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{ SUMMARY >

| F=WE \ D-02

We propose a structural color-based sensor that utilizes genetically
engineered M-13 bacteriophage to discriminate agricultures from different

geographical origin. This color sensor should be rapidly applied for field

Purpose& . e . . .
Contents test. The world first discrimination senor for agricultural geographical origin
will be possible through target specific peptide on M—-13 bacteriophage. This
project will be resulted in noble color sensor with superior simplicity for
agriculture just like pregnancy tester and litmus paper.
[] Analysis of specific marker compound in agricultural samples and development of
target specific receptor for geographical origin distinction
O Development of marker compound specific receptor
O Research of various molecular imprinted polymers for rapid detection of marker
compounds
O Establishment of selective distinction system through p—Fluidic channels
Results [J Development of bacteriophage-based color sensor for detection of agricultural
marker comounds and optimization
O Reveling particular marker compounds specific peptide on the surface of
bacteriophage though genetic engineering
O Esteblishment of color sensor system using self-assembled bacteriophage-based
structural color sensor
O Esteblishment of optimized sensor system
O Development of real-time data processing technique using smartphone such as
iPhone and Galaxy
Developing portable color film —based sensor system to provide simple and
rapid results to consumers and agricultural industry practician. This
technique will provide highly reliable data, therefore, will increase reliability
Expected of agricultural product as well as sellers and manufacturer. Vitalizations of
Contribution |reliable circulation market of agriculture also will promote progress of local
agricultural industry. Finally, It is anticipated that the smartphone-based
analytical system will contribute IT industry, and result in various economical
and industrial advance.
Discriminant of Chemical ) )
Keywords geographical | Potable device indicating COIS(Z::OG:HC Bacteriophage

origin marker
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FAE AR #E S 3t AT AE gH (A3AHF)
7F 44 28 E 9 FAE AE R A2
AZ7VE, vhs, S 2, B2A], 2 4 FEEE 408 A ol AT
T ERaly T A
aF 50 50 100
ul= 36 34 70
< 3k 25 24 49
A 30 30 60
w7 2 21 43
E7 30 30 60
SHA| 193 189 382
U, TAE 942 #ES 9% NEEZF Tz 2 JAX AHY] dF HE
Ns4 AF
THE AR 72 FEEE AAE Aoy 7t mpel dtE Aol Aolrt e
54 Ax 545 94359
(1) %
] AxE4d = 9 A
O LC MS MS #4 %4
- A8 1gS A E3le] 50ml tubeo] Bl 100% acetonitrile® F% F YA EE7|=
3000rpm 5%3F A st A5 dS FHeke] 100% acetonitrile® 3] 4331 0.2um

PTFE filter2 filtering % &4

ol

}‘

HPLC+= Shisheido NascaE ©| 83t 2™, Orbitrap MSE ©]£3}9] non-target
A3 2™ positive AN EA A
Mass =70 H9E= 100 m/z ~ 1500 m/zol A Full mass® #413Fo] Mass

spectrum< A AT}

rE
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- AR 27
T AR g ] 31

- Retention time: 15 min
- Flow rate: 300ul./min

LC %7 | - Injection volume: 2ul
- o534k A 0.1% formic water 100%, B 0.1% formic acetonitrile 100%
- 7]7]: Shesheido HPLC, Japan
- Mass range: 100 ~ 1500 m/z
— L3 A

- Mode: positive
- 7]17] Thermo scientific orbitrap MS

O AXEF oz A

- YA 44 Mass Foll xFolui= Mass &4 Hlulo = Sieve 2135 A&}
% 2™ mass intensity 7|22 A9 50007 MassE 23t}

- Uk A4k 2ol AFoluh= Mass #he Vo E FHEHS HASA I MS MS

Asto] AES Ao, EFEH S ol &t BA, BEFsA

=7} 5o A = capsaicin, dihydrocapsaicin, valine, glutamic acid 3$F&ol A

- X7 E4d=2 MS MS spectrume Hluste] FAs L, Uik #dake] S Hlal
st o

- B L FA] AZE fEAE e Edo] HAsH, o] o] &% ol &gt A, A
o] 4 g3t}

O 313 NEEFE T
(7}) HPLC ZAZvEadS (22 8 22338 Sjevez 43 A3 RT 810%, MZ
306.206°0 4 =4k} =94F 7+ intensity ZFo]7F U= AEo] Jd= Ao ®E YERYTH

2089

¥
hines
2
V!

1585+

,‘5, L0E%

5.0E8¢

_."LI
2

e 7 * 73

Retzntion Time {min)

7V# 9] capsaicin A Z0FE 12 #H(UHPLC-Orbitrap-MS &4 2 3})

b
Hl
>
of
Hl
r>~
>~1N'
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(th 919 4es s
AAfolrlo g gelElon, &

RT. 0.00-15.00
1
100+ 10
8
c 804
8 ] ms ~HEDH
5 607 = r
E ]
2 40=
®
é 20
C‘ 0.31 097 118 162 207 245 290 374 406 449 501 540 668 653 676 736 803\ 876 930 086 10.57 1118 1200 1238 13.36 1420 1444
812
100+ v
80
& ms ms 2~ EH
AD-|
20+ 10.58
_ e prem’ e e 1419
0 . ‘ ; e T ——— o ‘ L
0 1 2 3 & 7 8 ] 10 11 12 13 14
F: FTMS + p ESI d Full ms2 306 21@hcd30 00 [50 00-330 00)
08
100 137 06050
004
804
W "U:
€
8 604
-
4 504
‘l,? 1
i 40
R‘J -4
30+
207
10 14232214 -
8907041 8107045 03070290 10910142 13310008 || /15942747 17015360 18215084 22043607 266 60086 80
LRI AR A& i M B LA R Lkt LA il LA Mt Mt M Ao bl Lot At el i e ey Wikl i b Wkl e A o) B S i o b et Lt e |
60 80 100 120 140 160 160 200 220 240 260 280 300

me

capsaicin mass spectrum(UHPLC-Orbitrap-MS #4] A3})

(th) 1239 2% wlgut A2l capsicinoids oA capsicin® &#o] =Ailko] wvla] =
Abol - oF 3~5u] AR Wol X x EAR AASFAC. T oln At Fo| A valined
skaf zpol7F =2t FaAtol A A YElY X x 222 AASI T capsicin B EES
ol-g3slo] shaFRAet A} Fdqko] ate] wlE] ke At Hre 109ppm, U4 H e
438ppm= FYAkol Ak Hl &) =kt

e
RT:- 811
RT. 500 RY. 557 RT. 654 RT. 677 RT. 735 RT. 7.73 k RT 873 RT.918 _ RT.-987 RT_10.07 _RT.11.05 RT. 1140 RT 1216
A
o mem s men mom wuml\sem e sies s sies mos moes

=t Ak, FarAl 1 7HE 9] capsaicin A& HE L3 (UHPLC-Orbitrap-MS 41 2 3}

_13_




(ZH) 99 ms 2HEHAA E 4 = ve}l Zo] Dihydrocapsaicin(308.222
m/z(M+H)") & =2k} Fpakol A 1.78) 2Fo] 71 A A Th
100
a0
. 80
g 70
E 60 %’Ik_l'
= 50
2w 844
E 30
20 k
1g 015 088 121 201 230 298 320 371 413 494 569 643 685 732 831 887 915 979 1039 1132 1161 1237 1338 1373 14.7E
100
af
B0
T - 844
o S=ret |
Al ‘Il
30 |
20 ||
13 082 114 1}’[ 2147 297 350 396 477 523 571 815 680 702 765 8% | .\- 8586 943 965 1037 1069 1162 1221 1251 1359 1395 1440
oo g g iy S e R T S R
Time {min}
gharal Fakal 11527 # 9] dihydrocapsaicin 2 ZvFE 713 (UHPLC-Orbitrap-MS #4] A 3})

i (:}}i—m;}
o 308.22208
E:].—
g M
-_E!J-
]
103
wxs:’xtlp-é»e;rl Vi Tae wowe owmrows s m~' gxéné» 1R PR 0 R e a1
capsaicin mass spectrum(UHPLC-Orbitrap-MS #4] A3})
Dihydrocapsaicin
H.C
~ Molecular Formula CisHaNOz
Average mass 307 428 Da
0 Monoisotopic mass 307 214752 Da
ChemSpider 1D 97096
—CH.
dihydrocapsaicin %2
(7)) olslel ThE AEED HAS FAA FAAR obulnit 1648 B3 242
AN 7 AsE e gk gk T FAA BFeNA G Fol7h b
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ofm =2t AE-Eo] Ao, 7 A Zol7F v obv=2ke Glutamic acidal, 1
& Aspartic acid, =2 o2 Zo]7} vER ofu] =4k Arginine®] $lth.

3000

2500

2000 -

1500 -

M Domestic

M Imported
1000 -

500

(2) "=

O AEEF g= WA

O LC MS MS &4 =4

- Alg 1gS A %3t 50ml tubeo] EaL 0.1% formic acid 50% MeOH=Z F& 3 4%
21712 3000rpm 53 AHE st A5 NS Fske] 0.1% formic acid 50% MeOHZ 3]
3}l 0.2um NYL filter2 filtering $ #2413} t}.

- HPLC+= Shisheido Nascas ©| 83t 2™, Orbitrap MSE ©]83}9] non-target +4
319l o™ positive EE A A5 T}.

- Mass 2701 W9+ 100 m/z ~ 1500 m/zol A Full mass® #4]13Fo] Mass spectrum=
A AT

- A8 2

l-:l

K

T AlF W8 H]

- Retention time: 15 min

- Flow rate: 300ul/min

LC =4 — Injection volume: 2uL

- o]sAk A 0.1% formic water 100%, B 0.1% formic MeOH 50%
- 717]: Shesheido HPLC, Japan

- Mass range: 100 ~ 1500 m/z
— o]&3} A2 ESI

MS =7

- Mode: positive

- 7171 Thermo scientific orbitrap MS
O AEEZ o= A

=)
= a
- AT F=JAF Mass 7Fell ZFoly= Mass © 4 Hl o= Sieve T2 13WS AME-3}
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2™ mass intensity 7|22 49 50007 MassE © A3

=,

- Ik A ol Aol Mass #5 VIFoR FREAS B MS MS
T8t AES Ao, 5525 ol &t A, A8t

- A 43 wlso A= allicin, aspartic acid, valine, proline 3ol A }e] 7} Q) AT,

- ¥¥2d2 MS MS spectrums Hlulsko] FAdselal, wfiika eoiate] S v
Sk AT,

- dEl g 3A] ALS A e Ee=de]l BastH, olF ol &% ol &d AN, A
o] F sttt

O etsd AEEL T2

b ofef] el ®To] fre] obn At Fol A aspartic acid®} prolineo] =A4FdF =4t
A vk ghell Aolzh vER Ax EAR AASA A, vhEd $FFE allicing 3=
o

2 thiosulfinate> =r4to] T4l Hoh =2 S Yeld A x5 EZ=2 HAASAT
Table. vl=olA LAkxE AF v
. . allicin . .
components aspartic acid . . valine proline
(thiosulfinate)
Ratio
) 0.67 0.74 0.87 0.67
Chinese / Korean
= A
; [ &
___é a3 107 158 18 2ah i - ) L] 53 5578 BaE VFE TN GER BET BN GED 10N LTV
33—-—
e
}-l? 33
=KL} i A & 30 A3 3 A48 50 - i i) i 1 e & R arr

Time(min)

st Al 32k vl 9 allicin A2 vFE 139 (UHPLC-Orbitrap-MS #41 A #})

=
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Allicin

Miotecular Formula
CeH10082
HEW\%/SWCH? *| 52 2?3 DE
E’ Monolsoloplc mass
162.017303 Da

vz 9] allicin T34

2475 163.0247

‘:.l_-"-l
L
fﬂi Allicin 163.025 m/z(M+H)
=
=
168 OZFFad
162 52082 165 020356
5 90080 158 98633 162 00467 | | I o 1125:
) ) 1EI:BI I I"l'léﬂl "ll':'rEJ I"ll.!'.rn'll I '“::'ﬁ"

my'z

allicin mass spectrum(UHPLC-Orbitrap-MS &4 2 3})

(3) &=t
O Azgd 22 W73
O LC MS MS &4 =4
- A5 1gs A #ste] 50ml tubedl il 0.1% formic acid 50% MeOH=Z F& 5 UAl&
21712 3000rpm 5%3F A3t FsHS FHdke 0.1% formic acid 50% MeOHZ 3] 4]
3Fa 0.2um NYL filter2 filtering $ 4] 3} o}
HPLC+= Shisheido Nascas ©] &3t 21, Orbitrap MSE ©| 83} non-target &4
3l 2™ negative =0l A A8 T
- Mass =70 ¥+ 100 m/z ~ 1500 m/zol 4] Full mass® #413Fo] Mass spectrum=
A AT

- 7171EA =1

_17_




T = AR -8 vl 11

- Retention time: 15 min
- Flow rate: 300ul./min

LC =24 - Injection volume: 2ul
- o]&4 A 0.1% formic water 100%, B 0.1% formic MeOH 50%
- 7]7]: Shesheido HPLC, Japan
- Mass range: 100 ~ 1500 m/z

MS 24 | o] 238} A ESI
- Mode: negative
- 7]7] Thermo scientific orbitrap MS

A vz A
H g AF Mass 7roll zFolubE= Mass &4 Hl o= Sieve TE 1S AL 3}
!}

mass intensity 7|22 9l 50007 MassE © st

Ay H N
o =
E:r‘?:‘m.lﬂ

- FUAR Al gl AolubE Mass #S 7wl E FHEAS HASAI MS MS
wAete] RS Ao, 2EEdS ol&ste] A, AFeAnt

- 24 Ad FItell M= quercetrin FFol A ARl 7E QAT

- E¥E4dE MS MS spectrums Hlusto] FAdekglar, sljAbat ojqke] FS vl
akoi k.

- WEH S A AAS A e ZEEde] dastH, olE ol &d ol &3 AN, A7
o] &gttt

o

O 439 AFEF B2
& 3}oll = quercetin, quercetrin, rutin 59 7154 2o dHEHo Al allicinez &
23} gE 9l thiosulfinate’}t EAstE 2 B43}A Y. 71 T quercetrin & = 2Fa} =44k

| L7 kol glo] AmBAR WS

(TS
2

J
'

Rlatve Abidarce

== b

=) ] o o LT =)

T o T
Tirree(reairs

k=t Ak, F=akAl 9kl o] quercetrin® = ZwE 1 (UHPLC-Orbitrap-MS 4] 2 3})

_18_




Srpatred Abd g E

| T L

quercetrin mass spectrum(UHPLC-Orbitrap-MS #4] A 3})

Quercitrin

Molecular Formula

C21H20011

Average mass

448.377 Da

Monoisotopic mass

448.100555 Da

«% - 5 of 5 defined stereocentres

%3l o] Quercetrin T34

(4) 27

O Ag=4d &= w73

O LC MS MS £#4 =

Oml tubee] ©il 80% EtOHZ FZ% $ dA&27]= 3000rpm 5

- /\]JEJ— (6]
b Ayt Asds FHdke]l 80% EtOHZE 3A1&al 0.2um NYL filter® filtering 3

—
e}
o
o
L
off
ol
al

- HPLC+= Shisheido Nascag ©| 83t 2™, Orbitrap MSE ©]83}9] non-target +2]
39 o1 positive oA A&}

- Mass =70 H9+= 100 m/z ~ 1500 m/zol 4] Full mass® ¥413Fe] Mass spectrum=
I:/\/\T;]—
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T AF RS L]

- Retention time: 15 min

- Flow rate: 300uL/min

LC =4 - Injection volume: 2uL

- o] g4k A water 100%, B 80% MeOH
- 7]7]: Shesheido HPLC, Japan

- Mass range: 100 ~ 1500 m/z

- o] &3} 42 ESI

- Mode: positive

— 7]17] Thermo scientific orbitrap MS

O AFXEZFD oz AA
- WAt =04 Mass 7Hell ZFolu= Mass ©A Hlalo & Sieve T 213 ALg35}
9 © 1™ mass intensity 7]F2 2 A9 50007 MassE ©A 35kt
C AT Ak el Aolut Mass @& 1FoR FREAS ST MS

=
MS A48t s At on, Zx=4dS ol &3t A4, A&ttt

- X A3 Z o) A= sesamolin, glutamic acid kel A zFol 7k AU

- FF =42 MS MS spectrum< Hl skl s, Fuljabat =944k s Al
E A=

- dhg P e 34 AFE fEAAE meELe] astH, olE ol§&d ol g A, A
ol I g3t

O 37 xS &=

(7} #ZMel ZA-$ glutamic acid, leucine, arginine 52 3 ©o}7| =4k} sesamolin 52
715 EAo] Aul =7kt Au] Ao wpE o]zt 7] wEe] A EFE B 5T
sesamolin, glutamic acid, leucine, arginine & =4F¥} ZF==tAF 7ho]l z}o] 7} ‘/}E]rkkﬂr. s
sesamolin< =4t} F= 4k 7hol 178 2ol 7F AT
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Retatve Abundance
20500008

4
i

3 8 &

28 8o

o
i
e

265

55,8

= 235

932 BM 975 g

a0 a5 T 105 1o Cims 0 aze 25 0 13

Time(rmin)

Ak, A 9] sesamolin®] = ZwFE 139 (UHPLC-Orbitrap-MS #41 A 3})

3711123

& #
e .

U R
I (P I PPy o

Sesamolin 371.112 m/z(M+H")

myz

sesamolin mass spectrum(UHPLC-Orbitrap-MS &4 Z3})

Sesamolin

Molecular Formula C2oH1:Or
Average mass 370.353 Da
Monoisolopic mass 370.105255 Da
ChemSpider 1D 91932

(th A4l AFel $EFA AnE sl T4 104, $94 1090] sl oAt 16
RS HPLCE B4 & A3 v 28 4%s 92 5 itk
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5000

4500

4000

3500

3000

2500

2000

1500 -

1000 -

500 -

M Domestic

M Imported

& & S S A
P & S & Gé*&g < K @é&\o & « Q&@\%\% S &
Amino acid Domestic Imported
Aspartic acid 1841.856 1705.842
Threonine 764.342 721.566
Serine 956.516 875.124
Glutamic acid 4746.518 4393.6
Proline 624.998 573.232
Glycine 1040.506 969.244
Alanine 974476 899.776
Valine 877.542 852.310
Methionine 533.810 495.044
Isoleucine 642.724 621.872
Leucine 1436.358 1360.046
Tyrosine 711.826 648.830
Phenylalanine 1040.518 957.384
Lysine 587.898 561.980
Histidine 518.652 491.512
Arginine 2714.488 2532.838
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(5) =83
O AEEZ &= oA

O LC MS MS &4 x=#

- A& 1g& A ZFsle] 50ml tubedl B3l 70% EtOHE “il 45T FF=2FFA] 243+
Sonication F% % 4% shaking 1A17FeFa, 94 EE 7] 2 3000rpm 587F 2 2] sFa
A5 NS Helel 100% water® 31433l 0.2um PTFE filter® filtering § 4 3} 1t}

- HPLC+ Shisheido Nasca® ©]&3l 2™, Orbitrap MSE ©] 839 non-target &
At o™ positive ZECA 22831

- Mass =701 H9+= 100 m/z ~ 1500 m/zol Al Full mass® F413}¢] Mass spectrum
S 4

- AR 27

Al & A

M
i

;?L

- Retention time: 15 min

- Flow rate: 300ulL/min

L.C =4 - Injection volume: 2uL

- o]sAk A water 100%, B acetonitrile 100%
- 7]7]: Shesheido HPLC, Japan

- Mass range: 100 ~ 1500 m/z

~ 0]238} A2 ESI

- Mode: positive

- 7]7] Thermo scientific orbitrap MS

O AEER U=z AX
- U2k =Yg AF Mass kol ZFo]ub= Mass B4 Hlalo] &= Sieve Z2 138 A§-3)
91 2™ mass intensity 7]F 22 A9 50007) MassE ©A 39T}
- IlAk FdAt 7}01] X} U Mass #2 7lF2o2 FRHEHAS 4391 MS

MS #43te] A& AAR o, FTEHS ol&sto] A4, A&ttt
- EA A EE Ao /\1t platycodm D, depioplatycoside E & #Fol A =po] 7} A At}
- AT =42 MS MS spectrums Hluste] GAsEA I, arujiby A4k oS vl
st At}
- vl e A A AE fEiA e ZeEdo] dast, olE ol &% ol & A, A
Zol Z e sttt
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O =24 AxEd E=

TakA o dE AFEU Y FF<l platycodin D, depioplatycoside E 55 413 Aa}p =
2bap Fo Al Zhell Apol vt Qle] A i ERE A ST

Table. =2+#] A& =F(ug/ml)

components Ratio (Chinese/Korean)
platycodin D 05
depioplatycoside E 6.0

(6) &7
O AEEZ &= oA

O LC MS MS #4 =4
ANB 1gS AZFste] 50ml tubeo] Tl 80% EtOHZ F& F AAE#7]E 3000rpm 5
B3 Aglsta A5 S sk 80% EtOHZ 3418k 0.2um NYL filter2 filtering $-
A ST

HPLC+ Shisheido NascaE ©] €392 H, Orbitrap MSE ©|83}9] non-target +

Aatel o™ positive B = A A 84 T}

Mass =71 H¥ = 100 m/z ~ 1500 m/zol 4] Full mass® #213le] Mass spectrum
S 4
= 1:}%
71714 =2
5 i Al & L] et
- Retention time: 15 min
- Flow rate: 300ul/min
LC =4 - Injection volume: 2ul
- o]&Ak A water 100%, B 80% MeOH
- 7]7]: Shesheido HPLC, Japan
- Mass range: 100 ~ 1500 m/z
_ oll3d A A
MS 27 |23} B2 ESI
- Mode: positive
- 7]7] Thermo scientific orbitrap MS

O ARXEZ 2= AX
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- A A4 Mass 7Holl zFolul= Mass B4 Hlnlof &= Sieve X 213 S AFE3}

9™ mass intensity 7= 2.2 49 50007 MassE T3S}

- FUALT AL ghe] Aolubi Mass @S 71EOR FREAL FASAL MS
S

MS &43te] dee dAstled, aseds ol&ste] 44, A&t

o]
- X A3 S/ A= leucine, arginine ol A xFol7F 9l ATt
i A

X

- ¥ E2 2 MS MS spectrum= W wste] FAISEG a, arfaba) =g ake] kS H)
sl At}

- e e A AZS g e BT doe]l B8stH, ol ol &% o A,
Zol H g st

kel ok
1005 214
8
g B0
3 3 = 4k
g 40
8]
% 20 .
T 100702608 1% || 235783 371422450 487 5 560 6N EGTTM 7
p
100+ -
] 215
g | ==
60 ||
404 |
- |
1004 026 114 "% || 235 280 337 401 436 480 531 554 591 661 687 737 754
EI---.l‘|_.--T-—_I-_\.'-'\-".I-._l'.\.:.\l-_l.-\l‘l_’I Li L T I L} '] 1] | T ¥ L! ] L} L L} 1] ] ¥ 1] L, 1] I T ¥ 1 L}
0 1 2 3 4 5 g 7
Tirme{nuin)
St Al T2t 5719 arginine?] A 2 v E 23 (UHPLC-Orbitrap-MS 4 A 3})
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Relaiwe Abundande

Table. 702 <

e

&

T

Arginine 175.119 m/z(M+H?)

17612239
17T D4352

179 C:.E‘.'.':'IJE- 1B0 G2GT0 18

T T T T T T T T e
178 170 180 181 182

myz
arginine mass spectrum(UHPLC-Orbitrap-MS

T ri—rT
176 T

= =]
L

S|
ax

23}

AR AR Wl

components leucine arginine

Ratio

. 1.22
Chinese / Korean

0.88

Intensity [counts] (10%6)

17511911
[WHH]+1

176,122

176.11856

TR ]
n

T T T
174 175 176 178 179

miz

Arginine mass spectrum(M+H)
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€945 MIP ﬂEF/V]Oﬂ P\]ﬁ d2
A2l 9 elution &9 7}Z]i’ WALol Al e HlaE HPLCE el gt
n-hexane® ethanol & N& 91 H]| &= ¥HE washing & N7} elution & H<l ethanol®
A AdS gt em, HPLCo 14y, #4 HYE & EF 124 A5 5 *=
2 PP o e 2 A" o] MIP *é% H2E 9 =4 8 F9ga 1327 F 59
o

o] Aol Al S BlwEly] 9)ste] HPLCE =4S o =4

# 2. Liquid chromatography®] 23 =4

Type Condition
Column Athena C18, 120A, 4.6mn x 150mm, 5gm
Column .
40 C
temperature
LC Flow rate 1.0 mL/min

) Acetonitrile : Diluted Water : Acetic acid
Mobile phase

(60:39:1)
Injection Vol. 20
Detector Range 280 nm UV extinction

ol 1S A MIP cartridgeE AF83}] conditioning step B MIP extraction step
7HA YRl A8 Al2~" flow chartelth, 1x&7bF &2 1 g9 357, n-hexane
20 mLE Y1 Voltex mixerZ 15 245 4=tF 1 § sylinge filter® 25759 2+
A= A8 95 ARSI AS AAD AAHES A o] MIP 7HEEAE AR&sH]

913l n-hexane 2 mLE FYste] ZFEZ A Qe £+ MIPE 43t AlAEH 1 %
PE7FE &Y 2 mLE 9i FEAE B3 Al § washing &S 2 MIP &34 &
483 5HES AAS vA o2 ethanol €4S FTHAIA MIPA ZHA= o1& AL
oS FEoE WAIE AXY. ol#¥A uEIFFE WA YT elution &efo] AT = FALe]
Aol &S 3el3ty] 98 HPLCE =2A3t1, UmAE 92k S 9)e Zepir =4
= 98 TSt uQgE)d dAES A
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Conditioning step MIP extraction step

Red pepper n-Hexane : Ethanol

n-Hexane : extract 9:1) Ethanol
Red pepper extract 2mL F¢ : 2mL = 2 mL =9 2 mL =9

1 ; 3 4

=]
ES

o M
= —=

v
-l o o '
v

Sz =
>

G & %
o & E
it B
0 re i »
o
meE
= b
21 i i
%
(m]
s
ol o
ad OF &
|
||l'ruI

$
5

0| £EH g2 BuT)
color-sensortf B2

MIP 7}EZAE o] &3t Az A= 3A

MIP 7FE 2] Ao SPE(Solid phase extraction) Tube AdapterEs F2ste] b&& Fo 7t
GAE fdEo] MIP 7FE- Ao T3 = 5= stk 349 tube adapter® o7 sk
P ¥e Aol d5a, SAHstAA st B4R ofFo] wet dYAE Sdste &Y
fr&ol & ZAAl AT B ATEHLS EAAE v W elution &9 <Fol Eold= A
Abolale] &hko] thEA] FRls] Hye HA3S skt 18il compressorgs AR&sho] A
dS 2 elution &S Ao ZH7te] HPLCE =438t FHAbolrle] 3as Hlush=
chromatograms obefl Z# ol Yehfilel. &eeo] o= Agto] Aojxw MIPE &35t

ol FiArtolilo]l ZAQIH 1L AAHE Ho2eS Hol e Yrjola &
3} += ]7J°] o = Z-g-o] ol o] Fojxx] g=Th
= AL & 4 At} SPE tube adapterE o]&3 1E7F F& &9 2 mLE FUSL &
HS o] Yo E AR 270 A=, elution YA A= ethanol® MIP Aloleo] =43
Aol 3lo] AshAl #ZrEste] EAATE adapter®Z = ¢ e AU 4EES Fo|E 2
mL7} b= Agko] 6ol ARttt o= AA ik i A7 Folxl AZE el 4
A7F Zep A AAbA] S shr] del dAe BAHES sk dA e #3F AEo
Ui o Aeja 427 debdel wel dAe Ade] AQdde] GepA dabA] w9
A x dojd F Aok oA 2 AFHS dA-E A ARE dEshal A 4E S o
gsto] FAA7E dete dAe AAeA AA HE bl FEo]l AT F JEE F
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Fuke] 45 PCA 2, 3, 444 scored] @& ol&We W =3k, FAA AA] AE S UM
2 AwE 4 993, LDA® error 3 21 % 7b vtk

RGB R G B RGB R G B
4E | 54.7(9) | 63.4(9) | 60.8(9) | 58.8(9) | 59.8(9) | 61.4(9) | 66.3(9) | 55.9(9)
PLSDA | WHW | 65.2(9) | 66.8(9) | 70.9(9) | 70.3(9) | 65.5(9) | e3.0(e) | es3@) | 715(9)
wild | 60.8(9) | 65.5(9) | 73.5(9) | 72.2(9) | 59.5(9) | 633(3) | 620(9) | 60.8(9)
4E 19.0 20.9 19.7 204 25.9 335 334 271
PCA+SVM | WHW | 311 28.5 39.8 34.8 34.8 43.9 33.1 43.0
Wild | 305 341 38.6 32.3 375 36.4 429 427

LDA 4E 15.83 - 21
HEAo®m ZAAdA 54 A €2 RGB HolHE AR ]Ea/\ 7IHE HEAA At
A ol FHAQD W AFE ST dHtg oz Aol S FAbEe YAkA] A A s
EE A 7]7] 98le] Partial Least Square-Discriminant Analyms(l‘%‘ﬂzixﬂ‘%—f&%{ﬂt
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HH 4l SVM)S 38 /712 AFESHS A5(hs 4E 25 119 %, 49 4E 25 @ 259

%) vh=, Fitol A PLS-DAE AHESlS WEY 58 38 Ao HAuh

aga 9 FolA B 4 Slol PLS-DA, SVMg AHgshE 2 Ktk LDAS 3 sEo]
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static Matrix Compute(Matrix D){

Matrix mean(1, D.cols());

mean.setZero();

for (int i = 0; i < D.cols(); i++) mean(0, 1) = D.col(i).mean();
Matrix s(1, D.cols());

for (int i = 0; i < D.cols(); i++){
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(DG, 1)

double ss{ 0 };
for (int j = 0; j < D.rows(); j++){
double tmp = (D(j, i) - mean(0, 1));

tmp *= tmp;
ss += tmp;
}

ss /= (D.rows() - 1);

s(0, 1) = sqrt(ss);

}

Matrix normD(D);

normD.setZero();

for (int i = 0; i < D.cols(); i++) for (int j = 0; j < D.rows(); j++) normD(, i) =
- mean(0, 1)) / s(0, 1);

mean.setZero();

for (int i = 0; i < normD.cols(); i++) mean(0, i) = normD.col(i).mean();
Matrix covariance(D.cols(), D.cols());

covariance.setZero();

for (int k = 0; k < D.cols(); k++){

for (int j = 0; j < D.cols(); j++){

double sum{ 0 };

for (int 1 = 0; 1 < Drows(); i++) sum += (normD@, k) - mean(0, k))*(normD(, j)

- mean(0, j));

covariance(k, j) = sum / (D.rows() - 1);

)

)

EigenSolver<Matrix> solver(covariance);

Matrix eigenVectors = solver.eigenvectors().real();
Vector eigenValues = solver.eigenvalues().real();

int newDimension = brockenStickModel(eigenValues);
Matrix featureVectors(D.cols(), newDimension);
Vector sortEV(eigenValues);

sort(sort.derived().data(), sort.derived().data() + sort.derived().size());
for (int i = 0; i < newDimension; i++){

double max = sort(sort.rows() — 1 - 1);

for (int j = 0; j < eigenValues.size(); j++){

if (max == eigenValues(j)){

Vector tmp = eigenVectors.col(j);

featureVectors.col(i) = tmp;

}
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}
}

return featureVectors;
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6. AFAZ0AM sES I sHE

FATWE | D-08
Detection
Sensor type Prove Analyte L. Year | Ref.
limit
fd ph isplayi | 1 _
d phage displaying Sa r.none~ 4 10% cell/sml™ ' | 2006 6
VTPPTQHQ typhimurium
Quartz crystal
microbalance _ _
(QCM) fd phage d1§plgy1ng '
B—gal—binding B—gal from E.coli 2pm 2007 7
peptide
fd phage displaying . .
target—binding Streztnad“glf’ ;“dm n.a 2000 | 8
peptides on PV J
T7 phage
displaying mAbs
. 4, F5
Enzyme—linked| F4, F5 and LT1 | "'0° iTlF and n.a 1999 | 9
immunosorbent binding
assay (EIISA) heptapeptide
M13 phage
displaying HBsAg .
. Hepatits B i
binding cpatits b SUTMACe | gi=2.9nM | 2005 | 10
. antigen
heptapeptide on
PII
Fluorescent
bacteriophage Fluorescent ) _
) E. coli O157:H7 2.2CFUg 1999 11
assay(FBA) bacteriophage
flow cytometry
M13 phage
displaying TNT TNT 10ugmL™" | 2002 | 12
binding peptide
Fluoroimmunoa Recombinant
ssay anti—TNT TNB IngmL ™! 2003 13
antibodies
Cyb5 dye labelled =
EB 1.4 L 2000 14
M13 phage S nem
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M13 phage with a
gene for alkaline E. coli TG—1 1CFUmL ™! 2005 15
phosphatase
Amperometry
Phage—.dlsl')layed Lactose, na 92001 16
antibodies L,monocytogenes
M13 phage
immobilized on PSMA 120nM 2006 17
Electrolyte—ins electode
ulator—semicon
ductor(EIS) M13 phage
immobilized on Anti—M13 antibody 20nM 2008 18
electode
phage displayin Cowpea mosaic
CPMV binding be: n.a 2006 | 19
. virus
peptide
~oal bindi
B-gal binding B—gal 1pM 2007 | 20
landscape phage
Surface
plasmon phage Lm P4:A8 L.monocytogenes
resonance(SPR | displayed scFv actin polymerization 4.5nM 2007 21
) antibody protein
Lytic phage S. aureus ssp.aureus | 10* CFUmL ™' | 2007 22
Anti—aflatoxin B i _
pHaliatoxin B Aflatoxin B 3ngmL™ | 2002 | 23
scFv antibodies
A A JNEE I Q= ol 2~ (RHE ] 2. 347]) ZRE AA A 2~E
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