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ABSTRACT

The increasing number of analytes in concern and the alarming health and environmental consequences have required

effective means of monitoring for safety control. Biosensors offer advantages as alternatives to conventional analytical

methods because of their inherent specificity, simplicity, and quick response. Colorimetric biosensor, one of biosensor group,

is one of the easiest and the most convenient methods because detection can be done using naked eye. Recently, a novel

method for rapid detection and read-out of specific immunoassays with naked eye using polydiacetylene (PDA) was

developed. Polydiacetylene has recently been in the limelight as a transducing materials because of its special features that

allow optical transduction of sensory signals and inherent simplicity and ease of use in supramolecular chemistry. Various

forms of PDA are used as a sensor platform for detection of various biological analytes such as viruses, DNA, proteins,

bacteria and hazardous molecules.
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2 (electrical), 334 (optical), &4 (thermal) A& 3+ w2
T3 2 HAE AAA "k 1 Sl e H]”‘“a upo]
Al A (colorimetric biosensor)$] 735, A%
@ty wo 8 AAdE g9 F Av
2 TH(Storhoff et al., 1998).

Z Lo v nlo] QAlA 9] 3R PDA(polydiacetylene)

£ ol&sle 14 EAS HAEshe Wl dig A1Ee]
gits] e F 3 ) th(Reppy34 Pindzola, 2007). PDAE A}7}
Z Y (self-assembly) S =3 A A T Z(monolayer) S
2 PA3l7] golsta, Sx1vl A (amphiphilic) A2 E Qs 4=
LA A FZ 0] E(colloid) FENZ FAHAIZ 4= QT 12
3 PDAE A s+ ©HA| (monomer) e WS 3hiHSS

53 kst /9] A (antibody) Y 21 7FE(ligand)E 715
sk(functionalization) & = AT H3h F&q oA FRolE
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e 2 EA 5}= vesicle> A2 Z(lipid membrane)S A3
Feo R e T/ A £t THE & Utk
AAE 7R Y BH(Yoon et al., 2009).
PDA A= o4 Ard gt vpe} o], vk
To} A1FEE PDAY 7|53kt AY, 3
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1. PDA MAMe| 22|

PDA(polydiacetylene)= 72 3F
ol 77 & 2K(conjugated polymer)Z Y A
=4 E TgsAl o] &= 3tk PDA
Z YA =" (self-assembled system)S F3 A FAE 5
), F714¢] 38k £ W2 7]%5 3K functionalization)
st S 283t A8k 545 PDA xH A Z
4 S tH(Kolusheva et al., 2000). 12]2. 3 ¥ PDA vesicle
3} ) F2=7+e] vh-S- 22 PDA vesicle X 7] 53E &
F(probe)+ % EZ7He] Aol og A MstE X =4

< A4H 2 AFH o2 HE o] 7H53EHGuo et al., 2005).
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1) cto|ofM|E Hl(Diacetylene)2] F+x=2} ZgtatE(Polymeri-
zation)of| 2|3t PDA &M

PDAT A7FEYE tho]obA] @l (diacetylene) & 2] 35 %
(photopolymerization) Z74& 3 14-HA7F v&& AA &
At} thol oM E #H(diacetylene) 2] 2= F 7<) ot E
A717F 499 FE G A2SH e dFol wiE A
sl FHIo|thFig. 1). AVt E T3 ZEH tholotA g
dEo] AeM 2ALE Bl TFAEES AXA HY, IE
7o) Fjoll s AdT olz Aol WHE EX| s PDA
7} A " tHKim et al., 2006). 123 =T3S AXA
H Fx2F P o] dE o], & F(thermal), &2 A=
(mechanical stress)oll ™t QHA A (stability) S 3dE o)

1 molecular

—

3
" assembly

Fig. 1. Schematic representation of photopolymerization of diace-
tylenes by UV irradiation.

(Sheth®} Leckband, 1997). &3], t}e]olA| € #l(diacetylene)=
o]-&-3t PDAS] A= FFwE F3lA 7Hest7] wiitel ot
£ 315t FujAl Z2 MAAZE LFE A FHA e AH

< 7} t(Yoon et al., 2009).

2) PDAS| sty EM

k%1 vl A3 (amphiphilic) 1 The] o}-Al| © @l (diacetylene)-
A g 3l FEAY FZo]Z(colloid) FEI = 4t
ITHOkada et al., 1998). & A F A BA4te & FF
< 53 ¥4 ¥ PDA vesicle 5/ FEAS e
8|3 &%, pH, B8 % 2EF 29 2 93] 2ol
3 A PDA vesicle2] 9FH4d A (stability)ol] WH3}7} A7 &
M-S YeERA B rkFig 2). ©1F 383 54| PDA7
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Fig. 2. Color transitions of PDA vesicles solution from blue to
red induced by heating. (a) Prepared PDA wvesicle solution, (b)
Blue-colored PDA vesicle solution by photopolymerization, and (c)
Red-colored PDA vesicle solution by heating.
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12 od & E£9], PDA vesicles 313+ W& &3 f2 &4
of X5t A7 EAEE ¢ Are H2 FES Witet
‘ - B AL 808 5 ATH(Fig 40). 5171 PDA vesicleo] 3}
, 08 2 ¥kg- }lo] H 5ol & (non-specific) & & 2] EHol| A
£ H AeE AR B e F2 §go] e
E 0s AL AT 4 UthFig. 4b).
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Fig. 3. UV-vis adsorption spectra of the blue and red colors of
the PDA vesicle solution.

MEM gol o] &H I 3l FE olf T dtuel7|E sttt
PDA vesicles> & o} nmoll A At E554
= AYH, H2M o2 Wk 9ol oF 550 nmel A )
Trabde AdthFig 3). 5, 5% S &3] PDA
veswle-% A 7 ©](color transition)
, 1 AxE ZAAH, AFEH [dEFo
E]- PDA vesicle> &4 2= o3| F
9] A Ze](color transition) &
AL He AT §2 8%
71% 3ttt 12l PDA vesicle®] %
AshAQl A ‘545}E AT =M Fat7| e shAlY
A S F3E BAT O ZH PDA vesicle?]

ol u}
HlE »&%?‘Q = ATHShim et al., 2004).
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2. PDA HIMe| &ef o =0}
PDA Al &= tholobAl € 9l (diacetylene) A 4

24)7)
Ak A ERe] 2RSS Pyl uhe} thre Fejs
AgE 5 gom, 1 FHE Ad 48Y 5 A= AN B
of7} WX 7| @k webd PDAR A2 7bs @ Al

e 2 FHZ A ko] tla] A Lol T, T PDAE AlA
2] ggFopol] tisA AHE T

1) PDA M| e

A7+ 2 ¥ (self-assembled) PDA= TFFSE HIH O 2 A 2}
g 9low, I U A ol 7R £/ 5 dth
Langmuir(LB¢} LS), AF7F2H T 2F5(SAM, Self-assembled
monolayer), TF% 3 ¥ (multilayer coatings), == ©] =(colloids),
213 3 38t¥ == o] = (immobilized colloids) Wi o] F
2 AMEE = oA 7ER] PDA Al < o] thReppy £ Pindzola,
2007). Langmuir 7]5Fe] A ZHH -2 323 7]9 910l &
e 2 9] A Zto] &) (Wang et al., 2000), AF7F2H %TT:X]'
Z(Batchelder et al., 1994)3} th= F ¥ (Kuo<} O'Brien, 1990)
AAl A 713 flell FAder] 41 otk I8 EFE
ol FEl(Peek et al., 1994)= 719 W3} g =8
o PDA vesicleo] ®4t=E o] EA18taL, T84 JAE E2

Glass slide

PDMS film

Fig. 4. Schematic representation of PDA vesicle immobilization onto solid surface via chemical linking and PDA vesicle immobilized
glass chip. (a) Reaction areas made on PDMS film with circular opening, (b) Fluorescence image of the negative control after heating,

and (c) Fluorescence image of the positive control after heating.
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o|lEE A mWo| ZASIATI= W
o] &=

71&9] gl 7HA] PDA A= Qo= A2 7iE 9
PDA AlA 7} HZ 5o RAHY vk 9A, F2olE IH
2] PDA vesicle &< 74 ol 7 3}% PDA vesicleZ
TEE o] AT AoA PDA vesicles Wlo]|IZE Alo] £ 9]
A 27} v] Egsilica bead)oll 24 3}ste] E-W Aol A EA4kE
FHE 7t B2 = A THLim et al., 2011) PDA vesicle3} &2]H]
JUF(PVA, poly(vinyl alcohol))= A & Aol A &3
3 & AZIAHS AH PDA vesicles &3 PVA &S
A 25} THKim et al., 2006). E3F, 7] ¥Al electrospining)
o] A& o|&3te] PDAVF 3-8 AR Az Z Al
A g8o] HIEJKYoon et al., 2007).

H(Kim et al., 2005)°]

o
13
<

2) PDA MiMe| &8 &of

Hx], PDAE AMAE &§317] 9Isi4= PDAS] 44
HalE e A Wst §2 F2 3] ks e
ﬂrﬂOl 23ttt PDA 719ke] AlAoA 24 EHAES AF
WHo IA Al 7R ZE UE 4 9tk PDA vesicle2]
Ao A FEA o2 A WstE FHERE SH= W
(Jelinek et al., 2001), 24 =2 A F Tikst
o) at= W (Park ef al., 2008), a11
1A 8 o|u|x]|3}sle] AZEG 0] B
glsl= WHol R EHS E‘r(le et al., 2011).
7E—% PDA 7|%ke] AZE WHES o|&35te BiH
g9 o Z+=, PDA vesicle E‘jﬁ_@ 2SN A
A7) WSS 7N ' g AT A E o™
(Xia et al., 2010), PDA Jtﬂoﬂ gl Y A E 012 E s 7]57)
£ @438t LB TEo =2 A ZE AlA oA nfo]g] 2o
EE A FEMNA F2MOE A o7t o] By
S tH(Charych et al., 1993). 3k, wlo] A Z Alo]= 9] 2|7}
H| ol PDA vesicleS ¥ A 3}sly 117471 skate o2
AZ AM7Y BIHATHLIm ef al., 2011). 123 Alo|E &
o) 2~ E & (cyclodextrin)oll 2]3F PDA 4} o] Aol B 15
ATHEO ef al., 2008). PDA FHol| ©rd7lete] DNAS I3
Al713L % DNASH Agatds of A dol7t frso] 54
DNAE AE3te Wl 7lEs I thWang3 Ma, 2005). ©]
o} ZFo] theFgh el €] PDA AAI7F B E oW, 11 FollA
nAE HAE3 A9E A7-sl dieiA] GotR S shlth

ol
ol
FlFU l‘l[‘

2 2 (B o mE H
X do 2 b ol =
:0,1:' i
Eorr
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2l &2 PDA MAMe| 7Hw
el A% 2 A7, G @
2 Fus] 98 welsore 4

o = =u
of v sl H3), HFo) EFH YL 5 A=

o?l

ok oﬁ,

A mA eI A7 S2E HEske Wi Ee] MEE 3

=
IS0l 7 dREE 1 PCR(poly-

A o] &= YT L

merase chain reaction) 3 A1 €]l x]u] &, ELISA(enzyme

linked immuno solvent assay) % ThsH 7|7]RAHO R

e 4 Sk AR o] o} e 7]EL] W ES HH &

Ao A& AHE #5e UI7A A7l A9 Y, o

T AR ANA o]FH Aok gtk Thido] Atk whEbA FH
o= PDAS} o] 2384l A Wisl R 8 x4 =4 7

E 32T 5 e AANES o] Edts] X8
Aom, I AFAFAEo s AuRES shth
1) o|ME ZE PDA MM

PDA 7|4¥te] w|A & AA = Escherichia coli® 7%l
AE T AYHN o, 52 4 E coliet A3
T2 %A E coli$t 31D L (affinity)7} =2 ZHsugar) O 2

S3tE o] 1= PDAE ARS8l AFEHJUTE M= A=
AA A E coli7t 25 4FE WIHSHA AME-E& ol
A Adste FA < ohekst 217 (ligand)Eol Wik B
37F ol o]FA 917] wWFol7]1% Strh(Reppyt Pindzola,
2007).

PDA EHol| A A (glycolipid)S 2| 7PER 7|5 3t8te] E.
coliZ AE3= MM BTETKSu ef al, 2005). ©] AT

ol A= PDA vesicle Al 2FA] @22 2 1x] 2 (phospholipid)
S AYste 28 45 HEL EE U E(sensitivity) S
A7 E ATFE T ol FEd AHS B3 Ax
3| ] := PDA vesicleol] 1A A& AU 24 PDA vesicle2]
& (fluidity) = b’““]"oi’ﬁ 7hs 3ttt

Silbert(2006) 5 PDAS} <l x] Z o] 33?}%51 vesicle % e
1, Luria-Bertani(LB) agarol] & 3
Stk 223 Al 7HA] FFE RE ety *i‘/](colony) A
ol 9 AE FF5 PDAY A Hol|2 Felst= A
< st AT AHH A 2S5 floH,
T2+ Aol Erbgsitte @S 7HAAL Slth

FZoll= PDA 7IWHe] WA E AE A7 s A+
Eoll o3 &d] MUY WA, F2o|= FH ] PDA
vesicledll Cryptosporidium parvum=F Ag3t= SAE 143}
AZ1aL G&-9 o A A Z o](Colorimetric response, CR%)
2 sl ATE 35 th(Lee er al., 2007). o]w] TF
#739 A% WSlE 10°~107 CFU/mLe] T,

ZZo|T Fe) 2] PDA vesicles 2] W] A3 A7
33 (fluorescence chip) -2 A &e A% E2 Cryptosporidium
parvum 7% A7} 10° CFUMLE =8940l A 1884
739 w1 dakE 4= A th(Park er al, 2008).

PDA vesicleS #-2 Wl XA 3} A7 3 A&

=
I
©

&
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o8 x4 HAES HESI= A5, PDA vesicleol AUE Aol A= streptolysin O(SLO)7F ] @h(lipid membrane)<

JAA A ] v ol WE AE
al., 2008). ©] AN E 2 3
FE58E 77 AT FHoE JIAH S /‘P%é‘}‘}iﬁuﬂ, A
H QAXAL] AH HES %
=3 A At
PDA vesicleZ H}] 2 H(biochip)= Al 2Fst= 7%, ILA|
71334 st AYE ol F HYT S ALt v 5olH
2 x9d A3k PDA Tol MEAE 5o gl
AWrhs A< A7) f18ke] PDA vesicle 7He] At
tho]obrl(diamine)s AHE-ste] sttt ol & Sl W
H AE%5(10° CFUML)S 7HAH, shuke] HollM A 67)
o #FE HAET 7+ v A+ ZHA B tH(Park e

[o

CFU/ML7}A] 3FAFA]
Z F AT Table 1). B3 LY G A FEo]E FE] <]
PDA vesicleol] & 2 Agste FAY 2
ZFE(ligand)E 7153bsle] 24 mAES AEsts Wl
A A T PDA vesicleg 774 3}5le] vlo] o e =
A st WA o2 At M E Ak FHITo = dhve] 3
oAl A Hdl 659 #F7HA A& 7F53 PDA vlo] 4147}
AT A= F K Park et al., 2009).

2) 7|Iel 75l 2= HEE PDA M
PDA vesicleS ©]£3)] n]A}
toxin)E A& A17F B

—I-

= 534 S2(PFT, pore-forming
= A tHMa2} Cheng, 2005). &

AL PDA Vesicleoﬂ A9l =1 o] PDA vesicle?] HdAdel H
shE Fo] F2M9 A dol7t frdE s AL IR EH,
SLO®] A&l &3t &g, —rfﬁlqoﬂ/ﬂ A0 2 0
A Aol A&k SLO Fieote] FAAAE ATF2=2H 100
pMell A 63 nMe] FEH A SLOE 7:1%% T AN

PDA vesicleS F-& A ol A AN 7] 3L Microcystis 22
2HE AAEE microcystin-LR(MC-LR)S A o] E2
(Colorimetric response, CR%)S.2 A&3l= AF7F HIiE
ATHXia et al., 2010). MC-LR 272 Q4902 AA K
Z1715+(WHO, World Health Organization)oll 4] 743k #g]
R oJa] A EX I Tk & Aol AAR
247199 MC-LR #8] 2715 T3 1 ngmLo] &3
AL Holi Utk

FEA oA T8 vlo] A2 o] # O] (microarray)l] A &
Z 7 (melamine)S A& A77F L BIFUATHLee ef
al, 2011). el Sepng AZFAolA Hol AHEH L
DA R, b7 ol whet FA 54 VreR 7] wi el Al Al A
o7 #AYHI A= EZot Lee ATHS PDA vesicle%
o] & A Ho] E2 W (colorimetric response, CR%) &2 H-2

A AEE g% =M, 7247 1 ppmT 0.5 ppm2

SHAIE 7Hx AAE skt

oY of
i 03?4

4 E

%ar%% %—a—ﬁ ol gt PDAE 1 A% 3
Aol SHOZ As) MMZ & el B AFE
QWY 53, 4 o] FHOZ 0F A%E 29 #

Table 1. Some examples of PDA sensors for the detection of microorganisms

Microorganisms Detection methods Detection limit Reference
E coli fg}l{z;:;netric response 10 CFUML szz g([);;l'
E. coli, S. typhimurium, Bacillus cereus Color scanner - Siltgréo?) al.
Cryptosporidium parvum (Ccoll{(:;oi;netric response 10° CFU/mL Li;0;t7;ll
Cryptosporidium parvum ﬂiigzic:;;e 10° CFU/mL Pa;l;()g;)al.
E. coli, S. typhimurium :iuc(:)essccoe;yce 107 CFU/mL Kizrzlo((;; )al.
T T ra o o

S. typhimurium, Encephalitozoon intestinalis
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