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Prefractionation and Enrichment for the Analysis of
Low Abundance Proteome
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In spite of the powerfulness for the simultaneous study of proteome expression and post-translational modification, 2-D
PAGE has inevitable limitation to detect low abundant proteins. Since many of the low abundant proteins are likely to
have very important regulatory functions in cells, separation and analysis of low copy number proteins is an important
issue in proteome studies and challenge for 2-D techniques. Among various methods developed to detect low abundant
proteins, electrophoretic protein prefractionation, chromatographic protein prefractionation, and subcellular fractionation
are explained in this paper. Their practical strengths and weaknesses are also explained with current research trends.
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Two-dimensional electrophoresis (2-DE)7} @j7tAl= | E
U Z3 e AEA AAZHEE] 329 protein profiled)) o
o AFHR) HinE Fo Wz g BN 93 BAEE
7bg $3 WHoltk(1,2). 2-DEE WA 1442 Beg
913l soluble ampholyte(3-5)1} immobiline(6)3} 7o L7l 0)
E39 stripolA] denaturing condition® 2 2zt thilEe] £
A (D) ZolE o] &3l isoelectric focusing 3l W &, 2
YA Heole 71Fo] £3] AMEdHE SDS-PAGE slab
gel& ol &3t 12dH oz Reld 7t waAs =z 3
o|2 r}A] FhH K-elgl= 7i&elth 2-DEE ©]83}4 proteome
A8kt slelxde AR 7l +F& 18X20 cm
ol-gsH dlgk 1,500~2,0007)¢] protein spotso] F-Ag
A Axeolw, & ZZstAME 3,000 spoisTtAE B

o] 7Fg3 BEolth. dFAEe] FHzte] S 3,0007) ©
stebe AMdE aEjElE W, ®A9) 2-DE V& FELEZE
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MM xe} slo)gtE proteomed] A Ao 7]
o4 Zge)-2 (low abundant proteome)$] ¥
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Low copy number proteind o] EZA)7]d] o]
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o] Ea3}= o] femto mole FFo|U aHTH
EA3t7] W&ol 2-DE UL ol &3] #4377}
=t}

H|E #Zo|= IPG (immobilized pH gradient)E o] &
A HE o B2 4o 9dg 2DEE %39 B4
AA =HUA G, olA7AR L SDS-PAGE gel Aolx] th5i o]
low copy number proteinE-& U9 2719 FH olf=
HEHA E3la vk IPGE A9 buffering capacity 9] 3t
AR 3l loadingdh = = wde] Zakd) A7) 9
11, SDS-PAGE gel “Joll 4] high abundant proteino] 2|3} spot
fusiono] Yoji}7] wEolck8). tigel, 0|3 32| 2-DE
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e FTLET YYNERGE 44 o 59 AAAE
proteome§ EA8H7]olE oS o] @AV ok AR BE
= W 6,0007] o]} A EAdhe Aoz dEA
9131, Caenorhabditis elegans®] 739-= 19,0007] ©]4o] HHA

A7y EAEa, 15 JHYES] Foe 100,0007) WA=
I olde] AL EARle AR dElA vk A/ME
o] A HE o' BEHAI7Y o" B Aol EAEe
mRNA-transcriptome 2] 47} &3] ooz dAlE @A,
ER5EY AS Holm 5000~10,0007) o4l Aoz o
AAT. HEo] YA EAA dojui= mRNAL Held 3
o} TR o] M E HE (post-translational modification)
H}H & T 3hH proteome transcriptome R} A ] =
Easlth wekd, THEEY HS o= 5F cell typeol
Zo]% 10,000 unique protein species ©]Ato] ZEAs= A
oz AR, oH EA tissueol= =k 50,000 unique
protein species”} EABFE RoE 7FECKT). ulebA, A3
AE9] proteomee] it AAAHQl AL AsiMe dAET
o dgE ol ReEvie el Hedd, HAX FEE
Al &A= 10,0007] ojde] dilds FHIFHoT B4
g 4 e AHE 7ol MEHolAekgt itk £4 A
THAE F UE V¢S 2-DEE &) YAMAM sampled
prefractionationdh= A EId], HA7AXE o] whHe] complex
[e]

proteomeo X #EE 4~ Y= protein® FH
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9l M A8 woleka odAA:

staining 52 £4oA Z+zFe] copy numberol] wE Zhzhe]
gode 4442 ¥Ee 9% Bawel oY deEd
guideE AeJ3 FA} Corthals 5(8)2 o] FoA 2 oy
A 2] abundances STAIZ WUFIedl, Anderson F(9)2 Al
A Fel A 2t Dol abundanceE 7-8TAIR UFQTE @
etmidel Ao 7Hg go] EAlste YE Y (albumine) ol A
HAFEQl Al FEol| A EH| == single copy protein7}x] 1297
2 EREoF & Aoz A4dEn.

Low copy number protein®] £4-& ¢4 A5 prefrac-
tionation¥} enrichmentol] ©)8% £ Sle o2 71x] "ol
WEEGE, e WY oldfel MR ZA 471A] P
o2 s 4 Atk 1) electrophoretic protein prefractionation,
2) chromatographic protein prefractionation, 3) subcellular
fractionation [11], 4) sequential extractions with increasingly
stronger solubilization solution [10]. ©] Foll& o]u] A3
o]&xole WE A5 o) AMFA ALHR HHE
2)th. Prefractionation HHH-S el Ajo] RO mEaor
3 " 1) fractionation T4 o protein lossE 24315} 7]
$8iA] prefractionation methods A}A| = 7hgtaforsitle Aol
3, 2) oy ©AE olRdokste Aol ZF WA ion-
exchange chromatographyt} hydrophobic interaction chromatography

Table 1. Detection limits for proteins assuming 100% recovery. An indication is given for the number of cells required to provide sufficient

protein to visualize and analyse. A challenge for proteomics will be to minimize protein losses during purification and separation as well as to

reduce the dynamic range of protein expression within a given cell or organism. Assuming that no losses occur during protein harvesting and

separation: for 10” cells and 1000 proteins copies 1.6 pmole of protein is present. For a 25, 50 and 100 kDA protein this translates to 4, 8 and
16 ng, respectively. The only means of analysis for this level of protein currently is pl.C-MS/MS or MALDI-TOF MS. Nanoelectrospray has
similar detection limits to yL.C-MS/MS or MALDI-TOF. For 10° cells only the most highly abundant proteins will be visualized and amenable to

highly sensitive MS.

1.0E+09 1000000  1.OE+15 1600 pmole 41528.00  83056.00  166112.00 Coomassie blue LC-MS/MS MALDI-TOF

1.0E+09 100000 1.0E+14 160 pmole  4.152.00 830400 16608.00 Coomassie biue LC-MS/MS MALDI-TOF

1.0E+09 10000 1.0E+13 16 pmole 415.00 830.00 1660.00 Silver staining ~ yLC-MS$/MS MALDI-TOF
1.0E+09 1000 1.0E+12 1.6 pmole 41.00 82.00 164.00 Silver staining ~ yLC-MS/MS MALDI-TOF
1.0E+09 100 1.0E+11 160 pmole 4.00 8.00 16.00 Silver staining uLC-MS/MS MALDI-TOF
1.0E+09 10 1.0E+i0 16 pmole 0.40 0.80 1.60 Radio -

1.00E+08 1000000 1.0E+14 160 pmole 4152.00 8304.00 16608.00 Coomassle blue LC-MS/MS MALDI-TOF
1.00E+08 100000  1.0E+13 16 pmole 415.00 830.00 1660.00 Silver staining ~ yLC-MS/MS MALDI-TOF
1.00E+08 10000 1.OE+12 1.6 pmole 41.00 82.00 164.00 Silver staining ~ pLC-MS/MS MALDI-TOF
1.00E+08 1000 LOE+11 160 pmole 4.00 8.00 16.60 Silver staining  pLC-MS/MS MALDI-TOF
1.00E+08 100 1.0E+]0 16 pmole 0.40 0.80 1.60 Radio -

1.00E+08 10 1.OE+09 1.6 pmole 0.04 0.08 0.16 Radio

1.0OE+07 1000000  1.0E+13 16 pmole 415.00 830.00 1660.00 Silver staining ~ yC-MS/MS MALDI-TOF

1.00E+07 100000 1.0E+12 1.6 pmole 41.00 82.00 164.00 Silver staining wLC-MS/MS MALDI-TOF
1.00E+07 10000 1.OE+11 160 pmole 4.00 8.00 16.00 Silver staining  yLC-MS/MS MALDI-TOF
1.00E+07 1000 1.0E+10 16 pmole 0.40 0.80 1.60 Radio -

1.00E+07 100 1.0E+09 1.6 pmole 0.04 0.08 0.16 Radio -

1.00E+07 10 1.0E+08 0.2 pmole 0.004 0.008 0.016 Radio

1.00E+06 1000000  1.0E+12 1.6 pmole 41.00 82.00 164.00 Silver staining ~ pL.C-MS/MS MALDI-TOF
[.OOE+06 100000  1.0E+!1 160 pmole 4.00 8.00 16.00 Silver staining ~ yLC-MS/MS MALDI-TOF
1.00E+06 1.OE+10 16 pmole 0.40 0.80 1.60 Radio -

1.00E+06 1000 1.0E+09 1.6 pmole 0.04 0.08 0.16 Radio -

1.00E+06 100 1.0E+08 0.2 pmole 0.004 0.008 0.016 Radio -
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Figure 1. Bio-Rad A}2] Rotofor™

AMAHE A& 18 Eel4 5A(physical property)S ©]8-3}
= fractionation methodE o] 8&-3jof dthe #Ho|tl Prefrac-
tionation @A|7} oW ZHE4E yields FobX|A Ak &
3}, cross-contaminationo] Yojtz] 7] Y3hAlE 2} fraction
welgte 48 (resolution)o] £ Hyolojop Fhr}.
Chromatographic  protein  prefractionation ' ¥}  subcellular
fractionation ¥, 12]11 §oB9ol o]|&ARLE £xFHoE =
FHA g S 28 A7) s WY & 7 fractiono] ¢
Bl 238 =X E& cross- contammatlonc'] Yol B
Mg okx 9lck o]2{3}k cross-contamination& proteome 3
A Al Al BAe wia - B4g 3k diel 2doid dnt
3o BEAAGE of7] AlE = UATHI2).

=

Electrophoretic Protein Prefractionation

178 H pH rangeE zte o) &HolA] proteing prefrac-
tionationd}= 7]%S liquid-phase IEF(isoelectric focusing)e}
sh=dl, o] 7]g& 2-DES AYPHOE HEo] hedth &
electrophoresisZ FMo|i} gel matrixE o] &8l F8T 4
Nedl, oleld Aol protein lossE ZFo]7] 93| protein-
surface interactiong H43} & & Qe A A5 olg
glofgt 3], Liquid-phase 1EF2] of 24 Bier S(13)0} 73wt
&} preparative IEFE 5 4= gl&t), Bio-Rad Alell4] Rotofor ™
g 7]718 A{3A)ATE Rotofory 207)¢] o2 U
o]A Sl rotating chamberZ A5 o] UEH), liquid-phase
IEF RS oj&38te] @il A sampled F33 (phol whet
fractionationA] 1t} (Figure 1). o] 7|7l ¥X9] separation
barrierg 7}R 3 A 9F7] WfFol resolutiono] Fx| gl
BAEE &1 glon, HFHoE vf sME e vl
2 fractiono] Yo tteE EAAHE 7}x3 9tk Hochstrasser
(15L& He T2 EAdte dFuwAS d3MEE
o] 7171& o]&3}o] prefractionationd}chal Baistgch o]
Hh@p_ ]*;Ho] 3}74]@0; U}o] Bz = Sgl x| Tk, q
e E£7 2] biological fluid9} tissueol] 2|8 7153 o)
o} 3 Burggraf $(16)& Octopus M(Dr. Weber Gmbh,
Kirchheim, Germany)2}i= liquid IEF system-S o] &8} i
F2E AAZHFEEH 80FF2 pl fraction® AYGYL BT
BT

Righetti S-(14,17)& E #elo] IEF 7<) multi-

Figure 2. Amersham PharmaciaA}2] IsoPrime'™.

compartment electrolyserE 7WH3l=H), 0158 7709 “isoelectric
membrane” 2 FaE o] 8742} chamberg zZte 7)7|E N
Stk o]lEo] ALE3t membrane-L Immobilineg o]&3t=
IPG technologyE o|8-3}=u|, ©]2|§} membraneo] “pH
barrier” & z-g8te] H714g HolFE A48olA proteomeo]
zyzkol plo] wel zhz}e] chamber® fractionation® 4] Ht)
Fractionation® Fof&= 2z} chambers) Eajsjo}=l zbz}o} sub-
proteome- narrow-range IPG 2-DEE o]&-3t A" 4 ¢
i, Ao Z A pH rangeoll s == protein spotg
S g gl "ok olgid UelE H8Y systemo 2 IsoPrime™
(Hoefer, Amersham Pharmacia Biotech, San Francisco, CA,
USA)o] sl=dl (Figure 2), ©] system-& fractionation 3o
A= 2z} chamber?] volumeo] 38mio|L} FTi= Alz9] 3
A EAY wEo prefractionation 7]7|24 9] EIFEH A=

Z&tgct
T o2 o) membrane systemOZE  Gradiflow™
(Gradipore, Sydney, Australiac}] Sl+&=u](18), ©] system&

protein®] pI2} mobility, size, 1|3 affinityd] 4717 FHo
parameterE 0] €-3}] proteomeS

AAEATHI9-21). o] system&
43t AAS Arm YA,
mLe] BjA Bo oro)

prefractionationd 4 Y&
nondenaturing bufferE o)

IsoPrimed} wm}zb7}R] =
3 mL~ 4% AEE "o7 gd:s
o] qloh

L8.9F3) A preparative IEF methodst prefractionationg 3}
9% B Pl SR 49HeE Bl sl
Praparative IEF 717152 @& %9 @3 sampled BQE
Arie BAMS Ay 2o awde) £40 Bo] Uol
dohe BAY, FHEAHeR b9 Fd"E ge guz
fractiono] Q@o}|7] wF-oll Zulg doloj 2-DE E4o| g
Sths BAM, T2l viaL Alge] oldde EAHE 7t
Aol glrk Aol oleig ©He Basle 100 yL A 87}

;(]E B s 2=

248 4= 9l= smaller prototype version(Mini IEF
o

b ol Qe Aom e Uk

Xun Zuo % [7,12]& IO Righeti 59 Ez]¥gg &
£3) system®l microscale solution isoelectric focusing(ysol-
[EF) 71718 WE38td E coli A 293 o] ¥xog
FH AAA Y= fractionE S UL F YA2 B EE3F
o= HEHe) uE - BHo) Ay wusYn o)
< pH barrier €&8 3= 5719 ImmobileS T3}t

w
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1 Cathode buffer
Separation chambers
Figure 3. A proposed second generation solution isoelectrofocusing
device. This modified device contains more separation chambers to
cover the full pH range of most proteomes and to increase the total
number of spots that should be detected. Each chamber has an access
port for improved sample loading and removal.

L Fractionation of sample

IL First-dimension gels
IPG pH range:  2.4-8.1 4.9-56 5461 59.7.6 7411

1IL Second-dimension gels I Parsilel SDS-gels —}

Figure 4. Schematic illustrating a method for global analysis of
complex proteomes., The specific number of separation chambers and
the pH values of the separation membranes can be adjusted to fit
different conditions and sample properties, It should be feasible to
optimize the pH ranges so that the full resolving capacity of each
gel can be utilized. Since each full-size(18 c¢m X {8 cm)gel should be
readily capable of resolving 2000-3000 spots when a high-sensitivity
detection method is used, the illustrated scheme should be capable of
resolving on the order of 10,000-15,000 protein spots when complex
eukaryotic proteomes are analyzed.

acrylamide gel membrane(pH 3.5, 4.8, 5.4, 5.8, 9.5)0.2 #A#
ZY2 500 pLe internal volume-& ZHE 47)¢] separation
chamberE 31%45}e], SCID miceZH-E) &3 proteomeS 4
7Re] fraction(Z} 500 pLyo 2 ek HEFL W5 Z7)3
91 34 glo] 7t fraction®] YF(I00 yL)E TulZ 4 E5H9)
narrow pH range gel(18cm)E o] &3l 2-DEE Az Aoz
T3 AE olEo] Mg WYPL tubingol} pump §& A
gatx] g g WHelnz man(~5~6h), & 5
S(65~80%)S Ze=th o]E2 EZHEEY o 54 cell
typed] 3= == protein componentE EAIE 7] 3}
pH barrier 98-S 3h= 672 gel membrane(pH 2.3, 5, 5.5,
6, 7.5, 1D2.2 AA A)x 5719] separation chamberZ 7zt
+ psol IEF systemE Aotgl=E] (Figure 3,4), narrow pH
range gel THEFA 02 2,000~3,000 protein componentE &
A £ e #dEE 7IAZ Y7 g'o, o)Ee] Agtst
usol IEF system-& o] &3} 5%79] fractionS &7 ®Huhy
Aol 10,000~15,000 protein componentE E-23& 2= 917
Aok gt oo e IHEEY o =4 cell type
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of &3} 10,0007 ©]4+2] protein component RF-& EA

& 4 sleget 7iEn
Chromatographic Protein Prefractionation

ARvEIHT 7]&0] proteinse] o] o8 & Q=
dl, FErEasdsE 34 33559 Felelution chromatography,
frontal chromatography, displacement chromatography-7} Z3j
ghc}. o] FollA] elution chromatography7} preparative separation
3} analytical separationo] 744 @o] o) &F1 9t} IARvlE
29 7PHE o] 8 ) step-gradientE ©]&3W HE F2
E ZAE partial purification 3}AL} enrichment® 3 4
UA sed, 7]1#9] Jon-exchange chromatography(IEC)S}
hydrophobic-interaction  chromatography(HIC),
chromatography(R-PC), 12]1 affinity chromatography 53}
2o AZvEaHY PHEL step-gradient modeE A EEH
4 9t} Size exclusion chromatography(SEC)& %2+ #3 =
ol protein loss7} Wo] Yoju}r] wjo] FAE o] FHA ¥
I 30T, HREE membrane filtration *HH O Z A Eo] o] &
Hr} [ECY A9+ electrophoresisol] 4] A3 whl A <] surface
chargeo]] ¢]dle] J¥kg Wro = Z mobile-phase] pHol| 2|3}
o &L T} Chromatographic protein  prefractionation
Aol ®o] o]&%E WYL affinity chromatography$lt
heparin  affinity chromatography(27,28)2} hyroxyapatite affinity

reverse-phase

chromatography [25], dye ligand affinity chromatography(29),
222]1 IMAC(immobilized metal affinity chromatography)
(30) So] EoEc) o]2)d} affinity chromatographyE o] &
she ol SlojMe] BAYL resingt WOl U EH
WAET enrichmentH iz Hd)], wakA proteomeo] o) dt
AH A Bod= A-A @& vbgolrh chromatography S
olgg R dIE & 4 Ue JE 9B s9eze
stationary phase ligand density$} salto] gH-f-gbo)t},
Prefractionation Aol HZErnfEIzjulE He3 92 o
LR E 9=, Fountoulakis(22,23) 58 Heparin-Actigel 8 ©]
88t} Haemophilus influenza®] low copy nhumber protein<-
enrichment3} 7 Ea1spe}. 3l TSK phenyl columng
0|88l HICE o] &3ty X % Haemophilus influenza 2 ¥-E]
low abundant proteing enrichment3}$1 Tt W 1E)ATH24).
L3l E Colie) ©d B2 RE proteins?) enrichment o)
hydroxyapatite chromatographyE o] &3}ty RuE =)
(25), ©] ZA%oE E3] cold-shock protein®} & low-
enrichment¥]tty  HXEEQTh
Harrington % (26)2 DNA-binding proteing enrichmentA] 7]
7] $18le] cation-exchange chromatography(CEC)& o]&3}%
© |, CEC-fractiong] 2% 2-DEZ #24 Alo] # plol| ZH
5 protein spote] YeEh= S4S BYET o]RL protein
9] basic domain® protein®] AA Q) plof|= 2r}x| & 33
& 24 Rahs] Wl vkt Asiel: Az Hzo),
Volker Bradock 5 (31)2 RP-HPLCE] five-step gradientE o}
2310] crude cell lysate2F-E] proteome AHA YA
prefractionation 3} 3 T3l B 115100} (Figure 5).

molecular-mass  proteino]
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A B
4% 50%
£ 2%
2
o~
g s
S g 8%
% 3
J K
0 12 22 32 42 50 12 2 32 4%

time [min

Figure 5. (A) Scheme of the five-step gradient with rising concentration

time fmin}

of each step is indicated on the x-axis. (B) Corresponding HPLC
chromatogram monitored at a wavelength 280 nm,

Subcellular Fractionation

Subcellular fractionation-g- prefractionationo] 24 A= 2
74x9) F8 Aol =Y, A WMNZE proteome M Z
o A] subset proteome¥t HAEHA| EHEZ EARE gl o
diversity 9} complexity7} ZA%theE Aoln, EAZ = AWE8)
ZHoR ME A4 Je ©WAEo] preselectionHrb= # o]
t}. 53], proteomes} genomeito] AAE ATEr] 93
subcellular protein map A4 Al HF LB S
fractionation 3+ &, Z} M X 47| ZA st G Ao st
#230] o]l Fjo} Fhr.

Subcellular fractionation Alof= 2%F 9] dwtHog BEO
2 o=l #HAHo] e, 3 HAEE cellular organization
£ 7l= homogenization®gol 2, /|2 homogenateE A
2 0E afoz RAls #yolth ¥ wAl Ao
olgHe 7ol o ZhzE gled, HAEH Wyl
density gradient® o8&} ¥PHI} immuno-isolation, elect-
romigration analysis(free-flow electrophoresis, high density
gradient electrophoresis, immune free-flow electrophoresis),
flow cytometry(florescence-activated organelle sorting), 18]
sequential extraction of cells and tissues(using detergent
containing buffer)(32,33) So] 1 ofot}.

Subcellular  fractionation W& X3 low-copy number
protein®] enrichment WHE& dz] o] &¥o] gh=d], 714
WEo 2 o]£% subcellular fractionation HMH-LS density
gradient Wolth. o] Wl A WA WA= low centrifuge
force ol83jel 3 A5 A gre AEES AP A
E 7] (cytoplasmic  organelle)?  E&8le]  post-nuclear
supernatant(PNS)& A+ #¥oltt. 7 & A= nuclei
pellet? PNSE 7z} thk3l density gradient centrifugationg
B3lo] oW EAF AFEL7|F-nuclei, plasma membrane,
mitochondria, lysosome, endosome, phagosome-gb gz} 1)
& Aot

M FA7|HE fractionation 317] YsiA] density gradient
mediag o]&&}=H|(34), sucrose?} Percolle] Yuta oz o} g

HE mediac)t}y. ©) Fo|M% molecule-molecule interaction]
oMF¥ AFE Fx 7] Wil sucrose7t UWkH O g o]
o] &5} ) =4, sucroset> viscosity/} I Ao RIS =
7] wEe] AELAVIRY g 9 £ AvE ZAYS
23 1tk Percoll& PVP(polyvinyl pyrollidone)& coating ¥l
silica Y=}2] sterile colloidal suspension$) T, viscosity7} Wil
HFdE olRd S F4 g v AHE xa 9
o d¥detolu} v EF S e}, H&A1E, synaptosome, 1)
I gige BElde A9k o2 iso-osmotic(0.25M) sucrose
buffer, pH 7.4~7.67} o|-&=}.

FZo 9= X-tay contrast compounds lodixanol®h
Nycodenz7} density gradient media® o]&Foiz1 ¢l=b)
(35,36), °]5 mediav= low viscosity 2} low osmolarity, low
toxicity, 28X high density 52} o2 AHL sHAn 9ok
Kimie Murayama S(37)2 o]2}3t mediaS o] &3t rat liver
22 A} &34, dihg nERca)o), 18w Be
A& 59 fractiond IPTHR Ros g}

Alternative Approach

Aol A AHE dhiES 22 2.DES AR 7HE,
vop g~ o] chlale BAEs] 9)dte] 2-DEV} B
E A Tlgo] 2.DE B o] &5y

< WY AHA &8s B$olE 1-Dione dimmensional)
SDS-PAGEE o|-8& 4 itlk w3}, 1-D gel2 200kDa o]A}
o] At Yl Ao} hydrophobic membrane proteine] 2]
dE ol8d = ok

Link %(38)& proteome2 HA3}7] 913 multidimensional
liquid chromatographyS tandem mass spectrometer?} 37X
A A AEY, 188 o] WHE 589 single no =
A5 #HEol 408 ATAA) FAHHEQD 1007 o)Aty
proteing RAFHTI Busg). Schulz-Knappe $(39)-&
cation-exchange chromatography} reverse-phase chromatography
WANE WS 085 Alge) WA eny Yz
W&o S fractionationd §, A& Ho] peptide bank

AR ATT HIEGh Oda 540 9 Avle
A Gk Falel i vl e 54 Yo
d 450 W3E YdolE7] 943 MS-based methodd o]
st AE AAE YA FYPaR HA s F
& ok e olgsiith
Acbersold (41,42)2 isotope-coded affinity tags(ICATs)Z}
MZE F79 chemical reagents$} MS/MSE o] 83le] &
129 ©uds Fahid sfdvta ®ustgEd, ICATS
affinity tag® ©]&E & biotind} ¢H <) isotope (deuterivm)
£ incorporationA]Z 4 QI linker, 28] ThlA o] cysteine
residue®} ZAFE 4 3= chiol-specific reactive group®] 37}
2ol FHeAZ /AR 9lE chemicalolth o]E & ICATO
g 7t g4 o vwdtna e 5 E59 proteomed
protease(trypsing 2 #{2]§} ¥ biotin-affinity chromatography 2
o]-8-3tod ICAT-labeled peptideyt Belslgm, o2 Byw
ICAT-labeled pepiide® HPLC®} HAE  tandem mass
spectrometer&  -8ted A3} (Figure 6). HPLCE 3 A)
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ICAY reagents
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Figure 6. The ICAT strategy for quantifying differential protein
expression. (a) structure of the ICAT reagent. The reagent consists of
three elements: an affinity tag (biotin), which is used to isolate
ICAT-labeled peptides; a linker, which can incorporate stable isotopes;
and a reactive group with specificity toward thiol groups (ie. to
cysteines). The reagent exists in two forms: heavy (containing eight
deuteriums) and light(containing no deuteriums). (b) The ICAT
strategy. The method shows the analysis of a single protein (shown
here as a protein expressed in one cell state at 1 copy/cell and in
another cell state at 3 copies/cell), but is equally applicable to rotal
cell lysates. The proteins from cell state 1 and cell state 2 are
harvested, denatured, reduced, and labeled at cysteines with the light
or heavy ICAT reagents, respectively. The samples are then combined
and digested with trypsin. ICAT-labeled peptides are isolated by
biotin-affinity chromatography and then analyzed by online HPLC
coupled to a tandem mass spectrometer. The ration of the ion
intensities for an ICAT-labeled pair quantifies the relative abundance
of its parent protein in the original cell state. In addition, the tandem
mass spectrum reveals the sequence of the peptide and unambiguously
identifies the protein. This strategy results in the quantification and
identification of all protein components in a mixture. It is, in theory,
applicable to protein mixtures as complex as the entire proteome.

my/z, mass: charge ratio.
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