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Engvall and Perlmann (1972) iz X > THEHAKE
ERT 210 ERS hic BRbifkE: (ELISA) 3 4
H, FARZEFERTLAFMEEOZHIEL LURAE
h, BiZ, EEHE (Ljungstrdm et al., 1974), bV
) Y —=3E (Ruitenberg and Buys, 1977), <=5V
7 (Spencer et al., 1979), {EMm¥EHiE (Huldt et al.,
1975 ; McLaren et al., 1978 ; Tanaka et al., 1979)
REBBOBENZERTNS. 20k 5 ICAENEYR
SNBHEHL LT, FEIPREHLBEMOFE TS ¥
FAL)TVEA RIA) I2BEY, DORIEEEDRREES
His &% (Schinski et al., 1976) L5 Z L B3%IT
bh3.

iz, vt 7wg 45 —7v— b ERAVWEEERKE
(ELISA 7'v— ME) B—BEHE—RECXY, —Fi
SRORBENETE S L\ ) FED LIITHIOBFIE
BT IBEERECELTNWS. L2 a50B3Z20H
ERICAW Bk L BEOER, RUORISHE, &
12 ORGSR P I E— MR R 1T B T2 # D
BELPEPhTNS.

B, BRI T AN Y 7 AR T T E—E LR
NAX VT —EOZ@RFEDITWE D, FiE BT
DB IGHEh TRV,

RS T A AR MR BIEDOREBE L B L LT,
HEEIBREIC BB R~ ¥ o ¥ — ¥ Elik L
W, TO=ZEOREEEXHEL, S$iaLEC X 3HER

This study received support from the UNDP/
World Bank/WHO Special Programme for Res-
earch and Training in Tropical Diseases.
*EEREEREWENFERFER
t ARERERAZESYEHRE

DL L RELERMN L O THRETS.

HHLFE

1. FEBCEER LB, IWELR B Ak sugye
2V ROPEE e F—ERTaF S F—EILLOTH
L, HP% SRR, 0.05M REEEEMR (pH 9.6) T
HWH L BIMEFR TH 5.

2. BRI, BAELREBYESL (V1T
ZAY YY) OF— VBHEITE L xR E LTO—RER
#3044 GER) 07— VERHEMETHS.

3. HEERL LT, _~uix ¥y —YEHHA IgG
%M (MILES YEDA #, i H& L &, =Y &
% S586) EfER L.

4. HEsL7-EE X, 5-aminosalicylic acid (5AS),
O-phenylenediamine (OPD), O-tolidine (OT) ®=
HThs. FEBEORBIIKOERIITOK.

5AS: 5AS (B#{k¥) 80mg # 100ml M 70C #&
Bkic¥sfEL, 0.1N NaOH T pH 6.0 ic&db¥, *
D90m] IZfEFAERTIC 0.05% H:0: % 10ml fix 5.

OPD: OPD (Eastman Kodak) 10mg % 1ml ®
AF = NVICEEREL, KBKkE 9ml nx, ERHERNC
3% H:0: # 0.1ml iz 3.

OT: OT (Sigma) 21.2mg % 1ml ® Dimethylfo-
rmamide WAL, 0.2M EEEEEEENK (pH 3.6) %98
ml %, FHEERNZ0.4% H0: # 1ml iz 3.

FEBIERYBICHM L. iz, OPD OEERK
RN B B T dFEN LT,

¥/, FRLZ £EEK T, OT, OPD 3 ZFHTH
Y, 5AS IFHELFB/BLTNS.

5. EEkfifkis (ELISA 7 v— M) OFHIE, 7
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v— MARRE, Tu— bk, mERE, Sv— bk
&, ERARRE, 7Lv— MES, RERE (BG) 0
Bz fFo7.

24 ruBLE—T1v— bIBES Vv — FEHBL,
BROEE, MHFPERFEO S L — b ~DIERRK
B IZHBOREBSFEE AbI R Cooke Microtiter
MI29A 2R L. RISIHK, M, Sk &
BOWEY 7 Lv— MRY%7290.3ml TfTo7.

VRBIEIX, 0.05M REREIK (pH 9.6) T Lowry-
Folin iz k 3 BHEBE® 10pg/m] IZFRR L2 HUREK
RV, 37C T 2REREAS TIT, TOEESL—
F24CT1~3BREEFLE.

7L — X 0.15M PBS pH 7.2-0.05% Tween
20-0.005% NaNs 2tk e LT, HERRE MER
i, EBRARRIS%IC 5 ST 3 BIZE Tk,

L7 & EiRPi#ki30.15M PBS pH 7.2-0.05% Tween
20-1 % Bovine serum albumin THFWL, ORI
1337 C T30~ 6053y B AP TITo /.

HE L ORBIEIICEBERE 7 v— MTAL, ZR
(#125C) CRIEE®7. 5AS 1371 — b RY7 Y25,
» 1N NaOH CTEERREGEZELESE, OPD iFFKRIC
251 @ 8 N H:SO4 TfFo7z. /&3 OPD i@t
HHEOEFT KRGS ER. OT IRGELER fThix
Mot BEBEO BERER L— b BEREISEERH
(MTP-12, 2amJ, AREE) CXIRELE.

w R

1. FHRBEORGME

BEBOREHEFARD DI, 7L— b L TRERERA
CIERRERRE L (Fig. 1). S#EECRIT2ERE
Eix 5AS, OPD, OT ODJEIZIEL 7z BRI ERSM %
BELk.

5AS Zhof (RIXHEE40nm) I2FHET 5. BER
BENEWRETIRERETRETIN, MICERLE
B BERBEMEWRME TR ITREE T L .
ZOROEELORIGZVEL &S 1BRRUELETDH
ofe. ERRELES 1~ 2BEIREREREZELTY
S, —HRKET 5 L BERABLEIh T, BHELTE, Bl
M BEED LR L.

OPD BH¥BIREL, HBTRISELELITS LA
(BIRPE 500 nm) ZELT5. £5AS OHA LY
BERBESMEVWEHLTHL5AS LV ELSRBAL, RIGH
304y ¢ b+ BB E L. RIGELLE OBRIEE
BFEBCEEL TR ) —BHREL TOHER LD
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Fig. 1 Development of coloration of three
substrates for peroxidase-conjugated anti-
body.

® : pooled positive serum. O : pooled negative
serum.

7z,
OT 3#H6 (RN E6LOnm) IZFHETS. £/25AS
%2 OPD DHA LV & HIZERBENENRHEFTD 5AS
% OPD X VELBELKL. LT AH, RE3045LIE,
BRIIBE L. 20k OT OB/ RKIGHIX30
DEETHO. HBTRGELEERS I, BEIE
BBk L, ZO%FHIGEET DT, KIGELEST
SEENEVWEHELE.

2. My, ROEBFEDRISRE

i, ROERFEROER 2 KISREEZRET 57D
REREETHS OPD 2V, HREZEESERS
L— b LGOI & ORISR %15, 30, 60, 120, 240
SLBLEE, £OROERIE L ORICRE%305T
EE L TRBEEE 2z (Fig. 2). XRCmLFE
L ORISR R EE L OB L ORIGRFE B S
¥, FOWNRERELE AT (Fig. 3).
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Fig. 2 Kinetics of binding of pooled po-
sitive and negative sera to microplates
coated with S. japonicum crude. egg

antigen.

Protein concentration of antigen at 10ug/

ml.

® : pooled positive serum diluted at 1:
80.

W : pooled positive serum diluted at 1:
320.

A :pooled positive serum diluted at 1:
1280.

O : pooled negative serum diluted at 1:
80.

Goat anti-human IgG conjugated peroxidase
diluted at 1 : 800.

These diluted sera were incubated for di-
fferent times and followed by 30 min
incubation with conjugate.
O-phenylenediamine (OPD) used as a sub-
strate.

Reaction of substrate for 30 min.

BB MM IEIREE 1 ¢ 80, EERRIUMAIREE 1 : 800 D KRS
7, L ORISR 2L E B 11603 Ak
FRE LIREN BN, ERA L ORIERELE
[LERHAD 0FDEIRITE BE LI BEENBoh
fe. (7, ROESHAIERECEE, ZEIC
EToRENRE £k,

oW T, EREWh b RISER
NELARBLBRLACTIDHEH, BREOLANED L
iz,

U EORERY bIE, K& UERRGARD B8 7 SRR
i, ThbOREPEREDH AT H0FRET
bV, BREOHAIZ 605355 1207BELLELT S
LBbhiz. ‘

WEROEBEELEHE LT, BEEEXS LIk

199

1.0
/.
] * :
=3
:
n
8 —
R
c/f
ry
/
S
60 120 240

Incubation Time with Conjugate ( min )

Fig. 3 Kinetics of binding of conjugate
to micro-plates coated with S. japonicum
crude egg antigen after incubation with
pooled positive and negative sera.
Protein concentration of antigen at 10 ug/
ml.

Pooled positive (@, M & A) and negati-
ve (O) sera diluted at 1 : 80.

® & O : conjugate diluted at 1 : 800.

M : conjugate diluted at 1:1,600.

A : conjugate diluted at 1:3,200.

These diluted conjugate were incubated for
different times after 30 min incubation
with sera.

O-phenylenediamine (OPD) used as a sub-
strate.

Reaction of substrate for 30 min.

VRIERICET SRR EMRT 2 2 LAFRETH 200
RS B2, Mk L ERAAOKEREZFR—L LT
A£HEBEICo%F ORI % 15, 30, 60, 120 FLBLEE
WREERE L (Fig. 4).

OT DHA RIS 155y T BVWBMEE RL,
OPD » 5AS DHAIXRARM 155 T+ BtE
BR& ok, HARBHRER F LD RIGHH X
OPD Gix 3034, 5AS Ti60RL ETCholk. —
¥, RIGREBREL &5 LREMFETOREES LR L
Te. ZhUZME, RUESHEDO 7 v— v ~DFERRY
Wi L 55 L Bbhic. AEBRHY Bk L Rk
MEOHERBICTBdIT, HERHBZEDE L
WEHEERD B L, FRBICRITSMmE L EREOE
2 DRISEEIX OT & OPD D#413304y, 5AS @
BAII6053 LHES .

ORISR TRBREKT T3 I HRRBEORH
2BE, 5AS TRAAREME, OPD & OT Tix#2
RS2 E L. OPD & OT OfERICcX Y KigxHl
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Fig. 4 Equal incubation times with serum
and conjugate and sensitivity of micro-
ELISA with three substrates. .
Plates were coated with S. japonicum crude
egg antigen at 10pg/ml. Pooled positive
(@, M & A) and negative (O, O & A)
sera diluted at 1: 80.

A & A : OT, conjugate diluted at 1 : 3,200.
® & O : OPD, conjugate diluted at 1 : 1,600.
B & O :5AS, conjugate diluted at 1 : 800.
Both serum and conjugate were incubated

for different times.
Reaction of substrates for 30 min with OT
and OPD, and for 60min with 5 AS.

ERDORREIERNLATEETH O .

3. FEBEICHT DERFERE

OT, OPD, 5AS TRXEERICHT BBZENHHIC
B slkw, FEBICKT SEBRNEREDCKEY i
(Fig. 5). Z OROMmE L ERFIAEO KERMI: OT
L OPD Tii 304y, 5AS Tit 605 T, HEBEDK
SRz OT & OPD Tid304y, 5AS TiZ605 TfT
27z,

(ERE L ESNE T O RBRRERF LR B O OT
T, BBREL SRy VELTEDII5AS ThHo
7=. OPD Tz 2 DHHBETHo/. OT * OPD T
BEBECERIELY A5 L, BEMFIEVELE
BT, RMEMFORIEE LROE L kol

B CIREES T X D, B ©HBRE
WHEEDE DI B EBIAREX 5AS Tid 1 : 200~
1 :400, OPD Tix1 :1,600~1 :3,200, OT Tit
1 :3,200~1 :6,400THolz. KITRERLAENDk
2, OT ZERFTAEBE 1 : 3,200 CI3IEEL. 0B kic
REE L.

(40)
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Fig. 5 Comparison of dose-response cur-
ves for conjugate dilutions using three
substrates.

Plates were coated with S. japonicum cru-
de egg antigen at 10pg/ml. Pooled positive
(@, W & A) and negative (O, O & A)
sera diluted at 1 : 80.

A& A:OT. @ &0:0PD. m&0O:5
AS.

Incubation of both serum and conjugate
for 30 min with OT and OPD, and for 60
min with 5 AS.

Reaction of substrates for 30 min with OT
and OPD, and for 60min with 5 AS.

4. FEBIC L B MBEHAGRE

BiEmEY 1 : 4005 2EFRTL £ 10,20 THR
L, H#EBICoWTEBERLME Ay CliFEbiAims Rl
L7 (Fig. 6). PAMOKKRIBHEMBERE]L
A0TOWIEED 2 fEELL E DEDE b 5 Bk FRIBE
Llfe. ok, Bkl efliciir s miRE
1 : A0TORIEEDH M EIREN Fh & DD 2
fEECEY LS RIic L 5. 5AS IERITAREL :
400, OPD ¥ 1 :1,600, OT X1 : 3,200 CfT-o7z.
& it 5AS Tix 1 : 320, OPD Tix 1 : 2,560,
OT Tix1l :2,560 Lo, 5AS DEAIRMIVIE
WA R Lz, Tl L R B E o5
FEGICEHST, BEMFOREEN OPD ® OT XLV
bRREL B &, BEVGMTRVILTHD S
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Fig. 6 Comparison of antibody titration

of pooled positive serum using three

substrates.

Plates were coated with S. japonicum crude

egg antigen at 10ug/ml.

M : 5 AS, conjugate diluted at 1 : 400.

® : OPD, conjugate diluted at 1 :1,600.

A : OT, conjugate diluted at 1 :3,200.

Incubation of both serum and conjugate

for 30min with OT and OPD, and for

60 min with 5 AS.

Reaction of substrates for 30 min with OT

and OPD, and for 60 min with 5 AS.

EP, end point of reaction; 2folds of OD

of pooled negative serum diluted at 1:

40.

FRERBICONT, MFEFRICE 2REEDCHERZ
H#E+5L 5AS L OT Tix &z, OPD TitwsR
PRAELES. BELLL ZOHEROER L DR, HWIR
IZ L 2HBEMEOBEVEHTHB LEbIhS.

5. UE, BohcfERICE Y EHRBEORER % ik
L, BRLBEDLIBRIGHERE £ L »HT Tables 1, 2
IZRL7e.
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Table 1 Advantages and disadvantages of
the substrates for peroxidase-
conjugated antibody

Criterion 5AS OPD oT
Sensitivity low high high
Xfisrlleaal(ijia;;on easy less easy easy
Background noise high low low
Photosensitivity low high low
Stability low-high  high low

5AS : 5-aminosalicylic acid
OPD : O-phenylenediamine
OT : O-tolidine

£ =

ABFE TITo 7 B A BE DEERFLfA S (ELISA
Zuv— b)) 1%, BIMEHREZ I v— bt EICEELT,
L KRS, ChRToREREEEmRTEd
PRROTEE) TR TIONRZO XAFRE T H
5. A, —ECSBEOBRKERXBZ LOBEMEL
RattiE Y REOREICL > THIRMICEATE3 L
nE, FERSN. L L, REEOSVWES, HER
BEBETHBZLIFEELWL, AR X 28E255
Faleniciy, BiEMEOREE:EECHAZThE
mBiEv.

EmEOREOERREIT S v — b~OMmE, R
ERHRO FERMEE CL3b0EE Bbh3. %
T, AR BMBERE L ORERIGIZOVWTHZ O
FEEBERLTrLRTIRETHS. 40, £ELD
EBRTIE, FEENERECBREYVWTRIGEZESE
Blediz, Fr— FOER, MiFLEHEHAORE,
15 L ERLA L BB ORISR Iz LI on T ORMSS
EThok. i, SiBEEEZAVWIHERIEWSL
— FEBIRT 52 LARMEMBEORBEME 5 DICE
HETeholk.

RVAX v F—ERBRHEL LT, TORRICHK
ThNWLDERAWES, BEELRBEEEHICETE
BEOESFEHLZERLT, MERCEHRMZELE
ZHOBRMEEE S CIPERIBENT, HETHIN
&ThB.

BIER OMHELE H5 DI EREOERA T,
I HE RGO KGR R % S L T OV RBEDOES
hAGHERELBIRT A LBAEETHS. ZOHM
THE® B L7284 3 4 /x vw. Ambroise-Thomas
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Table 2 A summary of micro-ELISA procedure using three kinds of
substrates for peroxidase-conjugated antibody

5 AS OPD oT
1 Antigen coating 37C 2hr. 37C 2hr. 37C 2hr.
Protein concentration 20-10 pg/ml 10-5 pg/ml 10-1 pg/ml
Plates are kept at 4 C overnight after coating.
2 Washing 3 X5 min. 3X5 min. 3X5 min.
3 Serum incubation 37C 1hr. 37 C 30 min. 37 C 30 min.
4 Washing 3X5 min. 3X5min. 3X5 min.
5 Conjugate incubation 37C 1hr. 37 C 30 min. 37 C 30 min.
6 Washing 3X5 min. 3X5min. 3X5 min.
7 Substrate reaction 25C 1hr. 25 C 30 min. 25 C 30 min.
Reaction stop 1drop of 1N NaOH 1drop of 8 N H:SOs —
Total of reation time about 4 hr. about 2.5 hr. about 2.5 hr.

except antigen coating.

and Desgeorges (1978) i 5AS & OT #H#kL, &
#7z OT DRI X->TERGE, FIREDHK LR
EROHEFERNTTRETH Y, BRECHERBELN
BTN, EELBRHBLE 5AS, OPD, OT
ZBWTH, OT HE LT, Wic OPD, 5AS O
JEE Y, RERBROERE B,

OT DEEMETHER LM LL, FERFLARIZON
Th 5AS AWEHEAEDOK Ye~1)e THHITHY, %
DEMICKNCERT 3. Eh, BEIERSILFET
HEDICHBICE 3BBRIERCESTHE. BED
REZERFBTHO1LN, TORKI7Tv— MEFRS
eYeEERt DFIF CH A ICRE R T HITARR T 5 0
T, OT & W eFREIRBROBREAL LHE T 3 HITHT
DmFEFFRECHEL TS L Bbh3.

OPD RN DIZ KB L DRISEEHTTITO &
WHEBESAHY, ARICISZ BEOFHE X OT X
5AS I245%. L&L, FORBRELDEELTNWSD
CTERAENAMENET 2B EHA TREEE T
3LE bhD. EEHARIZ ST L5AS AW
BA DKo~ 1sTHH, JERO MRS FIEE Th s
7o, Bfe, Y4HZE=E i OPD 28A ¥+ % it Bo
7=

5AS &AW CThFERAMBRELITO &, T OHAM
i OPD % OT 2HWiHEX Y bESAS. Zhid
EBOREICEET DT, Kikick 2HAMRET
FHWEER AR T 2EESLETHS . ¥, M@
W & AR O RIGR ] O BAEIC X 5 MiEFLAERIE~
DEBIBEHRINBRETHS. ThbDORIGRRHE30

S L60SyTHEET 5 L, 604y Ti3304 & Y BBHEmE TH
WIRIEENE LN B, BRAEMEORIE b M & B
HEOHBFREAREFIC LY LR T30, HERMICIX30
T L6053 THRI—DFEfi L iz o7z 0T, BiEM
HERBL Ul B EMERNE R i & BRE o Kk
REflick % A HEE AV L0 LBEbhS.

FL— FBET 3 HREICOWT D, SIBREED
BRI X Y ERMSTRET, BEICH V5 10pg/ml DHR
BE%5~1pg/mli2®5LTH OT ® OPD TiIEW
BRENE SR, ChISEk, SHATROMES R
» B OHERERSES, BHELTREELHEACE
Fedfb 5 5.

A%y F— CEBH A ORE I RRERMESRE
BHESBESEINTRY, SHOFEHCEL, RE&MEOR
BRLETHS.

2 #0

B A% BE DS MEFRBITEL LT, BRI
¥ (ELISA 7v— M) 2170k, ity -+
BBtk L LTHY, 5-aminosalicylic acid (5AS),
O-phenylenediamine (OPD), O-tolidine (OT) D=
BOEER 7— FEFAXSNNEFHOFIHIC X Y HER
L, UT0RRREFREEZ.

1. BEOREMLSHMMEL LT 5 &, AEIZOPD
2, #%Fix OT BRLELTW. OT DHE, HE
R0y LA HIRTIBET B DHERR ThH D7,

2. WIRICX BREOHEE, OT & 5AS 2R,
Bk L AMEMIE OBV RS Thol.

(42)



3. SiEAEEBEEHWSZ L TELISA L— hED
HELRFEETH oM. 5AS TRIFBRIE DR % R
&, RRERICH 4 BEfp 207225, OPD % OT %
FAWaZ LIiZX VM 2REBICEMT oz LTk

4. EHHERISELEELRAVWSZ i k)Y,
5AS LH#T+5L OPD Tiz®® Ye~slz, OT T
T ZDYs~16lAETTHZ LA TE .

WITHI DB/ RBRE TR & 2 MIBEFEAELITD

g, OT X OPD ¥ ogiirEBEOFEHE F“v—1©
BEHEASOEEH ORI CRISORER, fHiEl RO
BEMEREBEOIB LD LEDNS.

x W
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COMPARISON OF THREE KINDS OF SUBSTRATES FOR PEROXIDASE-
CONJUGATED ANTIBODY IN MICRO-ELISA FOR
SCHISTOSOMIASIS JAPONICA

MiNORU NAKAO, HAJIME MATSUDA, HirosHI TANAKA
(Depertment of Parasitology, The Institute of Medical Science,
University of Tokyo, Minato-ku, Tokyo 108)

AND
TSUTAE NAGATA
(Depertment of Medical Zoology, Tokyo Medical and Dental
University, Bunkyo-ku, Tokyo 118)

Enzyme-linked immunosorbent assay using micro-plates (micro-ELISA) was performed
for serological diagnosis of schistosomiasis japonica. Three kinds of substrates for peroxidase-
conjugated antibody, 5-aminosalicylic acid (5AS), O-phenylenediamine (OPD) and O-tolidine
(OT), were compared using a photometer which measured plates directly.

The results were summarized as follows :

1. OT and OPD were the superior substrates to 5AS in terms of sensitivity and
stability of coloration, respectively. One disadvantage of OT was spontaneous color fading
which took place after 30 min of reaction.

2. OT and 5AS were superior for visual observation. With these, positive and nega-
tive sera were easily distinguishable by naked eyes.

3. Simplification of the procedure of micro-ELISA was attained by using OT or OPD.
With 5AS, 4 hours were required to complete the procedure of micro-ELISA excluding the
time required for coating antigen onto plates. It has become possible, however, to reduce
the time of procedure to about 2.5 hours by using OPD or OT.

4. OPD required only 1/4-1/8 of the amount of conjugate needed for 5AS. OT re-
quired only 1/8-1/16 thereof.

Use of sensitive substrates such as OPD or OT together with the photometer which
measures plates directly will stabilize, simplify and economize sero-epidemiological surveys

to be conducted in the filed laboratory of endemic areas.
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