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Enzyme-linked Immunosorbent Assay of Plant Hormones

Ki An Noh*

ABSTRACT

In spite of the develovement of highly sophisticated instrument, the precise quantitation of plant

hormones still has many difficulties. Due to their high specificity,

sensitivity and minimal sample

purification steps, immunological assays have been widely applied for plant hormone assay. Enzme-linked
immunosorbent assay technique for the determination of plant hormones was developed by Voller in 1978.
Immunological assays are accomplished by competition of labeled tracer antigen and unlabeled antigen for
a limited number of specific antibodies. The use of enzyme as replacement labels for radioisotopes
enabled much of the sensitivity and specificity of radioimmunoassay (RIA) to be retained but without the

inherent disadvantage of high capital cost, potential health hazard, and short shelf life of the labeled

reactants.
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Plant Hormone 2] +4& 4 A4 24 H9 F4%&,
FE2EATY FHAAERE AAste A, ojol4
A% Aoz ol FolAn FAwoTNE QB
A4 (bicassay) o} &l ~3}edql wiEo]
W2 485 g

v olst e WYES FEAYTY €4
(loss), &Y YY low precision, Ee| -3}
A 449 low sensitivity, 28| 3 &-& 4|73t
AlefbEo] 8%+ S s T Yk

olgh 2 FEAAY el Eel -ahehalql 24
9] EAAE S8317 95t Fuchs and cowork-
ers= 1971 &2 949 28E o]&% immu-
noassay & g2 Austgcel 2y o9 $%
2 ol gAAeld o sensitivity & oFF gtk

1976 d Weiler and Zenk + Berson and Yall-
ow (1959)¢] a4 Ause] J4xes A4H
o] ¢x Radicimmunoassay(RIA)E 4% 52 %
+4e] =3l 24 LEZ Sensitive 5t Spec-
ipic¥t £4o] 7bssA =9l 28y RIA &
azte Azt Rashd, g4 BAe g ukz
7, AFAY A 9 =@ AE Al iy g3 3
< = o2 2A3E sHAx gsh 19789 Voller
t B4 o] 8% A9 ¥A 24 Y (Enzyme-linked
immunosorbent assay)-& 7§ o]9} & T
% T8t A Sensitivedtil Specipic & %4
o] 7bsstd HoezA AEFE R FHygon g
o]-8=ln Utk

¥ review?9 HAH 2 Enzyme-linked immunos-
orbent assay ol 2|3 A& ZTEBE 246 Heg
x4 e e A2 Do

¢ RERHRET SR Institute of Agricultural Science, R.D.A., Suwon 440-100, Korea.
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RTHE

Immunoassay ol ¢{¥ 4% 32 Z9 +4L A

Plant hormone
+
Protein(BSA)

+ Adjuvants =

Antigen synthesis

1. Antigen ®H=

1) Antigen

HA e glo] g AE TE2E 49 4so
F+ $43 92 immunogen ol &4 H-L5n of
@ immunogeno| & I uWel4 =HIALE o3
3HA] Q27171 S8 A= Moleculer Weight (MW )7}
10,000 o] 4fe] =lefof Fhe}

Immunogen & MW Z7le] =}2}A antigen¥
hapten 22 F9W gt} antigen & MW7} 383 #
A d5ezs FEAVlY & 44L& fLA2
T A BAR Ad=e Ul MW A4 =
4O 2L antibody FA4E LAY ¢ glAn
protein 3} o] MW7} & ©h& B33} 2¢s §
W24 A93tgE 4o 4 Aew o FFAT
Ab-R5to] ulE antibody o) 814 & 5] (specip-
ic)8hAl W8t EAL hapten o]} o ihe,
plant hormones & MW7} ®eJ4 2% hapten ol
43cd weldq BSAS 72 protein 3 AR ¥
Bl 247t antigen 22 A18¥ 4 Yt}

plant hormones 3} protein 3}2] AHH-L o2
7475} 9l =jq} )7} plant hormones W24l carbo-
xyl groupoly alcohol group & %3 4ol 4t
4+

ABA, GAs, IAAE £ T&WY
group 3} protein 52 free amino group (53|
lysine residue) ™2l peptide A& ol ol
geh19 A guby -2 Mixed-Anhydride % o] .12
Carbodiimide 91417 o] o] &R}

a8yt Aol carboxyl group ol Sl cyto
kinins ¢] 83t
t}. o] o] periodate cleavage §8 %1319 & o]
it 2 ExE aAg oz A4 we di-
alcohol group 3} protein #2] A{o] FA =2
¥ 12 ABAS} proteini}e] €454 < Jelua
dew 2% 29 32 A zeatinriboside 8} pr-

carboxyl

zeatin A% zeatinriboside &

Al antigen ¢] ¥4, antibody 44k a®lm 44l

% antibody & AHE3 AREHY 33Pow <3
et
- Injection to animal RIA
« Serum collection ELISA
. Sample
Antibody production determination

otein 39| FAdz| e 4 & e gtk

2) Adjuvants

Antigen o] #i9] antibody Q41 F4l17171
AdAE T A4y FEI dAsHA FA=
olof §trh o]sh L AL wFAFF] HHMAE
£%9 antigen & o2 FASAY =t olwl £
A3t o Tkl A el Ao §Fo] A4 35 Yo
vl st 2713 wiyje] slsdle ¥ e
A2 Adjuvantsetil 3+, antigens} @4l  F4}
so] FEY dd3tLE A S EA= A
o 4+ 3+

Adjuvant ¥ mineral oil, A= €44, =A%
o AAz TAH s4E A 45 gt
A complete Ad juvant® incomplete Adjuvant
66mg ABA/(lml dimethyl formamide

0.5ml distilled water
dropwise

BSA 125mg/3ml H,0, pH8.5 with 0.01M NaOH

While stirring pH kept 8.0

N-ethyl-N’- (30dimethyl aminopropy!)

- -carbodimide hydrochloride 105mg in
4 vortions over 90 min with constant
stirring

The mixture

incubated (stirring) in the dark at least 19h at 4T
dialyzed against water for 4 days

lyophilzed

|

Stored at-18TC

Fig. 1. The procedure of antigen synthesis of ABA
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I H H 10" | H H X
P-—(':—(l:———c—c——CH,OR P—C——i) f—CH—-—CHzOR
H OH OH H H O 0
PH9-9.5 1 R’NH,
l H H NaBH, I H H
P—C—COH HC-C—CH;OR *——P—g—-c OH HO C—ﬁ-—-—CH,OR
H
CY N
R R’
STABLE UNSTABLE IN ACID
P :Purine or Pyrimidine
R:H or E’-— OH
0> OH

R’ : Protein backbone : ie the N is supplied by the lysine residues
Fig. 2. Conjugation of riboside (tide) to protein (Proc., Natl, Acad. Sci USA 52:69)

ZR (10.3mg/1m! MeOH)
~——5ml 0.01M NalO, over a period of 7 min

Clear solution

Stir for 13 min

-—40.3ml 0.1M ethyleneglycol (30 umol)
After 5 min

|

The mixture

added dropwise to a stirred solution of 100mg BSA
in 5ml water adjusted to pH 9.3 with 5% K, CO,

pH was kept between 9,2-9.4

after 60 min
l<——$olid NaBH, 5mg
after 40 min

l-‘——Solid NaBH, 5mg
after 40 min

pPH was lowered to 6.5 with 1M acetic acid

Stirred for another 2h

|

Conjugate was purified by dialysis against water
(3 days at 4C), lyophylized and stored at -18°C
Fig. 3. The procedure of antigen synthesis of
zeatinriboside

L
E 1& 713 W E34ql Freunds Adjuvant®]
4 482 Jehia gl

Table 1. Composition of Freund’s Complete and
Incomplete Adjuvants

Components Complete Incomplete
Mannide monooleate, 1.5 ml + +
Paraffin oil, 8.5 ml + +

Mycobacterium butyricum, 5 mg + -
(killed and dried)

o 7l4 mineral oil & £4428 antigeno] F
A B-Slel »Ee A sl Al YA = 24
]9 antigen ©] mineral oil W-g¢ e E=)
3l e (water in 0il) & HAsIY g 24 59
AFo] A8 doluA gk vlAE A =
o z24¢ AFste g g

Adjuvants 8} antigen(0.9 % Nacl 488) 3}9
EuEL 1:1(v/v) A= ) Eguye
rapid mixing, sonification 5 Ay} 7t Qe
W Eg e Ak B ZTdel WeE o=y
A B o ek wef Bge] & o] Fo{Fcwl
A uge 2EWoR HAAAn FTyYLYeE B
Edolvt wFo] uhgo] Aol Y= Az &
AsHA "

2. Antibody 444t
1) Injection
Antibody 44-& g W4 FEZ£ rabbit,
goat, gunia pig. chicken, rat, dunkey, horses
o] 4¢ Fale] weld A4H.A89 4 deonQut
3 o2 New Zealant White Rabbit 7} uke] A}£3
o B, A FaAY] 5 AAsia x2a
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12345510 4 o) owl zjekq)
E Qeqd 4 el Faukye
4l A2 complete adjuvant ¢ s F2}8}bH pri-

729+ tolerence
primary injection
mary response 7} A9 EWF booster 24 seco
ndary injection & &t} Secondary injection®
BEE oln Azl aAE e AdolnZ
incomplete adjuvant 8} ¥l Fa}sle  FAEE
Uy Fodof glel

2) Serum collection

Antiserum(antibody)®] ## & booster injec-
tion 2238 2% 1~2F Fol 4%

A7 gol-2 5000xg, 154 B2 Yaldelsl
o] serum(antibody)& A& gtcl o] o JUF 4

Al JAEe]E 3 hemolysis (cell lysis) 7t 4]
vzz A48 rpm "n'z]?i}“?"}-' gkel  serum
(antibody) 2 xabMol 4 e oFgt A a4g =

uH—,— A st —20~~70 COIM
5ot L84 FHAHFAA AR ¢
) AR5 AR o Zol Ebsl A=
22 serum® AF L 24 A7 AR
Ze] wpgasiel

7t wate] 7t
2l o™ serum

o
(=]
ASsk gle

A Foll 3t

o

o

3. AREY

1) Enzyme-linked immunosorbent assay$] 7]
24 4 T4as

Enzyme-linked immunosorbent assay(ELISA)
8 sledel = A antibodyol tsted enzyme
28 label® antigen 3 label 52 &2 antigen
Bel AR AYA A o] FoiA= olef AEH
tracer 2419
shsled Y45 = colour 8 FHE
T8t J2ln ’T"Q-S--x-i'ﬁr
(ELI SA plate), buffer solution, enzyme, subs

ek

substrate &
zRgozy
solid phase

enzyme ©] T4 ]

trate 5|
{1} Solid phase

ELISAe|4 solid phase+ antigen o]} ant-
ibody & -3, 13t HeH oz b33t EF
Soggera we 2AL Pelshe 42e e 4
£5l+ A 2= polystyrene, polyvinyl, polyprop-
ylene 5ol Qor =HAutSEre] HgYol I

FAsle] oF 8bH -3'

430 w4 e
Walz) 2] Holok dhrl FAbe A E Aol
(2) Buffer Solution

Sotet 2ot

ELISA¢] At-&5+ buffer & antibody Y ant-
igon o] ¥ &4 A}-&5= coating buffer, =Hut
59 Aol AlHA AEs & washing buffer,
peroxidase ] substrate €& 4] Al&5 Citrate
- phosphate buffer %o] lom oyt oz clga

Z-Z buffer To] 4§51 3Urt

(® Coating buffer
Na,CO, 1.59g2
NaHCO, 2.93g
NaN; 0.2¢g
in water 1L pH 9.6
AlgollAl 2F U3} 75

(3) Washing buffer
a.PBS-T(pH 7.2) b.PBS-T(pH 7.4) ¢.PBS-GM(pH 7.0)

NaCl 8.0g  Tris 2.4g NaH.PO. 0.84g
KH,PO, 0.2g NaCl 8.0g Na.HPO, 0.85¢
Na,HPO, 2.9g KCl 0.2g NaCl 17.5¢
KCl 0.2g Tween20 0.5m!  NgCl, 0.0lg
NaN, 0.2g BSA 10g
Tween20 0.5ml Gelation 50g
in water 1L
% Peroxidase 7} 43 A28 73 % NaN,2 AdrsiA
oerct.
(0.1 M citrate-phosphate buffer (pH 5.0)
0.1M citric acid (19.2g/ 24.3ml
0.2M phosphate (28.4g Na,HPO,/1) 25.7ml
H:0 50ml
(3} Enzyme and Substrate
ELISAcl A}-€5%E enzyme & alkaline pho-
sphatase, peroxidase % f-galactosidase 50}
et
Substrate £ ¥l 7] Aol 74 (colorless)
o}z at enzyme o o &4 Falls= sl ok

A& wallof gteh
rate S dolr

(@ Alkaline phosphatase:
opheny!l phosphate 7} A}-8-55] A}&42 1 mg/
pH 9.6 containg 0.5mM
Mgelz )8 552 stEoiA 02ml/well®] oz
A Lste] 412 3M-NaOHZ A A7 % 405~
410nml A FAEE FH ¢

(@ Peroxidase: O-phenylenediamlne(OPD), 2,2’
~azino-bis (3 -ethyl benzothiazolin-6 -sulponic
acid diammonium salt(ABTS), O-tolidine, 5-
substrate2A4 o]

7t enzymedt Ab&-5= subst-

Supstrate & P-nitr-

ml ( coating buffer

aminosalicylic acid(5AS) 59|
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T2 2T F4EHol=R AFA FYsidof 7
ABTS® #ZA$% 50mg® 100ml® 0.1M citrate-
phosphate buffer o] He§4 ALz 30%(v/iv)
H:0: 10ul & 716k 0.2ml/well & ot o2 4}
3w 415nm o4 FHEE EA 3 OPD+ 40mg
< 100mle 0.1M citrate-phosphate buffer ol
o 30% H20: 40ul & #7185t 0.2ml/ well®] oF
28 ApgRIn

OPDE ol of-¢ cllstme «-gxjald Al 25
oo §» 4k$-2 25M H:SO.8A4
492nm A4 FHEE 2AHY 1Y 4 £ peroxi-
dase o] @3t substrate £9 432 Wbz Yok

CEDEE

1.4 k- [Ny OPD
»—=—% O-Toluene
o—o0 ABTS

60— 5AS

1.2

—
(=]

E492 Absorbance

1 1

107 107 10°°
Serum dilution

Fig. 4. Comparison of substrates for peroxidase

(Voller 1979)

©§ -galactosidase: 2 -nitrophenyl - 8- galactopy-
ranoside 7} substrate 24 50mg& 0.1M sodi-
um hydrogen phosphate buffer (pH 7.0) 100ml
of ¥4 ALgsl™ 410nmeld FFEF 2 g
2) ELISA Procedure
LA $HAYY L dstx s YA at pla-

nt hormone & H44] dulx oz o8& Sz}
o] gsict
{1) The direct. competitive enzyme-linked

immunosorbent assay(EIA)

Moz EIARAE FASs o] wy?.laizm
< 4 +43tx3lE plant hormone & tracer
¢l enzyme 3 #H3h, label sledof §iel A ghulyle
antigen #| 4] hapten (plant hormone)3 pro-
tein®] Z¥¥# FUste plant hormone(antigen)
3 enzyme o A¥A (Ag-E)7F 4= a2
o] il 47 AHgElne 49 B4 (Activity)
7t el 2z YEE Fosteiel jieh Ag-Et &
AslH ELISA plateo] %A% antibody (Ab) &
Bl 247l h& e 2 plate of Ovalbumin o]
Y BSAS} 22L& protein & 3l antibody7}
AYs]| A& plate 2] AL coating Fo2A
Lol 2]l€ enzyme(Ag-E)3} plate 7+9] A H
o AE WA’ Ao dAPY Ag-ES} ok
< Faax s+ Ag(standard or A|2)& A
7t 24 plateo] Ao} g+ antibody el
&l enzyme 22 label 3 antigen (Ag ~E) 3}
standard Y} Al 259 free antigen (Ag) =9}
A A Aol Aol el gl ARFe
free antigen (plant hormone)?] <ofo] del4 1
Asel gl antibody ol HYY F A& Ag
-ESt Agd ul7t AA oA oz Abg
A8t XY Ag-E9 AgE AH AAL F su-
bstrate & #7lgto 24 ELISA plateol 35l
Ag-E29| ko] weld substrate 7} 28, H4A 5
7t AR olo] wet FFEE ZAgPo 4
Tsld s+ Ag(plant hormone)] %-& Lopy
T ok 2" 5% o] HYyL el Fa gt

{2) The double- antibody, indirect enzyme-li-
nked immunosorbent assay (ELISA)

{22 ELISAZ EASE o gy 2 ¢
4 ovalbumin 3} Z-& protein 3 plant hormone
2] Z3A (ovalbumine-Ag) S uhEc}l o] oo A
4 94 antigen o] A Z48} e &2 pro-
tein 3} antigen ® A¥HA QA L plate o]
Al o7l A AL antibody(Ab)S} an-
tigen (standard or 4] %)2 #H7}AA o] antibody
o] Hale] plate ol o]v] :Ase] Ul protein
A% antigen 7} H71%  antigen (standard or
Al 8) tolell BA Aol dojdct o] WE o
Al A7t antigen & okl weld  nA S
antigen 3} A 7}5l antigen 3} @ =+ antibody
o vzt A slelalc e AHAYL Eslo
plate ol A =]o] glel antigenz A=l

anti-
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Agenzyme
Ab i Protein conjugate Wash
incubate coating incubate
Substrat Oao o a8 g
ubstrate s O s
@ .»,. — G, no-?) — £
v o §20 © £
incubate Read 9001 ng 10
absorbance
@ Enzyme @» antigen Enzyme conjugate
€ Antibody O Substrate
A Antigen

Fig. 5. The direct, competitive enzyme-linked immunosorbent assay (EIA)

body gto] Al o}

o Al 24 o)d] AL-8E & antibody § 4 AL
%%2 Immunoglobulin G(IgG) el SoldlAl A&
&+ second antibody$} enzyme & A E AL
%% substrate & M|t U4 FH=E
+ #dolel ol a2 second antibody 9} enzyme

233}

o B L EIA AFEFE QAT YA
2 elsln Yt AFE 4§t
39 62 ELISAY =4 dehin goe 2

d 78 ELISAY 9§ Zeatin® 2433
3t slch

o] W42 plate ol 2A A A5+ Ag-protein

R

Qvalbumin
_Ag
conjugate Protein
aikaindyl Y -
incubate j coating
Second
Antibody
'—Enzyme Substrate
, (‘ conjugate } ((‘ d
A
incubate incubate

BD» Ovalbumin-Ag conjugate

Me Second Antibody-Enzyme
conjugate

o #4o] EIA]A Ag3t eneyme o AYAIHY
enzyme & activity & F3 417171 $1%F o & S0
glow antigen & plate o]l ZBAFP 284 anti-
body | #HAuwi4E SHAA 4 glol ElIARc® o
< specipic 3t sensitive gt ¥4 7}5éEkcel o
vl incubation ZA S gctA] of e T 3, sec-
ond antibody &+ enzyme® 7 &7}  835}=]ul 4
A £ AL ALgond 444 " + ek
EIAv} ELISA %5 antigen oY} antibody 9}
plate ol ZLA A= carbonate/bicarbonate buffer
( coating buffer) pH 9.6 & «}&&c} o] A% &
Z, a4 o ge] dolvt 20~25TCel4 1~2

¢ .
Ab, Ag Wash
| & | e
incubate
o a [
Oanm ': oo §
[
ok e -
. g 2
004 go <
o
Read
absorbance 0.001 ng 10
@ Enzyme
€ Antibody
& Antigen

Fig. 6. The double antibody, indirect enzyme-linked immunosorbent assay (ELISA)
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200 g 1 of 200ng/ml(coating buffer) Zeatinriboside-
Ovaluumin conjugate added to each well of a microtitre
tray and incubated for i16h at 4C

|

Tray was washed five times with washing buffer
(PBS-T)

200 u 1 of 0.25% ovalbumin added and incubated for
1.5h at 37C

|

wash

mixture of 100 u | standard or sample plus 100z 1 of
antisera was added to each well and incubated for
1.5h at 37%

wash

|
200 x ! of 1:1000 anti-Rabbit IgG alkaline phosphotase
conjugate was added and incubated for 2 h at 37°C

}

wash

200 # 1 of 1mg/ml P-nitrophe phosphate substrate in
coating buffer (pH 9.6) was added

Absorbance read at 405nm after 30min

Fig. 7. The Procedure of ELISA for zeatinriboside

AlZE el o] Foj A Yk o2 4°CoAA over-
night 4]7]& 44 & A1-§3teh # 4e]v washing
& PBS buffer (washing buffer) & Al&sts 4
L 3~63 AR el =Y FLAG A
o1&k 42 enzyme o ul-Se] olelH o] Fojxlm
= 43 A zkel v 2o AT FHE A Eedo}
gt AL FFEY S g 29 59
6ol4 Ay dolal sigmoid HeHS FTBE cu
tves AHEEFE YAuk o]F ok 1Y 83 3P
2 logit form &2 W3 4|7 standard curve 7}
Yoz algsly o]F Fslo FaluAste 4
5%9 plant hormone & oFg otohdl 4 glc}

% E

ey FAY 2A4GAR L 1~2x10M
mol =24 RIAQ cidE FTHale] HEAY
o]} Eelslekd 24 “dib} AEE sensitive 5+
specific & ®£4o] 7158l =gt Bag Zhﬂﬂ}-
& e gor geAizd o 425 24
T4 doe 8L A3 ek wkw g THe

2_
o I
0
.
o
%
Q
»d 0
_1..
A I ) 1
0.2 0.5 1.0 10.0
Antigen added(ng/well}
Fig. 8. Logit transformation of the standard
curve.
B/,
Logit B/Bo=¢n = li;
1 — B/g,

B=tracer bound in the presance of an antigen
Bo=tracer bound in the absance of an antigen

AEE 489 antibody 443} Z2E A4
Fulataje] Haste 2 7l A HY
s gAde Jhaa el 2eld ki
4 A antibody & s iz Bate]l I
8l22 Enzyme-linked immunosorbent assy+ 4
L2 Z E4o g2 WYy ATE 5 AT A

M

N

o°
A

ko

ol o% wale] 54l & wholehm 42Lel
5 A X B
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