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'lh?1'UmLeJ'U~L~'U (Antigen Presenting Cell; APC) L'Ii'U L'1lmh~'U1m~mL(l:::LLlJLm'th~ dJ'UVI~~1'LIL'1l(l~~'lhV'~m~iJ~L.rr1 

~L'1l'f1'f11~~1 n~~~ L'1l(l~LVI~1,iihJVlU1Vl;;11r1ru1'UnTl'l11L?1'UeJ LLeJ'U~L~'U~8 L"mU81Vi~lJ1vJ1'1l())L ~8<uml11~lJnTi(l18u~'U8~
~, u 

11'11Vl'1l1'U'f1:::m~hi1'Um~1'Un1'l'vi8~lJYml?1:iJ~l'U'l:::~u in vitro ~~~~1'U NIP ~ 8: 1-10: 1 l~ei'mlm'lVl'll'U?1LvJl'1<U'LIL.rrl 

L'1l'f1~~~~Vll'U HEK293T 0~tJl~~VlLL'lh11'11Vl'1l1'Uh1ii strepavidin LLa:::1m'Un1'l'vi8~lJ'tlm?1iJVl '\II~~~lmr'U'l1111'11Vl'1l1'U­

strepavidin-'Wm?1iJ~lutilJflu biotinylated anti-F4180 antibody ~~~lL'Wl:::vi8LlJL(l~(lU'UeJ1L'1l(l~LLlJLmvJl~ ~~'Wu rh 

11'11Vl'1l1'UvlVlLLU'l,i~tilJ~llJf1U biotinylated anti-F4180 antibody hj~llJ1'lm~lJelv\'lln1'lVl'll'Uml~I'1<U'UL.rrl L'1l'f1~1m.J 

LLlJlm'th~ RAW264. 71v1' m'li>in~l,i~~ti~~ll~lLtJ'Uvi'v~lJnl'i?lmnL~lJL~lJL~8V11f111:::~LVI lJ1::: ?1lJ1'UnTilitA1Vl'1l1'Uvl~ 

LLu'll~:iJ strepavidin L~eJ'l11~~LLuu~~Lth~Lil'UL81ucJ~L'1l'f1~LthVllJ1~ Bnvr~ L~m~lJn1'l'l11L?1'UmL8'U~L~'Uvi8Vi~lJ1vJ1'1J()) 

~1~~~~M'V1~'Ul'l:::uU'tlm?1:iJ~~LVI~~1'l111~L'1l(l~Ln~8vLvi'vJl~ ~lnm'll.rr'tlm?1nVl~mj'U mTOR ~:iJm'lnm~'V1'U5~vh 
~ , 

1V11I'1L'U?1'1J8~ mTOR L~mL81'1~1&i 'tlUll?11lJl'lfl(tl'l1~'\IIlm'lLnVl88Lvi'vJlm'U HEK293T LL(l:::L'1l'f1'f11mJL~'U1~'l~n JAWSII 

M vl~,r'U 'l:::uUm'lLVI~~1'l118eJhi'vJl~~~MlJm'l~'lJ'Ul~'U vl~,r'U ~~LtJ'UhJMll?11lJ1'l fIHflfl:;;'U'1JiJVI~Lil'UL8l'Um'lm:::~'U 

n1'l(l1 eJU?1'Uu~'1J8~.fInAlJf1'U~U'l ~LVI ~n1'l'l11LVll'1ufll1lJl1i~llJn'U 
~ , 
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Abstract 

Transfection of plasmid containin~ an insert into cells is an essential step in various application in 

biomedicine such as ~ene therapy and DNA vaccine. Most cells take up plasmids with varyin~ efficacy. 

Anti~en presentin~ cells (APCs) such as dendritic cells and macropha~es are one of the hardest cells to 

transfect These cells play important roles in anti~en presentation to helper T lymphocytes to initiate 

effective adaptive immune response. In order to induce effective immune response upon vaccination, 

anti~ens can be tar~eted to anti~en presentin~ cells. DNA vaccine is a novel type of vaccine with 

potentials to replace currently in use vaccine because of its ease in preparation, stability and cost 

effectiveness. In ~eneral, DNA vaccine is administered via intradermal or intramascullar and believed to be 

taken up by any cells. Specifically tar~etin~ DNA vaccine to specific cells are ideal in order to induce 

optimal immune response . Autopha~y is a cellular defense mechanism to tar~et intracellular anti~ens, 

includin~ patho~ens . Parts of de~raded protein anti~ens are presented to helper T cells. Therefore, in this 

study, we aimed at developin~ a DNA plasmid delivery system tar~etin~ APCs usin~ chitosan nanoparticles 

and incorporatin~ autopha~y inducin~ system upon DNA delivery, usin~ autopha~ inducin~ plasmid. First, 

we optimized the transfection usin~ acid soluble chitosan particles that encapsulated DNA plasmid in 

vitro. At NIP ratio of 8: 1-10: 1 yielded the hi~hest transfection rate in HEK293T. We modified chitosan to 

contain strepavidin and encapsulated plasmid DNA. This step was followed by incubation of chitosan­

strepavidin-DNA plasmid with biotinylated anti-F4/80 antibody that specifically tar~etin~ macropha~es. 

Unexpectedly, modified chitosan incubated with anti-F4/80 antibody did not increase the numbers of 

transfected macropha~e cell line, RAW264.7. These results imply that it is necessary to further study in 

optimization in usin~ strepavidin-modified chitosan for tar~et cell specific DNA plasmid delivery. In 

addition, in order to increase anti~en presentation to T cells, we developed a DNA plasmid system which 

induced cells to undergo autophagy. Using plasmid containing mutated mTOR gene encoding inactive 

mTOR kinase, autophagy could be detected in HEK293T and dendritic cell line, JAWSII. Therefore, 

autophagy inducing system is established. Combining these techniques, it is possible to use DNA vaccine 

to induce robust immune response. 
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'lU~ 1 ?llJ~vll':]nltJm~'lI€I':]€I'Umfl'Ul1'U~lnlf11V1'll1'U~""mXlJ'Vml?1ii~~bB'Ub€l" . . 10 

'lU~ 2 nl'l""mXlJ~L'n~ii~~bB'Ub€ll~tJ€I'Ul.f11f1'U'11mJ1nlf11VI'lll'U" . 11 

11 
, , 

q I V -=­ Q c::o: CII V I I 

VlVI€lVllJ ~,mll.J~~L€I'UL€I pMaxGFP VI€lml~l'U NIP 1'11.:]1 

'lU~ 4 nl'lU,WI':]€I€1 n'll€l-l GFP 1'Ub'1!(;1(;11,ru RAW264.7 ~~1'Uf11'lVIJ1'U?lLy.jfl-tl'UJlltJ€I'U.fI1fl'U'l1'U~lnlfl" . 12 

1V1'(jl'U~""€I~lJ j'jm?lij~~LB'UL€I pMaxGFP ~elV1'll;;;l'U NIP vil~ '"1 

dU~ 5 (:,J(;1'lJ€I~nl'llLflJl~t-1 FTIR 'lJ€l~1f11V1'1!1'Uv1vmlh 
" 

12 

~U~ 6 nld""€I~lJ~LB'UL€I~m~ij~ pMAX-GFP J11tJlf11V1'1!1'Uv1v1LLU'l Chitosan Strepavidin 13 

~U~ 7 (:,J(;1nl'lV1'll'U?lLvlfl-tl'UJlltJ€I~.fI1f11f11V1'1!l'Uv1~LLlh Chitosan-strepavidin ~""€I~lJj'jm?lij~ 14 

pMAX-GFP L-rrl~ RAW264,7 

~U~ 8 nl'lLVI~tJlth1~\n~€I€11~y.jl~~tJnl'lV1'l1'Umvlfl-tl'Uj'jm?lij~ pmTOR VI~€1 pmTORKD 1'UL'1!~~ 14 

293T 

~U~ 9 nl'lml~Vllnl'lbn~€I€11~y.jlm'UL'1!(;1(;11mJ JAWSII v11J1r'\Jj'j(;11?1iiV) pmTOR VI~€1 pmTORKD 15 

~llJtl'\J pEGFP-LC3 
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U'IJ 'lJUU n 1 'Jl1l'V{ini:1:iJ ~~ bBU b€l~:wEju~h;J '1 bi 1G'1 b'IJ'il~ 'IJ €l ~~(1Il,1u :w f11'J~\llJU 1 ~U:lJ1 n b~ 8:wml:lJVlm nVl'il18'IJ €l ~ , I ~ 

,x~1u m:::UlU f11'J lh:::~'\'l6.nl'vHb'il:::fnl:lJ~lb'Vil~~m'IJ'il~bU1V1:lJ18 b~€l~'lJln:Wb '\'lAbUb'il Ej~~l btJu~€l;J1 oUm:::Ulu f11'J111 

'V'lmi:1:iJ~bilG'1b'IJ'il~~l~'1 ~:wLJ'J:::b8'tlu1uf11'J1off;J1U'\'l1~f11'Jbb'V1'\'l8byj:lJ~U b'liU f11'JVhEjUlhu~ (Gene therapy) f11'JLJ'iln 
~ I ~ 

lf1~U'tlU~~bBUb€l (DNA vaccination) btJU~U f11'Jv11Ej1.Jll1U~ ~€l f11'J111~U~bBUb€lLJnOi~~LJ'J~:lJlm~i:1Eju~btJUi:11bVl~ 

'IJ€l-:jf11'Jbil~b'JAbillLJ1ub'IJ'il~'IJ€l~€ll8l:::~Eju,1u:wml:lJ~~LJ n~ b~ €lLJ'J~b8'tlu1u f11'J-rf1'\~lAll:lJ~~LJn~'\'l1;J~u15m'J:lJbb'U'U. 
'Ill b'V11::: b 'liu nmyj:lJf11'Jbbi:1~~€l€ln'IJ€l;J8U~'lJ1V1V1181LJ VI~€l f11'Jb€lU~188u~LJn~ billLJ bb '\'lU~ ~~f11'J'lJU~ltJ'V1mi:1:iJ~~~:w 

8U~~€l;J f11'J111 bilG'1 b'IJ'il~btJu m:::UlU f11'J~lAru~'illbtJu ~€l ~:Wf11'J~\llJ1.J11~:WLJ'J:::~'\'l5.f11'V1i:1 ~ bb'il~:wml:lJ'ih b'V11::: i:1;J ~ €l b'IJ'il ~ 
"ILl "" 

bBUbmLJ~€ltJ (naked DNA) VI~€l1m~ tJ f11'J:W'VilV1:::111 bil (carrier) bb'il:::8U'IJ€l~bb€lUOi b'IJ1.J'IJ :::~.hu f11'J(I€lm~mb'il::: bb LJ'il'J~i:1 

V111~:Wf11'Jbbi:1~~€l€lmtJubLJ'J~u 'IJ 1 n,1ubLJ'J~UU.€lUOib'IJU'IJ:::~,hum:::UlUf11'J antigen processing b~€l111bi:1U€l~€lVi~:lJh~ 

1'IJ'I'lbb'ilnVl~tJl1111~bil~.n:iJA:lJflu~€llLJ 
~ . 

1.11f1b'\'l'IJ11.JbtJU'V11V1:::111G'1;J'V1mi:1:iJ~~b8Ub€l 

1uf11'J111'V1mi:1:iJ~~ bBU b€l~:W8u~~mf11'JbilG'1 
~ 

b'IJ'il~b~mh 8UU1U~VI~€l1mun l'JLJ 'il 
~ 
nlf1~U'tlijV1~ bBU b€llA~U,1U 

b'liU adenovirus, retrovirus, adeno-associated virus, herpes simplex virus U'il::: lentivirus btJU~U (Jiang bb'il~ 

1'1 ru:::, 2007) b lf1 b(1l€l1'VilV1:::ll-ri:1 b VI~ l-d:WLJ'J~~'\'l5.f11'V11uf11'J'lJU~ltJ~bBUbmilG'1b'IJ'il~i:1;J bb'il:::8;JmllJ'Illb'V11:::i:1WI€l b'IJ'il~ 
~ ~ ~ 

b U lV1:lJ ltJB nJi'ltJ bb~€l1'IJ:W r,.mifl;Jbfl tJ;J'lJl nmllJb~tJ;J1uf11'J m::: ~u f11'J(1I€l'Ui:1U€l~'IJ€l;J'J:::'U'U.n:iJAlJ nU'IJ€l~ b~l'Ulu~lM'U bb'il ~. .~ 

€l1'IJ:Wt:.J'ilifl~bfltJ~~bil~~U'lJlnll-ri:1'V11V1~vhoU ~lUblf1b(1l€l1'V11V1:::~llJ1 'tl1l-ri:1vhinwJmtJml'1'V1ln lipid-based vector 

bb'il~ cationic polymer ~;Jblf1b(1l€l1'V11V1~.ffilJ1'tl1l-ri:1'IJ::::WLJ'J:::~'\'l5.f11'Vi1Uf11'J'lJU~ltJ 8U ~1nl lblf1 b(1l€l1'V11V1~b-ri:1 bb~'IJ::::W 

f1l1:lJLJ 'il €l ~Ji'tJ~ ~ nll bb'il::::W t:.J 'ili1;J bfl tJ;J ~ m 'IJ'il~ U€l tJ VI~ €l bb '\'l'U hJ:iJ b'il tJ b~ tJ~All:lJ i:11:lJ 1 'J(l1u f11 'Jm::: ~u.n:iJ A:lJ nu. .~ 

(immunogenicity) ~1 :Wf1l111 btJuY1~~m'IJ'il~~lbb'ildl tJ~€l f11'Jb yj:lJLJ~:lJ1ru b~€l1111LJ1i;J1U v1~,1U ~;J1J1:Wf11'J~\llJUl 

nf1 b(1l€l1'V11V1:::.ffi:lJ1 'tl1l-ri:1:lJ11oUb yj:lJ:lJ1n~u 

lf1b'\'l'IJ1UbtJU1'Ub€l'V1€l~b:lJ€l115'J'JlJ'tllOi'tlu~VI~;J~'V1'U:lJ1n1U15'J'JlJ'tll~ b~mw'V11:::btJubLJ~€ln~lJ'lJm~(1Il'\'l:::b'il1un~:lJ. . 

D-glucosamine lf1b'\'l'IJ1UbtJu cationic polymer :WVI~€l::::iJ1UbtJUG'1luLJ'J~n€l'U lAb '\'l'IJ1Ui:11:lJ1'J(lU€l~nU~bBUb€l'IJln f11'J 

8€ltJb~tJ b€llJ1'IJ:lJ1Ji' VI'I.htJ8€ltJ'IJ€l;JlAb'\'l'IJluLJ'J~n€l'UJi'ltJVlli€l~:iJ1ubb'il:::VI:lJ1~m€ln<a'il~;Ji:11:lJ1myhLJ nil~tJln'Un~:lJ~u '1 lJi' 
"" ~, I 

lAb'\'l'IJluiiLJ'J~'IJ btJuUlmb'il:::i:11:lJ1'J(I'il~mtJJ11Ji1ui:11'J'il:::'ill tJ~btJum~bb'il:::8~i:11:lJ1'J(lLJ'J~ n€l'UbtJu€JU.f11A'lJU1~b~n1u. . 

'J:::v1'UhlbA'Jb:lJ(1I'Jbb'il:::Ulb1.Jb:lJ(1I'J1Ji' Bn~~ lAbYI'IJ1U8;J:WAll:lJ btJuY1~~m'1l'il~~lbb'il:::iii:1:lJu0i1uf11'Jfi~bf11~ n'U b~m:ij€ln 

(mucoadhesive) 1J1~ 1utJ 1998 Maclaughlin bb'il~Aru:::lJi''JlmlUf11'J1mAbVI'IJ1U1Uf11'J'lJU~ltJ'Vimi:1:iJ~~bB1.JbmilG'1 
~ 

b'IJml (Maclaughlin bb'il~f1ru~, 1998) lf1b'\'l'IJ1U1Ui:1ml:::~btJum~m:lJ1'J(lLJ'J~n€l'UbtJUi:11'JLJ'J:::n€l'Ub:U~.ff€lun'U'V1mi:1:iJ~~ 

b8ub€llJi'1~mil~elumil~tJ1V11~1~Yllbb'il~m'JLJ'J~n€l'Ub:U;Ji€lu,1Ui:11:lJ1'JmillLJ1u b'IJ'il'il1J11~tJm~UlUf11'J endocytosis 

'IJ€l;Jb'IJ'il~ VI~;J'lJln,1um'JLJ'J::: n€l'Ub:U~.ff€lUlAbVl'IJ1U-~bBUb€l'IJ::: (InLJ~€l tJ'lJln endosome bb'il:::bil~UlbA~tJi:1bb'il~ 1111LJG'1 
~ ~ ~ 
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~~lUlJ1M:wnl'i'ilCJ'I1Ub~CJltl'U1off;;11'iLh~nB'Ub~'1'li'Bulf1 1 YI'l11u-~hB1.JbB1Uf11'itll'Vim;;1iJ~~bB1.Jbm 1h1LJ1Ub'l1l1~ 

'11U~~1'11 bb~l b~U b'l111111(1l'lJB'I(l]lelBUlJ'4'l't8 HEK293, b'1fl1~lJ~b~'1UB~ A549, b'1f11~lJ~b~'1ih'v"r'lblJ1111um B16, COS-I, 

CHO-K1 bbl1~b'l1l1~lJ~b~'1UlnlJ~l1n HeLa bUUIllU (Li bbl1~f1ru~, 2003; Corsi bbl1~flru~, 2003) Bnvr'l 8'1:Wf11'iPln'l'tlf11'i 
" 

'lJ1U-~bBUbBvi'l-tlbUUYnVf~'lJurilCJ~b~ubm-tllG'1b'l111ci' (Mao, bbl1~f1ru~, 200 1) bbl1~ 8'11~ihlCJ'I1U~'1t:-J11 f1'i~YI'U'lJ B'I lf1'i'l;;1{1'I 
" 

1lJbl1 n111f11YI'l11U~B;;1lJU~'lJB'IBUfl1f11f11YI'l11U'i~v1UUl1U~lVf~'U'lJUrilCJVi111;;1iJ ~~bBUbB (Bozkir bbl1~ Saka, 2004) 1~CJ, , 

w'UilU'i~~Yl6fl1Vi'lJB'Ilfi1YI'l11U1Uf11'itll~b~Ubm oUl ~b'l111~,rU~UB~tl'U'11U~'lJB'Ib'l111~bbl1~U~~CJ~1'11 b'11U ;~lJ, l'il pH 

'lJB'IB1Vfl'ivi'l m U f11'ivllY1'ilU;;1 b yjfloUu bbl1~ml11lJbl1 ~l1'lJB'Ilfi1Yl'lf1U buUlllu (Koping-Hoggard, bbl1~flru~, 2001; Ishii, 

bbl1~f1ru~, 2001) ~'11f11Y1'l11U,rU;;11lJl'i(1~~~(1nv1~bbU'il~CJnl'i~~Vf),jVf~B;;11'i~1'1'l1~ b'11U ;;11'i~lVilnViB~blJBf ~l'ibfl~ 
" " 

bbl1~;;11'itllJlJU(Il~'1~ b'11U lnl1lf11'l11'1 Yl'ilUbyjBf~u bBlJ1'l111~1'1'l 1Vi~bB5~i11lJl'1 buUlllu bb~n8'1:WUqjVfl1Ub~B'IU'i~~Yl6fl1Vi 

1Uf11'itll~b~UbmoU1G'1b'l111~~8'11~u~lJ1ru~lbbl1~jjfl11lJ~lbVil~~l ~'11~jj f11'i~~ bb U'ilf1 1 YI'l11Ub~m~lJU'i~~Vl6.f11Vi1uf11'i 
" 

bbl1 ~jj'il tJ'I1U f11'i1-tl ga lactosylated 6-ami no-6-deoxych itosan 1uf11'i'lJU ri 1 CJVi111;;1 iJ ~~ bBU b B b oU1G'1 b'l111 ci'lm.JlJ~b~ '1(l]U
" 

HepG2 (Satoh, bbl1~flru~, 2007) 

u~~uunl'itllVi 111;;1 iJ~~bBUbm oU1G'1b'l111~bb't)U~lbVil~1~milVil~b 'l111111UmilJ b'l1l1~'lJB'I'i~'t)'t)fliJAlJfi'U,rujj 'ilCJ'I1U 
• \J 1" , 

;;11lJl'i(1W\ilJ1.J1 b YlflUfi nl 'i'lJurilCJVim;;1iJ~~bBUb m -tll G'1 b'l111~milJm~LL 'U't)~1 L Vi 1~n~ ~LUUU'i~lCJ'lf'llmi l'1lJ 1 n1u nl'itlllJ1" , 
u'i~~n(ll1mUf11'ih1lfl~U'lJU~~bBUbB 1~CJb'l1l1~~~~bUULU1VfmEJVf~n1Uf1'irud fiB b'l1l1~tllb;;1UmbBU~b~U (Antigen 

Presenting Cell; APC) ~'1~b~UbB~U'i~ml1'i~;;11U'i~UbbBU~b~U~IllB'If11'ivll1~;;1{l'1JJiJ~lJ tlU~~jj f11'ibb;;1~'1BBn1u APC 

bbl1~tll1LI~f11'if1'i~llluVi~lJ1yjl'l1vlbb'U'U~lbVil~l~~B1 U ~hUf1'i~'U1Uf11'itl'lb;;1UmbBU~b~u (Khatri bbl1~flru~, 2008)" , 

~~lUlJl1~jj fll1lJ Vi CJl CJllJY{\ilJU lBUfll flU 1 1 U~l nlf1 1 YI'l11U~jj nl 'i~~ bb U'ilf1 'i '1;;1 {1'1v111 ~;;11lJl'i(1 b~lJ
, 

B'4.f11f11f11YI'l11U~'Ubb'U'U~1 bVil~tl'U man nose receptor ~'1~ f11'ibb;;1\i1'1BiJ n'Uu~l'lJB'Ib'l1l1~b~~b~B~'lJl1'U1'I'UU~1~milVil~ 

b'l111111un~lJ APC l~bbri Dendritic cell (DC) bbl1~bblJlf1'iyjl~l~ vll1~f11'itllG'1'1~b~UbB:WfI11lJ~lbVil~~m'1f11~tllb;;1UB 

bbBU~b~UlJ1n~'1~u~'1f11~il~~tll1U~f11'ibVf~CJlt11f11'i(llB'U;;1UB'I'lJB'I helper T celll~~~'1~u (Jiang bbl1~flru~, 2008) 

t t.J Q .:::.. t.J cv

1.2 BB ~li1yjl~bbl1~ f111Ii1B't);;1UB'I'lJB'IJJlJfj3Jnu 

BB1lllyjl~ (au tophagy) bUUf1'i~'U1Uf11'i;;1111EJB'Ifiu'i~nB'U'lJB'Ib'l111~~Vi't)~11LJ1Ub'l1l1~'lJB'I~l'1 f11CJ ~'1jj'UYI'U1Yi 

~lAqj1Uf11'iVfl.!UblCJUYI~ViCJl f1'i.fl1CJ1Ub'l1l1~n~'t)m1 if.alL yjBfI11lJB~'iB~'lJB'Ib'l111~ BBMYh~8'1jj'UVl'U1Yi cl'lA qj 1uf11'i 

Ii1B'U;;1UB'I'lJiJ'IfliJAlJtlU 1~CJf11'i~~L~Bfl1CJ1ul'l1 1 VlVil11'1ilJ b~U 11~;;1Vf~mL'UflViL~EJ~L~~rufl1CJ1Ub'l111~ iJB1lllyjl~~~v11mCJ" , ~ 

bbl1~EiBmbBu~b~U~lnf11'iVfl1BlJ'illJ'lJiJ'IiJiJllllyjlIn1'l1lJ (autophagosome) LL~~1~1'l11'l1lJ (lysosome) bbBU~b~Um~~ln 

f11'iEiBCJd~lUVf~'1~~(1nG'1'11Utllb;;1UiJ'UU MHC class II ~'1~~f1'i~~Ub~~bUBfVib'1f11111f1l1u~~lbVil~~mbBu~b~ula11~f11'i" , 
til b;;1umbBU~b~U'UU MHC class II dbtJU1~cl'lAqjcl'lVf~Uf11'itllbbtlU~b~U.fI1CJ11.Jb'l111~~u1Utllb;;1UfJ~m~mUtlfVi~lJ1yj 

<B'CJvl (Deretic bbl1~flru~, 2009; Munz, 2009) 1~~qjqjlru1Uf11'ibVf~CJ1t111~bn~BfJllllyjl~,rula1jjf11'i~mnnuBEil'1 
~~bBCJ~1ufJMl 1~CJVi'Uil1U'i~U mTOR vllVfth~cl'lAru1uf11'ifl1'UrllJf1'i~'U1Uf11'iBB1lllyjl~ 1~CJVflbbtlfl~l~'lJtl'l mTOR 

~ , 

(1nn~ ~~bn\i1iJtllv1yjlmUb'l111111a11~tJM:W'ilCJ'I1U()'1f11'ibVf~CJ1l.htltllv1yjlm~bn~1u DC mM'Ubb'UflVib~CJ BCG ~'1bUU 
" 
lfl;U~lVf~'UUtl'ltlU1'ifllru1'ifl G'1'1t:-J11h1lfl~U BCG jjU'i~~Yl6fl1Vib~lJlJ1n~U1~CJf11'ib~lJf11'itllb;;1UmbBU~b~uvitlVi~lJlyj 

<B'CJvl (ja san nath bbl1~flru~, 2009) e-mma1~ln f11'i'il CJ '11UbVf~ldbb;;1~'1i lUBmn nf1'i~'U1Uf11'itltl1lllyjl~~~jj't)Vl'U1Vlcl'lAqj 
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v1~JtI 1 tlLA'i ~ nl'il~8d~~il~mh::; ~~A1tlnl'i~(ilJtI1'i::;UU'()tIt;h8~hBtlbBy.n;n~ljvaill'1L'll(l~LbUU ~lbvn::;LVl8~::;1l~ , '" 
b{h1uiT~b'll(l~l1lb~tlmbBtI~ib~tlLVl81-iiBwnAtilLtI~blJl18lJM~lfl1ALVl'llltlbb(l::;~(ilJtI11~~hBtlLB'W(ll~ljVlil~tlEitl~~llJl'i(l, 

'I'1l1~b'll(l~LnVl fl'i::;Ultlnl'iBBL(;)Yll~1v1 b~mUtI'i::;uul1ll'1~~hBtlbBlA~tI~B1u 1 tlnl'iv1Vlbb U'i1AL Vl'llltib ~B1~~llJl'i(ll1l 

'Wm~ljVl b'lhl'1b'll(l~l1lb~tlmbBtI&h~tlJtI 1v1VlVl(lB~'I'1lLVl8nl'iliiVl strepavidin Utl1AL Vl'llltib ~B1-iibbBtI~UB~~\llb'Wl::;~B
" 

hJb(l~(lbA~B~VllJl8UtI~lb'l!(l~11-1 b~tlmbBtl ~b~tI~~Vlum flv118 biotin 1tI nl 'il1lB11mA1UEJ~b'l1m~LUlVlmmb(l::;15nl 'iv1Vl 

bbU'ib'lJtI Mannosylated chitosan b~B1~bLlJtlLtI~~liiVlB~8t11ALVl'llltl1u~utlu mannose receptor ~ilnl'iLL~Vl~BBfl 

Uti L'll(l~l1lb~tlmbBtllii b ~tlLUtlmtfl 

q QI c;; CI. 

2.1 nl'i\(i1'HJlJVlbBtlbB'Wm~lJVl 

'Wm~ljVlm -ti1tlLf1'i~nl'il~8dLUtI'Wm~ljVl(;)'ULLUU pMAX-GFP ~il8t1 gfp m8hi'fll'imUfllJ,()B~LU'iLlJL(i1B1 
. CMV (U~~Vl Amaxa) ;g~~llJl'i(l(i1'il~liiVl(i1llJnl'iLL~Vl~BBf),()B~LU'i&itl GFP 1mVl8nl'iI'1B~fl~B~~(lVl'i'il'1uiiL~Amf.ltlLVl8, 

H''Wm~ljVlmtlnl'iVlVl(lB~Vll.fm::;LVllJl::;~lJ1tlnl'iVl'iltl~bYlA'iJtI 'Wm~ljVl1tlnl'iLVI~8111l1~L'l1(l~bnVlBBL(;)Yll~LUti 'Wm~ 
ljVl prkS-myc-mTOR (pmTOR; 'Wm~ljVlmUfllJ) LL(l::; prkS-myc-mTOR kinase dead (pmTORKD) (~fl~~tlLVl8 Dr. 

David M. Sabatini, MIT) ;~'Wm~ljVlmUfllJii~tlEiti mTOR ;~liiVl myc tag bL(l::;'Wm~ljVl pmTORKD bUtI'Wm~ljVl~il 

itiEiti mTOR ~il point mutation ~fl'iVlB::;i'ntl~B~lillLbVlt1~'I'1l1~ilfll'i~'IlL~mbBA~1&i,()B~ mTOR 1t1fll'iLUtlbBtl1'l!l1 

11'1 Ltli:1 (Addgene) 'W(ll~ljVlmm tlfll'i IIl'il ~ Iii Vl(i1llJfll'iLnVl BBL(;)Yll~ AB pEGFP-LC3 (B11LA'il::; "ih 8 Professor 

Tamotsu Yoshimori, Osaka University) ;~il~tl8t1 LC3 VI(lBlJ'illJtlU GFP 

2.2 fll'i b(i1 ~8lJ B tI.f) l A'!JlLlli ALYI'llTY \\(l::; fll'iPimn ~lJtJ"'&lVll~nl8m'W'() B~BtI.f) l A~1v1
'I , 

HLALVl'l1ltlffiv1~lmLntlUmVliif);g~iilJl(lLlJL(l~(l1t1~1~ 32 kDa Lb(l::;iiLUB1b'l1t1vl,()B~fll'i deacetylation 1tI~l~ 

80% (Btlbf1'il::;t-4~lfl'iB~l'1l"lIl'il~l'i8 m. 1'1.f)'I'}'i TihHl'1Jl~~b~B~ illAl'1llLAil Aru::;lVl8ll'1l~(i11 ~Vll(l~fl'iru, ", , 

lJVlllVl8l~8) lJlU'i::;flBU 1 -illtlnl'ivim1lJ~bBtlbB'Wm~ljVlLVl8(l::;m81ALVl'111tl1t1 0.1 % acetic acid bL(l::;l1l1UU'i::;flf.lULUti 

~l'iU'i::;flf.lU L;;)~.ffBtltlU~LBtlLB'Wm~ljVlLVl81IT complex coaceNation LVl8'1'1lfll'iLLU'irhellJl'ilI'11tlVl~LBilti (N) '1IB~11'1 

LVl'1lltlbb(l::;VlllyJB~bYj(i1 (P) '1If.l~~bBtI L B (NIP ratio) LL(l::;L~B'I'1l1v1BtlmA1ALVl'1lltl~viB~lJ'Wm ~ljVl~ bBtlbmL~111l1UlVl 
" " 

'1ItllVltlB~B11mALVl8fll'iI'1B~v118 scanning electron microscope Lb(l::;ml~fll'iviB~lJ'Wm~iJVlLVl815 agarose gel 

electrophoresis 

b~Bv1VlLLU(l~1ALVl'111tl1m~ii strepavidin ~~~~bml::;t-4 chitosan-strepavidin hydrazide LVlm~mlflfll'i 

L(i1~8lJ chitosan oxidation LVlm~lJ sodium meta-periodate bb(l::;mtl~ 4 B~mb'l1(lb~8~ tlltl 30 tllVi LVl8fll'i 

oxidation 'I'1l1V11v1 periodate-oxidation chitosan ~lf)JtlbliilJ strepavidin hydrazide bb(l::;mtl~qruVl.!Jlj~f.l~tllti 2 

ilLlJ~ lLf1'il::;t-4e.J~(i1.tlru.nffimVl8 FITR spectroscopy LL(l::;8t1EJtlnl'iU'i::;flBUbUtlLA'WB~LlJBl1Vl8 Mass spectrometry 

(MALDI-TOF) ~lflJtI(i1'il~8t1iTtlfll'i~~bA'il::;t-4 chitosan strepavidin hydrazide LVlmA~B~ NMR LL(l::;lLA'il::;t-4lJl~ 

LlJb~~(lv11mA~B.:I Mass spectrometer 

2.3 nl'iVl'iltl~byJA'iJtlbill'1b'll(l~
~ 

b'l!(l~~1m tlfll'iPifl'l'}lml::;~L VllJl::;~lJ1tlnl'il1lYi(ll~ljVlL ill'1b'll(l(l1Vl8HLALVl'lllti AB HEK293T (human
" 

embryonic kidney cell line) LVlm~8~b'l1(l~v118BlVll'iL~8W!1(l~ DMEM ~L~lJ 10% FBS bb(l::; Penicillin 

Istreptomycin I'1lVI fu L'1I(l(l1mlffi-iiLUtlL'll(l~ LLUU~l(lB~,()B~L'll(l~l1lb~tlmLBtI~b~tI AB b'1l(l(l1mlLLlJLA'iyJl~ RAW264.7 
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~~b~tJ~lUtllV11'ib~tJ~b'11~~ DMEM ~b~lJ 10% fetal bovine serum (FBS), sodium pyruvate, HEPES u.(t~ Penicillin 

I streptomycin LL~~L'11(t(t1ml DC JAWSII (ATCC# CRL11904) ;~L~tJ-lhJtllV11'iL~tJWll(t~ u-MEM ~jjfll'iL~lJ 

ribonucleosides, deoxyribonucleosides, 4 mM L-glutamine, 1 mM sodium pyruvate and 5 ngiml murine 

GM-CSF LL~~ 20% FBS 1Um'i'Vl'ilU~LyJfl'liU'lJVlm'\.JfllJ'!u1oifJltJl~lL~~'itJ FuGene6HD (Roche) 1Um'itil'/j~1~:WVlL-rrl
" " 

2.4 m'i~m~lm'i\nVltlill\li'yJlmUL'11~~ 

LvitlVl'il~lLfl'il~~fll'iLnVltl€lt\li'yJlmUL'11(t~ ~~1-rri~fll'iVl'il~V11'i~~'\.J'lJtl~ LC 3 tVl tJl~ Western blot LL~~ fll'i 

VI'il~~VlVlllJ~n1jru~m'i L~€l~LL~-l'lJu-l LC3-EGFP tVltJi:1u~Vl.fll tJ1\li'mi'u-l~~YI'i'iP!l1 L~u-l LL~-l ~lV1-r'\.Jfll'i&iVlVlllJtVltJl5" , 
Western blot,!u til cell lysate ~~nVl1\li'~lm'11~~vh\li'f'\.J'/j~1~:WVl1u'itJLL'\.J'\.Jvil-l1 mLLtJntVltJ SDS-PAGE (12%) LL~~ 

" 
ttlU~ltJttJ'i&1U~~'\.Ju PVDF membrane ~ln'!'UUlJ membrane \li'ltJLLtlU&i'\.Ju~vitl LC3 (Sigma Aldrich) LL(t~VI'il~ 

~rurulruv11tJl~ chemiluminescence ~lV1-r'\.Jl~fll'i~VlVllmtJLL'\.J'\.Jfll'iL~B-lLL~~'lJu-l LC3-EGFP '!u 111L·tm~vhM'\.J 
u v " 

3. ~mnl'j1~fJ 

3.1 V11.flll~~LV1lJl~~lJ1um'i~fw~..;ut1lJ (encapsulation) ~L~UbtltVltJtl'4mfl'UltU~bVl~tJlJ~ln1flt'Vl'111U 

11111'1t Vl'tflU1um'itAtlt1lJ~L~uLu'/jm~:wVl pMaxGFP L viu 1 oUlUfll'i&iVlVlllJfll'i'lJU~l tJ~m~ilVlL'ih~L'!!~~ fll'i 

tJ'j~ntl'\.J L tJu tlWllflt.lll'UL yjtltAu~lJ~m~ilVl'!uvhtVltJl~ complex coacervation tVlfJvhfll':lLL tJ':ll'll NIP ratio LL~~L~u, , 

1tiltlWi 11'111'1t 'Vl'111'l.l~tAtl~lJ~m~:WVl~L~'l.ILmL"11111tJlVl'lJ'l.I1Vl'lJtl~u'l.lmflLL~~ril Zeta Potential tVltJLfl~€l~ Nanosizer., , 

LL~Vl-le-mvhtKl'l.l':ltJ~ 1 ;-lLL~Vl~1~Li1'W11'lJ'l.I1Vl'lJu~€l'l.lmflvhv1utJlu'1il~ 350-650 nm LL~~jjril Zeta Potential1'l.1'111-l +6 
" '" 

to +11 mV L~€l111€l'4mfl'l.llt'l.I~LVI~tJlJ1til~ NIP ratio = 5: 1 hJi:1u'l~tilltJn"€l-l Transmission Electron Microscopy 

(TEM) ~'\.J11€l'l.lmflvhtiljj'lJU1Vl'lJtl'luWilfl1'l.1'111-l~L~nn11 100 nm ;-lLLVln(ill~~lnrilvhtil~lnfll':llVltillmfl~tl~, , 
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0.6:1 1:1 2:·1 5:' Strep 2:1 

l'iIP Raric 

t\J~ 1 ~mr&i'Vll~mtJmmtl~u'4.f1lflUlt 'l.I~ln1f'1t'Vl'111'l.l~tAut1:W~~1~:WVl~L~'UL€l 
(A) 'lJ\Jl\11LL<l~I'i1 Zeta Potential 'lJV~tl'4f1lR\Jll\J1R1Y1'lllu~";tl~lJ~<l1<1iJ\11 pMaxGFP ~ NIP Ratio .il~1 ~~l\111\11mR~()~ Nanosizer 

(8) tl'4f1lfl\Jllulf11Yl'lllu~ritl~.l·lEJn"tl~ TEM 
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ibfl':ilt111~w Agarose Gel Electrophoresis M~ft~'lbbl'1(i)'llw~'\J~ 2 'Wul1lw"lrlfll NIP ratio ~VWll'1eJUI'11lJ1':ifl'vieJ~:W'W 

ft1l'1lJ(i)~ bBtlbeJ1Ji1(1)8hi'Wu'J1:WrlWr1111ft'UeJ'l'Wftll'1lJ(i)BB f1l.J1f118t1eJrl b~m'\J~8UbY18U flU 'Wft1l'1jj(i)L'\J~eJ 8~1:w1~'vieJ~:W 

~lrl~ft~1~~'l11:W(1)~'lI'1':i'\J1~ileJwnfl1..nltI~L(1)~m.J ~1 rl1fll 'Vl'1Jlt1ii'1ltll(i)1tI':i::~utll1 tlb:W\ll':ibLft::~llJ1':ifl'vimX:w~ bBtlbeJM, , , 

'0 

NIP Ratio "i E 
--..;...;......;..,;.;;.;.--.>< :3 
1:1 2:1 4:1 6:1 8:1 10:1 ~ ii: 

t'\J~ 2 m':i'vieJ~:W'Wft1l'1lJ(1)~bB'lJbeJl(i)8BtJlf11f1t111tJ~lrl1fll 'Vl'111t1 

U1VH'I1i\jj~Ltl~atJ 'vI~a'r'lcni\jj~vlt-ia~lJl~tJa'4mfllnh.l'il1n1f11VI 'll1 tlvl tJ(iI '1 1<11t1 NIP ~i1~11v\tJ15 asarose set electrophoresis l~tJij 

DNA marker a~~1t1i1tJija 

~lrlJtJ't11eJtlfI1fl tJl1'lJm~:IJ1'VlVlI'1€lU'\J':it~'Vl5.fll'W rll'l'1ltJ~18~bBtlbB L·h'i b'11ftft1ft1.J:wtl1:18 293T 'W Ul1 , " , 

flll:W1'11:1J1':iflltJm':it11'Wft16'1lJ(i)~LBtJbm 'Yll~b'l1ftl'lbLft::vh1'\Xii m'HL6'lVl'l€leJrl'1leJ'll'\J':i&i'lJ GFP JtJ;tJflu5(1)':il~1'lJ'1IB'l NIP 
" 

bdm(1)~8:WeJtJ.fl1fll(i)8'Wul1b'11ftl'l~i1m':ibb6'lVl~eJeJrl'1lB~ GFP 1'1~6'I(i)ujeJlieJtJ.fl1fltl11'lJ1fll'Vl'1JltJ~L(1)~8:w~5(1)':il~1'lJ NIP ~ , " , , 

Jlb~~':i'\J XTreme Gene Transfection (Roche) JtJi1~ltJltJlJ1rl~l'1(i)" , 

t'\J~ 3 m':ibbl'1(1)~eJeJrl'UeJ'l GFP 1tJb'l1ftft1mJ 293T ~l'lJm':i'Vl':il'lJl'1byJfl-B'tJ~18eJ'YfI1fl'lJl1'lJ~lrl1fll'Vl'l11tJ~'vieJ~:W 'Wft1l'1jj(i) 

~hBtJbeJ pMaxGFP Y15(1)':il~ltJ NIP vll'l1 
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3.2 vi'~LLlhtl~mfllJll 'U1fllY1'lll'Uh1'!J'Ucill:J~LB'ULm-rrlti Antigen Presenting Cell (APC) LLUU~lL~l~LL~~Y1~i;1tl'Uf1l'lt1l 

~LB'ULm-ih~L'l1flfl1'U'l~vi''U in vitro 
~ 

chitosan-strepavidin ~l'Uf1l'ltltln<aL~-tl'Ul~1:J sodium meto-periodate LLfl~f1l'lL~hJ strepavidin hydrazide LLfl::; 

Ej'UEJw:,Jfjl~1:J15 FTIR ('lLJ~ 5) L~I:J~Ull'\J~iJVI:WLL€Jfl~l!vl (CHO) ~!illLLVlti-l 1600-1700 LLfl~\1l'll~Ej'UEJ'Uf1l'lt1-lLfl'll::;t.1
~ ~ 

chitosan-strepavidin l~mfl~tl-l mass spectrometer (b.iLLi;1~-l~fl) ~-l~Ull1flLY1'lll'U~&i~ strepavidin iJmflLlJLflnfl . . 
1'U'lil-l 10920-10930 mlz t:.Jfl~lnf1l'llLml~t.1Y1l-lLfliJ~-l1j'UEJ'U1vi'lli;1llJl'lflt1-lLml~VI'1f1LY1'lll'U~&i~n\J Strepavidin 1vi' 

\Vnvt:lllunhe.. (el1l-1) 
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(b) 1fll"11'1Jl'U~t-il1.Jnl'Hliln~h(il'li'ul(i1EJ sodium meto-periodate 

(c) 1fll"11'1Jl'U~~(iI Strepavidin 

'Il1m1\J'l111AL'V1'/11'U~~lilbbtJ'ihhA'il~lJ~m~il(il pMax-GFP ~.fl11~~1'1'1 LIilEJ15 coacervation technique ~'1~ 

h1'l~~.u1'11il'U tJ'i1nDl1b~mjlJ1AL'V1'll1'U-strepavidin u.{l::~d)'Ub'ilYH'l~illil~qru"'JJil 55 'il'lI"11L'/Iflb~tJ~'U1'U 5 mVi !Il1lJ15 

Yi1m-ii1'Unwv'imAlJ~fl1~illil.u1'11il'U i1m'l~11VI~'IJ'il'l~LB'UL'il~m~illil'il ~l'1iIilL'Il'U ('ltl~ 6) iii'll~t1-r'ULt1~EJ'U'l::EJ::L1m nl'l , " 
~'U11'1LWll1'U-strepavidin L U'U 20 'UTVi ~\I~'Ul1~lm'l(1vi'il~lJ~LBtlL'il~m~ilIil1~~lJ\J'lru 

~ « NIP = 8:1 
"z -­z C 20 5 min 

~lL~l::n'U strepavidin 'U'U'il~mA11'1L'V1'll1'ULLfl::'l11hJ1il'Um'l'V1'l1t1~L'V'lAi'UL.u1~b'l1~~1m1ulJLA'lvh'll RAW264.7 ~\I 

~'Ul1nld1.u'iltI.fl1 A 11'1L'V1'/11'U~ ~vmt1'l1:w~1m'ltl b YilJtI'l~~Y1TIi11~m 'l'l11~m~ilVlb.u1~b'l1~ ~1~ Lliltl~\lbfl(i1'1l1 nm'l~L'i!{l~~i1, " 
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~e..J~n1d'\lld1'Ui:lbyjAoU'U~ltJB'4mA1Al'\1l'1J1'U~~bbtJd Chitosan-strepavidin ~viB~lJ~mi:lil~ pMAX-GFP b'ihti 

RAW264.7 

3. 3 n1di:lh:Jd~UUbVf~(nthBBlJfyj 131"b.Jb'11f),~U1bi:l'UmbtJ'U ~bSl'U 

'tl'tll~yh~ btlwm::Ul'l.Jn1 J',h A'1:!1'Wn1J1J'tl'lri\Jbb~::rh9t?I b:{'tl~b"l1'1:!Jl1tJ1'Wb'll~~ ~'1'W'tln"lln"l:::~ ~'\Ili1'WnlJ 

rh"lt?lb:{mb~ltJ,:nhb'tl'Wiiib"l'W~l~"llnn1j'il'tltJhJ'Wlb~'W'tli?l'tlY1~lJl~1'llvle.h'WhJb~~~ MHC ~'1J'W b~m4'[it.J'Wlj'::UunlJ1~ 

ii1b~'Wb'tl1'fl~'W~~llJ1JmVftim'Wl1~b'l!~~bnt?l'fl'fll~~1~1~ 9'1H~~1~ilt?l~b~'Wb'tl prk5-myc-mTOR (pmTOR; ~mi:lil~ 

AlUfllJ) bb~~ prk5-myc-mTOR kinase dead (pmTORKD) '1i'l~mi:lil~AlUfllJil~'W8'U mTOR 'tl-U~ wild type '1i'l~~ 
myc ta~ bb~~~mi:lil~ pmTORKD btJ'W~mi:lil~~il~'U8'U mTOR ~il point mutation vh1~iln1d~UbtJ~tJ'Um~B~m'U~ 

v11bbVftl'l 2537 bb~~ 2364 '1i'lild1tJ'I1'Ul1Vh1~bbBA~lmAb'Wi:I'lJB'I mTOR i:I{\Jb~tJ (Sarbassov bb~~Aru~. 2005) '1i'lil " ~ . 

d1tJ-11'W'il'1'Ul'UlJlm~u':hVf1ncJ'\J8'1nwA'1'11'U'lJB'I mTOR Vf~BllJb~n~~b~tIliB'ISl~vh1~bn~BBlJfYhm'Ub'11~A vl'lJ'W b~B. . 
lm1bb '\J'\J'il'l~B'I 293T l~tJHJ1tJ1~1V1fu'\Ild1'UmyjA'iJw;1'lb~Sl~tJ XTreme Gene Transfection Reagent bb~~(>1dlSl 

~~(>11lJn1dbb(l~'1BBn'lJB'IltJd~'U mTOR bb~~ mTOR kinase dead l~tlHbbB'U~'\JB~~B myc ta~ '1i'l~urhilnldbb(l~-1BBn 

'lJB'IltJd~'U.x'l(lB'I1'Ud~~'\J~bVhn'U bb~~b~B(>1dlSl~~nldnldbn~BBlJfyj1m~tld~vlU'lJB'I LC311 ~'\Jrhilnldb~lJ~'U'lJB'I LC311 

btJ~l~1'Wb'1!~A~1~f'\Jnld'\lld1'UmyjA'iJ'Wl~tI~mi:llJ~ m TOR kinase dead b vhJ'W 1~tJ~1'Un~lJAlUfllJ'\Jlnl~tJH 

Rapamycin (lllJld(1vh1~bn~nldb~lJ'lJB'I LC311 b'!!'Un'U vl'lJ'U bbi:l~'1111tJd~'Um~Slln~mG1il~~i:l1lJldmVl~tJlu11~bn~ 

BB1Jfyj1m~ (dtJ~ 8)
" 

mTOR 

LC3I 
LC3II __ .........HI........ 

b~B8'UcJ'UnldbVf~tJlU11~bn~BBlJfyj1m'Ub'11~Au1bi:l'UBbbB'U~ bSl'U~'11~vhnld'\lld1'U(lbyjAoU'U1~tlU1~mi:lil~.x'li:lB'I 

bb'\J'\JbihltJ1'Ub'11~~1m1 JAWSII '1i'lbtJ'U DC m~SllnVf'UllJ'lj 1~tJHJ1tJ1f11V1-rU'\Ild1'Ui:lbyjAi'Uf11b~SldtJ XTreme Gene 
" " 

Transfection Rea~ent 1~tJvhnld'\lld1'Wi:lbyjA'!!'U~llJn'\J~m(lil~ pEGFP-LC3 b~B~~(>11lJ~tJbb'\JU'lJB'I LC31~tJl~il 

d1tJ'I1'WlJlriB'UVfthifl1~n'tlru~ nldb~B'Ibbi:l'l'lJB'I EGFP-LC3 ~ m~SlltJ1tJy(lb'11~AL1'1'\JBnl1b'1!~~1J.iilnldbn~BBlJfyj1~ bb~ 

Vf1nnldb~B'Ibbi:l-1B~1'U~tJbb'\JU'lJB'I punctate btJ'U~'1!'1!lruL1'1'\JBnl1b'11~An1~'1bn~BBlJfyj1~ vl'lbb(l~'11'U~tJ~ 9 b'11~~1m1 

JAWSII mM'\J~mi:lil~ mTORKD il~n'tlru~'lJB'I GFP ~btJ'Ubb'\J'\J punctate ~,!!~bSl'Wb~mmtJ'\JbVltlUnUb'11~Am~f'\J 

pmTOR vl'lJ'U ~'1i:1~tJl~ll~mi:lil~ pmTORKD i:l1lJldmVl~tJlU11~b'11~Au1bi:l'UmbB'W~bSl'Wbn~BB1Jfyj1m~ 
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4. 	eJ.fhJ'a1EJf.i,;)1'ml~~n1'a'V1~HH.l,j 

1'lJ,jl'lJl~tJdm~tJijl~("J'lh~i:mlbdeJ,j~'Wb~eJ~\ilJ'lJl'a~uunl'nhi1,j~bB'lJbm~~li:'IiJ~bil~b'l1~~tl'lbi:'l'WeJbbeJ'lJ&1b~'lJ
" . 	 " 

1~'I'h~1.Jl'lh~tJn(;11.ffb~eJ~\ilJ'WlbU'lJ'a~uUtl'l~,j~bB'WLeJlf1'li'W~i:'Illnim"vl~tJltl'l fliJfllJfl'W1v1'eJ 8l,jijth~~'V15m'l'lm n~,j~'lJ. 	 " . 
nl'ltl'li:'1,j'l'lmi:'liJ~~iLB'WL€llf'W HtJ'4fllf1'WlL'W~L(;1~tJlJ1vilf11'V1'l1l'W hwl~Vllml~~LVllJl~i:'IlJvleJnl'l'V1'll'Wi:'IL '\'lf1i'W 

1'WL'll~i:'lbb U'lJ~l~eJ,jrieJ'W ~,j'l'lU"hfh NIP ratio ~Lb(Jlnvll,jfl'Wiic.mvleJnl'ltl'li:'1,j~d)'WL-rrli:'1L'l1~ci'LL,j1lmllJi:'Ilm'l("J1'Wnl'l 
" 

~'W ;;1,j1'Wb deJ,j~'WV~U1l'1J'Wl~'Uu,ju'4mf1v~1'W'l~li1uhhn'W 500 'WlL'WLlJm Lbvl8,jhjM?im~li:'llJu&1nltJm'l'l~'W1 L'li'lJ fll 

Zeta potential bU'lJ~'lJ ;;1,jUl~~dltJvh'lJltJ'lh~~'V15m'l'l1'Wnl'ltl'li:'1-l~LB'WLU'I'lmi:'liJ~1~ 

L~eJtl'llf11'V1'l1l'Wm&1~ Strepavidin LL~~ml,;)lLf1'll~~v1'ltl15'V1l,jLf1ij'l'lU1li:'llm'l("J&1~1v1' LLvlb~eJtl'lm'l<iu~lJ 

'I'lmi:'liJ~'I'lU1li:'llJu1l1'lJnl 'lv1mXlJbt/~t1'lJLLt/~\l1t/l~t1'l:: £.I:: Llmffim'lJnl'l a'lJ 1f1L'Vl'lll'W LL~~'I'lmi:'liJ~~LB'lJ beJ L~ tJ tl'llJlC.h'lJ, 	 . 
nl'l complex coacervaion J'lJ~v\lHmn'lJl'lJ~'lJ (,;)In 5 'WlviLU'lJ 20 'lJlVl) 5n~\lIK~~1'lJ'UU\I NIP ~i:'Ilm'l("JH1'Wnl'l 

tl'li:'1\1'1'lmi:'liJ~~bB'lJLm-rrl~L'l1~i:'l HEK293T fht/~t1'W1t/L~tJ~f1lllJi:'IllJl'l("J1'Wnl'ltl'li:'1\1'1'l~li:'liJ~111~~'lJ bi1eJtl'llI'1L'VI'lll'lJli1~ 
" 

bbt/'ldmulJ11lJflU bbU'lJ&1UeJ~~~"'LYn::vimLeJ'lJ&1L ,;)'lJU'lJ ~lL'(j~i:'lLblJLm'\'ll,;) (F4180) ~iinl'lL~eJlJ&1~1 U LeJ&1'WLb~::tl'llt/UlJ 

11lJ flU b'll~i:'l 'I'lu1l111vll1~t/ 'l~~Y15m'l'l1'lJnl'ltl'li:'1,j~~'W LLvieJ8l\l1~ ;;1,jeJl~iii:'ll LVlV)m ~lni:'llJu&1~ Lt/~ tJ'lJ Lb t/~\l1 t/'1JeJ\I 

U'4mf1 ;\I~lLU'lJ~u,j~mmiuhJ1'lJ)ltl~~L5tJ~ L'li'W 'U'lJl~'1JU\lU'4mf1 fll Zetapotenticil LL~~nl'l~'lJtl'lJ'1JeJ,jbbeJ'lJ&1UeJ~ 

Lb~~ LLv'lJ&1b~'lJ ~\I~~'1il tJvll1 ~i:'Ilm'l("Jv5Ultli:'llLVI(Jl1v1'LL~~ul~l1l1t/~nl'lt/-rut/'l,j'l ~ UUnl'll1li:'1\1bbUU~lL'I'll~dvieJ1tI1'lJ. ". 
U'Ull'1(;1M ~\I~~l'Ufj'\IhJiinl'l'lltJ\ll'Uii-lf1l'lH'l~'lJU strepavidin-biotin tlU11'1L'VI'lll'UmrieJ'lJL~utl'li:'1\1tJ'4mI'11I'1L'VI'lll'UL-rrl 

i:'1 b'll~i:'lLb'lJ'lJ~lLvn:: ~\lnl 'lAmn1'ULm\lnl'll~t1d~m UW1l1LL'In 1 'Unl'ltl'll tJi:'1 nl'ltJ'l~ tJn(;11.ff'l~uu~\ln~llM
" 	 " . 

-8eJ tm~::tl'lbi:'l'lJmbu'U&1 L~'lJ~ijf1l'lIK\lLI'1'll~~mtJ1W1J~i:'l (endogeneous antigen) ijt/'l::~'VI5m'l'lmn~'UL~ mu'l'll~b~U 

'l1l1t/tinl'lm~~'lJ helper T cells ;;1\1ijUYlUl'VIi:hri'qJ1'lJf1l'lLVI~tntl'lnl'l(JleJUi:'I'WeJ\lJJiJ~lJtl'lJ~ijt/'l~~'VI5m'l'l L~tJ~l~tJ1v1' 

H'I'lmi:'liJ~~L(;1~t1lJmriU'WVlUld;;1\1ijnl'lnmtl~'lJq~~hLLVI,j,jm~U~m'lJ 2 ~l vh1,xnl'lvll\ll'lJ'1JU-l mTOR ;;1,jbU'lJ1f1L'lJi:'I~ 

~lri'ru1'Unl'lm~'lJl'lJ nl'l~'WJl~LVI~t11tl'l111Ln~eJeJL~'I'l1~i:'IruL~tlLLtJf1&11&i (mTORKD) LLvifJ\l1liijf1l'l'lltl\ll'lJ1l'l'lmi:'liJ~
v 	 " v 

type biltib'lJ~i:'lLL'lJ'lJ~l~eJ\I HEK293T Lb~~ml';)l1Jnl'lLn~eJeJl~'I'll~~lnnl'l&1~mlJnl'lLYilJ~'lJ'1JU\l LC311 ;\I'V'IU1l'l'lmi:'liJ~ 
mTORKD di:'lllJl'lmVl~tJltl'l1,xL'l1~i:'lLn~tJtJL~Yhm~'W'l~li1uLYitJuLvhtluf1l'lHtJln~ mTOR Bn~\I L~eJtl'lL-rrli:'1L'll~~1ml 

" 
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~llJl'H1LVI~EJ1Ul1VlLnV1tl tlhi'Yllm~mh:lihh~~V15i11Yl 

1'U,n'Ul-.5'£1tTtIii'Yl EJ1£1llJ~(9lJ'Ul'j~UUU1~-:j~LB'ULtlYl(l1~iJV1L'1h~ L'l!(l~LLUU~lLYll~LV1£11,;) strepavidin chitosan 

LL~~LLtl'U&i'Utl~~&iV1umf1Iii'''w1'ULtl~,J ~-:j8-:jhj?lllJl'jm~lJth~~V15i11Ylf11'jUl~-:j~LB'ULmL'Uu~lLYll~1~ LV1£18-:j~lLu'U~tl-:ji'i 

f11WI1Jl1l~~LVllJ1~?llJ~tl1U LL~~l~~(9lJ'Ul'j~UU f11'jL VI~Enul1VlLnV1 tl tl hi'vh~i11EJl 'U L'1!~~LV1 £11 offYlm?l:iJV1~i'i~'U~'U 

mTORKD 

Vllf1?lllJl'j(1~'Ulf1tl-:jrlrnllJ~m~'U-:jl'Ul-.5'£1dLL(l~~(9lJ'Ul~tl EJtlV1~tl1U tll\JU11 U~fm1~'j~UUU1~-:j~LB'ULtllf1~'U
~ ~ 

~ilu'j~~V15i11Yl1'UfmLVI~£11U1JJiJ~lJfl'Utlfil-:jilu'j~~V15i11'fj~tl1u11ii' LV1£1tll\J1oUlBf11'j5'U 11'Uf11'j~V1LLumYi11f11f1 L 'Yl'1!1'U 

lV1:iJrnllJ~lLYll~~m'1!(l~U1L?l'UtlLLtl'U~L\J'U1Iii' L'li'U f11'j&iV1 man nose U'U1!'1LV1'l!1'ULYitl1Vl1u-.5'UtlU man nose receptor ~ 

:iJf11'jLL~V1-:jtl tl nU'U~lL'l!(l~U1L~'UtlLLtl'U~L \J'U Lu'U~'U 
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