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Fig.1  Tlustration of contact printing and noncontact printing modes of protein microarray fabrication (A ) ;

photograph and corresponding dual wavelength fluorescence scanning image of protein microarray (B) '’
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Fig.2 Three general protein microarray types
A. antibodies in analytical microarray can be used to detect protein( antigen) expression level in biological samples; B. the functional
protein microarray can be used to evalate the target protein(e. g. , enzyme) functionality; C. the reverse phase protein microarray can

be used for biomarker identification
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)BFO[OglGal Question Biomedical Question

. Protein Microarray Fabrication
Screen and/or Detection Fusion Protein Microarray, Antibody Microarray,
(1) Protein Microarray Fabrication Reversed-Phase Protein Microarray, etc.
(2) Reaction with Biological Samples
(3) Labeling the Biorecognition Events
(4) Microarray Image Acquisition

Clinical Samples Screening

Serum, Plasma, Body Fluid, Cell or tissue lysates, etc.

Bioinformatic Analysis Labelling , Scanning and Data Analysis

1 Antigen, Protein Biomarker, Autoantibody, elc.

Validation in Biological System

Biomedical Applications

Risk Assessment and Prevention, Disease Diagnosis
and Therapy, etc.
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Fig.3 Work flow of protein microarray applications for answering biological questions( A) and clinical questions(B)
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Fig.4 Schematic illustration of indirect competitive immunoassay on the POEGMA-co-GMA brush modified slide*”’
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zearalenone (ZEN ) 55 3 Fh ELRR 5 2 1Y [A] 20 B (AN 4 iR ) o 1T POEGMA-co-GMA H A7 25 1 o [ &
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[F 54T 4 BT 405 SR o T P A1 57 L Stieber 451 fi P 5 A5 S IR L ik 1 10 b 2 9 B L AR A 0
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MRSA) A=W = AEYFRic
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8 S A B AR 3 LA B 3R e A LA S A 1 S B B 25 ) 2006 4, Zhu 451 1 UK 2R
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Coelho 45! (i I £E 2K [ (yeast protein ) i 78 8 14 B2 1K F_E 43 T CD-1 /N BB 1 (0 5 BR B
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0157 :H7 %5 3 FhANTA 1Y ) R 0 , FURG: tht B RE 834 1 (2.8 £19.6) cfu/mL, Liu %Y FI I BR R A 4
(poly ( methyl methacrylate ) -poly ( glycidyl methacrylate) ,PGMA-PMMA ) 311585 - 22 10 Ho R 19 [# & 18 2k 1
R R R A AR, R S T IR 10 pe/mL ZFRE PR ARSI, Liu 41 il 45 T —Fhii
BEZRBEIEE T, HAT =R M R /K BEIREBE IS BE A% 5035 200 T 3R T M Bk 5 1 5 Bk % i S VA
YRR, T AAS T 4 R FR S S 0 8 SCEITE , 1 LA Ry BE il & e 1 —Fh e 0o i FH T H i 24 0 38 S AE
2GR

Cp Pb
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(HKY) JEEe /I B3 A9 A TR] 28 o B AR AR e B — AN B AR 1/ BRI P 4 53 8 1 A 2
%[51]

Fig.5 Interactions detected on the protein microarray after probing with sera from mice infected with Candida
albicans( Ca) , Coccidioides posadasii(Cp) , Paracoccidioides brasiliensis(Pb) , or immunized with heat-killed yeast
(HKY). Each number represents the number of unique proteins that were visualized by the serum from the

. 51
mlCC[ !
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1.3 SEURE&EN
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VA D B A RS A it AR AR (i 22 L/ L N AR T2 ) 52) S5 B AR S bR ic iR S P i mT LA
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3) RE% i I 3t B 5 1) i R R A R s o OB IR P RBOCR o A 2002 4E 5 S8 e st T[]
P 0 1L 375 R o A g LA R T P e T R K e R R LR 5 T
( Mechanisms for the development of allergies, MeDALL) % B I & 1) 3 85 & B ML T 58 08 B ( MeDALL-
allergen-chip) ) # 1T~ Wil 2235 170 Bl G52 T 51 1 Wi JL 28 5 St i LA Bl M i 5 4E 18 1Y)
KR (I 6 P ) 'l T gk AT O R AR DR RO T 3o AR A SR S A i %
IR B W R (Rt BRAZA B ng/mL DR ) o 384 2 g s B i [ o el Ui 5 TgE 1Y
EifhiTﬁ% K FHA B A5 5 R J7 Rk ARSI 7 VA S5 RE AT R S R i T R U o WAl v 2 Bk v

A UL A A B TR A A SR S TeE KA RO RS B T AR, DT X 3o e i
T???Aﬁ?ﬁﬁﬁ*ﬂﬁiﬁﬁq:ﬁﬁo

K6 MeDALL allergen-chip i FH 53 S SN (9 Tk A1 1gG Al o X i SO AILIE i IgE(A) Al IgG(B) By
R % ] — i B AAE 10 5 (C) 5516 2 (D) I i 7% o T fry i "

Fig.6 Detection of allergen-specific Igk and IgG by the MeDALL allergen-chip. A serum sample from an allergic
individual was tested for the presence of allergen-specific IgE(A) and IgG(B) using the MeDALL allergen-chip.

Serum samples from a study participant of the Norwegian birth cohort ECA, obtained at 10 years (C) and 16

years(D) , were analyzed for IgE-reactivities using the MeDALL allergen-chip"®”’
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141 %k 2% ABAEM Yoo % 7 I KA I Ro 2K 18 A I He A W) h 40 1L 35 T4t Ro 2R (13t
TR, TR AFREDS 15 Ro 25 1 FH/ M1 (Ro protein ( +/ =) ) BIRIBATFE (E. Coli) AT 45 57 M S N 9 BT
Ao B, LhIgRAS ABT A Iy 3t 52 BE T X A2 R GELLBEJRAE (systemic lupus erythematosus, SLE ) 11 (&
RAPE R A

1.4.2 FRFFEHRLAMEN FLAE 2006 47, Hom 557 i 5 47 37200 Fp AR 1 HACE T,
XTI S s 3 5K AL LG (the humoral autoimmune repertoire of dilated cardiomyopathy (DCM) ) B3 1Y
MEREAS (8 4 S 3R AR VRN 1gG3 SWEARHUAAT T 40Hr . WHITAS R, A 26 R f iz BREE H A6 Fif
IgG3 AR 115 DCM AHG, D' Angelo 557 FIZE {165 AR B ( celiac disease(CD)) Ji AL MLY% i
Vet 5 B B AR DG Y 13 TRy e T et , 0 — 20 PRI 05 B W IR S 6 b I ok I I s 1)
SEMEHUR . f5lE, Chruscinski 257 FHHTIEUE A6 OB A B U RS AL I 6 A LI REAS Hh ) 64 TR
5 1gM #1 1gG 158 SO0 BEAT T TRl o047 o B9 B, 8RB RS 40 i/ S0 HESE A 56,7 Fh 5 1eM A
KPR S HUEN FRHERA K o X A% B AR R TS (prognosis : I & A 5 Xk & Jié A
[) e SR A T At 1) St T —Fh R 2 W 2 o

1.4.3 ApZBATHRBAER T L IR 1T 1ER 22 (neurodegenerative disorders ) ) A= ¥IbR 54 IR R
A FRHL RSB B & B 032K Bty A B 7 Ray 2817 (LI 200 T4
[ AL Fh 1 120 Fofr 240 Jf PR (8 7K SF-, A B 18 b 4t i A ] LA 3 IX 3 B 2% 765 BRAE ( Alzheimer’ s
disease ,AD) FlIE AD, BJ5 , LAiX 18 Fi i K -4 b ds 0 0 8 BE DA R B0 A TE 2 ~ 6 4R S5 RS Ny

t = - _+t- = bt 4 bl + -
A [MCDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA |
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Pl 7 ff AR R e 5 R 5 A SRR IOAR LV F I E 00 777 0 ABy L 119 N S i 45, 5%
JEHFL alexa546 (A) 7 pH {H 8. 0 HYA=BRER /K AB, L, ZF AL (B) KA A (C) GRS 2, AB, L, T2
Y5 R RO B A R (D) AR B8 %80 20 A ()

Fig.7 Principles of protein array screening to find interaction partners of on-pathway AB42 oligomers. ( A) Amino
acid sequence of AB(MC1-42) with the Alexa546 chromophore attached to the cysteine residue added at the N-
terminus. (B) Fibril formation as a function of time starting from 5 pwmol/L monomeric AB42 in physiological salt
buffer at pH 8.0. (C) Nucleation rates during the same aggregation reaction, calculated from concentrations and rate
constants determined in physiological salt. (D) Example of a subarray with guiding spots in red, and the spots of a
putative interaction in green. (E)Z-scores of three duplicate spots that were found above the cutoff when the array

was probed with on-pathway AB42 assemblies!””’
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AD R IE #3834 5] 90% , Dunning 2877 fdf F A 2% 1158 - ( Human protein microarrays , Protoarray
v5. 0, Life Technologies) 734 1~ AD AEWIFREH ABL-42 Z2 IR N HLZE S 55 8 11 B 2 [R] A AH AR T, e B
ABL-42 Z IR M ILSER MRS A BEIE E ( glycogen synthase kinase 3« GSK3a) F77EHHR Y5 AN AT
H AR GSK3a Xf Tou 25 H I FEBERR AL (AN 7 R ) o X — KB NE/R ABL-42 Z ik J S5k
A AEPIREVERN AD B S LT Z 18] 9 5C R AR 4 1Bk dhe o

144 ppsgieml  fh TR 0 S5 b AR R 2S5 0 I T Re 2 7 A AN R B A= 0 bs i, Rt , 20 g
A AR R W ) ) R o 452 35 AR 8 T 4 Al 2 AN R AR I 7 A LA T B TN b, B
Hi 5 (point of care ) Xif Z IR AHOCHT I (TAA) Yy RBUEE PRER UK A B 7 5L 101 & AN HU51 2 FE
AT . Wingren %57 &7 121 N TEZL HE ALK A, X 148 51l B 8 VERR AR % . 11 &
o BEVEBRAR A (ATP) F0AgE BT REZH A I35 v e R e AT ARSI, DU 2 15 TR BB AR S i) AR b 5 o
FERIL, b 25 A PIRR AT LU T X3 B 5 A e R AR 4 Al ATP, Luna-Coronell 45
& 5449 DR SR R BUIAE X R A AR R 2R AT 120 Fr o 22510 50 Bl 51
JidEE 5 49 ) R FiT S B A RE ( RAE TS BRI AR AE ) B L b 2 BE 471 A (b 21 B B M A i
FURRIEAT ) 22 S I VEDUR . Rho 251 % J@ T —Fh L FHORE 8 (I PLUGE H, I8 FH T 07 32 1 375 B A o
SIEREARSC R EE R BE AL K (AN 8 B ) o Aol ok b s 30 {3 T IV 3 1) 45 i 98 1L 75 1
60 1] 1 A MLTE HAR SCOHE 3 R BE AL 25 5, BT A MV IR ( sialyl Lewis A or Lewis X) 2R H REfS
1 45 41 g 9 0 7 TR A W A AR W . Ewaisha 2562 off 40 2 AR XU 7 4 i L 3% 98 955 7 ( the human
papillomavirus, HPV) (HPV6 F1 11) F1 10 F & 809w K& i) HPV (HPV16 .18 .31 .33 .35 .39 .45 .51 .52 FlI
58) 11 98 Fhik A BTHkAT C-vif GST 2 Bl A& JF A4 @ 8 1 el o 5 /A IR i K i g A LT B A B A
MIEAAEAE R, GST Rl & HPV 2 H B0 i BRI PR %8 7€ 1M Hh iy 12 Fh HPV, Hrp HPVIGEL |
E2 Fil E7 5 1Y ( oropharyngeal cancers,OPC) 7 5, HPV52 E7 55 #iJi ( cervical cancer) £ 3¢, ¥
VB o/ K E AR S F TR A BT — A TR ) RS . BT, Huang 26 ™ A 3 T — il
BT b AR S TS P (8 = 3R SR 2 ks FH T A I 2L e 1) AR b s . el TR 1Y 5
M), FCAG DU (5 R LU B 5 1 3.8 ~ 6. 6 A% BERE AL H AR PR 2 2 pg/mL (1 F—HiJ5t o W HHIZ 78
SEBL T FLIR e 24 e 5 [ A4S

CD44 CTsL2 PDGFA

K8 EREALIY Lewis A Fl Lewis X( A Fil C) F1%E [1 /5 (CD44 , CTSI2 ,PDGFA , DCD , HBEGF 1 VWF B 1 D)
TEE H NI BB I g 3k o
Fig.8 Sialyl Lewis A and Lewis X expression( A,C) and proteins(B,D) and in control and colon cancer plasma

samples. The proteins are CD44, CTSL2, PDGFA, DCD, HBEGF and VWF proteins, respectively'"
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VT JUAER , 3 5008 7 A 1y 2~ BE R I 58 Al PRAZ B B ISR 1 AR 0 1 e, 9l 2 I 1 5 95
S AH G I B [ B2 A F 9 AR bR AR W i e (& B AN S0 8 B9 AH ELAE T, AR Wb AR 0 AN 24 W SR AR A
R M, DL 2R rp B S B AR E ) o HET, © 2 JL IR i 28 15 B B0 T A
B AR AR SN W, 40, Arrayit 23 5] (9 HuProt™ v2. 0 19K Human Proteome Microarrays (£ 25
19275 Fhvi LA R 1SRN 119 b ERIRER 71 50) #50 HTT 25 W) A A= W s 75 W) 0 18 5 RayBiotech 23 W] 1Y
PUASES 7 REAE [F] s A5 I 22 3% 1000 Fh i H AR, 1 0 FH T 3ok BOPE 25 993 0 I8 12 I ; Phadia AB 23 R (1Y
ImmunoCAP ISAC i U2 i EAE IR R BTl Tk A 1gG N 112 Fad 855y 7. BARE R
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s A T P e B AT 55 M R0 P S IR AR TR VR 8 11 SO ) P s I 285 SR A AR AR ) AR S
FAG3 ) o BT E 2 AR 1 S R A A TR A T RS R A o Sl R PR 5 i/ SR A B
T oo R, 2B ST P A ARKS I A B AR B0 B o A R e, DA PR | 52 A
b ) g AG I 22 o A= Wb 75, v 2 1 B R I R 3 BT RE ) o 1) M B = RS M R B R, a5
i v BN T AR R B P[] A s o A it v B B 00 ()3 AR B T, 00 HL 2 1 B P A e S e A R
PR, T ARG o 1 M L, 5 G 00 1 2 08 AR e Pk, S IR IR R 32 A W b Ak ) A G . 7 — 4
(2D) V-THE EAB Ui Sl o R B 141 Sh RE AL 1 A TlAL/ A FLEAS A B 7K BE ISR B i B T il R =i 23 7
Y HAT =2 (3D) 254 BB R RE G AN (RS S g B TR A 1 SR 201 RO [ 5 &, Tl ELRERS S AR
I3 ¥ RSBt R AF IR EE , A R AR 23 00 SO R I Ul R S PR IR 2) s R 0 S AL
g AP BIE AFRTT  BE BE e RI2 W/ R D AR DGR = (8] 1) 5 VE AR A6 28 1 B0 e e il 45 L SO i A
S, DARSGE S B0 e I E I TR0 A e 22 o 3) 7 R B SR AR UL, v 2R 1 B o WA [ AR
FEA 3 BT A e, R JRe i B e 1 12 0 e S R L AR 02 B AR, LA LE A 3 B T A5 1 e U 54 o
4) KR R Y A 15 512, AR IR AR SRR B2 BT BUES F L T T A B I A i P B AR S
REAIR 2 1 8 i B I AR o A, B0 2 R B 201 ) BRI TR P A ] ) s e A 2, ADR IEER T 53
THEA PR E P, T8 5 AR R - K AL B IR S SN 4 S B - 1 T G SO A S IR AR AR L B
JE5r TR ETE o 5) R B HIF8 8D LED SO OGR4t CCD Al g , 3145 5 7 BHUG 3005 h R
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Application of Protein Microarray in Clinical Analsis

LI Zhuheng”’, LIU Xia", LIU Dianjun”, WANG Zhenxin"*
(“Jilin Provincial Institute of Education ,Changchun 130024 , China ;
*State Key Laboratory of Electroanalytical Chemistry ,Changchun Institute of
Applied Chemisiry ,Chinese Academy of Sciences ,Changchun 130022 , China )

Abstract Protein microarray is capable of high-throughput monitoring biological toxins, analyzing the host-
microbe interactions and the antigen-antibody interaction, and screening biomarkers of diseases. Therefore,
protein microarray is expected to become one of the main technology of in wvitro diagnostic and plays an
important role in precision medicine of many diseases, such as pathogen infection, autoimmune diseases,
neurodegenerative diseases, cancer and so on. Through analyzing the recently published research results, this
review summarizes recent progress of protein microarray in the clinical analysis, analyzes the technical
challenges in practical application, and discusses corresponding solutions.
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