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Rapid Analysis of DNA Restriction Fragments and Polymerase
Chain Reaction* Products by Capillary Electrophoresis

An alternative to agarose or Figure1:DoubleStmndeclDNALadderSeparation
polyacrylamide slab gel sin-: Waters Quanta TM 4000 Capillary Eloc_ophoresis System

elech'ophoresis. _ i kb DNA ladder (Gib¢o fiRL)at 250 ng/FL
Waters" AccuSep TM (100 wm x 60 cm)

Characterization of double stranded u,,d,_: 50ram Sodium Phosphate, pH 5.0 with 0.5% Hydrox'ypropylmethylcellulorse J4,000 centipoises)

DNA molecules arising from restriction _ti_:.5 kVfor15seconds
Ru_: -10 kV

endonuclease digestions or poly- 'r.,,.p:Ambient
merase chain reaction (PCR)is an im-

portant part of many molecular bid- o.oo_. ._

ogy investigations. Traditionally, DNA ._ ._.._.._
fragment size and concentration deter- _ _ _ s _.._
minations have been performed using _ .,,._ox.:
agarose or polyacrylamide slab gel _ _ : _-_. _ -'f "_"___'-"._ ._._. __ ._ o O_oo.S.s__8_.
electrophoresis _.While this classic . : _- ,_ ® -_o ® I I_,_8 .'- ® -. - ..o _ i i l,n---o_
methodology provides useful informa.... ':-_ r_ ._ ._ 8,..
tion, the technique is time-consuming, ._ _.':-"-_"_._x__o._,__'' __'° _._h_.
labor intensive, and difficult to auto- < ._"-°-_"_-

_._o
mate. Furthermore, precise quantita- ] _-_-_TII I I I II/
tion of the various size DNA flag- _ II II I I I_ I]
ments contained in the sample is indi-  dLL_ULJL.Jrect, requiring post--electrophoresis 0.0oo-.
staining, visualization and detection _'_ _ 20 _'s _b :3_
techniques. . _i._,

Capillary electrophoresis(CE)over- Electropherogram of a double stranded DNA ladder separation shows the dynamic range of the

comes many of the drawbacks inher- technique

ent with slab gel methodologies. Ago. High resolution _lX_mlions with direct fragment quantitation and elimi-
rose and polyacrylamide gel prepara- turn-key automation, nates the need for post-runstaining
tion techniques are eliminated since Capillary electrophoresis of double and visualization techniques.
high resolution separations occur in stranded DNA species on the Waters TM

an easy to prepare liquid matrix con- Quanta TM 4000 Systemoffers excel- Sample Preparation for CE Analysis.
taining a linear polymer. In addition, lent component resolution as demon- Although the PCRtechnique amplifies
accurate quantitation, run-to-runrepro- strated by the analysis of a DNA very small amounts of DNA, the final
ducibilit',/and convenient data docu- fragment ladder (Figure 1) Selaoration concentration of actual PCRproduct
mentation of double stranded DNA methods development is not reclu,red may be quite low and difficult to de-
separations makes this methodology using this automated, turn-keytech- tect by the described capillary electro-
an attractive alternative to slab gel nique since one electrolyte formulat,on phoretic technique with on-line, UV
techniques, can be used to analyze fragmems absorbance detection. Since the PCR

• SeeUSPolent_ 4683202 to Cetus Corpo,a,,on ranging from 50 to 12,000 base reaction mixture has a much higher
pairs in length. The use of comme" electrolyte concentration than the CE
cially prepared, gel-filled cap,tiar_es_s buffer, longer electrokinetic or hydro-
not required. Furthermore,UV detec- static injection times cannot be satis-
tion of the DNA species as they factorily used to increase the amount
migrate through the capillary permits
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of sampleintroduc_,:s_lintothecapillary. Figure2:PlasmidDhlASeparation

An alternativeapproach is to process sy._:WatersQuanta4000CapillaryElecttopho.re,isSystem
the reactionmixturethrougha Sample:_X/HAE IIdigest (OibcoBRLIat 250 ng/iJl.

Millipore Ultrafree'"MC filterunit c_l_. W_e,s"AccuS_p"I100vmx60era)
EIKtm_: 50ram SodiumPhosphate,pH 5.0 with 0.5% Hydroxypropytmethyk:ellulose{4,000 centipoises)(30,000 NMWL, regeneratedcellu- J,,i,,c_:.5kvfo,15_.

lose)to effectivelydesaltthesample R,,,,:-10kv
Temp:Ambient

prior to CEanalysis.5Detectionof low 0.010- .7 ._ ._
concentrationsof PCRproductsvia _ .7 _ _
electrokineticinjectionare thuspoE- -_ _- • -_
sible. In addition, thiseasyto use,ul- - _ .7 ._ _ o_

_g- _ - _trafiltrationtechniquesignificantlyre- r ! _ _ _ .o

ducestheamountof small molecular _, i ._ _ _ _weight reaction mixturecomponents _"I _& _o._ _°

(e.g. dNTPs,oligonucleotideprimers, i _ -_

primer-dimers)which can co-migrate _. :
with larger size PCRproducts.

Rapidanalysiswith reproducible |

results.
Capillary electrophoresisanalysisof a 0.0004' _ _ _ _ __
samplecontainingDNA fragments 12 1:_ 1'6 l'e 2b 2b 2., 2'6 2'8 3'oMinutes

can be performedwithin 45 minutes.

Good run-to-runreproducibilityis Electropherogram of a restriction enzyme dtgest of plasmid DNA using a capilla&, filled with

maintained by filling the capillary with electrolyte and a hydrophillic cellulose-based linear po/ymer. Separations are pedormed at pH 5.0

fresh electrolyte between sample which eliminates the need to use specially prepared, coated capillaries for this application.

analyses.Migration timeand area

countrelativestandarddeviationsof Millilxwe: Forall yourDNA Ref........

repetitiveanalysisof a Hae IIIdigest researchneeds. _)R,ck,,,o_.Da_d__ Ha_s.Eds_¢_0"Oe_E_t,o-
phoresisof NucleicAods: A PracticalApproach.2nd Ed"

of a PhiX DNA sample(Figure2) Millipore offersa completerange of ,_Press.Oxfod. England

were 1.3%and < 5% respectively instrumentsand nucleicacid synthesis _1W..... Gen-Pak_FAXColurnn HPI.C Sepo ...... oIDNARestr_chonFragmentsand PCRProductsISeeMilhporeAp-
(N=4). reagentsfor constructionof DNA, r_,_o,,on_o,e_,_oodTZ51

RNAand modifiedDNA oligomers, sl Rapid Punl,cat.... nd Quantitationol Po_ymeraseCha,nRe-action Products(SeeMflliporeApphcahonNote N951

Easydataarchival. A completelistin_of chemical prod- 41 Rapid.High Resolut,onAnalys.... d Purihcat,onol Synthelic
Ot_gonucleol_desISeeMillipo_eApplication Note T1O)

As with theotherWaters HPLCand uctsfor bioresearch(Directoryof sl Ultralree-MCA,_,calion NotesPC006andTB002
CE techniquesfor DNA fragment ChemicalProducts)may be obtained
anaysis2,s.4,eachcapillary electro- by contactingyour WatersTechnical
phoresisseparation is permanentlyre- SalesRepresentative.
corded via o chart recorderor on a

data stationsuchas theWaters Mil- OrderingInformation: PartNumber
lennium" 2010 Chromatography Quanta 4000E CE System
Manager. TheMillenniumdatabase 60 Hz 250000
lets userssearchthroughCF filesusing
any criteria, so samplecounts,track- 50 Hz 250001
ing and statisticalanalysesare ob- 254nm Filter 250454
rainedquicklyand e,_silv. AccuSepCapillary Assembly(1O0 i_mx 60 cm) 250-08

Hydroxypropytmethylcellulose H-7509
SigmaChemicalCompany
(Viscosityof 2% aqueoussolution
at 25°C = @4,000 centipoises)

Uttrafree- MC FilterUnit UFC3 LTK25
30,000 NMWL low-bindingPLTKmembrane,25/pk
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