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[571 ABSTRACT

h analytc fluid streamwith drst molecules haviu rda-
tively l&v molesular weight and a carrcspon~- high.co&hont of dithaion has reduced di5usional dchmiug
outofan analytc fluid s&cam.TheanaIyt6 Wdslrm.mof
ht molccllla is assoChM With second molculles of
relatively high mckwlar weight having a mlathly low
cwMicknt of diffusion arid a binding constant cthctive to
associate wi!h the tit molccuhs. A foawd analyte fluid
streamis maintam“Cdsillccthccombkd molocular weight
of the associatd first and second molecules is effoctivc to
minimhodiffusion of the first molccukoutofthc analytc
fluid StrWnL
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RRDUCTION OF DJFFUSKONAL
DEFOCUSING IN HYDRODYNAMICALLY

FOCUSED FIXIWS

TM invention was madewith govanmm tSuppxtunder
ContractNo. W-7405-HNG-?6 awardedby the U.S.Dqart-
ment of Energy. The government has catain rights in the
invention.

This application claims the benefit of provisional appli-
cation S= No. t50i020,t$79filed hi. 1, 19%.

BACKGROUND OFTHS EWENITON

Thisinvention Ielat4%?to Inaging flow streams,an4more
pthukly, torodudng dimlsion ofmanalytc out Ofa
-g flow ~ CmMaMngthe andyte.

seva’al RrouPshave dmmkPedthecaPabiW todetcd

af&Wxlla serbeam.To aecompliah this fL+&thenuc&-
eence of a simzk xnolcmle must be disaimhted fkom

gro&d anisaion adses tim luminescent imptnitks and
*M ~ - KaWring.

vi!rysmaudctcctb nlvolumesarcoftenuscd toreduccthe
oontdbntion of background emission. ‘lb dcbxion volume
isthciMmiWcdvoiulncinthefkldcfvicwofthcdct@ar.
Careful attention toexpdmcntal details can result ina
dektion volumcon themdcrofapkolitez Fordiicknt
detcctkn, mostofthe mokcules inthesampkmustpaas
through the detection volutne. Hyhdynamk foaasing is
widdyuscd in flow@ometryandrelatcd @du@uesto
formsampk atrcdms lhfewmia’omi ndiamcwxthatpass
thmugbtheantao fthefocusedc xcitation tib cam
whczethehmdiation Lsmostunifonn.

When low molecular weight andytcs such as fluoscsecnt
dyes of flumMcCnt tsggednuckotidcs accusc4radkl
diffusion ofpastkkaout of the fomscdsamplcstxeamcan
bccasucascrious soumoofdefomsing. FfG. lshmvshow
Mfudonofalow.molecukrwdghtanalyteaamplesbeatn
l*intoasmoundmg s&athfluidlZcanocutcandeauaoa
signiticaut fmction of ,andytc lS h miss detedion volum
14, deiincdbytho intas@ioncffocuscdli@tbcam16and
siunpkstreaml.. Fadnglemoleutkdetecdon (SMD)by
~suchasbaingkmolcudeDNAsequea4n&
anyloss ofmdyte mdeudcaansakludy degrade the
CfEdcncyof detection Ix Scqucndng.For Samplostream28,
thediffudon ofhighlnokalla we@tanalyks21 intoa
sheath MdZZiasm chslowtsandse auks inmmlla
SE@gihleloas oftmlytezl, as bmnvninm.z.

Fulthcq molccukst hatpasst brought hccdges tithe
detection volumresult inasmsknumbcr ofdctedcd
photodcdrons. It is only when most of the moleudes pass
tbmu$ithe eonttxof thedetectionmgiwh i.e., atightly
fomscdsample ataesun4thatthemagnhde oftbefluose+
ana d
fromsingk
md *X MS ~~~t~ -on
thau!x)% .(hstan tamplitudesignalsm alaoimptant
whenitis desiraW todMing@h among diffcrcntanalyte
molacuks bythcmagnhdo oftbepktddfon burst
assodated with cad) molocuk.

Toputthisintopcrspectiv* thcdMusionco@kkntofthe
common flues’csccnt tmgTRTf’c (Wnuneth
isothiooyanate) is 300 pm2/scc. In atypical ==
sample might have5(l matodifhse befacrcaddnglhc
anaIyds region.’Ihis caa=sadiffusiti spead@ofa2
#Indiamckratlwmto amcandhmwtcrof 17pIn. SincCthe
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analysis lascrbeam may beonlylOpm indiamckr,a
significantfradion of the analyte species can cithermiss the
detection volume or be sampled with lower efficiency.

Another advantage of having a tightly focused sample
stream that does not broaden appmcWly is that it now
becomes possihk to interrogatethe sample stream at dik-
ent positions along its length with multiple laser bmms. If
thcac beams am different cobs, multiple analyses of dif-
ferent spies becomes possible. If single eoh iascz beams
areusc4coincidencc detection ofaspccies aftcrthecorrcct
timedclayin ascmndlascrbcam loeatcddownstmam ofa
fimtlaserbeam eanbeuscdtovcsify thatafluomphorc seen
intheiirst laser buunwasindedthcxe. Suchnudtiplelas~
~~~=~~u-f~~~~ ~
meats at the single molecular species level. In the absenM
of sustainedfocu~ the WOSk@ dktance fa the nudtipk
analysis beams bcCOmCCVay short, Whidl gmtiti :m#.
mtes or preludes such coind&nce measureme .
ticoklr analysis.

The use of high flow veiocitks to reduce radial diffusion
isanatkactive qqxoa&. To some cxte%the rcductionin
thenumkofphotons detcdedfrom asiugkmolcudedue
tothercducedrcsidcncy timecfamokcukin thedetcction
volluWcanbecompensatedforbyinczeasin g the exchtion
laser iutensity. Howev% optbl mturation and nonlinear
photoblcaching intmxbe anuppeziimit tothelesapmvef
thatcan Ixuscddfectively. Mscrpowcrsinexceas of the
mtumtionlimit multinlargff~ signals butnot
largerSnalytc signals.

nccmarytonudntdntheordczofanalyte&okcdeasuchas
in single moleadc DNA scquendng. At low flow ratca, the
Cfdccof analyte molecules intmludinto tkfiowstmmn
Canbepturbed by axial diffusion. MimiMtl“on of axial
di.thialbecomese vcnlnostimpstmtwhalowf lowrates
arcuscd tokrease thcnumbcrof plmtonsfromcach
mokcuk.

Anc41JL?r@km~cana riscinflowqtollw@ is
nhotodlemicd bstabih and low luminescence @cid f=

maedmalltit iatoaequirecnoughphotonsfm-+
signal-to-noise ratio. SimiIady, the higher the photodmu—
al demmpodtion yid~ the fmcz photons that can be

Signalamoise-ratio.-
Tbepohlems muaedbydmasion ofsmaumolecukai.n

asampleflo wstxcamareaddmmcdbythepcaent invention.
Accdng5y,itfsanobjcctofbpmaaltinwwionw’edll=
theradial andaxkl diKusionofanalyte molecules ina
sample flow stream.

It is anotk object of the ~nt hwcndon to maintdn a
tightly focsmedanalytcflowstccamalongan axialpathfor
the flow sheam.

Yet another&ject & the pescnt invention is to maktain
Cllordemdflo wofanalyt emoltxalk aalonganaxialpath.

OneothcrobjeU of thepmsent inventionis to mhancc the
luminescence yield and phdodmniad stability.

Additional objcaa, abntages and novel features of the
invcntionwil lbesctfolt hinpartinth edmuiptionwhich
follows, andin paIt WiIlbecome apparentto those skilled in. .

exammWmofthefOllowing crmaybelcamc.d
~ $=of the invention. The @jocts and advantages of

thekWItionmayherealimdandaaain edbymeanscfthc
~andcombbti Onspticukly pointed out
inthcappended claims.

6s SUMMARY OF TBE INVENTION
To achieve the fqcdng and otha objects, and in acccs-

daacc with the pqoscs oflhe pmscnt invention, as embod-
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id andbradly descriil hcreilh this invention may com-
@e a method fm rcdudlng difusional defocusing af first
molecules having a low mokcular weight and a ccs’rcspond-
ing high codlkicnt of difusion d of an andyte fluid
streamcontaining the iirstmoleudes. ‘I%cfirstmolecules are
associated with second molecules having a relatively high
molecular Weight and corresponding low coe5dcnt of dif-
fusion. In a pwticular eml~ the amdytefluid stream
of first molecules is smraundedwith a sheathfluid contain-
ing second molcudcs of relatively high molecular weight
having a relatively low mdlicient of diflksion in the sheath
fluid and dfcctive to associate with the frostmdccules. A
focused anslyte fluid slrcamis mdntakd since theeffecdve
molecular weight of the assodated first and second mol-
eca,desiseffective tominMze&wional defomsing of the
tirstmolecules outoftheandytc fluid stream

BRIEF DESCIUPT.{ONOF THE DRAWINGS

~==W@W**9-=~~~
and fcmnapart of thespeciMdon, iUwtmtctbeembodi-
ments of the prcaent invention an~ together with ttw
~n, -e to cxpblin the @n@es of the invcmion.
Inthcdrawinglx

FIG.l@torMlydepicts amdytemoleudedHfusionwith
conventional ahealh flow for small analyte molecules.

FIG. 2 pictodally dcpicta reduced andyte molecule dif-
fusion w&h conventional $hCatbflow for large andyte mol-

PIGS.3Aand3BpkMrdlyde@c4thercducdonofsm aIl
= ~e dmdoll when wodatedwithlarge mol-

4
aproximity tosssociate strongly withamdyte%inaflow
stream33m40. ThWanalytc 34encountcrs andassodates
withthehigb molecldarwdght spcdcs32(dso rcfclrcdto
as an anchcc). TM new association complex 42 then has a

5 molecular weight equal to the sum of that of both species,
and composite molecule 42 has substantially reduced diffu-
sion. In cEecS, low molcudar weight analyte 34 assumes the
molecular weight of the slowly Mfusing anchor 32, shown
in FKK. 3A and 3B. ‘IIdsapproachis perfectly general and

10 rquires ahigb molecularwd@t anchortbat is soluble inthc
fluid thatcarrks andyte34, hasastrong andrapidassoda-
tiollwilhthe andytemolecul%anddoca notadvcrsdydfecl
the fluoreaccnce ppatics of the analyte on binding. lhe
predse assodation or binding mechanism is irrelevant

15 Assuming atightassocM~ auMantM reduction in
dimlsional dcfocming does not Squire exccptionauy high
molecular weight anchors. Since &fusion *cients arc
roughly inwmely pmpmtiond to the 0.4 pmwx of the
rmkldarw~anincre.aseofloo inmolcadacwdght

~ (e.g., a50,000 MWpolymcrsssoc&tcd with a500 MWdyc)
wouMreducethemean dMusiond&tanceby afxxorof2..5.

usdtoobtaiiitheexpmimentdresuk-discussedli&cin.
FfG.5grapMdydepMathereductioninsamplestrcam

widthwhenTRITCdyemokcuka=cassodaMwilhahigh
rndeadar weight pdymsr N@SS]

DE1’AIIM) Dl~N OF TEE
EWHNIXON

Iaaccdanm withour invaliom the addition ofa

Suitablcldghmdccularwdghtpolymermekctdctoashcath
wamdyte iimvstrcam causesahi@ ~-
complmctofosmbetwecn asmdlanaiytcmdecrde andthc
relatively Mghff mokmlar
molccldar Wdght aasoads

-PVm=”wm
“ “Ongrcatlyrwhlceserevenessew

- CmnbtcSbahradidand axial dmushal dcfixuaing
Sndndxingoftbeandytcmokcule inthecon@cx. Alao, in
Mwrablccascs,ddscomplexamciathc anhave asig-

35

40
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so

‘rhisyield aanenormous imlxovc=ent kdctcdion efs-

25

30

--v-bti-A-mdA.
Manyhigh molecularspedeswillassOCMcWith low

molecuk wdghtcompolmds witb high amnity. As used
herciwthc`'aasodation" of theaualyteandthcpoiymerscan
be by electrostatic atlracdou hydrophobic-shape attradolh
and hydrcgen bonding. Polyekct@tes with qpod~
chargcd andytes areanoxample ofelmmsMc
Cyclodextrh andcalixssmles am an example Ofsbape
hydro@oMc intmdons. Protchw enzymes, po$mmized
dendrimcrpartic@ and IM.Asarecxamplcsof-that
show hydrogen bonding, shape, charge, and hydrophobic
intcradiona. Indc4 in many cases, more than one in-
tionmayamdbute to bbmding.

Wtimfcmnato FIGS.3Aand3B, ourimprovcmcmtis
toplace3nthe sbeathfiow stresm360r andyteflowstream
3Sm40, resp@ivdy, ah@molectdarwdghtspecics32fn

55

al

65

dencjandworkhgd htanceior multi-laser beamandysis
- and-the CapaLWytouac much lowcrnowratcswilh
the anmmltan tlargcrnumbs? ofdcteckdphotons.

Several Clifbeat systems that use assocktiond molcudar
Wdght enmcemntto decreamdiffnaiona ldefocusingam
iuustmted bdow. Hxamplea inchlc dcuroatatkany stabi-
lized association as well as nonspecific, possibly
hydmpll~ Meractions. In additim sub- ~
meat of the flumcscawe intensity of the dye on asmciatim
was dcnmnatratcd for an exemplary system. While the
foflowing cxampka introduce the high molecular weight
anchccs inashcatb lluidsurmudng the flnid stream
contahbg the allalyte molecules, the ancha rtudecules
Couldbeintmduddircdy intotheandytcfknvs tnxmto
assodatc wfththe andytemcleudcs.

Mtmdons lMsedon ck&mtdmattmcMn
. .

-@=~P@~,=wcJlma=%
mkzadon between poly(vinyl-pysrolidonc) (P%W)and
anioldc numeacdn *,w*kV~Nma
Vadetyofhigb mokcuhmwdghtpolymcmwithlargenum-
lx!sscfcationaoraniona covdeslt2yaaached t0tbepdyma
ba&bone(prdydecimly@. IfthesmalL tasgctanalytcisa
chargcdapccka,f tcaaasaociatea tronglywithapolycb
trolyteancherof theoppodtc ovcxallcbargc.

lllca@iWdon hereislargdy ioniqbat spcdficpoly-
mxandytc~onsc addactto enbancetbc stabMy.
For Cxamplq poly(methylacxylic) add Shows Slrong shap
depen&ntasaocMionswhactheshapeiscontronedbypH.
For nonionic Mndin& poly(vinyl-~lidone) (EWP) and
anionic fluerescdn dyeawczcchaen.ForthePVPsy_
SUbmmtialcnbwmcw Ofthe fluaesccncc intensity cf the
dyeupon aasocMon has becnahown. Regardless of the
associational mechani~ once canplexed the andyte
assunm @fusion propdes similar to the polyma.

Hx@mental section

Chemicals aud Rea&ntx Wab WM deionized and puri-

fied on a MM-Q Water Systun @iUipom]. DuMcco’s
phosphate-bulkswd saline (lx, without calcium or
magndmw D-PBS, pH7.4)waaikcanGlBC0. Hi@purity
methanolwasobta&d~XT ~*e
isothiocyanate (T’MK!) was tim Molecular Robes. Rose
_ (N-), H Y (AldddO, tluomsccin (Exdton
Chemical CO.) w= used without puritlcation.
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Poly(vinyl-pysmlidone) (I@o, w 360,000) Mm, was
fromGAP Corp.(JWwYcrk N.Y). Poly@inyl-hnethyl-
pyridinium) bromide (MW 50,000) [PMePyBr], poly
(StyIWiCSldfOdC add) SOdhl * (?tiw 500,000) l’Na(PSS)
1, pOw-medla@aY*yl~YhunoldIml lxomide)
(200,000 Mw) pMACRBr], dextnln sulfate,sodium salt
@iw Soo,ooo), poly(lsaylie acid) sodium Salt(MTV 225,
~) [Nap..], and (~yl &methyl ammanilnnddodde)
(200,000 MW) were all from Polyseienees, Ine,

SheathFlowApparatuLwFIG.4 is apietorialillustration of
WP==5etifwtiM m@ments. A sample fluid
Contaildnganalyte ma[oeuks is delivered througheapilky
lube 52 which my be 20-100 ~ inside diameta(i.d.) and
kdnates in an outid 54 with areduced diamekr,&g.,1-50
pmLd. ~outletmay betapaedorblunt. Asheathfluidia
introduced thrqh idbt 56 into CODVCUtiOSUd aheatb flow

d58, wbieh~beasquare boretubehavinganinternd

waUdimenaion ofabeut250 psmThcsheathfluidis intxo-
ducedby gmvityflcmg aayringepump, m otkrauitable
PULP.In the Pment arperiments,sidyelaserbeam62 (554
nm) was used as the excitation aourec and was f~sed bv

ofcel158thiiforsml measuranent VOIUsne64. Sa&ie
fluorescence was eosmmtionally eolkted with a 40$0.85
NAmkrompeet@!tive andimagcdontothe focalplancof
aCCDvideoeamaa (not shown) As shown in FIG. 4,
xdy=wm~wd~dnewwithan
applied voltage 66, which may be 0-1500 V, between
capikry 52 and sheath flow @l 58. ‘fhe anidyteflow may
alsobe inlrducedby ]pcmsrd#7kvitynow,syringepump,
(xthe~andthe elmieeisnotaitieal, asnotedabovc&

Jnxcordmeewithcurinventiouhighmolecularweight
moleeuka areassodated witbtbeanaIyte molecuksto. .
mamtam a foeuaed abeam of and~ molecules between

6
Quantitativesample stream &meter measurements wese

made using the apparatus shown in FIG. 4. Fluomscxnce
wasexcited byadye Jas=tunedto5M nmandfocusedto
abesmwaist of15pm(e-2diameta) intheeen~ of tie

5 flow channel. The CCD video eameraoutput wasmeorded
with a VCR for subsequent pmeessing. ‘Ihe intcrseuion of
thelaaerbeamandthe sample stxeamwasviewd-ti
the entirespatial evolution of tbe stream.However, since (he
size and distribution of this image &ermines the etlieiency

10 of SMD, this technique pvides information net eadly

1s

m

2s

so

CamarYeutlet!wancl measummiltVollnm 64. As used 25.-

fluiz e.g., prcssudgravity flow, @ngepump,andthe like.
AIL_llMy bCtitdldilltO_ tubeS2by
pump72andahedhfluids4imMuced intoshcathflowcdl
S8bypump m.rnalfirstanbdmng highmoleeuk
Wdghtm!decldesmmeintpdueedinto c@lhlry52by
pump76. Inaseeondsmb@mm$ ldghmoleeukweight
smkules?ltlareinfmdudisltosh cathflow eenf%by
M 86.

Visualizadon of Fbcosin& FoeUsing was Sludiedby two
metho&. Gnemdodcxamind the padstmt hydrody-
namicfocuaing ofady~inafluoresee nceflewecllwiththe
sheath fluid eontsmm“ “ geiedrolyte andtheanrhapcd~
‘Iliesample waaintrodueed*asmaUea@aryinthe
centaof a250pmsqparebor esheath flowewette.’flw

aampleintmduetion ea@arkawcre fosmedbypldKng90
pm C&20pmM. iii silicaC@mries(POlymicro
Tedmologies,Issc, Pho~Ariz.) to yield 1-5 pmtips. The
celland ddivayayskan waeshnilarto thatdesdbed
above; ather eleefrokinetic m pressure intdudion of the
dyethmughthecapiihy wasused.’lluxewasnodiffaenee
in behavim between dnetwomethods c4aampleintrodue-
tion.Thc~ofttle aamplea@amwaevMlizedby
*gtheeell*a =s_fluoresecneesrdem
scope withasnrmury arcexdtation. Sheath fluidwas
introdueedwilh aayringepump (HarvmdAppmtus, south
NatielL Mass.). Sasnplc ffowwasaaoss the field of view.
@uPkmen@ry exdtationunission tiltcrs wae used to
exdte and visuaIfzc tho fluaesecnce. VhMimtions of the
diametaoftheaample stseamasaiimetionofdktancefrom
thecapillqwemobtainedkphetogmphsofthesample

available from the ihores-mnee microscope. To quantitate
theimagcs, tbeywere digitkdand~- NIH
Image. Thewidths of the fluoreaeeneeimage5 wae mea-
surcdas the fullwidth of thel/epointa.

Luminescenec TWations: Huoresana &ration curves
were acquiredon a spectmfluodmeter. A known volume of
thedyeinanapp@ate bu&crwm~ktieflu~
euvette. The emission speetrum was measurd Aiiquots of
a eonantratcd polymer solution made up in a dy*bu&z
solution identieal to the sample in the euvette wae added.
The solution was thmoughly mixed anda new apectmm was
meammd.’fhe equiliiwas assumed tobe

A+Pe&#AP

whcmAis the analyte (dye), Pis thepolyma, and ~ is the
equilii binding constant. The polymer concentration
w= Tsedin wdghtpaeeng which gave ~in units of
Wt% .&-listhelt thewt%ofpolymathat bin&sw
of the dye.

Assuming that exebange is slow on the time scale of the
exeited s&&lifetime, 6 fluomamee iutensity,F, as a
funclion of polyma coneentrathq is given by

F..aXP1+F. (1)

whemFOandF. arethe fluoreaemeeintenaityinthe absenec
ofpcdysmrandathdinitepolymcreoneentration(i.e.,alldye
bound) and M&the oolvmaconmmatkm T5tratiosI

40 ~cswerefit~n*i~_.hg4~
Foiswell _tidsquantUy wassetattbeflu~
intendty befomthe lirstaddidon ofpolymsz All oftbe

4s

so

55

60

65

Mndingdataarciitquantitativdybythisappach,
FiXquendking studic& datawcxe fitto ncamd stem-

Vollna quulddng kinetics

F@ul+&dQJ m

whae F. is the emission intendy in the absenee of
quencher, F is the inteatsity with quencher, [Q] is the
quenrha eoneentration, and ~ is the Stern-Volsner
qucmhing constant. Depding on whctixz quenehing is
tic (asaodational) or dillimio~ ~ is atha the asso-
ciationcomtantor~~whae~ isthebimoleeadar
quenddngeOnstant aad~istheexeifed atateH*htie
absence ofquencher. -

Viseoa@ Measurenwnk VicosityMeasummeatsWue
madeusing a conventional Gstwald~ water was
used as the refaenee.

Rcwdts

Cationie dyes with anionic pox I&dally, usiug the
nuomscmee Sniaoseops, thepodtively ehalgedTRITc was
used as the analyte in Bms bu&z (lx) with the anionic
PO@M=atO.lwt%.ItwasekartbatNa(PSS)dramatieally
redueed defocusing. Dextran sulfate had a significant eEecg
butnotasmuds asthe Na~S1. Thcrcwas nodkcmdbk
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e!fect with NalPM]. The NalPAA] was probably com-
pletely protonated at the pH (-7) us@ whirh would *
tively neutmlize the negative rharge on the.pol~e~
wouid negate electrostatic attraedon and mimmize .
nate association. Further WorkWilh anionic polymers was
limited to the PSS system.

q (1 pM in lx D-PBS bufkr) was introduced
ectmkmdcauy as the aaaIytewith 0.001 wt %N@SSl h

~e %x D-PBS shealh fluid as shown in FIG. 4. Quanti-
tativedata fcathis system were obtained With the video
~ with three diEcrent sheath fiOW* (5, 25, and 100
_)* andwithoutO.001 wt%NaES].Thedistam%
between theeapilky intrcductionpoint andtheccmtaofthe
laser beamwas30pm.

Rcduedon in difiimional defocusing was pronounced with
the ddition of even a small amount of polymer to the sheath
flowstream Thesample stream diauWer atthedeteetion
point wasrnuchnamwcr at5@ninshaathftow ratewith
=&:: g=:- ~

flowratcs, but forSMD ahighflowrateis eammz@uetive
bceause the reduced midcncy time in the detcedon volume
rcdueesthe oumbcrofpbotons thateanbedete@XL

Thcsample stream tititaken frOmthe dighhxr, was
found tovaryas tiemciprwal of thesquarati of the
shcathveloeity. When Mmduekgasample thnapoint
soumeintoa flowing sample stream ofmdfm VelOci&,tie
lm!anradial diffuaia MulEtezas Viewed throuah the

.~–r—
WJDW and diilksion o&ffieient D by

x--r +

PIG.5shows aplotof wunplewidthvcnms ~forthe
_~o.OIWqhmdO.@l@%-~ of
N~]. TheplcXa arelinear aspmdkted@this simple
thaxy. ‘rheratio of tie dope indicates that in N4’PSS), D *
reduced byaboutafactca’ of16.’11da wmdd~ndti

8
Volma quenching con3tant (0.04x D-PBS) was 12000 (wt
%)-i m 50% luminescence quenddng at 0.008w % poly-
mrr.The narrowness of the fiumsumce imaging was pb
ably due to essedially oompkte quenching of the dye as it

s dMused into the polyrnrr-containing sheath fluid. While
diffusion was catainly _ the absenee of apprdable
Iundnesccnee made this system of no practical value. It
shouldbenoted thattheseeffeets can bereadiIydetcdedby
routine qcrimcntation.

Neutral Dyes with Polyrncm Reduetion of def~sing
10 with a polymer was also dunonstratd Fluoresedn, Rose

Be- and Cosinau showed strongfocusing WidlPVP(O.4
wt %, 0.04x D-PBS). Also, aa mpected m the basis of the
enhancementof luminescemx intensity of bound vcmus *
Rose Beng& the PVP-assodated Row Bengal stream was

Is -maM*ti*pl/p-*~
The lundneseenee of 10 @f Rose Bengal excited at 488

nmusinga eommonlascx beam bo(hinthcpresenee of O.5
wt%PvPand wilhout PvPshowed ihat the polymer
Solution endssion isrnqchbdght crlh anthepalymcr-free

x emission. Far optimal excitation wavelengths, the Rose
Benml Iuminesccm intensim is about a factor ef 10

25

xi

35

an axtiie inacsseinthcmolecular weight byafaetorof 40
1000 based ontiie-O.4powcrdependcncoofDonmolecU-
larweight. sudtaninarease would prdct amdedar
wdghtofthe polymm-bound andYtetithe*of*a
mimorLwhidXis similartothe500#O0 molecdfEwd@d
the NalPSS1. Those resuMsindkate thatvhIU&alldti fi
analytc-mo&ulcsarebcsundti,anddiffusewitil,th chigh
~--.

AnionicDyeswithCationiePolymerwRedUctiOnindCfO
Cusing was not unique to cationie dydaldonie palymrr

.mmbmatiorls. The anionic ftuaresdn and the cationic
PMAC!R?3rpolymer (0.04x D-PBS) ddbited strong sus-
tained narrow aamplestmarn saadidanioniceosin with
Cationicpoly@iallyl dimethyl ammonium ddoride) at 0.1 Wt
%polymcr. ’fhereductio nindcfcmsing wsaas goodor
kctta than for the TRI’iWN@PSS] system. If& fcc flucues-
cein with PMACRBrwas 620(wt %)-i.’Ibis emesponds to
a50%binding atlessthm0.002wt% ofdwpolymcx.

Another dyclpolymrr combination examined showed
some of the complexities that ean arise. U* the
~, ~ ~- tilh 0.1 Wt % ~d?ylBr
reveakdavuynamow samplestmamthat wasordywx
luminescent.’IWs was fo!mdtorcault*a stmngexcitcd
state quenching of the fluorcsadn fiuomsmco by the poly-
mrrcrlleontrast totheot&??polymer systems thatddbited
a plateau and nonlinear Wm-Voluxr plots(expee&dfw a
_ SY3tCSIiof Eq 1), the flumeatXhdPMePyBr system
gave a linear Stern-Volmcr plot and no plakau. The Stan-

So
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60
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lx@tcrillthelxeaence e#PVi?cmparedto thepolym=-
frecmedia. Sineethcflumcaeence quantum yield of Rosa
Bengal inwatcris onlyaboutl%, tbislargeenkccmcmin
PVP brings the flucreacena *ency UP to a value

Wiiblhisflim’ophece.-
Incon&ast to Rose Bmig&Uxre sppcamdtokcno

binding of TRITCwi!h PVR
Lumina3een@ titration awes showed ihat the coneen-

tradonof PVPnecessary to bind 50% ofeosinand Rme
Bc* k ~y ~.~ W %9~nq a=
-W---mmt

Non-sped% Polyion Hffcctx To exclude nonspecific
mlvion effects. TRl!IC with 0.1 wt % 50.000 MW cationic
-in&!PyBrwas”inve3ti@d mdrosMc mpalsionin this
case mhdmims ionic asmrWiolu however, the polymer
sheuldhavethe sameeffcdonionic strmgthastheanionic
P@=z Nomduction indefoc.ushMwas obsuvcdfc?this
@yedonwMtTRIICThus,thmisnothingmdqueabout

having achargedpolymcrintheaheath.Thevisoos@inthis
Cascisemontiall ythesam easthstofwatec

DISCUSSION

‘rile Sbovemsldts siwwthatdemased m~~
thepscneeof high moledarweigbtmmiadngpolymcm
isagenaat@emmaa. Itisminautypes ofandytel
polymcrcmbhationacxamhwd -~-+
with Snionie polymers, anionic analyks with Cationie
==~k~=wm~ - polyme= me.

assmate slxongiywith
thcpolymcf ataaes!dble polymcrconcatratiolm control.expmmmm showthat itistheassocum“ ‘on of the analyte
with the high mokcukr weigbtpolymrr thatistbeuitieal
~*~_ZCSm -non-
specific dfect Ofpolyelcctrdytea.

ThemethodologyfmredueingradialditWiona130assists
inrcdudng axial diffusiomwhic hbeoomcsimpmbm twhen
low flowratea amused bmaximim detedion sensitivity.
~_kS=Imd~W@e moleade DNA sequ-

lmcl@Mes is IIEasured. Unm
tldsmethodofmdueingradialandaxiald3ffuldon,verylow
flowratescouplcd withhi@deavagerates would causeti
ratcof DNAsequencing to beliudWby axWdiEusion
mkdering.
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associadngmechanismisless clear. The increase in lumi-
nescence yield of Rose Bengal when bound is similar to
luminescence yield increases on changing the solvent from
Wata to more hydrophobic solvents. Thus, the binding
environment is probably reasonably hydrophobic.

As OllC would expe~ CkC&OStStiC binding is stronger
than the non-spccitic or hydrophobic binding. In gencrsli
one might expcctthst systems based on elcdmtatic binding
will give the tightest binding au~ thus, the lowest useful
_ concentrations. A low polymer concentmtion will
minimme background from adventitious luminescence

~~~pom=
ltshould benoted thatthe sdectcdpolymcr must not

contdngrwps thatamcapable ofqwmhingthe dyeemis-
sion. lfitdoea, the tight association merely enhanccs the
fnirirlsic quenching.

Anaddcdadvantage of PVPbindingtoflu=esce@ cosh
and Rose Bengal istiuit itcangreatly illtXMSC thCfiUOSl?S-

ana quantumyield amldphotochadcal stabUty.In the case
of Rose Bengsl, the enhanmment in hmdnwccnccyiddis
about anonicrofm@tude.

The tie results shuw that lxdymer reduction &&f&
Cushtgis averygentmsi phenomelm Itoccurswithappm

COmbiMdOllS of andyte and high mokcukr Wdght
-Orchsrged polymcrs.’rll eonlyrequheme ntisthat
stmngandytcspolym mbindingoccnra tthepelymercon-
ccntration employed and lhat the Imninescmcc notbe
advszsely affcctd While haviagoppmite chrges on the
dyeandpolymmassistsbindin&itisccrtai@notrcquired
ferbinding and focnsilmgasshownbythe PvPresadm

Many* can benaedtofbrmhigh mdrXxdarwdght
compkxmmtoesdttmcethesbtbU@Of~.Wsiti
polydectrolytes, a vatic@ of guesthc5t systems can be
~ to ~erm aa!$odation complexm ‘Ilmsc indudc
unckgedzwlttedonic spedelsthatcan associate vialocal-
ized ekdmtadc intcmcdons, water soluble ionomtas that
~ J=gw h-ti @o=, ~~e polym=k
cydodextrh and cdixarenes, charged and uncharged
micdlesthtttwestabilizcdbypo@Wkdqwatcrsoluble
block copolymer aggregates, polymerked dendrimcr
particles, polymedc !dzc-shape SdectiVe crown +,
charged and uncluuged bllays!r v*, and ~
cornpkxea sti as DNA with pti dyes.

In Sdditiorbpossible Sndlm species include biomolecades
thatwouldhave aspei~can dstrongas sodationwiththe
andytc. An example would be amibodyhntigens where a
large molecular weight antibody would stop diflhdon of a
low xnokdsr wdght hqtm s-c CMI@CS include
antihdies thatbind spccificsliy to dyes suchas fluwesccin.
A numk of dyes can have binding aftinidcsfor pockets on

-m&h Hye==?fi uoresmncc is enhanced by
binding in these binding*,

In addition, syntklic anchors maybe createdthatwould
have specifk and strong immctions wilhtheandytc.
@pr@ate combinations ofshape, sizq ciuxgqhydrogen
bonding, SndhXhydroflholdc Mcxactl“Onswould be Sdected
tistabmzetheassociatimlc omplcxandfinthcrminimkc the
-Wmnofh

The ndmdol~ fomxbsdngradial diEusionslmassists
inredudngaxial ditlizsionwhcr elowftowrate smeusedto

.maxmdse semkivity.l~ yinsmfn gthatth esamplestm.amis
namoweneu~ and byhavingau as=iatingpolymcr inthe

5

10

15

20

2$

30

s

40

4s

so

55

an

6s

10
sheath ar sample stream,each flumophore (e.g., tagged base
in DNA sequencing) is guaranteedto react with a polym=
within a short distancefrom sample introduction.By rcdm
ing moledar mobility, this association mdllces both radial
difIksion and axial diii%sionalmisdering of the bases.
until this method of redudng axial dilfusiom Vu’ylow flow
rates coupled with I@ cleavage rates were not an option.

The faregoing dcacription of the invention has been
presented for purposes of illustrationanddcxripion and is
not intended to be exhaustive or to limit the invention to the
precise fmm disdox and obviously many modifications
sndvadations srcpossible inlight of the above tachhg.
The cmbodbn ts Were dlOSCIl and descxii in order to
best explain the principles of the invention and its Pactical
a@cstiontothercby enable othcrsskilIedintheartto best
utilize the invention in vsdous cmbdmem and with
various modifications as are suited to the partkuh use
coWm#@. Itisintcndcd thattbscopc oflheinvention
bedeiinedby tbedaisnsappended hcrcto.

whatisdaimedis:
l. Amethodfmreducing lhedMmiono utofanaus@te

flowstrcam ofiirst mokcukshavinga rdativdy low
molccsdar weight and ccsxwponding high coeffiacnt of
dWusionoutofsaid snalyteflow_cosnpdsingthestep
of associating said first molecules with second molecules
havingarelativdy higbmolecdarwaghtand ccmsponding
IOW coe5dent Of~SiOIL

2. Amethodaccord@ todaimzinduding thestcpof
mabit$mol-watpo~fmtiti
molecules.

3. Amethod a=ording todaimzwhrrein said high
mdccdarwdghtpelynux isselcctcd fiomthegroupcon-
siting of polyelectrolytes$ cycledextdm, calixamnes,
proteins, casymea, polymaked dendrima particles, and
DNA.

4. Amethodaccding toclaim Uindudin3thestcpof

-~-~to msocktcwit hsaidfirst
mdecuks with elsdrostatic, shape, w hydrogen bonding
amnilies.

5. Amcdwdaccor&gtod aim4,whudns aidfirstand
second lSIOkQdOS,IBSpCdiVdy, are CdiOdC dyes and
Snioldcpolymrt& iudonicdyea withcationicpolymrs, and
ncatraldyes with polymas.

6. ArMhdaccmHngt oanyorieddaims lthrough5,
wherdnthe stepofasmdating said fhst moleculea with
second moleadca includes snrmunding said analytc fluid
slreamoffir stmelecu kswit hasheathfluid containing
second molecules of relatively high molcdar weight hav-
ing a rdativdy low ceeilicient of diffusion in said sheath
fluid and efRctive to associate with safd first molecules.

7. Amsthcdaccord@to anyone ofclahnslthrou3h5,
whcrcin thestep ofassdating said fimtmolecules with
scumd molecules includes introducing said second mol-
eculesinto acspihrywilh saidiirstmokcuks.

8. An amdyteflow system far reducing the diffusion out
ofananalyte flowstream of fimtmolecuks havinga
relatively low mokcukr wcigh$said system com@dng:

acapihytnbeforfcsming saidanalytcflow strmmwith
Saidikst molecules toaslnandhmeta-

asheath fluid mntaMng sccondmolec&cs havinga
IChth@ high IUdC4Xlk Weight and amaponding
low coefEdent of difiiwion in said sheath fluid and
effedive to assoate“ withsaiddrst molecu@and
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a flow tube fen’forming a sheathof said sheathfluid about a pump for introducing second molccuks into said cap
said arnaUdkmctcr amdytc fluid S- wherein said Masy with said first IIdCCUkS, where said second
firstmolecules associate with said second molecules to molecules have a relatively high molecular wci@t and
mince diffusion of $aidfirst molecules from said small corresponding low cocfH@cntof diffusion in a sheath

diameter analyte fluid S@CUD- 5
fluidand effcctiveto asmmatc with said first mokculeq

9.An analytcflow system for reducing the diffusion out
and

ofananslytc flowatm-ofiirst mokculeshavinga
a flow tube for forming a sheath of said sheath fluid about

relatively low molecular weig@ said system comprising
said srnalIdiamctm analyte fluid stream for movement
ofsaidanalyte flowstrcam atsaidsmall diamcta.

acapilhytubc for forming saidanalytc flowatlwmwith
said first molocules to a small diamcW *****


