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Measurement of estrogen concentration in bio-samples are
very important for differential diagnosis of various disease or
evaluation of health status. However, it is difficult to collect
immediate data of estrogen concentration because they are
measured by radioimmunoassay or chromatography which
need time- and cost-consuming sample pre-treatment. This
study was performed for development of new estrogen
biosensor employing taste principles, and for evaluation of
cross reactivity between various steroid hormones. Gene
sequence of ligand binding domain of o-human estrogen
receptor (amino acid 302-553; hER-LBD) was cloned from
human breast cancer cell line. The proteins of hER-LBD
were produced by T7-E.coli expression system, and isolated
by chromatography. hER-LBD were coated on the gold
plated quartz crystal (AT-cut 9MHz), and resonance fre-
quencies were measured by universal frequency counter.
Estradiol, progesterone, testosterone, and aldosterone were
used for cross reactivity of the hER-LBD. We also monitored
influences of pH change in resonance frequency. The res-
onance frequencies of hER-LBD coated quartz crystal were
decreased during increase of estrogen concentration from
15 pg/mL to 50 pg/mL. However, similar steroid hormones,
progesterone and aldosterone, did not elicit the change in
resonance frequency. Testosterone evoke weak change in res-
onance frequency. The new estrogen biosensor was more
sensitive in pH 7.2 than in pH 7.6. These results suggest that
hER-LBD coated quartz crystal biosensor is a probable
estrogen biosensor.
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A}_El o|~E A 4&7]|(hERy:= AXZe] 3 <o ZH B
= T87IE Alxnt 7o o 54 AYa Stk
] A A dol EAse 871 elzelE w2
2 A s EXol vjele Do} 2 Bxleko] Zal 4
‘Lr 32l EHE Addsle Ae® d#A Slok. hERS Al
Fazt AzAds SrpaA AREske ZleR kel QlAnE
T2 3 Sofla] WAEHAL 2005).

hERoll= HEHo2 2z & alphady} v]asd =<
of 4=l beta¥ o] TAhE AR delA glow, 2
Rolt F2Fo| Hbgehe S22 d4-gr|Ee FYs)
Al 257 oA olde Zkar drh(Mangelsdorf 5, 1995).
% 37 el opel Al kel o4 A4S
}_é % rJr 6‘} To]:_,] AR 27401] Todsla glo
ZAAIA 34
xd_x}q g}o% 7 —s}oq s olu}(paech , 1997).
Alpha® hER(hERa)2} beta® hER(hERB)— vﬂx}-‘ﬂ T
z3ak opel Whelshes Ao S 9l o, 71" Sl
Aol zto]7} ol Aoz oA "/}(Paech =, 1997).

AlolA] o|2ERA HFE Fr ojAe] YAFIol ut
2} Hohs Zlo] & od#A gle %6] of A o] wlzh] Hof
WA oflaERAle FAel HwFie wigle] d4
Aol Sold, QA Folr B WsHE ulehal,
2005). T3F FHelep 7he i ofA Feky= 01]&3
24 oﬂ R8sl Aol = oA Qlo](Travise} Key, 2003)
o E T J o2 A4 A= Zlo] WedA|ut dAl=
HL/K}H =2 (radioimmuno assay)°|v} ZZwrlE 1z
JE 0|83l =AubHo] dy] A8 o]ou% HAol vk
= A7k} wlge] esiet.

W¥#a] mel £ (endocrine disrupting chemicals, EDC)
& ol=ERA FEIE vIRT &HRe|E sE2Ee

[e2]
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S71eF ukgale] AA| melk 2E-E JeplE 2HE 2
skebd F2E w9 ohefdlk Ao® oA lrh(Bolger 5
1998). 22j= & i, AH&sHA thokst EDC AA W &
A FAlol S e s o] QA FRluE of
2E 27 ulole AlAE EDC 34 AKXz A 283
T AdE 7FeAe]l A=t

FARATAE wig- AHska okl AFALR thoksh
ZrEle] Al 55 Z3kslo] ohefak Axp|7lel| 3
s A2 e A=A gt FARERRE o) o]
43k Al A AlzHlol|A 7P Fe3k FEoE A
AN, BE A A 2 s Az AL 5 9l
th(Kurosawa 5, 2006). Lelv} AA7HA= T2 -3
A AbSE o83 AR dE] ARREe] ghow,
ufebd] S mEEY] ofely B Aol of#gol
Aok (Kurosawa 5, 2006).

n] 7k 49 48715 FIod dld 8ot A
s ookl seeAe ARsle 5o R, 48
HhS A Alole] slebd FEHE 27| ofEly 54
o] Qlth(Lee 5, 2008). £ AtE oAERA FE7E
o] g3to] vhokat Wlitv] melEAS vhskaAl s A
o] A Ao 7 oirERA 4871 /A A F9E
ARSI Qe Bf, Wz 7R
2 o] aekeAs AEShe vk AHE vle] 2414
Aol A8 4 ologe}l A7t

Z|= hER A9 A= dds o]83) rheket &
Ao 7= dbel gk Bart 7|E
&, 2003), Ao o|=EgAl 7] F oW FRe] 7
F7101A] ] Aol gle ¥ub ohe} ksl ZE|Ee|=
2o tigh SolA¥ AulAde] Marxlx] ¢ro} 485}
o = 5 o] a3t AA o[t

2 o7& hERaE ©o|83lo] vlo] 2AlAE A=tsle] of
227 54 b5 o5 RISk ook A R)E
Seiape] ukgAS Bholslr] flsted Aldsisict.

Ol

N o

EEIETE
NAEZA &7 Ld AMEFY wlo)

hERarE Bo] Walsle Aoz el <zt fst Al
F9] HCC1428% AlE1slo] woksloict(Liang 5, 2005).
hERa &2 7dAb A} 453 (RT-PCR)E ©]-&3lo]
Selstolct.

£ (Liang 5, 20051 w2k RPMI 1640 woFlS- A}
23] 10% fetal bovine serums AH7}sle] 5% o]Akst
Els wfjolrloll4] 37°CE woksigict.

| 2E2A 747 DNA §45 A= Ao 34
sle] A2FF o831 A%k hERa A% 9] (human

estrogen receptor- ligand binding domain, hER-LBD, °}
oAl 302-553y% E3kehe FAAE RASIsiE. st
AR ofnlilo] histidines B ANE AHFsle] Al
HES vectors A=At o] vectors: T7 W A|2=H]
(Novagen, v|=r )& o]83lod Escherichia coli BL21(DE3)
pLysS AlZol AE3te] WHHA=S sgieh. FHA7 A4
S3 AFYEIglEA] o s DNAYRZ elsisieh,
24417} B2t Wkl % 30 pgmLel FhtelolAle] w3
H 2YT vljokl o2 800 mL7} H=5F 343k 37°CollA
0.D7} 0.70] H== wjokst & 14°CE AFc}. Isopropyl-
thiogalactopyranosides 1 mM #7}slo] sl whialo]
W =5 hlc}. Histidineo] FA¥ =% Hitrap
(Amersham Pharmacia Biotech, 3=y AF&-3sle] 52|35}
et dole vl AR B0 AR AR EE
o] glo] AR 4 glew, slalel b= 79 gigiet.

¥4 239 g4

32 wo] m¥ FL AF FAT FAAEA(Crystal
Sunlife, )¢ ¥wie| 3|xe|xle] ¥2% hER-LBDE
Fatsto] Aol A5t

FARNEA 3198 60°C 97% H,S80.2F 30% H,0,7}
7.3 2 33 piranha oo 2 197k AlAEE FH S5
o} ethyl alcoholZ thA] A|H I}, Al&et #4754
2mM 11-mercaptoundecanoic acid?} 2mM 6-mercapto-
1-hexanol (Fluka, =) &3-&-lol] =7} 12417} o]A} AL
dksted A A2lelgiet. A Azl g AsAke] Also o
Al Yee=x 2elgk FH, 0.12 M 2-[N-morpholino]
ethane sulfonic acid, pH 6.02} 0.4 M N-thyl-N'-(3-dimethyl
aminopropyl carbodiimide, 0.1 M N-hydroxysuccinimide
(Fluka, ©]=5)e] 2:1:1 &3kglo] Y 3 A7} 5ok uks-
stelct. Sr2 AlAE F olv] =kso] <2 hER-LBD
chld 50 pg/mL2 100 pl 7Fsked 304 ob el A
A% 9t FFE AlF F 1M ethanolamine
100 s 93 40 HRAIFH. SR 3 3] ARG
o AAAel AlSE ik vy Adls Akt

i,

thgdt 2 & i QCM 3

AT-cute] 9 MHzR! 35 2H(Crystal Sunlife, Q)2
% FIHE QCM 7|E(Easy Q, R EH, 3=)F 55
o] W& Ful+ A7) (Dagatron 7023, HigHl=H)z =3
sted A2l Aol AR5t

1% methanots- 23K+ pH 7.2 == 7.62] 100 mM phos-
phate buffered saline (PBS)< syringe pump (SP 100i,
WPL, v|=)& A7F © 3mLe] =2 3Fsh 300 plé
TEEs Fsl A A6 ¢ 52 &
AL w3 F AL 2 (02 M glycine, 1% DMSO,
pH 2.3)% 300 L Fiste] A3 3285 AAskaL o
S FERS Folelgdnt. R Fxel 9 Fulg 9
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e A2 whilde] EAE FRlsy] flsted AYA)
S 2EQl o|~Et)E, Z2ALHE, Bl 2 (Tokyo
Kasei Kogyo Co., 4¥), dx=2e|Ee] sl A3
=Asigch, 27t FeRor fukvle 3 Tk W
3h5 ZRolshe Aol 43152 Afole] zpo| = 9lgh

AR Aoke Buls] wWAlR A9E Asslat %

2Egd L Fxo }E FYFI+ W
1% methanols %3k} 100mM PBS (pH 7.2)% ¥
s} hER-LBDE ©|-&3h ule]QAlxe] FwFala wst

= =438tk 50 pgmlL T=9] olAEz)E 300 uLE:
)3k A7} 27.14 4521 Hzo| &5 A3t =
o] o

glow 15 pg/mLet 50 pg/ml Weoll4] ol 2Bt 5
ol ul#ele] FHFIl7E A skelgick(Fig. 1).

2 2H2o|E 32 E TR0 wE FYPFo] dst
v|s=3t AH|Ro]lE 2R Eﬁ].&fﬂ%) OELL:./E_EH%,

30Hz

20Hz 4

10Hz o

resonance frequency change(AF)

1'5 3'0 5‘0
estradiol concentration (ug/ml)
Fig. 1. Estradiol, the representative estrogen in human, decreased
resonance frequency dose-dependently. The representative change
in resonance frequency elicited by estradiol (inset). The black bars
in inset graph mean periods of estradiol infusion. AF means change

in resonance frequency was elicited by estradiol. Vertical bars
mean S.E.M (n=5).

100% A

50% T

relative cahnge to estradiol

ND ND

0%

T T T T
estradiol progesterone aldosterone testosterone

Fig. 2. The relative responses to estradiol of several human steroid
hormones in pH 7.2. The responses of progesterone and aldoster-
one (n=7 respectively) were not detected at all in our system.
However, testosterone usually elicited weak reponses (6 case of 7).
ND means not detectable. Vertical bars mean S.E.M.
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Fig. 3. Change in pH from 7.2 to 7.6 of perfusion buffer reduced
sensitivity of biosensor system. ND means not detectable. Vertical
bars mean S.E.M. (n = 6).

testosterone

HlaEsE o frikse FTele] HIlkE pH 72
ofl4] FFdalolet. e Al d=2HlEL 1% methanol
o] ¥3%l PBSel|l #Ho &3] F=2l 20 pg/mL7 50 py
ml7kAlell A I Fale] wEks 3R 4 glsich(Fig
2). e} 50 ug/mLe] EAEAE|ES 7918 7Solle
e FEY of|2Eeit) ol o3t FHFIls W] 43%
o al"she 11.57+222 Hzo) #3ls R gith(Fig. 2).

pH ¥ 3ol ©& I F 359 w3}

pH 729 7.60l14¢] FmFalre] Hils dsie] v
ook ool pH7E 7.29F 7.69]1 7% 50 ug/mL o AE
ghr] 2ol o] i IHFIle Hike A 2717+
471 Hz8} 1240+ 1.50 HzZ pH7} 7.6 = 7.2 whe} »)
aske] 45.6%F FolEAUrTHFig. 3). ZEAXEHEY d=
ZHES Y FRolA= wHIkE W 4 gisled,
50 pg/mL Bl AE2EEof] ofsle] ikl WH3l= pH 7.29F
7.64 = 7zHzt 11.57+222 Hzob 0.80+0.58 HzZ pH7}
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7.6 w 729 wje} nasle] 6.9%E ARG Zo]E<]
(Fig. 3).

S

FANEA PAAES A8l A B4 T2 AS
Sh e ThE gt masle] Zgela, A8 4
2, ulgo] A7 Eel, ANz S-S ARl 4 gl

Z
)
AREIEsE Bolx| L lek(Kurosawa 5, 2006).

W
o
o2\ U}L
e

FARAEAE 0|83 vl A5 vlo] Al o] S-8351
= =32 T2 g9l uks-S o83l wHoAle] A
whof] AFE o (Hock 5, 2002), A= 2= 35
FTARAEA FHol| E&Ho 7 A 7= 7]EH] wHY

of ZHo] koA $rt(Kurosawa &, 2006).

] A vbe A mgukge® wlg = 7A
Solde 2w npo]eallol mi-g- H3keE Hbgott. 12
D2 o]F 383l vAKIHYSAY, a4 SdY, 3
B A el AfEe] Qloh. aEuh AR AR
v AAleA] o] e 2T A% A Al
ojefg witol wlo] Al ] Ao ofefpw, o] =
< 71A5e] o qlsle] u]E AA| oA 22 T5=
Tk wdole} sirels 2aolgk= 727 vh=d
=9 A5 ARsteAut sl= EAe] olet. mhef 3
Al Azt e Az W 48719 71" AF9E o]
48 dopd 2 F871el Ajsle BT UlE
+ Fhetsled] Ht frElelk wle] AR AREE 4 gle
glefar AzbElch, agjeg L ol AlE W 78
7] % sh4’l hERa®| 71" A3 H95 0|3t of|=E
2 wle] 2AIME Al=Fekaratl sFsict.

hERell= AEZ oz deix & alphad¥} wlard <
of oA betado] A= Aoz AR glom, 2
F2olE F2fof WSl 329 dggr|EE FYd)
Al 255 oAk o}dS zka vk (Mangelsdorf 5, 1995).
50| hERo®} hERB 417k F-24¢ut opz} whals)
= A7 FF W o, 71 SolAdellA] Abelrt Qe A
©o 2 4d#x ch(Paech 5, 1997). 2= hER-LBD A=
S chiAS o] 8t ohekst £ ZRA] vl wHek 2
37} 71+ SR Murata 5, 2003), Ao o AEZ
Al 7] T ool R ATIRIAS olFe] gie
ub ohel Bls]t AH|EolE 2o tidk A&
5ol Arbh BarsA] oo} AES} of = FF o]

2

i

a2,

o iER] e AHRoE TEE 2 shpg AlelofA]
Z Q] oA T ERolthAl, 2005). AFtellA] )5S 3]
e oA B Ee] oAE A oaEs]E o] o
23} o AaEgo] Aut £3 Hol Folle FE o

.
mor

|

2Eglr]go] WAEH(Ganong, 2005). ZE|Zo]E T2
< FElE BN A= ZEAZHER 17 E
AzB| o] Z3k% Z2AAE] QrERAHT]E, HAEA
B2 So| ZasE otmaal, drsEE, TEE Fo] 9l
thAl, 2005). o5 ZHEo|E F2Ee v|E FHRAV|e}
7] A vhExnt 723 fAREal ohUel AlZ
8719k Ajsle] Al BA3) AA 7SS w3
ghebe 39l 5] thAl, 2005; Ganong, 2005).

B ol AREE ol X 8AJel ZH|EolE
F22o]olA 1% methanolo] 238+ PBSell 50 ug/mLe]
FEA = it FAAEA v el #s)
= 300 pLe} AlEF Fsh 739 15 pg/mlellAfre 3t
Z & 4 glen ol g8l w28l 50 pg/mleld= o
30 Hzol ¥ Ful wishh 2= 9ick(Fig. 1). o] = +
AR FAll =25 hER-LBD2} A3 4 Q& olxEs}
e AdiE A 45ue 15pgez oF 10-30
nmolecll dFste] HA A oliE]ee] A W =
ol 2F 500 pmole/L (Ganong, 2005yl v]arsdto] - wjj A)
A eleERA Fre] Welks FA5ele tha vlF
Ak 1 pumole?] ol A~Elt]E2 200 Hze 37 Tl
W32 S9lgk YAl ¥ 1 (Murata 5, 2003) Hrks ¢F 5
ol mlzkesb A= 22 Aol AR e
A FEE S| HeAE o= ulgsi, vlo] oAl

=
Aol 7k AAE S AAH AT shilde] o)l

1]
O 2RAER ke A4 o) dlalo] 7E
A2E FARAER} vlo]2Alx]e] EolA)S 3loldlr] 9

sfo] 2| Ro|E FEE] ZRAXEE, YmiHE, H
2B 2H| 2ol ofsle] T Fule] W fitEleA] g
olshodet. Aol ARERE Al 7HA] ZE|RolE SEE F
7P ol aEeidEat Tt frARE HlAE 2 o AR
a9 FIkre] wirh EE Q. olEelt]E 1791319
FABP 7} AETE XS 2] HAEE R4
2b ukgo] A A st ]l 720 ApolE wH e
w3l Bolxut A Hloll4] hERoell Bl Bl ~E 282
A= o] ox=Egt]gol uvlsle] 1/10,0000]3}eH= X
(Kuiper &, 1997)& w|Fo] Mo} 87| i-fe] 54
AR S gerth HSo] AA Helxe 45 aEs)
HAEEEe g A oE Jes FYsEE AA Az
W F87ollA 222 date] =R E e AR A7
Hct, 22fut hERell ZA3feted AA f i) msk 2
< YehllE U EF(endocrine disrupting chemicals,
EDC) the ZH|2olt S 20| $87]of 23 7h5
A= 3loi(Bolger 5, 1998) =kef o] nlo] 2Alx] A
o] HIAE2E|E Ev ARAT Ajsebd o] SAS
ol &gt AEF &xF MET F e A= ok =
g AlZE o]-83tod AAke whAEe] 739 2L ofu]Ab
AaE Zrjele 23t 5 #HAb
SA4E W3lske A9t A,

ot

-
=
=R
R
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ZAtol] WHA|A AgE Algsigieng olof ukE ARt
I fAF =7k zJolr7) whilAl clsle] o]z thE E
AL uke]EgdS FsAde] Qe

B o T o AERA 872 o]Ldle] B ER
Z7) offf- thokel viate] mEeds v

o FEAE
A she Awe] Aoz oliEeAl £g71e 714
AY F9E A Gt vl ok 250 871% 5

of sid $8719k g s ok A
AAss Sl mizte] Al 54 (Lee &, 2008)=
s %L%‘fi Zolct. v]zt xﬂiL 7]b HL_HO]] dag o

= Aol & od#A %xi”%, 7L7L-/] *r9“7]°ﬂ "41%’} 1k3-9]
_Z‘;-_‘S‘]— E],OE] ,{ﬂ;ﬁ‘_ = 1:1 ﬂ ]/(1 Eol—s}.o:] U]7L9_ ?—

T74 Lol whekal H-9jeilA]
W& 5l %D}(Jun 5, 2008) ol#l mlzke] ¢l4] $z]:=

el Qof] o} A8A T2EO 487}
= AsAgS 6}~(Bolger =, 1998) Wiu] metsds
A= ulo] QXA o] HLE 4 9lo

k9
rN
l"_t_,

4 .
479l Al o] pHE 7.2 oAk ke pHS W) ul
dAe] k-2 010}71 $15ted pH 7.6 U @ &
Fohrel Wske sQlslgst. uloleAld AlzEle AT
HlellA 285 pH 729 @ v olRlsiA ol~ERA
o] HFEE= okARS Mol Fr). o] AEFol Li
R s}e] Az} ulsolzxl 7P AR FRE

AU 9= As AAbeka glot. e pHE 7@i
HIAT = 745 B2 Ale] b3l A Aot BlaE s
Bl 2ol i3k ZAe] 1% Ashe Hom el pHE
M3 o 24 of2E2AL BoldE ¥ = IS 7}
S48 Hola 9t}

SAEzAl So] vlelLAlE e A3l hERa
o] LBDS} A5 pldA4S ofg3le] ule] 2414%
xﬂng} Jth. o] vlo] LA A|AENE o AE 2 Al0) 7EA
B S vhehe], ol 2ERAl o] uloleAldz AL
89 & 9he2 AAshn slch et Golelt ol 2

AR Aol ST ok Rale] $Ea 4)
olch. ZBlmE wr} W& S wo|w, ohE A
o) m} 4SS AT Slsle] web AAE RS
Agatels A4Hel 77 Yesikn Y7

rlo oo k

L

s

[oZ

<)

4 B
ol ~E g A 141
A Agke] zwkelut 2
olt}. e} Oﬂ.__iﬂ] iE% i}ﬂl% ]88k w4

A F857) Slelo] HE olmEwAl 747 AR

AZ AL o83 vl oAl Aol B B

PAmH( Murata 5, 2003), AFgke] o] A~E=Z

T old FFe Ag7ielAe] dwe] gle

gk ohdel ohekgh A Tl tigk Sol4at AgA

o] HiLE|=] °}°} AGS} o= 5 o] dedt A

dolot, & AT AR acllEERZAl A7)E o]Este

nfo] 241 1% AzFste] ol 2ER2Al 24 Thsol S 2]

SR oekgl zH|Eol= FEEate] wkgAE RIS
Sito] AlR=lg)

At goll2Ez2 A 7H7]9] A3 H-$)(human estrogen
receptor- ligand binding domain, hER-LBD, o}v]XxAl
302-553)8 Z3bslar RS A AT, Alatell HEA]

7|3 vijoksle] whild wlsS G=3) & wjokoloa] -
gk hER-LBD wh¥A=t F2lahelct. AT-cute] 9 MHzl
quartz crystalel] o= wol] mF F& A FHSl] F
o FE universal frequency counter (Dagatron 7023
dgul=)z =33skch pH 7.2 =& 7.69 phosphate

buffered saline® & I-F3sh 300 ple] T2 F9l8
o 7A=EL =AYt A3 A=RF whilAe] EA

2 H o

o 3t Lom 40}04 A 2zE|Ro]E F2EQ] of2~Ew}

=

g, ZRAZEE, HlaE2HE, 3 dEsHES AY
o *1—&—3} ot

hER-LBDZ ©]-§3} ulo] 24141 15 pg/mLel 50 pg/mL

HelollA] ol 2E 2l Frel wlste] Hte] Flshsint.
aef} v|5E AE|RolE SEEQ] ZeAAEES dw
2B Eﬁ%io& eAde 2l 5 flgloh 22 Hls
EAHEL oA Z2Alo] nlsle] wlekslr|=
Tl tﬂﬂ— AT - QUSiet B3 o AERA )
SAAE pH 7204 ek SRl S-S & AT
Z7F= hER-LBDZ 0|3} njo] 24147} o 2E 27 Eo
AZ72 AR & e hFeAe AlAk.

Sek 39

#Atel 2

o] EHEL 2008 ZEYFEtm mold o]
A 7 2010d= AR @S )Et )] APew g
AARke] 7] 2817411 (2010-0007135)2] =] dol] <Jsj

S92

AnEsl
AlsRL ], A=A sl el sardi ol s A, A<

ke 913k AJ=Is), pp 292-332, sHEhRIERIAY, A, 2005.
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screening of environmental chemicals for estrogen receptor
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