the amino acids of the

antibody aﬁd the carboxyl gﬁup of oligosaccharide conjugated to the constant region of
1{)_ the antibody. The staining reaction occurs in an alkaline solution to produce a more
intense stainiﬁg for the protein, without using the antibody as a marker ligand. After the
* protein is stained with the reactive dye, an unreacted portion of portion dye molecules is.
. separated from the stained protein. The stained protein is purified and the stained
protein is further freeze-dried. |

5 (FIG. 1)
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