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GTP+ATP ae 201 airall 5 (ole) SliSsnigny S5 paen s CGAS] AU diedll
&5 (3ale sale) €[G(27,5°)PA(3,5°)P] g ke Al daiydll il ()8 . iliadl)
Al 8 38 @l ol @ Y (7 o) WGTP s ATPdasinly Jlall e dale Jsaaal)
&) S el e Bl (7 #5) ks g Sleld 5 (@ 28 BAagd daladias )l
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Lt yall aitell by cppdaliias (9) Wdasiyall €[G(27,57)PA(37,57)P] pladiuly AN adaall
Ly ol eyl Sl o Ay c N 2 Emall A gjeall oy all 2 cGAMP
e GpA sl Jal 7o Y pu) gy s ddadly yeda ¢[G(27,57)pA(37,57)P]
c[G(2°,5")PA(3",5°)p] Al miamsi ay ol e il Liha silay S A0 jlae Gl
Alae 3hilae A G 80 laa gl e IS 40 LAPG 35kl die 70 Y Aayy Hadtuly
ada 4868 ddag Al cpbay cpladis (4) Ll glycosidic bonds cha Kilall oy e
il Gl 8 i e [G(27,57)PA(37,57)P] 4 oF, ¢ aie dalsk Fo-Fc i)
(galey) ot el €[G(27,57)PA(37,57)Plaas e il cpabiny (ppdadise (Lg)  (ADEN 2daall
CGAS aasiuly Lol sylaliall LA claied) 8 (Bele sale) OpasialY) ilin g D
Abaall AW hlS g ) uSed paeay

(i diy (o ) .COAaMP (458 Lle iy s ARl 58 oy s f a3 I
Kol Dia Aaall 38, Calagises € Ll e ) Ladl nucleotides cilag 5I< gl
G A3 Alasdss Ly )y ccndal) alai e gl Aladss Lellas 1Y) e silica gel
) e allan dadind 3L (qas T) dandl skl gyl e ) Al B LAl
Jamd Y ¥ (de aladind &5y Ly «©[G(27,57)PA(3°,57)p] co il ol Calef
MOoNo s jsiu sally dallad) 45005 5 L0kl linear intermediates hall o o)) <l )
el el e BaY) Y dadaid) b glaall 3 .and tri-phosphorylated

255 iy Alpaal) AU LIS, ) S0 (e (b amf 24 JSall ]
;LU\J}A gsbuia Jade xw Jshall ali CGAS dilian o (\) . cGAS Ll 1 Nucleotide
e .CGAMP (&3l lajladl &5 45-nt dsDNA =¥ =) 1 Akl dulas el
e eclydally LY Al e Ba) Y =T 21l sy AL ghall Aadaidll Lo ghadl
(fl) full-length Jsklt o5 5 (tr) Truncated 14l cGAS dilaa i () - sl
Jolill ahie Jolae 8 dboall AU SlilSonsn) S0 e GeBiclzg) €0 ax
J8 s Ols «hlis (tr) cOAS el lel) Dldiall clag slSsill e Ao sane (aialy
=Y adys die ([dATP-"Y 2s c[G(27,57)PA(37,57)P] Lsa aladind & . (fl) cGAS
O gk o WdGTP-TY aladsid aie (Y o olld 2y ol cbe i) GTP 4 dATP
Y aodalse dawdl Y el Les «€[G(2°,57)PA(37,5°)P] &l AGTP-"Y ae dATP-"¥
z L) aies cguanosine rusilss el il K5 5 adenosine s 3 OH
L) a3l clag il G ) (%) Leadll @ldle s ¢[G(27,57)PA(37,57)p]-
Jipsiossh shibs llae 2l S903 " =Y (I ANTP o o Lo Adpal) 5yp0ally
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Lalas [ 3aN) (mlass) e (KU GTP dayy ange 2o UTP aygd <0 a3l conjday
cyclical Anils lanalSe (gl (eSS ae Bdle Dladiall apen JLES) 9%
U o adiadll CGAS wlgl e lay) Sl Jil dhagiley S Julas (3) dinucleotides.
ie Jeldi s &b il xe €[G(27,57)PA(37,57)P] 4 dbaadl S LIS g gu ) S
e laad) A aie ol e Jile dhasiley S Alauds il Jilas 41,5 CGAS
G198 5 ¥l U S199 5 G198 i yo dayny Aladladll Al cilan gl il 3y (2)
WT  cGAS 5 sallal sl juaaill clagaidy J& Sy el dl) 4 el Jolast cpl g )
e 5 lFN=B Gluc a3l cpall aw iy HEK 293 LA Jalisple 3)5uan
z s 3dia e expression plasmids Syl juadl) e Pl (b sS5 0 g08 5) Slla
Spdal AL (ool &5 ay dola VT el AGIUC o yaad 5 LUC o 5y IV Al
Jid L(s.em + han i) AR e Pl Jo ol Sl lann g &y duc Jlll 21y
Byala JS0 Alitie coylad 7ol

die 70 Y Ay ety CGAMP 3ulas . cGAMP <o o3l Galas calilee 1Y 0 S
GpA 3shai die 70 Y ey CGAMP (515 . (gsle #4) (T) ApGy GpA «lsha 38
S aie 70 Y dalgy ety CGAMP (5145 .(_ij zs) (V) APG sshi e 70 Y
(e z8) (Vo) ApG s GpA sl

s o= HMBC v o o G5 06 €[G(27,57)PA(37,57)P] 4 i)l ales s b VY s
(1) +ss5d smahaline oy 2aall 4805 Galilal HSQC o 58l (i) 5 «COSY s Ll
(«) -H1I” -C1” <.l saromatics 4yjhall dsall o clayl il HMBC ol jelay
Jpas & (@) }(T) & -sugarrings Sl ol Jads abay il HMBC Cayda a sy
Lplall Calgall o aleall apaat 8y g Aulia daghad Ao ilg (uilea 320 B JA1a b il
GUasl Al a6 & iy ¢ il e carbons &g iy protons i g ull d3laull
Calsall o aleall a3 55 Aalaiall Jasladl) sy adenine base (yin sl Jila
V= Al C-H b Y eyl 5 ¢ sl e cilisn Sl il il el dlid
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2y iy 5 s Loyl Al (ilyadl il Jiea s sy -2 oS e COSY
sirs bl Jaghadll Aacdsy o) collad s Jrea s iy ¢ Sladl) (358 kel o oyl
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& Jendly 2T Jsal ng\ aaly .carbon 5 SIl ysugar proton g Sl

murine alpha— )18 o5 WY G alin jine Jo adiee dia VY J<a
daa gl gl cthalial uld o3 . CGAMP liS o ddailg (55 CXCL10  interferon
dasipe Ao bdl ale jlial dadly Lol SLad) cGAMP ciya il deall o sadiad
0~ (g8l Sa Sples (ELISA) enzyme-linked immunosorbent assay . yyL
«lgyy f (Mm-Ifna) endogenous murine g -interferon Lawdl sy 4)ls
g LAS (e A83a Aagile 30 LA Aadlas uad ‘(g._,—i) .(h—-CXCL10) & CXCL10
Hadiul Al & (BMDM) L@ES\ bone marrow derived macrophages alall
ddlia) a8 385 plasma membranes L Pl Al Jaal (Dig) Digitonin i sias
& L) Aauly WA Y Adls 3)5um) CGAMP &hie il Ja s &y § (f) cGAMP
JAd LAy yds THP-1 LA 8 cGAMP Ly s .l Loadf A o(z) (L) ieine s
(-s.e.m (lhd sacel) S 3 e JSeha) & Afiue coylad ¥ bl

mobile lyate fsmeS ey fsns Sleal papns ol Lhie ge Hle VT S
.computing device

Ly network environment 4<.5 syl apia g (gylh) i e e VE JS
) giall daxte Blaw et Jlat) Ay

1 4ba 0

A J<s: S1A Ui Jia
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A J8&:S1C Ji Jig
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o 4 K5 :83 K i

z 4 JRE:84 KK Jia

24085 85 Ka i

a4 K5:86 i Jia

Iy o <3 :STA i Jig

Yo

Yo



o4vy

WY e U85 :STB JSE Jiay
Yy U< :S8A <& ey
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(7" pandemic island—1 dxlull \=islsh 558l Vibrio) VSP-1 s of sy
Jwai Ally cdinucleotide cyclases an i<y (o PSiw Slaj) e S A58 45
& 3 A S (CCGAMP awdll) Als GMP-AMP—¢ g3 3435 o Jiade Q5
BTN P s .(Davies et al. 2012) GA 4} _sdinucleotides 15K (gl
)l human gene  symbol ¢, 5l (pall 3w, «cGAS) s GMP-AMP
cytoplasmic DNA  _oPlsiw ell€aisn) oS0 gasa e 43y (MB21D1
CGAMP Ul Jujall 3aas daidsy | o153 (e gpud i) e g 9ill Jadiy (g3l5 sEnsor
il (pe gume ()5S CGAS (f muzmyy (Wu et al. 2013 ¢Sun et al. 2013)
2 CGAMP ylg e 4l scnucleotidyltransferase family )il Joasi silS 58
Ll S8 iousm) S aeadsng (b Opasadd) Gliug 3955 GTP Ge Jesdll
oy CGAMP 1 ilas€ll 31350 (o ey o Abandl U8 S i ) (mas ol S0y)
smiaie 3G oA 2647 W, THPL b osp il 1) 3iay "0 &Y Jaslyy (e )
Ll gl et L) et 1 el YA pe L il oy e )
lee cladiall (g ua ) Glia jaag dadiyall 8las) CGAMP a5y dpay «cGAS Julis
Sun ) g8y Jal &ally IRF3 transcription factor & Lusiul Jele Jandss ) o
(Wu et al. 2013 ¢et al. 2013

Lls) (= ) (s CGAMP o) €GAS e byl el &2 Aol elaalpay) Jhas
—C 1 Tirse Aa ) el e DaYL (Wu et al. 2013 ¢Sun et al. 2013) "o ¥
L o s I ¢ Y1 ety ol il 3 LS sl olail 3 GMP— 4l
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il 2l Jidhy ¢ e dagaa e K WU Sun dasdsy CGAMP s fawaidl
Jeny .COAMP Lyl 2p0n8 gl Ty ose Ly padd) joe K8 apaas 3 Jall g 152y
Akl ¢ 5 ¢ chemical Al ¢ structural A8t Culsall mey e Jall Caisl)
n vivo Al Al auas A &8N &, WEAY 5 /0 Vifro Jaxsl) 8 biochemical 4, gal)
o Y Ayl adgie e (S5 el S ) Jud) o mu il cellular assays
{c[G(27,57)PA(3",57)P] (amii 1 } APG 35k aic "0 Y dhayl)y GPA 35hi die
T S pall (e 320m Al Ganall stnall ¢ L Syally Angms Sy ol B e
IS5 S Gmen 2 laiad L gsi (e ppud iyl a3 8835 3l A3
F( R

S GA 155K g gl o Jain b€ Jall g had¥l gy daras Glaaas 4
elapail) s A L(GPA 3shall aie) "o Y day ey [€[G(27,57)PA(37,57)pl]
e bLlally cellular - signaling (golall 5Lay) Jlams) 4ol Aadl S jall el )93
Aallae 8 Aadl LSHall Al 58 cclaoatl) (aay 8 VSN Jdlell 8 Al
RYCPIE R PR e T KBTS DERIV.TIPIERF ARV JEVE WP B PONER:.
(laaaill Gamy 8 Aol Glai a8 Al Calaal) (haedl dadl LSl el
e reagents 34iiS dse o /5 iy lpal€ Aadl ¢ 1Ay @luSs [ Gl 58
ceaslanlly (Sl Gl cihlaaly ikl 8 pasil as

Syt 3 .COAS i ame areasi 3 Ladls Ay sl ulily Liaf JMall g hiay) a5y
e by @dle s a8 Slew Ao Jaidn A CGAS caxe g5aV) sy csaass
I ) Glew Ao )il @V aaddl Gaasi clauail ey 8 .CGAS Hadiul
CGAMP, Lasiji Al Gl e e dayy cBle &

il il

s A Be lenn s oy 5 cale ans Blu )83 ol ¢ )5aY) 13 LS e peun
Gk (e (lia axiie ga LS la lgie cas€ll a3l o 11y e dll i)y ccnlial)
aaliall et Ay e AN aa el Lelld GA ) s)lay) a A Le AN el el
Handbook of Chemistry and (CAS dis ¢ jpaliall g)sall Jsaall Eé} il
" o Aggainall o LSl Aalall (uo) Ciaay sy Al 3500 .Physics, 75" Ed
Organic Chemistry”, Thomas Sorrell, University Science Books, Sausalito:

1999, and “March’s Advanced Organic Chemistry”, 5" Ed., Ed.: Smith,
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pladinl LF“d\ «M.B. and March, J., John Wiley & Sons, New York: 2001
Helene b e o) S il indl

S iy e la¥ly o Ll Jlae 8 Led sl imall lis Feddioaall chylatadl 5%,
b Cippnall el ISl Tl oAl 18, Tl daa ) gpaally Al @l
el Jlas

Dl rea o L) 1) Ll s $psend) caladll Gangs el Gda S0 35 o L
S Ao sdull (Al ) dpuxigh 5 canlatl) cilagsapes calSLanll (Jhe) 4 e Y]
double bond sl dday, Cilpesil s Z (Jildie e Sy JSUS 3R Jigal (Jlal)
byld 8 ¢ J6l . E 5 Z conformational isomers 4. sl 5 «E isomers
Sl (R ) Ll camlaill il iy AISLEN IS L ball 3las) chesd)
dplgaall ALl jua apen a8 ld A S Sy ol Lo g AV Jlae A AW
Glilh caag el CA HR3 0 Al L cddlia) sy oo 1AV Jlae 3 e AN LSl
SO e ST saals aga 8 it aliss cilShe e Jlaayl Y Ll s 3j0ad)
ety AN Al i) et ) LSl 0588 (Sl Jar o 2Lyl 4l
Jlagiad f dritium as 5 deuterium a1l hydrogen cua el Jlag
LSl @l ()5 e iyt s Jlae oSl g2 ='*C f -1C 4 carbon (5 S
daa gl enll GHLEAY) 4 wluasS canalytical tools Jalas <l (B Ja o cdadls
.Sl ¢ 15300 @, therapeutic agents iade JdsS

saccharide 1, jladl oo ST S saals Lpdg a3 ) GlShd) et o oSy
Jlae 3 dlld (e DA 5k 5D JIKEY) 38 a5 elld DA s a1y o L .moieties
2l e WA 5 B 50 2 e el hareatl) S 4 &8 el CNA paat By Bl L ekl
Al il Aal g 48 g

Liglhae Jall (o sl (1S5 e 215 enantiomer JSLiie (JU Javwe o oS 1)
sl Ghinuy) casymmetric synthesis Jilaall e @uasl Aals opumat (Said
S e lue el aladinly derivation JEiy) dauly 4 «chiral chromatography
zoull diastereomeric mixture aulaill 505 Jald Juad &y Eua ¢ chiral auxiliary
Gy i cJp sad e A T gllae OSLE 853l o laal) depenall ladl Sy
5 «@mino il de sene Jis <basic functional group 4,8 ddk s de seae s g3l
JraS g S C)uj J& &y Jie cacidic  functional  group dicacas 4uaihs 5 de gens

520§ acid Lame saiiul diastereomeric salts aulaill da 503 ~3d «carboxyl
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a3 Al diastereomers aulaill cilagaie Julady = leadly cApulic 1 ya 4l 5iie base
Sl GaNATNy Jlad) 3 o 35 pre Chdiiad Jiluy 5 Spiall lall Aanls <
Jaal) ekl
(Jig) alkyl &l cpms e degens (i ot o LS acyl Joad ' juall Jiey
el Ao geaally Adasi jall Lia paaill o3 LS ¢(haloalkyl  group Just (e de gens
Uadss baread Sy cla il o3 LS ccarbonyl Jui s Sl e geae SO (e HlaYl
Jsisd ((carboxyaldehyde group aaall S5 € de sens ) formyl Jue)sé de sens
SV Cile gane Cpauats Llld 44ld Loy butanoyl Ui siti s cpropionyl Ui su s 5 cacetyl
SOV Y eV Y e s gl unsubstituted acyl groups Gsaded! e
Spe S Ao gene Jlasiad 2y cilayeatl) (e 8 carbons. clin & YY Y e
la Caagll 8 LS Jaiuy) Gleseas £ 7 Y ) 5 gl
sl s LS (aliphatic group 45l deseas " §f " aliphatic sl " il sy
S Al dejiied) (Ao jic pe ) deiius hydrocarbon chain 4y < dluls s
S el ae lany e S g saaly e ) il A6 0sS ) Aade pe
dalall 458 @lw Sum § monocyclic  hydrocarbon dalall Lalal ilis S50
sy eSS0 saaly et A sl Al o5 a3l bicyclic hydrocarbon
Ga Ly el Lyt a3 all) e 58 Y oSy cunits of unsaturation il e
Js gL 'eycloaliphatic dglal il " "carbocycle dyg & dala "y,
el A st A ol el Al o giall ol (e 3ayke Adal et Al ¢("cycloalkyl
et (il a8 LA s € il T S Gile sead) (el
U=z 4 . aliphatic carbon atoms el Hs S ablo—y Anlall) Gle gend
(layaatl) ey 8L A0 e € @ ) Al Gile gead) et oyl
oot Ll (AT Claraat 3 5 Aslall s @l Yo Al Gle gl e
Aplal dal " ety el (any AL ASG e € ) Y- A8 le seadl)
< (‘cycloalkyl J<if (<L " 4 'carbocycle iy S il ) "cycloaliphatic
4l & Al monocyclic C3-C6 hydrocarbon Zalal) Lol C—Cg il K550
) dphe e sS8 il cadil aae lasg e S0 saaly et 1) al)
e Gl i) A8 cile peadl et asi) o giall Jay )l e 53,80 AL penals
calkenyl Jusll (Sl e ariee pe o Aot e jiie  Lhd il ganse ¢ pand) o
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SiLy) «(cycloalkylalkyl Sl (J&l Slu) Jie ¢l e e 5 alkynyl Joasii
.(cycloalkyl)alkenyl Ju<if (Js) S5l §f (cycloalkenylyalkyl G (Sl
cuy <l coxygen Gyl eSS0 saals"heteroatom duslaie e 53" el iay
lly & L) silicon ¢Sl § «phosphorus si.dll cnitrogen a5l csulfur
Y el ssall ¢Sl ¢yt ) eyl g il e 80 uS5e 5)5m
substitutable nitrogen Jlai.od LB cuas i ¢ basic nitrogen sl Cpag i
gh—1 7 AW N JEd) Juw Ao cheterocyclic ring ddlall duilaia jue d8la]
dina oy 8 L <) NH (3,4-dihydro-2H-pyrrolyl Jg,u -2H 50 s
-((N—-substituted pyrrolidinyl dlafuw Jybalgm —N 4 W) NR" (pyrrolidinyl
S saaly ety il of (s axias WS unsaturated sade e " el sy
o)) s Cilang (e

hydrocarbon iy, Ssme G5 Y cbs st o LS alkyl J&IT " il iy
Ol b ety Sl s e Bisie dejdie f Aediie cAaidie dlls il radicals
Cranail (LY CA ap0at 0y ol e Bayde Cpaangpaae 530 A1) dda ey (S AT )
Slesane sl e Glaal . carbon atoms ;s €33 ) Y-) JSll cile sens
oS 53 1) Lol ile sene el adae Glayuad 805 €30 A-Y (sl
ol ecilaruaill Gy 80058 53 0—) LS il gene el ccilapanill
53 =) Qs e sane (el iyt ey 8 o5 K 50 £-) JoSl ile gens
GAS AR el 538 9 Y= Sl ilesens el Slapantll (any (35 058
53 an—propyl Ju sy — n ethyl Jiy) amethyl (e ¢ peanl) Jus e o (JuSH
sec— Jiisw — <l cdso—butyl (s — 53l (n—butyl Js s — n cisopropyl Ju s
—n dert-butyl (s s — <, dso—pentyl (i 30 <sec—pentyl (i ¢l cbutyl
«sec—hexyl Ji.Sa— &l in—hexyl JuSa—n cneopentyl Jisn o cn—pentyl (i
«n—undecyl Jiwxi g n n—decyl Jrwrn n—octyl (s 4-n <n—heptyl Jiiwa—n
LS 4l Wy cdodecyl Jiwaga

e Adiie Sl Aalal Ao gense ) cla st o LS ¢ alkenyl JaSi " sl iy
O3S 038 Aasaie Alayly et Alulull o jdie §f asiius aliphatic moiety sladl s
hydrogen (uas ua 3,3 Ay Zadle J8Y) e 3aa)s carbon—carbon double bond
b 050833 VY=Y (sl il gea (el (1) CA 3y 41y ol Le 3254 atom
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propenyl Jui s cethenyl Juity) ¢ S G Ao« Jui€ll il gana el 5 S 353
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JEY e saaly (90 s S AN ey ey ALl ghiie o aiiie Slall Hlas
VY=Y Gl cile gene o ol G 323 S5y ol L WB0jke gy 553 A3 Aaud sy
Elapaad 805 €30 A-Y il ile seae el adme Chlaruad 3.5 < 553
Sle sane Cpenal claruatl (e 35853 1Y Jaill le seae el Gaaas
0S8R 1Y Jasll Gl geae el cclaatl) G (B opS 33 oY Jull
s il mmy s o508 50 F=F il il genn (o Chlapndl) (any
¢ panl) i e o cdpanin il Gl @ile gene ot 05 € 53 Y diasll ile gena
1= Jiin g —) 2-propynyl (propargyl) (Jisjlsx) Jsnsn =Y cethynyl Jaidy
S 4ls Wy cpropynyl

.bivalent alkyl group sl 188 J<V de gene ) " alkylene cplll " el july
«polymethylene cpline g e gas e e "alkylene chain ARSI LR
S e e ) e e S g 230 e e N 5SS —(CHy)m el
cre Hle Satue bl Al 58 (Y fe OV (D) e oF (Y et
Tesener Comisel) Cliise cd e il fsals Jlaid gy Cum cliine s Ao sene
sladl de saney Lialdll Ly Lagh 35S0l @l Aunliall Jlasia¥) chle sens Gpanals . Jlagiad
.substituted aliphatic group i

bivalent alkenyl sl 45l LSl desanse ) " alkenylene ol " el i
Calie (g0 desann o 3he dluius alkenylene chain calsth AL S5 .group
el @i e S Sl saaly i) @iy Gua JBY) e saaly dagaie Ay ey
Laad 380l @l dpnliall Jlaia¥) Gile geae et cJlasiul 4e eaee hydrogen atoms
cbromine a5 ,ull (pe o)lidl o3 cpaslla (s a3%0s g8 L&' halo s " il Jiay
fluorine kil J ciodine a4l «chlorine i<l

1§ Br (Cl F " halogen cuagle " el iay
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alkoxy oSl desene (s axiine o LS ¢ haloalkoxy .S b " il i
0S5 o oS o(1 5 Br «CleF (gl) aa sl Ao sanes Alasise clia 3aail) 5 LS cgroup
a8 4 e (ot saaly Aad e haloalkoxy oSSl cpaglla de sans
Geazti . halogen cuaslla e anyly ccnling QU e 5T S iy LSV e sans
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oo S S Y JY) Gilegeae Alla & S (@D ol aaly Aot JS Slla
oSl 5p588 y cliShe ol e Lo gane e cpaglla @y anyly el <
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0558 of Lad S e aatl) ey 3 .~CHICH, 5 «CH;(CH,CH,Br)CH,CH
Eilogenal lia Caadll 5 LS Jlafiad Glegene £ 5 0¥V ) 5 Aaiise J&I b Ao sense
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A8 o) e gene (0585 elaratl sy B ) Adla T ) ae A0S 55y s
(A JS% dasue naphthyl ring Ji86 48l oo Hlie <3 Vo= A e (58 dalal)
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il esan o laylid) 5 dalaie e @l £ jhia et Jof A8l sia
RENRS R IR

Ut S e Jaisi il CiVopo Upie @luSh ) s iy o AT cula 3
S saals ae AV LS 25 i) (s 5 S3al LSl e ST sasly cre Ladle
Jss) pharmaceutically acceptable carriers LiVara el dlelall dpd) e S
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S Sy cJradilly caadll & WS L diluents cadasll ol o /s (additives aslay)
e il o olea Sypam b ol mgeail iy o Jal) CalSU B paal) il
Juw e coral administration adll jue olaclh : b Wl @i g Al olls &y 3
dablets (ahdl (il e § 4l suspensions clile § Jullas) cileja (JUl
Saalos 3y Sl (gilead) pabiaia¥ly (gl cuad (3o dll alal) &bl (Jhe

o sthey) ttongue Glulll e xuall pastes (ilae (granules s qpowders
caal) daulsy (JBLN Juw Ao «parenteral administration gszall e c@all §y5h
G ¢ intravenous sl & dntramuscular Juaall & csubcutaneous alall chas
dapa 4 ixe sUSPENsiON Glxe f Jslas $ysa 3 (Jidl darw e cepidural 4l
at e cCream oS $Hgua A JUdN Jorw (Ao ¢ i gall aA3 VY Cumiie (@) i)
S dungs 25,01 eskin alall e axdiadl 50 o e 33U culdsalac i cointment
e «dntrarectally aiiadl e Jintravaginally Jus) e ¢oral cavity P PEPPEN
ol 3 ssublingually glalll coas 58y f 0y € A luad $ysua 8 cJU o
cim.f\i\} pulmonary i)\ <nasally ) e  stransdermally alall e tocularly
.AY) mucosal surfaces bl

S [ el sl el @l ) 3L U LV o Upde " slall ot
i) Al e ueSially adiS Al (458 ¢ aball Sl Jlae b e ills dojall ysa
A ¢ AT Gage ) A ) caggia) LtV el B8 Liew opsn Sl
A g 5yghad [ 3051 Ao ase

LS " pharmaceutically acceptable carrier LiVana i sie dlala sale " 3kl (S
S AL 28k sale Jie coxcipient § s o LS5 laVara Aphe sale Uia 03is 58
solvent udall Cadis sale ¢ Vs cdiluent dsss 3k <liquid or solid filler 4l
a f o sme e Sl QW Ji f Jea 3 @l ) cencapsulating material
oo Aie " Alela sale JS 0585 o ag el (e eda S OAT e () canall o
Agall ABdl may cpanaii « mppall Hlim 58 Y 5 drpall (AW LS e BN Cua
2S5l dactose 35S Jie el Sl 1 peniiy WiV ara A s Alola dse e il
Osshud) ¢potato starch udallanll Wi 5 e cLaall ¢sucrose 3y S g glucose
sodium carboxymethyl jslsbodl Jfie oS g S aagea Jis (l@léise yccellulose
ccellulose acetate tind 30,4 5 ethyl cellulose 34l i) ccellulose

Glelyw el cgelatin s ¢ el ¢powdered  tragacanth sadas ¢))5€ jaa
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Sy o Sagadl Jodlh iy Jhe cigy taadll e Jaelad 5 IS 3235 Jie cexcipients
gaal) b a5 HAN o €0l o) ) g cpuadl dlie g il 5y
JoeS g gl 3nae YeaS cpropylene glycol Js<uls pligpn Jie cglycols caysSila
celly) s s mannitol J il csorbitol J s s cglycerin oy yunls Jis <polyols
Jin) 5 ethyl oleate <l i) Jis cesters <y ¢polyethylene glycol J <Sula
1S5 Jic cbuffering agents dekic Jde tagar Wl sethyl laurate gy
¢aluminum hydroxide eﬁ.'m}% 2uSgyua g Magnesium hydroxide aspuie Ll
clls ¢pyrogen—free water el alge oo JA oL talginic acid liall jaea
ethyl Jiy JssS ¢Ringer's solution s Jslss tisotonic saline jisill g5luia
@lis S Jou cpolyesters i o doo ¢ iy el 8,10 4 chais Jullas talcohol
el Al e dsl5ie Jge 5 spolyanhydrides iy ynedl s f /5 polycarbonates

Agi¥apall fpall 8 it
pharmaceutically acceptable Li¥aa Jsie sle " juadll jody clis aadie s WS
n ndally AU Alially ccadall Jlae 8 8 Gadli 0o 3D #3Y) els Y) salt”
T el clesd gtpall e Fpand (50 Ll sl o gl 5 ) Aanil)
-4l sl 3)ghadll [adil) dpt me A8lgie 5S35 ) LS Ly allergic response daggiall
S M. Camy (Bl pras o o Jladll 3 s R yme WiV apm A158d 3L 55
J. Pharmaceutical Sciences, 2 Juadll LV s & gl C)J\J\ Berge et al.
18 LS WiV ara A sl S eumii L aapeS Lia kil (1977, 66, 1-19
o A 058 Al By same e s Aysame deldy Galeal (e LA Ol £ )y3aY)
diad dosend 23U e Ble WV ana A 5ad nontoxic acid delul) e aesl) A5l
Uaea Jie inorganic acids iy scasll pe alealy) Aladiul &5 5 amino group
ass chydrobromic  acid ¢l g mes chydrochloric  acid &l 5i<g 50
Sy ymes gsulfuric  acid &Ly S (ymes cphosphoric acid <l usd
oasa acetic acid cliwd jme Jic dypme (alel Jadiul f perchloric acid
Uaea ctartaric acid &l yhyla mes cmaleic acid Elllk mes coxalic acid LS
i malonic acid &l jaen s succinic acid ¢l e ccitric acid &l i
Y araa A pial) ZOU) e L o) Jolii Jle Jladl b Aeaiione (AT (3l Madinly
«aspartate b, cascorbate by, <. calginate ciluall cadipate cilual 524

<yse cbisulfate «wlall 5L cbenzoate «g3n cbenzenesulfonate «uligla oy
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aligal oyl < ccamphorate iyl < cbutyrate <y, cborate

G S PPt TR = «Citrate <y . «camphorsulfonate
il w Jy e digluconate w5 S4ls sl ccyclopentanepropionate

Ohlasd formate <laysé 5 cethanesulfonate wbisel o L% cdodecylsulfate
«glycerophosphate «ilius §yuls cglucoheptonate «uligin < 4s (fumarate
<lsiluSa cheptanoate «lgilia chemisulfate il _ws (gluconate «uli Sgla
2—hydroxy— «lidla ) — 8o ma =V chydroiodide 1354 us chexanoate
Juyd daurate &Y clactate U<y dactobionate <L 4L ¢SV cethanesulfonate
ol «malonate &l L imaleate <Lk «malate <Yl dauryl sulfate ol
«2—naphthalenesulfonate <l o L5 —Y cmethanesulfonate <l
Ll oxalate e¥)3<4 oleate <l 4 cnitrate <,y nicotinate «ilis Sy
Jand —Y (persulfate <Ll Hu cpectinate o<y, (pamoate <l sels palmitate
< ligu g pivalate @Yl4y (phosphate «liw g (3—phenylpropionate «ubigu 45
<y hayla csulfate cldl . csuccinate <y, .S cstearate <))t L «propionate
<lsl&ha g cp—toluenesulfonate b el oy 5l si-p thiocyanate «ubls o ctartrate
Sl 4li Wy cvalerate salts <l yllé C)J «undecanoate

alkaline (gyl8 5 318 calkali metal gyl 313 4D 2o @ e (Fiia C)J Cyaaalth
. N+(C1-4alkyl)4 salts (J<li C;_ )N ~>if; ammonium , s 54 cearth metal
dithium o580 csodium a3 gm 3 18l 2l 430 o alkali 4 ) C)J\J\ (paaiatl
(st LD 4ls Wy dmagnesium aguicl ccalcium a sl potassium aguli s
nontoxic  delu e assisd (Laidle clld 55% Larie oAV LV ara A15ad) ~30Y)
amine  ud wligilK 5 cquaternary  ammonium el eﬁs}j «@ammonium
chydroxide .Sy, chalide sl Jhie dblie s gl slaai il Ll i o5 cations
JW (nitrate <)y (phosphate «iliu s csulfate clila ccarboxylate e S
. aryl sulfonate <&l s loweralkyl sulfonate (g jpa ol sl

S50 ae plall el ey LS el Appdall jsaall apaad iy adae Clapaad
TLaY) 5ypenl) GRS (sl (g 6 A Ty LY Gl i 5 pen
Tpohil) el 3 Al e ane Tl Galid b Aestidl bl jen e (Sl

.polar solvents
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Al (L il a3 LS glanl) ydall of Jlaadl 8 Aalall s)leall (0 iy Cags
s» L& "protecting group aules dc gene " il daidg LA leal) ile gene (e Ao gens
(o o) casile) §f asydlaxs 255 N S O (e canme iy jlad of iy clia em
2aatie Sl 8 ol aia ge die AN 3)5my Jo il o))adl By puall o) 1Y)
3yl el ezt 5 Jlaall 3l A8 e Apnlial) Aaleall hile gena (5<5 @il gl
Protecting Groups in Organic Synthesis, T. W. Greene and P. 4 Juadll
L Ljs lealadind o5 Al (G M. Wuts, 3" edition, John Wiley & Sons, 1999
Caal 338l il s a0l A 3)0emy Bleadl Ao gene Jeldi Badse Gilapuad A xS
AL Al Glegane (5K Juiade JS 8 63)S0al e Lall dyulie 098 Sy Lebiles
paled Y (Al A ge 38 il Aliadal) Aalid) jue A4S Mgl dafsy Alam) JS& AR
M iy JL&) Jaadll LB Fhe Lleal) Sile gena JE s AN ik o) ile senal)
el (S Jamde S8 Bleall o ganal (5K Cagy 5 S(3an Landl 2 )p 38 wlgi o0
Sle gene a2t (Ko clin Jradill 23 LS L Je il 2 aalsall cuiadl ls) dsy
e caiall e JBall st e Sy ecma il Sl syl e Tuleal
«(MOM) methoxylmethyl (e Jius sise cmethyl Jiise JooS g juell Bles Ao gans
«=butylthiomethyl Jiw 58 Jsg —£ (MTM) methylthiomethyl Jiwe o8 Jfie
(phenyldimethylsilyl)methoxymethyl J i oS e (el Jfiae (o Jaid)
=S5l dyji S sie p- ((BOM) benzyloxymethyl (iue S5l Jy3 ((SMOM)
4= e (S5 —Ssie —¢) ((PMBM) p—methoxybenzyloxymethyl J .
— t¢(GUM) guaiacolmethyl Jiw JSulss «(p~AOM) methoxyphenoxy)methyl
4-pentenyloxymethyl J . qu.sj Jaiay ¢ dt-butoxymethyl Jfe oS 4isn
e —S ) S e Y siloxymethyl - fw oS ghu ((POM)
558 = V) eddfiae S5 56K gl =Y Y Y ((MEM) methoxyethoxymethyl
=Y «2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl Jiiw ( oS 5]
«(SEMOR)  2—(trimethylsilyl)ethoxymethyl Jiwe oS5 (s Jiise 6159
3= J—aihy g —ali s n =Y «(THP) tetrahydropyranyl J— b 50 sl
—Ssie =) detrahydrothiopyranyl Jsn o 5 ualfis doromotetrahydropyranyl

4- 0 uhy gl WS —¢ (1-methoxycyclohexyl (i oSa i,

A-Jshn sfigpnaeli —uSdw —¢ ((MTHP) methoxytetrahydropyranyl
4= 208510 S= ¢S Jiihw s g ualii uSdhe —¢ «methoxytetrahydrothiopyranyl

Yo

Yo



o4vy

= —[Jaid (Jdiae —£— 551 V)]-) cmethoxytetrahydrothiopyranyl S,S—dioxide
1-[(2—chloro-4-methyl)phenyl]-4-methoxypiperidin— Jr & — 3 m oS i
J—sihsd 52wl o], 4-dioxan-2-yl J Y-yl Salrt ) (CTMP) 4-yl
¢1 0 ¢f @y v (Y ctetrahydrothiofuranyl Julysé 53 508155 ctetrahydrofuranyl
D Yo 53 S5l e cf=J e g5 —A (A V=50 S —ay o
2,3,3a,4,5,6,7,7a—octahydro—7,8,8—-trimethyl-4,7-methanobenzofuran-2-
1-(2- &) (—S55) 58— ¥)=) (1-ethoxyethyl J &) sS4 ) oyl
=\ «1-methyl-1-methoxyethyl Jiy) oS i =Y =i =) «chloroethoxy)ethyl
o V=i =)« 1-methyl-1-benzyloxyethyl Jiy wSd Jyjn =) -diie
gh3 =Y Y ¥ <(1-methyl-1-benzyloxy-2-fluoroethyl J i) wjé—\‘—w.sj
«2-trimethylsilylethyl Ji) Jdilss Jie )5 =Y 2,2,2-trichloroethyl Ji) )<
— p <allyl i t-butyl Jiisa £« 2—(phenylselenyl)ethyl Ji) (Jilis Jaid)-Y
s gl —¢ Y (p—methoxyphenyl Jiié .S sis p- p—chlorophenyl Jyid ),
¥ «(p—methoxybenzyl Jy3i S due p- benzyl Jiji 2,4-dinitrophenyl Jsid
s jui— p co—nitrobenzyl s 4 jii-03,4-dimethoxybenzyl Jy5 S5 gy —¢
2,6— Jaju 55 @l =1 Y (p-halobenzyl 4 3 i p- ¢p-nitrobenzyl Jy3
«p—phenylbenzyl . Jiué p— ¢p—cyanobenzyl Jyju 5L~ p «dichlorobenzyl
3- SN Jd Ko Y- Ui -1 4-picolyl Jud o ¢ 2-picolyl (4 <o Y
sy gl —p 7 p «diphenylmethyl (i i gla emethyl-2—picolyl N-oxido
Jud gl (S—dibenzosuberyl Jiy sw 53 gla—0 «p,p’—dinitrobenzhydryl J; jua
p— «a—naphthyldiphenylmethyl Jiw Jiid gl Ji86 - driphenylmethyl Jiius
=S5 p-) g (p—methoxyphenyldiphenylmethyl Jiw Juisd o Jiid S diue
(St S p-) )3 «di(p—methoxyphenyl)phenylmethyl Jiwe Jais (Jaid
Jaid (gl (Sl L;H.Sj Jrulid sa9 —¢)—¢ «tri(p—methoxyphenyl)methyl Jii
() p =77 T ot 4—(4’-bromophenacyloxyphenyl)ydiphenylmethyl Ji.
4,447 ~tris(4,5~ J e (J 2 5 el )5 K gh-o
Jiiae (Jaiad L;.,.Sj Jidsal) g =77¢ ¢ ¢ dichlorophthalimidophenyl)methyl
(S L;.,.Sj di)omp =77 Tt ot 4,47, 47 ~tris(levulinoyloxyphenyl)methyl
U=t ) G () —d)laa)-Y «4,47,47 ~tris(benzoyloxyphenyl)methyl (i
«3—(imidazol—-1-yl)bis(4’,4’° —dimethoxyphenyl)methyl Jsiw (Juisd oS5 gl
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1,1-bis(4-methoxyphenyl)—1"~ e Jiber" Y —(Jaisd aSshae —8) Gy =) )
9-(9- d A (J 1 —4)=4 O-anthryl J—ml -4 (pyrenylmethyl

9-(9-phenyl-10- Sl (}_...Sj—\ v —J—i —)=-4 «phenyl)xanthenyl
s 33 «1,3-benzodithiolan—2-yl J~Y- N5 la 535 —Y ¢ coxo)anthryl
il JHe )5 <benzisothiazolyl S,S—dioxido s S50 -8 S Julgild
Gl Jrs s 53 g3 «(TES) triethylsilyl Jilw Ji) )5 «(TMS) trimethylsilyl
dimethylisopropylsilyl (il o Jwsy sl Jiie )2 «(TIPS) triisopropylsilyl
i gl «(DEIPS) diethylisopropylsilyl Julvw g 53 ) gl (IPDMS)
t-butyldimethylsilyl Jilvw Jifue s Ji o= cdimethylthexylsilyl Jilyw Jyus
Jalsw a3 (gl53 «(TBDPS)t-butyldiphenylsilyl Jilw Jiid 5)a Js s £ «(TBDMS)
driphenylsilyl Jibw Jiié g155 ctri-p—xylylsilyl Jilv Bl p- 615 ctribenzylsilyl
t= b Jiid oS e J8 s £((DPMS) diphenylmethylsilyl Jalia e Jaisd (gl
@l J—gju Jormate )4 ((TBMPS) butylmethoxyphenyilsilyl
@iyl )5 gl cchloroacetate w54 (acetate el (benzoylformate
@byl 5)s B gy drichloroacetate <l i ;)5 1< ), 3 «dichloroacetate
iyl e Jaid g))s cmethoxyacetate wtiyul S 4i drifluoroacetate

Ssud )48 — p phenoxyacetate AW S sud driphenylmethoxyacetate
—¢ 3-phenylpropionate <l sy Jaud -V ¢p—chlorophenoxyacetate <liy.
(585 g cpliyl)—¢ ¢ «4-oxopentanoate (levulinate) (il gd) <l sl Sy
4,4~ (ethylenedithio)pentanoate (Sl 58 o il ) el
<lisis S cadamantoate «isildl pivaloate cislay «(levulinoyldithioacetal)
p- «benzoate gy ¢ 4-methoxycrotonate wlisis S .Ssiw —¢ «crotonate
2,4,6— (lsirase) @lgii Je ghs =1 ¢ Y p-phenylbenzoate gy Juud
—4 calkyl methyl carbonate i S (i Ju<If ctrimethylbenzoate (mesitoate)
g S Jaiy) Jost «(Fmoc) 9-fluorenylmethyl carbonate «lis S Jie Jii )la
alkyl  2,2,2— <l g} 5518 ghys =Y ¥ oY J<ii calkyl ethyl carbonate
2- @big S Ji) (b Jie g)5)=Y ¢(Troc) trichloroethyl carbonate
2- @b Ji (Jisila Jaid)=Y ((TMSEC) (trimethylsilyl)ethyl carbonate
2- @l S i) (L sde 8 it g)55)—Y (Psec) (phenylsulfonyl) ethyl carbonate
alkyl <l Jiisn o3l Sl «(Peoc) (triphenylphosphonio) ethyl carbonate
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alkyl vinyl carbonate s < Julf Jst i g € Jiid (< cisobutyl carbonate
«alkyl p—nitrophenyl carbonate s S Juid i p Ju<Ii calkyl allyl carbonate
alkyl <ilisy€ Gyji oSie p— AU calkyl benzyl carbonate «ilis € i i
alkyl 3,4- <linS dijty oSl gla —¢ oY J<i (p—methoxybenzyl carbonate
alkyl o-nitrobenzyl <ig & (i3 50 J<If «dimethoxybenzyl carbonate
S- JsV «alkyl p—nitrobenzyl carbonate s & (i s i p JSW ccarbonate
4= lis S Jf8 V= S —¢ calkyl S-benzyl thiocarbonate iy S 5l 3y
«methyl dithiocarbonate <lig S o (gla i cethoxy—1-napththyl carbonate
—$— 4t 4-azidobutyrate <y w3l —¢ (2—iodobenzoate <l s —Y
0— Glyii (Jfie ywgn 1)~ 0 4-nitro-4-methylpentanoate <yl J i
«2—-formylbenzenesulfonate <l silu o3y Jieyé =Y ¢(dibromomethyl)benzoate
(=Ssie o Jfig)—¢ 2—(methylthiomethoxy)ethyl Jiy) (oSdie of Jifae) =Y
2- @i (e Ssie s Jifae) =Y «4—(methylthiomethoxy)butyrate <y sy
CAW =S e == 568 gha =T Y ((methylthiomethoxymethyl)benzoate
PE=T oY ) ))=— 56K gl =71 (Y (2,6—dichloro-4-methylphenoxyacetate

2,6-dichloro—4-(1,1,3,3~ eyl Sy (J—ssm J—fie
=Soid (dngpn e gl =) V) L —¢ Y tetramethylbutyl)phenoxyacetate
il Jaid s 58 ¢ 2,4-bis(1,1-dimethylpropyl)phenoxyacetate ENW

g S5 g ciSObutyrate culysg v 9 | «chlorodiphenylacetate
—0 «(E)-2-methyl-2-butenoate <lsis g — Y- —Y—(E) cmonosuccinoate

o~ <l Ad —q «0o—(methoxycarbonyl)benzoate <y 5 (Ui S S i)
alkyl <l sl )58 Jiise 1= N7 N N (NS enitrate <ifjis cnaphthoate
alkyl N— <l € Jaud M Jst (N N,N’ N’ —tetramethylphosphorodiamidate

Js & gha g fie gly borate ohyy v phenylcarbamate
alkyl 2,4 bl o Jud gy10 o —¢ Y (< «dimethylphosphinothioyl
() bAoA sulfate «wldl . ddinitrophenylsulfenate

<lywst 5 cbenzylsulfonate «wbdla Jyy imethanesulfonate  (mesylate)
G (1,2= or 1,3=diols Jsha =Y ) J =Y ) deseae Llal (Ts) tosylate
«ethylidene acetal Jtiwd ;ualin) imethylene acetal St culie lal) cile seas
1- Jus cpaliy Jud -y (1-t-butylethylidene ketal JtiS pali) (8- £
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(4= Jiad cpa i) (Ui —uSsue —£) phenylethylidene ketal
2,2,2— Jtdd sl )k ghi —Y Y ¥ cmethoxyphenyl)ethylidene acetal
Juag by &L cacetonide an gy dtrichloroethylidene acetal

Juu ccyclohexylidene ketal Jus cpaliSa Ko ccyclopentylidene ketal
—p benzylidene acetal Jtwd ;paulisu cycloheptylidene ketal JGsS cpaliin
(—Ssie gl —¢ ¥ (p-methoxybenzylidene  acetal St b (S s
2- Jtipd cealine 55 Y ¢ 3,4-dimethoxybenzylidene acetal Jtiul cpadiiu
«methoxymethylene acetal Jtid calie S s cnitrobenzylidene acetal
O— i 58 o ol S5 0~ «ethoxymethylene acetal St calfie (S5l
=Y ccpabiin (}A_JAT Jie g N= cM-a @i cmethoxybenzylidene ortho ester
icseas s a—(N,N’~dimethylamino)benzylidene derivative cpalin Juulusy
V)Y ) G (DTBS) di-t-butylsilylene group cpalilis Ji £ gla ¢ fi) o
1,3(1,1,3,3 (b oS gl dgp g3 ¥ ¥ )
cyclic 4l olis S (TIPDS) tetraisopropyldisiloxanylidene) derivative

«ethyl boronate «uli 45 Ji4 ccyclic boronates dals i g5 LS o ccarbonates
ld xa b Aadgail) Hlaall Slogenne Juadi &y .phenyl boronate by e Jais 4
13 5l ey i o tiplal) clegeae (Ao iy ¥ Jlall g HRY) o py
leddatindy 5 Anlall juled) aladinly A geun Lleald) 48l L8IS6 Cile genn (1o de sane
oy pleall Cile gene (o paal) Caimy Ay Al §yymy . Al g 15AY) dGl 3
(&) Wuts 5 Greene

Ly peall yue Aol o lpall yysaatl Aoyl S adadind Ala 3 hae Led e Gl el
Al Aapall S dnd) o gall Sl jhdll dayy ddd ) cidabiad) f

dy (V) ssany o [s3ale ) "isolated Jyjae” sl yudy (lia adiiae sa LS
oo Lhadl b Y e g Lai ) Gl Sl e e SR e Sanl e el
S s cpraat o clealin) deasanad Sy A (Y) S /5 o(Rpadll dae) 8 4 /5 dagdal
Gos AT s Y s e Agiedl Gl /5 sl Jemd (S L lysy Leayiass
Slss L0 Mea A D Ve Msa o200 Ma fon D oZEe Msa AY
PSS VA NG PN VA R PVAL I IS VAL IR Y VA S S PIVA L S PNTVA R
Aol 8 lgre Jasip il (AW GBS e 799 da e 50 99 (794
Gon A0 Mos TAS ga Ay dya Algiaall Jadsall b ccilapontl) (may 3
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PSS VA NG PN VA R PVAL I IS VAL IR Y VA S S PIVA L S PNTVA R
i " saldl (sS ln e g WS el (e 799 M e 580 799 s cZAA
Ol i LS eyl pazy A A Gl KAl e 5y Ay Ala clS 1Y
NSLPPSTURSIPOREALY VIS PPORIPTILTCHN b W RS JUPURE T DA IRV 95 POA I
douffer ahie Jslae (Jie) @lelsu o dAlaall doall o S50 S saaly (Sl G e
e Jlasy) il e Jiall dans Glaa Sy clapuatll el 8 ¢(& el e
Llee peaat cchlyeadll ey A . excipientsalel gl 4 carriers dlaall ol ol
iy Jse 3ai Ji=l «Jis) covalent bonds 4ol Ll )l 3 callass S
eaic Jie o /s longer polypeptide ;s ain Js (e polypeptide domain
longer sk a5 K gieaild e nucleotide sequence element ag o< 45
.(nucleic acid (g453 (yann 4 oligonucleotide

4 A alad 8 agagdaniy Cuasoag ) 3L modulator Jase " il pladiil S
S Balsall Aagda o /5 o 3 5 ae g HIAY) adm je0y A Lalaal) Akaadle
s b damadl Gl die (A Al A Cagylall 8 Jaealal) ellhy e A5 )la
Ll & agonist xlus Jule  activator laiis e 3l Jard) (58 ¢yl
Cle e o AY) Alad) &) Cagylall 8 L eald) Gl ae B3yl sagms B ajys Sl
«antagonist slae J inhibitor Laie ce Sl Jamall o5 ccilapuatll jany 3L Jad
Cle aie Al 25Eal ALEN Cagpal) ae £5lie sagmy B SAd Taliall QoS Sy Gua
Jsa gAY jon ) Caaglh sans ae §ydlie Jomall Joldly cchlapontll Gy (A L Jandl)
Ly dole poe Spilie gl) pilie e (<G Caxd) Jelity cclapaatl) (amy 8 . lghalis
9 g agiaal) GLSH e (Gagiaadl GLSH as Jeliy (g3l intermediate agent
¢ LAY Cangiaadl LN (e (goiae Jorall (Baag chlaadll ey A Ladalds Jss gl AY)
SRS Bl e Jamdl iy iyl (may b il Seam o ditr sai e
S et ey 8 Caagiad) QLS s o Ll 500 e AN Gaagtud
COEAY) gy Y Gy o AN Caagiaad) LS dalis ciligiae S e Jaadl)
58 LS Lpgiaal) 3 Jasn bl CUAY ae 385ie ()5S Y S Aandss LIS Lalaal) 3 Ba el
molecule ¢ sia auly Laghal &y ke ol e 3)le "hlaall " ()5S (lia axdiwe
Ju o i g o A3 clileal) el o585 o %0 e ) g GGl (S
e 058 Jull s enzymes @yl Jall ¢ 15800 6GAS @l desd of (Kay ¢Sl
N ENARE
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el o damisale S [y @aSe of ead Jalall iy " ¢ gss5 aea’ yuaetl) euaty
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L (Us llle £,0 Jlaaf) lille Yo G oI il 4¢[G(27,57)PA(3,5”)p]
iayd die e\j ¥ 55 (Eppendorf (Vacufuge) il (o385l 3ylall ddadsy cuall A1)
LSRR Y RN

Yo Jla
Lll s

CGAS 4hii &ld <ulish pufgd

«Cologne ‘Amaxa) Jaze pMAX Bl o L33} (84 = CDS L@B cGAS Jw o
Santa «Agilent) Quikchange & jla o235l ad gall 490 jilaill ¢))a) o3 .(Germany
KOD (Agilent) Pfu Ultra Hot Start DNA Polymerase .laaiul (CA «Clara
e dild e & (Germany (Darmstadt <Merck) Hot Start DNA Polymerase
«Promega) Firefly  Luciferase ,CDS L.} 43 @B Oapd i) Gl jdsa
«Invitrogen) EF1 ;j}aa Jrzeplenti6 Sl ynas 2P 8 (W] c(Madison
Brian Monks :« pGL3 IFN-beta Gluc 1ix Ao Jpasll &5 .(CA Carlsbad

Yo

Yo
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e 2B a3 .(Institute of Innate Immunity, University of Bonn, Germany)
.CDS (1 cillisia Jue Adanls sLaidl e 5l apen 4
gl Ly

gt &Gy cne 4T JSTHEK293 LA e Y e X ¥ Y afe IS5 (gsnall Ji o
st Yo)plenti-EF1-Fluc «(sa 5ili 0+) pGL3-IFNbeta-Gluc ;e Lada aladiul
e b swad Plasmid P (s $U Yo) plenti-EF1-mSTING (o)
408 g€ adiiee 2Py 4 (<)yiha § PMAX-cGAS WT a5l Yo) cGAS
2=y (W1 <Madison «MirusBio) Trans—IT LT1 saiiul (Amaxa) pMAX-GFP
3ale Shatansd Bl et .l LAY Jad alaie Jslae 8 DA Jlas 3 de e T
(MA Waltham «Perkin Elmer) EnVision ¢ ;L8 1= gaussia  Firefly ;<
PJK GmbH, ) coelenterazine .y 3),iul S sD-luciferin oy =D 318 slaasily
el a8 83k e IFNbeta-Gluc a8 (ulé &5 . (Kleinblittersdorf, Germany
piie aa Pl Aol Sl Jaie Glua &5 firefly o0 dale s luciferase values
PMAX-GFP 4 ,lde 4128

VY Qe
dinucelotides luiwnlSsi o-Ga 4 o (G5

JLE VYY) e[G(27,57)pA(37,57)p] (Y Js&l 1) cGAMP="02", auea jriaad &
oy Grse dduny &3 s e hayh aladilly (Y JRE Vo) cGAMP="03", auaay ¢V
< -(Gaffney et al. 2010; Gaffney and Jones 2012) Jones laboratory
VYAY can v VAE) ¥ Y cpyridinium  trifluoroacetate cuaud i s
Yoidse Al VT edge (Al 0 YA) 2 Ley CHLON e il 0 8 Qlds (Jge Al
(A8 ), Y (Jse Al 1,90 can v, VAE) clipad 53l Gl atgay p Ailis) s (30K
Jagdall S5 cnl 3BV o JBUNH,— s e il T Jalia) s (A3 ) any
(Joe e v,V E) HyO &) o CHLCl, e yilidle Voo 8 350N daaal) salal) )
sl 512 Gien 1T e 5blle ) vl ((1ASe ) ¢ e e V3
Ll aled) & @8 Ve 2 .CHLCl, 3 (Jse Al V,0 «DCA) dichloroacetic acid
$h paea Al (3K Y s A VO (Jee eV Y) cpagpe Blal Jelal
CH,CN (o pllle V8 Zgagall salal 403 oy cdaglall 55 0 Gl amy o (lipady )5

(oAl e S5
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Yo
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«¢phosphonate g g-A H j & SEQURINY & comal o e daleal) sda )3 &
VY ¥ aamidite cuad G e Jslase Aila) s Jaladd 1 YL aldle Y 8 A S Y
Alia) codi ool aay CHICN Ll ¥ 8 (LA )Y (e e ), 0V can Y, 00)
Al Yt e e ¢ E7) S 3 LY S s Jiisr G e e 0,0
Allle 00 8 3 NaHSO; (pe aa ¢, Yo ddlia) cod Al ¥o amy (1A Y (e
Allle Ve 8 and) cuill Y i opS i 8 8 3l 0 sadd lalall (s 5 L H,O e
ALY E 8 (A Y v e (AL AS (e (Al v, Y 0) HyO dilz) 4ol «CHLC o
Lala alad) &5 ¢35 Vo 2y JCH,Cly L (Use e 9,A) cligads )9S sla paea 77T
Yo dilin) idi ¢ pia ana A alal S5 a0 gl e yililed Skt Jelal
S et et o il palall i aa )8l Be Jolaall 35 sy ol e ila) il
V= 55l ¥ = 5l =Y =i glam000 Ailia) e Joladll 1aa ) L il VY 3oV
5,5-dimethyl-2-ox0-2-chloro-1,3,2— ;i g Ll G Y oF
V.0 «Jse (_;LQ Y, A dasl 3ok o 90 Cepx 0,0t ‘DMOCP) dioxaphosphinane
e YA (Joe e v,00) HyO dalsa) ool Jayla alad) a3 ¢ 3008 Vo aay (18
Ll oY oF V= gy Y- 5 sl Y= e glamoco J il (3l<e ) s (s
A 3B 0 amy Bl (A ),V (e (ALY, e can YT |y Adlia) iy o lsda b
e 320 2y NaHSO; (e pn 0 VY o (5iay H)O (e LYY & Ladlall i
A the ¢ Alay) culall e 338y 0 2y weday NaHCO; (e pa 1,8 ddlia) coad clinl)
axy (B0 :EtOAC Y 1) il VYo aladiuly lia sale o gsing Sle slas ars
:EtOAC Y 1) e (e Adlizm) il Yo aladi Ll Al piadd) Akl Asudall an i o3 U
.Et,0
WSH 35 V¢ § Ve 0 e ggias all organic  layers 4 saall culisall #3e o3
dogane AP oty CHICN  plille 0 &)l 20 s o) £ 5 Al ) Ao J geaall
salall 4as cud (33U ) v 3o BUNH,— oy e yilille 0 Qi) ddadgy i) bl
CHOH (4 Y0 ) fea Gezshis gy aladiuls can A anay SI0) 2gee o duadl)
Aot b Aallad) oy SiO, (e 58l Vv 50 dan o LAk 0v 30 CHYCl, 3
Cre Al VY aladitll Aantl aay dciall sald) Aadles oo Ul JS 8 .BUNH -y
Gl ganal Lilly (8K YV Y (se e VIA (30l ZYY) ALY EtOH 8 CH;NH,
Slo Jpmanll 5 i Tl 558 a3 ddpall sha da)0 die lela £ an L (GueY) Ll
355 28 BN e sblle Y s pyridine cpagm e Al ¥ AL L) o5 cdilia 30l

o)
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BUNH, =5 s sat] o a0 e daleall 228 ) S5 Ay ey Ao Joanll & s Jadldll)
alen  83)5)lal Ay a5 ccpanpll (pe yilille ) L) cd il Y LEGNHT 2L Y
«Joe A ¥,7) EtNe3HF 5 (il v,0) Et;N Zdlia) cud LAy g dayd 00 2ie <)
00 xe Laall st &L Wil (TBS () o (S 8 Aeall (8 ¥ F Jse Ak £A
3 e pgiad AL} cdy il alea (e 3oyl AN i ccilela ¥ oam L Ayde Aap
GBI Y v day s i A el ) eda (illle Vi) oA e Bl Basileg S
s Cpe ehal e il ¥oalatinl cihe 0 lelut s (il ball 5ol pead
Mﬁ} 6@3 Vo :\_\AAzj\M O.GG.:\J '%jé)ﬁéKOH e\&ub#gh}éw}
O olf oS a3l Yoo X V4 Prep Nova—Pak C18 ase to V) 571 &uds

NHHCO; Noe ) A CHCN ZY. N Y
Waters 2965 alas e ouSe jsh b s ol Je Jilu dhasiley S shal
Atlantis C18 column sgee aladiuly ¢ Jgall AU aloall e geae R3S ol
~,\}CH3CN Qﬁagjﬁe\dﬁu\eﬁ .‘)SA}‘)S.\“AV,i ce.e°~ X e.ei,_l ‘(‘i):‘“.;j;\ Yoo
Vool (38 Jae (1A gy o) liad assiod dii) gl pliie Jslae (0 Nse
Aid ) 3ysan V) midic ESI-MS Ll o —$ o ¢ o sl & Aady il
o= J) U=y Waters Micromass calaill elyy ol LCZ &) o ) allas sladily

.(‘WV

'Y Jba

i)y pds CXCLIO 5 )03 g sii= LY g i) olisa jdne o daied) Cunll
.CGAMP (1S 1

i) Cagylay THP-] cuiis
asigall Gligym FBS Ll ol 7Y e 2 RPMIT640 & THP-1 WA clsid &
Life «Gibco) penicillin/streptomycin ¢joue i jiu/oalisis s sodium pyruvate
oo AR Vv g XA Jare cue 3T e Gl 8 DAY sy & o(Technologies
2wl gl .CO2 70 /iisie a0 YV die (yfielu 3ad] dililae adigdass o Al g fue Vo e
Sy 3yid A THP-1 LA e Vo f X A 3 a8 63yl Aegilal) LDATL dged LA
Cpaand g dangll juat o3 o(Sigma) PMA ) o) o o pilllefala g6 Y e pladaal

< sl (8 A8li) dele YE sad WAL
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Bone marrow alall ¢ A3 s 455 macrophage cells dagils 3)nS WA it
Doatl Gy

@l S Jas 5 .C5TBLJ6 oy 338 (e alaall g 145 (e A805e 508 degile WA pelad &
ARV XY Jara WA st 55 (BD Biosciences (Pharmlyse) s 45500
ass——all il 84y FBS 7Y« DMEM 4 g} o) 5o 3 Petri 3l <l
L929 Ll sale (e ZY'+ Qladinls (Life Technologies (Gibco) ¢y sis i/ palicin 5
15 cpad 210 aline asasa g Yse Al Y PBS Alasiul WAl aead & Lol ¥ 3ad
Lo 3L o8 ope JSTAR Y40 XY Jaee cpe 4T Lo Bl (8 leaay a3y il
Lo aadiul ladle a3 4 digitonin (s DA alaell ¢ 145 (e A0 dagile 3,08
pd c2aie Jasg AL} ud A5 A8y Ve 300 CGAMP (e 0aae S5 35y A A5)le
DAl daulsy cytokines LS gl paad adg dela YA oy ddlal) dgal) o Jganl)
oYL Lo foliall jale
SN RN7HF:

e Cipampall paill Lo il cla § 058 gl e sl 3030 A L) o
o v o WAN duhart udi g Agdllall salad) Al s ¢ jlaidly L(Woodward et al., 2010)
Yoo oV, ady agyns 8 HEPES j¥ge ko ov) ahie Perm Jolaa il 5 S
')V GTP N¥ye A o)) (ATP ¥ye ALY (MgCI2 Y5 AL ¥ (KOl Y5 A
ibllfala gy eV e+ (BSA LY 5y 8w Vs e e Ao DTT Ny 1k
Aapd VY die cpantll e 3280 ¥ 4l «cGAMP e o308 Llis culidagy o st
o A Sie Vo o DAY Bkt iy il Perm Jolae AN e @llh aay LA e
o dallaaye LA A5Hle 700 < shandl WIAY dga i€ LR 4588 i o
.(Roche) Cell Titer Blue 5 5 gpall 5jpaall jandll daufsy aidle codi oAl gail
oale HiA) Aanlsy GS gl poat g dele 1T Baal judatll ey Agdlall dgal) apead &
(il Je dygall HEK-Blue™ IFN-0 /B 43)a8s m3Yl Jas e deliall

a3l Jatije Ao liall ale sl

BD Opteia ) syl dadipe dobiall jale jlad) Aaslsy 45,5 CXCL-10 yaas o
ijj Ifna yass o8 L aiail) o Sl clia il [FER (human [P-10 ELISA-Set
Ul golaf Ifna slaaid 23 2l a iYL dadye e liall ale jlasl) jladl ey
LU Y sae oo g8l Ifna Hadiul & ¢ jadas dlias awaS (RMMA-T Ais) dal alias
PBL (e lexpen) caiSll Ifna Jylie J5lal) aaxieg wld i) (o sile (hasS ial
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Bio—) cuijf (e 3k HRP alac 431y ((Interferon Source, Piscataway NJ, USA
(Rad

depall Llainy) clinie de/se

pladinly ECS0 afy il d4ely) S o J<G e de jpnll GlaiulV) Gliadie Jylat
.(Graph Pad Software, La Jolla CA, USA) Graph Pad Prism

CGAMPs J (50815 Gisigall dpibpassd claliy) .6 Jgaa

Proton chemical shifts ¢sigal! dubash alaly) dasl

. . . . "Y‘)G]c
c[G(27,57)pA(3*,57)pl | c[G(27,57)PA(2°,57)p] p(o CY)PACS
Y,A Y,Ao v,a1| H8
°,4Y 5,44 s,av| HI
o,y oY) $,VY H2’
¢,0A ¢, ¢, H3’ G
¢,va ¢,¢0 ¢,va H4’
¢,)o ¢y ¢, Yo HS’
&Yy t2 A ¢, Y| H5”
ALY ALY AYo| HS
AYY AN ANYY H2
1,\Y 1,¥4 1,3 H1’
¢,VvyY °,YY ¢,V H2’
5.4 ¥ £,79 $,4Y| H3’ A
£,8V £,0) ¢ s0| H4
¢,¢0 €1 &YA HS’
¢y ¢,Y¢ ¢,+4 H5”

Carbon chemical shifts ¢ g Sl duiliassll clafyy) dasld

R

¥)Glc
c[G(2’,5)pA(3°,5")p] | c[G(2°,5°)PA(2",5")p] SY)PA('e
[p(e
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Yevy,v4 \EAR N YY4,vY C8
YY o, 0 VYA, AA VYA QY C5
Yo¢, o Vog,00 Yoy, 4 C4
AN AdVY 4yY,YY Cr’
\AAR VA, VY Vi g C2’ ©
Ve, o VY, AY VYAl C3
ALY ATV A AY,0A (0%
TA YA 1v,04 o, Y C5’
Yey, YeY,ov YEY, VY C8
Yov,ay YoVv,AQ Yov,ay C6
YYY, ey YYV Y. Y¥Y, e8¢ C5
Yo.,0V Yov,vY Yo,y C4
Yoo\ 0 Yoo, v A Yoo,y C2
4Y,v1 AV, Y 4Y,01 Cr’ A
Vi,0A AY, v ¢ Y,y C2’
VY Y V§,vo VY, C3’
AY,TA AV, Y AY,Yo (0%
T1¢,A9 TA ) 10,0 C5

Metabion, ) Quickchange ikill PCRs @ daaiiuw Primers clialy .o Jgaa
:(Martinsried, D

(Y-"e) ddisia RN PO

caaaggtgtggagcagctggccactggcagcgcectatgaacatgtgaag

N196A Y200A
att

s NI96A Y200A

gl ol

aatcttcacatgttcataggcgctgccagtggccagctgctccacacctttg

cctctetttctctcacactgaagcegtacattttgaataatcacggg K372A

cccgtgattattcaaaatgtacgcttcagtgtgagagaaagagagg | ol ua K372A
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ttgaaacgcaaagatatcgcggaggcggcecg S165A
a\;ﬁ\ Aiia 8165A
cggccgcctccgegatatcetttgegtttcaa -
gl
ggcggccgagacggtggctaaagttgtggaacgce N172A
olat ua N172A
gcgttccacaactttagccaccgtctcggecgec -
gl
gcagctgaacactggcagcgcctatgaacatgtgaagatt Y200A
a\;ﬁ\ M_YZOOA
aatcttcacatgttcataggcgctgccagtgttcagctgce el

agaaggtgctggacaaattggcattgaaagccaaagatatctcggaggce
g9

R158A RIGIA

ccgcctccgagatatctttggctttcaatgeccaatttgtccagcaccttct

. R158A RIGIA

e EN IR
aatcttccggagcaaaatgctgcagagcagaatgtttaaaattaatgaaat
K395A
acc
a\;ﬁ\ M_K395A
ggtatttcattaattttaaacattctgctctgcagcattttgctccggaagatt
gl
ggacaaattgagattgaaagccaaagatatctcggaggcg RI161A
olat ua RI61A
cgcctccgagatatctttggctttcaatctcaatttgtcce el

gtggagcagctgaacactgccgcctactatgaacatgtgaag

G198P_S199A

cttcacatgttcatagtaggcggcagtgttcagctgctccac

.= GI98P_S199A

gl olad) 5
ggagcagctgaacactgccagctactatgaacatg G198A
olas) ua G198A

catgttcatagtagctggcagtgttcagctgctcce -
gl
gtggagcagctgaacactcccagctactatgaacatgt G198P
acatgttcatagtagctgggagtgttcagctgctccac | »la ua GI98P
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gatgtggagcagctgaacactcccgcectactatgaacatgtgaagatt

G198P_G199A

aatcttcacatgttcatagtaggcgggagtgttcagctgctccacacc

.= GI98P_S199A

e EN IR
ggagcagctgaacactggcgcctactatgaacatgtgaag S199A
olat ua S199A
cttcacatgttcatagtaggcgccagtgttcagctgctcce -
gl
tgtgaagatttctgctcctaatgcatttgatgttatgtttaaactgg E211A
olat aa E211A
ccagtttaaacataacatcaaatgcattaggagcagaaatcttcaca
gl
gcaaaatgctgcagaaaagaatgtttaaaattaatggcataccttttggaa
K402A

cagttgaaaaaa

ttttttcaactgttccaaaaggtatgccattaattttaaacattcttttctgcagca

a\;ﬁ\ M_K402A

ttttgc gl
ttcaagagctggatgcattctgtgcctaccatgtga S420A
olas) ua S420A
tcacatggtaggcacagaatgcatccagctcttgaa
gl
gcctctctttctctcacactgcaaagtacattttgaataatcac E371A
olas) aa E371A
gtgattattcaaaatgtactttgcagtgtgagagaaagagaggc -
gl
gcattctgttcctaccatgtggcaactgccatctttcacatgtg K424A
olas) ua K424A
cacatgtgaaagatggcagttgccacatggtaggaacagaatgc -
gl
tcaaggagagacctgggccctctctttctctcac R364A
olas) ua R364A
gtgagagaaagagagggcccaggtctctccttga -
gl
gctggatgcattctgttccgeccatgtgaaaactgccatce Y421A

gatggcagttttcacatgggcggaacagaatgcatccagc

il am Y421A

é_ud\




AR A

atatatctcgagatggaagatccgcgtagaagga mcGASfwXhol

atatatagatctctatcaaagcttgtcaaaaattggaaacccat mcGASrevBgli|

) cilagisag S eduladl deadia Oligonucleotides eiagigd8el sanlsl .1 Jgan

48l
sads¥ ‘
(r-"0) dslisia .
A 9l 58

O (1580 SIS 55
i) sy £0

(e
(S e
O (1580 SIS 533 gy
i) sy £0

(Aaldus

-

tacagatctactagtgatctatgactgatctgtacatgatctaca

tgtagatcatgtacagatcagtcatagatcactagtagatctgta

P

uacagaucuacuagugaucuaugacugaucuguacaugaucuaca | sass £0 ‘w S
(fasle ios)

P

uguagaucauguacagaucagucauagaucacuaguagaucugua | sass £0 ‘w S

(CUENRAILEY

(S e
O (1580 SIS 533 gy
Jaag VYV

(Rasle Al
(S e
O (1580 SIS 533 gy
dba)  samy VYV

(Aaldus

aaattgccgaagacgaa

tttcgtcttcggcaatt

-

acCacacacacacacacacacacacacacacacacac g“sﬁJ e
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O (sSe ShlS g gy
dba)  say VI

(s

ctctctctetototcetetctotetotetototetet

O Q5 LS ot g,
dba)  say VI

(Aaldus

-

ElSe Jid i lgiad ) S el 250 Jadlly 4540 nucleotides clag i< sl
< laals & Ame sagld 3 ledadin) 8-oxoguanosines siiusis suSl —A
S 55y S0 men BAT 50n, TEo o 3 lafiplls ad §) BlA5 5 . Juaiie
-(Dharmacon) s & o (Applied Biosystems) 4.1l

o JIKEY 8 clag sl el Ldadl RF 0 LY sl

SR EEEYREALEALEALERE

1359532:2°555350685<33

I R

g o

ol 5 5

RS BRI SCR SO B SN BN AR A B B B B SO R S B I S

A D D D D D D D D e S I RS U O U RS R R R R R

AAEATY Y Y AT A Y Y e Y T e Y Y Y Y Y

o} o Y Tl el AT T A \ Yivliol Y A oo
\

M

AMATY Y LYY AAY S oY Y e Y Y e Y Y

Y S U A =T T N O O S U N S T 2 M O A 2 - A O O -2 S 0 S Y
Y

(Cl) 2@ 358 wBlas oo Z30 5 (EC50) *Jd 385 oadl caal ai A ol
=13 J&Y 3 cGAMP sy
(Crisinly plaall 183 (1o A2 Aogile 58 (DS
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CG(35)pA(35)p cG(25)pA(35)p cG(25)pA(25)p .....................................
V,EY v,Y4 VA EC50

(s s5)

A VYA, Y Y YAo—« Y« i Cl J4e

(s s5)

_ ALY VY€ 1Y, 9 | (M 984) EC50
ERNERVETE RP T AR 11,0V=4,70 | (s s<4) Cl 740

THP-1
: ................... ‘,“ ....................... T R Hv(ﬂ,a”m)Ecso
éw,z—aw%v,/\i—v,wg \,VA—\,~~§(JX9A35#)CIZ%O§
a_a\).\a_miu\dw\@)ﬂ\MM\um&s;bECSOeﬁ}&e*
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