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Development of a Sandwich Enzyme Immunoassay
for Salmon Gonadotropin II.
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A specific and sensitive sandwich enzyme-immunoassay (EIA) using Avidin-Biotin complex was developed for the measurement of
GTH 11 levels in pituitary content and pituitary cell culture medium of the rainbow trout ( Oncorhynchus mykiss). Biotin-salmon GTH
11 rabbit IgG (secondary antibody) was purified by a protein A sepharose affinity chromatography column and that was biotinylated
by using Biotin-N-hydroxysuccinimide ester (BNHS). Non-biotin salmon GTH II rabbit IgG (first antibody) was obtained only
through a protein A sepharose affinity chromatography column. The assay was performed by the so-called ‘sandwich’ method using
a microtiter plate. A dose-response curve was obtained between 0.12 to 125 ng/ml of salmon GTH IL The displacement curves for
pituitary extraction and pituitary cell culture medium of testosterone-treated rainbow trout were parallel to the standard curve. The
intra-assay and inter-assay coefficients of variation (CV) were 8.2% (N=5) and 12.5% (N=6), respectively. This assay system was
used to measure the amount of GTH I that accumulated in the culture medium of dispersed pituitary cells in testosterone-treated
immature rainbow trout. The accumulation was increased with the amount of salmon gonadotropin-releasing hormone. GTH II values
determined by the present method were well correlated with those determined by radicimmunoassay. As a result, this assay system
}vas found to be suitable for the measurement of GTH II for pituitary extraction and pituitary culture medium in many salmonid
ishes.
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A 2 39 AF7AAY 328 YL MBS AY (radioim-
munoassay: RIA)S] F2 A&-5olA gton, o WHdNe ¥
ojF9 Fo] YolA HBAG Al7]o] FEF ¥ BA% F A FH D2 (radioisotope: RDE AHE3E7] HjEel A4, 7
g GAEA F3E £ de Ao ZEAY 2o ¥ £ ANTY B EAYL B Ut 53] RIe AT A4,
den, 27 M dA o7 S - 4T B A AHE AFZT}E Qe T1BoA v A8 4 glen EF RIE
ITE Hepste Aol Fadt oFY A% A3 AT AT 9 Arle WA HIIEE A F EA47F Ha YA
02 {3555 vfarlAz2 o 714 32880 $2¢ 98 RIAHEY 443e 98 714 AGE ¥ gd 2 RIE A%
< 81 Jon, 2 FANE HaFAdA 2HEHE AT A gL 3283, £4U9953Y (enzymeimmunoassay:
Z 2 ¥ (Gonadotropin: GTH)& A 4o #osles T285 7} EIA)o] 7o, RIAES dAE & e EFHo2N A7
F F8¥A F9 dtolt} (Kobayashi et al, 1987). 53], oA $tom (Edwards, 1985; Tijssen, 1985), o] &AW o] &2
GTHE 4420 43| M Asteroid hormoned) W& & 74 Z AYH EAL A48 & g BuolE 328 2F7&9
A A2 75dd 2§ 4TS 9380 (Kobayashi et FHAE HFo] 7|0 HojAT), ofF WEu e Rofd Mz 44
al, 1987), o]&8]¥ GTHY #4 FHE #ile AL %4 4 #d 3E2EEF GTH 119 competitive EIA Z3A 7} /Hds o],
A7 HEe 717 73 Bople AgFQ FRANE Y de] GTH IIf 3AE ol &84 FAN 4o GTH 19 85 ¥
7] A Aoy AANYHE Fgdted Fasdd 23t 1 HasA] IFdF e Fxwst (Salbert et al, 1990) ¢ o GTH
5 HFFEEHE 28 ofd ddMe BA & FFY GTH 11 FAE o)&3td HeA AXuFdFe] S8 GTH II
7t A3 QAo FEE AR L AT LA $g F=W3 (Kah et al, 1989)° tisiA A¢so it 22y &
(Fontaine and Dufour, 1987). &y dold oJFal gloix 2 Qo EXSE competitive assay'd < )2 22 Ao} HA 3
%79 GTH (GTH I$ GTH ID7} £32 - 3AH], GTH 1€ 9|43 sandwich assayl] 2OE ZE (sensitivity) 7 ok &
Qg 47 9 AAEAYNY 271DAd GTH I o 2 o A Atk (Edwards, 1985; Tijssen, 1985).
Aol BE AFAHs G A4 - By e 2o ¥z maial B AFoME Avidin-Biotin complexE o] £ o]
H, o]E GTHE Z#stgxoz shle g subunitd A7 & GTH 1Y Sandwich EIAZAlY &§3 2349 143 7= &
o33l B subunit7} heterodimer2 TFAE Fe¥d A 5 IHEY FH L R Aol BFET AT/ BIME &
22E otk (Suzuki, 1988). gete Ae F3og YT
55
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HEof
o Adsd & -5 FAM $o} (A5 & 10098 14T ¢ A3
o dgolg AHEFY,

Testosterone (T)2| ZHTF0i

T AF5FH9E ARFA $o14 H 1 keoll N3t 25mg
T =9 ethanol$9 100 nd& ¥, 18413 AL ARAA
Az dg& FARHT e WY AF 15%9 AETE
- B0l HEE 1Y 2312 oA 3047 FA3A

sopea Mzel 22 R Mmufy

A8 ole 2-phenoxyethanol (200 ppm)-g o431 A vl Azl
F Y3l AE Bz 253 A Amano et al. (1992)2] e
2 A $2E¢ AzSYT £¢ 5 H5Ag A
e B AERGE 37 fo B34 Hank’s balanced
salt solution [HBSS (Gibco Lab., New York, USA); 25 mM
HEPES, 4 mM NaHCO; and 1% antibiotic-antimycotic agent
(Gibco Lab.) pH 7.5]°1 AAHAFAT. 1 F HBSS &30 2
Ao H, A dreR B gHoz HEU HdFA
THEL Kim et al. (1999)59 #Wel me} collagenase-
DNaseZ A2|3te] A3 AXE LA 2dd AEE
25 mM HEPES, 4 mM NaHCO;, 10% fetal bovin serum (FBS;
Gibco Lab.)7t £&¥ RPMI-1640 (pH 7.5; Sigma, St. Louis,
USA) Bl dgfith MEFE hemocytometer2 A4S
I, HEAYEEL 0.1% trypan blueZ A4F3IFen olm A
AEEL 90% 1% ol U

AEZNGe AZHGAE 25X10° cells/m2Z ZFAA, 01%
poly-L-lysin® 2 '3 48 well plated] 500 uf¥ B3t 2 F,
FBS7} &€ RPMI-164081 FA o2 18T, 3U3t princubation?l
A AEZE well platee] FHAAD. 2 F 01% BSA7H £¥8
HFAE 500 pl¥ £ A2 H, FBS7H $l€ MEL RPMI-
1640 M gdoz wasA ol welldl 4 Fx (107~107
M)¢l salmon type gonadotropin-releasing hormone (sGnRH;
Peninsula Lab., Belmont, CA, USA) & A Z7] Fof3te] 18Tl A
2443 Bt WEd GTH I $58 389t 49F8F, A
IAEEE 90% oFeldth

Radioimmunoassay (RIA)

27 B2 GTH 119 A% 2 assay B2 Kim (1997)¢] Wl
wskeh GTH 119 RIAAC 1ol GTH 19] 2ae2 21% Hoh
GTH 118} RIAAIY} 31914 intraassay (assay P3) % interassay
(assay BD ¢ AEAFE 70% (n=5), 115% (n=6) Hr}.

Hormone
GTH IL EIAA Y Eo]4& 2AeH7] 93td Ao (Oncorhyn-
chus keta) GTH 1, growth hormone (GH), prolactin® H# Jt

B X282 Kawauchi AFE FH A 3ot

Biotin #X| % Non-Biotin GTH 1I &#|2] &

Biotin EAe] o]4¥ do] GTH II #A ¢} standard hor-
mone: HAE FHAZR KEAEBMREAA A2d A& o4
o}, Protein A sepharose (Phamacia, Sweden) affinity chro-
matography column® 280 nm® UV-monitor (ATTO, Japan)
o) A28 rabbit [gG2) peaks ATt T F rabbit IgG ¥
%5 2~10mg/mé2 2387 Q&M Ultrafiltration (Amicon,
USA) Wiez %330 558 1gG QImynd) SmE
Biotin 2 2 Non-Biotin rabbit IgG& AZ37] A3y 2.5
nf¥ U3t Biotin EA rabbit [5G4 AZE Dimethyl sul-
foxide (DMSO)9) =9 Biotin (long arm)-N-hydroxysuccini-
mide ester (BNHS; Vector Lab. USA)Z ¥ X Al Zt}. Biotin®
2 ¥X¥ GTH 119 rabbit IgGE Z4 4o 241% ¢
A F) glycin®® W BAAA 4CoM 14N FL
PBS (pH 7.2) %422 F43 4 Biotin £# GTH II rabbit
IgGE Y. E=F Non-Biotin rabbit IgGZ ©]&¥ GTH II
gAl= @3] Protein A sepharose affinity chromatography co-
lumng FAA DolA rabbit [gGE AFHE3HE T

EIA sandwich®oll 2|3t GTH 12| £3

Step 1. Non-Biotin GTH 1I rabbit IgGE 0.1 M carbonate buf-
fer (pH 9.6)°) 3418} microtiter plate (NUNC IMMUNO 1I 96
F)9 welldl 200 pé4 ol AL (25T)oA 2413 #A| 33 ch.

Step 2. Zt microtiter plate% 0.1 M PBS-001% Tween 20
(PBST) 2 33] 413 (Bio-rad microplate washer)@ ¥, 1% BSA
€ 01 M PBS (pH 72)°l %< &L microtiter plate well °f
A7) 300 ped Pol A& (25T)AA 2417 WR ot .

Step 3. Microtiter plate® PBSTZ 33] A& ¢ H, standard hor-
mone™ A& (N FAH} Hal5A F59)E A27] PBS tween-20
o) BN Z wellol 200 uld Fol 4ColAM 18X Z& A2
ol 4] 2412 WA &Y.

Step 4. Microtiter plate® PBSTZ 33] 44§ H, Biotin &4
GTH 1I rabbit IgGE A 27} PBS tween-2001 343t 2 wellol
200 ul Wol Aol 2417 HA AT

Step 5. Microtiter plate® PBSTZ 33] A& H, 10m¢ PBS
tween-2091 peroxidase-ABC kit (Vector Lab. USA)S} A regentst
B regent® &4 Yol 34T §4-& 2} welldl 200 ub¥ 3o
Ao A 2417 XA

Step 6. Microtiter plate® PBSTE 33 AHE #, 33'55etra-
methylbenzidine (TMB)E 0.1 M acetic acid buffer (pH 55)&
Eo| AR A A 3l H0,E H71E 7134 E 2 welldl 200 p
08 gol AN 208 AR 2 ¥, 2 M HiSO0.E 25
pl# ol we A2 A7 autometic microplate reader (Bio-Red,
CA, USA)Z 450 nmH FHEE 23} F4ET microplate
reader standard curve program (Bio-Rad)olA A4tste ¥x2
gt
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A Y

F%9 sGnRHAE Y 9% GTH II 5% W3 FAAI=
A%, Duncan's new multiple range testg A&3le] &4
4t £33 RIAY sandwich EIAS} 2l 238 Z GTH II
FET Student's ¢ testS A8 EA 3

= oo
o
g
Ao

M

2 ot

ol0{ GTH II IgG HH|

GTH 11 )3 rabbit I8 A2 protein A sepharose columne
FMAM rabbit [gGE ARG, 2 49 &% pattern? Fig. 19]
yvetdth 2 A3 2719 peak7t doiFon, I % peak BE B
o}4] Biotin ¥ non-Biotin rabbit IsGE o}-&3t¢c}.

GTH II EIAAo| BZJM D Hotrs] MZHiQYd o X5l
H F=EEZF GTH I £ JisMd 4E

Non-Biotin rabbit IgG= 800%R, Biotin rabbit IgGE 4008} =
A AERE | FY-IA g EolYo] % ER
(data not shown), Sandwich® EIAAS] @o] GTH II #2347}
FAR Fol9 HateA ARuSd € H3+4 $28F GTH
I &% 71544 A8k Fig 2¢) Yeldth, GTH 1T standard
hormone 0.12 ng/mél A 125 ng/m7A] F=u-g FAE et
e EESAE 4909, F4E 50%9 5 9 156 ng/md
F-2ol Al intraassay (assay P9)$} interassay (assay f) o] HEA
TE 2R A3 WEAFEL 44 82%, 125% AT

GTH Il EE343% A AR gd 2 Y3¢s) 2385
GTH II &4 7ts4& ZAES7] ] ATujgds Ha4
F292% F4% 50% F2o0X GTH 118 EE34Y 4 Ags
o A¥TAE HFYPAH A (2X2 A, P<005)E £819 HAED
23, HAsteA Axu A H35A F299 IJFHL A
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Elution flow

Fig. 1. Elution profiles of saimon GTH II antibody through a
Protein A sepharose affinity chromatography column.

Zt7) GTH 1 23438 dX3tsic) o2 ¢ Az ny ¥ 9o
GTH II sandwich' EIAAlE TR $olo] WA AXu%
A3} et 2249% GTH I ¥529 &40 7153yt

GTH II EIAAI9| 0|4 HE

Sandwich'¥ GTH II EIAAY So]4& 248171 st 3t
AU & hormone#9] waHik-g-2L Table 19} Ve o 4
% GTH 118} EIAAY gl GTH 1£ 29%9 ZAW3ES
YeER A AT GHS Prolactindl WisjX € 05% 013t matg
£S5 et

Yapea Mz Ao Aot sGoRHAIZ0| 2|8t GTH II
=d|2k9) sandwich EIAA S} RIAAIS| bR HE

TestosteroneE ATFHE o4& FAN 019 Ha¢A A
EujFA ol o)A sGnRH $o) 2J% GTH IT #u)Ze wgs
sandwich EIAS} RIAR ®|& HEZ AHE Fig 39 Vel 2
A3} BIAS RIAY % &A= AFE sGnRH (107"~10"° M)
Fod g8l GTH I #8FE FE7uFo2 Zr)sgenl
ILFZ sGnRH (1075~107° M) 4ol g3M= GTH I 2o F
o] f ol F7teHA ¥ FANE Byl AL el
Zt £%9 sGnRHY A=< 98 £H¥ GTH I $E& sand-
wich EIA9 RIAE Y3 AEF 23 F93% 2o YA

2.0+
@&— @ culture medivm

A——A pituitary extraction

1.5+

x50
1.0+

X100

0.5

Absorbance (450 nm)

0 T v L} L] L) T
0 0.12 0.24 0.49 097 1.95 3.9 7.8 15.6 31.3 62.5 125
GTH 11 (ng/ml)

Specific binding curves for serial dilutions of pituitary
cell culture medium and pituitary extract of testoste-
rone-treated immature rainbow trout in salmon GTH
II sandwich EIA. Each point represents the average of
duplicate determinations.

Table 1. Pecentage cross reaction of various pituitary peptide
hormones with salmon GTH II rabbit IgG

Tested peptide hormone % Cross reaction

GTH 11 100
GTH 1 29
Growth hormone <0.5
Prolactin <0.5
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gt o L}, sandwich EIAY 984 38 GTH I X7} RIAY
g8x ZAEY GTH Il 358} 4~7%8% =goh

fuzk

A

Avidin-Biotin complexE ©°]-4% do] GTH I sandwich
EIAA ¢l A standard hormones £7} 0.12~125 ng/mé FEH ol
A £FargI el dojX, £ sandwich® EIAAANA FAA &
o] Wit A AXu¢d @ H3}+AY GTH 119 $=FF 0
7Ve 3 A =AU

dwtE o2 competitive EIAAY) A°]E hormoned) alkaline
phosphatase$} peroxidasesl] 93 EAWHo] o] F5ojA $tov
(Masaya et al, 1986, 1988; Kar et al, 1987), 13 & 49} hor-
moneE ZAY¥A|7)= 7FAAE bis-diazotized benzidine (BDB)E
F2 AHg8 st 28y BDBYE #8402 dWAZF e histi-
dine® tyrosine® ¥-&37] 1 9-n, E£ AAE histidined
tyrosined] S4%9 & 1 I £x3}7] wEe BDBY Z
ol o3ilM B28A0l AAsA G4 7543 BDBY 9
g A% BUAE EAHY] 40 Rudtn 9ot (Masaya et
al, 1986). ¥ Aol BiotinylationAl7]= EAHo]l s e]
EIAA o] o] &5 {4 gron o]z Biotin EAHE Sl 2
=7} %okA hormone® #& njFo 2 FH|sHe FHAC o
H3 9lek (Tijssan, 1985). & AFo) 49V salmon GTH I rab-
bit IgG F%X9} Biotin-N-hydroxysuccinimide ester (BNHS) ¥%
& 1:258 A3 FA3Sh. g9 BNHSS Z2#H€ EIA

5001 GTHII

2 EIA _

400 .
Z
%
— 300 %
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2 o] c %
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Fig. 3. Effects of different concentrations of sGnRH on GTH
II release from cultured pituitary cells of testosterone-
treated immature rainbow trout. GTH II concentrations
in the culture media were determined by RIA and san-
dwich EIA using Avidin-Biotin complex. Values are the
mean £ SE of six replicates. A significant difference
(P<0.05, by Duncan’s multiple range test) was obser-
ved between columns indicated by different letters.
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A g} & 9%& v Aol ¢A U} (Tijssan, 1985).
B d7oA dojn d§st AAEA F e A3 JEL
gasitta &5t

3 £ d7dM e EAF w-E9 BNHS% salmon GTH II
rabbit [gGE FALHA JA o} FAR . o] WM e T4
% Biotin ¥4 salmon GTH II rabbit IgG £4% 9 #2 (free)
A9 BNHS7F 3&E 7bsAol dom, ozd fided
BNHS &< blank (background) leveld ¥4 =g AA7]
£ Aol a5 olA 9t} (Chang et al, 1998). & dTolA A&
A2 (ZR2E)0] & 058 ng/ml YW Q9 INAE o]y T
Aol 9% FAolA G&7t FE&HA) 25 feldeie BNHS A
Adde] o8 71A RAEVF BRI FZH oA X9
SAAEE Gotry] 3o AFAFES ZAE 27 intraas-
say (assay )9 WEASFE S 82%, interassay (assay )9 ¥
BAFEL 125% 2 Ve 87X GTH I EIAA Y 9o1A
WEAFES AT 217t Qo ARHeg i 1d¥ F=
A%t Kobayashi et al. (1987)7F €9 GTH Il #:g 7tAx
A% RIA 2#9A intraassay®) WEASE 6%, interassay?]
WEASFE 79%) vla|A 4 3o 2t dPFeEE
intraassay® WEAFES 10% oM, interassayd] WEATELS
20%E 2787 Qi £ 479 & WEAFEY A%E
Edz 2 ElAde ¢33 E3A8 gddd.

£ sandwichd GTH I EIAAY E¢]4& HES 23 GTH
19h9) TG EL 29% S YEHHAR, GHS prolactin#9] i
ANSEL 05% 32 eyl old# Ade FY¥¥ GTH
EAE o838 RIA ZHAE GTH 1949 autgEo] 2.1%
2 ¥ EIAAS §A1E 2 &S el g (Kim, 1997). 28
Y4 GH#} prolactin®l] #3 RIA 237} glof £ EIAAI9Y AA
Hol vile & 4 AW, £ EIAAAA GHS} prolactin®] 3
A A9 AL e A gtk metA B sandwichd GTH
11 EIAA S A4 $99 H3ea] A 2 Jaeave
GTH I Q43le A2z #dsn, 349 t& hormone™
o ZANEGE AEJ 7€ 9 £ do GTH 11 EIAA9IA
GTH I1 32347 testosterones ATFA 8 n]4ds £AA 4
o Hal¢H F2E9 HAFHo] XA, o] T AHAE tes-
tosterone®] positive feedbackell &8 34w GTH 17} tha
o2 gAH 8 FHAC FolHoz vt 58

TestosteroneX 8] £ W4 & FAN $ol9 H3j5a AxF
Ao o1 sGnRH ¥4 9§ GTH IT #4] %] W& sand-
wich EIAS} RIAZ H|Z ZEZ Z# ¥ FHAE A¥E G-
nRH (107"~107° M) o] J&A GTH II £¥F& F=74
Hoz Z7t dgeou, TFE sGnRH (107°~107° M) F4d
9 Me GTH 11 £¥1%Fo] o o4 37134 ge #AHE &4
Fge& JeESIT ol 8@ olft ZFEY peptided A9 hor-
mone®] 23 receptor® down regulation 4ol Yolut recep-
tor7} 7hr ol o3 E3s o] WEy] dEo) dF Fx o4
DX E g o4 wedA et 3o (Hazum and
Conn, 1988; Huckie and Conn, 1988), °|&§ @4EL FAN
$oj9} FEolel HIFA ATulFANNE Fisolxgn
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Bn& gt (Peter et. al, 1991; Kim, 1997).

£ dFdMe At 2 HeteA Axugdd E2se
GTHII ¥5& 23T + 9& EIAA /Ade FHagct 339
% GTH I ¥%& 3% 4 & EIaA Mdo] a7€d,

2 ¢

FAN £ AsteA R wWjFde] E4de GTH I &
%737 93 Avidin- Biotin complexE ©|&% sandwich EIA
AL A

Protein A sepharose affinity chromatography& 5314 dojz
o] GTH 119 rabbit IgGl biotinylationAl ] A (Biotin-salmon
GTH 1I rabbit IgG)& A2 FA 2 AHE3913, Non-Biotin sal-
mon GTH II rabbit IgGE @A protein A sepharose affinity ch-
romatographyl 4l 8013 [gGE A 1 FA 2 A3 EIAE
sandwich'g ol 9J#A o]Fojom FAWE 7182 TMB (3,3
'5,5-tetramethylbenzidine) & o] 43 2on, W& F 450nme F3 &
o} A} automatic microplate reader2 Z33qch 2 434, 012 ~
125 ng/mée] WA L£FNEFAE dNen, (LT (4
A2H)E A9 058 ngmt Fx gok 2L HH5A FEE 2
Y 27ke} INFHE GTH 11 BEEFAH 9A o =&
olfl¢ GTH 119 EEJ v H3t4 AUl I peptide hormone
e ZAes A9 vepl A &3kt Testosteroned &g 7|
A& FAN 019 HateA AXHFAE o] 43 sGnRH
o3 GTH I ¥¥]%$ # sandwich EIAAIS RIAAE ¥|I 2
Abgt A3 A 22 BHFE YeS Bdehlg £ £
patterng WEHHTH ol2j@ A2 HE ¥ sandwich’ EIAZA
oM dold oFY HFH FE2E L H3A uId F9
GTH II ¥% 2 #uF& ZFs=d oM 4B E assayAln
A2zt 5] o] R e},

LAre| 2

2 A48 Fdste o B¢ 3288 AT

s FA BE d
BAE Kawauchi ZFdA ZAl=gyd

2
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