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Engvall and Perlmann (1972) 2 X > CHEHAKE
ERT 5 ewic BRE Wiz BEEhifkEE (ELISA) 3 4
H, FAEHEFEIRTLAFEMHEFABEELE LTSAS
, B, iEEHE (Ljungstrdm et al., 1974), R~V
N7 Y —=J%E (Ruitenberg and Buys, 1977), <=3V
7 (Spencer et al., 1979), {EmikHiiE (Huldt ez al.,
1975 ; McLaren et al., 1978 ; Tanaka et al., 1979)
BREGEOBENZESATWS. 20X 5 ICRENER
SNBZBEHELT, RENL2M LEFHEOTR TS Y
AA4 L) TVEA (RIA) 1BV, DoRBEDOREMN
#I#FT& % (Schinski et al., 1976) L\\5 = & 23%1F
bh3.

FC, v~ 7 us A8 —Fv— bRV RSk
(ELISA 7v— ME) E—HBE—REICXY, —E
EROREBEMETE B L) FED HIRITHI OB E
BRETTOMBEESTAEISELTWS. L2 ARZ0H
ERICH W2 EBbik L BB OB, RORIEHE,
W ME RO RIS I — A RIT B b Z D
BEEAIEPNTNS.

B, BRI T AN Y 7FRTTE—E L~
NAXVF—EDOZEMEDN TS A, HiFEE Mz
WL EHAI T .

A TR AAERRIEOFEBME B LT,
HBAERMGIC Hoh 5 S tx v ¥ — ¥ E#iks A
VW, ZOZREOREEHBRL, SiBaEEICX3RESR
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1. EBCHEA LhiRE, WESR A vk dURge
<Y RADPEE e F—E RN FFF—FIXOTH
L, HBP% SBE#, 0.05M peEEEERK (pH 9.6) T
WH L BIBEIR TH 5.

2. HBRMFEE, BARERERBEREE0SL (V1 T,
TA YY) OF— VEEHEILTE L 3R E LT O—R{EREE
#304 (Fp) O7—LVEHLETH 5.

3. EEHERL LT, Sty s —PEHRIA IgG
%1% (MILES YEDA #, i H& L $§, Y &
5 S586) Z{FEH L.

4. H#kLU7-HE X, 5-aminosalicylic acid (5AS),
O-phenylenediamine (OPD), O-tolidine (OT) N=
BEThd. HFEREOFARIIKOIFRIITo.

5AS: 5AS (B#{L¥) 80mg % 100ml ®70C #
BAKiC¥EML, 0.1N NaOH T pH 6.0 1c8b¥, %
D90ml IZ{EAERIC 0.05% H:0: % 10ml iz 3.

OPD: OPD (Eastman Kodak) 10mg #% 1ml ®
AF )= VICHMEL, EEAKE 9ml Nz, ERAERTC
3% H:0: # 0.1ml fix 5.

OT: OT (Sigma) 21.2mg % 1 ml ® Dimethylfo-
rmamide IZ¥EMEL, 0.2M EESIEENE (pH 3.6) %98
ml iz, FAERNZ0.4% HeO: % 1ml Mz 5.

FHEIERYAICHTHR L. $iz, OPD OB
FBIEMEN B B TN LTz,

¥z, P £HEHKE, OT, OPD 2 ZHTH
Y, 5AS IHFHIFABLTWS.

5. EEEPikE (ELISA 7L — bE) 0oFHE, 7°
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v— MURRE, 7u— bk, MERES, Sv— M
B, EERARE, uv— bEG, RERE (BE) 0
Bz {77z,

247 uEAF—FL— FIFESL— b EHERL
BROFER, MIEEHIEO 7 L — b ~DIERRAE
EIC BB ORENFEE AL Cooke Microtiter
MI29A ZfEH L. ISP, Mg, Efie, &%
BowEY 7L — FRY47%290.3ml TfTo7k.

VURREE, 0.05M KEEFEEK (pH 9.6) T Lowry-
Folin iz X 5 BAHEEZ 10pg/ml IFRAM L 72 HUFIR
ZHwv, 37CT2RHEEAE P TITY, Z0EESL—
F24CTL~3EKEELE.

7L — NEEEHE0.15M PBS pH 7.2-0.05% Tween
20-0.005% NaNs #yE#KE LT, HFURME, MEK
B, BERGURBG I 5 £ T 3 BIEIR T o k.

13 & AEEHTA120.15M PBS pH 7.2-0.05% Tween
20-1 % Bovine serum albumin T#HWL, FOKIE
1337 C T30~ 6053 B EFA P TITo 7. ,

HE L DRISTEN B E 7 v — M Ah, =R
(#25C) TRISE ¥, 5AS 37— MRY72 925,
D 1N NaOH TEFEKGEZELE®E, OPD ZREH#IC
2541 ® 8 N H:S0: TiTo7. 723 OPD (3@t
BT ESE. OT RRKMELLE fTbix
ot FEEO WMET 7L— b EFRSEREE
(MTP-12, =wm}, BREE) CXIHELE.

® B

1. FHEOREM

FRHBOFKEHEZFTRB 201, 7L — b+ ETREEY
WCIRNELRIE L (Fig. 1). SEECRT 5 RERE
EEiTZ 5AS, OPD, OT OJEICIEL 75 2 iIc BB A4
BRE L.

5AS 3o (BREE40nm) I2FET 5. BEE
BENENRETRERHTEET 5, KIZERLE
K7 BRI EE DM St T BR A IS IRDBEE i L 7.
FORDEBLORTIVEL LS LR ELETH
Dfc. FRRIGEILES 1~ 2RITEREEEILZEL TW
7R, —BERE TS L BERBL SR T, BBk, &
MFEHCRIED LF L .

OPD #HAICHKEL, HBTRIGELET LG
(RN 500 nm) 128k 3%. £725AS DALY
BERBENMENERLETHL 5AS LV RELIKEL, Kk
13043 T b+ 3 MRS Uiz, RSEIEE OB EEE
BHEHCREL TRV —HEBLTOREELaho
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Fig. 1 Development of coloration of three

substrates for peroxidase-conjugated anti-

body.

® : pooled positive serum. O : pooled negative

serum.
Tz
OT 3 HE (WINEKFE610nm) I2F¥E+5. £725AS
R OPD DHA L D & b ICRERIRESENFMAT L 5AS
R OPD XVRESHELL. LIZ5%, KR304L#,
BRIGERA LK. Z0ikd OT OFEMEARISHRIX 30
AHI%E THOMk. BB TRIGELERAR D, BEVE
BIZERL, ZORBHICGEET 20T, RISMELET
IERBV RV LHE L.

2. MiE, ROEERHTE D RIS

1, RO OEGE 2 ISR 2 R ET Dl
CRERKETHS OPD AW, HIREREIERLS
v— b L TOMmEE ORISR %15, 30, 60, 120, 240
LTS, T DROEMBUE L ORISR %2305y T
BEE L TRREERLE He (Fig. 2). FFERICE
& DT & [EE L TR & ORISR 2 Bk &
¥, TOWNER{LE & (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 10pg/

ml.

@ : pooled positive serum diluted at 1:
80.

M : 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.

Bt R EE 1 - 80, HEARBUMAIRES 1 - 800 » EBk%
T, ML ORIGHHEE B S ® 2 A136057 AEIE
FERELIERENE b, Bk L ORI 2
LS EEA b 60 LBIRE LE Lz WREN Bbh
To. ¥l ROESAIKRBECESE, BEC
ETARENRE O,

et M FIC oW M, By b RREER]
NELEDLBRRCTED DD, BHEDLANED L
hi-.

VU EOFERD & i, R OB O B0 7 KRR ]
X, Zh b OREIMEREOBAIL305 ) HE0FRET
bV, BREDOHEAIZ 60510 1205BELZLEL TS
LBbhic.

BEROHEELEZEME LT, XEEEXDZZ LICX
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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 pg/
ml.

Pooled positive (@, B & 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.

VHERICET ZRE BT 2 2 L FETH 200 %
BT B, MiE L EEHEORKISR M ZR—& LT
£HE iz >EZ ORI % 15, 30, 60, 120 FLELE+E
WEEER RIE L7 (Fig. 4).

OT DHATRISHF 1553 Th BWEEEL /L,
OPD & 5AS DA KRR 155 Cld+ 52 ke
BRE ol FHARRREN Foh S KGR %
OPD i 3043k, 5AS TX60SLETHDR. —
¥, RISEER R 725 L IAMEME TOBRME S LR L
To. ZhIRMTE, ROE#FEO 7 L— F ~0IRRAY
Wk 2R L Bbhis. RERD S EMILTE & ik
MBEOHANE ARSI T B b, FHEFERHBEOR K
Wi ERD B L, FEBICHT DM &SR0 %
2 DORISERIX OT & OPD D#413305, 5AS ©
BAIT605 LHES hie.

ORI TRIBEEKT T 5 T BRI ORH
&, 5AS TIA4KERE, OPD & OT Tk #2
B2 ZE L. OPD & OT OfEMICL Y KiExH]
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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 10uxg/ml. Pooled positive
(@, W & 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.
W & 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.

EROBERIER NI TH O,

3. FREICHT D ERTERBE

OT, OPD, 5AS TiIEHRICxT 2REZMAFERIC
Rir 3w, SEREHT 2 ERNEREDOREE H
(Fig. 5). Z DORDME L BEiHbiE D KICHHIZ OT
L OPD TiX 304y, 5AS TiX 60 TiTv, HEDOK
ISR OT & OPD Tix304y, 5AS TiZ6045TfT
27z,

R B R T S R bR 5D OT
T, BBEL EHRNRE LELTZDII5AS THo
7z. OPD TixZDHHBEETH>72. OT £ OPD T
B EEEOESRFAE VWS L, BEMFIEVEREE
EoRTD, REHEMIEFEOREE b RRE < a0k

FatE I 3% TGRS X H AL, BRMEI i C HBA R v
R D B B AERPUARRE T 5AS T 1 : 200~
1 :400, OPD Tix1 :1,600~1 :3,200, OT Tix
1:3,200~1 :6,400THol. RITIXER LA
2%, OT (IEEMEHAISEE 1 3,200 CiXEEEEL. OB kic
RE L.
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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
(@, m & A) and negative (O, O & A)
sera diluted at 1 : 80.

A & A:OT. @ &£&0:0PD. m& O: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. FHBE X B MIBHEMGRIE

BEtEMIE R 1 40025 2fEFHINT1 £ 10,240 F THIR
L, FFEECOWTERE L &ME v CHEDTAM 2 ]
E L7 (Fig. 6). HUAMORR[IEHEMFREL ¢
40 TORENRED 2 fEEUEDHELE S 5 B ARIBE
Ll ToFHEL, RBHEME36FICk T3 MIFRE
1 : 40 TORIE DM FEHI EIREY Zh & DFEHD 2
FEMEICHEY LofERic X 5. 5 AS (2iEMbikEEL «
400, OPD ix1 :1,600, OT iX1 : 3,200 TfFo7=.
MIEFLAMIE 5AS Tix 1: 320, OPD Tt 1: 2,560,
OT Tit1l :2,560 L7ofz. 5AS OHEAIMEVIE
WM R R LA, ST L R ERE RO
EIZ X DT, FRMEMEDWIEEEN OPD % OT kY
%%%E<mékbt,iﬁﬁﬁ@fmwmafhaao



Substrate 5AS
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Substrate OPD
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o
n

40 160 640 2560 10240
Sera dilution 1:

Fig. 6 Comparison of antibody titration
of pooled positive serum wusing three
substrates.

Plates were coated with S. japonicum crude
egg antigen at 10pg/ml.

M : 5AS, 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 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 60 min with 5 AS.

EP, end point of reaction; 2folds of OD
of pooled negative serum diluted at 1:
40.

FAREICOWT, MIEFRIC & ZHEEDERZ
H#+5L 5AS ¢ OT Tix &7, OPD TiiwsR
PirAEERD. BZ L ZogiERNER b DR, WIR
X AMEMOBENELTHD LEDbRS.

5. Uk, BohlfRick ) EREORERN & ik
L, BB BRI E £ L DT Tables 1, 2
IZRLTz.

Table 1 Advantages and disadvantages of
the substrates for peroxidase-
conjugated antibody

Criterion 5AS OPD oT
Sensitivity low high high
Visualization 1
of reaction easy ess 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

z B

AHFE T2 72 B AR IR BUE DEEEDiLE L (ELISA
Zu— MR 13, BIMPEE 7 v— b EEELT,
gL KR&E, EhiZiT ofRiEsEeEms cEih
PREFROMITEMEY THE T25008320 EAKRE TH
5. FKICE, —ECSEOREKERL D LOBEL
R 2 REORAIC L >THIRMICHRITESZ &
mE, FlENLEN. L L, REEROZWEE, WER
D THBZENEE LWL, ARICXZBIEERS
2B, BEMFEOREERIEICH X gl
LB

ReEmEOFEOEEREIE 7 L — b ~DIiE, BT
ERPED FRRAEE X5 b0 E Bbhs.
T, RIEICRT HMEEER L ORERIBIZONTHI D
BEEEZBE LT OHRTEIRETHS. 40, EELD
EBTIE, FRENEEOBRREHVWTRICELESE
Bledic, Fr— bOBR, MmiE L EEREORE, M
75 LT L B O KGR 2 Zicon T ORI
HThok. BiZ, SEAEEZAVIHAIRNTL
— FEERTZZ L VREMEORGEMX S HICE
EThol.

RFFVF—EEEHEL LT, ZORE IS
ThWbDERWEEA, EEAREEEDZDICETE
BEOESMAZHEELT, MERCEHMEELL.
R OBREE RS CIPERIFFNT, HETHDI~
EThH5.

HIEROEHE % X5 72 IR EE DEHHLE T,
MERLEHHUER D RG] 2 8/ L T UMW RBEOH/L
NASHARBEL BRI LAEETHS. ZOHM
TEBEZHEL-H4E X4 /2 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 3X5 min. 3X5 min. 3X5 min.

3 Serum incubation 37C 1hr. 37 C 30 min. 37 C 30 min.

4 Washing 3X5min. 3X5 min. 3X5 min.

5 Conjugate incubation 37C 1hr. 37 C 30 min. 37 C 30 min.

6 Washing 3X5 min. 3X5 min. 3X5 min.

7 Substrate reaction 25C 1hr. 25 C 30 min. 25 C 30 min.
Reaction stop 1drop of 1 N NaOH 1drop of 8 N H:SO4 —
Total of reation time about 4 hr about 2.5hr bout 2.5hr
except antigen coating. : ut =. : about =. :

and Desgeorges (1978) (£ 5AS & OT z#Hi#kL, i
B OT DFERIC L > TERIUE, PUREDOHIK LA
EROBBEHELTTETD Y, BRECHERNEON
LTS, EFHELMNHBRL 5AS, OPD, OT
CBWTH, OT HE LY T, Wiz OPD, 5AS »
JEL 72V, EERRDOERE Hi.

OT DEHMEITRER L b L, iAo n
TH5AS ZHNWKEEDOR Ys~1s THHTH Y, %
DERNCRVIZEBT 5. £, BAIESHIAFAT
HBHDICHRIC LB BERIIEFICESTHS. BED
REZERETHOLR, ZORKZZTv— VEFRS
FeIeEEF DO FIF THEHNCLIEE & WE T TR T 5 0
T, OT ZHAWIABRIKEORE L UHES 2 TH T
DIFFEFFAECHE LTS LEbh 3.

OPD [ZRMEMED e dIZ FE & ORKIEEMEHT TITH &
WHOKEMS DY, ARICX S BEDHHE X OT ®
5AS 45, L2L, FORBEFELEELTVWED
TIEMESTEMEET 25HAIC EH & BE b
3B bhs. EHARC DT H5AS 2HWE
BA DK s~ sTHES, WERD LD FIRE TH S
T, BIE, YUHIE= T OPD 28 ¥+ % I o
7.

5AS AW TIEIEMRIELZITD &, ZOHAMM
X OPD ® OT ZAWEA LV LKL 5. chit
HBEORECRRET 5720 T, FiEIC X 3HAMRIET
FAWEBEE RS S RESLETHSS. £, M
1% L EHGTER O RIS OBEIC X 5 METUEMmRIE~
DBIfEEShBBBETHS. Zh b OKIERER%30

L0 THET S L, 605 T304 X Y BBEMETE
WIRRER S DN B2, FRMEMLIE OURIEEE b i & 2
Pk DIFRFRAEFE L Y ERT 5720, FERMICIE30
ST H605 THRI—DHUEM L 72207z, #E2T, &M
BEER B L L MiE P miE d i & Skt o K
RICRE BB ZIRNnLOLEDbRS.

FL— h~BETBHRBEICOWT S, $BaEED
R X 0 SIS TIRE T, BRIV %5 10pg/ml OHL
B%5~1pg/ml ZKESHLTH OT £ OPD TIIEW
EREFE ORI, IS %, SEATROMELE
b5 OHFRENIER, B IRESEACE
Rk 255,

RNVF XV F— CIEH RO KBTI ERE RS
WGBS ShTRY, SH%OFEHICKEL, R0l
BELETHS.

A A 0% BUE DS I IE R ML & LT, BT
fkik (ELISA 7°L— M) 21T00. A Xy —¥
PE#HHA L UTHYY, 5-aminosalicylic acid (5AS),
O-phenylenediamine (OPD), O-tolidine (OT) N=
BOREE 7 — MEFRSEEF OFIFIC X b ik
AL, UTokEREHFE.

1. REOREN LHMEL T2 &, Bi#EOPD
B, ®BEFE OT MHEbEL TV, OT DHfE, HE
RIS305y LAREIC BARICIBEET 2 DR KTH 2T,

2. WIRIC X 3REVHLEIX, OT & 5AS MMEh,
Bt & BRPEIIE ORI E S Th ol
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3. BB EELY VWA Z &£ TELISA 7 v— hED
HEDFRETH DT, 5 AS TIRBIERIEDORE 2 5
%, RICEREICK 4B 0s2 7223, OPD % OT %
AnaZ LIz X VR 2RERICERT 2 LA TE .

4. EHNGRISBAREEETHVW5Z itk D,
5AS Li#T 5L OPD TIRED Yi~Ysiz, OT T
FZ DY s~ 16l KT T 52 LB TER.

WATHIO B/ HBRE TAREIC X 5 MIEEEREE T
B, OT % OPD A EDMAKRENFERHL 7L— 1
EHRRSEREHOFHATRIGOEER, fHifElk, KO
BREEIEORDZ LD LEDbRS.
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; Abstract |

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

MINORU NAKAO, HAJIME MATSUDA, HirosHlI 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 113)

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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