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Flgure I

INTRODUCTION

Polyacp/lamidegel electrophoresis(PAGE) pedormedonslab gelsis a well Sepl.lllan Caplllm V
establishedandfrequentlyusedtechniqueIor the separationof proteins J
containedinvadoussamplematdcas. Followingeleclrophomsis,the
macromoleculesere oftentranslerredtoa membranesolidsuppod(e.g.
polyvinylideneditluoride)forpost-ranstainingandanalysis. PVDF Membrane - Ground

By comparisonuse of capillaryelectrophoresls(CE) continuesIo increase J Elechode
duein pad to the technlque'sabilityto resolvelargebiopolymersand to the J]
availabilityofcommercialinstruments.Althoughvaluablequantitativeand Poml JLcomparative information Is obtained by on-capdlaryUV detection,fudher
characterizationof proteinsamplesis oftendesired.

Thisposterdescribestwo post-separationanalyticalproceduresthat relyon Buffer
a membranefractioncollectorto captureproteinselidingfromthe capillary Buller
followingseparation. Utilizingroutinecapillaryzone electrophoresis(CZE)
conditions,proteinscollectedontoPVDF membraneswere analyzedusing
bolhnon-specificand antigen-specificstainingtechniques. In a separate
seriesof experiments,proteinamino acidcompositionswere determinedwith
picomolequantillesof samplesIsolatedfrom membranes. Hydrolysateswere

dedvatizedwitha recentlydevelopedflu°r_l._enlreagenl' 6"amin°quln°lyl" MEMBRANEFRACTIONN-hydroxysucctnimdylcarbamate(AQC)foll,')wedby reversedphaseHPLC.
COLLECTOR

MATERIALS AND _ proleinStalnlnaTechniaues:

CE Seoarationswitha MembraneFractionCollector:. Twenly secondInjectionsof the liveproteinstandardmixlurewere loaded
OhiOthe capillary,separatedby CZE andcollectedontothe rotating
Immobllon-Pmembrane. ProleincomponentconcentrationsrangedfromAftcapillaryzone eleclrophorelic(CZE) separationswere performedon

a 75prox 60cm fusedsilicacapillaryat a constantvoll.ageof + 7kV using 250 ng/mlto 250 pg/ml. Total proteincomponentdetectionwas obtainedby
a WMersTM Ouanll14000 systemwitha positivepolamypower supply soakingthe membranesfor 15 mln. at roomtemperaturewithAuroDyeTM

(Milllpore,Milford,MA USA). The electrolytewas lOOmMsodium Fodecolloidalgoldsolution(Amersham Inlemalional,Amersham,UK).
phosphate,pH 7.0, containing1.0 M tdmethylammonlumpropane
sulfonate(Watersr"AccuPureTM Zl-melhyl r_agent). Immunodetectionol proteinswascarriedout as follows:The membranes

were firstblockedfor I hr. al roomlemperalurewilh 10rampotassium
Eggwhitelysozyme,horseheadcylochromec, horseheart myoglobin, phosphate,pH 7.5 containing150raMsodiumchlodde,t% bovinealbumin
humantranslerdnand bovineserumalbuminwere purchasedIrom Sigma end0.1% sodiumazlde. The membraneswere then incubatedfor ! hr. at
Chemical Co.(St. Louis,MO).,.diss?lvedInelec.trolyteand p.asse,d.through roomtemperaturewitha 1:2000 dilutionof goatanti-humantransferdnIgG
a Millex-HV0.45pro filler IMpdporel. P,Usampmswere maoeonyaro- (Sigma T-2027) in 10rampotassiumphosphate,pH 7.5 containing150ram
staticallyontothe capillarywithvolumes rarging from 18to 100 nl. sodiumchlodde, 1% bovinealbumin,0.05% Tween-20 and0.1% sodium

azlde (I.e., conJug[dediluenl). Three, 5 mln. washesin 10rampolasslum
The eluateof the capillarywascontinuouslyappliedon a PVDF membrane phosphale,pH 7.5 conlalnlng!50mM sodiumchlorideand 0. l% sodium
(Immobllon-P", Millipore)usinga rotatingplatformconsistingof stepper azide (I.e., wash buffer)were performed,followedby a 1 hr. incubationwith
_notorddvenplaten cappedwitha polyethylenediskas shown in Fig. 1. rabbitanti-goalIgG alkalinephosphalaseconjugate(Sigma, t :8000 dilution)
Detailsof the fractioncolleclor assemblyand operationhave been previously Inconjugatediluent. Excessconjugatewas removedby threewashes with
descdbed(Ref. 1 - 3). The diskwas rotatedat a rate of 0.033 rpm for Ihis bufferfollowedby e Milli-Qwater dnse andchromagenicsignalgeneration
sedesof experiments, wasgeneraled by incubationin BCIP / NBT alkalinephosphatasesubstrale

perthe manufaclumr'sdirections(Khkegaardand Perry Laboratories,inc.
Gaithersburg,MD).



Chemllumlnescentsignalswere generatedusingtheprotocolabovewilh the Separationof amino saidderivativeswere pedormedas follows: Samples
Ilowingmodlllcatlons.Membraneswere washedfor 10mln. In 10mM Tds, were separatedon a Waists AccQ.Tag" reversephase column(3.9 x

pH 9.5 containingt0mM sodiumchloddeand 1raM magnesiumchloride. 1,rd)mm)usinga te:napj eluenlsystemand a muitislepgradient. The
1he membraneswere thencoveredwithLumtgen-PPDsubstrate(Millipore) HPLC systemwas a Walers AccQ.TagAminoAcid AnalysisSystem
and allowedto incubaleat roomlemperalure for l0 rain. ExcessLumJgen- tMillJpore)consistingof a 625/C Systemequippedwith a columnheater,a
PPD reagentwas removedand the membr_meswere sealedin clearplastic 717 plusAutosamplerwithheater/chilleraccessory,a 470 Scanning
beg. In a darkroom,a piece ol X-ray film(Kodak XAR) wassandwiched FluorescenceDeleclorand a Millennium" 2010 Workstation.
againstthe sealedmembranesandthe filmwasexposedfor60 rain.priorto
development. Compositionaldatawas calculatedaccordingto previouspublications

(Ref. 6) where% Error= 100x (experimental- trueresiduevalue) /
tree residuevalue. The overallcompositionalaccuracywasassessedas
the Average% ErrorwhereAverage% Error= T.absolute% ErrorI 16.

AminoAcidCompositionDeterminations: _IESULTSAND DISCUSSION

One hundrednanolJlersof cylochromecan I myoglobin(5ragdry weight/ml Rearoducibililyof CZE SeoaratJons:
each) were Injectedontothe capillary,saps:sled andcollectedonto
Immobllon-Pmembranes. The airdriedmembraneswere wetwithmethanol Previousworkhas demonslratedthat proteinsInteractwiththe wallsof
thendnsedcopiouslywithMilU-Qwater. Followingre-dryingof the untreatedcopitladesand generatekreproduciblemigrationtimes(Rat. 2)
membranes,the proteinswere visualizedwith20% methanoland the bands Thisphenomenonwasalsoobservedinthe separationof liveprotein
excisedwitha clean razor. Thestdps wereplaced Ina 6 x 50mm glasstesl standardsunderregularCZE separalionconditions(Fig.2: Boltom).The
tubeandhydrolyzedwith6N HCI with 1% phenolusinga Waters Pico-Tag_ broadtailingpeakssuggestproteininteractionwith the negativelycharged
Workstationanda vaporphaseprocedurepreviouslydescribed(Rel. 4). capillarywall. Fudhermore,notonlywas cylochromec (p/= 9.3) poorly
Followinghydrolysis,the aminoacidswere extractedwith I00 pl of 4% recoveredfromthe capillarybutthe overallmigrationtime reproducibilitywas
aqueousSDS: ecelonitdle(1:1,v/v) followedby 50 pL wash withthe same less thanutlsfsalory. Under theseconditions,the migrationUme relative
solvent,andthe combinedextrsalswere vacuumdried. As conlrols,2087 ng standarddeviaiton (MT. RSD) was found to be 4.0% forsixconseculive
ofcytochromec and t708 ng ofmyogloblnwere individuallyhydrolyzed, funs. Proteinpeal( shapeandresolutlonwere significantlyimprovedby the

additionof !.0M zv_ittedon(I.e., tdmelhylammonlumpropanesullonale,
Aminoaciddedvatizationwasperformedas follows:Standard aminoacid Zl-Methyl. Milllprxe)Io the phosphatebufferelectrol_e (Figo.' 2: Top).Fudhermore,the M.T. RSD was improvedIrom4.0 '/oto 0.4 %.mixtures(10pL, 0.traM) were bufferedwith70 pLof 0.2M sodiumborate,
pH 8.8 co'.,ainlng5raM disodlumethylenediamlnelelraacetic acidand
dedvatlzedwith20 pLof 10raM6-aminoqulnoly-N-hydroxysuccinlmidyl
carbamateInacetonitrile(AQC,AccQ.Fluor" Reagent,Waters) according
to a previouslypublishedprocedure(Ref. 5). Proteinhydrolysaleswere
reconstitutedwith20 pL of 0.1M HCI, bufferedwith60 pLol sodiumborate
anddedvallzedIn a similarfashion.



Figure 3: Separation of Protein Mixture With and
Figure 2: Effect of Electrolyle Additive on Protein Separations Without CE Membrane Fraction Collector
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Effectof MembraneFractionCollectoronCE Seoarations: On-C.,SeillawN)se_oanceDetectionand Post-ElectroohoresisSlainino:

Thisexperimentwas pedormedto determinewhetherthe Installationand Samplescontainingthe five proteincomponentmixturespannlngthreeorders
utilizationof Ihe CE membranefractioncollectorhad a deietedouseffecton of magnitudeInconcenlratlonwere preparedand separatedby CZE. The
the CZE separationof the 5 proteinstandardmixture. Fig. 3 showsthe amountsol each proteincomponentInjectedwere 4.5 ng, 450 pg, 45 pg, and
eleclropherogramsfor separationspedormedwith(Top) andwithout 4.5 pg. ;he electrophelogramsfrom on-capillary,185nm absod)anoe
(Bottom)the collectiondevice. As indicatod,Ihe relativeproteinpeak detectionare sh,)wnin Fig.4. At the 4.5 ng and450 pg levels,the fiveprotein
shapes,migrallontimesand resolutionwere neadyidentical.Thesedata componentsare easilydetected. However,at the 45 pg level,the peaks are
Indicatethat methodsdevelopedfor traditionalCZE can be translerred barelydiscemlbl) amino proteinsare delected at the 4.5 pg amount.
directlyto a systemequippedwiththe descdbedmembranefractioncollector
device. S!mples sspem'_edby CZE andcollected on Immobilon-Pmembranes were

subJecledto tolal proteinstainingas well as antigenspecific,anti-human
translerdnknmunodetactlonprocedures. Figure5 showsdata hum the
4.5 nganalysis at whichlevel totalproteinband stainingwiththe colloidalgold
reagentwas clearlyvisible. Bandswere faintlyseen at the 450 pglevel and
notdeteded st or belowthe 45 pg level(data notshown).

Immunodetectlonwas pedormedusing antibodiesspecificto humantransferdn,
and as such,onlythe transferdnprotein bandswere detacled on the
membranes. Non-specificImmunodetecllonwas not seen at any protein
concentraUontasted. Visualizationol the antibodyboundtransferdnwith
the chromagenlcandchemilumineacentsubstrateswas alsocleadyevidentat
the 4.5 ng levelwithminimumlevelof transferdndetectionbeing45 pg(dala
Iiol shown). This level Is comparableto that of detectional 185nm



Figure 4: CE Seperallone Using Membrane Fraction Collector AminoAcidAnalysisof ProteinsRecoverec
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Table 1. Repmsenlsllve Amino Acid Analysis Results for Samples Pudllad __
by CE e: ",'ctsd on PVDF MamL.-r-_e

L;ylechmmeo I Myoglobln s.Y.F. Chang, M Fuchs, D. An(kews and W. Carson (1992) J Chromatogr.60e: 109.116

ill.Value CE .Smnpla. I Ut. Velue CESample 2 y.F Cheug.MFuchs.endW.Carsonlt993)Bio'Feche,lques14:51-54.Asp 8 9.(5- 16 12.9
Ser 0 n.d. 5 5.6 3. W.W. Carson,Y.-F. Chang and M. Fuchs. U.S. Pelenl Number: 5,126,025
Glu 12 12.8 19 19.3
Gly 12 12.3 15 | 6.0 4. S. A Cohen, T. L. Tan'in end B. A. BldBngmeyer(1964) AmedcanLab. August.49-53.
His 3 2.9 11 92
A_g 2 2.4 2 2.7 5. S.A. Cohen and D. P. Mlchaud(1993)Anal Blochem.209: 279-287.
Thr 10 9. I 7 7.4
Ale 6 6.3 15 15,7 6. D.J. Slrydom end S. A. Cohen (1993) kT "TechniquesinProteinChemlslryIV',
Pm 4 4.4 4 48 IR.H. Auge_,l.ed) AcademicPress.SanOtego.pp299-3O6.
Tyr 4 3.2 2 1.8
Val 3 3.I 7 7.2 T. Weal, K. A. and Cmbb,J. W. (1992)/n'TechnklUeS InPfoleinChemistryII1',
Mel 2 1,4 2 1,7 (R. H. Angeletll,ed) AcademicPress, San Diego,pp 233 -242.
Lye m 17.8 19 18.1 e. Tei,.O.e_,P,_o,_R.J..P,n.Y.-Ce..E,_=,o,,L.H.,,ndC,,bt),J.W.
tie 6 5.8 g 8,4 In'TIctIdquos InPmlein ChemistryII1",(J. J. Vllleifranca,ed) Academic Press,
Leu 6 5.8 17 15.9 SanDiego.pp139.tS0.
Phe 4 3.9 7 6.6

9. Ghmanhdeghi, F., Alhedon, O, DeMoll, M. lind Mlsche, S. M (1992)/it
"ll'ed_ In PrololnChemlslryII1",( R. H. Angelenl,ed) Academic Press,

Average E,'or 9.5=/o 11.6% San Diego,PIP249-260.

ng InjectedonCE 415 341
ngHydrolyzed 365 249

Recovery 88% 73%

Conclusions:

Post-runanalysisel samplesseparatedby capillaryelectrolPhorasishas
bean problematicdueIo limitedsamplemessesas wellas 1odifficulties
encounteredcolecling discretefractionsfromIhe capillary. The data
presanledInlhis sludyprovideevidenceel the utilityof • membranefraction
colmcmrInterlace forpedonnlngix)st.nm mmlyslso4CZE separated
proteins.The Interlace,sinceI1is based onIhe continuousIransler04
moleculesemergInghornthe endof the capillaryonlothe movingmembrane
surtace,preservesthe spatialresolutionof Ihe separationandpelmllsCE 1o
De.coup.1_.wllh olheranalyticalmelhodaIncludingImmunodelecllonand
aminoaclocompositionanalysis. Slgnitlcar.IfindingsIhis sludlesInclude:

1. ProteinscollecledwithIhe membranefraclloncoiteclorfollowingCZE can
visuaitzed at Ihelow picogram levelusingantigen-specificImmuno-

dpI.ecti_ p._ums. This level olsensitivityIs comparableIo lhal
obtalneousingnon-seleclive,on-capllla|ydetectionel 185nm.

2. Membrane-boundsamplesare readi_ amenableto reversedphaseHPLC
aminoacidanalysisfollowingvapor-phasehydrolysisand dedvalization
withAQC.


