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A2 2¢ Tt (Hemolysis)
BB

(57) Abstract: The present invention relates to a biomimetic electrochemical biosensor
capable of sensitively and selectively detecting cholera toxin. Employing an intestinal ep-
ithelial cell membrane rich in GM1 to which cholera toxin specifically binds and applied to
a working electrode, the biosensor of the present invention is able to sensitively and selec-
tively detect cholera toxin. The biosensor taking advantage of an electrochemical method
can detect cholera toxin easily and quickly anywhere with basic equipment capable of mea-
suring the impedance or current value of the electrode. The biosensor's high stability allows
for easy storage and transport so that the biosensor is advantageous for supply to various
regions, enjoying the advantage of early diagnosis and treatment of cholera, which poses
an acute threat to life and can cause widespread transmission.

(57) S9FA: 2 Wy e Zeleh Bag ugsa A9 w AEW 9 A4
2 A718) e vro] S Al Ao #hgk o= outne] vlo] Q AlA = Fe) a4t
Bo| o ARt GMI ol 73/ EAskE G AV AL AT
CEgoRy Fee 523 Ngsn A9Hor AA % 4 glon, 47587
WAL ALgsle] Ao AuEs EE AFEE Z4F S olE 7Ry
Ao ool vt hEsta wEA Fdeks HET ¢ dal, vte] .AlAl
b Aol ol w9 wlEol gols| vidd Aol ¥EH HeFnw,

e P e FHOE A9 Agel v PUAT AL oWIAL # Y& FewhE
z7]e] ARsta A 5e 4 e £330t et

AA ... Caco-2 cell

BB ... Cell membrane breakdown (hemolysis)
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=2 7 = HAAEA BAEAE
s A S 72, 3 2 EF(Yersinia pestis), 4] 7 (Bacillus anthracis), E-
Al 2} 7F (Brucella melitensis, Brucella suis), -7 H] %] 7 (Burkholderia pseudomallei),
H| %] 7F(Burkholderia mallei), X% 2] 35 7 (Clostridium botulinum), ©| 2 ¥ (Shigella
dysenteriae Type 1), & &} t] o} A]E}7](Chlamydia psittaci), 7+ < (Coxiella
burnetii), ©F ¥ 77 (Francisella tularensis), 5% E] 3+ 2> 7 (Rickettsia prowazekii), 5
Hkod 7] 7)) %] o} (Rickettsia rickettsii), = A| T] @ 0] €] 2 o] 1] €] 2+ (Coccidioides
immitis) 2 = 9| &1 (Vibrio cholerae) 5 ©]
=9 2 (Cholera)t= = 9| &1 (Vibrio cholerae)ol 2] &l 7+ = o =) 7 52| &
AbE A F R A AY, el ebol TR E ALE ] A vF 2w A o
ol &, A5t H F&F Toll LA H o FH ALEE A HapHrh v e e
ZH et SR e A s o= TH HAAR dHA oy, s
o] AR E 7HA] = 1% -4t (gram negative) 2. & F-F % o ). Fd gt ¢
=42 (exotoxin)Q) & d| 2} 55 A (cholera toxin, CT)-& &3l A2l A A3 F-3f 7
A 5] o] A Al(diarrhoea), B 9*(dehydration), tHAFd AFd S-(metabolic acidosis) &
& o7 A ¥ A ALEo] vl 5 A o' A A o], B v A=l B
H Fe] AE 270G v - F Q3 HE o2 QA a1 9l FY
gl ZFA ¥ 7] witoll Aol g A4S AW vk A
Hl 59 FAMNAE B8l 224 A& sl dstsla 242t
7 ol & A~ 2
o 5o A Aol A= FEH 3Hendemic)H o] ¢l Aot &
FHeleh 545 A A H A (subunit) ¥ B A Hf-H 0 2 A
AMBFYIRko] Yite A 54 S H = 7 - S 7HAH B A
of Aot JTE shoh A Gy M ol = o] ZHet 5

= GM I(monosialotetrahexosylganglioside) ©] &= =& A
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7 EA sk, Zel et 547 GMLF Zgste]l BEA S A Al o) Y]
(endocytosis) #74-& G5l & M E W2 St} & Al E e EAleHE G Ty
Z (protein) ©ll A GDP(guanosine diphosphate)”} GTP(guanosine triphosphate) & !
APSEE H A o subunit-GTP S A 7F Hol A v an, s & 584 = 4 Al = W

of A o} el d Ak 212 8} & A~ (adenylate cyclase)oll 233l @& dorH, 42

A &2 2l cAMP(cyclic adenosine monophosphate) & 314 $tt}. o] & 7] 34 ¥
cAMP<= protein kinase AE &4 8}6} a1, &4 8}¥ protein kinase A 7 A W)
CFTR(Cystic fibrosis transmembrane conductance regulator, Cl =% 9Febl 2y 3- 5
Aspr 7t} 2 3k CFTRE 4 Al W ol Gl A5 W& A 7] A -?:
Ayka o 7 o] ¥h-g-& g Al dojub GTP 7F4= 3l #4221 GTPase”} ol d

a3k Aol A 3E 2= o subunit-GTP 5 34 o] GTPE GDPE 7hH+-3 6}04
cAMP & HFa G @ a2 2 722 moltth ey, 4] 3Hg ol A
F AEHE S0t Felgh H42-GMI H3A o A B f-H o] Holx] 19l G
whld o] g A B Rl A A B, G ed el AgE A A EF52 GTPase
o &g ol 24 3tEl G B o] GTP ¥ A7F GDPR o7tz 7] 2 Hho}
cAMP §HAd o] A& A &5 A g}, o] ol whel CFTRO] Al4: ] IAl Hof a1+
A7E G 2 Al S A w7 A H o, A a0 2 AHE ?éi’é}o] Aot A A+
o] = FAket ol 5ol AR WU Tt dARe) B S ek W o,

A A5 Aol o] = A & <= 8l

*a”i'ﬂa]r e U 5AEHE }L WAE o] I o] Al A of gkt
A vk o] F57 2= A7) ELISA(enzyme-linked immunosorbent assay) %2,
SERS(surface—enhanced Raman spectroscopy) *2], PCR(polymerase chain reaction)
2 olggk vk A 7]§]r§}x—1wlectrochemlstry) WAl go] EA gkt o] %, ELISA
WAS BE sl BRI A = AT WA ol AR 9l o o g A

AQ

E

2 B8 S etel vl 44 0 2 e - 5ok, B9 el 84l o
2hA ul - LetbA) g g ele] tiak kAl 2P 7F EAlEHA 2 R gl
WS A9 A ashst e mFol Wasty 54 AR QA
© 9 Al7ko] & ¥tk W2 7hH 5L ST SERS M4 & ehebal et 32 B
Feol 7P A AN A2 P8 e ABYS AFTFHAT, vhask
A= GRS A}8FT= A7 0 SERS 7] %ke] Al2to] o}el ) A @ o] Wiz
thiz wio] EAS, Fh A /o R ARG ek A o) /] Wil
=g kel Aol EEsHolor A A sy A TA o, ST ¥
Fohx Wi GWA S-S SERS A1 57} oFshrhis 9ol itk PCR WA S A1 E
3k WA, AE Aol BE AEekAR, 49 492 98 AR guls) Q1 of
2124 glom H] go] k= B & A Slek AV o] A BE B4
A AR AHES o =A% A YA, Feeh AHE ALg e Rol
F5 719l g0 Qofubiz WEFolehiz A2 ke ), o A3 Bty 3
T @A glol Zo] Brbsstrhis Walo] S & deh ek, 273}
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[20] ii: A EH S B

21] S4Byl Fee S G5 vhol A4 9 A 49l AR E tehu
solth

[22] a: Tl HA4 A A wAYSE

[23] b: Al Eto] X ¥ X ¢F2 thaat A& X3k thxat vho] QL AlA;

[24] c: Caco-2 Al E 2] Al EHHCCM)o] =X ¥ 2H5 A -8 E3Hahi= ubo] 9 Al A
(CCB);

[25] d: CTxB% 2] ¥l CCB (CTxB@CCB);

[26] e: &t vho] @ Al o] EIS 415 &8 vol F 2E 4 2,

[27] e W& 1% A =2] Randles 3] 2 - (R,: electrolyte resistance, R.;: charge
transfer resistance, Z,,: Warburg impedance, 2 Cy double-layer capacitance);

[28] f: CCB9| EIS A& E-3F Yol 1~E 4 a2, ¥

[29] g: CTxB@QCCBE] EIS 48 &-8t o] H~E 4 1=,

[30] L5 g Y 54 HER vlol L AM o s ol =X A E
of EAsk= GM1T Feldt 540 B FY CTxBY 5ol 4 A%E &elgh &=
ot}

[31] a: 9FElv 4 o 2 Sl 2bE =2 7hH Y (Edge) R T4 -(Center);

[32] ir A ERpo] =X AF =] 7pAR g FA

[33] ii: Al Eto] =¥ 252 o)l CTxBE A 2] 3h F o] 7pA Xt 2 A2

[34] iii: i R ii olv 2o ¥

[35] b: Al Euto] ¥ ¥ vlo] @ AlA FH ] ARM o] 1| A,

[36] c: Al o] =X ¥ 2Hg A o] CTxBE A & g+ 5 9 vlo] @ AlA 3 ¥ o] AFM
of ] A

[37] d: Al 3EHo] L= ¥ ulo] @ Al A 3 2] height distribution histogram; %2

[38] e: Al E 9ol =X 2E =0 CTxBE 1 2] §F F 2] vlo] 2 A4 321 9 height
distribution histogram.

[39] L6 B o] Al Xt ulo] e Al o] A5g AZg ol

[40] Bare electrode: Al| 3 HFo] X ¥ X b & t 2 A =12 E§sh= vlo] QA4

[41] CCB: + g 2 nlo] @ AlA;

[42] CTxB@CCB: CCBoll CTxBE #| & gk $-&f ul-o] @ Al A{;

[43] a: EIS 4 7k

[44] b: CV 4 4k

[45] c: CCBoll 2] 2] 3+ CTxB2] 559 EIS S A 4L

[46] d: CCBol| #] 2] 3+ CTxB9| 55 =43 AR, 4L< lincard} 7 fitting 3 12 3Z;

[47] g o] ko] & A4 o] M EA;

48] ¥ el uhol o AM el ohg .
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X
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GM I (monosialotetrahexosylganglioside, I'NeuAcGgOse,Cer), GM2(II’
NeuAcGgOse;Cer), GM3(NeuAc2-3GalB1-4GlcB1-Cer), asialo GM1(Gg-Ose,
Cer), GD 1A(IV3NeuACH3NeuACGgOse4—Cer), GD 1B(H3(NeuAc)2GgOse4Cer),
GT1B(IV'NeuAcII(NeuAc),GgOses-Cer), 2 E A Al 2}m}o] = (lactosyl ceramide,
Gal(B,1-4)Glc-Cer) == = 2 B E 2] 2 4 A&} o] = (globotriosyl ceramide:

Vo M ARR ¥ = BE Vw80

& H-ofel A
Gal(a,1-4)Gal(B,1-4)Glc-Cer)
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A ol A, FElE S welEl F40 BAEFH(CTxB)Y 4= 3Tt
A & o A, B wkrgd o] nfo| @ Al A = A}t A = (counter electrode) X 7] =7
= (reference electrode)©| g+ A el 78] ¥ FH Y A 73} sH4] nlo] LA A
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T 3

o :rL??iOﬂ o A, B- vk of nlo] @ AlA = Aol A A H Fdlef Aol o
NZE 58t dfl F(read) + 5 F7FHE L8 = v
Bl o A ALgE o, el it E Q1A H
st F-olt)h AW 2, FEet 547
it Aal Ad AR S AAA RN FA =2 EAIA] QHEHE AT At
Bt ol A ALgE g0 "I Alo] = (ganglioside)" & o1 & 7l o] &
o} gk 7l o] 4ol Al eAakE E 3= Aleno] E(ceramide) fr E A &, GAFE Y]
o} Albate] grof o] s AukA 0 2 GMI, GM2, GM3 522 23t}
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[83] *'L'ﬂa]r B WEEE = Felet 54 S5 BAERY(CTxB)O] o142
Lﬁ} i] GM 1(monosialotetrahexosylganglioside)-S- ¥F & 8} = & /-]

[84]
[85]

[86]
[87]

[88]
[89]

=< H
xﬂ g %—%3} | Y13l Caco-2 Al £ E 10% FBS (Sigma-cat#F2442) 2 100units/
ml9] #H| YA -~ EF Enlo] Al (Sigma-cat#P4333)S- 3 $15F= MEME (Sigma-
cat#M4655 LOT#RNBJ9569) Hl #] o] 4 37°C2] &% I 5%2] CO, ¥ % 272 <l
Al ol Bl el A v Fatar 3l SHA A Al ) kst (5= 1). 70 WA 90%] E
E2 g M EE 0.25% Trypsin-EDTA 89 (Sigma - cat#T4049)E- o] &5} ¢]
W F AT A 72l 8haL, 500xg 2 104 & 9F A -2l 8te] A5 & A A ge

24 Caco-2 AT M H & A& 7, 500xg 2 1074 33) A28 5, = ze]o] = o]
AA 2D FIFsH= A% oHa) § o) A7bstol 4Col A A S st sk

o}, o] &, o] o] HEZ A 7] (Daihan Scientific, Korea)E ©]-&3F%] 5000 rppmS. &
20 pass T3]3t 2.1, o] o] AELN-& 800xg R SH F<F, 10,000xgE 104 F2t 2
25,000xg = 203 &t TAbA o2 YUAE-2] &0 2 M Caco-2 Al 3E9] Al Z 9} (1]
Aol Agl)g #5353
12, Al to] =Xy
%ﬂéﬂﬂlm%H@mamgiﬁﬂ%ﬂ}ﬂE*@@@EDwﬂlmo
il 814 5te] 0.1%2] $ 55 7H 80 & e H 3 Sk 2505 AeehE
HAz} 207 s AT A AT o] T, FHE(Carbon) 59| AHEH =
(Working electrode) 910l 7] A2 3h 8 Al (0.1%)S 10ul &8 3L 33k 271
ol A 50°CE AA el g2 AEutg Exeqlt), of uf, X 2] A zbel] up& A
=] ASFEIS)S Fel et A}, A=
seh7E 3040l 3t = A1 18t (& 2), Al &oo] B AZHS 304
ogﬁﬂﬂﬂ$@3ﬁ#¢ﬂ£@ A

of Ya 7PRA S5 ARF T AXIE

ﬂoiﬁﬂﬂ# 14@H of Al uto]
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Staliz =84 GMIo] By A 4] Al Evto R E ¥ ¥ o] et H4o
HA AU (5 4a)& ol &ste] Fdlet sHE AES o Sl B g ol vt
ol &AM (52 4o, Al EHO] B3 B K] @b Blo] @ Al A (52 4b), R & EH <] wlo
QA o] A=l Fde} 549 B A HAS(CTxB)S # & gk upo] @ 4l A of] 742}
A A &N 70us AT 7he U B A 0 R A St EIS TR 1S o] &5
o] A7gtetd EAS Fstar, Yol AXE I e ZE g8l
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[90]

[91]

[92]
[93]

[94]
[95]

[96]

[97]
[98]

s, AEE £E5] A9 vhol L AA (2 deyel] vl s Al E L

F-of vho] @ Al Mo M o] A £ E Al o] bl o] AA st A A
ROl AA = Aoz UeE o™ (24, XS ¥ & 0y vfo]
Aol CTxBE A el 8 45 obd A -0l vl sl o] F B A1 1ef =2 of vkl
wol A As A A FRool AAE LR HERT (I 4g)

o] & ol ¥ty o g v ¥ o R R H A ATE e vlol L
A= AE Wzt S o] EA o5 Ve 2 S AL AEE 5
sol geled = 9l a& Felshaltt

Al £ el E A 8= GM13 CTxB7F 5014 &
Aol Alexa 647°] A9 CTxBE # ¢ 8} A==
WA A A= 9ol g Al el GMILE CTxB7L 5ol 4 o =2 A3 7
& Slst 7 JAT (& 5a). TS ol & WAt AFetr] fEl, A= 3 Hde
AFM(atomic force microscopy)® A 3F5I v 71 A3}, M| E -8 T3 gk ulo] @ 4l
Aol S AdA G ol & 7HA @A7F eV A %= Wk (=
CTxBE A | gt vlo] @ AlM 9] TH-E CTxBE EAZ Qs & da7F el =
A AT AAT (5 5¢ Hoe).

A 3. ZH 54 AE& vl AN A& URA g4

A7 3}8} 3™ 2 %38 (Electrochemical Impedance Spectroscopy, EIS) 2 <=
3 A AFHECV)E ol &3to] 7] AAld 104 A2k ZE e 54 A58
vlo] @ A4 o] Fdlet w4 P& des FRIsith A A o2, M E o] X
A o8& o) 2= A = (Bare electrode)& 3315} vlo] QA4 B wkvg of Hlo]
L AlA (CCB), 3 CCBell CTxBE A &) & $-¢] vfo] @ 414 (CTxB@CCB)E 747}
EIS®t CVE 543151 21, o] v, CCBell CTxBE F = =& A gl ate] 4149 7
eSS gl

1A, 2 o] nlo] QAL o A= el Mol 2 X EQlon, R
A E ol E A 8k= GM1°] CTxBo] =& A =4 2Hg-ah= 21& A = Ut
(5 6a 2 b). Lk FHd} 549 7 sl Ay A 2ol gk Lol V&

7] D AR AFE 217 y=71.26 log(X)+300 Z R’=0.99842] 7S 7[A &= Ao &

i
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o i
[“_>':‘4
Jd ]

e

(o

—_

g
i
_Nt_';
AC)
o]
ol
el
[
wn
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o
AN
o
rob
i
o
N
N
oY,
o
o,
o
%
2
T
=3
o,
to
2,
>
L
>
e
oo
i

T A+E AT (5 6c F d).

AN 4. FH e S4 FEE vlol2AM Y A8 B A &<l

Youbg o] Zel 54 AESE vfo] LAl o] AElAS elsly] ¢, CTxB
o} Atghe] A o =48} =2 E (AA: acetic acid; UA: uric acid; ASC: ascorbic
acid; CA: citric acid; Glu: glucose; Chl: cholesterol; 2 CE: cellulose)S- Z+2} 0.01
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mg/mL= CCBol| | 2]3}aL EIS 32 SA st 5, vlo] @ AlA of /b A &
ghelstr] A&, A =gk CCBE 0 WA 21 &9F B8k ¥ CTxB 0.01 mg/mLE
Al sto] Bk H F9o EIS #h& SA43ko] vl alstgltt.

S Bl Ak Bouge] Foe Ba 45§ v LML BhE 2
ol Hlal CTxBol W ] 5 & MBS ek, Selet B4 4% A4 2A &
£ A8 7 el 2 A9 ST (5 6o S Y ol

|

>

L 559 CTxBo 7 3FEIS #k2 e, eF4 A
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[ 1]

[7d - 2]

ERE

[T 4]

(%453 5)

[ 6]

(7478 7]

[ 8]

[+ 9]
[7d-7-8F 10]

[7d -8 11]

[7d -8} 12]

[7d -8 13]

[7d -8} 14]

[7d7-8F 15]

[7d7-8 16]

ATHEA
ek mash Sol 4 or Ashs FEAE X ks A E o] w¥

21-& A =1 (working electrode) S X 3138F=, 4|2} A &8 vl o] QL AlA.

Al 1ol glolA, Zelet Sash SolHor Afshs FEAE FE e
A}o] = (ganglioside) & X §Hel=, Zdle A& 8 vlo] Q414
A 238kef oA, =] 2 AFo] == GM1(monosialotetrahe

xosylganglioside), GM2, GM3, asialo GM1, GD1A, GDIB, GT1B, &4l A
2}l o] = (lactosyl ceramide) == w2 H E ] @ 4 A glvlo] = (globotriosyl
ceramide)E ¥ 315}=, gt A &8 vlo] LA A.

Al 13kl oA, A AFu M EZERE 2yl gk A2l Selet 458 vt
o] Q AlA.

Al 13kl oM, Az A P2 2hsd =l RxH, Fdd A
4 dlo] @ AlA,

Al 18l QAA, Fe el FavE A Lol oA o &

5o WslE =, FE el 4E8 vlol A

A 6%l ¢ 017‘1 ¢ 54 F9
A& A&=4 vlo] QL AlA.

A 18}l Qloj A, A=e A Q1A Feef 4ol 9gt A3 5 dl =53t
5 (read) -5 F7F2 X33, Fd 2 A& vhol

A 13ke] FH e AEE vto 3
a) A5 A =& Az dA;
b) & 3] M EZEE M E

A 108 Yo A, 4] 221014 30 WA 65°C = LA el sto] AL %
Sobi, ook 458 ol 2 A5 A 9,

A 1350 SLo1H, S50 2004 0% B9, Bl A
}131H4ﬂ =S

PJNE‘EX%HO}L 1‘1

ﬁﬂﬂéﬂﬁﬂeHﬂabgﬂézﬂﬂa%ﬂﬂ@%%g
Al 15el M, Almi= & AR, 542 AR, A AR, 9 AR, 2
%Niiﬁﬂﬁg%ﬂﬁﬂﬁa%ﬂﬂﬁ%%%
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[=4b]

: CCM (Caco-2 cell membrane)

CGMI(BE AR 2 ZH22)Q-
AH0| E)

CCTxA(EEIet S22 MBRE A)

DCTxA(2EEt 5= MEBRT B)
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( d ) WNW V. cholerae
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56b]
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