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between the intensity of colored spots of filtered-MNPs on a membrane and the number 

of mutans streptococci (range 10
2

-10
7 

CFU/ml) but not with other two streptococci. 

Addition of 3,3',5,5'-Tetramethylbenzidine (TMB) and hydrogen peroxide (H2O2) enhance 

a signal of MNPs and thus improve the detection limit. For clinical application, the 

detection ability against mutans streptococci in mixed culture and also patient's saliva 

will be further examined. 

Keywords : Rapid detection, Streptococcus mutans, mutans streptococci, magnetic 

nanoparticles and peptidoglycan hydrolase. 



Executive Summary 

Caries risk assessment (CRA) is a method that evaluates the risk of caries 

development in an individual. This method allows dental professionals to be more 

efficient and to provide successful prevention and treatment. CRA assesses an 

individual's risk based on several factors such as past caries experience, dietary habits, 

socioeconomic status, and laboratory tests (bacterial caries activity tests, salivary flow 

rate and buffer capacity). For microbiological caries activity test, bacterial culture is 

necessary. Since this process requires specific laboratory supplies and time to grow 

bacteria, it is not practical for rural areas. Currently, a rapid detection kit based on 

antigen-antibody reaction is available in markets. Gao and colleagues reported that this 

kit could determine the number of S. mutans in saliva samples more accurately than the 

culture-based method [1 ]. However, the classification of caries risk is still based on the 

salivary MS levels obtained from the culture-based method. 

Automutanolysin (Ami) is peptidoglycan hydrolase showing substrate specificity 

towards mutans streptococci (MS) but not to other oral streptococci. The substrate 

specificity to MS is corresponded to a cell wall binding domain (CWBD) of Ami. With 

this unique ability, CWBD can be a probe for detection of MS. To visualize the target 

bacteria, a chromogenic/fluorescent reporter is required. The enzyme horseradish 

peroxidase (HRP) catalyzes the oxidation of substrates in the presence of hydrogen 

peroxide, resulting in a colored product. At the beginning, we constructed the 

recombinant protein between CWBD and HRP but the purified protein was in an 

insoluble form. 











Research methodology 

Objective 1) To develop a probe specific to mutans streptococci for rapid detection 

assay using a genetically engineered CWBD of Ami linked to HRP. 

• Construction of CWBD-HRP fusion gene and expression of CWBD-HRP

protein

Plasmid pET-26b (+) containing HRP gene with a directed evolution 

(pETpelBHRP1A6Kan, Biotechnol Progress, 1999: 15: 467-471.) was a kind gift of Prof. 

Frances H. Arnold (Caltech, CA, USA) (Fig.1A). The HRP gene was inserted into the 

vector as a fusion to the signal peptide pelB enhancing protein solubility. CWBD of Ami 

with 6xhistidine tag was constructed in pColdlll vector with capA gene (Fig.1 B). The 

gene also helps in protein solubility. 

A) HindIII 

pET26b( + )·HRP·2pe1B 
6313 bp 

B) Xhol 

pColdIII·PT4•6xHis 
6640 bp 

Figure 1 A) HRP gene in pET26b(+) vector and B) CWBD gene with 6xHis in pColdlll 

HRP gene with pelB sequence was amplified by PCR with Ndel restriction sites and 

was inserted into pColdlll-CWBD-6xHis plasmid (Fig. 2). 





To improve the protein solubility, we varied IPTG concentration from 0.1-

1 mM in order to reduce the rate of protein synthesis. We also changed the growth 

medium by adding 1 % glucose to repress induction of the lac promoter by lactose which 

is present in most rich media and adding 1 % sorbitol to increase osmotic pressure for 

accumulation of osmoprotectants to stabilize the native protein structure. Moreover, we 

changed the vector from pColdlll to pCold ProS2 that facilitate correct protein folding. 

However, all conditions could not yield soluble proteins. 

Objective 2 To develop a probe specific to mutans streptococci for rapid detection 

assay using CWBD of Ami conjugated with PAA-grafted MNPs. 

Preparation of CWBD of Ami 

Escherichia coli BL-21 carrying a recombinant CWBD plasmid were grown in LB 

broth at 37 °C until reach OD6oonm of 0.4-0.6. The expression of 6xHis-tagged CWBD 

proteins was induced by the addition of 1 mM isopropyl-r..-D-thiogalactoside (IPTG) and 

incubated at 15 °C for 24 h. The proteins then were purified using HIS-Select
® 

Nickel 

Affinity Gel (Sigma-Aldrich Corp., St. Louis, MO, USA) under native condition. The 

active fractions were pooled and dialyzed against 0.1 M phosphate buffer (pH 6.8). The 

concentration of protein was measured by using the Bradford protein assay. 

Preparation of PAA-grafted MNPs 

Magnetic nanoparticles (MNPs) were synthesized by solvothermal method (Shim 

et al., 2014 ). Briefly, 1.35 g of iron chloride hexahydrate (FeCl3•6H2O) was dissolved in 

20 ml of ethylene glycol with vigorous stirring. After the solution became colorless, 3.6 

g of sodium acetate (NaAc) was added with continuous stirring for 30 min. at room 



temperature. Then the mixture was transferred into a 50 ml Teflon-lined stainless-steel 

autoclave and reacted at 200 "C for 12 h. After the reaction completed, the autoclave 

was cooled to room temperature. The formed black Fe304 nanoparticles were collected 

under external magnetic field, rinsed with ethanol for 10 times, and dried at 60 "C to 

yield black powder of MNPs (69% yield). 

Poly(acrylic acid) (PAA) was grafted on MNPs surface by a grafting form 

method. Firstly, 0.1 g of MNPs was dispersed ultrasonically in 100 ml of 9:1 (v/v) 

ethanol-water mixture containing 1 ml of ammonia solution for 30 min. One ml of 3-

aminopropyltriethoxysilane (APTES) was added dropwise to the dispersed solution. The 

mixture then was stirred at the room temperature for 12 h. The APTES-modified MNPs 

were isolated using an external magnet, washed with ethanol for several time and then 

were vacuum dried. The APTES-modified were immersed in 20 ml DMF containing 

ACVA {37.5 mmol), DCC (47.0 mmol) and DMAP (3.74 mmol) at room temperature for 

20 h under nitrogen atmosphere. After a reaction was complete, the product was rinsed 

thoroughly with DMF and ethanol for four times each. The obtained initiator-immobilized 

MNPs were then placed in a vial containing ACVA (0.5 mmol), CTA (5.0 mmol) and 

acrylic(acid) (0.8 mol) in 10 ml of milli-Q water. The mixture then was heated at 70 °C 

for 20 h under nitrogen atmosphere. The resulting surface-grafted PAA were removed 

from the vial and washed with ethanol and milli-Q water, respectively. 

• Conjugation of CWBD on PAA-grafted MNPs by the EDC/NHS coupling

method 

Five mg of PAA-grafted MNPs were dispersed in 1 ml of 0.01 M PBS (pH 7.4). 

0.1 ml of EDC (2 M) and NHS (0.5 M) were added to the mixture and then incubated 



for 30 min at room temperature with shaking (240 rpm). 0.1 ml of CWBD proteins (1 

mg/ml) were added to the mixture and incubated for 24 h at 4 °C. Finally, CWBD­

conjugated MNPs isolated using an external magnet and rinsed with 0.01 M PBS (pH 

7.4) and milli-Q water, respectively. CWBD-conjugated MNPs were stored at 4 °C until 

use. 

Objective 3 To evaluate the specific affinity of CWBD-conjugated MNPs to mutans 

streptococci. 

The binding affinity of CWBD-conjugated MNPs was tested with S. mutans

UA159, S. sobrinus OMZ176, S. sanguinis ATCC10556 and S. salivarius DMST18781. 

0 

Bacteria were cultured in brain hear infusion (BH I) broth at 37 C, 5% CO2 with shaking 

(180 rpm) for overnight. The optical density of overnight cultures was measure at 600 

nm (OD6oonm) and then was adjusted to OD6oonm of 0.1. The adjusted cultures were then 

incubated at 37 °C, 5% CO2 with shaking (180 rpm) to obtain OD6oonm of 0.5 (� 10
10 

CFU/ml; log phase). The cultures then were diluted to 10
6 

CFU/ml with 0.01 M PBS (pH 

7.4 ). The colony count was performed to confirm the number of bacteria (before 

treatment). 

0.1 ml of each tested bacterial cultures was mixed with 0.2 ml of CWBD-

conjugated MNPs solution (0.15 mg/ml in 0.01 M PBS (pH 7.4)) and added 0.01 M 

PBS (pH 7.4) upto 1 ml in a 1.5 ml tube. For a control group, bacterial cells were 

0 

substituted with PBS. All tubes were then incubated for 30 min at 4 C. After incubation, 

a magnet was used to isolate CWBD-conjugated MNPs from a mixture. The supernatant 

liquids were transferred to a new tube and then plated on BHI agar plates to perform 









CFU/ml which are approximately 3 times of those of S. sanguinis and S. salivarius (b = 

3.70 and 3.81, respectively} (Fig. 3). 
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Fig. 3 Relationship between signal intensity and log 10 (CFU/ml) of S. mutans UA 159 

(A), S. sobrinus OMZ176 (B), S. sanguinis ATCC10556 (C) and S. salivarius 

DMST18781. 

r = correlation coefficient and b = regression coefficient. 

Conclusion 

The colorimetric assay using CWBD-conjugated MNPs had an efficiency to bind 

to MS and distinguish MS from the other two predominant streptococcal species in oral 

cavity. Moreover, the color intensity of CWBD-conjugated MNPs can represent the semi-

quantitative number of bacteria in range using in caries risk assessment (CRA). 
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Chair-side rapid mutans streptococci detection 

• An important aid to clinical dental caries risk assessment.

Automutanolysin (Ami)

• A peptidoglycan hydrolase, an enzyme that cleaves glycosidic bonds

within peptidoglycan structure of bacterial cell wall. 

• Two domains: a C-terminal catalytic domain and an N-terminal cell

wall-binding domain (CWBD).

• Its CWBD has substrate specificity towards cariogenic streptococci; 

5. mutans and 5. sobrinus.

Objective 
To develop a visual detection assay using magnetic nanoparticles 

(MNPs) conjugated with CWBD of Ami. 

Material s and Method s 

Immobilization of CWBD on MNPs-PAA 
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conjugated MNPs against MS and other oral streptococci 
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The number of MS after binding to the CWBD-conjugated MNPs 

dramatically decreased compared to those before binding 

whereas non-MS were not. 

5. mutans 

UA159

5. sabrinus 

OMZ176

Before After 

s. sanguinis 

ATCC10556 

S. salivarius 

DMST18781 

Before After 

The capture efficiency of the CWBD-conjugated MNPs for S. 

mutans and S. sobrinus was 77% and 69%, respectively, whereas 

that for S. sanguinis and S. salivarius was 38% and 15%, 

respectively. 

Conclu sion 
• These results suggest that the colorimetric assay using CWBD­

conjugated MNPs can specifically bind to MS and could be

developed into a visual MS detection tool.

• Future studies: detection of mutans streptococci in saliva

samples
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., �... . q ' _, !:11 ,,, ... L€Jflt1'1'Sfn'S'IJ0'U'l.J1'UU'Ur11'1Jfl t'U911.:J1J'i:l!l'Vlf'111J'l-.l1'Utlt.! 
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,I � ., 

�WltM m OU.1'1111'1'1 fJUIU 

etj� 2s4 t1'U'IJ'l'ity1i\'l 11'\111l1llh1tl 1'1J,itlYJ:iJft1 fl1'1t'l'l'W"I 10330 

3.1 ffty'lf1� l'Yla 3.2 !'Yl'ifl'W'Vl o-2mM I so 3.3 ivrrn·1, 0-221 s-41 s 1 
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mJ'il 1;1tl/ffN/otttl1001-n 

w-a'1 3 'llo�'i11u1u 3 '11U7 

,.,it, d ' 'I'"' 
, i, 0�'1'1 '!ft.I 14 01fl1'l' Lan' 1611 '1'11-:!'101 979/17·21 Otl'I-Wl'l·Hl ltlll'W U'U'Hff'llllfftl ti L'll\\l'l'lqJ11'¥1 fl!lll'i'l'Vl<'l 10400 

... .. 
11 1 .!Y, ,I 

'i 3.1 fftj/'lflfl 'l'ltl 3,2 '¥l'Jl'l'Vi'YI 0·2278·8200 3.3 ll'l'Htl'l' 0·2298-0476 

s. l'i11tY1u(tf1iJ)/�6tj (m'I!� oim i<i111� 11111hha.a1hi')
gJ 

u1a11.:ifln mmJ,n 
,..i • o/, ., .f1!, ."f I ,/ ... o, '"" ,/ q a, t i, 

'O�'lll fffl1utJo/l'l'VWTI'l..!'l'l1,:jutlff;\/1lll1"1WlfHO'.it:lt1l'H11'Vlr.J1fltl 254 '01fl1';!1tfJ�W1flllfl'.1tu11'1111'VlV1rlV 'lit.I 14 il'IJU'Vit)Jl l'Yl 
1t'l!11l1�hnJ t'l!9l'U'tJlJ1U flllltr'll'l"'l 10330 

s.1 i111V11-1m'IJ� 1453 s.21nnrw..i' 0-2218-4180 s.3 l'flrn1, 0-2218-4181

� a'OJ t'J 
UWIJt)J"J/11.:!flW!fl'l'l';i 
f>d� fim-uuVJfv16ii'uVJ11l1ltyqf1utt.:i1w1t11m tuiim1VJu1nu 254 a1m,1f t1�W11'1'3mu11J'l'l11Y1mnv i'u 14 ouuwt\!1 l'Yl 
1t'IJ1-:ii�ivnJ L'llrtthp,11u fll"�!Yl't'l"I !0330 

5.19i'111Vl'I-Jltl'II� 2392 5.21Vl:iff'Vll10-2218-4180 5.31'rHY1':i 0·2218-4181 5.4 �l:lJ� Bancha.V@chula.J\QJh

m1,1m1wilm 'fif.\Jt\Jffiff�'U 

fld� fl1fl1'1f1,tl�11'1'W1 fltu�1'1U¥1U'Yi'Vl1Ji'l'lff�i �W1Mfl'HlllJ'1111'VlfJ1t)IJ OUU'Vlty7'1'Vl Ll'll1'11�i11ii l'IJ?l'l..l'l'JlJ1lJ fll!ll'VlW"l 10330 

'IJ1�ff1116:IJ1fl11'1'ltl1UWff'Vlli 

ad� 'lfifl\)'()l1tli¥1'itflUlm�1vimff1ff()lfw'tl�1:i..mf fltu�1'Ylt11f'Y1ll'?111win�mtu:11tt1i'Vlt11d't1 m.J1-1wty1 '1 'YI n,i1�1'.:i 1-ruJ 1'1J,iliY,11J1'u 

fl{ <lll'l'W-1 10330 

ii1�1,1f 1wd'u 

ijtj� mfli'lf1Lt1il t1tui1'Ylu11'11ff�f 1mn.:imruumi'Ylt11n'u auu'Vtqp'1'Yl u'll1�1�'111ii L'lll'l'thp..111-1 n1,11V1w-1 10330 

UlfJ 111 ll'!�ft 'l/lfl 

vd� mr11'l11U'I.Jr1i111ef5vw1 'Ulli�¥11V1t11c1v 1VlfJlfflff911:ihm:ru'l'm6 nn�1V101fl1fffliq"'llfl1W lf'H11'YlV1TI!Ji11w1 f<i'l'!1flih:\r111 

tJn1'1'lf't��u 
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'Vl'U1 1 'lleN�1'W1'U 8 'Vl'U1 

m1:1.J1B f11';iLvl1mrn1-a\J ':i � n-eiu01tm R�mii THllij'\.J nu L :ff 0 n 0 L ':i Rvh.J � 1�0 � 1-.:i-.J 1 L mt:ri1'Vl1u H'l 'Wf11':i 

UEJflLL'1t:vl';i1,J1lilL �'e)fl'e) L ';iA'W'WNL :U-.3fi-'.l'U�lJ1ru1��1tlvl1 L 'U�1 , 

1:11'iJ1bl'l:W LL'1:-i1Vltl11"116il))'f :g,mTm 'W'Yl 6� LMm-ii'el.:i nu f1';i':ilJ1fifl1':ir-J� vll:11-S'lht: fl0'1.Jtl11Il1fl�'11"1':il;J�'\.) 

fl'\J L �e)fl'e) 1 ':ifl'W'Wfi1�e1�1-.:i-.S1L 'W 1:::a1wrt1 t -if!. 'Ufl 1'1 bbcJ fl Lba:ll vl':i1lil1Vlb (0 ria 1 ':il'lW'W�b -8.:i M-.:i,J�:i.n ru1��1 clvl1 L tl'11 

.., .,  ::, ., .,, .,,.  dd ., ����.:i'!la.:in�u�'Vl'S01'YIV1fl1':i'YILna1'1J0.:i 

L ':ifl"W'Ufill-'.lR-!l L tl'U'U qJma1B1 <a ru�'!l� ri1f1qi'll 0.:itlwL vw11 'Yl tJ �.:i'.Jt:b �'W 1�1u1m1eM11.JNa n11�111'1vf uv1 

a1B1-aruq'!lLL\.1.:i'U1�Rf1� 7 w.f'I. 2sss �fl11iJ�fl'll'el.:i1'SA1'Wn�:1.JL�nnmi1m�t1'1J01� 3 Lta::: s '1 LLa�1'Wn�iJ 

L�fl'Jl:JL�l:J'W LLa:-;L1:J11'1l'Uel1tl 12 Lbrl:-i 15 U�lJ1flLfltlfl'l11'1�'1'Vl�.:i'IJ'el.:JUW'll111'S�IJfl'11'S':l'\I l'J1')lJ'llfl'!J'el-1L'Sf'lvl1.JN 
' '\I • \ 

1 
� '1 QI J{  � 1 -d.JI � �II 

m.h:-;"ll1n·h'Vltl'e'.l� \!Wv1'\.J'Wl.J1vla0v1'S:-itl:-i L 1'11Lfl€J'\.) 10 fl11U'Vlt:-l1'Um '11L Vl�'Y!Wl'eJ1'1'1:-ilJ1liJ')flf11':ib'Vlfl1'S

fat<J1 LLa:::ueHn'IJL':il'lW'Uf-!1 'IJl'l'IJ 1 'D'\llnl"1'W 1tJ':i::!\il'llb�l:l1tl'W -X.:i 1 �1'111lJL�tl.:J'IJel.:if11'SLflli1 hflvl'U�L \J'I.Jb�8'1'll0,.:)Lbl))
o 1" I "''°' .J � IJOJ V .•i OJ � ' ol .J o 'l ti <> '\' 1J � V 

a:-;'ljflfl'1 Vl1 Vlfl�lJ'YllJfl11l.Jb6'\tJ.:)�,:j 1,(,)';i'\.Jfl1':i':im;1 Lba�u0.:imm.JL'Wl:.l-'.l'rl0'Vllil:-iVl11,'Vl'Vl�li1fl1':iLf1\911, ':ifl'IJ'IJ(,\jj fl1':i

tl':it: Lihm11iJ1.�1:1-:i1 'Wt11"nn1,1 L ':iR'Vlw:-1 L {J unwu1'1Jm -a·1.l':i:-;L:ilu11'Ur1A a-Oiim1:J.Jb� EJ'1�'1:::tnvi-rhmmJ1 u-a�ii'u
• 1 , 'U 

1viu �-:ifi1�t1-a� L:ilu1�t1-u�:-;-d1ti1 'l-1'Yl'Wvm 'l'lV16L�eJn16111':ifo'bl'1 LLa�u'€l.:inu1�0�1.:ib Vltrn:m.1 m1m�cJ.:i'lle.1.:i

m-a Lnv1 h ri'Ylufiil tl':i� L:ilu t\91 ei01 ilc1V1a1 EJ'U� �t1�1 tinu b �'W w ��m·nm1-aV11'UeJ1VI T;i 111':i� LLa�tmVl-d0.:itJ1 n

f'lru1;1m;rut'l1£Mtl1a11:.1 Lbl;l�'U�:IJ1 t1JL t€) fl€) L'Sf'IW'Wfi b tl-u�'U 'U'.ij�tl�'U1ll1'th:a:iluila1u1Vlt\!"11"1':im'l11�vf uv1

ii1.:iLn1ll'i1Yl'U EJm 1'Uf11'lVi1'U�lJ1tUL �'e) n.:i LL�,l:-;lJ�\91(,l'a'JliJL ( m'11b �,1it1mrnm-.S1V1tJ11:J'li11l i'1:-;mnmnt'U Lb�

n���€).:)fl1!'1tlb 1m'l 'U fl1'rnrnlc1.:i Lt0 LLa�tlf0-:in1-a�tlmru��'1l'IJ1v11 'Vlt\!bfhmnrn LLa�ih1f11bb Yl-'.l vht ,.-,hJ

m::v11fl�'.ij�'U1l.J') 1 'm, 'U.:J1\l':i��'\.)�l.J'!J'I.J

� L 0 na1-s fl1':i �'U'lleJaVlfi'Uvl'Hb61\91-:t bfl�0.:J:iJeJvl';i1':i!L �mb 'Ufl'VI L� tl€J �1'1 ':i"11i1 b 1s1 (rapid bacterial 

detection tool) Llill:JB1!'lmlfi<nn1':i€Jl.J:J.JL'ULA':il.J1L'Vlm1vl LLa�'Vl€l'1F10aa0� (colloidal gold- based " 

immunochromatography) Lliltl1 'W'l!i;ivl'S1'1ilt-if Lb'el'U�U'e:l���hL 'W1t nut �'€lmm'll11>1rl'€lflf16'1 :il1u 'Vl'W'1b tlu 

bfl�eH�01'urn';i1ijUbf0 (probe) i111tl�i;inu'Y1'€l.:Jl'l€J'1'1ell:J(i) (colloidal gold) l'i1L'l-1b�'Wa1��'Jl'J(,l')bU�1 (L€lfl611';i 

1)1';i�'U'll'e.li1V1thJ(,l';i'\.l':i�L'Vlf'l'1Vl'j,ie)L:W�f11ba'!J� us 20080240993 Al) �':i1cl.:J1Un1':i1fEJ5.:i,h�a'Vl6il1'W'IJ'el'1 
.. 



V11J1 2 '!l,N,i1u1u 8 ·wu1 

bl'l�'€l�il'€lil':hilm1l.l 111 lJfl1'SVl'lTil'\111b �0 (sensitivity) 0���BEJl;l::: 97 .6 LL1>1iim1l.Jlii1L mt (specificity) b WEM 
�0cJg'lt 90.6 b'V!1tYlJLi1mviEJ'Un'Ufl1':iVl'l'J'il�'Jl:116L�l:Jr!LYl3J 'Vl�hn1 (real-time PCR) �.:i�1�c11-ifLth.!16�'UFJ'U 
,hw1rn(0 (Int J Paediatr Dent., Vol 22, p 363-368, 2012) �'JeJLV111jdvi'11vhnlilbb'IJ'JAlil�'il::'Vi9ll'U1 
1fifl1'Sv111'1�ilfl1'UJb Lbl;ltl'l113.1"51b °r'l1�nrnf vShbL 'Vl'Wa -m�m.ri�l'ltll'lLl'l �iit11��'Vl6fl1¥13.11 fl�l! 

s LLa:lFJ�l'l..,L �u�a 11ii'�11:JA1L 'llih 

LeJ'UL'll3JLthJvi11il1nmLfl'W 1oLlil"Hm1 (peptidoglycan hydrolase) L{h.1LcJt11tt1l1�wu1�uLL'Ul'lviL,mrfo\J 
'\'ln"llillil 5Jviu1�1 um,�0cJamt.1 L tltl'Vi11il 1mmRuzj.:n llu 1R-s.:ia�1��wu1il\t 'LlNUWlil;l�'ll0.:i LL \JflVJ L�1:Ji11 ti 
Llilmuw1�U\Jl'lVh�mLmiJU1n (Gram positive bacteria) LL�L'Du1R,..,a�1.:i�hlwu1'WL'lig:J�'!lrJ�l.J'4'1;� LeJ'UL'llll'if 
iiuY1u1mhfi'qil>i0m1LL t1'1611 \L'fl:lLbcJfl�'J'IJ€1"1 Leu a� LL u RvM 1:J ,n m1 EN1'Wi1'Vl6'UVl':i LL'1 ::'11m1t11�e.1��1u:i.n 

10 'Vf\J11L�Bi.'ILW'S'ULVlflrJflA'1 ibLLYl'Ui, (Streptococcus mui'ans) ��VlLtl'UL'l13kt.ltl'Vi1vi1mmfllJ LijLliJ':iLf1'1���fl 
l��'E:l11 e:io1uiil1vi:::1u1ait1 (automutanolysln) V1�e:iLm�1.me:i1;1 (Aml) �iim1iJ,i1wn:::1urn-sfr,wamm(t1
au,mfilllfl'ell'lR'1 ihWVl'I.Jft (Streptococcus mutans) LL�tmvi,'IJL\llfl0fllill:f '1f'e:l'U1'Ui.'1 (Streptococcus

sobrinus) ��t1�i:ufl*-JL (aihLWl'Uft' i.'1 L�':i'UbVll'lVfl Lfl ( mutans streptococci} rJ'Ub �'IJL �'elntj:uri1�qintjlJV1�'1
fi1eln11bfivl b'.lfl'Yt'Uf..l ua�L eJ'UM1�11il'\/l�.:J'iifl 'lit 'Un1':i'\.h:::Lfltlfl113Jb�El'11'Wfl1'Hnvl 11r1vl'UN bfl'j{li,1{1�'U'e).:JLEJ'IJ L'lf)Jil', , 

� V 

15 tlwne:iu:iiu�1l:Jmv1e:i:::ilt'IJ 979 rJh i1'tl1V1un1,.lba�m.h:-;mru 104 nfat>l1a�tJ Lb61ti1ae:i'1LlilLlJt1'Vl�nH1\Lri m 
m1'1�flblilbl.J'UBtjvrn��tJm1:.11t11t1V1tjr11foe:in�a CC-terminal catalytic domain) zj,:iflu'VlU1'Vl1t1rn-sci0t.1l:ft'l11:.1 
f..l'U�L'1fa� Lba�{ln1v1L:ut10���tJmc.J�1t1'\lltj'el:::il1t1vhvr1.hvtl'IJn11iuntJr.iiJ.:iL'1!g:J� (cell wall binding domain) 
��nm1iJ�1L°r'l1tll'\Jb�eJi11LL'V\\J� mv1·nJ1v1!'l'e:lflbl'l (Microbial lmmunol., Vol 50, p 729-42, 2006 b�at 
�'Vl5Umtl':itL'Vl"1'1'Vl'f,;im:u�mLa'IJ� us 7,776,325 82 LLmi us 8,852,584 82) \il'Jt1m1:u'11Lm:-;dv11nvhrn-s 

20 �v1fl10�-w Llil ma1�Twfl1lll111;1&\ n Ll?I t:uu�1-ifl. um1ciamm1m 'lhJ�1c;i 1m1LLfllJcJe:in 1 tJ �'1�a1m'lt;11-UL'el'UL'li� 
��n�11-crl t1rn1�unut-1u�L�at1'Uel·U t05bwv1t1a ,rn,11'1.llr>1fl'elfl 1fl (probe) L �e:i 1 '1i1. urn':iv1111il1v1tJ�mru'Ue� L �cl 
Llil 

'J ... a ,� J/ "' "' 1 
"'"' o, '°'"' A I <) 'f J b 'Ufl1'5Vl':i'Jlil'Jvl u ,lJ1 nl'lltlW11mL 'UflYIL 'HJ vli.lfl1'5'W9ll'U1fl';iW'Jfifl1';i�"1W'll€1'1el'IJJl1fl LblJb vmnt11 b'UVl , 

'i;f1lJ1';if;l\Jl';i1'11vl'l.limru'U'el'1b �e1:D·m 'Vl'Wft mws'llLVll'l'e:ll'l 1fl�l:11:w1'Sm �tit-!� L\il\il'JcJVl1b tl�1 zj�'Vl1 lmv11:.1n11illil�lil 
25 Llilbl.!Uiunur-1ti'�L'l11;l�'U'e){lb8t11cuuLm�iJLb0l;lll'U'el�fl1flU�bVl�nt111u (magnetic nanoparticles, MNPs) �fl 

'!l'U1vl�.:JLL� 5 �� 500 '1.11 L lJLl.J(ll'S fl'11t.lb tltJ'11':iU':i�neJ'U'eJ'4.f11fl�iifl11l.J\11tm::ll'Ub,'el;l'JLL'Vl'U� mlll':i'Ul(llflOfl 
lfl tlil1:Ji11tlB'4fl1flLLllL'Vl�nu11 t1�il1:.1:w1-u:wm tl'ULLUULblJnL'\JLYlVl (Fe3O4) Vl�'e:lLLlJflffil.J1i (')'-Fe2O3) iia3J'UM� 
i.'11l.J1":ifllll'el'U&'l'WB��rJ?l'U1lJLL1JL ,,,�nm1:Ju'eln1Ji'0�1�,1�L �1 �1t1�1Ju�vi'�n1;111:.\hv'h1 vie1'4mmti.h 'Vl�ntn tu 
a1u TH1tl1m 1 -ifl urn-sLLcJ m �e:i LL t.lflVl b�l:J 1c;i1:.1m":imUfllJ�1'1Jat113J Lbl.l L Vl� nmcJue1n L t0 LL \J fl� L� !'.l� LWnl.!11��� 



'Vl'U1 3 'lJE.N'il1'UTU 8 'Vl'U1 

.cl .I:\. .J I I V � ,S � Q '1nl � I 
:wr r:rn..1m�vrn bba�.:i1t1�w1n11m1'iJ11ill:.l.:t'i.l'U Lb��bll'iJ'U1 b um0,rn '\J'\Jba0nt11'\J (selective filtration) 

'1WU 1 � f1€JU'e.1'4.fl1f1� �\Jn'\J L �mb 'U fl'YMti"il:1 �\,l'e.) �UtJbb�'\.H:W:W b U'a'\J 1il'11:W1 ';i(l�TW �'Vl1'W'lJ�.:j b\�'l.m.1:w b 'U1'U:W11v1 

tlilEJ't.l�:W1tlJ'lJ'1:J.:J'111tlW fl0'\J'Elt.lfl1fl��Uf1'1J1, ��m Uf1o/i b�tl'iJ�bL u1rr'WV11'1f1Ufl11:W L 'ijlJ'iJ'e.1-!l �'U'WLL�'WLll:l.JL U'a'\J �.:i 
, 

'11ll11'11Lf111:;,,;'V!1b �mL Ufl'YiL� m �"IM.:itl�inru 1��1 EJM1L 'l.1�1 (semi-quantitative analysis) 

5 i'Ji1VJi5uv1-s11t1.:i1'\Jn11t-J�\9'l€1'4fl1flU�t. 'Vl�m.n 1 'Wvi�-!! LLeJ'U�'IJe:i�m 1-ul 'Wf111�Un'\J L �€JLL ur1vMt1 b\1lt.1"il1n 

11EM1'U'Vi'U11 "i11 n f111:W16f111tl�lllel'4.fl1fl LL�L Vl�f11.J1 L 'WVl1 .:i Ll,el'IJ�'U€J�,d m.�m ri,rn.nrnf u f)\J L t0 LL '\Jfl� L�t.11� 

v11:W�VlfiU Vl1UWL 'Vll3l'1'Vli'Jlellll� n1 Ll;l'lJ� 8,883,455 LL�:1Ll;l'IJ� 9,201,066 Lb��.:i hiii.:t1'U1'oJtlLlilfililA'WLMt11 nu
"'"" ,_ I <,l 'i .,I ., o 

I
°' JI "' ' 

tJ'i � 1 1 " f11':iil1l'.if11':itll;l{;ril\¾fl1flbL:Wb 'VIMtn b 'W'Vl'11:W1'HWl11,J'Jlil u1ll1tlJb'llell.l1bbi'l'\J'1 '1Lll11 bv'!Aelfl bfl liltl 'lle.l'4fl1fl 

LL ii L Vl�f1'W1 t 'W�lilnu LlilL1l'W�'oJUnuNu-:it.'11'1�'1l0-!! L8t.l 1'11� Lmil:w Lt.em zj.:it-Ja'IJa.:i n11vi11"i11 lil'll�m rut. �oi1a1m1n 1 ,if 

10 th:me1unTr1.h� bi'.lum111t.�EJ.:im·nnlil 1 'l'flVh.Jr-Jb(il 

15 

20 

, 

(Salmonella 

typhimurium) bliltl�fl';j';jl.J1Bf11'l'r-J� (,1"1)€)-:J el\¾.fl1flU:W b Via f1'W1 l 'U(,J�4�1EJ LLel'\.J�'IJ'e)��ilfl11ll�1L 'W1�L ,!1�':il-!1111..J 

L ta �1'Wn11'1'314itJfit<a:::vd1.:ivitj rniuan'8'1U'IJ�'Uti1'lJeNO"f)1fl'U1 t '\JLL� L'Vl�n bb�tVttjm:i11 '1.J'lleJ.:iLLeJ'W�'I.J8� 

t'911;11 off 1-L e1 'Vi a-3-(3-1 \1l Lll � irn 1 :ihi 1 w-avl a) A 1i1'\J�1e111J 1i1b©' 1vi 1 fl irn h li1 (1-ethyl-3-(3-

dimethylaminepropyl) carbodiimide hydrochloride; EDC) t.tl'IJ�b€Jb'ii'l'\.J��l'l'JU 0�1.:ih�mm1i..11�1;1 

�.:i fl� 11 �-!!'1.htauu fll'V!1 fl1 ':illl 'J1'iJ1 "1b 'il�N'ii'l1 nm1:w b 'U1i'IJ'UJ1�1;1 lil'lJ'e),:j LL \J f1 vh�EJ�'11:IJ 1'J(l(,l'a1'iJ1'911��.:ii1 A 1a.:i "I} • " 

�-:it!'IJ�-:im1ilm1:w1Gm 1111,.:ivrn� L3Jai�-:i 1'lluu�'\J�1'1le.J.:it11.1mr1L �o1 mPi'eJ'4f11A t.b3.h 'Vl�m.J1 t '\J�G11111-an 

1wn"il1\1lL�ei1u'll�mru�11�Lrn�t=111J11riv111,11m�B1�mh-:iil\J1t�'Vlcrmw (Anal. Chem., Vol 406, p 406-

866, 2014) 

'\.J'e)fl'iJ 1 nd 8.:t�';i1t.141'W fl11'W1b 'e)1'W'1:J� L1Jt1{111vi,.:i '\J'\.J� uro1'l.lel<l 'el'W.n1A u:iJ L Vl�n'U"l t 'U L �€l'U1tl'V111 � 
• 

e.J'\Jmrii1r111l.lu1ciEJ-s111ntii hibf1\1ln11Lm�n�ll'lle.J-'.le.J'\.J.fl1flLta�'11:1J11f;)m::'<il1t1�1at1i.'Llm1a�ml'.11���.:i.ff'U 51 
, , 'I 'U 

"' oJ .,I • 1"" "" OJ<> ., "' I " t .,/ � 
1 '1 " °$ "' {11'U1'ii'ltl'Vlb u'l'c.J'I.J b 'Vltl'I.Jt'1lllJMn1'JflW'<il1tlVl'J bbl;l�fl11:wL"1mmrn"le.J'4Il1mb3J L 'V!� fl'\J1 b '\JVIM';i4 bba:l lJ Vlvl,<lWeJa 

blle.Ji 1"1ti1�«.:tLfl"j1�"1el'4f11flLL:Wb 'V!ftntJ1 b'!.Jl>l�.:JPJ1EJ'Vicl�eJtfl��mL8�"1 (poly(acrylic acid)) '\/l�'el'Vit1i9aL\J1�U 

(polystyrene) '1.:!U'Ui'W�1 b�l.J,J1fl'U1el'4f11f1'W1 t '\Jbb:WL 'Vl�fl:IJ1Vl1'Ufln�1:.11n'U 1e t'lltJ b �€Jbf1"1Vl�L 'll'eli-eHlnL'llli1 

25 (peroxide group) '\J'W�'l.!�1 zj.:i'iJ�'Vl1'\lliJ1�b'tl'\J'11'J"ib�1Jtlfln�EJ1 Lb'1:JL'li 1-t. �Ome1�a1llil 1 VI tmu'W L'llL'e:J'YI ( 1-

phenylethyl dithiobenzoate; PVB) 'Vl1Vl'U1�LUW:l11d1t11m.J1'1l (chain transfer agent) 'l111tlvh,Ji)fi�t11 

'W8�L:WOL'l'L'll'tl'WLL'I.JUA1'1.J�a.J (controlled polymerization) �1l:Jn�1flL�'IJU reversible addition­

fragmentation chain transfer (RAFT) 'iJ�1tli'8'4f11flLL:Wb'Vl�f1'\J1L'\J�V11.:i!iht1-we1�B:::A��mLel��'V!1e.J'Vi'el�'11\J1 



"1 I/ 0 �. I 
.,., ., <,I I I cl t d <f Q. I' .'U bLm'U1 b lJVl"16'10'\J 6'flJU\llfn':i ff';j�'iiJ1tltll1 LLflt\'l11l.Jt6'f f;le.J';j W\111tl'Uil1flbLlJ b 'l•la m.n '\J'Vl\t'l':i.:J'l'lm'\L:Wel':ifl-.'.l'\J'\J' 

,,f 4  IV c,f .c( .c( I  I d  '\'° ,d�ILiV d Q. "  J' a..
'Vf\Jf.J1'11:WTrn flW'iJ1!:lm bbfl�a.Jfl11:W L'61t'la°'Nlfl11€J'1fl1flbL:WL Vli!fl'U1 b 'U'Vl bl.J bli1\fl':i..:J'l'l'i)f!LlJ0'HMtJ'UW'\JN1 

(Macromolecules, Vol 27, p 1665-1669, 2006) 

LL mvi1..:iV1fl..:i�'l11a'IJ L1il t '\Jfl1':i'll-rutJi .:i�'UN1'l10-:i1G11>l�h e.JYHJ�L:wei� fi eJ fl1 'H\fl�tll.J b 'lltJW eJfiLmifu-s'lJ 

s (polymer brushes) �..:ib'\J'UvrnfaiieJ1��tlmei'l10..:itsil�1'1JV1�..:ieiv1�1i11J'IJ't�'i.1N1Jr11:J�'W6�tm1bfl'IJ� (covalent 

bond) 'Vl1L iiJLa�mmw1 '\Jfl1':i�lil�li1'\J'W�\.1�1��n11nTl�li1�'1JV11..:Jfl1tl.fl1W (physical absorption) n11 

Ltll;EJm-rn� urn1'Lli''lJilm.J b\ll� ti:w�hm.1� ii� 1:J1w0� Lll01 Wll'll'U�L�ll1il1 n�'l.!�1 (surface-initiated 

polymerization) �-ti1fl11lJEJ11'1J0.:J 1siivm� blla1mm':if;lfl1'\Jfl:WL�mn 1-utJfin%1w0�kw01 Wll'U'WLL tJ1Jfl1tJl'j:W 

(controlled polymerization) L�'U atom transfer radical polymerization (ATRP) bLf!:l reversible 

10 addition-fragmentation chain transfer (RAFT) (Prog. Polym. Sci., Vol 25, p 677-710, 2000 LLfl� 

Chem. Rev., Vol 109, p 5437-5527, 2009) Llill'.1&1:WU�Vl1..:JbfllibLfl�fl1tlfl1W'IJITTW'@L:Wtlfo.Y'll�'Un\mlv1'llcN 
I' ..i ... �ffl ., ' 

lJtJ'U'eJl.lJtl':i (monomer) '\llbfl0nb'IJb'Ufl1':ia..:iLfl11tVI 

fl1':itl':it�'l!lji1&1u1,1�,1::v11-:i'Vi0�btJ0{u-r'll'll0.:!Vi©�eltfl��mm6lil'! (poly(acrylic acid); PM) fl..:JtJ'U 

«'WN1'llel-!leJ'4.fl'lflbL3.lL'Vl�n'U1L'U �1'\JtJfin�!:11 Lbfl� reversible addition-fragmentation chain transfer 

1s polymerization 1v11:JLfl'Na�1.:i'lJ0'3'WeJ�L:imfor'lliiV1tjmfo0n�fl (carboxyl group) zj-:ia1mwiiv1�1'lf1U'Vltj 
8::mu (amino group) 'lJ'eJ.:JLvlL:W'U�Vh'Vlih�i'UntJN'W-!lL'lJ6'1� (cell wall binding domain; CWBD) i:.iTtm1'a 

.,._ ., � ' ( ) 'I 
11 

� "' 1 J'� 11
• I"' ,.J 'l " . I "' 

LflvlW'U6tL'e.lbllli1 amide bond bli1 '•iM&'l1:IJ1':i'11>Wl �ll.l.J'W'U bVI u':imrumn '1..:JNfl vta11 u":i:rn0'1J'€l'4Jl1fllJ 

i.h::i:1VJ6fl')W1'Wfl1':illl':i1'11vlb('el���'U 

an�ru:m�tfl113.!� {1Vl3.J1tl'll0.:J f11W1Z��j 

20 f11':iD':it �'l!tjilL� tl'l6UtM 111.J f\'5':ilJ1fi f11"JN� �H'!11'UWfleltltl'4fl1fl�611111':it1�'U f1'U L ('el f18 L 'aflvl'U� 

1ifi't1cl1-:i'iii1L m::i1111-ru 1'1l11Jn1":itwm1.�:l\fl"J1'11v11. teln'il 1-afl-wu�1. �{I rl..:it1�lJ1ru 1� 1il1 t1v11 b 'l.l�, t1-a::neJ'\J':i1lJvf 1 tl 

f1'i':i:iJ1fifl1':iblll' tll.J bvlb:W'W'IJ€1'1 L'e)'IJ 1 'lJ��'V11'Vll71�'<ij\Jf)'Ue.J'IJ-:j\.'lJ��'lltl-:t b �'e) f)e) 1 ':ifl'i4 '\J �8 �1.:J�1L '\1'11� LLfltf1':i':i:W1fifl1 ':i 

t-J�llla'WmfluilL VI� nm 1 u w1�£1:ii 1v1eir111tl111>1LlJ'W'llt1-:JLel'UL'1!1J001111il1it1� 1 'U't��hJ�vhvt"W1��unur-Ju-:it61!'1� m 

�lil�lilf1'\Jel'UJl1fl mJ L '\ll�f1'U1 L '\Jlll�'1�1 tl'W8�L:Wel1�ii'Vlilvl-:inou'm 'll'UVIUR 1 {mmiliflV1�8'V'l'0�'e)�fl �� nLL'el�\>1�1'\J ' " " 

2s �uo:::LeJ 1:w1>1 tnlil L 1lua11i.J1:lnm.Jt1'4Jl1fl�iJ'm1lJ�1L 'W1� 1 un11iun'Ll L (e:il·;m 'VlU� L'!Llll":i'UL\t'lfltlfl Lfl Llil c1 LvlblJU 
do 11 .ol� v v ,JI� o I JI� , ... !'1" 11 � 4 QJ ,:f �v VlVl1'Vl'IJ1'Vl1il'\J fl1Jf.J'U.:J b'lJfli;j'IJ:iJA113.J1il1b m�lllm 'll03.J1LL 'Vl'IJG'I abmu bvlflelfl bf! ,J.:J'.'11lJ1':imf!0f f'11JLQYi1� L 'lJeJ'U blil 



I Q ,JI J A d ct II A " d Q m1:i..J�-:iV1�1u'l10-:im,1.h�v1�1'1JL'V'l0e.J1;w11.1wth�nm.J0'4mflV1M,-:iv11t1'V'lm'ILl.l0,LLa�uv1Mv1lv1L:i..i'U'll0-:i 

bel'U 1'1llJelel Llllil'"Jlll� 1 ii1a�Uzj-:J"11:l..11,tllij''Un\Jb �eirfo L ';ifl'Vh.J� 1vi'0�1.:ii1L 'V'l1:l: l\iif.Jn'a'al.J1ITT tm1,e.J�\ll6i1,tl'a�fl0U 

0umfl 1 'W:15m,vi�fo:nJmfl u� L ,,,� m.J11 'l.Jv71l'.1Yiel� bl.leJi�ilvnJvl-:i n-uuLiJ 'UvtlJ mfoe:i n�irv1� e:i'V'I ei� 'el�fl �� mtei�vi , , � � 
vh b "161'UJTH1�1il�lil Llil Ll.Jt.l�V11Vl'W1� �'Uf1'U mr-:i b61lf\filvl L {J'W,j1'1J1'Wl.J"ln cl.:ir.Ja L "1b �l.JtlW�Vlfii11Yib tJf11'a�Uf1U 

5 L �el 1vl��,:i,1u 

10 

15 

�ti� 1 LL"11il-:J'Wm'1ih•l�m.J6i:l..J�il�m-h'W�ih-rrn.J'i\l1LYi1:::b'Wf11''l�Ue.J'U.:JL61!aa (cell wall binding 

domain; CWBD) 'il1nL8'1Jb'll�BBL\llU1M�LtJ1a�tJ Lzjm.J�8f1UL1flWlBi pColdlll 

• I "' ',!/ d ,, ., "'"' .,. • I d ., ., JI ' 'l' .'rl n1 ,u ,� v\'l:}13'1.J L mn'Uel ,!J n'l.J fll'a:l..11fin1, i:rn lllli11';iu";i�Oel'Uel t.l.fl1i'l V1'11:l.J1";i t:l'il'U nub 'll8 f10 b ';i f!TI UN 
.. . . 

Hfo �1.:i'11L Y11�a1V1.Y u1 m unTm vn LL at \lln'ilivi L �0ne11,RY1 u� L 'll.:J fi,:i'I.PhJ 1 ru1vi'vi'1 ui;11L tlrl1 �ttJMeJ'U 
ol V O 'j' � t.J O OJ .,j-, <V ., < d a, QJ ,I{ I ', .":l � I ol u,�flel'Ulil'Jtln1,'U1 bvlblJ'W'IJeNbel'\J b'lla.JV1Vl1Vi'\J1'\il1il'U flUNt.14L'll6'6' 'll.:Jm:l..111tl'.J1Jn'UL 'llelm) b 'al"l"Y'j'lJ� b 'Ufl�l.J Giblll,u 

L\llfleJl"l bl"l 1v10rl1.:i'11L Yi 1�m �v1i;iv1�1'1J�'W6� re:i bl.J �nu0"4.fl'lfl Lb�b 'VI� m.n l tJ�M�.:i1111t1w e:i� Ll.Je:ii�ilVl�Yl .:i ll'U'IJL �'\J 

Vl�f11iuen�1;l Vi�€1Yifli'9el�i'l��m�a�vi (poly(acrylic acid)) bfl�wi'.l"Wa1,tli� fl8'U'e.l'4.fl1fl�iim11J'iil1L m� 1 'W 

rm�'\J nm f t1nt11 ';i flvl'W �1 'W fl�l.Jab\ll';i'Ub�fltlfl bfl lvltl fl'l'":i:I.J1fi#i'•m�11tl,� fl el1J';i1l.J�1tl-rr'U!Jlel'U�'eJtlvl-:id 

"' t 1 ,.J • "' """ ., ., ,d ., ., Jt ' t w 1 
' tlt 1 f)'.)'.alP'IJcl)HlLlJ'\J'tltl�ltJ'tU!"-IVlVl1'\:1'\,11YlSJUn'UtJWlL'1lrlrl'll.:J'17lJJW'.51'.UO'UL'lJtl0tLW'Y�Oq1t ?jLlll� \llfl'e;Jfl!'l 

1" I O .Q� II ®0!:.11:Hl1bYl1� lJ'IJ'\J\ll'e)'\JUWQ'e:l'\J®'.Jtl 

(1) flTH1f1.:JYlmli1il�\1flN'6'1:l..l (recombinant plasmid) �lJEJ'U'U0-'lbvlLa.Jtl�"11Vll.J1��unu m!-:iL'IJi;ll;)

20 (cell wall binding domain; CWBD) lil1flL'c)'WhaJt1t1lvlih�tL'l.Jb'1�'LI 1v1m�:1r�11nm':im1mLU'ULYl':iL�Bfltl 

oif1-:im.'.h Lbfl�EJe)'Wff"'u (forward and reward primers) ';J1flrl1vl\Jil11"1ma1'VI� (nucleotide sequence) 'll�M 

Le1'U1Elllf e:ieJ Llllil11>1� 1 'U1"1'li'U�iJmJ1 '1Jiii1'U'Uel:I.Jfl'll'e:l-!lb'il'UbL u.:ifi' 1,:;'"1 Lel'U253514 (GenBank accession 
" "' " 

AB253514) Llilcl�'11LL Ui;l-!lb �'Vl1.:Jtlmtl 5' 'llel.:JL'YfiLl.Jfffl tloif 1.:it-1l!1i1il1Am'e) l 'Vl�zj-:ia1a.i1·rn"1vlb�li11tlbel'UL'lllJ 

Xhol lv1cJilth�'IJ'W1flm'e)'l-V1�iii'-:id 5' AAAACTCGAGGATGAGCAAAAT3' LL1;ltl')lilbbUf\.:JL\1Vl1-!l'Uf\1EJ 5' 

25 'Uei-:i hnL:wa{vB'UO�uilil11-1�1e11Vl��-H11m1tl"1v11�1i11 mmJL'lllJ BamHI Lvlt1ii1;11vi'ui11!'l�fa 1 'Yl��-,d 

s• AAAAGGATCCTGGCAGAGCMCAGC3' '11mfuL�:w-;;i1'U1'WU'WLlilt1L-ITTl"l,l:1.Jl'llm1mf01;1Llll<au11llAaAl9'� 

�'JLLVl'Ua Li:J'W�L�'\Jb0LL�LLUU (DNA template) �1clLV1R'Ufltll)Mt11\1flL61i1'V'l�Ll.Je)L'J"1 (polymerase chain 

reaction; PCR) LL'.11L zjellJ�'lJUtiilL 'U10\JL 1r1 bll1e:i{ pColdll I ��f)�vlL� tl�.:i1 �ilih�uil1 rl�LB 1 '\11\>l'llel-!!©"1��'\J 



'VIU1 6 'lle.Wii1m'W 8 'VIU1 

(histidine) 0tjmt11'Url1�umb�ULB (DNA sequence) L�u1iilu�'U�'€1Un11Vh1mi.h�Utl��'Vl'fi bLm�iJ�'lJ�'€1�0 

t.11,J��·: ru::bLe>lJVi"tl�'W (ampici ll in resistant gene) L �el 1-ifl \Jn111'11il L�e1rnte1vlfu1rn1a:ih1�miaii 

1,-u11u1·1Mma11i1i1L�� ciu� 1) �1m!mf"l�t>t.1�1tiwfl1aiJv1�nC-JaitilLii1�L�01,0aL'lJ0�1,-uv 1f"l1f1 a1v�t.1q BL-21 

(Escherichia coli BL-21) (transformation) fllilt�c1m�0�fu Wfl1aiil91'1nf.lal.JilL-u11tl11'1ifo�'11v1EJn11Ltt1.:i 

5 b(el'U'Uel1'Vl1'HtcJ-1L�e.J'1J'lWILL�-l �L1EJ-b'U0{'V11u (Luria Bertani agar) �ilcJ1tll:J�1\J:-:bVeJ1J���'W (ampicillin) 

(2) n11C-J��1tl-a�u:u1rn�mmw1m�1,�a 1rilfl (Escherichia coli; E. coli) �-rt1wmaSJv1anC-Ja11Li11tl
"

� v o d o 1 '5• I "' "" ,! 'i � .!f JI ., , .,j"' .,. blilf11L'a'1 LLa:mwm 'Vlbu'a�'U'Ll1�Vlfi bvlEIL':ilJ'11nn1'abf1EJ,:j1,'1Je) f. coli l;f1tl¥lUq BL-21 VllJYH'J"Jl;fl.Jlil\)nt:iau 

(recombinant plasmid) '1Jel.:i�'W'IJ'€1.:iblilb:l.J'U�'V11'V!1J1vliunum!,w1ma (cell wall binding domain; CWBD) 

'11nLEJ'U1�1h:ieifaii1wtb 'Ull;l�'U1'Ue.J1'Vl1'His.:i1,te.1L'Vlfl'J\)L�EH'Uelfvnu (Luria Bertani; LB) �iimun�'J'U� 

10 UEJ11Yl��'W (ampic i l l in )  ih1uc1u��ruV13JiJ 37 B.:!f'11L�aL�m, LDm1a1-u1:wfl'U (12-16 -rr"1111.:i) 

�1£!Lfil'U\1'H'B �11i11 t.1tJ'i11 1m �L \UJ1:;l;"1l.)tH1 'Ue.l1'v11'iLiEJ.:iL:n'm vnn LB �iJcJ1,Jn-u1u:J LL'ell.J��au 

u11tlm.nt8-:i�'€1'1'W11i1r11m��1?1n�'ULL�.,,� 600 u1hlLiJ(,}1 8�1u�1.:i1:;fJtLLU.:i�Tv11�ru (log phage; 0.4-0.6) 

�1nJu'll11t1'€JU��ru'Vl3Ji115 8{)1'!1L'll�L�m, L'U'Urnn 30-45 'UTvi LL�'J�.,,L�l.)�1�a:;�m11c11"lfl'V'l1vifl-L'UW1-m-

1V1lein1LLflflLM1'11� (isopropyl-�-D-thiogalactoside; IPTG) 0.5-1 iiflf\hifni L�tlLVl��1,l1n·m1h�1i.h�\J 

15 �1ntruil11tla'U��ru'V!.t;iij 15 'e)-ilf'i1L'1H'lL�tJa L'U'UL1fl1 20-24 "l1'11l.l.:i LL�1vhn11L�UL'll��\i11EJn11�'W 

"1'J8fl'J1l.JL11�.:i tl1L�a��11>1ft:;fl1t11u1a�6'1 \JWL'Yl'€Ji (lysis buffer) LLflttl1hh111•;;\615f1�LLllln11il8 

1
., .J .J, ., ..J d ( ) .d d � ., o 'i • I "" .,i ., 1 !'IU o 1 " "' ,! '1Jbfl�'e'),:j'\llbVlfl�'Url'J1:WCl�-!I sonicator LW'€lVl'1tblil'U1bu1111'UVl�na-a1.,,mt1 'Ub'llflf\L Vl1 'v1\J'a�Vlo

1visi:J1Ufl€J'ftl.J1.J�Lb8na11111'l1Jfl11l.J�1L�1::: (affinity column) �1.:iflB�l.Jtlv11t1'J'el'll U'WLWBi (wash buffer) 

LLfl�LLEJn 1\J';i�uac1mnnf"lc1�ii-wvi'1v8�-il'u uvJL vle.1{ (elusion buffer) 1vimLEJntJ1u hh�u�1vi'c1c1mi'.lmhu'l 

20 (fractions) 'IJ1bb�61:i�1'ULL8nm�l tl1Lm1t�\i1'°Jm '\llfl'Url¥l'€lf1'€l:::A'im 1l.l � L�flBLflfl 1wa 1 yJ��a LL uu Lelf1�b€Jf1-L 'V'I '1 

(polyacrylamide gel electrophoresis; SDS-PAGE) L�m�am11'ULLtln�i1 tl'iinru1,h�Ul.!1fl��lil (active 

fraction) l.!1'i'J:Wtl'U LLf1�tl11u11il'fl�1a;� (dialysis) 1'WW8G'!L'YlMU'WL'tfoi�1�'U (phosphate buffer saline; 

PBS) 'y1�,:j�1 ni!'UVJ1fl111Lrl11tiiivnu'im ru 1 ,J';i�lJL 'U�tl1.Jb vit1t111Ufl'J1l.JL 'Ul.J'U \J'U'e'l-il 1 th�'U:w1M'i�1'U 

25 

d , c:i 
'[ 

.J t=t .., <Cit, ,..J.c:( • .. � , QJI �r , � 4 .e::ii � ...:\� 

� fl1';iL(l11E,llJtl'4.f111'lU:I.JLYl�O'Y'l'.YYl(f)'.B®'.JcJ'tlBflLl,10'JYlt,lVl3,jTI-iln'IJ'ULu'U'Yl�fl11Ueln'!m Vl'HJ'Vjf@)�flA�flbb{llil'I.J'Y 
.& qt .., 

'Vj'UN'l Wll].Jli)el\J'U'j�f1'fl'\,Jlil'lcl 

( 1) �� Lfl'a1�'Hel'U.f111'1LLl.lL 'V!�n'U11 \Jvl'°J tl16L'1!b 1L Vl'€lfoBfl (solvothermal) bl9lcJ-ti'.:i h:i1eJ'WflflB b�Lem, 
'll11m�1\l1 (iron chloride hexahydrate) 0.01-0.05 Ll.lm1 �:;�1v1ut0vl�'U 1nafl'€lfl (ethylene glycol) 

'I V V V 'i "' n f.,j ... fl Q t' I/ � <> � cj !;} ( d' mma11atmu b 'VIL 'll1f1'U blilE.1a11a�mE.1'1�Lnliln1'aL u�tJU�ku'Ll'1'U11111l;lL 'IJ� �1n'LI\JLMl.l b�L�tll.1€1�"0 Lvl\l1 so 1um

acetate) fl11lJL'U:l.J'll'U 0.3-0.71:i.Jmi �'Ml'llL'U'IJ'J\l1LLll'JLU9'Jfl'Uft11��mEJ1�1.-u1nu1.,Jm1m 30-50 u1vi 1,L"1'J 



Viu1 7 'iJ[l,:r-il1'1J1'\J 8 Viu1 

.. I 
1/ d ... .J )I .. "' .. 1 J • 1· I 'l ., ., .,J ... 'iJ.:imva1"ia:::a1t.1'Ua�';Jm1:Jab(;)'WbG9G'f'Vlv- rwr-nLflaffrn 'V1Yiam..1wmm 1Jt1'll b 'Vlfl11:w1ei'W'Vl8,NVi.i;J:W 150-300 B.:Jf'l1 

"" ,;Ir .'., 'i '-' � ,_, o �ti I d 'i .,Ji, 'i L'liaL'l!tlG'f L1J'IJL'Ji;'l1 14-18 'iJ1b:W.'.l Vil;Wil1n'UlHM'U1b mJOel'4fl1flLL3.JLVirlfl'U1 �'\JVlM0-!!f11'Hlelff'11f1'11"i'1:::a11:Mm 
1 oifam:wLbiJL V1�nm�'Wt1n ii'1.:ielumfl�1me1vnue1a 1.1.ft1'111 hlc1u t vfm1:w�0'W�elru'VlniJ 50-80 c1.:if'!wllaL�m, 

, ' 'U 

1., 
I d ', .,J '-' 'ilt \ilj':J.:JEJ�f11rlbb:WL 'Vl'1fl'IJ1 b'Wm:WVlM0,:jn1"i 

s (2) il10umALLlJL vi�m.n 1 u��.'.lLm1:::vi'1v1m�fill'Vll-!eJ::ilt 'U�.'.lL {J'U'\11:W�L�:wt 'Ufl1'Hnlil'llnn�1:J1 llilt.JL�
, "1 1J d.l 

0umflmJ b 'l-1�fl'U11 'W�L(;),mJ1�'il1fl ( 1) t 'W'U1vlntmm.1�m1'iJLffVl1'1Jela LL'11L�:wv11t.1 3-atil't u1 Yi"i-Wa1'Vl·n0 ' ' 
'Vlelf1�'1iLl;l'tJ (3-aminopropyltriethoxysilane; APTES) LLst:::a1ia:::a1mLel:WL:IJbUl:J L'l1�1inrn:::,rn.11vfLon'1nu� 
'e:lru'\11.n:ilvf-e:i.:i 1.tlm 1l;'l1 10-14 -ti'11:wil 'il1m!'UilTeJ'Ufl1RL1.ilwi�nm 1'1J\t11;11.'.l1111mt1V11'Uaa 1v1'€l'Ufl1flLLl-!L Vi�n , \I , , 

1..111 u�ihnJrJ�:nt m '\J'U'Vl:W� L�:w L 'Uf11"i Ln\iltlnn�v1y;{en-1'iltt!11 t11'dl 'Wfl1"i�vl'611"i�L�lJ ( initiator) 1 ul'Ufl1"i 
" 'U :;J 

(3) 'Yl1n1"im1wvivmg\tJtA��mLeJ'illil'll'Uvr'Urh-ue1.'.leJ'Ufl1flLUJL '\.1�f'i'IJ1 t 'IJ L\ill:JG9t'911:J 4,4-ua1'1it11 L 'IJ
•

11Li,0n LLt1�v1 (4,4-bis(4-cyanovaleic acid; ACVA) 0.1-0.3 tiia1{ 1vi1'1.l1flmi:m6ilamflu� 1'El1:wli1 o.02� 
0.05 1mn{ (N,N '-dicyclohexylcarbodiimide; DCC) bb'f'l:l 4-1tilbll'ViabbeJiltu1v;��'W (4-dimethylamino 

pyridine; DMAP) 0.01-0.04 hJm{ b'\Jh�biJvliwlu{m1iJl?i (dimethyl formamide; DMF) fl'WL'1a11ata1t1 

1s L ih fl'lJb �'Ub 1r11 3-6 �1 LlJ.'.l �� ruV11Jii�0"lmt11�u-sw1n1f'11 'LI L1>11L'il'W lil1ni!'Ud1m'f1-sata1 ai!l UeJ"l'IJ1\ilLLn1� 
I d 'i "'"" I .,,., d "' � Y ( ) 0 ,.,j <>, '-' �I .'., ', 'U"i'S�tl'4fl1ALL3.Jb 'Vl1ilf1'U1 b 'UVllJVl�tl:l:!J b 'UVl L(;)W:IJ blillil1fl 2 'V11n"l"ifl'WVl8,NVIJJ3-l'Vlcl.'.l b u'Ub 1m 20-24 '1.11 b3.J"l 

1i11m!'lJtJ1el'l.!J11flbL1lL 'l-1�fl'W11 u:i.rnhl'lM1 tJ 11il bl-lvitw!0{3-111lJv'iLL"1tLeJ'Yl1'WeJa (1)11Jfl°1vi'u zj"l'l 'W�'lJ'i11.J::1�e1"4mi'l 

bLl!L '\ll�f1'U1 L 'W�?l\ilal"i�b�:W 

(4) a:::mt1 4,4-ut'l1'1.ll:J1b'U11La�n LLeJ�lil (4,4-bis (4-cyanovaleic acid; ACVA) 0.03-0.06 1mn{

20 1,1,a� 4-b'lH.11 l'U-4-L vlili,f11ft u fo1 Vl 1006'11 Vl LeJL 'l'll'WVl1 foon Lb€l�lil (4-cyano-4-phenyl carbonothioylthio) 

pentanoic acid) zj4Vl1Vlti1�L.fl'Um1d1f.lLel'IJL'li (chain transfer agent; CTA) 0.3-0.7 1l-l,n1 1uvlmw\'l(ll 

UW\vleJ{61J1ifo�ilWLel'lJ 7.4 (PBS buffer) bLf;'l�L�:W:Wel'lJelL:WeJ!�il'Vltj�"ln-ifmi:J'lJ'Vl�l'l11'Uafl�sl t1�tl 0::fl��fl 

bL0'8v1 0.05-0.1 him{ N'1:l.J�1-Sat�na1 �L 'ij1 fl'Uflel1.Jd11:J 1 el'U6'11"i61�'111:Ji!l uer.:i'll1\11LLf11�'U"i"i�tl'4fl1flLLl! L '\.1�f1 
'U1l'U��lil°ii11'i�L�lJLL�1'Vhtlijn�tJ1Wtl�blleJ1 'Wll'lJ'U��ruVliJ:W 60-80 €l"lf"l1L61Jm;m, 1 'lJ'e11"lJ1l1ud�l'Uml1 20-24

2s i11m -u1€l'4il1flLL:i.lLvi�n'W1L'W�h'fa.11�1.'.l�1me1V11'\JeJa LLs1til1 mm111t1u 'Yl1el'4f11flLL:i.lLV1�flti1L'lJLi.1LL�"l tu 
-rrud'1:i 1v1t1'4fl1fl bL:i.l L VI� f1'1.J11 u� (1)1.'.l�11:JWeJ� L:1.101' �ilV1�r111ueJ n'8g-)vt1e1weJ�el t ri�i'i rnL '€.l�vi L �m11 'hJ'l 'lit um 'i 
Q,. t1T .Jo v .dcv tl)  '°' �!,l\ilf1U blilLll'IJ'Vl Vl1WW1Vl1ilU fl'Uj':J'U.:Jb 'li�tl 



A.c::4 d a. 1 '1 .-.J O " ..J" OJ I.I .. Q,J I � 'i' d � V 0. .-J�

n'i';il.nlm1'H:lvlvWlvl�tlY'l/0�Ltl\Ml3JYIYl1Yl'Y1Yl:il'UO'UN'U�L'lli;l'i;lff\.J'el'4fl1flLLlJb'Vl�O'Y'.UYYIYl'Bfl1tl'Wm,L:IJtlJ'VI+), 
• ... � ( e.J c:i d 4 � o::::..� A ,f; ti 

1"3,!n�O'll'.Ubi'J'.UVl�fl'l'SUtlO�� m0�0'1'il�fl'.5�QLL86i!vl'11tJ(,)'el'U'.lh:!fl'€1'1,J01� 

( 1) a�ml:l 1-bei'Via-3-(3-1v1b1JV1me�utmwa) mfi:u�1ei LlJvi'lijLvl;iflaei111i1 ( 1-ethyl-3-(3-dimethyl
amlnepropyl) carbodiimide hydrochloride; EDC) m1m-ff:1J'U'W 0.1-0.3 LlJmi Ltl;l;-;1,�uL©vt'S'elfllliin�ilh1vi' 

5 (N-hydroxysuccinimide; NHS) fl11:Wb'U:IJ'U'U 0.3-0.6 1:wm{ L'WW'ell.'ILWM'UWLW'elfo1�'U�il-vh'el'll 7.4 
mlJi;h 111u fl'Uli11�"'1�'11 l:l 1 i 1, ,iJ1 n'U '\11 nt1ur11 l:la11G1t�rn.1ffi 'll El'1"1J1v11.bn1�u·n'\l eJ'U mrm:iJ b 'VI� fl'U11 'U�lll'1 '1�1 tl ' ' 
'WeJfami{�ilv1�R1{i.rn n�l;l '1�'eJ'W'eJ�eJ�fl��rnvei�"1U'U�uc.h a�mtJ1 'UweJm 'V.JM'Uvlb weii"ll1�u�iiYheJ'll 7.4 

., 1"" " ""  !'I" £'1 "' bba'Jfl'U6f1'rnt:a1l:J V11.'ll1fl'UVl�NVIJJiJ.JVl0-:!1.u'Ub1l;l1 20-50 'U1VI 

(2) 1,�lJLvlb:IJ'U�'Y11Vi'U1��UnUtJ'U-'.JL"lla�fl11:IJb'U:IJ'UtJ 0.1-0.3 ila�nii1/ilt1a�M'j tl�mru 1-3 ij1;1��(,)';j

10 i-'.J'Vl-'.lH��ruVIJJil 2 - 10 0-'.lf'l1b"lfl;l1,�tl'1 1,iJum11 20-24 -if1fo-:i LL�'JU1el'4.fl1f1Lbl-ib'Vl�fl'U1L'Uvflru,J1;h��'Jtl 
vJeJat vJ �,r,w1, vJeJ"I6if1�tJ�iJvke:i'll 7.4 1,1,l;l�tl1 vi1:1J�11ii'u 'V11eJ'4.fl1f1 LLih 'Vl� fl'U11 'W1 itL i-:i '1:l1�0'4ml'l LL:wi 'Vl�mn 
L 'U?l�-'.l�1t1Y10�Lii0i�ih-1�m{'UeJfl�a'l-1�0Y10ii\0�r1��mbeJ����vi�v1 nu 1� L:1J'U�vhvi"W1�':ij'IJ nut:-1u'1 L'lf "'1'1thvif u 
'l111'll1'1tl.'Ufl1'liunrn�0ihLWl'Ui m�-s'll1�f1€JFlLl'l�et1tl 
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'V11J1 1 'lJtl"lfihU1'U 3 v1ii1 

1. m':i:W1fifl1'jr-l�"1a11i.Ji� nei'Utit1mfl�mm':i"�'Un'UL tmfo 1 ifl'Y1t1r-J 11ii'tJcl1.:i-.;J'1 L vntiihw!'U1 'lil t1f11';iLLf.lf1
, ,

LLm:lm1'\11(i)L�tl nti 1 w1vlt1� b'U-1 �.:itl�:i.J1 ru11¾�1cl"11L tlih iitt1"1€J'U\ht:f18'Uli11t:Jfl1'j'L.J1 b�H:W'U'lJ8.:J

b8U1111ii�vi1Y1'1J1lij'!Jf\'Ur.l\J-1 L'llfla�-'.l'i:11:i.J1':i f;)�'U Nu L ( 0f)'p) 1 ':ifl'Vltl� 1 untj:watM';itllVlfl tlfl 1R Lliltl cl1.:i�1 L W1t

m Vtil� tilnu el'4fl11'1 u:iJ L vr� nm 1 u!lll:11,11 vw ei�Lua{�ii'Vl� �.:in im Duvitj 1-11foa n�G'I 'Vll'1w 8� e1tl'l �� n

LLei�� Lfl(i)L U'Ua1';iU'Stf1tltJ0'4.fl1fl�iim1:w�1b w1t 11.Jfl11�'Uti''U L �ti n'el 1 ';i'Avlt1�1 un�l.lli1L1111tl1!1lA€JA Lfl

2. fl'S'i:W1fif11'j L"1� m.Ji'f 1':itl';i� fltl'U €1'4.fl1fl�t'f1:I.J1 'jf;)tU f1'UL �one) 1 '.iflYh! � 1�0 cl1.:i �1 L v-rn:a1vrfo 1 '111 'I.In Ti

bLtlntLa:a,)':i1lil1(i)L �'e)f)'i) hflvl'U�L �.:i r{.:i,J�:w1ru11ii'lii'10!1l1b tlcl1 !111:W'Uel�eJa'VIG 1 'V1�.:Jfl11L"1�ell.J ltilL:W'U'll'€l.:J

L8'U 1'1Jl1�vi1viii1��\J n'Ur.i'W.:i L'llr1��,rn1m•rn1ij''U nrn ttJ ria L ';iffvh1r.1t umhJ m"1';i\J1!1lflelfl 11'111ii'eicl1.:i
' , 

0 .. t .1 ., �1LW1� :W'lJ'U!llel'Uu':i:mBuvrnJ 

(1) n1":Jaf1.:iwa1'1:Util�nm,:w (recombinant plasmid) �ii�'W'lleJ.:JL(i)L:Wt.1�vi1viii1��'Unu

r-lti-:JLl/li:l� (cell wall binding domain; CWBD) �1mBt11tii0B1!1l:n1!1l�l'U1a�'U b(i)m�0:w:n'u�'U� L'll1 

fl'UL11'1L"10{ pColdlll ��n#i'viLL tla.:i1 �i1�1v1ui11fl�L'tl 1 'Vlvi'1ltJ.:iij"1'Vi�'U (histidine) el�rnv1 u�1�t1�bS'U 

be) (DNA sequence) b �el 1'111ut'\..l\tle)'Ufl1':l'Yi11 'ITT i.h�uu��'Vli Lba�mh..1�1'e.l(l)€JEJ1tJlj;i1'ut (antibiotic 
. 

) d L!i'I ., "" ,r .,J., Q ., �t11 !'1 "A � � 
resistant gene L'W el '11 L '1Jn11A\i1Lflelnt '!lel'l'l�'U'YH!1a:IJ(i)�f1f.l�UJL'1J1 L '\..11."lffli:l t\ili.,1L ':i� '11fl'U'U 

1.fl�'i.'l'U�1V'Wma5)91�nr.1a:wilLi1tiLtm-eHW!.l8�L�EJ 1A1a (Escherichia coli) (transformation) 

vta.:J'11 m1'W'YI 1 f11 'j �'11L�tlm �€)�1'\JW a1aiJtola f1 N6'1:Wi1L ,if 11 tlliif 1wi cl 1.iv.:i L =ff.e.111.J'i.'l1vt11 LiEJ.:iL .ff ti�ii 01 
" 

6 r Cll.d A i0II CV � A QQ S I _,,3 
u!)'!.11'U�'ll'Wlilbliltl1f1'UVI L'UYla16'1:Wlil:IJtl'U\il€JlilelEJ1'U 

(2) fl1':JN�lilhh�mnmtmelm'!.l0�1.�v 1fl1a (Escherichia coli; E. coli) �i'u'V'la1aiiv1!;lf1" 
r-l613JL -lh 1 t11i¾lG11 L '" LLatn11'Yi11 'ITT tli�'U'U��Vli 1vimi3J�1nvi1nT�Lt cMl. te L8ab '!.1€l�L ;f.J Lfl la t mlii'fi1 

n11�vin�tJLLa-1� 600 'W1l 'UL:i.J())'j B�1u�1-1w1:1�LLU'1�1'1'11f;)N (log phage) '\11fl�'Uu1l1..lel'U��ruvtJJil 

15 iN!'11L'l!ab;EJa L-tlt1rn;n 30-45 '\..11'Vl LL�1�.:iL�:wa1'ja�a1EJ1el161J1'W'j'Wa-1.u�1-�-1vi1e1mLLr1A1111l'rl\t1 

(isopropyl-f3-D-thlogalactoslde; IPTG) Lvlmvt�EJ1'U1n1':i'1{1.:i 1tJ'jiiltJ �1miml1lt10u��ruviJJi1 15 

t1.:i!'11b'YJ'1b'111:J6f b ei,mm 20-24 -8'1 tm bb�1'Yi1m1Lnrn'!laG1�1t:Jfl1'j�1.J�!l1Elfl116-IL �16'1'1 vra-1,11mYi,mnv1 
" 

b 'U100'U.fl1Elb 'ULE/lati l\ilEJf111'Vl1L vi'L61laaLL"1f1 'lJ11 tl'i�'U�1� 1 tlvi11 vf u��'l'li1tolEJ�1'UA€l�:WU�Ltcl f1a1'a())13J 
, 

A11:l.J-;J1t'l'-11� (affinity column) LLtlflLn'U1tJ'j�'U�1�clelflL'U'UG11'U1 (fractions) 'W1bbvt6'1ts11'WLbtJflffi� 

1 t11 Lm1:::��'Jt:) b 'Ylfl'Ul'lWel� e)�fl �in 1:w�L '1fl�bafl LVl':l 1 w,oila Lb 'U'U Lela� Lc)'i,'f-L Wlil (polyacrylamide gel 

electrophoresis; SOS-PAGE) b�€JL�0m11'ULLtln�u,J5:1.J1ruhh�tJ3J1fl��� (active fraction) m 



V1u1 2 'IJeJ-llilTu,u 3 V1u1 

-s1wi'u �ba�tl1'ltl'l\11ti�'la'81.'f (dialysis) 1'W'l'le>mvl111tJvlbvleJ1°61l1�'\J (phosphate buffer saline; PBS) 

'Vlfl-:J"il1miu'vi1m11bf111�v1V11tl�mru 1 th�u b tl� t1rn VI t1unuf!11l.lb 'UlJ-U'\.J'lleN t ti -s�um111-si1i1'1J 

3. n'S'al.J16fl1'1 b\,l�cla.J 1.'f 1'1'U WneJ'Uel'U.f11f1�1.'f1l.JTrn�u 111.JL (0r101 if1Vh.ir-i11i'i' eJ�1-:i,i1L �1�'Gh'Vlfo1 m 'Un1'J
' , 

bUJf\bbr;tt\ll'a'l'11\91b�e)f)e) 11flvl'IJ�b'U"lfi"ltl�l.J1ru11"1�11:J(;l1btl�1 vl1l.J'U0'10�'Yl6 1 ��-lfl1'Sblllim.Jel'4.f11rl

5 LL,J b 'VI� m..111 'U� \11�'1\il1 tJYrn� bl.Jel {�il'Vl,lw-1 n<&'m tlt1°vnlr11irni fl'/Jfl'Vl 1€l'Wel�el�A 'i�tm ailil�:'U \llel'IJ
" \I 

'U'S�flel'l.J�'ltJ

(1) Llll�EJl.JLe)'rntJAaab�L�1wtl1'lm\111111 fl11l.JL'Ul.J'U'W 0.01-0.os him{ 1uLtlvi�u1mw1tla tu\\1

b�l.Jl'l!L�l:Jl..18t�b\ll(i\fl11l.Jb'Ul.J'U'IJ 0.3-0.7 bl.J£'l11 fl'IJ1.'f1'S6'\�r;t1l:J1�b-ihnmi'.lun�n 30-50 'IJ1'VI tl1ltl

eJu1vfm1:w½'iiu��ru'Vl,Qil 150-300 eJ-11.'f1L61lflL;am1 btl'Wnm 14-18 t1t,N 'Vlfl-l'11m!mLeineJ'4mA

10 LL:WL VI� nm 1 u� �a-:im-s 1� EJb -if i:i'IJ1l.JLL:wb 'VI� nmEJ'IJ'eln �1-:ieJ�mf1�11meJ'VIT1.mmb�Tu11 'll0u1 vf R111.J
I/ .J A ,:if 'l" I a 1 'Sel'U'VleltlJ'\IIJUJ 50-80 els'lfl1L61laL'l!tJ1.'f lil� \11r-J"lel'IJ.fl1FlLbl.Jt'Vlflfl'U1 'IJ

, " ' 

(2) L�l.JL0Yl1'U0t'l "1'11tJ1ueJ't{fl1flLL lh111�mn1'U�LPi�m.11�'11n (1) u�1L�:w!ii'1t1

3-e�m 'U t w1via'l 'Yl'Htl'Vltlfl�L61lLi;1'1J (3-aminopropyltriethoxysilane; APTES) LL'1�1.'f11a:::a1t1

LL'ell-l 1mij1:.1 L '1J�11.'f 1"Huima 1 vf L -1f1 nu��ru'VltJ3lvftJ"I L {Im 1m 10-14 �1 Ll-l"I lil1mYml1eJ�mflLL:WL v,� n

15 'IJ11 u1 'U�1-l�'lEJ b'el'Vl1'1J'el'1 \1i1e)'4.fl1rlLL,JL 'Vl�f)'IJ11'u�i'.i'Vl�'elti'.l1'1Jb-tluvi��b�:W1 '\Jf11'Hfi\11'U�fi�El1Ylim.J

lil:::1.h 1 tJ'l '1fl, un1'�·�1t11.111�b�:W (initiator) 1u:um"Ji-1bfl'a1:::°viwel�b1JeJ{v1el 1 ti

20 

(3) '1t'11EJ 4,4-ua1'l!u11m1La�mLtl�r1 0.1-0.3 h1�n{ L\11'l'lllflmijni8t'lr11flu�1'el1:w#i 0.02-

o.os lllmfa�::: 4-11il1.11'Via1.LBi'llu1vl'i�u1u'lv11.l.l'Yi�YlB1:w1'l:wvi 0.01-0.04 1:wmi r1u1i1.11w�mmih
nm tlurn=n 3-6 t1 ll-l-1 �eiru111JJ5jvf el-1m v11�\J'l'H.11f11131\ u b(l)1 L '1\J �m.nr-i &1l.J &11'l,rnm ti flUtl'4fl1fl

I .,; 1 . .J .._ V !'i 
,1, 1 

t Q I .,; .,.. tJ b\llb'Vlflfl'IJ1 'IJ 'Vl1f11"Jfl'IJYlellli'\llfllJ'Vl€l-1Lu'UL1'11 20-24 'IJ1 lls'I "il1fl'IJ'IJ'U1'el'\Jfl1rlbbl.Jb'Vlt'lfl'U1L'IJ:l.J1a1-l
, 'J ' 

�1c11v1L:w'Yiawe1{m 1l.J�LL'1t m'Vl1mm (;11l.l,hfi'u .ff uil'.J::: 1�t1'4mm1.lJ1.111�nt111 u��lila,<a�L�:w
(4) a:::'11t1 4,4-ua'l'llt11tm1L'1Bn Lbeiiilri 0.03-0.06 fom{ bLa:J 4-'l41!u11u-4-bvli1�fl1'flt1fo

L'VlLt1�'1LV1L'eJL�'IJ'Vl1luBrnLt1'8111 0.3-0.7 Ll.Jmi b'IJ-WmHWvltJvJLvJ0{1?11ftu�ilvlL0'1J 7.4 LLa:::L�l.Jl.Jtl'IJ'eJ 

Lmrf�iJ'Vt�'Ws'lfl'U'IJb 'Du'Vltj1-nfofln;�'Vl�tl€lti'l��rnb'eJ'IJVl 0 .05-0.1 fom{ Ni.1lJi,'fTrntmtl 1 VIL 'V111'ULLfl1 

25 d1mnrn�a1t1O1 UNi.1:Wl1'l.Jl)\Je)'4.fl1flLL:WL 111an'IJ1 t 'I.J���H:!1'l� L�l.J bVlcl'v11U� n�cJ1vrni!)Ll.Je) 'l W!J'tl'IJ� 

'ellliVIJlil 60-80 'el"lfl1blll6'1Lillm1 b'Ueh-itl131ub'rlt1L1m 20-24 -n'1 t:w� U1el'Ufl1ALL:Wb'Vlant11fo�1ll1l.J1�1-l 
' 'J , 

t) � 0 V' 0 i I � 1t.l .., � .J' 111 I d 4i' d � Vl'll:Jbel'Vl1'Uell;lbbrtt'U1 (1)1:Wfl1VlU 'Vl1'el'4.fl1i'l'U1 � 'U bbl.J L'Vlflfl 'Vlbb 'Vl-3 'IJ'IJ'IJ"il::: Vl'eJ'4.fl1A bb:Wb '\ll"1f1'U1 L 'U'Vl\111-l

!ii'1t1weJ�ibimi�i1V1�¥1'1ri-u'UL'D'U'V1).lr11im1ni8av17seJ�tl�eJ:::fl��mL'eleii111 
" 'J 



'Vl'\J1 3 '11eWil1'UTU 3 'VIU'l 

4, ll'S"i:W16n1"i Ll?l�mJli11'a'U'a� 17 el'U0'4.tl1fl�li11m"it1�'U fl'U b t0ri0 t 'Jflvlu� 1�€1 �1{l'i,J1L 'W1 ��h1-1fo1 m 1J171"i 
., J' I t .":t .. .J • I"' 'I ., ., • I I ., ... � .. d.J "'"' "' .. LLEJnLLfl�lll'J1'.i11v!L'l1017'eJ "ifl-n'U�L 'ij.:JfN u-Smru tvlvl"JEJlll1L uf\1 lll1il'!J€lt'ltlr;1'Yll5 1 Vl'll-'ff'm.J'J'6171'JmHl\\il

Lvlb3J\J'!Jel.:J Lcl'U b 'll U�Vl1'WU1��\J fl'U�U-1 L 111aa f)'lJ B'4.f11 flbb:W L 'Vl�171.J1 t 'U�\)1�..:jQ)'J EJ'Yrn§ L11 B1�ii'Vltjvl..:iri-uu 

L�UV1tjfl1-fuen�a Vi�B'WB�tltfl��l7LL€l�vl iitU\;l'eJU'th�llel'U�'Jl:.I 

s ( 1) a�a1EJ 1-Levia-3-(3-1v1Ll.Jvi,m1il'Ufa1-wa) R1i1 tJ�1el1:wv11ij1vl'H,1a0 h� r11111L'Vllinu

0.1-0.3 1mn1 LLa�L�'ULBl'l'rnn�-8'1161iilh1l'l fl11l.JL'Ull'UU 0.3-0.6 Ll-la1i L'Uvh:im'V'l\;l'U'WL0r'hli'll1�'U�i1 
Q o tu � I 

�n I 
QJ I d "'i' .J d ll .Q. ,.J,d I WL'eJ'll 7.4 �\1:Wa1\il'U �117'UUt:nm11'Sft�fl1EJ'UL ur-16'11117'U'eJ'4.tl1flLLl.lb Vfflf)1.J1 L 'U'Yl\ll"i..:JCil'J EJWelf\bl.J€l'J'Vl:W'Vl3,j 

vl..:iriim 'lltn-1tj f11foeln�aV1�Bw0�0tfl�il n LL0�v1u'U.ff u�1 a�a1 EI 1 uvl0m W\;l'U'W L i'J"eJi'll1�'U�iiviL0'1l 
7.4 mi'1fl'Ua11a�mEJ 1 vf L -i11 fl'U�0ruV111i.hfo.:iL 'llimm 20-50 'UTvi 

' 'IJ 

10 (2) L�l.JLv1L:w'U�vh111u1��\1nut-itl'..:iL'lla��iim111Li:woff'LI 0.1-0.3 ila�nf111:wr1i;ii;iC11"i 'tJ�).nru

1-3 :na��\)11 l>Y-:rvl..:iH��ruVIIJ:n 2-10 "eJsiPl'lL'llm�va Ltlm1a1 20-24 -ri'1t:w..:i tl10'4mALLl-i1.V1�rn.J11u�

1mtl'11{J!?l'JEJWOii1L'V'l\l1'\J'WL'Weli'll1�tl��'ViL€l'!f 7.4 LL��J1 \,\111�1�'\J LL�'Wl1€l'UI11i'lLLiJL'Vl�ll'\J11'1JbVILL'Vl.:J
'



'\/l'U1 1 'IJ0-3�1'U'J'W 1 '\/l'U1 

U'Vl611\.lm1th���§ 

rn ·a-u 'i� �'bl-jilL fiEJ1-uB-:i nun 'i 'i:W1fin'l'i t-J� v1a1'-:itbtm:i'IJ0 '\¾fl1fl�a1111'i fl'iil'U ntJ b t 0 ri0 L ';ifl'Yl u� 

1lil0�1-3'11bYl1t�1Vl{'ULm'WnTJbbEJnLbfl�vl';i1'<il11'1L:ff0ri0t';ifl'W'U�b=fi-:ifi-:i,J�mru1lillil1EJvrn'll�1 Lvl1EJ1JLl'IEJnwi11 

L\iH:W'U'IJ0-3 b0'U L"ll�ffe) 11ni'i1v1� b 'ULft'8U�'Yl1'\/l'U1�1U\J 11'U�'U-3L"llfl� '11-'.lallJ'l';jfliUn'UL �'€10'€1 L '-:iflvl'W� 1 unq3-1 mmtl 

s 1v1r1eir11r1 'lvf mh:ili11 L Yl1�in ii����1'U�'W6� bfl 111�n'lrn'4mmL3.IL Vt� nu1 t u�vh 1 vi La� EJ'-:ilil1f.lYla�urn1�ii'Vltj 

�'1fl'HWL�tJt-1tjf111'1.Je>ni1lan 'V!�el'V'lelael�fl�a@'€li1J� (poly(acrylic acid)) �-3fl1';i!ll�-3Yl'il�0:lfl�iJmL'€1'8Wl'I.J'U 

lu�10�mmL�L Vl�nd ,,11hia1:w1'-:it1V\il�\il Ll'IL:wu�vhvru1�iunut-J-u-'.lb"llr:rn'1v'f L th.Jlil1tn-umn ri-:i �m1 vi L �:w 

tl'-:it��5fi1Y'IL'Uf11'-:i�'l.ln'I.JL�B1vf��-:itu 





. �il�Uff�'10-1tl1Tt.lr.:i\'!!I! 

�1,tl'i�m1ue�m���1m'l'1'5''UntJL�'ilf1D1'i!ilW'U�l�'eld1-,,i11Yl1�th"-1fut'tlt,m1·mvnLLi:1trV1'l1,11�Lia 
rlal1fl�'IJ�L�.!Jfi-1\R:nru1'1�'le�1Li.J�1 

5 fl'l'l111VIU101'i�L�a'i'lio_,nun,nh�ftt'iJ 
... .... ,.. ,J ..; ,, � • I . ../ ., ., X I 1' :':I il1'1l1U'13J Llt'l�1V\ EJ1f'l1a())'j'iJ'l fl1 'j\L 'VWJeJVl mEJ1'1l�M r ,mm u 11:rn mJE1'4f11f1'Vli'l1 in, {;)';JU nrn 'tlElfiEI � 1fl'MJ 

�L�ci�1-1i1m11$"11wru1ifilum,L\ElmLi;!tr�";1'11�LfEJne1'lflvlU�L;J'1fl'1tl�lJ1N19f�hvmL'llih 

�ilMf..,�a..,��tl��1a1via1n1,�LflB1fo-1 

b flVh-J�ru'1foH L \Jui:! qJVI 1'1'lti1 'lN�'tl�i,fl' f\l'll fH U'Itr L VIPIL Vlei �'1,1 :l L '1u l��'l n'S1 EJ_,1'1J Ni:lfl1 'li'l"1'l�Vl'IJ vi 

10 mG11ru�'IJLL�-1'!l1�i'lf..,� 7_ 'fl.I'!. 2555 �rmii�n'ile'111fl'lun�"L�nrlau1m,a,rn1� 3 LL\'!� s tJ u�i:riunqu

L�f11t1L7tl'IJ lLiJ:iLEJ'l'l-t!UE'l1� 12 LLfl:l 15 tlibJ1mnun11,i�-.,'11�..,'ile.:itl•wlfl1f1';i��f\fh'S'l,l fl1111'l{fl'IIEl'11 '.it1Yl'IJ� 
1t.1th:J'il1fl"i1YlllEltj'l'IJW�tJ'iliJ1vl�'iJY!";�ll�L1m\ntiU 10 n11u��1mn ,m'Ylfjlt�'1ll1-.:J'1:lilt';:J1fin1�\�n1'i 
'l'n'lj') LLf1::ua-1nuhr,-rlu�ttJfl\JL'ti"lflflUtu1�!>1UL�tl";ll)'IJ �.., , �m1iJL�EJ..,'IJ'r),:jn1'.iLn�t'jfl'WU�L�\Jl�il-1'lJiJ,m� 
fl:l�flflfl ,,;,tin�11�ilf111UL�B'1'\1'1L�i'unwrn'l!l1 LUUIUcl-:J"''IJLiil'WEl-1\'ltl��:l'Vht-X-.,��m·nn�1,l'li'IJ'l1i 017 

15 \.h:Jul'IJf111lJL�El'1L'\Jfl1iLn9\L'.iflYlU� Lt'lun·wu1um1th;'!Lilt11'1�!'1f'lt\il'i'lM'1'1LSEJ-1�fil�Lii�vh-1N.EJ�tu-a:�'IJ 
1wu �-1rl1�i.JwLiiu1fl�tJ,l:l,l'rnt'!-1\i(u�Ll."nVl�Lfi'rln1tim'.ii'm.fl LLfl:l'U{l'11l'IJL�mh,,LVlll1�ft" fl'l1l.JLall'1'tJE'l'1 
flTnnflt';jfll�iJ�diJ,�Liiut\ilEJ"tJ1MEJ1U11llU,l�tJ�1t!f1U L�U _'YH)�fl"J'UJf11'.iVl'l'U'el'l"11'S n'l1t)LL��'.J1)1'Vt'HE1.:i'lhf1 

flW�n�ru:i'IJe-1J1a1EJ LLfU:IU�lJ1WL4enn L"Jflvl'IJ� LthJ�'IJ ·t1�fll�U12J'lU'WLil'U™1'1JL\-UY"11�1'rnYh'l.i'iuvl
., ,.. 11 • f>i ., • ,:. 11 "" "' � ,3 -9 5 • 1 • • • 'I ., 1/ ' 'IJ'l'1Lf11£1Vl'ln'IJ flnL 1'\Jfl1'.iVl1 u,111NL 'il'iJ mLLll\lt:iJ���'.i1,lL 'll"tl11}L ,'=Jl1JE©fl1l1,l1'Yl'lJ1V'V11 • 'Vl'1tmfl1l1fl'IIU Ll� 

20 M'..,�ti..:ia1 �tJL 1a11 'Ufl1i0t1Llei..:i L:a°a LLel:i�'eJ..,n'l7�'U n,ru�i1'-IU1�1llq!Ln'l.l'Vtf1Vl'l m1�fi'l,i'l'lLL l1-!I ·,h1'1-ibJ 
fl��1n���,l'lmtm,mu""S��tl1l'-l'!l'U 

ilLana1,n 'l"i�ti'll'D�'Vltiu,mL,Wl-1 Lf'l�fl'15le11n�L f a1.1. Uf'lti Li m:i�,..,,1fn �1 (rapid bacterial 
detection tooO 1�ue1iv'lllinm��JJSJ1u111l1)J1LYln"i1:;i Lifl:l'Vl�'1flijfl�€JtJ (colloidal gold- based 
immunochromatography) 1�v1 'IJ��Vl1T'ililt'ULVtl'IJ91'\.J ()��'51L ft'l::n'U L ;lmmr.itlllllfl�f'lflfl il1 L� 'VIU� L \l'U 

25 Ll'l�ti�ilt11unwfuL�8 (probe) ,hitlv\i;inU'Vlfl-1fltlg\i!EJfl� (colloidal gold) \'i1t'1LlhJffi.�ilbeivrntl�1 (LOflfl1'1

fl17�il'Uti!VJM'�"S-JWL'Vlf1f1Wr!cm.J1n1Lfl'!Jvl US 20080240993 Al) fl-sitM'l'\Jf\111fafi-:i'l.ljll�Vlfifl1Vl'L1£l� 
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�-a, 2 '!l'EM,h'lJ'ltJ 7 'VIU1 

Lfl�n-1�nd'-hiiR112,.1\11'l.Jfl'l���1,i,_,1L(a (sensitivity) £l��'jgtJei� 97.6 LL�i1P111mhL"l'l1=i (specificity) 1.vlt.1'1 
!evm: 90,6 Lvhi!'Ulilmvim.1nun11v1"i1'\!�1t11Gl7EJ�L'\'11J ��s1i (real-time PCR) �'1ij1t'utfLtl\J1fl�'\JEJtJ
i1iJ1m(il Ont J Paediatr Dent., Vol 22, p 363-3681 2012) f:1EJm�Ol111".1Liil'lLLU1���'1�WYll1J1
i!n1�gi-n,i�iim·n.1b 1ta::m1J.Ji1Lvn�n'ULiffi>il'lLL1,mt �L�·n.livil'lilFlLf'I �ili.JstiiY1crmvi2,.11n:Uu tLfl:ig-1t1-1

ol �.,., _,, mum1 �'11'11V�1L 1Js\1

l'il'UL'lfi!lth.llit�1n�LLf\tJ 1�t�-n�fl (peptldoglycan hydrolase) 1.tUL£l'UL'ilii�v1t1'lm,m'l.lf'llMmiiE1'U 
�n'Uil\1l i1!1u1m '\Jn1'SEJ'l!EJ,H\ 1EJl tltl�t� 1n f!LLfl'lJ�fo {Ju LFl'N\'111��mJLM 'lJN\!'1 Vdfl�'U'tN LL UAiMt1Yi'1 'l ,j 
LPlf.ll�Vl'l=itLui:iYi1.�mLmt1t1'ln {Gram positive bacteria) LL�Ltlulm•:ril{'l'1v11ih'l'ULUL'ifa�'lla'1iii,�6 L�'U\t3,1\l 
ih.1'r'lU'lVlri1A'(Y�Elm'mtl-11li1 u�:me.1n�'l'IJEl'1L'iltl-eiLLi.rflvlL7ll 1il1n,1tN.1U�'r'lGuv1� Uftu�1n.:i1u'ii!J�N'l'UU1 
\�'U1'1Lf mm11tJt\JlF1'tJ!'lf18 ihLL'\ll'U� (Streptococcus mutans) fJ�VILfl'U1'ilil'Li.l'llmfl1nmLR'IJ Llll�':iLfli'l��\ln 
l-1�a11 mll!llibvitl'U1fl;u (automutanolysin) i,,1maLa2JM)fl (AmO ��f'111lJ!Q1LVl1t1L'Ufl11aat1��1m�El 
i'IL\llwl�fl'elflA'a ih1.w1ua (Streptococcus mutans) �m�flL1J11tll�flEll'IRfl �m.J7'\Jf! (Streptococcus

sobr!nus) t8-1nij'tun�lJL(ail1u.Y1t.1H fll911tl1vir1afl!Lfl (mutans streptococci) �'IJL�mfan�2Jd1fi'tynq1n11fi-1 
�am,Lnfl 111,'Vlu� LLtlt:L�'U;r1€-r�,,,�.,,m 'ITT Un'l'l\h:J Li'lt.1fl11lJLaa-1lun1-, Liifl 11RWU� Lfl'M"171-1'1J0-1 L£l'IJ'l'lllJ'il
., JI ., "''f ., .-_; "'Y ., "''I' ., :'! y .,�., I u'UlflilU'll'UmEJmfle::,MJ 979 vl1 lJu'll1Un 1lJLtlflflu'S:J2.J'lQJ 104 fMllil'lalll\J Llfl::llflEl•Mll2,.l'IJ\llflfi ��L\f1 fl'l 
�1'la9\n l�u.iua�vt1-1�-1tlma�1U'l-1tjfllT�tJ£Jfl�a ( C-termlnal catalytic domain) :J-1ih.JV1\J1VlL1Jn11'VEltiaa1t.1 
NU./JL'iffl� LLfl�en11ilL"tJ£1��-1tla1EJ4i'1t1'1'1�o�iltu\'i1viu1.mun1-,tunur:J'1,ur!lfl� (cell wall binding domain)

�-oiim1i.ti1w11�ntJL1l'€l�'llJ.'YltJi mWl'tlLV1Flt1fl1FI (Mlcrobiol lmmunol., Vol 501 p 729-42, 2006 ue,g 
ihJGUVl'i1htL�Pli1V11fillll�n1\fl,J� us 7,776,325 B2 Ll�t: us 8,852,584 62) li'1t1fll'11JJ';J1LY'l1�ii'li'ln',11n1'i 
�lil�t!VU l�EJLEl1cl1'\Jf11(11'l Lfl � fl LVlL2.Jum ;n tJn11'�clEJflfl1S L-JtlviLlil Lf\flLLFl'IJ'i!Ofl 1 ti n SJ::lt11m•n;11 'HL ntJ1�il 
�-1n�11dtum"I�UflUNU.,L"IJfla'IJEl./JL(t1il1L\'V1Ufl m(J1,tf[91r1ofl'lfl (probe) L-YlElt.fitUn'l'i\J11'11l'llill.Ri.J1N,_,'eML�'il 
191 

tum'i�9llu11rlm'im1�1,i,J11nru'IJEl./JL4£1ihLmun �L�'i'Ut9lflnl'l1fl�fl1JJ'l'rnl�U�il1�;r1a�1LtJ�1d 
ue111-..i1nmst11t�LJJ'IJ�vi1"r1u1�funur.iu-1L'l.lfl�mUfhm11\Jl'n,if'UL�El��t1-on1".iLLf11 n1-aut1ntfaaen'il1m(ci 
.,,I � .. .  1 ..i .. .r �� ... ., _� � ... . 'I"" .,, t OU '1'11tla'.1Wi!D u'llilU � u-eum'1'iU'lL'UtlVlr1�manummvi,1�1gi1J'nJ'iQJ LLilt:U��./JNfl 1,',,H\1\.I Llillil1El1111L ufl1\J1J 
vi11m111vn1'i�'1�\11LVlL1JtJ�-1mh1nu'€l'1.ll1flLL"1m�nu11u (magnetic nanopartlcles, MNPs) :S-1�'1J'U1\1l�s'ILL� 
s il-o soo u1 tu1.t1011 na1ll��"u"'1,tl1:maue'4.t11f'l��f'l11iilii1L m�n'rn;lcJ5hLL"1U'1 �L111'Stltvil'!oP'I Lfl 1vit1�1\tJ 
0'4t11f'l\\'1.1L��n,,r1tu�ilv2-11'U,l'm{J,murnumLu'l'll� (Fe304) ,,,;�m2-1n�'b.1� (-y-Fe203) i!�2.1i.m�rmnrn 
111atJil'UcJ'1YlcJfl�1mu.h 'VI� n111t1mm 'lgfa El1-1,1viL 11 �1fJet11®1�-1 mhJ �.:ivh 1 iti'4fl1'1��'1.l L 'Vlitntn t u�,m�tl 



'll1111i.-ulum·memLteLL'UflVM,ii�tm11mui,2.1�1uamJJLL,jL'YlgnmeMm L('ilLL\Jl'lvi�1e1�Lrnn1111�-iilm1u 

'U7�'YIB Lm::�1EJ9ian11\ll'f,lil1�8�tu LL�t:ulath1tJn•rn,murn�anN1'1J (selective filtration} a11,J·wnau 

EJ�fl1fl�f '\.JnuL4ilL� 'UMviL1EJ,it:9\�a duuu�hm.mL u1uliJ�12.11,�N'l1JlWiU'lla-.,LLl•hm.n.1L u1ulJ11� t�e1tl1;.i1ru 

'UD'1t11�1.htnaut1llfl'lfl �,i'u nu LI flu. t1P1vi L� a,i�LL tl1t:ru\111-.1tium1m f tt,ia-,�uu LLNti u.1m mu � -.,e11m·a1 

5 1Lfl'i1�'1•hmft1LL'\.Jl'lviL�mil..ifi-ttl1mru1�1i11EJPl1Ltlcl1 (semi-quantitative analysis)•

10 

15 
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25 

flih1ihj' m,1 EJ-11um 11l1B�fl1fl L\u I vr�m..111 'lJ vifoL€l'IJ911J£J �m t-ifl u n11iu nu L t'EI LL t1flvi L�e.J u.at:Lm n 

1fm1an'il1fl'11'rn:if11EJLlll!J'tl11'ltle!U1�m.Jmanmauon LU11U1"11ll1''Hl1�'U12-J1N11il'1Lim1.ufilVMEl '[��'il'lfl 

11 EJ-11uwu11£J\¾fl'lfl 1uh �� mn t \J911-1t1au9i'Ue1 �da1JJ1•rniu nu 1.la LL uflvi L�a mi�awm (t1at1 nlJ1'il'lfl 

a11a:ia 'lEJ t� EJ'D1M tJau 1l.l 1u.l L vr� nm EJ'IJ on l �,i'7-, LL at: a,m ·rnP111;ii' f!'I.J7;i 1 ru L ( o \;; �m.J �'Vl u,)'vi, u1::: L "t'l !'I 

ffV11Jm>.i�mLa11� 8,883,455 Lia�L"11l� 9,�01,066 �L�u..,1'1il-.111.l)�vt�fi�M'UL�ei1nt1011LLEJn ��11�,1'J'l(il 

tl�mru L IDu1 uvnnf a�mi.JtV1F1af'l Ll'I 1P'lEJL oiia�smrn,h ,.,gn'U1 !ugl91ou t�1uu�iu nt1 m!�L'!laa'lla-11Leu L'lf� 

LeJ L�� LL ti fl -tf-1t-1el'tl'illlf'l'l'ICll'I'l '111i'l'U�U1 ruL ��d'a1i..t'l'I(l l ,u,J 'itlm)\.IO'l'Itl 'WLri'IJt111,,.JLftE1'1f111lfit11 'Ifl� u�1� 

"" .... ., ..i ., ti:, .1t 
l � � " '"' /. lJll1U1'iltl'Vl-:i1E.lll1'Un17Vl'I1,11fl ,lJ1N'!J!ML'!/0'111'1 imHH'l1 �"t'lnl.J1L'Hl'-l Salmonella 

typhlmurium) 1flEJt if m.im fl L�i!� ,-,gnm t UVl7..:i�1 EJ LLm.J�t1a��S'.h•n1ii�1 LW1tL 111 ::-;ill n,JLta N'l'IJn1'�'111-1 . , 
., I I • � J'.. T ' Ji .1 ... ,. .. ...  ,. 11"' .. 

'l'i'Utitl'Jtl\-1111lVl�f'l1'I'Jtln'Ofl1J'U'rl'Ut-/1'!JO(leJ�fl1fl'U1 i.'IJLLULVl�n LLfltiVl"JEl:Ji.t � 'U'!IEl-'lLLaUVI\Jtlvl b9'11:J � 'If 1-LOYlfl-3-

(3·L�LiJ�flfl'liiut mwfl) Pl"lflu�a UJmlILl'l'Iflf!Ob'.i� (1-ethyl-3-(3-dlmethylamlnepropyl) carbodiimlde

hydrochloride; EDC) L�,.i�LElLfi!Ulll�fl'ltJ ,11mfu�-1LLEJnLLUflVh�t1��t1-1n11,;i11,1-1''1leiam11na11L�EJtJ\l�'U'J 

lP1EJtl1A'va\J11.m,Jw1anmEJtlfilfl �1i..t�1Eln1'ml'il..,�l'leJmt:�1�01'El•mtli.JL�'Elmh1J1�EJt'UU.fiJLU1'1JL'll!;\ijLfl�Utl� 

LlllVI (cellulose acetate membrane} vl4vi�'1Jrl'!IU1�L«'IJN1�uefom'1 0,8 l»lfl':i'LlJ9l'I Lv1Emamla�ijniru 

�1a'c.)'41l1fl LL'1:l1Lfl�1t:�tl�U1W'IJ'El·U'1l'1'l0rl1'lm-ii'2.1��th1n!)U'ULLNUUJlJLtmJ 1viEJ"t'ltl111'111i.lL'U1J'tlEl..,!tJu 

L\N'IJL1Jmt1�'1JL�tl1N'u�1-,o't.1tl�2.11ruLfe .,f..,da1m�n1111'11�i.Bs.i1wLLt1t1YiL�EJ1vim11Jvli'lJi1.1�1qlil (Limit of
..! 1 "i "i !'! , ,. _... .I � d ,.. ., � , ., • 1 _t.j ., 

detection; LOD) "r'I 2x10 �f\�auV1t13.Jf\i;UlVll tlEJ1.., b "Hl911"1..,1U'l'ilEll'l..,n'i\'11fM-u1:latJuty'Y11n"l"im1lil1'1 

L�El-til'lnfr'l'UlL'U1J'VU�1��fl'IJ'e)'1LLUPlviLiEJ�fi112.J1"Sfl�'a1'il1'1L�a'1�f"l1�.., "ri1t"1tti.la1m·:n:1vi-s1l\11�Ltt1tu_'tfllJ1ru 
�l�v )Vlvl1L� (Anal. Chem., Vol 406, p 406-8661 2014 

�., .., • .. ' ... ,I - I d 'I' .,I .I .i � .,tmmnmJ El'12.J"i1e.J'111Jn17'U1 Lfl1 'I'm aU.J1J"Ul1WNU'IJYi'Utl1'Utl-.l0'4iYl i'I LU.JL \Ul nu1 � '\J L Vi tliJ1 fh1'1 L VI 

ei"4mfl£im1iiL�ffEJ·rn,ntu Uijtfl11J1"rnm::il1v�1aij1t1�111:\tle-J1EJ1'1i'��-,fu il�1u1�EJ�Li.tfouLii!!ua1Jim 
., "' , d "i .J 'l! � M" � � ,r '> '1 "ll " 

nT�mtiil1ElVl1 ILfl:lfl1'1l.Ha'flEJ"S'lJ8'1tl'lffl1FlL�L 'lllfl0U1 � 'UVlllll� Mlt: \2.1 \�W)1'1rlcl'1L1Jn1 \�ti \V11.1'1Lfl'l1t:'lllfl�1l'lfl

IWL'lll�flU'lLUt11�-1�1vvrn�m:fl��m�eiij91 (poly(acrylic acid)} '!J1�rta��\vi,u (polystyrene) 'M'Uulu�'l L�'l-l 



,11nu101tfl1fl'U1L'!JU31L��m.J1vhtl�n1a1nu1a1'lf'!J L�OLO���Lthlfeian1'i1� (peroxide group) U1J,rr'UN1 �-l 
,iivh'IIIU1�L\JiJi11':i1��",Jflii�eJ1 LL��w 1-Lvlilme1i1n'l.1>1'1.'Y1 tm uut'l!LrJ'YI (1-phenylethyl dithiobenzoate;

PVB) 'l1h\l!U1�Lth.ia11,ha1outid (chain transfer agent) 1h'ltJvi1tJ�n�eJ1i'l'il�iLim'l 1L'!iitJLL\J\Jfl'lU�lJ 
(controlled polymerization) Pl1eJt1flLflLL1J1J reversible addition-fragmentation chatn transfer (RAFT) 

5. ';)� L�O�il1fllLLtiL 'Vl�mn 1 uviM1-l9l7eJ•MJ�8�fl1� mmivi'III, El'Wlltl'1L�7'U lL�1u1'l 'U'Yl�aoua2.1u&ln1':it11t!i11eJ�1

10 

"' I I d  ,- d� .. ; ..f� ., :"I ... umim12-JLfl'1El1 i'l\J'l1'ill4tl1RIUJLl-fflffU1� 1J'Y1"1l'1Ylt1�U.Jm�-l\JtJY11JH1?11ll1'stlnc:.J=:J'il1eJ\111 LL�=:J1.Jfl11J.JLat1EJ'i 
�n11a�mflmk\1�flt.11foffi:Jl�M1-lW£l�tm)ffl�\J'IJiu�1 (Macromolecules, Vol 27, p 1665-1669, 2006)

L�'!J1YJ1�'VIO-lv!u1uut'ilt1Jn1,t1i\1,Jl.:ilu�1'lln.:i1a�;f1a'l'l0ii1iJ·,l'ffie n1·m1iEJ2JLtltivto!lL11a1'ui''II 
(polymer brushes) ;f-lL�ti't'lo�urnf�if i.Ja1eJ'll�-l t'li�111J�U�li\11"1\ll'U'Uluti11!i'1t1�'Ul5:J Lflt11Lijllvl (covalent 
bond) vhtvli1L�iitr1mwtun11Ei111PiCil'U'IJifufhij.:in-:i1n11��-B't1m.:in,e,111n (phystcal absorption) n1':i 
Ll>l,en.J-wa��m1i-ut''IJilf.1tnlll�tr��1mJ�n,EJTWO�UH)lWV'il'IJ-=JL,2.1�1niu�1 (surface-Initiated

polymerlzatlon) 1'1i!F1113.IFJ1'J'IJID..,t�-riaiin-1ai�1ii11rimu�ul�\11ntfu�n,mw£>iiLiitJl·w11itJtLU\Jfi11u�11 
(controlled polymerization) L'llll atom transf�r radical polymerization (ATRP) u�� reversible 
addition-fragmentation chain transfer (RAFD (Prog. Potym. Sci., Vol 25, p 677-710, 2000 LL�� 

15 Chem. Rev., Vol 109, p 5437�5527, 2009) t�aa2.1uiivn.:i�flUUatn1l.1111Yf'll0'1YfB�L,nJfo;''!l:3''1JnU'!l'Uvl'IJE!.:J 
i.ioumiioi (monomer) �L�£Jnt'U'tun11il'-lLr111:i� 

m1\l1t�'lj,i0f1'1J L'il�� ::th�1':iU'Sll nm.J'el'-fl11Pl m.lLVI� fl1J1 t 'IJ�\ll,��1eJViflill.tl'r){�!'lvitjvl�n,i'uLtl'IJVI� 

m{i.rnn:ii� ,.,,iJWrJH£lt'�;iinLLoilli,, lL�tia\ll�fill�L1JU�,NLtl'ULlflil'OcJLP1Sl'lP1t:1'1Jlfl�U;'1f11i.11'Hl�lJ11'ULta f18L'SJll 
Yl-u�l�aclwS1LflW 111tmun11L�f.lfl LL���,1�1r1Liorlol,fl'ihl�L��rl�t.Ri-i·uu't��1e�11bi..lri1 

(1_o Ll'leJEl"ll'lflLLilL\i�m-11lt1-uafl\11fl'ilt''ti1vii!1fflun1·mvnL4®aom.11'il1na111;1�1;11t1l\llaEJ1Pi'amm.J 
LLUL'lll�flll1El'IJ'clnMh Ei-if11)J'l':i'1'Vh�u1�L{hJ�1Li.:i'l.lijii'1t11011LfiVl�'IJE:Wl'\.J�'Ml'n'lLVl"Vl'J1L1Jvl�LU'l.!l�'U 
(3,3',5,5'-tetramethylbenzldine; TMB) l.l.flt'ijL1El'lirlf!1L'il'IJnJefaon'l11� (urea-hydrogen perQxide; 
H202) 1�iJ,J1::al'IGJ11�Vl�Lvit11J�ULtl'IJL'!l3JiJO{m':i�'llLUO'JIDIDfli8L�a (horseradish peroxidase; HRP) VI� 
., ' ... ., cl • I G � 'I.I!/ • I'" :r � !!I ' .. ,¥ 
"11EleJ1'1./!1'U1'iJEl'IJEHI Woo LLf!::flru:: 'Vl'U1Ltl1El�ll1fl!LU.J L Vl'1t1U1 �iJJ..11 � '0� 'Ufl1'11111u':i111M '!Ith 'l,ffL£lP!a wsm 'IJrJ 

25 !bnhi°'1 (retroviruses) LL�W11i=!'flJ.l�L�-IILl'i1im (breast cancer cells) L\ileJU1El'4111flLLUL'l-1�mJ'll'IJM1--lll'm 
t�eu�ua��ilfl112.J'1°1Lw1�L"11t:'J-111u1f'El 1�lhtriiNltJt1Ja11���,a�51L(�1L'l'l111.Yft V11£>L'iJel�m:L�.:i��,u� 
1Lfl111i�u,mru'tl£M1�abi'a111'im'11fltii.J�L!-iL�'l'IJJ.J�VltJ1t?fLv1ei�'J11ru1nT'iL\J�mJB'l.lt)-1fu�L�iviLvtV111mvifl 
1u1Jl�1J um:/��1ei'l.v1�,�1i11J1u,rfaon1'!f� �-ltia�mflui.lLV1�nu11u1unTivi1V1u1�1{Ju;{1d-1n1·nnliltJ�ii1EJ1 



tJ.J ::'! . � I ::'! ..J. l :'! "' 1 ::'! ,.j -. 'Iv fl1'l� flEJtJ" ,11nt11':inmfirm11"'iJm1.'i1'j��f'l1EJVlu'l111{1iil'l1'1)JLaoEJ1"1nm1"'1J'M�11f!t:mE1'Ylmvr,11n1111 �o,i 
trn1�L 1�'UL'lla{ae fl� L�iUEIUL'lilli'\Jfl'l'j'!JEJ1ElflllJ'lJ1ru U'nl::"11i.11'lfl1;1.:ilf)9lL�l.!Nfl 1�911EJVm 'll�·wu\.lntJ Lt�il1fl 

,ni.J1iaEJ��1uu1a.:ill.im1-11u1�EJt��,hn1':i'UEJ'lEJitycy1cu'UtiLLN'UL)JiJLU7'U�l1mJijn7'-l"lnTnn111a'iJa,!J'n\J,Ml7'YI 

L'Yl'l'l11Ll-lvl'nL uu��'U L\'nt:ijL1til!!tfl7L �mtJtJ fa�n 'llfl111 � .:itf eJ'ifl'll'IL�>lt 11gm,111 uu uut-.luu.J2J\ u1,n {Ju�11 i.:i 

5 '\J�tl1El1UVlU�aiav:�'UL'U£1'j€1tJflillL�� (Int J Mol Sci,1 Vol 14, p 9999-10014, 2013) 

QI I •' 4 � ftntffil::LLflt:A':1'12J�,n,i,11ts1Jel�fl1'iY�t:�'l:fj 

mcstl-st�1:JjdL�ei1ifo.:in'Um':itl,t:nauo�111F1�im111nfunuL�ariol71'1�'U�'l�'t!Eh-1i1Lvn:::ih1-11u'l.f 

L'IJfl'l'jLLEJflU.'n��n,11�L1fan£> l'lfl�'IJ�L�-3fl.:itl;mrul�'1'laV11Ltlfi1 U'l�fleltJ71i.Jvl'lfl il1'fl1flL��L'\ll�fl'IJ1L'IJ LL�::: 

t�L)J1J,e�Lc)1JL'!12J�'Vhvni'1�i1.Jtit1mr,wiieif\t€1'3L(£1 fl!) L "i��\J�c)cl1'3i1L W"I� L�1a1J t�an111.l1. t�LlJ1l'!IEl,1 

10 Lel'ULl!l�'!)'!)Lvliiiv1�1u'la�U�\'h,,,,h�ft1n'I.INU-lL'll\'1'11J1fl\Jl��l)tJ'!l�111flLlliL'Vl�n'U1L\JVl!-t�16i'iO�l�el{�ii'-1� 
Yi-1 n'llUL u-uMtjrnhmni'n "11il viaf\e�fl�t1mL1.1f �N1t1'1f u!it: L'cl 11J� Li'i�L tiu�11tl ,:mm.1a1' fl'lfll �ilf'l 112-1'ii1 L mt 
t-um'J�Unt1Lf eibLWII.J� e!L9l1'UL9lfl'ilfl Lfl !'1'1 L�L)Jti�vh-i-,u1�f unt1NU'3L'll"1flililfl111J-;i1w112:�eiL �ei;}m \'Ml 

aLV11tllV1r1 tm 1Pt i,1�1m1m�antrnuYi1:jLf eil t U'llN:J�eJ'4ll'lRLL:l m�nu11,m�-1"11t1•mi�11-1ai"'tiilV1tjw-111'1lu 

L �ti'Atj Pl1 irnm i8'n 'Vl7ilWEJilat:Pl�iln �e'i:l�if '1 fl�\Jl nu 1� Ltf 'U'ilEM LeltiL'O'l!ih-3 �tl���\11'VliJ1�U fjf)l, tij��nf uEI tj 

15 nu LFJnJUt �mmm,:n m1,,a �m El 1�ee1ri't1�'U13JLLilm�nmauen u1;1t1:J-1a1�11n1u•111 :J,..,tlim N'!IEHL ;i'El� 

m.lfla'cl n111'l;f Lv1EJ\11 n11m£1.:iu urn�amhu (selective filtration) t.!11.m�,.m.JmtnuL "i1mLEJ na11t11::: flel'I.I 

€1'41l'1fl�-im�EJihw\ll'ut1 aLv11tl111fHlflLfl aan\l'lf1f11':i'U�tf\ID'Ua�ml'l�1ilit1nmfe �'1t11>J11t11tf1�1�� 

iTU1'1JLfmi-1fl-1tl7111N (semi-quantitative analysis) 191' l�ti'W'J1'JN1,11nfl11�1it2.Ji1'1JD'1"111,Ji::nt:1\J 

eitp11111��1.:i£Jtjt1t1lL�tmJ1nu1iu uEJfl'91fld1dm�1m'1V1'i"ILlliilflLt1ui�u L\flt�L1a1Erl�•wvmtleiimin1'11rifl-1u\J 

 20 Lili.JLlliU a1m1t1'Va1ElfltyqJ1tlJ,l1flUijfflmm·n ,J�a'UaL1ilt1i:lti"il1fllU.lL\lgflU11 UL{hJ�'lL i-ii.Jijfflt11 �1m �" 

,J�::iMftmVi1tJn"l�?l"i1�'llil�'1t,m�'lltl'1Pl11lJb (sensitivity) lLfl�;lil�'ln� (detection llmlt) 

25 

fl11l.J*�"1tl'll�Hfl1'S1.h��wjilL vi'cl��'U'lr.Jaoi.nruivtl ,n tJfl1'jU.EJf\Ua=iWS1'-019lL teifial 'Jf'lvltJ�L ;J.:ifi-1 

tl�h.J1 ru Lfl�1 el� 1 L ,J �1 1fl eJ'tl 1,i' vm,i 1-11 'U'II £1�51 'l 'S\J'jll flt)'U a �fl1fl LU.l L �� fl� '11 uvl91,.:i ;;, ti 'WElfl 1iiaf �ih1tj 

�-111'1JtJL{iu�tjtnfoanifl vi'ia"lfeiim:fl��nLL8�� LLfltVll'l�11111\JL�L2.JU'llel'1Lt)'UL'lI2J�n1�u1-vi�unuNU,!JL'llflel 

1Ja-1L f enD 1,f'lr1UN Eiv1.:i�1L Yi,� �-mfi�.nru,i'di1m-sm-h'lltrii1-1Ln1 ifll'IJL <if 1FJu1,J oi'ij-1t t'Lt1�a-\ila�ilR11u . 



5 

10 

fl1';1L\J�LI\IEIO'l'l1.h':lA'9jLfl'-lftiJ\l'iN 

tJ .. ,,3 .J ., ., ti 
al ., ., .k ' '\' .'II � ., I O ,,, ... l" 

me; 'S�\ll�JULnE11'tl�MfltJ'111 'StmatJO\il11flVIa1111'iif.1"11JO'\J L 'ilclfltMfl ntJ� �l>)r)f.1'1'3�1L ','j'Jtlrt1Vl1U 'll 

1'UrmmmLL��'1l'i,�'lli1L;i'orlal-sf'l'Vfu�Li-:ifl.:i'tl,mru1��-mmLtlih th::m1tJ11i.ivf·w E'4I11ALL�LV1gnu11'u u.�t:
1\llUJU'IIID-1L'cl1JL'IJ2J�il1vi,j°1 ��\111'U�U-l L 'IJ�a'IJ',N L �orla L 'It1vl'U�OV1�i1m1� \9l�cllJ LIil'-' n·mh L�LlJU'tliH 

�nu 1'1Jutm19lil19lt 11Jlfl�u�vi1V1,X1�f unu m1''1L'll'1� f-1a1m1ci�\1nt1 L�mfo11flvl u�t un�11 aL9l-stl1�REJfl 1f11Pi 
e�h-:i\l1L-w1tmE1\ll6ili'1�1uwucr�L-a111�nua�mflm.Jm�nm1tJ�•,h1l\'L��!.l"i911El'l'lofimfl-fvli1'Yltj�-:iri.«'UL{l1n,tj 
r-nfoan�ij 'Y!7aweaotfll1�rnLo�!ll (po\y(acrylic acid)) LiilllL {itJH11th=:nouo'4mfl�i1m1:1.Ji1L w1�tun11 

�tJntJLlona L 1fl'W'U�t un�2.Jf!L\ll"Stltvlf1€JPI Ltl 
1�L1Juvl•,hviu1�iunum!.:il1tmiil�Pl'J12.J\11Ll'(1��nL;1aihLLYJUi flL9l'ii'llL�FlrJfll LFI �'3fi1)J1'IflL�Of1�\J 

til'l'l12/Ltoif l,rnru��tl.1'fl'1f1Ln1Li-,�nm LU91111�18Vifl�UJij��Vltjvl-1n'li'm li1JV1tjmiuonifl Vl;'ilV1ai18�f11iin 

LLa�fl ��=:a1=-n"Jt1LLt1nLfa�fut'i'ua1'itht1n-t1t1o�fl1flile(ln1n,nn�11fl�ft1'-l1viae1�mtu1iim.JL"1�f1m!.lusn 
., " .!. 1-:l ,:¥ .., " .,Uf1tEJ'3?1�3.l1'Sfl'.lLl'l':i111l'lu,1l1N'tl().:IL'l/0Vl\mmrnm.J1L(il 

n1'JLLEJnLLf1�vl"i1'.J1fltl1lJ1t\U�i13lmviua aL1>1'jtll�Mclr!l1'1Li5a.:ivf1JLL'U'1Ll'.l'U 3 ,bu vi.:id 

(1} tht11a1,iJ1::m:iuv1tmRfli'lf'l'l1ll�'1L Yi'l�L '\Jn1-SitJn1.JL f eil1LL VIUd �L91'StJ1'1fl0fl Lfl tail-11tl 
t .,j J( :'t. ,,s •• ,. 'l ..i... ., ,, JI ., :l � 'I ., • .:. 15 UV1f1aV!l'l\llfltH'YI\J'n�L'U€li.11LLVl'l.l'1 aLIIJ"i u ��f'IVfl �fl'Yli.lf'l'J12.JL'tl2J'IJ'IJ'llil'1L"if£1911lJ9ltl./Jn1"i vl'1\'l·h1L"U'Umn 

20-50 'U1\il��ru,,,JJil�EJ'1 LLi1LLEl11i't'l':i'U'atlfl0tJEl-U.fl'lfl��fil11WihL"r'l1tL\ln1':ifUf1tJL(tiil1Lm\la �Ml"i'Vl91f'ltll'I

1flil (lam11na11i111Lfc1-1Lfn (culture media) 1�a'l.-ul/lu11JLLlfo,,�nmf.l'IJt'lmtlm1fl1 5-20 mvi t.f!V1aafl��
vi'1m"i��D1111111la-1L(o'tat.:i LLa11l1l/111u1::nouo"4t11R�LLEJnm.1n2.J11tl1Lf'l11:si.1tRi.i1ruLfaSh1W11J� l/lL91"itl

LlllflilflLf'l�'l'IU

no (2} L9l�m.Jfi1"itJ•rnnetJV�fl1fl�L�tlnL�-..J1n (1) fl112.JL'Ul.l'UU 0.15 iieltlflfiJ/Sjfl�iilll"i L'Uvlm1Lfl91 

'IJWLvlel�'il1�t.l��WLEJ'tl 7.4 11nni!t.11 '811l tf'l'llk \1111��tl'1'j�:J�1EJd L vleu11i.JmtHL\\JU�q!q!1n11'1�1\JmJu 

m"LtJ'jtJl�f1�L�ae��hP'l111�U�'Vll'tJ'll'U1ftl'IJ'U1\ll 0.8-1.0 LlJf'l'HllJ LflEJtl'1'itli�nat1El1'fl'lR�ft1nuLta;j1�'VllJ� 

m,mJt91111aP1LflLt1"iJt1il'IJU1fl'l.1uyn-h'!lu1�i'Yl�tJ'lrn,mN1JU.J�iu1u '1'1'1tli'a1-stl1:::n0\Je�mMf'i''N6�'liumiu 
liJlJL\J1'U fl1'1J?l111..l'i:Jml\J0�l11flffitll�fun·m4tln1u'V1u� immJtvi,mf\Ll"l"iJ�511JlJ1!1'1Linn11ai'l1U'IJ'cl-lLi.i1JL\J1 

25 'U�-1�1u1vqu1tl1� 't t1-U'1Ji1a1m,miam11'jti'Hlf1Eltlcl1'fl'll'l��'lJn\JL�'clibu 1'1\la m�mJtt11fll8flLl'IEl€Jnll1 
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The number of salivary mutans streptococci (MS: Streptococcus mutans and Streptococcus sobrinus) is used in dental 

caries risk assessment. In this study, a simple, yet effective assay was developed for MS detection. Magnetic nanoparticles 

(MNPs) were first grafted with poly(acrylic acid) that bears active carboxyl groups available for conjugation with the cell­

wall-binding-domain (CWBD) of automutanolysin which specifically binds to MS. The binding efficiency of CWBD­

conjugated MNPs to MS was tested with pure cultures of streptococcal standard strains. After mixing CWBD-conjugated 

MNPs with culture, bacteria-bound particles were separated from unbound cells using a magnet and filtered through a 

cellulose acetate membrane (pore-size 0.8 µm). The color intensity of particles remaining on the membrane represents 

the number of bound bacteria. The CWBD-conjugated MNPs showed higher efficiency in binding to S.mutans and 

S.sabrinus than to non-mutans streptococci (S.sanguinis and S.sa/ivarius) with capture efficiency of 77 and 69% for MS, 

and 38 and 15% for non-MS, respectively. Moreover, this method can quantify the number of MS in the range of 10
2
-10

7 

colony-forming units (CFU)/ml, which covers the range of MS levels used in caries risk assessment. The calculated limit of 

detection of the assay was 16 and 72 CFU/ml for S. mutans and S. sobrinus, respectively. Furthermore, the CWBD­

conjugated MNPs could be used to efficiently quantify the number of MS in human saliva samples containing highly 

complex mixtures of bacterial species. These results suggest that the assay could be applicable as a simple tool for MS 

determination in not only clinical settings but also community fields without clinical expert requirement. 

Introduction 

Dental caries is one of the most prevalent infectious diseases 
in mankind. Although it is not life-threatening, it can cause pain 
and lead to severe infection. 1 Moreover, the disease impacts
on quality of life, especially in children. 2

' 
3 While the direction 
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of caries management has been gradually shifting from 
treatment by restoration to prevention in recent decades, the 
prevalence of dental caries remains high, especially in 
underprivileged populations worldwide .This situation is caused 
by the failure of treatments and ineffective prevention 
strategies. Caries risk assessment is a tool to help solve the 
problem since it gives information on individual risk of caries 
development and the dominant etiological factors in each 
patient. This information allows dentists to select an 
individualized treatment and prevention program for the 
patient. 2' 

4 

The number of mutans streptococci (MS; 5 mutans and S. 

Sobrinus) in saliva is one of the factors determining the risk of 
caries development since there is much evidence showing 
association between the amount of MS and caries status.s The 
culture-based method is still widely used to determine the 
level of salivary MS, and is considered the gold standard.6 

However, the method requires laboratory skill, equipment, 
and also time for bacterial growth, so it is impractical in clinical 
settings and for community field studies. To overcome these 
limitations, a number of commercial chair-side kits have been 
developed.7' 

8 However, despite their ease of use and their 
equivalent efficiency to the conventional culture-based 
method, these kits still require an incubator and time to grow 
bacteria. Recently, a commercial 5 .mutans rapid-detection kit 
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based on antigen-antibody reaction has become available. Gao 
and colleagues reported that this kit could determine the 
number of 5 .mutans in saliva samples more accurately than 
the culture-based method. 9 Nevertheless, classification of 
caries risk is still based on the salivary MS levels obtained from 
the culture-based method .A level of MS >105 colony forming 
units (CFU)/ml is considered as high-risk for caries, whereas 
that below 104 CFU,ml is considered low-risk.10

• 
11 

Here, to develop a specific detection system for MS, we 
exploit the binding specificity of the enzyme automutanolysin, 
a peptidoglycan hydrolase produced by 5 .mutans .The enzyme 
selectively digests MS.12 The substrate specificity of 
automutanolysin towards MS is conferred by the cell wall 
binding domain (CWBD) of the enzyme (unpublished 
observation). Thus, the CWBD could be a good probe for MS 
detection. 

Magnetic separation in combination with size-selective 
membrane filtration was recently introduced as a rapid, 
versatile, simple, low-cost and effective method for bacterial 
separatiorndetection.13

' 
14 Magnetic nanoparticles (MNPs) 

usually appear in a magnetite form (Fe304) which responds to a 
magnetic field.15 Moreover, their small sizes (5 to 500 nm
diameter) result in a large surface to volume ratio available for 
conjugation of probes (mostly antibodies) specific for bacteria, 
which enhances the bacterial capture efficiency.16

·
19 Based on 

these properties of MNPs and the binding specificity of the 
probe, target bacteria can be isolated from contaminants using 
an external magnet.13

' 
20• 21 After magnetic separation, the 

targeted bacterial suspension is filtered through a membrane 
with a specific pore size. If the MNPs conjugated with the 
probe capture target bacteria, their size increases, so they are 
retained on the membrane.14

' 
22 Since MNPs are brown, the

bacteria-bound MNPs remaining on the membrane can easily 
be detected by the naked eye . 

A number of polymers such as dextran, 23 polystyrene 
(PS),24

' 
25 and poly(acrylic acid) (PAA)26

' 
27 have been coated 

onto MNPs to increase their stability and dispersibility. The 
polymeric stabilizer can increase the affinity of MNPs for a 
specific solvent and inhibit particle aggregation.28

•
31 Polymer­

grafted MNP nanocomposites form very stable dispersions in 
organic solutions.32

-
34 Among the most effective methods for 

preparing polymer-coated MNPs is surface functionalization by 
grafting of polymer, particularly via the "grafting from" 
approach or surface-initiated polymerization. This strategy 
involves the formation of a covalently bound polymeric layer 
growing from a surface-attached initiator. This method 
provides high grafting density with controlled polymer 
molecular weight so as the thickness of coated polymer layer if 
controlled polymerization process (i.e .atom transfer radical 
polymerization (ATRP), reversible addition fragmentation chain 
transfer (RAFT) polymerization) is employed. 32

• 
35

-
37 

Based on these previous studies, this research aimed to 
develop CWBD-conjugated MNPs as a simple tool for MS 
detection based on magnetic separation and size-selective 
membrane filtration. MNPs were grafted with PAA via surface­
initiated RAFT polymerization to yield PAA-grafted MNPs 
CWBD was then conjugated to the carboxyl groups of PAA via 
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1-ethyl-3)-3-dimethylaminopropyl(carbodiimide,N­
hydroxysuccinimide (EDC/NHS) coupling chemistry .The CWBD­
conjugated MNPs specifically bound to the target bacteria and 
then an external magnetic field was applied to separate and 
concentrate the MNPs-bound captured bacteria from 
contaminants .The bacteria-bound CWBD-conjugated MNPs 
were subsequently filtered through a cellulose acetate 
membrane .With appropriate pore size of the membrane, the 
bacteria-bound CWBD-conjugated MNPs remained on the 
membrane and could be detected by the naked eye. 

Experimental 

Materials 

Iron (Ill) chloride hexahydrate (FeCl3.6H20) was purchased 
from Merck (Germany). MNPs were prepared via a 
solvothermal method following a published procedure.38 3-
Aminopropyltriethoxysilane (APTES), 4,4-azobis(4-cyanovaleric 
acid) (ACVA), 4-cyano-4-(phenylcarbonothio) pentanoic acid, 4-
(dimethylamino)pyridine (DMAP), N,N'­
dicyclohexylcarbodiimide (DCC), dimethylformamide (DMF), 
EDC, NHS, acrylic acid (AA), sodium acetate, and ethylene 
glycol were purchased from Sigma-Aldrich (USA). Phosphate 
buffered saline (PBS, pH 7.4), and cellulose acetate membrane 
(CA membrane with a 0.2, 0.45, 0.8 and 1.2-µm pore sizes 
were purchased from Merck Millipore (USA). All culture media 
except Mitis Salivarius Bacitracin (MSB) agar were purchased 
from HiMedia (India). Mitis salivarius agar and bacitracin were 
bought from Becton, Dickinson and Company (USA) and Sigma­
Aldrich respectively. Materials for protein expression and 
purification, isopropyl-P-D-thiogalactoside (IPTG), HIS-Select® 

Nickel Affinity Gel, imidazole, dialysis bags (MWCO 10 kDa) 
and Bradford Protein Assay reagent were bought from 
Calbiochem (India), Sigma-Aldrich, Affymetrix (USA), Thermo 
Scientific (USA) and Bio-Rad (USA), respectively. All reagents 
and materials were analytical grade and used without further 
purification. Ultrapure distilled water was obtained using a 
Millipore Milli-Q system (USA). 

Characterization of MNPs 

The crystal structure of MNPs was characterized by X-ray 
diffraction (XRD). The XRD pattern was obtained using a Rigaku 
RINT-2000 diffractometer (Japan) using CuKa radiation (A 
1.5418 A). Infrared spectra of surface-modified MNPs prepared 
as KBr disks were obtained from a Fourier Transform-Infrared 
(FTIR) spectrometer (Nicolet, USA), model Impact 410, with 32 
scans at resolution 4 cm-1, in the frequency range 400-4000 
cm·1, using a TGS detector .The morphology of MNPs before 
and after modification was examined by transmission electron 
microscopy (TEM) using a Philips Tecnai 12, FM 208 instrument 
(USA) at 100 kV acceleration. Negative staining was performed 
by dropping 1% (w/v) aqueous solution of phosphotungstic 
acid on the MNPs deposited on the carbon-coated copper grid. 
The excess solution was blot-dried by filter paper. The sample 
was then air-dried in the dark overnight before subjected to 
TEM analysis. Thermogravimetric analysis (TGA) was 
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performed on a SDTA 8Sl (Mettler-Toledo, USA) in the range 
of 32-900 'C at a heating rate of 20 'Omin under nitrogen. The 
size and zeta potential of the MNPs were measured by 
dynamic light scattering using a Malvern Nano ZS90 
instrument (UK) at room temperature at a scattering angle of 
90°. 

Preparation of CWBD of automutanolysin 

Escherichia coli Bl-21 carrying a recombinant CWBD-expressing 
plasmid were grown in luria-Bertani broth at 37 'C until an 
OD600 nm of 0.4-0.6 was reached. The expression of 6xHis­
tagged CWBD protein was induced by addition of 1 mM IPTG 
and incubation of cells at lS 'C for 24 h. The proteins were 
then purified using HIS-Select® Nickel Affinity Gel in native 
conditions. The active fractions were pooled and dialyzed 
against 0.1 M phosphate buffer, pH 6.8. The protein 
concentration was measured by the Bradford protein assay. 
Sequence of CWBD together with schematic plasmid map 
including CWBD and the expressed CWBD protein on SDS­
PAGE (Fig.Sl) are shown in ESlt. 

Preparation of PAA-grafted MNPs 

PAA was grafted onto the surface of MNPs via a "grafting 
from" method. MNPs were first immobilized with APTES. 
Briefly, 0.1 g of MNPs was dispersed ultrasonically in 100 ml of 
9:1 (v/v) ethanol-water mixture with 1 ml of added ammonia 
solution {38%) for 30 min. To the above dispersed solution, 1 
ml of APTES was added dropwise, and the resulting mixture 
was stirred at room temperature for 12 h. Thereafter, the 
APTES-modified MNPs obtained were magnetically 
concentrated, washed thoroughly with ethanol, and vacuum 
dried. The APTES-modified MNPs were immersed in 20 ml 
DMF containing ACVA (37.5 mmol), DCC (47.0 mmol) and 
DMAP (3.74 mmol) at room temperature for 20 h under a 
nitrogen atmosphere. After the reaction was complete, the 
product was rinsed thoroughly with DMF and ethanol four 
times each. The obtained initiator-immobilized MNPs were 
then placed in a vial containing ACVA (0.5 mmol), CTA (5 
mmol), and AA (0.8 mol) in 10 ml of Milli-Q water. The vial was 
then placed in a preheated oil bath at 70 'C for 20 h under a 
nitrogen atmosphere. The resulting PAA-grafted MNPs were 
removed from the vial and washed with ethanol and Milli-Q 
water, respectively. The synthetic scheme for the preparation 
of PAA-grafted MNPs via surface-initiated RAFT polymerization 
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Scheme 1 Preparation of PAA-grafted MNPs via surface-initiated RAFT 
polymerization. 
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is shown in Scheme 1. 

Immobilization of CWBD on PAA-grafted MNPs 

PAA-grafted MNPs were conjugated with the CWBD of 
automutanolysin via the EDC1NHS coupling method, as follows. 
PAA-grafted MNPs (5 mg) were dispersed in 1 ml 0.01 M PBS, 
pH 7.4. To this, 0.1 ml of EDC {2 M) and 0.1 ml of NHS {0.5 M) 
were added, and then the mixture was incubated for 30 min at 
room temperature at 240 rpm on a rotary shaker. CWBD (0.1 
ml, 1 mg,ml) was added to the mixture and it was incubated 
for 24 h at 4'C. Finally, the CWBD-conjugated MNPs were 
isolated using a magnet and rinsed with 0.01 M PBS, pH 7.4 
and Milli-Q water, respectively. The product was stored at 4 'C 
until use. 

Bacterial preparation 

S. mutans UA159, S. sobrinus OMZ176, S. sanguinis ATCC10556 
and S. salivarius DMST18781 were cultured in brain heart 
infusion broth at 37 'C in a 5 %CO2 atmosphere with shaking 
at 180 rpm for 24 h. The optical density of 24-h culture was 
measured at 600 nm (OD6oonml• The cultures were then diluted 
to OD6oonm = 0.1 and incubated for 2.5 h to obtain an OD6oonm 
of 0.5 (~1010 CFU/ml). After that, the bacterial cultures were 
10-fold serially diluted from 107 to 1a2 CFU/ml with 0.01 M 
PBS, pH 7.4. Colony counting was performed to verify the 
number of bacteria. 

Determination of bacteria captured by CWBD-conjugated MNPs 

The efficiency of CWBD-conjugated MNPs in capturing S.

mutans UA159, S. sobrinus OMZ176, S. sanguinis ATCC10556, 
and S. salivarius DMST18781 was determined .Briefly, 0.1 ml 
bacterial suspensions in the range 102 to 107 CFU,ml were 
transferred to a 1.5-ml tube containing 0.2 ml of CWBD­
conjugated MNP suspension (0.15 mg,ml in 0.01 M PBS, pH 7.4) 
and then incubated for 30 min at 4 'C .After incubation, the 
tube was placed on a magnet for 10 min to isolate and 
concentrate the bacteria-bound CWBD-conjugated MNPs. The 
supernatant was removed and bacteria-bound CWBD­
conjugated MNPs were resuspended in 0.1 ml of 0.01 M PBS, 
pH 7.4. A piece of filter paper (Whatman #1, i.d .125 mm) was 
screen-printed with PS in a pattern that leaves circular areas of 
5 mm diameter uncovered with PS, using a previously 
published method.39 For selective filtration, a CA membrane 
with selected pore size (0.2, 0.45, 0.8, or 1.2 µm) was placed on 
top of the PS-screen-printed paper in a Buchner funnel 
equipped with an Erlenmeyer flask and an aspirator. The 
membrane was wetted with 0.01 M PBS, pH 7.4. Fifty 
microliters of the bacteria-bound CWBD-conjugated MNP 
suspension was then pipetted onto the membrane in a 
position that exactly matched the circular area of the PS­
screen-printed paper underneath under vacuum. The overall 
concept for bacterial detection is illustrated in Scheme 2. 

The color intensity on the membrane, which reflected the 
amount of bacteria in the sample, was quantified and averaged 
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CWBO-conJugated MNPs based on magnetic

from three independent samples using scanned images 
recorded on an Epson Perfection V33 scanner in 24 bit 
Professional Mode. The brightness,contrastJresolution was set 
to 12811281300. The images were saved as TIFF files. The 
intensity of each spot was determined using Scion image 
software by first converting to grayscale at 300 dpi. Intensity 
measurements were carried out using the Line tool to select 
an area for analysis to obtain profile images. The amount of 
bacteria was determined from a standard curve generated 
from the intensity as a function of known bacterial 
concentration. 

Study population and saliva collection 

The study protocol was approved by the Ethics Committee at 
the Faculty of Dentistry, Chulalongkorn University (HREC-DCU-P 
2016-013). Sixteen healthy adult volunteers were recruited 
from among dental students at the Faculty of Dentistry, 
Chulalongkorn University and workers at a private company. 
Saliva samples were collected following the procedures of 
Wennerholm and Emilson with some modifications.40 Briefly, 
all volunteers were informed not to brush their teeth and to 
refrain from having breakfast before collection of the saliva. 
Stimulated saliva was collected while chewing a piece of 
paraffin film for 10 min .The collected saliva was immediately 
placed on ice, delivered to the laboratory directly, kept at 4 •c, 
and used the same day. 

Determination of the number of salivary mutans streptococci 

Conventional culture-based method. Saliva was tenfold 
serially diluted with sterile 0.01 M PBS, pH 7.4, and then 100 
µl of each dilution was spread onto a MSB agar plate. The MSB 
plates were incubated at 37 •c in 5% CO2 for 24-48 h. After 
incubation, the number of mutans streptococci was 
determined under a stereomicroscope. 

CWBD-conjugated MNP assay, To determine the number of 
bacteria in saliva using CWBD-conjugated MNPs, 800 µl of 
stimulated saliva was treated by adding 200 µl of 1 M citric 
acid and 50 µl of 0.1 M sodium hydroxide9 and then boiled for 
20 min to denature proteins in the saliva. After that, 100 µl of 
treated saliva was mixed with 200 µl CWBD-conjugated MNP 
suspension (0.15 mg/ml in 0.01 M PBS, pH 7.4) and sterile 0.01 
M PBS, pH 7.4, was added to make 1 ml total volume in a 1.5-
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ml test tube. The mixture was then incubated at 4°C for 30 
min. Magnetic separation and selective filtration of the 
bacteria-bound CWBD-conjugated MNPs were performed by 
the same procedure as described earlier. 

Results and discussion 

Preparation and characterization of PAA-grafted MNPs and CWBD­

conjugated MNPs

MNPs were synthesized by a solvothermal method .As 
displayed in Fig .S2 (ESlt), an XRD pattern of the MNPs showed 
diffraction peaks at 20 � 30.12, 35.48, 43.12, 57.02 and 62.62°, 
which can be assigned to (311), (440), (220), (511), and (400) 
planes of Fe304, respectively. This characteristic coincides with 
that of standard magnetite (JCPDS card no. 19-0629). No other 
diffraction peaks corresponding to other iron oxides, such as a­
Fe203 and y-Fe203, could be detected, suggesting that the 
MNPs obtained are in the form of pure Fe304• 

PAA-grafted MNPs were prepared by surface-initiated 
RAFT polymerization. The success of stepwise surface 
modification of MNPs was confirmed by FTIR as shown in Fig. 

S3 (ESlt). A characteristic Fe-0 vibration of the unmodified 
MNPs (Fig. S3a) was observed at 584 cm-1. The spectrum of 
PAA-grafted MNPs (Fig. S3b} shows a band at 1740 cm-1, which 
is assignable to C=O stretching of carboxyl groups of PAA. This 
signal disappeared upon CWBD conjugation (Fig. S3c},

indicating that an amide linkage was formed between carboxyl 
group of PAA and amino group of the enzyme. 

Fig .1 illustrates the morphology of the MNPs before and 
after modification as examined by TEM. The unmodified MNPs 
(Fig. la) were spherical with an average diameter of 328.2 ± 
22.7 nm. The average diameter of the MNPs increased upon 
surface modification, to 357.4 ± 19.2 and 745.5 ± 29.9 nm for 
PAA-grafted MNPs (Fig, lb} and CWBD-conjugated MNPs (Fig. 

El�tt m ·•!.
M� ·=-
.,,.. l .-

1 

.. s I 
m II 

• 
• 

Fig. 1 Transmission electron micrographs of bare MNPs (a,d), PAA-grafted MNPs 
(b,e), and CWBD-conjugated MNPs (c,f) before (a-c) and after (d-f) negative 
staining (scale bars 0.5 µm (top) and 0.2 µm (bottom)). 

le), respectively. A higher degree of aggregation was also 
realized in the case of CWBD-conjugated MNPs. This may be 
ascribable to the conjugation with relatively large molecule of 
CWBD (MW �80 kDa). Negative-stained TEM images of both 
PAA-grafted MNPs and CWBD-conjugated MNPs 
demonstrating the organic shell layer of grafted PAA and 
conjugated CWBD, respectively are shown in Fig,le-f.

This journal is © The Royal Society of Chemistry 20xx 
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