FAEAMH (Bull. Res. Inst. Bioresour. Okayama Univ.) 1:167-174 (1993)

WNHAED D WBEERYTA 7)) ¥ 7R MW ZELISAIZ
$5F%27) YA 774 N AD B R

HIH P& - 5 & - ERAE

Highly Sensitive Detection of Cucumber Mosaic Virus by Using
Fluorogenic Substrate or Enzyme-Amplified Assay in
Enzyme-Linked Immunosorbent Assay

Takanori MAEDA, Nobumichi SAKO*
and Narinobu INOUYE

Monoclonal antibody (MAb) was applied to a double-antibody sand-
wich ELISA (DAS ELISA) for highly sensitive detection of cucumber
mosaic virus. Alkaline phosphatase-labeled MAb with high activity was
used to raise the ratio of specific- and nonspecific-adsorption of conjugate
(S/N ratio) on polyclonal antibody coated solid phase. Also the assay with
a fluorogenic substrate or an enzyme-amplified assay which is highly
sensitive for measurment of enzyme activity was employed to increase the
sensitivity of the assays. This ELISA systems proved to be more sensitive
than the conventional assay using p-nitorophenyl phosphate, and could
detect 100 pg/ml of purified virus.

Key words: Cucumber mosaic virus, Monoclonal antibody, DAS
ELISA, Fluorogenic substrate, Enzyme-amplified assay.

#

Double-antibody sandwich enzyme-linked immunosorbent assay (DAS ELISA) o#k
MR NERICE D EAENLY, BRERHZIT) ICIIBERESIUK (2> 227

Research Institute for Bioresources, Okayama University, Kurashiki 710, Japan

Frk 54 1 B14828 (Recieved January, 1993)

BRI OH—ERITIEFI6] ~63F E I ARPEM R (HBWE 1) k- Urtbhbih/:, #8s "€/ 70—

FAHEERETOHEWRE AN RO BNOEY » EB1, REH EHEH), REEYS
r61860005

* R E K RAER.

167
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—}) DEMENORRIEEE (S CIEFENEER (N) Ok (S/NK) »Ev2 s, &
UBRIEN A SBRECRETE 2 2 LD 2 AHUHESEGTH B,

Hi# (Maeda et al, 1988) 2B\ C, BalEX 27 ) ¥ AL 77412 (CMV) 12344
X/ 7a—F NHUKE R TER L ZBEERIRIE 7 X0 K ) 7o —Fuditlkon 2 n
N LERESHSERmAZ LA REL 2. AEBRTRSEEOBRERT ) 7 o—F Lk
VLI LI2L) S/INRAEKRESCT 2 EbIc, BRFEEOEBERGICHBES 2 \»
WBEERY A 7)) v 7R EAT 222124 ), DASELISA 2 & 2 CMV O#EEER %
ATz,

RSN OERICH 720, HEZ D > T2 vz B S R R A YRHEIT 3R R AR S i 12
#EEET 5.

#HE R U HF X

1. YA

AEBICIZT~NTCMV 83R (CMV-Y, #L- B, 1960) 2 HW72, 74 L AiE 73
a2 (f#E, White Burley) & % V237 L 03D L EEH (RTH 5, 1983) O HEEICHE -
THERLL 72,

2. ®Y sn—F Ltk (PAb)

PMFIIRERL 2 CMV-Y 279 X272 230 b E iz 4 BIFRES L TESL -,
APMFITERSNVNZERBGET 1: 2556 Wiz A3 230 ThH5 (BiHS, 1985). Him
HEH L LDBES NaBEL VB LS I HE2 7N — VT AT e FAEE L CHESL
L 22 ANE B TIRIL L 72 (Clark and Bar-Joseph, 1984). IgG (3$iiiE & 1) wiZctatriE &
WDEAE-vnw—2AhF 6707574 —I12 X DR 7.

3. ®/70—F Ltk (MAb)

8L 72 CMV-Y CHRIE L 7o =7 20 JIE#E & FR <7 2ZHRo-FHEM (P3UD &
AR FL ) a- B ) aAe Y, BRAFRECL YV IREEY—7 70— %215
7z (Maeda et al., 1988), MAb 3 "A 7Y F—=% > XDMBEHERNICHS L TEE S ¥/,
AEEICIZE o MAb-2 2t L /2. MAb-2 Ol /KF o Sl id i ELISA T 1:
1,562,000 TH N, PRV 77 7 213 1gGeTH 5. F 72, MAb-2 {3 CMV D kIF K ¥
D-protein D & ET 5 & & 412, CMV Y & Pserotype 23t = & F — 7" % 38
T Atk TH 5 (Maeda ef al, 1988).

MAD (3K & 1) Protein A-Affi-Gel # 7 4 (Bio-Rad) # W27 74 =74 7ua=} 7/
TT7 4=z E OFERL 72, '

4. BREBREF

1ml @ PBS 12iAf# 1 72 PAb % 2 \» i3 MAb (Img) 122.5mg DT LAY KA 7 7 ¥ —+
(ALP) (Type VII-S, Sigma) # &L, PBSicHL TEHE, VI —NLTILTE F%
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B IREAT0.06%12 % 5 & 9 1oz Figic 3 K . BEERBURIZ PBS 12 L TEMTL
7zt BSA (19%) KU NaN,; (0.02%) %mz 4C’C17kﬁl,f:,

5. DAS ELISA

ELISA |2 Clark and Adams (1977) O FEIZH#Ew, K X?‘ L > 7 v—1 (Nunc-
Immunoplate I, Inter Med) # Hv»T47- 72, 3—7/7¥L T RTHOERIZTH XD
PAb QQug/ml) #H\w/iz, A NZA%R T TEEDL MAb A ar—FHbWIZ
PAbor P ar—LF2IcEER, IgGna—7> 73 30C, 38R, PUENEIGIE 4T,
16 B[], 2> 2 27— F ORIGIFI0C, WM & L 72, ALP &I LUTIC R~ % 808
FEHDLCEIEBEYA 7Y THBEICE VTR b B, —HOERTRILED 25 p-
nitrophenyl phosphate (NPP) # w2 ik d47- 72,

6. ® X &

W TIE ALP 3 & L T 4-methylumbelliferyl phosphate (MUP) # v 72 (Tor-
rance and Jones, 1982). 0.1M diethanolamine (pH 9.8) 1Zi&f# L 72 MUP (15xg/ml)
# 1AHN200 2] TOAN30CTLEMBEE 29, 1784050 x1 o 3M K,HPO,-KOH
i (pH 10.4) 212 CRIGEEIE 8472, 3 RORIGH 2 s, KUK TAREIHRL
W R ST — BN R B (B RF-503 BY) 2T, BhAREE : 368nm, H#OGH
£ 1 448nm DG TRIE L 72,

7. BEYA4 ) 0%

Be 4 7)o 23R Stanley ef al. (1985) 12 & - TR E iz ALP itk o) S e
WEHETH L, AR Fig. 1I/RL 72, EBERBEL2EGEILT 22OICMENEDNT L
:z—wﬂi@tmi%ﬁ%;%&w-‘;? T —LORAERICX ¥ )Y — L TBSA &Nz, 4T

TG L TR L 2 b o R AL 72, ’

0.05M diethanolamine, pH 9.5 (Z#&f## L 72 0.2mM NADP+% 1 AH 72 Y80 pl Mz, 25C
T10-2053 B R & 472, >RiZ amplifier & L T12ml D 3% =¥ /—N%2&1:0.026M Y A
EeARE, pH 7.212 3mg 72— BKERER, 3mg P 7H 77—+, ImMINT-34 £ L
v P RIBBRLHE R, 1 AHTN160 ul Af, 25°C TH-105 IR E 7z, 0.2M B % hn 2.
TR %AEIL L 7206, 492nm CTHORNER2 <4 7o 7L — ) —F—(MPR-A4 ®, ¥
T ) THlEL -,

X B & R

1, HAEIZL 3 CMV O

PAb# a—F > 7 L7 L — MZEFBEFRL 720, 0.1, 1, 10ng/mloE8CMV % 2
G X7, Rz, 2BREERLZPAb 2> 24—+ (800~6,4004%) & %3 MAb =
Y ar— 1 (3,200~25,600 E5EH) £ G, BB LIRELZ., ZoFETAL
ZMEORIZBITAEREEZ 1 L, FREFNDOT AN RBEROMANGEEEIL £ N
2T Al TERL 2.
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NADP*
ALP \
Pi
A 4
Formazan NAD* ethanol
alchol
diaphorase dehydrogenase
INT—-violet NADH acetaldehyde

Fig. 1. Enzyme amplification scheme for assay of alkaline phosphatase (ALP) activity
(Stanley et al., 1985). ALP catalyses dephosphorylation of NADP* to NAD*. The
cycling of NAD*-NADH in a redox cycle reduces tetrazolium salt to an intensely
colored formazan dye.

FIREBRDFR, 2> Y 25— F OFRIZ MADb Tl3212,8004%, PAb Ti33,200f% 5 # Y4 T
brrEb (EBHERIIRL TV,

FRAOFEMICLEI) MAb 2> Doy — 2HVWTHREYA VL ZADOKRE®21T- 72, &8, ME
ELTPAb > vy — L7, Fig 2lcm$ LIz, MAba> 2oy — L #H0w
23E, ANV 0.1 ng/ml CHEXNMEIEIREIZR 1.6, 1ng/ml TH2.2TH - 7275,
PAb o> v a4 — 2B 72384, 0.1 ng/ml TIZEEEEIZIT & A E¥ME$, 1ng/ml T
1213 &ELh -7, B, MAb2> D24 — TR 0.Ing/mlT7ANAEREBTE
», PAb o> Yo — F OBHEEIZX 1 ng/ml TH- 72,

2. BEYA 2 F%ICL B CMV ORHY

FhEEB L L CNPP 2 AW hfagk  BHE Y A4 7 ) > 7802 L 2 ALP &0 llE R E
DI EAT - 72, EBRIZIEMAb 2> P 27— P 2 BB ARL 2%# %2 ALP BHEHER O
HBE LUCHHL 724% Fig. 3Tl kIR (7)) > 7Eic k5 ALP EE0RIZE
TREIZREKRD NPP Z v 2 B B L Tk ) &Ed - 7z,

kKiz, MAb 3> 24—} 272 DAS ELISA IcBEEW A 7 ) > ZFEEZEAL, i
T A NADKBEIT- 72, FHEBROREFEL D MAb 2> 22— 310,000 % 1520, 0001%
T A7z, NADP*ORJE : 20478, amplifier & : 1055 B O & TR 24T - 7295,
EBEDY 4 )L ZBERIZBW T HEBE W ELISA EA2 155 1, #ORMEEID 0. 1 ng/
ml ThH Y, NPP XAV AERDBHEL ) L &E» -7z (Table 1),
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Fig. 2. Detection of cucumber mosaic virus by DAS ELISA using fluorogenic substrate.
Polystyrene plates were coated with polyclonal antibody and then reacted with
purified virus. Trapped virus was detected with alkaline phosphatase-labeled poly-
clonal antibody (O --- O), at a dilution of 1: 3,200 or monoclonal antibody conjugate
(@ — @), at a dilution of 1: 12,800. Enzyme activity was detected with 4-
methylumbelliferyl phosphate as an enzyme substrate.

% =

DAS ELISA oIt s 0 BRI L D EA 3N 55, ERERHNZAIT) T, 2>
U2 r— F OEME~NORRIEER (S) L IEFRNESER (N) okt (S/N ) »vk&wZ
EDUETH D, iz, S/N I KECTLTANATHEE L3> Y 2y — | OBERIG
WP ERETHETCE LT NETERERBIIRLL v, AERTESEEDBERER
MAb #HWAZ X2k ) S/NHZRELCT 2 L& b0, BRIGEHEOSREMNELTH bl
Yehh BV IEBEYA 7)o VTEAEATAI LK), CMV o@ERERN 2 A A,
el NPP b hic, ALP LG TH B MUP 2HW L HETH Y, BERFEROHI
EREIX NPP 2 v 2 oM ERTH L EEN T3 (A, 1982). F/:, BEHEYT A
71 > 7 ALP 38 & LT NADP % vy, BEEGEEY O NAD % 7L a2 — /Ui
KEWRE TR I—VIo L 2EIL—BTY A 7 iz, 787V )7 28E(ANT-34 &
vy b)) PEIEINTEL R BIER L HBERT 5 HETHY) (Stanley et al,
1985; Johannsson et al., 1986), % ALP @IEREIZ#EHEL 0 & bicdEs . (/i
1987).

MAb 2> 2 24— FRUPAb v Yoy —F 2RV EHEEICL 2B 7 A L ADK
W% 4T - 724558, PAba> Y2 — F ORMERE X1 ng/mITH Y, LMEELEEETH -
7255, MAbz > Y a4 —}+Tli0.1ng/mnT7 A VA BEF THRETLZ EACEL, A
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Fig. 3. Comparison of conventional assay with p-nitorophenyl phosphate (O ---() and
enzyme-amplified assay (@ — @) for measurement of enzyme activity of alkaline
phosphatase-labeled monoclonal antibody.

t, MAb 2> v 24—} DiEEIE PAb 2> 2 24— b L) L EW oIz, BME~OHTH
IR RIBES A ), FORES/N LI KREL LI rick> TRBEDT A L
2RI THRE L I » 72 b D X Bz, Torrance and Jones (1982) i3 PAb k# k%
w72 DAS ELISA 2 & D BFEORY T A W ADKRE 21T > T 505, 74 VADOBHEE
He i st | Tprune dwarf virus, apple mosaic virusTl3 2 ~ 4 £, potato leafroll
virus Tl 4~ 16458 72 2 & 2 W& L T 5. REBRICB W T PAb 2 W84, st
BhEHL TLHERD NPP 2 H v 5 gk s B L T A LW ZDRIBEES LR L %5 -
Prokhh, AEBRTIES/NESPZFIIZERELS oo LK E iz,

—EE, R BB HEL T AN ZDOBRBEBRE S kb2 b, BYSY
BWTEECAYWSLR TS, L, ZOWEICIIEERR TH R Eitd 5
WidENT A 7a 7L — ) =2 RSB T2, HIECHROABRHEENI TE LK
HEH Y, WMYREYENDTETIHIZEAEERL Thwicw, 4, 215 DB
HHEDITHEY T A N AEDFEHICBWTLERTHLEEL LD,

F72, MAba > Y2y —F2RHWEERY A7) > 7L > TLCMV 2 ERE TR
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Table 1. Detection of cucumber mosaic virus by using enzyme
amplified assay in DAS ELISA®

Virus Dilution of MAb-conjugate
concentration
(ng/ml) 1: 20,000 1: 10,000
0 <0.01® <0.01
0.01 <0.01 <0.01
0.1 0.04 0.04
1 0.12 0.17
10 0.65 0.67
100 0.91 1.05

a) The ELISA procedure was the same as in Fig. 2. NADP* was
allowed to react for 20 min and then the amplifier was reacted for
10 min at 25 °C.

b) Absorbance values at 492 nm.

W3 B2 b TER, BEETA 7Y > 7kl MAb 2 Bvw7z ELISAIC & 3 & b o) B #)
BokLE > (TSH) i TH & 1 (Stanley ef al., 1985), = OB HEEIZ NPP % Hw
LUHEHEDHTIETH D Z EHTREINT 5,

Torrance (1987) it barley yellow dwarf virus I/ L 722> X7 RMREFET 77 L
PEDTANZORBICAEL BV THFER2B T 5, BETA 7)) > 7didaoiE iR
BN, WEEcHwWLnbwA4 707y — ) —F—DFR»TEETH ), RISHKROH
BHEITE 2, Z2OKH, HHT 2RENEESF LN LHICRBICET 2REIE %5
2 &, RUREKRD KA B L CRIEDEMETH 2 REDH 5, THE, RERBOBE X
FAAFTED LI, WAL AoRE, ZENCEL AN LIk LD
ERbns,

Ll k902, &gt MAb 2> Y2y — L+ CEREOBREHIEEY Ans 2
Yizk 0, CMV OERERIBATERRIC 2 5 2 X A L0 % - 72, K7 A W AED 5 E
128, ELISA 37 A4 V2o, 28icZ AL nTE ), 3Tz 2nF A R
ENTW3, LorLl, VA LZAORESLZH 2 L DEELL, »OBIEZMET 22012,
HB—EBOEBRER B EET N T3, —HIIC, SBELEBSLEIIHEIT 3
LOTHDLID, BIREISERENLZ LI2L), BBICET 2REOEMRL Y, L0 —
BB WRIC L b & FEZ LNb,

] -3

DASELISAIcE 2% 2% AL 79 A L AORBERERNE* A4, 2—T7 > 7HfK
(EIEHUR) & LT ¥R 7 oF bk, Riibik (BERERMUK) & L TEinED
MAb 2> Y a4 — 2 HVv5 2 Eic k) BHAOERNRAEER & R RNEAERNH(S/
NI #KkE<{(F5EE b0, BEEEDSEREDZIC 4-methylumbelliferyl phosphate #
v 3k d b IZEEEY A 7 ) > ZHE# HVv72, WL p-nitrophenyl phosphate # M
VRIESEL ) LT A L ZDORBEESE, 100 pg/mIDREE T A VA EFRET 5T LA
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