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Proteome in Toxicological Assessment of Endocrine Disrupting Chemicals
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It is important to understand the potential human health implications of exposure to
environmental chemicals that may act as hormonally active agents. It is necessary to
have an understanding of how pharmaceutical and personal care products and other
chemicals affect the ecosystem of our planet as well as human health. Endocrine
disruption is defined as the ability of a chemical contaminating the workplace or the
environment to interfere with homeostasis, development, reproduction, and/or behav-
ior in a living organism or it’s offspring. Certain classes of environmentally persistent
chemicals such as polychlorinated biphenyls (PCBs), dioxins, furans, and some
pesticides can adversely effect the endocrine systems of aquatic life and terrestrial
wildlife. Research continues to support the theory of endocrine disruption. However,
endocrine disruption researches have been applied to proteomics poorly. Proteomics
can be defined as the systematic analysis of proteins for their identity, quantity and
function. It could increase the predictability of early drug development and identify
non-invasive biomarkers of toxicity or efficacy. Proteome analysis is most commonly
accomplished by the combination of two-dimensional gel electrophoresis (2D/E) and
MALDI-TOF mass spectrometry (MS) or protein chip array and SELDI-TOF MS,
Proteomics have an opportunity to play an important role in resolving the question of
what role endocrine disruptors play in initiating human disease. Proteomics can also
play an important role in the evaluation of the risk assessment and use of risk manage-
ment and risk communication tools required to address public health concerns related
to actions of endocrine disruptors. Understanding the need for the proteomics and
possessing knowledge of the developing biomakers used to assess endocrine activity
potential will be essential components relevant to the topic of endocrine disruptors.
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#4¢ F90kT, 1 fYadosry Yol AT B
< =H{Eo] 7R T 3ot WA Are) &3l (endo-
crine disrupting chemicals, EDCe)2 Q57| =gk 3¢)
WAEA A shiols] FRINE B A
Fo Jdoy|m e FoE 7 29le)ch EDCst A
Hxge) serealel BRo2 WEH W Z2EAY
Heshe Blolehs FolA WAs=zoz wuny
o} (Osteen and Sierra-Rivera 1997; Zacharewski 1998;
Kavlock 1999). W ¥¥| 2t ed F tjige 274 &
2ES dFom B Er A9 ImEoEAMY
Foer " v)F $7 L5 (EPA)E WEvn
FEAL “gAA (homeostasis)?] F-A| ¢} da}A] o)
2L HFEe AW Adaa e Qak UE, WAL
o5, A%, A4, 2L WidE DSk AdEAR A
At W ie A= QA A 28 A7) &
ok 71 F8g TAAIAR] shiz W2u] A Aol
EAol AAE I FHx A9 FAEAHo |
(Safe 2000; Nilsson 2000; Hutchinson et al. 2000;
Kimmel and Markis 2001). 19903t -Ee] j5w]A A
HEA o] AA)7%est WY7)%-S FFAT L, BF oA
< doyin, ¢ TAES EUAve Aol B8R A
2} e} (Nebert ef al. 1991; Okey et al. 1994; Andersen et
al. 1995; Olea et al. 1998; Goldman et al. 2000; Hoyer
2001; Spearow and Barkley 2001; Mori 2001; Ober-
dorster and Cheek 2001). o]A|7}x] W&u]H| Ao 22
) SlsAe Hrs] $Ta slnaaed, BagEst
A, A8 FHo|l FAHof A7 EF kst
A A= e|gron) =2 H 022 (proteomics) Q72 U

Bl Bl ER 47l FEAINHE AxE obd7R

B R PP IR ER T PR P ER
oA AA WMo Z]ztek oFE $8 A=E bio-
marker 3 target proteing ZtolJje] U|ZujA Aol
EAe o8t A% oRF Hrlshs o] Zwa} dixe]
A1k, ol F HHiM e WEHA AR B o A
A R st Bedohe mADAAY 94 9 B4
A #E A3 dez Aok HA Ee| ARl
e 293 QA S5 BATE 4 9= mAeal
Ndg 4% ZrEeRA A7 2529 FaAbelH
ole|gt del]l A wekstn FHLT Al=mEHa
AAA L Aol 2753 vt o] MM f
o) AA ) B zzd e ol F5 AFAY AF
| vlge] ERAANER el TR er]xo] A
& 7Fs Aol £4& FaAldith

HEH[AIZ =S E

LA &

WeulA mdEgeld FAe] e felsteted &
M QAL s=2F #¥] 7)%el HEE do7|= 24
2A, AAE FE 2 Aey A= WiE e
T AUx fdA BAee WEn A EA = B
22 A7 Y7 5] PN 5S mE el
AMAA ez FAS 1 fFHA S F3) NF] A
55 F8er BT ghon AFE FAHL ARA &
i 9Je} (Colborn et al. 1996). B3] Az a o] 7%
g Wl F7] Wl QA AR opvlzt A4
FHE FA2ANA AEZ A 2= 29 S gl
Wiy IR ZHAEL 7|E2] BAHtEAERH I
Agw Mz JA k2 A § glom, Hoal&
£ B9 =57 "ol =L s o] 5L T
AzIEA o] Qe AU Al F=2 A Fo
HEAel WETten ofFel HMEd zaEsgA
(hormone receptor)2} Z3sle] =223l 22 zg-8
S A meme] 4840 A A %
£ 72 5ol g 43A e en AN EEY FFH
= 3 9] 5)c (Lathers 2002). 19901 W] So] ZAA o
2 @A B g A7) Al A
PR3] F (WWE2 Adel] »=29 HEu|AZAE
Ae ZRE 67522 AAYUG(IEL] A9 1343,
B A FobF U3BIY THIREF D) F TR
= F¥F 4 vk FobRe WRE AQAd 25
BRohe B4 Ml 94 CDe e 1E U3
A7 212990, A 594 ol2x AT Uk A=
Al Al okmebal pobql DDT, ¥=3, =7, 3
2295 2L B} Foim AL el FARG
(Turusov et al. 2002). A FAIAFEFE SU+FZF Al
A5z A% QAN sk felsEae 97
o} &l & 5o t}e]-24](2, 8, 7, 8-tetrachlorodibenzo-
p-dioxin, TCDD)2- A|&A| & THE o BAHE2 LA 5}7
v 277 el A FEAd et HABEANT R7]HLA 2
HEL ded AAEE JE:Hd e A o)
(Belinsky and Jaiswal 1993; Kleman and Gustafsson
1996; Nebert and Duffy 1997; Gonzalez and Fernandez-
Balguero 1998; Nebert et al. 2000; Dragan and Schrenk
2000; Barouki and Morel 2001; Ma 2001; Andersen
2002; Tian et al. 2002). 2] 4 2] (PCB)}2 F= Ay
HFof| A o] ZF=¥™ (Anderson et ol. 1991; Brown et
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al. 1994; Reijnders 1994; Walker 1998), o] &of= A™
AR AHEE dei) Ao 282 ASEHE
ERE R (TBT), 454 A=, HES 54 9]
oS FHe] 2ol W|adEA, FEhAE 2)7]d] R
£ FEvlEdolE, Fuay staAlql =hakEgtE
(DOP, DBP, BBP), H=tH 4718 v|&% #r5 41§ &
71 AlgEE 2EE deln], ~ElEl E'w] Feo 9
ol 2y o5& dA7A] dezl HEA FollA] A
2" A Folm, wid = A whE oAb g o]
APAAA FAAFT 917] djFoll zdA] drnpt 7
2 g0 En AR el g o] EAsl =A% 4 &517] g
Erh B f7)4AE e gAY o) 3
FAF Az, =AREAY, AR F 38 g5
A FHAA LAz AMER dukdos njHe] o
3 FdAeln 7tdA] Bl gl olE {7144 v
ol wie} LA vFHLAd e FEE o] vl 20
°C o3l BAL FHiAoz BRsa 476 wel
A == HT2AF gz PRI
(Whaley et al. 2001). 3] ©]& 3 407} wxw A
d SHdA F8% AL FrdaA £A2A HEA
2dzr gzl Eelgzaddd 2 dHEw
Fzdgde] gidh oj5E G 78RR Fho)
ARslsr A= ARG $pp AR ol dhs-
AQe] a1 Ee] - H3A FAJo] wigp wlofaly QI3
o] gloews MH4A A& HAsd wtxA AE}
Ee AT AAAzRE o=, 28 Y H&A 5
o] dwrgAt HItgde FE44 o= gy o4
Fa ok AL AFA 2 ) edEdlEo] A
o PR Ak AEAY &1, A3l 2% FF Y
A% To] vlwA g gz gk 2Ad= 9] B =7
el Zb A R EA S X4Ye] 2, o & Eo
1, 2-dichloroethane2 7] FojlA] 10~190Y R =2
W1 E A, okl 44 dvlE e
o} ol A= FE7] W] viag 7 S
ZEA A vl A0 A9 #@ie] AL el ¢
7] wFell L ZkF7)7ke] w9 o)

2. Al E SSA HA T

EDC2] $lsjAdel] #3 Qv FATSA AL S
ARA A9E WEshe 244 2y O 999 Ax
g8k ik 2 ARR-o #4475 wiEle g §
7 EDCe] 2.gAlel 3 AeiA oA ast g
793517 93 437} 28 =g (DeRosa et al. 1998;
Gray 1998). W-£-8] Al Aol B4 9] WAV E-& 53] o

i AL Ao givh o] AalelA] A2 2]
AN EAL] AFAES HEu|AZREEA A8 #
Ty AAsEAE WJEe AR EAY wAUSE
geled U4 gridst A3v @ Zlele. dA, 713
el A" AHgAEL W AZNEA] w24 £
8 JepiAe SAbEE Beled 2 dus
1R 2} (Hendry ef al. 2002). Dioxin® PCBel| £]3t
biomaker <17+ heat shock protein®} arylhydrocarbon
receptor (AhR)el| @&l <« (Perdew 1988), cytochrome
P-450 arachidonic acid epoxygenasese] o3t dF
(Kanetoshi 1992), glutathione S-transferase P-form
(Aoki et al. 1992), UDP-glucuronosyltransferases
(Qesch et al. 1992), UDP-glucuronosyltrangferase iso-
forms (Clarke et al. 1992) ol 3t A& o]43 &=
71 dFge] 9l WA HEEL cytochrome P-450
(aryl hydrocarbon hydroxylase) Al &A o] #A 3 bio-
makere] ™8 immunoassays ©]&3 5o A
I 1o} (Thomas ef al. 1983; Voorman and Aust 1987;
Rifkind et al. 1994; De Jongh ef al. 1995; Schulz et al.
1996; Reiners et al. 1997; Korytko et al. 1999; Smeets et
al. 1999; Stegeman et al. 2001). A WA e 7=t}
e s A ANE-2 biomarkerE Foplel HE
® % ohje} AA ) EEsE Gobin 2HRRA
2] g 9l BAqte] 35 A4 A probes] A
Z, 37L A e Hdst A o ukews) dyot
At e wE L2 P AYgHe A
A BHeelA EDCE g% FelEdE 24999
v WA= FeaEA 2R, 274247, SeFEA
2]#} o) 4] bisphenol A, dioxin, octylphenol & nonyl-
phenol 52| WEu|AAf & ] oz vrEET gl
oug ole wz AeA e Hi= FAH Aatelrt of
o] B F79 op) AFFEE MAAY i o
doz A3 I 471 EelEdom FEH7N AT F
EE% Bom EDCE ¥ 349 Beolx] ¢hs
o2 FZZv} (Blaustein ef al. 1994; Stebbin and Cohen
1995; Guillette 2000).

3. WEvARNEA A2Ie

AA7A 8] e QEA Ay 7k #4717
(GC/MASS, NMR $)E AHE-dbe] W] 48] AA7H: 2
s AAMEP o] Fg ARSEe] 4. 188 G
S357] S5k Bad ANE BAL 42T 2 4
g4 8A ¥leg o]43 immunoassy B o] 7 LE
ol-4-= 3 gle} Zav) dokst RS BAlz oy

e
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Table 1. Biomarker used for detection of toxic compound

Biomarker Target chemicals Specimens Mechanism
Benzene Benzene Blood Expired benzene
S.i‘f;}?;l Y%?:;:%%ﬁgi ca;lc% Benzene, Phenol Urine Metabolites
Porphyrin Hexachlorocbenzene, PCBs, TCDD, TCDF  Urine, blood, liver Oxidized Byproducts
Auto-antibody TCE Blood Metabolites
S-Benzyl-N-acetylcysteine Toluene Urine Metabolites
Hippuric acid Toluene Urine Metabolites
S—p-Toluylmercapturic acid Toluene Urine Metabolites
T-cell Ag-binding molecules Toluene Blood
hprt/GPA/P53 gene Toxic materials Blood (Gene mutation
CYPZEL/CYP1A1 Benzene, Touene, Styrene, BTEX Breath Gene mutation
CYP2E1/Cytochrome -

oxidoreductase TCE Poplar extract Phytoremediation

9 Ao )% 2% 34 YuHo = biomarker

1 okl HAHEA FE we Y Az 2 =

= Aag Ang daen Ysiapd, fAe, Qe
A NEE 2AE2E 4+ Ut XA} (biomarker)E AT
o (Table 1. Al2AlsH 2 dgsy edsdel o
QA g FEE7] A3l Y49 cholinesterase inhi-
bitorg4d, aryl hydrocarbon hydroxylase EA-& wheds}
+ cytochrome P-450%%, hexachlorobenzene, PCBs,
TCDD, TCDFe]| 2§ ¥¥) ¥ % porphyrin %%, he-
moglobin EAlel| Fe]sl= aminolevulinic acid dihydra-
taseEA], PCBs, TCDDol| €3} retinol 74, free radical
A, A2 WYL FH57) 918k DNA damage 5o
biomarker2 ©]£% 1 91t} (Nebert et al. 1991; Belin-
sky and Jaiswal 1993; Okey et al. 1994; Andersen et al.
1995; De Matteis and Marks 1996; Kleman and Gusta-
fsson 1996; Nebert and Duffy 1997; Gonzalez and Fer-
nandez—Salguero 1998; Nebert ef al. 2000; Dragan and
Schrenk 2000; Barouki and Morel 2001; Ma 2001; An-
dersen 2002; Tian et al. 2002), o)} 22 fs]E22 A
292 g RE 5eol=) wiztes)t Yo, Y marker
£ WAez 3 97l Wl Hoket 374 f8 240
ok gy Bekel BrPsR Adlolet ma ohe A
¥ EAALY ARl Fol APA $NER nF
8 =B BA 57} o=t afela] dArH ez o)A
of ¥ 4l5F XI5t biomarkere} o}-&8 o|& HAEY 4
U DAFEIAE LT AL, oofg G 2
dEAE A4 AEHAY AN 4= 2 AH8S
A £ 9E o= Feo JEALE =g 4 9]
o} webA 712 biomarker®r} & A E 2y
A15F biomarker3 =Sl o] & 2 WiZtes &
W 4 Sl probe?] o] HAldw o|9} 3

immunoassay® o] 37 F-ofe] £-L£=HA ohafgl €Y
o] MLE S, ZHHET AHHErt o Ao §
A3 2A7) 27 s o} (Dobashi 1999; Nielsen
2000; Takeuchi and Tsutsumi 2002). o]&]3 w52
u% BB ed EPAS TAAAReE olgHe] 3
QR % ABY, FAE, AF okl AAke 4
T olok Qe wlAE Sools) AWAAA B
A AF 3 534 Ropld HetEd U o 29E
g Aeshed ASSE ARk Aok 2A sk,
v 2E, AR £ 2AAd Wyl H3ke immu-
noassayE H|£% ﬁﬂ*]—ﬁ]}“; 9 biosensor 5 A=}
o Az PYEE DA Ake) FPsT 2 ohig
Ed ek ﬂdJ- Ae] 89 7w RHFHa
Age] dgles ARFE T gleh e Fof wofst
il BAEE B2 A7k Zxele 22 A=Y
FAARE A7) M FAFEFAE o 4T T
= &3 "he-& 7 &sl= ELISA, antibody coated
tube test, lateral-flow test, potable biogensor 5]
immunoassay® ] TF3HA o] 4E 4= 9l B ¥
Sol s} A7EE by BLISA §A18] A cop
A L9 EA e A ERE 2 AR A
o]l Palql 7)<o)v} (Harper et al. 1994; Johnson et
al. 2000; Zajicek et al. 2000; Laschi and Mascini 2002;
Sugawara et al. 2002).

= 2B 29 A (Proteomics)

1.7 &

AR delA dpeld egdeAel QA W S
A7=E 54 249 QA W 2§ AThIF #H
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immunohistochemistry® biomarkerg& 48 ZAE-o|
AT W 28] A Ao o] s oo A HE ] =
e e AE o439 7 AYA o BEI AE
Fatelt QoFd Fol wld A9 vimg ¢ 9& WF
ulofslc}, &7 gt =2 ¥ @7 A (proteomics)E A =3}
Hie A=t H%71E & 4 9o, target protein £
probes ZiE do] 1A HAlH QA7) E Aol 4
Z2Eem vt Fielx] Yopur|z g #a) Q17ke]
ApFzrt 443 43 ue AzrAaAE] 75E
AR AT = U o Bvt EAEAFAINL
AlatEgieh v d7IM Dol A = ¢]E
7155 olepit Lurt glemz o) FAAE 7%
£ 3 A dFEorE FAATEHE
(functional genomics)e 2 7 2]gl) of 7)o J|gAo
2 DNAY} RNAE A&z Algsle] el {0943
(genomics), HWAE dAtes dFste FAPSS
o 3= vl & A 5} (proteomics), LB o] T HofE
A s A)-E3 8 5} (bioinformatics).e 2 Z}ZF F-EF
v}. Z 2 €& (proteome) o] A& (genome)9] Aol=
A1 (PROTEin expressed by a genOME)&] Al o] o]t} =
2 eH A+ == dHL (proteome)s] ofn)el] -ies7} B
o] el He AT WY Jled TYHOE 9
w8l ol &, A AAE U, HY T Wy
(post-translational modification), oh2 Wzl zle] A3}
o A& Fo| AFsle], AZ W HY(AT vEY
H}AE A AP AAAA FDEoR o
T 4 e d7Eoks U (James 1997).

il

s

2. Axwxs} Z2@ 292

FAA 7152 Ee] F4d-2 DNA 5 F2 74

Table 2. Genomics and proteomics in toxicology

Ape] W orAS BAHSe Aoz daAe dEs
DNA microarray technology?} v} 28} BAl:= §-
AAE H408 AFcide Azt F3A @rIMHe)
FHAE T B3 47IM e s o #3A AHE
9 71%& 913 <dAEg 4 ok AHeld AL
AP o] vzl QA (translation)7}<] Hglet o=t
® #HFAom Az WM 7edRe gehvt Aw
A, A5 AT F dEE sl 29 gle
oz HEFHog AT Fxr} ZrFeld] gL ¥
AeA] e A AR Az W 7les 8 Y
o] glth 53], 3 #4142] mRNA7} T ghilale)
AlA 7154 BgE AE, 23, A7) 2 QA ule}
o8 BHog W) R o|e A wEdd u}
g} BMsl= toold#} systemeo] TRE T} o)L #HAFH
4 e Fo] ZaHeHA Holr} A FH
9 %8 A il zhe] Aghkg- A )M e}

= fdd-$-e] AR Ses s Agm deal
3y ARE AR EE #3E e g HHE v
Am2 Aste) M6l Foskeior T B ohleh doidl
Ane gA4e 93 AAR G7IMd BHE Ao
shmz AR Bge) AaEd ooy A FHA
R FAAZYY AERAS EME Y= Q48] A3
Suctolc). 3hH mgE WAL g X xpn] el wlEy)
A2 AAA, B4 554A SN AgdAtsle] &
A ol vigoz AHEE gl A9 E4
o TR A} FA=AE AT 2Ed DU
database 72 3] MEARETL =£& =74 B
A B} geht 7% o] deg gzl FHEA
Adlg B9 oz i HA A AHE
zh=r}(Table 2). o] 7]<¢] #A4L oapdZEA (high-

throughput screening)e] 7}1%3%t 2-dimensional gel

Uses

Limitations

Genomics and gene expression arrays
Simultaneous analysis of thousands of genes

Efficacy for toxicity screening
Customized arrays of specific genes or gene families
Discovery of novel genes or gene relationships

Proteomics
Simultaneous analysis of thousands of proteins
Efficacy for toxicity screening
Identification of posttranslational modifications
Discovery of novel proteins or roles in toxicity

Cost

Does not identify post-transcriptional changes
Unknown false-positive and false-negative rate
All clones must be periodically sequence-verified
Effective data interpretation

Cost

Unknown false-postive and false-negative rate
Miss low abundance proteins

Bioinformatics for proteins in infaney; software and
systems need to screen, identify, and select most
interesting proteins
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electrophoresis (2D/E)2} MALDI-TOF (matrix-assisted
laser desorption ionization time of flight) =3 protein
chip array®} SELDI-TOF (surface enhanced laser de-
sorption ionization time of flight)e] 28t =hwja Ex}
Tz #A Ve 4 o|EE A9sh: 4E4 1% (Bioin-
formatics)2] WA# dd=e] ¢} (Berndt ef ol 1999;
Blackstock and Weir 1999). u}elr], Tz ¢ 2l = A
2o) Aed sl Be 2ARel WA AR
A 71 wEE B o g Do) 59
(phenotype)e] AWt FE o] wel Was=x] *
A& 4 93, o2 Qld ofEmAe AEy HeE &
4 QA "k AA s Zaeenar) okgmA W3
M= 713 738 )¢ olf- DiRe] ARz o
E-2] mode-of action?] FZ AAo|, FA R} a4
Rl 5L Ted] AL W FE2a}
of gt ukgell AR greow, fAA R bl

P APAL BBl 4 Qe A okl
Wl 4R )RS A5 BFALE T 4 3

¥ e g BAse Aol Fasd, wud-w
4A7he) Aghel AZ W AR e HAFAY 3
917} 597] wgoleh

i)

3. 493 $Hr ¢

zzdowl e AzbAql izl JEEe e g2
Azl ABlHE Jee Lz ANHe] F, 2D/ES
v Amgl A BEr|eddE BTEta 24 ¢
9 BAAAE HAes AETA G ol WA
g elA~AE Z 9Eg A Y. g 3
49 2AF 2l e S AALAEAY
MALDI¢ 2-%-0].23}4] (ESI, electron spray ionization)
o] o449tk MALDI #4elc £4uEA ¥R
e 245l A marE $H8E TOFH (MALDI-
TOF)e] #4371, ESIY (Nguyen et al. 1995; Apffel et
al. 1998; Papac and Shahrokh 2001)-2 AA X Al&Z
ol 2&A A HAHEe whiozr IRniEIEy e AF
sled AL2E 4 gltt = ewl = 2D/E7} prepara-
tive &2 2 A3} Alzslm wA3E pH gradient
7|&e] HBHEAM wf$- wt2A LGS} o9 olE
o] 2D/E§ sample FEWHI DFEE o] 48 1=
A5t 2D/E gel image A ¥ o] WL EHA w27 &
st 5, pH 508 (D2 hehhE A net
charges] b Az e AE AR ¥ &
(1D/E), E-A}3o)| we} £ 3h= (2D/E) W oot o] 7]
& AMstd QAR 54 Aulzzld) uel 24

MALDI-TOF SELDI-TOF

} ¥

Protein Sample Protein Sample

! .

2D Gel Protein Purify Protein _ FroteinChip

Proﬁlin\g / Protein Profiling

Cut out Spot Cut out Spot

\ from 1D gel

Digest Protein

v

LD. Protein by Peptide Map

'

LD. Protein by High Resolution Peptide Map -
I.D. Protein by Fragmentation Mapping

Fig. 1. Scheme of proteomics.

A

4 Qe FAE oA H7% L] A4 (novelty)
A3sh 7159 G E dohh Acleh g slal %
A A spotd gelz BE Belstd] IFE trypsind:
#2]8t peptide =755 MALDI-TOF == SELDI-
TOF %8 whijql alakpdr)z FAST o)At A
g8 HAAE = gulAe]r} genome dBase® bioin-
formatics 2 Zo} he] HAE FelIe} (Fig. 1). o
F o] shillA o) AFA 2 (DNAZ Fof AlZ ol 4
o HEAA invitodl N EARHE RASANG a5
A 2L9] A3 (knock-out) F-E ot W el 8 Al4-35}
o 1 $HALe] 71e-S& ZA (target validation)dbe}
(Jungblut et al. 1999; Loo et al. 1999; Gevaert and
Vandekerckhove 2000; Nelson. et al. 2000; Hamdan et
al. 2001; Laurell et al. 2001; Lay 2001; Mann et al.
2001; Papac and Shahrokh 2001).

&
ol
At
ol
(=
3
it
[7x]
=]
=4
A
A
ik
o
o
il
)
4
o
h

4. A3

el A (protein chip)s} SELDIE 2D/ES} ¥ ==
Blewl 2 F)ee] o3k Fofz 4.5 1 gjrh DNA 3
Y A} 89, == AHAlYUA D ion-exchanger,
hydrophobic surfaceS FEWHo] TAAA =z ~
=#dsA 24 8Aeae] AHadeh. Ciphergend]
SELDI protein chipe] ©f 33 ¢l€] (Hampel et al. 2001;
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Paweletz et al. 2001; Verma et al. 2001; Wulfkuhle et al.
2001; Fung and Enderwick 2002; Issaq et al. 2002; Li et
al. 2002; Wu et al. 2002), ] 7]¢]|= His-tagged T+ =l,
GST-fusion §-A =2 target shizl =2 3as)1731 ]
T o]g o] 43l IujEre] AFeAM o)A A
T e @8 9zls EEg 4 glew =4 SELDY
MSE o|gste] A} database o|-4-3 Helel= -
Aol Fhedicl. AR Ag ¥ olel Sl
e AAlz Fgeo] sPsdlch AAE Biacore 22 V)
715 A FArle] dueAe AdzA szt =
£ 9l BAEY AF kinetics, AFEA & 7153
A = BA7)7 ot F28 AL Hell Beol Wiy
23] Holgu kAT A 2rld IR e
t}. Protein chip#} SELDI-S- ProteinChip System o] &t
=, gz Rl olg} ele] = (peptide)s} A ¥
A 24 59 FAMOE Hed 5 ek 1 A9
522> d& 2] 3 (binding)¥ A A (washing) 44 &
Hbebe, 2ulgl AEEE AR (P9 A) microliter (ul)
‘2 ProteinChip arrayel] &=jgow "oz B3
=4 At AgdEA7} covalentdA A
array?] =@ EAZ) (Fig. 2). Sample 9h2] U7 €]
el 23t &3 (specific capture)e) 7b5iEr &t
2 A}z Al (e.g. reverse phase, ion exchange, metal ion
binding) =t Tl 78] Al =2 (affinity capture 5
£ B3 doldeh HFw MAH F chip 2Hd| 2EF
A zd o iR F4E-A (energy absorbing molecule,
EAM)&9¢ FH8FT, ] #7149 =<l EAME
Fd8le proteing BEAMI &7 £ &of walch
Chip 98] gofe] u}2 ¥, Hefo] EAM il (e
A EA)e] AA (erysta)-S& FA39, EAM2 A =9
o] &3} (ionization)g FA| sz DA ot} o]FA =k
Eo]2 metal chip #]2] A] 83+ Mass Spectrometry-$-*
& 93} ProteinChip Readerol $AAa1 ojg] W]
# oA W (laser beam)o] BA o] Aolx, WA o

2z OBy nAE J|AGHRE ThEe] Alas 2
o} (fly)7}A] 3tc}. ProteinChip Readery: EAEA2] |
A (time of flight)E 7|83} o|x &AHo=HE 11
=2o] &g ER5Fe] deojxlt). SELDIY] 542 crude
gt AEABEES labelinge} 2HEHy HEE F2] v
AA Aot AR sz £ 4~ $1A sF}. ProteinChip
software*= ProteinChip arrayse] ¢l& A|822E 7=
P39 data® ZBST, $AS A4S e ek
5o} SELDIE URe] on-chip &A% 7R (o,
deglycosylation, peptide mapping)& ©]-&3}e] il
5484 977} Assich o et 28 B 9 o
o 4 ¥ 2] A&E screen¥ 5 U AH Fol U
©}, SELDI system2 o] &-5}=4 ZA| profiling= pro-
tein identification2 2 1}¥ ™, ProteinChipAlel 4] pro-
tein immunoassay, protein-protein interaction, DNA-
or RNA-binding protein assay, metal-protein binding
protein® &<l 2 ion exchange® ©)-£3} 253 A

& 9% 4 3ok

5. wlo|E{® o] =

zaH e s Q7 F FoT AT e
ME-S 2D/ER BHT YA Aot 75 Hete]
=9 mass—finger printingS #|AstT ¢]F Z|Hle=m
% Hol dFRlEe] &4 4 A dataz FHSIT
593} dBase systemo]t} (Bairoch, 1997). ofE-E1=
54849 wAos H48 PULY AFH 45 B
Lolx Wpdelsh 55 DA L profled VE
oo PRIt AYY FAAT) BEFE WS F
aspt. o|H g A S FAGEC ds 4
< A% 3akge] &t oAy B, WAAT 2
YA sls] 2HE 4 4 ek DA websiteo] &=
2eg 2AE A% 2MA ARt sHE dE Al
Z1o] NCBI =X SwissProt2 2 2D/E gel HHE A=

I

Chemical Surfaces

+ 504
— _‘,_‘ Yy M+ NRg n
Hydrophobic Ionic IMAC Mized
Biological Surfaces
Antibody DNA Enzyme Receptor

Fig. 2. Types of chip surface for affinity binding.
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origin 42 R3] -5 Zolot A 7|ede £
Adezs AEAY A0 o2 AN A= 43
Az dat 2Esd Ax=] (o, §45 52k 2D/E gel
M2 59 FFo] 879 (Link 1999).

6. & &

zaden2e] F8 HE4YY F shixs 4 AE
M=, 24, AY P& He A ehts chekat 283
9] z}o] (differential display)®] =S v £ 9l=
g AFE= Aeolot #AA 3} proteomics ZF 7}
A} &2 A}o]A-2 phosphorylation, glycosylation, me-
thylation, farnesylation T s 2 gle] zl:= W& glY
T el 7hebeRe el ol v R AAdKe
2 1 2L 7)1%-E AAAE 20leuE o7 Z
Aste] e A SEHEFE & 4 b AL
Zzd e Ante] Zhe AT Eelc) o] q WS A
TR, A, 24, RN o SAEF] 2 o
FatA dorimz maHeR|AE o]43lo o]F EAH
e A2 2o 9u)|F 712} Quantitative 2B S
U 7ed Az Adiz Sl xe
xz}o] ¥EE in vivedA =3 F MALDI-MASS=Z
A 7]ee]vh(Mann 1999). o] Whg ez g A3}
278 ghElAe A A RS s ez Ak
@ Jon yeasto} WH|Z{o} F2 WA FAIT
AL taggingdld AAEZ & FIWE A &
4= 8]t} Protein—protein interactione|A] Z 2| o™~
2 Ze3d Mz ZF RAE 719 Aget A
FALE wolsled FR3 RS de 4 9ldh ¢S
E9 G-protein FA A5 AAAA 7 A Fo
A9 oligomerizationd A}, 25249 non-
covalent A& 2D/E gel (native ge)= A3} yeast
two-hybrid systeme]i} Western blottingol] ®)#] Zts
A A zke] JAE Hotd 4 U (Godovac-

Zimmermann et al. 1999).

W =H[AIZOHZE &8l RrE=
biomarker&tZa T 2H 29 A

L ==2e| 29 AE o33 A4 9 e
EE
Z2E| e XAE o] 43 ddTVL BN I =
Jungblut 5 (1999))] &]3) ¢=z9 JdR= D/E A
+ 53 ¢ AAe wet wde] FriHe A

A3t 2, o]Z o] calgranulin B (calprotectin)g]-2 4}
Hl vt Qe o)} #HHste] WA7FA] 60 A2 A
F5o| wWdled 2D/E dBaser} JRidE o o]F
7 spots®} 4000 7H2} oFEZke] A}t AAAUS
(Myers et al. 1995). 794 A% d7All2e =2H
A2 ALASle] TBE F4 21¢0¢] mycobacterium<]
2D/E map 243} o]E FFE9) "I& proteome 478
dBase”} =5 %1 (Mollenkopf ef al. 1999). o]=]5F A
A4 TFES WA v Som TRl e
proteome 2-4-& AA|¥ ZI} 7004 & 54 A
52 &7t #}AFEY L, olF F YEE TBY g
A#el] Fag QMR o] 4ot gn|¥ #AY d7=
obese mice5-2] PPAR (peroxisome proliferation activa-
tor regulator) FAFelA}=-2] isoformel| H3} proteome
A& STk oFE (o], WY14,643) Fo] HAFE 23
AlA 8, F|28F 167] spot] whAl 2o Wlde] £}
=51 o]E5 & 147) spotse®] peroxisomal fatty acid ¥ A}
o heddh= A Y-S Flstga o2 s 9t
A2] 2871 o] peroxisomedl]A] Z|HFAL Ab3)} (b-oxida-
tion)E 23132 T3} (Edvardsson et al. 1999).
AA71A A3z F9 APYA7)H] testis, ovary, pla-
centa, endometrium, oviduet 2] 2] 5ol|A] reproduc-
tive toxicantsel] 98 W3} 2 g Ael] FTor F=E
u} cytokine®] &#4-E 4 gl A4} Aot fAF F&
doFe dodgkiia zAale] 28£%7T ¢ot (Halling
1993; Smith et al. 1998). Center for Reconstruct Gamete
Contraceptive Vaccinogenol] 4] 140071 ¢] gzl Z&
Zk= @17+ spermatozoa-E proteome HA L B T
&%} v} 9).om (Naaby-Hansen ef al. 1997), o]& o] &
e EYARE A8 £Y 25 ¥ W $HA
A o] <] ol4)E= whEg shelgt ul it} (Brewis
1999). FE-54 AFFoflM 2D/EE o] &5le] Tl
A Ee A BMoz Bofdt ofEe] gkt A
Zo) g EAE AF7E 4 2} (Marzocchi et al.
1995; Myers et al. 1995). ©] Hre %= Src SH domaini}
A3l A A A (Giuliani et al. 2000), ¥ 2.1}o]412)
aminoglycoside £} HIV Tat #]€}¢] =-TAR RNA 719 2
g Tl At zZzeomaz FM3E 7ol 2
= v} 9l<}(Loo et al. 1999).

2. WEHALNZR N $EIE B
a3} maeewo

& &3}l PCB, copper, = JE o2 ABHAZE &
WAIA ehiA de] Wsks 2D/EE 24317y (Shepard
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et al. 2000), c-Sre proteine] dioxin (TCDD)] 23
mouse fibroblast cells 2tollA] hsp902} 7 cytosolic
AhR-complex®} uH2-3HE 2D/E£} 32P labeled autora-
diography 2 ¢]&3te] 5% ¢l3 (Enan and Matsu-
mura 1996), PCB ¥ dioxinell &3] #¢] zF 2 il
A Frese e H3E 2D/ER B4 87 (Aoki
et al. 1991, 1992; Ishimura et al. 2002), photoaffinity-
labeled® AhR%] heterogeneityE 2D/EZR 248t Af
7} 1A 5H(Perdew and Hollenback 1990) ¢ 2% MALDI
£ ol 85A fskmh 2 ol f #TollekF MALDIY
SELDI®] F8Ao] <¢l4]% 9], cholinesterase inhi-
bitor, cytochrome P-450, hepatic porphyrin pattern,
aminolevulinine acid dihydratase, vitellogenin 5 ¢]¥]
718l 47 F252) biomarkerig ol ARE-3}
A7] wgole}). Zev} o|E biomarkergE2 & AH
2AA8 ] d@A o] ol AL WRujA Rl 2
rEHEES WA A4A goms 9 dFHHR
o] WiEulA AN B BelHe|w A2F biomarker
o] AL 23 u|E sialw 2T o] FEeA
WEe A Aef2a Fo) 370 GEA o8 e
Aol Wl A eds FA3Y] T A o
75 S8 @esiA 2y R/, AR FolA
vitellogenin ¥ E4 biomarker THal gl 2] W] 3k
AF7} #hale o) (Sumpter and Jobling 1995; A ¢} &
2000). B4 o982 I A FFH A5 YA
&% 79 metallothionein $2] metal binding pro-
tein, diazepam binding inhibitor2} thymosin-beta 4 %
& &=3h} (Quintanilla-Vega et al. 1995; Smith ef al.
1998). Z3v} o]9} 2L J 2] ) R-E2 proteomicsE
AEsA] Eahm Agushgcd dFelM dojdl EA
biomarker $784 £ WA PEgne Bk
7ol e Aok ¥ BALY BAV} A A% 2
ohlet QA EAEE ek AZAR A 9
el AR B FoAel g 24 Ao o
Hre o s GAATYS WIS WA AT =
T Srrog A o Hofo|A proteomics®] €42 w9
2% Aoz HAdEc} (Bradley and Theodorakis
2002). WEHIA FANELe TH A felseEa
of ™% target proteine] EAFH ol WA o=t wet
A 0] 5ol &3 ALY ml BB Fol|A] target protein
< 737 AAME gt EEA FolA " 7
< AAE A7)k B8 xF 4R vt o ASE
1A AR EFAT FEF] I =¥ Ad)e
o] AkdE 7HsAS aEE o A HAA el A
HE FetEgAet - AREA =23 22

AT BeAw 9tk (Andersen 2002). §-5] F&E-=l
ARE A% 42 24 F /A= RIS A
M ez A7) AP = DAL Ao
FralEateAd e AAstd A7 A Yl B
M wol ARSI e FIHTEA A fes
= povel proteing &7 H& o4 fE RS A
A& Z7ke AAsE Aolwh AA whde HsME
71& B A8 A7, AAF el SEt 9ot S ¥
2319, B4 WS S5iME el e AL AlE,
27 ¢ Al 2] X7 U novel proteing A& 7}
Al it P77t desit

| 2

#4290 A4 A vpep FWH oz FH o
g el mzHI A HE 7)AE FHecleR
BE wejalr] A7 g2 x5 7R 1T Sl F
3] WERAANER o] QA7 TH HY7|TE A
713, BE o)AE doFd, ¢ LA ES v Aol
327 AAsEA g AFEe] HEEI o7 7}
Al W Ee] WEuAZ N EA wEe] FARofdT
o 2-4-HolgA Tt Al g Aoz dFdle [FHA
7152 AFshe =26 2%~ (proteomics) I7-5 A%
A 7B AE7F olR7AIE dokslt. 2eEH o HAE
1%e Ze hiZd e Ui g TPH T AYHe=
2A31= 71 AAAEQ e, 29, FEFo, shock
% HE2¥H el %2 (perturbation)s] 23}l Wl &
Walge] wiokke] HiE A #FHY 4 e
o, AAW fAAEEY) FI3A) FAE FEE 4 3
3, =8 AL, w9 Auzte] dA s AFE
o}, 7|29 biomarkert ThE Aw :A)R}e} QA o]
ol AFHe FAEL & AT HF3) AA )
o]}, uleba] o ghtZF=hY (high-throughput screen-
ing)e] 7158 22191 Ar|e3% ¥4 MALDI-TOF £
* protein chip array} SELDI-TOFe]| 2|8} =hwfel B
ATz BY7e F oS AU BER R (bio-
informatics)®] A& o|-g-sle] FHFFA ATl ol &
g 4 9l A (hiomarker) ¥l A3 o8
of 7ls¥ Aot

dEEH

Ho

A, 4. 2000, HF5ES) AFYAH pAdAme
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