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Non-porous reversed phase (NPRP) high-performance liquid chromatography (HPLC) has been used as a
rapid method to separate proteins from whole cell lysates of human erythroleukemia (HEL) cells. Using
phosphate-buffered saline (PBS) as a lysis buffer to extract proteins from HEL cells, more than 100 proteins
of molecular weight up to 30 kDa were separated by the NPRP HPLC method, using a programmed
acetonitrile:H ,O gradient. The separated proteins were collected as liquid fractions as they eluted, and were
further separated on the NPRP column with a different gradient to separate coeluting peaks. The isolated
protein fractions were analyzed by matrix-assisted laser desorption/ionization mass spectrometry (MALDI-
MS) to determine the molecular weight of the protein. The proteins were cleaved by chemical or enzymatic
digestion to produce peptide maps, which were analyzed by pulsed delayed extraction MALDI-MS. The
peptide maps were matched against a database search to determine the protein identity. In some cases,
several enzymes were used in order to find exactly one match against the database. This methodology is
demonstrated for several proteins isolated from HEL cells and identified via database matching.
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An important goal in the field of proteomics involves the The primary method used to study changes in cellular
ability to rapidly analyze and identify the entire measurable protein expression has been 2-D polyacrylamide gel
protein profile in cells, tissues or even small organisms. electrophoresis (2-D PAGE)® This method can separate
Moreover, methodology will be needed that can profile the over a thousand protein spots, and the spot pattern is
total protein composition of a cell and detect even minor characteristic of each cell type. The 2-D gel spot pattern
alterations or modifications in protein structure that might provides a reference in which a change in the pattern is
result in changes in the function of that protein in the cell. indicative of abnormal changes in a cell or tissue due to
Such protein profiling methods should provide protein disease or mutation. The pattern is also indicative of normal
analysis where the identification of target proteins and their changes such as aging, stress, etc. The 2-D gel method,
modified versions can be rapidly achieved. Further, such however, provides a separation of the cell components and
profiling must be able to provide information on many an approximate molecular weight; exact protein identifica-
proteins so that changes in cell mechanisms that involve tion must still be provided by either Edman sequencing or
changes in several proteins in terms of expression andmolecular weight measurements provided by mass spectro-
structure can be monitored simultaneously. metry. In recent research, various membrane-blotting
method$72° and in-gel digestion methotfs?* have been
combined with mass spectral analysis to provide peptide
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develged a non-paous reverse phase (NPRP) HPLC
method for rapid sepaation of protens from whole cell
lysates 2272% The use of NPRP HPLC allows a meansof
separahg and isolating protens in the liquid phase.This
method provides high efficiency recovery of protens
available in cellsin low amountssuchthat further analyss
is possible. Themethodcircumventsaninherentproblem of
analyzing proteins that become embeddedin polyacryl-
amide gels. In addtion, the relativdy high loadablity of
RP-HPLC methodsshould in principle, provide a sub-
stantial amount of materid for further analysisby mass
spectronetry methods Also, the useof liquid sepaations
andfraction collection shouldallow future developnent of
thesemethodstowardsautomaion.

The use of NPRP HPLC for sepaation of whole cell
lysates is a key issuein this work. In previousresearb, a
traditional porousRP C-18 column was usedto separat
protens from whole lysaesof bacterialcells>? andfrom
human lymphoayte nucle?” for detecton andfingerprirting
by MALDI -MS. Theuseof non-paous,C-18coatedsilica-
based packing materids, however has been shown to
provide distinct advantags in the sepaation of protens
comparedto converional porousmateials. The sepaation
of complex proteinmixturesin cells canbe accompishedin
one third of the time requiredfor porouspackel column
separdbns with much enhaned protein recovery and
resdution. The useof normporouspackingprevents protens
from stickingto the insideof the poresof porousmateials,
thus allowing a much greder speedof the sepaation, a
decease in chemial noise backgroundand enhaned
proten recovery®*

In this researh, we demongtate the rapid separabn of
protensfrom whole cel lysates of humanerythrolelkkemia
(HEL) cells, usig NPRPHPLC. It is denpnstratedthat,
using a phosphte-bufferedsaline(PBS)asa lysis buffer to
extractprotensfrom HEL cells, morethan 100 proteinsof
molecudar weight up to 30 kDa could be sepaated by
gradientNPRPHPLC andcollededin the liquid phaseln
addtion, the rapid separationand efficient recowery of
protens using the NP phase allows for a rapid secoml
separdbn by the NP column with a modified gradientto
separad coeluting peaksso that isolatedprotein fractions
areobtainel. It will be shownthattheisolatedprotenscan
bedigestedoy CNBr or trypsinto producepeptidemapsthat
can be analzed by pulsed delayed extraction (PDE)
MALDI-MS.*®-33The pepide maps canbematchel against
a databaseseach to detamine the proten identity. This
methoddogy is demonstatedfor severalproteinsisolated
from HEL cells andidentified via databasenatching.

EXPERIMENTA L SECTION
Cell cultures

The humanerythrdeukenia (HEL) cell line was obtainel
from the Departnent of Pediatics and Surgery the
University of Michigan. HEL cells were cultured (7%
CO,, 37°C) in RPMI-1640 medum (Gibco) containing 4
mM glutamne, 2 mM pyruvate 10% fetal bovine serum
(Gibco) and 250 mg hygromyaén (Sigma).

Cell lysates

Approximately 5 x 10’ cells were centifuged at 700 rpm
for 5 min at room tempenture, and the supenatant
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discarded.The cell pellet was subseqantly washedthree
times with cold PBS (Gibco). This process involved
vortexing the samplefor a few secondscentifuging the
sanples and discarding the supernadnt. After the final
removal of supenatant,the cells, in a smdl volume of
residud PBS, were sonicatedin an ice bath for 10 to 20
secomls.PBS(1 mL) wasthebufferfor thelysedcells. The
mixture was centrifugel at maximum speed, and the
supenatant collecded. The supernant was centrifugel
agan to eliminate any remainirg particles. The cell lysaes
colleded wereeitherdirectly usedfor analyss or stored at
—80°C.

NPRP HPLC of HEL cell proteins

A Beckman(Fullerton,CA, USA) SystemGold HPLC was
used for this resarch. It has a progmmmalte solvent
delivey modue with a dual-pump (Model 127). This
modue includes a System Control Center display and
keypad which permis direct contol of the pump and
extanal moddes. The detecor was a progammable
detector modue (Model 166) with a deuteriumlamp. The
column was purchasedfrom MICRA (Northbrook IL,
USA). It contairednon-paousC18packingmaterid with a
1.5pum particlediameter The dimenson of the columnwas
4.6 x 33 mm, the widebore column was usedto colled an
adequée amaunt of materal, andthe shortcolumnallowed
for rapid sepaationsin minutes.

The buffersarebuffer A: 0.1%TFA (Sigma),H,O (MQ),
andbuffer B: 0.1%TFA, acetonirile (HPLC grade Sigma-
Aldrich). About 70 pL of the HEL cell lysatewasinjected
into the injection valve, contairing a 100 uL sampleloop,
and introduced into the HPLC system The separdbn of
proteins from the HEL cel lysate used the following
condtions:buffer B rangel from 0%to 20%for 2 min, 20%
to 30%for 5 min, 30%to 40%for 10 min, 40%to 50%for 5
min, 50% to 80% for 4 min, 80%to 100%for 2 min, and
100% to 0% for 1 min. The flow rate for all HPLC
expeimentswas 1 mL/min. The column tempegaturewas
contolled at 60°C by acolumnheaterTimberline), andthe
detection wavelengthwas214 nm. Selectedpeaksfrom the
sepaationwere colleded,andwerefurthersepaatedonthe
NPRP column by adjustingthe gradientof buffer B in order
to achieveimproved separationThe secoml step sepaated
proteinsthat could not be sepaatedin the first step.

MALDI-T OFMS analysis

The TOFMS emgdoyed in thesestudieswas a modified
Wiley—McLaren desgn with a field-free drift length of 1
m.3* The TOF wascapableof high voltageaccderationup
to £20kV (R. M. Jordan Co.,GrassValley,CA, USA). The
laser soure usedto produe MALDI was a DCR 11
Nd:YAG laser system (Spedraphysics San Jose, CA,
USA). The laserbeamwasfocusedonto the probetip ata
45° angleto the probe surfacewith a single 12.5in. f.l.
guark lens to a spot size of ~0.2 mm x 0.5 mm. The
resuting powe density at this spot was estimatedto be
~5x 10° to 1 x 10° W/cm? at 355 nm radiation The
detector was an 18 mm triple microchannelplate (MCP)
detector (R. M. Jordan Co), which adapteda CuBe
convesion dynodewith post-acceleratin (PA) capalility
upto +12KkV in front of the MCP. Thetotalion accderation
acrass the TOF device may thus be>30 kV. The post-
accderation stageenhanesthe efficiency for detection of
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Figure 1. The NPRPHPLC separatiorof proteinsfrom a HEL cell lysate.

heavyspeciesbutattheexpensef resolution. Thevoltages
were similar for all expeiments: repeller at +15 kV,
extracor plate+12kV, extractorplate2 wasgrouncded,and
the PA washeld at a voltageof —10to —13 kV. The TOF
flight tubewaspumpedto a basepresureof 2 x 10~/ Torr,
with a Turbo-V250 pump (Varian Assocates).Data were
recaded with a LeCroy 9350 M digital oscillosope
(LeCroy Com., ChestnutRidge,NY, USA), andprocessd
on a Gateway 586 166 MHz computer. PDE*®>=8 as
descibed in previouswork was usedfor the trypsin and
CNBr digest analyss. PDE used a simple high voltage
transitor switch construced as descrited3® The switch
provideda 0-3kV voltagepulsewith a 75 nsfall time.
The matrix was a saturatedsoluion of o-cyano-4-
hydroxycinnamicacid («CHCA, SigmaAldrich) in acetone
(Sigma-Aldrich) +1% TFA. Theproteinfractionscollected
from the NPRPHPLC separabn were dried on a Speed-
Vac. A solution(5 pL), consistingof 50% acetonitrile+-50%
H,0 (eadt containing0.1%TFA), wasaddedo dissohethe
protein samplesSamplesoluion (1.5 uL) wasloaded onto
the stainlesssteel probe tip, followed by 2 puL of matrix
soluion. Thesesoluions were mixed well and allowed to
dry prior to MALDI analyss. In order to improve mass
accurcy, a standad mixture of substane P (MW 1347.6)
insdin (MW, 5733.5)and horseheartcytochromeC (MW
12 384) wasspottednextto the samplespoton the probe

Protein digedion and MS analyss

In order to identify the protein fractions colleced from
HPLC sepaations,chemial and enzymaic reagentavere
usedto produe peptidemags. CNBr andtrypsin wereused
to generat these peptide maps. In the case of CNBr
digestion, 2 uL of 0.15M CNBr in 70% formic acid was
addedto the protein sanples,which contain8 uL of 50%
acetoritrile and 0.1% TFA. The sample were incubated
overright at 37°C. After digestionwas complee, 2 pL of
the soluion wasapplieddirectly to the probetip, followed
by 2.5 uL of CHCA matrix solutionn the matrix was air
dried. In the caseof tryptic digestion, 20 pL of 50 mm
ammonum bicarbonatewas addedto eachdried proten
sanple,followedby 2 uL of 0.1pg/uL trypsinin 1 mm HCI.
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Thesamplewasincubatedfor about20 hoursat37°C. After
thedigestionwasconplete,the samplewasdried by Speed-
Vacto eliminatetheammonum bicarborate.About 5 pL of
50% acetonitrile (0.1% TFA) was usedto dissole the
protein digest sample The sample was analyzed by
MALDI -MS analyss.

Databasesearchfor protein identification

The peptide maps obtainel by digestion for eachprotein
were searcheddirectly by using the MS-Fit sequace
databaseseach tool in the Protein Prospetor progam,
which wasdesignedat UCSF.The programis available on
the Interné (http://prospetor.ucsf.edu)In orderto narow
the seach range,protein speces, molecularweight range
andpl areusuallyrequiredasinputinto thedatabaseln our
case, the unknown proteins were obtaned from HPLC
separationNo pl information was availble. Becausg the
proteinswere from a HEL cell extract,Homo Sapies was
choserasthe speciesThe molecuar weightof eachprotein
was determired by MALDI analysis. In the database
analysis,a relaively wide MW rangeof up to 500 Da was
chosenso that the protein was not eliminated from the
searctdueto ashift of the MW from its theoreti@l valueby
post-trankational modifications or other differences in
sequenceThe tolerance for the searchof peptdesaganst
the databasevassetat 50 Da.

In the caseof the peptidesearchthe CNBr digestusualy
generates few large pepide fragments. The restlt is that
fewer matche are found during the datéase search
comparel with thosefrom a trypsin digest. Same searches
foundexactly onematchfor the protein CNBr digestion.For
thoseseachesin which more thanone matchwerefound,
theidentity of the proteinscould be obtainedby finding the
commonmatch of both CNBr and tryptic digest datatase
searcheslf still more than one matchwas obtaned, then
additionalproteasesould be usedto find a singe common
match.

RESULTS AND DISCUSSION
A sepaationof aHEL cell lysae by NPRPHPLC is shown

© 1998JohnWiley & Sons,Ltd.
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Figure 2. Peaksl, 2, and3 werecollectedasthe eluentof theseparationin Fig. 1,
and separated secondtime as shownin (a), (b) and (c), respectively.In each
casethedominantpeakof eachchromatogramvascollectedfor furtheranalysis.
Thegradientfor buffer B was:(a) 0%to 20%in 10 min, 20%to 30%in 15 min.;
(b) 0%t0o 20%in 5 min, 20%to 40%in 25 min.; (c) 0%to 20%in 5 min, 20%to
40%in 30 min.
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Figure 3. MALDI-MS spectreaof thethreeisolatedproteinsfrom Fig 2(a)—(c)as
shownin (a)—(c),respectively The spectravereobtainedfrom the averageof 50

laserpulses.
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Table 1. Measured molecular weights for the five HPLC-sepa-
rated, HEL proteins, analyzedby MALDI massspectro-
metry

PeakNo. Proteinname MeasuredMW(Da) TheoreticaMW(Da)

1 thymosinbeta 4 Y isoform 4974 5013
2 high mobility groupprotein2 24021 24034
3 putativeDNA binding protein 14038 14046
4 ribonucleoprotein 11431 11454
5 calmodulin 17 207 17163

in Fig. 1. In orderto achievea rapid, efficient sepaation of
the cell extract,a shortcolumn, 4.6 x 33 mm, packel with
1.5 pm nonporais C18 was used.The nonpopous columns
have the advanage of eliminaing nonspeific adsoption
and have been found to be most suitable for the rapid
separdbn of large biomolecules, such as protens. A
column heaterprovided an elevatd tempeature of 60°C
in orderto enhane the speedandquality of the sepaation.
Unde the condiions usedin this work, the sepaation of

20 |-
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3581.0

Relative Intensity
7199.0

proteins of up to 30 kDa from the HEL cel lysate was
achievedin less than 30 minutes.

In this researcha PBS extracton buffer provided
improved results as comparel to strong reagents for
extracting proteinsfrom the cells suchas6 M ureaor 8 m
guandium HCI, which are often recommendd for this
purpo®. Usingthe PBSextractbn methodandthe gradient
NPRP HPLC methodoutlined heren, over100UV detected
proteins could be separatd by the HPLC method.Prokins
of up to ~30 kDa were separatedand deteced using this
procedure.Eachpeakshownin Fig. 1 couldbecollected and
analyzedby MALDI -MS. Many of the peaksin Fig. 1 may
confain more than one major protein, as determired by
MALDI-MS. In order to isolate individual protens, a
secoml separabn of seleced peaksin Fig. 1 could be
performed,using alower percenageof orgarc modifier per
minute gradientto sepaate the proten conponents.A
secom sepaation of several peaks from Fig. 1 with
colledion of the major protein in eachfraction is shown
in Fig. 2.
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Figure 4. The peptidemappingsof two isolatedproteins:(a) CNBr digest
of the proteinisolatedfrom Fig. 2; (b) tryptic digestof a secondHPLC
separationof a peak from Fig. 1. The spectrawere obtainedfrom the

averageof 50 laserpulses.
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Table 2. Databasesearchresults for CNBr and tryptic digestsof the five proteins separatedfrom HEL cell extract by HPLC, identified by
MALDI massspectrometry

PeakNo. MmeadU) Meaidu) AM(u) residues aminoacid sequence
1 (CNBr digest)

573.0 586.2 —-13.2 2-7 (M)SDKPGh(A)

4271.2 4264.2 7.0 8-44 (M)AEIEKFDKSKLKKTETQ
EKNPLSSKETIEQERAGES()
(Tryptic digest)

654.7 645.4 9.3 27-32 (K)NPLSSK(E)

876.3 865.5 10.7 13-19 (K)FDKSKLK(K)
1079.0 1104.6 —25.6 18-26 (K)LKKTETQEK(N)
1308.2 1319.7 -11.5 16-26 (K)SKLKKTETQEK(N)
1345.8 1335.6 10.2 1-12 (—)MSDKPGMAEIEK(F)
1699.0 1709.9 —10.9 13-26 (—)MSDKPGMAEIEKFDK(S)
1874.5 1867.9 6.6 1-17 (—)SDKPGMAEIEKFDKSK(L)
2303.3 2310.2 —6.9 1-20 (—)MSDKPGMAEIEKFD

KSKLKK(T)
2816.4 28315 -15.1 16-39 (K)SKLKKTETQEKNPLSS
KETIEQER(Q
2 (CNBr digest)
5944.4 5958.9 —-14.5 1-52 (—)GKGDPNKPRGKMSSYAF
FVQTCREEHKKKHPDSSVN
FAEFSKKCSERVKTh(S)
6303.9 6281.4 22.5 76-132 (M)KNYVPPKGDKKGKKKD
PNAPKRPP3FFLFCSEHRPKI
KSEHRGLSIGDTAKKLGE(W)
7738.8 7732.1 6.7 64-132 (M)AKSDKA RYDREMKNY
VPPKGDKKGKKKDPNAP
KRPPSAFFLEESEHRPKIKS
EHPGLSGDTAKKLGE(W)
8891.9 8917.1 —25.2 133-209 (M)WSEQSAKDKQPYEQKA
AKLKEK YEKDIAAYRA KGK
SEAGKKGPGRPTGSKKKNEP
EDEEEEEEEEDEDEEEEPR
DEE(-)
15077.0 15073.6 3.4 1-132 (-)MGKGDPNKPRGKMSSY
AFFVQTCREEHKKKHFDSS
VNFAEFSKKCSERWKTMSA
KEKSKFEDMAKSDKARYD
REMKNYVPPKGDKKGKKK
DPNAPKRPPSAFFLFCSEHR
PKIKSEHPGLSGDTAKKL
GEh(W)
(Tryptic digest)

717.0 717.4 -0.4 77-82 (K)NYV PPK(G)

864.8 867.4 -2.6 49-55 (R)WKTMSAK(E)

992.5 984.6 7.9 174-183 (K)GPGRPTGEK(K)
11725 1195.6 —23.1 1-12 (—)GKGDPNKMRGK(M)
1331.0 1327.7 3.3 155-165 (K)YEKDIAAY RAK(G)
1481.2 1455.6 25.6 13-24 (K)M*SSYAFFVQTCR(E)
1602.9 1599.8 3.1 45-57 (K)YCSERWKTM*SAKEK(S)
1731.4 1731.8 -0.4 60-73 (KYFEDMAKSDKARYDR(E)
1943.7 1943.0 0.7 44-59 (K)KCSERWKTMSAKE

KSK(F)
2027.0 2011.1 15.9 151-167 (K)LKEKY EKDIAAYR
AKGK(S)
2850.7 2847.4 3.3 25-48 (R)EEHKKKHPDSSVNFA
EFSKKCSER(W)
3384.9 3384.2 0.7 183-209 (K)YKKNEPEDEEEEEEEE
DEDEEEEDELEE(—)
3 (CNBr digest)
2446.1 2451.9 -5.8 1-20 (-)MMSSYERSMMSYERS
MMSPh(A)*
2456.0 -9.9 21-41 (M)AERSMMSAYERSMMS
AYERSh(M)
3348.9 33484 0.5 42-70 (M)MSPMAERSMMSAYE
RSMMSAYERSVIMSPh(A)
3581.0 3593.5 -12.5 46-76 (M)AERSMMSAYERSMMS
AYERSMMSRVADRSMA(S)

Rapid CommunMassSpectrom12, 1994—20031998) © 1998JohnWiley & Sons,Ltd.
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Table 2. continued

PeakNo. MmeadU)
3 3712.3

4657.5

4870.8

5093.6

6464.4

6899.0

7199.0

4 (CNBr digest)
792.7
1977.7

2806.8
3032.8

3728.6

4606.5

5611.1

9130.8

11141.5

5 (CNBr digest)
2827.1
4049.9

5775.4

8005.1

Mcalc(u)
3707.5

4657.9

4875.0

5089.1

6465.6

6896.8

7188.9

808.4
1979.9

2804.3

3031.3

3730.8

4600.2

5603.6

9125.3

11116.4

2791.3

4061.0

5762.7

7971.6

AM(u)

4.8

-0.4

—4.2

4.5

-1.2

2.2

10.1

-15.7
—-2.2

25

15

—-2.2

6.3

7.5

55

25.1

35.8

-11.1

12.7

33.5

residues
86-119

77-119

43-85

60-117

1-58

17-78

89-97
78-97

79-106

78-106

53-88

53-97

53-106

19-106

1-101

129-152

1-37

1-52

81-149

aminoacid sequence
(M)SSYSAADRSMMSSY
SAADRSMMSSYTAD
RSMMSh(A)*
(M)SMGADRSMMSSYSA
ADRSMMSSYSAADRS
MMSSYTADRSMMSh(A)
(M)SPMAERSMMSAYERS
MMSAYERSMMSPMAD
RSMMSMGADRSMh(S)
(M)SSYERSMMSYERSM
MSPMAERSMMSAYERSM
MSAYERSMMSPh(A)*
(M)SAYERSMMSPMADR
SMMSMGADRSMMSS
YSAADRSMMSSYSA
ADRSMMSSYTADRS
Mh(S)*
(-)MMSSYERSMMSYERSM
MSPMAERSMMSAYER
SMMSAYERSMIMSPM
AERSMMSAYERSh(M)*
(M)MSPMAERSVIMSAY
ERSMMSAYERMMSP
MAERSMMSAYERSMM
SAYERSMMS$PMADRS
MMSh(G)

(M)MPVGPAPGh(R)
(M)MPMMGPPPP®IMP
VGPAPGh(R)*
(M)PMMGPPPPGMIPY
GPAPGMRPPMGECQ(-)*
(M)MPMMGPPPPGMMPV
GPAPGMRPPMGECQ(-)*
(M)IPPPPSLPGPPREM
MPTPIWGPSMMPMMG
PPPPGh(M)*
(M)IPPPPSLPGPPREMMP
TPIWGPSMMPMIGPPP
PGMMPVGRAPGh(R)*
(M)IPPPPSLP@PRPGMM
PTPIWGPSMMMMGPP
PPGMMPVGPAPGMRPP
MGGICQ(-)*
(M)EEQAQSLIDKTTAAF
QQGKIPPTPFSAPPPAGA
MIPPPPSLPGPPRRAGMP
TPIWGPSMMPMMGHPPP
GMMPVGPAPGMRPPMG
GICQ(-)*
(—)RSRRKHKENVKDYYQ
KWMEEQAQSLIDKTTAA
FQQGKIPPTPFSAPPPAG
AMIPPPPSLPGPPRPGMMP
TPIWGPSMMPMMGHPPP
GMMPVGPAPGMRPPN(G)*

(M)IREADIDGDGQVNYE
EFVQMMTAK(—)*
(~)MADQLTEEQIAEFKEA
FSLFDKDGDGTITTKE
LGTVh(R)
(-)MADQLTEEQIAEFKE
AFSLFDKDGDGTITTKE
LGTVMRSLGQNPTEAEL
QDh(l)*
(M)KDTDSEEEIREAFRVF
DKDGNGYISAAELRHVMT

© 1998JohnWiley & Sons,Ltd.
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Table 2. continued

PeakNo. Mmeadl) Mecadu) AM(u) residues aminoacid sequence
5 NLGEKLTDEEVDEMIREA
DIDGDGQVNYEEFVQMh(T)*
8479.2 8473.9 5.3 77-149 (M)ARKMKDTDSEEEIR
EAFRVFDKDGNGYISAAE
LRHVMTNL GEKLTDEEV
DEMIREADIDGDGQVNY
EEFVQMh(T)*
(Tryptic digest)
802.8 805.4 -26 32-38 (K)ELGTVMR(S)
1236.8 1265.6 —28.8 99-110 (K)DGNGYISAAELR(H)
1579.3 1596.7 —17.4 82-94 (K)DTDSEEEIREAFR(V)
1759.6 1754.9 4.7 95-110 (R)VFDKDGNGYISAA
ELR(H)
2402.8 2391.1 11.7 111-130 (R)JHVMTNLGEKLTDE
EVDEMIR(E)*
2795.6 2780.4 15.2 95-119 (R)VFDKDGNGYISAAE
LRHVMTNLGEK(L)*
3335.0 3332.6 2.4 82-110 (K)DTDSEEEIREAFRVFD
KDGNGYISAAELR(H)
3795.6 3820.7 —25.1 120-152 (K)LTDEEVDEMIREAD
IDGDGQVNYEEFVQM
MTAK(-)
4089.0 4095.1 -5.9 95-130 (R)VFDKDGNGYISAAEL
RHVMTNLGEKLTDEEV
DEMIR(E)
5548.3 5568.6 -20.3 32-81 (KIELGTVMRSLGQNPTEA
ELQDMINEVDADDLPGNG
TIDFPEFLTMMARKMK(D)
* Representshe existenceof oxidizedmethoninein the sequence.
The isolatedproten fractionscollededwere analyzedoy CONCLUSION

MALDI-MS. The MALDI massspectreaof thethreeisolated
proteinscollededin Fig. 2(a)—(c) are shownin Fig. 3 (a)—
(c), respectivy. The three protens shownrangein size
from ~5 kDa to 27.5kDa. Severl peaksare observedin
each spectrin due to the presenceof multiply chaged
speciesandalso proteindimers,which oftenresultfrom the
use of the a-CHCA matrix. Neverthelessit appeas that
only one protein is observedin eachfraction and that its
molecdar weight can be readily deternined by MALDI-
MS.

In orderto identify selectedoroteins, peptidemapswere
geneated by chemical or enzymatic degradabn. The
protein digestswere analzed by PDE MALDI-MS (Fig.
4(a) and(b) for a CNBr andtryptic digestof two different
proteins. A datébasesearchfor the resultsof CNBr and
trypsin digestion was performed, using the NCBInr
datdase, for the five protens sepaated from the cell
lysaes,using NPRP HPLC asshownin Fig. 1. Eachproten
fraction wasdigestedby CNBr andtrypsinin orderto find
only onematchfrom the databasé¢hat correspadedto that
protein. The proten idertification determined for each
protein is shown in Takbe 1, which lists the obsewed and
theaetical MW’'s. A summary of the digestion data
obtaned for eachproten with the measued and obsewved
molecdar weights and the correspading amino acid
sequace from the databasés shownin Table 2. It shoutl
be notedthat the databaseorogramnot only providesthe
intact proteinsequ@ce, but alsothe pepide sequacewith
modificationssuchas an oxidized methibnine.In Table 2,
sone of the pepide matcheswvere determired, using these
modified proteins,which oftenprovideda bettermatchthan
the unmodified counterarts.

Rapid CommunMassSpectrom12, 1994—20031998)

In concluson, NPRP HPLC hasbeendemonstratd as a
meanf rapidly separatingprotensfrom wholecell lysates
of mammailan cells for collection and analysisof proteins
collectad in theliquid phaseln thisresearchHEL cell lines
werelysedby a PBSbuffer, andovera 100 proteinscould
be sepaatedby a singe NPRPHPLC sepaation. Prokins
up to 30 kDa could be detected. The protein fractions
collectad could be separatedfurther with a modified
gradientin the secondseparation using the same C18
NPRP column. The isolatd proteins colleded from the
secondseparationcould be analyzedby MALDI-MS in
orderto determire the molecuar weight The protenswere
digestedby CNBr or trypsin to produe peptidemapsthat
could be analyzed by PDE MALDI-M S, and the map
comparel to the NCBInr datdaseto identify the protein.
This method has been shown to be a rapid method of
separatingandidentifying proteirs in whole cell lysates in
the liquid phasewithout the use of gel electrophoesis
separatios.
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