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Abstract 

Antibody-based biomarker detection has been widely applied to diagnose and 

confirm cervical cancer lesions, especially when the lesions are in early stage. However, 

several limitations such as costly and complicated manufacturing processes and 

uncontrollable product yield restrain the molecule to be applied as a tracer probe for 

molecular detections. In addition, molecular size and immunogenicity problems also 

repress antibody to be used as a contrast agents or therapeutics drugs carrier in in vivo 

diagnosis and therapeutic applications. This project aims to develop the novel binding 

peptides for cervical cancer detection. Phage-displayed random peptide library was 

scanned on cervical cancer biomarkers, tumor suppressor protein p161NK4a and 

topoisomerase 2 alpha (TOP2A). Binding phages on the biomarker surface was eluted 

before phage DNA extraction for displayed peptide analysis. The peptide database search 

engine confirmed that all selected peptides are novel. Binding analysis of the candidate 

peptides against each biomarker were performed by enzyme-linked immunosorbent 

assay, immunofluorescence staining, and bioinformatics-based calculation. The results 

show that peptide SHSLLHH and NERALTL provides the best peptide-protein binding 

properties against p161NK4a and TOP2A, respectively. Finally, Specific phage binding 

phage against p161NK4a was used as a modal in the preliminary study of 

immunohistochemistry staining method in comparison ~o p161NK4a antibody staining. 

Immunohistochemistry staining results indicate the possibility of specific binding phage 

use in cervical cancer detection in tissue samples, when cells were permeabilized in 

tritron-X 100 solution for 30 minutes at least. Moreover, synthetic peptide could stain the 

fresh cervical cancer cell and gave the acceptable signal within only 5 minutes of cell 

staining process. This indicates the possibility of the binding peptide to be used in 

cervical cancer screening application. 
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'U'VI'l.J1 (Introduction) 

1. lJ::b~.:j'hmJ~amba::mj'~n1'Hll'1lB.:jlJ::b~.:j'\.JlmJ~&In (Cervical cancer) 
" . " 

U~~UUlJ~ b~'ltJ1mJWI~ n (Cervical cancer) tJtJ btlUU'1J'VI1~IA'1JVlI'l?\1'Bl'H\J~~'U~lj~u~m'Hij~thtJ 

~ltJ1'V1~~1Lanmnnll 500,000 ~ltJ~EltJ LLa~ljeJmlm~b~EJ~1Vl?\'l~'l 50% 'UEl\l~thtl~'l'VIlJWI LWlCJmnnll 
~ ~ 

80 % 'UEl\l~tJ1t1hl'llJ~L~\IthnlJ~an~\I'V1lJ~iJn'YnJEltl1un~mb~bVli'1fh~'l~\JlJUI 0-3) ~1'V1.:rtJElU~m~ru'UEl\l 
'-' \I \I" .. 

lJ~L~\lth nlJ~an1Uth~ bVli'11VltllUU~~UU~1 mlt1\11Um~~1~1~~tJl tiL~l'llJ~L~\ly(ltJ~~ LVli'1L~CJ?\muulJ~ L~\1 
~ ~, 

bb'vi\l'!ll~~tJlllJ~L~\ItJlnlJ~af1LtlUlJ~L~\I~'WtJl.l1n~?\vH tlUeJUvltJ 2 ~El\l~lnlJ~b~\I L~IUlJ ~\I~ICJ\llU~tJ1t1 
~, " 

L~lJ~u1uLL~a~tJmnnll 6,500 'nCJy(ltJ~~LVli'1 (4, 5) tlu~m~ru'UEl\lm~Ln~lJ~b~\ltJlnlJV1an~'WtJlJln1un~lJ, ~, 

tJ~~LVli'1nl~\I~\JlJU1~llJ(i\ltJ~~ LVli'11Vltl bn~~lnU'1J'VI1~IA'1J lvlLLrl f11~'Ul~bbl'laU~~DD m~VlTNA~mEl'lL~I'l 

'VI~ vlj~ ~ tJD n 1~ m1~AVl m v\l LL~l~?\llJ 1 ~ rt-;ijVl m ~ ~ ~tJtJ1vlvcil\1ljtJ ~ ~ ~Vl5 fll~ m ~ Vl~1 ~AVl n ~ v\llJ ~ L~ \I tJl n 

lJVlaflljl(i1rttJ~~?\\lr1L~tlml~'VI1~EltiL~I'l~~ tI~ L~lJ~U nvULn~lJ~ b~'ltJlnlJ~anvhl~bL'YIVlEi~Il.l11ml'lLbe.JU 
v , ~ 

m1~'VI1 L'1la ~~~~tJn~1Uvl1 vcil\1L'1la~~1ntJl nlJ~~nL~tl1<ifL VlI'lUI'l f11~ ml~1u~iJtlVll\1 b'1la~1Vl EJI (Pap 

smear) 'VIln'YItJf111lJ~~tJ n~~.:J'rh f11~~v\ln~El'l'VI11J1':i1~ b~El'VIltJ~ b1ru~vtlL~I'l bba~vhm1LntJ:nUbdElL~vm1~ 

f:h.lvue.Ja~1mVll'ltJI'lVlI\l'YIcn51Vlcn (Histopathological examination) ~vltJ m':iVl~1~A~mEl\lLLa~m':i 

(i1 11 ~1U~iJtlf'l1 IlJ ~~tJ n ~Vll'lL'1la ~1Vl til bba ~ m~\Jl11~ ~'U VU 1'l1llJ~~tJn ~Vll 'l'YI tI151Vltll,Jl Ltlu~v'lli bL'YIVl Ei 

'VI~m~l'V1Ul~~b~ til 'll 1 '1J1umT~IU Lba~tJ~~ Ll1'U e.Ja L~ EJ m~tJ~~ Ll1Ue.Ja V'l LLlJ1f1l1h'l tlD~UtJ ~ ~~tJ f111ru bLa ~ 
f'l11lJLi1u'!Jv\l~m1~LtI'U~lA'1J vii1~m1tJ1~ Ll1Ue.JaI'l11lJ~VltJn~'UEl\l b'1la~LLa~1'l11lJ ~VltJn~Vl1\1'WV151Vltl11~lj 

mllJ LL~U~h e.J a m':itJ':i~ Ll1Ulj1'l11lJ1l.J bb tlUvU lj fnllJLL tJ':itJ~1U ~'l~'UtlDmllJ Li1u'Uv\l~ml"il1tJ"ilQEJ 
v v 

L~ tiLu'YIl ~ f111U1 ~ Ll1U e.J a1U':i vCJ L~ I'l~ :W'UUl ~ b~ n'VI~Ell'l11lJ ~ ~tJ n ~1 ~ tI ~ b~lJ\llU (6-8) vl\l,rU~'ll~lj nl~ 

~(}lj'Ulnl':iml~1u~iJtlLV1 tl1 ii:lJLa natJ'l~Vll'l~11VltllbtluLlJ banmih'VIl.l1 tl1 um1tJ\I~m1~f'l11lJ~VltJfl~'UEl'l, , 

f111lJLbtJ~tJ~1'U1Uf11~tJ1~ bl1Ue.J6'l bba~?\llJl~rt(i1~1~'WtJmllJ~~tJ n~'UEl'l b'1laa1~~\1 Lb~ bn~mllJ~~tJn~i1U':i~ EJ~ 

L~lJvlUnv'U~b'1la~~~ljf11~Lb?\W1'lvv nVll'l'WtI151Vltll~tj~tJn~1~Li1u ~\Ivh1~LVlI'lUI'l f11~(i1n~1U':i~vltJLlJ La na:w, 

http:ih'VIl.l1
http:Ll1Ue.Ja
http:YIVlEi~Il.l11ml'lLbe.JU
http:U'VI'l.J1
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~lflimJ~ f11'lfi m~lm~UTtml'~ nl'l Lnl'llJ~ L~ ~D1fllJ (91~ fI'\"iUlllll fI fill ~el tJ~ ~ 92 'lJ el~ ~Ul tJ'\"iU f11'l ~ (91
v u v 

L~elll-r?lbLDtJ1~lIl (Human papillomavirus; HPV) 1(91tJ?lltJ~'U6'lJel~L~elll-r?l~0m'.ju L-U'U?llL~lilnel1~Ln(91 

lJ~L~'1DlfllJl'l~n lv\'un HPV16, 18 (9-12) ~~~~1il1D'l~'UnellJ~L~'1'lJel'lL~ell1-r?l E6 LLfl~ E7 'lUfIJ'U 
'IJ 

m~U1'U f11'l L\)1'l!LL~~ f11'l LL1.J'I~111'l fJD fI~'lJel~ L'1l~ ~ vh1~L'1l~~ih!l'<il'l f11'l L'<il1 'l! LL~~ f11'l LL U'I~l~ ~ I'lD fI ~'lllJ ~'1ii 

f11'l LLM1'1el el fI'lJel '11D'l ~'Ui'11'Uf'llJfIl'l LL u~(I)''J'lJ el.:JL'1l~ ~~ ~(91D n ~ ~'1f1l'l LL?I (91'1 elel fI'lJel'lL D'l ~'U~~(91D n ~L~cild• 
?lllll'Hnll1ll1-tlL -U'ULlJ n ,,1.J.:J~'V1l,!~'Jl'Vl tJl;;1l~-rUfIl'l!il'll'<il-rn~llJ~ L~ '1Dl fllJ~m n 1 'U'l ~vlUllJ L" flfl 1 v\' LLJJfIl'l 

• 'IJ' 

.um.ILVh,r'U~Iil'll'<il'\"iU'lel tJL'lA'l~tJ~ L~lJlii''U nel'ULnl'llJ~L~ '!~~meltJ1'If'l'lJB.:JlJ~ L~.:JDlnlJl'l~nv\'ltJ Pap test ~~el 
L'VlAUA'Vll.:J"MJl61'VltJl (13, 14) vl.:j,r'UfIl)\il'j'J'<ilYiu~hB'ULel'lJel'lb~el HPV bY;tJ.:Jmjl.:Jb~tJ1~.:jllJb'VIlJ"l~?llJ~'<il:; 

UllJl1-tlL-u'U1.J':]~~~elvh'UlmeltJ1'lA'l:;tJ:;~l'l'l 'lJ€J':]lJ:;L ~'!DlnlJ~~n (15, 16) L~€J.:J'<illnL'VlAUAfIl)ml'<il~l~ 

LB'UL€J'lJel'!L~€J1'J-r?l HPV L-U'UL'VlAUA~iii'llllJ11?1.:J LL~iimllJ~lL'\"il:;~meltJL'li'l):;tJ:;liil'! 'l 'lJ€J.:JlJ:;L~.:JDlfllJ~"n 
" " 

~l L'VlAUf1vl'l ncil'J~.:JutJlJ1i~llJnUfIl)Iil'll'<il Pap test Lyjm~lJf1lllJ1'JhJfIl'l!il'll'<ilr11'l mel,:] 1~ tJ'\"iUllfll'll<ff 

b'Vlf1um~'!?1a.:J~llJn'U?1llll'l f1"(i1f11llJ~'lJel.:J fIl'lU(91ml'<il~11'Um :;U1'UfIl'l 1il'l1'<ilr1~ mel.:Jlv\'L-u'U €J ~l':].uel tJ 3 tiliitl 

f1~,:m,,:;1<ff.:JUD"j~lIlru'lllJ'lJtl'! fIl'lIil'll'<ilr1~mel'!.utl tJ nll fIl'l!il'll'<ilr1~m€J.:J~H\ 'Vlf1Uf1 Pap smear LY;ENel~l.:J 
L~ tJl (17, 18) U\)\),r'U~.:J1~iJfIl'l~~'U1L'Vlf1Uf1f1l'lIil'l1'<illU'<iltltl1'U'l~vlULlJ Lfl n"yj 1~ tJvl~ LL Dfl.:JlmlJL~ flfl1.J~~, ,. 

2. fIl';j~';j'Jlil'VIT'HltI1';ji'l11~L~':]'1.hn11(i16\nlil1n111 L6\ n6\ti.:J~'Vll.:1'h1'VllJ1 (Biomarkers)... . 
llJ L~fI,,1.J.:J~'Vl1.:J~11'Vl Ell (Biomarker) ~?l1lJl'H11iuflm€JtJhm:;tJ:;liil.:J 'l 'lJ€J.:JlJ:;L~'1DlfllJ~" fllv\' , " 

€J~l.:J~-ILm:; ~'1 dJ'U?ll"j~11lJ L"n"~'\"iU LQ'\"il~1'UL'1l~~L~flUDlfllJ~"n~Lu'UlJ~ L~.:J'VI~€Jfil;;r'liJfIl"jLD~tJ'ULLtJ".:J, ,,, 

LU'UL'1l"~lJ:;L~.:j fIl'lml'<il~l?ll'l~hllJL~~~L~cildvhlv\'t~ tilmlJ L"~"Iil'll'<il~U (Molecular probe) ~Vlv\''JtI?ll) 

U1G1rurulru L 'li'U?ll'ltJ'l~ nBu~v1'11~LnVl~ 'VI~€J?ll'l L~el.:J LL?1wJ~elm'lm'1l'U~ l(91tJllJL" n"mllil~uL~cild'<il~ 
eJ II \.I 'I 

~.:J1V1G1rurul ru~~~mb?l'l1 m1'J€J 8l'l!il'll\)v\'1 tJ n~el.:J\) fj'Vl'l'l~U LL UU1-tl LL?1'1LL UULi'l'llJ~l'V1~ el n~el.:J~ ~'Vl'l'l~U1~ 
'" '" III 'I 

G1'l!'l!lru't'l~€Jm'l?lb'1l'U~ 15f1l'lIil'l1~Vll'ltltJ1'lf11(91tJen~tlllJb,,~~1.J.:J~'V1l.:J'hl'VlEll (Biomarker) ~'!1il'l1~'VI1'leltJ 
1'l f11v\'el ~ 1.:J~1 L'\"i 1~ lJf111lJ1.11 L~el(i el LL":;" VI f11lllLL D'lD 'l1'U'lJ el'! fIl'l LL tJ"~,, \) 1 fI fIl 'l Iil'l 1 '<ill U\) tltJliil '1 f1~.:JVl1el 
\Jll.:JUf1fm (Inter-intra observer variations) 1~ ?ll'l~hllJb"n"vi'\"iu1iLU'U llJb"n"U.:J:zl'leltl L'li'l'lJel.:JlJ~L~'1Dln , " 

lJ~~n1'Uu~~u'U 1v\'LLn 1tJ'l~'U~ L'1l"~'VI~m~el11 -r?1 HPV ~~Iil~'UL~elv1'l~.ul'yj\Jll'1 'l LQ'\"il~1'U L'1l~~lJ~ b~'1'V1~ el 

http:lJf111lJ1.11
http:1(91tJ?lltJ~'U6'lJel~L~elll-r?l~0m'.ju
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b'IHl~~~~ b~~t1JbtJtlb'1lfl~:IJ~ b~'l hHJ€ll~iJb~:IJ~'UVl1€lVIlV1'\J~lf1b'llfl~ bdm~€l'\Jn~ b~€l.:J~ln b'llfl~~~~~~'Ul btJ'U 

b'1lfl~:IJ~ b~'l'\Jl n:IJ{i)fl nifniJfll1:IJ Al1:IJ ~ {i)'\J n~1 'UIK1'LI nl~G1 ~l'l1 '\J ~ &i'U~'1l1 v1 'Unl~ b~'U1(91 b~:IJ~l'Ul'U 
" 

(proliferation) bbmar'U~'l1'\J~ ~'U~\liJv"41~1'Ufll~vhf1lvl?i'l b€l\l (apoptosis) '!J€l\l b'llfl~~ (i)'\Jn~VI~m'1jf1~~ 

VI:IJ{i)€ll~ ';il:IJ()\l€ll"~'U1'\J';i&i'U:IJ~b~\l (Oncoproteins) ~nlVl'U{i)fll~G1~l\llmJ~h~'Ub€l'!J€l\lb<fi€l HPV b€l'l vh1~ 
1'\J';i ~'ULVl~1-dG11:lJl';i()1oUL u'U1:IJ Lfl nfl<fil(i) fll~vh'll'U'!J€l\l L'1lfl~~{i)'\Jn ~~\l~~tJ:IJ~"~ L~~ ru11..1 b u'U L'1lfl~lJ:~ b~\lM. ~ 

mh\l~l b~l~ \j~~U'Uii\ll'Ui-.5'v~l'Ul'U:lJln~EJlEJl:IJPlm-nfll~ LbG1{i)'1tJ€ln'!J€l'll'\J~~'ULVl~l'd1'UL'1lfl~LyjtJVllLlJ Lfl nfl., 

,j'l<ffV11\l'1hiVlV1G11Vl-r'U(91~1"LWm€lV1~m~V~~l\l '1 l{i)VG11:IJ1';imb,j\l€l€lmu'Un~:IJ1Vlq! 4 n~:IJllKbbrl 

2.1) l:IJLfl~fll'\J';i~'U~\lvilVllhm'Ufll~Lb,j'lvi'lL~:IJ~l'Ul'Ub'1lfl~ (Cell proliferation) b'li'LI1'\J';i&i'LI Ki

67 09-21) LL"~1'\J';i&i'Um:IJl"l:IJfll~L~:IJ~l'Ll1'U~b~'Ub€l (Proliferatin~ cell nuclear anti~en) b'li'U 

Topoisomerase II alpha (TOP2A) bb"~ Mini Chromosome Maintenance protein 2 (MCM2) (22-24) 

2.2) l:IJLfl~fl1'\J~~'Um'Ul"l:IJfll~b~~t1J'!J€l\lLdtJ\l€ln (Tumor suppressor protein) l:IJLfl~fl,j\l<ffVll,:j 
:gliV1Vl~iJV:IJ1iLbvm~ V~';itJVhA'!J€l'l:IJ~ L~,:j'\Jln:IJ{i)~n~G11At1J 1IKnrl P 161 NK4a (25-28), 1'\J';j~'U~LMEJ1oU€l,:j 

n'Ufl1';i(i)€l'U G1'L1€l,:jVll,:jf)iJA:lJn'U'!J€l\l~l.:JflltJ~tJn€l'Ubd€l'l€ln~"~ b~~ru btJ'U:IJ~b~,:j L'1l'U C044 (29, 30)" , ~ 

fl1';iL~~t1J'!JeJ.:Jb~'Ub~tl{i)1'L1ntl'U:IJ~b~,:j (Vascular endothelial ~rowth factor: VEGF) (31) 

2.4) 1'\J';i&i'LI'tJeJ.:JL<fitJb-rG1 HPV ~.:J b u'U 1 '\J';i&i'Urle:J1~Lfl{i):IJ~ b~,:jl{i) V1'\Jm~~'UVl~mr'U~.:J fll';ivil.:Jl'U'UeJ'I. 
1'\J~~'ULLfl~~'U1'UL'1lfl~'\J n~ 1'\J~&i'U~iJv:IJ'I.h:lJl1oU LtJ'U1:IJ bfl nflti'l~Vll\l:gllVl Vl'tJ€l'l';ieJ v1~A:IJ~ L~.:J'\Jln:IJ{i)fl n 1 'U. " 

fll'iPlm-11 L ~tlA'LI~'U1:IJ Lflnfl,j\l<ffVll'lihlVlVl (Biomarker) ii'UVl'U1V1G11Aru1 'LIfll'i b~eJ n 1 m:IJLf1 nfj,j'l<ff, '" 

Vll,:j:gl1V1V1G11Vl-r'U(i)';il~iii~,rmwmtJv1~fI';i~V~ ~1,:j '1 'tJtJ\l:IJ~ b~,:j'\Jln:IJ{i)~n l{i)eJbO~1~tJ~1,:j~,:j1tI~tJV1'im~v~ 

b~:IJ~'LIritJ'LI d1{i):IJ~ L~'l~.:Jml:IJ~{i)'\Jn ~'Ue:J.:J b'1lf1tlVl~mdtl b~mr\l Li1'L11IKhJi{i) b~ti fll';i1il.:lJbfjnfj,j,:j~Vll\l~llVlV1. 
I'm~~tJvhfl~~V~~l.:J'1 'Utl.:J:IJ~b~\l'\Jln:IJ{i)~n G11:IJ1~()1i1IK~,:j1'L1fll~(i)'i1~VllL'1lfl~~{i)'\Jn~1'U Pap smear bbfj~ 

fll'i(i)';il~'1i''LILde:J l{i) ml1G11';i'1hblJ bflnfj1'U milJ bbtJ'U~m)~~{i)IKl VI'Il'ilh1'rurulruml~-.5''U b'litll'll~'\J~~ntJ'U~vil 
, 1 LI V 

1~Lf){i)~Vl~eJG11'iUl~t1Jt1JlrunG1 .n-j~eJm~G1b'1l'LI~LU'Uhi Lfl~fl(i)';il~-.5''U (Molecular probe) 1'\Jvil'\Jl] f)~tJl~'U 

~lL~l~ n'U1:IJLfl~fl,j,:j~Vll\l:g11Vlf.J1'Ue:J.:Jb'1lf1fj1tI Pap smear Ommunocytology) Vl~eJ1'U~'LIbdtJvi'{i)~ln~thV 

(1m munohistolo~y) b~e:J~l'lbbtJ'U~'Ue:J~mJJ~'U~lL~l~ eJ eJ n~:::G11:lJl~ fib i1'L1'U~ b 1 ru~Lf){i)'\Jll f)~ Vl-.5''U~l b~l~'UtJ\l 

1:IJ Lf1nflti,:j<ffVll.:J:gllVlEJl~,:jLbG1{i)\l1m'\J~ 1.1 . " 



4 

~tl~ 1.1 'lhtJ: 	 bb?l~'l.fl1'Y'l1Iiln~e:l'l~~VI~~I"1,j'lJe:l'H"/mn1'Ll Pap smear btl~tlUbVltJm~"vrh:J?l1~iI~8mJ~rltJ 

bVlfl'UflVllWIl~~lV1tJl (A) tlU6'lhil~ tJ m.J~1tJLLe:l'Ll~U1)~~U"i)1 L'Y'll~ tlUlmn nm.j'l~Vll'1, 
'" "" d.. ., a I d :oj ( ) .. a.1 •• 1., "" 'U11V1 tJl'1l'lI'1~lJmn~1tJ6'l1~u~~ ne:lUVlVll 'VfLn~G1 B LL~~ C LL~~6'll~ b~1)'lbb6'l'l11~1)m~6'l L'1l'Ll1'1 

" 
~6'lllJl~t;1m1~VllL'1l~~~t:l~L''11~i;11~tJ1ihJLi;1mml'1n(l]l'ltl'Ll 2 'UD~'Y'l~e:llJtl'Ll (0) \I1mtlbtJ'Ll , " 
n1~1.ff6'l1~ L~1)'lLL?I~y.j~1)1) L~6'l L'1l'Ll ~~LVI~1)'1 bL~~ bL~'l ~lV1-rUllJ L~ nmJ'l~Vll'l;hltJ1 LL~i;1~'liD~" , 
L'1l~~~t:l~tln~\I~'Y'lUllJL~nmJ'l~Vll'l:U11VltJ1~'l 2 'UD~~'l~~bL6'l~'l1~b~'LlbtJ'Ll~~lJ (33), 

'lJ11: LL6'l~'l.fl1'Y'l1Iiln~1)'l\l~VI~ ~ 1"1,j'lJe:l'l~'LlL-de:l~~(i1\11 n~tl1mtl~ tlU L Vl tJU ~~Vll1'l~'Ll L-d1)~ tJ1)lJ~1t1, " 
LVlflDfl'Y'ltJ151V1t11 H&E (A LLi;1~ C) tlU~'LlL-de:l~81)lJ~1mL1)'Ll~ue:l~~U~hL'Y'l1~n1~llJLi;1nmj'l~, 

Vll'l:U11V1tJl~'l~~lJmn~1tJ6'l1~tl~~ne:lu~'Vh1~Lf11'1~ (B bbi;1~ 0) 'lJ1)'1~'LlL-d1)tln~ (U'Ll) tlU~'Ll 

b-d1)~'Y'lm1)tlhfllJ~b~'11~tI~ CIN3 (~1'1) (34) 

\11 m VlflDfl~'1V1lJ~'lJe:l'l n1~~~1\1V11~e)tJ1~fl~~ tJ~ L~lJlil'Llrie:l'Ll Lf1(i1lJ ~ L~ ;jtllnlJ~~n 1'11lJ~1~n~11lJ1 Lb~1 
'IJ 

,I'll \I~L~'Ll1~111lJLi;1 nmj-:l~VI1'l~11VltJ16'l1lJ1~ml1lJ11<ULfi1) L~lJfl11lJ~1 b'Y'l1~~1lJ~;j'li1t1i;1~fl11lJLLtl~tl~1'Ll1 'Ll, 

nl~bLtli;1t:-Ji;1~'l~'Ll tlutl~~6'lUnl ~ru'lJ1)'l'llfl~ln~~tl~,j~'l1'Ll1~tlULVlflDfl ~1;j 1 ~'l LL(I)nl~~~1~f(~n~e:l;j~1t1 
bVlflDflVll;jL'1l~~lVltJl (Pap test), n1~~11\11D\lQtI~~~'Llb-d1)~1mVlflDflVll~'Y'ltl151VltJ1 (Histopatholosy) 1tl 

~'Ll~;jbVlflUflVll-:1 L~ e:l n 1 VI:U~'l1)ll'1tI n 1~ ~~1 \I~U.nl'Y'llJ~ L~ -:J ~1 tI n~1)'l~ ~VI~ ':i 1"1,j LL u'U 1 <U bb6'l'l~ nlfl;joj.f~'Lll~'Ll, 

mllJ~l Ly.jl~ LLi;1~mllJ11'lJe:l'ln1~ m1'o\)~UllJ b~ nmJ'l~VI1'l:U11Vl til L~1)1'1~1'o\)Vll':ie:l tI1~ fllJ~L ~;jtllmJ(i1i;1 m~ tJ~ , 	 " 
~1'l1 \I~~'Lle:l~tl'Un1':iL~e:ln1i1lJL~~i;1Li-:J~VI1'l:U11VltJl~~n'\oJlf1'Ll'Y'lU ~'lU1;jllJL~~~1)l\1'Y'lu1~'LlL'1l~~~iJn1~ 
L\l1t1JbLLi'l~1IrlllJtlf)~ (22) VI~1)mllJt:ll'ltln~'lJe:lWlm~1m1)tJ 1 ~flVlti'l1)1\1y.j'U1tl~~'LlLi'l~Vll;j;hlVltJ1V1i;11 tI'1lDI'I 

vll'l1'Ll~1lJtl'Ll n1':i\l~ L~1)nHh.JLi;1~~ LVI~lm'Lln11U1)me:ltlhm~ tI~(I)l'l1 'lJe:l;j:W~L~;jtllnlJl'I~ ne:l ~1;j.J1L'Y'l1~ ~;j 

e:ll~,h L'I'j'LlIile:l;j1rl~1~ ~l'IlrlllJ1tl':i~'LlVim tJ 1 llJ L~ ~i;1'Y'l{e:l:W tl'Ll b tJ'Ll'lll'llm~~~Li'l~Vll-:1~11Vltll (Biomarker 

profile) L~e:lm1\1LLtJme:ltlhfl~~tI~(I]l;j 11~1)~1'l~1 by.jl~lJ1n~;j~'Ll (35-37) \I1n~1'Ll1'LlllJ Li;1~i;1Li'l~VI1;j 

~11Vl tJ1'U1)-:I':ie:ltl1':ifllJ~ L~'ltlln:w~~n~-:lVllJl'I~ljn1~Pln'\oJl 'Y'lul11lJ Li;1 n~~utllJ'\.11lJ11<U1rl~1\1 LLtJme:ltl1~fl~~ tI~" 	 , 
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b~lJ ~'U tlel'U bf'l ~lJ~ b~ \l bb(;1~ij nl'.if1mn"l'l'l.rh?1llJ 1'.i~(;1 ~mllJ bb 'll'.i'l.h1'U"ill fl nl'.i bb 'll'.i~(;11'Ubbvi(;1~fI?\l'V!~mbvi(;1~ 

'l.!fIfi (;1111l,x\l flU fll'.i \9l'.i1 "il 1111 tJ'VllWll(;1 ~1'Vl tJl (Pap test) bb(;1 ~ fll '.i ml "il~'U d1tl'Vll\l"l'l EJ151'Vl tJ 1 

(histopathological examination) 111lbbtl 1'll'.i~'U P161NK4a ('V!~tlnl'.iHll'll'.i~'U P161NK4a ~l:uflul'll'.i~'U 

Ki67) bb(;1~EJ\lm:Ub(;1~r;nJ\l~'Vll\l'ii11'VltJ1Bfl?1el\l'l1U~Ael Topoisomerase II alpha (TOP2A) bb(;1~ Mini 

Chromosome Maintenance protein 2 (MCM2) ~'1btJ'Uhlb(;1fl(;1'\J\l~'Vll\l'ii11'VltJlbUl'V!mtJ'lJtl'l'll~JltJ1, , 

~l'V!-rU~'.il"il'.ieltJhfl:U~b~\l'lllfl:U~fln ProEx C ~lJlill'V!tlltJ\9lllJVi'tl'l\i1(;1l~ (38, 39) llJb(;1fl(;1U\l~'Vll\l'iil1'VltJ1vr\l" , 
?1llJ'l1U~ij'V!~fl\5l'U nl'.i~fl~1~~?1"il'U111l~tl'U-t'1\l bb tHl~ bb~Til?1llJl'.i ~1<tl\i1'.il"illU"ilUtJlJ~ b~ \l'lllfllJ~f1 fl111lvr\l1 'U 

~ " " 
()]lmh:l~'1~\l\i1'.i1"il~btJ'Ub'1lf1fl1'U Pap smear bbf1~1'U()]lel~1'l~'Ub'i1eJ '.i'll~ 1.2 bb?1~\lm"l'l()]lel~l\l'lJel\l'll~JltJl" , 
~1'V!-r'\.J\i1'.i1"il'.ieltJhfllJ~b~\l'lllfllJ~~fl1 'U Pap smear bLf1~1'U~'ULdtl~\lVl'.i1"il'V!11lJbf1~flU\l~'Vll\l'1hl'VltJ1 TOP2A 

bb(;1~ MCM2111l"l'l~tllJfl'U 

'.i~v1UhJWfl(;1~\llillb"l'll~viel1'll'.i~'Uvr\l 3 'llU~ 1\1lbbtl 1'll'.i~'U P 161NK4a, bbfl~ btl'U1'1l~ TOP2A 1'U'll~\i1'.il"il, , 

ProExC ~\lbtJ'U1:I.J bflflf1'\J\l~'Vll\l'ii11'VltJ1ml1l-rU fll'.itJellJ-rU 1 m<Ul'Unl'.i\i1'.il"il'V!l'.ieltJ 1 '.ifl:U~ b~\l'lllfl:U~flmbf1~lJ'll~ , " , 

http:mn"l'l'l.rh
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3. n1<;j.w~'U11:lJL61 n61 \WadliJ~mhVl~\Jn1'HJ1<;jdliJ1ijliJ5mL61 :;n1'a'rn'toJl:lJ::L~,:j1'U<;j:;~\J1:lJ L61 n61. , 

f)/';jI'l';jlliJ1mn 1 'U';j:; ~U1lJ L1;1 n1;1 LtJ'UbVlFI'Uf'lvflvWuf1l';j tJ f)lJ1UmJ1.:) bb VdVl1;11 tJ1VI'1-v1'U.:)1'UmlliJ1UliJUtJ• 
lJ:; b ~':)~ltlml'lbb~~f1l';j1mn11f'1lJ~ b~':)'llU~~I':)'l b tif).:)liJlnl ~f'llllJ\}n~€l,:joJlb~€l~mb~djf'llllJ~1 bl'l1~I'i€l b'1l~~ 

b-dm~€llJ~ b~'l~'l VI~nf1l';j'tJf).:) n11mlliJ1f1'\~llJ~ b~ 'l1'U';j~~UllJb~ ~1;11~tJvhltJl1mnY'1tJ'tJijn1 tll~U~1 bl'l1~ 

1~'vr;h,:j Uf)'U ~Uf)~mlliJ ~Unul'lh ~'ULLf)'U~ bliJ'U~,:j btJ'U1lJb~ n1;1tJ,:j~Vl1'l'i111'VW1'U€l'l b"ll1;1~lJ~ b~'l (cancer or. 
tumor markers) llJ b~ n~tJ.:)~'Vm'i111Vl tJ1 bVI~l'd€l1liJih~lJ~'UVI~ €lVllti1\J'<\Jl f1b"ll~~'\J n~ Ltif).:)liJl f1b "llmi~~\JlJ'U1, 

btJ'Ub'1l1;1~lJ~b~'lliJ~i1mllJmllJ~\i1'\Jn~n'Un11;;th~1'\J1~'U~'lil tJ1'Uf1l1 b~U11'lL~lJ~l'Ul'Ub"ll~~ (proliferation) 

1'\J';j~'U~.:)i1V1,jl~l 'Unwvhm tlll11b€l'l (apoptosis) 'tJ€l'lL"ll~~~ ~'\Jn~VI~m'1l~~~VllJ~€ll~ Lb~:;1'\J1 ~'U~'lil tJ 

~':)L;;t1lJVI~€liT'\J ~'lf1l1 bliJ~'I!'tJ€l'ln€l'U b-d€l~It1 bu'U~'U 1'\J';j ~'ULVI~ld~.:);;tllJ1';jt;llifL u'U llJ b~~~ bihVllJ1tJtJ.:)~f1l1 bn~ 
lJ~ b~.:)1'U';j~ tI~l'il'l 'l l~€l~ l ':)~ILl'll~ f1l";jV)~bLtl1;1':)Lt1)'U~'\J€l~~mhLl'l'I~I'i€lllJL"~,,tJ':)~f1l1 Ln~lJ~L~'lhW~\i1 

umn bb€l'U~hJ€l~~ltlm1~vh1~Ln\i1~;;tllJ11 m.1l1'lflm'Uf1l1 \i111liJ1UliJUtl1€ltJl1f'llJ~L~'l~ltlml'll'U1~V)UllJL~n~• 

bL~lQ~ L-rrl~I':)f1ltl~thtl L~€llifbL€l'U~\J€l~1Lu'Uhi L~n~'tJ'U~.:)tll1'\JiT.:)'Vh~ltJ b"ll~~lJ~ b1,:) LihVllJ1tJ~€llt1l~ ~1':) '1 
". I 

l~€l~l'l~lLl'lI~ (40-42) v).:),!'UbVlf'l1 '1..11~Vf)/1~\JlJ'Ul1lJL~n~~'\J~ILl'll~~IV1-r'\J.:)l'UI'l';jlliJ-rm~n1'U';j~v)'\J1lJ L~n~1'1..1, , 

'lJliJliJ~'U~lbU'U~€l':)fhi1'l~.:)nwul1'\J1if~.:)mtl'U€lmL~~mtl1'U~I':)f1ltllJ'U~~ llJL~ n~~'\J~lbl'l1~~~~'Ul~'U1m'1..1, , , 

~1V11'\JlifL u'U llJ L~ ~~ \i111liJ~tJ~~1 L l'l1 ~I'i€lllJ L~ ~~tJ'l~Vl1.:)'i11iVl tll'tJ f)'llJ:; L ~':)'llUVll'il'l '1 11num.Jl-if1lJb~ ~~ 
LbU'U~ufl~~i1mllJ\llL'Wl~6'1':)~b~EJn';hllJ1'1..11f'1~,J~bLfl'U~'\J€l~ (monoclonal antibody) .ff'U\i1fl'Uf1l';je.J~\i11lJ1'1..1 

" 
tf'l~,J~ LL€l'U~tJflm\i1t1~11'\JliJ~ L~lJliJlnm10~1'\J1 ~'Ubm'U~LliJ'UbU1V1lJ1t1'\J~;;tVl~b~€lm~ ~'U f1l1;;t~1':) Lb fl'U~'\J flm'1..1, , 

..., ~ q ~ d 4' d ~ ... d "" ~ Ql" cI d
11lJn'\Jb"ll1;1~lJ~b1':)bnVlbD'UL'1l~~'jne.J6'1lJ (Hybridoma cell) '1l.:);;tllJ11m~flm"ll~~Vl;;t11':)LLfl'U\Jl'\JflVl \i1b'W£NVI'U'l 

L'1l~~lJ1 L~(.I.:) L~lJ\l1 'U1'U vh1VI'1vl' bb fl'U~'\J€l~~e.J~ \i1~'UliJl n b 'Im~1 '1..1If'l~'Ub~ tJ1 n'U~.:)lvl'bb fl'U ~\Jfl ~~i1mllJ~l b'Wl~ 
l'ifllm~ nmbfl'U~bliJ'ULU1V1lJ1tJ;;t.:) (43) .ff'U\i1fl'Uf1l';je.J~I'l1lJ1'1..111'1~,Jmbfl'U~'\Jfl~bb?l~'l1'U1'\J~ 1.3 
'" " 
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~ fI!.!ft:.'? 
Hybldrom;.. I<reened for # • 

antibody prodllll:tion 

An1ibody·producing 
hybrtdoma. cloned 

Monoclonal Antibody Production 

Access Excellence @l the National Health Museum cited : httD-!Jwww accessexcellence or~/RC/VUGG/monoclQnal phD 

Monoclonal an1ibodie. 
nolate:d for c.ultivation 

1~ tJ fl1~ t:.Ji'i (9]~ f\ mJ'lh'U'UIliLLen.J~UB~L Vlci1dL n~~1 n fl1 ~ (;)~ ~a ~LB'UL a~ fhVl'\.J~""h:JLO'W1 ~~T\.J'1J a~ LL a'W~ua~ 

U~L1ru~U~1L'W1~tlU LLa'W~L~'WLih'VIlJ1tJ flU L "ll"'~"'1 tJ~'W5'!JB~~(9]1 L~tJ~'" mi'1 tJ'WlJ i5v1~nci11Vl11~"'1lJ1~()t:.Ji'iVl, " 

€l1~Lu'WllJL"~n'VI~VLth.l1'Vl1'1~'Wu~tJ~ n~ E.J1~iJa~ Lb~JVl1lJD~~lJ'1J1~ L'1l'W 1vJ L"(9]cl1'V1-rU f)1~ m1''il'VI1~aE.J 

1~fllJ~L~~~iJfl1~LLM1~€lan'1Ja.:J1vJb"'(9]~b"llvJb(9]€l{~~ ~'\Jn~ 'VI~m '\J '\Jt 'Vl1'1!Ja",1lJ'u~1.:J 1 ~\I~1LYn~flU1 L'IIyJL (9] a{~ 
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'W'Unl')bb?lVl~€J€Jn~l1Itln~t'U<;iBVhrl:W~b~~ dJW;)'U (46) €JCh'll'.iilm:W~IV1-r'U1:Wbfl~flU'l~Vm'lhl'VltJl~'U 'l ~'lhj 

'W1.J1:w bfl nfl'1J'U1Vi b~ nVl~€J btltl1'Vl111 LU1V1:Wl V~~IL'Wl~ ?ll:w1';i O'WI1lJ'U1 Ltltl1'Vl111'1J'UlI11L~n~~1.J~ lbYn~~ €J1:w Lfl nfl, , 

20 ~1~1.J mVl€J~m 'U ml:W?lI:w1';ifl1'Un1';i~1.J~ILYn~'U'Ul:WLfl nflU'l~'Vl1"~11'YlV1LU1V1lJl EJ'1J€JW/j~~lJ~ L~"~,,, 

~'U€J ~ n'U~I~1.J mVltl~~1 'U'1J€J" L tltl1 'Vl111 LD'U~1A'ru (~1'1~1 nn1';i L~tln1m:w Lfln~(;l';i1 ~~'U'1J'UlI111VI ru~ml:W~IL'Wl~ 
~ ~.. ~ 

tll~~Un1.Jn1';i~\Ntl'1Jtl'l1tl';i&i'U'U~ m1J~'U~IL'Wl~~1:w1'i'1V) ~'l,r'Un1';iL~tln1off Ltltl1'Vll11m1~~1.J~il~I~1.JmVl€J~~ 

1'U~LVllJ1:::?llJbLi;l~ilml:W~1 LYn~ "''' ~"LtJutl~~v~~IA'flI1 'U f\1 ';itltl n LL1.J'UwlilJ'Ul1:w Lfl ni;l ~';i1~~'U'1JoQVlU ~'U ~€J'U" .~ , 

'1J€J'l n1';iAVl L~€Jn~I~1.JmVl€J~m'U~~IL'Wl~~tlllJLfl ~flti"~'Vl1"~11'VltJl'!Jtl'l:W~L~"'l!UVI ~1" 'l vh1mVl v 1 off 

b'Vlrl1'UhEJyh~~'"L'Wfl ~~'l"'IlJ1';ifltilV1'UVln1';i"'~I'l Ltltl1'Vl111~il"I~1.Jml')€Jdn'ULL(;lmh" n'ULD'U~1'U1'U:w1n1'U 

ml1 L~m Lnl1l LD'Url r;r'l'1J€J'lYh~~IV1-r1.JthlJ11offL~€J n~1.J n1.Jt:WL~ ni;lti'l~'Vll'l~11'Vl VI LUIVl:W I mL~:::'VlVl?l €J1.J f\1';i~1.J, 

4. L'Vlrll'Uli;ltiYlTiJ~~Ly.ji;lV (Phage display technology) 

b'VlAt '1..11~~Yh~~?l b'W~~~nl'l'U'W'ULtJ'Urlf~ LL ';in1'UtJ 1985 1m) George Smith ~'lL tJ'UL'YlAUrl1'Uf\1';i"'~I'l 
€J'UmAYh~1~ilLtltl1'Vl111V1~€J1tl';i&i'U~il"l~1.JmVl€J~m 'ULLG'I VI~ tl~~~1 lVimtltl1'Vl111V1~€J1tl';i&\'U~LL?lVl"€J~~~1~~

, \J \J 

11-r?l~'W'U1'U5';i';i:W'l!1~ tl';i~ n€J'U~1mtl~€Jn1tl';i&i'U~:w1:WL~nfl'1J€J"?l1'ltilV1'UI'l-iJtl:Wfl'Vll~W'U5m';i:W (Genetic 
~.. " .. 

Information) 1~bbn RNA VI~tl DNA Yh~~1<ff1 'UL'VlFl1'Ulflvvh~~"'L'WV~ri1'U:Wln€Jd1'Umi:wvh~b~'U
\J , 

(Filamentous phag) tl'l~ntl1.J~1mtl~€Jn1tl'l&i'U~:W"'l';iw'U~m'l:WbD'U1~LLVl1'U~ LB'ULtl?llm~V1 (Single 

strand DNA) ~~ilVlUl~m1.Jf')lJn1'l?l~l"1tl'l~'U'1JoQVI~l"'l ~~ILtJ'U~lV1-r1.Jn1'lL~:W~1'U1'ULL~~~1V1-r'U?l~1" 

Ltl~€Jnltl';i~'U'!J€J'Ivh~~?lL'Wflv Ltl~tln1tl';i&\'U'1J€J~Yh~il€J"Atl';i~ntl1.J~~lAqj 11'i'LLn pili tl';i~:w1ru 3-51:WLi;l~fl~ 

tlmtJI'i'1'UVI~~'1J€J"v'ilV1ul~bf\1~~1L'(jfl~ Lb 1.JrlViL~m..ijlul'ULv1m~:W~l'U1'U Lbfl~t tl'l&i'U pVIII tl';i~lJ1ru 2,700 

1:w Li;l nfl iKtl:W';itl1.J1'1 LL Vl1'U ~LB'U L€J?ll VL~ tJ1'1J€J'lYh~v'ilV1Ul~-rm'Jl';itl~l" LLfl ~'1i1 tJ1'Um';ith~ LB'U L€J'1J€J~Yh ~L-iJl~ 
, \J \J 

L'/jfl~LL1.JAViL~ V ~'l LL?lVI'I1'U';itl~ 1.4 f\1';i?l~I~?llm '\.Jtl1'Vl111V1~€J1tl'j&i'U~IPi'€J"f\1';i1~LL?lVl'l1.J'U~1Yh~€J1~'j1:W€J~~
\J \J 

ltl'j&\'U pili Vl1€J pV1I1 (Fusion protein) 1vltJilA11:WV111I'i'Ci" 38 LLfl~ 6 1:WLi;l~i;l'1J€J~mVl€J~m 'U mrutl~~ pili 

LLfl~ pV1I1 (;mJ"l~1.J 1V1vhivllt ~ml:W?lllJ1'jO1 'Uf\1'j Lf\1~L'(ji;l~LL'UrlViL~m..ijlUl'UVI~€JVlUlm 'Un1'l';i1lJI'l1'!J€J'l 

€J~mAvh~ (particle assembly) Ltl~tJ'ULLtli;l~1tl 
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lOOOnm 

'''>--Plll , pVIII ~ pVU+plX 

€l'UfI1f1"th\lhj"llJl'mL~'U1I'lu~~L~:JJ-;)1'U1'U1~L€l.:jL'li'UL~tllfl'U fl'U€l'UfI1f111-r" ~1\l-;)1 LtJ'U~€l.:j€lll'1t1, , 

b'(j~~L~lU1'U (host) l~tlf)1';itJ~€lmn';i~'Utim';ilJLoU11tJ1'Ub'(j~~ b~lU1'UbL~1€l1I'1t1L€l'U1'(jl.1LLfl~11'lt:l~hJ~-;)lL tJ'U, , 

-;)1 'Ul 'U ~ €l1 tJ f11';i L~ €l f11-ff L'(j~~L~lU1'U'1J €l.:j~1 \l L"'~1d\l~lJ fI11lJ -;)1 L vn:;~.:j n1"''U~l~ tiltJ ';i ~'U ~ L'(j ~ LVI€l1 

(Protein receptor) ~~1'1J€).:j~1\l ~1'\-j-r'U~1\l~t11lJ1Hfl 'ULVlflL'UL~8~1\l~?1b~~tl1~tI~11tJ\l:;LtJ'U~1\lvh-ffb'(j(;l~ 

bL'Ufl'vh~mtJ'UL'(j(;l~L~lU1'U (Bacteriopha~e) ~'3\r'U~.:j?11:lJ1~flb~mh'U1'U~1\l1~rl:m:;:lJ1f1 'l1~ tlf)1';i L~tI.:j L~:JJ 
-;)1 'Ul 'U1'U b'(j~~ bb'UflVi b~m'll tI~'U6-;)1 b~1:; bb~l bb~'llU~'1J €l.:j~l\lvn-ff. 
5. ~l-;uvn-Ubb'UflViL~mtJ'Ub'(jfl~b~lUl'U (Bacteriopha~e) 

b'(j~~L~lU1'U'1J€l.:j~1-;UL~'U (Filamentous phage) Yhivf1hJ1 'UbVlfll'Ul~EJ~l-;U~?lb'WtI~ 1~LLribL'UflVib~tI 

bbm:lJ61'U(Gram negative bacteria) 1'UfI~:JJ E. coli lVltlf)1';iL~:lJ-;)l'U1'U'1J€l.:j~l\l~TUb'(j~~ E. coli b~:JJ\llf1f)1';i 

bfl1~~~'1Jel.:jltJ';i~'U pili ~ F pilus ~~lb'(j~~ E.coli -;U1mr'U~1\l\l:;tJ~eltl~b~'Ubel?11t1L~tll'1Jel.:j1J11bel.:j~.:j1'Ub'(jf1~ 

E. coli ~ b~'Ubel?11 tIL~tll'1J€l.:j~l\l-;u:;tlfI-;)l(;l €l.:j bb(;l~?1~l.:jLtJ'U~LD'Ub€l?11t1riL¥l€l?1 ~1.:j1tJ~ ~'U (Tran scription
~ ~ 

translation) '1J€l.:J~l-;ULL~~ b~:lJ-;)l'Ul'U~ b~'Ub€l'1Jel.:j~l\l LL~liii.:j';il:lJ b tJ'UeJ'U.fll I'llvtlJ" f1oU'Uel €l f1:lJ1 ~1'U b:lJ:lJ b'U ';i'U'1J el.:J. ~ 

E.coli ~'lel1I'1t1f11';ivi1'llml:lJfl'U'1J€l'l1tJ';i~'U pVI ,pi bb61:; pXI '1Jel'l~l\l Lb~:;1 tJ';i~'U thioredixin '1J€l'l E.coli 1'U 

f11';i,,~wd€l'l (pVI channel) ~1,.,-r'UoU'Uel1.tfl1fl~1-;U€J€JfI-;Ulf1L'Il61~L~lU1'U 1~tI~L'Il~~L~lU1'U E. coli -;u:;1lJ~f1 

vi1mtlvil.:j\l1f1f)1~ b~:lJ-;)l'Ul'U'lJf).:J11-r"~~'U~11 tJ1'Ul)';i':J:JJ'll1&i (47-49) bb(;l:;b'(j(;l~b~lU1'U\l:; V.:) ?l1:lJ1':J (1 bb U':)1J11 

LYl:lJ-;)l'U1'U1~~lm1611~i1 f111tJ f1~tJ~:;:lJ1ru 50% B'U.fl1f1~1\l~1~\l1 fI f11~ b~:lJ-;)l'Ul'U (4 7) B'UfI1f1~l-;U~':). . 
tJ~:;flB'U~lt1l'l bb "'1'U~ bB'U bel?11t1 b~ til Lb61:; LtJ~elfiltJJ~'U~~€J:JJfl'U"lt1 b tJtJ1 Vl!ilvt~€lltJ':J~'U~~€l.:j f11Jbb?1Vl.:j~~1 

~l\l~iL~~~~tI f1tJ~ €l tI\llnL'Il~~L~lUl'U~:; ~1 tlmJ1 'UlJ b~ tIL,.,m~ L~tI.:) LL 'UflVi L~ tI €I ci 1.:)\l ~ f11 ~ L~:lJ-;)l'Ul'Uel'U.fl1f1 
" \l '\.I , 
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~'IJ~ 1.5 	 [1TVmGW1~l~'il'inl':ib~1I~TUl'U'V€l~ll'UAVi~le),Yhil €l'limA"Ih'ill~'U (Filamentous phage) 'lJfimJ~ 

lB'Ul€lG'llm~tJl(;l~1'Ul'l!(;l~ll'UAVil~ m ~1,j'1'U n€l'U (lm'IJ~ tJ'U ltJ'U~ lB'U ltlG'll tJrl (Replication form;
v 	 u 

RF) (A) l~m~lI~l'Ud'Ull(;l~G'l~l~ 1'IJ'i~'U'1JiJ\1l(;)l~ '1 (B) ~lVl-r'U'illlvlln'UltJ'Um~mA1VI:Ull~l~n 

'lJfitltJ€l€ln'illm'lJ(;1~l~l,j'l'U ~1'U'li€l~ pVI ~lVl-r'U-u'U"lh'il€ltlnl\1ltJ1:U'\Ih(;i1m'lJ(;1~ l~l,j'l'U (C) 

nl'i1~~l'illlG'l \1l~G'l1 tJ l'IJ'IJ1Vll'1mmh vl'U n'i\1l€l~m'U~ (ii'€l-:J nl 'i'U'U~Tvh1(i11\1l m:nl'1tJ~l'Uvll'Ulm n'i'i1l 

~l[1TW (Bioengineering) (SO) 1'Un1'ivl\1l~€lG'l1'i~'U~m'i1l (Genetic recombination) 'V€l.:J~1'il '\Ihnl'ivl\1l~€l 

~lB'Ul€l~'liJ~lvi''Ul'U?I~G'l'Uh l-U1n'U~ lB'U l€l'Vtl'l~1'il'illmr'Uiii'l'l111 'lJl~1I~1'Ud'U1'U l'lJrt~ II'UAvh~m~l,j'l'U l'lJ(;1~ 

l~l,j'l'U'il~1i1(9lq~'U~~lbU'U1'Unl'i(l€lmVlm~'U~m'illl~tl?l~l~1'IJ'i~'U (transcription-translation) 'Vi€l~1I 

tl'UmA'Vtl~~l'il ~~~lvi''U b'U?l1'Ur;:{l'U'Vtl~~hB'U btl~vl\1l~€ll-U11tJ1'U~ lB'U l€l'V€l~~1 'il'il~ (1 n ~ €l \1l'iVl?lltJ 'U?l1 tJ lLJLJ1 VlI'1 , 	 " 

VI(;lltJVI(;i1tJ1~\1ltJ1i~ lB'Ul€l~iJ~lvi''Ubb(9lfl~1~n'UvlVl~€l(;l~1'U~ lB'Ultl'Vtl~~1'illl~l'l111LJ l~tJ.:J l~1I~1'Ud'U1'U l'lJrt~ 
l~l,j'l'U1'UA~'ll~(n n'U l~€l [;.J~ (9l?ll'irt~(;i1 tJ~l'il~?ll 'Vm 8~~iJ~lvi''Un'iVl€ld:n'U~lb(9lfl~1-:Jn'U~1'Ul'Umfl1vl(i.:JVI~.:J 

Vld'U~l'Ulb 'U'U (1010) 1'U?l1'irt~rt1m~tJln'Ul~tJfll1A~.:J'V€l.:J~1'il (Phage display library) 

6. 	 fl~.:j'tJv.:j'Vhil~6H'W61~ (Phage display library) 

A~.:J'Vv.:J~l 'il~?ll 'WG'l8 Vim tJ (i~ (;'11 'iG'l ~ (;11 tJ ~iJ~l 'il ~G'll 'Wrt 8 ~1'Ul'Umfl fll1V1~.:J ~tl tJ ~1'Uvll rt ~ G'l1 tJ tl tJ~~ 
'\J 

ll~rt~vll'il~ ll?l\1l~ lLJLJ1VlI'1V1~v1LJ'i~'U?I1 tJ~'U '1 ~iJ~lvi''UmVlv~m'Ull(9lfl~l~n'Utl~~~J In\1l'il1 nnl'ivl\1l~tl~ l B'Ul€l 

~iJci'lvi''Ub'U?llb(9lfl~l'ln'UVI(;i1tJ '1 ll'U'U(;1~1'U~lB'Ulv'Vv.:J~1'illl~l'l111LJ l~1I~1'Ud'U1'Ul'lJrt~ l~l'tJ'l'U'W~vlln'U1'UA~'l 
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L~r.nYh1m~~l'hi)~ij~l~'Um(1l'eJ~m'U~LL\?ln~l'ln'U~ihtn'U:IJlnl~n ,nlj~~V1~'U~l'ULL'U'U (10
10

) 1'U?ll'H'i~mtJ~~ 

r;\n(il~lm'1lfl~L~1,j1'U1'Ul"lf~L~tJ'J ~~Lbr;\(il'l1'U':itJ~ 1.6 
\J 

~ 1IM",'C'·...t.",e,u 

9~iiNc~ 

DNA Recombination Phage display library 

5.1. 1"l~'l'1JeWl'h~ bL?I(il'lbtJtJl'Vlti1'1l'W(il~lJ~l~'Um(ilv~m'ULL'U'U~lJ (Phase display of random 

peptide library): 1"l~'l'1JeJ'l'l'h~~'lbLr;\(il'lbtJtJl'Vlti1'1l'W(il~ij~l~'Um(ileJ~ilhJbb'U'U~lJ Atl fl~'l'!JeJ'lYh~~bil(il~lnnl'j 

!il(il~eJ~ bEl'U~ rhV1'U(il~ij'il1'U'J'UL'U?I Lyh n'U bb~ij \ii1bLWU'l'lJ €J'l ~1~'U b'U ?I ?I ~'Un'U Lb'U'U~lJYh1V1'1~?l1 ElLtJtJl'Vlti1 bb?l (il'l, 

m\1ltJ~m'U1'U1"l~'l'lJtJwh~'ll'W(ild ?l1lJ1'j,,\hlJl1offr.=11Wr'UPim~1'j1tJfl~bEitJ(il'lJv'l~1~'Um(iltJ~m'Um'l'U~L'JruL·ih 

vhtJllmEJ1'lJeJ-'l1lJb~~fl1tJ'j~'ULbfl~ LbeJ'U~'UeJ~ (Epitope mappins) bbfl~1iV11~1~'Um(ilv~m'U~~llJ1'j"~'Un'U 

1lJLflm'iLU1",lJltJ1~eJ ~1'l'il1L'I'l1~ (Siomarker identification) 1(il tJH1~n'U!ill €J81'l!Pl'jl\lvl'll tJhJ'il1 n(il'll'W(il• 

5.2. 1"l~'l'lJ€Jwh~bb~(il.:lLtJtJl'Vlti1V1~€J1tJ'j~'U'1l'W(il~~t1.:1'OJ1n eDNA (Phase display eDNA library): 

fl~'l'lJvwh~~bn(il'OJ1nnl'j!il(il~eJ:B'U~l'U'lJeJ'l~bB'UL€J~r;\lJ (Complementary DNA; eDNA) ~'l~'lLm1~~ 

\)1 n LEllJ v1{ bEl'U bv )mRNA 1~ \)1 nL'1lrl ~~ Iil€J'l n1'jPimn (n1'j(.'\t1.:11"l ~'l'lJ v'lvJ1\)\)1 nLBlJtJ1{ bB'U beJd lJ 

l\?lm.h~~'lrlV1~n b~vlilv'l tl1'j'il1rleJ'lfl~-'l'lJeJ'l1tJ'j~'U~"nr;\ t1'l~'UL~tl'Vh'l1'U1'U b'1lrl~ 1"l~.:I'lJeJ.:Iyj1\)~t~f)n'Um 'U. " " 
tl~lJd l~bbril"l~.:I'lJeJ.:I1tJ'j~'ULL€J'U~'UtJ~ (Phage display antibody library) 1lJbrl~mbV'U~'U€J~m.:l'U~nru~ij 

"'l'U~'U~lLtn~ti''U1tJ'j~'ULLtJ'U~L\I'U1~V1rl1tlV1mtJ (variable resion) ~tl~t1.:1~'U1(il EJL'1lrl~ bij(ilb~€J\11'lJ1l'1l'W\11 U 

~1yJiEJ~~m1m~Iil'U 1'i''l~'Unl'j bbEJmtJ1L\lYl1~"'l'U'lJtJ'lbBlJm1 LB'ULv~fi1V1'U(il nl'j"tJ(il-r~?lltJ'j~'U 1I1'j'l'U~ Llru~ij" . 
"'1'U~'U-,j1LYl1~ti'UhJ':i~'ULLu'U~L\I'U )variable region~u(il'!J11 lJlLLtlrl.:lLU'U~~ LB'UbmL~T\.hh.J\)lm'1lrl~L~\1I L ( 

~(ill1iv~'1~L~'Ubv'lltJ.:Ivl1\) \I~'Vi11'1"'~fl".:I'lJv'lyJl'~~U.~\1I.:I"'l'U'lIfJ.:!1,h~'U Lbv'U~'Uv~~~llJ1'j"~'Uti''U bbtJ'U~b\It!1~ 

V1~ln'\lj~ltJmlJ~L'1l~~ L:U\1I L~tJ\1I'!J11~'Ue.J~\Jl~'U n1'rti1yJ1\)~LLr;\ \11.:1'" l'U'lItJ'l LLv'U ~'UtJ~lJ11offLb'Vl'Uu.tJ'U~'UtJ~-vT.:I 
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7. m':itl':i::~fl(;11.uf'l~.:j'l.ltJ.:jYh~~61b'W6'I~ (Application of phage display library) 

~1 nmllJn 'Ub~1)--1nl'~oJill'S'\.J Lb 'U'U1m ~~~1\l'1J1)\l1'\.J':i~'Ub~mhvI'lJl~(1]l--1" JIlt!1'Ub'1l~~) Functional 
"" I 

protein) ~\I'W'lJ'-)l'V1lhmjm.J~'Vh1Vi1'\.J':i~'Ub'VI~ld?llm':ifl~V1':i'\.Jbb 'U'U1m.:m~l\l (Structural formation) ':illJ(l\l
" 

?llm':imnVl'\.JDn~tnoJ'Un'Ulv11) ~l\l~Wl'n~':i~'VI'h:ll '\.J'i ~'U (Protein-protein interaction) ~1 bU'U~1)--1 

'\.J'i~flf)'Uli1rWfl'ivm~in'U1)~l\1LJ1)t!~~VI 3 I'll (Tripeptide motif) bbiifl1'i~?lltJb'\.J'\.Jl'Vl~jj~l'Ul'Ufl'iVl€J:;iJ1'U~ 

tJl1~'\.m~~jj fl1':i~'(J-:lmU'UIf'l'i\l?l11--1~~'U'1l1)'U~'U ~~'li1Vlli1~'U5~~ bb~\lbL':i--1~'U'VI1 f)jjf'llllJ~l b'Wl~m fl~'U1'U fl1'i 

bn~'\.Jnn~tJ1fl1':ioJ'Unm~·vri1\11'\.J':i~'U bb(1]'vnj1v~m.J~L~fl~~VI~\I'\.J':i~nB'Uv11tJfl'iVlBdJl 'U 3 1'l1 d ~mU'U'VlliJV 

Y7'U~l'U~vh1'VI'1'\.J':i~'U?lllJ1':it1vll\ll·.J'VI1mnVl'\.JDn~tJ1~'Un'Ulli1 (52) 'I"ll~~m'W~~~lh '\.J'\.Jl'Vl~~1 tJi'U I 'U'U~h~ 
'\.J~ltJv11'U'VI~\I ~\lBT'iliJ~n~ru~bU'U1\1 b'\.J'\.Jl 'Vl(1) (Loop) LL?l~\I'VI111tJ~1)tJ'1JB\lltb~'U~v11'\,,,LJ1~h1~--1'\.J':i~ fl€J'Uv11V 

fl'iVlBdn'U1)~l--1LJmJ 3 1'l1 b~ml11"1~--1'1J1)\I'I"l1~~m'W~~~iJ~lvl'UmVlBdn'U (Amino acid sequence) 

LL(I)n~l\1n'Ul 'U6nV1tJ':i~'U1'\.Jv11'\.JDn~v1oJun'U1'lh~'Ubul'VImv1'Ul'llB~l\l~~B\lfl1':iPlfl~1 'VI '111 tJ~1)V1tJ':i~'U 

'U'U'I"l1~t.J1\11'l1~:; ?lllJ1':i {)~'U n'U1D':i ~'U L Ul'V1lJl Vlli1B ~1\l ~1 b'1"11:;1 'U'V ru:; ~t.J1 \l1'11hj?lllJ l'Hl ~'U n'U1th ~ 'U 

LU1'V1lJ1tJlli1 'I"ll~~h]oJ'Un'U1th~'ULUl'V1mtJ~~flfl~l\lvi'\ll '\.JL'VI~mblJivhil~oJ'Ulv1n'U1'\.J':i&1'UbUl'VIlJltJ~\l~llJl':ifl 
" 

LLtJ nBBn:lJl(1)':il~?lB'U~lvl'U'VB\I fl'iVlBdn 'Ulv11i11 tJ m~'Ul'Ufl1':i~fl~11md\)~v111~1(l\l ':iltJ~:; bBU Vl'Vtmh vl'U 
" 

fl'iVlB:;iJ1'U m\l'U~nrum'\.J':i ~'UbcUlv11'\.JD n~Vln'U (Epitope) LL~:; b~B\I'l1fl1'Uf1~\I'lJB .:Jvh\)~?l L'W~ ~'\.J':i:; fl1)'U1i11 tJ 

'VI111tJ'V1)\ll'lh&1'U~iJ~lvl'Ufl'iVlB:;m'ULb(;1flvil\1n'UmflmV'VImmLU'U 'Vh~~v1l'tJDn~ V1,r'Un'U1'\.J':i&1'UbihVlmvlli1 

B~l\l~lL'Wl~Bl''iljjmflnl1 1 LL 'U'U~\I?lllJl':ifl~l\1bU'U bbt:-J'U~(I)':i.:J'U~ b1ru~1 '\.J':i&1'ULcU1v11'\.JD n~ tJ1 n'U (Mapping 

epitope) ?l1V L'\.J'\.Jl 'Vl~~bL?lVI\lB~'U'U~:h'l"l1~?l1lJ1':imnVl'\.JDn~V1~ullJL~~~ b Ul'VImtJvll.:J I b'll'U llJL~~~ 

lbB'U~'UB~, 1'\.J':i&1'Ubb1)'U~k'il'U'1ItJVlvl1.:J1 'VI1BllJb~~~l'll-r'U )Receptor molecule) lv1B~l\l,hLYn~ (53) ~.:Jv11 

1~?l1lJ1':ifl~~HLD~\lfI~.:J'lJB.:JYh~~?l b'V'I~mDbU'Ubfl~ tl-:Jiim11'VI-r'UPl mn'U~ b1rubnVl'\.JDn~ EJ10JU n'U'VB-:J1'\.J':i~'U 

)Epitope) ~vnJ1'U5';i':ilJ'lJl~1Ii1mhm1Wlrn-:JLnB'U'Vlfl'\.JDn~tJ1 ':i1lJ~-:Jf)1~'lhtJ1~A'U'WU1'\.J':i~'UbU1'V1lJltJl'VIll'l 

mllLfl tJA'U'W 'UlJl rlf)'U ~ flv11 tJ ~-:J\):; 'Wtllli111 fl1':i'\.J':i:; tJ,fl 1Ji't11 f!~-:J'(J f) -:J~l\)~~L'W ~ tJ1 '\.JloOf) 1\)v11 L~f) fll':iPimn 

'U~L1ruLnVl'\.Jljn~tJl~1'V1-rU~'\.Jljfi~tJl1'\.J':i~'U~-:JLu'U~~~m)~LLa1 (54) 'VI~BtoOLv1B'VI11lJL~'lmUl'V1mV1'VI,j~ ~.:J 

"'llJ1':iCltJ.:J~':if)tJ1':if!MCl~l-:J\ilL'Wl:; (Specific Biomarker) lJlfln111lJL~~mU1'V1lJlm~lJ~i1f)~ 

http:J':i&1'ULcU1v11'\.JD
http:cUlv11'\.JD
http:bbiifl1'i~?lltJb'\.J'\.Jl
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8. nl)'lh~vn~1,j¥l~..'I'lH)·:l'vh~ ~6'I b'VHl ~ bYlv ~ \91 b~v nvh~~mh b'Vi 1 ~lIi Vhlb6'l n6'lU ..'I~'VI1..'1~d1'V1Vl 

(Biomarker) 

rn':iu':i~tJnM1.uA~-.1'UeJ-.1'Vh'ilb ~eJ'VI11lJ b~nmJ-.1~'Vll-.1:g11'VItJl (Biomarker) 'llUVlL'VIl.!61 bU'UU':i:;ltJ'll,J, , I 

eJ~1-.11JlnvieJrn':i~~mb'VlAUAn1':iml'iJ1U'iJQ8bb~:;nl':i-rm~lL'U~'U'UeJ-.1nl':iI'l,)1'iJlU'iJQtJA~-.1'Uel-.1'W1'iJ~~b'\"j~8'iJ~ 

\lml11JlHb~eJ'VI rlllJb~n~ml'iJ~'U (Molecular probe) ~~'Un'UhJ':i~'Ub'Ul'VIlJltJeJ~1-.1~Wl'n~1\918~\91i:11'a'll1 
~ , 

~\91mlJ~'lJ'lJlrunl'a~'Un'U'UeJ-.11m~~ftv11tJm'W (Molecular imaging) 'iJlnnAeJ-.1~fj'Vl'a'af'1,.hU\91vi1~1 vh1~ 

~llJ1'a()1'l,)1'iJ1V11U';l~'Ub '!J1'VI:IJ1 8 1 'UvlleJ~l~M'al'iJ1v1eJ~1-.1~lb'W1~ ~TU1'U~'U'Um rn'a-rmn'UeJ-.1'W1'iJ~i:1 mmhrn'iJ:; 

~ ml1lJl1.ub~eJ'VI11:IJ bfj ~ft~ ,:j'vl1'VIU1~'lJ'U?i-.1tJ1 (Drug delivery) b~eJ1~tJ1eJeJ ml'Vl~~lb'Vn~vielll.Jbfj~ftb'!J1'V11JltJ 

(Targeting therapeutics) nl'aHhJbft ~ft'1J'U?i-.1WI1 UtJ-.1'U~ b 1 rubu1'V1mtl1Ji'm.h -.1~1b'vn:::d '<Il~'li18 b~l.J 

tJ';j~~'Vl5m'W'1Jf)-.1 rn'a-rmnJi'18 enlV1tJi:11l.J1 'aflfll'UfllJnl';l eJeJ n'lV\~ bil'\"j1~~ bbfj:;~VI (;.J~·ih'l bA tI-.1'UeJ'I t.ml elf) 1 tJl:; 

~'U'allJ(i'l'lil tift VlU~lJlru81~~1Lu'U(;]f)-.11-iiL~f)L¥ll.JfllllJ6'111Jl,)() 1 'Unl';jVlVl~l.J'UeJ'I 811 u?i f)ltll~ LU1'V1lJ1 8D nv11 CJ 
" " 

m~'Ul'Unl'a1'Urn':i'll1f1~-.1'1Jf)~'W1'iJ~i:1 b'Wfj~lJl1.u'VI11l.Jb~n~u-.1~<m'l:allV\tJl (Biomarker) 'VI~f)ll.Jb~ n~, , 

bU1'V1l.J1 CJ1 'U vll f) ~1'1 M'il 'iJ bLft~ nl,)AVI b~ f) n'W1'iJ~6'1 L'W~ 8~?11m':i ml1l.J11oUi.'U -.11'U I'l,) 1 'iJ-rm~nu') ~ nel'U v11 tI 

~'UMf)'U'VI~n 3 ~'U\1If)'U 1Ji'bbt1 1) nl'ib\1)~tJl.JA~-.1'1JeJwh'<ll~~b'V'l~8 (Phage display library construction) 2) 

nl'iAVlb~eln1l.Jbft~fjU-.1~v\1'1:allV\tJllV1tJA~-.1'Uf)':rW1'iJ~i:1b 'V'lft ~ (Bio-panning) blfj~ 3) nl,) ml'<lll bA'a1~"';~ltol'U 

n'iVlf)~lJ1'U~?l1lJl'i()~'lJn'U1l.Jb~m'lU-.1~V\l-.1~11'VltJ11v1eJ~1-.1~lb'V'l1~tol-.1bb?lVl'l\1)llJll~'Uer-.11'U'iU~ 1.7 , " 

http:V'l1~tol-.1bb?lVl'l\1)llJll~'Uer-.11
http:U1'V1l.J1
http:ml1lJl1.ub
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Exposure of ph... d1.plllY library to tIIrpt sample: 
tI..... cultu.... tlssu. blopoi<ts• ."Imal mod .. 1(In vivo) 

~tI~ 1.7. .n 1'W bb~ ~-:J n~~Ul'U nl~1 'U nl~Ul fit( -:J'!Jil-:JvJl\) ~ ~ b'W (;1 ~:lJl1~Vll1:IJ b(;1 n(;1tJ -:J~'Vll-:J:1Jl1'Vl81 
~ . 

(Biomarker) Vl1ill:IJb(;1mm'hv!:IJltJ1'U(l)lil~l-:J(Jl~l\)~-:JtI~~ nBUI'll tJ.rr'UI'l€J'UVlt(n 3 .rr'U(JlB'U A€J 1), 

n1~bI'l1tJ:lJflt(-:J'!J€J-:J'Wl:v~m'WmJ (Phage display library construction) (A) 2) n1~A~b~'iJn 
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l:IJb~~~tJ'l~'V1l'l~ll'Vltn1~tJA~'l'U8'l'Vh~~~b'W~cJ (Bio-panning) (B) bb(l::; 3) nl'lVl'n~lbml::;v1 

(;\'lv1'Um~mdJl'U~~llJl':ifl~'Un'U1:IJ b~n~tJ'l~'V1l'lqjl1'VltJl1~mh'l~lb'WI::; (C), 

7.1. nl':ibVl~tJ:lJbb~::;b~:IJ~I'Ul'UA~'l'U8'lV'h~: nl':ibVl~tJ:lJfl~'l'UB'lV'hil~~ b'W(ltJl~tJfl1':irl~~B~bB'Ub8~:iJ 

(;\'lv1'Ub'U~~'VI~ln'VI~ltJ(l\l1'U~ bB'U bB'U8Wh~ ~lB'U b8m<ffrl~~mn~ btJ'U~bS't.lb8~:iJ~1v1'U b'U~ bb 'U'U~:IJ 'VI~mtJ'U, 

~1't.1'U€J'l~d),.Jb8~1~~ln mRNA ~'l~n~~lm'IJ(l~~'t.ImJn'U':i::;'U'U'UB\lhJ':i~'Ul'Ul'V1lJltJ~~8'lfl1':i~mn 1~(.l1<ff
v 

bB't.I1'1llJ Restriction endonuclease rlm'lbb'VI1't.l~bB't.Ib8'U8\lV'h~Vl':i'liilbbWij'l~..slb'W1::;bb(l::;'\.h~bB't.Ib€l~(1't.1h 

bb'Vl':in(l'lltJ~€l~bS'Ubm<ffln'U~lm8't.11'1ll1 DNA li \iase (50) "Illmf't.l'l11 ~bS'UbB~rlVlI1i€l~'t.I1~l'1l~~b{)lUl't.l 'lHN 

'Wl~mm~m'VlflUfl electrop o ration bb~l b~tJ ,m'UflViL~m{)lUl't.l1't.I€Jl'V11':ib~tJ\lL~mL'U'Ub'VI(llbYl€J bb 'UflVib~tm)l 

Ul't.l~11'l€l't.l[)1fl'U€l'l,\<~I~~:iJ?lltJ1tJ':i~'t.I~~€l\lnl':i Lb~~\l€ltJ€l€lnlJlv1'1bb?lVl'l1'U':itJ~ 1.7 A. , V" 

7 .2. Bio-panning: m::;'U1't.1 fl1':i 1 't.I fl1':it11fl~'l'lJ€l'l'Wl~~?l b'W(l cJ:IJl1<ff'VI11:IJ L(l fl(ltJ'l~'Vll'l~li'VltJ1 

(Biomarker) 'VI~€Jl:IJb(ln~LD1'VI:lJltJ1't.1r11€JtJl'lVlYJ~tJ':i::;n8'U~ltJ~W;l€J'U'VI~n, 4 ~WI18't.1 l~Lbn 1) nl':it11 

8't.1[)1f'll'l1"ll1't.If'l~\l1tJb~8n~'Un'UllJL(lnmDl'VIlJltJ 2) ~1'1€l't.l[)1fl'Wl~~l~~'1J..slb 'W 1::; n'U1tJ':i~'t.ILDl'VIlJl tJ€l€ln 3), " 
utJn8't.IJ11f'l'W1"ll~?ll:lJl':ifl~'Un'U1tJ'j~'t.IbDl'VIlJl tJB€lnlJlL~:IJ~l'Ul't.l 4) b~:IJ.,)I'Ul't.l€l'U.fl1fl'Wl"ll~,rl L'Wl::;~8, , 

€lwvil1vil'U~8'1'Vl~~€l'l (in vitro) 'VI~eJ€l1~t11fl~'1'lJeJ~'Wl~1tlb~eJn~'Un'UeJ1En::;~eJtJ[)1tJ1'U11'lfl1tJ'UeJ'l~'l:iJ~iVl 
'U 

(in vivo) (55) il18tJl'l~1'U1'VIqj~t11:lJli'in~T\t'll1:IJ b(lfl(ltJ'l~'V1l'lilhi'VltJ11'U~eJ'I'VlVl~eJ'l b 'li'U fl1':iP1n~1111 b~fl~ 

bb8'U~'UeJ~bb(l::;b'l!~~1'Ub~eJVl (56) 'lfl1':ii'in~1'VI11:IJb(ln~bDl'V!1I1V1'Ubifm~eJ~bnmln~'l:iJqjiVl?ll':ir1VlV!Gt'l ':i111~ ,, 

(Tissue biopsies) ?lll.Jl'mvill~\?1tJbbtJmml:IJb(l fl(l'V!~ m'l!~~~lJi'eJ'Inl':iPin~l~ ~'U'Utjl'lJeJ'l~tJ n':i ru~1~'U~-!lm~ 
btJ'Ub~~b"ll'WlbVln<& (Sephadex bead matrix)f'leJ~l..njri'VlLLVmll':i .~h'fml~~n'VI~eJ~Vl'U'Um::;~n?llmlneJ't.Ib~:IJ 

?l1':i(l::;(l1 EJ fl~'l'lJ eJ-!l'Wl"1lvl1:IJ'U'Utj1 rllmh'l Vl':i1"1l Lb~1tJci eJEJ1~'Wl"ll L~eJm'iltJij n~ EJl~'Ull.JL(l fl(l b D1V!:IJl EJ G11'VI-r'U 

fl1':it11'Wl~~?lL 'W(ltJ1tJ L~eJn~'U111 b(ln(lb Dl'VI1l1EJ[)1tJ 1 't.I81V1::;'lJeJ-!l~-!l:iJ~iVl"ll::;vlllVltJnT;j5Vl"I'j(l::;~lEJY1~-!l'lJ€l\l, 
... 1 II' I 4 '" t 1.1 .cf Q.J ':.l ".J .., ':l eLI .....1 .J
Yll'"il L'lJl~m::; bb?l b~ vVl'lJeJ'l?l m'Vl\?1~v\l bb(ll'"il 'lVlVl bVi'!l'U L'U v~1nell EJ1::;'Vl (11v'l fl1'j1'1 n~l:lJlY1VlLLtJnv'Uf11f'l f,I'"il'!l\l " , 
~'UV~~vlEJ1::;v1'lncil1111ml"1li bf'l ':i 1::;vi (47) fl1'j b(11~ V1IrlleJtJl-!lb~vt11l..Jlb~vn~'U n'U"I':i~::;~IEJv~f11RYh'"il 

LL"~\l1'U':i'tJ~ 1.8 
" 

http:tJ':i~'t.IL
http:UflViL~m{)lUl't.l1
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In vitro selection In vivo selection 

lIbl~'U,xtl'l'VlI')~tl'l (in vitro selection) 11')~~mJ'Util1~T~'U b'li'U tJ'Ub~I')L'1l~lbl')n'll , fltl~lJlJl'i'l'), 

bwm~1"J~TY1~1i;'l~n1'W~b:utl1 "J1:un'lb'1l~~ bb~~ bdm~tltJ'Um:r'il ni;'ll~~ bb~~Jll'WbLi;'lI')'lm"Jm"Jt11 , 

i;'ll'm:::m~tl'UJllfl~l~hjb~tln~tJntJ1lJb~nm ihV1lJ1 tJ1'U~'lij'lli(Yl (in vivo selection) mmh~tJ, , 
(47) 

b¥m8~~tJntJllJb~n~bU1V1~JltJlv1m.h.:1~lb'\l'n::: l\i)CJ?l1"J~:::~1~m\i) b't1'U ml')bn~tl (Hel) b~tl~l.:1 bb~:::i;'ll':m:::mCJ, 

ln~~'U (Glycine buffer) V1~ tltl1~1-b'?l1"J~~mCJllJ L~n6'1hJ'U~'U'!l-aI')~'U~?IljJ1"J(1~tJ n'UllJ b~nmU1V1jJ1 tI1~, , 

~1L¥n:::n111'\J bb~\I~tJntJtl'UJllfl~l~ b~mLCJmtl1tl'Umfl~1~tltlmJ l~lntil1tl~l\lm1~ (47 , 57), , 

lib11') tim 1'1CJ L'1l~~ bL tJflVib~ CJ b~lUl'U1 'Unl"J b ~lJ~l'U1'U "J::: V11 1.:1 nl"J L~tJ\I L'1l~~L~lUl'U1'UmV11"J L~EJ\I b~tl bL tJt! L V1~1 
tl'UJllfl~l~~L~lJ~l'U1'U1'UL'll6'1~~:::(1fl'ii'tJtltln~lm'll~~ ~\I?l1jJ1"J(1~'U(YlnV1::: ntl'ULbiK1iKl\1 Ltll~l~~L~lJ~1'U1'U, ~ 

m:::m'Unl"J~lV1-r'UI'i'\i)L~tlnllJ L6'1~~U\I~'Vl1'l'llli'VlCJ11I')CJA~'l'lJtl'l~1 ~~i;'l L'\I'm 8 (Bio-pa n ning) ~:::Vh.Jltl"JtlJlru 
3-5 "Jf)tJL~f)1mv1~l~~?1LYI~~~~lLYll~ I'lf)1lJ L6'1 flmU1V1lJl CJ1'Util1mh~~~tl'l m"JFlm~l ~lmr'U~'lt1lt1lf)'UJllR, , 

LLtJRViL~m~lUl'U~ij?ll"J~'U~m"JlJ'lJm'Vh\lf)~1'\JL~~)\IL~lJ~1'U1'U'U'U~1'ULYIlt L~tl 1l')m'1l~~L 'hUl'U 1 L'll~~'U'U 
\ll'ULYlltL~tl~:mU-:Jtil1L~lJ~l"LJ1'ULU'U 1 1R 1~\i til\l~'lJ1'IJ1R1~\i'VIi1" ~ tJ'U~l'ULYIlt L:fftl\l~ij~l\l~LL?lI')"~ltil'U 
ml')f)tiJ1'lJLLU'UL~Enn"LJLWEJ" 1 u,'Ut!\.J'IJ1R1~\MCJfl1l "Plaque" ~"LL?lI'),,1'IJ~tJ~ 1.9 
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(41 

I
(21 

I 
(I) 

rJ~ 1.9 	 bb6'l~-lm';ib~:W~1'U1'U'1JB-lbb'UAV1L1tJ 1 b'11~~ 'UWill'UBTVmb~tJ-lb~B 1~mrim'11~~b'<il~qJb'U'U lAl~iJ 
'<il:;ijfl~:wm~mAVh'<il (Plaque) ~-l 1 lAl~iJ'<il:;ijyJ1'<il~bb6'l~-:J~1~'Um~Bdn'U~ bVlijB'Ufi''UB~ 1 

bb'U'U (50) 

7.3 . fll'~(l1';il'<il?lB'U~1~'Um~Bdn'U'1JB-:JyJ1'<il~b~Bfll~: m';i\ll';il'<il?lB'U~l~'Um(?w:;iil'U'1JB-:JmtJb1.hJ1V1~ 

'U'U~lyJ1'<il~~'U~1 b'Vn:; fl'U1:w b~ fl~LihVllJl tJ ?ll:Wl'mvi'll~~tJm';i6'l fi'~~ LB'ULB'1J BWJ 1'<il'U ~L 1 ru~ n1Vl'U~ fl1 ';i6'l11-l, 

?l1tJb1.hJlVI~'<il1flfl~:wm~mA (Plaque) ~LbtJfll~'U'Ulf11~iJ'1JB-:JL'11~~LL'Uf1Vib1m~l'U1'U VI~BB1'<ilL~mB1lf11~u 

bb 'Uf1Vib1m~1,j1'UlJl b~:W~l'U1'Ub~B?lfi'~ bm~ bB'Ubfl'1Jfl-:J'Vh'<il~fl tJ1'Ub'1l~~ bb'UflViL1t1 LL~ll'i'~ bQVn:;~ bB'Ubmb'U~ 
" 

n1Vl'U~fll';i6'l11-l6'l1 tJ b'lhJlVI~:WTVIl~l ~'U b'U?I bb~:; bb 1.J~';i~6'1 btJ'U~l~'Um~fldn 'U'1J fl-:J 6'1 1 tI b1.J1.JlVI ~~bb?l~-l'U'U~l 

yJ1'<ill~~-:Jbb"'~-:J1'U';i1.J~ 1.7 c. 
" 

1tJ1offbtJ'U1:w b~~~\Il';il'<il~'U (Molecular probe) '1 'Ufll';i\ll';il'<il-rmn';ie)ti 1 ';iA fll';i1.J';i~~fl(;hl1yJ1'<il~mt~fllfl:W1'1off 
btJ'U1:w b~ fl~ (l1';il'<il ~'U bL VI'Ubbfl'U~'Ufl ~ '<il:;VlltVI'1~:w b~ fl ~ \Il ';il'<il ~'U ~ij ';i1f1l1.J';i:;WJ~?I1lJl';i m ~:W~l'Ul'U1~~ltl~1'U. 	 . 
b'1l~~ b~1,j1'U~1 tI LVI f1Uf1 fll';i b~tI-:J b'1l~ ~Lb 'UAVi b1 tI~111.J ?ll'UflWt.!l bQV'll:; ~1~'U m~fl:;m 'U'1Jfl-:J?l1tl bl.l1.JlVI<;llJl 

"-lbfl';i1:;'VI1off'<il:;vll'1 VI'1~:w b~ fl~(l1';il'<il~'U~~'tI'Ul \?1 b~fl b VllJl:;?llJf.nh-:J ~-l~lVl-r'Uth1mil'U~1-:J fll tJ~-:Jij~1\1l (in• 
vivo) b~fN'<il1mbVI';ifl~:w~1:Wb~~mU1VllJltlflltl'1'Ub'i~'m~flVl~flB1t11:;~1-l ~ l~~ltJ ?l1lJl';itl'VI~m~tI.:jfll';i~flv11'U 

'1Jfl~';i:;'U'Uf1ijl'l:IJfi''U'Ufl-:J~1-:Jf)ltl~-:Jii~1(9) Lb~~ijm1:W -;)1 L'lj'l1:;IJlBllJL~ n~L U1VllJl tI 1:w b~ n~ bl.l1.JlVI~b'VI~1~fl1 ~ 
'V .. 	 " .. 

t11lJl~~fl'U~'U5t1l b~f.J'1off LtJ'Uf.J'Umf1~lVl-r'U'1J'U?I-:Jtl111.JEJ-:Jf.J1t11:;LU1Vl:W1 tl1~mh-:J mJ'U£Jl(58) Vl1fl~~6'l1';it11, . , 

"qJqJ1rubb?l-:Jb~fl'1J'U?I-:J6'l1';it11"qJ qJ1ru11.J'U~ nru';if.Jtll';if11'U~'U\Ilf.J'Ufll';iml'<il1U~;j'tI 'lilt1~~L~f.Jfl'U~Llru~ij';ifltl 
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9. b'VIflb'Ub~v'V·h~~m'VH'l~JtlUhfl:IJ~b~'1'\.hn:IJ~~n 

ml:IJ~lb~~'lJtl\l1'U-11'Ul~tJ~i'fmnnl';j 'lh 'VIflL'UL6'l~vh\)~6'1 bvm thn1offoWl'U'l.!1 nl'H'l'jl~l'11~QtJ bb~~1'mn 

:IJ~b~\l'lhmJ~~ n~lJmjbD'Unl'j?1mru~vf'i'~b~elnVh\)~6'1 bym ~~lnfl~-1'Vm'\fh~~lJmju~~u'U1m:IJ b6'lm'HihvlmtJ 
~ v ~ \ 1 

~lmb'V1~-1\,h\l'llli1bbri hJ'j~'U:IJ~b~-1 (Oncoprotein) 6'1n~u~~'V1~'VeJ-1ll'r6'1 HPV 'V11eJnl'jf'i'~b~vn"l'h~~'lJ 

~lb'\"n~'lJ'Ubdm~v:IJ~b~-1~b~tJ-1~'U1'UVi'v-1'V1V1~eJ-1 (Tissue culture) hh~'U:IJ ~ b~\l (Oncoprotein) 6'1nmJ~~'V1~ 

moV1'Uf'i'V1b~eJneJ'Umflvh'il~'lJ"ihbYn:au'Uhh~'U'Vv\lb~eJl11'6'16'11tJoW'l..n5rivbf1 b'll'U HPV16 bb~~ HPV18 ~'W'lJ, . 

f'i'~ b~vn1~~lm'jfl'L111UloU~~l\lLuul'VI~'V11v~TU'VeJ\l LLv'U~'lJv~I'l'j1~~'lJ'V'Ul~ L~ n~ LL 'V1'jJJ~hJLoUllu~'ULJJL6'ln~• 
bUl'V1JJ1tJ1'Ub'iJ~~11i1~ltJ (60, 61) O\lbbJJ11LU'j~'U'Uv\lb~vb1'6'1mtJ~iJ5riv1'jfl b'V1~Td~~~V1bU'Ul:IJb~nmJ\l~'Vl1.:J~. , 

~lf'i'nl~l:S'V1tJ1'Uv\l:IJ~ b~-1Ul nJJ~~n Lb~1 'UeJthtJ1'jfl:IJ:::b ~.:JulnJJV1~n~'W'Ul'Un~JJu'j~'1l1mvl~iin1'j~V1 b~v 
..~ "" '\J'\J 

lJlnn11 1 '1lDV1'V11v1'U'Ul\l';jltJl:W'W'lJn1'j~~b~eJ HPV ~1lJ~1CJ '1'111 Vi'(:.J6'l'VeJ\l'Vh~~6'1b'W~~~1~lJoUv,hnV11 'Unl'j 

'thlJ11off~~\l ~l'V1-rtJnl'jf'i'~b~f)m\h~Lv1tJHd~'m~mJ:::b~\l~L~CJ\l~'U1'UVi'v\l'V1V1~v.:J (Tissue culture technique) 

'illn6'1lt1~'U5'UeJ.:Jb'iJ~~lJ~L~-1UlmJV1~n (Human ceNical carcinoma cell line) (62) ~-1'il~vh1Vi'11i1'Vh'il~. " 
~lb'Wl:::ntJ1U'j~'ULUl'V1mtJ~\lvl~Lu'U1u'j~'U'Vv-1L~vl1-r6'1'V11€l Lu'U1u';j~'U~6'1~l-1~'Ub€l-1L~tJL'1l~~lJ~b~,mh\hu 

'I'll1Vi'Vhil~6'1 b"I'mVm~'illnn1'jA~b~vnLV1 tJ1off~l n bdmt€ldl1nii~l'U1'UJJ1n ~\lmvn16'1~'il:::l~vll'il~6'1 b'W(;'lv~\lii 
fl1llJ~1 b'Wl~~vLm~n~'li\l~'V11-1~hi'V1tJl~l v1,nr'UbL(:.J'U\ll'Ui~tJd~-1:W-1vhn1'jPlm~l L~eJi'fmn'V1l~lv1'U1u';j~'U, , 
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1.1.1.1. Sodium hydrosen phosphate (Na2HPOq) 


1.1.l.2. Sodium dihydrosen phosphate (NaH2POq) 


1.1.1.3. Sodium Chloride (NaCl) 


l.1.1.4. 2-Amino-2-hydroxymethyl-propane-l,3-diol (Tris) 


1.1.1.5. 2,2',2" ,2'" -(Ethane-1,2-diyldinitrilo)tetraacatice acid (EDTA) 


1.1.1.6. Glycine (C2HsN02) 


1.1.1.7. Hydrosen chloride (HCl) 


1.1.1.8. Sodium hydroxide (NaOH) 


1.1.1.9. Sodium hydrosen carbonate (NaHC03) 


1.l.1.1O. Sodium iodide (Nal) 

1.1.1.11. Xylene (CaH lO) 


1.l.1.12. Ethanol (C20H6) 

1.1.1.14. Asarose powder 


1.1.1.15. Dihydrogen dioxide (HZ0 2) 


1.1.1.16. Polysorbate 20 (Tween 20) 


1.1.1.17. 2-[ 4-(2,4,4-trimethylpentan-2-yl)phenoxy ]ethanol (Triton X-100) 


1.1.1.18. Ethidium bromide (C21 H20Brl\J3) 


1.1.1.19. Azino-bis(3-ethylbenzothiazole sulfonic acid) diammonium salt (ABTS) 


1.1.1.20. Fluorescine isothiocyanate (FITC) 


1.1.1.21. 4' ,6-diamidino-2-phenylidole (DAPI) 


1.1.1.22. 3,3'-Diaminobenzidine (DAB) 


http:1.1.1.22
http:1.1.1.21
http:1.1.1.20
http:1.1.1.19
http:1.1.1.18
http:1.1.1.17
http:1.1.1.16
http:1.1.1.15
http:1.1.1.14
http:1.l.1.12
http:1.1.1.11
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1.1.1.23. Aluminum potassium sulfate (KAI(SOq)2) 


1.1.1 .24. Hematoxylin 


1.1 .1.26. Sodium iodate (NaI03) 


1.1.1.27. Glycerol (C 3HaO, ) 


1.1.1.28. Tetracycline powder 


1.1.1.29. Polyethalene glycol (PEG) 8,000 


1.1.1.30. Isopropyl ~-D-1-thiogalactopyranoside (IPTG) 


1.1.1 .31. 5-bromo-4-chloro-3-indolyl-~-D-galactopyranoside (Xgal) 


1.1.1.32. Bacto-T ryptone powder 


1.1.1.33. Yeast extract 


1.1.1 .34. Agar powder 


1.1.1.35. Dulbecco' s Modified Eagle Medium (DMEM) 


1.1.1.36. Fibroblast Growth Media 


1.1.1.37. Fibroblast Frowth Factors 


1.1 .1.38. Fetal Bovine Serum (FBS) 


1.1.1.39. Bovine Serum Albumin (BSA) powder 


1.1 .1.1. Human P161NK4a recombinant protein (lyophilized) 


1.1.1.2. Human topoisomerase enzyme 


1.1.1.3. Mouse Anti-human P161NK4a 


1.1.1.4. Mouse anti-human topoisomerase enzyme 


1.1.1.5. Horseradish Peroxidase-Conjugated Rabbit Anti-mouse IgG 


1.1.1.6. Horseradish Peroxidase-Conjugated Mouse Anti-M 13 phage 


1.1.1.7. DyLight 550-Conjugated Rabbit Anti-mouse IgG 


http:1.1.1.38
http:1.1.1.37
http:1.1.1.36
http:1.1.1.35
http:1.1.1.34
http:1.1.1.33
http:1.1.1.32
http:1.1.1.30
http:1.1.1.29
http:1.1.1.28
http:1.1.1.27
http:1.1.1.23
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1.1.1.9. 	 M13mp18 ss-DNA rulers 


, 
1.1.2. b'll6161 


1.1.2.1. 	 bb'UfI-vib~m~ih,j'l'u'IJeJ'l M13 Phase Vector l~bbri b~eJ E.Coli ~ltJ-W'\.J~ ER2738 


1.1.2.2. 	 Human Uterine Fibroblast (HUF) primary cell line 


1.1.2.3. 	 CaSki cell line 


1.1.3.1. 	 Plastic Petri-dishes 


1.1.3.2. 	 Cover Slass, slass slides 


1.1.3.3. 	 Conical tube 15 ml, Conical tube 50 ml, and Microcentrifuge tube 1.5 


ml 


1.1.3.4. 	 Microtiter plate; 96-wells plate 


1.1.3.5. 	 Pipettor, and Multichannel pipettor 


1.1.3.6. 	 Moist chamber 


1.1.3.7. 	 Bacterial Incubator, and CO2 Incubator 


1.1.3.8. 	 Class II Biosafety cabinet 


1.1.3.9. 	 Light microscope, and Fluorescence microscope 


1.1.3.10. 	Water bath 


1.1.3.11. Ice bath 


1.1.3.12. Shaker incubator 


1.1.3.13. Vortex mixer 


1.1.3.14. Centrifugation machine 


1.1.3.15. Spectrophotometer 


1.1.3.16. 	Microcentrifuge tube 


1.1.3.17. Gel electrophoresis set and power supplies 


http:1.1.3.17
http:1.1.3.16
http:1.1.3.15
http:1.1.3.14
http:1.1.3.13
http:1.1.3.12
http:1.1.3.11
http:1.1.3.10
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1.1.3.18. Gel analysis system (Gel Doc) 

1.1.3.19. Microplate reader 

2.1. nl'H\91~tJ:lJFI~.:j'ijeJ.:jvh~~m'VH't~ 

nl'H~~tJ:lJfl~'l'lJeJ'l'Wl~b~eJfi'V1'Vhil~h;~lb'Wl~~'le:n~bu'UYh~~~'\Jn\J~l Plastic Petri-dishes 'VI~ eJ 

hJ';j~'U~l'l'l ~f1~f11tJ1'LI Blocking buffer BBml1nfl~'l'lJB'lv.J1W)eJ'U tVim~:IJ~lnn1':ib~~mJ~~~~'U~l'lJeJ'l 
Plastic Petri-dishes v11V ?11':if1~~ltJ Blocking buffer (5% BSA 1'U 0.1 M NaHC03 pH 8.6) 1 ~~~~m 

biJ'UL1m 1 A'U~ 4 °C ~1'U1'U 3 Petri-dishes ~l'l~l'lJeJ'l Petri-dishes b~Bfll~Vi BSA ~l'Ubn'UeJeJn neJ'UL11 

?11':if1~mtJFI~'l'lJeJ'l'Wl~~'l~tJ~:IJ1rueJ'Umflv.Jl~b~:IJ~'U'tJ':i~mru lOll tfl~'U bYl1?11Vfvh:IJ~1 Petri-dishes tJ~eJtJ, 

TOP2A <Ill:IJ~lvlU 

2.2. nl~\J'I.J~l'Ud'UeJ'UI11F1'Vh~1'U~l~!;l~mtJv1dm'VIF1Uflnl';ivh1'Vll'Vl';i\1l, 

n1':itJ';j~~n~1if Phage display 1 'U'll'Ul~tJtVitJ~11tJ'UtJ:lJb<ff1'U~tJ?11';j~~mtJbb'lJl'U~eJtJ (Phage 

display suspension) b'VIf1'U fI~'U~l'U~~lbU'U ~v'l1iftJ':i:meJU~l tJ1TI nl'~\p\';jl~lVifl11:IJb;;:IJ;;'U'VI~vnl'Hr'\J 

~l'Ul'UeJ11mAv.Jl~ 1'U Phage display suspension vh<ff1'Unl':i'VlV1G1eJ'lbb~G1~Af'l v11tJb'VlFl'UFI Phage titer 

analysis bUeJ'l~lnB'UI11F1'Vh~ iJ'lJ'U1Vib~n (-900 nm) hi"'lm':iCl\il';jl~tr'\JtJ~mrul~V1tJnl';j1<ffn~eJ'l, 

~G1'V1';j':ii'1,.j nl';jml~1V1fll1:IJbiflJ;;'Uvhlv1tVitJn1':ib~B~1'l Phage display suspension bb~~L111tJb~CJ'l1'Ub'!lG1~ 

bb'\JFlvh~m{hul'U tViCJeJ'imFl'Wl~ 1 B'imA~~1<ffb'!l~~bbUAvh~m~lUl'U 1 b'lm~1'Un1':ib~~qJb~ul~ vl.:J,r'Ub~eJ 

L~v~l.:J Phage display suspension ~'Um~~.:JiJ~l'Ul'U'Wm'VIm~ (Phage tittering) nUL'1l~~LbUAViL~m~l 

Ul'UU'U LL~l-Jlb'!l~~ bLUAVi L~m~lUl'UU'U1tJ b~tJ.:JU'U~l'Ub'Wl~L~mb~~tru~l'Ul'U bb '\JflVib~ CJ~iJm~l11f1vh~ l~~qJ 

tl~ lVitJ1<ff)LB/IPTG/Xgel plate ~.:J~~1Vf~vhnulfllG1ii~iJB'iI11f1v.Jl~bv~'Yv~nl';j\91'H;;)1V1fl11:IJbiflJ'lJeJ.:J ( 

tl11l11f'1'Wl~1'Ub'VIf'liif'li! ~lLU'U~v'l1i\91,)1~1mr'lnm.JLLG1~'VI~'ln1':i-J1 Phage display suspension ltJl~vn~'\J 

n'I.JllJbG1~G1LihvnJ1CJ P161NK4a, bLG1::bv'Ul'!l~ TOP2A LV1tJ~'U\91tl'U\91'n~lV1rnl:IJb;;:IJ;;'U'lJtl'l'ifl1flL~lJ~lnm':i 

L~EJ'lL'!lG1~LL'Uf'lViL~tJLL'\JflViL~m~lUl'U'lJtl'l M13 Phage Vector lv1LLn E.coU 6'lltJ~'U~ ER27381'U LB iiL~tJ 

tJ~li'1~lm~tl~L\91~tJ:lJH ~ 37°C tJ':i::mru 4-8 -B'lLlJ'lL'U shaker incubator ~'Um::~'l1~b~vvliJf'I11lJ'Il'U~.:j, 

http:l'Ul'UeJ11mAv.Jl
http:1.1.3.19
http:1.1.3.18
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l(1)ri1n1'j~(1)fl~'UU"'l~ 00600 1vi\vilnU 0.5 VI~€JlJ~~~11'J Top Agar tJ':ill'l~lm~€Jl'UVI~€J(1)b~l'J.:lb~€JtJ(1)eJl 

bn~l'Jll(1)l'JlmlJlrmlyj bb~l~'UH~ 4SC l'U Water bath b~€J~l'l Phage display suspension l'U LB iiL~V 

1(1)1'J la-fold 100-fold VI~€J 103-fold serial dilution l~iitJ~lJlm'jllJ 1 iJ~~~(>l'j (rnllJb-iilJ-ii'U"lJ€J.:l€J'Ui11A• 

Yh~ ~"lJb'IH1~bb'UAVh~l'JbbUAVlb~I'Jb~IDI'U~lfl-ii€J 1 tJ~lJlm 200 IJl nu 10 IJl "lJ€J'l6'iI':i~~ml'J phage 1'U-ii€J 

4 1'UVI~€J(1) microcentrifuge tube l...hlV'l~lm~€J 1 vHl€J(1)~D 1 AlllJb-VlJ-V'U e..J?llJ?ll'j~~ml'Jb<il~~U'UAVib~1'J 

bb'UAVib~I'Jb~IDl'Unu phage display suspension l~b-Vln'Uvlll'J Vortex bb~l~.:l~flH~~ruJJiJ~€J.:l 1-5 'U1Vi 

b'Vl?ll':i~~ml'Je.J?lm~wh:m1i.f11AYh~ n'U b<ill:1~bb'UAVib~mb'UAVib~m~lDl'Ul 'U-VD 6 ~~VllJ(1)l:1.:jl 'UVI 1:1 €JVl Top 

Agar ~~'UH ~?llJl~b-iiln'UlVll'Jli Vortex bb~lb'Vl~.:j'U'U pre-warm LB/IPTG/Xgel plate l'U-ii€J 3 b~l'J.:J plate 

1~ Top Agar m~~ll'Jvtl~lVlU-1 LB/IPTG/Xgel plate ~'l~'UH~ 3rC mh'lumJ 1 .ffl1mn€J'Uli.:JI'U ~.:J~.:jH 

tJ':i~lJlru 5 'U1V1 ':i€Jl~ Top Agar bb~.:j(1]lAil plate ~.:Jbb~~~'l plate H~ 37"C bU'Ublm 1 ~'U t1'u plaque 

bL~lril'Ulrub'U'UAlllJb-iilJ-ii'U1'UVI'L.hv plaque forming units (pfu) per 10 IJll(1)I'JH~I'Ul'UoJ'U~ln plate ~ 

ii~l'Ul'U plaque tJ':i~lJlru 200 pfu ~€J plate 

2.3. nl~fi'~L~ana'UJ)l~'Vh\l,)'U,hL'Wl~~ahJ~~'U P161NK4a LL61~Le)'u1~:u TOP2A• 

L'VlAUA Biopanning LU'U.ff'U~€J'U6'11A'IJ ~.:JtJ':i:::fl€J'U1ii'11'J~Vlm:::U1'Un11 3 .ff'U(>l€J'UVl61fl Mbbn 1) n11b~€Jfl~'U 

1::: w:h'l€J'Ui11 AYh~1'U A61'l"lJ€J.:Jyjl~~?lLW(l8nUIlJ L~ fl(lU.:J~Vll.:J~h1 'Vl 8lbihVllJll'J IVl V'I11?l11 1:1:::~n I'J A61.:J'lJ Dwh, , 

bi1€J1€J'U~(1)1tJ~.:Jbb?l(1)'lbU'ULb~'Uer'l.ff'U(>l1l'Ul'U~'ll~ 2 fll1'Yll Biopanning mlJ.ff'U~€J'UJl 3 1€J'U~:::Y1l1Vl'1vl 

€J'Ui11AYhil~iiFnllJ~lbWl:::lJln~'l~'U, 

http:bL~lril'Ulrub'U'UAlllJb-iilJ-ii'U1'UVI'L.hv
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-----------------------------------------------------, 

" ~ fl
I 	 [[. 11 :- fl

II ~ . II 	 ". 
t 'k 

, '-I Exposure of phage display library to target sample: 
tissue culture, tissue biopsies, animal model (In vivo'IJ -'"11 	 ,
lilt rl. .-.• II IIAmplification of eluted 

"F7 'bphage In media broth 

Wash Ins for removal of 
non-specific binder ~ . 

·11L '. ...J
Elution of specific binder 
phage particle 

~t1~ 2.1. 	 u~~'1~'Um)'um~'V'h Biopannin'S L~:l..Fillnnl';jth'YJI\l1'UfI~'1mL~€Jn~'Un'UllJ Lfl~flU'l~'Y11'1~1'V1tJl 

L{liVllJ1tJ ~1'1'YJI\lvtllJ~'U~wrn::. €J€Jn bbVn€J'Umfl'YJI\l\l1n 1l.JLflnmtl1V1lJ1V1t1~hmh'l~'ULdmL~l~\l, , 

th1t1L~:I..I"ilI'Ul'UbL'1lfl~U'Uflvh~m~1u1'U nwv'h Biopannin'S \l~vi1'll1 3 ~€JUL~v1Vi1~-r'J1\l~ii 

fI11:1..1"il1b'Y'l1:;~€Jll.JbflnflbtllV1lJ1tJ• 
, 	 v 

m~fi'~ b~unu'Umi'l'r'J1\l~'U"il1L'Y'l1:;~€Jlt1~~'U P161NK4a LLfl:; LtJ'U1'1l~ TOP2A b~:I..I\l1nm~b\1l~tJ:I..I\1l"!'1Yl'U~1• 

'U€J\l Plastic Petri-dishes ~ltJ (l1~fl:;fl1vlt1~~'U~\l 3 'lliJ~ 1~LLri hh~'U P161NK4a LLfl:;L€J'U1'1l~ TOP2A 

Lsii:l..lsii'U 50 1:1..11fl~nf:l..l~€J:nfl~~\1l~ U(l:; 20 LeJ'Y1(1 m:l..l~1~'U 'U'U Petri-dishes 'UiJ~(l:; 3 Petri-dishes LU'U 

nfl1 1 A'U~uruVlJl:n 4 O( \l1mr'U~\lt11f1~\l'U€J'I'YJ1\l~L\1l~tJl.Jl1L~€Jn~'Un'Ult1~~'U'U'U Petri-dishes t1~€Jv1~. " 

plate L~tJni1n1~'V'h Biopannin'S 'r'J1~~~\Jn\Jlt1~~'U P161NK4a ~::~n elute, ,r'UbLfl~L~tJ\lL~l.J~1'U1'Ub~eJ 

t111tJ1m'Um~fi'~L~un~1vm:;'\J1'Um~ Biopanning ~, 3 ~fJ'U 1~tJi'l1'Ufll.J1~v'4mflyJl''ilL~l.J~'Umm'U 

m~'U1'Um~ Biopanning ihJ~mruLvi1n'U'VlmfJ'U L~v1~"'1:1..11~r1~~\1l1l.Jnwl.h::~'Y1Bm'Y'l'lJfJ'Im~fi'~LafJnyhlij 

~U"il1L'Y'l1::liifJhh~'U P161NK4a 'lJfJ\lm::'\J1'Um~ Biopanning1'ULLlJ1fl::~fJ'U ~\l1~'V'hm~LmV'ULVitJu~(;1~1~1lJ 
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'Uel'Whilriel'U~~(;1:;VI~'lfll,)~\1I~~tlmj"JtlUhh~'U P161NKLla ~ltJm:;tJl'Unl') Biopanning 1'Ubbvlm;~mJv1'l bbM1'l 

1'U')LJ~ 2 
" 

VI~'l~lnm~tJ1'Unl,)~\1Ib~eln Phage display ~u05w/n~l\1lv1-U Phage display Library 

(Biopanning) ~~lL'Yn:;vlelLlJLnf)mJ'l~'Vn:1'1hl'V1tJll'U~'UL;1el~ ~ t:.J (;1t:.J~ \?1~1if~~m.il'U ~tJ'Uel'l(;1l')(;1~61lVvh~~'l
'. 'U 'U 

sequenci ng) fll')~ tl\1l 0 NA 'Uel'lel'1J1lA L~lJ ~l f1 fll ') ~ tl\11 LtV f1 el'1J1lAvJl'il eltl f)'il l flb'Iln ~ LL Url'Vi L~ tJL ~lUl'U1'UbLvl 

(;1:;Lf1161lJnel'U l~m~el~tlV1Hl DNA 'Uel'ltl'UJIlf1vJl'ilLL~1~'l'l1l1tJ1LA~l:;~r;\'lv1'UL'U~L\1Ivl.u Primer ~'U~lL'Vn:;. . 

vltl1tJ ~'U\?1el'Uf)l'H~tJ'lUtJf)lf1ft'U·lJtl'lel'1J1lAvJl'ilL~lJ'illf)nl~L~tJ.mUf1Y1L~m~lUl'U'lJ€)'l M13 phage Vector 

1v1LLn E.coli ~ltJ~'Ul5 ER273s1'U LB :iJL~tJtJ':ilfl'illflb~€)~L\?1~tJlJ11 ~ 37 O( 'lh:;lJlru 4-8 .a-lllJ'l 1'U shaker. 

Top Agar tJ~lfl'illflb~€)1'UVlft€)\1IL~tJ'lL~elU\1ltJlLf)~tJl Lb~l~'Ul1~ 45°( l'U Water bath 'illf)~'UL~el'ill'l 

Phage display suspension ~~l~ LLtJf)~l f)llJLft~nLillVllJl tJl'Uv11€)~l'l;':il'il 'ill f1 nl'1 L~ tl n~'U,)el'\J~\1IVlltJ1'U 

LB :iJb~tJ1~:iJtJ~lJlm':illJ 1 :iJ(;1~~m (mllJLoUlJ·iJ'U·lJi'J'ltl'1J1lf1'lj\h~ l'U Phage di~play suspension ~~l~bLtJn 

elelnlJl~ln(9)lel~l'll\1ltJvi'lltJ:iJfiltJ':i~lJlru 10-1O~( t:.J~lJbb'Uf1vh~m~lUl'U'illf)oUtl 1 tJ~lJlm 200 IJl tlU 

phage display suspension b~tl"l-:j l'U'Vel 4 tJ~lJlml0 IJl'l'U microcentrifuge tube tJ':ill"1'illflb~el 1 

Vlnel\1lvlel 1 All:lJLoUlJoU'U ~?l:lJ b~'UAVi~~ Vb~lUl'U n'U phase display suspension ~ ~ tJ~)l ~1~dhnw;i'l tJ Vortex 

bb~l~-:j.;rnH~tlru.n:iJ~B'l 1-5 'UlY] L'V1?ll':iftnnm.J?lm i::Vlll'lel'UJIlmh,Jn'Ubl 'UAVib~ m~lul'Uvr'lVllJ\1In'l'l 'U. " , 
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plate 1~ Top Agar n".i~'<\lltJYll~':n!j1l1 LB/IPTG/Xgel plate ~'1v1'111\J'.i~mru 5 'LnVl '.itll,x Top A~dr 

bL~'I~lfl11 plate ~~bb(;'l::;b~tJ'Ib~tl1'U plate ~ 37"C tJ'.i::;J..nru 1 A'U In'Ulfll~tj'U'U plate H-I1 4°e 1~ 1-3l'U 

vhnl'.i b~(J'I b~lJ~I'UltJlA~tJ'Utl'lyJl'<\l-l1bLtJfll~'<\llflll'.i~mtJnl'.ib~tJ'lbWfllfl~tJbll1l~~lfl~tJl(i)tJ b~tJ'I 

b~mh'Ul'Ub'1Jml'UeJ'Il~mb'UAVlb~m~lUltJ; ER2738 1tJ LB ih~tJ 10 iJ~~~iPI'.i '<\llfl l1Al~tj'(Jtl'll'1J~~b~lthtJ~ 

37 °e tJ'.i::;mru 1 AtJ b~tl'<\lI'll~m'1J~~l~IUltl'infl-rrtl 1 l'U LB i1b~mJ'.ill"1~lm~tl~'"wiliPI'.il~ltJ 1:100 ll~l 

(i)(i)l~tl-l1l~tl'<\lI'llb~l 1 iJ~~~m 1~ culture tube il'Ulv'ilj\1nlJ~I'Ul'Jlfl~tJ'Utl'lyJlv-l1lli'tl'lnl'.i~~t1lhJ~f1'I'n
'U 	 • 

llA'.il:;~~lvl'Ul'U?I 1 lfl(;'ltJ I1ltl 1 tube ~lm1tJHliiu~lmlVl(;'llJVI~tlthtJiPlV1uu'.ill"1'<\llm~m~tJ (pick) plaque 

'U'U1Al~tj'U'U plate AmwfllA(;'l'U ml'Ub'1J(;'l~l:ii'IUl'Ub~tl~I'l 1 iJ~~~iPI'.i -I1Mvlfl-rrtl 2 bl~lb~tJ'll~lJ~I'Ul'U~ 
37"e ltl'Ull~l 4.5 .rrllm ~tJiPlf)iPI:;fltl'U~ 14,000 rpm l{jtJbl~1 30 mVl In'U?1I'.i~~mtJ~I'U'UtJU'.i:;mru 

0.5 iJ~~~m 1~ microcentrifuge tube iltJ1V1~ 61J)tl'lf11'.i'<\l::;bn'U~m~n'ltJ~tJ Phage display suspension 

1'U~'Ud?1llJ l'.i f:1v111~(i) tJ~'UiPI fliPI::; fl tl'U il flA~'l~ Al1lJ b ~1 '.i tl'U ll~::;-I1 bl~1 bvill~lJ lb~l bn'U ?ll'.i ~::; ~ ltJ ~1'U'U'\J 
U'.i::;mru 80% 'Utl'l~~VllJ(i) ?11'.i~::;~ltJd?llm'.imn'U~mi1~ 4°e 1~ 2-3 ~U(i)l~ VI~mn'Ul'Uf'l~l'1Jtl'.itl~ 

U'.iII"1~If1l~tlti11tJilml~1'UU~mm 1: 1 -11 ~20oe l~lJ?11'.i~::;mtJ 20% w/v 'Utl'l PEG 1~ 2.5 M NaCl 200 iJl 

e..J?llJl~b-rrln'Ul(i)tJb'U(h~tJ(;'l'l ll~l~'l~'lH~~ruJJiJ~tl'l 10-20 '\J1Vl ~'\JiPlfliPI:;fltl'U~ 14,000 rpm 4°e ltl'Ublm 

30 'UTVi (i)(i)?1I'.i~::;~ltJ~ltJ'U'Uv\'lLn'ULQ'Vn::;iPI:;fltl'U ~:;~ltJ\Il:;fltl'\Jl'\J Iodine buffer l'Uthe..J?1lJ?11':i1,xltl'Uli1tl
'U 

L~tnn'\J '<\llfl~'\JL~lJbtlvntJtl~'U~?1Vl~ 250 ~l ~'lv\'lH 10-20 'U1Vl ~tlruVliliJ,xtl'l (him':i~'1v\'lH'UI'Ultie:J'I~lfl
, 	 , 'V 

lU'.i~'U~'U'<\l:;\IlfWl:;fle:JtJUtJl~e:J'U( ~'U\Ilf1iP1:;fltl'U~ 14,000 rpm 4°e LtltJnm30 lJlVl ~~?1I'.i~:;mtJ~hlJulJv\,'j 
LnULQVn:;iPI:;fle:JlJ ~1'1iP1::;fle:JlJ~ltJ 70% be:JVlltJtlfllL'liLEJ'U~ -20oe 0.5 iJ~~~iPI'.i iPllfliPI~fle:JlJl,xLb~,'j ~:;mtJ 

\Il:;fle:JlJllJ 30 ~l TE buffer VI~e:JltJJltJ'.ill"1~lflltltle:JtJln'UH~ -20oe (?J':il~u~mru DNA lliltJlVlAtJrl gel 

electrophoresis l-rr~ltl~l'1~LStJLe:J~?1nlill~ 5 iJl m':il,xmllJb-rrlJ'Utl'l band bvhnurllllJL-rrlJ'Vtl'l band ~ 

LS'ULe:J?1lm~tn M13mp18 DNA l~m1nlile..J~e..J~iPI~lfl gel ~::;1~ DNA ?11tJ~tn~IV1~Ut111ulLA'jl::;~~lvlUl'U?1 

(DNA sequencing) 

2.6. 	 nld1bfl'n:;'\-hh~Ub'U~ (DNA sequencing) 'Utl'l€l'4il1rlYhil 

DNA ~?1f1(i)1~~lfle:JlJil1AyJl~~'lfitl DNA ?11tJl~tJlt111tJlbA'.il::;~~lvl'UlU?1 (DNA sequencing), 

~ltJlA~tl'llbfl'.il:;~tllitJi'\;nn1j dideoxy chain termination h1tJli Sequencing primer ~.Jl~:IJ~U~ 

~lLbi'\liJ downstream ('YllJvlTu. 3') 'lltl.J DNA 'r'h;UIll1.l.Lb1JU'ilJ.J1J~~lrn~nli'\1.l.V1n1JLb~V1 ·nntJhh~h.mJu 

lYl~~~bmnfilJlu11.l. DNA 'lltlJtl1.l.11lfl'r'Ji-;U ~.Jjtl11.l.Lb~1.l.~JGn:IJ ·ltl~ 2.2 
, '\l " 

http:l~'<\llflll'.i~mtJnl'.ib
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pIlllOOOer sequenal Kpn VAcG06 I 
~·'- ... nA TTC GCI<. AIT cn TTA GTG GIl<. en He TAT TeT CAe Tn 
3:. - ... AI<. T AAG CGT TAA GGA AAT CAC CAT 6GA AAG AT A AGI<. '"To::., AG.o\, 

... leu Phe Al0 [1 e Pro Leu ';'01 V~l Pro Phe T,r 5er Hi s Ser 

SIlI.rt or maturQ PQptk1Q~111 fusllll 
l ~QI

'I-----U-orary--In-se-rt-e-.-Qu-e-nc-e-----,j TC G GCe GAA I<.CT GIT GAA 
. 800 beiOIN AGe eGG CH TGA CAA en 
'------------------' Ser Alo 61 u Thr \'01 Gl u 

AGT TGl TH. GCA. AM Tee CAT ACA G.... A. AAT TCA TTl ACT Me GTe TGG 
rcA ACA AA,T CGT TIT AGG EtTA. TGT en TTA AGT AAA TGA HG CAG ACC 
~er Cys Leu ,1..10 Lys Ser His Thr Glu Asn Ser Phe Thr I<.sn Vol Trp 

~ 28 sgquanclng Il"lmer 

MA. GAC GAr AAA. ACT n,t.. GAT CGT TAC GCT AAC TAT GAG GGC .. , -J' 
ITT eTG CTG TTT TGA AAT CTA GCA AIG eGA TTG ATA CTr ceG . .. -5' 
Lys Asp Asp L:(s Thr Leu Asp .o\rg Tyr A1" Asn T)"r Gl u Gl y .. . 

~ g6 s€quonclng primer 

d 
~U'Yl 2.2. ll?1Vi\l DNA 'V8\l8'timAVh~"il1n 5'-3' ?11CJ'U'W f1l'lllA'j1~virhl'1'Ul'U?1 ((DNA sequencing) 

?11lJl'jm~lJtll)n~CJ1~ViCJH -28 VI~8 -96 sequencing primer v1\lbb?1Vl.:j1t1~tlIP11lLVI't1.:jbL'Yl'ln 

DNA 'V8;) Random peptide library 8~~l'llLbVlti.:jI1lVi (Restriction si tes) Kpni/Acc651 LL~~ 

Eagl m:W~lv1'U 

DNA fl'tmt1'Y·JT;)~8~1::'V\il" restriction sites KpnllAcc6S1 bbr1~ Eagl ~\l~lv1'Ub'U?1(;1'l'l'U~nruv1'1mh"J 

U'l~fl'€J'U~'JCJ~lv1'UL'U?1'l~i,'\~'W~f1'l'llJ'U'€J~~lv1'UmV\mdJlt1 Phe Tyr Ser His Ser (;11lJ~'JCJ~1v1'\JL'\Ji,'\'ltri,'\ 

~tl15f1'l'J:W'V'€J'lLUtJ1'Ylv1~mhL'Vjl~~TU'J'W 7 ~lv1'\JmVi'€J~:D1tI, 

bihVl:l.J1tJ~'nJb'VlflUA Enzyme Linked immunosorbent Assay (ELISA) 

Vlil~"illflm~'Ul'Wfll"iAVib~'€Jn Phage display ~'U'illl'\'n~1V\EJ1off Pha-se display Library (Bio

panning) ~'il1L'Vjl~ ~'€J1:w l~ nmj\l~'Vl1\l~ihi'Vl CJll,jlVllJlCJU~~~ll'1'UbtJtJ1'Vlii~'U'il1 L'Vjl~ "illn fll'Ji LA'll~vi~lli1~ · , 

l'\J6'I (DNA sequencing) v1,:j~n~ l'JlJlbb~'J~\l '€J1 "ill~LtJu1'Vlii"ill nm ~'\.Jltl fll'l AVl L~ '€J nlJl n fll1Vl\1 ~~lv1"t..HtJtJ1'Ylv1 

~,:j6'l1lJl'l flvh fll'li'i n'tmtl~CJ'UbVi tJ'\J~ru6'llJU~ f1l"i lnViU l)n~ CJl ·~"t..J.,)1 L 'Vn~'V eJ ~8'timA'V'h"il n 'Uh.JLb'l~b'lli.hVllJl EJ 

'VeJ'IeJ'timA'I"h~~AVil~8nH; ~Wl'YlA{1A Enzyme Linked immuno~orbent Assay (ELISA) lvi'€JAv\L~'€JmtJtJ 

1'Ylvl~l1flrui,'\lJU~~'\Jn'UhJ lb 1~m tJ lVllJl tJ~~~6'l\r' 1(;1 CJV!il;)"illnAVi b~8neJ'timf)'I"h"il~'Ub~1~ ~1 n Phage d isplay 
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library bb~~l~CJ~ bbtJml'l~mAYh'ilvvn'illn Pha~e display suspension b~CJ'U~vCJbb~l 'illm~\Jb~CJ~b~lJ:Sl'Ul'U 

b'1l~~'Vtl~b~mb'UAvh~m~lUl'U ER27381'U LB lJb~CJ 10 lJ~i)i)m 'illn 1 lf1hru'1J€J~b'1l~~b~lUl'Uvj 37°C 

tI~lJlru 1 A'U b~tl'ill~b~m"/l~~b~lul'U'illnoU'v 11'14 LB lJb~CJtI'llY'1'illm~vv1"WeJml~l'U 1:100 bb~l(iW'lb~v~
" 

~ru?llJU~f1l'lbnVltlDn~tJl~mhb~l~nulm~~m{hvjmCJ 1 lf1hruvib~vn~€J 1 Vl61vVlYlVl61v-l~61l6'l~n Hlii 

tim CJ bb Vl61lJVI~uthtI(ll'Vitltl'llY'l'illm~m~CJ (pick) plaque 'U'U'ill'Ub~tJ~ b~€Jvi1v1 'ill n f1l'lU'U:Sl'Ul'U lA61'U'1J€J~ 

'V'l1'il~ L~tJ~bLtJn1v1 61.:j1'Ub'1l61~L~lUl'UL~v'ill~ 1 lJrli)i)m vjb\Yl~tJlJHbL~lb~CJ-lb~:lJ~l'U1'Uvj 3rC hlLn'U 5 

ilL:lJ~ ~'U\Yln\Yll::nv'Uvj 14,000 rpm bthmm 30 'U1Vi bilU?ll'l61~611CJv1l'U'U'UtI'l~mru 0.5 lJ~~~\Yl'l hi Vl61vVl 

YlVl61v.:)~m?l~neJ'U1VIl.J bnUrmn1'U?\11~~m tJ'\Ah'ilvi 4°C 'il'Unll'il~~f)'\!Ilflru?l:lJU~ f1l'l~'U~lLYn~v11m YlflUfi , 

ELISA L\Yl~CJ:lJL'1l61~'1JV-1b~mL'UflVib~CJb~lUl'U; ER27381'U LB lJL~tJ 20 iJ61~~m 'illn 1 lAL61\j'1Jv-1L'1lrl~b~l 

Ul'U lhlt1b~CJ-lb~lJ:Sl'Ul'U~ 3rC 'il'Um~,*~1v1L~V~lJml:lJ~'U~~lVlfhnl'l~Vln~'Ubb6'l~~ OD6X lv1LYllnu 

0.01-0.05 b~:lJ ?\l'lr1~mCJ'V'll'il'\J~mm 5 iJl r1~t.J?I:lJn'Ub~mb'UAViL~m~lUl'U1'U LB lJb~tJ 20 iJ61~~\Yl1 vj 

b\il~CJ:lJ11 v11mA~v~ shaker incubator vj 3rc d~h.Jblr111lJbih.J5 ill:lJ~bb~lbb '\.J.:)(1l1t.J6'llJ1~VI~u(ilYlVl~~':) 

~m6'l~n ~'U\iln\il~nv'U"11m:rilCJvj 12,000 g 4°C \'U'Ubl~l 10 'UlVi ~Vl 6'll'l,,~mCJ'V'l1'ilv1l'U'U'Ubnu1~VI~vVl 

YlVl"eJ'l~m?l~f)eJ'U1V1lJb~:lJ6'l11r1~r11tJ 20% w/v 'lJ€J':) PEG 1'14 2.5 M NaCl '\J'l~mru 1/6 bvil'lJv'ltl~mV1'l 

6'll'l61~r11CJl'l1'il v1~1~\Yln\Yl~nv'Uvj 4°C bu'Unm 1 fi'UVI~v 2 ill:lJ'lLU'Uvt!l'lUvCJ 10 'UlVi 'LhhJ~'U\Yln\YlU1v'U 

"'l'l~~mCJvi 12,000 ~ 4°C bU'Ubl61l 15 'U1Vi bYl"'1'l~~mCJv11'Uu'Uv1-1Vl'il~'U\iln\il~f)v'UBf1f1#'lb~V~Vl 

"'l'l61~mCJ~t1~bVl~vvtJv1.:) ~~mtJV1~f1v'U'lJv.:)v'UmA'V'll'ilvjbVl~vvt! 1'U 1 iJrl~~V1'l TBS bb~l~'UI'ln\il~nv'UBf1
" . " 

tI~m\Yl'l Pha~e display suspension v1~1~\Yln\il~nv'U'U'U,JlbL~~ bath 15-60 'U1Vi bL~l~~~'U\Yln\Yl~n€J'U 

"'l'lr1::~lV~ 14,000 g 4°C LU'Ublm 10 'UlVi LYl6'l1'l~~mtJv1l'U'U'U~,:jvl'il~'U\Yln\Yl~nv'U8f)A#,:jb~V~Vl 

""l'l61~mCJ~cJ':lLVI~€J€JtJ~~ ~~mtJ\il~nv'U'lJeJ~tl'UmA'V'll'il'illnoU'€J 12 'l'U 50 pl TBS Lb~";nll1t1\1l'l1'illVlflll:lJ" . 
boU':lJoU''U'lJ€J~ Phage display suspension LVlCJ Phage titer analysis ~.:)~1v1€J5'UltJ1'U Protocol II ;~m'l:W 

fIll:lJLoU':lJoU''UtI'll::mru 10 :~ pfLl/iJ~~~\Yl'l "'l'l61~61lt.J'V'll'ild?llm'lmn'U~n'\!llvj 4°C 1v1'\Jd~mru 2-3 ~'\Jvll~ 

VI~mn'U~mn'1'U n~b'll €J'l €J~'\J1 1Y'l ,nm~1W11 CJ e)Vldl~l'U'\J~mVl'l 1:1 ~ -20°C L:dm\Yl~ CJJ.J 6'l11~~~lCJYh'il bL~l ~ ~ 

http:d~h.Jblr111lJbih.J5
http:0.01-0.05
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pH 8.6 tJ~mm 100-200 ~l ~~1it'Ufl~v~nnrr:m.J~'U (moist chamber) ~ 4°C btJ'UbJ~l 1 A'U 1'Uv!~:lJ 

tJDn~cn 1 bbmrllV!-r'Um~mfl~\Ilv~fll'i~m~l 1 '!liJ(i1~lti1'UbtJtJ1Ylri'U'Uv~mflvh~ l\?1mv!~vv!~:lJtJDn~(JlLtJ~l 

H 1 v!~lJ flil~lUVI~lJtJDn~E.Il (micro titer plate) bb(;1:;b'lJth~l'i(;1:;(;1ltJltJ'i~'Ubt'Jlv!lJltJ~~ bb~')fl1l~l'UVI,jl 

microtiter plate .a''U'U'Um:;(i1l't'lVl'!l~G'1:;e:Jl(i1 bb~lb~lJ blockin~ buffer ~'lbbl1l~:;v!~lJ'n:jJ~~VI~lJtJDn~E.IltJ 

~ll~1lJ1~\il'ij~ltJ'i~ubtllv!lJltJ~'HJ ~~H ~ 4e C btJ'UbJ~l 1-2 -B'11:lJ~ b(il~tJlJ microtiter plate btJ~l~1lJM 

(il'ij~~'nJltJ'i~'UbulV!mtJ bbl1l\il~~~ltJ blockin~ buffer ~~11~ GeC btJUb1m 1-2 -B'11lJ-:j fl1l microtiter 

plate 1'U<U€l 14 bb~:; 15 b'lJtJl blockin~ buffer €l€lmb~lfi'l-:jbbl1lm,m~lJtJDn~tJl~'W TB5T buffer A1'iii) 

Tween 20 ~iibtJ€l1b</l'\.J(,hvhn'U'Yhil1'Ufll'i'\l1l Bio-pannin~) 6 f1~~ l(i1tJv!r;1~'Illflfll'i~l~bb(»~:;f1~-:j'll:;f1il 

~l'UV!~l microtiter plate .a''U'U'Um:;\?1l't'lVl'll~G'1:; €ll\?1 b~v'lll~?1l'i~:;mtJ"~l'll~~€l~fll'iPifl't'llbbl1lf1:;bb 'U'U'lU 

microtiter plate btJ~l~(il~~H~ltJ blockin~ buffer 1u 151Vlt.Jb~:lJ TB5T tJ~lJl\il'i 150 [Jl1Ubbl1lf1:;v!~lJ ~(i1 

~l'if1:;f1ltJ~l'll 50 [Jl1?i~.,1u TB5T buffer v!~lJbb'ifl (i1Vlt-J?1lJ~U(;1~bb~1(i1(i1?1l'iI:.J?1lJ1UVlf1lJbb'in 50 [Jl b~e:J'Ill" 
'I 'U 'U 'I 

lu TB5T buffer VI~(i1QVlhJ Vh~l'll'Uf1'i'U 12 v!~lJ (fourfold serial dilution) 'Hi' multichannel pipettor 

I!jVl Pha~e display suspension b~v'lll~~fllllJb<UlJ'iJUl1ll~i 100 [Jl1~f1~luv!~lJtJDn~E.Il'lJeJ~ microtiter 

plate ~b\il~tJlJ1it'UoUv 14 ~-:jiiltJ'i~Ubulv!lJltJVl~~v ~ ~'l1it,xbn(i1tJDn~ tJl'UUbfl~v'l~G'1lJi.'Il'i~t)ruVlJJlJ,xv'l 

btJumn 1-2 -B'11lJ'l ~l~bb~f1:;v!~lJtJl)n~tJl~l~ TB5T buffer 6 fl~~ lVltJVlr;1~'Illflfll'ifi'l~bb~~:;f1~-:j'll:;flil 
" ~l'UVI~l microtiter plate .a''U'U'Um:;\?1l't'lVl'll~i.'I:;vlVl 'Illmr'UbVl~tJlJb~v'lll'lbbv'U~uv~hi'U~lbvn:;l1lv M 13 

pha~e (anti-M 13) ~~\?1Qf1ln~lmv'U1'1!l1~:m1i.'1'il~'libtJv1vvn~h\?1?1 (Horseradish Peroxidase; HPR) VlllJ 

fl1llJLoUlJ<U'U~'U~,;'Yl~~~!Ilbb 'U:;ul1mib~lJf1'l1'U'Vf~:JJtJ5n~tJlbb~(;1:;VI~lJ i f1:; 200 ~l ~~1it,xbnVltJD n~E.Il'U'U 

Lfl~e:m.Ji.'llJ~l'i~€lru'Vf[1lJ,xemtJUb1m 1 -B'11lJ'l t-J?1lJ 30% H20 2 36 ~l n'U ABT5 stock 21 Jj~~~m bb~:;1<u. " 
"l'i~G'1lJti1~mhl~'UVi l(i1m~lJm1'U'Vf~lJtJDn~tJlbb~f1:;VI~lJ if1:; 200 ~l Lb~~~1it,xLn(i1tJDn~ tJl'U'Ubf1~€l.:Jt:-JG'1lJ 

~l'i~e:JruVj[llJ,xv 'HtJUb1m 10-60 'I..IlVi \il'i1'1l~'U~rurulru HRP ~ 405-425 nm btJ~tJ1JbVitJ'Un'U'Yl(;1lJtJ~ll~ 
'\ 'U v ~ .. 

'lJv'lbtJD1V1~1) ~ltJ~ fluorescein isothiocyanate (FITC) VlllJ~1~v5'UltJl1ne:J'U'Vf'\hd [15] l(i1tJ'l1l?1l'i(;1~~ltJ 

e:J'ifllfl'V'il'llD'i:;lJl ru 10 
12 

pfu 1u O.llJ(;1~~(Wd FITC (TRITe) Wl'U.Jb'iJ:lJ'VU 0.25lJ~~n-rlJ~vlJf1~ ~ V1'i l'U 03 

http:flil~lUVI~lJtJDn~E.Il
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M NaHC03 (pH 8.6) bb~"dbn'U1n'Uvill~Hu'Umn 1 ilhJ'lvi~ruVl.IJiJ-HtJ'l Lb~lVl~~tJlJn~tJlvlltJfIl'Jb~~ 

U'Wb'WtJ{ PBS 61.:JltJ 1 iJfl~~(il'J 6'ln~tJ'Umfl'Vh~vit1n~V1iJmnvlltJ~1flfltJm'J(;'1b'1l'U~bb~llV1tJfIl'J(ilnf/l:;ntJ'UvlltJ
,~ ~ 

polyethylene Slycol bbfl:;u'UtJ~lJlruvl"'wl5 phase titration assay tJ'J:;~'VI5mY1'lJtJ'lnl'J~V1iJ611n~'WfltJtJ
" 

b'J(;'1b'il'U~tJ'J:;mru 1,300-850 fluorochromes/phase particles 

Human Uterine Fibroblast (HUF) l'Unl'J'VI\i)fl€l'lt1nHhtJ'U(i]lbb'VI'U'lJtJ'lb'1lfl~tJn~ bb61:; Cervical 
" 

~t-J~(il (Abcam®; ab54210) Yhnl'HY11:;b~tJ'lb'1lfl~'U'U cover slifJ viLJ'J1P1~lm~tJvlltJmVll'H~tJWllfl~ 

Dulbecco's Modified Easle Medium (DMEM) vill fetal calf serum (Gibco) 10% vi~ruVl.IJiJ 37"C bb61:; 

iJ CO2 5% b~tJl-Hb'1lfl~iJ:ai(iltJ~l(1]~'Unll~:;Y1{tJ~Hf.:Jl'U1(1] ~lnl'J(il~'lL'1lfl~'U'U cover slip vlltJ methanol 

bbn:; permeabilized b«jfl~vlltJ 0.25% Triton X-100 l'U PBS buffer bbfl:; blocked b«jfl~(I]ltJ 1% BSA l'U 

PBS btJ'UnG'll 30 'U1Vi ~lnl'J~l'lb«jn;;ivlltJ PBS ntJ'U iJtJlJb«jn~vlltJtJ'Umfl1fll~vi~~iJfllnvlltJ'WfltJm 'J(1 b«j'U~, ~ 

(~1010 pfu) 'Ul'U 1 .rrlllJ'l ~lmr'UL~lJ 1 llJlmn~lJ~tJiJfl~~(il'J DAPlfl'lhJ v1.:J11'-t.il'U 30 l'U1Vi vi 

~ruVl.IJiJ-HtJ'l VI~'l~ln~'UL'VI"'1'Jil:;nltl'U'Ub«jn;;ivi\1l~'l11v1.:J1tJ bbfl:;U\i) b«jG'1~tJ th.:Jt1l1'J11'U'U micr{)scope slide 

vlltJ slycerol ~ltJ.f)TVH«jG'1;;ivlltln~€J.:J confocal microscope (Nikon C1 modeL) l\i)tI·~.:JA1Y11'JliJb(iltJ{ 

pinhole 1-if'lJ'U1V11VI',;vi"'\i) 6.5 bbfl:; 5.0 ~lVl-r'Ui'h'UtJ1LbG'1:;~t11b~'U(illlJ~1~'U bbfl:;mY1'V~n€Jm'J"'L«j'U~viM.~ , 'IJ 

ulltJiLI'l'JI:;"'vllvlu'Jbbn1lJ ImaseJ 1.44 (63) l'Ubb~G'1:;~l€l~I.:Jlbf1'Jl:;"'mY1b'ilfl~LJ'J:;lJlru 200 b'ilG'1;;i (~~ln 

nl'J~V1~viUlbfl~tJ"''lJtJWIlG'1;;i) ~lm1'UAlmllJb-UlJ'lJtJ.:J'WntJm'J(;'1 b«j'U~~:;l"h'UlrubtJ'UAl mean srayscale
" ... 

level ((V1tJli 8-bit srayscale imase; black (0) - white (225)) bLJ~tJUbVitJumllJb-UlJ'lJtJ.:Jl"J~tJm'Jm«j'U(il1'U 

L«jfl~bbl'ifl:;n~lJl~tJ1i one-way analysis of variance (AN OVA) vimllJL~m:r'U 98% 

bLJLJl 'VIl9lvif((il b~ tJ n11'1~ 1 n n 'J:; 'Ul'U n 1 'J f(~ L~ tJn U11LJ'VI(il6'l tJ'U fllllJ ~1 b '111:; bbG'1 ~ fl·) 1 ~1Vl:l.l1 'U 

~1'U.vu~ fHLJLJ1'V1v1vibfltJiJ'JltJ,:jl'UlJlntJ'U lvlbbn mimotope database and beyond (Mimo DB) ~"l~ l 'U .vtJ ~fl 

~'ln~111 (1]'J l'U'JllJ~1~'U bLJLJ1'VI~~'U~1 b Y11:; \IltJ1LJ"j ~'U'UUV1\1l1..'j 'l vi bfl Cjii'Jl1.Jm nmnllJC1'lL LJLJl'VIv1viM":illnnl 'J 

http:Cjii'Jl1.Jm
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~l~\m.hJl'Vlv1~'Vi'\J~1 'l n'U\\llfl fl'J~'\Jl'U fll'H'lvlb~ El nn'\J 1 '\.h~'Ub ihvjlJlCJ ~l-:j'1!li(iln'U ~-:jEll\\l bU'UbthJlV1v1~hJ 

~lb'Vil~~-:j elute 1~\\llfl~1'Ub~tm~m"n;n61~flVl~El1u'J~'U~i,l~mtJEltJl'UU~Elfl~'l1Jvh'\"JEl1~,,~'\JMbVlilEl'Un'U1u 
" 

'J~'\J'\Jfll'lrl(ilb~Elfl b~tJflll target-unrelated peptide (64, 65) 

(Bioinformatics-based technique) 

1'Ufll'lPim~lfll'J~1i,lEl-:jfll'j~'\Jn'U)~Vlll~ buul'Vlv1~lJi'\\llflm~'\Jl'Ufll'Jrl(ilb~El fln'\J 1 U'J~'U~61'Uhi 1(iltJ 

m~tJ~ubb'\J'\Jfll'Jvh~l'U'1JEl~ protein docking m'1JhhbbmlJ'Vll~flEllJ~lb(9lEl4vhUltJbbi,l~?fh:J~Ubb'\J'\Jfll'l~U 

n'U'l~Vlll\l1u'J~'U b~lJ\\llnfll'Jf)'UVll1f1'J\l61~1\l'1JEl\lhJ'J~'U'11fl\l1'U-UEllJi,lhh~'U (Protein Data Bank; PDB) .., " 

b~Elnlf1'J-:j?f~l\l'1JB\l1u'J~'U~(9l'l.:Jn'\J1LJ'Jgj'UYhm'Um~'\Jl'Ufll'J Planning Dllf1'l.:J?f{l\loVEllLJ'J&i'U~l~'I111LJ~l~B.:J 

~lbLVlt1'1fll'l~U~lb'Vil~ nUbuul'Vlv1~~n?f~l\l~'U\\ll fl1LJ'J bbfl'JlJ PyMol ~~m:r'UVifl bu'U11"1 'l'l61~l\l~tJ\lhJiJnwu(il 

\lEl1'U~ULb'\J'\J PDB file 'I11-UEllJi,l~\l?fEl\l1Ji'bbri lm\l?f~1-:j1LJ'l~'U~61'Uh(Receptor Molecule) bbi,l~lm-:j61~l-:j 

buLJl'Vlv1(Ligand Molecule) 1LJVll~UbbU'\J~bU'U1LJl~'1JEl\lfll'J~'\J n'U'1JEl\l?fEl\lllJbi,l~i,l1 'U1LJ'lbbfl'JlJ PatchDock 

~.:JbU'U1LJ'lbbmlJbbU'\J web seNer (http://bioinfo3d.cs.tau.ac.iVPatchDock/) ~mr'Vi'vi~l~\\lln1LJ'J bbmlJ 

PatchDock \\l~'JltJ\ll'U)UbbU'\J'1JEl\lfll'J~'\J n'U~dJ'U1LJl~~\lVllJ(il bu'Urh Transformations '11 mr'U'I11ril~1~U 
" 

rll'Ulrul\i1tJi,l~b~tJ(il;'U1'U1LJ'l Lbfl'JlJ FireDock (http://bioinfo3d.cs.tau.ac.iVFireDock/) ~-:j\\l'~'JltJ\ll'U~i,l 

ril'Vil'll:nb(9lEl~vil\l 'l~b~tJd n'\J nl':i~un'U'1JEl\l61El'll1Jbi,lfli,l 1'U'l El'\Jbb'l n\\l~Hfil'J~v1'\J fll'J Refilement 'J~v1U 

Restricted riEl'Ub~EllVI'1u'JLLmlJ~l'Ul ruri'lLt1El\lvl'U1~riEl'Ubbi,l~lib1&111'Ufll'lr11'Ul ru'Jl(ilL ~1 1'U'JElU~?fEl\l\\l~ 

rl(ilL~Elfl~LJbb'\J'\J Transformations mJi''11mElUbb'lfllJlb-WtJ-:j 25 ~LJbbULJ~iJril Binding Score ~\l~~(il bbi,l~~\l 

fh Refilement Lum~v1'\J Full bvi1J!'nl1JbbJ.J'Uthbbfl~mllJi,ltb~tJ(il'l'Ufll'lr11'UlrulJln~\l~'U 'lltJ\ll'U~i,l'lJEl\l 

ril'Vil'll:nb!i)Eli~?llrlf1j l~bbri Binding Score, aVdW, rVdW, AU, HB 

bf1t~€)\lVl'l1'il1bf1t'l1::l-1bbtJnOUU~Hb(;l::\lf1m:JJ1rub'1li,l~ (flow cytometer) 


b~ tJ\l'11 n';;v~ln(il1'Ub~ El\l'lJEl-:]'1JU1(il 'lJEl\lEl'Umf1 '\AI1\\l~Ell'1il ~ &1 vi El fll'J bb 'VJ'j n ~hJ·lJEl-:] El 'U.fllFl'\"ll\\l(i1'jl\\l.
. 


http://bioinfo3d.cs.tau.ac.iVFireDock
http://bioinfo3d.cs.tau.ac.iVPatchDock
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vl~m)b~?1 b'1l'iJ~1'iJnl~~lJ biilvhtJlj f\~ tJ 11'iJb'1li:1 ~m: b~ 'lLl1nlJ~~ n l~tJVl\i1M)U1<U'tl"iJll Avl1 A~~Qi:1ln?ll~ b~tl'l 

bb?l'l'l'~~tlm~?Ib'1l'UVl1'Uvl1Llljf\~tJ1Vl'al~~U1Ll~~'U p 161NK4a 1'Ub'1lfl~lJ:;b~'lLl1nlJV1~n~lmA~tl'lmT~lbm1:;'" 

btl'U1'1l,jVl~1.J~'U (Trypsin) 1~b tJ'U b'1li:1~b~tJ1ntl'U'tl11Ll~'U~l'lvhnl~\i)~'lbbfl:;~m:ll6'1Jll'V'lb'1lfl~ (cell fixation) 

~lmlJVl1'UtlflbiJlJiJ'U 5 'U1Vi ~'U~l'l~ltJuvl bvlB4~lmr'Ubbu.:]1i11mh'lb'1li:1~tltlmtJ'U?lB'l~l'U ~l'UVI~'lvllm'a bU\i1 

~lb'1li:1~ (permeabilization) ~ltJ?ll~i:1~i:11tJUyhvlB4~6'1lJVll'U 20 0.1 % btJ'Ublfll 60 'UlVi €in~l'iJ'tllfl~i:1ltJ 

~ltJuvlbvltln~~?IlJVll'U 20 ~'U~1'lbb~cJ~':]i:1~i:11m'1lfl~1'U?lltJi:1~i:11tJhJ11tJ~~lJ5m,Jilfl 1% b~mJut.:]Llljn~tJ1 

1~~lb'V'l1~ 30 'UlVi bb~l~':]bbU':]b'1li:1~vf.:} 2 ~1'U 1~VlflB~Vl~fltlWml?l~n~1'Ufl~ 3 Vli:1tl\i1 Ll~:IJ1ruV!i:1tl~i:1~ 

500,000 b'1lfl~\liBV!i:1 €l\i1 l~tJlb~lJ1 ru'tl1 b'1lfl~Lb\lifl~V!i:1€l~11.J~'UVlnVl~n€l'Ubb~1~':]fl~i:1l EH'1li:1 ~~ltJ?ll"l fl~i:1ltJ 

'(jD~(I]l.:}11~bbn 

?I1'ai:1~mtJ'iJ"iJllm~1'il~U'l11b'Wl~~'iJ11.J"l\ii'U p 161NK4d ~~ili:11nf1l"lb·~'iJ'lbb?l.:}vl~Bm"l?l b'1l'U~ 1B 

10 
1'1l1Vll€l1'1ltJ1b'UVl (Fluorescein isothiocyanate; FITC( ~ii'l1TUI'Utl"ifl1A~VlTI lxl0 tl1ifl1A 

?Il"lfl~mmLtl'U~U'iJ~~U'l11bYn~\li'iJ11.J~&1'U p 161NK4a 5m1~'J'iJ 1:500 

6'11 "l i:1~i:11 tJ B'Uill AvJ 1~A1UAlJ~1~ bb?l~ '1 bLlLl1 Vl il~'\J '111 b'Yll ~~~Qi:11 n?ll "l b~ tl':} bb6'1'1~ii ~l 'Ul'U, ., 

= 10 
€J'Ufl1A?lVl5 lx1 0 tl'Ufl1A" , 

VI~':]'illn1.J~€JtJ1~vlltlljf\~tJ11'U?il"li:1~mtJ~1'l1 btJ'U b1i:1l 1 -B'11lJ'I ~':}~'U~1':}b'1li:1~n'iJ'U'tllIi11mh':]b'1li:1~ 

~e.l?llJ?ll"ji:1~m mbtl'U~UtlmLli:1~i:11 tJ1'U?ll'afl ~ i:11 mbB'U ~U€J~V1'a l'il ~~V11lJ ~ ~Qi:11n?ll 'a b~m Lb?l':}'Wfltltl b16'1 b'1l'U I9i' 
" 

mtJfl1,nJ 550 (Dyli~ht 550) dJ'Ub1i:11 60 'U1Vi L'lJi:1~VlnIi11m.h'l'tl11Ll~'U~1'lLb~11~1.J~lJ1ruf11"l~U~~'lm'l 

llJ Li:1 nfl ~~ilmm'm L~B':} bL?I.:}vlfl tl 'iJ b'a ?I b'1l'U ~'lJ€J':} bb!9ifl~ b'1li:1~ 'ill nm1lJLoUlJ'lJ€J\l ?I1"l b~ €J':}LL?i\l~l~1~~ tJ bA~€J':}\i'm ~ , " 

f11"lfln'\oJ1V!1'a~tJ~bli:11~bVllJ1~?1lJ'lJB\lm'j btJVI~hb'IJi:1~~ltJ?i1"li:1~i:11tJVll'U 20 0.1 % ~?I1:lJ1"lt1l~ 

~'1!'1!lruvl~€J vb~6'1b'1l'Uril~.:j61\71 L~ tlv'ilLllj n~ eJl n'\J tl1iJllAvh'il ~mh L'1n~~\7IiW1 n6'11"l b~ €l.:J bl ;1.:jvl~BeJ bd?l L'1l'Ulill'U 

'lJru~~cJ.:jfl.:jAl1lJ'ill b'VfI~1'Uf11"lVl"ll'il~'\J Vl~i:1B.:jl~tJtil L'1li:1~lJ~ b~ '1 Ll lnlJ~ fl n 6'11 tJ9Il'U5 CdSki tJ tl tJ~lEHtl'Ul'IJiiVl" , 
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~1(J?!l'Hl~'fn(JtJvh~tl4~'i'1:lJVll'U 20 0.1 % VU'Ubl'fn 0, 30, 60, 90, U~~ 120 mVi \>l1mhl'i\Jbb~1~\l61~611(J 

b"ll61611'U?!lV61~mvhJJ1V~~:lJerm,l~el 1% bvimj"J~\ltll]n~fJ1hj~wfn::; 30 mVi bbD\lb"llel~bb\>l~~~Jtl~l.:jl~ 

Vl~tl~Vl~61tl.:j'V'l'fn?!~n~Jtl~l.:j61~ 2 Vl~tl~ tI~lJ1ruVl~tl~61~ 500,000 b'll~~vitlVl~tl~ I~vtl~~mru t11L'Il61~LLvi 

61::;Vl61tl~1tI~'U\>1 n\>1~ ntl'U LL~J ~ \l61~611 (J b'll~~ bb\>l61~Vl ~tl ~ ~J (J'i'11 ~~~~ 1 (J mUll f'1~l~~U~l L'Yn~ \>ltlI tI ~ ~'U, 

Vl~\l~lntlciv(J1~9fhtll] n~(J11'U?!l'i61~m(Jvil\l1 Lth.Jb J611 1 -a-J1:lJ\l ~.:j~'W~1\lb'll~~nB'Wt11~Jmh\l L'Il61~'Vln 

~JV~1 \l1tI~'U~1 \l LL~T1~tI~lJ1 ru nl'~~U ~~'!J tl \l 1:1.1 b61 n 61~~il ell f1 i:!1 'i b~ B\l bbi:! \l ~~ v Vb'J?! b"ll\J (1)'!J v \l bb\>l61 ~ b"ll~ ~ ~1 n 
• 'U 

f'1Jl:lJb<U:lJ'!Jm?!l'J b~tl\l bb?!\l~l~lm~ (J bf'1~e.J.:j(i)'JJ ~l Lml~vj' bb(J n'liUVl flow cytometer U61~Vllt1~mruL'IlG'l~'llUV1 

lVli:lrurulru~mJm 'J?!b'll'U1'l 
v v 'V 

nl'iVl~?!tlU~G'l'!JV \l nl'i1 offtl'YJllf'1'Yh'llL vitlnl'i n'J~~'Ui:lqJqJl ru~~tl m 'i?! b'll'U(1) 'VllI~(J nl 'i1..Hu 

~1'UJ'U1:lJ b61nG'l?!l'i b~v\l bbi.'! \l~ 61 tltl b 'ii.'! b'Il'W(1)~~V1Q'fn flU'U v'Uf11 f1vil ~ 1~81offi.'! l'i~~ 'fn VV'Wf11 f'1~1~v1t1~lJ1 ru?!Vl5 
"\J " ,,, 

~\lLbvi 10 
13 

_10 
5 9f'htll]n~vlnUi.'!lJG'l~G'l18yJ~tlmJ?!b'llU~v1mlm<U:lJ<UU 250 l:lJImn-r:lJ\>ltl~G'l~~(;)'i b'Vllnu 

Vl"'\l~ lfl (;1 n\>1~ f1 B'U~'UU(J n btl 1bil~l ~ tl'U.fl1 f'1~ 1~ ~V1 i.'!~ 1 n 'i'11 'i b~ eJ\l bb?l \lyJ~ eJeJ bJ ~ b'Il'W~eJeJf)lJ1 LL~J ~\l'Vh nW1V1 
, 'U 

eJ'U.fllf'1, 

fll'Jl off v'Y.fl1f'1~l~ ~1..J III b'ln::; 1'W nl'ivhtJl] n~ (J1n1..JL'Il61~:lJ::; b~ \ltllfl:lJV1~fltll~l'j<UeJ~l nV11'Ufll'i 

'thtl'Y.fl1f'1"1~ 1\I~1..J~lbvn~1tiLm'U~I\l fllt.! ~ \l'1l1 (fI b~ eJ\l \11 fliJ'!J'UIVll Vl '1ih]?!llJ1'ifl~l'Um~m'Unl'i btJ Vl~l b'll(l~ 

neJ'U1~ rJI\l~'U fl l 'i '1 Vl ~1 tl \l,j~ \ll'jl' (fIfltJ'i ~ i:!\l Ab~eJ Pi fl'\::ll LtJ~V1..JbVi 81..J f11'i bb Vl'J fl'51J ~1'WL 'lJ 61 ~'!J v;) v'U.fll f1"1\!l v~U, , 
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W'UTI CaSki bb~~ b'll(;l~1vJhJ'fU~l~Ufl~~lfl~llJ~~fl (Human Uterine Fibroblast; HUF) ~'IbD'Ub'll~~~~~l:u , " 

~ltlciT:t1I'iVl~tl~Vl~~u\l'W(;ll~~f1(Il1€lth:J(;l~ 2 VI~el~ U~lJ1ruVl~el~~~ 500,000 b'/J~~I'iBVlnel~ l~vu':i~lJ1ru 

'lllb'll~~bbl'i~~VI(;lelVllU~'UVlnVl~flel'Ubb~1~'ln~mVb'll61~v\1V~l':in~61lV'1l'i1~\ill'l 'l lV\bbn 

6'11 ':i n ~ (;ll V buulVl Iii ~'l bfl ':i 1 ~ , bbn~U~ lJl ru m ~ eldiL'U bVlJJ B'U flU buulVl~'VlfllU fllJ~ij'lJ 'i1 ~ ~1.1 

~lbYn~I'iBlU':i~'U p161NK4a bbl'i~~b~V\I~lvlUm~B~m 'Ulvf1.:UVI':i\l flU buulVlIii~u~lb'Wl~ ~\lbUU 

1Vl~~\I bfl'i 1~~fl1UfllJd~~ij fl ru6'1lJU~lJ1611lJ bn fln U n ~ fllU'i ~ ~ ':i llJ bVlJJ B'U flU b uulVl Iii ~U~l b'Wl~ 
" 1 1 

'UmbuulVlIii~ij'U'U1Vi b~fl bb~~ull n~ (Jll:U~U~l b'Wl~~ bnVl~l flU ':i \I ~l flU':i~~1vJvh 'illJ'lJel\l b utJ 

lVl~nv1 hlt.tli~1'in~611mUulVl~boVlJoV'U °1 ~(;l ~llJnl'Vl 

btJulVlIii~u~lb'Wl~I'iBlU':i~'U p161NK4a boVlJoV'U 0,1 ~nmlJm~ 

~ l':i (;l ~ ~ 1VB'Ufil, fl"l~l~mU fllJ~l:u bb~VI \I buul Vl Iii ~1.1 ~1 b 'Wl ~ ~VIom fl6'11 'i b~ B'l bb~'l~ij~ l'U1'U, 
o<:!lo 1·) 

B'Umfl~VlD l x10 B'UmA" , 

o ~ 10 
~l'Ul'UB'UmA~VlD lxlO el'Umfl" , 

Vl~~lflU~BV1~'VhtJlln~(Jl1'U6'll'i61~nlt.J~l'l 'l bD'Ub1m 5 'UlV; b'lH'1~'Vlfl~Jmh'l'lllltJ~'U~l'l 

bb~":rrVltJ~lJl ru f1l'i~u~~'lJ€)\lllJ b'fl fl'fl~~ammn ':i b~ B\I bb6'l\lYl'flvUL 'i 6'l b'll'U ~'Uel\l bL~n~ b'Il~~~l fl fll1lJ boVlJ'UB'l6'll ':i , " 

b~B'l bL~'l~l~lmVlmfl~v \l1'1':i'Bl Lfl 'il~'Vl bbV n'1l'i1~ bb~~VllU~lJl ru b'11~ ~ (floVi1' cytometer) 

2.17. n1'iVl~6H)'U flWU':l:::tJfl(?l1 i.:Jl'W)'U.fl1flYll\1~mhL'V'I1:::1'U b-del.:J~'UlM'VI~6lB'Un'Unl'Hj'BlJfill611Yi', , 
" " 

11l1elEh.:J1J'ULUB 

t'h~1i.l cJ 1'l6'l1~ #I~'U Ldel~U ~ ~ m tJ'V'll 'ilvJ'U elel nbb~1VlllJ b VlA'i1 fl n1 'i bVl~ VlJ6'll~ IilcJvlJ~'U bdB vl'11tJ~\I 

1tJ~:lJ1'UU'\AJb'\AJB~A'U~m'WltJ':i~'U 20-25 'U1Y]1'Ulh~B~ t11\llV1mtJ~J'lU'i~UllVI(;l~TU6'll~#Iu'i~lJlru 10 'U1y] 

~lmr'U'ii\l'lll6'llM\1ubb'lJ1'UuyJyJbyjel1'&1T\I,.rU~l\l~'Ubdmbn"i\l~l\l 2 fl~'l flf\l(;l~ 5 'U1Vl oB'UUyJb'\AJB1'1VlV'iB'l.tl~ 

vlltJfI'i~m~ 'lh'i~ 'id'\ltl~ 1tJ~tlV1~~'Ubdmb~~ VI(Jvl6'l"1':i~~~l tJj»'4'\1'h~ b~el~l\l1~vhlJ€'U bt1el (tJ~lJlm 200 

llJlfl':i~ VI'i ) 
I , '\I 

b'lJcJ lr..J6'llJil'lv11tJfllllJb~1':iBU 50-100 ':i'e)UvlB'U'lV1 ~\lHfh\lA'Uvij»ruVlfl:iJ 4-8 B\lmb'11~~b~m'l 

http:oB'UUyJb'\AJB1'1VlV'iB'l.tl
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'llm1\.!~I.:j?ll~r!luuyJbl')tJ4"hI1f1'U~I.:j?\1~r!~'UdftJ bbnl.:j~l.:j 2 Af.:j Af.:j~:; 5 'UlVl sB''Uul'lbl'ltJ4b\9ltJdtJ'U VltJ\9l 

?\ l'i~:; ~l CJ bb tJ'll ~'U tJ~~'J'~lb'vn:; ty)Dtl'U.rnAyJl'l~\9liJm nvi''':w btl'UhnJ eJe:J 4u.'i~?\ b U tl4 tl tl n<a b\9l?lt~vil:lJ~'U b d 1], 

A~\! A~\!~:; 5 'UlVl sB''Uu'Yhl'ltlflVibbVi-:J VltJ\9l?lI'i(;'1:;(;'1ltJ DAB ~b~tJ'll-:Jl'Uul'lbyJtJ4er\?l'ilril'U 1:501Vivil:lJ?ll(;'1 r! 

b'lJeJioUI'Ul'U 15 'UIVl~1J(IJVlJliJVitl-:J bb'1il'i'ltl~l-:Jl'll counter stain 'U1'U 15 'llIVl \llm1'U~I\!vi'ltJJI?l:;m\9l1VltJ , " 

lV1'1V1~~I'UU'i:;mru 5 mY] LJ~tJtJ?ll~~bbVi-:J VltJ\9l Mountins media tJ\9lfl'i:;'ln?ll~ilm:lJ.fr'U\?ItJ'Unl'ibn'U1m:n 

1'i'18~1-:J?llflr! 'l111U\?I'il'lVlILJll n~tJl~'lh 'WI:;1(9]n~8\!~(;'1'V1'i'il'1tJm:lJb'V1A'iJflnl'icJmJml'l~'UbdtJm:lJun~ 

... 

1 '1)1'1i 
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A~vh'l~hj~l b~1~~.;J v1'l bU'Uw1'l~~ui),.J'l1'lH~tJ'Ib'1l~~mn(lp\f)'\lf~tll '\J'J ~'U ~1.;J 1 ~'fl ~'fl1 tJ1'U Blocking 

buffer tltlfl'll nfl~'1'lJ v.;Jvh'l nB'U 1~ tJ'l11~1'J'fl~'flltJfl~'1'lJtl'lvJ1'l~~lJ'\J~lJlrutl'Umflvh ~b~lH;1'U'\J'J~lJlru 10 
1 ~ , 

11'm'U l'\Jb~e)n~UnU'll'Ub~tJ'Ib~m'\J~l~ (oat ~ltJ blocking buffer 'llmr'U~'1'l11fl~.;J'lJV.;JW1'l~b'VI~tl'\J'J~lJlru 

2 x 1010 hJ1ib~vfl~unul'\J'J~'U P161NK4a ~~n coat U'U plate b~tJnl1nl'JvhBiopanning W1'l~~UnU 

1'\Jj ~'U P161NK4a 'l~ ~ n elute, 'I1Ubb'fl~ b~tJ'Ib~lJ~l'Ul'Ub~v'l111 '\Jlit 'U nl'JA~ b~ Elfl~ltJ n', ~Ul'U nl'J 

Biopanning i1 3 'Jvu 1~tJfllU~lJl~v1iillflw1\Jb~lJa;'UvjHfl'Um~uTunl'J Biopan:ling lJ'\J~lJlrubvhn'UVJn 

'l VU b~v1,x 611lJl'l f1~~ 1111lJ nl 'J'\J'J~~Vl5ill~01J il.;J nl'JA~ b~ El flvJ1'l~U~1 b~1::; ~€J1'\J'J ~'U P161NK4a 'lJil.;J 

m::;m'Ufn'J Biopanning l'Ubb~'fl:::'Jilu ~.;J1~vhfn'Jb'\J~tJubV1tJue)m1I:id'U'lJtl'lW1'lnv'Ubb'fl:::VI~-1nl'JA~b~vn~u 

nul'lJ'J~'U P161NK4a ~ltJm:::m'Ufn'J Biopanning l'Ubb~'fl::;'JtlU~'1bb61~'11'U~'\J~ 3.1 

Binding phage output of p161NK4a biopanning 

2.5 

ta 

> 
c.. 
<II 

:a 2 +--------------------
2l,;r;
ftI I 
..r:.o.! ~ 1.5 +-----.---------- -- 
0..-1 
0.z;; lit ,ftI CII 1 -:-------------------.------..--- - -- ..."'u 

~ 

~'f 
0.«1 
c a. 

0.5... 
~ 
a. .... 
:::l 
o o 

1 2 3 

Biopanning round 
---- -- -~-- ---------- --- ------------- -------------- ---- - ------ - . , ---- ~----- -j 

~tJ~ 3.1 C-li.lfn'Jvh biopanning b~€JA(7)b~€Jnrh'l~~U~lb~l:::nU P161NK4a bb61(7)-le)I11'llI:iJ'U~1'Ud'UW 1 'l 

b~lJa;'Ubb'fl:::vJ 1 'l~U~-:,~1::;~ elute 1m'Ubb~i.l~'J tlU ~.;Jbb61~-:jl,xbi1'Ufll1lJ~lb"\n:::~v~hJ61'1~'U 'lJ il-1fn 'J 
u 
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~1')(l~mCJYh~~U~lb"n~viuhJ';j~hJ P161NK4a .yj elute "b~'LIbbllif1t')uUthhJ inFect boVWI1(l~ E. coli 

bb(l~b~CJ..:]1V11J\ isolated colony Lnl'lLU'ULA(l'U'Uu':l'vh~ 1l'1CJLbvi(ltLfI(l'LI'U€J~Yh 'Il~:;tJ':i:;f18 UJ\ltJvh~bb~I'1":]b'\..hJ 

h11i1~i1v1liluml'1€J~lJL 'LIb Vli1€J'LIn'LIb Y1m 1 'lJtJl'1 b~mbCJmmLA(l'U'U€J..:]Yh~ Lbvi.n ~LA(l'U1tJ bY1lJ~I'Ul'Ubb(l~?l nl'1bBl 

DNA 'Uu\lVh~bb~(l~lA(l'UltJ\11'll~VlI~IV)U DNA J\lCJb~AtJA DNA sequencin~ 1I'1CJL~8nlA(l'U'UB,n~~'~bbUU~lJ 

mh\l,JeltJ 20 LA(l'U ~ elute lJ\~lnnl'l'vh biopannin~ 'l'Ubblii(l~'l€JUt111tJ'VII~IV)U DNA 'U€Jwh~\11,)":] 

~lbbVlt1'1~mUfllJf1l'lbb?lI'1\lBBn'UB':HtJtJl~1i1.yj~l'UB\l~I~~v1l'1vimb~'lf1B~~\lVl lJl'1 21 ~1v1UbU?l ~":]~IV)U DNA , " 

'UB":]Lbvi(l~lA(l'U~lJ\ ?lllJI'Hlt111tJLL'll(lt.J(lVlI~l v)Ub 'll'll1~1i1~~mh bYn~ nuL'll')~'U P161NK4a CJll 7 amino 

acid Vlil\lm~UTUf1l'l Biopannin~ v{\l 3 ,)BU ?l11l1')mbCJnYh~~U~lb1"l1~~.:jbb?lI'1.:n'll'll1~\?l~i1~lv)umI'1B:;lJ 

l'L1~ln'LI~I'Ul'LI 5 I'hv)umI'1B:;lJL'U v)\lbL?lI'1..:]1'U')u.yj 3.2 
" 

S H S L L H H 

S H 5 L L H H 

S H 5 L L H H 

Q l P G S H S L L H H 

P 0 R N E S H S L L H H 

l F Y K Y S H S L L H H 

p H S H 5 L L H H 

Y P H l P E H 5 H ~ L ~ 
'-' '-i 

l S V:l H 0 Q 5 ~ ) , 
L r" H 

L R P S P 0 5 H S , H H 

0 s s P l S L 5 H ~ H 

A S A P l L G 5 H S L L H H 

Q T S P P H 5 H 5 L L H H 

G T P T P A P16_3 Y RAPWPP S • 
N A P Y G L R P16_4 Y A W 0 T Y R 5 • 
EHFQPPL YAW 0 T Y R P163 Y R A P W P P 

TNDTSPS YAW 0 T Y R Y R A P W P P 

VI KSWYQ P16_5 F P P S V I R P16_4 Y A W 0 T Y R 

VESTGIW H A I Y P R H P16_5 F P P S V I R 

VLHPSRN I P T H I R P F P P L V L R 

P161NK4a 'l'LILL(;](l:;,)8'U ~.:]'\t>I'Ull'VI~":]L?l~~~'Um~'UTUf1l'lAVlLfiuf1~I~~mhL''1n~y{\l j 'lu'U 

?ll lJl'lmb CJf1~ I'\J bb?l~.:jb'lltJl~li1~u~lbvn~~i1~lv)um~B~m'LI SHSLLHH (p16 1) 1~ l JB n \llndtJ\l 
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1vlbthJ1'Vlvi~u:ihb'Wi~vi'V'I'u1vl~i"l n'U 1'J,)€lUv1 2 ll;;'1~ 3 'U€l-.lmUlUnI') Biopanning Bn vr-.l'\t1ll~ 4 

b~'U 1vlbbn SLHQPHL (p16_2), YRAPWPP (p16_3), YAWDTYR (p16_4) bb~~ FPPSVIR (p16_5) 

v 
~1(J 

SHSLLHH (p16_11, SLHQPHL (p16_2), YRAP\j\/PP (p16_3), YAWDTYR (p16_4) bb;;'1~ FPPSVIR (p16_5) 

l~(J'WUU~lJIrub~lJ~'U1Unl')l'i'~b~€lm€Juvi 2 bb~~ 3 vl-.llbMl-.l1muvi 2 VlilJr;1ivlU 
\) 

~hilvi~unU~i'Ub~tJ-.lb'IJ~~'W~i?l~n'\t11€J1U')~'Ul'il-.l "l yj~~mtJ1'u Blocking buffer uumllnA~-.l'Uu,:rrhilnmJ 
1l~(J'l1i?ll')~~m(JA~-.l'U€Jwh~~-.ll1u~lJlru1J'U.f1lAV'h~b~lJ~uu,)~lJlru 10 ; lA~'U 1ubi!iun~unu~l'Ub~tJ-.lb~€l, 

lU~lvi coat vlltJ blocking buffer \Iim1'U~-.l'l1iA~-.l'U€Jwh~~b'\t1~uU,)~lJlru 2 x 10101uH\~€Jn~unu 

buu1'IJJJ TOP2A ?In~U~?I'Vl~yjr1n coat U'U plate 'Wl~yj~\JnUlu'U1'IJJJ TOP2A \j)~f1n elute, 'I1Ubb~~b~tJ-.lb~ll , " \) 

l'i'~b~€Jn'Wl~~mhb'V'l1~~meJ'U1'IJJJ TOP2A '!JeJ.:Jm~Ul'Unl,) Biopanning 1'Ubb~~~,)eJU ~-.l1vlVl1n1,) 

bu1m..HVi(Jue)ml~1'U'Uf.).:J'Wl\j)neJ'Ubb~~'\t1~-.ln1')I'i'~b~eJ n~UnUbf.)'U1'IJJJ TOP2A vlltJm~ul'Un1,) Biopanning 

luLL~~~')f.)Uvl-.lLL?lI'I.:J1muvi 3.3 
" 

Binding phage output of TOP2A biopanning 

1.4 
QI 
1>0 
." 1.2 
.l: 
0.
_lI\
00 1 

0.-4 
'p )( 0.8 
~~ 
-:; ~ 0.6
0._ 

.!:: .~ 
1:. 0.4 

.... IV 
:l 0. 
0. 0.2.... 
o 
::J a i_. _ __•• 

1 1 

Biopanning round 

http:vl-.llbMl-.l1
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~U~ 3.3 	 t:-J~nl'i'Vh biopannin~ b~m;)~l~vnvhil~~mhYn~nu TOP2A LL~~'1e)Ii1'il~l'U')l'Ul'U'V'Jl'Jb~lJa1'U 

bb~~vh'J~D')11'V'Jl ~~ elute 1~'Ulll>i~~'ieJU ~'1bbG'1~'11~ll1'UfllllJ,)lb'V'Jl~~ b~lJ6'1.:l~'U'(JeJ~ nl'ifi'~I~eJn 
" 

'1JvWh'Jlll>i~~lf1~'U1UIi1'il'Jvn6'il(v)U DNA ~lmVlflUfl DNA sequencing lVltJb~vf)lf1~'U'1Jv-:JYh;Ubluu~lJmh-:J 

tlvtJ 20 lfl~'U ~ elute l~'Jlnnl'i'Vh Biopanning l'Ublvi~~'ieJD 6'il(v)U DNA'1Jvwh'JIi1'i'l\iilbb'VItl-:Jv\v\mUfllJ, 

nl'ibbG'1~~vvn'1JeJ~buu1Vl~v\~1'1Jv'l'v\h'Jv\cflVll>imbVl'i n mj'1Jv~ bbl>i~~lf1~'Umv1 '\111Ubb Unt:-Jn'VIl6'il#lubuu1VlI?i'v\~U 
'OJ 

')lb'V'Jl~nUb'v'Uh~ TOP2A 'VI~~f)'i~'\Jd'Unl'i Biopanning ~~ 3 'ieJU ?lllJ1'imbtJflWl'J~U')lbm~~'1bb?l~'1IUU 

1Vl~~i1G'h(v)Un'i~€l~m 'U')1'U1'U 4 6'il(v)Df)'i~v~m'U (v)-:Jlb~~~1'U'JU~ 3.4 
'\J 

N ERA L T L N ERA L T L NERALTL 

Y T PEL N N N ERA L T L N ERA L T l 

T G A H L Q Q N L G L F T N ERA l T l 

A S N L Y K D T R R L 0 V WNAKYTL 

ASLATHR G N 0 Q L V G 5VTRTT 

ASQSPRS S M R E N A A A TIT K 

GSSTPGK GSMASSW F L 5 T K S P 

·WSTTNVP YSNVMSH SP5THWK 

551 EOA~ W5T GPE Y H Y T G R L 

5 GEM Y A E TOP_ . \'Ii S T T r'J v P Y 5 L Q5 V 

5 5 A A G 'A'STTL\,P N 5 L QS V 

5 M S I 0 Q Y TOP_ L S N N ~ L R L S r\ :1 PI L R 

OTSRVFR FTGY LO l S N :Ij rJ L R 

QAT R 5 Q P TWASPLH Q G S L ART 

HAMRAQP o R S 5 V L T TOP_ HAMRAQP 

L A Q K G P Y V T N S L T HAMRAQP 

l E L P R R P QYGAMHT HAMRAQP 

S P W M l P Q G P D K Q WPYDQQL 

GHAVYRP YFGHKGQ EPPONWK 

DNPKAAR NTG I SSK TPARHIY 

"jU~ 3.4 	 lb?l~,,'j6'il(V)m\Ju1Vl vi 'ill 'UJ'U 20 "I'll'Jlf1,,'Uffi~m~Ul'Unl'ifi'~I~eJn'V'h'J~U'ihL'V'Jl:;vimv'Ul'ij~ TOP2A 
'\J 
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bbl:1~.:jbtJtJ1Vlii~,\)~ll~1~~:iJ(\'lvl'\)mVlmdJhJ~lntr'huTU 4 ~lvl'\..Jf1'.i~fJ~mtl NERALTL (TOP_1), 

WSTINVP (TOP_2), LSNNNLR (TOP_3) bbfl~ HAMRAQP (TOP_4) 

f1l'.ifi'~bbCJn~;J 3 '.ifJU 'Uru::;~ltJtJ1Vlr; LSNNNLR (TOP 3) bbCJnhi1t1'.ie:J'\..J~ 2 bbfl~ 3 tlfJmllndv;Jb~fJmtJtJ1Vl~ 

Bn 2 b~tI~~U~l'.i~Vlll;Jnl'.iA~b~fJnfJtlmfl~,\)~lb~l~ 1vi'un WSTiNVR (TOP 2) ~\I~u1t1nl'.ir1m~fJmfJ'\..J. 
~ 1 bbr;1~ 2 bbfl~ HAMRAQP (TOP 4) ~W~'\)1t1nl'.ifi'~b~€lm€lU~ 1 bbfl~ 3 1Jlb-vi:m11tlltlbYi€lPln'l-n 

btJ~tJUbVitJ'\..Jn'\..JbtJtJ1Vll11Bn 2 b~tllilltJ 

n€ltl1vi'bbn mimotope database and beyond (MimoDB) ~\I~ltloiJ'm.Jflvl\lm)1111il'.il'\J'.il:IJ~lvlUbtJtJ1Vll11~'\..J 

~lb~l~~fJ1tJ'.i~tI'llU~vil\l 'l ~bflCJ:iJ'.ilCJmn€ltl'.iI:IJ~;J b tJtJ1 Vll11~M\Jlnnl'.ir1Vl b~ €lmnnm~mtlnl'.ir1~b~fJnlVlCJ 

1oiffl~;J'U€l\lyjl \J~i.'Ib ~fl tJ~ltJ tI €l mll nd)litloifm.Jflvl\lncill V'I1vi'~1'\..J ':JIll ~l vlU b tJtJ1 'Vlr;~~'\..J~1 '1 ntl \J 1 fI 

m~'\J1t1f1l)r1V1b~€lnnU1tJ'.i~tI b U1Vim CJ~l\l'llijVlntl ~'1m\JbtJtlbtJtJ1'Vl111~1lJ~1 b~1~~\I elute 11il\Jlfl\Jlt!b~tJ;J 
. 

b~€l~mi.'l~nVl~€lltJ'.i~t!~fl~r;11tJ€J~1tlU~€lfl~\lUyjbyj€l1~~u11ilLVI:iJ~t!nt!1t!'.i~,\)U m)AViL~€JfI L~tJnll tar~et-

unrelated peptide e-tflnl'.i L VitJU'VI1~lvlULtJtJ1'Vlr;~L'VI:iJilt!nt!1tI~ltl.u€llJr;1~'UilLtJtJ1'Vlvl~'l 5 L~tI~AI'H~€ln 

1vi'~lnm~mtlm'.ir1~b~ilnd 1lJm.:Jn'Ub tJtJ1 'VlVi1Vi'l ~bfltJ:iJ'.iltJnU1Jln€ltl ~\lbbi.'lVi\l1 tXb ~tI~;Jflll:IJ1 'VIlJ'U€l'l 

~1 vlU b tJtJ1 Vl r;mvi'\11 n\lltli ~tJdbbr;1 ~ LLi.'I Vi \11tX b~t! (\\1 fllllltill.~€l~ v'll €l'l m '.i AVi L tJtJ1 Vl r;~h;~'U,h~l~ v€lfl\Jl fl 

'.i~U'\..Jr1ViL~€lnvhmtlnl'.i'VlVifl€J\I \Jlmrtl~\I'lhtJtJ1'VlMflv11tJPlfi'l'nnl'.i~'U~~~1~'1J~J\lLtJtJ1Vlr;'\..JtIbll bfl nfll. tJ'.i~tI 

P161NK4a 

(Bioinformatics-based technique) 

\Jlfle.Jf1f1l'.iAVlb~fJ flfJtlmflyjl\J~U~lL'V'Il~ nultJ'.i&1t1b U1Vil-IlCJlilltH'VlflUfi Biopannin~ Vi~un'U, 

hh~'UbL I1if1t'lJij ~ ~ '1 ~11i1"JLtJtJ1'Vl~~b~€lnM:iJm fI fill 1 ~l vl'Ul.tJ tJ1Vl r; vl,nrt!~\l11il'Vhfll'.iA fI'\~1 1. tJ~tJ '\) l. ViCJU 

http:btJ~tJUbVitJ'\..Jn
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I"1l1lJi.'11lJl'm'lltJ-:jtJ'Umfl'Vh'l~L~tJn1vi1'Unl'l~'Un'Un'U1'lh~h.Jb{hl1lJl eJ bb~6'1~'1lllVlv1'l (J bVl FlllFi ELISA b~tJlibu'U, 

itJlJ~1'Unl'H~tJnH~lV)'ULthJ1Vl~m,iffllllJlJ1'U nl 'J~'U1\J'J ~'U b{j 'll1lJl (J 1dl~~i.'1 VI tJ'U.fIlAvJl'l bb6'Wl-:j b'LhJ1Vlvl~'U
'IJ , , 

~lb'Wl~llitJhJ'i~'U P161NK4a ~,jl'l~bU'UhJ1v1'~-:jAVlb~tJn1v1''l ltJm~'Ul'Ufll 'J Biopannin g ~1'Ul'U 5 ~lV)'Ub'LhJ 

1VlvlHlbbtl SHSLLHH (p16_l), SLHQPH L (p16_2), YRAPWPP (p16_3), YAWDTYR (p16 4) bb~~ 

FDPSVIR (p 16_5) 1,if~~i1'1J'1Jlrufhn1'i~Vln~'UbL(l-:j~th'Ulv1''llnLVlAllfl ELISA v).:jbb~Vl-:j1'U~D~ 3,5 

0.6 
• Pep 1 ~ Pep 2 DPep 3 

- 0.5 
IilllPep4 DPepS 1:11 Native phage 

C 
0 
'"-"' 0.4 ->. 
.
en 
c 0.3Q) 

C 
fti 0.2u 
:t:i 
C. 
0 0.1 

0 
6.25E+10 1.56E+10 3.91E+09 9.77E+08 

Amount of Phage display particles (pfu) 

'JD~ 3.5 fhnl'JVlVln~'ULb~~'lItJ~Dii n~tJl~'U~lL'Wl~'J~WJ1~tJ'U.fIlflvJl'l LL~VI-:j bDDlVlvl~l b'Wl~~~ 5 ~1V)'U bDD 
" 'U d.J ~ 

.... 
lVlvl lv1'bbtl SHSLl HH (p16_l), SLHQPHL (p16_2), YRAPWPP (p16_3), YAWDTYR (p16 _4) 

blf1~ FPPSVIR (p16_5) ~AVll~tJn1v1n'UhJ'i~'U P161NK4a bD1t1'UlV1t1'Un'Umi.fllfl"~1'lfll'Ul"llJ~1~ 

ll?1Vl~~1V)'ULtlD1Vlvill'l"l (native phage) 1l'ltJlVlfl'IJfI ELISA lbn'U x lb~VT.:jfllllJb'iJlJ'iJ'U'VtJ~E11ifl1f1 

"~l \l~1.;J ~ ~ Il61Vl.:j1Vf b ij'U 11 tJ'UJll AvJ 1 'l bb~ Vl ~ bDDlVl vl ~mh b'\All ~ ~ AVl b~ tJ nlv1'vr'll1 lJ I'l 611lJl 'i tllVi, 
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SHSLLHH (p16 1), SLHQPHL (p 16 2), bb~~ FPPSVIR (p16 5) lVi~rut1J1ru ELISA 1~~~MHi18bU~CJ'UbVltJ'U_ _ _ v , 

1'Ul1eJ.:I'Vl~&leJ.:I 

B'4f1lf1vh~ bb?l\il~butJ1'Vl(1]~'U~1 b'Wl:;~ rlm~ Bfl1~\J1flm:;'UJ'UfIl';i Biopanning ~JlJnmm 

fI1';i~mllbu~ tJ'UbVI tJ'UAll1J?l11Jl'H11'U fIl';i~'U n'U1U';i~hJb{hl-'1lJltJ'1JB.:tbuu1'VlMib~B fl1~vlJ Vb 'Vlf1Df1 ELISA ;~ 

fl1';i~ fl1.'i1~~?lB ~ m~'Ul 'U fl1';i b tJ'UfIl';i ~ n1.'i1bu~ tJ'U b VltJ'UfIl';i ~'Un'U'lJ B~B'UfIlf1vh ~ n'U1U';i~'U biJ 1'll1:lJ 1tJ~?l n \il, 

b~m'll'Ul1i 

2.1 . fIl'j'Vl Wliil eJ'Uf'l11lJiil1lJl'Hl"lJ eJ.:Iyj1"il..ij\J~1tV'll::1'U fll'HW n b"1l&l ~u n~€J€Jn"il1 n b"1l61 ~lJ:: b ~ .:tU1 mJ~ &l n . ~ 

~iifll'jbb~\il.:l€J€Jn'!i€J.:Ilt1'a~'U P161NK4a lJ1n~\ilUfl~ 

B'Umf1vh~LL?l\il.:tLUtJ1'Vl1'i-:5''U~lL'W1~vltlltJ'a~'U P161NK4a ~1~~lnfll'arl\ilb~Bn~~mmm'l1'a, . 

LtJ~tJ'UbVltJ'Un'U~htb'Vl'U'lJtlWll~~~bb?l\il~'a~~'U P161NK4a tJfI~ 1vlLLrl L'll~~1vJl'U'a'U~1?l~ln~JlJ\i1~n (Human 

uterine fibroblast; HUF) ~~fIl'atJ8lJL'll~~'W'Ul1vJ1~LL?l\i1~bUtJ1'Vl(1] SHSLLHH (p 16_l), SLHQPHL (p16_2), 

(p16_3), YAWDTYR (p16_4) bL~~ (p16_5) ?llm'am~8n~'Un'Ub'll~ ~?l1V'W'U~lJ~L~~U1nlJ \i1~fI Caski ~~'W'U 

fI1';jbbM1~eleln'lJ8~lu';j~'U P161NK4a ?l~btJ~tJ'UbVltJ'Un'Ub'll~~ HUF ~~ii'a:;vl'U P161NK4a un~ mh~ih1tJ~h~lru 
~ v 
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tl1!fl1 .rrh" ~iI"~ 
~1.h.llYli p16_1 

tl1(fl1f1M'lt\) ~a,,~ 
~tl1I1Yl" p16_2 

tl'imfl'h\lLLa,,~ 
~thJlYl'" p16_3 

D",'nf\l'h~~R"~
,utl1"" p16_ 4 

D"1l1P1"h'i~Rfl~ 
,111..11" .. p16_5 

mWU.fl.J., n-l, i IH"....'WUJ'" 
l".cwo*,,"Ifl.nQ iiflQJnn."I1 

L1.t".~"'DIIl1.'W. 

II'W".IWU1,1nw,.••;.,,,nlJ 
il1lfl.UIIII8i1'....".um" 

" c::L"inUUJ ~l·H 

bb61'1~~€Jmi61b«j'Uii '1lUWllJll'l11v1'bbr1 bthJ1V1vl p16_1 , bthJ1V1vl p16_2, b'l.hJ1V1vl p16_3, b'\J'\J 

1V1vl p16_ 4, b'\Jtl1V1vl p16_5, bb":::B1imfl~T'ilA1'\J~lJ~hhb61W1'1b'\J'\J1V1W11W11, lWlEJA11lJ 

bb(;lmll'l"lJB'lfl1llJb';;lJ"lJ€J'IcKrurulru~"Bm'.i61b'll'Uii~1W11v1'''1 n b'll"~lJ::: b~'l~cJBlJv1'l!'.l b'\Jtl1V1t7l 
v v " 

http:l".cwo*,,"Ifl.nQ
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'Ull: 	 Jll'V'Jbb~(;]~'IJ~bl ru~l:Wl'U'U'i)~b"1l~~~~'i)~lU(;h bbVltJ~(,h~ '1 'U'i)~bb(1)~~Jll'V'J ~~~l1Jl'HmMI,,:j 

~lLLVltJ~b"1l~~tJn~~tJmJv11mthJ1'\I1~ml'il~'IJhJJ~'U p 161NK4a VicJmJ~V1~'v~~'i)ElbJ~b"1l'U~ 
" 

LtJ~ (J'IJ LVi(J'lJbl~(;]-:jrnlllbb(;l n(1)l.:j'\l1l-:j~(\~'U'i)-:jrnlll bill1'UnlJ~(;]~J~Vlll~ b"1l~~ll::; L~-:j'lj'U\1l~iJnlJ bL~\1I-:j'i)'i) n'U eJ-:j 

1tJJ~'U P161NK4a ~-:j~(;]tJn~n'IJL"1l~~1~1'IJJ'lJm~~tJn~~tJElll'i)'UJllfl~'l'il LLMI-:jL tJtJ1 '\I1~bb(1)~::;'1l{j\1l 1v1~~i1'l" 	 . 

•.".,..,.,.....t"'""~nthn..r .... ..,.,.8".,.,.,."ctt·h"''I.I..c,'. 10 " . ' 

nu'....r\Jnhu.1\1hlt,II..'II't~..h .. , ,tJ'tu,,,ftuvrl'vU'tlTl,.,hWff1VIJN (, .... ' ." .• , 
"'.1 

(O.H- -.l.lJ 

Jo 11 .' 

('0,2-'101 

.0.2 

{Z.-Z ·'·.1 

.., 
(7 .1-10. 11 

http:7.1-10.11
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l'lhJlVl~ P16_1, p16 _2, ll~~ P16_4 61 lln'H11V1Allllll\i1n~l'l'lJe:J'I~qjqjlrul~e:JHfl'LHn"J\i1"JJ~lltJf) 


l'll~~ll~l~'11f1lnnnll 16.1, 8.1, ll~~ 11.6 V!1.hmmtJ61ln~ 'lJru~~m~mA'\'Jl~ll61Vl.m_hJ1Vl~ 3 


ll~~ 5 hJ61lln"Jtl1 V1AllllU\i1n~l'l'lJe:J~~qjqjlruAlllll.ullll61'1'U'Ul"IJ~~ll~l~'11f1lnnnlll'll~~tJn~ l~e:J 


ltn tJ'UlVltJ'Un'Uf)JlllU\i1n ~l'l'lJe:J'I~ru rulru~lVlM~l n l'll~~ll~ l~'1ll~~ l'll~ ~tJn ~~ cJe:Jllv1J tJ e:J'Umfl'V~l 
v v , 


2.2. n1'a'VI ~nB'UfI'J1:lJ);l1:lJ1'aI:l'1JB.:J'W l"\1..ijU lil1b'Vn~l 'U nl'a bum b"ll6't ~U n ~BBn "\11 n b"ll6't~ll~ b~ ,:jU1n 

:lJ~6'tn~iinl'alln~,:jBBn'1JB.:JbB'U1"1111 TOP2A :lJ1n~~un~ 
" 

fibroblast; HUF) e,j~fll"JcJe:Jlll"IJ~~'I'J'Ull'Vh~ll61Vl~ltJtJlVl~ NERALTL (TOP _1), ll~~ WSITNVP (TOP 2) 

ltJ~tJ'UlVltJ'Un'Ub"IJ~~ HUF ~~il'j~v1'U TOP2AtJn~ mh~ilum11Aqj~'1bb~ 8 D'I 21 V!'lh~JlntJ61bnm~mVltJ'Un'U 

e:J~mfl'\'Jl~m'U~ll~'1btJ'Utl~mA'\'Jl~m:UbbG1Vl'lbtJtJlVlVl1~1 v1'1bb61~'1~tJ~ 3.8 

... 



- -
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m'WLLflfl~~fIn'1{jIJ2J#l1Vv'4I11f1Yl'''~iiflilfl'n I11'WLLflfl~\J~~1W~'lfflai11Jn\Jih~flaVfl~v~~'lffla 

;;1Vfl'1~;v~Yl~vm'fl~'If\l" t\lUfifl::Il1'W 

El\j111f'1vlTilU~f1-l 

LthJt'V1~ TOP! 

El\j111f'1vl1'lU~f1~ 

LthJt'V1~ TOP2 

El\j111 f'lvl1'l LL~f1~ 

L\hJ1'V1~ TOP3 

El\j111f'1vl1'lU~f1-l 

LtJtfl'V1~ TOP4 

b'lhJ1'V1~ TOP_ 4 bb61~eJ'imr19tll''ilI''1J'U~:lJ~hhbrl~'lbUU1'V1~1~1, 1~tJr111:lJbb(»flI'i1'l'1JeJ'lr111:lJ 

b-V:lJ'1JeJ'l~ru ru1ru9tl61eJeJ b':irl b~'U~~l~1~~1nb~61~:lJ~ b~'l~cJeJ:lJ~lmuu1'V1~ 
v v 	 " 

'1J11: 	 Jll'vmrl~'l'U~ b 1 ru~l:lJn'U'1JeJ'l b~61~~lJeJ ~1 'U<l11 bb'VlU-:J1'i1'l1 '1J eJ'l bbl'i61~m~ ~'lrl1:lJ1':imb?l~'l 

<l11bb'VlU'lb~61~Ufl~~cJeJ:lJ~lmuLJ1'V1~(»':i1~~'U1LJ':i~'U TOP ~cJeJ:lJ~~~9tl61eJm':im~'U~UmJfll1 
" 

b~61~:lJ~b~'l:lJ1fl1'UbUtI1'V1~ TOP 1 bb61~bLJtI1'V1~ TOP 2 



47 

bU~tlUbVitlUbb?t~'lfnl:W bbV)n(l)l'lVll'l?t(\~'lJ8'lflll:W b~:W1'\j nl':i ~~?h :;Vlll'lb'1lfl 6'1lJ:; b ~'l nu b'1lfl~1'V'Jlmum?t~un~ 

~cJ8lJ8'\jmfl'V'JT~bb?t~;jbUulVl\ilbbl'i~:;'1ltJ~ 1~e.J~(i\''lbb?t~'l1wnv'l~ 3.9, 

( : 1 

A'l'lll L ,r1l1Jll~~,!! 1!!111l1'l\! il a L lllL'!1uol'hnni 1111mUllLn a 

,.----------------.- c-.-------------;i 
(r~1 Im+ r'4UtilllJu.hJLfl .,J TOP_4 yJ 1 

Ii 

il~f1. ITi ll "~ . lf l \J~~ 

i 
I 

I 
I 
I 

H'111.1 \iJJlID"iI!!LIflIIIoW \!il ilLT" \ '111tf1114..m· J U L II 111ft \11<4 

I I \ TOP 1 I I " rep:. ItO;' ~ " ' r::;F': 

WnuewnDl~"""""",W&....nnm.,~"'"""
ttu..r.I..a-1hft""-ilMht, uI1.......Ku.~.'""'I" 

>21.1 

(II"D.IJ 

~1U· 

(11.4-21.3) 

d 
'iU'r'l 3.9 
" 

buul'r'l~ TOP 1 Lb~~ TOP_2 ?lllJl'H11 ~mllJbb\?lnl'il'l:U8~iK'Y'YlrubYl€l1.u1'\jnl'i\?l'Jl~ LbtJn 

b'1J~6'1lJ~b~'ll~lJlnnll 21 bb~~ 18 Vltil 1JL m~?lbnfl 'Uru~~8'\jmflYh~bb?lV1'lbUu1vl\il TOP 3 bb~~, 

dj8 bU~ tlU b Y1 tJUnUfIll:W bb\?l mh'l'lJ8'liKf\Jf\Jlru~l~1~~l n b'1l~6'1lJ~ b~'l bb~~ b'1l~6'1U n ~~tJ€l:w(i\'l tJ 

€l'4mfl'V'Jl~mUY'l:w~'bJbbi:1V1'l buulVlr\l~1 

http:Yl�l1.u1
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~lL'Wl::'lJeJ.:Iltl';j;i'U~,.;ltInl'Hh\.r,HU'VI1.:1f'1eJlJVl1L~eJ{ (Bioinformatics-based technique) 

3.1. n1';j~n~ln1';j~'U~lL'Wl::'lJeJ.:ILthJl'V1~'U'UllJL~~~l'1.h;i'U p161NK4a 

fl1 'i PI fl ~11'U?i 1 'U -d b U 'U fl1 'i PI fl ~1 ~ b~ ~ 1 o1f €J ~ n'\J fl1 'i vl1 'U 1 ~ fl1 'i ~'\J n'U 'i:: 'VIl1 ~ btl tll 'VI vi ~l~"1 fl 

fl'i::'\J1'Ufl1'irlV1b~€Jfln'\J 1tl';j~'U P161NK4a 1V1~eJ1r'1~~tlbb'\J'\Jfl1'ivl1.:l1'U'U€J~ protein docking vTIoff1tl'ibbfl'ilJ 

'VI1~f1€J:uVllb\1l€J1vl1'U1~ bbG'1::?t~l~'itlbb'\J'\Jfl1'i~'\Jn'U'i::'VI11'l1tl'i~'U ~'l-d'itl bb '\J'\Jfl1'i~'\Jn'U'i::'VI11'lbtltllV1vibb~G'1:: 
~ ~ 

b~'Un'U P161NK4a ?\lm'iC1€J5'\J1~1v1"1 fl~1'V'l~'l~1'U'1l'WV1~1'l1 ~~flti1'V1'UViln'U1 tl'ibbfl'il,nr'U 11'U'll'Ul~~-d 

b~€Jfl1off1tl'ibbm:IJ~bU'U web server rl1'V1-r'\J1~'\J~fl1'ifl1'ivl1 protein docking lv1bbrl Patch Dock bbG'1:: 

FireDock ~'l1'Ufl'i::'\J1'Ufl1'ivl1,r'U 'itlbb'\J'\Jbb~::1m'l?t~1'l~ bU'U1tll~'U€J'l1tl'i~'U~?\'U1",,:: C1 flvl1'U1 mbG'1::r1'Ttnru 
~ ~ 

1€Jfl1?\'V'l'\Jhn'Uti'i1:IJ'1l1~mfl~'lVi e-J~'U€J'l Solution ~~~~V1~1v1"lflfl1'ivl1 protein docking 'i::'VI11~btltllV1vi 

bb~~::b~'Un'\J1tl'i~'U P161NK4a ~.:j1lJbG'1nmb?\V1.:j1'U1tl~ 3,10 , " 
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hJ"JumlJ protein dockin~ (A) lA"J-l(;1h-l 3 ij~U(;1V1,m1"J~Un'LI'U'i)-l P161NK4a nUL\hJ1'V1~~-l 5 

lV1mtJ'LI1Ad-l(;1~1-lvttIXrll binding score ~~~V1'U'i)'lLtJtJl'V1~Lb~!;1~L~'LI~'i)1tJ"J~'LI P161NK4a (B) 

lA"J'l(;1~1'lLL(;1V1-l~ 1'LI1A-lL11U'LI P161NK4a ~':lLtJ'LI~lUVlti'l~ SHSLLHH, YAWDTYR LW~ FPPSVIR 

~ul~LL!;1~ LtJtJ~lLLVlti-l~u:ihL'V'll~'lJ'i)'lltJ"J~tJ P161NK4a ~lVl~um"J LnV1tJDn~tJ1mU~lJmWJ~q) 

bL!;1~n1dLLD'l1i11'lJeJ'lL'1J!;1~ (e) I'll binding score YlbnV1"iJ1nn1"JA1tJlruri1'V'l~'l'lltJ(1h'l'l L'li'LI 

atomic contact ener~y, softened Van der Waals interactions, estimation of bindin~ 

free ener~y LL!;1~ H-bonding ~':lLnV1mdA1tJlru"iJlnm"JtJ~uri1mdVl~tJ~1'l'l 'lJ'i).:JLtJtJl'V1~LL!;1~ 

P161NK4a 

"iJ1mmnl"J'Yll protein dockin~ 'V'lU:i1 L tJtJl 'V1~LLI'i!;1~L~tJ~U'l'LI'U~b'dru~lLLVltl'l~1'i1'lntJUtJ P161NK4a 

I'll bindin~ score ~A1tJlrul~"il1nri1'V'l~.:J.:J1tJ'tllJV1~1.:J'1 LbMl'l'lIXLt4'L111LtJ'L11'V11?i SHSLLHH ~':lbtJtJLtJtJl'V1l?i~u 

\11 b'V'll~~~llJ1 n~(;1V1~ LLtJ nM"il1 n nd~mtJnldr1V1L~ 'i)n'llXri1 bindino score ~~(;1V1L~mtJ~tJULVitJU nULtJtJl 'V11'1, :, , 

b~'LI~'U'l tJeJn"il1nd8'l'V'lUtm~tl1(;1tJhl1ri1 binding score 'lJeJ'lLtJtJl'V1~\11tJl'LI 3 L~tJ l~LLri SHSLLHH, 

YAWDTYR LW~ FPPSVIR ~ultJ"J~tJ P161NK4a ~~lUVltl.:J~U\11L'V'l1~'U'i)'lltJ"J~tJ eDK4/6 ~.:JmUAlJnlWil~ru
, v 

LL!;1~m"JLLD'l1i11'U€JWI1!;1~ ~'l1~v11f\1"JPimJ1LVitJu~lLLVlti'l Bindin~ site 'U'i)'lLtJtJl'V11'1.x'li!'lllJL~tJnu1tJ"J~'W 

eDK4/6 111l1'J1oHL'VlAlJA Surface ali~nment 1tJnldA1tJlruLL!;1~\11fi€J-lLLUU'UtJltJd~tJ CDK4/6 -rrtJ(il€JtJn1"J 

A1tJlruLLfi~\11~€J'lLL'UuL~mnnnT~LtJ~tJ'ULVitJ'U1Ad--l~~1--l'U€J'l eDK4 LL~~ CDK6 (structural alignment) L~€J 

Vl1~1 LLVltl'l LL~~\Jl1LLVltl.:J~llJ'!J€J--lmV1m~mtJ~LtJtJ~lLLVltl-lv11tJijn~tJ1~un'U 1 tJd~tJ P161N K4a LL~l~-l'Yi1 n1d~V1 

L~tJ ,nhvi'uLtJtJl'V1I'1(il'J'l\Jl1LLVltl--lmllleJ~mtJ~~U\11L'V'l1~UtJ~1'!JeJ-:J CDK4 LL~~ CDK 6 1~e,mvi'--lLLMl--l1mtJ~
" 

3.11 



50 

A B 

aNt<, 
CDl<a, 

61.. .. • . .' l:~ ..... " 

<:DU, 121 .. ~ " ~ ... , wClJI<a, 126 

mu, II'
"",a, 1t6 

<:DU, 2 .. 
aNta, ..a 

mu, 30' .........

CD"'. 306 c+z.o4 

btl~ tJ'U bVi tJ'U~l~'U m\1l"El~1'U'UB'I btltl1Ylv1tl'U~l~'Um\1l"El~m 'U1'1'J'l1i1l bL l1ti'l~'U"illb'Vn~ (binding 

site) tl'U P161NK4a 'U'U~1'U"El'l COK4 bLGl~ COK 6 (A) Lb?l\1l'lv1lbbVl'l1'lVibVl:We:J'Utl'U'U"El'l~l~'Um\1l"El~ 

m'U'Ue:J'lltl)~u CDK4 bbGl~ COK 6 l\11tJv1lbLVI'l1'l~:nbfl~€l'lVllJltJ\1IeJn~ubtJ'Uv1lLbVl'l1'lbn~~'U5~~'U 

COK4 LbGl~ CDK6 I?mJ~l~'U (C bbGl~ 0) m~lm'l?l~l'lltl'J~u CDK4 LLGl~ COK 6 Lb?l~'lm~€l~iJ 

1 um'lv1lLL l1ti'l~'U"illb'Wl~ tl'U1tl)~U P161NK4a Ltl~ tJ'U bVi tJ'Utl'U~Glfll'J~~ b~tJ'li;ln'elru~1m'l?l~l'l 

'U"El'lLtltl1Ylv1 p16_1 (lfl)'l?l~l'l~hh'l), p16_2 (ifl'J'l?lh~~LL~'l) LL!;'l~ p16_3 (lm,:j?l~l'l~Yh) 

I'1l~v1l bbVl'l1'l~:nm~eJ~m'Ubl1:WeJ'Utl'U 

i;ln'elru~~tl~l'l'U€l'l btltl1Ylv1vt1~\il fibYlflUfl n l'J~\11 L~ tJ,:j1\11 t!1Jl'l B'll'1l~l~ LGl ~Gl ~tl~ mtJll'1l~5'J'J~'Ul &1 

COK4/6 L~m.hlJl"illGl€l'li;ln'elru~fll'J~'Utl'IJhh~u p161NN4a 1~e-.JGlfll'J'Ylv)GleJ'l~,:jbLMI'l1u~tJ~ 3.12 
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Mul"~ul,, uf ~IlJIVL" P16_1 P16_Z 
"SHSLLHH" "SLHQPHL" 

CDK4 Q101/S1S0
-"'--

COK6 	 Q103/ S155 0102/ R168 

P16 interactive residues R87 GS5/E88 

~'tJ~ 3.12 	 LL':WI'l~G'1fl11'VhUlf.J~'tJbb'U'Ufl11~'Un'Ul'tJ1~'U P161NK4a \)lnn11r11'Ulill 'lJ€l'lL'\.hJ1'Vl~ p16_1 , 

p16 _ 2 LL~:; p16 _ 4 ~~mJ(?\'lLLVlti'lm\?l€l:;m'U'U'U'lJ€l'lLUtI1'Vl~~m-.1n'U(?\'lLLVlU-.1m\?l€ldn'U'lJ€l-.1 

CDK4 Un:; CDK6 ~bn\?l~'U5:;~'Un'Um\?l€ldll'U'U'Ul'tJ1~'U P161NK4a 

fl11 ~n~11'U~l'UdL tJ'U fl11~n~l~ L~f.Jl.rr€l'l n'U n l1vil'Ul f.J fl11~'U n'U1:;w"h-.1 L 'tJ'tJ1'Vl~~M 

\)lnm:;'UJUn11rl\?lL~€lnn'U lu1~'U TOP2A l\?1f.J€l1?i'8~'tJLL'U'Un11vil-.11'U'lJ€l'l protein docking vTIm'tJ1LLmlJ 

'Vll-.1f1€llJYll L\iI€l1vil'Ul f.J LL~:;61~1-.11U LL 'U'Un11~'Un'U1:;W)1-.11U1 ~U ~'1d1U LL UU fl11~U nU1:;W)1-.1buu1'Vl ~LL\1l~:; 
~ 	 ~ 

L,,'Un'U TOP2A 611lJ11f1€l5'Ulf.J1~\)lnfi1~G9'1'11'U'll'D\?Il?il-.1 I ~~ nnlVl'U\?I111 'U1'tJ1 LLn1lJL1'U 11'U'Il'U1~f.Jd 

L~€lnlmu~LLmlJ~LtJ'U web server rllVl-r'Ul~'U~fl1~fl1~vil protein docking 1~LLri PatchDock LL~:; 

FireDock ~'11'Um:;'UJ'Un11vilL1'U 1UU'U'UUG'1:;lf1~'161~l'1~LtJ'U1u1~'lJv'l1U1~'U~61'Uh\):;flnvil'U1CJ LL~:;rh'Ulru 
~ 	 ~ 

leJm61~'U1~'U5~1lJ'll1~lJ1n~~\?I ~~'lJeJ'I Solution ~~~~\?I~1~\)lnn11vil protein docking 1:;W)1-.1L'tJ'tJ1'Vl~ 

LL~fl:;L"'Un'Ulu1~'U TOP2A ~'11lJbG'1nG'1bb61\?1'11'U1U~ 3.13. ~ 

http:U'Il'U1~f.Jd
http:nU1:;W)1-.1b
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~1 f1 ~ ~ f11 ~ ~1~ EI 'I LL~ ~ r1l'Lrml ri l'V'H'l'1'1 1'U'W'l.y:i1 LL 'U'U~1~ EI '1~~~ ~'1lEl'l f11 ~Yhu 5 n~ tJ 1~ ~Vr;ll 'I LEI tJl"1l:W TOP2A 

tl'ULuu1'V1~ TOP_1 "NERALTL" 1~~i1ri1 binding score ~~~~ L~EI'I~lf1hn~~~~u5n~tJ1(111:IJB~~:lJl'll1~ 

'1lEl'l LEI'Ul"1l:W 1~LLri DNA ~'1llj?\l:1J1~ClPimn LL 'U'U~l~EI'I'1l€J'If11~Ln~~'UB~~'Utl'U1(iltJf11~ LViEJ'U L~tJ'l~ULL'U'Uf11~ 
" 

~(ilL~tml'J'1lEl'lm(ilEl~m'U'U'U~'J'1lEl'l1:IJb~~~~u5n~EJ1 (Surface alignment) 1~ vi''lJ'U~'11~Pin~lb~:lJL~:lJ1'U 

LL'U'U~1~m~Lb?\(il'lLUu1'V1~~'Um'll'llLLVlt1'1~Ln(ilf11~~'Utl'U DNA ~~bL?\~'1~U~ 3.14 
" 

I'llLLVlt1'lLn~u5n~tJ1~'Un'U DNA (oiflEJ) LL~~m'W1fm?\~1'l 3 :iJ~Lb?\~'l1m.:l?\h~ TOP2A ~'Un'U 

DNA ('1l11) 1(iltJ€J1P1tJ1u~LLm:IJ protein docking (PatchDock, FireDock) 'W~€J:lJri1'W~'1.:l1'U~1~ 

~lnf11~r11'U1ru~~~'W5'1l€J'Iri11'i1'111~LLri atomic contact energy, softened Van der Waals 
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d "" 0

interactions, estimation of bindin~ free ener~y LL~~ H-bondin~ '1l.:nnl'lnl'H;ntJlru'illnfll':i 

'il1nf,.J~fll':lA1tJlruA1~~\l,ntJ'lJB\lfll':l~\JfltJ':i~VI'h:]blhJ1Vl(1)~AI'lL~Bnl~nULBtJl'1lJJ TOP2A ~':i\l 

vl1LLVltJ\lbnvnJ5n~tJl~unu DNA 'il1nbLUU\l1~B\l1f1':l\lr1~1\l 3 il&1 wUl1b'lJ'lJ1Vl(1) TOP_2 "WSTINVR" 1~A1 

c:v q~ iI 0 Q..I 

~(t\l\lltJI'lVl~1'l, m:uI'lJV TOP G "HAfv1RAQP" Lb~~ TOP - 1 "NERAL TL" vmm1l'lU -

1I'lv1.,jB~Jl1Fl'Vhilbbal'l,u'lJulVl~~mhL\"l1~~Blu';j9i'U p161NK4a Lu'Ul)JLiilfliill'l'UbL'U'U 

L~B\l'il1nfll':lU':i~ vnl'i1-ilbuulVlI'1~U~lL~lt~1v1''il1 nr1\i1 b~B n11'lEJ1-ilfl~\l'1JB\lyJ1'il~r1 L~~8~ii':i1EJ\lltJ, 

11'l EJ n ~:Ul ~tJ ~ 1\l"] ~iilJ1 rl BtJ 1~~mnnl'j U':i t ~ nii1-ilLuu1Vlii~'U'lhb ~1:; L~ vVl':il 'il~U1:u L(t~ ~VI~B L'1l~ ~ 

Lih\lllJlvmtJ1tJ~1\lfll tJ~Vl lVl\i1t1B\l (in vivo study) 1tJ 2 ~UbLUU 1v1'bbrl 1. fll':i111B~mflbb~l'l\lbUU1Vl ii~u 

\llL~l:;vr\lBtJmfllJl~I'lQm nv1'ltJ~l'j b~B '!b b ~\l')l\!~Bm ':if1 b'1ltJVlltJ fll'jVl'n'il~I'lVl1:U1:Ub!;l mlbihVilJltJ LL(tt 2. fll':i , " , 

bL~\lyJ(;1BB L'j6'\ L'!1tJVl1vl'bUtJ\ll'UJ'UlJl n L~mVitJunun 1':i1-ilLuu1VlI'1~\lbf1':iitvi~\lf11:Ul'Hl~'lbfl':il~"v1~\i1iJm n nu" . 

lm~mH'I1':i 
'I 

L~B\lbb6'\\lyJ(;1Bm ':i?l L'1l'UVl1v1'VV1t1\l 1 l:u L(;1 n(;1 'lJrut~Luu1VlI'1~\l bfl':ilt"v1'iltlJ1'lJ'lil\i1b~nn11bL'V1'm6/ilJ'"
. '\.I'U q 

b'!1~~b{Jl\-llJ1tJ1vl'~nl1bb~tET\liiml~U(tv\i1.nm\-IlJlt nunl''i1-il,ntJ1'U~l\lfll tI~\lii';l\11lJlnfll1 fll'iVl\i1~B\l;f~\l 

'Vh~'UL~eJ~ fl~lVl\i16'\eJU LL~tbU~tJ'Ufnl:UbU'U1u1vJ'lJ eJ\lfll':i1-ileJ'UJl1flyh'iln'U b uutVlI'1~\l bfl':iltvivi~'\J\llb 'Wl:;(;)eJ, 

1u'j~'U p 161NKGa 1'Ufll':i-WVlJ'U11-iJ1'U\l1'U~'n'il-rm~n1'U'j~~UllJb~n~, 

3. 7.1. fl1';j'VI\i1iilB'Uf'I11)Jiil1)J1';jrl'UB.:tB'Uil1f'1'Vh~~mhL'W1~n1'HJ1';jd~ bWm'ijiil6i)J~b~.:tU1nlJ\i1~n, 
. 

~ 

~ 

l\i1tJbf'l~B.:t(fl';jd:ij1bf'l';j1~vimJnlliJ\i1uiil~\-I1tl~)J1rub'1l(;l" (flow cytometer) 

flll:Uf11lJl'jfl'1JeJ.:JB~mm~1 'il&\VlQm mn'J b~ v\l LLf1 \l'V1~eJeJ Ldf1 L'1l'Ul'i1'I.Jnl':i;g:UL.vl'vhu5n~tJ11 'U 

b'1l~~:U:::b~\lU1n:U\i1(tn f,.J(tfll':iVlVlf1vU1'U[m~~ }. 15. LLf1I'l.:JA1LQ~V'lJB\lm1:UL.vlJ~rurulru~~eJm'j6'\'1JeJ\lL'1li;l~~.:j
'\J v v \J 

~1'UflJ:;'UJ'Uflldb!ll~tJ:U~.:Jv5'UltJhJo/JB 2.12.1'Uf11'j(t~mtl~1\l"]1v1'bLrl 

~l'j&1:;mCJB~mfWil'il~U\llb')l\n::;IPlB1 U':lili'U p 161NKl\a ~Vlil(;11nf11':lL~B\lbb(1\l~~Bm ':lm'1I'LIii lB 

l'iJlV11B1'IJtJ1 L'LIVl (Fluorescein isothiocyanate; FITC( ~:n~1'ln'UB~mfl~V15 Ix 10 10 eJ~Jllfl 

1'l l':l ~~~lmLB'IJ~UB~~U~lb')l\n;::~ulu j~'U p161NK4a ~ml6'il'U 1:500 

http:1vl'~nl1bb~tET\liiml~U(tv\i1.nm
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.. 10 
El'Umfl~Vlli 1x10 v'Umfi" , 

25,000.00 l~-.:- 
21,18731 

~ II> 20,000.00 . 

!~ , 
~ ... 

~.5 15,000.00 +----1 
1:
II 

"i 
C 

.- 1;; 

II C 
... ::s I 
~ E 10,000.00 r- - 1,685;67- - 

:;: 0!! -= 6,nz.67 


~ :'0
a: c: 5,000.00 

c II 


~6 
:IE 

0.00 


p16 Binding phage 


• Non-permeabilized cells 1 hour permeabilized cells 

~U~ 3.15 ril~'Y'YlruyJ~vm'j~b'1!'U~bQ~E.J'1Jv\lb"ll"~),j~b~\lUln),jl'l~n~1:W1~~1'Uf11'jbtJl'l~1 b'1!"~ (1h~'LJ) bb"~ 

~~l'Uf11'jbtJl'l~lb'l/,,~LiJ'Ub1m 1 .a-1l),j\l (bbl'l'I) ~\lcJv),j~lE.JEl'UfI1f1yJl"iJ~1j'<il1b'Vn~I1iEl1U'j~'U, 

p161NK4a, bbEl'U~1jEl~l1iv1U'j~'U p161NK4a bb"~v'limflyJl"iJ~fId1jI'l),j~1:w bb~I'l'Ibuu1Vl~~1j 

'<ill b~1~~VlQm n~l'j b~El\l bb~\lyJ"Elm'ji.'1b'l/'U~\Jll),j~l~1j

" 


p16Antibody Native phage 

u5fi~E.Jln1jlu'j~'UmE.J1'LJb'l/"~~~l'Uf11'jbtJl'l~lb'l/m~bu'Umn 1 .a-1l),j\l Hl~rdlb'l/,,~~1),j1~~1'LJf11'jbtJVl~lb'/l"~ 

lVlm,ml1il\l'lJv\l~'Y'Ylru1'Ub'1!"~~~l'Uf11'jbtJl'l~l b'l/",,1~~m'1Jv\l~'Y'Yl rub~),j~'LJv ~l\liVl b"iJ'U1'LJn~),jvi'lEl~l\l~vh 

u5fi~E.J1n1jv'limflyJl~~1j'<illb~1~I1iEl1U'j~'U p161NK4a ~~VlQ"ln~ltl~l'j b~v\l bbi.'1\lyJ~Elm'j~ b'l/'U~ bbv'LJ~1jEl~ 

bb"~ v'LJfI1f1vh"iJ f1d1jfl),j~1:w bb~Vl\l buu1Vl~~1j'<ill b~1~ m),jrA'I~1j bb~Vl\l1~b~'U11 n'j~m'Uf11'j b tJl'l ~1 b'/l"~~ e.J", , 

3.7.2. n1'aAn'trl'a::lI::b'J"l~bVl),jl::"),j"IJB.:ml'HU~N'Jb~"~~'JtJ"l'a"::"ll1 0.1 % tween 20 


"iJln e.J~ nWV1Vl" v\l riv'U'\IlUl~~1j11n 'j~m'U f11'j b tJl'l ~1 b"ll~~en"iJ~ e.J"El ~1'1 ~\l1'Uf11'j~\ilJ'UlvWll f1yJl"iJ ~1j'<ill b~1~ 
, 

~'JtI~ l 'j"~"lcJVli'U 20 0.1 % ~~lm'S(l1~~fllflllruyJ"vm'j~b'l/'LJii~\lMlvi'd'El~l\lb'l/m~~vhnl'HtJVle:J'J b'/l"~~ltlII~Q~ 'U " , 

i.'11'j~~mtl,ryJbyJv{t:.Ji.'1),jVli'U 20 0.1 % bU'UbJ"l 0, 30, 60, 90, bb~~ 120 'U1Vi m),j~I~1j1~rhbQ~E.J'tJv\lfldl),j 

http:lu'j~'UmE.J1
http:5,000.00
http:10,000.00
http:15,000.00
http:20,000.00
http:25,000.00
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b-U1l~t1! t1!'HU~~Bm 'H'I b'/l'W1'l btJ'WbtJ Bi b~'Wl'll"ldl11 bb(?1 f)~1'l1~'vrh!l b'1l~~~'VhtJlJn~m n'UB'4m\"1~l~~\J~l b'Wl~ 

bL~~B'WmA~1~\"11'U\"111~'lLL6'I~'l1'W1tJ~ 3.16 , , " 
120% .,--------------------

~~ 
100% 

~8 80%II> 11/1
C CGI_ 
... C
C .-a 60%I!I ~ 
c :> 

; E 
~ E! 40% 
~';

co: .. 
c c 20% =~ ::i U 

omin. 30 min. 60 min. 90 min. 120 min. 

Permeabllization periods 

p161NK4a bindIn, pha,e -+-Control pha,e 

btJ~ EJ'WLLtJ~'l~l f) L'/l~~vtl1l1~~1'W f)11 LtJ ~ ~1 L'/l~~ 1~ EJ~t1! t1!lrub~1I~'WB ~1'l11~ L11 b~B L '/l~~ ~1'W f)11 LtJ ~ ~1 L'1lfl ~ 

lWL1m 30 'IJ1Vibb1mbfl~~t1!t1!lrub~1I\"1\!~mJ~~L~1Ib1mf)11btJ~~1b'/l~~~1EJ6'll1fl~mEJ'V11'W 20 0.1 % ~'W~'l 

120 'W1Vi [:.Jflf)11'V1~flB'lbb6'l~'l1~Li1'IJ11f)11btJ~~lL'/lfl~~1EJ6'l1~~~mEJ'V11'IJ 20 0.1% ~'lbb~ 30 'lJ1Vi~'W1tJ~~ 

,th EJ b~111~B'WmA~l ~6'I111 11(;1 b-hvhtJ f1n~EJl (?111~ ~'U L'/lfl~1I~ L 1 'ltJlf)1I~fl f)1~• -:..J 'IJ 

b~mtJ~EJ'U LViEJ'Un'U b tJtJ1 'V1vi~'l L\"1~1~lfLL:Ul1B'4m\"1~1~~ ~iJ'lJ'IJ1~1'Vlqi f)11 bL~ f)111-tlB'4.fl 1\"1 

~W~'lB'lJm\"1btJ'\.J111 bflf)fl (?111~~'Ub'/l~~11~ b 1'l B'\.Jm\"1~1~~~iJ~'W~~h~tJ1~f)B'U~1CJtJ~Bf)btJ1~'\.J"1lJ11m'h 

tJlJn~tI1~~Qmf)n'U6'll'H~B'lbL6'I'l~~BBL16'1L'/l'\.J(?11~LtJ'\.J~1'\.J1'\.JlJ1f) 'Vh1~B'4m\"1'Vl~-1B'4mA6'lllJ1~(;11~~t1!t1!lru 

~~Bm16'1b'1l'W(?11~mf)f)11111 Lfl ~fl L tJtJ1 'V1vi~'l L\"111~lf~6'I11111(;1'VhtJlJn~ tI1~~Qm f)6'I11b~B-!I bb6'l-!l~~BB b16'1 L'/l'\.J~ 

1~L-WCJ-!I 1 111L~f)~ ~-!lLtJ'Wf)1~'lhm~1I1"Id111111~n'Ub:W Lflf)fl(?111~~'U1~B ~l-!1mf) f)11'V1~mN.Q\~tJ~'U~1'\.J1'\.J, , 

http:f)111-tlB'4.fl
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'Vhtl5n~mA\.J b'1f~~:IJ::;b~~tllf1:IJ\11~f1~vllf1l'HtJ\11~1b'1f~~ dJ'Ubd'fll 1 -&1b:IJ~ l~~~'IJ€)'ltl~:lJlrub:IJb~~~'IJ€)~~l'.i 

b~V~bb~~vl~vm'.i~b'1f'U~vivv'Umfl'Vh~vl'd\m'U.f1lfl bb~::;~~f1l'.itJV:IJb'1f~~~~'.itl~~ 3.17 
'\J "" 	 '-' 

2000 
Effect of phale to dye ratio on labelinl method 

1800 1.00(>09 • 

1.00(>01 f
>'" 	

! 
.... = 1600 >------ t Jt 1,00(.01
'Vi c ~ 	 I! •

LOOlo06 

S~ 1400 I------i ! 1,00(>05 

c .  ei 1,00(000 >.- C 
GI . 
u fa 1200 >------~ l I .OO(<OJ •~ 1,00(<41c ti 	 •GI C 1000 f------ J 1_001u :::J 

1.00(000 '" E~ \;.,t!> \ .,p,,01 \ ,,p,Jf' \~.\\ \ .,p,'\)0 0 800 

:::J,c 


Amounl 01_.... ...... P1~ IpNl use in 1abIo1,. .....hod 
~ GI 600C 110 

fa C 

GI fa 


400~-5 
200 

0 
1.00£-HlS l.ooE-Hl7 1.00£+09 1.00+11 1.00£+13 

Amount of initiated phage paticles (pfu) use in lableing method 

• 1"/ ••1 v ••1 < .,/ .,/ v ~ v <.,/ 0 • I '" "''''... ..1"/
~u'V1 3.17 	 f1'.il Y1 bb~\11~~~'lJeJ~~qjqjlruYl~Vm'.i~ b'll'U(JlbU~tJ'Vl1\11 b(1)~lm'll~~'V1'V1luDf1'.itJl f1UeJ~mfl Yll~'V1 

tl~:lJl(Jl'.i~'V1TI~l~ 1 ~~bbvi 10
13

_10
5 eJ~mfl v110til'Uf1'.i::;Ud'Uf1l'.i~(1)Q~lf1~l'.ib~eNbb~~vl~vm'.i~ 

b'll'U~ f1'.ilvlm tJ1'U bb~ \11~tl~:IJlrub:IJ b~ f1~'IJ eJ~m'.i b~€)~ bb~~vl~v v b'.i~ b'll'U ~vi€) eJ'UJll flvll~~~~v'UJll fl 
" 	 \J " " 

http:1,00(.01
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Fibroblast; HUF) ~hi~Tum~'UTUf)l~(11~'lI'l'HmJ'Vll'UB~VI~Bnl'HU~~'Jb'1f~~ 'l11ltJ~'U(11n\11~nB'ULL~1~'l 

~~mtJL'll~~I'l'Jm'11~~~~lCJ"lfU~~1'l'1 l'i',m5'Ulv1'U-UB 2.14 1I'lAlbQ~V'lJB'lml:1..n-U:lJ~~~lruyJ~Bm~6'1 

b'll'U~I'i''lbb6'1~~hmJ~ 3.18 
" 

m,------------------------------------------------- 

t 50 f--------i 
1: 
'III 

~ 40 1- -----------  -1 

!! 

!10 
:I 

~20 
I 
:I 

10 

~t1~ 3.18 	 mlyJ bb6'1~'l~~'lJB~~~~lruyJ~BB L~6'1 L'1f'U~ LQ~CJ~l~11'l~ln L'll~~~'VhtlDn~ CJln'UB'4fl1AyJl~~ 

t1~:lJ1\11~6'1'Vl5~1~" ~~bb~ 10 
13

_10
5 

B'UJl1A m051'Um~'U'J'Uf)l~~~Qmn6'11~L~B'lLL6'1~yJ~Bm~6'1 , I, 	 \J 

p161NK4a 6'11:lJ1~fl1~~'l!'l!lru(11~l~~'UL'll~~:lJ~L~'l1~~n11b'll~~1i(m'Um6'1~ln~'J:lJ~~ntln~ 'lJru~~Ltltl1 'Vll'l 

Al'UA:lJhi6'11:lJ1~fl1m~~ruflJ1ru~ Lb(11nC111'l n'U~~Vl11'l L'1f~~.x'l6'1B'l'1lU~1~ 6'1~t11~11 Lt1t11'Vl~~'lLA~1~~6'11:lJ1~fI, v 'U 	 , 

'\..hn:lJ~~n HUF 
" 
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bA1JiJ?lVl~v11m'€l'U 1'1fJ1~'Vh1 ~bnVlm'Ub.n'€l'l(l]'U v11 tJ lVltJ1off?l1"'(1")~'Ud~''€lmv1~'U fl1~(ll·n"~m.nn'€l'Uv11mVlAUAVll'l 

'WtJl51VltJlm{J)~~I'U'hi'h'€ltJ1~A1J~L~'ltJ 1f11J Vl'" f1'1lUVl microinvasive m L(?]~ tJ1J(?]I1J~'U(?]'€l'U fl1~ b(?]~ tJ1J~1"'(1")
~ ~ 

~1V1-r'U'lI'U{J)~l"~1JlJ1'U~?l1(?] LA1JiJ~Vl~ (ll11JtJ n~ lVltJ1'U.rr'U fl1~'VhtJl) n~ tJ n1~LL'€l'U~'U'€l~1v1LtJ~ tJ'U"If1fl1~1off 

LL'€l'U~'U'€l~mLtJ'Umi.fl1AYh"tJ~m{J)~~Vl5 2xlO 
lO 

mi.fl1ALtJ'Ublm 1 A'U "lmr'U,jI~'UL-d'€l1tJ'VhtJl)n~tJltl'U 

bL'€l'U~'Uv~l'lvv'U.fl1f1yJl"~l'Itlmnw'U1'1fl1flv?l~I~'1lLtJv{vv f1<aLVl~ LtJ'Ub1"'1 30 'U1Vi bb~1~'l~I'lvvmb",:::,jl1tJ, 

Antibody to cancer cell Specific particle to cancer cell H&E stain 
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"ill'UTU 3 J€l'U "ill'Ul'U~l~~~'U'U'UhJJ~'U~'1bbtJn1vllUbbl'1r1~J€l'U 'l1'1hJ b~8'1bvjlJ"ill'Ud'Ub~mvjlJtJ~:lJ1ru€l~mA 

~l~~?ll:lJ1Jf!~'Un'U1tJJ~'U blhvl1J1tJ 1 'UA~'1~bVl~€lmjri€l'U~~\l11tJ1 'ill 'UmJA\91 b~ iln1'UJ€l'UI'1€lltJ hwvh nlJ 
'U 

~l'ilVl~'1n1JA\91b~€ln'1i€ltJ~:lJ1ruYh'il b~lJvl'Um-ill'U mJA\91 b~€lnbbl'1r1~J€l'U'\f'j'Ull tJ~:lJ1 ru~l'il"ill b'V'11~~A\91 bbtJ n101ll 

el\il Jl~l'U~ bvjlJ~'U1'U bb'1ir1~ J€l'U'V€l'l n1JA\>1b~ €l n bb?l (91'11 t1' b {j'Ull?11:lJ1 ':if! bbEJ n~l 'il~mh b'\f'jl~101:lJ1 n~'U b~ m ~lJ 

':i€l'U1'UnlJA\91 b~€ln~l'il'U'UllJ br1 nr1 bD1V1:lJ18 ~'1-V€l~'1bn\ilmo1llAdllJ?leJ\P1A#1€l'l nmm nlJlbAJ1~~~1 (i)'U nJ Vi€l~li, 

1'U'V€l'lbtJtJ1'Vlt'1~'1?11mJf!'\f'j'UbtJtJ1'Vlt'1~lJ~l(i)'U nJ\91€J~m'U~ln'U:lJ1n~'U1'UnlJA\91b~€Jn1'Ubbl'1r1~J€J'U\illlJ~l(i)'U 

bdmtJ~8'UbY1tJ'UtJ~:lJ1ru€JlimA~1'il~lo1J~V111'lnJ~m'UmJ Biopanning 'lJ€J'IltJJ~'U P161NK4a bbr1~ 

TOP2A b~ tlHtJ~m ru €Jlii11 A~l 'il b~lJ vl'Ub '1111 tl'U. tJ.~m ru illii11 A'VJl 'il ~ AVi bbtJ n101'J ~V111'l f1J ~ 'Ul 'U m 'J 

Biopanning 'V €J '11tJ'J~'U TOP2A 1t1'tJ~:lJ1ru'VJ1'il~rl\P1bbEJn101u€J8niltJ'J~:lJ1ru 1 b'lli11'11 bfl\91'illnm'J1otl'V'U1\91 

'ill'Ub~8W/jr1~~H\il1'11tJ'J~'U'J~V111'lm'J'IIil Biopanning ~hibVlltl'U lV18'lJ'U1V1'ill'Ub~8\1b'1Jr1~~1'ill 'U 

nJ~m'Uf1l'J Biopanning ~lVl~'U TOP2A dJ'U'ill'Unr1lJ'lJ'U1V1b~'U~1'U~'U8nr11'l'lJ'Ul\91 35 :nr1~blJIflJ 'lJru~~ 

b~8W/jr1~m-ill'UnJ~m'Uf1lJ Biopanning ~lVl~'U1tJJ~'U P161NK4a bu'U'ill'Unr1m'U1V1b~'U~1'U~'U~nm\l 

'lJ'Ul\91 60 lir1~blJ\ilJ lV18f1lJ~l'1ru~~1~8"illbU'Uvl€J'I b~€Jn1otl'ill'Ub~8'l b'1Jr1~~lVl~'UnJ~m'UmJ Biopanning 
..." 

'lJil'l TOP2A b~nnllmotl~lV!~'UltJJ~'U P1611\JK4a b'\f'jJl~ TOP2A bumm{;.J~\ilb€J'U1'1Jii~lJ'J1Al?l'lnllltJJ~'U
'U 

P161NK4a m n 'U il n'illndtJ~:lJ1ruAdllJ b'UlJ-V'U'lJ €J\I{;.Jr1 {;.J~\ilb€J'Ul'1J:WJllJ(l\lmllJm:lJ1J til'Um JnJ~ ~'UtJllfi~tJl 

bAlJ~lv1'l 'Ubbl'1 J €J'U m J{;.J~ \il hi ?ll:lJ1J f! 1"11 'U AlJ101 ~ 'l'U ~';'Vl ~{;.J~ \il "ill V1th m €J'U1'1J:W (i)'1 n ~11 b u'U mllJ b-VlJ-v'U1 'U , " 

V1LJltJA11lJ?llmJf!'[ 'U mJnJ~~'UtJllfi~tJlbAlJ (Uni t) '1 'UJ~V111'lnJ~m'UmJ A\91 b~€J n€J~mA~l'il bbi:1 (11'1 btJtJ'l 'Vlvl 

~'U~lbvn~ ~l~tJ ~'101€J-.l1.;r{;.J[;1 {;.J~ \il b€l'U'l'/J:W~'illnJ€J'U mJ {;.J~\ilJil'U b&l en n'U~-.lVllJ\P1 b~€lm'UAlJ1t1'1'11bb tJWI'1 '11lu 
'U , 

m~m'UmJ AVi b ~ tl n bblfi[;1~iJA11lJA'I~ bV1lJ€l'Utl'U:lJ1 n~i:1\91 mj'~1~81v1vllmJtJJ~:lJ1 rutJ~:lJ1ru1tJJ ~'U~1.ut 'U 
1 'U 
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vr~V1lJ\i1Y'~~ulJn'U~1 mu'Unl'j~~YI'ju'U l~ CJ1 n'U1'UV1111CJ fllllJi?lllll'jfll 'Unl'j m~q'U'lJ5 n~CJllAil (Unit) ll~l~t.l 

b~lJm:;'Ul'Unl'j~l~CJ1v1''Vhnl'jm1~l\i1tJ~lllrullh~'Uw'UllA1llJb-VlJ-V'U'1]U ·ml'U1'1l:W~~.:J1'UV1tJd CJ llJ1m n-rlJ~t.l 
" 

111:1~~m iJrh,juCJnll~u'j~ blJ'U11 '\1111 Vibt.l'Ul'1l:w~i-:)~ullliiu~lllruhlvwCJ.:J1'Unwvh Biopann in\5 'U'U~I'Ub~CJ'l 

b'll1:1~'1J'Ul\i1b~'U~h'U~wJnm.:J'1J'Ul\i1 60 lJ1:1~blJYI'j ~1~CJ~-:)bbnuruV1l1\i1CJnl'jl'll~I'Ub~CJ.:J b'll~~~iJ'1J'Ul\i1b~n~.:J ~'l" 	 ,,~ 

, v , 

input ratio bVllJ'V'Ubilu'iu'U'1Ju.:Jnl'i 

A\i1b~un b~lJ~'U~.:J bb?l\i1.:Jl Vi b~'Uri .:JAlllJ ?lllJl 'jfl'1J u-:)'j :;'U'U n l'j A\i1 b~ u n 1'U nl 'j b~ u n~'U u-yJlI Ayjl~~iJ 


A1llJ'I1ib WI :; bb~~cJ.:J?lllJl'jflA\i1 bbCJnu'UJllmhilbb?l\i1-:)buu1'Vl~~'U'I1lml:;~mu'Ul'Il:w TOP) A 1m'Ub~il~I'U
, 

l'U 1v1'bbn SHSLLHH (p16_l), SLHQPHL (p16_2l. YRAPWPP (p16_3), YAWDTYR (p16_4) bb~~ FPPSVIR 

(p 16_5) 661:1:; 6u'U1'1l:W TOP2A YlllJG'1II'l'U ~lnG'1II'l'UbtJtJl'Vlv1~'U~lbWl:;~u 1tJ':i~'U P 161NK4a ~bbCJn1v1' bbilbtJtJ 

1'Vl~ SHSLLH H ~:; d]'UG'1ll'l'UbutJl'Vl~~w'UJ,~,nv1i?l\i11'U'j:;Vlll'lm:;'Ul'Unl'iA\i1 L~ u n bbl'iG'1ll'l'Ubuu1'Vlv1Jl~, 

1U':i~'Ub{hVllJlm'li'Un'U;ij.:J1v1'vhnl'JA\i1bb£Jn 6~:W~l\Jl'U116Ylm.h1U'Vl\i1i?!u'UbU~CJ'UbVitJ'Ul"Jru?llJu~l'Uv1l'U~'U 'l ~.:J 

c.m 	ELISA, nl'jvB:w~:w:wl\JyJ1:1um'Ji?lb'1l\Jvi m1:;nl'jril'Ulrurh Bindin\5 score l\i1tJlu':ibbmlJAeJ:w'VllbYleJ4 ~l'l 
" " 

1Vie.mv'UtJ\Ji;'\B\i1f)~B'lm'ln'U(i'lf)ll:W?lllJl'jfll'Unl':i~'Un'UllJ b1:1fl~ P 161 NK4a '1JB-:)butJ1'Vlv1~W'UG'1II'l'UmumdJ .. 
1'UJ,tit.lCJ~i?!\i11'U'j:;'\II 'h:JnI'jA\i1b~un lv1bbn butJ1'Vl1l1" SHSLLHH" ~·m?l\i1'l1Viri.:J~nCJJllw'1Jt.l.:JlutJ1'Vl~I'l.:jmlI1

1 

'1 'Unl'itJ'j:; ~ nvilm'U'lI'Uml~-rmn 

nl':i ~eJlJb'1li;1 ~lJ:; b~ 'lUI nlJ\i1i;1 nbb1:1:; 6'1l1:11:11 yjl'tmJm?ltJ n~lv1CJ1'lltl'UJll AY'h~ ~'U ~lb'V'n:;~A\i16~ t.l nM~\i1" 	 , 
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'Yhl~~!;1nl':l~l7)umn'il::dJfr;mJbb~n~l.:Jn\JmnlLJu~m; fl~.:l~vhnl':l~l7)umn mh.:ll':ln~llJnl':l~n'I~lU~~~'VI5~!;1 

'UB.:Jnl':lc'J-€JlJ l'll!;1~lJ~ l~.:l1LJ':lU bb UUrnllJrilAlllJ~lWm?l ~~'UB.:J~rurul~~l~'ill nnl':lc'iellJb'll!;1~~.:l?l el.:J~l CJelLJ 
'U .... 'lI '\ 

bU~CJUlVitJunLJ1~ 

i;hvl~Ub'lhJl'V1vl~u'illb'Wl~~melLJ1'1llJ iOP2A 'Y'I'uluul'V1v1 NERALTL (TOP 1) btJLJbU'Lll'V1vl~Y>JulbtJn 

l~'illllnl':l':lBUnl':lAI7)UtJn~.:J 3 ':l€lU 'U~~~b'LhJl'V1v1 LSI\lNNLR (TOP 3) bwnl~LJ':lBu~ 2 bb!;1~ 3 LJelll'illn11 

tJ.:Jb~BmutJl'V1v1Bn 2 l~LJ~'Wu41-S:;'j..dl.:lnl'~Al1lb~Bnel'4mfl~u'illb'Wl~ llilbbrl WSTTNVR (TOP _2) ~.:J'WulLJ 

nl':lAl1lb~BmelU~ 1 lb~~ 2 ll~~ HAMRAQP (TOP 4) ~.:l'WulLJnl'lAl1lb~tlmBU~ 1 bb(\~ 3 mb~lJ'illLJlLJb~tl 

~f1'rmu~tJuLVi~unubutJl'V1I'l€iIl' 2 b~LJ~ltJ 'illn-iJB'illnl1lb~tl.:lf)l'H~'.:l ~~~ recombinant protein 'Yh1~ 

nl':l~mn1LJ1fl-s-lnl'ldtJ.:JllJ1~'VI11lG'i€lUrnllJG'illJl':ltl'UB.:JbtJtJl'VI1'l~U'ill b'Wl~ nUb€lLJl'1llJ TOP2A mh.:ll-snmlJe.J!;1 

nl':l'VIl1lG'iBU~l CJ b 'VIAUflnl-St'J€llJ8lJlJ 1 LJ~~tlB b'lG'i b'1lLJI'l bb!;1~ nl'lfhLJlruril'W~.:J.:J1LJ~ bnl1l'illnnl-S~UnLJ'l:;vril.:J
" " 

LutJl'VI1'l~l~'illn1fl':l.:lnl1nu1tJ-s~LJbih'VImtJ (Binding score) 1l1ltJ1tJ':lbbmlJflBlJYllb~€l1111lmbG'i11l.:J1~b~LJ';h 

LtltJl'VI1'l "NERALTL" 1~mllJ~l.:J'Uel\l~rurulruyJ!;1tlm':lG'ib'1lLJ~1LJnl':l~,)l'ilbbCJm'1l!;1~lJ~b~.:J'LhlllJVl(\nl~~~G'iVl 
... U 1) 'U ~ 

bL(\~1~ril"1~~.:l-llLJ~Lnl1l'illnnl1~UnLJ-s~'VIil.:lbtJ'tll'VIv1~l~'illf)1m.:Jnl'l nu1~h~LJbihVlm tJ 'ill n nl':lfhLJlru1~~ 

~~l1lb~mVitJunub'tltll'VI~11l1~LJ '1 ~bbtJ nl~ ~.:J'tiltJ?lUU?I'4LJ~(\'Uel\l~lv1\J ml1lel~mLJ~la1"ill II nl'lAVl b~B nel'4J1lfl 

~l'ilU"Vl.:lbtJ'tll'VI~~U'illb'Wl~ 

nl'lfl1n'1:il'lUUUUnl'l ~U nLJ1~vdl.:l1tJ':l~LJbih'VImtJ bb!;1~btil'VI~~1v1'il1 n nl':lI'1Vl b~B nlVltJell~mil~\l'1J tl\l 
" 

~\il'ilblrll1l -1 b'tll'VI~rllCJ~LJ '1 ~ltJnl':lfhLJlrubb!;1:;vhLJltJ~'Lhl 'UU'VIl-1flellJy,Jl b~el 11mn~bf) l:J.:Jnun l':l~U nLJ'Utl\l 

LlJ b(\n!;1~bnl1l 'l~ .:J~llJD'l'llJ'(jl~ 1 LJ1J'l'ilULJm!'l:;VI')l .:l nl':lP!m~n bb(\:;!ilB.:JmfltJ'l:;(\:; b'JmlLJ f11,)~VllLJ15!;1n el~YilJ , , " 

611Vl~Unl ':lfhLJlruBnmn B(\nB~Vi'lJ~b~tlnlilLJ.:llLJJ~tJ11b~elf11.;r5~ n tl ~ VilJbfJl1l (open source) 611 'VI~'Unl'l 

f11LJlru':ltl bb 'UU nl':l~U nLJ'UB.:lL'Lh~LJ biJ1VllJlCJnu~ bbnLJVI~mtJtJ1V1v1?11tJ~LJ1 b~:lJ'iJl n nl1'ill!;1el.:l Ll1ltJnl':lfll LJlru 
" 

http:l~LJ~'Wu41-S:;'j..dl
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1'VI(?)~'U'U'WlV1 7 ~1v1UmV1€l~m 'U LthJ1 'VI(?)?lltJ~'Uv11tv1'illnlf1 )-lnl)1~tJ1iLdml11u1m:Unl)~lflv-lLbUUli1l1J'eJfl 

nv~VilJv1m-umn'UU'il'ilU'U~-lClnlJ€l-lLU'U?I LVllJ €l'Ui!hbn'U~ -llJ'U'U1Vl L~mJ1 n b n'U n-Jlv1 nl)LU~ tJ'U bb Ufl-llf1) -l?l h-1 3 
\J , " 

~1v1UmV1€l~m'U'U€l-:auul'VI(?)LU'UVI~n LLfl:::Ld€lU)~lJ1ru'U'U1V1'U€l-l Luul'VI(?)'U'Ul(i) 7 ~1v1UmV1€l:::m'U~1tv1 ~-llJ 

'U'U1VlU):::mru 0.5-1.4 rnflVll(l~'U 'lJ'Ul\i1v11U)~'Ub'U1V1mtJ p161NK4a bL(l::: TOP2A ~-llJ'U'U1Vl i6 rll(lVllfl 

~'U LL(l::: 170 rnflVllfl~'Uli1llJ~Iv1U~ -:HUtJl'V1(?)lJ'U'Ul(i)L~nn-Jl1u)~'ULi.hVllJltJ~~LLvi 32-120 Lvh v1'lJ'Ub~€l 

1~t:.m nl'~~Im:mULLuum)~unu'U€l-lLuul'VI(?)v11tv1nu1tJ)~'ULihVllJ ltJiifll1lJ1n~LA tJ 'l nu)u LLUUv1?11lJ 1)Cl Li'\(i)
\J \J 

1'Ufi))lJ'1l1~mnv1~(i)~IV1-rU1U)~'ULiJ1V1mtJ p 161NK4a L~€l\l'illnmU)~'U~ulln~Vl\i11lJ'B))lJ'lJl&i MLLn 

1U)~'U CDK4/6 ~'ll~\hLutJl'VI(?)v11tv1'illnm)'VI\i1(l€l'lii~(i)L~tJ\l)ULLUULVitJunu~Iv1Um(i)€l:::m'Uv1~1 CDK4/6
\J 

m'l~ILLVltI\lLnVlulln~tJl~unu p 161~~K4a ~\l1tv1 LL UU~I(l€l\lli1llJv1 LL?I(i)\lln'Ut:.J(lm)'VIV1fl€l'l €l~I'1b f1\i11lJ 

~1V1-ruL€l'Ul"ll:!1 TOP4A Ld€l~'ill)lrul'illnlm-l?l11\l 3 ~&i 'U€l\l)ULLUUnl)~unuL€l'Ul"ll:!1 TOP2A 'U€l.;nuul'V1(?)
\J 

.x\l 4 L~'Uv1rlVlL~€lnltv1Ii1,)-l\?lILLVltI~nVlullf\~tJl~UnU DNA 'UmL€l'U1'll~ '\I'rlr:hril~~-l'lI'Um)~UnUL€l'Ul"ll~'U€l.:J 

L1.Jul'V1(?) TOP2A_2 "WSTINVR" 1~ril~~\l\l '1'U~v1~ Vl 'lJ ru~~ LUU1'V1(?) TOP2A_ l "NERALTL" 1~fh~~\l\l1'U 

fl\i1fl\l'illnril~~\l\ll'Uv1fhmruM'illnLLUUlm\l"~1\l'U€l\lLUU1'VI(?) TOP2A 1 v1~UnUvU1\l~")~nUL€l'Ul'lf~ 

TOP2A LW\i1\l1~L~'Ul1LLlie'lflm)rlV1L~€lnL'lJul'VI(?)'il 1nm)'VIV1(l fl-:JnUnl)A1mruri 11"1~-l-l1'U'il1 n LL )\l (9) 1'1 1 v1~u 

nu1U'J~'UL{hVlmmdv1mfl'J'li:l~l\lv1u~vtJ1~il nl'J ~U"il C!l'lBi:I 'J::: 'il:;l1Xe-Ji:1i:1"ilVl f1~"il'l n'Ulvw LLi:1Vl'lll L u1.Jl 'VI Wi 

TOP2A_l "NERALTL" "lm~unuLV'Ul'll~ TOP2A M~v1~Vl ~'lVl1nJ1v\lnl"jv1VlLLufl.:Jbuul'V1(?)~\i1Qi:1lm1.J1.Jl'V1(?) 

vh:JtJ1V1~'i)i:11)L~emL?I \l 1~i:1 tJ 'i) L) &'1b'lJ 'l.diL~ml11ulm'U nT'J 'U 'U6'i \l1.J1 1~~ 'i)?l1"j111~ru ru 1ru6"1T\r'i-rU~Jl 'ilAVl m"il \lVl~f.J v v v 
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VUa'lfn'lVh:n'U'1JB,m:l'l..ll'lllJ TOP2A '(VltJ f1 l'lbb8'l~UnU DNA m'l~~l'lrul'l1lbtJtJ1VlIi1 TOP2A 2 ''WSITNVR'' 

lJl'VlVl~€lU ~'l1'Um:;U1'Ufn'lPifl'\;lVlVl~uUnl'l'l1l btJtJl'Vl~ TOP2A 1 "NERAL TL" lJlHtl 'Unl'l VUa~nWVh~l'U 

'1J€l'lb€l'U1'1f:U TOP2A ul ~vhl~b~\ii €I l~\ll btJ'U ~€I ~ b~lJmllJ boUlJ oU'U'lJ €I 'I btJtll'Vl~vh-tl b~ €ILVltJ~1Jl ruAlllJ boUlJoU'U 

bYiCJ'l'l"m~~:;b'VI~il~UU~blru~'IlUnU DNA 'UB~b8'U1'1f:U b~8'l~lm tJtJl'Vl~?il'UVI~~~:;~UU~ blru~'U 'l 'UB'l 

bu'U1'1fl.i1v1~fril 

il~mfwh~bbr.=lVl.:jbtJtJl'V1~~mhwn::l9iilltJ'a~hJ p161NK4a btJ~l3Jb~f!~~'UbbtJtJ 

t:-Hlnl'lPim:llbbMl'lLVlb i1'U~.:JmllJb tJ'U1tJl~l'Unl';j'l1le.Jrle.J~\ll€l'U[)1A"'h~bb~VI'lbtJtJl'Vl~~U~lb"'n:;1tJ, 

~\ilJ'UlbtJtJlVlrli:'ll CJ~'U 'l ~lr\'1lfn'lml~~Ub'llrl~3J:; b~ 'lilmtJ'Unl'ltJ'l:; ~ n\ll1m'U~l'U\ll'll~-rmn1'U~l~ nl8~th8 

~lnArui:'l3Ju~h~€l~'lJ'UlVlLb(;'l:;ml3JtJ(;'lBVli18L'Ufn'll-tl'll'U mh'll'ln~f1l'ah:; CJ n~l'uil'UmA'I"h ~~'lB'UmA1 'U'll'U , "'I , 

'Vf~mUVl~l b'1frl~ v'l'W'lr:h b 'lhJl'VlrlG1''l bml:;~6'1llJl'l (11VlG1''1lqJl ru\ll'll~~U b'1frl~3J:; L~ 'llv1l'il'l~l f1L'llrlrl'1'1"11U'lUrll6'1 

tJn~u ~l'lihrCJ~lr\qjlv)tJ1-tlmmJ€llJ L'llrl~~'l m:;m'Unl'l b~8.:J 5 'UlVl Lb6'1V1.:J1VlLi1tJn'lmllJLtJ'U1tJlv11'Unl'l 
... 

~VI bb'\.J(;1'l'lhtJtJl'Vlrl~lv11tJtJ'l:; CJ n\ll1'Vl'Unl'l\llJ J~AVlm€l'l1'U(;)lilVl'l\ll'UJ'UlJln1 'Ubl(;'ll eJ'U'll~H~11v1 Bcil~ 1'ln, 

'U€l'l fn'lPim~lVll~l~ubtJtJl'Vlrl~U~lb'Wl :; nn\l:;'I1le.Jrlnl'lPimn1tJ1-tltJ'l:;LtJ'Vt11'Uv1l'U~l.:j 'l V~lii'il'liJ nl'lPi f11.;l 

b~lJb~lJ~'lf)ru6'1lJU~~bV1lJl:;6'1lJnu'll'U,r'U"i vlu1 tJ 
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Summary 
This work demonstrated the potential usc of an acridine orange (AO) dye for nuclear 

to cytoplasmic (N/C) ratio analysis. The interaction of the AO dye to DNA and Rl'JA 
emitted the green fluorescence in the cell nucleuses and red fluorescence around the 
cytoplasmic area by using a 488 nm excitation light source. Average of green to red 
fluorescence ratio of the HUF and Caski cells could represent an approximate N/C 
ratio which is calculated by semi-automated cells analysis software. Results from this 
study demonstrated the possibility of using the low cost AO dye to indirectly measure 
the N/C ratio in eell for abnonnal cell diagnosis and classification. 

Introduction 
Acridine orange (AO) is a well knoWn inexpensive fluorescence dye using in both 

laboratory investigation and research applications. Due to high sensitivity of the AD 
dye, it bas been widely used for rapid screening of biological samples having very 
low contamination in microorganisms such as bacterial cells in cerebrospinal fluid (1), 
and malaria in the proteinaceous blood smear (2). Furthennore, the AD dye has been 
mostly used as a low cost fluorescence dye for cell viability observation (3), cell cycle 
determination (4), and cell physiology study (5). Neutral from of the AO monomers 
are slightly cationic and lipid membrane penncable (6). Fluorescence profiles of the 
AO dye could be differently generated depending on its chemical structure and the 
type of cellular molecule interaction (7). As a monomeric [onn, the AO dye has the 
maximum spectral absorption at 492 nm and emitting the green fluorescence light at 
around 530 nm while the maximum spectral emission of its dimeric or oligomeric 
were red-shifted to around 655 nm with an absorbance spectral maxima at 465 nm. 
Molecular interactions of AO dye to D~A and RNA relying on intercalation and 
electrostatic attraction can also generate the grecn and red fluorescence emission, 
respectively. The ratio of green to red fluorescence of the AO dye has been widely 
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used to indicate the acidic compartments and organelles located in the cells. Unlike 
those previous works, we proposed to apply green to red fluorescence ratio for rapid 
and reproducible analysis of the Nuclear-Cytoplamic (~/C) ratio which is one of the 
key parameters for abnormal cell diagnosis and classification. 

Materials and Methods 
Human uterine fibroblast (HUF) and human cervix carcinoma cell lines (Caski) 

were grown on sterile cover glasses immersing in the fibroblast growth medium 
(PromoCell) and Dulbeeco's modified Eagle's medium (Gibco BRL) with the suitable 
supplements, respectively. Mcdia were appropriately replaced in order to maintain 
the cell viability before usage. For fluorescence staining, the cover glasses overlaid 
with either HUF or Caski cells were quickly rinsed for a few times with a phospha
te buffer saline (PBS) solution with pH 7.2. Cells were fixed for 3 minutes in 10% 
formaldehyde before immersing in 60 J.1g1ml of the AD dye (Sigma-Aldrich) in PBS 
pH 7.2 for 3 minutes. The cover glasses were thoroughly rinsed for several times, 
and then the cell surfaces were permanently mounted on the microscope slide with 
a drop of glycerol. Cell images were captured under a confocal microscope (Nikon 
Cl model) with a 488 11m excitation light source. Both Green and red fluorescence 
channels were used to read out the fluorescence signals. Green and red merging images 
were used for the averaging calculation of green to red fluorescence ratio. All cells 
appearing in the images were also calculated for their ~/C ratio by semi-automated 
cells analysis software. 

Results 
Cellular compartments performing by AO dye staining 

FigUre 1 illustrates the- green, red and two color merging images at the nuclear 
compartment focusing plane of 1,I (la-c) and '[th (ld-f) day of the HUF cell growth 
with the AO dye staining. Areas of the cell perfonning by red fluorescence (lb and 
te) are slightly extended comparing to the green fluorescence (la and Id) images. 
The nucleolar contents of HUF growing at 71h day become denser than the 1 st day 
cell growing. All of green, red and two color merging images in each day of cell 
proliferation demonstrate thc same nucleolar changing pattern. 

Average of green to red fluorescence ratio for N/C ratio analysis 
Two different cell lines including HUF and Caski represented the eukaryotic cell 

with less and high N/C ratio characterization, respectively. Nuclear-Cytoplasmic ratio 
of each cells in the images were cropped and calculated by a semi-automated softwarc, 
Image] 1.44 as demonstrated in figure 2a and b. Average N/C ratio of HUF cells and 
averagc of green to red fluorescence ratio from each images, n=3, were calculated 
displaying in the bar-line combination chart as shown in figure 2c. The correlated 
values between green to red ratio and N/C ratio of the images indicate the possibility 
to apply the green to red fluorescence ratio parameter as a rapid and reproducible 
technique for an indirect measurement of the N/C ratio analysis . 
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Figure 1: Fluorescence images at the cell nucleus focusing imaging plane (4DDx) of HUF cell staining with 
the AD dye at 1o;! (la-c) and .,." (1d-f) day growing. Green (1a and 1d), red (1b and 1e), and color merge 
fluorescence images (1c and tf) were acquired with 488 nm excitation laser light source. 
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Figure 2: Fluorescence images of HUF (2a) and Caski (2b) cells show the green fluorescence is mostly 
located in the cell nucleuses while the red fluorescence is located around the cytoplasmic area. All cells in 
the images were cropped and calculated tor the N/C ratio of the cells. Both averaging number of the NIC 
ratio and green to red fluorescence ratio from each image, n=3, were displayed in the bar-line combination 
(2c). 

Conclusions 
This study demonstrated the application of the AO dye staining for cell analysis. 

Cell compartments could be visualized by using an inexpensive AO dye staining 
yloreover, agreement between the ratios of green to red fluorescence with the N/C 
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ratio of the cells indicates the possibility to use the AO dye as a rapid and repro
ducible method for an indirect measurement of N/C ratio which is one of important 
parameters for abnonnal cell diagnosis and classification. 
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Abstract-This work demonslrales Ihe application of phage 
display lechnology for molecular diagnosis utility. We propose 3 
novel ph3J:e-displayed peplide which specifically bind 10 
p161NK4a, a cen'ical cancer biomarke r, Wbole phage particles 
were developed as a molecular tracer (or ex "il'o cells imaging 
lecbnique, Increase in specific phages binding 10 p161NK4. 
o.-ere.pressed cells is improved when Ihe cells were inilially 
permeabilizrd in order 10 make pbage penelrable pores on Ibe 
largel cell membranes. We also proved Ihal fluorescence signal 
could be obviously enbanced due 10 Iremendousinteraction sites 
for fluorescence dye labeling available on capsid proteins around 
phage particles. Evaluation of pl6INK4a binding phages to 
discriminate between p161NK4. over..pressed cervical cancer 
cells versus normal fibrobtas l cells demonstrated higher 
fluor escence inttnsi ty of 2.5 fold over nat;.·. phages. 

pl6JNKh/m/e,\"TC'rm.)'-Ph3gc display, , cervical cancer , cell 
imaging and peptide 

I:-:TRODLICTtON 

Phage display teC hnology IS a v~rsatile biological tool for 
prote in bindtng study bio-nanolechnology applicalions and 
biomarker scanning [I, 21. Phage display peptide library is a 
common tool used for specilic peptide sc reening on target 
prote in to identi ry peptide sequence Ihat can bind to 
specifically to target protein [3 .4] Speciltc peptide sequence 
obtains fro m phage display screening ha ve been widely 
developed ror using in both molecu la r diagnosis and 
therapeutics utilities [5 , 6] . Specific peptide tracerso btained 
from phage display screen 109 have been a~cepted as specific. 
tiny, low immunogenic, tiss ue penetrablt: and safety 
moleculartracer probes. for in vil'o use. However, several 
previous studies claimed that whole phageparticleprovides 
many advantages for molecular diagnosis an<j therapeutics ' "
applications [7,8] . Phage particles consisted of capsid proteins 
coated genetic malerials (Fig. I) are endlessly reproducible 
via a standard and inexpensive bacterial cell culture. Capsid 
proteins around phage particle also provide vast interaction 
sites for fluorescence molecule labeling for signal enhancing 
for ex vivo imaging purpose [9]. In this study. we present the 
application of phage display technology for specific phage
displayed binding peptide identification. One of Ihe most well 
known cerv ical cancer biomarker, pl6INK4a (pI6),was used 
as a target protein ror specitic binding phage development. 
Fluof<:scence-Iabelt:d specitic pl6 binding phageswerestudied 
ror their performance in cell penelrability, fluorescence dye 

<)7R-I-~673 - 5 1 03-~1I21$3100 r 20 12 1EEl 27 

capluring. speC ific binding to 111 6-u verexpressed cancer cells 
in compaflson to conventional p 16 antibody sla lntn g. amt thelf 
no rmal-cancer ce ll d, scflmtn ated power in comparison to 
nat ive phage particles (phages withou t pept ide display) 

MATER IALS AND ....lETHODS 

A. Sp~C/fic phage-displayed pJ 6 binding p epllde screening 
(B iopanning assay) . 

Ph~ge display of heptarner random peptide li brary (t\~\V 

England fliol abs' Inc .) was pre-adsorbed on bov tne serum 
albumins ([lSAI coatedplastic plates to eilminalc nonspec i'-Ic 
binding ph{lges before three rounds sereening on pl6 protein 
coated surfaces. Unhound phages were "ash out. and then p 16 
bound phages were eluted by 0 c M glyclne-HCI ( 10 III HCI 
bu rfered to pH 2.2 wilh gl yc lne) .Amount of th" Input phages 
and duted phages (output phag~s I we re co un ted by phage 
titration assa)" . Ratio of tnput to output phages \\".erl! calculated 
to Indica te thespec ilicselectlon of p 16 bing.ng phageacquired 
rrom each phage sCleenlng ruund Ind,vldual phage colon ies 
were picked to perrorm DNA sequencing. Th~ mos t repdlli vc 
btncltng pcptidedisplav wasilssigned as a speci fic phage
disp layed pl6bindlng peptide tracer Then. the spec dic pl 6 
binding phages were labe led with a Il uorescence dye. 
Fluorescelll Iso lhiocyanale (FI reI. on their surraces for us in!! 
III fu rther ce ll stai expeflmenls as described in rig I . 

FIg t Schematic demonstrates structure of phage-displayed peptide particte 
consisling of capsid proteins coated genehc materia ls (DNA) Genetic 
engineering method allows phages to display specifi c bindinr. peptide on lIs 
surface, Fluorescence labeling on capSId proteins of phlge·displaycd speCifiC 
bmdlng pephdcs enables phage- part icles te be us~ "5 nll1h.:cu lar l(aCt'rs tor 
cancer cell s defectIon V ia opl lc.11 I moyln_~ 
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B. Cell, s/Glning efjiciencv of pl 6 binding "I/(/g~ ' -aW.I 1, / 6 

specific anlibody 
Stain in g effici~ncy of pi G binding ph Hges (\n pi G 

ov~ rexpressed cancer celis, CaSk i. was compared 10 'h"' o f P 16 
specific antibody by flow cytometry method. CaSk l celi s 
suspension was fi xed for 5 minutes by methanol , spun do"n 
for celi sed imenl colleclion. Ce li s were resuspended In P[lS 
bulTer before dividing into two paris fo r non- perm~abl" zed and 
permeabilized celi preparation. For permeabd l 7.~d ccli s sample . 
celi suspension was incubaled wilh 0 .1 % I"",en ~O for I hour 
before spun down to collect cell sediment , resuspended and 
incubated in BSA block ing bufferfor 30 minu tes. Non
pe rmeabiliZ<!d cells sample was prepared b) 30 mi nUies cdl 
incubation with BSA block in g buffer. Each of BSA blocking 
cell suspens ion (permeabi lized and non-permeabilized ce lls) 
were divided into two parts for i nt~rac ting wi th 10'0 FITC
labeled binding phage, FITC-Iabeled native phage and 1:500 
mouse anti-human pl6 antibody (Abcam®. ab542 10) for I 
hour Cell s suspens ions were centri fuged to co llec i CaSki cell s 
sed iment and resuspended in PBS buffer. Antibod) staini ng 
c~ lI s suspension then was incuba ted willt DyLlght®550-labded 
goat pol yclona l secondal)' antibody to mouse IgG for I hour. 
Ce ll s suspens ions were centr ifuged to co ll ec t the ce ll s sediment 
and resus~nded in PBS bufkr for tlow 9 tometl)' ana lysi s 
using FITC and PE-A li lter SdS of BD LSR II instrument , BO 
Biosci~nces , USA, for FITC and DyLight(R)<;50 s ignal 
measurement , respecti vely. 

C E,'oillolion ojphage-displayedpeplide "SHSLL HH' binding 
10 pl6 ol'erexpressed cells b"jlo,,' cylomeler 

Speci ti c absorption ab ili ty or iluorescence-Iabeled p l6 
bll\ding phages into CaSk> cel l was eva luated bv ilow 
c)'to metl)' analysis CaSki ce ll s suspens ion was fi.,edfor 
permeabllized and non-permeabdl zed ce ll s prepalatiun as 
previously described in B. Both permeab ilized and non
permeabilized cells were illcubated with BSA blocking buffer 
fo r 30 minutes to bloc k nonspe~ific prob~ Interac tions . Each of 
BSA blOCking cell suspension(permeab lli zed and non
permeabilized cell s) were diVided into two parts fur interacting 

1010 with FITC-Iabeled phage-displayed p 16 binding ~ptide 
and FITC-Iabeled native phages. The mixtures were 
centrifuged to collect CaSki cell s sediment. Ce ll s were 
resuspended inPBS bufTer, for Ilow cytometry analysis. 

D. Cell penetrability oj phoge parlicles/or cell imaging 
onalysis 

Since pl6 is known as an intracellul ar prote in ,pot~ntiai ' 
application of whole phage particle to be used as a molecular 
tracer for ex vivo cell imaging was evaluated by cell 
penetrability study. CaSki cell suspension was fixed and 
permeabilized at 30, 60, 90, and 120 minutes. Various periods 
of permeabilized and non-permeabilized cells were incubated 
for I hour with 10IOpfu FITC-Iabeled pl6 binding phages and 
native phages, respectively . Mean Iluorescence inlensities 
(MFI) of CaSki cells stained by p 16 binding phages and na tive 
phages at different ~rmeabilization periods changing 

28 

rr<l Illi"I!'1 (If non-pc rl11 cab il il.ed stamed ~d ls wert: plotted in 
lint: Y f (lph;.l , ~ho\\'n III riF .::; 

£. Pe((onrulllcf:' of \I ho lt! phage partIcle lise on fluorescen ce 
sigllo/l!"ha rr L·f!IItt'nlab,I'f) · 

III conlraSI IUSpeC"·'c peptide tracer or an antibody 
molecule. phage display particles provide tremendous chemical 
ml eracllon Siles rur tluorescence molecules labt:ling on the ir 
caps III prol<:ln CUJlln ~' surface . In case ofwhule phage part icles 
use as a molecular tracer,increas ing of the fluorescence 
mokcliles labe l in ~ un phage particles should ~nhance 

Iluorescence Signal for ~cll s stain ing To prove thi s hypothes is, 
difkrcncc amoun! of phage particles use in lIuorescence 
label Ing mdhod were \30ed from 101)_10; pru. Dirf~ren~e 
amounl of phage parllck, ,,·e re suspended in 250 fAg/ml FITC 
dye and labd.:d phages were purilied by polyethylene glycol 
(PEG I precIpitation rluor~scence intensities of FI rC- labe led 
phage suspens ions \\'er~ measured by fluo r~scence 
spectrometer loquan llfy the labeling efficiency as amount of 
FI rc molec ules labe ling per phage particle . Same amount of 
phage particles Wll h dit'ferentFITC -labeling molecu les per 
phagewere Incubated wilh CaS ki cells for Ilow cytometry 
anal~ SIS as described pre\'iously in C 

F. Em/l/all vn of speClflc pl6 binding phage, 011 COllcer cell 
discnminalJon by ex \"IVO cell imaging ana~l 'sis 

Finally. specili~ ptG bind ing phageswer~ ~valual~d tu r Ih~ir 
abi lity to dIS~f1mlOale pl 6 overexpressed ce rVical cancer cel ls 
from normal libroblast cell s by ce lls imaging analysiS Hu man 
Ul erine Fibroblast . HUF,' and Ce rVical cancer cell line , CaSki , 
reprcsen! as normal tibroblast cell and p 16 uverexpressed 
cancer ce li . respec tl\'el y Ce ll swere grow non ster il e cover sl ips 
ImmerSing In Dulbecco 's Modl tied Eag le Medium ( DM EJ'vI) 
supplemented \\'I th Ill";', feta l ca ll' se rum under 37°<'; and 
sustained in 5% CO, ce ll cuiturlllg w ndition. Cells o n 
coversl ips were " xed for 5 minutes by melhanol , 
pcrmeabJlized lur 10 minutes by 0 .25% Triton X-IOO and 
btocked lur 30 mlnllies by 1% BSA in PBS buffer. Cell s we re 
incubated "llh · 10 pfulluorescent-Iabelt:d pl6 binding phages ' 
and native phages lor I hour . Nons pecific binding phages were 
thoroughl y rin sed out , betore Immersi ng in'l flg/ml a nuclear 
sta ining dye, DAPI ,lor 30 seco nds at roum temperature Fixed 
cells were thoroughly nnsed, and then the cell surfaces were 
permanently mounted on the microscope s lide with glycerol. 
Cell images were taken by con local. i1!lorescence microscope 
(Nikon C I mode l) uSing 408, and 488 laser sources to perform 
OAP!. FITC -labeled phages with blue and green emission 
filters in the sa me cell s s imultaneously . Cell imagesanalysis 
wer~ processed usi ng the ImageJ 1.44 program [10]. Cell 
images were arbitrar il y cropped so that each sample had 
approximately 200 cell s (based on the observed nuclear 
sta ining ). Th~n , fluorescence signal intensities wert: calculated 
as the mean graysca le level (using 8-bit graysca le image: black 
(0) - white (225» . Relative Iluorescence intenSities between 
HUF and CaSk l ce ll s among the phage sta ining groups we re 
~ompared using one-way analvs is of ,;arianc~ (A NOVA ) 
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statistical ~aklilatioll with 98% Clllltidcncc IlltCI \ dis III 
compar~ Ihelr abili t)- In cancer ce ll cl,scnmmal'lln 

R ESL:L TS AND !)ISC L:SSIO;\S 

A. Specific phage-di;plared 1'16 btndmg pepI/( /~ .,cr~erl1l/g 

(Biopanning assay) 
Input to out put ratio of phag~ particks obla lned fwm each 

round of phage (\isplav library scree ning on p 16 wah!d surface 
is shown in Fig. 2 Incleas lng of input 10 OUlput ,alII" or phage 
particles rrom each round or phage screening on r 16 coa l~d 

plate indicate speci tic s~teClton of the blopannln ~ ""a\ \\ 11Ich 
can be increased by adding phage sc ree nin r round on p 16 
surface . Individual phage colonies were picked 10 perform 
DNA sequencing in which peptide ··SHSLLH H" \lfas ro und as 
the most repetitive pl6 binding peptide "xplcss~d on phage 
panicles. Phage-displayed peptide "SHHLLHW would be 
aSS igned as a pl6 speCific bindmg phage ami l abel~J Wllh 
Ouorescence dye, FITC, for using In the further speCifiC phage 
evaluation experiments . 

8. CI!/Js staining eJJiciel/cy 0/ pl6 binding phage ..ersus p l6 
specific antibody 

Figure 3 illustrates mean Ouorescence mtenSlt les (I"IF I) or 
CaSki cells stained by pl 6 binding phages ,specltic anti body 
amI native phageschanging from thebaseline MFI 01' unstamed 
CaSki cells . MFI of CaSki cell s stained by both pl6 binding 
phages and pl6 antIbody are increased when the ce ll s are prior 
pcrm-:abl li zed for I hour by 0.1% t"een 20 In non
permeabilized cells , pl6 antibody staining exlllb ltsthe highest 
nuorescem:e signal In comparison to p 16 bind ing phages 
staining How\!ver,MFI of pl6 bind ing phages sta ining on I 
hour permeabilized ce ll s IS accelerated and prese nt s the highesl 
fluorescence Signal Small increase 01· :Vlf'l In non
pe rm~abllized cells stained by natl\ ~ phages due III nonspec ific 
absorption indicates th~ interacted sekctivity of p 16 binding 
phages to p 16 overexpressell cancer cells ThiS result can be 
concluded that cells staining erfic lenc \· of p 16 blndln f'. phages 
is lower than pl 6 antibody, but it can be great l) IInpru\·ed b~ 
ce ll s permeabili zation procedure ava ilabk In baSIC"'" 1' 11 '0 ce ll s 
staining experimenls . 

1.5 

050----
Biopannillll round 

Fig. 2. Input to output ratios of phage panlch:.s from -:.lch pi olNK-'a s":;(1nning 
round indicate the specific selection ofbiopanning pI'llC\:s~ 10 Id<!llllr) the plo 
binding peptide displa)'ed on phage surface 
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Non·perme~blliled cells II 1 hour permeabilhed cells 

Fl~~ J Flow cvtomelry result s s how mean nuorcscencc Intellsltles (MFl)o f 
non-pcrmelbdn~.cd (bl ue) and I hour pcrmeabiliz.ed (red) cel ls slill ll ed by p 16 
blllding phages, pl6 antIbody. and native phages, respectl vcly p l6 ;tntibody 
proVIdes the tllgnest signal for non-pcrmeabdlzed cells slalnlng Howe\·er. 
slaHllng efficiency of pl6 binding phages can be great1:-, improved by 0 1'% 
twecn 20 cells permeabihz.nflon Smnll increase of fluorescence Signal I II 

permeabdi1.cd cc: lIs st311led by nalive phages due 10 nonspecific ab:>orpli oll 
FIldicatcs the specific blndmg se lectIon of pl6 binding phages hJlhe pl 6 
overcI\prc ';sed Cdncer cells 

C Em/l/alion of phage-di'plcl)'ed pepllde "S f-{SLLHH" 
btndll1g to p 16 o l'erexpressed cells byjlolV cytomeler 

B~cause the limitat lon- of Ilow cytometry tec hnique in 
which the amount of ce ll s suspended in bufTer is only in an 
estimat ion number and non-specilic binding tracer molecuk 
couldn ' t be rinsed out very well from the cell suspending in the 
buffer, so the relative MFI of permeabilized stained cells 
chang lilg from non-permeab ili zed cells are used to compare in 
this st udy. Mrl rrom Oow cytumetry anal ys is in Fig. 4 show 
di rfere nt 'IF I ch~nge or permeabl li zed CaSk I cells rrom non
rx: rmeabil ized ce ll s (red) stained by phage p 16 billding phage 
(blue) and nati ve phag~ (green). Phage-displayed peptide 
·'SHSLLHH" stained Oil permeabilized CaSkl cell s (blue) 
provides Signi ficant hI gher Mrl change than that of native 
phages ( g r~en 1. 

Fig. 4. flow cytometry results show difference MFI of I hour permeabilized 
P 161NK4a overexpressed c"ncer cells sl:lI ll ed by phagc-displayed p 16INK4a 
bllldlng pev,ide (bluL') , and control pha.ges (green) compared to ,Iverage MYI 
of Ilon.p;;rmeabdized cell s stanted by phage.dis~ay eJ. pl61NK4a bindillg 
pepllde and tl\nlrol ph.J;;es (red), and oflglnal Mfl of un~ldln{."\1 cells (sray) . 

respc\.'II\d) 
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120% 

-
90 min. 120 min. 

P~'mc.lblhut1on ptrlod.. 

Vp161NIC.4.I blodinc ph~ce ~t'Itrol ph.,t 

Fig. S. Perce ntages o( ,\IFI chunge III p16 1 NK~3 overc:<pres.sed s t.:l in mg celb 
al dlfferenl permc:lbdlzallvn periods Cells stained b~' phage-displayed 
pl 61NK4a (red) C:IO be Impwved when the cell» \\ere permeabll11..ed for :11 

least 30 nllnules COnlrol ph.:lge (blue) CJU be non-spec llica ll y absorbed Inlo 
the ce ll s durmg permeablllL,ll1un. bUI 'JIsnal ch,lJ1Scs are around 60% lower 
tban the saturated s l~ nal of the ~e JJs stJming by pl 6fNK.Ja binding phages . 

D. Cell penetrability oj phage parflcles fa/' cell imaging 
analysis 

Cells pendrabiJit) 01' phage particks 10 CaSki cdls with 
dIfferent pameabolililtlon peroods ",as shown on FIg 5 Line 
graph indicates that relatIve ~1 FI change of CaSki ce ll s stained 
byp 16 binding phage particles that is accelerated increase after 
at least 30 minutes permeabilozatlon In 0.1 % tween 20. 
RdatlVe MFI change of Ihe cd ls staIned by pl6 bindong 
phages are about 50% hIgher than the cells stained by natIve 
phages This resul t indIcated the potentIal ofpl6 binding phage 
as a molecular tracer for ex I'il'o p16 overexpressed ce ll s 
detectIon Cdlsund~r test need 10 be perl11cabilized for at least 
.10 monutes to all(n.\ specllic Jbsorption of phage partIcles into 
the target cancer cells 

E. PerJormance oj "'hole phage pomcle lise on fluorescence 
signal enhancement abllitv 

Different amount of phage particles Were incubated with 
rlTC solulion in. phage labding method to generate the 
varoation of fluorescence molecules labe ling on a phage 
particle. An inset in Fig. 5 shows quantified FI rc molecules ' 
labeled on phage particles at ditTercnt initiated phage using in 
labeling process. Then. the same amount of FITC labeled 
phage particles were stained on CaSki celis lor flow cytometry 
analysis . Reducing the amount ot phage particles from 101.1_10' 
suspending in 250 lAg/ml FITC dye during label ing method can 
improve detection sensitivity when the same amount of phage 
particles were used for cell staining due to increment of the 
attached FITC molecules per one phage particle (Fig. 5) This 
result confinns that whole phage particles can enhance the 
fluorescence signal from enormous interaction sites for 
fluorescence dye labeling on the ir protein coated surface. and 
hence phage particles can increase the detection sensitivity on 
Cells imagining analysis technique. 
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Fig 5 Flow c~"ome l ry result s indlcalc the qU:1I11lfied Ct)CCI of Iluoresce ll(;"; 
molecules labeling per phage to evaluale sl<l Oling signal enh;ulcemenl 
Reducing o f the amOllnts of phage particle:; llSed in l1uorcsccllce Idbcllllg 

melhod enables morC' nuorcscence dye anachmcnl per phage panICle (an 
Imel) :lnd more nuore:-.cence sl~ nal detectable by now cytomet er 

F. £l'OllIatlOn oj specific pl6 binding phages On callcer a ll 
discrilllinallOn by ex "i,'o cell imaging analYSIS 

Application of pl6 binding phage particles to dIscriminate 
pl6 over~xpressed cancer celis from the normal cells base on 
ex \'i"o cells imag on g anal ys is were eva luated. Conto~a l 

Im~ging analYSIS In FI g. 6 demonstrates SIgnificant changes In 
fluorescence sie.nal between CaSki and HUF ce li s Stati stIcal 
analys is sho" , -relative difference or iluorescence intens it y in 
CaSki ami HUF ce ll s stained by pl6 bondIng phage IS 
slgnollcantl y higher than those stai ned by native phage 
partIcles, 16 I grays~al e unit ('i8% confidence ontervals. [140
17 .5]). 

Fig 6. Confocal imaSlIlg ana lysis demonstrales chWlges in tluorescence 
intensity obtained from the cells stained by phage-displayed pt61NK4a 
binding pepttde (e . f. ~. and h). Signal intensity is around 16 limes higher that! 
the cells stained by control phage (a. b, C, and d). The differentiation In 

fluorescence sisna1 is used ror pl61NK4a overexpressed cervical c:mcer ce ll s 
(c, d, g and h) and normallibroblast cells (3 , h, e, and 0 d,scr imination 
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CONCLUSIO~S 

rhlS I\wk pr~s ~ nts an exampk of utilizing phag~ d ispla\' 
p"rtlcks as a spec ific tracer mole~uJe We propose a no vel 
pi61NI(4a binding p~plide for cervical and other HPV related 
CJncers detection . using the whole phage panicle as anex vivo 
cancer imaging probe was achieved viaintracellular protein 
d~I~(1I0n This genetic carried panicle potentially provides 
milily advantages over traditional molecular tracers such as 
p"rtlck reproducibility , yanous environmenls endurable ,and 
Ima['e signa l enhanced ability from vast surface areas 
J\a llabk lor Iluores,ence dye labeirng. 
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'1.t1'1Pl1i1U 12120 


6.~Ur:::~~§/~f'*lffik-\::iH~A'fTJ,] 'If\ :::~f.ltJ (L~'!IVl tJ'WU Ur::LVlfl)

~ v • 

• J • 

'flFJYI\llJ" 3 


7 . ~1'lJ'1lfl ' ~Vlfi1JlIlr!'fl"i~VlfitJUlri1L\~n"llrl'\-lffiL~~'J;fl'lnuf'hllf.lL~).J 
~'1ltlfU~'Il1iLm/fl,!~vlihr!l1't 'IJtl1M'!l~1'I.cll~1Jrh 'lJtlfUthlfi1J!il1/m~~VllhJIIl1cl''b1'W l~mnU rh1J'rl ru~VlfitJlM 

v d 
1i'1'ilil 'l'l.lmJ LYi 11:;rh'llil1U~'Y1fhrQl 1/fl'4~Y1ihJ(Jl1,JUtln '"lln 1,11tlli~iJ')~tl-lnU rl1'll~ Lrii~ L'tIn:: 

o ~1'l1f.lL~J.liJn111J J :; ~M{:\.i~1EJt)th~ o '.lnr1l1l fh'Wltifl""l1n~'il~ l.J..ilJ~vifi o UhlJ~iJ1JU,l.l~'l ,j :i':::LIl'll'ilfl~~Ylfi... 

I 

mailto:ipql@tmc.nstda.or.th
http:1c)(Q}tmc.n~tda.Qr.th


IIUU l'lu/\I tJ1tH'IlJ/001-n 

\lib 2 ~'ihI91U'lU 3 "'Lil 

iru«n'el'rur.il11\..inm~ 

tJ~::;~~.§~::;'wh:l1_h::; bY! ?I 

8.1 

8.2 

8.3 

10.1 L~'lIy!::;biJm.J 110.2 1'\.J~thmnlJ 1 ~muucJlmnufllr::;L'M1 

11. ~'lIflflJ~Y\hl~1/il'i~l'ifiUI1l1 'lItl~\.JI'iln~lrm~I (lh-ltJr::; LYll'lri'il1.~lU1'UrlU~I'l1'tl;i u.~::;.,::;{~~U~I'l1tlflJ~l'lfiuli1r/tl4io1Y1fiUli1l'if~9~~1 
dJull1'cr11'Vl~mu1ti 90 1'U UlJ"lln1'u~wl'hn'ilifL51tJ'lIll~WLlWl~ 

o tl-ln~'I'i' 0 ~f'lb1'\i'\ 0 btJllr~U 0 ~t!u o 

o ~'lItl fu~Ylfiu{Il:r/'ll'4~VlfiU{llJ"l1'illiil.jj41.M~u\onJ1m~'lI lUth::n1PlLlI-J'I'i'CUI 
~---------------------v--------------------.-------------------------------------------

13. ~1'11'11flJ~l'lfiU{ll:r/~:r::;n'ClU~'llJ 14. btlnjql:rtJ:r::;ntllJ~I'l1'O 


"" ".
n_ ll1JU'/UJY11'l1'l1tl 3 o Itlnl\lr·u.~~~Y!filunl11J'i}.fu~yiHUlJlrl'il\.j~Y!fiu{ll7 
o<:::!I ....... 1 ~ ..


'II. :rltJ~:::L'!HJ~m.u:r::;fil~ o "U~~tlfu:ril~nlru.~~-lnlrtJ1::;~~j/nljtltlnlllJU 

"'1tl~I¥1*~ 18 "..Wl . r.J~Mru" 


~.~tli1tl~Y!fi 2 m'11 
 o "U'l~tl~tlUflIUl~ 
... J ~ '!l 

~. pJb~m.j 9 9 Ltl mnnltJfl::;btl tJ(1I LnfJ'J nu,~"!IY1 
~~ ..... "tJ l"1~4 

o 
L'1In~ljmrnilUU'lUtJWfill'l1tl ~W(J11'1 'j'::LYll'1LIJU'lUtJU~ .m'fHbt'\(1I'I U.UUI-J~j;]Ji'ru" D 

~1'l1tl luth:::LVl?lLY1tJ::J 4tJb;lJU ... 
[j L'tl nt'l1J"l1tl btJ~ tJuu.tJ~'1tJ 7::; IJl VI '1111'1 ~VIfi 

.. tJ ..I , ~ ~ _v 

o Jl1'tinltJ 

o L'tln~WilU 1 L'iln~ld' 1::ntlUm'i'tJUA1'UtlrLlri"llfiLJ(J11' 

15 . ~1Y1L~1'l1tlrur'tl'l~1 

¢ nl'i'tJr::;~~jd'b1L;,)tJ~u'lJtlfu~Ylfiulfli'/~'I1WVmJ1ri'tlu 
o 'l lnJ 'i'::;;)1:i'im~~~(;JJtntJfutJ1'1:"'I"l ~; n ..............................._..................................._.................................. ................... .. .. ......... .......... .. ............ .. ................. .................... ... 


I 
tzj l'l'HLVI W) 

(u·~·~t(\m1 ~~~fj:.J:::~'IIfiY'Il'i) 

l7i''.lu.Vlw~flm~u~lt.n'' J 
~----~------------------------------------------T--

tunm'A11 UM~""i1u"'ilfu~YI51I"'mlTu~:;~~~~iffini)"il'!)nu~ ~ utJ~ lIlt1tU'tl l-ittJ 'iJ \":~'I1jjtllll1 ti1l!.mll'IL1'I!M-li't11'1'l1~fl!d·'ULVi., u.n'!'Hrn~ llJl~lMi:l~ , , .... . ' 

I 
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°AUl 3 lI!l ~~l"'llJ 3 ~iJ1 

3, ~'llt)t'J~Y1flUCilJ' 

'~It'l-.lnmh.J"'l'1'Ylm~fJ 254 Cl'W'WYH1J1L'Yl IJ.'II')\I.r,,{lmJ ~'!JUltlY)~rJ'W nt'lLYl~'1 10330 

6. ~~~tl)':;~htj 


1, 'W . ~.,fltJ'W l;j~YlML"'11C\J 


2. 'WiEJi)iJi'lUtJt.l'r(1l.J'W~).Jfil 

3. 'WiEJtlflLf'ln ~tN1h:;'ll~ 

4. 'WIEJ~'W~ 1(;)1..J'l1~1..J'Ilf 

5. 1..Jliltl-.1mJ' "'11('11~(Jl 

t:l~~ ~'WULYl rl L'WL~ti~h~ mWtliJnj{LL'N:;rl'tl)'J'~'lL~t) fm.l\l'lll ~ 112 n, Yf1tlrlLEJfl'W [;U'lt'l'IN'VI~\I 11. rlfl'fl\lWl~'l\l 
"l .thU.JfiIU 12120, 

6. 'Wl\l~Ylfi~n1:trS tl"l).J)'l'll t)~~ n11'l'i'll1t1l1n'Vlm rHU::U'r'tIlEJf"ilt1ll11f ,'A1fNnmr).J'l.n~Vlm~~! 

7. 'WiEJ ~)J'Ji'EJ U1Ul ~f"il~U tl~~ 1)1 rli"j'll1 il~ f"i1~j;)f-1..J?~'l'llij'l'lm f'HU::LL't'lYlEJ f'l1~(;]1 


'lilj'Nn'HUml1i)Vlm~t 


8. 1..Jlt1W-l';Pi'n~- ~'w:;Ji'n~ tl~~ rlru:;Ll'WYlEJf"i1~/1If 1'A1l'l-lnmJd-J'VI1'i'Ylmi£J 

9. 1..J1EJl1mtl L"l11'l 
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5 

10 

15 

20 

25 

30 

1'11'2J11'11111 nl')ii l~1I'l,Jl)\I fllJ wl,)lh:;~'tt.i 

ffl"lJll'11f1tl41i.'l tHhfl1~1l4~1l4~ l~ V1'llfJJt1Ul1..h..l1'(l~~~~ui.'lin~'J[) IlJ If'l n i.'l~~ 'ilIlJ I~ el nTl'll 'lTil~Uh.b~l4, 

~ ~ ~.I" Add '" 
~~~a"~u\l~aU:;~,)u'l'l1111nl,)'I11nll'l~l)\I 

h.h~'It p16'NK4a ltJl4h.h~l4~~1~ru~JrilVt,"i~mumn.J~1n1m11ruLLf'l::nTHLti.J~1"lJelJl'1li.'l~ (cell cycle)
Q..I .,,1kI 

[1. 2] L'lli.'lfl'lJ::11J~iin111~1ru LLi.'l::ILtlJ~1tl'lltln~illnn11~~ l~el11~fflltllJlf'llJl (papillomavirus) 

ifm::ltJ'ltl'flL'V1'l1~1y)ru~ril1iln~lJ::L1.J"lJaJL'lli.'l~il4L~elutl1'JjU~I~h~" L'li'lt lJ::L1JtllnlJ~i.'lmLf'l::lJ::11J"lJelJVt fla illJn [3
q <u "J 'lI q" <;jJ 

6] ~J~lJ-jlb']ji.'lfl'lJ::L1J~Jn~ilil::iJn111b~~Jeleln"lJel"Itl1~l4 p16'NK4a lJIntlVltln~ 
brimYitJunlJ b'lli.'l~tln~l~ Vrr1 ltl~"iinTSLbI'fVl-leleln"lJel" ttl1~'It p16'NK4a 1::41lJ~,n-j'lJ1 n 

~ ~,'ltlJllYlflUfllJl'll1~1'lt1 'ltn11'l111ilVtl L'llflfl' lJ:: L1"~ Ln~ill n n11~Vll~fJ11~smtllJli.'llJlil::ell fItJ n11LrllJ ~1 atil-l L 

'lli.'lfl'Vt1el41~~'ltLdel'lln;jm"~ Vl~l'(lVl ~.J,jllUl4~fJ J fJlf1Vtl'l::I'fU n11rnmllJL~V1'Jj1 ru"lJ fJ Jtr'll11il LtJ'It~1 ~ru 4lJ,x'lt
u ~ u 

n11'fiHil'l'll L'llflfl'lJ:: 11.J~""lJ1'fi mllJrl n ~fJ" lll-il4th LLi.'l::iJmllJ LLtl1tl11l41 'ltlL~ i.'l::fI~J'I'I1fJhHL~i.'l::Uflfli.'lI'f" 
~ ~, 

'ltfJmnndlt1f1UfI~.m~lJU-liJmllJ11~, 1l-i ffllJ11rlH'fi11~'I'Ill'lli.'l chi fJlJ:: 11,J~ iimllJtl'fitl n~1l41::v:: 1~:IJ~tl. 

(precancerous cells) ~,JU.JhjiJn11U~Vl"fJfJri"lJel.JmllJtlVlun~m,J~ rnilt1 tJlliiiJ Ln'filV;tl.l~ 

~fJlJll~iln1'l~~mH'[u1~tl. p16'NK4a lUtl.llJLi.'l~i.'lti.J:am,J.:a11'11Vl (Biomarker) 


"lJfJ-.'JL'llfl~lJ::L1.J'JjUVl~Jri~lJLvifJ'lhvlin1'lVl1TilVtlb'lli.'l~lJ::b1-.'Jiiflll:IJLI3-imhlil1~fJilfl 


Lbi.'l::~1:IJ11rl~'l1~~lJ L'lli.'l~~iimllJ~VlU n ~1l4'l::V::L~:IJ,,}tl.l~ LL3YilmllJ i.l~u n~m"~tIl~lt1V, U,J13-i 11~~,J fl flnliLV;tl. [7, 


8] n1'Sml'iJ'I'Il1'lli.'llflJ::l7.J 1~ tll,rhh~tl. p16'NK4a 


LUl41llLflni.'ltl.J~m.J;hlmnfJl'iJ~llJl1rlril't~1~ Un11'fi11'iJ'I'I11lJLi.'lni.'l LLlJ ~L'lltl.Lil flfellfLatl.LfJ (mRNA) 'lJ fJ.J iitl. p16'NK4a. , 
[9]. n1'S1iI11'iJLlJrlflLi.'lil4 (methylation) 'I.Ifl-liitl.mUfllJnTmff~.Jflfln'lJfJ,J Itl'S~tl. p16'NK4a [1 0] Vt1fln1'l~'S1ilVtlltl'l~l4, 
p16'NK4all4WlJfJtil,JL'lli.'l~'I'I1fJ~l4LdfJ1VlV'fi1JIVlVfJlf1[JLLfJtl.~Ufl~~u1ilLm::qjillu'l~~.Jn~i1 
LllJ-jiL'(lflUfi nTlliI'l1il LllJffL'll'ltl~ elfeliflammLfl::n111i111illlJrlf'lLi.'l.ff'lt'lJ flJ Itl'S~tl. p16'NK4a ~::lum 'I1 ..U..~iiml:IJull'lttil 
iimilJl, ff J Ufl::l'filJl'l(l1il'l1ilVtI L'lli.'l fI':IJ::11J~J u~'S:: U:: l~lJ,,}'ItM 

~ 

U~l'fel J L 'I1f1Ufldl Utl.n111i1'S1ilfIJllJtlVlU n~ll4n1'lmlJfllJ n1'SLLff~ Jel el n"lJ el JtU1~l41l4'S::~UU'ltlyil,xtl., 
il::11lI'fllJl1(l'll'l1ill~tl1lJ1 rnlu1~'It p16'NK4a 

~ LtJ'It~1tlJ~~ ~l~'l!~" Lll'f~\l nJ n1'Htl ~Vtl.LlU flJ~ tl~tl n~"lJ elJ b 'lli.'l ~~ Llt1il1J1~ tl.el n~lnd 

1'l1..UmrJl'felJdifJiJ.frl4li1fltl.n1'lIil'llil~rJJUlmLfl::~elJHu"flCllm~~l'1tm'lelmlJbli.'l::iimllJ1bu~1::rmbtJ'lteltilJ~
" ~ 

a~JifnUtJlJHt1lJn1'S~md)~mril,xtl. 11lL'I'IlJI::l'flJt1lJnl'lHIiI'S1~'I'IIU1lJl rnltl1~tl. p16'NK•

1'1t~, a UIJL']jiil~\'11el~mdel~ LtJtl.~l fl til\l~JIil'l1'iJ~l'l'l~lJn1'llJ1nl1 ~~tJ Jnl'lmlml~ L1 '1 tbiil::mllJ ~::~,nltl.nl'SHJI'lt 

~Jlr'lt ltl.ilililu'ltnl'lIil'l1ilVtlhh~'It p16'NK4a 

1'1t~1eltilJ t'll~~'V\1el~tl.Ldm~IVt1lJnl1lJ1nl'l~JUmJHllfltl.~UtJ~~1J.J1LWl:("i;) 1tl1~tl. p16'NK4a ~IVt~lJ lil'lJilV\1ttl'l~U 
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p16.NK4a 1U~lmhJL.llfl~.I.\~tl~\udtl l'1HJIWlJ (Ltlmn,itYl1h:J<n "l US 6,709,832) -i1.Jm,~nil'l'\lhh@iu p16'NK4a 

1U~ltlthJ~J<nJTiI~Jn~11'\l:::ihh::ltJ,,!!,r~tlm,tiJ~'\ll nm'~"'L:gtll1~~LLUUtflm'1'11tlthJ'ii1lVn::: 
L~tl.J'\llnhh@iu p 16'NK

4 
a LUU1tb@iu~l'luMu1J1'14it1L~ i'itJ~'Vtl.J L'llfl~Un@l~ il ~,:::w:h.J m'L'\l1tyLLfl:::nTmti.J~1 

LL~'iI:::l'lUtU"l@iud~::~)JmhJ1mnunn~J1'14itlL~i'i tJ~LLfl:::'1'lll'ill'l ~l~.nll'VilJL'llG'l~)J:::L~J~ii m,LL~'" Jtl tln'Vtl.Jlu"l@iu
'II v 

p16'NK4a )J1ni'J."un@l [11-13) ~J,rU m::UlunTl~"ll'i1'1'\ltu,@iu p 16'NK.a 

1U~ltlthJL'll~~'I'\~tl~ULdil~iiU"l:::it'Y1TIfnl'l'ii1Lih'l1tlJtl1~tJm::U1Um"lL'il1tJ)J~ltlthJLYitlh~\ttl~tlmWI"l1'il'l'\11U"l@iUll 
1tJ1UL'llfl~~'I1tlJm"l'il"l1'i1 t"'lJn1"lYhl,xL'llG'l~LL'ilmYitll'1'\lu"l@iU p16'NK4a 

'I'\~."tlfln1l1m'll~~llG'l:::rhu~mtJ1iunULLflU~Ufl@i (Lfln~l"l~'Y1TIU'il"l US 7,306,926, US 7,932,047) Ufln'il1nd 

m'~"l1'il'l'\11U"l@iU p16'NK4a 1u~, fl thJL'llG'l~'I'\~fl~ULdflUJ ~lm,ml11."1.,, tJm,L'il1tJ)J lU'il i'J1 L'llflfl'1u~,mhJ ~.J<nJ1'i1 
LYifll,xLLflu&iUtl~iu'ii1L""':::liifltu,@iu p 16'NK4a ~&i"'U~nn'l11 tJ t)J lG'lnG'l&i."m)J (monitoring molecule) , 
U,:: Lll'Y1~l"lL~tlJ Ll~JyJ ~ fl fll "l~l'llU<il'l'\~fl ~Ts,h t)J L~ ~ fl~ii~ulimtJ1 ~lm,n<n"ll'\ll'" it"!! '111 ru.l'11~lm"ln ~lUL,y1'hhhu ~ 
n1tJ1iurlUlu"l@iUfntJ1UL'llG'l;1.'I1 [4, 14, 15) t." mltlU@lufl~l1ifl tu,@iu p16'NK4a 

'iI::l11'1'\ u1~'\b~1"lL~fl.JLL~JyJG'lflflL'~l'llU<il'l'\~fl ~1,;a, tlJ Lfl nfl~ 'IlJl'i11'1l iru ru1 ru.I'll 
'lI "", QI 

lojh~l'llfl~)J::l~JLth'V\lJ1 mYifl hrU"l:: ttJ"!!u'um,'ilJl'il @l "''''llJliifllu LLJJnTlHLLflu~Ufl~lUn1,<nJ1'i1'1'\11u"l@iu p16'NK4a 

" 
'iI::iim1)J'ii1 L l'l1:: iim1)Jl1~.J LLfl::~lm,nG'l."m1mlU"lu':nU1unTmu,f.J~1uLL'3iG'l::~t.J'I'\~tl1UlLl1ifl::U~~fl l'IlLuumhJ@i'II , 

LLl1im::U1um,lum"lf.J~"'LLtlU~Ufl~ii,ru<nil'\.HjJtnn, 
~fl.Jfl1~tJm,m::'I1u1iLn."m"l~t1.JLLfl::I.hum::Ulum , ~rl",u1~'Y11h1n~lJmtJ~Jii:a1 'il, . 
~Jl111iLLflu&iuil@iii'l1u'Y1um'f.J~'il~J Ufln1l1ndLLflu&iu fl@iUJ LUUt)JLflnfl~ii'lJU1'"1'1'\ ill ~.J~u 

..,' '\I I 'I <LI 

04 • " 4!1 a 6" "" ..... ...... t.. I .o::::a INK4a 0<$ • 1 ,,~.:::. X '1 '" nt"lLL'Yl,n'lllJf.J1UnflULUflW'WL'llflm'V1'i1UnU lJwm p16 'llJfl~fntJ UL'llG'lfl'ilJLn.,,'Vu ."tJ1n 

l111im,HLLflU~Ufl@i1unWml'il'l'\1tu,@iu p16'NK4aiim1lJl1~1 
~nh'ru.::~,.,mhl~.J lUU'llil~lrl"''lJflJn1''l\bl)JlG'lnflLL1lU~U1l~nuH'il"ll'il'l'\ltu,@iu p16'NK4a fntJlUL'llfl~)J::L~J u1ln1l1nd . , 
nt,hrLL1lU~Ufl@ilun1wr'll'il~l tU"l@iu p16'NK4a 

UJii'll1l~ln." l~1lJm1)J ~lm"ln'lJ 1lJ LLflU.~U 1l~~1l1'iliu LLuu11i~lLl'll::nutU"l@iulU~1't1::fl1 tJuvJ LvJflf~ll'11iJu"''lifl;r:hJu 
u~lt1<il (Blocking buffer) ~hi.um::U1Um"lU1l)JL'llfl~l'I~fl~U.Ldfl L'liu lu1@iu lU11tJ:a~)Je)fluiiu (Bovine Serum 

" 
Albumin) ~.Jl111iLil"'it"!!'l!1rn.1un1u.w.l'I~Um"lLLUfl~fl'l'\~m:n'ilLn"'LUUf.JfltJ1nmJ (false positive) I'll 

'\lln'llfl~lrl"''I'\t11[Ju1:::m1'lJtl.Jm''lHLLtlu.~uflii~.Jn~11'll1.J'I1U. 

tilmil.vn::luu"l::L~U.~jj'lJU1"1)J Lt1n flll'l ru~.JL'lllafntJ lu.L'llfl;1.'I1 tJ1 n 
• w 'II 

tilliJJm1)J't1~1 LLfl::~lLtlU.'I1fl.Jjj,rUGl tlu.m"lL'il1[J)J~ltl[h.J~ VJ. tJ1n 

luih';luutlL~)Jijm1 lJl'l U1 [J1)J1um1~~U1 LUU't'Y1<il~ii"lJU1." L~n (short peptide). 

ci"jjfl;1)J'ii1Ll'll:::~JrlUllJLflnt1LU1l'1)J1tJ (target molecule) L'll1~L'llt1~LU1'1'\mtJl'11~ltJ LLfl::,lmu,::V\ U~)J1'li 
-i1J~ ~lU)J11i m"l'V'IIfl1um1)J~)JmflJ~'Y1TIU~,lufhu'VtlJ Luul'Yl~iu'il1Ll'l1::~iifi1~um." fl: iiLmLI1l n ~lJ rlu,hu1U)J1 n 

'V 't I , 

t~muulmi'L'l'\ihul'11nm)~L~flmLfl::fl EJn LLUU1iiim1lJL'l'\m:~lJ LVi fll'il ClU"l:~.,J~'I'\ finlum'1m!ll'::~utmflnG'llutwn'l'\" , . 
G'llnl'l~lmL'iln'3i1Jnulu 

1." tJ El1~[J~ ru.~lJU~iU'il1Ll'll::nu1u"l'@iuLu1'1'\)J1[J'V flJLuul'Y1'1)~In~11LYiv UU 8J m,l11 J1U'V flJLU"l@iuLu1'1'\mtJ, 
~'flth.JL'liu 

m"ltbLuulmliu'ii1Lm:'iifllu,@iu~ii ff1mM tJ"l')flJrlum"lil flJ rlULLG'l:UU ~Jm::U1Ub'il1qJ LL~ :: nl'lL~U l'il'V flJ L'llfl~mh1 
Um,UflJrlU1mnm'Ln"')J::L~J m,Ln'<lh~nijy))Jrlmht1[J~'bvJ

'U , 

nl"ld'l."hm~fl1J,nn'ilElU~UflJ'Y11Jllijfi')J rlmL~:: nl"le)n L~U nl,d'l'1lh~~lh Lbfl::,::UU'VI G'lil ." L~ fl 'il 
hfl1m::u'\JClJflmLG'l::nl'~'I'\ltJhlu'il~n~hfl~~L~El'\llmLu~Yi (itJ t'1l tJ HLuulYl1if~ii~l~1J m~El::!nu~h.,J"J l'IlLbrl, 

mailto:Jl111iLLflu&iuil@iii'l1u'Y1um'f.J~'il~J
mailto:lu"l@iUfntJ1UL'llG'l;1.'I1
mailto:I'\~."tlfln1l1m'll~~llG'l:::rhu~mtJ1iunULLflU~Ufl@i
mailto:J1ni'J."un@l
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LtltllYl'if~ijk1~lJm<iHl::iit.... "GL Y-ARG-GL Y-ASP-ASN-PRO" (L~n~11aYl~U'il1 SG159663, PCT/EP2008/007537) , 


LtltllYl'if~ij~l~um'il~::iit.... "HIS-SER-LEU-GL Y -L YS-TRP-LEU-GL Y-HIS-PRO-ASP-L YS-PHE" (L~n~11aYlliu<1l) 


SG159672, US 201 010204134 LL~:: PCT/EP2008/007441), LtltllYl'if~ij~l~um'il~::iit.... Arg-Phe-Met-Trp-Met-Arg 


(L~mn1aYl~Um SG 159669, PCT/EP2008/007(01), nl11iLtltllYl'if~ijih~lJm<i1~::iitu Asn-lie-Pro-Pro-Leu, lie-Pro-


Pro-Leu, lIe-Pro-Pro, Pro-Val-Val-Val-Pro-Pro, Val-Pro-Pro-Phe, Val-Pro-Pro, Phe-Pro-Pro-Gln, 'VI~~ Leu-Pro-Pro


Thr fflV\'~Unl1UlJ~.Jhfln11L~~ruLlri~,'lJ ~.JL'Il~~~~mJn~ (L~n~11aYl~Um EP2371375), 


nl11iLtltllYl'if~ii~1~um<i1 ~::iituLL'ilmhJn""~~IL 'I'n::al'VI1Unl11mnhfll1ihL~ (L~ mn1aYlliu'il1 WO/2012/002762) . 

" LutllYl'if~ii~l~lJm'il~dn""~lL 'I'n::al'VI11.JlJ::L1.JL'1h....lJ (L~ mn1aYliu<il1 W02012007137). 


LUtlLYl'if~ii~1~lJm'il~::iit....~IL'I'n::~~nl1tJU~.JL~~ll1~ HIV (L~nnI1iiYlium W0/2011/127624) 


LLt'l::U.JijLtltllYl'ifihv,1u1i~lL 'I'n::nUnl11mn hfl'lll.J ') 


3ndJ ....~l ...., .... lJl n~.J~ ~ tl"i::VI 11.Jnl1d....'lJ ~~lJfl1~.J aYliLL~::l<1i1"u nl1~)Jm~JaYliLL~' U~n~lnd
" , , 
tJ.Jiim1~ ~nLLUlJ LutllYl'ifL~ ~1'il(1tl1::~Jvlifl'VI1U nl1<1l1Til'VI1'VI~~<1l11~ ~'iI <1lllJ (monitoring) 

L'Il~~'VI~ULdULd~~~'iltln~ltl ~l~ Ltltl'1Yl'if~ij~l~lJm<i1edlt.... "Ser-Asn-Phe-Tyr-Met-PrO-Leu" 'VI1~ "Gly-Gly-Gly

Ser-Lys· .ifl'VI1UnlW\11~'VII)J::L~')~~11i (L~n~11iiYliuCi\'l US 20100310459) lwhJnltJ~thtJ LLt'l:: 

LtltllYl'ifYiijfh~lJm<i1 ~::iit.... Gln-Leu-Met-Ser-Ala-Asp-Ser. Leu-Pro-Leu-His-Ser-Leu-Ser, Ala-Ser-Tyr-Asn-Tyr

Asp-Ala. Ala-Gln-Leu-Ser-Thr-Leu-Ala. LL~:: Thr-Gly-Pro-Thr-Ile-Gln-His ~lW~'Um1Ci\'l1~'VI1Vl~~1mnhmi~lJ::L1.J 

(Lun~11aYlium US 20100061929) lu~l.JmtJ~Jli:al'il LU .... '1l.... 

~ln11tJJ1 ....~.Jnrillil.J'1l.... 

nl')HLtltllYl'ifdJw;h'1l11'il~u~JLuumJ L~~nlV1~~~ii1ntJl1l~lum1u1::tJn'1\1i~"lmLJnl1'1l11~~'1lmlJhh~ .... hJL~n~, , 
VI'1t1t11tJl::LihVllJltJ LL~::m11mtlhfl~l.J ') t1til.Jl1n'1l1lJ 

luih),ilUUUJ'1~YimltJJ1UL~ tnnunl1YlYUUlLtltllYl'if~ilml)JnllJl1(11.... nl'l~lJ~lL~l::nuttl1~U p16'NK4a
• 

L<i1 [J L;)'viI::luu41JlJ'lJ~.Jnl11iLtltlLYl'ifL~ t1'1\11~~'1\'illlJ'VIlLtl1~Wl!\4'1ldl""~1t1 til.J L'l!~ ~VI~t1~ULdtli~')'1l11~• 
~')"::'lb[Jt'l~itl'ihn'1l'1il.J ') 'lJtI"nl11iLLtlU~U~~~U,jl~~1::'1itlttl1~"" p16'NK4'1~ .,y.J~U 
lum11.h::~~id~.Jiil" r:ttl1::n.Jfl1Um1YlYUUl L.tJtllYl'if~~'iI;)'~ln~l tJtlJ L~n ~~'1\'1l1lJL~ tI nl1'i111'il'iluttl1~"" p16'NK4a 

~ . . 
LLt'l::nTIlJln1'liLutl'1Yl'if~.Jnrill 

.... 
m1u'di1~idL~Yl~~mlLuu'1Yl'if~~<i1;),t'lln~ltJhJwnt'l~'1\mlJL~Ummn~~uhJ1~U p16'NK4a

d • 

LL~::Yl~lmlm11Jlfinl')'1l11'ilYilhJ1~U p16'NK4·1....'1l1mh"l'llG'l~'I'I'1u~....Ldtl~ilnl1L,n'1l.J uun'lJtlJLtl1~"" p16'NK4a 

~ltJltlU'1Yl'if~ ~'iI;),.nn~,tJhHt'ln~~'ilmlJ~Jnrill L'iI tlLuul'Y1'if'1l1lJ m1U1::~h~:i;iilih.,yum'il u::iH ....~L~t1n'1~'illn 
• d 

~l'1lum'il~::iit....~ 1 ~t1 SHSLLHH (ser-his-ser-Ieu-Ieu-his-his). ~l.,yum'iltl::iitu~ 2 ~t1 SLHQPHL (ser-Ieu-his-gln-

pro-his-Ieu) '1'11eJ ~1~um'ileJ::iitu~ 3 ~eJ YAWDTYR (tyr-ala-trp-asp-thr-tyr-arg) uVl.Jl'i1t1Vl,'l'VIrtJ 

LtlU'1Yl'if~~'ili.l,G'lln~ltJtmG'ln~~'il'illlJlY'ieJnl'liil1Til-;llJtU1~"" p16'NK4
a Ii\llJnl1U1::~~:i;i 

MYl~""I~....1inmllJ~"YiI::~JnlJnl~<1l11'il-;lU lu1~"" p16'NK4a t~1tJn'lJl,n'il tlJwnG'll~mVltJ.J 7 n~1'ilu::iJt...... , 
~"iJmllJnllJl1r:tlunl1LLmn<Ji1JLil~Uttl1~'U. p16'NK4a I1ltJ1....'1lJ~VIJl'llG'l~'1'11fl~mdeJl~~ 


11~~~'l~~unulu1~'U.5u~~1 ~U""~~,'Ihlu.ff'U.'il~Unl1L'1l1tJlJ~1~til~ L"Ii .... 


tu 1~""tUlI tJ.Ji~lJ ist'lU.. ij ....l ....i'm~::iilltJuvJLvJ eJf~1i~<il"li~ JllJlunl1rJfllJ l'Il ~ 
, ~'VI~t1~""ld~lJ ....m::~ n~lG'l~ 
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~.j"li1u1iallJl10iil<ll~.1!.1!lrn1UmW\~1m.Jiilmniil1.jeludl<ll~lnm1iui3.hh.Yn~~,jncil1M 
~ ~ 

€inYl,j-UU<llflUm'l&l<ll@llll~'1!'1!lrnm1@l11~"ilUhh@iu p161NK4a 

nJlUt<ll UallJl1[l @l11~1<ll ~ru rul rn@llll,VllJl~al.ltlu"l5il.<ll'iJ fl ~tll ,iiin iiI&I<ll @llll~@i<llUiillnUmnrJ,1.11J1Yl~ 
~ v 	 , 

~,jlit:-Jiilml1h~~n@l1"l51unL1@l11~Vllhh@iu p161NK4a 

'lllUnmJli5@llllm11.h~~hl~dlu~lflth,j''IliilflVl1fl.fiU,dfli'lltlth~iitJ1~fiYl~m~ L<lluli~iilm1'il11~~iifl1lll11a~ 
~ ... 

li~'1!l1!lru,~i<ll'~U "iiI~1liii~l1!'1!lrn"lUmU"iiI~~iilmniil1,j~~~n':hm1Hbbtlu@iUtl~,;a,jm"lflll.11n €in~~ 
if~ allJl1[l~~@l,~ll~lU1mtJtJ1Yl<ll"l'llflr~ iiI~l.I1 n"l 'll1 Um1~~@l~1li V~, mn 

t<ll UallJl'l[l ~<ll ~ tlWWlln'l"lll nu al'lWU Iln'l1l.1'iJ tl~ tlUmfl "U fl'Yl tl1Lm'hl1 "iiI~H~lU,tJtJ1Yl<ll1'1.41tJ'iJ tl ~ ,tJtJ1Yl ~~ &I<ll Uiill n 
It '\ ~ 	 '\I 

'lllUElUf11fl"Ufl,Yl fl1ttll'hl1~ 'fl~ tlU1"11tlUf11fl'lllrJ Lll ,iilniil&l<ll'illll1uncillaTHfliiVl1tl tll ,iii n iii 0711 ,fln1'll 
q 	 q q q " 

L<ll ULtJtJ1ml~ tl VUUtlUf11fl bbU fl'Yl tl1Ltl\"hl1~,jn ~11all.111[l ~~@l L~l.I~lU1'1.4Mtl Vl ~lli~ln<ll'lll U1~UUm1L~U~ LLU flY! ,1U... , 
rY11tJ ~~n'llUYlUm"l~~'il~lWhn11~~<llLWu@iutl~l.I1n "iiI~.fru@ltlUm1'@l1Ull~ltlVl~'il11~niliv,jmn, , 
~~nmllJ,VllJl~alJ1um1tJ 1~U n @l1it:-J~@lilrn.'l'i"LLiiI~m1ll1i5'illll m1tJ"l~&i B~dnu.Jluu1m1@lY)~ ~.J a.J 'il11111ui tl ~tJ nu@i , 	 ~ ;.J 

m"l~'lltl.Jm1f11ll.1rm'lltl.J fI1lll11a.J i<llL~U L<llu1li~1,UU'lltl,jtllftU~"ll1U1rum1 bbiil~n'i1UYlU~l 
'\I 	 IU '\I <u q 

@l11l.JLLa<ll.J~'1!~nBnr~tJ'1!"l5U:::lumB15,jn'lB"YlUfI1llJVllJ1U'iJfl~m@ltl~ilLU"l5it<ll~1~"J ~~ 20 "l5il.<ll 

Uu: m~LLUU~1ii1tl.J"a<ll.J~lLmti,jLn<lltJlFi1Ul (reactive protein binding sites) UULtJ1@iu p161NK4a 

l1lntJiillmau (N-terminal) 'lllWnluii~tJiillU.Ji (C-terminal) Yl1~'lllWlJ1l 

cil.J: m~"tJU~1ii1tl~~lbbV\ti~iu~1'~1::::"IJtl.JLtJtJ1Yl~~1~tJm<lltl~iJLu~ 1 (1), ,tJtJ1Yl~~1~Um@ltl~ilLU~ 2 

(2) LLiiI~ ,tJtJ1Yl~~1~tJm~ltl~ilLU~ 3 .(3) uu1"111tJ1~u p161NK4a 

t<llmtJtJ1Yl~~~allJallJl1mm~tJ1nrn.~1"'VIti~Ln<lltJnmm (reactive protein binding sites) 

v\1El~lLLV\ti~lnLtL~u.J~lLmti.JLn<lltJnmm'iJtl.JttJ1~U p161NK4a 

~.JtJ1~ntltJ'lllU~1'LV\tiJm<lltl~iJtu~lLLV\ti~1<ll'iilL,V\ti.J'VIii.JtJut~1~U p161NK4a lu"liTJ' A73-T93 

~l1.Jn1J'iilLL'VIti~Ln<lltJnn1m 074, A76, T77, 084, E88, F90 LLL'l~ 092 

~lv\~ULtJtJiml~l~Um<lltldjtu~ 1; "li1.J P40-S56 @l1.Jn1J'iilLl.'Vlti.JLn~tJnmm N42, 'Y44, V51, M52, 

M54 LLiiI~ C55 ~lV\"~'u,tJtli'r"l")~l~Um<llEl~iitu~ 2 LLiiI~lmh.J A21-V28 @l1~nu'iilll'VIti.3Ln<lltJnmV1 
R22, E26 LLiiI~ E27 ~1'V11UltJtJ1Yl.,)"h~um<lltl:;iitu~ 3 

.J ~ 'U 6'':: """ at d ttJ ,.:::t lNK4a
JtJ'r"l3 'IllU: 	 Lla<ll.J~L'lm"lrJEllJl'llL'lfllJ~'"l.J"l5U<llYlllm1LLa<ll~tltln'iJtl~ 1@lU p16 

l.I1n1"1<lltJn@i LtJ~UUly! uunu t:-Jiilm1UtllJb'lliilfltJn&l 'lllmtJtJiYl")"l5itil~l,j"J 

~@i<llUGnn'lllUtlUmflUUflbYltl1ttlYhl1 (bacteriophage particle) , 
~ 'fl~ tlU 1"11 tlum fl'lll U al1L1tlJ LLa Jyj iii tl tl L 1a''IlU@lL<llU'tJtJ1Yl.,)~.J n cil1 n ~l~Um<ll tl~iJ I u~.Jd 

, 	 'U 

LtJtJ1mf~1~Um<lltl~ii1u~ 1 (n1 "iii::: n2), ,tJtJ1ml~1~um<lltl~iitu~ 2 ("IJ1 "iiI~ "IJ2), 

LtJtJ1Yl")~1~Um<lltl~iitu~ 3 (fl 1 "iii:::: fl2), flUmmLUflbYltl1tm'hl1fl1UfllJY!1liLLa<ll~,tJtI1Yl<ll1<ll '), 	 , 
~~Lfl~tlu1"11tlUmfl'lllUal'lL1El.Jlla.Jyjiilflm'lm'llU~ (.J1 LLiiI~ .J2),, ... 
LLiiI~tlUmfl LLtJ fl L Yl fl1tflyjl~ fI1UfllJ~ LLa<ll.J LtJtJ1Yl.,)~n ~l~Um<ll fl~ii1u3u~.JhiWI1.JntJ,tJtJlYl~@l11~iut, , 
tJ"l~U p16 'NK

'. iJ 3 l~U (M~lnfl~.JLtJtl1Yl~L~U1nunUl1.JtJ1Yl~~1~Um<llfl:::iltu~ 1-3) 

~.JLfl~flui11flUmfl'lllUal'll1El.JlLa.Jyj~flm'j"al'llU~ (111 blfl~ "il2) 

I<ll UfI1llJ"@l n~l.J"lW.JfI1llJ L-UlJ'iJ ElJ ~ru~l rnyj~flm'lm'llu~~l<lll'll"illm'lliil~lJ~l~.J~ UEllJ'lll mtltllYl~~l~l 
;u '" 'lI 

um<lltdl1u~ 	1, ,tl1.J1Yl~~1~um<llfl:::ii1\.\~ 2, L1.JtllYl~~l~um<ilfl~Dtu~ 3, fl~mmLufl 

mailto:l.I1n1"1<lltJn@i
mailto:iiI~.fru@ltlUm1'@l1Ull~ltlVl~'il11~niliv,jmn
mailto:n'llUYlUm"l~~'il~lWhn11~~<llLWu@iutl~l.I1n
http:iiI~l.I1
mailto:iiI~1liii~l1!'1!lrn"lUmU"iiI~~iilmniil1,j~~~n':hm1Hbbtlu@iUtl~,;a,jm"lflll.11n
mailto:lllUnmJli5@llllm11.h~~hl~dlu~lflth,j''IliilflVl1fl.fiU,dfli'lltlth~iitJ1~fiYl~m
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LYl [)1hrl'h'ilmtJ~lJ~ljJ LL~~.J LthJlm)1~ '1, 
LL" :;~ LL~~"llJtllYlr;)~ih&l~tJm~ [):;jj1u'ih-l'ill n llJlJlYlr;)~ 'll'iJ~tJ~-l allJ.J1-l l~ ~ lltJ th llum~ ~, tJ al'll1fl-l 

q 

LL~-lW~llm'l~L'llUr;) ('il1) lJ1nn'hmllJl'lllJffQ!qJlrnW~tltl L'l~l'llUr;)~l~l~'illm'll,,~tJn~ 25.6, 18.2, 

14.9, 9.5, LL,,:; 3.2 'VI'\.bmmtJ~Ln" 'illlJal~tJ 

"llll : LL~~-ltJ1l1rn~ll~fltJ~"lltl.JL'll,,~~jjtltilu<illLL'VIU-l'ih-l '1 "IJtl-lu'ii,,:;111Vi
'U 

.J1.J ~llJTm LLa'il-l<illLL'VIU.JL'll,,~tJ n~~ rJtllJ~'mlJtllYlr;)~~~U"ln~1tJ1lJ l"n,,,~~ 'iJ1lJ L~ tl 'iI'll'iJ~tJltl'l&iu 

p16'NK4a ~llJm'ltJ'l:;~h;fd .J1.Jf.J"VitJil1jJln'ilm'l~~~~1'V1~1JLtltllYlr;)iih~tJm~tl:;inu~ 1 (n3 LL,,:; 114), 

LL,,:; 3 (~3 LL,,:; M), "llrn:;~LlJtJ1Ylr;)~1~tJ m~tl:;inu~ 2 ("IJ3 lL,,:; "lJ4) 

rJtllJ~'iI L'll,,~tJn~l~ulJ lL'iiliffru rul rnW"tl tl L 'laL 'llur;)Utl rmilffW nn rn~l~'illn L'll" ~lJ:; L~ -l lJ1 n tl til;) jjutJ "., " .,., 

~1v1Q! 

LL,,:;mllJLL'iln'iil;)'l:;'VIil-lffrurulrnW"tltlL1m'llur;)~rJtllJ~enL'll,,~lJn~Ll":;l'll,,~lJ:;L~"'illnm1Htlum~LL"QI 'lI q 

tJ~LYltl11tlwl'ilmtJ~lJ~ljJLl~~-l Ltltl'lYlen1en ') ~ L~~fltJ~ltlUm~~'tJ~11l1tl-l Ll~-lW"tl m 1~L'llU'll (;) 1 
, q 'U 

u,,:; -l2) 

LL,,:;tl um~LLU~L Yl1l111lWl'ilmtJ ~lJ~m,-en;) l tJtllYlr;)~ jj ~l<l1tJ m~ tl::1iLU'iil-l'ill n LtltJ1Ylr;)'iI "l" l'il~U~J ~llJ 
q q 

mlWLLa~Jfhrm~n~"IJtlJmllJLL'iln'iilJ"IJtl-lffrurulrnW"lltlL"l"aL'llU'll~l~l~,:;'VIilJL'll,,~lJn~LL":; l'll" 
~ ~ 'U 

~lJ :; L~J~ rJtllJ ~hm tltllYl'll~~~ U"ln~, tJllJ Lf1 ~ ,,~.~ 'iJ1lJ 'iJ1lJ m'lh:;~1!I§dLL":; tl"tm~ mtJ~lJ 'iilJ '1 

1'i1tJLtltllmf~~~u"ln~1!'J1lJLf1n"~~'illm'YJ 3 L~U (n-~), 
~1lJ11nlimllJLL'i1n'iilJ"lltl-lffqJ'1!lrnl~tlH'lum1'i1"'il'ilLLUnL'll,,~lJ:;l~-l1~lJlnnil 16.1, 8.7 u,,:; 11.6 

, .
'V\U1tJLmtJ~Lnf1 

lritlLm!'JtJlYi!'JtJnumllJU'iln'iilJ"lJtl-lirurulrn.~l~l~'illnL'll"~lJ:::L~.JU.a::L'll"lftln~~rJtllJ~l1.JtlU111~LLtJ~lYltl11 
tlWl'ilmtJ~lJ~13Ju.~~mtltJ1Yl~1~ '1 ~-lL~itlU~ltl"t111f1~ltJal'W~tltll"l"I{L'lluc;f (-l) , 

"IJrn::~lLU~LYltl11tlWT'ilmUfllJ~LL~~.JLtltllYlr;)~jj~1<l1Um~tl:::jj1u~u~jj~1~Um~c:dnULL~n<i\l-l,nmtltllYlc;f~, 
11'il~u1tJ'l&iu p16'NK4• ~JL~atlU~ltl'Mnfl~ltJ~l'lWf1tltlL'l~L'llU'll , " 

't3J~llJ1,nH'iI11'il LLtJn L'll,,1f1l:: L~.J tl tln'ill m'll"lftln~'t~ 


1~ tJliml11 Ll'iln~l.J"IJ tlJ ffru rul rnueJ tJnilmllJ LL'iln~I.J"IJ tl.Jffru WI rn,nn L'll"~~ rJeJlJ~' tJ eJU111f1 LLU~LYltll11lWI 
.,.., ... " q 

'ilmU~1J (~) OJ 6.3 'VIU1mmtJ~Lnf1, 
"l"tl~ 5 mViLmvuLYitJm::'VIiIJf.Jf1'IJElJm,rJfllJL'll"d"lJ:;L~J (UU) LL":::L'll,,~tln~ ~lJ)
'U 

• 'V , • 

~, tJLlJtllYl'llYi~enu"ln~,v111 L"n"~~'illlJ'illlJm"l"tl"l"::: ~1!IfuLVi tl'il11'il~U1tl1&iu p 16'NK4a .u"~tl 
q ~ 

ltltllYl'llal~umen[)::jj1u~ 1 ('llltJ) nUm"l"hLm"nf1LLtlU~tJtl~~mhLVil::: (n"IJ) 


len tJViumllJ L'lllJ"lJ flJffru nn rnL~lJ;1ULLtl1~U'il1,J ffu'.;r"lm'llf1If~ rJfl1l~'mtltllYl'll~~enu f11 n~, [J1lJ L" n" ~en'iJ1lJ

v ~ q 

'iJ1lJ m"l"tJ':;~1!IijdLL"::: LLflU~tJ tl&i~U~ILm::m,J m1f11 ~JLLflen -l'illlJ" nm~.J1-l rJtllJ ~~L'll" IflJ:::L~JlJl nnill'll,,~tJ
u 'U 

n~li~11lJ LL'iln '1il-l"IJ tl JffQ! qJl rnl~tl til JlJ1 n 

Ltl1VUL'Yh1mlnmViibL~flVI{"IJtl .H'll"~~LLflen JliLV;UOJ <ihlL 'VIU-l'iil" ') ~jjL'll"~tl U'il1JlULl'ii ,,::mVi ("IJll)... 
~.mmVi LLfI'ilJliLV;u11Ltltl1Ylr;)~~'ilU"l n~, [J1m" n,,~ en 'i11lJflll.Jl1nliffrucul rnmllJL,)lJW"tltlL "l"~L'llU'Il~1'V1 1U 

q "Q,j '\I 

1ll1'i11l'ilLLUnL'll"AlJ::L1J ("IJ11UU) mnn11L'll,,~lJn~ ("IJll~IJ) O-l 25.6 'VIU1mmUflLn" 

"lJ rn.::~ III11'li1:lJL"n "LLtlU~tJ ll~lv1mllJ LLv) n -.hJ"ll [) Jiru CUI rnlUnt1'i1"l"T'il UV n L'll" ~1):: L1,J (n ,,1 "tJ U) 
, v v 

'iJlm'll"ttJn ~ (n"IJ~I J) LVivJ 1.8 Vi U1U LmtJflLn" 
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~1Hl~1i.J 14 ltil 

'\.ulmnnd(ll:::n El"'~qjqjl rn.~ ln~ nl1~lJ El thJLlJ'ill L vn::: 1uii'qj ~m2lrn1,1n fllJ tJ,1y.jlJMflU ~1 El tJ,.J l'IHl ~~ UEll1~1 U 1 
lILflnflLLEl"'~UEl~'1Jrn.:::~(Il:::nElm~fhdLlJy.juluL'llfl~~rJEl3J~lULl.hJL'tl~~~~\l,flln~lUl3JLflnfl~~'inl1l~El'ilnil~. . 
lJ1th~", P16INK4·1"'Jlly.jrilU~lJ~nrn.L~tnflU 

1tl~ 6 Jlly.jLLIi~.J~lEltJ1Jm1\tlLtltlL'tl~~~~Uflln~lUImflnfl~~'iIlllL~El'il11~~lJItl1~u p161NK4a 
~ , 


'iIl3Jm1tl1:::~1YidLtlhlUnlWI11~~11tl1~u p16INK4'lu~lEl tJl,'l~ULdel 11::: L~J1:::U:::'ihJ '1 


l~rJH'[mflnfl~~'ill3JLUUElUJllfl
. . 
LLlJflL'tlEl~lElyh~~Lfl~EllJth~l Uff11L~El.J LLloy.jflmH1ff'iluLEll'llltJlElL'llU1LU(Il (Fluorescine isothiocyanate;... 
FITC) ~JtllimUlm1~lJflU1:::~il.JLtltlL'tl~fllJ1tl1~u p16 

1NK4
• 

lU~lElthJ~ULdEl~lm1t1'il11~~'il'il11lL~~lUn~ElJ'ilfl'tl1WI"1~~rurulrn.LL~.JYjfltlm1~L'llU<t1~fflm1t1m:::~um
" l1li.... 'tI 'I 

1l~ElJ LLff.J LLfl:::'il11'il~lJ ii'ru rul rn.y.j fl El El L'HH'llU<t1'1J El.J ff11L~El.J LLff.Jy.j fl El El L1~'iluLEl1'llh1ElL'llUl L U'iI~ml3JUllfl ~U 
l1li l1li 'U 'lI 

~mm:::~3J (tl1:::mrn. 490 LLfl::: 521 mlul3J'il1 'ill3J~l~lJ) 
'ill nJlly/'il:::Y/lJ~' LL~u,J~iinl1UEl3J~~ ~y.j fl El El L1~L'llU<t1~,J~J~ El~' LLVi U.J L'llfl ~~ ii nTHl~'il,1 El El n'lJ BJltl1~u 

" " 
p161NK4a mn ~lJ·kJrn.i"'LriEllJthlU~lEltJl.J~ULdEl~iiJEluhflf)El3J:::L~,1 (precancer lesion) (lJW'lJ1l)

• 
IiJnil~U1n rn.L~rJlfl",1"'~, El tJl.J~ULdEltln~ (lJWnl rJ) 


~fl:::1u1m.J ~r,.J'lJ ElJ.ffu~UEl3J~'iI ~y.jfl El El LJ~l'll"'<t1~J n ~'1Y/Ufl1'3J~U 1 LLUWlJ ElJ L'll~ ~~'iltl n &i LYl3J~ULUU111U1U 

l1li , .... ,'U , I 

3Jlnnil'Viwn 21u 3 'lJB.JiUL'll~~LVBUi:lJ 'lJrn.:::ri~llmu.JYiiinTm~'ilJElEln'lJElJItl1~u p16 
1NK4

•. , 
lwlBtJhfl3J:::LhJ::U:::fln~l3J (invasive cancer lesion) 'il:::y.jU3Jln1uLdmriEl~EltJ~lul", (~lJ'lllU), ... 
Lri Elltl~UU l Yi UlJ flU fl11 11 L-tl3J LL~.J~lJ1lJ rn.L~ U1 flU1u~1ar.h.J~uldBtl n~~llJii'JB rJ I1fl~ J'il:::LlJy.jU m1LL~~.J El El n 

'lJEl.JItl'J~u p16
1NK4

• 

~,JL~JllY/~ii~n1Yrn.:::ldel l~ el~ L1JU~U~~, U'!3J B llR::: UB 11 LL~''tlJy.jU LLt1U~~el'il'ilffil,J'lJel.J LLGi\'jy.j fl el el L 1ffl'llU<t1 , " 

Jlly.j Ll~~.J~' el tJl.Jfil~'illnnl1uel3J~Uldel 1J~ l~.J ~1 [J LtJtll'tl<t1~~'il\l,flln~l tJelUJllfllLlJfl L 'tl el~1ely.jl~~ L• 
fl~elui:l1~1 tJUEl\4~U el~~'ill Ly.jl:::~el1tl1~UUUi:l1ElUJllfl LlUfll'tl el11Ely.jl'il~.J L~el3J 'Ii elfllJ LelU't'Jj3Jil elfL 1~ff• 
Ltlelfeleln<aL~" (Horseradish peroxides; HRP) 1111fllJnl1H.nu~L'il1'Y1'lJEl.JLElU't'll3JilelfL'-~"LtlElfElEln<al'il~ 

3,3' 't~Hl:::ijhUlJu<a~UL~el1iLn'iltl~mrJ1~Yh1iLn~iuu~leltJl.J~ULdEl ('1J11) l~Elnl''l(ll11'il~lJttJ1~'" p16 
1NK4

• 

'iIl3Jnl1tl1::~1:tid ~.J~13Jl~Wi111'il't~~ltJn~el.J'il~mw,"~iiH~,Ltl1u.JQUy.jUlil'tlrJ1fl~Umh::'il1'1U
Q , 

Ltl~tJU LYi tJU flU JllY/~mdB'ill n~l el tJl,J L~ tJ1 flU~(Il11'il ~1 UL'tlflUflm(ll1~1'"l'il tJnl1 UEllJ~~h.n'tl Bn'li~uLLfl:: iilB 

'ilu (Hematoxylin and Eosin; H&E) ('llltJ) 

l'il tJ l'tl flUfl nl'JUEl3J m'il1;)lUll~'il,1 LLClU'lJ elJ n~3J L'llfl ~~'il tJ n ~~.J LUU~lJ1J L-tl1l1u~uii'll3Jy.j'lJ B.J L'lltl ~tl n~3ud, " 
'1J rn.:::~~\Udtl~Uel1J<l11 tJ LtltJl'Y1~~ ~~Uflln~1 tJ111 Lfl n ~~'il 'il13J 'iIl3J m1tJ1:::~ 1Y.rd~,1hl11 Lfl nfl~~ 'iIl3J !iJUelUJll 

" 4.lI q t 

fl LLUfl L 'tl el~lely.jl'il~ Lfl ~ ellJ ~'~1 tJ LWU~lJ El~ ~'ill LY-I1::~ el1tl")~uUU~lElUJllflllUfl L'Y1 el11m-·h'il~.J L~B3J'ii El rlU LBU. 
L'lllf.mfL1~ffLtJ elfB tl n'ilL'il ff 


~::lL~~.J l.xL V;u i,U1L1 rn.L'llfl~~i1~tln~huULLClUL'l!flJ~.J,'il'~1u~U~fl"n3J'lJEl.J L'l!~~tl n~3u '1 

IV • .... ..... 

~,JLLff~,J~'eltil.JLLClUL'll~i\'iudjElui1''i1llJi1flnl>l'J; mY/ri,tJl1,J 4 mY/, ~ 

riltJ~,un~aJ;)~m11>1"'IlU'ilL~tJlrlurirh~J'lJtJltJ 40 L'Yh (uu) LLfl::: 100 L'Yh (ilil,J), 
'ltl~ 8 'iIl'llJ ~'JtlJ1U~:::L~ UYI'lJ ElJEltl mrnLL~:::~lJLfl1i~li1ul~nl'l~U~rnY/ltl'l~U1'fi UBlf1UfllllJ1aU 
~ , , 
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JnVHtj'~UULYi UU~ ~n11U1J)J~'U.Ldm.J::L1J~' mlhJ1Yl<il~~<lli<~1n~1 tJ1J'U.Jnfi LLUfiL Yl1J~l1JYhil~ Lfi~1JU. 
~,~, ULL1J'U.~U eJ~~-;l1 Lvn::'ii 1J hh&i'U.UU~, eJUJnTHLUTHYl1J~11J'Y'hil~JL~1J)J'iieJ nu L1J'U.1'11~tl1JfL1~ ~ • 
LtleJf1J1Jn~L<ll~ 1l1Jnun11H.Jfu~LmYl"lJ1JJL1Jul'11~tl1JfL1~~Ltlaf1Jan~L<llt1' 3,3' l<ll1J:::iltuLuu~~U 

Lvialidl<lltl!Fl~U1~rhlidl<11~uu~lmhJ~uLda ("IJ11) lum::Ulun1'<ll1l<J1~<ll@l1lJ Lvi1Jn11'il1l'iliU 1t1,&iu 

p16'NK4a <J11lJn111.h::~~id hwHLYlfi~fin1'flUt1'Jn'W1t1"i~Ulu~,m.hJ l<11uli1i1JJ1'll~<11mUfilJar;u.niJ~ 95
~ q q '4t 

99 1JJmL'II~LrntJt1'LtJumn 40 mYi (UU) 

Ltl1uuLYiuunUt:.l~n1"iUeJ)J~leJthJ~ULd1J~ti1n1'flU~Jn'W ttl1&iuluJ'"ll~ 1J<J1 LUUL1 ~1 20 mYi 

t~uHi.lJtmnv.J (thl) ~n1~J"IJtJ1tJ 40 LV11 

'il1nJn'WLL~~.JliL~U1J thJi'<llL'ilU-)1~'1J thJ~tiln11flUt1'Jn'WIt1"i&i'U.~, ul)J1mLlv.J 

t1'1l.J1"in LL~<ll.J ~J1'il1 ~U~L1 nULrI U"IJ 1J.J n~lJ L'IIfl~~~<lltln~ (flnl'l"i~). ~ 

ML,JlJ n-)1u~nnu~ tJ,nU"IJeJ,J~'1J ul,J~HL'Y1fi~fi n11flU~Jn'WIt1,~u~, u 1i1,J~I'll~<llmum.J1J rn.niJ, , ~ 

~ 

m1U1::~~fun~1ln.Jn11U1::~~f[mflnfl'il11'iliutU1~'U. p16'NK4• 
u u , 

~LuuLuul'Y1<il~~~ilfnn~luh.JLfl~fl~<11<J11)J~.Jiim1lJ,)IL'W1::1Un11<jJ1l'iliu It11&iu p16'NK4• 

~l'l'\~Uh"lUn11'il11'ilv\IL<jj~~~ij n11LLt1'~.J!H)n"IJ1JJ lU"i&iu p16'NK4• 

~.J1U"i::~u~11uL'IIfl~t1n~LLfl::lu1::~u~l.J1n~<lltln~lu~11JU1,jL<jj~~V\11J~mda~ih1JtJl1fi)J::L~,j 
h tJ1Jl~tJfi rn.~lJmtn11iu,)1L'W1::"IJ1J,jLtltJ1Yl<il~.Jij~1~um<11a::jJtU"IJ1J.JLtltll'Y1<ll1u1t1LLuu1<ll1ULLUUV\~J1u 3 11.1 LLUU 

., "'" " 
~LtJ<llL~W1Un1"iu"i::~~jd 1~LLri Ltlu1'Y1<il~I~um<ll1J::iJ1u~ 1 fleJ SHSLLHH (ser-his-ser-Ieu-Ieu-his-his), 

Ltiulml~1~um~tl::jJlu~ 2 fltl SlHQPHL (ser-Ieu-his-gln-pro-his-Ieu) v\1a Ltltll'Y1<il~I~um<11tl::jJlu~ 3 fl1J 

YAWDTYR (tyr-ala-trp-asp-thr-tyr-arg) 

1<11 U~::tiln1"i~~ LLti fl.J~~il~1n Ltltl1mf~.JmiT)~'UIlJ L~n fl~<11 <J11)J~ 1J1'il LUU~I"iLfiij llJ Lfl n ~:jl, Lflii" , 
V\~atluJn~~"il~ii<11~1)J ~~l)Jl.n1,rLtJuill~"i'J,;)~~~llJn1'LnYltlnn~U1n1"iiunu"i::V\11.J llJ Lflnflltl1~u p16'NK4a

• <J. 

nULutI'lmfiu,)1L'Wl::~.JncillM vr,jd 

V\~nn1mlJ1U'lltlJLtltllmf~~'ili<flln~lUIlJ Lflnfl~<ll<J11)J'il::1Jl~Um11Jt1'llJl1nlun11iunuItl1~u p16rNK4a
• 

~~lLL.,ni.J~lL'Wl::'ih" 'l Lrim41Ll.hJlml~1T;J~<ll~11J1tJ.~u p16rNK4a 

~~<ll\lflln~'JtJImflnfl'l'\~tlt1'1'Lflii~<J11l'il~<ll<J11)J~ruru1rn.1~ 1tl1i<J11l,;) '1'\ 111.1 ,&i U p 16'NK4• 

1U~' tl Ul,jL<jjfl~v\1tl~ULdeJ~J~.hum::Ul'U.n11L<J1'1tJ~lJ~'J 1J th,j~Ll'\1Jl::~lJ LLtr'J ... 

Lt11J1Yl<ilm1'iliu~J n ~l'J'il::n n (j]~J 1J tiUUL<jjfl~V\~1J~l1J[h,j~"ud1J~ii m,LLt1'<ll;) 1J 1J n'IJ 1J,j Itl1~u p16'NK4•
" ~ 

t1'J~'iltln~1<lll.J1nnll~11JU1JL<jjmhJn~~ijn11LLt1''ilJ1J1Jn''IJ1J.JtU1~U p16'NK4• ljj~.J ~Jttu tl1l.J1 rn."IJ1J.J hh~u p16'NK4a
" ~ 

~lL(j]n'ii1.J nul'U.~'eJ ti1.J~ii n11LL~<11 JeJ tl n"IJ aJlu1&iu~~<11tl ni\LLfl::~'J 1J Ul \ltJ n~ 
~;}t1'1l.J11n <J11'J'il'WU1<11"[<ll Unl"i<J11'J'il ~<ll @l11J'illn1)JLfl n fl~<ll <J11lJ~~<11 ilfl1nUU~1m1.1 tilYl<il~'I:J n1::U'JUn11<J111'il~<ll<111lJ~ L. 
VllJl::t1'lJnUImflnfl~<ll<J11lJ~L~1JnH, 

L~1J ,l'illn ~~<J1.nrn.·lf L tltllYl<il~~<llilfll n~, UtlJ Lfl n fl~<ll ~n lJ LLfl::m,lJl11<J11lJ n11t11::~1:tid1~n ml'dl~f~ul1Kl:i fi 
" U 'U &I q 

rn.t1'lJU~~~LVlit1Jnlln11HLl8\.l,~U1J~iu,)ll'Wl::l1ieJhh&iu p16'NK4• Yll;}n11f11 ~,lHn'U.1<ll[Jri''JltJ1UU'il~u'U.v\~lutI 'i::n1'i 
~ 

olJitu 

~Jfi 1J-)lr<~'ilnrn.cYfll~:::m'lJ1TI~1)J n1dib::~ 1:tjdLUUYllJ Lfi1J nVl~,l~l:i~n tJnl'W htn11(j]"'il~1~'1nlJL<jj~~~ijnl'm~~ ,ltl1J n 
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'IJ[)~hh~u p16'NK4a t~[JjJ,y[)~~~luLd wn~lJ&\'~ jjWll~b&\'ntn liirurulmyjif~b'ilU" ~ ~ 

l1ijjill!ll!lm~Ummbtl::t:.lm.JlntllJ 5n~J rJJ&\,I~T'HH.J~(jlbvi~~lulmtJtllYl~'~f1~,jtl::mn ') ~l[Jm~t:.l~'ilyjl1i~J[J1n 
iU'il1JUm~b(jl1[J~1ii'1[)thJ~IV1-rU(jl11'ill1ivJtnn Lbtl::~U'YlU~lnllm~~~~LWU~lJ1)~~ln

q q 

~,jjjml~LVlm::&\'~UG'l::jj~ntJrnY-l&\'~lum')tJ')::tJn(jl1,ynUJ1Uu~m')ml'ilm~Y-l[Jl~1'Yl[J1f1~UfltJ~::~11uyj~[),jm')ml~() 
" q 	 " 

m)[),j if~L'ilU HJ1U~I[Jt~tJl3-hhLtJU~[)Jul~mr"hulrum~ LLtl::jj~U'YlU~1
,,~ q 

~llii'tJ'1i 1)lt1'il::'lJ[)n~11iiJ,)ltJtl::L5 tJ~'1ilJ ') 'lJ[)Jm~Wl11Jult:.l~(jlilm<rlLLtl::m ,) ~lfi(jll~ m,)lh::;~'l!f§d l~LLri 
m,)~'ilL~[)mtJtI'l'Yl~'IJU1~~uyj~tJ~ILY-lI::;nuhh@iu p16'NK4a 

n"m~flJt~btlnG'l'IJ[)JLtltll'Yl~yj~'ilUtlln~rnJtmL'lnG'l~'iI(jllmYi[)m~(jl,)l'il~tJ ttl')@iu p16'NK4a 
q 	 q 

m,)~lfim')\bLtltll'Yl~yj~~ Utlln~l tJ t~U'l ntl~'iI(jll~(jl1~ ~n'l!fm::; m~tI')::~~;fdlt1hLum,)(jl ') l'il'VI l1tJ')@iu p16'NK4a 
q 	 u 

luIii'1[)thJL']jtl~Vl1[)~ULd[) LLtl::;lii'l[)thml,)'Yl'ilG'lu,jH~~'ililrn<rlLbL'l::nn~lfim~m')tI')::;~~§dbYiU(jl,)l'illii'l1)thJ'il~J 

1. 	 nl"iA~Laumtluln~.rtJ,)ILYil~~urU"iQi"" p16'NK4a 

LtltJl'Yl~~tJ'ihbY-ll :: '1i[)ttl')@iu p16'NK4a m~m')tI,)::;~'l!f§d jji'ilU'IJ[)J~I~tJmlil[)::iJtUGlI'V1-rtJl1m'il~tJh.h @i u 

p16'NK4a ~L~[)n'l~'illn~l~um'ilu::iJtu')tlLLuul'i1')tlLbtJUVlitJlu 3 ~1~1.Jm'il[)::iJtu
" " 

(m'il[)::iJtmb'1itl::"llUmL'YlU~l[Jill!~n~nrY-lrJll!"ll'U::;rn'jjlelJnfj'jjIii'J[)~tJ1[Jlu~tlyj 1) Iii'Jd 

~11ii'1.Jmlil[)::;iJ1uyj 1 ~u SHSLLHH (ser-his-ser-Ieu-Ieu-his-his) 


~11ii'1.Jm~[)::ijtuyj 2 ~[) SLHQPHL (ser-Ieu-his-gln-pro-his-Ieu) 


~1~1.Jm(jludnuyj 3 ~u YAWDTYR (tyr-ala-trp-asp-thr-tyr-arg) 


tlJU 
LtltI"'n~~J~llJfh~um'ilfdJtu~Jn~111~1.I1'illnm::tJlun1~~'ilL~[)nLtltJlt1~'illn~~J'lJuJLtJtJl'Yl~tJu[)Urnf1LL1.Jflb'Ylu~1 ·. 
[)yJl'il (bacteriophage display peptide library) 

~Jfl~J'lJ[)Ju.hJl'Yl~uuuUmf1LLUflL'Ylu'itElyJl'ilIii'Jn~l1~rlJ~U'illnm,)~JLm1::,{~L5ubuyjihV;~Gll'V1-r1.Jrh'VIu'ilm')&\'fIJb, 
thJ'l'Yl~'IJU1'i1 7 ~11ii'1.Jm"u::jJtu ~J~~n'jjrn::l1iLVliiuunull')')1J"1I1~ 


ua::thliii ,illii'u LU &\,L~tJJ&\'~U nULLtJtJi'il.l'Yln LLU1.JWlll.1 LihltJl~bLG'l::Iii''iI '1iu~ b5mulii'In~11b-VI ntJ ~umtJfll.I m')~flJIt1')~

• • 	 q 

u~ihbUflL'YlEl~lu'l'h'il Lrim'hliLn~m,)LL&\,'ilJuun'lJElJTl~,,~h5uLuIii'Jn~11 'il::tJ~ln~L1.hJl'Yl~'IJU1"mI1.1[J11 7 

~1.rum"1)::jJlu 

yjii~l.rum~1d)luL1tJJ~~tJnuuuu~l.ImtJ'YlnLLutJmll.1LiJult11~'illnh"lu"llU'iI'IJ[)Jm" 1)::jJtu~JVI~'iI 20 "llU'iI 
q • 

uuth[)~mmLum'Ylu~l[)yJl'il .rJ~Ufl~J'IJ[)JLtltJl'Yl~ (peptide library) 

yjl~'il::jjLtJtJ"'Yl~yjjj~l.rtJm'il1)::iJlULL(jln'1ilJnU~JVI~'iI 1.28x10
9 utJtJ 

'illn~U~'ilbtlumtJtll'Yl~~U\hLY-ll::'1i[)ItJ')@iu p16'NK4a LLUtJyj?iyj~(jl'illn')IU1\utltll'Yl~~JVllJ~ 1.28x109 

LLutJ.rJn~I1'illnf1~JLtJtll'Yl~tJu1)UrnfiutJf1L'Yl[)11[)yJ,'il
q 

tlil tJH'VI~nm')v1'i1 b~1)mtltll'Yl~yjiifl rn&\'lJu~iLVlm::~lJnu m,)'iI"jl'il'VIlb']jG'l~yjjjnl,)Lb&\,'ilJ[)[)nhh@iu p 16'NK4a. 
lulii'l[)EhJl']j~~VI~[)~uLd[)tJum::'iln~h'il 
U[) n'illnm1"v1~ L~ [) mtltJl'Yl~Il::1iJL,ruyjm1"v1(jlL~[) nL lhJl'Yl~yj&\,llJ1 ,) ()~U~lbY-ll::ntJ hh~u p16'NK4a1~~ ~Ltrl. 
rJJtl1n1,)v1'i1 L~ 8mlhJl'Yl~~[)I11~tJll,hhLY-ll:: nu m ::11 n Y-l ~n~~ nVl~81t1 1~u~ buui'iT\.nJ):: n[)u lwuyJ L yJ[)f'iil~ ') 

yj'il ::liluiuIiI[)'Un1~'iI"'il~~'illlJ[)8n5n<il1 tJ 


~~ n1,)bvi ~ ~n 'jj m:: n1 ,) v1iii L~ [) nlii'J n~111J ::'lh [J1i &\,lm ')() tlol t:.l t'lU1 nfll Jyj [),11 Ln'il'ill n n1 ~~U LLuu'hhhLY-lT::'ll €I J LtltJlYl~ 'iI 


,)lll~ul~ 
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~"~n'l=trn.::: m1~tJll.hhLYfI:::~J n ~ll ifmJ::: Ln~LUU~qjqjl rn.1tJ nlU~J~:::L UUD qj'l'll L "liUL~ tn ntJ mDt'll tl" m1HLLtlU~tJ tl~~ 
tJ~lL'Yn:::1.um1'i1n~~,ltl ~,,~u LtltllY1~~~'ilL~tlnMdutln~lmJ:::ilmllJ~llYfl:::1.um'lH'iI'll~'I'llltl'l~u p16'NK4a 1lGll 

iJJLVilJl:::~lJ~1'l'l1tJm"l"bltlhlum1'i1"ll~'I'l11tl"l~u p16'NK4a 1.u~J~J'iI"ll~hvnnL'llflcl'l'l1u~uLdtltJuLL~u~lfl~ 
Lritl.;J~lnilmllJll~J~lnm"l~ii~ rn.~lJu~m'l1.iThD'iI'll~lu~ryqjl rn.'il1l~1'il'1itl~qj qjl rn."lUnlU (signal to noise ratio) 

~"trULuJ 
~ 

~ln1-lfl m1~'ill~tlmJlnTl flJ Ltltll'Y1~~:::'Wuill)j1"li'Y1 n ~l~tJ m<il El::: 111U'll tlJ L tl tl1'Y1~Tl~" Ltl til 'Y1 ~d~:::1im~~ 'illlJ<iltlJ nTl", 
~ 

~"tru 

1.um"ltl"l:;~~id~ J1<il~'iI L~ tl n Ltltll'Y1~~il ~l~lJm'il El:::lltU~;J ~llJ ~l~Un 'J'iI tl:::lltU~J n~lTJil J~ulJl1i~tl"lUUtlJ Lfl n fl~ u , 

'iI'illlJ LriElJ~lmtltll'Y1~~J~llJd~llJl"lC1lm:::nlJlJ~Llrn.'illLL'I'l"JLn'iltlnn~rn (reactive protein binding sites) 

Vi1El'illLL'I'l"J1.nGlL~tml1Ll'I'l"'lln'iltlnn~rn'IJtl.jttl1~U p16'NK4• 1~~ t'iltJ"l:::~tJ'WflJJlmllJ (Binding score) 

m1~tJlllJttl'J~U p16'NK4a'IJElJ\tltl1'Y1~~1~um'ilu:;iilu~ 1. Ltltll'Y1~~l~lJm'iltl:::mu~ 2 LLfl::: 

Ltltl1'Y1~~1~um'iltl::iitu~ 3 ~M~lnm"l~lUlrnilfilL'YllnlJ -65.85. -53.76 "fl::: -55.42 'illmh~lJ 
(fil"l::~U'WflJJ1U"lllJ~iifil~'iI fllJ ~JVi lJl tJnJ nl'J~m:::Vi ilJtlJLfl nfliimllJ~l Lvn::: ~J L\fl:; iimllJ L~Ci tJ"lG{J)

'lI '1 'U 'lI 

~J'illLlVi""nl"llm:::~"n~lltl"l:::ntllJ~ltJ'illllVi"'ln"l'iltl:::iitUlJuttl'J~U p16'NK4a 1.U"lil" A73-T93 

'iI"l"ntJ'illLLVi"JLn'iltl~n1tJl 074. A76. Tn. 084. E88. F90 lL&l:: 092 iilVi:ruLtltllY1~~l~lJm'ilil:::lllu~ 1. "lilJ P40

S56 'iI'JJnlJ'illLl'I'l"JLn'iltl~mtJl N42. Y44 . V51. M52. M54 LL&l::: C55 ~lVi:rl.Htltll'Y1~~l~lJm'il il:::iJtU~ 2. ll&l::lmhJ 

A21-V28 'il1JntJ'illLl'l'l"JLn'iltlli~tJl R22. E26 Llfl:: E27 iilVirlJ ltltll'Y1~~l~tJm'iltl:::iitu~ 3 

~JrnYl~l&luJLL~'ilJ1-lflnl"l~tJ~lb 'I'll::lm::~tJ1lJ Lfln,fl'illlJ"ltl~ 2 1u'll rn.:::~ Ltltll'Y1~~ii~l<klJm'il il:::iJ1u3u 'J 
~ 

~lJl~lnflflJL1.Jtl1'Y1~L~ tJlnu~:::1)j~llJl1C1l~iln~lJnlJttl'l~U p16'NK4• M 

LLfl:::~lnnl 'l~'iI L~il n Ltltl1 'Y1~~J ~llJ ~l~lJm'il il:::iJt u ~ LL~'ilJ il il nUU~lLllJfl L'Y1 il~tEly.Jl~~l~n ~lllJlLLGll,ylJ ~U1 

\.m4nl1rilJluntJ~,mhJ~~J 

~J'Y1<i1~iltJ t'il tJm1~'ilU&llnLtltl1'Y1~~"a"llJ~"n ~ll~' tJ tlJLflnfl~'iI 'illlJ (c;lULLlJlJ )'lfU'iI ilUtnTl LLUfI L'Y1 tl~lily.Jl~~LfI ~1llJi-b1l. . , 
" ••1" ~ ttl .. INK4. .

'trnflmtJ~l"ln~1lm1G{L'1l'Wil LLG~:::Y1'i1 a"1llJnl"l'il"ll,;)';)lJ "l'ilU p16 YllJll 


Ltltltmf~Ja"llJ~l~tJm'iltl:::iitu~Jn~lla"llJl"ln'il"ll~~lJL'll&lcl~iim"lLL~<iI" 1l1ln'll1lJttl1~," p16'NK4a 1c;l,;)~J 


.t~tJli1-lfl'lJ1lJ~ryrylrn.~i'il L,;)U LL&l:;iJJ~llJl"lnH1.um'LLtlJLLtJm'If&lcl~iim1LL~'ilJil1ln"lJil;Jttl1~U p16'NK4a 

~J1n~'iltlniiElElmnnL'Ifflcltln~M 

t<il tJ L'llflihTJ~thl'lfU<iI ~llJl1n~'iI~qjqjl rn.nlW11l,;)~U'1~Lriil.J,;)l njjnTm~'iI.J il il n"lJ El.J Itl,~u p 16'NK4a L 'I'l!i eJUnu 

LLiiiimllJLL'iIn'lilJnu1.U1:::~lJmllJ L,ylJ"lJ tlJ ~qjqjl rn.DULUU1-l fllJl~l m:::~lJnl,LLa"'ilJ El tl n ttl'J~u'lfU'ild~LL'iln'illJ nUel th" 

iitrmil~ru ~,,<iflelthJ1.Wltl~ 3 LLfl:; 4 ... 
w ~ 

~.J LL~<ilJtnYlL'llflclLLfl:::1-l flm1~lU1 nmntJuLYi tJlJ'YllJ ~n~'1J El"tl~lJl rn.fIlllJL,ylJ"lJ uJ~ru rul rn.y.J fl tl tl L 1a"L'llU'ii' 
~ ~ " 

Lri ilHLtltl1'Y1<1fLl~ fl:::~l~lJ m<il El:::iJlu~ 5l'ili1.ill n ~, tJtlUtnfl LLlJ fl L 'Y1 u~ttly.Jl~~ Lfl ~ iltJ~' tlUrnfl~' tJ ~11L1tlJ LL~Jy.Jfl tl tl L "l~, , ~ 

L'llu'il1umWI"l1,;) LltJnL'll&lcllJ:::L~J'l!U'iI~iim'JLL~<ilJtliln'IJilJ ttl1&\U p 16'NK4a lJln~'iltln~iltl n~l m'llflcltln~ 


1-lflLL~'iI"1iLVIUtl cilJi'ilL~uilL'llOl~lJ:;L1"'l!U'iI~ii nTm~<iI.JtlEl n'1J tlJ Itl'J~u p16'NK43 ~UtllJ~l mtltl'1'Y1'ii'~l~lJm'il tl::inu~ 


1 Ltltll'Y1~~l~lJm<ilil:;iJtu~ 2 LLOl:::Ltltll'Y1~~l~lJm'ilEl::iJlu~ 3 


~~'ili1.(nn~hullJL&lnfl~'iI'iIllJ~llJl'Jn1.i~ru rulrn.-yJfltl tll 'l~L'llU'ii'Li1.~ tJmn n-jlL'If('l~tl n~~UellJ~lmtltl'1'Y1'ii''l!U'iI l~ tJl nu 

'1 Qj v 'lI 

nJ 25.6. 18.2 bbfl:: 14.9 Vi"'mrnU~,nfl 'illlJ~l~U 

"lJ rn.:::~b'llOl~lJ::L~J~UillJ~ltJ<iflmUfllJ~bUUilUmflbL1.Jfl L'Y1il~til-yJl~~hi LL~'ilJbtltl1'Y1'i11'i1 ') 
, "" I , 

lJutll l'll~~.rrJlfl~ il1.J tll emmfl~1tJ ~l"lL~el JbL~ ~ vJ ~ elm'J~L'llU~ lL&l:::Yi irtllJ<i)'WilUJllfi LLlJ fib 'YI tl~tuY.hIlYi "~'l1;j, ,~ 

btltl1'Y1'ii'~;jii~1~lJ n1<f1 tl::nlu3u ') 

http:l'll~~.rr
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(l~'illn~ifJL1.hJll1<;fL~ulnuill.lLtltllm)~iiL&l~um~€djtu~J~lmtlLLuu'IlllJnl~tl~::~1!I!d)
... d 

LL'lillliimllJ~llJl~CllUnl~~'il'il~~'Il1lJItl'i@iu p 16'NK4a~J L~ ~ €lU ~l€lUIll~~lU~1'iL1€lJ LL~JW~€lm'i~L'1lU~ 
q ~ 

'il::lit1"rurulru.mllJL,ylJW~€lm'i~L'1lU~LU~UlJlnn11L'1l~~tJn~L'Y;UJ 9.5 LL~:: 3.2 ~~lmmtJ~Ln~ 'Il1lJL&1~U 
~ ~ ... 

~JLL~~JlmtJ~ 3 ... 

'illn~l€l[h"~"n~hl['jutiu1~ilLtJtJ111~IiI"'il'il~~~J~llJth~um'1l€l::iJlu~Jn~11~llJl~Clhlunl"J'Il~1'ilLLVnL'1l~~lJ::L1J~ 
iinl"'iLL~'1lJ€l €ln'll€lJ ttJ"'i@iu p16'NK4a 

€l €l n'ill nL'1l~~tJ n~1~~n11~lmU~lJ~ dJu€lulll~ LL1J~1 L11 €l1t€lWl'ilYi11l LL~'1l" LtJtJ111'1l11i1 '). . 
~JLf)~€lU~1~lU~1"'iL1€l" LL~JW~€lm"'i~L'1lU~ mhJiiumhrl"qJ (p<0.02) 


1'1l ULtJtJ111~~" ~llJ"'itJ LLUUd~llJl"'iCllimllJLL'Iln'lilJ'll €l Jt1"ru rul ru.l Unl"'i'll11'il LLun L'1l~ ~lJ::L1"lJl n n11L'1l~ ~tln~ Ji"" LL'li 5
~ ~ ~ 

16 ~~lU LmU~Ln~ 'llru.::Y1mrnhrLtJtl111'1l~iiih~um~€l::iJlu~u') 


'illn1~'illnf) ifJ L tlU111'1lL~ulnudJULtltl111'1l'IlTJ'il~~ 'Il1lJ n11l ~llJl1ClH''Il"'il'il LLV nL'1l~~lJ:: L 1J €l €l n'illnL'1l~ ~tl n~l~ 


1'1l u~l€l[hJ nl~1it1"qJ qJlru.~1~'illnLtJtl1mr~J n ~llli,ilmllJ LL'Il n'lilJ'lJ flJmllJ L,ylJ'll €lJ t1"qJ qJl ru.~::VdlJ L'1l~ ~lJ:: L1.J LL~:: 


L'1l~ ~tl n~U€lun11mllJ LL'Il n 'lil.J'll €l Jt1"ru rul ru.'illm'1l~ ~~U€llJ ~1U€lUIllf) LL Uf)L111)1t1)Wl'il~11lLL~~JLtltl111~1~ ') 

~ ~ . 

~.JLf)~tlU~1~1[J~1~L1€lJLL~JW~tlm~~L'1lU~~J 6.3 Ltil (p<0.02) ~"LL~'1l"dJufilmJ~n~~"~u~ 4 
~ ~ 

'ill nf),ru.~lJU~'ll €lJ Ltlull1'1l~ ii'llUl~ L~n 

tilliLtJu111'1l~J~llJL&1~1Jm~ €l::iJt U ~rl"~ L~ €ln MliIllJnl'jU'i::~1!I§diimllJ L~lJl:::~lJl.hV\ruH'ml'il~11u1@iu p16'NK4a 

lu~1mjlJb'1l~~~iinl'jLL~IiIJtltlnttl"'i@iu p16'NK4a ~Jlm:::~u~l tln~ 
VI ~€l ~,JlJln nilnl~H1lJ b~n ~ LL€lU~U fl~ ml'ili1J~ iiH'€l ulUU'il'ilUU 

'U " 'lI " 

LL~::"\J::Luutl~::: t[J"lIUlJlnlumrn~1i'il~l'il'VIlb'1l~~"lIUIiI~iinl~Lb~'IlJ €lfln"lJflJ lu~@iu p16'NK4a 

~J~'1lun~~J~muUL'1l~~~Lii~mllJ~~Un~ b"liU b'1l~~lJ::L1J bUU<ilU b~1)J'illnttl~@iu p16'NK4a

" 

LUUttl'iGiumUftlJnl'iLv1ruLL~::nl~LLti J<il'lJ £lJL'1l~ ~~l'lU LL~'1l J fl £I nlJlnlllU1U U 1 Lf)~ [J~'V\~€1 

"... '" I • 

J'1lt'ildl'l~1~<nlJ'lltl,1L'1l~~lJ::L1J [11-13] f1,JUU nl"~'Il'il'il~lhhGiu p16'NK4a nLL~~Jfl£ln'illnL'1l~~lJ::L!.J~ltJtlJL~n~• 
Ltltltm)wrnviu~JijmllJ-;jlLl'l1::~,1LL~::ij'lJU1'il L~nniltlJL~n~LL€lU~U €l@itl1::lJlru 150 L til" . 
l'illiLtltI1l'1'1l~llJl~C1<nlJ~.huehL'1l~tL,rliunuttl~Giu p16'NK4a t~~niltlJL~n~u.tlU~Utl~, 
uelnvlndm~1iLtJtl1l'1'1l'llllJnl"n.h::~~fdti""lil tJ ~~ t1"ru rul ru~UnlU'illnm1iu11l-;jl Ll'll::'ll 1)"tlJ b~n ~1iI11'ilii~ IiIllJ't~@in

u ~ ... .. 

1lnl"'iHLLtlU~Utl~ ~'lLUu~~vlnm"'i1if)a.J'lJtl" 


LutllnyfL~tlrl"~L~tlmutl1l'1~~11liu-;jlLl'l1::~tll"ill'hliLn'ilt1"qJqJlru."'iUnlu~hJ ') lum''Il11'il~~'illlJtltln f1.J~U 

Ltltlln~'Il11'il~~liI1lJd~JijmllJ-;jlLl'll::~.JlLiil::lieJ(ml~lut1"ru rulruH'J1U'litlt1"rurul ru1UnlU (signal to noise ratio) 


'lI ...... ... '" 

~Jn11LLtlU~U€l~1iI~1'ilii~1iI1lJlJln f1"LL~'IlJlmtl~ 5 ... 

~,JLL~~J~~m"'i~n~lLmtJULYitJumllJLL'Ilnvh~'lltl.Jt1"rurulruLL~JWiil€l€lL~~L'1lU~"lJtl,JL'1l~~lJ::L1.JLL~:::L'1l~~tln~~UtllJ~1[JLLat... '\I I 

€luiiUtl@iiu-;jlLl'll::'litlttl~@iu p16'NK4a LL~::: Ltltl111'1l~1~Um<11tl::iJtuYi 1 


~~~u~ln<il1 [J tlJL~n~~<11'1l1lJ'!5UIiI €lUlllflLLU f) Ll'1 €l11€lWlv~ Lf) ~ tl ~1 tlUIllf)~l [J ~11L~€l.J LL~.J W~1)m ~~L'1lU~ mlJ ~l~U 

"" '\ 'U 

. 'illnuvim4€l J"lJUl~ LL~::mllJ~lLl'l1::"lJ tl J Ltl t.lll1'1l'Il~l'il~U"'illJ 0JeJ'Il~l t1"qJ qJl ru.1iJ 1 u'li tl t1"qJ qJl ru.~UnlU (signal to 

noise ratio) ~Jyhlinl~H'LlhJ111<?f~~~uiinn~1[JIlJL~n~L~tl'll~l'iliuhh@iu p16'NK4a . 
lunl~mTil'VI1L'1l~~"lIU<11~jJnl"HL~'ilJtltln"lJtl.Jttl.@iu p16'NK4a ~liItJn~ 1<11mUl'l1:::n~lJ"lJ£lJL'1l<l~jJ:::L1J

q 

jJmllJ~lLl'l1::LL~::mllJl1~J n11 nl~H'LLtlU~U €l~ LbuuJi",J L~lJ €l U1JUEWnJ 8 L yil ~J 11 €l11~~~m~11fi€lu,ylJ~lJln

" 


L~tl J'illn~t-il"u.lJl ti~l)jLf) [JjJ'ltJ.J1Unl~~~U11lJ L<l n~~U1~L~ £llJll1~ LL l1ULL€lU~U €l~t~ [J~tlJ L~n ~tZU1ilh:::~'Yl~ml'lnl 
q , 

dH~lUlubb;jnl~lfid1j)~~'Il1lJltl~@iu p16'NK4a ~~L'Yi[JULYil'VI~€l~n11LWU~U€l~lJlri€lU 

mailto:lunl~mTil'VI1L'1l~~"lIU<11~jJnl"HL~'ilJtltln"lJtl.Jttl.@iu
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utlmnnd LritlYl'il''iC\l,,~nnJtl~ 3 LLG'l::: 4 

'il:::Y'l1rhm'il~tlnHLtltl'l'tl'l1"lJU'~~U~~'~Um~tl:::ijtmthutltlln'l1~,~um~tldjtu~ 1 ~tl SHSLLHH (ser-his-ser

leu-Ieu-his-his) 

~,:lJTH)lim,:lJLL~n~h,j"lJ tl,jffryqp C\l,lumwln~LLtmL'llG'liftl n~tl tl mnn L'llG'l iflJ::: L~,j~,j Ltlwih €J th,j"lJ tl,j L'llfl if~ jj m'iLL~~,j 
€Jtln"lJtl,jL1h&iu p161NK4a 'l~&i~~~ lritlLmtJull1tJlJnULtltl'l'tl'l1~'~lJm~tl:::iJluYi 2 'V\~tl LtltlL'tl'l1~,~um~tl:::iiluYi 3

• 
t~tJl'IU'hLritlHm1~~C1l':lJtlnn1t1'~U-;)'Ll'I':::~ltltlUtn~lLlJ~LYl1l1ttlW''il~L~~tluthtlUtn~~,tl~''iL1tl,jlL~,jWG'ltltlL'ii.'ll:w.. q 'U 

'llU'l1l1.hJ'l'tl'l1~'~Um~tl:::iJtu~ 1 

~,m'itllim,:IJ Ll~n~,,j"lJ tl,jffry ry, C\l,1Um1~'il'ilLltl n L'llG'l if:IJ::: L~,j'ill n l 'llG'l iftl n~'l~:IJ,nn'hL utl'lYl'l1 ~,~Um~ tl:::iit u Yi 2 

LL,,::: 

1U"lJC\l,:::~Ltltl'lYl'l1~,j'VI:IJ~~':IJ'1r!1im':lJLL~n~',j"lJtl,jffqjry'C\l,1umwm'ilLLti.JLL[ml'llG'liftln~tltln'il,nL'llflif:IJ:::l~,j'l~mnn 

i,m1HLLtlU~Utl&i~ltllYlY1\tmLUU~,jL~:lJM~,jll~ 8-14 lti,~, 


~,jUtln'il,m::li'JUe.Jflm'il,n"lJU'~"lJ tlJ ltltllYl'l1~ii"lJ,",~ l~ nniILLtlu~utl~ 0,1 150 Lti, 


Yl,li~,m'ir!.nmhu~ll'llflif'VI~tlLdtlLd€JL'll'Yl,ulimtilnuttl'i&iu p161NK4a 'l~~ 


LLG'l::!J,j d1m,nm'lJ~,m'ir!"lJtl,jLtltl'l'tl'l1'ilJl'il~u~iim':IJ-;)'Ll'I,::~J 'l)j~unulU'i~U~'l1i-;)1Ll'I,::3u 'J 
... 
1U~11lU,,j'il111J~,jltlum'iG'l~ffryqj,C\l,'i"tJmULLG'l::L~:lJ5'il'i'ffqjqj,C\l,H,j'U~tlffqjqj1C\l,1UnT" (signal to noise ratio) 

~,jltlum'H~:lJml:IJ111inu LYl~\t~m'i'il11'il 

2. nl'ii.'l11,Htltl1mlYi~W1"&nnT~Hn fln~W1-W113JL~€J n1'iWl'i.~-5UTthGlll> p161NK4a (fIl3J&tmH\I,::nl'i'lh::~~d 

2.1 n1'ii.'lhH,/l Ul1.hJlYl~Yia:hh(;}u mWla::iJIll>m3J&t nlfOl.::n1,,)'lh::~lfid 
m'i"~f,J~, tiltltl'lYl'ff~jj~,~um~ tl:::ijtU'il1:IJ ~n'IYC\l,:::m'itl'i":::~ 'lYfd ~ tl m1~f,J~, tI Ltlt.1ln'l1Yiii~l~Um'il 

tl::iJtmtlLLuul~'i"tl~uuV\dJ1U~':lJ1ULLUU ~Jd ~,~um~tl::jjtu~ 1 ~tl SHSLLHH (ser-his-ser-Ieu-Ieu-his-his),
'U 'U '" . • • 

~1~Um~tl:::iJturi 2 ~tl SLHQPHL (ser-Ieu-his-gln-pro-his-Ieu) LLfI::: ~l~Um'iltl::iJtu~ 3 ~€J YAWDTYR (tyr-ala-trp

asp-thr-tyr-arg) ~JYh'l~v\fllt1ii L'lJU 

m'i"ff,j L~m::~l{1 tlLt.1U'lYl'tf~ltILfI~tl-1ff,j L~l'n::~~, tlLt.1uLYl~5C1lt u,jiiL YJtll'V\L~al EJ Ltltl'l'11'11L~ til 'J 

Lvi tll,nu~mrC\l,::'iJ tl Jl{IEJ LUU'l'tl~B~'i:: 
'V\~f1 nTl"a11Jalt1LUu'l'tl'ill'il EJ tllitlm::UlUm'iLLa'ilJ tl tln'tJ ElJalti Lutll'tl~Laii El'\.41i'i'i:IJ"I51~~' tI m'iLLl{~J tl tl n LUt.1L'tl'l1UU 

~lfl'ttnmLUY1L'tltl11€JWT~ (bacteriophage display) ~.Jll::rh1iallJTH1~11-1alt1Lutl''tl~1~Jlt1 11'ilL11 

LLfI::ii~uYlUm'i"e.J~C1l~' Lll€J-11Jln l{I:1J11r! e.J~C1l L~ lJ-;lI'\.4lUL~~' tl1::UtJ m1L~[J,j L'llfl tfLLUfll1 L~tI L,11U1U• 
1i n~JtlUtn~LLUY1L '11 tl1ttlyh-;)~iin11LLl{'il Jtl tl nalt1LUUL'tl~tlUlJU~'tlUll1fl~J n L'i~!J,j ~1:IJ1'ir! ~'il LLtlG'l,j:IJ1 LtiUL:IJ LG'l n G'l~~ 
'ill:IJLvitl~, tI"lJ tJlt1ffqj qjl C\l,l~~1in~'tl ~,j1J::n ~1l0,j1U~I~U~tllu • • 

2.2 nl'i~W1"611ni.'lIU1thJln~vi.vT3JL61fl61&i~W113J 

ltltl'l'tl'l1~~~UG'lln~'ltIt:IJLflnG'l~~'illlJlvitlmWl'i"l'il~U ttl'i"&iu p161NK4a 'll':IJ~n'IYC\l,:::m'iu'i"::~'IY~d 
Yll'~1'iltln11\httlt.1'l'tl~riii~I~Ufl'i"'il~::ilLU~ 1-3 'iULLUU1'il'iUllUU'VI\iJ 1m:IJ'lltl 2.1 ~Jtl''illtluM~Jffl~!JLutlL'tl'l1t~tll 'J 

... ... 
~M1J')nbfl4ElJ~Jlm,:::vfY!~tlltlt.1'l'tl'l1~ijm'illn~,jtltlntlUUU~dtlUfl1flLLUflL'tltl1ttlw'';l~.Jmhl,y,,j~U... . 
m~~u~,n~d tJ L:IJ\G'l11 ~~~lfl,lJ l vi ElL ~lJml:IJ ffllJ11r!lum'i"~'il lfl,lJ nl1ln~ulin1t11n1'i"~m::Y!il ,jLtltl'lYl'l1rluttl'i~U 
P161NK4a 

t~ tI ,hY!iu1un 1 ru.~1'lhutll'tl'l1~ iJ nI'illn~,j ElO n 0 UUU~d tllUl1 ~ lltJfllYl tl11tlWl'il'il::Yll n11~'il LLU~,j1vItlUfl1Y1 LlUfll 'tltl1 10 
'U • • 

Wl1J ~Jmil'lLtI u.T:IJ Li'l n~~~C1l1:IJL'ill'il Vn1"llfl ~tlU ff''i~:Q~ C\l,~lJ1J~ \tlu,l:IJ LG'ln fI~~ 'illlJ'lUri ~d tlU!l1~UU fl L Yl011tlvh'il 
1 "'"', 
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~J~" ncil,t(jlV~"ltl LLLt'ml"lth-~~1!t~d~llJl"lm~ flntJJL~n~~(jl'illJJ'I!U(jll(jl'l!U(jl~rt~ 1~LLri. " . 
Im~n tl~(jl (jllJJl"nL'ilJYi dh~l'Hflii TlJ Ltl niil,h Lflii ~100"fl1f1(j)"l'1l~(jl(j)IJJ
q" q q 

m~(j)~iillnYi~ltJLtltllYlc;lL~flliLU"Tmiilniil(j)"l'lliuItl"l~" p16'NK4. (j)IJJ~n1!tru~m"ll.h~~1!t~dM T(jlvYi (1). " 

TJJ Lfmtl~(jl'illlJ1"nL'iJJYiLu"~I"llfl1i L~On1~1l1n ~l"llfl1iYijjfl ru~JJU~ L1fl.J lL~.JW iilfl 0 L "l~l'lmc;l


.. q ,,'U 

~1"ltl')"~n flU L~~'llflmliil~lofl fl"L~J'llfl"Yi ii~ ~10 ~1')"tl')"~n ElU~01vlvtlli mInLTliirl1l1KLil(jl ff~10Lil(jl ~{}! {}!1 ruLL~~M 
mh"l(jlmhJ~rtJ (2) TlJL~niil~(jl(j)llJl"nL'iJJYiLu"llJLtlntl-1i'Lflih~on1~1l1nT.tl,)"&j"L10J LL~~WiilOfll "l~L'll"c;l Lfl"l'll~ (L"Ii" 

.. q <It 'U 

Lo"l'll~ltlofmlnoUL(j)~ ~JH-j'JJnu~u~L(j)')"'Yl) hh&j"Yijj~tllin~m~I~~U~n11l~(jllilllJ (Li" El:;l~" ~1El 1uTEl~") 

El th.J1(j)ElU1J~rt.J LLiil~ (3) TlJ Liilniil~(jl'illJJ1"ncilJYiLu"O"fl1f1'i1,)"11l~(jl(j)IJJ
. . . 
l~on M1l1nO"fl1flLL1JfIL 'YlO~TflYh~~~mmfl1flTiil~:;Yin n Lfl ~OU~1~'VTJJ L~n iil ~(jl 'illlJ 1 "n ciJJ ~1.Lflii~~oTlJLiiln iil-1i, bflii 

~1El El"fI1fl'IJ~'(jlml"Yi'-J~'iI~"1(j) VO'~V;'.1h:;noub~ii 0U1J1(j) OU1.J~rtJ • • •. 
~JO"fI1fl'il,)"Til ~(Mn lJ~Jn L'il,d~~"li1 v L ~JJ~"Yi i'l,'IJ 0,')IJJ Liilniil~(j) 'illJJ~,')ll ~jjtl.:;Iv'l!"~ El m."li1 V'IJ tJ1 v ~ru rul rum.<ilj1 

.. " v u 

1l1(j) L~oli'lm:;uu m.'iI.11l~(j)mlJnl'Hn(j)ulin~tJ1iun"'IJflJLutl1'Ylc;l'il111liu nutu.~" p16'NK4. 1"~10U1J'il111l rY~d 
LrtEl~1l1ntlJLiilniil~(jl(j)lJJl"ncilJYi LU"O"fI1f1'i1"~ ~(j)'illlJl1K'-Jiilm,)"'IJtJ1v~ru rulruYi~'illJJ L~(j)'-JiilYin L'il,11lLLLt, 

.. q q ",... q 

lLtl:;u.JYluilmrnYiHBwnfllLuflL'Ylo~lBwlllYinmfl~Bui'l1~'vIJJLiilniil~(j)'illJJ1"nL'ilJ~11Lfljj~~ElTJJ Liiln ~-1i'Lfliitt,,~::M 
'I 'U q q q 

'-JtlYi~ LLiil::iimllJL~lJl::~lJYi(l(j) [;h~~u m1tl1::~1!tid. 
LiiO~1l1n~lm"ln (lfl~O"fI1fl blum'Yl0~LElWl1l1(j) v m1~(j) LLU iil.J LU" llJLiil n iil~(jl (j)IJJ L~ El~(jl~iill mtltJlYl c;l(j)HiliuLtJ 1~". " . 
p16'NK4a 'illJJ~n1!tru~m1U1::~1!tiU1~.hv 

~1 vm1'il(j)~B ~1 v~ L5"L~~~ Lm~::iLtJtl1'Yl c;ltl.J1"B"fl1f1 LLUfl L'Yl El11ElwlllYi ~fl.J~". 
~Jll::rh11KrillJl1n L~lJ~I",mtlu1'i1'irYiBuu"O"fl1flLLum'Yl El~lBwl1l1~flf.J~ rt~ LU"~I"1"JJIno Ul.J11i jj.:n(j)~ln(j)1"1::U" , 

Um1L~tJ~ L~O LLUflYi L1vrY,1tl~.J jj~"'Yl"m1'-J ~'iI~,
. 

. rhl1KrillJl10 '-J~ (j)Ltltl1'Ylc;lYlfolJnu~(jl~iilln O"fl1fl'il.11l~(jl (j)llJ~~~ fl O"fl1fl LLU fl L 'Yl 011flWl1l1~YlfBJJn"1"m1L~lJ~l". . 

1,,1"f1f.JL~tn "flnlllndttl.~"YiLtomoUfl"fl1mL1JfIL'Ylfl~tflWlll 

. 

(capsid protein) . . , 
U.J Lu"m,)"L~lJ~u.Yi~1Yill~\btlJ L~n ~~(jl mJJ1"nciJJLlJ Liilniil-1i1 LfljjYi~1LYll::nuhh~,,'il.Jncil1lJTyhtl nn1VILfl~ OU~1 LLU

" q" ;w 
• .. v 

mILvn::fJn~nv 

~"'Yl1l1KLtltJ1'Ylc;l~rt.J L~"U"fl"fl1fl LLUfl L'Yl El1LElWlll~rt.J fJ"fI1fl~lJl')"n~(jl~iillnn1JIlJ Liilniil~Vl'illlJMLU"~I",mnn~JL 

"Ii"Yi~llJlmYhl~num1HU~fI1flLiil~:: Lfl ~ flU IlJ Liiln tl~(jl ~llJ ~JLU"m'J'1J v, tJ ~ru rul run"'J'iI'J,1l1Vl iinmJ~rtJ.. .. ., ... 

rYJd l~m'J~(jl~tlln"r,tJLJJLiilniiliiVllilllJ LL~tl::'I!UV1U"~lmtJtll'i1'if 
,;)::bltl1~"ltJ'illlJn filJ u::'iI fllJ~~uIlJ Liiln ~Yi ~llJl')"n m::~"11KLn(jltl iimm ~'iI~(j) nuItl'J~"LtltJ1'Ylc;l~.J LL'iI n~'Jn"1tl'ill JJ LL~ 

" " "d.J 

'I1ii~~tl.J1).1 L~n~~<il~llJLL<ii~:;'I1U<il~Li.~tlnli tlcil,JL-rlun'j"rnil1tlcil.J~1I1ln~11n.J ~. 
~ . ... 1 ~ d .<:It, Q.,.o y" A d Q." ~.qj INK4a .::", ~1;
iii,E1l11\lil n,*m:::'lHhHthJ n ~'YlIiI(P'l"ill n(Fn lILaJ Lil flil iii ~ 1i11aJ 11'Hl nl')IiI,)'H)'lUttl'llil" p16 IiIlaJ m'JtJ'):::(P'I,*~" 

l"Yid'IJtl un~'fl U1J~n1!tru:;~uJLtJtI1mrYi~'iI~iilln"rJtJ t1JLiilntlii(jl'illlJ@lllJ L~1lm1'i1Hiliuttl'l~" p16'NK4a 
~ ~ , 


.. I "'" ~d d
Q..o

@l1lJm1u1::<il1!t2" <ilJ" 

'ilJtlthJm1~'ilUGlln~ltJLtltJl'Ylc;lii(l'J::Yil~1lInlfl~flJ~JLfl,)"1::i 
yhl'ill(jl tJm1~<iI~iilln LtltJlYlc;l~,tJ1~ LtlnGl~<iI@llJJ l'i1 tJ(j)')".J t'il tJ1~ Liiln iil~<iI(j)lm:: lU"llJLiilniil~<iI'ill)Jt"nciJJ~LUUril'lLflii 

1 1 <II <II 

tlJLiilniil~Jlflii ~1uflwnflm"~~@l'illlJ OU1Jl(jl Oth~VlrtJ L"Ii", . 
mrnH~l1l1thlll~.JWiil1lflL·H',.Jl,,1flhhleJl'lltJ1l"'iI(Fluorescein isothiocyanate; FITe) 

ll::Yhn1'l~Ifiil.i;nn1(jll; tJ1llrltJ ~n1!tru:;'IJuJ (l1"lL1uJ Ll(lJWiilflfll')"(loU"11lL'llhlo1'lltJ1L"(jl~jj~1i L8"Lu'lHEl ~ (N
" ~ 


hydroxysuccinimide; NHS) ~J~1lJ11mn'iltJlin1U1U<il~(j)nUVl~L1ljj"'IJOJ~ItJ\tJtJ1mf LU"~" 


http:illJJ~n1!tru~m1U1::~1!tiU1~.hv


ril'Um nl~tll nl1"&r J ~ml:;~b tJtJlYl~1~ Um1" bL~~ Jil il nilUtJ'Uil'Ufllfl LLtJflbYlil~tilVh'il... , 
il'UJnflLLtJ fl ~Yl il~lilyh'il~J n ~ll'il :;()n~~mJ t'lJ ~U'UtlJ ~t'ln &'l&i~ CJlllJl~L~ um1"~f1 ~ iltJ i11 il'Ufll fl b~ tJ f1 ~Yl il~1ilVh'il 01, U1lJ ~&'ln 

q 	 'lI q q q 

t'l&i~CJlllJl'Un~lJ~~U"'~11"Lf1ih,\1ilhJLt'lnt'l~lbflij L"Ii". ~lilU1Jm1"CJl1"1'ilb'l!t'l~lJ:;~~J~Ll~~Jililn 1th~1rl. p16'NK4a, 	 . 
1~uH~lilU1J:fr1rl.LdiltJ1rl.m::'iln~1t'l~ 	 _ 

5 ~J11rl.~dlibtJtJ1Yl~~~~u&'lln011Vil1rl.fllflLLtJmYlil~lilyh'il~ Lfl ~ iltJ i11 il1rl.fllfl011 U ~11"L1ilJ LL~ J'V'J &'l il En1"ff'li1rl.lilhIll1ill'll U. 	 . ... 
lL1rl.CJltllYlUl~ L u1rl.llJ L&'ln &'l~~ '1I1lJm1"~'nil~tJItJ1~miJ1YllJlU. 
LrimbLtJtJ1Yl~~&i~ut'llnltJHCJl1"l'ilYllm1"LL~~J ililn'lJ ilJ ItJ1"~1rl. p16'NK4a l1rl.~':lil thJ:fr'ULltil 


a
tJlimUlnl1"~tJ~lL'Vil::1"::w:hJLtJtJ1Yl~CJl1"1'il~tJntJ ItJ1"~1rl. p16'NK4

U1rl.~lilU1J:fr"'Ldil~llJT'i()mTirr~101011Un~ilJ'ilt'lYlT·if'1.Jl~&rrurulrnLL~J'V'J&'lEl£lL1"~L'll1rl.~~~lm1"()m::011rl.m1"~1ilJLL~JLLi'l
" ... ~ 'U 	 q 

10 	 :::CJl11'il~U&rru rul rn'V'Ji'l£lm1~L'll1rl.~'lJ£lJ~11"L1ilJLL~JvJt'luilm~'li1rl.Lil t'l!Llltill'llU1L'UCJl~fllllJ Ullfl~'UtJ1::m rn 490 LLt'l:: 521 
.... QI q, 	 <u 

'Ulh~LlJmmlJ~l~U ~JLL~~J~'wul.J1mtJ~ 6 ... 
'U£ln'ill nnTlCJl11'il~~~llJ m1~u nll.1"::w:i1J LtJtJl Yl~<i111il~UnuItJ1~1rl. p16'NK4a 

t~ Uill~Unl1"~~ut'll n LtJtJl Yl~01, U~11"L1£lJ LL~J'V'J i'l il £l Ll~L'llll.~LL~' ... 
nl1"tJ1utJ1"Jm::Ulll.nl111rl.nl1~11'il~~(jn3.1tJfin~Ulnl1"~Unll.1::Yl'hJntilJ~11, 	 ;..I , 

15 	 il13.1 ~&'lml~l'VilnItJ1"~'UntJLtJtJ1Yl~~ll'il~U ~yj£lMijm13.1LYllJl::~lJnUnl1HJlll.U1m1"nT.i~11'ilYllJYWllilYlUltJ'l::hr 
'U 'il::"Ii1~li~lm1mbbtJtJ1Yl~~'ll'il~~~llJLtJh1ll.Jl'Ulll.hJ'ViUlU1i'l101ilU1JLL'Vi-;iYli'llU:lJln~ll. £llYi nl'lH 

LtJ tJlYl~~ LL~~ Jil il nUWm1l1flLLUfl LYl il~lilvJl'illJl~~ LL tJ i'lJ1iLUll.LtJtJl'Yl~~~~,"i'llnoll U13.1 Li'l n i'l ~~ CJlllJ'l!U~ il'U1l1fl 
• q 	 " q 

LLumYl il11il'V'Jl'il ~ Lfl~ iltJ I'll illl.Jnflo1l U~l1"il tmi'l n i'l~ L~illJ'liil mJ nULilll.l'llaJeWfL1"~ ~L tJ il fil il n.nL~ ~ (Horseradish. , ... 
peroxides; HRP) ~hilU1Jm1L~ilnH~11"tlJLi'lni'lilbflij~lYl1umn1d b"lill., 

20 	 hLlJ bt'lni'lilLfli.i bUmbil".&iuil~~~lb'Vil:::'liil ttJ1~ll.tJ'Ui11 il'UJnfl LLUflL'Ylil~til'V'Jl'ilLrim'htJ nmul~tJfinll.1:::Yl 'hltlJLi'lmHl 
q 	 q:.J 'U q 

. il"'~Uil~~J L~ulJ'liu £lunlHil1rl.l'llllII £lfL1~ i.ntJ £lfil il n.nb~ ~nuntilJttJ1~"'Ull.i11ull.1l1fl bbUfl L'Yl il1tuvJl'il n'il::: Lii~nTHfl ~ il'" . 	 .. .. 
ut3.1bl'lni'lbbull.~tJil~~JL~mJ";ElElUntJLemL'I!lleJElfL1"~~LtJufElun.uL~tf~JntilluutJll.t1lmunflLLUflLYlil~tul'll'il,hll.lll.lJ1 

.. 'U 	 . 'U .. 

n '\llmrll.~n\)1~&rqjqjlrnhlU1ff .ntJtfL~1"Yl'lJEl.JLU",L'llaJ~Jn~11 L"Iill. 3,3' l~El:::iJt"'Lull..n~ll. (3,3'-Diamioben~idine; 
DAB) 'il::l'h1iLil~~~".1"'illElUIJi'\l,L~uLyjum1ml'\l~tJttJ)~'\l, p16'NK4a ~'\l, 

25 ~,J~llJl)()~)1'il~~~llJtJlimu1L~LlYlu1inaElJ~l'lm)f'1.J~lw~'tJ,Jl'\l,'ViU1~lYlUl~ij1irflLtJ 
l'hlim1"tJ1"::unc;l1l1btJu'l'Yl~~11'il~tJh.h~". p16'NK4a

• 
Luh1'U,jl'Uml'illU'ililu1".i u,JtJ1iu~ml'Vi U1~lYlUltfll.mn tllU'Yl u~ tim1"H,Jl"''\l~''MYf".tit~ U 'l:I.io1u,j b ~lJ L~1Juumrnn;.J ... 	 , 

11"<i111'il&r'Y'YlrnYlbf'11!t~".') ~.JillEl[.h,j1"'lU~ 7 

~,J'illmtJlo1LL~~,jm1"~11'il:fr"'LdEllJ::b~,J011um1rJmJ;5mYlEln'li~'\l,LLt'l::1i1u.n". (~matoxylin and Eosin; H&E) ... 
30 	 ~'lLU"'LYlflUf1m1"rJEllJ~lEl Ul,J:fr".Ldul"',jI"'<i1)l'ilm~mJ'Vi U1~lYl UllJ1m~I'U Lmuu bti UtJ ntJm1"<i111~YllltJ1"~'" 

p16'NK4a 1'U~'tlrhJ 

t~ UnT:l~~Ut'lln L tJtJlYl~~1 U u".rnfl LLUfl LYl El~t£ll'll'il~ Lfl ~ iltJ ~1El".rn fl011 ULLEl"'~U il~~~l L'Vil::~ uttJ 'l~'UtJ'U~l il1rl.Jn~) LL. . 	 , 
UflLYlil~TEll'll~~.JL~a1J~auunuLuul'1!lleJElfn~mtJElfEltJn'fiL<il~ Lyjun11"CJl1"l'il~tJttJ1"~'U p16'NK4a l1rl.~lElUl~:fr'ULda ... 
'illn~'U~~lff.utJ~bCJl1"Yl'lJ ElJLElU1'll,f 3,3' L<i1u::iJTmu'U.n~". 

35 ~.J'il::'Yhli~llJl1"()<i1'l1'il'ViULL()tJ;Jl<i11t'l'lJu~L'll~~~~~tJn~1"'~luUl,ji"'LdEllJ::L~JM~lunttil,j~i'lm1mr~1'l!1'UJIWll'J1, 
~%~<5umJ'VitnlilYlU1rfl1tJ 'UEln'illnd (\'1'J 

llJW ~ ~ilLflii~.J n ~11 Ell'il L tJ 'ULEl 'U'l'llaJ~ ~llJ11"mhtJ ~ n1U1 LL~,tllliLnlYl attJ'J~'U~ ij ~tJli n~U1 i'llYl1U nl'l<i111'il ~<il 'lll 3.1 

L"Ii'U hh~'Utl:::l&1mLt'l::lu1il~'" Yl1ElttJ1"Gi".lun~lJLLil'U~UtlGi~lYl1Unl1"~~<i11lJ LU'U~'U, 

http:il1rl.Jn
http:Ultfll.mn
http:Mijm13.1L
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hHflnfl@i'll~'IJ~li~'Ilu"nml.h.JlYl<tl~"i1'iJ~lJhh~'U P16'NK" , 
'il:;~,m"i(1 b~ 1) nM'il,n~'"ibf1ii'VI11)bIJ bt'ln f'I:n, bf1ii'VI f'I, mh:; bll'Yl41~~ n ~111t1 utrJ,hl~'U, 
bbf'l:;rJ~~'1.mm~1)nli~'"il'UmilJ L"i~b1)l1)b']jb'Yl1.J'VI11)~'"ib1u~ bb~~ Lf1iJf'liJ b'U~b']j'U~bvi lJ b~1J1'1l'1i m11!J 1)th.Jl"in~, ~ 

~'"ib"i~b1)l1)l']j1'YltldJunl~5u~"i,!J 'h.iL~ii!J"i 'IlLLf'I~m!f,!J,n
" 

~.Jllib'VIm:;~1JnlJnTl\t'l.ntl"i:;!Jn~1,n'Um"ilJ~m"i~"i1'iltl"i:;;hl'U 

a1U~Tl(11)~ LL~~ bf1ijf'lijL'U~L']j'U~LLlJ'il:;LU'U~'"i~iim'1JtI f'I u'll if!J 1 'UnTlli.JI'U Lb~~ru rul rn~ bn'll~ 'U'il:;llif).J'Yl'U" ~ ~ 

€intt.Jm:;mum"i~"iTiJ~'Il'llI1J~1).J1)lft!Jtli.ln~!JILf1iiiim:;m'Umj~~rnn 
mjH~ljlf1iil'Un~1J ~1"iL11)~ Ll~~Y.J f'I u u L "i~L']j'U~~'IlUf'll n l tltIl'Yl'llL'Il tJ 'Ilj.J'VI~1)lf1 ~ ulJ lJ'U ~'Ui'h u'Ulllf1 'Ilj'H~rfimlJ L~ u"li , " , 
1!J'lltJltJ~qjqjlrnhm"im1'il@i'llm1.Jhh~'U p16'NK4a 

~.J LU'U4111)cil.J~~4111)th.J'VIrt~~~lmj(1t1j:;!Jn'il1,n~nlJ mj~"l1'iltt.J1'U41, uci'.J b']jf'l ~'VI1u;fim.au 4l.JLL~'il.Jl'U"ltl~ 3-6 , " 
~'''lL1U ~bL~.,1y.Jf'lu1) Lj~L']j'U~Lu'Ua'lj~l,rmllJ111UnTl~"l1'il @i'll ~11J ~~ 

" " 
~ nklnlj@i'iluf'llnlJ'Ubtltll'Yl'llL'Il!J m~ rJ.Jri,l~~1 mh'U'VI1.iriltli.l n~!Jlb5'U(1)'Hu~ lJ'U~'"iL1u.J bb~ .Jy.Jf'I 1) u L ja'L']julif nU'VIli 

luii'U'llu.JLl..hJl'Yllif rill,rmj'ilj1'il@i'il~llJ~:;'il1n~'U 'U1)n;ln.a mjliLtltll'YlIif'ilniJ~uItlj~'U P16'N~4a ~Huttlllf) " 

lblJ m 'Yl 1)~1Uy.JI'il~ bf1~ uu~h UUlllf1~'V~TH11).,1 Lb~~y.J f'l1l u L "l~b ']j'UlifL U'U11.J Lf'I n fl@i'il mIJ41~';fl1l cil.J"lh~ ~'UrJJ ~lm"l(1"li1!J L , " , 
vi1.JmllJ111,rnu L 'Ylf1itf1m"l HbtJtll'YlIif~"l1'il~uL'Il'1in'VI fl,tJ brh 411 'il I nnT.i1 l~lJ,h'U1'U~u~~hhw~'uli@i'ilufl,nt1Jm~f'I@i 
'il~IIJ ~bvilJ~'U ~.J m"lrill,r1l'Ulllf1 IL lJf1 L'Yl1)~11ly.J1'il U~'Il.J L tltJL mlu'Uth 1l'Ulllf1riIL'Ill'il rJnI'l"41'il ~!) ~141u~ b~ULU (DNA), , 
~~lmj(1n!)'il,i~lu'U~I!JLtJtJl'Yllifiiil41lJnw]!):;ijl'U~ 1 'VI1U ltJtll'Yllifiiil41lJm'iludi1'U~ 2 'VI1!) LUtJL'Yl<tliiil41um'il 

!)::iJl'U~ 3 

f'I.J lu~ l5ul1l'llU~ 1l'Ulllf1 LLum'Yl1l~11ly.J1'il~.JHL']jf'lGllllJTlyiL1!JLU'UL']j f'I ~L iIUIUWI"l.J 'l11 LL 'VI 'ii.J~mlJm)m"la'fl.JItJ ,&i'UV; 1l,r, , , 
IJ~~h!)'UlllmlUm'Yl1l~t1)y.JI'il rill,rln'llm"l~f'J~I!JLtltJl'Yl<tl~I'l1Um'llu::jjt'U~ 1 lUUL'Yl<tli.h'l1lJm'll1)::ijtu~ 2 'VI11)• 
LtJulmf~I'l1Um'll1)::ii1'U~ 3 "iU LLlJlJlmtJ LLlJU'VIrt.JlJ'U~11)'UlllmLlJf1 I'Yl1l~t1)y.JI'il ~~"li1 V'll Ul tJ ~ru ru, rn~"i1'ill'ilM\J" ~ '" "" 
Irtu.,1'illnLllJf1L'Yl1)~l1)y.JI'il'l1Jn~l1 1 

ElUlllf1a'lm"in@i'lluf'lln'VI11l 1f1f'iulJ~' tJ1IJ If'lniil~'il 'ilIIJ"I!it'il ~1"iL1u.J II~ .Jy.Jf'I u u L "i~I']jUWI'~'VI f'll tJi'u V IIJ If'lnf'l'f1 1) 'VI it.,1 uUlll 
" .. " . .. 'I 

f1 

'UElmnndrmHuUlllf1lllJf1l'Ylu~11)y.Jl'il"l!it'il~HL'Jjiil~lLlJf1riL1mU'UL'Jjfl~LilUl'U~r.h'Um::m'Unl"i41'il~1)'&iL5UL1)1,r~lIJ, 
l"inUa''ilJltJtJ'1.'Yl~m1'i1~lJItJ"i~'U p16'NK48 lJ'U~'1)Ulllf1 iJJrillim"i~f\~LvilJ~I'U1'U1)'Ulllf1'il"i1'il'iflJ1tJ"l~'U p16'NK4a. , 
'I1.,1mh1 

~l m"im11l~f)~J'VIrt.,1 lUU~lU1umn~, tJ"l::lJlJm"iL~ tJ.,1 l']jf'lGlUlJf1ri L1tJ1JI'il"l"1'U~.J ii~'U'Yl 'Um"i~f\~~,ni,m"i~~~ttJj~
~ . 

ULLElu@ilJ1)~~.nnni'~lJLri,qr, ... 

UlJilm"iH~,jLf1jj (11).,1 ll~~y.J ,11) 1) b "ia'l']julif@i'lluf'I,nltltllm11'il VWI"l ~'VI11)H~l'lLYlii (11) m~.Jy.J iil1) 1) Lj~L'JjU~~'Il 'il. 
• ~ ", q, 

;;nmJU~,u'Ulllf)riihtJtJ'1.'Yl'ii'lJWW'U~'LYl1)m"i'il"i''il~U1t1j~'U p16'NK4a 'il:Mmll.JLJ l'Unl'!'ilj1'il~-J, ~ 

m::mum"iu1)IJlli.uu'li1)'U 

LL<1i m"i'il"i1'il'VII~ru rul rny.J f'I 1)1) Lj~L'Im'ii'~ILuu~1)~lin tr 1).Jl'il ~ruWI rny.J fl 1) 1) L"l~ L']j'U'ii'~.J ihlf1lLb'W.J LLfl::lliii1irf1Ltll'U,r u 
".., '\I ..,..... 'U 

;jtJi.lU~mj'WtJl~1mnf)fiitf1 

'I1~~'UthiJ::1,r&i LLtr1mjL~1) nh11J Lflnf'l:n1lf1ii~l~1)1.J~ UtlcinU(1)'U'1.']jlf~~lmj(1ri,ufi n~tJl~Yh1iln~ ~~J~Il.Jl ) 'W1Tl'ill 
, " dJ 

~M<i1-l!JntrtlJ'ilflmj~,"LLuu1l'i"iIJ'Il,~jjlitlcirf11tJ 411 mhJ L "liu ~~Ufll n , " 
l tltIl'Yl'ii'~1 tJ1)UJ1lmtum'Yltl~l1)y.Jl'il~ Lfl ~ 1)U~1 tlUlll f)~'!J L(1)'U@iu 1)&i~~ll 'WI:: ~ a ttl 'i~'UU'U~1 tl 'UJ1lf1lLUf) L Y1 tl~tu, , , 
y.JTiJ~ J L~1)l.J<1i 1) tl ci nu luU1'Jj,J~ u ft "l~ ~ltl tlfa tl n.ut'll ~ 

" 
t~1)Hl'U411tlciIHn1'il~,hutJBn~tJllfljj'hlJnu.uu a'LmY1~Yhliln'll ~ 

http:Hl'U411tlciIHn1'il~,hutJBn~tJllfljj'hlJnu.uu
mailto:ULLElu@ilJ1)~~.nnni'~lJLri,qr
http:VI1u;fim.au
mailto:1!J'lltJltJ~qjqjlrnhm"im1'il@i'llm1.Jhh~'U
mailto:hHflnfl@i'll~'IJ~li~'Ilu"nml.h.JlYl<tl~"i1'iJ~lJ
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LLi'l~III~'lIl'l-mi1L'lnUn~u!in'1tn~'ltJn~eJ~~i'lm~l'Itrrf'llu~ij1u~eJJu!iiHinw~'ltnTI1Yltnflfiun 
Il~'lh tJl~fflm~mbluulmfIm'lll~~ 'lnlJluu~~ tJ n'l11"ll1,U~lUvW)Il% 'il itI'J1U~l uu'1m~<m'l'il'\'j tJ1TI1Yl tllf1fiunu~~'ih1U• 
ijmllJmlJl~~lJmn~u ~~~'lmhJlmu~ 7 

~~ lLff~J m~HeJUll1f1 LLUfi LYl eJ'11eJy.Jl'il~ Lfl ~ eJU ~h~'l tJ UeJU~U 1l~~~1 L'\'jl ~ 'ii 1l1U~~UUU~'l uUll1f1LLUfilYlu'11uyh;)~J L~eJ. 	 . 

lJ'ii1l1lcinuLUul'l1,rtJ'ElfL~~ff LUeJfElEln.nL'l1~LiJullJli'lni'l~'l1'l1llJ i'llJnum~1iiuffL'l1~Yl 3,3' l~eJ~iJ1uLuu.n~u" 	 , 
Lvi El~~<iI1lJ~i'lU!in1t1lm~~Unm~'Vdl~ llJ Li'l ~ i'l 


~~Yhl~Ln'l1~~~ ~'l El cilJ~ULdeJ~ fflm 'Hl Im'l'il ~~ <iI1lJU!i n'1tJl M ~'l tJn ~El~~ i'lm~l'Itrrhil.J"IJ tJ11'J~1~ijrf'lluluieJ~u~u~ 

m~'\'jtJ1TI1YltJlfl~un 

'illn~'lElcil.Jm~Yl~i'lilJU~~l'Jn(l)1'l1lUulmf~~(I)i1.i'lln~'l tJ llJLi'ln i'l~'il'illlJ1u~n1!frn~'iil~ "J. 	 . 

LviilmWm'il~Ulud~u p16'NK4a <iI1lJnTlUd~~1!ff-d ~~~i~ni'ilJlJ1LLih!Tl.J~UlrU 
~1~u'iiEliu'il~"IJElElTI1JltJn.JdltJi'l~LBtJ(I)"IJeJ.Jm~lJl~nTJ'il~J'il'll11u1~U p16'NK4a 1w;hElUl.J L'lIi'l~'II1El~ULdEl 
~J tJLuuimf~~(I)i1.i'lln~ll'J llJ Li'l ni'l~'il 'illlJ 'illlJ ~n1!frn~ nl~u'dh'i:fd. ~ 

(Immunocytochemistry) fh'll1U~'lEl Ul~ L'lIi'l~ LLi'l~LYlflUfi ~lJlJlu5~l'il LfliJffYl1 (Immunohistochemistry) 
~ ~ " 


~l'11~uqJ'lmh.J:nUlitEl 


l'il tJU~UU1J"l'1 tJ fl~ LBI'J'ilUlJ ~lULYilJl~mvi Ell~l'IIlJl~ fflJ'iiEl nl"l'H.JluriJ~mLi'l:'l~~ i'l nl"l''il'l'l'il~~ num"l'HLuuiYl~~~'l1 
• 	 0 • 

i1.fllmlJl'JllJLi'lni'l~'il<il1lJYhiJuffl"l'Lfin llJLi'lni'l1i1Lfln '111uuUll1f1~'il'illlJ. 	 .. 
20 n"l'~lJ1*fflm~nli1.um~lIInil~'lEl Ul~~Jlu~u LLUU L'lIfl~'II1El~ULdEl 

• I. 'U , 	 I , 

1(1) 1'JL'lI,,;tilJ1'illnL'lItHfl[jElu~hYiiuJn1"l''ilnill'ill'J(iI""l'J "'1ul'll,,~YhLI'JnM'illn<il1 El U1J ffl"l'v1'il'll ilJ LV mliEln• 
",1mLnJ"'~"IJEl.J~ih[J mh.J1(1)fJcil.J'IIii.J


" 
~'lUqJ1 El cilJ~ULdul.t1J1'illn~ULdEl'tl El.J El11'J'l~~ c;iu~ n1"l'<m1'il'~J~lUm~u1Um ~ln U ~n 'l!Il1(1) I'J n1 ~LenJ1u u n LL,,::LnU1n 

'l!IlluuaEln'\'jl~l~U ~J-d m~lJlim~m11l'll11u"l'~U p16'NK4a 1u~'lmh']L'lIfl~'II1El~ULdEl 
25 i'll'JLuulmf~~~i1.flln~'lI'J llJ lflnfl~~ 1II1IJ(I)llJm'i'U~::~'l!Ii'd u1::nfJui11'J,rUIIIElU 'II iln~;)d. ~ 

(1) 	 m~L(I)1[JlJ~JElcil;)l'llGl~'II1El~ULdu~c;iEl.JnlWl~1IlUUm~'ilnffi~<il 

(2) 	 m"l'~Uffll1'\'j lU"l'~U"IJu~~'lElcil;)L'lIGl~'VI1fJ~ULdEl~c;iu,]m"l'III~'l'il'illn'llfJ (~) i1tJLElul'l13S'VI1ElfIJllJi'ElU 

(3) 	 m1,"1~lElcil.JL'lIfl~'VI1El~ULdEl~~lUn1"l'~Uffll1'\'jtU'l~ULL~'l 'illn'lli) (2) 


iurhuii n'1l'Jl rlU LuuiYl<il~~'l1Ufll n~'l1'J tlJ Li'ln i'l ~'il <iI1lJ 'i11lJ iln1!frn::m1u ~~~1!f;fd
:oJ 	 , ~ 

30 (4) 	 m"l''il'lTil~(I)'illlJu!in11'J1~U~lL'\'j1~1~'VI11.J~luU1~L'lIi'l~'VI1U~ULdil rlU LuulYl<il~~'ilUflln~l tJ llJLfl~ i'l~'il(l)llJ 
~M'illn'lli) (3) 
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1u4\.~,mn1n~1tJlJil'8thJL'lJfli1'I'J~il~uLd8~~8Jn11"~1"1~uum:::~n~lfl~d jjVl~nm1"fi8 
Yhm1"L~1tJlJL'lJfli1Vl~8~uLdilUUm:::~n~lfl~~L~~8U~,tI~11"~iJth:::~UJn. . ' 
1~mmYiihh:::1UJnYiH\~~8uuum:::~n~lfl~<31Jn~-n L~8nl~~ln twfilfl"iiu Vl~il tWLiljjU 


LL'ihhI'11Umrn1J ilJ m1"L<ql1tJ1J~ULd8uum:::_~n ~h~~::~8 JYll mWi11t11Jill il til"1util",llLtl ~1~11l t.J~lJ ~l1"'lhtJ1um1"u~ 

• '" v v4 A Q..-. .0::1 Q.; I II"'d A ~ IVQ

Ln1:: 'lJJ1J881iUltJ<ql18t11Jn1WmtJlJ<ql,iltJ1JL'lJflfl'I'J1"8'llULU8 ~"U 

m1"L~1tJlJ~J8Ul"m'~~LUUl'IJflfi1~tJm1"~1JL'lJfl~Uu~lfl~ L"IiU il'flUl.:JL'IJ~~~lnLLtltl~ljjtlf (pap smear) 
" , I 

LV; flmTilL'IJ~~tlln1J~ ~nYijjn11"LL~~Jflfln1Jfl"ttl1"~U p16'NK4d ~" .n"L(itJJ'1lflm1"LUUlJ:::L1JtllnlJ<11~n 


1~ tJ Lilu LL~:::L~1t1lJ ill fl Ul" LLUU ~J L~lJ~"Hiltlmmill'I'J1U1J<11 il, il Ul" L'IJ~~ (scraper) 'l'J1fl m1"L~1t11J ill il Ul" LLUU1'I'J).]
, " 
(liquid-based cervical cytology) L<J!~ ~~ LflUM~::: Cl mbitl L~1tJ lJ LUU~Ljj tlfL<J!fl ~~J LUUm1"~1JL'lffl ~uun 'l::~ n~lfl~ 

" ~lmrUYlln11"~m:tl~Il1W~'tI,lltJl-rnl!rl~mWL'IJ~~'I'J~mL"1i~h~1u 95% LflYllUil~ 15 Ult; (lJ 24 

i,t1JJ~ilmVlniiiflJ '1b~h'1flJl~J1iLLi" riilUn11"~U~ll1wh.h~u p16'NK4a , " 
LL~:::n11"UillJ~l tJLtJtJlYl~LYlfllidl~tI!in1tJlm'l~Hiliu1wrrU'1lflltJ 

illY! -rUn11"L~1tJlJ ~l il U1J~ULdfl~ ~,hum::U1unTl-rnl!rl ~mwt~ tJ n11"Lfll,llfl fl n LLfl::Lflu-rn l!rl1UU ~ il nWl1"lYJ 

U uum::~n~l~'1f 

L~lJ~lnU1U~il~Wl'llYJultJ~<11LUmLe.jW~r, tJL~~flJ~<11~ULd8t<11 tI,HUml1JVlU11J 8" n1'lil~~udlilli8u~tl'l:::lJlm 3 

llJm8u H,llLL-liJ(lU~8 nWl'llYJu liLUUL Ylfl'li 'Jtl1iU~ ilnLL-li"Yll 1iil<11~mdfll~~lt1;fiu " 
" 

U~fln~ULdil~~~LL~1~ ::MLUULl(lUW1'llYJu 
HtJln~uiu LL(lUW1'llYJultJfliltl1util.:J,llltl~1~11lt.J~lJ~1'l'li,tllum'lu~ Ln1::: (~l,umm:::~ittl1JH l"liU L~~l~U) 
~flmniit.h::lJlm 43 flJ~ll'IJflLtJ1t1~ ):::1"ilUl1iLL(lUW1'llYJuw~n~lU, " 
HtJlnflu L~ tI \Ltln LL(lUW1'lYJU~ jj ~mw~<11 fl Ul"Ldfl ~lJU 'lmLYl fl'lfflU,}lmum:::~ n~l~~~Lfl~ flU~, tI ~'l~"Iilt11i~m'iiil" . 

[j~Lm:::uu~h~ ."Iiu 3-fl::iitu tW)~fll~JLflt'YI:afll<J!L~u (3-aminopropyltriethoxysilane) Vl1fl 5~uilu (Albumin)
" 

iln~lfl~1iLli,,~it'YIlu~flu~flmVlllil 56 flJ~ll<J!m"iitl~ r\JH-Ul1Jfiu~"\b~l~~flflmln~flur\,,l-niliJu~flmVl.niiifl" 
. '\J" '" '\I ".q 

riflum::U'Jum1"fiu~ll1wttJ1"iiULL~:::in:::UJun1'lUfl1J~JtJLtltll 'YI'1f~1",~ ~~~llJ ~ilJlb~lfl~~u~dflltl ~l" LL1'n.n 

alJWl1"lVluLLfl::Yllm,fiu,lllinu~ULdflt~ m.bLilfl'1f~uLdflltl'iilJlutnl'l1fiu (xylene) L,ylJ-UU 2 tn tn~::: 3 U1Yi 

9l1lJv1l£J 1:1 l<J!~u:Lflmuflfl (xylene:ethanol) 3 U1Yi LLal~'''fiu,l11unu~uLdflt~£J'iilJ1uLfl'Yl1um'H,ylJ,yu 2 fl¥" 
~ . 

fl1Jfl:: 3 ulYi <qlllJ~,U WYllUflfl 90% LLfl::: 70% flUl"~::: 3 ulYi mlJ~l~U 

3,2 nT'iio'hu(mnttl"iM'14 (antigen retrieval) 

1J,h'llil-m Eh" L'iSaa"'~f)1i'l4ldf)iI~f)\l m'i{vl'i'l\) ~1V w'I41~3f"'~f) ~1'1aJ~f)'14 
I ... ... • .. '" 

LUfl"~l n~, fl Ul"~UlUfl'I'J'ifl ~J fl Ul JL'lJi:l~Yie.jlum::mUnl 'lrnl!rl~JllW1<11 Unl'lu"liluvJ flflJl ~UVl~ilUlU11nl!rl 

~lllw5u 'l lJlLUULdfllUlU ~:::Ylll'I'Jltl'l~ULiJ1V\:lJ1Uv\1flhh~ULLflU@h~ulu~'fl U1J'il'l1~ Ln~ nl'lLtJ~ tJULLtlfl~ ~IllW 
LLfl:::dl~ nl'lU<11U~1th~ULU1VllJl UYll1'I'J1).]~llJl ·l(liu nULtJtll'Y1'1f~'l'~ ~<11 ~llJl~ 

nTlU91UJnl'lLn~tJBn1£J1dfll~ Ln~l~~lnVl ~1 £J~lLVlCil L"IiU nl'lLn91~U1i::L~fllJttlJ (cross-link) 

'l::Wll J<ill LLVlli"iu 'i11 LW1::1J ilJLtltJl'Y1~ 'I'J'1flfll~ Ln~~Ulf::L~fllJ lUJ nu Ltltll'YI~5u 'l U1LJ o.1naL~UJ1U~'ilU1J~'l'~ 
nl'lLn<11nl'lLtJ~UuLLtlflJ~ m~lJU~L~"tJ'l::~lvJyh~o~ (electrostatic charge) , , 
LL~ ::: nl~LtJ~tlU~nl!ro.::hm~flJ1JilJhhiiiu~GilLL'l'JUJiu~Wtn::LLuuiJmll ~Jttu 
n8Un ~::mUnl'UillJL<J!fl ~Vl~fl~mdfl~'tILtltJlml'il 'l,~ ~~ 'illlJ L Yl illiLn<11tllj n1ul n11"'il 'l,~ iu 

~JC;)flJY11nl'l~U~n1Whh@;ulu~'flul"ritm illilU1JL'Yl~it~~~llJl'lflh'1Unl~~U~JllW ttJ'lGiumjJMLUU 2 n~lJlVlqj 

l~LLrl L'YI~it~~ill~tlmllJ1,mlun1'l~u~JllWT.th<iiULL~::L'YI~\i~~ ill~U L8Ul<J!lJ'1unTl~u~fllw ttJ,@;u 

3.2.1 111~,"~~ill~~~11aJ~'1l"'l'l4nl'~~h"i'lmYiT'thQit... 
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enJ mrnLLfl::f{11lfl1j~ ~l.rill1um.fluf{lllY'l1th~h4t~ uul~UmllJi'.m lh::rlUU~'U enJ mrn1imllJi'uu 
,~ , 

L'liU thJ~l'll,"~mlJfllJarn'VlllD (water bath) ~f{lm.mH'uurn!liiM~J 95-99 aJT'llL'llfll"liUf{, 11.1 tmm(
'l q 'lJ 	 't \J 

'I'I~umllJ~U, 'I'I~u~Jirn '1'11ilmJil~J'J.ilL~uiluhlLfmJ (autoclave) llfl::uvhwilf~1'Vl1UflUf{IllY'l1th@iu L'liU 

-rrLmYlUWLWuf (Citrate buffer) 'Vl1ilUWLWufl.1rum~-~lJ (TBS buffer) lVU~U 

n11flUf{fllY'ltl.11@iuyh'~1~mil f{1fl~L'llfl~'Vl1il~ULdu~ ~hum::1Jlum.IK1JY'l1'lYJULLfl::flU~11inu~'f)thJ L~UUi'uULLIK 

l1u u'li1uuwLw ufl.'i1 '1'1 ru flUM)1Y'lLLfl::lim1lJi'uu~L1fl11ii1J 'J nU\inlJLLIii'llUVl"IJu~f)umrn1im1lJfilU ~JUf{~~1u 
~ 
.u~, 

8 LLfl::'inml.1~ 9 'il::Y'lU·hriilLU~uwYiuu~flm.flUl1'fllY'ltU.~u"IJa~~luthJL'llfl~v\~u~ULdu 
~ 

tVl Um'~lJ~l il!.h~1iL$iaVl mh~ Iii u L ~uJ1u'llJI,mlW'il::1i~ fl~n';h m.\illJ 1 u~l~~lmUfllJ!l rn'1'111 ij" ~ 

t~[ml.\illJ~1il!.hJ1iL$iuVlmhJliiilL~u.J1u'IlJtflmw 'il::HL1fl1 20 - 25 mri 

1uUWLWufflUl1'fllY'l~jj'hYhil'llLvu~1.J1wril.J 8 - 10 LLfl::'il::1i~fl~ri.J;}turiuHfhYhil'll"IJ!l~UvlLwilfflU~mlY'lLYhnu 9 

3.2.2 LYlA,"AilillA'muuhj3J"h~nl"i~Ut'lfl1,"Lth&iu 

Lim1'lllf~1i1um:::1Jlum1flUl1'fllY'lhh~Uu1"'ilHdJU tl.1.@iULUI1'Lfl (Proteinase K), Yl~u-rrU (Trypsin), 

LthJ.nu (Pepsin), tU.LUI1' (Pronase) 'I'I~f) tU"l@iULUf{ (proteinase) L~mbLaul'lllfliil.J ') 

luYhunn~L!1nu~lmhJLde:l'Vl~ilL'llfl~uUf{lfl~~urn'l'l11D 37 u.Jf'l1L'llflL"liUf{LUUmn 1 0-20 mri;oJ 	 , ~ 

riauti11uIK1~LLfl:::L,h4m:::1JlUm1rjalJ~'U LuulYl~'il1lJm.u·d11,l;jd ~1'1'11U~lar.h~lw~u~ 6 LLfl::: 7 
~ 	 d ~ 

LLI1'~.JfllY'l~ULd!l~ rj a lJ~1 m l.1U'lYl~~1J'ihLY'll::~~t.hum::u lUm'lflUfflllY'lLU 'l@iu1~U HL!lU 'I'lllfYl1l.1-rrULLfl::: ul~Ufll1lJ f 
tlU'il1n'llJtmL1W11lJnUYl1I1'u'Y'lLwafu1um~-~1~ (Tris buffer; pH 9) 'il1lJ~1~U 

'i.o' ~ I 	 . 

~'!ltil.JL'llfl~'I'I~tl:audttlYi~hum:::1JlUmWil~mJtlth.JL'Vl3,J1:::"IJLLt1'1'il1n"lltl 3.1 LLfl::: ;3.2 

'il::~ nlhLU UU t,j m·Hn~l.1!imU1 m.~unuatil.JhhhLY'l1::"IJ !l.Jtl.1.@iut~ tlliuwLWaf~l1'11t1Jl1tJ:a~3,J~fl\lDu (blocking 

buffer) '1'11f)tlT;)H.n~1J'lJu":Ii~''ill~u') L'liU ~1, .r.. un:::, 'I'I~, ~J 'Vl1!l m:::1ii1u 10% lUW!l"LW'ilUWLW!lf 

t~mYluwLw!lf~.Jn~11fl.Juu~latil.JL'llfl;'I'I1!l~ULdulum:i!l.JLnUmllJ~U (humidify chamber) . 

"'illnttu1i11L'llfl~'I'I~u~ULdu~.Jn~111u"1'fl::iil1tJUWLW!lfLVUmn 30 -120 U1Yi ~!lrn'l'l11jji!l.J. 	.. 
"1'fl:::fl1t1L'Vl~ld'l:::'liltJUut.Jm'Ln~l.1!imtJl~UnU~L~~lL'Vn:::'lJU~ 

L1Jl.1'1Yl~~~Vluiilln\illtJtlJLiilniil~~'il11J'il111m.U'l:::~~i'drlutu.~u p16

1NK 8 tu~,uti1.J'il'l1'iJ'I~ 'iJ1nttwuuUWLWufuun
• 
• 	 d 

(t~ ul~';u.J IKl.J) ri!lUtb'lUl'ill.1!i n~u1 rlU Ll.1l.1'Yl~~~~Uiil1 n~1tJ t11 Lfl ~iiI~~ 'illlJ'il'W m.U'l:::~ l!tfd 

~1'Vl1U'il'l1'iJ~<il'illlll.1"j"::::m rn 101213,J Liilniil ~.J~~lLVUf11mllJL"lllJ"llU"IJ U.J Luu'I11V11u'li1.Jm11JL"lllJ"llU 25 - 1 00 
v 'I , 	 , 

'Ill tmtllcnf 'I'I~il ~~LVt4tb'l'\'"n"IJilJLuulm1&h~umVlu::DtuYi 1, Luull1~~l~1Jn"l~u::::ijtuYi 2 LLfl:::: 

L1J1Jll1~~l~1Jm<ilil::::ijtt4~ 3 u):::mrn 1.378, 1.380 LLfl:: 1.618 mLun1lJ 1il1lJ~1~U Lvumn 1 off1tlJJ~e:Jrn!lljiuJ, ~ 

'iJ1nttm11J Ll.1ull1~1i1ULnu~1~l'i1u5n')L!1u un~1 tJ({l'l iiI::::fl1 tlUW L W ufU1Um<il

~1.J~"lJ"11ii1~LL1J'il1~~1~jjf1l'WL!l'lllu-dl.J 7.3-7.5 ~~"lJ\illUf{l.t'l<ilLL'lJ~.J~l'1'il'~UL!ln.n 100 ( triton-x 100) 0.025% 

'1'11e:Jt)l"j'Huw Lwaf~J n~ll~'Ili ~f{lJ~' tJf{l'lfl~LL'l"J~J~l 'VI1uf{1'lfl::::fl1tJUW Lwuf5u~jjfl rn({lJu~lnIKL~uJrlU 2 flf~, 
fltJiiI:: 5 U1t1 riumhl1JIil'l1'iJ&l<il11l1lJ~,mYlflUfl ~hJ '] 'illlJLL<ii'llU'1l11Jbfl~t'lV\1U({l'Hfljj-r11'lM~Uiillm1.hJ111~ 

3.4 	 nl'i(;J"i1~&i(;J(;Jl3JUDn~{m)1.J'ihL,"1:::':::Vl'h"i'"Hl ~'''l'lH~ <i'Vl~u;)"Ld'u nUluul'YIvlii~(;J"al n~'HJL3JLOl f10l&i~ 
(;J13J 

mailto:tl.1.@iu
http:Y'll::~~t.hu
mailto:tl.1.@iULUI1'Lfl
mailto:tl.11@iu
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.fr.it.il el'itnJ"iW:i1';l @;'iI'ill)Jtli) m£JT~'u'ih,Yn~'l~'Vdl ~ Iii") el th ~,'ll('l ~'VI~el~'it,del nu ttltllmf~~'ilu('ll n~") £J I)J ,('l ~('l@; 
'n'ill1J~M';lln'llel 3.3 l'hL'il1'i1£Jn1'l'iln';l~'iI'ill)J~")m'YlflUfl~h~"J 'iIl)J,t~"ll'U'ill)J,('ln('l'VI1ela'1'l'flii~H&i'ilu('llmtltlL'Yl'll, 

Iii") el Vl~ L'lI'it ,tltlL'Yl'll~~'ilu('lln~") £J a'1'lt1eJ.J L,a','lvJ ('leJ eJ t 'la','ll'itq)L1eJ,J LLa'.JvJ ('l eJ eJ L "ia'.n'it leJ 1'llL1l1eJL'lltnL Wil (Fluorescein 


~ ~ 

isolhiocyanale; FITe) a'llJ1"iCl'il'l,,)';l@i'il'ill)Jm'l~unU'lJeJ,Jttltll'Yl'llnuItl"i~'it p16'NK4
a 

1~~1 £J n ~1l.J';l &1m'lY'!ul'il ~ru rul rnLLa'.JvJ ('l1l eJ t"ia't'll'itq)~ a'llJl'lCl m~~Un1"iL1eJ.JUa'.J LL('l~'iI'l,,)';l~u~ru rul rnvJ ('l BeJ t'la'L'll'itq)"U 
~ "" ~ 'U " ..., q"o " 

1l.j~l"iL~1l.JtLa'.JvJ('l1lm'la'.Jju 11l1'l!hlBI'll£Jlm'il~flll)J£J1lfl~'it~tl'l~)Jlrn 490 LL&1~ 521 'itlt'itL)J'ilWn)J~l~U
'" 

~.J';ldi!1lYl~rurulrn~~LLa''iI.Jlw)-tl~ 6 
W W '" 

'V\~eJ mnl~liLtltll'Yl'll~~'ilU('lln~1 £J eJ'it!1lfl LLum 'Yl eJ~t1lvJl';l~ Lfl~ eJU e:lleJ'it!1lfl~1 £J "eJ'it~U eJ~~~l'Yll~~ eJ ttl"i~'itU'it~l eJ, , 
'itfllfl LLum'Yl1l~t1lvJl';l~,J L~eJ)J~ eJ eJ vnu L1l'itl'll~~eJfL'~ a'LtleJfeJeJ noUL'iI a' L-rieJ m "i'il'lJ';l~Uttl"i~'it p 16'NK4a, ~ 

,nn,r'itl'it.fr'it'ilBUn1'l@i'il'ill)Jtli)m£J1nl'l~U~lLYll~ ';l::yhnl,l~a'l' 3,3' l'i1eJ::ijt'itLU'itoU~'it 

a
~.JLtlwnua"'iI"i'Yl"lJ1l']LeJ'itl'll~~.Jmhl ~,J'il::l'h1ia'llJl'lCl'il'1'il-1'i11tl'l~'it p16'NK4


luliIl1lth.J~'itLd1lM~l£Jn~B.J';l('lm"iY'!u~iiliLwXB.JtlnU~m-sm,JYl£Jl~l'Yl£Jl...rJltlM ~.JLba''iI.Jlmtl~ 7 LtI'it~'it 

,~ ~ 

~. 1i,.I A£t A 'l. £t INK4 Q..; I ~ 4 Q" Jt~X1 'J
(WleJ £Jl"nl,) '7SnnaJ'll'i(i\laJnl,)1h:::1?1'I:Hi," ,"nl')(i\,)'l~Vll L1h(i\," p16 • m(i\'ltl£Jl"L'l1'HiVl')tl~,"mtl.. 

LriB'Yl~fleJ']Hm"i)Jl~'iIl)Jm'ltl'l::~~idlum'l'il"il'il'VIlltl"i~'it p 16'NK4a l'itlilleJ Vl,J ''ll&1~'VI1eJ~'itLdB 
Yiu';hmru"lJB.Jnl"iL'il1£J)JIiIJeJV1,JL'llflt'VI1B~mdmh~'\1unT'i'il"iJ';l'VI1hh~'it p16'NK4a 

~1 £J L tltll'Yl'll'il1''')'il@i'il 'iIl)J ~llJl'lClhi1~j;.JiiI~ LL('l:: a'::'iI")n L 'VI)Jl:: a')J nu m"iliL'it.Jl'itU1nl'l'il"i'ntl 'l~~ll'it 1l Vl;) 1 'In 'ill)J 

L YlflUfl nJ'lfl'ita'11lYl ttl'l~'itLU'it.fr'it'il1l'it~ ii ~('l1l Vl.J)Jl n ~ 1ltli) m£J1 nl'l'il"i,,)';l ~'iI 'illlJ~,,) tJ Ltltll'Yl'll'ill)J m"itl1'::~~idnlJ ttl"i 

~'it p16'NK4a 

L'Yl flUfl~ Eil~£J L1l'itl'lllJl'itnJ'l~munYlttl'l~'itLLI111';l::Ltim'YlflUfl~ a'l1Jl"iClh'1~nurY,J~,,) 1l Vl,] L'llL'!~LL('l::~") 1l Vl.J~'itLdeJ...r, 

ltl 

LL~m"iHLeJ'it1'l!~f1'it~!1lYlttl'l~h4ii-ff'it'il B'itm'lL'iI~£J1J V,] £JlmLL'!::Yl1'tinl,m")';l1U';l \lmhLUW;lEl,Jli.JUtl')::)Jl rnLYl)J L@i1J, . 


~l'V1~1JLElU1'll~LLiiI::~l"iLflii~'it"J l'itnl"i'il"i,,)';l LL'iiL'!::~' El ~l,'l €i nrY,J L'YlflUfl~.Jn ~l,,) iJ,Jh'11il~j;.J ('l~unnuttl"i~'it~")u1'VI qj 

v 

. ~.Juu 

n1"i't,ni~Ell ~mmU1El U~.J LtI Uli~ ii flll)J L'VI 1Jl::~)J n U m-nbttlH1.'itn1"i'il~,,)';l1'itv.-El,J tl i)u~ n1"ifl ~un n U ~") El Vl,J~l'it") 

U)Jln 

~,'l';llnm"i'Y1'i1~ElULLa'il.J1v.-L~'it1ln1"ifl'it~11lYlttl"i~Ul'ituvJLvJ Elf~1J L~El'il1'i1 tIhi1)J1mLlvJa'l)Jl"i(1lifl'ita'!1lYlttl"i~'it 
p16'NK4a 

LLiiI::Yiltl nn1£Jl nu LtltllY1'll~U~l L 'I'll:: l~~n1l LLiiI~liL") ('ll &'itn1l nl"ifl'ita'!1lYl1tl 'lffiu 1 'it li11eJ'it t'il tJ1i~l.JlilfllUfl)JeJ rn'VI n 
.. ""-i" 'l '\J 

ij~.JLL~'iI.Jlmtl~ 9 ';llmtll~uti'il.Ju~nrnL'llL'!t~'iltln~~iim·ma'il.JElEln'lJeJJhh&iu p16'NK4a
'" ~ 

1Jln~~tln~iLuu~lil'i11&1L'lllJhj,~'1l vlJ~~hunl'lflUa'!1lYl ttl'l&i'itl'ituvJ LvJeJf~';l'il L~ El'il~'l£Jl1Jtm,lvl, 
'ill ntl nr11£J1ml';l&i'il 'iIl)J l'i1 £JliElU!1lmLUflL'Y11l1tElvJl';l~ Lfl ~ElU ~'1l'it!1lfl~1 mbeJu~u 1l~~~l LYll~ ~ 1l ttl'l&i'itU'it~l1l'it11l 

"" " 'I q 

fl ,LU fl L'Yl1l1telvll'il~.J L~ el)J ~ el1l vnu ,el'it1'll~~ elf, 'l~ a', tl elf1l el noUL'iI tiLU'itllJ L('l n('l~'iI 'ill1J'" , 
-il)Jnu.nUa'L'iI'l'Yl"lJ1lJLEl'it1'll~~~mh") fi1l 3,3'1~El::m'itlUU oU~'it 

~J a'l)Jl'lCllifllllJ-n'il,';l'it"U elJ LLCl1J ~U1'1 rn,'ll('l te:lmJ n~~,n'il';ll ntl i) mtJl~mh,Yll~-n'il b';l 'itn1l~,,) el Vl.J~~l'itm::1Jl'itn 
l'lfl'it~mYlhh~'itl'i1£J1.i~lJtllmlJfl1Jel rn'VIflil 

" '" 

'illf 11'1 £J &1::,5 £J'iI nwu )::~HfbLt'l::~l 1) til J...r;)'VI1J'il1iiJ n ;;:il")'lllJ~mLa''iI.J1iL~ 'it'il 
ablhJlYl'll~~<l1\:Hnn<ihtJ1)Jl&1n('l~'ll~11lJl-rielnl'lml';l~U ttl 'l ~'it p16'NK4

a 
ffllJl"lr1 hlunll" 'Jnl';l'VIlttl'l~" p16'NK4


lu~1elcilJl'll&1tfv\1B~"'del1~~~J Lb('l::';l::li~iil~riJ~mriElli'illlJ nm.J1li'ill1Jnl"llb:::~~fd 


http:YlflUfl~.Jn
mailto:nn,r'itl'it.fr'it'ilBUn1'l@i'il'ill)Jtli)m�J1nl'l~U~lLYll
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~,'l~tl J~h"·n\~'il€lUn1'H'il~tJlJ L'Il~ ~'VI~€l~ULd€lli €l ~1u~111V'l~L'VIlJl::~lJ ri €lum'lyhull n1tJl'il'l1';)~UtU'l~U 
t'iltJ~~1i111ru..nLL~::m'l1J1~'ill1J'l11'J~::dil'J'ilm'lu·:dlMid'il::'lilI'J1i~lm'l(1'lilI'JLLt.i,'ltLtJn-U€lUlilmh,'l'IJ€l,'lt'll~~~~'iltJn~€l€l 
n'illm'll~tfun~'l~~n';hm'lHLL€lU~Utl~~1l1LV'l1::1ii €lltJ'l~u p16'NK4• 

, 	 . 
mmnnn1'l~IiI'illlJ~CYCYlru.Yiih::~Uml1JL-UlJ'lJtl,'l~ryCYlru.riLL'ilnliilJnU 
~ Q..I q,..':=1 	 Q... y... I A INK4a 
'IlJ~rycy,ru.'ilJn~11tuU~~1J''il'nn1Wnl'il'ilUn1'lLL~IiIJ€l€ln'lJ€lJ W'l'ilU p16 

~~mllJLL'ilnliil;JnulULLIii~:: L'Il~ tf€l th;J~tb::~'Yl~111V'l ~;Jd n1'lLnIilUlln11'J1~uIl1L V'll::'l::'VI 'l1;J LUtJ'lmlnulu'l~u 
INK4. ~ • 1 ~ ..::: x ,~ ~= ~ •• I_':1 .. • ~ ~'[. ~ EI • ~ 

p16 'illlJ~nMru.::n1'llJ'l::IiIM;)U 'il::'IJU€ll'Jnu~ m~lJU'il'YllJ ~rn'~lL~lJ'lJ tl;J~lIi1U n'lfi1 tl::1J LULLIiI~::'illtuUfll~ru ., 'lI" QI 

~JLLlilnlih,'l'illnm'lHLL€lU~U tl~ LtJutlJL~n~IiI'll'il~U~,'lLtJUt1JL~n~'lJUllil1'V1nin'llLutJ'lmfu'l::m ru. 150 L'til 
• 	 • v 

LL~::~lLtJU~€l,'l€ll~mtJj','l1mJ~f'JtlJL~nfl'lJtlJlilU~1JlllLV'l1::'IJ tl,'lUtlu~utl~lunTHnlilu nml'Jl~1Jn1JhJ'l~U p16'NK4a
~. 	 ~ 

'illn-UmLfi1nliil;JdYil1im'l~~'ilLuu'1'Yl<ifml'il~IiIlilllJ l1i1uHt~~€lJ~mm::'VlLtJu'l'Yl<if 
~lm'l(lYil'lfi11fi1l'Ju;J~mnU'l::~'Yl~I11V'ln1'lYil;J1U'IJ€lJLUtJ'l'Ylfi1'1~tlU1J~lJmru 

'IJ ru.::m'l~~ 'il LLtlU~1J €l~ UJIl, LtJU~tl,'lYil1U~;J iiill'il'VI1tl~tlJ ~nfi1'ill n L'Jffl~~liIl~ L~I'JJ~ULui€lJ 'Ylfi1 fI tlJU'll~'illn L ~ tl 

'illnm::1JlUm'l~~'il~LL'ilnliil;Jnud Yil1in1'l~~'ilLtJu'lmf'il'l1'il~fi1'illlJ~iimllJlJ1~'Yli~J~lm'l(1YilM~fJfI::m n ') . 	" 
~n~JuJii~u'Ylum'l~~'il~,nilUtlU~lJ€l~'VIflll'JL'til~l utlmnnd LUU'l'Yl<ifIil'll'il~IiI'il1lJItJ'l~u p16'NK4a 

UJiimllJ L~~ m~J fllm'lmb'luu'l::l'Jn'il1iLLfI::~fi1 UUf'I;JLvifJ'W'1lJUl'lllJitH~lJmllJ'hLLfI::mllJ~lLV'l1::li-l1U'il 'll 'il ~fi1m
" . 

lJM'VIflln'VIfllU 


m'l\.t1Luulmf~ii fil~lJ mlil tl::iJ1U~lL V'll::-rr J ~llJ'lU LLlJlJ 'ill lJ m'ltJ'l::~ M~dltJliliii LLtJ f'I-l1111U 'lU'lJ tl J tlJ Lfl n ~~ <1l 'ill lJ~L1'h<1)

'\I 	 .u '\J 'I 

UI11f1LLUfiL'Yl€l1t€l't'Jlv tlill'JmwifJ~IiI~h5ULtl~ii'li~LlJ~mJ nUm'lr11'V1Wil~flJ LU tJl'Yl <ifih~um'il €ldjl U~ 1 'VI1tl• 
Luu'1mf~l~lJm'il€l::inu~ 2 'VI1fl LtJtJ'lmffil~umfi1€l::nlu~ 3 'lULLUU11i1'lULLUU'VIli" 

" " 
fI"1u~h5mfJm J 1111 LL'VIli"~Yil'V1'ih~mufi lJ m'l~fl"LtJU~U~~1'IJ tl" LLU~ L'Yl €l1 Ltl't'Jlv1ifll1Jl'lmL~IiI J LtJtJl'Yl<ifIil'llv~fi1 'ill• 
lJ~J~llJ'lU LtlJud~~l tlUI11~ ~lm'lflYil1.~ LLfI::Yil1i fllm'lrJ ~~'ilL~lJlllUlULLU~ L'Yl tl1Ltly.h'il~ flllJl'lfI ~l'nv~Utu'J~U'" . 

p16'NK4·1.~flfJ~::lllulUlJ1n ') LliltJ'l::UUn1'lL~tJJL~i)LL1J~riL1mrl1tJ~ii~u'Ylum'lj!.j~'il~1 
~n~JUJ'lil tJL~lJmllJ'lllinm::uum'lml'il ~fi1lin lJ'illn m'l~ii LtJtJ'l'Yl<if~ ~IiIUfllnlllUlU1Jln~LYllJ~U1JUtlUI11~. 
LL1J~L 'Yl tl1Lm'h'il~n~, tJ ~J,rU mhlLlil tJfI'ltJ LLLtl~~IiI.nru..n"fI::m'l1J1~l1il1J m'ltJ'l::~'l!t~dii,rtl~ ~J1ULLJmllJ1.1 flJ... 	 .. 
iimllJLfI()I'J'lli~ryrylru.~i'ilt'ilU 'l,jii~ryqj1ru.'l1JmUttfl::~flUlnfllJ iU'iltlUm'lL'il1tJ1J~ltlUl"JltJ ~n~;J 

~ 

UJ flllJl'l[)~~1iI LYllJIllUlULUU'l'Yl'il'1~flt;J fI::lJln ') ~, tJn1'l~~'il~l,j ciJ tJl n LLfI::~U'YlU~ln'llm'lj!.j~'il LLtlU~1J tl~1Jln. . 
~;JiimllJL'VIlJ1::fllJ"fI:ii~ntJl11V'lflJlum'lu'l:tJn'll1in1J"lU1J1n1'l'il'll'il'Yl1"V'ltn~1'YltJl~~U~U1:1l11U~~tlJm1ml1J[).. . 	 " 
n~tlJ i~H'iJU l'ilul,jlllLj]U~tl"fll~mr"lllulrum'l LLfI:iiiu'YlU~'"v • 
n1'lU'l:~'l!t~d~Jii~I'JI11V'lflJlUn1'lch tJ'Yl tllillinTij!.j~'Il LiiJ tl'il fll'V1 m'J1J LvimbltJlmm:l.J1unTl'il'll'il t1i~'illlJ n1'lLLfI~J tl 

...., 'lI 'lI q 

tln'IJtlJtu'l~U p16'NK4a 1Ub'Jffl~'VI1tl~Ubdtl ~,tlcil,IL'liu m1'il11'ilLvimLt.iJLLl'Jm'Jffl~lJ:;L1"€ltlmlm'Jf,,~tJn~ 
'VI1tlnl1~~UltlUmorml'il~'ill1l1lJT.tJ'l~U p16'NK4a ~L~tJl-Utl-lliitllu LtJ'"~U, 

1. 	 Romagosa C., et aI., p16'NK4a overexpression in cancer: a tumor suppressor gene associated with 

senescence and high-grade tumors. Oncogene, 2011. 30(18): p. 2087-2097. 

2. 	 Bahnassy A.A., et aI., The role of cyclins and cyclins inhibitors in the multistep process of HPV-associated 

cervical carcinoma. J Egypt Nail Canc Inst, 2006. 18(4): p. 292-302. 

3. 	 Huang L.W. and Lee C.C., p16'NK4a overexpression predicts lymph node metastasis in cervical carcinomas. J 

Clin Pathol, 2012. 65: p. 117-121. 
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1. 	 Ltltllmf~~~Utnn~rwtmilnil~~~1)J-i~ijml)'J'ihL'vn::;nlJm'l'1l'l"l1l~lJttl'l~U p16'NK4a
• 

t~EJ~LtltllYl~~~n~1"lijth~lJm~€djtu~L~€lnl~1Iln 


fh~lJm~1dl1u~ 1 ~€l SHSLLHH (ser-his-ser-Ieu-Ieu-his-his) 


5 ~l~lJm~€l::;iitu~ 2 ~€l SLHQPHL (ser-Ieu-his-gln-pro-his-Ieu) l'I~€l 


~l~lJm~€l:::iitu~ 3 fi€l YAWDTYR (tyr-ala-trp-asp-thr-tyr-arg) €lth~1~€lth.Jl'I\i~ 


2. LtltllYl~~~~uilln~"ltJt)JLilnil~~'ill)J mWn€lnu~Yl~ 1 ~.J1.JLtltllYl~~~~~~ fia LtltllYl~~ij~l~lJm~· 	 ,
a::;il1uLuU~l~lJm~u::;iitu~ 1 fi€l SHSLLHH (ser-his-ser-Ieu-Ieu-his-his) 

3. LtltllYl~~~~utnn~"ltJtmilnil~~m~ mmr€ln€l~Yl~ 1 

1 0 ~-i.Jtmilnil~~'1l1)JL~€lnl~~ln · t~Lilnil~~'1l1~lun~~~LUU(nmli1 L)JLiilniil1hLf1ij
q 	 "q q 

l'I~a€lUmf1'1l'l"l1l~'il'1l1)J €lth~1'ilath~l'I~J, 


4 LtltllYl~~~'ilUiilln~"ltJtmiilniil~'il'1l1 )J '1l1)Ji€ln€l~Yl~ 3
• 
~.J1.JL)JLilnil~'il'ill~lun~)J~LtJu~l'Lf1ih~a n1~1Iln~1'lLf1ij~ijf1 nH'l')Ju~ L~aJLl~J,~ t1 DOL'l~l'llU~ 

q q 	 II '\I 

~l'ltl,::;nalJL~~'liauLLil::;luuuUL~~'liuu~ij~ 
15 l'I~€l~1,tl,::;n€llJ~1mlutl~n7U1LYliiYh1iLn'il~l'I1mn'il~ty'l!1 nm~~l~ ath"l'il a U1Jl'I\i" 

5 	 LtltllYl~~~'iluilln~"ltJt)JLilniil~'il'ill~ '1ll)Ji€ln€l~'Y1~ 3 
, . ," 

ii~.Jt~Lilnil~'ilm~lun~~rhuut~Lilnil1i"lLf1ijl~€lnl~1Ilnttl'l~UL1€l.JLL~"Wt1um'l~L'llU~ Luul'll,J l'I~€l . 
" .. 'II 	 'lI 

Itl'l~u~jjtitl~mEJ1ffll'l~lJ'il'l"l1l~'il'1ll~ €lUl.Jl'iluU1.Jl'I~.J 

6 	 LtltllYl~~~'iluilln~"ltJt~Lilnil~'ilm)J '1l1)Ji€lnu~Yl~ 3, . 

20 ~.jj,j t)J Lilniilii'il 'ill)J 1un~~~LtJuaumf1'il'''l1l~'il'ill~ L~unl~1Iln. . . 
uUmYlLLlJmYlt)·HflWWI'I1u €lum fItilV\::;~tl mfl~ fllJ ~d~"l tJt~ Liil niil~'il 'ill~1un ~i.J ~1'llflijl'l1fl t)J Lil n~1i"l L 

.. 	 • .. 'U .. ~ <II 

flii 	v\1u€lUmflllUl'ilUlluii~~'il~ut'iltJul~mn'ltl'l::;n€llJ Lflii UEh~1'il uUl~l'Ii1J• 

7 LtltllYl~~~~H.l.~ln~"ltJl~Hilnil~'il'ill)J '1l1)J,y€lnu~'Y1~ 3 l'I~fl 6
· ~.jj.Jt)JLilniil~'il'ill)Jlun~~~LtJU€lumflmd1l~'il'il11J~LV\m::;~1J~~'il fiu 

.. .. q 	 q .. 

25 €lUmflLLlJmYl€l7L€lW11l~tl mYl~€llJth~"l EJ hJLiilnil~'il'1l11Jlun~1J~l'HfliiVl~€lLmiilniil,hLflii 
.. 	 'lI 'I" q 

8 	 m'l)Jl~m''1l'l''l1ll'llttl'l~U p16'NK4a lU~dOU1Jl'lliiltfl'l~o*uLdu 


~"lmtJtllYl~~~'ilUiilln~"lEJt1JLilniil~'il'1ll1J '1ll)Ji€ln€l~Yl~ 1 - 7 ial'ili€ll'l~.J 

'. , 

~.jj.Jm'1Jl~~~n~l"ltl'l:n€llJ~"lEJ,fru'1lau~~d 

(1) 	 nl'L'il~EJ~~dflU1JL'lliil~Vl1€l*ulda~'l1oJm'l'1l'l"l1llJum::;1In~h~ 

30 (2) 	 m,fiu~[nwhh~ulluJ~"lUU1JL'lliil~l'I11l*ULdll~'l1o"m,cm11l1l1nitl (1) 

~,m€lul'll,Jl'I~€lml1Jfuu 

(3) 	 nl·nil ~11lthJL'lliil~l'I~1l.:tiULdll~~,hunl ,fiu~mw1tl,~uLl~1 ~lnill (2) 

ltlYhtl!in~tJlnlJbtltllYl~~~'ilu<nn~·ltJ hJLiil~t1~ 'il m~ ~n~ianll~Yl~ 1 - 7 i1l1'1lilll'l~J 

(4) 

35 	 111,'111111 ~'il mJJtl!i n1EJ1~lJ'ih l Wl ::: 'l ::: l'I 11 J ~"l1l Ul J L'll i'l tfl'l"1 tl.:tiUldiJ nlJLtltllYl~~ Gi <i1 Uiill n 

~l EJLmiilniilGi'il'1llJJ ~M~lnill (3), 



5 

10 

15 

20 

25 

30 

9 	 m1JJllim1Iwnl1'l'\lhh~h~ p16'NK4. 'illJJ-iTtJn!)ti'Yl~ 8 

~~J~ltJthJb'll'fHf1.llhmlnb'll'~tbdm.Je:h~~tlJm1'il1l11L~EJ~1J, 
V11tlb'll'~il~LbEJn1.<1il1ln~ltJVl"~l1fl~V1~J britldjtln V11m~JJVI:::"lJ tlJe!thEJ tlVlJ1~ tlV,JWdJ

" 
10 m1JJllim1mll1'l'\lhh~U p16'NK4. ~lJJ-iTtJntlti'Yl~ 8 

~~J~l!)VlJ.:alUdtJ1.<ilJJl,;)ln~lUdtl"lJ tJ Jtl1£J1:::~<iltl Jm1~1111~J~,hUm:::mum1bnU1mnL~ EJ m1btll,1l 

tltJmb~:::bnU:rmnluu~tlnvnnY-lu 

11 	 nTIJJllim1~1111'l'\lhh~U p16'NK4a ~lJJ-iTtliitlti'Yl~ 8 

~~Jm1b~1EJJJ~ltlthJb'll'~il~<iltlJm1'i111';)UUm:::';)n~1.~<il 
Yh1.~1~EJnT'J~1Jb'll'~iluum:::';)n~1.~<il~bfl~tlU<1ilEJfll1~~hh:::,;)Uln, 
,;)lmtmb1.uLnu1m:rlflIn"l'4<1ilEJm1Lb'lilu,1lEJl1mnflIn"1'4 

12 	 m1JJllim1~1111VllLU1~\t p16'NK4. 'illJJ-iTtlntli:hl~ 8 

~~,')m1b~1EJJJ~1!) thJ~Ubdtl~<iltlJm1~"l'1111mm:::11 n~h<il 
ril1.~1~ EJ m1b~1EJ1J.:aULdel uum:::';) n~1.~<il~ Lfl ~ tlU ~, EJ ~l1~ lJU 1:::';) Ul n1UDl,'),1l b U ~l~1.lJ ~ flJJ fll11il EJ1, 

13 	 m1JJllim1~1111\,ntu1~u p16'NK4a 'illJJ-iTtlntlti'Yl~ 11 'l'\1tl 12 

~~J~l1~lJU1:::l1mn~Hbfl~auuum:::l1n~lfl<il b~tln1.~,;)ln t"l'4fi1.~oilu Vl1tl L"I'4btllJU m.h,')l~mhJVI~'], 

14 	 m1JJllim1'll1111VllLU1~U p16'NK4. 'lll1J-iTanati'Ylfi 8 

~~"m1fiu~m"l'4hh~wlJtl"~ltJtil']L'll'~~'I'\1~.:aULda<illEJml1Jftl\t 

Yh't~1~EJm1<il1J~1tJti,,]ML$i!)~mh,]~mi'itl,]1u'tJJLmm<Jbl'Jun~l 20 - 25 UlYi 


1uuvlLvltJffiu~m"l'4~lJfil'V1Ltl'lHtJu~l,]lu'lil'] 8 - 10 


16 	 m"l'JJllim1'll1111 VlltU"l'~U p16'NK4a 'lllJJ-iTanati'Yl~ 8 

~~".frU'lltlUm"l'~l~ltltil"L'll'f\il'l'\1a.:aULdtJ~e.hum"l'fiuflm"1'4LU"l'~Ubb~' 
'hJriltl~mEJlrlU Ltltl't'Yl<il~~~ uflln<il, EJ LJJ Laf)a~~ 'illJJ 

ri,'tlillIilEJm1i11.J~']1.J~blru."liaJll']~ tlWyilliLn~ bm:::~liltJ til JllJ'4lb"I'4l::i1 UUvlbvltlf~flJJTtl1~uTmlEJoil 
:rJJO~UiiU ~1tJ"l:::EJ:::nf\l 30 - 120 mYi 

" ritlU~l~ltJtilJ'ttlYhu~n~EJlrl1.JbUtll'Yl<il~~~u,nn<1ilEJ1JJLiilf)a~~ 'lll1Jlu1i1JfIll1JL-iTJJ-iTu 25 - 100 

'tJJlmL1Jfllf btJUbl~l 1 ;;-111JJ l1lmrU~lJfll1~lULnUtlan<il1tJUYhyJtlf~ilfil ~ba'lllu1ilJ 7,3-7,5 

~t.iflJJ<1ilEJ~l"liil~LL1J~J/.111.'ll1~ULtln.-o 100 0.025% 

V11tlm1H'UyJ LyJtlf~Jmh1~1.l,jt:l~1J<il1EJfll1~~LL1J~J/.11 

http:1J~J/.11


m~1..h-:::~l!};jdn~11 ~.Jlh:::~l!};rhH~n~'il~l~~U1th~u p16'NK4a 
~ ~. 

LL~:::m~)Jl~m~H't)J L~n~'il~l~~1J<ilJ n~111u~lathJ L'll~tf~~D~l Elti1.,JiULdD. 
t<j) um~~<fl LLtl~.JGi<j)Ufnn Ltlt.llml~lJ'ihLvn:::~Dtt.l~~u p16'NK4a ~1mnHTlii 1)J L~n ~:al LTlii. 

5 ~~DDUll1T1Gi<j)'ill)Juu~lmt.ltllml ~~JLt.ltll'Y1~~,')n~11ii~1~Um<j) D:::iJtuElrhJ1<j) athJ~rtJlu 3. 
~l~Um<;)El:::iJtu (Lt.lt.ll'Y1~~l~um<j)i.l:::iJtu~ 1, Lt.lt.ll'Y1~~1~um<;)D:::iJ1ur1 2 LL~:::Lt.lt.ll'Y1~~l~um<;)i.l:::iJtur1 
3) ~.J~l~D~lJ1ulnum~LtI<;) L~Um~t.l~:::Gil!};ft<;) tI ff)Jmrn L<;) UTI rn.~)JU~~ ~lflill'll flJ 

U qJ q " 

Lt.lt.ll'Y1~ml~Gi<;)<j)l)Jtt.l~~u p16'NK4a ~,j 3 ~l~Um<;)D:::lJtu~.Jmhl LiJuLt.lt.ll'Y1~L~u<;)~,j'll'U.1<llL~n 7 

~l~Um<llD:::iJ1u thliLt.lt.llml'il~l~Gi<j)<j)l)Jm)Jn1~t.l~:::Gi~id 
10 iiml)J~lm~nlUm~LLmn.u)J~.huL'llfl~'VI~mdmriEl~lEltil.Jml~L'lh~unuIt.l~~u p16'NK4a ~DtiluL'llm'l1~~.. 

~.J1i~ll!tylrn.m~<ll~l~~i<llL~U 1<j)u1i~tytylrn.~n -hm~HLLfluGiUEl~~,j 8-14 Lyh~l uflmnnd 

ifJlUUI'J flel'U.L rtilJ m~lm tlt.ll 'Y1~<ll1)J m~t.l~:::Gi l!}~diiml)J~lLvn:::Uf'l:::iiml)J Lffn tI~~.J 
~ 	 'U 

lU'llrn.:::~LLEluGiUi.l~~U~lLvn:::~i.ltt.l~~u p16'NK4a ~iiHEltiluiJ'i),;)UU.. 	 . 
Luut)JLfln~r1ii'll'U.1<lll~ninllLt.lt.l'l'Y1~ml~~U'ill)Jm~t.l~:::Gi~;fdnJ 150 Lyh t<llut.l~:::mrn. 5n~J 

• ~ 	 4 

15 	 LLElUGiU i.l~~ElJilliu~'Y1~~ iil'll i.lJ~t.lLLUUtmJ ~flJr1 L~)Jl:::~)Jlunl'Hn<j)t.l~ n1t11~'i11LLW\.iJ~U~lL~1:::lu'll rn.:::r1 L 

t.lt.ll'Yl<ll1).]~1 Luu~El.JiiTl rn.~)JU~~Jn~11
• 


n1~Lrhj'rn~l Lt.lt.l1'Yl~<j)~l~~U LL~::: m~lbIt.lt.l~::: u n'il1,n U 11.1 LLUU ~lJ "J 
, '" 
~.Jyh'M~luiiml)JL~)Jl:::~)J~1'V11um~lblt.lhlu.J1U'il~1~'Yl1.J~Ul~i'Y1t11t.l~:::hlU 


m~tr,')Lml:::~Ltlt.l1'Yl~'il~1~Gi<fl<j)1)Jr1iiml)Ju1~Yli~.J~1)Jl~nl'J~<j)1~mTlfl:::)J1n"J
. " 
20 	 1~~lULfl4D.Jtr.JLml:::~Lt.ltll'Y1~'ill)JLYlflil.flm~ff.JlTln:::~Lt.lt.llYl~~U;jlur1iifltiluiJ~~U'U.'VI~flEllitJm:::Ulun... " . 

l'JL~!i flU1i~~)J"I51@]lum~~~'il
. 
Ltltl1'Yl~~1'El)J flUIl1T1Gi<j) Ufnnt<;) tJm~nl'V1u'illiLt.lt.l1Yl~ll~<;)

. 
J fl DnU'U.~lElUll1fl 

q 	 q 

blUfILYlEl1tDYh~ 


ril1~m~I'J~'il Ltlt.llYl~'ilH;)@]<;)'ill)J ii~uYlU~lLLfl:::iijlfn tJll1~ L'f.Jlum:::lJ1um~I'J~'illU~:::~U il 'ilL'fl~ m~)J

~ 'U 	 . .. 

... 

http:Lt.lt.l1


'nfl;!'IJ 

....
2 A (ala) tl:t'l1'IJ'W _.... 

3 R (arg) 
 tl1~'IJ'IJ 

...4 N (asn) LLtl~~1J'1'l'IJ 

5 D (asp) m(1JLLtlt'wn~n 

6 C (sys) ;l~ L(;]fl'IJ 

.... 
nflIJl1~'IJ7 Q (gin) 

OJ 

...
8 E (glu) m(1Jn~~l1a.Jn 

... _G/

9 H (his). ~~IJl(1J'IJ 

10 I (ile) 'ttlL"l1~'J~'IJ 

11 fl'J;!'IJ 

""1 ""'VI1 tl'IJ'IJ .... . 
18 W (trp) Yi~tJLIJlLL-WW 

19 Y (tyr) 't'YILrl!w 

...
20 V (val) 'J1J''W 

http:m(1Jn~~l1a.Jn




.



... 




... 




... 






ilOl.VilliJ nal. .. 
(il\lml'lSaLof1v,",) (lnii) 

eil4U'V'lL'V'ltJ{~ 95-100 tJ,'!f11L'1ltltH<iitJ~95-99 El,'!m 40 . 

(water bath) 1'\.41l1'11l4:::'Yll4mllJ1tJl4 ntJl41~~1tl~~ltJ th" 

ltI1l1'11'\.4:::tn"l~u'V'l L'V'l €I {LL tl::: G(1tl~~1 n eJl,'!• 
ri'"llKLvl4ummu, 20 

l4lii~ €I rn,YIn iilK€I,'! Ii EmItl~h~lu ~l,'!tiI Ltl lil 

20 It1~'1tl~u'lil'\.4u'V'lL'V'l tJffil4~1l1'W~iifiT¥h tJ'IIL lJl4~I,'!ll4'lil J 

8 - 10 ii\lllJL~tJ~Eltlli8l4LL~1 
" \lljJ(~''1tl~'hu'V'lL'V'ltJfllKL~tJ~~mritJJ5n dJ'\.4L1tll 20 - 25 

l4lii t~tJtJl~YlI:J ~ L1tlILLtl ::: L~lJU'V'lL'V'l8fLUl4"l:::I:J::: 'J'Yln 5. , 

\lllJU'V'lL 'V'ltJfllKL~tJ~lJ'\.4Lm1'V'lyh 

LL~l~"li.l~'1tl~LL1il:::tJ~YI~ElmllJ~'\.4 

L~lJ{lJL1tlILritJfl11lJ~l41'\.4Y1~tJnn~~"~~ LritJfl"llJ 3 mYi 

mnn11100 3 

, " , 
I:J n tl"~1n L~l LL~lfltlll:JmllJ~l41i tJ'\.4LtJ~YI ~Elll.l ~ltl~ltl ~1" 

95-1 00 tJ"~1 . 20 

YI~tJrtJ<jJIL~EltJ8t~Lfl"ltl eil4u'V'l~'V'ltJ{~ 80mnn11 100 10 • 
(autoclave) tJ"~lritJl4ltl~1i.'l~~l,lLL'liLLtl:; ·n,'!1l4tJtJl<3lLmiJ li,'!~tJ rn,YllliitJJf11 . ." 

120 tJ"~1 10 l41ii mllJ 15 UtJ'\.4~@itJ<3lTi1,'!Ul 

... 
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7.2.o,11Vl1h'(f'\'l~n1'l1~V 

7.2 .1. tJl'l'!Jv~LVI~vmJl'llVll.Jv~vo~mvivnl'jd)~Vll'lv~L~v~h11.1 LLI'l~vivol'j L9iUl\l1'1Jv ~ L'llI'l"lJ~L~~\J10 

JJ1'1 l;1 0 ~\JI'lOUtJ~'lVIU~'lJv~'v1tJU~1lJ..1 
'\l \J \J'V 

U,.,<i.:ll1tJ uvi uvi 
L~l.J "L<t'j~ 

7 3 1 Ol'lli'81tJ1Li'ltlaihmij)'l ·HII.~'j.~'YI51i'O~ru Uvpm'll l1tJ 'J'll \l1.f1 . OV. - U1Lf1tJtlnl'l\J'l::'lllJ 
, u 

LYiv1,rhJOl'Hj'lJV~Ol'iLVilJll'l v. If'1'lm OtJo~ltJtJvi 2550 1)9 50 'j~~U'lll~ 1 f'\r~ 

" <4 '" d'tJv~ L'!l§l§llJ::I'Bl'llJ)'I U\jOUlJ NCBME 

~1"'U~'tJv~"',:~~1lJ&l - 'j lV~ltJil'\j\Jl'flJ\!'jru 

- fh1i'~Lf1tJv~-WlJ'l~ 

7.3.2. Currumin is effective 'if'1. 'lit)!. vnwn V\1J.:jnw l1tJ l¥ilJ~~ f).A . 

as thl' anti-inflammatory, ~Jf'1'1'It)! tJ~lJl'l ~'iLf'1't!llvmf1 f'llllJl'fllJl'j 49 5 l tJltJl'll l ~ 5 L~tl~ 

anti-infection in Helicobacter tJf'1Y/t)! ~'jtl 'jvtJ~A ~1'I~\~"J'W rWl1tJ0l'i (publication number 

pyroli in fected rats, and anti 'j f'1'1l'j~'YI5<i'n'\'!ru UV)lJ11'll l~V'!Jv~ 41-45) 

cancer in Hepatol11a- cell vTimv~tJ U1L(ftJilnl'j\J'j~'l1lJ 

implanted BALB/c-nude mn~<10'l. 'l~~lJtJl'U1'll1~ ~ 

mice model f1r~ 

... 




138 

7.3 .3. e.I n'UB Wi)il~~lJliiBnl':l 

LtJ~ CJ'\JLLtJn~'tJ!) ~VI"i1 Vl L~i1Vl~ 

m:;VlnluVltJ~C1niilVl~~1'tJ~~<1i1~ 
u u u 

.u')~ 

11'1 . m~ . U1:;~~Fl i'1~l~ CJ:;~n 

'l1'1. \iI'l.~V156i'n~ru UV)lJ'i'I'O 

U<1 . el\Jil~CJ ,) 'OU,)l~G) ,j 

'VllJ 1'0 2550 

51 

LL,,:; 

"lu~'UVl ') l1 L1:1n 

nllLi1'O Aru:; 

til .!'!. 

49 

n .CJ. 

51 

- ~~lJW'l:;(I)1J 

\JIu')'tl')iIi 3 L~i1~ 

(publication 

number 47,52,56) 

- thLl'lUBnI'lU'l:; '~lJ 

'l:;(I)\JlJ,)lJ,)'O,)~ 3 

fI-r~ 

- l1,) LntJtlni"iU':l::'UlJ 

'l:;~1J'O')iIi 2 fI~~ 

LLViVl CJ I'1 ') Ml1 

~-.J,)1 

7.3.4. Studies on the effects e.lf'\. Vl'lellJ'i~'j \J,)~ CJ:;'fI ~P1~~" V)'\J<1ml~V \iI .fI . fLV. - ~"lJw':l:;iil1J 

of Va-hom and herbal ·j?l . \il 1. ~Vl56i'n~ru UV)lI 'l ,)'ll "1 47 49 '\J')\J')'ll, Q) 1 L1B~ 

medicine on regional (publication number 

cerebral blood flow 48) 

ni'j~fl'tl,)e.I"'ViI~ t; ,)VlillJLL":;n')'l - l1,)LnUtlni'ltl~'lllJ 

?I OVl?ll.l'Jh,/'jIiiB el\il'j') nl':l 'i:;~\JlJ,)'\J,)'l!l~ 2 

l",mlCJuLliilVll'\J"'lJB~ fI~~ 

(mfle.l'\Jln) 



139 

7A!. Implantation of 

Human Papillomavirus 

Infected CeNical Cancer Cells 

into Animal Model 

'lPi .\i1'l. ml~tI;j J1Vl'lLn 1'1 <1 

5f'WI. ~'Vl6~n1'iru oJ"IllJ'll'll 

'jPi.tI~v . 61lJ-a'1'J i'l1(i)~I'\l61cJ 

t.J1'I .'W'N.\i1 'l. un~1i \1~?I~(i) 

tllll lJru'f1~ ~R Pil'lU~'lll 

~~VI~~'I'!'U 

'I'!'U~'ll\i11ik\'in 

?llJ'ln'll f1ru~ 

LL'W'VlVl'llMl ~ 'l~1" 

\J~ 

~~lJ 

n.FI. 

49 

\J~ 
'" ~t:11\J 

LlJ.V. 

52 

~1JiH~H'nllJ,h~\J 

- ~i~lJ>h'l~~tJ 

'Ul'U1'lll~ 3 L~B~ 

- tllL?ltlBm'l tl'l~'Illl 

'l~~tJ'Ul'Ul'lll ~ 2 

f1-r~ 

7A2. In vivo study of 

neovasculariLation in 

biode~radable colla~en 

sCdffol.ds implanted miCE' 

'll'l\il'l~V15An"ru oJ YJlJ Wl1 

Dr. Hideyuki Niimi 

B.'WVH1'WBlJ lJ'l'lruU'l~ l?l1] 

nt!. 

50 

61'1.51 - tl: l?ltlBm'loJ'l~'lIlJ 

'j~~'\Jtllt11'lJlili 1 

7.4.3.t.J~'Uv~L\JU?I~'WLm~m'j 

vvnr'h~~ml'JiJlvm'l?lruL~v-. 
) 1'1 . '.m. lh:;?I~1'i A1i11'J~~~ 

'j1'l.\I)"L~Vl6~n"ru U"llJ'll'll 

(~\il~l'W~vh~l'Ui~1'J 33 (%)) 

(i)fI.49 

61'1.51 

- fh~~v\'lLUtlm'l 

~\ilvil'llV~l'U 

'Iltl 1'lJ 2550-51 

Lf'1"i~n1"i%v1V1l.i 

7.4A e.Jn'lJv~L'VI~BnUm'VIlJv 

\ilBn'lJl1iJlvm'jLn\i1'V1"B\ilL~B\i1 

1'V1li LLn~iJlBm'j Liil'\Jl(i)'!Jv~ 

l~n~lJ~L~~UlmJ\i1~n ~oJ"n'\J'W- , 

'j1'l.\i1'l. ml~'U6 J1Vl'lln Pi " 

\i1'l «qJqJ l 'VInYj\il~l(~\il~I'U~ 

viln\i:i~v 35 (%» 

(i)1'1.51 

7A5 . A~t: alters 

cprebrovascul ilr 

inflammation and effects 

of es tro~en 

wm ~Vl6~n1'iru oJ,,!lJ'll'll 

Dr. H. Niimi 

Dr. Seki Jendo 

'U61. ~V'j~lJ'U l\!"tJl'j~i1 

(~\i1~l'W~vim'Wi~v 15 (%)) 

'Iltl 1'lJ 2552-53 

lJfl52 

£11'154 

- ri16i'whlu'Wnl'l 



LISTS 	 OF PUBLICATIONS 

1. 	 Ritter AB, Patumraj S, Duran WN. Interstitial diffusion of macromolecules. Proc 7''' Annual Conferen r. " 

of the IEEE Engineering in Medicine and Biolo~y Science 2: 117. 

2. 	Patumraj S, Ritter AB, and Duran W.N. A Study of Coronary Macromolecular Transport In Diabdic. 

Rats. Pror;ress In Microcirculation Research 1993, Chapter 13: 403~406. 

3. Patumraj S. i1~)l"1lVlLU'l:;"lj'\Jlw'i1vltJ Chula Med J. 1995;39(4) .. 23 7~241. 

4. Patumraj S. Roles of Garlic In Medicine Chula Med J. 1995;39(4) .. 243-248. 

5. 	Udayachalerm W, Jariyapongsakul A, Suwangool P, Patumraj S, Effects of ACE Inhibitor on DlaiJetlc 

Cardiovascular Complications: Cardiac and vascular hypertrophy. Chula Med J. 1995; April 39(4) 

24 9-250. 

6. Patumraj 	S, Jetapai U, and Udayachalerm IN Prevention of Diabetic Cardiovascular C omfJlications by 

Garlic Extract. Micocirculatory Approach To Asian Traditional Medicine: Strategyfor the Scientific 

EV::1luation 1996, Chapter 12 . 107-116. 

7. 	Patumraj S., Tewit S., Kasantikul V., and Udayachalerm IN Effects of Garlic Extract on Plasma Insulin, 

Lipid Profiles and Coronary Vascular Changes In ') IZ~rat. Proc Ihe Sixth World Conr;res5 for 

Micrncirculation. Monduzzi Editores S.JlA 1996 . \189-994. 

8. Jaflyaf,Jongskul A, Niimi H, and Patumraj S. Cerebral Microvascular Response to Hemorrhagic 

Hypotension in Spontaneously Diabetic Rats: an intravital fluorescence mic.roscopic analysis. Proe. 

The Sixth World Conr;ress for Microcirculation._ MonJuzzi Editores S.pA 1996 : 977-982. 

9. 	 Jariyapongskul , Niimi H, Kasantiikul V, Maneesri S, Patumraj S. Morphological changes of cerebral 

microvasculature in streptozotocin-induced diabetic 'rats .. In vivo fluorescence and electron 

microscopic studies. In .. Bunnag Sc., Srikiatkhachorn A, Patumraj S. (eds). Proe. The Third Asian 

Congress for Microcirculation. Monduzzi Editores S.p.A-Bologna (Italy). 1997: 239-245. 

10. 	 Amatyakul S, Patumraj S._Niimi H. The effect of topical aJrenomedullin application on striated 

muscle microcirculation .. a pilot study. In .. Bunnag S.c.. Srikiatkhachorn A, Patumraj S. (eds). 

Proe. The Third Asian Congress for Microcirculation. Monduzzi Editores S.p.A-Bologna (Italy), 

1997:229-231. 
... 

11. 	Kasantikul V, Jariyapongskul A, Patumraj S. Computer-assisted image analysis of microvasculature in 

benign and malignant gliomas. In : Bunnag S.c., Srikiatkhachorn A, Patumraj S. (eds) Proe. The 

Third Asian Congrp5s for Microcirculation . Monduzzi EditorE', SrA Bologna (Italy), 1997 61 -66. 

12. Patumraj S., Tewit S, Ka~antikul V., Sermpukdeekul P The Study of Garlic Extrad on Diabetic 

CoronalY Vascular Complications. Microcirculation Annual 1997; 13: 31-34. 

13. Patumraj S. Microcirculation Endothelial Cell As A Transport Barri(T 

Endothelium. 1997 ' 269-284. 

14 . Kasantilul V, Maneesri S., Latlkavibul w., Patumraj S. Ultrastructural Alterations o f Blood Vessel in 

Hypertellsion and Diabetic Patients. Endothelium. 1997 .. 269·284. 



141 

15. Anuntasethakul T, Srikiatkhachorn , Maneesri S, Patumraj S, Kasantikul V Ultrastructural changes In 

endothelial cells of cerebral microvessels after exposure to nitric oxide donor. NellropathQlo\lY 

1999; 19: 259-266. 

16. 	Somboonwonl5 J, Thanamittramanee S, Jariyaponl5skul A, Patumraj S. Therapeutic effects of 1lliK' 

l<'elia on Cutaneous Microcirculation and Would Healinl5 in Second Del5ree Burn Model in Rats. ) 

Med Assoc Thai 2000;83:417-425. 

17. 	Patumraj S, Tewit S, Amatyakul S, Maneesri S, Jariyapongskul A, Kasantikul V. 

Shepro D. Comparative Effects of Garlic and Aspirin on Diabetic Cardiovascular 

Complication.l2.c.ug ~ 2000; 7:1-6. 

18. Futrakul N, Panichakul T, Chaisuriya P, Sirisin ha S, Futrakul P, Patumraj S. Endothelial (ell 

Cytotoxicity Induced by Nephrotic Serum. ThE' Second Conl5ress of the Federation of 

Immunological Societies of Asia-Oceania ~ Editors, Sirisinha S, Chaiyaroj S, Tapchaisri, P. 

Jan. 2000. Monduzzi Edi. S.pA 

19. 	Futrakul N, Panichakul T, Chaisuriya P, Sirissinha 5, Patumraj S, Futrakul P Endothelial cell 

cytotoxicity and renal hypop,::rfusion in idiopathic nephrotic syndrome. Nephron 2000;86 

241-2. 

20. 	Futrakul N, Bulthep P, Patumraj S, Futrakul P. Glomerular endothelial dysfunction and altered 

cytokines in severe nephrosis, Nephron. 2000;86:199. 

21. Wattanachon U., Covavisaruch N., Patumraj S. A measurin~ tool for vascular wall thickness: an 

image analysis approach. ProC' The 4'h Notional Computer Science and Engineerin~r 

Nov. 16-17,2000. 

22. Amatyakul S., PatLlmraj S., Niimi H. Effects of adrenomedullin on the cardiac performance and 

coronary flow in an isolated perfused rat heart modeL Clinical Hemorhe%gy and Microcirculation 

23 (2000):269-275 

23. 	Srikiatkhachorn A, Anuntasethakul T, Maneesri S., Phansuwan-Pujito P., Patumraj 5, and Kasantikul V. 

Hyposerotonin-induced nitric oxide supersensitivity in the cerebral microcirrulation. Headache 2000 
... 

Apr; 40(4): 267-275. 

24. Udayalhalerm W, Vechakarn 0., Patumraj S. Effects of ACE-Ion Diabetic Card iovascular 

C)rnrlilatlons Anti -Hypertensivf' and Nun-Anthihypertensive Doses. ) Med Assoc Thai 2001 ;8Cl 

(Suprl 1): 5306-S3 13. 

2~. Chakraphan D.,Thipakorn B, and Patumraj S. Changes of mesenteric 

microcirculation in chronic diabetic rats: A pilot study usinl5 invital fluorescense 

microscopy. Proc / . World Congress for Microcirculation. Aus. 19-22, 2001. 

26. 	Srikiatkhachorn A, Anuntasethakul T, Phansuwan-Pujito P, Patumraj 5 , and 

Kasantikul V. Effect of serotonin depletion on nitric oxide induceu 

cereberovascular nociceptive res ponse._Neuroreport 200 1 Apr; 12(50) 967-971 

http:Complication.l2.c.ug


142 

27. Jariyapon~skul A, Patumraj S, Yama~uchi S, Nilml H. The effect o f long-term supplementation of 

vitamin C on leukocyte adhesion to the cerebral endothelium in STZ- induced diabetic rats. 

Clinicol Hemorheolor;y and Microcirculation (2002) 27(1) 67-76. 

28. 	Futrakul N, Tosukhowon~ P, Valyapon~ichit Y, Tipprukmas N, f utrakul P, Patumraj S. Oxidative stress 

and hemodynamic maladjustment in chronic rena l disease: A therapeutic implication. Ren Foil 

2002 Jul ; 24(4) : 433-45 

29. 	Futrakul N, Boongen M, Tosukhowong P, Patumraj S, Futrakul P Treatment witth vasodilators and 

crude extract of Ganoderma lucidun suppresses p'roteinuria In nephrosis with focal segmental 

glomerulosclerosis. Nephron. 2002 ; 92(3) . 719-20 

30. 	F-utrakul N, Tohsukhowong P, Patumraj S, Siriviriyakuk P, Tipprukmas N, Futrakul P. Treatments of 

hemodynamic maladjustment and oxidative stress prevent renal d isease pro~ress ion in chronically 

severe glomerulonephritides ~. 2003 Sep;25(5) 839-44 

31. 	 Khemapech S., Monsiri K, Patumraj S, and Siriviriyakul P Genistein rerldcement therapy for 

vasodilation disorder in bilateral ovariectomizeJ rats~ Clinicol Hemorheology ancl Miaocirculotion 

IDS Pres) . 2003; 29 271-278. 

32. 	Futrakul N, Boongen M, Patumraj S, Siriviriyakul P, Tosukhowong p, Full akul P Treatment of 

glomerular endothelial dysfunction sterOld-rl'sistant nephrosis with Gonoderma lucidum , vitamins 

C, E, and vasodilators. Clinical Hemorheology and Microcirculation, IDS Press. 2003; 29. 205-210. 

33. 	 Sridulyakul P, Chakraphan D, Bhattarakosol P, Patumraj S. Endothelial nitric oxide synthase 

expression in sys'temic and pulmonary circulation of streptozotocin induced diabetic rats: 

comparison usin~ image analysis. Clin icoI Hemorheology and Microcirculation, IDS Press 2003; 

29: 423-428. 

34. 	 Futrakul N, Siriviriyakul P,Panichakul T, Butthep P, Patumraj S, Tosukhowong P, Futrakul P. 

Glomerular endothelial cytotoxity and dysfunction in nephrosis with focal se~mental 

glomerulosclerosis. Clinical Hemorheology and Microcirculation , IDS Press. 2003; 29: 469-477. 

35. Futrakul P, Siriviriyakul P, Kulaputana 0, Patumraj S, Bunnag Sc. F-utrakul N. A hemodynamica lly 

mediated mechanism of renal disease progression in severe glomer'UlonephriticJes or nephrosis. 

Clinical Hemorheolor;y and Microcirculation, IDS Press. 2003; 29 183 188. 

36. 	Duansak D, Somboonwong J., and Patumraj S. [ffects of Aloe vera on leukocyte adhpsion and TNF· 

alpha and IL-6 levels in burn wounded rats. Clinical Hemorheology clrld i'v1icrocirculation, lOS 

Press. 2003; 2<) 239-246. 

37. Amatyakul S, Chakraphan D, Chotpaibulpan ::>. and Patumraj S. The effect of long- term 

supplementation of vitamin C en pulpal blood flow In streptozotoCin -illduced diabetic rats . 

Clinical Hemorheolur;y and Microcircu(at,un , lOS Press. 2003.2'1 31, -320. 



14 3 

38. Jariyapon'Sskul A, Patumraj 5, Niimi H. Cerebral endothelial dysfunction in diabetes: intravital 

micr0scoi, analysis usin'S streptozotocin-induced diabetic rats. Clinical Hemorheology and 

Microcirculation, 105 Press. 2003; 29: 331 -335. 

39. 	 Molsiri K, Patumraj 5, Siriviriyakul P. Preyentive mechanism of 'Senistein on coronary endothelial 

dysfunction in ovariectomized rats An isolated arrested heart moLlel. Clinicol Hemorheolugy and 

Microcirculation voUl (2), 2004 

40. Chakraphan D, Sridulyakul P, Thipakorn B, Bunna'S Sc. Huxley VA. Patumraj 5 : Attenuation of 

Endothelial Dysfunction by Exercise Training in STZ-Induced Diabetic Rats. Clinicol Hemorheology 

and Microcirculation vol.32, 2005 :217-226 

41. 	Patumraj 5, Yoysun'Srloen P, Kachonrdttanadet P, and Wirachwong p, rumor Neocapillary Density in 

hepatocellular carcinoma cells Implanted Nude Mice Model. Clinicol Hemorhpology and 

Microcirculation vol,33, 2005 ,137-144 

42, 	Yoysungnoen P, Wirachwong P, Bhatlarako'>ol P, and Patumraj 5, Antiangi0'Senic activity of curcumin in 

HepatocE'l lular carcinoma cells implanted nude mice, Clin ico I Hemorheology and Microcirculation 

vo1.33 , 2005 127-136 

43. Eamlamnam K, Patumraj S, Visedopas N, and Thong-Ngam n, fFfects of Aloe vera and sucralfate on 

gastric microcirculatory changes , cytoklne levels and gastric ulcer healing in rats, World ) 

Gastroenterology ISSNI007-9327 vol 12,2006 ' 2035-2040 

44, Prabjone R, Thong-Ngam D, Wisedopas N,Chatsuwan T, and Patumraj 5. Anti-inflammatory effects of 

Aloe vera on leukocyte-endothelium interaction in the gastriC microcirculation of Helicobacter 

pylori-infected rats, Clinical Hemorheology and Microcirculation vo1.33, 2006 :9:56 

45, Yoysungnoen P, Wirachwong P, Bhattarakosol P, Niimi H, and Patumraj S. ,Effects of curcumin on 

tumor antiangiogenesis and biomarkers COX-2 and VEGF Clinicol Hemorheology and 

Microcirculation vo1.34, number 1,2, 2006 :109-116, 

46 , Niimi H, Patumraj S, and J-Y.Han. Asian traditional medicine ( ATM) Recent progress based on 

scientiAc evidences. Clinical Hemorheology and Microcirculation vo1.34, number 1,2, 2006 : 85 

88. 

4? Siriviriyakul P, Khemapech S,' Monsiri K, and Patumraj 5 The vascular effect of genistien What is its 

Illechdnisrn, nitric oxide or PGLL 7. Cltnicol Hemorheology and Microcirculation vo1.34, number 

1,2,2006 : 97 - 101. 

48, Jariyapongskul A, Patumraj 5 and Niimi H. I:Ffec ts of Yahom on the regional cerebral blood flow in 

rat usin'S fluorescenCl! videomicroscopy. Clinical Hemorheolo,'Y and /.1iaocirculation vol,34, 

number 1,2.2006 : 139 - 144. 

49. 	 Futrakul N, Butthep P, Patumraj S , Sirlviriyakul P and Futrakul F. r,J1icrovascutar disease and 

endothelial dysfunction in chronic kidney disease, Therapeutic implication, Clinicol Hemorheology 

Gnd Microcirculation vol 34. nurnber 1,2. 2006 '265 2 i 1 



141\ 

50. 	Jariyapongskul A , RUn';;jaroen T, Kasetsuwan N, Patumraj Sand Niimi H. Chronic changes of the iris 

microvasculature of stre'ptozotoCin - induced diabetic rats usin~ fluorescence' vidC'omicroscopy. 

Clinical Hemorheoloijyand MicrOCIrculation vol.34, number 1,2, 2006 : 283 - 293. 

51. 	 Amatyakul S, Chakcaphan D, Chotpaibulpan S, and Patumraj S. Role of exercise trainin~ on pulpal 

blood flow in diabetic rats. Clinical Hemorheolo'1Y and Microcirculation voU4, number 1,2, 2006 

. 295 - 301. 

52. 	 Chanawirat A, Khemapech S, Patumraj Sand Siriviriyakul P. Genistien replacement therapy on 

endothelial dysfunction and bone loss in bilateral ovariectomized rats. Clinical Hemorheolo'1Y ond 

Microcirculation voUG, number 1,2, 2006 : 309 - 31G. 

53. 	 Sridulyakul P, Chakraphan D and Patumraj S. Vitamin C supplementation could reverse diabetes

induced endothelial cdl dysFunction in mesenteric microcirculation in STZ-rats. Clinical 

Hemorheology and Microcirculation voUG, number 1,2,2006 . 315 - 321. 

5G. Jariyapongsklll A , Run~iaroen T ,Kasetsllwan N , Patumraj S, 5.eki J, tliimi H. Long-term effects of 

oral vi tamin C supplemen tation on the endothelial dysfunction in the iris microvessels of diabetic 

rats . Microvasc Res. 2007 Mar 23; 174 :677 -G 7. 

55. 	 Patumraj S, Won~eakin N, Jariyapongskul A, Futrakul N, Bunnag S.(2006). 

Combined effects of curcumin anu vitamin C to protect endothelial dysfunction in 

the iris tissue of STZ-induced diabetic rals. Clin Hemorheol Microcirc.35:G81-89. 

56. 	 Thaveeratitham P., Pkngpanich W, Naen-Udorn W, Patumraj S., Khovidhunkit, W Effects of human 

apolipoprotein A-Ion endotoxin-induced leukocyte adhesion on endothelial cells in vivo and on 

the growth of Fscherichia coli in vitro I Endotoxin. Research. Volume 13, Number 1 /.2007: 54-58. 

57. Thaveeratitham P, W Khovidhunkit, S. Patumraj. High-density lipoproteins (HDL) inhibit endotoxin

Effect of the acute-phase HDL Clinical Hemorheology and Microcirculation, Volume 36, Number 1 

/2007: 1 - 12. 

58. Chakraphan D., Sridulyakul P., Thipakorn B, Bunnag S., Virginia H., Patumraj S. Leukocyte-endothelial 

cell interaction is attenuated by low-intensity exercise training and vitamin C supplementation in diabetic 

rats. Asian Biomed Journal. 2007: 1: 67-75. 
... 

59. 	 Patumraj S, Yoysungneon P Review Article. Curcumin as a therapeutic agent against cancer. Asian 

Biomed Journal Vol. 1 No.3 October 2007;239-252. 

60. 	Ka, iya r ha t A. Sl rivll iyakul P, and Patumraj S. Technical report. A novel fc>mur window chamber for in 

vivo studies of bone microcirculation. Asian Biorned Journal Vol. 1 No.3 October 2007;301-305. 

61. 	Duansak N, Yoysungnoen P, Somchalchana ), Bhattarakosol P, Wirachwong P, Patumraj S. Correlation 

between hypoxia-inducible factor andvascular endothelial ~rowth factor exprE'5sion undertumor 

neovascula rization In hepatocellular carcinoma cell-implanted nude mice. Asian BiomediLine. 

2007. Vol. 1 No. G December;399-G06. 



14~ 

62. 	Ka,:yaphat A, Siriviriyakul P, and Patumraj S. Preventive effects of ~cnisteln on leukocyte adhesion in 

F('mur venules and on bone-loss induced in ovariectomized female rats . Clinicol Hemorheo{ogy 

and Miuocirculation.38;t1. 2008:235-2t13. 

63. Yoysun~noen P, Wirachwon~ P, Chan~tam C, Suksamrarn A, Patumraj S. Suppression of tumor 

neocapillarization induced by HepG2 cells in nude mice supplemented with curcumin or 

tdrahydrocurcumin an in vivo comparative study. ASian Biomedicine Vol. 2 No.1 February 2008;77 

82. 

64 . Jdriyapon ~skul A, Patumraj S, Suksumrarn, A Lon~-term effect of tetrahydrocurcumin 

supplementation on cerebral blood flow and endothelial cells in streptozotocin- induced diabetic 

rats. Asian Biomedicine. 2008, vol. 2, nO.2, 151155. 

65. ) ridulyakul P, Won~eak-in N, Patumraj S Increased nitric oxide level in diabetic IdtS from vitamin C 

supplementation: an in vivo detection usin~ diaminof\uorescein. Asian Biomedicine Vo l. 2 No.5 

October 2008;371-379. 

06. 	Yoysun~noen P, Wira( hwon~ P, Chan~tam C, Suk"amrarn A, and Patumraj S. Anti-Lancel' and anti

an~io~enic effects of curcumin and tetrahydrocurlumin on implanted hepatocelluldr larcinoma In 

nude mice. World J Gastroenterol. 2008;14(13):2003-9 

67. I ertworapreecha M, Patumraj S, Niruthisard S, Hansasuta P, and Bhattarakoso l P. Mouse acquired HPV 

tumor u sin~ dorsal skin-fold window chamber. Indian J Exp BioI. 2009;t17:327-332 

68. Won~eakin N, Sridulyakul P, Jariyapon~skul A, Suksamrarn A, and Patumraj S. Effects of curcumin and 

tetrahydrocurcumin on diabetes induced endothelial dysfunctiori. Africon Journal of Biochemistry 

Research 2009, Vol.3 (5):259-265. 

69. 	Viboolvorakul S, Niimi H, Won~eak- in N, Eksaku lkla S, Patumraj S. Increased Capillary Vascularity in the 

Femur of A~ed Rats by Exercise Trainin~. Microvascular Research. , 2009 (78): 459-463. 

70. Eksakulkla S, Suksom 0, Siriviriyakul P,and Patumraj S. Increased NO bioavailability in aging male rats 

by genistein and exercise training: usin~ t1, 5-diaminof\uorescein diacetate Reprod 8iol Endocrino!. 

2009; 7 

... 



14 (j 

(.rn'l~/11vlEJ ) lJ1~(,\11 i111~lJ5 fi\'1'lt n l'l<l 

(.rn~le1-lnft~) Parvapan Bhattarakosol 

2. ~"'IJ'AlJ1~U\l1'ltl~::\ll~'l\h::'tll'tllJ 3 1009 03215 20 2 

3. 1li1~~'Au~il\J'lUlJ (1'tlln1~) 1il~I'l1(,\1i111'll'W 

4. 'AU'l~~1\J~tl~~mlJ1~()~~wiv1;;~::vnn 'W~v1J'A1J1Vb"'lJhnAYn11V1~~11 II":: e-mail 

~<l'lJ'1~V1En ~ru:mYlVltJI'l1('\(i\~~Vl1<l1n'Ht1)J1,'nl'1ltJ111tJ n'lllJ . 10330 

l'll'lAYlvl 0-2252-8181 ~il 3628 1'1l';;('\11 0-2252-5952 

Email: parvapan@chula.ac.th 

mrul:u1 \i11 
• 0 

------------_._-
lVltJ11'l1i1(il 'l lJ'tnuru~(il 

~'Il~ijrl nl'l \~'WVlV 
---------- ------------ 

~<1:a'~ 'IltJ1 

'il);J1 <l ~n':i rulJ '\,nl '1l1'.I111tJ 
• 

--------------------------------
lJln~VltJl~tJlJ'i:iVl<l 

2524 
--- ------------------------- 

25 27 

25 33 

e"'I~1\J1~~~yhJYhtWI~'W~Vv\J'A~_l III U (~::'_!II'Ari~vhl'viu<1~tJ~~.;;hJ~) 

1. 	 Chantaraarphonkun 5, BhiHtarako50l P. Intra and Intergenotypic Variations amon l5 Human 

Cytomegalovirus (HCMV) 158 Genotypes in Clinical Samples. intcwiro logy 2007; 5078-84. 

2. 	 Thammabovorn T, Mungmee V, Thamrnachotruja L, Kowitdamrong E, Bhattarakosol, P 

Prevalence of viral infections in clinical specimens at Virology Laboratory Unit durinl5 the year 

1998 to 2004. Chula Med J 2007; 51: 229-39. 

3. 	 Bhattarakosol P, chantaraarphonkun S. Prevalence of human cytomel5alovirus (HCMV) gB 

l5enotypes in Thai patients. Southeast Asian J Trap Med Public Health 2007: 38: 835-40. 

4. 	 Duansak N, Yoysungnoen P, Somchaichana J, Bhattarakosol P, Wirachwonl5 P, 

Patumraj 5 Correlation between hypoxia-inducible factor andvascular endothelial I5rowth factor 

expression undertumor neovascularization in hepatocellular carcinoma cell-implankd nude mice . ... 
Asian Biomedicine 2007; 1(4): 399-406. 

5. 	 Sangdara A, Bhattarakosol P Acyclovir susceptibility o f herpE"> simplex virus iso lates at Ki n~ 

Chulalongkorn Hospital, Bangkok. J Med Assoc Tha i 2008 91(6) 908 ·12 

6. 	 Lertworapreecha 1\;1, Thammachotruja L, Bhattarakosol. P Prpvalence and distribution of HPV 

type in Thai women. Chula Med j 2008; 52161-7. 

7. 	 Theamboonlers A, Bhattarako50l P, Chongsrisawat V, Sungkapalee T, Wutthirattanakowit N, 

Poovorawan Y. Molecular char acterization of group A human rotaviruses in Gangkok anci 8uri ram, 

Thai land during 2004-2006 reveals the predominance of GIP[8], G9P[8) and a rare G3P[19) strain 

Virus Genes 2008; 36:289-<';8 

mailto:parvapan@chula.ac.th


14 " 

8. 	 Lertworapreecha M, Patumra) S, Niruthisard S, Hansasuta P, and Bhattarakosol P Mouse acquirl'd 

HPV tumor using dorsal skin-fold window chamber. Indian) Exp 8iol 2009; 117 :327-32 

2550

2552 

2553 

-- ---------------------------------------------------------------,,-_._- ._ -- --,, -------------_._. -------- --". ".  ------ ,,----
2 'lPl .m. mJ~utl J1'V1'llnPli1 nl'jb\l1~ (J)JFi"ll)JY'l~mJVll~ "l\J ?I ?I ?I 25 51 2552 

~v~tJD,:mnl'~b~,)'hJljvlW)ljv w'h 

LLn:;tl1n 

... 




143 

?ll.J<UU UI(il&i f'l l ?1 ci 

(fI1'\!111i'~n{'J'\!I) Somchai Niruthisard, M.D. 

2. L<'l'UVl1J1EJU(il'Hh::.Jll1l'ltl':i:::'Hl'!ltl 3 1013 00012 04 1 

3. 1li'1LLvnj~tl,,~utI (hnn1'l) 'H)~A1i.'1(il 'l1'im cJ 
~" ~ ~, d ,d ~. 	 'i < 'i

4. mJ1EJ~1t1'''')~'VI<11lJ1'l(l\Jl~W''HVl<1:::mn Vl'l!llJVllJ1EJL(l'!JLVl'iflVl'VI L'VI'l<11'l LL(l::: e-mail 

mAi'll1~~A1i.'1(il~-tl~n'lli'VIUl Aru~LL'fj'VIfH'11MI1 ~Vll,nn ';i(limni'VIU1RU n~~L'VI~).JV!ltlA'j 10330 

l'VI'i~wvl +66-2-256-4718 

E-mail Address : ndsomchai@yahoo.com 

5. 	th::1~nl'l~n'\!l1 

1972-1979 M.D. 

Faculty of Medicine, Chulalongkorn Un ive r ~ ity, bangkok, Thailand 

1979-1982 	 Residency training in Obstetrics and Gynero lo~y, 

Faculty of Medicine, l hulalongkorn Universi ty, 8dngkok, Thailand 

Professional membership: 

Thai Medical Council 

The Royal Thai College or Obs tetricians and Gynecologists 

Thai Gynecologic lancer Society 

Thai Society of Colposcopy and Cervical Patho logy 

The Medical Association 'Of Thailand 

Peer-reviewed publications: 

1. 	Lertworapreecha M, Patumraj S, Niruthisard 5, Hansasuta P, BhattarakosolP Mouse acquired HPV 

tumor using dorsal skin-fold window chamber. Indian J Exp Biol 2009 May;47(5) 327-32. 

2. 	TantbiroJn P, Triratanachat S, Trivijitsilp P, Niruthisard S. Human telom~se reverse transcrip tase 

(hTERT) expression in borderline ovarian tumors: an immunohistochemical study. J Med Assoc Thai. 

2009 Mar;92(3) 308-14 

3. Tanthirojn 	P, Triratanachat S, TrivijitsilfJ P, Niruthisard S. ( omparison between adenocarcinoma in bo th 

endocervical and endometrial specimens from fractional curettage and patholo\5 iC findings In 

; ubsequent hysterectomy specimens. J Mea Assoc Thai. 2008 Sep;91(9) 1313-7 

4. 1 antbirojn P, Triratanachat S, Trivijitsilp P, Niruthisard S. Detection or PTF N Immunoreactivity in 

endometrial hyperplasia and aci('nocar:::inoma. J ;'!le'l Assoc Thai. 2008 Aug;91(8): 1161 -5. 

5. Sirayapiwat p, Suwajanakorn S, Triratanachat S, Niruthisard 5, The effects o f GnRH an tac;onist on thE' 

erl dometriurn of normally rnen st r ua tim~ wornerl. J As s!st RefJrod Gene t. 2007 Dec;24([ 2b 79-86. 

mailto:ndsomchai@yahoo.com


149 

6. 	Manchana T, Sirisabya N, Triratanachat S, Niruthisard S, TannlrancJorn Y. Pyomyoma in a 

perimenopausal woman with intrauterine device. Gynecol Oustet Invest. 2007;63(3): 170-2. 

7. Triratanachat S, Niruthisard S, TriviJitsilp P, Tresukosol 0, Jarurak N. Angiogenesis in cervical 

intraepithelial neoplasia and early-staged uterine cervical squamous cell carcinoma: clinical 

significance. Int J Gynecol Cancer. 2006 Mar-Apr;16(2):575-80. 

8. 	Kitkumthorn N, Yanatatsanajit P, Kiatpongsan S, Phokaew C. Triratanachat S, 1 rivijitsilp P, 

Termrungruanglert W, Tresukosol 0, Niruthisard S, Mutirangura A Cyrlin Al promoter 

hypermethylation in human papillomavirus-associated cervical lancer. BMC Cdncer. 2006 Mar 8;6:55. 

9. Kiatpongs<ln 	S, Niruthisard S, Mutirangura A, Trivijitsilr P. Vasuratna A, Chaithongwongwatthana S. 

Lertkhachonsuk R. Role of human papillomawus DNA testing in manalSement of women' with atypical 

squamous cells of undetermined silSnificance . Int J Gynecol Cancer. 2006 Jan-Feu;16(l ) 262-5. 

10. 	Bhattarakosol P, Lertworapreecha M, Kitkumthorn N, Triratanachai S, Niruthisard S Survey of human 

papillomawus infection in cervical intraepithelidl nc'upldsia in Thai women. J MecJ Assoc Thai. 2002 

Jun;85 Suppl 15360-5 

11. Pornthanakasem W, Shotelersuk K, TermrunlSruanlSldt W, Voravud N, Niruthis.ard 5, MutirJrllSura A 

Human papillomavirus DNA in plasma of patient, with cervical cancer. BMC Cancer. 2001;1:2. 

12. 	Limpaiboon 1, Pooart J, Bhattarakosol P, Niruthisard 5, Chantratita W, Lulilanond V p53 status and 

human papillomavirus infection in Thai women with cervica l carcinoma. Southeast Asian J Trop Med 

Public Health. 2000 Mar;31(}):66-71. 

13. Lertworapreecha M, Bhattarakosol P, Niruthisard S. Detectiori and typing of human papillomavirus In 

cervical intraepithelial neoplasia grade III in Thai women . Southeast Asian J Trop Med Public Health. 

1998 Sep;29(3):507-11. 

14. Reinprayoon 0, Taneepanichskul S, Niruthisard S, Suwajanakon S. Uterine histopathologic changes 

after Cu-Fix intrauterine device insertion. Contraception . 1999 Jan;59(1):63-5 

15. Charuruks N, Voravud N, TermrunlSruanglert W, Lertsanguansil1chai P, T{.esukosol 0, Niruthisard 5, 

Sirisabya N. 13-cis-retinoic acid and interferon-alpha 2a therapy in locally advanced squamous: .ell 

carcinoma of the cervix: p53 alteration, proliferati n'l ; \!ll nuclpar~ntil5(Cn cxprl'ssion and anlSiol5en\.'sis 

re~ponse. J Obstet Gynaecol Res. 1998 Oct;24(5U3)-4 l 

16. MutirJnlSura A, :,riuranpong V. Termrun~sraun~l(~ rt \IV, rr25ukosol l), Lertsal5uansincllal P, Voravud N, 

Niruthisard 5 Telomerase activity and human paf'Jill~mavirus in malignant, pr, 'mallgnant anrl b(Cn i '~ n 

cerv ical l('sions. Br J Cancer. 1998 Oct;7R(7\933· 'J 

17. Van Damme L, Niruthisard 5, Atisook R, Buer K, Dally I . Lilsa (vi, i.ange JM, Karam M, Perriens JII. 

)akty c-valuation o f nonoxynol-9 ISelin .vl m . 'n at i:)\'/ risk 01 HIV irlfectlon. f\ID). 1998 t.lar 

~,12(4;G33- { 



150 

18. Bhattarakosol p. Poonnaniti A. Niruthisard S. Detection and typing of human pal lillomavirus in cervical 

cancer in the Thai. J Med Assoc Thai. 1996 Dpc; 79 Suppl I :S56-6il . 

19. Hemachudha T. Niruthisard S. Sirivichayakul S. Chomchey p. Wilde H. HTLV-I has reached Thailand via 

a heterosexual route. Trans R Soc Trop Med Hyg. 1992 Jul-Aug;86(4):a3il . 

20. 	 Niruthisard S. Roddy RE. Chutivongse S. Usc of nonoxynol-9 and rpduction in rate of gonococcal and 

chlamydial cervical infections. Lancet. 1992 Jun 6;339(8806): 1371-5 

21. 	Niruthisard S. rrisukosol D. Male sexual behavior as risk factor in ce rvical cancer. J Med Assoc Thai . 

1991 Nov;7il(J 1)507-12 

22. 	Niruthisard S. Roddy Rl:. Chutivongse ) The effects of frequent nonoxyno l-9 usC' on the vaginal and 

cervical mucosa. Sex Transm Dis. 1991 Jul·')ep;18(3) 176-9. 

... 




151 

2. 

3. 

4. 

5. 

6. 

7. 

J1tJ'LI L~lJVl1lm-~(jJ 
./ ~ 

'08 (rn~nv~flfJ\1) Numfon Khemthon~charOi'n 

1'lJ,Q)8'lJtlLf\\il 24 llJ'I;l~14 252: 

?It;1l14vhn\il fI~~LVlYllJVTUm 

?I t;1l14 rnYl f11'l?llJ'l?l 1?1~1 

~1"VI,j~U'iJ~,j'lJ 
d 	 , , 
Vl1l ~VI'lJ1~ 1114 ~'LI81~~BL~ flVI'l8 U n~"fj:!A8lJVll ,\JI1l1L,vi1'll10l 

L1J 8~1Vl'lf'1Ylvl 08 1-40 2 1155 

2549-2552 lV1tnf'11?!'iI1lJVl1,jru<lli\JI (,VlAUAfll'mYlVlv) mnlVl~laVlJi\(;)fj 


2545-2558 lVl ~1f'11?1!;)1,jru.fi!;) ( LVlAUAnl'm~~VlcJ) lJ'\nlVlEnatM~v11I 


publications ' 

N. 	Khemthon~charoen , R Jolivot, S. Rattanava'il i . and W. Piyawa ttanametha, "Advances in imas in ~ probes and 

optical microsndoscopic imaging 'technlques for ear ly In VIVO cancer assessment," Advanced Drug Delivery 

Reviews, In press 

Proceed!n~s/Conferences ' 

N. 	Khemthongcharoen, A Ruangphacha, and W. Piyawa ttanametha, 'Phage Display Specific p161NK4a Binding 

Peptide for Ex' Vivo Cancer Cells I,naging," Th(' 6th IEEE International Conference on Nano/Molecular 

MediCine and Engineering (NanoMed 2012), Bangkok, Thailand, November 4-7, 2012. 

N. 	 Khemthongcharoen. A. Ruangphacha. P. Sarapukdee, P. Wongsawatsuriyha, F. Beadyananda, and W. 

PiYdwattanametha. Acridine orange staining fo ' cell analysis. 8th Asian Congress for Microrirclation, Bangkok, 

Thailand. October 26-28, 2011. 

N. 	 Khemthongcharoen, A Sappat, K Jaruwongrun gsee, A Tuantranont, W. Wonglumsom and C Promptmas. 

Development o f Piezores istive Microcanti lever as a DNA Sensor for Chol~ra Toxin Gene Detection. 8th As ian 

Conference on Chemical Sensors (ACCS 2009), Daegu , South Korea November 11-14, 2009. 

N. 	 Khemthon~charoen, A Sappat, K. Jaruwongrungsee, A Tuan tranont, W. Wonglumsom. C Promptmas 

Preparation of Piezoresistive lvIicrocan tilever for BiosensJr Application. Annual Conference on the National 

Research, King lvIongku t' s Institu te 01 Technology Ladk,abang, Bangkok, Thailand, 2009. 

P 	 Sa rapukdee. S Rattanavarin. U. JaruJa'cet , N. Khemthongcharoen. R Jol ivot. It W Jung. D. Lopez. 1vI. J 

r..landeIl3. and W f' iya\'la ttanarneth ~ . -Hdnclheld lvIultisrectral Dual -Ax is Confocal Micr05core for Cervical 

Cancer ScreeO/n~ . - The In ternat ional soere ty for optics and photonics , Photonics West 2013, San Francisco, 

Cal iforni a. USA. FelJruarj 5-7. 20 13 

http:lVl~1f'11?1!;)1,jru.fi


152 

A. 	 Ruangphacha, N. Khemthon~charoen, W. Piyawattanametha, "Homolo~y mouel i l l~ charanerrzation of CDK~

roscoviline complexes," 11th International Confc:rence on B:oinformatics (In(oB 2012), Ban~kok, Thai land, 

October 3-5, 2012 

S. 	 Rattanavarrn, P Sarapukdee, U Jarujafeet, N. Khemthon~charoen, A. Ruan~pracha, M. J Mandella, and w. 

Pi)'awattanametha, "Handheld Cervical Confocal Microscope Based on a MEMS Scar.cler," ASia-Paci fic 

Conference on Transducers and Micro/Nano Technolo~ies (APCOT 2012), Nanjlng, China, July8-11, 2012 

P 	 Sarapukdee, S Rattanavarin, U. Jarujareel, N. Khemthon~charoen, A. Ruan~pracha, M. J Mandella, and w. 

P,yawattanametha, "MEMS Based Handheld Dual-Axis Confocal Microscope for Cervix Cancer Sc reen in~," 

I~ternational Conference on Electrical En gi neerin~/Electronics, Computer, Telecommunications and 

Information Technology (LCTI-CON 2012), Ilua Hin, '1 hailand, May 16 18, 2012. 

P. V'ion~sawatsuri yha, N. Khemthon~charoen , and W. Piyawattanametha. Vldro Mosaicing for Real-time Field of 

View Enhancement. IEEE Robotics and Biomimetics (ROBIO 2011). Phuket Island, Thailand December 7-11, 

2011. 

A. 	 Tuantranon t. A. Sappat, T Lomas, A. VVisitsaraat. U. Sungkanak, N. Khemthon~charoen, and C Promptmas. 

M,crocantilever Sensors for POlnt-of-Care Detec tion." Proceeding of ti le sensJr syrnposiu1 ~ on sensors, 

micromachines ancl applied systems; 25"', 739-70,2, Japan. 2008. 

Numfon Khemthon~charoen, Athisake Ruangphacha, VVibool Piyawattanametha, Santi Rattanavarin, Pon~sak 

Sarapukdee, Ungkarn Jarujareet, Suthiluk Paturnaraj, Somchai Nirutisart, Romuald Jolivot 201 2. Specific 

peptide tracers and their using method for pl6lNKo,a' de'tection, Application rrumber 1201003486 (Thailand) 

Numfon Khemthon~charoen, ChamrasPromptmas ,Adisorn Tuantranont, and Assawapong Sappat. 2011. 

Peparat lon of microcantilever-based DNA sef)sor system for cholera toxin sene detection, Application 

numberl101000803 )Thailand.( 

Research scholarships' 

The Graduate Scholarship of the Faculty of Medical Technolo~y, Mahidol University 2006-2007 

Scholarship for Master's De~ree Student Support. Biosensor Research..l'roject BT-B-O I-NG-14 500 l. National 

Center for Genetic En~ineerrn~ and Biotechnolo~y (BIOTEC), Thailand. 2007-2008 



153 

1. 	 ~il (m'l'.I11'VltJ) 'W~ -dP1n~ <'ll'i ~.nniii 

(m'\'ll tl~n'1'\'1) Pon~sak Sarapukdee 

2. 	 l{;1'U'\IIlJ1tJU 'i~"ihQl'nJ'i~'Ul'U"\J 1 451400004 23 8 

3 . 	 \illLLl-IU~tl \J \JU\J ~'lhl'J'un ':hl{J
, 	 v 

4 	 VlUJtJ~l\J~€l~~i1lVllliilM'W~mJ1'Vl'iP1yn1U.n~1'Vl'1<'l1'i 

~\Jci l'VlA1\JTnu5l~n'V1'i€lilm1LLn~A€l1.JY1Jl\i1€l1Ll~~'Ul~ (NECTEC) 

~tl~ 32 1 112 (1\J\J'WVl nlV5\J !illUnAntl~VI~~ tllUl€lAn€l~VlnJ~ ~~V11VlU'I)1.J61i.J 12120 

Advance Ima~in~ Research (AIR) Center 

A(1J~lb~'VltJI'11Md ~vnn~n'irul.JVlli'VlVl11tJ 104 C1\J\J'il'!lfi11~ Ll'1JJ~U"l1.J1U L'1J \i1 U'l'jl.Jl\J n~ ~l'Vl'W" 10330 

lVl'iP1'Wvi 	 +66 (0)2-564-6900 Ext 2332, +66 (0)2-256-4547 

1'Vl':i<'l1'.i 	 1·66 (0)2-564-6756 

e-mail: sarapukdee@~mail. (l.)m 

'j~QlU~'ll 'lll,d ,)'VlU . (L'Vlflil~lm'.iL\V~'Vl~) ~~ln~n'i rul.J.,ni'VltJl11tJ 

'i ~QlU~'ll'll11'Vl J'Vll.J\1mflm.J~JLJ'lJ) U'll.fi\i11VlVl11tJ ~Vf1n~n'irul.JVlliVltJl11tJ 

6. 	 <'ll'1Jli'lJlm'i~ljl'nll.J'lll\Jl'lJ/Alll.J~\Jh~Lf'1'\'1 

Biosensors, Electronics, MEM5-BASED, LabViews Prollrammin~ 

7. 	 U'i~<'lUm'.iru~L~tJJ-ii"il~nU~lui~tJ 

~l\Ji~tJ1\J'.i~ I'lU\.i'1'll'lllLVI : . rn'ju'.i~~'\'1~ LA~tl~il "il\i1'iJ\J11'I~Jv'\II11nrn'i m'i~Vl n~"\J LL<1 ~'!liJVll.J1nJl':h~mtJ 
~lV1~U\i1'm)"rVlrn'.iLtl~mJLLUn~'i~I'lU1"\J(Jl~ ntltl n 1'll11i""'11-3\Jlnn'i:;~tlv\'JtJ m'.i~VlLL'Uti 

8. 	 Publications: ... 
P. 	Sarapukdee, S Patumraj ,M. Sriyudthsak,"Non-invosive nitric oxide opticol sensor", Th e' 2nd 


Sympos ium on Thai Biomedical F.n~ineerin~, Banllkok, October 5-6 , 201 0. (2.,) Paper 


Award) 


P. 	Sarapukdee, '> PdtumraJ .M Sriyudthsak, "Non- invasive nitric oxide upticol sensor", 13th Tsr,;1 

annual Meetin~ of Thai Society o f Microcirculation, Bangkok, lhailand, December 3, 201 0. 

(i '" Poster Award) 

P. Sarapukdee. S. PatumraJ ,IV\. 5riyudth'>clk, "A deveopment of un non -invasive opticol sensor for 

determinlll r; nitric oxide chonr;es after arm-cuJJ' occiu)/on ·' . 8 th Asian Congress for 

Microcirclation, Ban llkok. Thailand, October 26-28, 20 I l ( I ' Poster AVlardl 

mailto:sarapukdee@~mail.(l.)m


1b4 

N. Khemthongcharoen, A. Ruangphacha, P. Sarapukdee, P. Wongsawatsuriyha, 

F. Beadyananda, and W. Piyawattanametha, "Acridine orange staining for cell 

analysis", 8 th Asian Congress for Microcirclation, Bangkok, Thailand, October 26 

28,2011. 

Pongsak Sarapukdee, Santi Rattanavarin, Un~karn Jarujareet, Numfon Khemthon~charor' n, Athisake 

Ruangphachal, Michael J. Mandella, and Wibool Piyawattanametha, "MtMS-8ased 

Handheld Dual-Axis Confocal Microscope for Cervix Cancer Screeninr{', 9th International 

Conference on Electrical Engineering/Electronics, Computf' r, '1 elecornrnuni(cl tlons and 

Information Technology (ECTI-CON 20 12), Hua Hin, Thaildnd, May 16- 18, 20 12. 

S. 	Rat tanavarin, P. Sarapukdee, U Jarujared, N. Khemthongcharoen, A. Ruangpracha, and Wi bool 

Piyawattanarnetha, " Handheld cervical confocal microscope based on a rnems scanner", 

The Sixth Asia-Pacific Conference on Tra nsducers and Micro/Nano Technolog ies , Nanj ing, 

(hina, July 8-11, 2012. 

~. Rattdnavarin, Pongsak Sarapukdee, Ungkdrn Jarujareet. Numfon Khemthongcharoen, Athisake 

Ruangpracha, Romuald Jolivot, Il Woong Jung, Dan iel l opez, "Handheld Multispectral 

Confocal Microscope for Cervical Cancer Dia~nosis ", Optical MEMS & Nanophotonics 

Conference 2012, Banff, Alberta, Canada, August 6-9, 7.0 12 

... 



32 

1. 	 ~eJ-'lJl1J~~6'l (i111~111v1fJ) 

(fI11;T5~n'11;) Santi Rattanavarin 

3200900231150 

~'IJ!h'VIi'll'IJ16'l!nh~nmeJijn~ Lb6'l:;i'leJ1JYl'"lbIJleJiLL'l';~'Ul~ (NECTEC) 


~v~ 321 112 (1'IJ'IJ'WVl1'I1tJ5t1 1Il1U'H'11'Iv~Vlt1~ ellUlvf"lilv~Vl1'IJ~ ~~w)'mJvPJiili.j 12120 


Advance Imaging Research (AIR) Center 


!'Iru::ll'W'IItJl'1l<'1'114 ~Vlli1~mrulJVlll'lltJl~tJ lOil m. :.J)l·o,h~ ll'V J~t1'VllJl'IJ l'VVl1J~lJl;' 


n~~l'llWI 10330 


L'II11'i''t4vl: +66 (0)2-564-6900 Ext 2332, +66 (0)2256-4547 


1.'111<'11'1: +66 (0)2-564-6756 


E-mail: sdntikurt@~ mail.com 

5. tl~:;-mn1~tln1;l 

2008; 	 Master of En~ineerin~ (Production En~ineerin~) 

Faculty of Engineerin~, Kin~ Mon~kut's University of Technolo~y North Bangkok, Ban~kok , 

Thailand 

200il; 	 Bachelur of Science in Technical Education (Mechanical En~ineerins) 

Faculty of Technical Education, KinS Monskut's University of Terhnolosy North Ban~kok, 

Banskok , Thailand 

6 . ~1'Ul1'Uln1~vjiii'l,)11J';1'IJ1'Y/i'l,)11J<1'IJ1\1YlLI'11; 

- Pneumatic and Hydraulic System 


- Mechanical Desi~n 


7. Publications: 

Rattanavarin, S. ; Sarapukdee, P , Khemthon~charoen, N. ; )arujaree t, U ; )ol ivot, R. ; JunS, IW. ; 

Lopez, D. ; 1'J1andella, M.J , Piyawattanametha, W "MEMS bosed multispectral canfocal 

probe", Solid-State Sensor s. Actuators and I J1 iuosystems (TRANSDUC ERS & EUROSENSORS 

http:sdntikurt@~mail.com


33 

XXVII), Z013 Transducers & Eurosensors XXVII: The 17th International Conference on Digital 

Object Identifier: 10.1109(fransducersZ013.66Z7Z33 Publication Year 2013 , Page(s): 2 173 

- ZI76 

Pongsak Sarapukdee ; Santi Rattanavarin ; Ungkarn Jarujareet ; Numfon Khemthongcharoen , 

Romuald Jolivot, et at. " Handheld multispectral dual-axis confocal microscope for 

cervical cancer screenJn~ ", Proc. SPIE 8575, Endoscopic Microscopy VIII, 85750V (March 13, 

2013); doi:l0.111 711Z.Z004Z24; http//dx.do i. oro/ I0.111 7112.2004ZZ4 

Tantipiriyakij , P. ; Sankatumvon~, P ; C,arapukdee, P , Rattanavarin, S. ; Jarujareet, U. 

Khemthongcharoen, N. : Ruangphacha, A. ; II Woong Jung ; Piyawattanametha, W. 

" (haracteristics of MEMS sconners with different drivin~ bias", Electrun Devices and Solid 

State Circuit (EDSSC). Bangkok. Thailand. December 3-5 , ZOl 2 

Rattanavarin, S. , Sarapukdee. P . Jarujareet. U. ; Khemthongcharoen. N. ; Ruangpracha, A. ; Jolivot. 

R. ; II Woong Jung ; Lopez. D. ; Mandella. MJ ; Piyawattanametha, W. "Handhdd 

multispectral confocal microscopefor cervica l concer dia~nosis ", Optical MEMS and 

Nanophotonics (OMN), 2012 IntC'rnational Conference on Digital Object Identifier: 

10.1109/0MEMS.20 lZ .63 1879Z Publication Year: 201Z . Page(s) 41 - 42 

II Woong Jung , Rattanavarin. S. ; Sarapukdee, P. , Mandella, M.J. ; Piyawattanametha, W. ; Lopez, 

D. "2-0 MEMS scanner for handheld multispectral confocal microscopes", Optical MEMS 

and Nanophotonics (OMN), 20lZ International Conference on Digital Obje<;:t Identifier: 

10.1109/0MEMS.2012.6318891 Publication Year: 2012 , Page(s): 238 - Z39 

S. 	Rattanavarin, P. Sarapukdee, U. Jarujareet, N. Khemthongcharoen, A. Ruangpracha, and Wibool 

Piyawattanametha, "Handheld cervical confocal microscope based on a mems scanner" , 

The Sixth Asia-Pacific Conference on Transducers and Micro/Nano Technologies, Nanjing. 

China, July 8-11, ZO lZ. 

... 
Pongsak Sarapukdee, Santi Rattanavarin, Ungkarn Jarujareet. Numfon Khemthonl5charoen, Athisake 

Ruangphacha I, Michael J. Mandella, and Wibool Piyawa ttanametha, .. MEMS-8ased 

Handheld Dual Axis Confoml tv licroscope for Cervix Conctlr Screenin~" . 9th International 

Conference on Electrical Engineerin g/Electronics, Computer, Telecommunications and 

Information TC'chnology (ECTI-CON ZOI2). Hua Hin. Thailand. May 16-18, 20 12. 

http:10.1109/0MEMS.20


311 

8~111'i 'J1'~\JI~1il 
d v 

'!lv (f1l'l'l1i)~n()'I'I) Ungkarn Jarujareet 

2. 	 l,"L&im.itJLn~ 28 ~()'I'If1l11lJ 2528 

3. 	 ?I (l1,"Vi LnVl ~~'\.-Il\il'l.J'il tlll?1 

4. 	 ?I(l1,"f1lYl f11'l?l lJ'l?l l?1~l 

5. 	 ~IL\'v1'l1~tl'J~UtJ ~'lhvunl~v 
.J 	 , , 

6. Vlv~V'\nVHU ~UV1~vllL~ n'VI'iv\jn~LL{i:;f1vlJYi,)LIil viu";~'IJ l~ 

-, L1JeJ'fhnl'1'wYl 086-7336552 

8. 	 U'l:;l~ f11'i~mn 

2)48-255 1 lmm'ilJf'1lMl'hn,nurui;i1il ?I l'lnl '0 1 lmm'llJ11vlJ~lLlilv i 

~Vll{i~ mrulJ'\.-IllViv l<1V 

2544-2547 	 lmm'llJP1l?lliliU'ru.n1il ?l1'lnl'lJl lmm'llJflillJi4':lLVlv1 

lJ'\.-IllViV I~EJ 5'i 'llJl'1l?l~1 

9. 	 U'id~nl"jvh~ IU~~Ir1C\J LLi1:; Professiunal Activitirs 

10. 	 LfiCJ'i~U 'i tl~/'i1~1i1~ L11 EJ1\il.y\J 

11. t-J,~nu L'll 'U ll'j?lI'll'!lIf1l'l'l:;vi\J'tJIUl'!lI~, 11'inl'i'l'!lIf11'i'i:;v11J'!l1~, '\.-IU~~v ~Yl5UIll'i (lU \J) :;LYlI'1LLi1:; 

ii11~U'i:;\V1f'1) 

1) 1JV1flllW~€l~"A Fast Algorithm for Iris Localization" ,lilnuv1U~luu'l:;'tllJi'!llf1l'i The l2'h 
National Computer Science and Engineering Conference 2008 ,y~vtt'i~lL"jlJnv~{:1'!lf1liL\ilu t~ 

LIili1 \.(vu~ ?lUI ~V1EJl 'i:;wh~lu~ 20 . - 21 ~()i'I~f11t1U ~ . i'I . 2551 UV1f111lJd~~lJ~1nu 
Proceedings of 12'h National Computer Science and Engineering Conference 2008 'v'l'ui 

406-1\ 13 

2) 	 UV111l1m~€l~ "An Iris-Blob Map - A Novel Feature for Iris Pattern Identification" U1L?lUvL'U 

~luu"j:;'!llJi'lJlf1l"j The 6
th 

International Joint Conference on Computer Science and 

Software Engineering 2009 ,y~vjh~LL'ilJ{ilQ'Ul U'!l iJLlilil 'i:;Wil~lU~ 30 ~()i'I ~f1lEJU - 3 gUllfllJ 
.%<,q ~!'I 	 th ... 

'1':.i'I. 2552 UV1mllJUIIl~lJVII1\'U Proceedings of 6 International Joint Conference on 

Computer ScienCe and So ftwalt: Engineering 2009 WUI 257-262 

3)\JVlrnllJL~v~ "An Improvemrnt of Iri s-Blob Map Approach For Iris Identifica tion " U1L?lUvlu 

~lUU 'i:;'tl lJl'!llf11"j ECTI-CON 20 10 ~(i)vjh~ \L'ilJL~ lJ L~'i'lJ Liitl~l '\.-Ill 'i:;\-111~lU~ 19 - 21 ml';JIl11lJ 

";f'1 . 2553 \JVlfllllJd~~lJw111tJ The 2010 ECTI International ConFerence on EleLtrical 

[ngineerin'5!Electronics, Compu ter, Telecomunication and Information Technology \-1UI 

846-850 

12. Y1U%u~LI·lEJlvl1u 

13 V! ,"l ~u1tJiJ\J ~ 'uu 



1:'1 

1. ~tJ (m~n1vltJ) 
oJ ~ 
'/ltJ (m'\11tJ~fl~'\1) 

2. l'UL~tJ'UtJL1'i1'l 

3. 

4. &1()1'lJmVjfll'~,UJ'i?l 

5. !illLLVltJ~iJ\I~U'U 

6. 
"I , , 
VltJtJVI'lJJtJ~l'lJ 

~ 

7. 

2549-2552 

2545-2558 

JleJ'lJ L~lJVltJ~L'il~'I! 
Numfon Khemthongcharoen 

24 LlJ'\11U'U 2527 

fl~~LVI'I'IlJVll'Um 

1MI 

~e:.. v 	 ~ ~ co. ~ ..... I """ 

~'UtJJ'il UtJLi1 flVl'ltl'Ufl(\UC1:; 1'1 tl}JVjl LI1l tl 'j LL VI ~'tl111l 

081-402-1155 

1'l1l:nP11(\I1l~lJ'VI1Uru?1 " 1 (L'VIf1ilflfll'lLL'W'VI8) lJ'\,niVltJl~tJlJi1l'lC1 

iVlUl!'11?1\11~Uru?1\11 (LVlfl'Ul'l fll'lLL'I'I'Il8) lJVlli'VIl'Jl~t;lJi1vli1 

Publicatjons' 

N. Khemthon~charoen, R. Jol ivot, S. Rattanavarin, and W. P,yawattanametha, Advances in ima~in~ probes and U 

optical microsndoscopic imaging techniques for early in vivo cancer asses,rnent," Advanced Drug Delivery 

Reviev. s, In press 

Proceedjn~s/Conferences' 

N. 	Khemthongcharoen, A Ruangphacha, and W. Piyawattanametha, ·Phage Display Specific p161NKlIa Binding 

Peptide for Ex Vivo Cancer Cells Imaging,' The 6th IEEE International Conference on Nano/Molecu\ar 

Medicine and Engineerin~ (NanoMed 20 12), Bangkok, Thailand, November 4-7, 2012. 

N. 	 Khemthongcharoen. A Ruangphacha, P. Sarapukdee, P Wongsawatsuriyha, F. Beadyananda, and W. 

Piyawattanametha. Acridine orange staining for cell analysis. Bth Asian Congress for Microcirclation, Bangkok, 

Thailand, October 26-28, 2011. 

N. 	 Khemthongcharoen. A. Sappa\, K. Jaruwongrungsee, A Tuantranont, W. Wonglumsom and C Promptmas. 

Development of Piezoresistive Microcantilever as a DNA Sensor for Chaera Toxin Gene Detec tion 8th As:"n 

Conference on Chemical Sensors (ACCS 2009). Daegu, South Korea. November 11-14, 2009. 

N. 	 Khemthongcharoen, A. Sappat, K. Jaruwongrungsee, A Tuantranont, W. Wonglumsom. C Promptma ,. 

Preparation of Piezoresistive Microcantileve' for Biosensor Application. Annual Confere.nc,' on tLc National 

ResearCh. Ki ng Mongkut' s Institute of Technology Ladkrabang, Bangkok, Thailand, 2009. 

P. 	 SarapukcJee. S. Rallanavarin. U. Jarujareet, N. Khemthon~charoen. R. Jolivot. Il W. Jung, D. Lopez. M. J. 

/\'\df\cie1l3 . and \V. f' lyawattanarn etha, "Hanclheld Multispectral Dual -Ax iS Confocal Microscope for CeNical 

Cancer Screening." The internat ional society for optics an el photonics , Photonics West 20 13, San Francisco, 

Californ ia. USA. FeiJruary 5·7. 20 13 

http:Confere.nc


15<' 

A. 	 Ruangphacha, N. Khemthongcharoen, W. Piyawa ttanametha, "Homology modelin~ characterization of CDKII 

rosCQvitine complexes: 11th International Conference on Bioinformatics (InCoB 2012). Bangkok. Thailand. 

October 3-5,2012 

S. 	 Rattanavarin, P. SarapukdE'P. U. Jarujareet, N. Khemthon~charoen, A. iluangpracha, M. J. Mandella, and w. 

Piyawattanametha. "Handheld CeNical Confocal Microscope Based on a MEMS Scanner," Asia-Paci fic 

Conference on Transducers and Micro/ Nano ;-ec.ilnologles (APCOT 2012). Nanjlng, China, July8-11. 2012 

P. 	 Sarapukdcc, S. Rattanavarin, U. JaruJared, N. Khemthon~charoen, A. Ruangpracha, M. J. /v\andella, and w. 

Piyawattanametha, "MEMS-Based Handheld Dual-Axis Confocal Microscope for CeNix Cancer Screenin~, " 

International Conference on Electrical Engineerin~/Elec tronics. Computer, Telecommunications and 

. Inforrnation Technology (ECTI-CON 2012). Hua Hin, Thailand, May 16- 18. 20 12. 

P. 	 Wongsawatsuriyha. N. Khemthongcharoen, and w. Piyawattanar'letha. Video r.losai()n~ lor keal time- ,:ield of 

View Enhancement. IEEE Robotics and B,om,mptir:s (KOBIO 2010. Phuket Islard. Tha~anc!. Jec"r" :)er 7-11. 

2011. 

A. 	 Tuantranont, A. Sappat. T. Lomas, A. Wisrbdraat. U. Sungkanak, N. Khemthongcharoen. d'd ( Pnnlf')tmas. 

Microcantilever Sensors for Point-o f-Care Detection." Proceeding of the sensor syrnf')osium on sensors, 

th 
micromachines and applied systems; 25 , 739-711 2. Japan. 2008. 

Numfon Khemthon~charoen. Athisake Ruangphacha. Wibool Piyawattanametha, Santi kattanavarin. Pongsak 

Sarapukdee, Ungkarn Jarujareet, Suthiluk Patumaraj, Somchai Nirutisart, Rom uald Jolivot 2012 Specific 

peptide tracers and their using method for p161NK4a detection, Application number 1201003486 (Thailand). 

Numfon "Khemthongcharoen, ChamrasPromptmas ,Adisorn Tuantranont, and Assawapong 'iappat. 2011. 

Peparat ion of microcantilever-based DNA sensor sys tem for cholera toxin gene detectio'n,Application 

number 1 101000803 )Thailand.( 

Research scholarships' 

The Graduate Scholarship of the Faculty of Medical Technology, Mahidol University 2006 -2007 

Scholarsi lip for Master's Degree Student Support, biosensor oiesearch~roject 8T 8-0 l-~. : , - lll-)O~ ~. ~: dt.)nal 

Center for :Jenetic Engineering and Biotechnology (BIOTEC), Thailand . 2007-2CJ8 



153 

1. 	 ~B (m~nlYlV) 'i'I-l';P1n~ l'11'l~f\n~1 

(m~15~nl)'t;) Pon~scJk Sarapukdee 

2 . 	 Li'l'(Jt-1lJ1VU'l~~,1li'1l.i'l~'(Jl'll'U 1 4514 00004 23 8 

3 . 	 ~'LLVlti~U~~U'U ~'1hvunl~u. 	 , 

4 . 	 Vlti1V-ll'U~tl~~lih'lIiltllJlY>J~tllJ1Yl'JP1Vn'hLfl~1Yl'Jl'1l'J 

':j'UvLYlfll \J lflV~h~f1V1) mJn~LLfl~flBlJY;1L\Iltl1m"~'lJl~ (NECTECl 

",tl'l 321 112 CU'UY>JVlflhJ5\J ~lUflflfltl'lVli1'1 €hLJltlflfltl~Vlfl';'1~'1W)91U'IllJ51U 12120 

Advance Ima~ing Research (AIR) Center 

flru:;LLV'lYlV\,\lf1(i1~ 'l'Wlfl'ln'JrulJVlllYlVl61V 104 (lU'U'l1'lJv111 LI.'U1'1U"llJltl L'U(i1UVp.Jl'U n~~LYlVf'1 10330 

l Yl'JP1vfI'l +66 (0)2-564-6900 Ext 2332, +66 (0)2-256-4547 

LV1':if11'J ·66 (0)2-564-6756 

E-mail: sarapukdL.e@~mail.com 

'J:;~1J~'l!'l!1(i1~ l'V11J(l'V1flUflrn'JLL)IJ'V1v) 'l'Wlfl-ln'JrulJVll1'V1Vl61V 

~'l:;~1J~'l!'l!11'V1 lYllJ(lmn'J'llJ:S1Ld'lJ) U'l!~(i11YlVl61V 'l'Wl11'1n'JrulJ'Vlllwn61FJ 

6. 	 f11'lJl1'IJlrn"i~lJflillJ'll1'U1IlVfll1lJl'1t1hY;L\,\~ 

Biosensors, Electronics, MEMS-BASED, LabViews Programming 

7. 	 tll:;f1Urn'lru~L~V1'llU'lA'un\Jl')V 

ntll~V1m:;v11J~'I!'I!llYl: rn:itl'l:;~i't;~ Lfl~U'liiB\il'i1~l91JllvVl~nnl':irn'i~91 n ~\J Ll.f1 '1'lJU91hJ1nJ'11'1 rnv 

rll'V11u{ll'j1~l91nl"jLU~V\JLI.tJ~m:;v1u1 \J(il1 nuu n1'lJ~h'l~~~lnm:;~tI~1vrn'l~91LL 'lJ'U 

8. 	 Publications: ... 
P. 	Sarapukdee, S. Patumraj ,M. Sriyudthsak."Non-invosive nitric oxide opticol sensor", The 2nu 

Symposium on Thai Biomedical Engint'erin ~, Bangkok. October 5-6 . 2010. (2" J Paper 

Award) 

P. 	Sarapukdee. S Patumrdj ,M Sriyuuthsak, "Non-invasive nitric oxide optical sensor". 13th TSM 

annual Meetin~ of Thai Society of Microcirculation, Bangkok. Thailand, December 3, 201 0. 

(2 '>C Poster Award) 

P. 	Sarapukdee, S Patumraj .M. Sriyudthsak. ",4 ueveopmellt of an nOn-iIlVQ)IVe optical sensor for 

determining nitric oxide changes after arm-cuff occlusion" , 8 th ASian Com;ress fOl' 

Microcirclation, Bangkok, Thailand, October 26-28. 20 [ I( 1" Poster Award) 

http:sarapukdL.e@~mail.com


b4 

N. Khemthongcharoen , A. RuangphaLha, P. 5arapukdee, P Wongsawatsuriyha, 

t. Beadyananda, and W Piyawattilnamctha, "Acridine orange staining for cell 

analysis", 8 th Asian Congress for Microcirdation, Bangkok, Thailand, October 26

28,2011. 

Pongsak Sarapukdee, Santi Rattanavarin, Ungkarn Jarujareet, Numfon Kh emthongcharoen, Athisak0 

Ruangphachal, Michael J. ".landella, and Wibool Plyawattanametha, "MEMS-8ased 

Handheld Dual-Axis Confocal Microscope for Cervix Cancer Screening", 9th International 

Conference on Electrical Engineering/ Electronics, Computer, Telecommunications and 

Intormation Technology (ECTI-CON 2012), Hua Hin, Thailand, May 16-18,20 12. 

S. Rattanavarin, P. Sarapukdee, U Jarujareet, N. Khemthongcharoen, A. Ruangpracha, and Wib,lol 

Piyawa ttanametha, "Handheld cerVical confocal microscope based on a mems scanner", 

The Sixth Asia-Paci fic Conference on Transducers and Micro/Nano Technologies, Na njing, 

China, July 8-11,201 2. 

S. Rattanavarin, Pongsak Sarapukdee, Ungkcl rn Jarujareet, Numfon Khem thongcharoen, Athisdkic 

Ruangpracha, Romuald Jo livot, Il Woong Jung, Daniel Lopez, "Handhe ld Multispectral 

Confocal Microscope for Cervical Cancer Diagnosis", Optical MEMS & NanophotoniCS 

Conferenre 2012, Banff, Alberta, Canada, August 6-9, 20 12 

... 



32 

1. 	 ;eJ-tmJ~~a (m~1h1fJ) 

(m~lei,:tn'l~) Santi Rattanavarin 

3700900231 1') 0 

~'lJihVI fll'IJlavii b~nVl'~eJijmhba~l'IeJ1JYl1 L\fIeJ {Lbvi~'!Jl ~ (NECTEC) 


~tN 321 112 C11..11..1YlvmlEJ5'IJ ti'l1U~I'I~V~."i1~ 81bf1vf"1~v~"'~l~ ~~wl~11JVp.J15 ~U 12120 


Advance Imaging Research (AIR) Center 

f1ru~!.:.YlV1I'J\'\1Ml; ~Vl '~~mrulJ"" lV1 EJ '~EJ 104 C11..1 1..1 'l1'tJvh~ Lb'Ul~uvp.rr'IJ b'Uli1'Uvp.rl1..l 


fll~LV1vll 10330 


lV1'lf1YlYI +66 (0)2564-6900 Ext 2332, +66 (0)2 -256-4547 


hmm +66 (0)2-564-6756 


E-mail: santikurt@~mail.conl 

2008; 	 Master of En~ineerin g (Production En~ineerin~) 

Faculty of En~ineering, King Mongkut's University of Technology North Bangkok, Bangkok, 

Thailand 

2004; 	 Bachelor of Science in Technical Education (Mechanical Engineering) 

F-aculty of 1 echnlcal Education, King Mongkut's University of lechnology North Bam;kok, 

Bangkok, Th ai land ... 

6 . ~1·tJ11'!Jlnl'avlijI'l111J1htJ1~/1'I111J~tJ1~Ylbl'l'l:1 

- Pneumatic and Hydraulic System 


Mechanical Design 


7. Publications: 

Rattanavarin, S .. \arapukdee, P ; Khemthongcharoen . N. ; JaruJaree t, U ; Jolivot, R. ; Jung, I.W. ; 

Lopez, D. ; Mandella, M.J ; Piyawattanametha, W. "to/1EM5 bosed multispectrol confoca l 

prove ". Solid-State Sensors. Actuators and t·l1 icrosys terns (TRANSDUCERS & EUROSENSORS 

mailto:santikurt@~mail.conl


XXVII), 2013 Transducers & Eurosensors XXVII: The 17th International Conference on Digital 

Object Identi fier: 10.11 09ITransducers.70 11.6627233 Puulication Year: 2013 , Page(s): 2173 

- 2176 

Pongsak Sarapukdee ; Santi Rattanavarin ; Ungkarn Jarujareet ; Numfon Khemthongcharoen ; 

Romuald Jolivot, et at. " Handheld multispectral duol-axis confocal microscope for 

cervical cancer screening ", Proc. SPIE 8575, Endoscopic Microscopy VIII, 85750V (March 13, 

2013); doi 10.1117 /1 2.2004224; http://dx.doi.org/ l0.l117/ 12.2004224 

Tantipiriyakij, P ; Sankatumvong, P , Sarapukdee, P , Rattanavarin, S. ; Jarujareet, U 

Khemthongcharoen, N. ; Ruangphacha, A. , Il VVoong Jung , Piyawattdnametha, W 

"Characteristirs of MfMS scanners with different driving bios", Electron Devices and Solid 

State Circuit (EDSSC), Bangkok, Thailand, December 3-5, 20 12 

Rattanavarin, S. ; ')arapukdce , P ; Jarujareet, U , Khemthongcharoen, N. ; Ruangpracha, A. ; Jolivot, 

R. , Il Woong Jung ; Lopez, D. ; Mandella, /\ii.) ; Piyawattanametha, W "Handheld 

mul tispectrol confocal microscopefor cervical cancer diagnosis" , Opticdl MEMS and 

Nanophotonics (OMN), 2012 IntC'rnational ConferencE' on Digital Object Identifier: 

1O.1109/0MEMS.2012.6318792 Publication Year: 2012 , Pa~e(s) : 41 - 42 

It Woong Jung , Rattanavarin, S. ; Sarapukdec, P ; Mandella, M.J , PIYdwattdnametha, W ; Lopez, 

D. "2-D MEMS scanner for handheld multispectral confocal microscopes", Optical MEMS 

and Nanophotonics (OMN), 2012 International Conference on Digital Object Identifier: 

10.1109/0MEMS.201 2.6318891 Publicati()n Year: 2012, Page(s): 238 - 239 

S. 	Rattanavarin, P. Sarapukdee, U. Jarujareet, N. Khemthongcharoen, A. Ruangpracha, and Wibool 

Piyawattanametha, " Handheld cervical confocal microscope based on a mems scanner", 

The Sixth Asia-Pacific Conference on Transducers and Micro/Nano Technologies, Nanjing, 

China, July 8-11, 2012. 

Pongsak Sarapukdee, Santi Rattanavarin, Ungkarn Jarujareet, Numfon Khemthongcharoen, Athi sdke 

Ruangphacha 1. Michael J Mandella, and Wibool Piyawattanametha, "MEMS-Based 

Handheld Dual-Axis Confocal Microscope for Cervix Cancer Screening ", 9th International 

Conference on Electrical Engineering/Electronics, Computer, Telecommunications and 

Information Technology (ECTI-CON 201 2), Hua Hin. Thailanu, (I;lay 16-18. 20 12. 

http:http://dx.doi.org
http:10.1109ITransducers.70


34 

el~fl1 ) '1)11\111\11 

d v 

'lJB (fY"l~l€l~n'l~) Ungkarn Jarujareet 

2. 	 l'tJL~m.ltJlnli1 28 ~'1\'JfY"lf1lJ 2528 

3. 	 1;'1 f\1'tJVi dili1 ~~ \-I l(11'U)15,)111 

4. 	 1;'If\1'UfY"lVlnl'l1;'lm1;'l 111 1i1 

5. 	 9:1LL'i"'w~il'l)'I)u'U ~'lhlJiinl~EJ 

7. 	 l'\J !)'ITVl1PlVfl-1 086-7336552 

8. 	 t1j~:mfmilln~n 

2548-2551 lmf11'llJm(l\l) 1lJ\-I1uru~\il 111'U11'll11f'n f,.j)lJfl!llJYl,)l\l)!l~ 

~~1 'l1n'irulJvnlVlEJ111tJ 

2544-2547 lmn 'l1lJm(l\l)~uru~(;) (l1 '1J11'IJ1 lmm'llm!llJ.ybliilB~ 

1J\-IllVl EJ l l1mmlJm(l 1i11 

9. t1'i~'Winl'lVh~l'U~~lA'1! Ll"~ Professional Activities 

1 O. l i'itJ'j~t1'j~l~/'ll~l~~lflEJhi''i''\J 

11. 	 e.J~~ltl L'li'U ,)1'l111'l1'lllnl'i'l~ ~'\JU 1U1'Uliii,;1'l111'l1'lnnl 'l)~~'\J'll1~, '\>lii~~!l i1Y15UIi1'i (l'UtI'l~LVlf'HL"~ 

1ii1~t1'l~ LV1f'l ) 

1) 	 '\JV1f1,)llJL~B ~" A rast Algorithm for Iris Localization " 111 Lf!'U!l1'U~lutl'j~~lJ;hnf)l'j The 1z'h 
National Computer Science and Engineering Conference 2008 ~1i1.ffi'i~ll'llJ~~~U'lln11L~'U lv 
l\il~ 1.I.!l'Ul'l 11t11W'Vl(Jl 'j~wh~l'U~ 20 - 21 WC)i'1~n lEJ'U W.1'l. 2551 '\J'VlfnllJl1~¥llJ'lnll'U 

Proceedings of 12 ~ National Computer Science and Engineering Conference 2008 ",':h 

406-41 3 

2) 	 '\JV1f1,)llJl~v~ "An Iris-Blob Map - A Novel Feature for Iris Pattern Identification" 111ll1'Uv1'tJ 

~1'UtI':I~'I1lJl'lllnl 1 The 6
th 

International Joint Conference on Computer Science and 

Software Engineering 2009 ~\ilvlh~lL'ilJ~lQ'Ul U'll iJLf\\il ':I~w;i1~llJ~ 30 ~'li'1~nlEJ'U - 3 5lJJlf11J 
f ' 	 th ..... 

'tU'1. 2552 '\J'IlfnllJil~i'11Jw111'U PrOCeedings of 6 International Joint Conference on 

Computer Science and Software Engineering 2009 VI';, 257-262 

3) 	 '\J'Ilr:,)11Jl~v~" An Improvemen t of Iris-Blob Map Approach for Iris Irlentification " tJ1 ,1;'I'tJvl'tJ 

~l'UtI'i~~lJl 'll lnl 'j ECTI-CON 20 10 ~li1yjh~Ll'llJLihJm'j'1l l~(J~h'llj 'i ~Vril ~l'Uyj 19 - 21 W'l~JllfllJ 

W.f1 . 2553 '\J'Ilf1,) l lJ tiOi Vl 1J~1n'U The 2010 ECTI International Confc:rence on f::lectrical 

Engineering/ Electronics, Computer, Telecomunication and Information Technology mJl 

846-850 

12 	 y!'U%(J ~LA EJhH'\J 

13 . 	 \~\il~ullJU\l ~u'U 


	ปกภาษาไทย
	กิตติกรรมประกาศ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	สารบัญ
	บทนำ
	การดำเนินการ
	ผลการทดลอง
	สรุปและวิจารณ์ผลการทดลอง
	เอกสารอ้างอิง
	ภาคผนวก

	Button1: 


