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ST &
—FEASEEENENENRRAMHRT E > HRE RSB FRET REES 5 T RANKRER
FoUMREATREE-Z KB THAEHEAEGER  WETRED ST 8 81T %R SR
AERE > DHRREBRTTHAEBERME G ) PN REREE  ABRBER RS BRTH
MBEER - AMEAEARABELATRE-Z KA THAESHESERG pHAE - EA T Rk
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AE °
A materials and method for sensing biomolecules with high selectivity are provided. The nano-metal
particles and chitosan polymer are mixed in an aqueous solution to form a nano-metal particles - chitosan
complex solution. The chitosan molecular is self-assembled to form a core-shell structure as a carrier for
the nano-metal particles. The nano-metal particles may be uniformly dispersed in the surface of the core-
shell structure by electrostatic attraction forces to prevent precipitation and reunion. The present invention
further controls the pH value of the nano-metal particles - chitosan composite solution to make the surface
charge of the chitosan core-shell structure and the analyte be changed. When the pH value is slightly less
than the isoelectric point of the specific biological molecules, the nano-metal particles have the best

electrostatic adsorption effect for this biological molecules with high selectivity and high sensitivity.
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HEEER R E Y RAIM R R T MATERIALS AND METHOD FOR

SENSING BIOMOLECULES WITH HIGH SELECTIVITY
[x]

® —EESEEEERNEYRAIM B R G - T RKEBR TR T
REEES S FIEESTVKEIRT - LIPS T RE-RAEBR T IZRIEREES
B lttrL%T«EEmﬁj\?E%ﬁ S SR EREES - ISk
FHFEHEFERMIGIS ISV ZRAERERE - ARERR A B TH
DT ESR - K%%E%U%T%%%T%%-%%%E*ﬁ?&%ﬁ%%@é@ﬁ |
FOpHIE - (5 TIRES RS RS AR BB A £ 8L - EpHEMH
INARHERIE YIS FRIEEME - RIFREBR TS AEY S TRRE
HIFFBEIRMRCER - EMEXER SEEENE S E BRI RAIIE
€3

)

A materials and method for sensing biomolecules with high selectivity are
provided. The nano-metal particles and chitosan polymer are mixed in an
aqueous solution to form a nano-metal particles - chitosan complex solution.
The chitosan molecular is self-assembled to form a core-shell structure as a
carrier for the nano-metal particles. The nano-metal particles may be unifox“mly

dispersed in the surface of the core-shell structure by electrostatic attraction
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forces to prevent precipitation and reunion. The present invention further
controls the pH value of the nano-metal particles - chitosan composite solution
to make the surface charge of the chitosan core-shell structure and the analyte be
changed. When the pH value is slightly less than the isoelectric boint of the
specific biological molecules, the nano-metal particles have the best electrostatic
adsorption effect for this biological molecules with high selectivity and high

sensitivity.
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2 AHE R ER A=
(AREEHEX - EF  ZOEEED)
[ ZEHHLTE]) (Pa/HE30)
B BRI A YR B s / MATERIALS AND METHOD FOR

SENSING BIOMOLECULES WITH HIGH SELECTIVITY

[ Hfirrisk ]
[0001] AREBEAGRERI—ERGAITH FhIRIE—E A S EEENN

A REBIR L K T

[ SeriHim]
[0002] (AR R B i L B F R E R R 2 TSR R A S
B TRE - EZE— R ES T EYEREGHYIREREES > A MEE

i EsES  FELL - AT LUERIE ARRIYR0 B —EE = ﬁf%@é[&?ﬁﬂ?@ °
R — IR ES FLEVHRAEBN FES IS S - BEE
RATHENA B - — 7 A E R SRR ] RE 8 BB T AR IR &
B HEA RS RAIEHIT S ATREE £ RRITH TR R E o FIL
AAT S — R B A AR B B BHE R R R 5 vk - BEARE E
ZHYFRRE -

(00031 554% Er& sk N T EA B ERIREERIR (Surface
plasmon resonance ; SPR) %74 - H BEASKRMEE - KIILKEZIEFEEY
RGBT F B RGER R - B KEBR T ABRESEBIR R igesek
AR FROBRRE - EI - B L ETEFKESBN T REWE L EENE
| (surfactants ) » FELIBEE R AR BIFHID B » AREEREIIR KR,
L4 - {H2 0 FEEMERA RS REA S BN R AR EHE 2 R
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PRI -

[0004) T (EA PSR B B 5 (RIS I B B i 5
5 R AR — TS+ SRS BB BE E A A B B E L,
8~ HEBIEREAUTLL » SRR EAREA (LB R R R R
REEIRPRL R - BT R SRR BT (FInEs
&) WRER YR B RT ISR EANEE  THEERERRET
PEETETERI TR (low detection limit) » BHERUMIEERUE © 53— HTH » 25
GBI THIRE  BESASBH THRENRD - HeEm R B e
T -

[ BHAE]

[0005)  EFALLHARIRE A SRR £ T8 B e R — TR L
IR YRR B 52k » PR I B B p R NP R B A 53
FHOBEmAE - AN TS ARG E - TR e S R
Lok BRI TRE I —FIRR I BRI TR RS
A TABEISERNEE - (TR B — R IEARE

(00061 AN 55— HATER R 1 —FELE S5 0 SR 1 A ) R
FRR T - RSB TR EMTRR0E » B T REEE S
F (carboxymethyl hexanoyl chitosan ; CHC) ST R BRI REE S
B FELE R AL BN T L OREE IR AR Sk S B T
S - HNIERK S BT R B -

[0007) s bair i AT OAIR T8 B R B O A P R
R RS S B FRATH S — S TRE-2 k2 /H
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W AMERE ST HP AR RS T RESH T 8 A SR
EHEREIA Lo Y KA @ BESR FENE AT SEA D - S
VTR B > B R A RS 3R T - RN T REES 9 T KB T R
IF > BRSNS B FHRAER - REERNEE - A0 H o It
TREE-2 44 B FROR S R VR 2 PHIEER B HEN B/ NN E £
WA THEBEMY  GESEN YD FREMBEER > MREe
BN S TN T R BEIRER - K& BT HH L AE
@ Vs TFHEAE R

[0008] [EIRS: » AN FERAER (it — T L /8 TSR M A R i > L
SR {5 FE 2 ) R L SRGEEA T R A RORITE AR A B — 4 T SR
ke B TS ST - I A R RS AL T T LA
AT » BERATS & T RS 5T B ST AR SR E rp 2 K
W BEKS BT SRR R A ST L SR R R
TR T -2 B TR R SV pHIB R 5t/ A

@ sy THEENY MESKSBETHRLEYS TEAE %

MRS S 0 2% 0 AIG—ES S AR & T REE- kS BT
R ST SIS TR A ok S B TR E - RUPIELL
EEEBREE LS T - K2 BPIER I IR E D T

[0009] [&E FESFR BB EIGHIEINERT - ¥ EASEMARHE B
[ - FATE © BRESR EFRERZ AR -
[ EREEREA])

[0010]
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F1E %K?’*Eﬁﬁﬁkﬁiz = RDE R IR A YRGB
2E -
E20E 0 BAFIARTRE SRR A YRR SRR
o
5E3A~3DE - SRS AR FhtfhEAuNR-CHCHE SVATHER
TS [FIpH{E( pH4 ~ pH5 ~ pH6 ~ pHO EIEWE T » LUAIMLYE £ 25 4 (Human
serum albumin ; HSA ) FIf¢2EEEHEEHIEERE (Lysozyme) R3fF
B ERET R R EE] ®
[EH=]
[0011] iH2MEEIE - BERARHEEEEEENEYRETER
TRAZME - DAT $HEARS I BES BRETTEF IR -
[0012]  E5c - AIAHERS100 - $RMt—EWREIAEL - b YRREIAS
BIE—& T REE-FReBRN F IR aRESER > BT RESsTEE
& (self assembly ) JoR%R% (core-shell) #&HE 105 /KB HRFTE BAVEES
W BRKE BRI T20FLURS © HRKSBN F20EUEEWEFH @
TR MIFESS T REEZAAERE10KRE » Ft » R ASBR T207E1R T
FEEERHEG T RTREER - XRBR T REES 0T EERIFHIKE
M REEE S EVEREEKT  BENRAEBR 205 T R
BRI SIS  ORA R RSO BUE - AAEENE2ENTR -
[0013] #R%% > aOAPBRS200 - T REE-RA GBI T LRISHEE
BEWZ pHERE BT E/ NN EEY D TRFBEALEL (Isoelectric
point ; IEP) - MMEEZAKESBR TEHNILAEY D T B E—# 581 RM6e

4
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[0014] fi% - A0 ERS300 » —(ES L ERPAIMIINA KT TREE-R

KEBR T REBESBRT  BERAYMERTEMGIEER - Biew

IR 5=> i%u%z%@ AeT P L Ar BB RE R E AT R
BT LUK M ey Rr I A e PUE B FERZ R E £ Vo

[0015]  [RIL - ASERA THHRs Bl & FE A I R 0 12 1 2 B 2 1%

B - FEEHR BRI T REE-SORE A T GG HE ST IUZ pHIE - 2K

LUSHNER E LY 7 BB E—#EERMEES) < SRR - AA]

@ ELEHEIYRT TR BRI S S B TR 0 A R

.—

Gk
[0016] ZFERA4YRBIF BIEIMERF - 2T REES 5T 7] B A
WE T RS T FARBRN T IME RS - IREEH - BRXE

BRI T R EBRES - IR Eﬁiﬂiﬂ%ﬂﬁo T 42 ) RBIAA H6L =T I 4= ) 53
BE ANIMEBZEE (human serum albumin, HSA ) BAEES (Lysozyme ) 3
EEE - B =REMEZMYEEZEEMYE -
o [0017] ZEfL DA T REEELS RN TR B B ER) -
AREAZA BRI B T REE- SR S BN LR (CHC-AuNR) &
B VR - B S T ER
[0018] (1) &FKKF (AuNRs) BIERL - AEHEHLEH AERS
{EER A (seed-mediated growth ) ZRELEHFANLIT - Bt FHE
# (NaBH,) (0.6 mL, 0.1 M) BEEF » FE=FERMEE (cetyl
trimethylammonium bromide, CTAB) (5 mL, 0.2 M) B9{E7E B EMT -

R

BMINESE (HAuCL) (SmL,5 10" M) BE - &81.5/ % » HEik
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R CR T B AR (1% o BVSESS AT SYE TSR - I G
BRRERETHKRIT - @F KN FERGETE » 2525 mL, 0.01 MAYIY
S48 - 47.5 mL, 0.1 MJCTABFI0.6 mL, 0.01 MEYFSELSR/KIATRIRES - 18
EIRETRIR » WEETIIA0.275 mL, 0.1 MAYL-HIEEMES (L-ascorbic acid,
LAA) » 7E35°C HIVRLE FAETERE » SR1%460.06 mLAGSTES IAIIIEI
BAYh  EETEEUOEE  ITUMEEINT - BEST N FEE
FHR L T (24N - EEEE LB, - RISBEAICTAB -

[0019]  (2) #THRES-Zok&BR TAELSH (CHC-AUNR) & @
VIEI AR, | 5% 150.8 mLEEETANNA0.2 mLE SUBIFHIE IRk T
Wb » S67E7000 rpmAEE T HEL SAME » w5 » JIA0.1 mLEEE £ T SRS
(CHC) V¥ » W FI0.9 mLZAE » BrES 2K FHREHICTAB « 1% -
712000 rpmEy M T B (20 4 » REB IR ZEE LB - RE
YRR TR 2K S B TGS A T SRBANAL mLE
Bk (DI water) » {FEHEURATA T IREE-Z2K B R T AR T
B (re-disperse) » LUERASBIFHIBRSERD MBARHESEY @
I CHC-AUNRES AL RS EREIE A5 - Ff% IG5 FIICHC-AUNR
LKA R A TSI — ZCIN0.5 mL » FEAE0.5 mlf & AR E AT T LUE
& AT RIpH{EY CHC-AUNRES KIS R S VATR » SEFIFRSRI-
AESE (UV-Vis) HEEEHI -

[0020] Erh » SEEVANRIRTT R FRME IR ISR IR SVAYE - Z B8
£ 7 FESRIR S TAWE - BEBSEIRERAINE &AW - SUSIIRS - BIREEST - TR
B~ ZE O RBE AVAT - FARENAT T A LUB#E CHC-AUNR KA
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RS EE ST pHERIRIZLERAL, -
[0021] 55 BEHE AR E S EEREAEVIRBIA R R 5 ARy
i85 3A~3DIE - 73 Bl R AN B 2 B a Bk

=4
&

{1113
W

{7 P IR EE N0 A -
CHC-AUNRZS KA FL RS 1 & VT B S TR [FlpH{E (pH4 - pHS ~ pH6 ~ pHO)
EIEIRT - DO EZEE (HSA) FIFEEE S RA7AEES (Lysozyme)
B AT R -
[0022] AIES3ARIFTT * AUNR-CHCHE SATE pHIBE RS e
@ - STORK TRER (CHC-AUNR) 254l FRESEER » 8
YIHS AR SR TEBT - Y Lysozymel IS F BT - #3 » BHVE
T 2 M B TR R M ELER 2 HS A T Lysozyme 5 4 1 05 B 72
AuUNR-CHCZ= KR T
[0023] #NEE3BEFTR - CHC-AUNRZSKIZALEREE SVALS pHIE
OESES - HpH{BERE (R NARRRIIHS AR BERTEE (5.3)  CHC-AUNRZEH
T REESAE DY - ErPCHCRE S EER - AUNRSSE &R 7
@ HSAWEEEMIBIEER » FEYLysozymef R EBH - 4 > Hh
EEmEEZEAMEEMAFEELEEFHARYRE - CHCE M EY)
Lysozymetflff » AuNRIEEIRH EHEIIILysozyme - il 225 5 E [FHAIIHSA
M AUNREETH -
[0024] #OZE3CEIFTR * CHC-AUNRZSKIZ AR ST pHYE
6T+ CHC-AuNRZF KN FRAESF A ER - FFHIYHSARREWEE
7 R Lysozymel gAY IE BB » 0 - EEAEEA E R FIEBRER
B AR HSASE SRR T FA AUNR SEE - i B - CHCth & FIH I
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LysozymefH /& » AuNRIEIE [ {5FHIYLysozyme -

[0025) AIEE3DEMT - CHC-AUNRESAR LSS SV pHIE
O - L pHIE BEHE/NA I ysozyme# S8 (185 (10.1) CHC-AUNR
Skt TR T - S EHSAR R AT » FEIMLysozymey
STAMERIEER + 4 SRR P TR R R M BT IR
B » (S RHS A I B HAAUNRISTE » (BAUNRAT US55 0053 81
Y)Lysozyme MK 2% M L -

[0026] ¢ F3ERAHRT LIEERR 2 CHC-AUNRESAAZ AL HEAE & 5L
PHFES ECAPAIIE % R T SRS NP HIERS - B BIS 2 TR AR
BITEEE - L + A5 A R PR S A pHE RO % - 1
HEFT 2ok & R T S T2 20 T B B — SRR RS ) - T
S BRI 5 T A I 2 A B R AR R L -

(0027) 5 SRS A AR RAT

SIS T AR B TR R A T

[0028] (—) LIHSARREISE - 767 FpH{ERICHC- AUNREAAZ
S & I TR S AT (UV-Vis) 5 - JIE—Fm - T
SRR B EIEHS ARS8 (STATRESS 3 ) HFAIpHIE (pHS)
SEBRIEEA (peak shift) » B, » ATLURIFR pHIEAT A E R
FIRE » WEEE ST YA T TH B S B PR R
S -

[0029] =—

HAS pH4 pH5 pH6 pHS pHY pHI10
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=E | BEGTE | BEGTE | BEGR | BELTE | BERE | BEGGE
(nm) (nm) (nm) (nm) (nm) (nm)

l .

g/em’ 2.93%+0.33 1.81£0.69 | 0.73%0.42 | 0.75%1.20 | 0.27X0.89 0.63%1.06
2t ng/cm

10

Jom? 2.95+0.81 | 3.522020 | 0.75%0.43 | -1.07£1.43 | 0.33%1.04 0.6210.80
ng/cm

100 R R \

Jem? 3.24+1.06 | 4.32+059 | 0.75£0.43 | -1.9%1.89 | -0.20+0.72 0.17%0.70
ng

|

fom’ 3.78%0.66 | 4.47t0.74 | 0.45%0.29 | -3.28%2.14 | -0.03%f1.2 -0.55%1.10
pg/em

10

fem? 4.35%1.05 | 8.30%0.90 1.7£0.98 | -1.15X1.32 | -1.3t1.54 -3.7211.94
pg/cm

100 ‘

Jom® 6.00£1.77 | 13.85+0.39 | 3.240.74 -1.7240.8 | -3.65%0.57 | -11.23%0.87
pg/cm :

® [0030] (=) LiLysozyme BB - 77 FpH{BHICHC- AUNRES

AL VAT TSR LRS- T K ( UV—Vis) FFME - A0 AR
EEILX?E‘?%Z%"—:‘B’\JEﬁ:‘/—?‘?‘%'JYELysozymeE’\J’ié‘}%&%&i (FBAAF10.1) KHIUIHIpH
B (pH9) EREERAVIE(ELITS (peak shift).o FLL - AT LUM]FHpHERYE
EAGE R RN BRUY - IR EAEY TR B BFE A IGE
FEFERIRCR -

(0031) %
L pH4 pHS5 pH6 pHS8 pH9 pHIO
/'Ssozyme ~ N . e N
):m d WEEAIT | BENFE | WEEE | BEMTE | BEE | gELLE
=g
(nm) (nm) (nm) (nm) (nm) (nm)
I ng/em® | -0.07£0.45 | 1.78%1.00 | 1.48+0.80 | -0.13+0.14 | 0.47+0.27 | -0.68+0.62
10 ng/cm’ | -0.93+0.76 | 2.78%0.19 | 1.28+1.60 | -0.720.70 1.12+0.4 -1.1240.88
100
3 -0.410.14 | 3.43%0.29 | 1.98%1.70 | 0.12+0.68 | 2.12X0.61 | -1.58%1.17
ng/cm
I
3 -0.42+0.05 | 3.65%0.71 | 2.07%£1.08 | 0.98%0.21 4.28%2.62 -1.3%£1.83
pg/cm
10 pg/em’® | -0.5240.55 | 3.2710.54 | 1.9241.52 | 3.2%0.94 10.23%0.91 | 1.67%2.19
100
3 0.38%0.59 | 15.06%2.80 | 4.55+0.83 | 13.5%1.50 | 35.2%8.03 | 19.05+2.93
pg/em

[0032]

(Z)EAHEME  —MRERARLT BT MR at
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— AT R R A (BRI ES TR TR B
$£4R (SPR) - FILHBRES G ZEBE - AR E GO HIK
CHC-AUNREZS KRS SV TS 2 T 0 R T T L A
¥E4S » LICHC/K VAR BIARANT - IRE S 2 T T IURMHE R £7
KT AR » TEHSARREIRSIE b - R EERHIUV-Vis Eas BE, » 5]
TR low detection limit) EAT{RAAYIRF M1 =ik - AL ECTAB
IR FORKLT - EIEAEHS AYREEIE100 1 glo.c. » UV-VisyCRAIENTR 44
SRR » (EAECHC-AUNRFSKEARE IE AT » HSAREEAER T
mng/c.c.m%{émzaﬂ%fﬁ%@ms@%'lﬁz BT TR B 5
TREBPRIERUE (sensitivity) AIEHIET -

[0033] %=
HSA JiE AuNR-CTAB % CTAB AuNR-CHC
e BATRS (nm) R (nm)
1ng/cm’ -0.2 ' 04
10ng/cm’® -0.33 = 0.6
IOOng/cm3 -0.2 1.1
1pg/cm’ -0.67 ' 0.2
10pg/cm’ ‘ -0.8 53
100pg/cm’ 033 9

[0034]  f E Rl RIS A TIFTER (1t EL RS R e A MR
B A - ST REES FRKSRBHBEE - WRERKEB T L
RO ETE MR - FELER RSB FRIENE - WA UGS KSR
FEAER B - B - BT I8MAYREME C BRI EEEN » K
AN A R R BRI pHE AR A ) 7 A Y B B T (R Y R E BB AL ( zeta
potential ) « ffpHAEFRRE R HT(E/ NAFRFEE 7 L FBALE » (R E
EWTIaTIRI SRR T REE RGBT E £ RE T 5k - WRB iR

10
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kg BRI FREEAHER ZEMIN RS BR RE L > I ] REE
AR AEERIE o SR EM SRS IR ERIpHIET - RIEEEREHER i
BRI IR B R 3RE L RIS SR K BR TR RIE- ]
R (UV-vis) IRIKERASTE RIS - AR RIIRIE KB BR T HI3 BUE
Rk B RIS N BEE - BRI A RET
AR RSN - MR AR T A RAEIEETT -
[0035] mELA bRt  ERAFFEEEERAIME - IIEMAZNRR
@ FFHUAERZEE o MEN LKA AR F BT R AT S
YL BUEET - FOE BRI AN FERA L FR A R GEE A -
[rF5RaREA ]
[0036])
10 2T SREER A

20 FARFBHT
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= U TATE E=N
FH = BELFI & [E

R R - BET
BT - (5B — A TR S T BRI R A L ks

W
EEG KRS BRLT - IR BN ARG SRR E
Hep o BEEEFCkE B TS EREBIRES UG — % T REE-
A B FRFHEBE ST B T REE-FoAS BT ZmiE
S B IZ pHBRESA N E 2 — £ TIFELE
(IEP) - Tf# %LL; KRB BI T W EY D T AEE ERIEEN
17 o

aap
oo

- UEESRIE | At B EE R IR A YRGS ELREZAS T REEE T

(BB SR O 7 26T B2 EF ( carboxymethyl hexanoyl chitosan, CHC ) &

AF -

. QOEESRIE Ay B EE R R A YRGS R RSk BT

LM BERBE - SREEE -

SRS | BT B R A MR B S — R L

SRS T REE- A S BR T RASBE S I pHiE

. AETKIEARTILY B R R R A M RGAIA R  H PRz AR e i R

EEELEEREINESIBR - BB ZBRSNIEGTATR - BERREABSRRINRE S8

W SRR - ViBREST - WIERE — Z BB BIESEE -

. AEESRIE Atz B B E R R AR MR PR A T REH

B = REJEEinyER  32E [ E B ARG H&E H (human serum albumin,
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HSA) BGAEIE (Lysozyme) -
A SROBORT o B R A A YR » B b ) T8 A
WEEE - B TRE SOk T A S 2 PRS-

. AIEERIECRTI Y B A R AR MR B A5 T
B o TR FARE BN TR AR S IR pHIE R
—EASERENNEYRESE > BE TP

tefit—AERBII R  ERBITTHM MR — K T REE- A E BRI
AR E EvE > I — SRR E SR AR B T LUES
B BEEEE AR R T RES S T B B RASBINE
TR > 7% E**‘:E%M?W*%’éﬁﬁlﬁﬁ%&ﬁ" NGOG ISR |

AR LA T IR EE- 7"7l<‘£%M%&‘Hﬁ%ﬁ%@@@WﬁzZprﬁﬁfﬁxfiId\E’\
TEL £V THIFRELR (IEP)  MEZERAS BT HINE
LYy TEAEE ERIEREES K

16 2D —FRTIIAGEE T REE-RAS BRI IS E SR Bk

FEPIE TR R B K B TR - AIFIE T RIYRELEY)

VAN

10. 2055 K IEOFill . B B BRI A VRGBT Bk T RS0+

(ZERMMINE 2 4T REE (carboxymethyl hexanoyl chitosan, CHC) &

BF -

VARSIl B S B E MR A YRS KSRk S BT

MERESE -~ REEA -

12. 40 K IAFTI . B B MO A R 5 ik ErPaseas sk T RmE-
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KB IS E SR PHEC TR RER—RREE® -
13. 4055 KIE 1 2fifi s B B R IR A WRGRI T vk - H P Rz s TR R
BEEMEEMENE STEN - JBRUE JBSNIR SV - BERREARERRENE S

B - BUEGEE - B EST - IR 2RISR SRR

Kl

14905 K IRl < Els R AR L k- HPeEo+BEN
B - ZREEEWNYEE - 2%E 58 B ALE A2 3 (human serum albumin,
HSA) 0AE RS (Lysozyme) ©
o ISR SRIE 1 4FT5 e B &R YA YRGEI 5 - EREEYs B A
MEEEH > QIEREEZAT RE-RA BN FIEAGEEE 815 W 2 pH
EFES °
6. 208 SRIE 1 4FTl 2 Bl &R M n A a5 7% - B e 4mn &
HHERE - HIFAREE A T REE-FOKE BN ARS8 2 pHIE B

10 -

(9%}
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