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 1
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 |



9 March 2006 (RIA). Wth an enzyne serving as-the’l.igand, such i mMmunoassay
is known as an enzynme i munoassay (ElA). Furthernore, wher® Maeh 2006

i munoassay utilizes a fluorophor or |um nescent conpound as the |igand,
such i munoassay is ternmed a ti fluorescent inmmunoassay (FIA) or

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

| i gands provide different quantification methods 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 MaEdMEEWEassey APKTIchenehrgmonky uséd t he ei ghties, peopl e have
attenpted to use diffusible dye for making mcro-to ?0 nano range particles
that adsor b Bwet sibeijic RiAdiae byerowidelyopractiped o fifting, it wak ragsiayd fogdbni que, _
known as dye i mrunoassay(DI A). But, this inmunoassay has not been widely

O St D R e N Tl e et T @ e " yes (o
thggs aAMBgafety and waste _di3posa1 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;suigeré from low stébility and sensitivity, as weil as a long
incubétion time. Both FIA and LIA known for their higher sensitivity were developed
to.substitute the role plﬁyed by the RTA. 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




protein. And DI A thus prepared is generally considered as | ess sensitive.
than other 9 March 2006 i munoassays. Moreoyer, poor stabi BiMuch208the dye
particles after Ab absorption further poses problemthat needs to be
resolved before its wider applicability can be appreciated. The reactive
dye, al so known as active dye, was devel-oped in 1956 and designed to 5

bi nd a dye nol ecul e t hrough a covyal ent. _bopd to, the hydor roup(-OH) of

t he cot t JRUIYIOREAYS. M@fe%?ﬁrﬁ?ﬂf?’ﬂ@éﬂ ‘?%31& YF Partifies afist ggs”%‘%{gﬁl‘gﬂ gsified
into two groups, such as a. reactive dye of trazine series that concerns
with a noebesappblemghatuissds toldeireselvedrigfare its sddariappliehpdlityicavbery|  sul f one
series that concerns with nucleophilic addition. Although: the design of

t he dye wppreofategli nal |y i ntended for staining cotton fiber, the dye has al so
10 been used for staining wool and silk by reacting with the ani no(NH2) and

thi ol (- S EOuAGHE B! fsd Rl dH0L 8ARNsI6veIeRRt 086 depacsidied above.

Typically, when materials such as wool, , cotton are stained using-

t he g eacty: e I ' ' Y .5, at
torpor at s BEnoli Bk 2P el BRI inE BRlorRl oPcD, AU Gl 0 21 oy
addi ng t salt includes (1) t.0o promte nsi .O0f the 15 all textile
mat et al 41068 ik SbREGY ved s Pl R o R NL D i RO BERA up t he
staining reaction, (3) to obtain a high staining yield with a |ow

product i dgacEve deeseidrazineseries hakeancemy withe nusiipphiiesabstigptian ¢ad nnent al

" care, (4) to dissociate proton ion fromthe hydroxy group and thiol group
i'n an al kedciimedynof vioylrmstfone seiniek ¢hat bancehavgth mfclenphile agdisiop. iAdthoeglt ral i zed,
so as to significantly increase electronegativity of |lone paired 20

el ect r on the u¥igan e tRNdROVAL T AR ahtef QLIRS sinideotaml fier,akd @ hafalsd resul t,
the el ectrophilic reaction of the dye nolecule is inproved. The

el ey r oplebd Gse@F6d HhihdhgWool BRAGHH YPrd¥ESy VNG .ﬁm' ) Spdifidlesag! d
funcfti onal grgups r at eg aos0 - NH2>- SVI?IE- C]@—l?g I'n the regu a?g?agir](?]g g?ai ni ng
condi ti O%roups 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.




9 March 2006 As illustrated in Figure 1, reactive dye can be utilized as
ligand to stain either antibody or antigen for an desi gna® ahr¢cn2ddoassay
process. However, the antigen- binding epitopes of antibody nol ecule are
the amino end of the protein. Therefore, the antigen-antibody binding
affinity can be abolished or partially abolished if the antigen 5. binding
epi topes of .anti body nplecule are reacted ot/and sterically .hl ocked from
closed by &l W%WN%F%E? LIBRRHVE Y8 GE ?Wﬁegﬁﬁ%@ tﬂns{aﬁ[}/ T mol ecul es.
Once, these kinds of reaction happen then the sensitivity of inmmunoassay
usi ng dyantibedy phentigep fercancissighgted trpmyngassan proeessypWEVaEHe 38%360ni || be
severely hindered. Al so, the harsh reaction conditions for fabric staining
when deabindiggwpitbpesedahiibody nideaijeare stecarhitio ead of tielpyotcini Vaerefore, theagi | e

bi ol ogi cal nol ecul es denature. Therefore, selective protei‘'n dyeing

par ti cul ioén 2REBERDindive hiF@itFRANBS SbdiRN&d dipartidlyddukilelefithe antigent her

I ncrease the sensitivity so is the practicability of the approach. Al so, a

moder at e aA6L hitlody $udiule 4 rdl ' 1H3RH fRsn BRELET

ol Sl coaing ek 8P i) i R irB el ol SteoARhINTEL (R OOSE

I NVENTI QN The present inyention pgrovides. .i). a ethod.for Lvely -

~ st aini ng%f Wﬂ%@ﬁ%@%ﬁ%@?@m@%&“&@%&%‘%ﬁ S(P%c(fpth%? : %%&n%ieaci ds of
ant i body. nol ecul e or the hydroxy. group of amin i d f a gl ycosyl at ed
pr ot ei n 1§a¢tinp happen thew thesensitiyily qfjipmuneassay usipg E‘Y%‘C %@Hgﬂ%ﬁ%&#@h t he
natural or synthetic water-soluble polynmeric carrier ."I -i's-first

st ai ned thisowactivejdygimgegpmettewill hesteyerely hindersdicchari fi cated noiety and the
hydroxy group of am no acids of antibody or the hydroxy group of am no

aci ds of a @iy aRyHadshadadiion cenditioBdohfalwEit ktiiting eien dentinfiviith reattilens of cost
and sensitivity when applied to an inmmunoassay. protocol. To achieve these

anqg ot hedyes 3AR hadERy BRE tdirA5E Bidlagea Mbledules 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



4 9 March 2006 the purpose of the invention, as enbodi ed and broadly
descri bed herein, the invention provides the nmethods of afMdrcdd0Mcti ve
staining using the reactive dye that produces a electrophilic reaction
with the protein nucleophilic function groups. In a "direct" staining
reaction, the reactive dye can bind to antibody by reacting preferably with
the 5 hydroxy group than, thiol and am no.sjde chain fuynctional . groups
anong t hdhepHIAese of dhejaventisn, ogedrand bmdilsb%ypb@mm,tth%na'm%ri ate
reaction conditions. After the protein is stained with the reactive dye,
t he dye podadesithe micthodsiofmtihody activerstpining ysing dwaeactive dpeithdt prodecespar at ed
fromthe stained protein. The stained protein can then be purified to
obt ai n aelecabphilipriactioh with tHegprbtei michkiophilicugitioh araups. hea fdifectter
freeze-dried to 10 inprove its storage. In the "carrier" approach, the

bi ol ogi C&falning RGEGor R rEABRVE QYL Bsh biNE 'Ec?atﬁ{lﬂoﬁ? b§ eagittl HRAABLY vﬁﬂﬁh&‘eﬂ and

then reacted With péroidate activated. oligosaccharide noiety of the

gl ycosyl e. .t 0, ' viate the
endt on s el il hin o a0 R e GRBEMGR e B0 D L ng
epi topes l.qcated at the an np en f anti body nmp) ecul gs and, i ncy ease .15
The. spec i ey maerus B anbat: st e PR SeRie) CaRERORh AL et ihog
antibody is thus  used in an assay protocol. The present invention

t her ef or Brotein dostpined with sha igectivedyedbe dye molgcnlethpt dags nedppdargaaehar i de
containing protein and regular protein when it is considered as analyte in
-t he specieaastion woaldderspgdrattd frompthe stairel] pusteing Thh eténed pasttincan theadet hat ar e
commonly 20 used in the textile industry. Wien the specinen to be directly

stai ned perifiddl @bt 8 Yighbhgurits asiilethe bGindd jphiéia dah Be iRt freéAe-dirdasi d
environnent, in the presence of certain salt concentration, so as to

Pr gt e GAAGLE MY stbhie! SRk mifrich Gpiichéh, theniBIHAY-ifiRurbA8Rohie am no
‘ - 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




make up the antibody and the hydroxy group fromthe oligosaccharide
conjugated to the 9 March 2006 constant regi on of the ant®bMmigh206wever,
if the specinmen to be stained is a non antibody protein or a

non- gl ycosyl ated protein, the staining reaction can occur in an optim zed
- alkaline solution to produce anore intense staining of the protein for
better i munoassay sensitivity. It is.to- be.understqad that both the

* f or goi ngYERE} ZRL (t,li“i%bBW'aﬂﬂw?%,lﬁ%ﬁelsBW%n?%éﬁ%‘“P 1548985 i ption. are
exenplary, and are intended to provide further explanation of the

i nvent i ofntibedy pepteipar 2 BRA-ERycDRGERY Profainy toesHHgInIRARONGEN PECUT Fkalh c conpanyi ng
drawing are included to provide a further understanding of the 1invention,
and ar e optimizedathaléct sohitimndo poniste 4 mose miquae Staining dfitke potein faor bettéron. The

~drawing illustrate enbodi nents of the invention and, together with the
descri pt infiunoa§fk senditpvigxpl ai n the principles of the invention. In the
drawings, Fig. | is an illustrative diagram showi ng the flow chart. of

difterent | O@é@ﬁ% EE}U% I i . LB glﬂ;bglﬁditﬁg%ngwfusi on
di agr am sho?gwng) ant1bo. y- a‘ﬁ%ﬂg&rgg&@g‘?‘ cilngig[eé%ﬂagn FI es produced frgom t he
serial dilu ogl obin stained with a Amdo hlack .agai gst .unsgai ned
abbi t sl HOR At bR pirn R O ro e ArRE gt O 1CL, |
agai nst rabbit _anti _myogl obin stained with Am do black, 2X ,4X ,8X , i 6X
20 32X, f&emtl‘(lb?s,‘ﬂ } obi n agai nst rabbit anti nyoglobin stained with
. Am do black, 128X, 256X, 512X, 1024X, 2048X, 4096X. Fig. 3 is a double
i mmunodi f fusi on di agram showi.-ng anti body-antigen precipitation |ines
produced fromthe serial diluted of rabbit anti myogl obin pol yclonal
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
drawing illustrate embodiments of the invention and, together with the descﬁbtion,
serve to explain the principles of the invention. In the drawings,
Fig. 1 is an illustrative 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
black 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;




anti body stained with Procion red MX-8R agai nst nyogl obin on an agarose
substrate; 9 March 2006 (a), dye-loaded "cartier" staini ng9aarclo2ens,
Sephadex G 150 purified, (b), "direct" acid- staining antibody, Sephadex
G 25 purified, (c), unstained replaced "direct"” acid-stained rabbit anti

-nyogl obi n anti body and Procion red MX-8R repl aced myogl obin, (d), unstained

rabbit anti nyglobjn antibody against myogl obin plus Procion red MX-8R, in
5 a dil ut(?)oﬁinyesg’?ii@s cgriey” Stal,lnrg,anmb?dssﬁemgc%@.-l pprified; &)a'dgpec efidgr am of
bovi ne al bum n stained with the reactive dye Procion red MX-8R and

puri f i ed stainihg SdibodySepades (@85 prmified ie), Fagpinél ieplaged tdirectiranid-gainedir ve f or
nyogl obi n when using "direct" acid stained nyoglobin antibody in

sandw sh rdbbitentimyspdstin enetodgaad Procidh 1o SCR FRTephlced myblE oBRERHRRED
EMBODI MENTS Reference will now be made in detail to the present preferred

enbodi e §aibd FBBit abB VRRISHR antfO6RYB. ﬁﬁst%yd@%ﬂﬁﬂgﬁﬁ@r&éi&&&fdrmiiﬂ the
acconpanyi ng draw ngs. enever posSible,” tthe sane reference nunbers are -

use(gi n'I %Iaagg&%%%g%{%’g{j’ 8223&?%% 1_r6iﬂ-pti on to 15 refer to the same or |ike

par t’s. has played an inportant role in a
typical i noassay. Particy]arly, inmunagl grgt‘hi n has.on its constant
r egi on (Femrﬁgi@ﬁ)asawow Pﬁ%@%ﬂ?y dhig S(twecf &g teagtig dygdrocion red

ol i gosacchari de nol ecul es that occupy a 2-3%of total nolecular weight of
i mmunogl &6Xi8Rnang purigied withsyapbadexd{s-30 wealuar; edthst ant regi ons 20 of the

nol ecul e. Whereas an am no group fromboth the heavy chain and |ight chain
of the anti gl isaralilbration cuhve formgoglphittwiod dsing ‘et acidizeimadt | gen- bi ndi ng
epitope. As a staining reaction is allowed to occur randonmy, this am no

D ety kgt o 0o bine
10
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Reference will now be made in detail to the present preferred embodixﬁénts of the
' invention, exampleé of which are illastrated 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




9 March 2006 el ectron-riched aton(proton containing am no acid side chains)
near by antigen bi ndi ng epitopes, the steric.-hindrance fronddachdb@cul e may
still creat bias for antigen binding. So, the direct staining reaction is
designed to carry out in an acidic environnent if the protein is an

anti body, - such that one dye nol ecule would react with the hydroxy 5 groups

froma am no aclcgﬁgl de chain of ,the antibody, and the hydroxy grqoups on the
ol i gosacEHEIPREIchehFoREPRIRgAoBRInIBE pREoAMd Hdushand nerhbpytigendinding h a

am no side chain. O, a natural or synthetic water-sol uble polyneric
"carrier 'BPItQPQSnﬁm@tmg sthdrance deth dyremaigeule mulyetilll ceeat bind forratigewbindiygt e t he
stained "carrier" to the olligosaccharide noiety of antibody preferably

t he ol i gosac$djalid diecct stainhfy eandhdndcsi@@d od sarrilSutihan atilR @vbAhag if eact i on
is carried on to the normal non-antibody protein applicable to the

| munoas gy roEéﬁ?fs%n%HbSH)H QichAat e 'Ely@ %@&:’bﬁ[& Wolld rORBRE tRydgeyy anti body

bi ndi ng afflnlty as shown 1n Figure 4. However, care nust still” be taken

to Res on

0 S RS A R Lo DERRHL B MG PR RALERRES o
staining ant i and its, applic tlonto e i mm oass Qdied in
the presé& °§aﬁ§@ﬁ‘1§1f3g]¥?tﬁ?‘§“%‘?fk A% Oflﬁpﬁf@rabg’éb g%egﬁ%ﬂfromthe
textile |ndustry An exanpl e of the reactive dye can be triazine series
dyes, whiQshe Bataral suginghetic twaterselublspalymerie inssdert inintipdugied ko koad the dsieng
- 'speci nmen, and vinyl sulfone series dyes, which are subject to nucleophilic
- addi t i onnwil¢duldstard sheni conjugaepbestamed "dandért tatheylli@Badcharidemoictyvef dye has a
mol ecul ar wei ght (MA of 600-800 Dalton (DA). The triazine series reactive
dyes has ahﬂilﬁ)dfyqirbl@mbﬁgthﬁ Ofifdad¢hafid® ifMAE €bnstAfl fedibns.

10 When the staining reaction is carried on to the normal non-.antibody protein
~ applicable to the imrmunoassay, 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



wherein Ais alkyl or hal ogen such as chlorine or fluorine; Zis C or F,
and Dye is a chronophor of the dye nol ecul e Wien the tri &ANareh 2€06 es
reactive dye nolecule binds ' to the protein by reacting with the hydroxy
group, am no group, and thiol group of the am no acids on the antibody or
antigen, a conmpound having the following formula is formed: B NN (c)Ye"l~
N kA (I'l1) Wherein A is alkyl or hal ogen such as chlorine; Dye is a :
chronophor of the dye nolecule; and.B.is NHR, OR or SR, wherein R is a
noi ety of the antibody or antigen. 10ZThe vi nyl sul fone series dyes have
the fornmula as follows: Dye-C=C-S-O ny (1) \Werin Dye is a chronmophor

of the dye nol ecul e. When the vinyl ulfyﬁge series reactive dye nol eucl e
binds to the protein by reacti ngDyithN hydr oxy group, .am no group and
thiol group of the amno acids in the - arft | body- or antd'l)gen,- a- conpound
havi ng the-follow ng-formula is-forned: --. ' oo
Dye-C=C-S-OO-R (I1V) Werein Dye is a chronophor of the dye nolecule; Ris
NH! , OR viere8RA is ok @ihalagen spe ag ohbirimepr Spoting ZaiaGligo Hyansk Dsiagen. Wth a
control of pH value and salt selection,. the reactive dye electrophilic

- react i onciomophbdrchfaiecdye moleowei | y on hydroxy groups fromthe anti body and
the hydroxy groups 9 9 March 2006 '

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




fromthe oligosaccharide that conjugates to the anti body, and |eft
~antigen-binding epitope untouched. Wth | oadi ng the stai nediManar2006

macr onol ecul e on ol i gosacchari de of the Fc region, while naintaining the
stained anti body of its original valence and i mmunol ogi cal characteristics.
After the stained protein is purified and separated to 5 renove dye

"nol ecules that are not reacted, it can be applied to different purposes in
the i nmiiaodtbe aligoszenbaride thet eanjuasiestie hsmatibedya andlelippsgembindBdssay, known
as conjugate dye i mmunoassay (CDIA) and is nore conveni ent than |

i mrunoas sgiytpe uAtomohed. tWith heidinpdhé stammed earsieatnheronmidoaldt onvaigasatchaitsi t i ve

t han .t he enzyne i munoassay, while it is nore convenient. and | ess costly

than FJAopthe [FbAeghbhn, WiflleShahiniep he aklneansitib&ly 18 donmd suleadeastdpr ot ei ns,
such as rabbit anti human nyogl obi n anti body and bovi ne serum al bum n and

th [ .S, - i . I . " di to
st ai i ng RREIIBEEA AERMCLoAT Aaoh BRAREEp@Rn Kt and SpatiBioM Lot body

to Quman ogl obi n,wa i ssolved in.a. 0. QLM 15. sodi acet at e huf.fer of pH
830 DR B i a8 o ool P Bhap e 0 A PhB St e el g
added, the solution mxture is stirred in a cold water bath in the dark.
After a ientgassayyThasthemetad bpepmesianovekdie BUNUESRERY.JROHN ur e was
injected into a Sephadex G 25 colum with a dinension of 30 x 1.1cm The
col um wesnjugabadys intrethoassay §CP8A Jeangtfis A0ME ceenisotthay shmyneassryssMsohosphat e
‘buffer of pH6.8. An eluent fromthe colum was then collected using a

gr aded -t (hagnethdil 18 Mt o kiable] sffdctive aid easikivé taa thd\endyhe impagbadshy) whilei body i s
stai ned by form ng coval ent bonding to the dye nolecule, it has a |arge

vol ume t g ipneNeRhvidisnt @A 1obs bONI9 R BA & mpl ecul ar gel beads in the
Sephadex G 25 colum. So, the Stained nyoglobin antibody is eluted out

(LB o, 15 B By e RGPS S o il O e
~ 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



9 March 2006 beads and are washed out later. Thus,.the tubes "with stained
myogl obi n anti body show a characteristic red calor and -ar®Mzuth2¢i6ed for
freeze drying before -preserved -for further research purposes. (b) The
"carrier" staining and the binding of dye-loaded "carrier” to 5

ol i gosaccharide noi ety of nyoglobin antibody (i) "carrier" staining Bovine
al bumn was randomy_ selected as protein 'carrier" fqr. reactive dye
st ai ni ngbads wae arervishedpulrlater. okhus, the ahes wvi PQéIBV%@P@n;?BFWﬁhE%S uch as,
dextran and polylysine. The active dye staining conditions of bovine

al buni n # shataderistivadd colosaut 4o nolid}te(dfi%/)r freeng dryiog befrnprgereshion furthes f or

t hese biopolyners varied frompH 10.512, and incubated from1l to 3 hours
at room #eemet plipbsesusi ng Procion red MX-8R  The reactions were stoped by
ammoni um hydr oxi de and the m xtures were then subjected to the Sephadex

G 25 col umgpnhdvcdiddresigningndBRShinkihe o Qe RaA¥d QerigXRer Inents. The
colums were ‘eluted at a rate of 30nl per hour using a 0. OLM acetate buffer
of .5...15 The .el uents I fromthe colums then either ‘
' subﬁi tteﬁhglo & c@%ﬁﬁ%?’i"?&?ﬂ%ﬁ%@gﬂls {oﬁr“g enment or directly used in the

fell ow ng ara i,body "corj}'a,tuggati on experiments, (ii) Periodate activation of
ant i body ol iéo%%’ﬁ‘ﬁ’f‘ua’?ﬁ"’l‘ moi ety and conjugation of stained "carrier" to
activated ogl obi n anti body Antibodies re-equilibrated in reaction buffer
(2. 26 ng/ m Boying albwmingvasrraademly selectod approkin "caprgyt forgesctiypdBet hanol ) were
oxi di.zed by the addition of sodiumperiodate stock solution preapred in
dei oni zestainirtgeso, wére thys netural 64 syatheionansolablequlpherpetuch dg tdextodn argdnM and
all.owed to proceed for. 30 minutes in cold roomin the dark and termn nated
by addi ggtgyg;@inél The ABM B stuinifig bbhdigons Ui®olingialtRehin & degetitied ih kedibaent  of
gl ycoprotern such as antibody results in conversion of allyl hydroxyl

9rqgp of (f @ NCRRRNECORdiBHEAor these biopolymers varied from pH 10.5~12, 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




11 9 March 2006 noiety to an al dehyde group for further Schiff acid-base
reaction with am no-group from dyed-| oaded: prot.ein and poPWwircte20060 t hi s
was added 5nmil sol ution of dye-loaded "carrier" in the presence of

0. 01% W' v) sodi um cyanoborohydri de. When dyed-|oaded ti dextran (nol ecul ar
wei ght approx. 10,000, clinical grade) was used as "carrier", the 5

oxi di zed anti bod ich was further treated with 0.2nl, 0.05M et hyl ene

di ani ne Hoigyto @yﬁ%ﬁ%gﬁuﬁﬁ’%ﬁ‘ﬁﬂf %‘fh‘ﬁ c.‘ﬂ&@ée FeagiiRg WAfB 28R ERUR ant i body
was then conjugated to dyed-|oaded dextran which was al so oxidized with
per i odat &o Cgelﬂ%ied/@yot@g apdppbysiy. Tothid avas edded mleolutiva of drieaadeths sane as
before. Alm fraction of thus prepared dyed- | oaded dext.ran-anti body

m xture Yesriepdpl ihedrassice of 038 %(wiv)lodivbe pyadborolydride. Whendyeddodded
separating unconjugat ed dyed-| oaded dextran fromthe conjugate. These

stai ned q&itfaaGnol@0r weiht hfrox. Q00009 &k R6h] !EV.QIGL% sedlk "QRMbeStheer e

| yophi | i zed ‘and reconstituted when needed in the estimated concentrations

t he Supu : e b V(] St ) LmSiRt I Ni ng

val gnce P%}d%ﬁgnt%%ggﬁ%&n{vm%é&ﬁfﬁt%O.mE h(())' eql én ‘?} pr.epagﬁ)ﬁlng a 1%
agar ose | 1n .05M harhital. buffer. o 8.2. T el .is. dissolved at
500C o Doedtpelufarckinir Gr Fetrs Suinnis aRiOods Rt SRS 1 | m
havi ng punched a |ine of holes, for the-double diffusion immunoassay.
Next , 15dyer-lopded destamypbighoms lseamidigedwih perodatethe spme pay as agfitedy|
placed in a central hole of the Quchterlony agarose gel. And 15 ~ 1 from

- unst ai nedxid@iany ogdeytthecoaditions syme ds WSong/ A Jmiifrhcticadfithusquepased &fed2, 4, 8,
16, 32, 64,128, 256, 512, 1024, 2048 and 4096 were respectively pippetted
i nto pericatal ddxtaplafsbalyhixuie wab applicrdnt@h 3hal 16l dnd SépladéuGhEsol ony agar ose
gel. The gel was incubated for six jl)1ours at room

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




terrper ature before observi ng pr eci pitation line appearing between nyogl obin
in the central hole and the diluted antibaody preparation. 9 Mecly200onas
submitted for further 6 9 March 2006 hours:incubati on, however, no nore
precipitation lines were observed. And the gel was then st ai ned usi ng

Am do bl ack and de-stained in nethanol/acetic acid solution. The condensed
l'i nes between the nyoglobin and the unstained anti body dil uted by a factor
of 2-64 hews ipwbalipnhhewkvesing mew raeripitptian dines wergyobseraed. phndtheds! Wapes to
show up as 5 evidence in Fig. 2a and 2b. The CQuchterlony bi-directional

i mmunodi tﬁans'taﬁﬁbd\m'ﬁg Amjiediladk arddtdh—stdimeclﬁhaﬁaﬁﬂhoﬁmdﬁbadidselutﬁut Ahdye- | oaded,
stained "direct" and dye-loaded dextran "carrier" conjugated anti body
having a eRRaQAIRSL bakces tﬂeffﬁwgﬂoﬁﬁ afEthd vASEEe an@illy BRI dactoer e t hen

diluted by factors of 2, 4, 16, 32 and 64 while the unst ai ned 10

anti body at b sHbdWiplagns as
descri begfﬁ‘ré?é ant Sg\rﬁ%%tﬁtl)&eg ecr pI togﬂj %S?[ é?t a‘iLJn carrier"
"direct” %@d unst.ai ti bodi es wer e shown as |n Fl gure 3a, 3b 3c and
3d, 5resp& PRAEIY) 18 a%(b rs that the stained "carrier" had hi gher
sensitivity than stained "direct", under_the current paration

condi ti ons. ]‘heQw@tealggghbélr@gtmm;ﬂg@umog{f@sg)paﬁqpF@)eatreg@fl is only a blurry
15 precipitation |line appearing between the nyoglobin in the central hole
and the thestainedomhtibogiosy| Bathrdyesioddeddyainkd ‘direct” layd dyé-daded desftrap- 16, as shown
in Figure 3c. The observati on nade above show that the nyogl obin anti body

does not "girtisr" cﬂigu%éédéhﬂlio&y ag¥ihy b byncehtiitictl Stmiated tv bk di2mgiml amhpar ed t o
t he unstained anti body, after being reacted with the reactive dye in an

envi r onmgRisnimPlerd BorfRiuidh 6,2EkiorSdtR, i 8196288 a2 PoAWilk dRARRmLEA i er " when

dextran was used as "carrier™ to conj ugate myogl obi n anti body. (d) A

met ti')Od of d(jar ram .Q'.’,m%/mlhsgerg 'aﬂg 'prlje%a{:e%%?lpsa%% b6 @il R0 DY dlRfibd L THNY

antlgen—antlbody precipitation Imes for stained "carrier", "direct" and unstamed

antibodies were shown as in Figure 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 precipitetion 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 36.

The observation made above show that the myoglobin anﬁbody does not only
maintain its activity, but also its velence as compared to the unstained anfibody, after

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

307 dye-loaded “cartier” when dextran was used as "carrier” to conjugate myoglabin
antlbody
(d) A method of determining the binding region on the antibody for forming
covalent bond with the reactive dye

(i) Pretreatment of neuramidase sample
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coval ent bond with the reactive dye (i) Pretreatnent. of neuram dase sanple
13 9 March 2006 Neur ami dase was dial zyed in.0.05M acet at e Hidrelr 266 pH5. 6
at 40C overnight, before it is applied onto a 5nl Sepharose 4B col um

i moblized with fetuin which is then washed with the buffer solution until
its absorbance reduced to 0.05 at 210nm. The neuram dase is finally eluted
out using bicarbonate buffer. After the neutralization of 5 the '

neur ani dase, Nédram§daB®68s 8RB 10.05MhcBtatl RIS bBpis cae 8@ bocdaisht er again.
(ii1) Renoval of oligosaccharide of myogl obin antibody A 0.2m portion of

-t ; ' f I vii .14Nd . .i-ack bear

R rannos Lo i AHORScd 35 SphHAE SRtk BAEHReed Sl fohiln RhicphfC 2oar
I id ] i t.h 5m. of my.ogl obi ti,b [

doncent r TErotBrd W Fhe Bilet splioR unARr gt sy v o Bl i iy ke o

0.05% final concentration. _The m xture above_is incubated. .at 400C for 48

hours, t Rewamydassis finplly alyted pupsinghisashonpilafoanpifier the nspimlizationpt o a
Sephadex G 150 col um having a dinmension of 45 x 1.1 cm .The colum is

el utded athemnaugaraidade, ftGninagerealip throughi 4 diakysisdol a¢dtats buffendgaincol | ected i n each
tube representing the nyoglobin. After being ammonium sul fate 15

pr eci pi t at ediipRemeohll Foligsdoyhatide efinyollebih adtidedy edi ssol ved nyogl obi n
anti body provided for the follow ng-reactive dye staining reaction. (e)

The stai ni ngs beagldoAbidt drllerodibl HORAERRAL 1UE oPbroldd biaRtdfbodi es

and ‘the conparision of the native and degl ycosyl at’ed anti bodi es st ai ni ng

results oncentration af th ative and de C | at e-treated

ant i bodyﬁkgrbgmk "%ngc%ﬂe’?omit.sgﬂglf %@?C%%%Sga?‘giy}@go%f’ﬁﬁwgpgf ai ni ng steps

foll th th i bed i f [ | bumi t ai ni ng.
ortow g ucgsi.ai ase%?ere m?}%e% mql?‘sjlcnrlh I%yolglgbi(n a)nti{)gciy gg/\lll‘llgng cc?ncerlljtrrgti?)nsof atning

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
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After G 25 fractionation, the red color breakthru fractions collected which
contai ned Procion red MX-8R stained attobodigs were pooledghmhehQMkbrbance
were 14 9 March 2006 neasured of the dil uted sanples respectively using a
Becknan DU-65 spectrophotoneter. The result is shown in Table 1 bel ow
Tabl e 1; Aborbance of antibodies with and wi thout renoval of
ollgosaccharlde moi ety Sanpl esMaxi mum absor bance (run) 520550 Myogl obin
ant i body nwiasured efithe dilutefl sampled rekpeativelyossingehBedkawn obi n anti body

wi t hout renoval of 2.092.10 oli osaccharide As shown in Table 1, it clearly
i ndi cat espdchaph@bmbRBSTherepdt is shéwhiwTitde 1 beldwyX- SR was bound by form ng
~conval ent bonds to the oligosaccharide portions of nyoglaobin antibody.

W th parti ala8)Ci; WiRbhbe bihibbliBe SRR WillRat fhRRACH b Ricci#Ron and
heavy chaih portion of the antibody by the neuram dase anc enymes ni xture,

t he reach#%qy dye 10 nol ecul es show a reduced reaction with the hydroxy

group of degl ycosyl ated, pre- treated antibody, in an acidic
envi ronn as r\nrrncnnnr‘lnr‘l toresults in Fable (£} The reactive dye

st ai ni ng pr epar ati on "t SR8y ne al bumi n A lboyMaxins, abserbance (i, v/ jr ade

having -4 _concentration of 7.8mg/nl was sél ecte®Gor tHe sta?¥ ng rbaction,
for its [phogldbin adtibodpavithvembuddidfi ty. Si n¢e t hik0%tai nijlng 1.10
oligosaccharide
Myoglobin antibody without removal of 2.09 2.10
oligosaccharide

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




15 reaction does not need to worry about occupancy.of am no termn nals-by
dye nol ecule to influence the binding activity.of anti body9Muaretn260gen, the
reaction pHis adjusted to an al kaline range for maximal staining in the
absence of denature al bumin. Preferably, the pHis adjusted to about 10.5

- to ensure reactions with the amno group, thiol group and hydroxy group on
the am no acids that make the protein. Thus, this increases the ?0 staini ng
ef fi ci enFig. Ashews the dightabosibaned attyfmhiem@qmtbﬁth@lsmtrumtfet thedephaden€hr i n
conpetitive imunoassay. Qther staining and purification steps are simlar
t 0 t hose2§l pakifieddy@-staindddoviddal Burviy cbiaiddiDBorfis@annihgSieonbott £ | 1 ght
abosr-bance at visible region of the spectrumfor the Sephadex G 25

puri fi edsggostodbmég:, bovi ne al bumi n obtai ned from scanning result of an
spect r ophot onet er, (g) The use of "direct" acid stained myogl obin anti body

R U R T e S

fraction,  was | h|||2ﬁd and reconstituted at approprlate esti mat ed
con entrH’E"PB‘PP‘iY‘FF! ate buffer, pH 8.0 for |oading onto the conj ugate

pad of .the |rrrrunnochrorratrograph| c strip. Myoglobin of different
concent r at i énlQ mgrayoeiehimsntibody avhs skingdsadphaled s desershd in@h). Thet i ng and
~preparing a calibration curve. Wile Fig: 5 shows the result of

i mMunochBephadogGaSpurificd faoidowani yoplalizedsad recohistitaedd at appopeaieant i body in
sandw sh-type imunoassay. It is understood fromthe experinments and tests

above thegtimaf@Inconbéhtatiah ti pbsphREBHERPH 8 .0CRF Ida&ﬁﬁjg_%%o 1he cbjagiaepa@nt i body
protein, the reactl on can occUr in the al kaline 5 envi ronrrent W t hout a

df |
Prgﬁi puIO;t Sl tuat| on az)fﬁﬁlctng(?%r oupgﬁﬁﬁléﬁﬁg?rgﬁ%%hcﬁngﬁox; ér oup on

t h_‘ioam "Reonstituted 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 'immunoassay.

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




acid side chain can all show an el ectro-enriched state, which enhances a
nucl eophilic reaction of the dye nol ecul e. ~As .a result, a9Matih2addprotein
-conjugate with covalent bonds is forned-to obtain a higher staining
intensity for the protein and retain its natural 20 conformation. But, when
the staining reaction is carried out on-an antibody, the reaction is
sel ected to occur in the acid environnent; 'so that dye noleucles react with
the hyd™aihihgdpimelernlss Theratoredhaseapitiaity phths ipmunepssay insigmdcaniisr oxy
groups fromthe constant region and heavy chain. This protects the antigen
bi ndi ng afptoved. of the antibody through its am no groups, as the am no
groups of the anti body are not bound 16 9 March 2006 with. the dye
nol ecul es. TARLELiRE & tht PreseTfvdntivh tiie Sthinkeh PrdtoiALLAR 3&FEYs b bsledMghadant | y
i mproved. According to the present invention, the stained protein can
serve as ﬂ#@%q 1 h ' |4 ' oassay,
histolog?%uégﬁﬁkgg%o Ogy?m%ﬁg%?@%aﬁﬁg%Pﬁﬁ¥ﬁ§gg&§¥§§b§%eﬁﬁ§3%gu:u%%ﬁation
al | kinds_.of electrophoresis,.all _ kinds,of i ochr omat ogr aphy, all ki nds
of F$qui8f8W?8WEE883§BWVFLBﬁngﬁeBQSSHHWGEWPSQTEH@S thods of 1|ocating and
- quantifying targets using color in different kinds_of nucleic ,acid probes
_or ot her "apwapcipmatagraphyall kinds of disuid-ghrampfographybigssasase diciis@rdped using
the col unm separation nmethod 10 as an exanple to separate the unreacted -
dye nol engitlnss of nertingrandeghaptifying targets using eedor in differentrkindstaf enclsispaidat i ng
met hods, such as nol ecul ar sieve, filtering nenbrane, salting out, or
or gani ¢ paibéeai otharchainsenl bealyreer stood by one skill in the art to separate
t he di ssoci ated dye nol ecul es form stai ned protein nolecules after the

protein is stiigadnt éﬂlﬁ&&li@xgﬁ% Ha$ 86dn d8cribhed - ustdpGhic bOBmRABp&hish mbdbaed W th

the reactive dye, those d

10 as an example to separate the unreacted dye 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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. protein

15 nol ecul es that do not react with the protein can.be renoved using the
separation nethod above. Next, different st-ai ned prot ein Bamarblezmﬁri fied

- to show a high stability, while it is freeze-dried in a vaccumto inprove
its storage. The inportance of the present invention is illustrated in Fig.
1. When the ligand L. is a radioactive i-sotope, enzyne, fluorescent or

| um nescent el ement, the _applications _20.appear .to be RIA _EIA FiA or
LIA. Wth t H& %mowmﬁv%fﬁﬁn tsenzymeimmyaerssay siacedhedys molesdlenteh
reactive dye nolecule in the invention, a conjugate dye inmunoassay,

(CDI A) nuiysig@dobmdeslel@pedvﬁﬂllﬁglpmmutahabﬂmncmt her conventi onal |rrrrunoassay,
chem cal and bi ochem cal anal yses, since the conjugate dye anal ysis, CDA

has the foliipWHag aphé@didualtiondf afnba@esmssanthad PPA | siideliDilcviale' thd tivey ch 2006
(i) 1t is nore sensitive than the enzyne innmunoassay since'the dye

Mol ecul esyRfeGn I8y EhsARE in&ibesiL£d W th high nol ecul ar absorbance. (i i') |t

has a shorter duration of inmmnoassay than EIA since it alleviate the time

[ h bl

SR o AU B S  F RO R B
ful . | ' bod f th
coLehh ol R Rt SR S v SR, o,

mass production, only a control of pHwth si rrpl e separation and
purifi caiPrQSﬁnlnSO ﬁ@dﬁﬁ red to obtain a useful 10 stained protein for
antigen-antibody interaction. (v) Since the reactive dye is consuned in
huge anmount (iv) Thegréditelig straightddrward ahd essy witumbdsypredictiohyonlypas .
Therefore, it inplies a conparable |ower cost than any other |igands for
I MTUNOas gditrol 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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(vi) Wth a wide variety of dye col or choi ces- avai lable, the applicability
.of the 15 stained protein can be greatly expanded in the PiMirdh 2006

bi ocheni cal analysis. (vii) The sensitiviti'es of the CDIA shall be greatly

enhanced if the materials and processes of ‘both "direct" acid staining and
dye-loaded "carrier" staining are optim zed. (viii) The idea of dye-I|oaded

"carrier" can urally be extended to smal|l npl ecul ar antigen conpetitive
i m’runoassayaléwgf%ff WW@%@&I 1pftheahthatiyarogs Bdiigaensadi ons, when
both the dye and small organic nolecule antigen are '|oaded" on the natural
or synt h&afigionscayr bewhdibiodhg sinyate iof thegireseat invéntion)withoat depaytinginemi dea of

" dye-l-oaded "carrier" can naturally be extended to nolecul ar probe

appl i cat flengopadrapirh@f thetibeerdiva. dmdicspefahd fodedihg itk afterilcditat tiee ' | oaded'
on the natural or synthetic water-soluble polynmeric carrier. .18 9 March

2006 It p%éséntl?ﬁveﬁﬁ&%&&} nfoRifiddASHs A VakigFos b S ifehtid by YA[ WitkiS

nodi fi cations and variations can be made to the structure of the present
inventio it ho . | fro or spirit of the invention. In
Vi e\% of e?c@%kr%%t%?ﬁag@%gﬁﬁsn gr}%%]ge(flﬁga?%the present invention cover
nodi fications and variations of this invention they fall within the scope
of the following clains and their equivalent. 19 9 March 2006 WHAT IS
CLAIMED IS 1. A nethod for staining a water soluble protein, the nethod is
characterized by reacting a reactive dye with a water soluble protein for
carrying out a staining reaction, the reactive dye is selected froma
group consisting of a triazine series reactive dye and a vinyl sulfone
series reactive dye or a mxed of triazine and vinyl
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sul fone functional groups series reactive dye used in a textile industry,
and the staining reaction is carried out in an acidic or &aMath 2@06

envi ronnment; wherein, the staining reaction is carried out in the acidic
environnment if the water soluble protein is an antibody a gl ycoprotein, so

t hat d t with hyd I f ' id
sige 2ha¥ﬁ"%ﬁ§%’r“)@ﬂ§ ;eﬁgdr\(l)mxyl agrguz)o;(%lomc':ggpco:]g[naﬁ? ?(rangingnag:‘
the anti body, a hydroxyl group froma heavy chain of the antibody, and a
hyd I f | i,0 hari d ' ted tg t tibody 2. Th
T O P AR B PSR SHa ARfe e el puibbity 2, ™
aci dic engi ronpent haying a pH vageue OL 46 when the. antibody .is a nyogl obin
anti body. D4reaRH AETIRON Bre Wit WRler Spblerp R iR AT P L BSIHMRS ng unr eact ed
d hydr ol d | I f st ai ned £ei ' I

e oo S TR o S Do S R e 2o T o
e 0020 st and Y50 Wi R BB o of B L0 L
e . SRR G S B o LR B8 10 gy
s o B ot 85 SR Shmat e o e o,
wherein th ter- bl l'ecul e. st ai. ned i ted. above. b
B e T I

Shi ps. O WAGTESIBE phbint! 8 Bhla ' EbbUE 3 hoRSR Rb g e RALA! oUl ar!y an
| react with a hydroxyt croup from an amino acid side chain of the protein_, a hydroxyl
group from the constant region of the éntibody, 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 bIotIing, all kinds of

electrophoresis or all kinds of nucleic acid probes.
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- method is characterized by reacting a reactive dye with a natural or
synt hetic water- soluble polymer for carrying out the conj QdddrcloR0GH t he
dye-l oaded "carrier” to the oligosaccharide noiety of the antibody
nol ecul e sel ectively after periodate activation treatnment, wherein the

| t ai ni ti ' i.ed. oyt | | kal i i t, .th
b n®, et b AL S b PR BRI RS, o,
I B L R T L o L
“a dye nol ECL{|B woul d react wth a hydroxyl group or an am no group froma
nat ur al orpr%ﬁlﬂtqqasic wat er - sol ubl e polyner then the stained pol ynmer can be

conjugated to the activated oligosaccharide noiety of antibody nol ecul es
in an appropriate coval ent bond- form ng reaction, wherein the reactive dye

S ey s oS e B PSR R e R TSGR R ® ™
her o' RSP SRR B RS SRS S S Lot i Ve
ant i body HBIBEN™E g B el Bt re P e areh G corron
n"any 1 e RERERIABA s OLlR anlab R e SRR ey Pl taie il Rohas
sensitivitie nder mani pul atable conditions without interfering the

ant i gen-a&f??i’éﬁf@ reaction. 21 9 March 2006 7. The nethod of claim®6,

e oD PR R A A RSB Y Y rhgoul o from
.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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“method, a nolecular sieve, a filtering nmenbrane, a dialysis or an ofganic

solvent, after the step of conjugating a dye-|oaded "car r$ ddrc2@Ue

ac‘ti vat ed gl ycoprotein. 8. The nethod of claim®6, wherein the dye-| oaded
"carrier" conjugated with activated glycoprotein as recited above is

appllcabletol atln uant targets usin color in all kinds of
i mrunoassay, hi's 'Eﬁ'6‘6&'03@813'8'”&9'(7]8%%“{)/3%”%9”@“8 iSRORTaMY UKERGe A al | ki nds of
el-ectrophoresis or ﬁ’aOf nucl ei c, aci d probes. 9. The thod of claim

6, wher ei qurﬁle‘!zﬁﬂ/@fq '88'88%,95 g eqniugalig Qfﬁ?ﬂrb‘ds"?/ﬂ 3 FOMBSERYRE gl ycopr ot ei n
as recited above @ %ll%pl jcable to all kinds @ﬂy UI d chr On’Ft ogr aphy, all

ki nds of Biedinafmaie élel"e’léfi' Ef’s”"@fmeﬁ?l?f?@?r? ! OFBARICANVARY of cl ai m
6, wherein_ the natural .or etic ter- IS sel ected from
the gr oupa@%'ﬁg??tel’r?éc@?w%ﬂi@ @1 el SRrie cW'@ yq{éé)g%«aq%;o et ut ami ¢ aci d,

poly lactic acid, and polyacrylanlde. 11. The nethod of claim®6, wherein
the staining reaction is carried out in an alkaline environnment having a

pH val ue of 10 _-_12 whe ter-sol ubI e pol i s, dext r

pol yl ysi ne. 128 W‘F‘emﬁ@PHG’%igﬁ'lm 1WhsPB the dye- éi’g‘%ﬁffﬁ"s‘m&%@%@h ng
unreacted and drol yzed dye ecules fr a st ai ned, nat or synthetic
wat or - sl BRI & a0 SR BPRIEDI GercHBRS S REBMGr s eve,
filtering nenbrane, a di Sjs._or an ani c soIv r the_step of
reacting BY9EsHEING&0IQYE %'%’nsfsr%mmaﬂoaﬁsa yYRPlegy. cel %?‘BQY’QIKIEHFQ‘C pol yner .

22 9 Ivarch 2006 13. The nethod of cl wherein the conjugation between
oxi di zed P HQET?‘E‘F'“"%‘?T(?‘%FFPH@W%SQT 9@@B9%?fé7ur‘flel'csa°ﬂ%iﬁr°9€%d in an

over-oxi di zed formwhen perform ng periodate oxidation to generate
carboxylic functional group for N

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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hydr oxysucci m de treatnent and further condensation wth am ne functional
group- fromother nolecule in the presence of carbodil m de. 9MarciHP@lonet hod
of claim®6, wherein the conjugate reaction is carried out in Schiff
aci d-base reaction. 15. A nethod for staining a water-soluble protein, the

Brotein Tor canty it aedRY sEF R iR hEBRueah bRl kB Ve “aye 1o
et o AT o BT S B B PR S R S v
stai ni ng. PPRRRHRERE R R RIRh it Bortdr it S b n UL Y onment s
the. vex er MEupsBufs RAPbeThd Be ™ hfaspitn iy “mindidiE et "o that a
aci d'si do temu RO BREE It e P ana s hydroxyl group from an-
ol i gosaccharide conjugated to the water-soluble protein. 16. The net hod of

claim15, wherein the al kaline environnent has a pH value 17. The met hod of

cl aim 15, wherein.the stainin eaction is carried put.in a cidic

envi r onnent ha3|4h eamsﬁ]oggl?ﬁlgﬁ’rbé, ‘ih%fe'éqv%wlﬂ%emc Q@&FU@B@“ Pot ei n t hat

~ requires ptection of the amino group is a myogl obin antibody. 23 9 March
2006 18. %?ﬁ'%e -{dﬁ%a&’ed?a%'logi m 15, further conprising separating unreacted

~and hydrol yzed dye nol ecules froma stained protein using a colum

separ ation nethod, a nolecular sieve, a filtering nenbrane, a dialysis or

o 8920072 Bk ey oot et o R R B B it e
wat er - sol %39 lreeacm])gl; & Cr(legc Ve E?cie \rn‘:ffr? thaeswater soluble protein 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
rea;:tion 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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recited above is applicable to |locating and quantifying targets using col or
in all kinds of immunoassay, histology, cell cytology, al P NMarnk206F
blotting, all kinds of electrophoresis or all kinds of nucleic acid probes.
~20. The mnethod of claim 15, wherein the water-soluble nolecul e stained as

recited above i | i cabl nds _of. ui d chronat al |

i nds of bt oseisHRmeGRH cfph ?%ffurﬁmcei"ﬁ”%ﬂ? Sepfniii ol 80 peSrract
OF THE D ECT L VELY STAI NI NG WATER SO_UB ROTEI N
USI NG REE%C@?(E%? E@Dﬁ‘i‘% "ﬂ'iﬁli? I HERBEEOAME PG GF "%%F%‘Etu vel y
stalnlngthe er - solu|:I rotellon |n§/n||ch a_comonl y, ﬁqreactlve dye
bi nds to EREPMRTESYeLT LR t'T'FHB "R éﬁFBBQE}Pr%“&%VGHW & ®Poup, and
thiol group fromthe am no acid hat .mak the protein. Wwen the

speci men f‘@’p %éeaé"?ﬁ ﬂé%aqt|ge§ ﬁ?f“&d’&%}efﬁ‘ﬁé’?‘?pef;%‘%‘. ‘on is adjusted to occur
in an acidic environnent so as to pronote reacting the reactive dye with

t he carboxyl groups of the am no acids of the antibody and the car boxyl

ant i body. °¥L2°i$°ﬁmar tﬂﬁaéﬁ{ﬂ%aﬂﬁ% %nh?e\a%‘éﬁ?cﬁéﬁﬂ?nﬁ%a%ﬁt@aﬁ&% pr oduce a
?&ﬁﬁer'”;&sﬂ ?\%eé‘fg g osplg Slquabatalo ?s{t?%@ﬂgr@%q;?r?%ﬁﬁﬁﬁé o
orotein. SHETMERRRY. E@Bﬁﬁiq?fﬁcﬁic?ﬁ'ﬁ“qvfe ALt S E B RE o r ot o1 e o e

freeze-dr IeI%gtroph:(L)?esgsF(l)r%ll k:ngds o% nucleic acid probes.

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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