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Announcing! A Brand New Technical Publication
for the Protein Chemist.

Proteinpurificationis of great impor- FastProteintC forHigh Resolution Protein Purification Notes (PPN)
tance in thestudyof biological pro- FractionationofComplex Biological Mixtures conveysinformationon methodsand
cessesand in theproductionof phar- ....................... instrumentationfor purifyingbiomol-
maceuticalsby recombinanttech- 0.1 CrotalusAtroxVenom ecules.PPNcarrieslechnicalarticles
niques.Theresearcher'saim isto ob- on new advancesin protein isolation
tain a proteinwith high specificactiv- techniques,withan emphasison ira-
it'/as quickly and as easily as pos- provingspeed, resolution,and the re-
sible. Increasingly,proteinchemists covery of biologically-activespecies.

are turningto FPLC";to purifi,/proteins To Continue Receiving Protein
for severalimportantreasons. Purification Notes- Act Now!
High Resolution. High perfor- Toremainon our mailing listhere'sall
manceion exchange,affinity,hydro- you have to do. Completethepostage
phobic interactionand gel filtration [ paid replycard on thereverseside,
chromatographymaterialsare avail- _ tear along the perforations,and drop
able in bulkand as prepackedcol- _ it in the mail. Yoursubscriptionwill con-

umnsand offerexcellentrecoveryof _/ tinueuninterrupted.

biomoleculeswith highspecific
activi_. Obtain a Free Video Tape on

Optimizing Protein Purifications.

Speed. Theshortseparationtimes Toget a freecopy, checktheappro-
and theability to switchquicklybe- priate box on theattachedreplycard
tweenvariousseparationtechniques and mailtoday!
usedin biochemistry,savesyou time
and ensuresthe maintenanceof bio- ""

logical activity, 0.0_..._ , ,. .....0 s _0 is 2o zs 30 3s 4o
Minutes

Biocompatibility. Columns and
Sample: 1(30tsl of Oo!alus OtrOx{snake) venom,

instrumentation are mode of totally- ca,J..,,.,: Protein-Pak DI_Af: 8HR 10 x 100 rr,m

inertmaterialsand are gentleto pro- ,,,_¢,..,,::,d:A,,,o._,,d
Initial Conditions: 20 mM T.s i_ffe_ oH 8.1

reins ensuring you high recoveries, Final Conditions: 20 mMT:is b_,'ffe,pH 8t

minimalmaintenanceand long ,.,,_04,v,_a
Groclie_t:Linear, 30 m_n

columnlifetimes. Fb..,Rate:12rnl/min

The fractionation of the components contained in
Crotalus atrox (snake/ver:om demc,nsrraresthe

obdfly o/fast-protein LC to provide ti_ehigh
re.soJut_onne(:esso_ytar fractionation of complex
samples Protein Purification Notes reports on
novel purification methods which have proven to
increase the utility of tPLC
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High Performance Glass Columns Approximate Protein Binding Capacity Per Prepacked Column*.
and Economical Bulk Packings. Prepacked 8HR 15HR 40HR

The 8 IJm and 15 pm Prolein-PakHR Column DEAE'" SP'" DEAE SP DEAE SP

packingsare suppliedin prepacked lo mm x I00 mrn 300 mg 300 mg 300 r'ng 300 mg N/A N/A
20mmx lOOmm 1250mg 1250mg 1250mg 1250mg N/A N/A

Advanced Purification(AP)glasscol- 50 mm x 100 mm 7800 mg 7800 mg 7800 mg 7800 mg N/A N/A
umns.APglasscolumnsare designed
for usewith both smalland large ProteinBindingCapacityofBulkPackings(mg/ml):

scale purificationprolocols.These BHR 15HR 40HR
metal-freecolumnsare composedof Bulk Packings DEAE'" SP'" DEAE SP DEAE SP

N/A N/A 40 mg/ml 40 mg/rrlJ 40 mg/ml 20 mg/miborosilicateglassand havehighpres-
sureratingsenablingyou to use faster -_o,_...... h....... ly 5-20%otlhecolumn's p....... b..... g capao',/

• " Boy:he serum alburr'.m ,n 20 'r,M [r,s/CI pH 8 2 ;vr':.sused Io measure prolelr" b.nd.ng caix:c%, o[ Prol_s_.rl'P.':kDEAL HR ser,es

flow ratesfor rapid separations.All Cy,o_h.... C ,r, 25 mM MFS pll 5 0 ..... "dt ....... p....... b nd,ng ....... ty oJ P....... PaL SPI'R .......

prepackedcolumnsare 100 mmin
10mm, 20 mmor 50 mm.Protein- Ordering Information.
PakHR 15 tJmand 40 pmpackings Column Particle Part
are also available in bulkquantities Column Dimension Size Number Price

Watersoffersa wide range of empty Protein-Pak DEAE 8HR 10 mm x 100 mm 8 tJm 35650 $ 695
AP GlassColumnsmakingi1possible Protein-Pak DEAE8HR 20 mm x 100 mm 8 pm 38560 2,980

to pack a bed volumethai is opli- Protein-Pak DEAE8HR 50 mm x 100 rnm 8 tJm 38561 14,040

mized for a specific application This Protein-PakDEAE 15HR 10 mm x 100 mm 15 pm 38564 . 550
Protein-PakDEAE 15HR 20 mmx 100 rnm 15 tJm 38565 1,840

choice of column volumes provides Protein-PakDEAE 15HR 50 mm x 100 mm 15 pm 38566 6,300

greaterflexibility in methodsoptimiza- Prolein-PakSP 8HR 10 mm x 100 mm 8 um 35655 695

tion and processscaling. Protein-PakSP 8HR 20 mm x 100 mm 8 V'n 38562 2,980
To learn more about the Protein-Pak Protein-PakSP 8HR 50 mm x 100 mm 8 _m 38563 14,040

HRproductofferingchecktheappro- Protein-Pak SP 15HR 10 mm x 100 mm 15 pm 38567 550

priate box on the reply card. Protein-Pak SP 15HR 20 mm x 100 mm 15 tim 38568 1,840
Protein-Pak 8P 15HR 50 mm x 100 rnm 15 iJm 38569 6,300

"Empty AP Glass Columns are also available in 200 mm,

300 mm and 600 mm lengths. BulkIon ExchangePackings:

Protein-Pak DEAE 15HR 50 grams 15 v'n 35688 $ 650
500 grams 15 Fm 35689 5,500

Protein-PakDEAE 40HR 50 grams 40 V'n 35691 125
500 grams 40 pm 35692 1,250

ProFein-PakSP 15HR 50 grams 15 tim 35694 650

Yourcommentsand suggestionsare 500grams 15pm 35695 5,500
welcome.Addressthemto: Protein-Pak SP40HR 50 grams 40 pm 35697 125

JennyGrant,MarketingManager 500grams 40 pm 35698 1,250
WatersChromatographyDivision
Millipore Corporation j ................................................................................................................................................................

34 Maple Street ii New Protein Purification Videotape Available.
Milford, MA 01757 j Shows How to Optimize an Ion Exchange Protein Purification of a(508) 478-2000 Ext.2750

Liver Homogenate.

Proteinchemistscan now receive resolutionand increasethespecific

We]It "free, a 15-minutevideotapeon fast activityof purifiedproteins.eJ_s proteinLC. OptimizingProteinPurifi- Thevideotapeis notable for its
Divisionof MILLIPORE cationsshowshow to fractionatea step-by-stepapproachexplaining

crudeIbroteinmixtureand recovera the proteinpurificationprocessfora
highlyactive protein.Thevideotape liver homogenatefromcrudefrac-
includesinstructionalsegmentson tionationto high-resolutionpurifica-
theprinciplesof ion exchangefor tion. A limitednumberof videotapes
proteinpurificationand discusses are available for distribution Toget
how to systematicallychangebuffer your free copy,checktheappropri-
pH and gradienl slopeusingthe ate box on the replycard and mail

_-_Auto.BlendMethod to improve today.
.............................................................................................................................................

Waters, Protein-Pak, Auto.Blend, Accell, Milli-Q, and Millex are trademarks of Millipoce Corporation.

Gammobind-G is o trademark of Genex Corporation. FPLC is a registered trademark of Pharmocla Fine Chemicals.
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Ion Exchange Packings y_gu!_t 19-Ani0.nLx_cha_nge-Pu_r!!!ca ti_on._ofMo.n_oclonalAntibodies.
for Protein Purification ,. Transferrln Col.... Protein-PokDEAE8HR (10 minx 100 mm

at Any Scale. AP, ,o co,omo3. Albumin Sample: Asciticfluiddiluled 1:] 6 in Milli-(_ woler
Injectionvolume: 100 pI

Ionexchangechromatographyis the _b,,,,'a_,:_6ml/m_0
mostfrequentlyusedmethodfor the 3 Auto*Blend"method:frisBuffersys,emInitial:20 mM Tris.pH 7.8

separationof biological molecules. I_1 Jl Final:20 mM Tris. pH 7.8, 0.3M NaCI

Sincemostbiomolecules(e.g. pro- l/ [I Gradi_tduration:4Omi...... e6

teins,polysaccharides,and nucleic _ _ _Uv 280rim.0.03AUFS_1

acids)consistof charged molecules,
ion exchangechromatographyis use- --
ful for recovering,and retainingthe
biological activity of, large amountsof
proteins,enzymes,immunoglobulins ° 1'0 Min_2_ :_0 _0
and nucleicacids.

l_

This separation was carried out on a Waters 650 Advanced Protein Purification System and a scal-

New Waters Protein-Pak HR Ion able Protein-Pak DEAE 8HR glass column (10 mm x I00 ram). Within 40 minutes, monoclonal leg

Exchangers. was purified from other proteins typically found in ascitic fluid. Fractions were collected and peaks
were assigned based cn relative migration to authentic standards by SDS PAGE.

Waters Protein-PakHRchromato-

graphy packingsfeaturea macropor-
ous(1000A) polymericbase material Figure20_._A__n.!onExchange__.,Sepa[ation.an_d.Scal_e.Upof_aP[0tein Mixture.

with a high capacity for biomalecular

binding and a rigid structurefor high A 1.Carlxmi¢Anhydra_ Col.... Pro,ein-PakDEA[8HR
linearvelocities.Thehydrophilicno- 2. HumanTransferfin (10 mm x 100 mm AP1gl..... lumn)

3. Ovolbumin Sample:Syntheticp_o_einmixture(22 me}
tureof the resinensuresminimalnon- 4. soybeanTrypsinInhibitor Injeclionvolume:4.4 ml
specific adsorption.Protein-PakHRion 2 Flowrate:_.6,-,,_/,.,,,,,

A Auto.Blend" m_: TfisBuffersyslem
exchangersare compatiblewith aque- JI 4 Initial:20WV,T,_,pH82
ousacids, basesand buffersin the [I 3 | Final:20mMTris,pH8.2,025MNaCI

J_ _ _} Gradient duration: 39 min. curve6

RH rangeof 2,0 ]2. Prolein-PakHi k] _.,)/L Detedion:UV280nm

ion exchangersare available with

DEAE,a weak anion exchanger,or .,; _, , "_..... ,
SP,a strongcationexchanger. _ (0 2o so 40 so

Minutes

Three Particle Sizes Offer a Wide
Column:Protein-PakDEAE8HR

Rangeof Resolution. B / 1 J2 (50 minx 100 mm AP5gl..... durnn}

Threedifferentparticlesizes(8.pro, t _ Sample:Synthelicproteinmixture(550 mgl

Injectionvolume: I 10 ml
15 pmand 40 pm)offer the range of FI_,_: 39ml/mio4

resolutionnecessaryforanalysisand II l) l Auto.Blencl_method:TrisBuffersystemInitial: 20 mM Tris,pH 8.2

purificationof biomolecules.Unlike l_ _ Final:20 mM Tris,pH 8 2. 025M NoCI

other ion exchangersfor proteinpurifi- Gradientduratlon: 39mi....... 6Detection:UV280 nm

cation, Protein-PakHRpackingsare
synthesizedwith the samechemistry
on all particlesizes.Thebuffersystem
usedon the 8 pm (8HR)packing can b 1'0 _ 3_ do _o _o
be usedon the 15 IJm(15HR)and40 Mi,,u_
pm(40HR)packing yielding identical
separation selectivity. Predictability of Scale up is simplified by the availability of packings, having the same chemistry, packed in different

resultsmakes scale up of isolation pro- size columns. The chromatograms demonstrate the ease and reproducibility of the scale up process.

cedureseasy and convenient. An analytical separation, Figure 20A was first optimized for load, flow rate and gradient duration
and represents a 22 mg load of a synthetic protein mixture on a 10 mm x I00 mm glass column

packed with 8 t_m Protein-Pak DEAE 8HR. Figure 20B illustrates a separation of a 25-fold increase in

sample load (550 me) on a 50 mmx 1O0 mm glass column packed with the same packing.
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Binds to aVariety of Ligands Table 1: Protein-Pak"Epoxy-ActivatedAffinity Applications.

of Your Choice. ImmobilizedI_igands Applications
Many ligandshavebeen successfully _-......................................................................................................... !

I
boundto theWatersProtein-Pak ,. Gammabind-G" and ProteinA HumanIgG i

Epoxy-Activatedmalerialand there- :: Mouse IgGInSerum
! ............................................................................................................ _ !

suitingpackingshavebeen usedto Sulfanilamide CarbonicAnhydrase ii
purik/manydifferenl biomolecules, i................................................................................................................_ '
Forexample, recombinantproteinsA _ N-AcetyI-DGlucosamine WheatGermLeclin i i
and G havebeen usedfor the purifi- "-.......................................................................................................... :
cationof humanand mouseIgG. Heparin Lysozyme;AntithrombinIII........................................................................................................................

Also, N-acetyI-D-glucosaminewas ira- ConcanavalinA RibonucleaseB, !
mobilizedand usedfor the purifica- HorseradishPeroxidase I
lion of wheat germhemagglutinin. -.................................................................................................................!

Cibocron Blue BovineSerumAlbumin
................................................................................................................. 1

Biospecific Purification of AminophenylboronicAcid Uridine,Adenosine,Sorbital j
Microgram-to-Gram Quantities ..................................................................................................................

Waters Protein-Pakaffinitypacking is ............................................................................................................................
available both in microcolumnsand
as bulk packing malerial. Prolein-Pak Figure 18: Protein-PakEpoxy-ActivatedAffinity Products:Carbonic Anhydrase Purification.

microcolumnsare perfectfor scouting

coupling conditionsor for usewith "-1
smallquantitiesof sample.Bulkaffinity o_ / t.igand:Suffonilamide,180pmoles/grams• Column: Waters AP-I Glass Column (t0 mm x 100 ram]

packings from Waters can be packed - _ A: 200 mM Iris Sulfate with 200 mM Sodium Sulfate pH 8.7

in any column size to meet purification _ B:200mMPotassiumi"hiocyanatein50mMTrisSulfa,'epH6.5Flow Rate: Iniliol, 1 ml/min far 2 min; 2 ml/min From 2 to 40 minules

needs at any scale. Also, preparative Gr,_i,_t: 0-7 minutes in Buffer A: 7-17 minutes in Buffer B

scale runscan be performedat rapid _t,_--_:2800m
Protein Load: 200 IStHemolysate from Bovine Erythrocytos

flow rateskeepingruntimessignifi-
cantlyshorterthanthosefor softgels.

Fast Purification With High j_
Recovery of Biological Activity. \ 8

Carbonic anhydrasewas purified --, /_ T
usingProtein-PakEpoxy-Activated

..... /2 '4 ' '8 ......affinitymaterialpacked in a Waters 0 2 4 6 8 10 1 16 1 20 22 24 26 28 30 '

APglasscolumn•Thisenzymeis an Mi.ute, ]
....................................................................................................................................

esterase found in erythrocytes that Fastpurificationof carbonic anhydraseresultedin aneight-fold increasein specificenzymeactivily
helpscontrol thetransporlof molecu- with100%recovery of biological activily
lar CO, throughthebloodstream.Sul-
fanilamide,an inhibilor of carbonic Table2: Purification of Carbonic Anhydrase from Hemolysate
anhydrase,was reactedwith the ....................................................................................................................
epoxy_ctivatedmaterialat 45°C for Protein Total Totol Total Specific Purification %Re<ornery

25 hours, c,_t_o_ Volume Protein Biological Activity Factor of Biological
Activity Activity

A bovine hemolysate{200 tJIof
Crude 23.8 mg/ml 1 mt 23.8 mg 8.75 units 0.37 U/rag 1 100%

24 mg/ml solution)was applied to
thecolumnequilibratedwith Trissul- A_._Purified .06 rag/rot 10ml 0.59 mg 1.75 Units 2.96 U/rag 8 100%
fateat pH 8.7 (Figure18.) After P_2
washingout theunretainedprotein The 200 1Aof bovine hemolysate {24 mg prolein/ml} apl_ied to 1hecolumn

(peak 1) the buffer was switched to "Corbonlc enhydrae,e activity ....... ed by conv.erting nilfophenyl .... te to nitrophend at pH 7 5,
............................................................................................................................ •

TrissulfatepH 6.5 containing potas-
siumtriocyan-ateto elutethecarbonic
anhydrase(peak2). Esteraseactivity Ordering Information
in peak 2 was measuredby the hy- WatersProtein-PakEpoxy-ActivatedAffinity Material PartNo. Price
drolysis of nitrophenyl-acetate to 25 grambottle (50 ml) 30653 $ /95
nitrophenol.Carbonic anhydrasewas 100 gram bottle (200 ml) 30654 550

purifiedeight-fold wilh a 100% recov- Protein-PakAffinity microcolumns(10/pkg) 35955 49

ery of biological activity (Table2) in
lessthan 16 minutes.
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Figure 15: Purification of Monoclonal Antibodies. The Best System for Fast
Protein LC.

.o8. A n',ono,:lonal_ .0e- B me,:._l,:,,_lI_ TheWaters650 is theonly systemop-
timized for fastproleinLCwith builkin

.06. trans/errin albumin _ .06. Auto.Blendcapability. Usethe 650 at

o_j_/ o _ any stepof your protein purification

.04" . albumin _ .O4" al_mi, protocol.Transferyour open column
separationsto an automatedinstrument

.o2- .o2. and improvereproducibilityas well as
0 Minutes 35 0 Minutes 410 initial recovery and resolution. Perform

EluentA-lOOmM Tris HCI Elu_tB= IOOmMTris Base EluentC= 1.OmMNaCI Eluant D-Milli_ wa_ final polishingusinghigh resolution
i chemistryon thesame instrument.Pu-
i. TimeFlow_ %8 %C %D Curve TimeFb_ _A _s _ _O Cur,,, ri_/asmuch prolein as you need bylnilial t .0 6 14 0 80 Initial 1.0 6 14 0 80

3o 1.0 19 I 3o so _ i0 1.0 t2 8 ;5 65 _ takingadvantageof systemand col-
20 1.0 _9 1 so 3o 6 umncapacity up to the mulligram

............................................................................................. scale.Experiencefast,error-freepro-
A Separation of 2 ml of mouse ascites containing monoclonal lag using an optimized concurrent pH grammingand editing of methodswith
and ionic strength gradient profile on a Protein-Pak DEAE5PW anion exchange column, instant, real time monitoring of system
B: Auto .Blend optimized method for isolation of monoclonal IgA from mouse ascites, operating parameters and stabs.
Note: Peaks were collected and identified by SDS-PAGE under reducing conditions.

References
1 Warren W, et al, (19891 American B,otechnology tabora-

tory, 716), 34-40

2 Gemski, MJ, etal ,(1985) B,oTechniques 3(5L 378-384

Rapid Biomolecule Purifications Using a
New Epoxy-Activated Affinity Chemistry.

Affinitychromatographyisa technique 500._,pore size. Theporoussilica Walers Protein-PakEpoxy-Activatedat-
for purik/ingbiomoleculesbased on basegives thepacking highavailable finity matrixcontainsa glycidoxypro-
bioselectiveinteractionsand typically capacity for large biopolymerswhile pyl moietythat resultsin a seven-atom
resultsin high purificationand recovery the rigid structureallows high flow spacerarm (Figure17). Thespacer
of biological activity.Throughputusing rateswilhoul lhe compressiontypically arm allows thebinding sitesto be
affinity techniqueshowever,hasbeen associatedwith conventionalagarose moreaccessibleto the ligand which
limiteddue 1othe structureof conven- based gels. A polymerizationprocess allows for high binding capacity of
tional agarose-basedaffinitymaterials, encapsulalesthe silica basewith a sample.Theepoxy-activatedgroups
Thesepackingscompresseasilyand hydrophilicbonding layer.Active sites covalentlybond smalland large li-
can not be usedat the high flow rates of thesilica are blocked by the hydro- gands (Table1, seenextpage) via
necessaryfor fastpurification.Waters philic bonding layer to producelow amino, hydroxylor sulfhydrylgroups
new Protein-PakEpoxy-ActivatedAffinity non-specificbinding properties resultingin a stable linkagewhich is
packing overcomesthis restriction (Figure16). lesslikely to be susceptibleto hydroly-
throughthe useof a uniquesilica-based sisand ion-specificinteractions.
particletreatedIo producea highly
stable rigid hydrophilicsurfacewhich
retainsitsstructuralintegrityat high flow Figure 16: Waters Protein-Pak'" Figure 17: Chemistry Of Epoxy-Activated

rates.Protein-PakEpoxy-Activatedpack- Epoxy-ActivatedSupport. Products.......... T..............................

ing thereforeoffersadvantagesnot E_,/_n_o.al

available in otheraffinitypackings, la,,,_- ON.̀
Hydrophilic bonding --O--Si W o V / +NH2-'-R

Particle Structure and Chemistry. _

Walers Protein-PakEpoxy-Activated _ OH

Affinity packingshavea rigid non-cam- --o---siW o _ CH2"--b'II'I--Rpressible40 pmsilica basewith a

A polymerization process encapsulates all ac-
tive sites of the rigid wide-pore silica base to
produce low non-spec,fic binding properties.
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Assessing the Effect of Changes in Buffer pH on Simultaneous pH and Ionic
Ion Exchange Separations of Proteins. Strength Gradients.
Protein Separations Respond to Subtle pH Changes. Additional selectivityin ion exchange

separationscan be achieved by inde-
pendenlpH and ionic strengthgradi-

Complex biological samplestypically Easily Program the Desired pH. ent profiles.Forexample, thepurifica-
contain manyproteinswith varying WatershasdevelopedAuto.Blend tion of monodonalantibodiespresenl
isoelectricpointsor surfacecharge lables to helpget you started.These inascitic fluids, tissuecultureor serum-
properties.ThepH of thebufferse- tablesare describedin detail in theat- free media is bestpedormedusinga
lectedfor theseparationof these fide, "A New Strategyfor ProleinIsola- concurrenlbufferpH and ionic
samplescan dramaticallyaffect both lion" on page 4 of this issueof PPN. strengthgradient. TheAuto.Blend
the recoveryand resolutionachieved. Generatedby varying integralratiosof Method simplifiesthispurificationpro.
Thisis illustratedby examiningtheef- acidic and basic buffers,the tables cedureas shownby the separationof
fed of pH on lhe proteinmassand en- providea referencepoint for adlusling monoclonalIgG frommouseascites
_matic activityprofile fora crude pH to the desiredlevel. Bysimplypro- (Figure15A). Dueto thediversity'of
mouseliverextractseparatedon a grammingdifferentproportionsof monoclonalsubclassesand sample
Waters Prolein-PakDEAE8HRanion acidic and basic buffer,the650 sys- sources,modificationsin lhe eslab-
exchangecolumn(Fig 14).Bysystem- temautomaticallyblendsbuffersof a lishedseparationprotocol maybe re-
atically varying the pH from7.2 to desiredpH. Theionic strengthof thefi- quired. Independentprogrammingof
8.6, significantchangesin lhe resolu- nal bufferis controlledindependently buffer pH and ionic strengthon the
tion of the totalproteinare seen,and by varying theproportionsof 650 systemsignificantlyimprovesthe
various isoz'y'mesof lactatedehydro- 1.0 M NaCI and waler, separationand recoveryof a mona.
genaseare separated.Thereis a par- clonal IgA fromascites(Figure15B).
licularly largedifferencein lhe reten-
tion of the majoractivitypeak
(LDH-A4}relativeto thebulk of the Figure 14: Purification of Mouse Liver Lactate Dehydrogenase
proteinbetweenpH 8.4 and pH 8.6. •.............................................................................................................................__

AUFS AUFS

Activity. .... ._. z-

WatersexclusiveAuto.BlendMethod E ! =_ iji:. o
offersa systematicapproach to opti- o _ !.g ,-,,
mizing proteinseparationsfor maxi- i- , LJ_ i ,_ iJ_
mumrecoveryand resolution.The
Waters650 Advanced ProteinPurifi- 0 . _ _ , .. , 0 -" i '
cation Systemincorporatesthis tech- Minut_ 3'0 0 Minutes 30 '

nology intoan instrumentdesignedfor "nineFk,,,,_ _ _ _ cu,-_ rime Flow_ _ _c _O Cu__N 1.0 _ 2 0 s0 _N 10 is 5 0 so
fastprotein liquid chromalography. 30 110 _8 2 80 0 6 30 _0 ;s s 80 0 6
Thissystemis capable of precise,re- 3s 1.0 is 2 8o o 6 s3 _.o 15 s so os5 ;.0 _8 2 o so 6 s5 _.o 15 _ o _o 6
producibledeliveryand accurate
blendingof four buffers.The AUFS AUFS
Aulo.BlendMethod automaticallypro- _.0 1.0- I1

ducesa bufferof thedesiredpH and !--i _ e.4 II _ e.¢

ionic strength.Byquicklyscreeninga _ ii_ _--:._ _,Jl '-[_]!_\ " li _'

wide pH and ionic strengthrange, _ : ,I 1',_i_ _E ii I I !_ !!_ I
conditionsthatprovide thebestresolu- :_:I.] [_iL_J
lion and recoveryare achieved. ,_ i

o ...... " . . oJ .
Minutes 30 0 Minule_ ' 30

Time Flaw %A %8 %C %D Cur_ 'time Flow 9_A %8 %C %D Curiae
IN 1.0 8 12 0 80 IN 1.0 3 17 0 80

30 1.0 8 12 80 O 6 30 1.0 3 17 80 0 6

33 1.0 8 12 80 0 6 33 1.0 3 t7 80 0 6

I 35 1.0 8 12 0 80 6 35 1.0 3 17 0 80

TheAuto .Blend method was used to identify the best pH for the isolation o_]aerate dehydrogenase
(I_DH)ham mouse liver. ThepH was systematically adjusted by programming changes within the gra-
dient table.



the alkaline phosphatase separation Figure 13A: Separation of Monoclonal IgG Containing Mouse Ascites Using the

shows,WatersAuto.BlendMethod is Auto.BlendMethod.
muchmoreconvenientthanconven-
tional binary gradientsystems.What's .o8j
more, theAuto.BlendMethod'sability _,-.o,:_ollgO EJ,,_tA-;00._'r.,_,Eluent B = lOOmM Tris Ix_

Eluent C _ 1.0M NaCI

to blend stockbufferspreciselyand re- .s J: Eluent D- Milli..Q water
E 49 i::

producibly,greatly improvesthe _ .o6
chromalography.

Usingconcentratedstockbuffers, s ._ .__
_ one can performseparationsovera "_.04 _

range of usefulpH'swithouthaving to _ _ /_

t invesla lot of timeand effortprepar- :J _ _

ing variousbufferpairsof prede- .o
terminedpH and ionic strength.Cou-
pled with high performance,biocom- o _ ;'o ;'5 2'0 2'5 3'o Js
patible chemistriesand instrumenta- Minute_
tion, theAuto.BlendMethod will

Time Flaw %A %1_ %(: %D Condition

furtherincreaselaboratory productivity Inilial 1.0 0 14 0 80 20 mM Tris/CI, pH 85

when purik/ingbiological molecules. 30 i.o )9 1 30 so 20,_Mr,,/c),pn7.0,,,,h03MNaCl
.....................................................................................

For More Int'ormadon.

For information about Auto.Blend and Figure 13B: Separation of Monoclonal IgG Containing Mouse Ascites Using Binary Gradient.
Waters 650 Advanced ProteinPurifi- - ...............................................................................

cation Syslem,check theappropriate
box on theattachedreplycard and .08. Jv_JonaJlgG EI_tA= 20mMTris/CI,pH 8.5

returnit to ustoday. $ Eluent B = 20rr_ Tris/CI,
.__ pH 7.0 with

i: E

References _ .06 _ ._< 0.3M NaCI
I Hua, JC er ol , "Purification and partial sequencing of be- @ cl_ c

v,ne ver alka ne phosphatase." Arch at Biochern and _ ._ "-

Biophys 241, 380-385 11985) _ J_2 Besman, M and Coleman, JE, "lsozymes of bovine intesti- .04

hal phospha_ase," J Bid Chem 260, I 119OI 119311985) "_ I 1_I_"

3 Reg,nier, F E , "Liquid c} Iography c_ ogJobuhns,"..... ..... J JJ J
LCeGC 5, 965967 (]985}

/1 C_nqskl MJ et al "Single step purihcation c_ monoclonol .02
antibody !tom routine ascites and lissue culture fluids by anion

exchange high performance liquid chromalog, raphy. _ Biotech-

niques 3, 378-384 (1985) 0 J :
0 5 1'0 1'5 210 25 30 315

Minu_s

Time Flow _ _, condition

Inilial 1 0 100 0 20 mM Tris/CI, pH 8.5
30 1.0 0 100 20 mM Tris/CI, pH 70 with 03M NaCI

Figures 13A & B show the separation of 2 ml (300 tJg total protein} of monoclonal lag containing
mouse ascites {diluted 1.-20 in 20 mM Tris/CI, pH 8.5) on Protein-PakDEAE anion exchange column
comparing the Auto *Blend Method [ 13A) with conventional binary gradient [ 13B) formation. Peaks
were collected and identified by SDS-PAGEunder reducing conditions (data not shown).



Using Auto.Blend to Quickly Figure12 can be directlytransferredto a
quaternarygradientmethodusing

Adjust Elution Conditions. _ _ot_m- r,_..E,.: • Auto.Blend, theauthorselectedtoThesecondchromatographicrunwas r,,E: _ou _ _ _ _
,,rr1_ ,.ee t t9 • _ ° separatea monoclonalIgG antibody

performedat pH 8.5 usingthe same te.ee t.ee t ,9 e _, ,t containedin mouseascitesusingtheNaCIgradient. A 20 mMTris/CI, pH _e.ee t.ee , m ._, _ 6
8.5 bufferwas utilizedthroughoutthe st.ee t.ee , m _ e ,t Waters650 Advanced ProteinPurifi-
separationby simplyprogrammingthe cationSystem.ConcurrentpH and
LCsystemto deliver 6%eluantA and ionic strengthgradientswere per-
14%eluantB. Therewas no needto formedon a Protein-PakDEAEanion
preparenew buffersolutions.Botha _ _ exchangecolumnutilizinga 30-minute
greatertotal recoveryof alkalinephos- u_ T,_9.E Sine _ lineargradient(Curve6) from20 mM
phataseactivity(86%)was achieved TheCRTscreenon Waters650Advanced Pro- Tris/CI, pH 85 to 20 mM Tris/CI,
as well as an increasein specificac- reinPurificationSystem displays theAuto.Blend pH 7.0 containing0.3M NaCI at a
tivity(7.7X),comparedto the pH 9.5 program fora pH95/NaCIgradient separa- flow rateof 1.0ml/min.:_.4
separation, tion of a bovine intestina! mucasa preparation Asshownin Figures13Aand 13B,

ThebufferpH was again reduced thereare no significanldifferencesbe-
by programmingthesystemto deliver tweenlhe Auto.Blendgradienl (13A)
17%eluantA and 3%eluantB (i.e., UsingtheAuto.BlendMethod, the and theconventionalbinary gradienl
20 mMTris/CI, pH 7.5). Thesample authorswereable to optimizethepar- (13B).It shouldbe notedthai thepH
was separatedwith thesameNaCI tial purificationwithoutfirsthaving to and ionic slrenglhgradientsmaybe
gradient.Recoveryof alkaline phos- preparenumerouspairedbuffersof programmedindependentlyusingthe
phataseapproached 100%with an variouspH and ionic strengths. Auto.BlendMethod. (Thisis nol pos-
evengreater increasein enzymespe- Note: Post-runanalysisof thechro- sible usinga binary gradientsystem.)
cific activity (12.3X)comparedto the matographyand collectedfractions

revealedwhich pH adjustmentsto Conclusion.

previousruns. maketo increaseenzymerecovery Developingproteinpurificationmelh-
and specificactivityevenfurther, adson rigid, biocomlqatible' chemis-

Figure 1 t : Effect of pH on Recovery of triesand on advanced instrumentation
Alkaline Phosphotase Activily from a Bovine Waters Auto.Blend Method - For is far easier than developing the same

Intestinal Mucosa. Easier Purifications. methodson compressiblegels in large
pl"la %AlkalinePhosphalaseSpecific TheAuto.BlendMethodeliminatesthe open columnsupportselutedby grav-Separation Recovared_ Activi_
9.s 77 ms need to makeup buffersby hand. To ityflow or peristalticpumpsystems.As
e.5 _ lSSl show lhata binary gradientmethod7.5 96 2475

I. Alkalinephos_taseactivityoffilecollectedfractions _.
andcontrolwasdeterminedusinga calorimetricassay
performedatpH9.5withthechromogenicsubstrate
p_o-.i_o_y_p_omh_."r_co.t__ bo_._ ........

intestinalmucosapreparationsat variouspHvaluesandnots.ubject_ltochromatography. !

2. Specificactivity,unil_ofalkalinephosphataseactivity
milligramof totalprol_n(BC.AProteinAssayReagent

Kitwi_ fiSAstandard,PierceChemicalCo.,RockEord,IL)

The summary of the results from three chromato- ,'_ 'ij
graphic separations using different pH buffers t _'___ i . . ....... .
indicated that buffer pH affects both enzymatic i, .77,
activily and resolut,on of protein By lowering ,tk_l,,_."_ ' " - ........

the isolation buffer pH to 7.5 close to 100% of "/ Ir _
the alkaline phosphatase was recovered with a . /_i
12.3 - fold increase in enzyme-specific activily :_

Waters Auto ,Blend Method enabled the quick J___ .... ,.....and easy optimization of the isolation without - -ni[_
the need to prepare numerous paired buffers of _ " "
various pH strengths. Waters 650 Advanced Protein Purification System was developed for the protein chemist who wants

a purification systemthat offers fast, high performance protein separations with a metal-free fluid path.
The650 Systemhas four buffer inlets and is the only fast protein LC system that allows you to run the
Auto ,Blend Method. Themicroprocessor based controller and integral CRT screen make program-
ming easy Thewide flow range of the Waters 650 System (0. 1 - 45 ml/min, or 05 - 80 ml/min.)
make it the perfect instrument for lab scale or pilot scale protein purification
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Selecting Buffers With the Figure 7: Auto-Blend Table for Tris Figure 8: Auto.Blend Table for Phosphate
Auto.Blend Method. B_Fff_er_S_yst_er__.............................. BufferSystem.

Figure7 showsan Auto.Blendtable ;0.s I 9.5 i : ]
fora 20 mM Trisbufferand shows 9.s \ ! I e._' i I !

how Auto.Blend mixes100 mM stock "" __,,_ l_7.s "_-_..,__
Trissolutior_sto obtain buffersof a 7.s ! _ ,, 6.s ''_-_ .,.
specificpH and ionic strength.If a 6.2 I "_ i i _ ,,
20 mM Tris/CI, pH 8.0 bufferis re- i ,\ 5.2 I \Is.s 4.s ! !
quired thesystemcan be program- 0 2 4 6 8 ;0 12 1, 16 182o o 2 4 6 8 10 ;2 1416 182opai_ A whe_oPartsA �PartsB - 20 PartsA where PartsA + PartsB = 20

reedto deliver 12 partseluantA, 8 ...............................................................................................
parts eluant B, and 80 parts eluant D. Datageneratedby preciseblendingof 100 mM Datageneratedby precise instrumentblending

stockTrissolutionswith Milli-Q water to create of 100 mM stocksodiumphosphatesolutions
Auto.Blendtablesfor sodiumphos- 20 mM Tris/CIbuffersof differentpH values, withMilliQ water to create20 mM sodium
phate(Figure8), sodiumacetate(Fig- Eluantline A = 100 mM TrisHCI, Eluantline B = phosphatebuffersof variouspH values.Eluant
ure 9),and sodiumcitrate(Figure10) 10o mM Trisbase, EluantlineC = 1.OMNaCI, lineA = 100 mM NaH_PO,_,Eluantline B =

were produced in a similar fashion. Eluantline D = Milli-Q water. 100 mM Na2PO4, Eluantline C = 1.0M
NaCI, Eluantline D = MilliQ water.

Optimizing an Alkaline

Phosphatase Separation. Figure 9: Auto.Blend Tablefor Acetate Figure 10: Auto-Blend Tablefor Citrate

Thepurificationof a bovine intestinal Buffe___rSystem_................................. BufferSystem.

mucosapreparation(SigmaChemical 8.51z°i 111 III IIIIII I I II i

Co., St. Louis,MO)containing numer- '\' I I I I I I I I I I 1 I I I I I I l I _'ious proteinsand enzymesincludingal- 6.01_,,il I lil Ill I I I llll _lJ \ !.,_ II IT'-t.4.JI I I I I I I I I I I I I I '_
kalinephosphataseillustratesjustone o-5°1I I I I I I T"t-f.4.-kJ. 1 I I I I I 1 I • x. i

,_,,I I II II I I II I I lT't'4d._l I I I _s.s,of themany applicationsfor _ III II I III I II iiI I_l _,,_
Auto.Blend.k2A sampleof this prepa- 3.0 ! ! ! ! ! ! ! ) ! ! ! ! .D ,.5 _'_
rationcontaining 13 mgof totalpro- 0 2 4 6 8 _o _2 1416 18 2o -,,Pa_tsA where PadsA + Pad'sB- 20 ! 3.5 I "_

reinwas solubilizedin water obtained I __.-I "
Datageneratedby precise instrumentblending 2.s I

with a Millipore Milli--Q® Water System of lOOmM stock acetate solutions withMillQ 0 2 4 6 8 10 12 14 16 18 20

filteredthrougha 0.45 pm MillexTM Fil- water to create20 mM sodiumacetatebuffers Part_AwherePortsA�PartsB= 20

ler Unit. Repetitive chromatography on of variouspH values.Eluantline A = 100 mM
a Protein-PakDEAE-8HRanion ex- acetic acid, Eluantline B = 100 mM Na_ac- Datageneratedby preciseinstrumentblending

changecolumnequilibrated (at 10 col- elate, Eluantline C = 1.0 M NaCI, Eluantline of 100 mM stockcitrate solutionswithMilliOD = MilliQ water, water to create 20 mM sodiumcitrate buffersof
umn volumes)in 20 mM Tris/CI al variouspH values.EluantlineA = 100 mM cit-

various pH valuesprovidesthe infor- tic acid, Eluantline B = 100 mM Nas,citrate,

marion needed to select optimum Eluantline C = 1.0M NaC/, Eluantline D =
elutionconditions. Measuring the Effect of Buffer Milli-Q water.

Proteinsretainedon thecolumn pH on Recovery Values.
were elutedusinga linear gradient Figure11 (nextpage) summarizesthe
from0 to 0.5 M NaCI over 40 min. resultsof threechromatographicruns. duringwhich thesamplewas loaded
BufferpH was heldconstantthrough- Theserunstestedtheeffect of buffer onto thecolumn.At theendof the
outeach separation.Fractionswere pH on the maintenanceof en_matic gradient, thecolumnwas washed
collectedand assayedfor total protein activity (%alkalinephosphataserecov- with 0.8M NaCI to completely
(BCAProteinAssayReagentKitwith ered)as well as theeffectof bufferpH removeall boundmaterial.Specific
BSAstandard,PierceChemicalCo., on theresolutionof alkaline phos- activity (totalenzymeunits/total pro-
Rockford,Illinois)as well as totalalka- phatasefromcontaminatingproteins, tein)increasedmore thatfour-fold
line phosphataseactivity (chromogenic which is measuredby the degreeof comparedto thecontrol(described
para-nitrophenylphosphateassayS).As alkaline phosphatasespecificactivity, above), and 77% of theapplied
a control, the filteredbovine intestinal Thefirstchromatographicseparation enzymaticactivity was recovered.
mucosapreparationwas assayedfor was performedat pH 9.5, thepH While thesevaluesmaybe accept-
total proteinand alkaline phosphatase optimumfor measuringalkalinephos- able for the firststepof a proteinpuri-
activity.With the data fromeachchro- phataseenzymeactivity.;,2Figure12 fication, improvementsin resolution
matographicrun,comparisonsof en- (nextpage) is a photoof thegradient and recoverywere sought.
zyme recoverycan be made. program usedfor this separation.An

initial lO-minutehold was included
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Increase Specific Activity While Figure 5: Gel Filtration Analysis.

Purifying Bioactive Materials in
Sam.l_: Prolein-Pak_ SP separation {hoclions 70-74 min} Column Calibrations R.T. (rain)

Less Than a Day. c,aum,_:P,o,o_Pok_25_6o ro,ol_xduded_olome 23.28
Elu_nt:. 025 M No Acetate. 0.25 M NaCI, I mM EDTA, pH 55 BSA 168,000) 25.55

Waters650 AdvancedProteinPurifi- Fb,,,,:0.5ml/min (63 cm/hr) Ovalbumin(43,0001 2682
cation Systemand high performance _,,,,_: 280 nm Cytoch .... C (11.000} 31.75

cationexchangecolumnsfacilitated royal_,ch,d_,..o_,,me39.75t
the purificationof acid phosphatase .020- L i00_
activity frombovine liverwith a /179-fold increasein specificactivity. .015-
Theentirepurificationtook lessthan o
one day becausetheprocedurecould 8 _'
be quicklyand easily optimizedon .010- F

theWaters650 system.Gel filtration
chromatographywas shownto be a .00s-

fastand easy methodto assessfrac- _)lion purity. 0 .... _ 0

Foradditional informationon either 2o 3'o _'2 40
Waters650, Waters Protein-Pakglass M_,_u_
columns,or WatersAccellCM,bulk

Gel filtration isa fastand easymethodto assessfractionpuritymedia, be sureto checkthe appropri-
ate box on the attachedreplycard.

A New Strategy for Protein Isolation.
Waters Auto.Blend Method Automatically Blends Buffers
for Simpler Separation Optimization and Purification.

Selecting Buffers for Protein fourstockbuffers(Figure6), the Thisarticledescribestheuseof the
Isolation. Auto.BlendMethod automatically Auto.BlendMethod for optimizingthe

Theionic strengthand pH of buffers generatespH and ionic strenglhgra- purificationof bovine alkalinephos-
are theIwo mostimportanlparameters dienl profilesfor resolvingand recov- phalaseby ion exchange
forcontrollingtheselectivityof protein ering biologicallyoctivemolecules, chromatography.
separationson ion exchangers.The
conventionalapproach to gradientfor-
mationand optimizationrequiresthe F!gure6: Auto.BlendMethod............................................................................................ _.............................................. ,

carefulpreparationof buffersof pre-
determinedpH and ionic strength.A
binary gradientchromatographysys- _ Ac_d_:_

t Precise generation of linear

temcan be usedto runbuffer pH and P,_.... binationofstackbuffers {Curve6).... -lineargradients
ionic strenglhgradients,however, ta automatically produce the desired pH. Jar optimal sample resolution

and recovery
methodsdevelopmenthistoricallyre- Basic_.Jff_-

quiresthe manualpreparationof nu-
merousbuffer pairs. Gradi_tCurve Shapes

TheWa,ers u,o en  e,hod!was developedfor easyand system- s_hSdu_ 2

atic bufferblending. Usinga selof _{/i

Precise addilion ot stock salt solution 11

f/_ when required to effect lhe separation.
Milli-Q e Water Start Time End

Segment Segment

Bygeneratingprecise linearor non-lineargradientsusingfour stockbuffersolutions,Waters
Auto.BlendMethod allows thebiochemistto develop rapid protein isolationmethodswithouthaving
to repeatedlypremixbuffers.
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Waters650 system,onecan quickly quantitiesof crudesampleson large higherefficiencyand differentselec-
determinetheoptimal elutionbuffers, glasscolumnswithouthavingto trans- tivityfromAccellCM media and was
gradient profile,and gradientdura- fer themethodto a secondsystem, shownto furtherpurifyacid phos-
tion. Thesystemhasfour bufferinlets Thelarge samplevolumewas loaded phatasefromthe pooled activefrac-
thatpermit theblendingof eluents,col- onto thecolumnautomaticallyby tions(Figure3).
umnregenerationand sampleinjec- usingone of the650 system'sfour
tion in large volumes.Thesystem'sin- buffer inlets. Assessing Fraction Purity.

teracliveCRTscreenallowsfast, Fractionpuritywas assessedby both
error-freeprogrammingand real-time Increasing Protein Specific SDS-PAGEand gel filtrationchromate-
monitoringof the isolationprocess. Activity. graphy.Thesilver-stainedreducing

Enzymeactivity assaysconductedon SDS-polyacrylamidegel showsone
Purifying the Enzyme. thefractionscollectedfromthe pre- major band for theactive fractionob-
The nextstepin theseparationdevel- parative purificationstepindicated tained fromthe Protein-PakSP-5PW
opmentstrategywas to purify a suffi- which fractionsshouldbe pooled for column(Figure4). Thisfractionwas
cient amountof enzymeforactivity furtherprocessing.Toachieve higher also analyzed by gel filtration
and structuralanalysis.Theseparation specificactivity,a secondpurification chromatographyon the 650 system
was scaledup to nearlyone gram stepwas performedusinga 10 pm, and was found to haveone major
of crudesampleinjectedonto a polymeric,high performancecation peak (Figure5). Bothtechniquesesti-
50 mmI.D. x 160 mmglasscolumn exchangeglasscolumn(Protein-Pak matedthe molecularweight of the
(Figure2). Flowrate was increasedto SP-5PW).Cation exchangechroma- enzymeto be 11,500 Dahons.
41 ml/min to maintaina constant tographypermitsthecontinueduseof
linearvelocity comparedto the smaller elutionbuffershaving a pH within the
column.Thewide operating flow rate range of enzymestability.A pre- Figure4: Reducing12.5%SDS-PAGEAnaly-

range of theWaters 650 syslemfacili- packed, small particlesulfopropylcol- sis(Silver-Stained)..................................

tamestheefficientseparationof gram umnwas chosenbecauseil hasa
Lane Proh_in/Lane

1. Lowmolecularweightslandards
2. Bovineliverhomogenate 164pgs

Figure 3: Rechromatography Using Protein-Pak" SP-5PW. 3. Bovineliverhomogenate 54 pgs
.......................................................................... _ 4 Accell = CM Iraclions 170-175 rain 15 pgs

5 Protein-Pak'" SPfractions 70-74 min 3 pgs

Sample: 4.2 rng of CM purilied ,¢x::idPhosphatose Estimated molecular weight = 11500 Daltons
Column:8.0 mmx 75 mmProteir_Pak_ SP-5PW 100
Buffer A: 20 mM Na Acetate., 1 mM EDTA, pH 5.1

g Buffer B: 20 mM No Acelate. 1 mM EDTA, 1 2 3 4 b

IM NaCI pH 5 IFlow: I ml/min (136 crn/hr) 80 ""

Defection:280 nrn,0 128AUFS m _
Enzyme Recovery: 75%

6O
60 i', m_

/ i 40-

N 20 20
':I,L

95 Minutes

..................................

By changing ham the Accell CM packed column to the Waters Protein-PakSP-SPW glass column one
is able 1o change seloctiv W and use a smaller particle size packing to increase specific activ W of the

starting sample by 170.fold. _ I
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A Fast Method for Purifying Highly Optimizingthe Separation.
Active Proteins from Crude Mixtures. Tooptimizeisolation condilions, a

Isolating a Freely-Soluble Enzyme With 7.8 mm I.D. x 90 mm gloss column
was packedwith Accell CM media.

Waters TM 650 Advanced Protein Purification System. Theoptimal sampleload fora column
of this sizewas 13.4 mgof crude liver

Thepurificationof acid phosphatase was chosenfor thiswork becauseit homogenateper injection(Figure1).
frombovine liveris an exampleof a enabled inexpensiveprocessingof Themethodwas developedquickly
freely-solubleprotein isolationproce- large volumesof crudesamplewhile and simplyon Waters650 Advanced
dure. Beforechoosingthe chromalo- providing good fractionationof the ProteinPurificationSystem.Byperform-
graphic separationmode, thestability crudeliver homogenate, ing quick, smallscale runson the
of theenzymewas testedovera pH
rangeof 4.0 to 8.5. It was foundthat
theoptimalenzymeactivity in a crude Figure 1: Loading Study UsingAccell"CM.
liver homogenatewas achievedat pH :.............................................................................................................................................................................
5.1 At thispH, acid phosphataseis _mpl,,:13.4mgBovineLiverHomogenale

• -- Column:7 8 mrn×90 mmglosspackedwith Accelr" CM / t 00

positivelychargedwhich dictatesthe I_ff_rA:20mMNaAcetate,1raMEDTA,pH5.1 /
BufferB:20 mM No Acetate, I mM EDTA, /

useof cationexchangechromalogra- g 1MNoap, S.1 /
FI,m_,:1,0 ml/min [126 crn/hr} / - 80

phy as theappropriate ion exchange 8 t:,,_: 280....0._4AUFS /
modein the purificationscheme. E,_,R,_,_: _0_ /
Choice of Cation Exchange _o- // -60
Packing. so- _ /

Watersofferstheproteinchemisttwo :_4o- 4o"

familiesof bulkcationexchangepack- _ a0-
ingswhich can be usedfor the isola- _

20
tion of proteinsfromcrude mixtures 2°- ] ,,
prior to final highperformancepurifi- 10- /
cation. Protein-PakTM SP40HR isa "\.
40 tgm,IO00A rigid polymer-based lao_o_,_ _______ o
materialthat isa strongcationex-
changerand is stableat pH conditions /ffe--opt-imd]a_p}e_-a-_--f_7-a_c_iumn_7i_t_is-siz_e--was_-3.4_;ng_fc_d;-_i-de;h_ge;]at_................
of 2 to 12. Thesamechemistryis also perinjection.
offeredin a 15 pmand 8 pm particle
sizewith identicalselectivityand
higherperformancethanthe 40 tjm ,Figure2: !ar_ge..S.coleS_ep_a[a[ion.._Us[nfl_A_:.cel[_"_CM"-.................................................

packing. (Referto "Ion ExchangePack- _ _ Sa'nr_:930mgBovineUverHomogenalein173mlsBufferA 1OO ";
ing for ProteinPurificationat Any cd.... SOmmx 160 mrr,9_ss packedwilh Accel[" CM

BufferA: 20 rr_MNa Acetale, 1 mM EDTA,pH 5. I / I
Scale" foundon page 11 for morein- I_fferB:20mMNoAcetate,1mMEDTA, 1MNoCIpH5. i / I
formationon Protein-PakHRpackings.) o Flow:4lml/min{126cm/hr) / [80

WatersAccellTM CM isa 40 pm, _  .0AUFS / I
500.A polymer-encapsulaledsilica me- _ / tdia thai is a weak cationexchanger• 6oA copolymerizationprocessencapsu- ,.,1

laresthesilica basewith a hydrophilic _ / l ._bonding layermakingthemedia 1,, ,,0-

stableto reusewith aqueousbuffersin ] _o

thepH range of 2 to 9. AccellCM _ 86 _0

0
210 Minutes

The separation was scaled up to nearly one gram of crude sample at 4 1 ml/min. The preparative

chromatogram shows an identical separation as the analytical chromatogjam and retains the same

level of biological activily The sample was loaded through one of the four buffer inlets on the
Waters 650
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