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Reflectometry Interference Spectroscopy in Detection of 
Hcpatilis B Surface Antigen, Fnus Y11, Dr111f,m.v, nn, 1111d 

Wc1j1i11g Qia11 • (National L,boratory of Molecular and 
Biom~1Jecula r Electronics, Soulhcasl Univers ity, Nanjing 
210096, Pc pies Republic of ~ 1i11.i ; • .1 llwr for correspon­
denc : fa · r25-7712719, C·m«il wqi;m@ •u. du ,<.:n 

Op tical biuscnsor ar t f increasing interest for real-time 
dl'tectio1, of analytes withou t the use oddj uonaJ labeled 
reagcnh.. The sensing. ystem i based on d if~ rent inter­
acia l pit •sica l prop •rti s that chang upon the binding 
r action 'ombining hi h CJl itivit • and ·el •c1Mty, lab ·I · 
fr' biosen 0 1-i; ha (:! the pot n l·i..'11 lo pro id~ I iw-c ·I 
delccti n and measuretnt?nt technology fo r accurate and 
highly speclfi • ~1uanti ica tion of low-concentration ana• 
I t •s. R •fl ecto01et1 , int rf,r>nce ~J ~lrosc1ipy (Rlf ) is 
su h a picol opti al system tha t hac; been systematically 
fo\•eloped <1 nd invc·t.igalcd by Brecht ( a l. (1 ). Ila ·ed m\ 
lh1: white-ll bl int rfor•n 'effecL~ occurring at thin trnrn;.­
p,,r nl lilm , IWS hn sh wn 1,i h pr ·i::isi n ,md high 
~,.1bility in m nit ring the ch, nt;l' n oplic.1 I thickne s 
:ittrlbutabk• f, interfoda l mol ufor interaction ;ind !,;ii; 
bl'l!n shmv" t b • a u-; fol approach for the detection of 
b • bkid • in river water and hydro arbons in air (1, 2) . 

J\t p r ~ni, we are lryit,' toiind po ·sib l .:ippHcaliQns of 
RH • in clinical diogn sis. EUSAs, U,c wiriel u - ·d label 
immunoasi;ays in dini al laboraturi , hnve inh1•ren t 
dr,nvbacks, 1ch as ,mmero, pipeHing and incubahol\ 
stc~'S. dd 1tiom1ll , tht! teclu,i.qu does not alway show 
dos~ ependcnee in an e tensiv.- 011 cn trati 11 range of 
u11JI t !S, e cmplificd l>y the so ca lled high-do , hook 
t•f/1, I (3J. n' r important fac to~ that indu the 
hi~h-do, c h ok dfl, l i • the introduction of labeled anti­
bod , so it ls e 1\t!clcd lh11t improv d performance can be 
~Inc.I wi~h RUS tech11ology, which is a Labc.1-!rce nwa· 
un-mPtH. 

w._. ~Psc·ibe here a strntcgy lmsed on RifS ond rin­
nt i ng, wh ich c.111 i11 principle climinilte seve.ml s t •p. o( 

ti • tr;iditinnn l EU A. TI1e mnlcwle-subslrate ,md int r· 
molc ule int •n,ctions can b recorded in real tim • wit11 
l't'l,itiv • high ensitivity and 1·eprnducibiLity. The c1pt:ical 
pru1i:1pl1· of RlfS nw.isur •men! has been described in 
detail by Urechl et al. (4), Th, chru1g' of optical thickness 
c,,u1,1•d h int rfocial bind in~ c;in b • p r bt:d with a 
&pw•lro111 ·11.'.r, 11:; ing whitr--lighl lntcrforence. In Ollr appn­
r,,tus, . 1 C l) sp droml'ler ( P -1000; Ckean plies Inc.) i.~ 
: . ·d 111 ·11•,1d r a di d, array ·pl.!Clrometcr to decrease 
j1~l'. . h1• 111 lies use Y-shap •d r Occtiv optical fib 0 r to t 1' 11'-1 k• ,ind ·oiled llw rcfl t~ light of the transducer 
11/11 lll1 ,, window!• s Tdlon cell (now ccll) wi th vulum 
ti O 1d . ~el(- le,•elop,J s flw<1r1.: is u. l.!d for the real-n\1•, .. 
ti1,1 • ltJt1 1»1lion of full sp t1 a, nd onliut' a11.:il sis. olu-
Pu: ~' 111pll' lm11dlint, wri ci'lrri !<1 .iut usin1{ a pcri: talti • 

/1. l Wilh ,1 n1inin, I now raw o JOU 1tl ./min, 
10.1,r cl,, •11 • lit c1f U1t• Ir, nsdu <!r is shown in Fig. LA . ,\ 
~hil~' ~ ;i' l, film I as dcp ·it d on glnss subsu-nte to 
lt\'i\tn, ~ lhL· l11lt't'k•r1Jnc • contrast (5 ). fkr the above 
<llOt, cnt, pol M •r\'t\C wru. !>pin-co:itcd on the chip al 

1-Ptn ~nd Llri ·d l11 ,O C fo1' l h. A transpa ren t 

polystyrene layc1· with thickness of -650 nm was then 
rencrated and served as both the interference film and the 

h drophobic surface for i.mmobili)(.athm of antibodies. 
In 11ur t>xpe.ciments, east hcpatlli B surfac' antigen 

(l-113i;Ag) and its mvnoclon.il anti odie (:mti-HB·) w ·r~· 
ch s •n a· a model system, The ad · irpH n of anlib iy 
()(' urr d in l!.lf-de~,;igned Tenon cell · mounted 1111 the 
p ly I r ·ne- ated rup . nli-Hils , as dissolved i.n 50 
mmol/L ·arbcmale bu fer, pfi t .6, at a concentration of 5 
mg/L, ;i nd 200 t~L of this ·olution was pipetted into ead1 
cell. r'\fter overnight incubJti n ill 4 °C, the chips wer 
. uhscq ucnlly bl k d f r l h at 37 "C with car note 
buffer. uppl mcn l 0d \.,,ilh 1l1 g/L bovine sernm a lbumin 
(BS/\) i111d then w. sllL•u fi c times wilh cnrbom1te lmffer 
bcf re use. 

With a ublnnk'' chi1, lhe o,,tin~ and blo king pr1 l'Si; 

cnn bt-i monitored by Rl in t\'a l tim • ,1t room tempcrnl ur • 
t20 ± 2 ° . When the anLi•l-Jni- n,oh-i ul 'S w~rc phy icnll 
ndsorbcd onto a pol sl rent' film, an incre.1!>' of - i.4 nm 
111 tow! op tica l thickn •ss w,ts dl.'t I d . TI,l! f 11 wing 
blodd.ng pr cc s with 13 ·A incre11 ·l'<I thicknc • n l r - 0.3 
nm b c,rn ·c f the small molccul;:ir w ·ight or H A. and the 
dense distrlbuti n of nntibod molecules previ usly , d­
. orbed n th polystyrene surface. 

1mmunoreact.ion was condu ted at room tempcroturl.'. 
The chips we.re first rinsed with SO 111mol/L ph phate­
bu( en:-d :,mline (pH 7.4) until a s table pre.run basclmc was 
r ordcd. The standard dl.'viation of the baseline fluctua­
tion was -17.8 pm. A series of anti en s >lu tions (0.1, l , 10, 
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assucfat1un ral" constant (I(, ) /Incl HBsAg concentrations (8). 
eu,,, so. 
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100, 0, 1000, 1Jml 5000 µ,g/L in pho~phnle-buf~ red 
saltnc with 500 m /1.. BSA nddtitl) w~e Uwn injL--clcd al 
40() iiL/ mln, and each binding mrve was rccordud. The 
curves were nnnly7.ed with the "Curve.Expert" l'l'J tern 
(Ver. 1.:M•), using .i pseudo-ftrst-ordl!r xponcnti;iJ assod• 
ati n m del in an effort lo det4Uminc each nssodatfon rate 
(K,) and honce the c,1librnlion curve. As negative control, 
BSA solution al a concentration of 1000 mg/L. was in­
ject and had onl ii 11 gligible c.ffcct, indi atlng th . 
specificity or the RI detection cir inununoreactfon. •n,e 
RT ign.il wos totall obscured by not&e when the 
concc11trntion. of HB~As (ii)J'l1plc WilS l µ.g /L 

Tl1e c:alihrnlion urves extended into Ute 11.g/L range 
(Fig. 1B). 'Th· int r.icll n betw<!en HB Ag nnd Imm bi­
Li21:ct Anti-J-LBs in BSA buffer provided a good slgnnl al LO 
µ,g/L and a lii1cM window range of 20~ µg/L (Fig. 
113), B ontrill I, conventional ELI A has a lower linear 
range, usuol!y 1-100 µ,g /L f r IJJ3.qAg quantitative an:il­
y is, Howe.v 't, U11! present Rlf:S is by no means optim~. 
It is e.xpccll'd that substantiill improvement an be ob­
t.J.i.ncd by tl1l! use or a mpen:,ator to care.fully control the 
yst m Mi Applicali 11 of RUS in the clinical dcl cLion 

of HBsAg is possiulc with Lhe adva.ntagcs of dir ct d~tec­
tion of annl lcs, shorter measuremenl time (a fow min­
utes), no interferei,c from the mobile phase, a f,w r.,hlc 
linear range, and rcu ability ol 1.he tr;l1•~du er. 

This work was supported by the NaturuJ Science Fom1-
dation of China. 
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Purification of Prostate-specific Antigc.n from ·erum by 
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Pr p. r;ih pwirication of ma rn leculos, •.g., prolejnt,, 
h.i~ re,1ched a high standard bcc.:iuse of efficient sep,11c1-

tion m;itcrials that ore available for thi, ta ·k. However, 
this is limited to s11m le.s conlaining substantial amounts 
of the de ·ired pmtcin. Wh n proteins th.ii ar prc:;ent 
only m minute nmounts \e.g., in the µg/L rt1nge) must bc­
isolat<.'d from a limited supply of complex biological 
mate.rial (e.g., human scrum), a one lcp method is rec­
ommended to obtain th~ protein in sufficient yield. When 
suitable antibodies are available, immunopulification of­
len is the method of choice (1 J, but 11onspccific binding of 
protcrn!> to affinity malnccs ls a substantial problem 
bec.1usc •lul:lon with acid or chaotropic agents v 'ry fl n 
wash~ off lhc im uriti as w ll as the annlyte (2 J. 11,us, 
there ,s a need for methods that allow U1 peci.fic elution 
of the de ired proteins with ul eluting the impurities. 
Spec:.ific elution by cumpeting with a low-molecular 
weight ana log is appealing, but suitable analogs may not 
be avai lable. 

We wanted to isolate prost.ite-speciric rmhgen (T'SA) 
from serum and aruilyze i structure by mass speclrnrn• 
etry. The con nuation of PSA ln ' 1!.nlll\ from pau n 
with pro.uitc ,m<:er (PCa) n111g . f ,in 3 tci >'.If)()() 
µ,g/L, - rn•-107 limes less than th,11 r1f oth('r senllll 
proteins, e.g., albumin, We have develo cd , gencr.11 
indirect itt1□1unosoi:ption 11\ethod thal follows to a certJ!n 
ext nt an immunoai:.say principle developed by Hashidll 
ct al. (3) and. I hikawa <.'t aL (4) and mak s use t,/ a 
digolCig nylated anti-analyte antibody. Initially, the PSA 
Crom the biological sample is b w,d to mngnl!lic. beadq br 
1111 am1 of antibodie;;. The key step is the c mpelltiv 
release of the PSA-antih:,cly pair by digo igenin-lyi.'inc 
under neutral conditions. These conditi ns leave tht 
impurili almost entirely b 1md to the matrix and yield 
llw antibody-l'SA c, mplc in a p1lrc form (5). 

Wh 11 we began jo;()(ating PSA from scrum, \\'I! ftr!il 
tric.-d a tamlatd immurn)sorptiun mcihod using magiietic 
bends m.bined with acidic elu tion. To lhi~ end, strcpta­
vidin-coatO!d magnetic beads were loaded wilh a I iotin· 
ylnted anti-PSA monoclonal antibvdy (Mab) an I incu· 
bated with scrum from a PC1 patit>111. Aflc.c rn,,~neliC 
collection of U,c bC!ads and sevcm l w, uni,; step the 
bound protein was rclea. ed by 11 · ma.II. omount llf ,I 
mixture of C'ither formic .icid-watcr-~cetonitrill' (1 ::1:2. OJ' 
vohm,e) or 1 mol/L propiorti • add, ml th dttl\-0 
material was analyzed by nonr•duclng ;;odium ,lodecyl 
sulfute•p lyacrylamide gel cfodrophNl'SL< (SD', PAGE) 
;ind matrix-ass:i ·ted loser des rption / i nizalio11 timr-0~ 
flight massspectromel ( 1ALDJ·T r, S). It wns foun 
that mainly nonspecifically bound seruo1 pm • ~ "'eit' 
libcrah.>d from the beads ( c'l! Ian• A l-A4 i.n Fi)~, I). •n,t 
high d1:gr>c of impurities did not .iU w the un,11r1big110.~1; 
detection of fret.! PSA and the PSA/n -antichy1n1,try~Ot 
(ACf) complex. Thi 11ppli!'d espt.'Cially to the ,J uht1n w I· 
formic acid-wat •r-ncctonitril •,, : lvent u<cd f,11 pn•~~h 
ing the matri>t solution for Mr\f Dl•TOr MS .,nJ '~ -<i< 
would th refore bl· v ry sui1,1ble for th~l type of Jt13 i;,;, 
Uut when the elul,on mixture with thi~ : 111 •enl t'•inS 
opplicd to the /IIALDI-TOP MS, nhm_1St nll, ( tl1•'P'.~ • 
d tt.,ct in the mass spectrum wtm, 1mpurl11 • • I 1 1t!<f 
wa barely detectnble, and lh • PSA/ CT n•111rk• < 




