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Antigen microarrays
for the serod iagno.sis of infectious diseases
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I;rotn rhe Sfu1C/lttlDLll 'S1tA I'ttrttezkt' Rorrttr

Mlcrosco plc atrays (micr oatrays) 9f im.qolilised

;;;";; oit t"nà si'rfaces tn coniunction withfluores-

cence derectio;;ii.r*t high spéed, quantitative data

gatherlng. Such microarray asiays have bee.n prirnar-

f,; il;lt;"J io the monitor{ng of gene expression' muta-

tion dctection ;;J;;v otÈ"" Èp"to óf sttto-e anal-

'iri". In this work, *" ieport the use of a microarray
":;à;;;";;" s lmulta n eóus, quantitative determina-

tiln Lf 
"t 

tlbodies to Toxoplasma gon-dii, Rubella vinrs'

éil;;"talovlrus and Ildrpes simplex virus rypes L

and 2 (ToRCIr ianel)' Mièroarrays of 'hurnan IgG'

hurnan IgIU and'v lral antlgens were printed on glass

slldes uslng high tftttf tofoti"t' eftefincubation with

samples an<I fluórescent ptobtt the slides were

scanned using confocal miirosco py and quantified

;;ils itr" tr.tIb;;t dllution curvèi printed on the

;lia; Excellent agicernent was obtatned with enzyme

fmrnunoassay <laía- Thc test format can be incorpo-

;;i;a;a frrlíy auronrated randorn access iÍununoas-

;i l ; i ; i i ; tÀ'fo. rortt lne use in cllnical chemistrv

laboratories-
KRI vronns: Protein nri.trrlrray - Infection disease - Diagnostic

nretltocl.

Ttnmttnoas.sey.sarcI l leana|yt icalmet l roc|ofchoicefor
t ; ; ; ;  J" ì" . i i " î  r>f  ; r r r r igens' in biotogical  f lu ids ei t5er

lr..r,,r" they' :rrc' the only feasible assay systenl or

ltec:r'.se t5eil :rrc t5e rnost pra'ctical and cost-effective

'ìeanS of olt iainirrg accurate ancl precise results- Since

tlrc init irri <ie.scri lr, l-,,, ' , of rac'! ioimm"ln03ssíì)/ 's' t '  z thc

trencl lra.s l lccn ,,r",,1' [;6rtn l iquid pltase' radioactit 'e-

iy-i.hclle.l r.,.g", ',ts io*' 'erc{n i"t, iromogeneou's sol-

ic |  l l l ra.se l t .ss: tys. ' ]  or l rer-  recent t rencls incl t rde nr in i_

Acf t f ress  rcpr i r t l  rc ( l t l cs ls  lo :  S '  M; t rco l i l r i '  V ia  r l c l  I la rc  125 '  000 '14

tu r i za t ion  o f  as .says  a  anc l  t l te  s i r t t t t l t : t t rcous ' rnc : l s -

urernent 
" f  

,  ; ; ; ; " ' t  or  panel  of  ant igctrs i r r  a s inglc

assaY.5
Mini tur izat ion of fers the aclv:r l l t î8e.s t t f  redtrcct l

r e a g e n t . o . r r r , - f a s r e r k i n e t i c s l t n t l p < ; t c ' n t i l r l l t '
iÀ1ío".c l  sensir iv i ty;  s imultaneous r lcrc i ln in:r l ion

ól'^,ntig,"n, off. ' ' '  the aclVant:tge of retltrced co'sl

and fa .s te ,  ,n^ ly t i .a i  th rougSpt r t '  ÀJ i ' i t t r r i z : t f  ion  : rn t l

s inr t r l taneous ieterminat ion of  ant igcn's : l re io i l l t l l '

i ; ;;;úrarecl in DNA microarray rcc-lrnolog)2, i l  lr iglr

th roughput  methoc l  wh ic l r  p rov ic l t ' s  i l t l ' o r tna l i ( ) t l

;;;;ì?Jne function ancJ *'6ilh l*ts re<'ctrt l l 'gent'r-

atecl  a gre:r t  amount of  scient i f ic  : rnt l  l t t< ' t l ic : t l  in l t ' r -

e.sr . r , ,7 Inrerest i ; ; iy ,  one ot ' the f i r .sr  t l t :s t - r ipt ipn5 , l '

.sucl t  a systeln ; ; ;  for  thc c leveloPtncnt o[  ant i -

t ' to< ly /an t igen basec l  te 's t ' s '8  A t r ro r i r l t ion  o f  th is

approÍ lch wa.s J"t t -n ' t ' ratcd l ly  SÎr t t l f t r rc l  l r {ccl ic;r l

Sclrool (h tt p : zcniltt i"stt n [orcl ' ccl tr /J'tIrron'n/i rt dc s

h tnr l ) ..  ̂ - 
.s"'"l"gica l te.sts trse ant i l lot|1, :t.ss:t 1's. fì tr t I rc it lcrt -

r i f i . ; ; ì ; ; l%f inf" . t ive cJi .se. t" .  í t  is  rvt ' i t  krrorvn t l t : t t

af ter  a n : r  nt igenic st i  rnul t t .s,  l t l t t  i l lo< |  ics : t  r t '  p l 'ot  l t  t t ' r ' t  I

in a certain secl t ret lcg'  Ig l r {  l " t i f l : Ì :11.  tPl ' t "" t t , . | i : , ì l

a n d  d i . s a p p c î r . s  e î t ' l y  ( t v p t c a l l \ ' \ \ ' l t l l l l r  r t ' r r r  \ r \  \  ' r  . "

w h e r e a . s . I g G a n t i l n d y i . s - p r o c I t r c c t | | : r t c l . I l t | | l ) c r s | \ | \
l à " g L .  i , y ' i c : r l l y  f o 1 ú p  r o  r \ \ , ( ' ' l '  * ' c t ' k s ) . ' l ' l r r t s  t l i l - '

fcrent i : r l  c letect ión 
"r  

rgr t , r  , r rc l  lqG ;rrrr i l r* l i t 's . is ,  rst ' t l

t o  i n f e r  t h c  t i r n e  o f  i ó f e c t i o t - t  r t r t t l  t o  t ' s t ; t l r l i s l r  t l r t '

. s t a g e o I t h c p a t i e n t ' s i n f e c t i < l t t ' . ) I ) t . i t t t : t r 1 ' i l l f t . c . l i . ' t t
Pontcz ia ,  I ìo tna

l 8 r
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5À( ' r . ' . rn< |C, .  t ) )  s l i c le ' .1 " ì ' . t l ' p t - t f  rv i r l r  an t i -human lg l \4  f ìuore 'scent ly  Ia t )s r r t ; ( r  wr t r r  r r r ! ' r r '  . /  -

pg/rnl

-50

u, i rr ì  ( 'crr i r in ' i^rscs (rrr . r r . r  pregnancy can be dcv- 
i l Í^ l l " r tP* 

s implex viruses q'pc-s '  |  ; rnr l  f  ( l l tc st t -

i ts l r t l inF. Thc rr  rcrrsr rrcrn"ni-oi--r 'n,  i r , . ,a ics to cal led Tàncl  t  ptrncl  o[  microlrcs) l ì : rs Ì r t ' t 'otne rot t '

ToxoDlasrna gondii, r,(rrr)cr,,,rri'cya"r"Éìiàuirui tin" in li."i*'i 'ì *"".en. Latex agglttr irrrt t i'n ;tntl

0
0
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Fig. 3.-trrurge of nlicro;rrmy slicle a.fter incubated witlt a ToRCH nega-

rive trr'sn.sr:nrrn J;;;';iiA."-rcÉa n'ilh anti human IgG enclfltr-

,rr.r.:.,,r,ry l:rlxllccl t-'iirt ìr.' 'tr, i;tt tiroy printed with rwo pins)'

c r - r / . y t l ì c  i l t l t l t L l l l ( ) l l s s l l y  l l r e  t hc  t nos t  w i c l e l y  L l se ( l

* . : t í - r i . 1 .es  l ì ) r  t l l e  l ì ì easL l reme l ì t  o f -  t hese  an t i l l o c l -

t c . s . l r )
' l ' l rc  

o l l i cc ' t iVc ( ) f ' t l r i .s  s tL lc ly  is  l< l  r t .sc  a  t - ì l l c roarray

t l l l r t f i  ) t - r ì ì  tO r l r ' r ,c l t ) l )  i t ì ì l ì l t l l lo i lss l ly .5  for  the .s in t t l tane-

1 )U .s .  ( l r r : r r r t i t l r r i v c  . i c t . r  l n i n : t t i o t r  ( ) l - i g ( ,  l i n c i  i g lV l  : t r l l í -

l  r ( ) r  l  i c .s  r  <  I ' l  t  r - rO1t l : rs  rn : r  gonc l i  i ,  l l t r  l l c ' l  l : r .  cy torneg: r lo-

i . i r . t r s  : r r r t l  l l c r l t e , s  s i r r rP l c ' x  1  l r nc l  
' 2  

f l ' ( ) l Ì c l l  pane l ) '

F ig . . l . - I rnageo fm ic roa r rays t i c l c ; r t i c r i r r c t r l l : t t t t i r r ' i t i r : r i iSV ì ' i i i r \ . j '
cr\tu-, Rubelh,IgG pórì,i"" ítr,r,,,n sr-rtrrrì.:til":l]1.:.lt:'It:::l::*,1:liì
:ll,ill,'ffi?àY#il;;i;'i;i;"ntrr r'irrr Art'x,r 5 t(, (,rrr:tv prittt'l <l

n'it lr trvo pins).

Materials and lllcthocls

In.strunrel-ìtattotl

A t l ioRolx)t ic.s ' lbtal
\vrì.\ r.tse(l fbl ' :rrrlrYing'
t l - re pr int- l te:rc l  wi th a

At ' t ' r ty '  .Svstc l t t  (  ( - : r l l r l r l ' ic lgc '  t  J l ( )

Th i . s  X \ '  l t x l . s  r  r l r t l t  t ' : t l ì  l x ) ' \ l t l t  ) l ì

h i g l r  t l c g r t ' c  o l ' p t t ' t  i s i o l t '

. \ i , l  l i
I f  I  N t ; l l \ i \  l l l (  ) ' l ' t rCNOl  (X ì lCA

ji i ' . )
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Fig.6._Imageofmicroîrrays| ideaf l t , r . i l tc t t | . , : t t t . t I r r ' i t | ta l |s \2,Jì ' . ' '1 .
Ist\t r 'sirive t:uman ,;;;-],nóiell i lt lc'chFrl rr'íth :rnti humlrt 111\l

ilt;J#;;it rrìr"íl"J *iù-nrà,.rr 5<).1 ( r rt1, p, i rrr et | *'irh tn' pin )

Fi.q. 5.-lrnagt of rrricrr-r;rn:rr. slicte after inculratecl with a Toxo, Rr'rbella.

lsG l)osil ive lrtrrrl,r,fs.'..,,t":r 'npl" ancl-develope<l with anti human lg(i

i i ì ì , ' , ; ; : ; ì f ; ; ; r t , ' ì , i i ' ì ' i re. r  rv i t l r  Alexe 54(t  Grrry pr ínted rv i th tn 'o p in 's) '

Kr''t'.[ertt tt re
' l- lre' lAS c()rìì l) ipc,s f nany featttres (l.rar-code reader,

tcn-ìperíìIUt-e c()ntrrrl. N,a.sh .station, plate stacker, plate

l ic l  retr to\ . 'e l ' ,  l )e l l  < l t 's ign) into a conlpact rnachine

(1xlxt  nr) .  I t  t r .scs 96 , . , ì :3114 wel l  p late 's as the sample

.soUt.cc en(l l l l ict-osc()Pc slide.s a.s the target. The stain-

Iess stelI probe.s or pins u.sed to Lliìll.sfl'r .vtlìll]le fnxn llrt'

sorrrce to the targ;t are a 'ery itt'tP()r1íttlt fttctor effi't'l'

ing rhe arrry quaíy. The shap'.. rcltrxf trcibiliry rtncl th rr-

itliliq, of these pins are criricrl ro grxrrl f)crfonÌìan( ,'

A óeneral Scanning Inc' Scan Arr;t\ '  5000 (Walt't

town, MassacSusctts, Úsal n,as trsctl l ìrr sc:rnning tlrr '

fluorescent sPots.

Keyfeafttre

This instrulnent has fotrr laser.s for lìttonrphore c\t'r

tation and a photomultiplier tttbe ftrr l igfrt detcctiorr

I t  works on i1. ,"  pr incipie of  con[rr t ' : t l  f : lscf  Scl l l l f ì i f  ] l i

microscopy to provide fa.st, ft igll rcsof rl l iott i l l t :t1-l ittr l "l

f luore.scent spots.

Ilc:tgent.s

- silanisecl lnicroscoPe .sliclc.s (75xJ5x I tt ' tttt ) \\ ' t 'r ' '

pri l-cha.secl frorr-r cEL A.s.sociate.s (I lotlstort. ' lc'x:ts. I lsA t

- 31tl miCrrtiter',veii pilric.s ri'ii Ii I it !'- s't'ie 1 
"! 

r1;1 i;'r1'' I

from Nttnc (l l<l.skilde, Denttl:trk ) '

-  I - I t ln lan IgG and igÀ' l  ( rcîgcnt sr ; t t lc)  \ \ 'cr( '  l ) l l f

cha .sed f ro r l l  S ignra  C l ie l t r i c : r l  Cor r lp : r l l1 '  (S t '  l ' t t t t i ' '

Mi .ssotrr i ,  USA).
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- ' l ( ) . \ ( ) l ) l l l . s l ì l l l '  ( -N lV  : rnd  Herpe 's  typcs  7  t rnd  2

lrìt!?qL'!ì.s \\ '( ' l 'LÌ J)11)\' i( lc(l l ly Racli ln S'p'A' (Rortte' ltaly)'

l ( r r l rc t l l  l l t ì t i f ì c l ì  (g r : r t l c  K1S)  was pL l rch .a 'sed  f rom

,\ | rt.r.()bix | ì ios1'.stcrìr.s I rrc. (Toronto, Clt nltcll l  ). I lovine

.\( . r  r I r ì ì  i r l l r t r r r r in (  l ] .Si \  ) ,  polyvinylpyn'c l l idon_e (PVP)

:rirrl rrrou.s(' ...;cr..trìì wrfr cÌ cilttlrinecl from Sigrtilt Chellical

Cont lxtr ty.  i l lot t .sc i lnt i - l ì r l l l lan IgG ant l  IgM r lonoclo-

rrrr l  : r i r r i l t 'c l ics \ \ 'c Ic sUPl) l icd by I l r rc l i rn S.p.A (Rotr ic,

I t : r l 1 ' l

- I;r lx,l l i 'g,l '  l l . t i- l ìL'- ' ìrn IgG was Perforl lìed witlì

C1,3 :rncl Alex:i it(r trsing kit rcagenls or protoco]1-as sup

"li" ' I l 'r Arrr3rslt:ttìì N''tt l l l l"à (Anrer'shlrn' UK) atrcl

íi;.;,,;i,,: i;r, ir.' lrrc. ((ircgon, USA) respectiv.ely' Anti-

Irrrplrrr lgl\ l rr,:rs l:r lr l l t 'cl \vit lì the cofrc.sl)or-rding fluc)-

I ( )J)lr(,re.; ( -.y5 
<r Alcxrr 5() í l lso suppliccl. l l l ' ,Atrlct '.sl lrtttt

\t1,',,,ttc.t l i ' t l  r\ I, lct 'tr l:r l '  I)rolle's re'spccli 'cly'

l , r  t . 1  r : 1 . i t l i (  ) t ì  (  ) l  t ì ì i ( ' l ' (  ) : u  t : l ) ' . s
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\P( ) I  ( lu l t l i t \ .  t . \  (  )n r '  ( ) I  t l t c  n r< lS t  C l ' i t i c l l l  f lC tc l r ' .S  \ \ / l ìe l l

l . r l r l  r t  : t t l n u  l l ì l ( ' l ' ( ) : l l ' l ; l \ ' . \  l l l l ( l  c : l I l  l l c  c l e l i r r c c l  l l v :

r ' , , l t t t ì ì t '  o I  l i r ; t r i t l  t  l i ' s p c t r ' s c c l ;

- spot clialneter;
- spot shape ancl r.rnifol-lì l i t) '  : lcl '().s.s l l tc: cllt irc :t l ' t ' : l) '

A l l o f t h c s e l ) a r a l ì - ì e t e r s l l r c i l t f l t t c l r t . t ' t | | 1 1 , ' , P
- pin cltantcteri.stics;
-  col l - ì l )osi t ion () f  .spott i r lg ' \ ( ) l t l l i (  ) l l ;

-  chenl icut l  n: t t t r re of  t l re s l i t l t '  'sLt t ' l Ì l ( :c;

-  environtì tent i l l  concl i t io l t 's '

Pri t t ti t tg cottsiclarul ic-tns Il

Pin c l t l r  racter i .st  ics:

- .solicl pins ets resetv()i l '  l l irt 's;
-  .soi ic l  p in.s oi  c i i í íereni  r r l i i i t ' i ' i : i l : i '

-  .sPing- loaded Pins'

Ct- , . r t , r ,n l ì . l1 lc lc s() l  id,  sJlr i r ' ìg- lo ' t t lc t l  Pi  r rs l  l i lvc l )c( ' l ì
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I ì i f t y r r t M l ) l r o . s l l l t l r I c B t t f f c r e d S l r l i n e ( P B S ) p Y I 7 . 2
a .s - t i re  l rase  l r t r f f ' L r  r rsua l l y  rv i th  Tween-20 Q.07oh)

as  thc  .sur fz tc t ; t î l t  ( ) f  cho ice  .  In  ac lc l i t ion  the  i r - rd i -

v ic l t ra l  an t igens  t : t k t '  ac tvantage f rom the  ac lc l i t ion

oipotyrneÀ (. 't,clt :rs PVi) or PVA at 70/o) or sugar's

(tt 5o/o).

Pri nt i tr g con s i cle rnl i r t rt^s III

.Sl ide:
- glass a.s memllrane;
- pas.sive aclsorption as covalent binding;

- chemical nattrre of surface'

Gla.ss slides are prcferàble when trsed with contact

prini"i.; cov:rlcnt irintting gives greljer :tp]lY^i:l
itrrabiliry. .Silrrni.se<l 'strrflaces are optimal tor protetn

att:rchment.
Ilnvironlnental conclitions :
-_ temPefîtt lfe;
-  re lat ive ht lmit l i tY '

.  Con.stant monitor i r lg of  the environment dur lng

'frt iniing is recotnnrentled; we find that temperature's

between 2O antlz5"C:rncl RH of 40 to 60o/o worl< well

wi th pr int ing of  Prot t ' ins '

Test protocol

SamPlc inct tbat ion:
- f iO pl of cli l trtecl 'senrm sample (1 in 20ù added

to arraf;
15 r l t intr te inctr l rat ion at  RT;

- 5 nll wasl-r lluffer'

Coniugate inctrbat ion:
__ B0Jrl of anti httman igG-Fluoropl-rore solution or

anti htrman lgM-l;ltlorophore solution added to ar-rayi

1 minute inctrb: l t ion at  RT;

- 5 nll wash lltrffcr'

Drv slicle ancl reacl in ScanArray 5000 (Figs' 7-6 an<l

Tables I - f l l ) .

Conclusions

Goocl  lnalyt ic:r l  : r r r t l  c l in ical  performance can be

olttairtecl ttsing nlicrort rray immunoa's'says'

Mic roar rays  g ivc  s ign i f i can t  advantages  ln  con-

ven iencc  anc l  cos t  t * ' Ì ' en  comparec l  to  t rad i t iona l

EI- lSAs.
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Microa rray.s lerrc-l thetrl.selr,c.\ [() s it t l :r I ir l tt.s rr 'Itt. 'rt.

- . , l , ip. ,ametr ic c leterminat iotr .s 1|re ( 'ssel t I i : r I  sr l t . I l  l ts

a n t e n a t a l s c r e e n i n g , a l l c r g y t c s t i n g ' t l r t l g - o [ - ; t l r t t s t '
testing.

Microarray tc.st format c:tn lrc incoq.lrrt:t lctI ir l lr l :r fr l | '

l va t t t r lmatec | ranc lomaccc .ssp | : r t f ì l r r t t f ì l r r t l t l l i t r r ' t l se
in c l in ical  la l lorator ies '
-;r 

kr*r,t 
"dgzllelll's.-\\/c 

tlt:r n k pro[' A n< l rt';r ( -ris:r rrl i ;t ntl t lr'l'it' r

Bacare.se- l lami l ron i iótn t ' f  thc Depart '16 '11 of '  l l io logv'  Inrpt ' r i r l

coltege of sciencc, i; i;;; iaiì nci itc.ticine. I r rnt lr t 't l()r t 'rcellt 'nl

tec6' ical  assistan<.e; ; ; ì ; - l ; lpcr ia l  
( . , l lcgt '  . f  s . i . r t t ' t ' f , r  l t ; t ' i r t t l

marle this work Po's'sible'
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-Crt t t t l t t t  r i .sot t  t  l /  l : l ' l 'S '  l  tut  t  l

l ) ;r  r ;r  t t tct c r

,srntplt ':
-D i l t r t i on
-Volrrnte (p l . )

-lncuh:r(ion
-TentPerature ("C)

Vash 1 (pL)

ConiugaÎe:
-Volume (pL)
-JnCUl) t t t i ( )n
-Temperature ("C)

Vash 2 (pl.)

Substrate/StoP:
-Volunre (pL)

- lncrrbat ion.(min)
-TemPerattlre (oC)

Reacl t írne (min/.sanrPlc)

Signal  stabi l i tY

Total  t ime lnr in) :

- l  p l rantcter
-10 paranteter

Cost  est intatc ( l lS$):

- l  p31xn1g1s1
-10  Ps ra tnc le  r

1 . 5
l s
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