5 NOVEL Bl OCCONJUGATES AS THERAPEUTI C AGENT AND SYNTHESI S THEREOF FI ELD OF

| NVENTI ON  The present disclosure provides bioconjugates for target
delivery of a conpound wherein the bioconjugates are useful as therapeutic
and/ or diagnostic agent. The 10 disclosure further provides a process for
preparation of the bioconjugates. BACKGROUND OF THE | NVENTI ON Devel opnent

of new nethods for linking sugars to peptides or proteins is an active area
of research (Bilk A Ficht 5 Yang YY, Bennett CS and Wong C-H (2006) J Am
Chem Soc 128: 15026-33; Bilk A, Ficht S and Wng CH (2006) 15 Cur Opin
Struct Biol 10: 638-44: Wi B, Chen J, Warren JD, Chen G Hua Z and

Dani shef sky SJ (2006) Angew Chem 45: 411 6-45; Buskas J, Ingale S and Boons
G) (2006) G ygolugvgy pibcolsBBatEsRAs PARRUP URYENT'  AND |
neogl ycoconj ugat es p'l%\i'sl ortant roles in biology and nedi cine and are

i ndi spensabl e t H § several biological processes (Doores KJ,
Ganbl in DP and Davis BG 20 (2006) Chem Eur | 12: 656-665). However, despite
dramati c progr eSHELR ORINVEMTI@Ncar bohydrate and protein chenmistry in recent
years, glycoconjugate synthesis involving sugar and a pol ypeptide renmains a
f orm dabl e t ask.Th&lpresent discipsuragioyides bipcdnipgaesJer tagatidlivtriy of pradpoedl s are quite
demandi ng and | nyloindBibchhiflafis b€ ekl RhcHpERS sl bl idgRodiCHhd ANt S _Of

rat her extensive protection of reactive tunctionalltles. e problem may be
in part or chpldiclerye R Brevides £ progssffr rmeratigRobbedigteaigatssf enzynes. | ndeed,
gl ycosi dases and gl ycosyl transferases, in appropriate situations, have
made t he ol i gos @ CIGRAENB O TREEINVENIJANS| npl er (Koel | er KM and Wong G- H
(2000) Chem Rev 100: 4465; Sears P and Wng C-H (2001) 30 Science 291:
2344-2350.) 5 Gevaspnichicofcisw rmatiodefes Unkivgt dugavhiocieptilepdn glasinalsenassenbl ed by
solid phase net I ej tal Q. systens, the
availability of Qg%ggﬁgéfr%&grggg%fke&g%hg%\}%b%ﬁ?] %Jnﬁéﬁnﬁ(%ge‘g&%gﬁsynt hesi zed
sugar and a pol Y&t 1 & GhemISec 8eb0P&33% Bek ¥ Fighte ang &Vong & &088nt !

sem synt hesi s ofCugd gpeORARBI620:G83-PF Gluel, Chéfl INWhirdiID( CIRA G, MGOTMA) ugates) with

exquisite biol ol cal J00r ORRS hhes cros NRGLRT bl brananeptidase sortase,
present in the ce Pt e op B gram posi trve organi sns, catal yzes the
coval ent anchor itHg2086) @Geapbiplaty 16 HiR &), bastuat matirdh eiciceglycatoniygridsace pr ot ei ns
to the peptidoglpygampsia@Sored i sleiesy b MdiRinG @hd ab@dispéMler @bif ikddi LA, Dedent
AC and Schneew nd f

0 (2006). M cr.obi ol | Bi Rev. 70; 192-221). Sortase
A of Staphyl oco@é‘l??gafﬁ‘f’:@ﬁgmwé’%d’mc?é% I\(ﬁ"q_r%)!%]GGﬁ“wg' R gtbRad Préti f |ocated
near the C-t&r mEWs) GemiBnel Rad5gsébS)pr ot ei ns, cleaves at Thrdy peptide bond,
and catal yzes the formati on of a new peptide bond between threonyl carboxyl
and am no group Hkveteheddsgipt dralagic VigepnesP e lspntigtiy Ghrbéhy6ria@ Ssird Dfrbteig € S

(Marraffini LA, dent. AC a Schneew.nd. 0 006) .crabi ol | 20 Biol Rev
700 162- 221; ot 1L FoSH PG BRI e G, el e sl ¥ hneow nd o
(1999) Proc Nat ipolspeatideSreimaitySA forgidatilo 4k -Thiy) is pringipplly deqapiesyptheticed - bel ow

- - - - LPXTG+ GOCG@ratacols - b 0daming afid TN ANBHE Pecdad iskps WaRCt i on
proceeds in % st%{)s Wt Oé{[ the aid oft. ATth or .any 25 gt, er_ extraneous

mol ecul e; act) vESBIFEREnE U B DY BR FIOP S HIFN REHRRes, &t LPXTG
substrat e form mpegpbmrdmachd incpartyorecompittely robdate thranph die intantellierysdcond step is
resol ved by the ucleophili %]ygﬁsfﬁg%iﬁeagi éiﬁlﬁsgg k i OUR) gf,pn;p%@ nal Gy

resi due of the peptidoglycan. . bsence a suitabl'e ‘am no
nucl eophi | e, LPXHMaisHtayG@ade iptligespceharide Hmiiaismye) dimpley SERs1 N raf fi ni LA,
Dedent AC and and Wong C-H (2000) Chem Rev 100: 4465; Sears P and Wong C-H (2001)

30  Science 291: 2344-2350.)




30 Schneewind 0 (2006) M crobiol Ml Biol Rev 70: 192-221; Ton-That H, Liu
C. Mazmani an SIC, Fanll KF and Schncewind 0 (1999) Proc Natl Acad Sci USA
96: 12424-29). The ligation of LPXTG containing short or |ong pol ypeptide
sequences to pol ypeptide fragnments containing even a single Gy residue at
the 5 amno termnal has been shown to proceed in vitro (Mao H Hart SA
Schink A and Pol | ok BA (2004) J Am Chem Soc 126: 2670-71). Mao et al (2004)
have recently denonstrated the utility of sortase-nediated protein ligation
as a tool for protein engineering by applying this approach to the

synt hesi s of protein-peptide conjugates that woul d have been rat her
difficult to obtain by chem cal or genetic 10 nmethods. SUWARY OF THE

| NVENTI ON The5 pr@senthe diugoilt @gwr eithpwbich gesidisi o¢ asspulgjat &g sbliir piaser get del i very
of a conpound W&ﬂd&o%{fdg}o%ﬁ%ﬂﬂ%ﬁ&n @{p?esslrb%%wlgmsatﬁe L\Qﬁ:ﬁ)ﬁﬂf&t' ¢ and/ or

di agnostic agent. The closure further provides a_ process preparati on
of the bi oconj ugdt &Y™ spriblgnef cryplently linking ?)rpéesséﬁf“"s&?dsé}‘%%uﬁ‘é apr ovi des
t herapeuti c and/miypefiidegnesdd coriaxtlpchicijisgaties ‘dsefgalt f@mishalieget ofdel i very of a

o e o yopBudk o R Bes (B LSRRl wh SURBLIRGEOTPL| O 1O

LPXTG pepti de no apa e of recogni tase, erein-said substrate
is selected % orf"?PeFFfoup consisting of 20 peptides, pol ypepti des,
proteins, glycoprotein, |lipoprotein, antibodies, radlonucleotides,

fl urophores, i gﬁnd)amabmmmideseamhsamyembmm eo@inpraf snosigerdnhe  LPXTG

peptide notif; a,mmeobgam@mdowﬁhseﬁybo%aléﬁlm%ﬁ&rﬁ.goi‘f;eoéﬁﬁnr&l;&ml?eﬁnsi sting of
am nogl ycosi de, a’ﬁf”ﬁ‘éﬁ am nosugars, hydroxyam no acid ydr oxyam no
aci d 25esters, F’ﬁ{] praighps é%g‘ed’f’ﬂ@?glﬁé’hﬁ‘ai?rmd%r?ﬁrﬂ?es“reﬁg}"aﬂihese

nmoi eti es. | n andMamaffizidae Dedent AG apr Se8eavind DR2I06SMicebiol Bivi BtelsRaa pr ocess for

preparation ¢f the o g r q@{ﬁg :
providing a substrzlite g)gﬁgjﬁg%?qnnf g%)(ﬁ%o&é“tbtgﬁed’g rekgi % capable of recognl Zi ng
sortase, wherei ﬁe%‘ﬁicﬂmg%%w&f‘@f F’%%@F‘é‘é%‘é@“’f@f&ﬂwfa‘e@ﬁ slepres@donsi sti ng of
pepti des, polypapy peade bqan %echyzegihyWﬂﬁtﬁﬁafﬂnevl' b@ﬁﬁ%@b&wwnantl bodi es,

radi onucl eot i de u rom ound

conpri sing the E'Igggf'g &% ﬁ?am%n!:%?u% 0FQ’r c?v?@ %1’6&“ p%' oﬁ%%@@[ﬂ sel ect ed
froma group corbsfess i(Mgmg'fm & ﬁ@f@lﬂyﬁs‘ésmd(ﬁ?hﬂeawﬁéb@ghﬁb Yicrpgie\Mati nes,

hydr oxyam nOZhIECIBI?ORd@mY QoY 2T| Men-Bil G, €5f 67 MaBHAnRR| IKDI S i’ft@danénﬁ clorrpound
conprising thes ni i S o_catalyze the ligation
reaction of sal T f‘é{@%{,ﬁ’{fcg\ﬁ ﬁd%'rrlr@*‘%g{ib%%%ﬁ@ep‘%’ﬁf l"g[ﬁfe@ condi tions
to obtain said tbﬁlewonj ugat e In yet anot her aspect, the present disclosure
provi des a conposition useful as therapeutic or diagnostic agent conprising
t he bi oconj ugat e-dimkTicosed Gosoe- 15 preserdcady.entign..and phar maceutical ly
acceptabl e salts thereof. In still another aspect, the present disclosure

provides a kit %@Hﬂ&peétﬁﬁﬂoﬁa%Etﬁ:QO@&ﬁle{wo%eﬁ%ﬁlﬁﬁﬁhe%%%ﬁll‘po}anﬁ ¢ ki t

conprises the biogcon u%at e qf resent tion and reagents suitable
for admini st®ri fYs ﬁ‘!“ﬂ‘ ﬂisdﬁ‘ﬂ‘?ﬁ“ﬁg?f?? §it cxuteinerrgside Jigsy jattacks the target

LPXTG substrate forming and acyl-enzyme intermediate which in the second

step is resolved by the nucleophilic attack of the amino group of terminal Gly
residue of the peptidoglycan. In the absence of a suitable amino nucleophile,
LPXTG peptide substrate is slowly hydrolyzed (Marraffini LA, Dedent AC and
30  Schneewind O (2006) Microbicl Mol Biol Rev 70: 192-221; Ton-That H, Lin G,
Mazmanian SK, Faull KF and Schneewind O (1999) Proc Natl Acad Sci USA 96;
12424-29). The ligation of LPXTG containing short or long polypeptide

sequences (o polypeptide fragments containing cven a single Gly residuc at the




20 BRI EF DESCRI PTI ON OF ACCOVPANYI NG DRAW NGS Fi gure | shows anal yses
(RPHLC and mass) of the Sortase-catal yzed conjugation reaction of YALPETGK
to am nosugars Figure 2 shows RPHPLC anal yses of sortase-catal yzed
conjugation of YALPETGK to antibiotics 25 Figure 3 shows ESI nass
spectronetric characterization of kananmycin A conjugate Figure 4 shows ESI
mass spectronetric characterization of tobramycin conjugate Figure 5 shows
ESI nmass spectronetric characterization of ribostamycin conjugate 30 S
Figure 6 shows ESI mass spectronetric characterization of paranmonycin

conj ugate and neonycin B conjugate Figure 7 shows RPHPLC anal yses of
Sortase-catal yzed ligation reaction of LPXTG peptides to am kacin and
butirosin A 5 amiguemingl imhbess siwwalty freced RPHPRLA60 HOHIFRSS,) Schifk A

Sortase-catal yz L1183t 40 rgﬁ?é (e} . > |
4- am no- 3- hydr o%ﬁ%h%]g/’?idé\ (aig[%'gj I ufrw'lclan gocg%%m%@%%a@?ég%& sortase
cat al ysed conj ug@?#tbﬁe@?nswm%méwpwe%w pBieiadigetion aggfgoldEomyci n B

Fi gure G1<0 shﬁws pediad yrigReeripRRHIPPing Btk dRSach thhe &m&ﬁﬁapwra&cym%\l l'i gation of
YALPET Wi th sper.m 1 Al LED | PTI . HE | NVENTI

Def 1 i L1 ons: T oURs e ould IS (e i STl o o o chEics BV PRI o 1

rel evant nol ¥culmsthopsat i s used to contact nolecular entities in a test
sanpl e. These bionol ecul e include at least in part, nolecules such as

am nosugars, hySUMMARYOF BRE INVENTIONydr oxyam no acid esters, am nol i pids,
pol yam nes, proteins, peptides, enzynes, and anti bodies or derivatives
thereof; or any Thphee dscldgivd pigyvides bibcoiRbdds & Yirged BelierY ofHeAPLRd havi ng such
noi eties. Bi onolw%grlélj ql?ebal SO iathF' ude rnrghat ur al aor synt hteti C tr@{]ecul es
structural |y deriived T beonisacs &y tetyl P oeelr Prohy asreatiosessy Wch as

am nosugars, hydisessprerfurther previddsa prpgpstrfenpyensritivo ofitbé bloconjvgates, 25 ami nol i pi ds,
pol yam nes, proteins, peptides, enzynes, and anti bodi es or derivatives

t hereof ; or Bny Inpheasiypke haprengt disdburDpretidee Sherapentiamyd/arodipmastid havi ng such
noi eties. The t " L.der . S j 2 peptide or a
protein, these f% [??& ;ﬁ%‘é%"ﬁ%ﬁﬁ"gﬁﬁ 3 B%Ié%b ?ﬁ‘lé@%ﬁ'ﬁ%g@’%ﬁ;ﬂﬁ’n&%’ﬁ‘ﬁ‘ﬁr esent

di scl osure. 30 TP@PP¥esent di scl osure provi des bioconjugates useful for

t herapy and/or diagnosis. The present disclosure further provides a nethod
for the preparati@n of subjtetc spoprsimg UFXTEspebyde anatib vaphbls of teasmmizivat al yzed

nmechani sm sortase, wherein said substrate is selected from a group consisting of

20 peptides, polypeptides, proteins, glycoprotein, lipoprotein, antibodies,
radionucleotides, flurophares, ligand chromophore and any compound

comprising the LPXTG peptide motif; and

b. & biomolecule selected from a group consisting of aminoglycoside,
polyamines, aminosugars, hydroxyamino acids, hydroxyamino acid

25 esters, aminolipids and any other compound comprising these moieties.

In another aspect, the present disclosure provides a process for preparation of the

bioconjugate, wherein the process comprises:

a. providing a substrate comprising LPXTG peptide motif capable of
recognizing sortase, wherein said substrate is selected from a group

30 consisting of peptides, polypeptides, proteins, glycoprotein, lipoprotein,




5 Bioconjugation is a descriptive termfor the joining of two or nore

di fferent nol ecul ar species by chem cal or biological neans, in which at

| east one of the nol ecular species is a biological nmacronol ecule. This
includes, but is not limted to conjugation of proteins, peptides,

pol ypepti des, pol ysacchari des, hornones, nucleic acids, and |iposones with
each other or with any other nol ecul ar species 10 that add useful
properties, including, but not limted to, drugs, radionuclides, toxins,
hapt ens, inhibitors, chronophores, fluorophores, |igands etc.

| mobi | i zation of biological macronol ecules is al so considered a speci al
case of bioconjugation in which the macronol ecul e is conjugated, either
reversi bly ors.rrevakibddik,ysadibsuciedtidés) Talopkvre?, Sgdnd CthidhiatdreS kAPt -

Bi oconjugation is utjljz ochenlcal i mmunochem cal
and nol ecuar b|oIog%cgﬁl?ggn%mgﬁLe%%hﬁﬁwéﬁ%l|cgt|ons of bIOCOﬂ]UQatIOH

i ncl ude; detectiqn of _gene p | i nked 1 mmuno saqlid- phase assay,
and nonocl onal arft i BEE&rlg {, ﬁﬁglf’ ﬁé&gﬁd fio® i & §OUPEIHE"E Bfoconj ugat es
are general ly cl assa'nhimgtycsasie,el trhieosughrst eq:blyﬁlnmesndlhlyﬁ'ﬁiyaxﬁﬂﬁlj ugri,es. 20 Direct
conj ugat es enconpa W £ re joined by
di rect coval ent ch?ﬁ?@a ﬁﬁ?ﬁﬁg es. Q%%@@?ﬁ%?l éﬁnﬁﬁﬁggaﬁ ?g@oﬁjugates
enconpass thfse in TstER two or nore conponents are joined via an

i nternedi ary conpl ex involving a biological nolecule. Surprisingly, the

i nvent ors have slfovimovidingppdse @eaiglymstthedizativp resetivh chsislonbitratg atdaid5 t he
invention using an yiiiREE B EHbR eElufis R 1§ Al MidtbcbgasPept i dation
reaction between substare conprising the LPXTG peptlde notif and

bi onol ecul es su g C h yanlno acid
esters, am noli g%a%nan% QE;%&{ @'.5 ?m?\euc‘ﬁgec%%gg} Qd'gesaa E%E’Psllt{/c’ét Fic/%és t hereof; or
any nol ecul e ha\P'?ef?@e”s'ElcPﬁ df?ﬁ"?"é‘t“l Pent ceMPrising te%hfaeﬂ&waatmlwlwgd Jubh noieties to
obtai n a bi omsonjptegeat @eentieihdibhadcdbdlly REPEble ek iRsly of a conpound. The
pr esent disclosure relates to a novel sortase-catalyzed transpeptidation
reaction that ] Threonyl carboxyl
of an LPXTG not ?l?gﬁlf ﬁngthgrn%gry@ Blggggﬁgﬁl%&sﬁrggmg%gw ki Héeﬁ]? fo(r Qhe? B}ém nosugar )
hexoscs 5 for @xfpfiagnesisaihersin @d@o%@%é’@ biggonisgasarpl the Pi‘esent
6- ani no- 6- deoxy giveifion Gund Geagaild Afmile dROXMIMARNE CsaidObidtHaigndH@pxyal | ose,
6- am no- 6- deoxyaltgpse 6- am no- 6- deoxyi dose, 6-am no- 6-deoxygal act ose and
6- am no- 6- deoxytafose The present disclosure further relates to a novel
sortase-catal yzed transpepti dati on reaction that |eads to am de bond
formati on betfwe BRIFHBES! QN Y AGCONIBANYING DRAWINGS G noti f of a substrate
and hydroxyam no acids (or derivatives thereof) such as
4- am no- 3- hydr oXighnat! ghave aeetysed (RFHLCland miassDefZhe Soytghe-catalired gonjugatiaci d. The
present di scl 05%&&9{4’1‘[@5%&&%%05&%3 novel sortase-catalyzed
transpeptidation, reactlon | eads to am de bond formati on between the 15
Threonyl car box¥i8urss 2 aﬂ"’?l’P)ﬁP('}Pﬁ'Gt pralyess of Sernst-sesalvecdy FanirEpiRno® ami no aci d
esterified w t hYALRFTGK aradbidiicsc and ot her specific nol ecular entities such
as a cof act (gR&RZ D) g1V b r I-c enzyme A,
4-anin02-hy3rox ut%?ﬁVf;%%nhéSSP u&%%% démg%%%géysgk%?éye further rel ates
to a novel sortﬂ@@ﬁﬁﬁtalyzed 20 transpeptldatlon reaction that leads to
am de bond for n’&’lgﬁ:@ﬁsﬁlﬂis\ESBrﬂaSE &pecﬂmtﬁ@aﬁiacte:%m%ykobﬁfny@ncohﬂ%.ﬁ nmotif of a
substrate and aglno gphw“ ggF : 1B no g conta|%4 ﬁ¥|lplds Vi z.
N-[ ( 3- hexadecanoy! oxy)’hexa gﬁSyf"f F"ﬁ fhcl FACTRHOR Yo iFEM M | i pi ds such
as vi rodhani ne. conjugate

30




The present disclosure further relates to a novel sortase-catalyzed 25
transpeptidation reaction that | eads to am de bond formation between the
Threonyl carboxyl of an LPXTG notif of a substrate and pol yam nes such as
sperm ne, sperm dine and agnatine. The present disclosure provides a nethod
of preparation of bioconjugates using a sortase catal yzed transpeptidation
reacti on between peptides conprising the 30 LPXTG peptide notif and

bi onol ecul es such as am nosugars, hydroxyan no aci ds, hydroxyam no acid
esters, amnolipids, polyam nes; or derivatives thereof; or any nol ecule
havi ng such noi eties; or any conpound having such noieties to 5 obtain a
bi oconj ugates useful for target delivery of a conpound. The utility of this
reaction is furFigee ¢leRmRSESIamed spetnbhariqrhqratedtation obfpalamoeyrin ugat es

consi sting of peptides.an ' oside antibiotics. Al so, since sortases
are known as irr%dg“r" %n%"dt%ﬁ%rygi%{}?ﬂg@é argets for conbating infectivity of
gram posi ti ve bEewrer7 gowh&P analysess ofr Bariaserppiglyged dizatignngacierysh scaffold i s
useful for desi gFIPpchidead sifadiPSidBRiostased i nhi bitor of the enzynme. The

potential of sortase to |igate cont aj ni ubst r at o different
ani nosugar i e 'F‘g%%t 8‘%’%?‘%%7%@5%%& e eén%ss §pt%(é'§atsee3%&z/edteﬁ%&?nnvent ors. A
bi oconj ugat d8 wasctiohefAAIFBTEY pertide ta $amipaB-alydrentiutyticgaidi on of LPXTG

cont ai ni ng subsggat @Sshbs RPAPIM Bafind] P Hiesd! e Red dnjuledMF RSv( SEQ ID NO 2)
was used as a potential  sortase saéj‘gstrat,e 1:1 mxture of the peptide and

, A 1:
the 6-ami no- 6- dEGAFrAEdGLROWARYn Adeom¥ciBat ed with and without sortase for
4 to 6 hours subBigecu@ stows enalykds (RPHILE ané awish aSanaseicatnlgzeddigatiomnefl yzed by
reverse-phase h{(gﬂﬁwﬁ% fel i quid chromat ography (RPHPLC) and ot her
met hods known in the art. e RPHPLC chromat ographic profile of the 20

sanpl e t hat 160NDETAREDSDESCRIPTION/ORITHE INVENTHON peaks as conpared with the
control sanple (w thout sortase). The el ectrospray nmass spectronetric
(ESVB) anal ysespghiibohe new peaks were in accordance with the cal cul ated
mass of YALPMI or an YALPMT-sugar adduct suggesting that the above am no

sugar coul d i NdReQ. Gk adicdPYEliR00H nefe abiclddRay-ARAATARL A} T eact i on

catal yzed by 25 sortas eactron schemne ] bel ow. HO O OHH
6- ani no- 6- deoxyiPisa dsentpgt mpleeyhyrradfties in)a teshyamplecThgey biomolecule include

at least in part, molecules such as aminosugars, hydroxyamino acids,
20 hydroxyamino acid esters, aminolipids, polyamines, proteins, peptides, enzymes,
and antibodies or derivatives thereof; or any molecule having such moieties; or
any compound having such moieties. Biomolecules also include unnatural or
synthetic molecules structurally derived from the naturally occurring molecules
such as aminosugars, hydroxyamino acids, hydroxyamino acid esters,
25 aminolipids, polyamines, proteins, peptides, enzymes, and antibodies or
derivatives thereof, or any molecule having such moieties; or any compound

having such moieties.

The term "polypeptide” is also intended to denote a peptide or a protein, these

three terms being used interchangeably in the present disclosure.

30 The present disclosure provides bioconjugates useful for therapy and/or
diagnosis. The present disclosure further provides a method for the preparation of

the bioconjugates by a novel sortase catalyzed mechanism.




TMPLAY HO HOOH OH (d ycopeptide formed) 5 However, the formation of the
am de bond between the Threonyl carboxyl of an LPXTG notif and the am no
sugar, 2-anino-2-deoxyglucose (glucosanine), by the same nechani smwas not
observed (as shown in the reaction schene bel ow). lir 1)
YALPMIGK 2) Sortase No d ycopeptide fornmed It was then explored if

6- am no- 6- deoxyhexopyranose coul d be recogni zed by 15 sortase when this
noiety is present in the context of a larger nolecule. For this the
|igation of two peptides nanely, YALPMIGK (SEQ ID NG 2) and
RRRRRRRRRLPMIGK (SEQ I D NO. 4), with am nogl ycoside antibiotics such as

NH2 H2N
5  Bioconjugation is a descriptive term for the joining of two or more different

molecular species by chemical or biological means, in which at least one of the
molecular species is a biological macromolecule. This includes, but is not limited
to conjugation of proteins, peptides, polypeptides, polysaccharides, hormones,
nucleic acids, and liposomes \;Jith each other or with any other molecular species
10  that add useful properties, including, but not limited to, drugs, radionuclides,
toxins, haptens, inhibitors, chromophores, fluorophores, ligands etc.
Immobilization of biological macromolecules is also considered a special case of
bioconjugation in which the macromolecule is conjugated, either reversibly or
irreversibly, to an insoluble solid phase support. Bioconjugation is ntilized
15  extensively in biochemical, immunochemical and molecuar biclogical research.
Major applications of bioconjugation include; detection of gene probes, enzyme-
linked immuno solid-phase assay, and monoclonal antibody drug targeting and

medical imaging.

Bioconjugates are generally classified as either direct or indirect conjugates.
20  Direct conjugates encompass those in which two or more components are joined
by direct covalent chemical linkages. Alternatively, indirect conjugates
encompass those in which two or more components are joined via an

intermediary complex involving a biological molecule.

Surprisingly, the inventors have shown a novel enzymatic approach according to
25  the invention using an unprecedented sortase-catalyzed transpeptidation reaction
between substare comprising the LPXTG peptide motif and biomolecules such as
aminosugars, hydroxyamino acids, hydroxyamino acid esters, aminolipids,
polyamines; nucleic acids or derivatives thereof; or any molecule having such
moieties; or any compound having such moieties to obtain a bioconjugates useful

30 for target delivery of a compound.

The present disclosure relates to a novel sortase-catalyzed transpeptidation
reaction that leads to amide bond formation between the Threonyl carboxyl of an

LPXTG motif of a substrale and aminosugar such as (hexoaminosugar) hexoscs




(dycopeptide formed) 5 kananycin, tobramnycin, paranonycin, ribostanmycin
and neonycin was tested. A representative reaction schene is shown above
(one OH group was nmissing in the structure, that now appears in Tinmes NEW
ROVAN) . The coupling of each of the peptides with the individual
antibiotics was carried out for 4 to 6 hours at 37Cin the presence of
sortase. The RPHPLC of the reaction m xture followed 10 by ESMS anal yses of
t he product indeed confirmed the formation of the expected

pepti de-anti biotic conjugate in each case. Details of the ESI nass anal yses
of synthetic peptides used in sortase-nediated |igation reactions are

provided in Table I. The processes used for the sanme are described in the
exanpl es. Thé elfeekamnpls prmipo-0-Fearphsrose o Lxerapla hamineS-detwyginetd, dal | y expect ed
results for theaﬁrnedlasax§maﬁee.alssa9urtoamb ERint@lddsSaftbsgatl y i ndicate

t hat the products, obtai ned g z£ ect ed bi oco ugat es. Thus, it was
dermonstrat ed t hAPNgEeorgidose. QrampRp-s IEYF ?Fé“é‘?r‘i‘"ﬂétaf“ﬁﬁ édé%’f"f%‘h can be utilized
for constructing therapeutic bioconjugates consisting of relevant peptides
and nol ecul es cg'l’ﬂ aPEseRtg discleEe TREEE - RS débxy hawvebysormessalysd ety. The

conj ugati on of ¥AlsppldafonD edadtio @hat UGS rt@-taﬁndeobo%@\&ﬁf&rﬁﬁorﬂﬂﬁtw&h%é cs was al so

t est ed. RPHP ctian m e cont ai.nj ng respective
anti biotics Ignd%"&%?%% Eﬁtébif%"éf%f f)“é’f)‘fmd‘ §Yar"}ﬂ°ea°ﬁd"f1(°f he presence
of sortase yi el daitatives thareph cukicas pemico-f-hpdioxybutaid &0jd and demiw2i n Fi gure 2A)
besi des 25 the waﬂ%@%@eptl de substrate. The yields of the conjugates
varied from 35 % for kanamycin A and B and about 70% for tobranycin. ESMS
was carried out n h e p t tt t he

anti biotics subg{)er a&‘%“tTﬁagS&&ru%sg?@gF of ?UD % ﬁovgl %g%g‘éﬁ% Z%pr (Figure 3)
The three ri ngs"ﬁﬁW‘l‘f@“‘H‘nf@%‘%t“ﬁa&ée@% rtmem#eboa? dormatine) befwess te B and C. and

the pepti de 1sor friuednyl &rﬂdfeﬁlogﬁramdr@smﬁf of?aosum@telaamy@@ryﬁrmn& ket | abel s based

on the part of Esktle% of L1 r!earg [om a\é\@ tgc d ecex: are de red For exanpl e, ink
836.39 | abel ed as re ryesen S EMSETUSPUTE TR WA rlnl S WF R1s attached to
the peptide; m 201’88’5 (meﬁzm«ehé(rwdrawrre %Ydrombztmgwuzymn At é’@maln’ym n (Figure
4) unequi vocal | y_hm%dw@pngﬁm;e of peptide ligation exclusively in the
ring A at the 6-anmino site in these antibiotics. 5 A single

bept | de ant [ bi Ok Sl UAkiined Sitthe@21aR0" & NPndull. RlERLLflE VSES vihen

YALPETGK ( SE was used as a pept strate In the presence of
sortase and 2Phetrnsrepiidation, geactipn jthst deafc & (”lﬂldﬁthf’éd f"%}’""“TPFéWj‘P él‘f'd of the
product for t hemeoﬁiwtdabbgﬂ bCsh MBI Motflof alsabiigRe aifd ﬁQno&Bnd%ucE&‘dVB anal yses

showed t hat the NQig9k n igation (mz
835.4) in the 15"031@2% a?‘ldbc?g%jl%ngm n (‘% ANﬁg%‘g?adgﬁ%%\XE’xgﬁexa ]Ifragrrent ation
pattern of par ofbithrsiapd saolaveiontipiss puck enjingdfamins. (' z 967. 4) showed t hat
sortasenedi at ed peptide ligation occurred at the 6-amno site in the
fl-ring of thes®eantréstitolisdsu Fifigtheresrelbids and 6 B)ovel Thibassnesalyear r obor at ed by
the M5/ M5 spe Ct{{@ &Lua%yﬂbleé{cn&rl;%{ag%laﬂbegﬂnﬁﬁ tfo%‘?émaﬁdﬂ ﬁég&'ﬂﬁ & 6C and 6D) of

the respective ow t hat amno site in the
ring A of neony®¥emB %ﬁxyﬂé‘f%“a'cﬁﬂﬁ/mf’ttf of grsplptige é'ﬁ‘tEﬂ'WE@ welbes de |igation.
Cel I's take up PokyadeQdpirimiineafdiigimaes very efficiently. Therefore,

pol yar gi ni ne contai ni ng am nogl ycosi de anti biotics such as but not limted

to (R strmi- Tﬁnrp%eﬁea.mos&r&r%ﬁ’ew nléﬁgmffpkeam(oﬁla%g’m d&ebgssﬁgamc' hetc, are

likely to 20 be taken u cells more efficientl be nore

bi o- ef f ecti ve. éa‘f"(”%jj %ﬁWFR“d"I‘UBr%‘E’i H"‘WFPQ)@E‘WTCW&

(R) 9LPMT- Ri BOSthvltﬂ pepédeCinotifrand ibiwinolacules Gnghugsadnesosualg, wdmyaaimocl t anti-HV
activity by intgffe g+ aany :Jélérs,TﬁﬁmoTﬁt& %&%;.ﬁ?e&l #ﬁﬁ.ﬁt%ﬁh&&%' ons. Tat and
Rev are two essenti atory proteln Inportant roles in HV
25 replicati on.°rBBY 'H°‘°|°&le SR@\I“%*F&P‘Fﬂ“bﬁ@?i’°§‘!dr'1§tlt1ﬂﬁ“§‘um9‘ﬂrew° RNA t ar get
sites, TARin the case of Tat and RRE in the case of Rev. Short arginine
rich pepti de sequences derived from Tat and Rev have been shown to mmc
the action of respective parent prot el.ins Besi des, a nonaargi ni ne peptide
(R9) is known to bind to TAR with t he ‘sane afflnlty and specificity as the
wild type Tat peptide. Since 30 am nogl ycoside antibiotics also bind to TAR
and RRE RNA, the bio-conjugates of the type nentioned above are likely to
be potent inhibitors of HV replication.




Tabl e 2 provides sone exanpl es of the various synthetic bioconjugates that
are produced using sortase. 5 One enbodi nent of the present disclosure
provi des a novel therapeutic and/or diagnostic bioconjugate useful for
target delivery of a conpound, wherein the bioconjugate conprises a
substrate conprising LPXTG peptide notif capable of recognizing sortase,
wherein said substrate is selected froma group consisting of peptides,

pol ypepti des, proteins, glycoprotein, |ipoprotein, antibodies, 10

radi onucl eoti des, flurophores, |igand chronophore and any conpound
conprising the LPXTG peptide notif; and a bionol ecul e sel ected froma group
consi sting of am nogl ycosi de, pol yam nes, am nosugars, hydroxyam no aci ds,
hydr oxyani no Sac ibtaie it téacsnjugates nweful for degeadedivan yf otdrgourdoTipouitigt of onpr i si ng
these noieties. gld ABOLNRT f ﬂﬁ@?%h@i’?sﬂ-%tapﬂn tulneep;a mﬁptofds,&swgwge provi des a

novel therapeutic and/or diagnostic bioconj ug a e useful for target delivery
of a conpound, \ﬁﬂ’f@’ls'é‘lgrf’ftpﬁlé'déiﬂﬁ'gﬁW&'P@YQ°§d%WBEP@FrtW§° |SinFRCHASEDAE he

bi onol ecul e by &nsors s@rtam therapeaiciarkdtofat dombating mitatiiity of grdmi-p@hiee enbodi nent  of
the present '”V%%Eéngﬂw%&@%h & ittt Sthods &&Effﬁﬂ?%&%%?dis%ﬁm 0 the
preparation of I'oconj ugat es ere| N THhe amno acl d sequence of the
peptide is a¥ sélaamlmst*wmedsﬂ@ﬂpwfﬂ@enzweyr SEQIDNO 2 or SEQID NO 3 or
SEQIDNO 4 or SEQID NO 5 or a variant thereof Still another enbodi nent
of the present &hsopbtesial of sonthstte Jighteo DPXTC otostaiaing nulgiratecowi diffgensuch as

ribostanycin, b%inaﬁgarr}nma@;mcglﬁopea%m% %sw@%ylmyhﬂm@m kananyci n,
t obranyci n, di bekacin, gentam cj n sisnmocin, netilimcin, |sepamcin,

ar bekaci n, ani kﬁ’é’F?‘i‘J“g%tfsr‘@ﬁt"BW‘Eﬁ ,sorase catalyzpd, lisafionef JAKT G Fonthigingi ne,
vancomyci n and klﬂ:s&mmmnmeaﬂxygmcﬁshe preparation of the bioconjugate
di sclosed in the present invention. Still yet another enbodi nent of the

present di scls0s urmpmw@aq @N@!ﬁ\lvas?u@edtd@@rpa@ﬁm doftasd REbstire2 ANES L 1 C

bi oconj ugat e usef | ver ound erejn the

ami nosugar is sg'l”g'iff 8f3£?39§9ﬂg dg‘f’j AG g“"’ﬁﬁ’ﬁ‘é‘eg@” Wa&mc'}ggt%w'“bleoxygl ucose,
6- am no- 6- deoxy rminwithew sor@sm‘mmﬁ@m@b@ywleﬂtas@m!ﬁhmcmrﬁxture&adeoxyal trose,
6- am no- 6- deoxy L, g8s5& byQ'e@FQeJBﬁ)as@ﬁlg‘?M%h&qqgﬁ%hﬁﬂﬁi dﬁa;ﬁ?‘(ﬁﬁm@c y deoxyt al ose.

Furt her enbodi ment” of "t he Eﬂresen di scl osure provides a novel therapeutic
and di agnostic BNSUsHPEIRE °ﬂ’§é"fqlﬂa“fB‘FPt*’é‘l"b@f’“‘"ﬂf@‘f“?%?‘?”&ﬁleaftE‘brrpound
wher ei n the 200! yaplenibati conisieddestusel réveda ®vogied Upaks Gn sorsfaied grithf ths per m ne,

sperm di ne and %&uﬁigﬁfﬂ ik r&guhggttso ‘%t ﬂ%rc]c%{m@q%%gts rodh % 5K pnt di scl osure

pr ovi des a nove erapeuti c an I agnost | | OCO at e use for tar get
delivery of a cHRp&SHE haAET 872k tpre WEﬁOtsweamhntbe a@wértqum%%ct ed froma

group consi sti ngADPMF-oa6h FALBVT e ﬂ&l.)l:bbligyd’sinfg tRt ki3 above amino sugar

4-am no- 2- hydr OX{X]H:P r&%ctaagladnuaeoph ile %pre transamlcﬁihon reaction catalyzed by

25  sortase. The reaction scheme is as shown below.
Ha

HO 0

HO
On QOH

6-amino-6-deoxyplucose

1) YALPMTGK
2} Sortase

H=——TMPLAY
30 HO 0
HO =\ ~OH
{Glycopeptide formed)
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15Still anot her enbodi nent of the present disclosure provides a novel

t herapeutic and di agnostic bi oconjugate useful for target delivery of a

conmpound, wherein the hydroxy am no acid ester is selected froma group

consi sting of 4-am no-3- hydroxybutyryl stearate, 4-am rio-3-hydroxybutyryl

pal mtate, 4-am no-3- hydroxybutyryl acetate, 4-am no-3-hydroxybutyryl

propi onate, butyrate/ or 4- 20 am no-2-hydroxybutyryl -acetate,

4- am no- 2- hydr oxybut yryl - propi onate, 4- am no-2-hydroxybutyryl -butyrate,

4- am no- 2- hydr oxybut yryl - st earate, 4-am no2-hydroxybutyryl palnmtate,

4- am no- 2- hydr oxy- butyryl - coenzynme A, 4-am no-3- hydroxybutyryl pal mtate,

4- am no- 2- hydr oxybutyryl -coenzyne A. Still yet another enbodi nent of the

present di sclsos oweyer, theifolmadonrod the lamtdk bone petwténchBramg c&limghﬁahi C

bi oconj ugat e us ree. t he am no

lipidis N RS3- h%&’éﬁ%é@ﬁggﬂ% s %ﬁ%’g e%%naﬁ&%@eg?%ﬁ[{a%é@u fo ham ne.

Furt her enbodi né‘ﬁtsa"éﬁmftc’l‘P@‘sﬁ‘rV@%é?HPbs&V%ddP ?JY“(—:’“B"F&F@?‘HE%CI’%E“WM’&SS of

preparing the bioconjugate, said process conprising: 30a. providing a

substrate conprising LPXTG pepti de f capabl e of recognizing sortase,

wherein said substrate is selecte oup 5consisting of peptides,

pol ypepti des, proteins, gl ycopr"(') rtei n, anti bodi es,

radi onucl eoti des, flurophores, |igan &t and any conpound

conpri sing tie LPXTG peptide notif2.aminBlDUeEKusodi OnDIl ecul e sel ect ed

froma group consisting of (glucoviiniing) ycosi de, hexopyranose,

pol yam nes, am nosugars, hydroxyam no 10aci ds, hydroxyam no acid esters,

ami nol i pi ds and any conpound conpri sin N EALRM B6ikes: c. provi di ng

sortase to catalyze the |igation reachyort’SOT8EEd substrate and said

bi onol ecul e under suitable conditions Yo obtain said bioconjugate

Anot her enbodi ment of the presRaGlybEaidefrhal provi des a process of

preparing the 15 bioconjugate, wherein the sortase is isolated from

St aphyl ococcus aureus. Yet another enbodi ment of the present disclosure

provi des a subsftrs dhep gxpiored ¥ Graminoré-deoxyberepyarmoecrid ibs rsspenizad Birri no aci d

;E%u?gc% as 41set sdri@ade twhen thnsSEQt}@pN@ntﬂatﬁHcoﬁE@oleaﬂ@: maleddle. ﬁE@thD NO tﬁ or
. or a var.i anot her

oribodi ment of 1 IS "Brisleal g wfias bR Db MESE ora B, BBk i ¥ o "o

ri bostamycin, bBRRRRBRERLAVHIGENGSHS AP NO: Ak wity eminoglycpsidedotihj@icnsuctkanamyci n,

t obranyci n, di bgkacin, gentamcin, sisnocin, netilimcin, isepamcin,

arbel cacin and am kacin. In one enbodi nent the am nosugar is selected from

a group consisting of 6- am no- 6- deoxygl ucose, 6-am no- 6-deoxynmannose,

6- am no- 6- deoxyal | ose, 6-fam no-6-deoxyal tfosey G am no- 6- deoxyi dose,
6-am no- 6- dgpxygal act ok, - am no- GHM@& .
" NH;
o] 0
E]&/NHE

Kanamyein A

1Y YALPMTGK
2) Sortase

O 3
l-ﬁ) —OH
2N 0
NH—TMPLAY

(Glycopeptide formed)




5 Yet anot her enbodi ment of the present disclosure provides a process of
preparing the bioconjugate, wherein the polyamne is selected froma group
consi sting of sperm ne, spermdine and agmatine. Still another enbodi nent
of the present disclosure provides a process of preparing the bioconjugate,
wherein the hydroxyam no acid is selected froma 10 group consisting of

4- am no- 3- hydr oxybutyric acid, 4-am no-2-hydroxybutyric acid and

et hanol anmi ne. Anot her enbodi nent of the present disclosure provides a
conposi tion useful as therapeutic or diagnostic agent conprising the

bi oconj ugate and pharmaceutically acceptable salts thereof. 15 Further
enbodi nent of the present disclosure provides a kit useful for direrapy or
di agnosi s conr i lsnanycigaotghangicncmramoggding ribrsthmyein grEniban i viag kted. AOr

adm ni stering sakplbiiR ORI Fenlels Bbwi M b ¥Rl erou o By PR TEN! of the
present disclosure provides a nethod of_ det ectlo% i a ['rgand or a conpound
that binds to t &SRy aRPERTnSPSNEYY ROMAND- Hiecsunios oDtplvent i on. One
enbodi nent of t hie ppikeRith dieIadivodidr aitipivtay iwde Sanedriai f20d § 6maeGt NI ng,
expressi on and gA L ' [ tase. Detailed procedure is
described in Ex?r?pc}ifé"%%résgrﬂe Q{Asﬁg%ﬁ'g@gengg%? ?r@%'? o) ﬁ’éxtmﬁ? %’gcévﬁ di scl osure
provi des a m hdiy BSMS apalsesyf the profurbinflagd gnfipseed the dermationof thelewpedtdds r ef er

Exanpl e 2. Yet agRgidoantibRODeshuFRetn abh tRE D88 8Nihe 5B MhR SHIRePSOVI des
Sortase-catal yzed ‘E?gtl cti.g I |%at| on rea tugxgp. .The |ligation qf various LPXTG
cont ai ni ng pept i dEL ARFPUETSEF Br RN MEYINL S P ARPPOTH PO € descri bed
(Exanple 3). Tablgdi | | anot her enbodi ment of the present disclosure

provi des Sortase-catalyzed 30 ligation of nodel peptides to am nosugars.
Sortase |igat ed ThPYbésseomsbdionthel shmeareledastied ot BSexhMpled) TIGSO@@sprayuUch as

6- am no- 6- degxy - a0l N0+ 2- | uc | ucosam ne
(Exanple 4). ?%t %ﬁgﬁc%g@s gﬁ%tuﬁg%w&%%%lé%%eg% (;)?s “ltgﬁtgg(%'? g"e“ﬁ%eé‘.g sa?:lﬁ%osur e

provi des a Sort ddhlatedaThe| yaluss clepilya ndispie dhat Sepprodrsts ebgpingdhi wroypcosi de

anti biotics. Thexgbed itigtoigaBOr TS CitWaEs dasdnafheliOhhi gabhe-ReRiddes to

am nogl ycosi de chlrarqsssidgt}‘o treggnrogga%%iu&alé i npor.t ant a10 .a{;lti bi otti cs that are
built up by a vari é“f'y or am nosugar’ézeo T ERETIEInE TeRBeUG PREF*6- di ani no
type besi des corspesistiizngf sreleeent|pepsidese anda molesulpy reontpiving | 4 tGaasino-Get ai |l s are
provi ded in ExanRlSfexopyrhie mgRRodi ment of the present disclosure provides a

process for preparation of bioconjugate by sortase catalyzed ligation
anti bi ot ¢, For Jerajupited SEARERLR. jofdos Gy LOEARIMPAIREE" e pr esent
di scl osure provi®ted BPPLEcwalyses of thsrapnreatipd migpre KPuEeng treReF®eby sort ase
Tobr amyei N anti b or oo ar ot o ool e embodi ment
of the prosen: dPEt 28 "t SvRiseE-k et iomu i aRaiTen o
bi oconj ugat e2hy tkedwdralyed peptidd spbdnte] Thyatcldonf he eapjugdes vasddrfpmy3LPMICK (SEQ I D
NG 2) peptide GoGaRRyQRRINES, Ind@dbbhtI0RB b GobrdrQbin FRM R carfdat Fxanpl e 8.

delincate the site of peptide attachment in the antibiotics substrate. The presence

of miz 8364 in kanamycin A (Figure 3) The three rings of the antibiotics

structure are labeled as A, B and C, and the peptide portion is designated as P.

30 The ions carry the labels based on the part of the structure from which they are

derived. For example, m/z 836.39 labeled as A-P represents a structure in which

ring A is attached to the peptide; m/z 8354 in kanamycin B and m/z 819.4 in

tobramycin (Figure 4) unequivocally showed occurrence of peptide ligation

exclusively in the ring A at the 6-amino site in these antibiotics,

-10-




Still another enbodi nent of the present disclosure provides a process for
preparation of bioconjugate by sortase catal yzed |igation reaction using 25
YALPMITGK (SEQ ID NO 2) peptide and Ri bostanycin antibiotic. For details
refer Exanple 9. Still yet another enbodi nent of the present disclosure
provi des a process for preparation of bioconjugate by sortase catal yzed
| igation reaction using YALPMIGK (SEQ I D NO 2) peptide and Neonycin
antibiotic. For details refer 30 Exanple 10. 5 One enbodi nent of the
present disclosure provides a process for preparation of bioconjugate by
sortase catal yzed ligation reaction using (R gLPMIGK (SEQ ID NO 4) peptide
and Kananycin B antibiotic. For details refer Exanple 11. Anot her
enbodi nent of5 t Aesiggiecsptive-agtibintibso®ujugatgpealy ivakesbtained trORBPHPLCS apalyges epar at i on of
bi oconj ugat e by I | ' ' LPMI&X ( SEQ
10 ID NGO 4) pe@%gﬁgﬁlﬂéﬁygﬁ%ﬁ#gﬁ%ﬁ%ﬁ ?gs%ﬁe%al (sﬁ%‘gf er Exanpl e
12. Yet anot her PESBEHAL Utk B thepwrsstessbiotss TigursiPle Thy 698 atie a process for
preparation of pilodwofor thesahiribidlicsas indi@anzabfal B GdESMS @iaiyess sHogadt | on usi ng
(R 9LPMIXK ( SEQ, ), 4. ' P n.ant LbLatic. . For details
refer Exanple lﬁagkggﬁﬁ%“? Eﬁﬁ}cfkfﬁﬁﬁig‘gn%gglg ?r‘eg%tq%g#'&lnﬁ]gwbj?ggédﬁgn %él:scl osure
provi des a pilocease rbestamiciap fiigers Gh Hewaeypro &SN Su Fagresnisions gptteais éf cat al yzed
ligation reacti giomshyel &d) RoRMIGEofjSate: |(R/z2NGY7.4) shiat inste souad- Ri bost anyci n
antibiotic. For d‘gttad' | s L elf et Exau | e %'4. aStni | ] yefh not he%rt enbodi nent of
the present di sEFOET EPRFOA RS q%?(gc & S-2MgP <5t g P5ng 9T ot

bi oconj ugat e by ssfibicticeSEigwestca apd 68). Thigaesicomebpratad by beaMidMhgpechapdf and Rev
mmetics to ant jhibQt iHafked lspedidd i BBwPfin BERLt dCSardesd)Vedmb redpciad and Rev
protein of HLV to, am [lﬁ,glf%qo& e antlg)l otics was considered. Tat and Rev
are two essenti SiU4Edg B shpothal s eae stsinire rinp Orf SR YFBIRs in Firv
replication. Fowadeftaiolydo sophercattiyadpipedeligatiod5 One enbodi ment of the present
di scl osure provides a nmethod of peptide ligation to am kacin and butirosin
g\_. Flor details pgfsetakeliipamla@h dinﬂnf@-seéqﬁ&ﬁﬁzhﬁfy &ﬂfiaﬁi&.nﬁi&iefoi?&_ pbl@gifihes ent

i scl osure provides.a net rt asecat a [ igation to

pol yam ne sper mcoﬁgaf""]go?mlfép(g@ﬁ?sﬁg PEPEFS E‘?(cgr%f)lb\é?ﬁ%, ipﬁ%?ltg?%%? Tcul ar

enbodi nents of Thhwamyginj & tLPAMTMsemyein (RhiEMidRdhostamyci gt exg, likply t80 wi | | be
obvi ous t 0 tdgOSE, fkeh up Bflceliimbrd Srrigibily bhtfde bR tiRfecitl AMBRFRINM10di fi cati ons
giotpge subj ect I'I‘Qb\xl‘a%];cgn? ?R)&%wﬁeo%glﬁ, m)ﬂ%ERigo% a{(ctu; gg] foE Osmu arhe spirit and

conjugates may also elicit anti-HIV activity by interfering with the Tat-TAR and

Rev-RRE interactions,

Tat and Rev are two essential regulatory proteins that play important roles in HIV
25  replication. Both Tat and Rev act through structured viral RNA target sites, TAR
in the case of Tat and RRE in the case of Rev. Short arginine rich peptide
sequences derived from Tat and Rev have been shown to mimic the action of
respective parent proteins, Besides, a nonaarginine peptide (Rg) is known to bind
to TAR with the same affinity and specificity as the wild type Tat peptide. Since
30 aminoglycoside antibiotics also bind to TAR and RRE RNA, the bio-conjugates
of the type mentioned above are likely to be potent inhibitors of HIV replication.

Table 2 provides some examples of the various synthetic bioconjugates that are

produced using sortase.
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5 of the invention. In addition, while the present invention has been
described in connection with certain specific enbodinents thereof, it is to
be understood that this is by way of illustration and not by way of
limtation and the scope of the invention is defined by the appended cl ai ns
whi ch shoul d be construed as broadly as the prior art will permt.
10EXAMPLES The fol |l om ng exanples are put forth so as to provide those of
ordinary skill in the art with a conplete disclosure and the description of
how t o make and use the present invention, and are not intended to limt
the scope of what the inventors regard as their invention nor are they
intended to represent that the experinents 15 below are all and only
experiments per Ooe ewihdinientoftheprésedt] disafosvgr; previges esmi(abltheaminq:)mﬂoﬂ cation of
reconmbi nant sor r |.D ) verse primer
(SEQ ID NO 7) %%snjsbg&ﬁnﬁéa&wﬁéfﬂ fpnaggt dgétﬁﬁg’f se( ?J“é’gc‘g%%%rélgspondl ng to
ani no aci ds 60- E@aon:%ﬁ?wnfeﬁés@étﬁ&ﬁoww IEK TS pspsidy motifrerats °hur eus Mu50
strain. FP 5' - G&Eﬁﬁ&ﬁ@\wﬁmﬁmﬁm}mm&am&rﬁsmow

RP5' - GTGGTOCT GA&H G%i!é%% 7.25 The resulting
anplicon was |i gét e‘g ’E’% asy -EF%tem tr oﬁ?ec')"frre boaafo Escherichi a
coil (E. coll0) yadiopuckptides.c Sufpaltomss ligand cheomaphseel caod eanyf rcompaud i a- Ber t ani

(LB) agar plat eSorﬂﬁEih@ﬂaQlmHTégﬂﬂaéﬂnoﬁﬂTMlebkdrﬂofécuIJ&ﬁ,ctS&fr&EE%Houﬁ| ones were
verified by DNA se uen resence, of th &Fey red ¢ nstruct

Pl asmi d DNA i sof Af ederY o °ﬁ‘é°°ﬁ>'§%u&°8’%‘“%?r BRE® RIS, Tyfryeapiag @ sth Ndel and
Xhol and 30 | i ghtdentydmipcaciETR8mingtigidsrand gy othxrompsindigpngrisigsavbi nant sort ase
with a G 5 tepgieaidl hexa-histidine tag. The ligation m xture was
transfornmed into E. coil XLI Blue conpetent cells and selected from

509. 9/ M. ammpisCl hhbikks SRBEANGH P tleSorBOR! a8 Sroulils?p Thth ﬁggge)uw' ated from

the positive clones was used to tyansf orm conpet ent
cel|'s. The tran¥dér degrogticbiveaniugee uselyl toptatpatdetiverypf p BornopdhwhareiB7C for 3

hours or till tine sQdBRO iy enabeN 10k& ANde bidGoBXRY B & iseihisd\asalyzed

ligation mechanism.

In one embodiment of the present invention a peptide is used as the substrate for

20  the preparation of the bioconjugates wherein the amino acid sequence of the
peptide is as set forth in SEQ ID NO: 1 or SEQ ID NO: 2 or SEQ ID NO: 3 or
SEQ ID NO: 4 or SEQ ID NO: 5 or a variant thereof.

Still another embodimemt of the present disclosure relates to various
arninoglycosides such as ribostamycin, butirosin, paromomycin, neomycin,
25  lividomycin, kanamycin, tobramycin, dibekacin, gentamicin, sismocin,
netilimicin, isepamicin, arbekacin, amikacin, streptomycin, apramycin,
hygromycin, neamine, vancomycin and kasugamycin used in the preparation of

the bioconjugate disclosed in the present invention.

Stil} yet another embodiment of the present disclosure provides a novel
30 therapeutic and diagnostic bioconjugate useful for target delivery of a compound,
wherein the aminosugar is selected from a group consisting of 6-amino-6-

deoxyglucose, G-amino-6-deoxymannose, 6-amino-6-deoxyallose, 6-amino-6-
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10 i nduced by addition of IPTGto a final concentration of 0.2mM at 30C
for 3 hours. The induced cells were pelleted, resuspended in | OnM
Tris-HCl, pH 7.5, 50mM NaCl, 1nM 2-nercaptoethanol (13-nE) and | ysed by
soni cation. The protein in the |ysate supernatant was purified by N -NTA
affinity chromatography. The purified protein was freed of excess im dazole
using a 151 ODG desalting colum. The identity of reconbi nant sortase

(SrtA 59) was 4established by Electrospray (ES) mass spectronetry (MS). The
experinmental mass (17864.78 Da) was in agreenent with the cal cul ated val ue
(17865 Da). O her nethods well known in the art can al so be used. Exanple 2
20 Synthesis of peptides The peptides were synthesized by standard solid
phase synt hesi s dprxpdltosea | camist-tdpokiidyss, Gaminb-Stdegrygatacmsesarit-amiroeiat ed pepti de
synt hesi zer. \WaRgxi@gln prel oaded with the desired amno acid was used as
the starting material. The coupl ing and deprotection was nonitored at every

step by the Kal siuc Giboalith, iRyl i enR iRkl fo BARIERDLL NG St ep and

on conpletion o eS| e reaned usi ng
20% pi peri di ne @xagfwsticrblmygatem@ulpfeptatger&hm@’ a:wemo@d wlrem the resin and

t he side chai ns peigpkiRt RCeREeAMrbl 22BRpX EonEifing @R tsPinfing) G $rﬁ1ldHeLHi1@ acetic acid
(TFA), ethangdi al henol t hi oani sol e and water (80: E 5, v/iv). The

resin was refov8PWPE filtration and the crude pepti des Were precipitated 30
usi ng cold di etrp/ et her. The p gtl des were purified to 98% by RPHPLC,

| yophi | i zed and Y8t #P&ef “'Elb"d“?@@f fEretandifclogyre pRuAesia v fhefaRetibept i des was
checked by nass aspdighostitbiotonjugdtt beful foe idiged Selimay lof K oempound) whérenart may be

used for the Sy%hﬁﬁ;ogypg&ggeap&ﬂ 989D RS ¥ ga}pT%ﬁaﬁtQ%af@%%&s 5 Exanpl e

3 Sortase-cat al atron reacti ion of various
substrate conpr P¥Iry WBF‘X?@WHO@YHMXWWE%H’W@‘WO‘P@%Qn| zing sortase
w t h bi onol ecul e such as am nogl ycosi de, hexopyranose, pol yam nes,

am nosugar s, 15hy &#ilb xapther ewbodiped of the \pasark Jisoinsmre paeide aopva tisrapdu@ic am nol i pi ds

and any ot her Cmégﬂakusgmnjugwgseﬁuh%?%rglzph&%rﬁgf X‘@éngﬁ@l{dr WhdeiPUt in 0.3M
Tris-acetate buffer (pH 7.5)  containin CaCl2, and 2mM

2- mer capt oet hand¥F Bydoxyrpminocicis exieras sqlctef fom g g5oup cqnsisting\pd Fafiohat  cont ai ned
0.5 | nM pept i de hydtoxpivtysylgacaratd, 4adutinddd-idrazgbugnd falnithte, t Mdaimidoadse. The

reaction was al} @{,\5 r ed ﬁ# ched by addition

of 15 20 -fold e cegbunﬁlpaﬁ%a) tri ﬁ_%c?ﬁg’g%gttyﬁ:glégﬂyé‘F%@;nd anal yzed by

RPHPLC usi ng®ac enierhydrpybapayleacetatr A W%ﬂéﬂthy@’?’é)?@ﬁwl PFPRONBactd on product s

wer e charact er i zgo-bYydeSyButachuttatdVIALaddimo Dy d SRSty S/ P Rk dte) MRHnTinG-
2-hydroxybutyrylpaimitate, 4-amino-2-hydroxy-butyryl-coenzyme A, 4-amino-3-
hydroxybutyrylpalmitate, 4-amino-2-hydroxybutyryl-coenzyme A.

Still yet another embodiment of the present disclosure provide a novel therapeutic
25 and diagnostic bicconjugate nseful for target delivery of a compound, wherein
the amino lipid is N-[(3-hcxadccanoyloxy)hexadecanoyl] ornithine or

virodhamine.

Further embodiment of the present disclosure provides a process of preparing the

bioconjugate, said process comprising:

30 a. providing a substrate comprising LPXTG peptide motif capable of

recognizing sortase, wherein said substrate is selected from a group

-13-




Exanpl e 4 Soratse-catal yzed ligation of nodel peptides or polypeptides to
am nosugars 20 Sortase was ligated to two nodel substrates containing LPXTG
notif, YALPETGK (SEQ ID NO 1) and YALPMIGK (SEQ ID NG 2) with am nosugar,
nanel y, 6-am no-6-deoxygl ucose. However, other peptides or polypeptides and
sugar substrates well known in the art can simlarly be used. The peptide
YALPMICGK (SEQ I D NO. 2) and the sugar, 6-am no-6- 25 deoxygl ucopyranose
(adg) were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150nmM
Nacl, 5nmM Cacl 2, and 2nM 2- nercapt oet hanol ) and i ncubated with sortase at
about 37C for about 4-6 hours. The reaction was quenched by addition of 20
to 40-fold excess of 0.1%trifluoroacetic acid (TFA). The reaction m xture
was anal yzed 3y RPHRbfdistisg tigpepities, palypapiides -pradiar gifdeprolth, Hpdpwedid, System

Reaction products obatn@,;og@g_rg‘ﬁogmlggji}g_&\xﬁ%&g%(&E@g%ﬂ&h@;{iﬁ}ay ESMS. The

observed mass of the reaction pro e aé’?épect ed
theoretical mass of °“PmPIRfrcomRESiesohs LG Crentiiemefs. 07 Da. The 5 RPHPLC of
the reaction mxture followed by ESM5 anal yses of the product indeed
confirmed the foratireyidingf at fripmojepde t sslictpe pramder sgueppr comwisfinggafe (Ref er

table 2). The chr onafRRERRE nBiBtdose, Bdlvdnifs, SAfBiuSart, Rkai ned

6- am no- 6- dfaoxygl uco,segand YALPE%EGK <g3€8§r|h% % f?ar% g\%%l ed '?wo new peaks
[Figure 10 IR (a), g% cBifiegming gfid st aminolinidsy alg oAy JUPYEni ne; (c), 6
h reaction with 6- deopisingtesinmdmgiesicopyr anose, Figure 1 B) ESI-Ms of the
product (indicated by an arrowin c) isolated from RPHPLC.] El ectrospray

mass spectronetri G RatdinEasrdsd abdatily2d the Nigdtoe rdafioh RE sk bR dné accor dance
with the cal cul ated

adduct suggesting tﬁﬁqﬁgﬁﬂglgffgﬁg egéé&g%‘i%h@!%ggg”’%g%%@%‘)"&’ggaéeg Zgggr P TERLAY

nucl eophile in the transam dation reaction catalyzed by sortase. The
| i gation react i ST ERCAdRERLRS G5 ereprapsliscipanse pipvidesRiessss A PHRAERE Phe same way
when 6- an nors6- dpeonjugRe) Masrein ta Sortdseasddiedabm Faphi@becus aureus.

Yet another embodiment of the present disclosure provides a substrate in the
form of a peptide comprising an amino acid sequence as set forth in SEQ ID NO;
TorSEQID NO: 20or SEQIDNQO: 30r SEQIDNO: 4 or SEQIDNO: Sora

variant thereof.

20  Still yet another embodiment of the present disclosure provides aminoglycoside
such as ribostamycin, butirosin, paromomycin, neomycin, lvidomycin,
kanamycin, tobramycin, dibekacin, gentamicin, sismocin, netilimicin, isepamicin,

arbekacin and amikacin.

In one embodiment the aminosugar is selected from a group consisting of 6-
25  amino-6-deoxyglucose, 6-aming-6-deoxymannose, 6-amino-6-deoxyallose, 6-
amino-6-deoxyaltrose, 6-amino-6-deoxyidose, 6-amino-6-deoxygalactose and 6-

amino-6-deoxytalose,

-14-




Simlarly a substrate containing (2-am no-2-deoxygl ucose) gl ucosam ne was
ligated with either YALPETGK (SEQ ID NO 1) or YALPMIGK (SEQ ID NGO 20 2).
RPHPLC profile of this reaction revealed that the substrate peptide was
hydrol yzed to YALPET wi thout the formation of an adduct. Exanple 5
Sortase-catal yzed ligation of peptides or polypeptides to am nogl ycosi de
antibiotics 25 The ability of sortase was tested to |igate peptides or

pol ypepti des to am nogl ycosi de class of therapeutically inportant
antibiotics that are built up by a variety of am nosugars of the 6-am no or
the 2, 6-diam no type besides containing several other am no
functionalities. The central scaffold of am noglycoside antibiotics is the
2- deoxyst r eptsaniyseanvibéergmbaiinidnt &theprdsebodisbians prdGda b Proddbaftpteparingd at

posiLi ons & and b ube  SREBWE i KGRI ) Bl Lyl (20 11

ri bostanycin, neonycinand orta &d conj ugati on
of the am nogl yéaf'gm%smrﬂlmm:‘?whm th YALPETGK (SEQID NO ) 5 or
YALPMIGK (SEQ I D NO 2) nodel peptide substrates was tested. O her
sequences |ike SEQD dnPhdiGmbadimSECQS| e N@send displdsuBEEyoRbEsNO prdsesprof any

pol ypept i de contpﬁ,bmng%e@%lﬁga@qummmwr&mnob&d i Hledtlf frof WS€d. Exanpl e

Synthesi s of sortase gglt&% %ﬁtl aQn tﬁro uct forned from YALPMIGK
10 (SEQ I D N& #&rupEepristne 4 WE’i"ﬂ’“ QAPF-T I IHEXPUBEF de  YALPMIGK
(SEQ I D NO: 2) amncld aridethamianiieot i ¢, Kananycin B, were taken in 0.05M

Tris-acetate buffer (pH 7.5) (containing 150mM NaCl, 5nM CaCl2, and 2nM

2- mer capt oet han@anmamdlbmbattadprweitmlsaefuteaﬁan@; : 3&.@0&% uﬂefﬁ aaour s. The
reaction was qu nche(a a ddition of 20 151 t g cess 1% 15
trifluoroacetic RIS fEe SRR ?ﬂ" %"E’F"%“v% PRHEYF %‘%P’ by RPHPLC
usi ng acet oni triaWQPwmsek&ﬂW sol vent system Reaction products obtained
from RPHPLC were characterized by ESM5. The observed nass of the reaction
product was 1515%u@idr dmsbodimant iohthe poeppacliedsurd@ovidet i Riebsefipiasthatpy WAL PMTKanamyci n

R T

by ESM5 anal yses uct 1In con e

expect ed pepti déﬂl@ﬁt"if’m“z%ﬂit@afbbfh]’i@@ht e. (Refer table 2). Exanple 7
One embodiment of the present disclosure provides a method of detection of a
ligand or a compound that binds to the bioconjugate disclosed in the present

20  invention,

One embodiment of the present disclosure provides a method for cloning,
expression and purification of recombinant sortase. Detailed probedure is

described in Example {.

Another embodiment of the present disclosure provides a method for the

25  synthesis of peptides. For details refer Example 2.

Yet another embodiment of the present disclosure provides Sortase-catalyzed
peptide ligation reaction. The ligation of various LPXTG containing peptides and

sugar or aminoglycoside antibiotics is described (Example 3).

Still another embodiment of the present disclosure provides Sortase-catalyzed

30 ligation of model peptides to aminosugars. Sortase ligated LPXTG containing
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Synthesis of sortase catal yzed ligation product forned from YALPMIGK ( SEQ

I D NO 2) peptide and Tobranycin antibiotic 25 The peptide YALPMIGK (SEQ I D
NG 2) and the antibiotic, Tobranycin, were taken in 0.05M Tri s-acetate
buffer (pH 7.5) (containing 150nM NaCl, 5mM CaCl2, and 2mM

2- mer capt oet hanol ) and incubated with sortase at 37C for 4-6 hours. The
reacti on was quenched by addition of 20 to 40-fold excess of 0.1%
trifluoroacetic acid ([PA). The reaction m xture was anal yzed by RPHPLC
using 30 acetonitrile-water-TFA solvent system Reaction products obtai ned
from RPHPLC were characterized by ESMS. The observed nmass of the reaction -
5 product was 1144.03 Da and the expected theoretical mass of

YALPMITobr amgci mb@mnjslmgamﬁoswssu&ii%ﬁuﬁeﬁ—a&oagﬂawhﬁ nef toZheninoact i on m xture

foll owed by ES i ndeed confirmed the formati on of
t he expected p(l\a/g &2@ %&Tlﬁ’%écgﬁ ugate (Ref er table 2). Exanple 8 10

Synt hesi s of sortase ca aI lig fornmed fr YALPMTGK ( SEQ
D) NO 2) peptid ST R eRF, %‘BZ'?‘E@E'PW Fp?“?g "*p%rfi‘f‘ﬁgfIe 3¢ VRERRTaK (SEQ I D
NO 2) and the amuljmed)tlgacqn @ammnymmglymndearmanhm The alf)lit) 6fdoase s- acet at e

buffer (pH 7.5) v)@:gﬁﬂédﬂb ﬂé Mmmgycoétm\gla%%r j;@ﬂﬂgallgmoﬁant

2- mer capt oet hanol and i hcubated with sortase at 3 6 hours. The
reacti on was! qué‘i’ﬂ'?l‘?@ﬁf ) ars bEitiep G2 gyriey of prginasgearyyf dhediaminordie 3 104
trifluoroaceti csaimmiim(tﬂh)sndeél'dfoetammgsﬁverdmhm attint fenciievsligan.dbeyaiiede by RPHPLC

usi ng acetoni tr g}ﬁ}lg{m A sol vent system Reaction products obtained
from RPHPLC vver aracte |zed by ESMS. The observed nass of the reaction
product was 129 and he ex #ﬁd the retical .mass ot Y,IQ\LPMT- 20
Par onmonyci n conj ‘é%ﬂ"%" gt of g pregen €° R Cpé?ceisﬁ%r HRAEIVSh nmixture

fol | oned by ESVBoampigsisbissoghse chidyzpd brition reichieiasig Y PMAGEASEQE f or mat i on of

the expect edspegi. Qsepe&falemlﬂu@cﬁ%%mfc%réﬁmérertﬁmp&@) Exanpl e 9
Synt hesis of sortase catal yzed ligatiaon product forned from YALPMIGK 25

SEQID NGO 2 YALPMIGK
(SES 1D NG 2) 2 Db SRtk aggﬂfegpﬁeg%r%gao@m%wésqtpko%esm? pRERkbAE
of bioconjugate by sortase catalyzed ligation reaction using YALPMTGK (SEQ

1D NO: 2) peptide and Tobramycin antibiotic. For details refer Example 7.

Yet another embodiment of the present disclosare provides a process for
20 preparation of bicconjugatc by sortase catalyzed ligation reaction using
YALPMTGK (SEQ ID NO: 2) peptide and Paromomycin antibiotic. For details

refer Example 8.

Still another embodiment of the present disclosure provides a process for
preparation of biocconjugate by sortase catalyzed ligation reaction using
25 YALPMTGK (SEQ ID NO: 2) peptide and Ribostamycin antibiotic. For details

refer Example 9,

Still yet another embodiment of the present disclosure provides a process for

preparation of bioconjugate by sortase catalyzed ligation reaction using

YALPMTGK (SEQ ID NO: 2) peptide and Neomycin antibiotic. For details refer
30 Example 10.
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were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150nmM NaC1,
5mM CaCl2, and 2nM 2- ner capt oet hanol ) and i ncubated with sortase at 37C for
4-6 hours. The reaction was quenched by addition of 20 to 40-fol d excess of
30 0. 1% trifluoroacetic acid (TFA). The reaction m xture was anal yzed by
RPHPLC usi ng acetonitril e-water-TEA sol vent system Reaction products
obtained from 5 RPHPLC were characterized by E, SM5. The observed mass of
the reaction product was 1130.86 Da and the expected theoretical nass of
YALPMIRi bost anyci n conjugate was 1131.5 Da. The RPHPLC of the reaction

m xture foll owed by ESM5S anal yses of the product indeed confirned the
formation of the expected peptide-antibiotic conjugate. (Refer table 2). 10
Exanpl e 10 Synt P8s esbadimesioof tiepeesanatiadogme grolidey at pravess [forpebparhtioh@f ned from
YALPMIGK ( SEQ | ' . j iRk ot ptide
YALPMIGK ( SEQ | g%@"ﬁ% S’ﬁﬁ%shg&%%% béfﬁgatﬂ,?%a%dl%e"g%@%‘?%gg%ﬁgn in 0.05M
Iris-acetate bufNOaf pepide snddangpysinBantiniotis Fordstlls ’iscxamplend 15 Cadl 2, and 2mM
2- mer capt oet hanol ) and incubated with sortase at 37C for 4-6 hours. The
reacti on was quénethesdmbadinggtiiftticonesesf distipsyre pragdds @ lpbeesk foe srspapdtio. 1%
trifluoroaceti CofgbdnilgheAy-sorfdiCcata§2Rtiigfidn Madtioh hEnd RS LANREK 268h by RPHPLC

usi ng aceto%r@g- \_I\%tel’_- FA sl())I venth%YS,tﬁ:m Reacti on products obtai ned
from RPHPLC Wer & NR:P 2ER1ds 179 dgbpRpvelpapiotisiar hlerrehremaied2of the reaction
20 product was 1193.47 Da and the expected theoretical mass of
YALPMTNeonyci n &8npiegiat embasiment of thg mrgsent Tdisslopyopprovides atmsecesefatt i on i xture
fﬁl | owed bydESNﬁembysaSbieéonjugeee K O@at &aﬂ@e@df lig4%i0h L:Ez{eaeh tubigg f or |mati on of

t he expected pepi.i,de- IR a6 5 0N] ugat Refer tabl.e anple 11 25
Synthots of SofPuSErRl (ROTb e HHAE R baribst s Pl oL PCK ( SEQ
| D NO 4) pepti tiéerBranpiédlidamycin B antibiotic The peptide (R) 9LPMIGK ( SEQ ED
NGO 4) and the antibiotic, Kananycin B, were taken in 0.05M Tri s-acetate
buf fer (pH 755) S¢it amdtier rembglird&0 rvl/tdagedsent SaiddoGiabhvidand pieedds for

2- mer capt oet han nd ien i, t r at. faor 30.4-6 hours. The
reaction was qugllﬁ%:ﬁ?:l bdf gg%?@%%n%f@%%gt%aﬁrg@f %?%ngx%%é%n g?m% 1%
trifluoroaceti c R FHMTCKHAREQ B HNO: dhpeptide apd Ribsstapyen apibiotn Fpsdedils by RPHPLC

refer Example 14.

Still yet another embodiment of the present disclosure provides a process for
20  preparation of bioconjugate by sortase catalyzed ligation reaction using Tat and
Rev mimetics to antibiotics, Ligation of peptides derived from Tat and Rev
protein of HIV to aminoglycoside antibiotics was considered. Tat and Rev are
two essential regulatory proteins that play important roles in HIV replication. For

details refer Example 15,

25  One embodiment of the present disclosure provides a method of peptide ligation

to amikacin and butirosin A, For details refer Example 16.

Another embodiment of the present disclosure provides a method of Sortase-

catalyzed peptide ligation to polyamine spermine. For details refer Example 7.

While particular embodiments of the subject invention have been described, it
30  will be obvious to those skilled in the art that various changes and modifications

of the subject invention can be made without departing from the spirit and scope
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5 using acetonitrile-water-TFA sol vent system Reaction products obtained
from RPHPLC were characteri zed by ESMs. The observed nass of the reaction
product was 2331.8 Da and the expected theoretical nass of (R)9LPMI -
Kananycin B conjugate was 2331.63 Da. The RPHPLC of the reaction m xture
foll owed by ESMS anal yses of the product indeed confirned the formation of
the 10 expected peptide-antibiotic conjugate. (Refer table 2). Exanple 12
Synt hesis of sortase catalyzed ligation product forned from (R) 9LPMICGK ( SEQ
I D NO 4) peptide and Tobranycin antibiotic The peptide (R)9LPMIGK (SEQ I D
140:4) and the antibiotic, Tobranycin, were 15 taken in 0.05M Tris-acetate
buffer (pH 7.5) (containing 150nM NaCl, 5mM CaCl2, and 2nmM

2- mer capt oet sanef the @vehtibm) G biifitiol, wHilk the pRdsdn Hlentibn B ®edn BstBbddqn about 4-6
hours. The react] VA S Eiﬁ%ﬁ itlan. of. 0 -fald excess of
0.1%trifluor oa%ég’? %8%%& .at}%%mb%g%(#% {oﬂﬁm&ﬁ 15(%8? Bee lﬁ'}g%s%%aﬁgaflzed by RPHPLC
usi ng acet oni t r Hiisels W ey ofiflyxtration wadhwot 8y waxeeh limpgatian 4né thejeapelgthe 20 obt ai ned
from RPHPLC wer gwv&dtiak Caefinéd 6y theYaphendda. cldne walks ahot@r bd 8@l ot he reaction
product was 231 .91Da angI t e.lgx'_fl_gﬁ%t ed theoretical mass of (R)9LPMI -
Tobranyci n conj GGARE & 575PTRY The RPHPLC of the reaction nixture

foll owed by ESMS anal yses of the product indeed confirnmed the fornmation of
t he expect edtOpepti de-anti bi oti c cofXMRIES Refer table 2). 25 Exanple 13
Synt hesis of sortase catalyzed ligation product fornmed from (R) 9LPMICGK ( SEQ
| D NO 4) pept i d&hefoliowie xaopigscirapud fiirth Ise @ tb pro¥ide thoepif iodidafyRki@ LLlPMTGK ( SEQ | D
NGO 4) and the L Dol : J | i s-acetate
buf f ot (pH 7. 5) 7 comar R e cSlofod 3560 1Rl st Ul dy

2- mer capt oet han®FSERpiRcing featdt ifepded Solirpig the seope ghwvhint ths meeBt about 4- 6
hours. The reactdzad asvds&r GuRia e ab yhe chikinlidd s repleseROthdt Ahedllpdridlests 5 excess of
0.1%trifluoroa j i tion mxture was anal yzed by
RPHPLC usi ngsaceﬁfq%‘*né:rfgﬂngg'\(fl\ggé%rimf%gﬁg% vent system Reaction products

obtai ned from HQFX)JI%]S were characterized by ESM5. The observed mass of the
reaction product® €b463.17 Da and the expected theoretical mass of

(R OLPMI' - Paronpnycin conjugate was 2463.63 Da. The RPHPLC of the reaction
m xture 10 f ol | Gioateisyrression aphpirification of recombinmanbspitese | ndeed confirned the
formati on of the expected peptide-antibiotic conjugate (Refer table 2).
Exanpl e 14 Synt Hesfosvagi priger (SEQIDAND: &) ydaeivetse gamérdBEQ M H@c ) waor ned from

(R SLPMTCK, ( SEQuP NG 0Ll dndislooARIA Ry iy @5 101 i 15, The
peptide (R)ILPMIGK (SEQ I D NO "4)" and the antibiotic, R bostanycin, were
taken in 0. 38M e egomic BN of Stgpfprfosoccys girers MySO0sEht ai ni ng 150mM NaCl, 5nM
Cad 2, and 2nmM 2- ner capt oet hanol ) and i ncubated with sortase at about 37C
for about 4-6 hBRIFGATRRAGATATCCAACEASAHOETCASATTSCGRJISEQO® ¥P: 20 to 40-fol d
excess of 0.1%grifluoroacetic acid (TFA). The reaction m xture was

anal yzed by 20 RPHPLC using acetonitril e-water-TFA solvent system Reaction

products obtain ,]‘J%B@ % (@%‘rﬁ L2654 R E?B%E%hgobser ved mass
of the reacti onﬁgsr (S-’r uct vvalfjgb 93‘?@\ angkﬁgg gg%ec?e theoretical mass of
(R)9LPMI - Ri bo¥Pahycin conjugate was 2303.53 Da. The RPHPLC of the
reaction m xture foll owed by ESM5 anal yses of the product indeed confirned
the formati @4 oThet impltiRdareplipecvedigpehinicpSEMAT Ebdyotdta, cosfhmgdinen (Refer table
2). Escherichia coli (E, coli} XL-I Blue competent cells and selected from Laria-
Bertani (LB) agar plates containing 50ug/ml ampicillin, The selected clones were
verified by DNA sequencing for the presence of the desired construct. Plasmid
DNA isolated from the positive clones was digested with Ndel and Xiol and

30 ligated into pET23b vector for expressing a recombinant sortase with a C-
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Exanpl e 15 Sortase-catal yzed ligation of Tat and Rev rainetics to

anti biotics Ligation of peptides derived fromTat and Rev protein of HV to
am nogl ycosi de anti biotics was considered. Tat and Rev are two essenti al
regul atory proteins that 30 play inportant roles in HV replication. Both
Tat and Rev act through structured viral RNA target sites, TAR in the case
of Tat and RRE in the case of Rev (14). 5 Short arginine rich peptide
sequences derived from Tat and Rev can mimc the action of respective
parent proteins (15). Besides, a nona-arginine peptide (R9) is known to
bind to TARwith the sane affinity and specificity as the wild type Tat
peptide. Since am noglycoside antibiotics (such as neomycin, tobramycin,

ri bost anyci n set cexmahlslmxabﬁmﬂme tag.TFHe ligatbnRiktuRNdas (thsformed mocBreligat es 10
OO O AR A G RRAPANLlOUOA PR R m B0 bl EPL 1 o 1 08

(natural or desi to exert s gistic action and be potent
i nhi bitors of Hegarplaiss. PbmliiBHAISPF?@C‘@@F‘t“E@eSJ%V&P}aP“ySZ’éﬁ”F‘? Q&P eacti on of a

non-argi ni ne Se@%%z@%ﬁliﬂb@ﬂ:eﬁnt&alst'ﬂﬁ-&mﬁsﬁﬁﬁ@ﬂil&@@:@eh%ﬁ&l igpX= Eor M

not i f (RRRRRRRRR PXTGK) i ot e quch the same
way as the rodel™ ;P@"ﬁli' itd @%gff\gsrpf”ﬁf’r & t?‘i:&]gﬂ"rrgacbe%?fﬁa]“g& E%?e‘ijm&n ,a a peptide
sequence spaii rigluced Sy cidditeon 34 5T t@fa el conerdtratiop eh@izraMwett38°G fee3sor t ase

recogni ti 0N Seqyens and FRCARRNRRUEEBRRHR BT omEQ:IHoLYR 7 §) al S0 T or ed
specific conjugates wth neonmycin B and tobranyci n\’ﬁg gur e 9(c)] The 20

experi nental  nad8mMs NaGle It ﬂ@‘&atp?gth%!)ﬁls(ﬂlw)aﬁ'@o’?ﬁd f48" cdfcul at ed nass
(Table 2). Examl‘d@emlﬁmpet&t itghate | s@&hatﬂm twas gaifi@icity aWANTRUtdidsi n A The
sortase-cat al yzeg Li P!honr of .ReRt g{gﬁ wa s KAGLA, gnagaz Etuim ggin A was 25
i nvesti gat ed. TI&8 ifcs, anamycli n an anycin cl ass
respectivel yi5 arleDGrﬁewgglcnlumhaThet eyinc off W@Iflﬁma?ﬁtﬁﬁe Sohpdrwptybut yr at e

(ahba) sid chalcg}abgg\leg h,g Eg;C;J,D RES)OhARY Bpelfontcl (aSNthalexplamgyat r ept am ne
ring. Unlike the pe

t t tib bed
above, the HPLCTEH UabPIpRrCn e o tecrdedl ik THE Baher ot o

(YALPXTGK, X = [©Gtief mbthods well known in the art can also be used.

...J

Example 2
20  Synthesis of peptides

The peptides were synthesized by standard solid phase synthesis protocols using
Fmoc chemistry on a semi-automated peptide synthesizer. Wang resin preloaded
with the desired amino acid was used as the starting material. The coupling and
deprotection was monitored at every step by the Kaiser test for free amines.

25  Before each coupling step and on completion of the synthesis, the N-terminal
Fmoc group was removed using 20% piperidine (v/v in DMF). The peptides were
cleaved from the resin and the side chains deprotected with a mixture containing
trifluro acetic acid (TFA), ethancdiol, phenol, thioanisole and water (80:5:5:5:5,
viv). The resin was removed by filtration and the crude peptides were precipitated

30 using cold diethyl ether. The peptides were purified to 298% by RPHPLC,
lyophilized and stored at -70°C. The chemical identity of the peptides was
checked by mass spectrometry, Other methods well known in the art may be used
for the synthesis of peptides or polypeptides or proteins.
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30 reacted wth am kacin or butirosin A showed two product peaks [Figures
7, A and B] Interestingly, both the product peaks of each anti biotics
yi el ded identical mass (1260.67 Da in the case of am kacin and 1230. 67 Da
in the case of butirosin A) corresponding to a 1:! ligation of the peptide
to antibiotics when analyzed by 5 MALDI . The results suggest that each
product represented a distinct site of peptide ligation. Gven that the
di fference between their respective parent antibiotics (kanamycin and
ri bostanycin) was the presence of ahba group, the two products may
represent conjuation of peptide either to the 6-amne in the A-ring or the
am ne of the ahba side chain of the 6-deoxystreptamne ring. 10Consi stent
with this, sdrt Examplad able to transfer relevant peptide substrate to 4-
am no- 2- hydroxybutyric acid as well as to 4-am no-3-hydroxybutyric acid
(Figure 8). Ekarsoettesekdtalyosdtpapitietigitish y@ebnpept i de |igation to pol yantine
spermne 15 We al so explored the ability of sortase to conjugate peptide
substrate to polyaiy a{ﬂﬁﬁof Irdaﬁuslﬁssiatpwﬁﬂnlsﬁg obxrG qaep’ms @i ddpableldre i ncubat ed
with YALPETGK(SE?ErH gﬁp eandserm ﬁ aled the formation a
product whi ch wd¥ zé'fgaf?%sﬁ"? eﬁ'gﬁ/éucgs aamérlé’ély‘f*ﬁ“ %%ﬁ’é‘ﬁw&e "adduct
(Figure 10, Tablpely@hines, aminosigih, ehydfpxﬁﬁlmonmm dmdbaysmmo ofcids yyrhet | ¢ pepti des
used in sortgse- R )%_&}Eseﬂd%%)dﬁﬂ%dnﬁgun@%@zﬁﬁdsﬂ@%ese mliiled thshleigpaence  Cbserv
ed Cal culate YALPET(K 877.'55 877

in 0.3M Tris-acetate buffer (pH 7.5) containing 150mM Nacl, 5mM CaCl,, and

2mM 2-mercaptoethanol. Each assay was set up in a 0.1 ml volume that

contained 0.5 mM peptide, 1 mM sugar or antibjotics and 50 uM sortase. The
reaction was allowed to proceed at 37°C for 4-6 hours, quenched by addition of

15 20 -fold excess of 0.1% trifluorocacetic acid (TFA) and analyzed by RPHPLC
using acetoniirile-water-TFA solvent system. The reaction products were
characterized by ESMS andfor MALDI-TOF mass spectrometry,

Example 4
Soratse-catalyzed ligation of model peptides or polypeptides to aminosugars

20 Sortase was ligated to two model substrates containing LPXTG motif,
YALPETGK (SEQ ID NO: 1) and YALPMTGK (SEQ ID NO: 2) with
aminosugar, namely, 6—amino-6-deoxyglucose. However, other peptides or
polypeptides and sugar substrates well known in the art can similarly be used.
The peptide YALPMTGK (SEQ ID NO: 2) and the sugar, 6-amino-6-

25  deoxyglucopyranose (adg) were taken in 0.05M Tris-acetate buffer (pH 7.5)
(containing 150mM Nacl, 5mM Cacl, and 2mM 2-mercaptoethanol) and
incubated with sortase at about 37°C for about 4-6 hours. The reaction was
quenched by addition of 20 to 40-fold excess of 0.1% trifluorcacetic acid (TFA),
The reaction mixture was analyzed by RPHPLC using acetonitrile-wator-TFA

30 solvent system. Reaction products obtaincd from RPHPLC were characterized by
ESMS. The obscrved mass of the rcaction preduct was 856.62 Da and the
expected theoretical mass of YALPMT-adg conjugate was 856.07 Da. The
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2 YALPMICGK 87933 880. 07 3 RRRARRARRLPETGK 2049.0 2049. 42 1
RRARRARRRLPMIGK 2051. 2 2051. 50 8 5

10

15

20

25

30

RPHPLC of the reaction mixture followed by ESMS analyses of the product
indeed confirmed the formation of the expected peptide-sugar conjugate (Refer
table 2).

The chromatographic profile of the sample that contained 6-amino-6-
deoxyglucose and YALPETGK (SEQ ID NO: 1) revealed two new peaks [Figure
1A (&), 0 h control; (b), 6 h reaction with glucosamineg; {(c), 6 h reaction with 6-
deoxy-6-aminoglucopyranose, Figure 1 B) ESEMS of the product (indicated by
an arrow in ¢) isolated from RPHPLC.] Electrospray mass spectrometric analyses
(Table 2) of the new peaks were in accordance with the caiculated mass of
YALPET (hydrolysed product) or a sugar-TEPLAY adduct suggesting that the

above amino sugar indeed acted as a nucleophile in the ransamidation reaction

4

catalyzed by sortase. The ligation reaction with the above peptides proceeded in

much the same way when 6-amino-6-deoxymannose was used an aminosugar.

Similarly a substrate containing (2-amino-2-deoxyglucose) glucosamine was
ligated with either YALPETGK (SEQ ID NO: I) or YALPMTGK (SEQ ID NO:
2). Ri’PIPLC profilc of ihis reaction revealed that the substrate peptide was
hydrolyzed to YALPET without the formation of an adduct.

Example 5

Sortase-catalyzed ligation of peptides or polypeptides to aminoglycoside

antibiotics

The ability of sortase was tested to ligate peptides or polypeptides to
aminoglycoside class of therapeutically important antibiotics that are built up by
a variety of aminosugars of the 6-amino or the 2, 6-diamino type besides
containing several other amino functionalities. The central scaffold of
aminoglycoside antibiotics is the 2-deoxystreptamine ring to which aminosugars
are substituted at positions 4 and 6 (as in tobramycin and kanamycin) or 4 and 5
(as in ribostamycin, neomycin and paramomycin), The sortase-mediated
conjugation of the aminoglycoside antibiotics with YALPETGK (SEQ ID NO: 1)

-21-




TRQARRNARRRVWRFS RORGGELPETGK 3234.2 3234.64 4 5 Table: 2 EM mass of
sortase-catal yzed |igation product forned from LPXTG contai ning peptides
and various am no nucl eophiles S. No. Peptide Nucl eophile Product Cbserved
mass (Da) Expected mass (Da) 1 YALPMIGK adg

5 or YALPMTGK (SEQ ID NO: 2) model peptide substrates was tested. Other
sequences like SEQ ID NO: 3, SEQ ID NO:; 4 and SEQ TD NO: 5 or any
polypeptide containing LPXTG sequence motif can be similarly used.

Example 6

Synthesis of sortase catalyzed ligation product formed from YALPMTGK
10 (SEQ ID NO: 2) peptide and Kanamycin B antibiotic

The peptide YALPMTGK (SEQ ID NO:2) and the antibiotic, Kanamycin B, were
taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl, SmM
CaCl, and 2mM 2-mercaptoethanol) and incubated with sortase at 37°C for 4-6
hours. The reaction was quenched by addition of 20 to 40-fold excess of 0.1%

15 trifluoroacetic acid (TFA). The reaction mixture was analyzed by RPHPLC using
acetonitrile-water-TFA solvent system. Reaction products obtained from
RPHPLC were characterized by ESMS. The observed mass of the reaction
product was 1159.93 Da and the expected theoretical mass of YALPMT-
Kanamycin B conjugate was 1160.9 Da. The RPHPLC of the reaction mixture

20 followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate. (Refer table 2).

Example 7

Synthesis of sortase catalyzed ligation product formed from YALPMTGK
(SEQ 1D NO: 2) peptide and Tobramycin antibiotic

25  The peptide YALPMTGK (SEQ ID NO:2) and the antibiotic, Tobramycin, were
taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl, SmM
CaCl,, and 2mM 2-mercaptoethanol) and incubated with sortase at 37°C for 4-6
hours. The reaction was quenched by addition of 20 to 40-fold excess of 0.1%
trifluoroacetic acid (TFA). The reaction mixture was analyzed by RPHPLC using

30 acetonitrile-water-TFA solvent system. Reaction products obtained from
RPHPLC were characterized by ESMS. The observed mass of the reaction
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adg- TMPLAY 855. 62 855.85 2 YALPMIGK Kanamyci n A Kananycin A- TMPLAY 1160. 34
1161. 64 3 YALPMIGK Kananycin B Kananycin B- TMPLAY 1159. 93 1160.64 4
YALPMIGK Tobranyci n Tobranyci n- TMPLAY 1144.03 1144.35

5 product was 1144.03 Da and the expected theoretical mass of YALPMT-.
Tobramycin conjugate was 1144.5 Da. The RPHPLC of the reaction mixture
followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate. (Refer table 2).

Example 8

10 Synthesis of sortase catalyzed ligation product formed from YALPMTGK
(SEQ ID NO: 2) peptide and Paromomycin antibiotic

The peptide YALPMTGK (SEQ ID NO:2) and the antibiotic, Paromomycin,
were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl,
5mM CaCl, and 2mM 2-mercaptoethanol) and incubated with sortase at 37°C for

15  4-6 hours. The reaction was quenched by addition of 20 to 40-fold excess of
0.1% trifluoroacetic acid (TFA). The reaction mixture was analyzed by RPHPLC
using acetonitrile-water-TFA solvent system. Reaction products obtained from
RPHPLC were characterized by ESMS. The observed mass of the reaction
product was 1292.09 Da and the expected theoretical mass of YALPMT-

20 Paromomycin conjugate was 1292.6 Da, The RPHPLC of the reaction mixture
‘followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate. (Refer table 2),

Example 9

Synthesis of sortase catalyzed ligation product formed from YALPMTGK
25  (SEQ ID NO: 2) peptide and R_?Jostamycin antibiotic

The peptide YALPMTGK (SEQ ID NO:2) and the antibiotic, Ribostamycin,
were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl,
SmM CaCl,, and 2mM 2-mercaptoethanol) and incubated with sortase at 37°C for
4-6 hours. The reaction was quenched by addition of 20 to 40-fold excess of
30  0.1% trifluoroacetic acid (TFA). The reaction mixture was analyzed by RPHPLC

using acetonitrile-water-TFA solvent system. Reaction products obtained from
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S YALPMIGK Par omonyci n Parononyci n- TMPLAY 1292. 09 1292.47 6 YALPMIGK
Ri bostanycin Ri bostanycin- TMPLAY 1130.86 1131.31 7 YALPMIGK Neomycin B
Neonyci n B- TMPLAY 1290.74 1291.48 8 ROLPMICK Tobranycin

5 RPHPLC were characterized by ESMS. The observed mass of the reaction
product was 1130.86 Da and the expected theoretical mass of YALPMT-
Ribostamycin conjugate was 11315 Da. The RPHPLC of the reaction mixture
followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate. (Refer table 2).

10 Example 10

Synthesis of sortase catalyzed ligation product formed from YALPMTGK
(SEQ ID NO: 2) peptide and Neomycin antibiotic

The peptide YALPMTGK (SEQ ID NO:2) and the antibiotic, Neomycin, were
taken in 0.05M Tris-acetale buffer (pH 7.5) (containing 150mM NaCl, SmM

15  CaCl, and 2mM 2-mercaptoethanol) and incubated with sortase at 37°C for 4-6
hours. The reaction was quenched by addition of 20 to 40-fold excess of 0.1%
trifluoroacetic acid (TFA). The reaction mixture was analyzed by RPHPLC using
acetonitrile-water-TFA solvent system. Reaction products obtained from
RPHPLC were characterized by ESMS. The observed mass of the reaction

20 product was 119347 Da and the expected theoretical mass of YALPMT-
Neomycin conjugate was 1194.3 Da. The RPHPLC of the reaction mixture
followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate. (Refer table 2).

Example 11

25  Synthesis of sortase catalyzed ligation product formed from (R)yLPMTGK
(SEQ ID NO: 4) peptide and Kanamycin B antibiotic

The peptide (R)LPMTGK (SEQ [D NO: 4) and the antibiotic, Kanamycin B,
were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl,
5mM CaCl, and 2mM 2-mercaptoethanol) and incubated with sortase at 37°C for
30 4-6 hours. The reaction was quenched by addition of 20 to 40-fold excess of
0.1% triftuoroacetic acid (TFA). The reaction mixture was analyzed by RPHPLC




Tobmmyci n- TMPLR9 2315.90 2315.79 R4. PMI&X Par ononyci n Par ononyci n- TMPLR9
2463. 17 2463.91 10 ROLPMI&X Ri bost anyci n Ri bosttunyci n- TMPLRO 2302. 92
2303. 75 11 ROLPETOK Neomycin B Neonycin B- TEPLR9 2460. 03 2460. 84

5  using acetonitrile-water-TFA. solvent syétem. Reaction products obtained from
RPHPLC were characterized by ESMS. The observed mass of the reaction
product was 2331.8 Da and the expected theoretical mass of (R);LPMT -
Kanamycin B conjugate was 2331,63 Da. The RPHPLC of the reaction mixture
followed by ESMS analyses of the product indeed confirmed the formation of the

10  expected peptide-antibiotic conjugate. (Refer table 2).

Example 12

Synthesis of sortase catalyzed ligation product formed from (R)sLPMTGK
(SEQ ID NO:4) peptide and Tobramycin antibiotic

The peptide (R LPMTGK (SEQ ID NO:4) and the antibiotic, Tobramycin, were

15  taken in 0.05M Tris-acctate buffer (pH 7.5) (containing 150mM NaCl, 5mM
CaCl,, and 2mM 2-mercaptoethanoi) and incubated with sortase at about 37°C for
about 4-6 hours. The reaction was quenched by addition of 20 to 40-fold excess
of 0.1% trifluoroacetic acid (TFA). The reaction mixture was analyzed by
RPHPLC using acetonitrile-water-TFA solvent system. Reaction products

90  obtained from RPHPLC were characterized by ESMS, The observed mass of the
reaction product was 2315.9 Da and the expected theoretical mass of (R);LPMT -
Tobramycin conjugate was 2315.5 Da. The RPHPLC of the reaction mixture
followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate (Refer table 2).

25 Example 13

Synthesis of sortase catalyzed ligation product formed from {(R)yLPMTGK
(SEQ ID NO:4) peptide and Paromomycin antibiotic

The peptide (R);LPMTGK (SEQ ID NO: 4) and the antibiotic, Paromomycin,
were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl,
30 5mM CaCls, and 2mM 2-mercaptoethanol) and incubated with sortase at about
37°C for about 4-6 hours. The reaction was quenched by addition of 20 to 40-fold

_95-




12 YALPETGK adg adg- TEPLAY 853. 37 853.76 13 YALPETGK 1Canamycin A
Kananycin A- TEPLAY 1158.49 1159.26 14 YALPETGK Tobranyci n Tobranyci n-
TEPLAY 1142.27 1141.57 15 YALPETGK Ri bost anycin

53 excess of 0.1% trifluoroacetic acid (TFA). The reaction mixture was analyzed by
RPHPLC using acetonitrile-water-TFA solvent system. Reaction products
obtained from RPHPLC were characterized by ESMS. The observed mass of the
reaction product was 2463.17 Da and the expected theoretical mass of (R);L.PMT
- Paromomycin conjugate was 2463.63 Da. The RPHPLC of the reaction mixture

10 followed by ESMS analyses of the product indeed confirmed the formation of the
expected peptide-antibiotic conjugate (Refer table 2).

Example 14

Synihesis of sortase catalyzed ligation product formed from (R);LPMTGK
(SEQ ID NO: 4) peptide and Ribostamycin antibiotic

15 The peptide (R}LPMTGK (SEQ D NO: 4) and the antibiotic, Ribostamycin,
were taken in 0.05M Tris-acetate buffer (pH 7.5) (containing 150mM NaCl,
SmM CaCl,, and 2mM 2-mercaptoethanol) and incubated with sortase at about
37°C for about 4-6 hours. The reaction was quenched by addition of 20 to 40-fold
excess of 0.1% trifluoroacetic acid (TFA). The reaction mixture was analyzed by

20 RPHPLC using acetonitrile-water-TFA solvent system. Reaction products
obtained from RPHPLC were characterized by ESMS. The observed mass of the
reaction product was 2302.9 Da and the cxpected theoretical mass of (R),LPMT -
Ribostamycin conjugate was 2303.53 Da. The RPHPLC of the reaction mixture
followed by ESMS analyses of the product indeed confirmed the formation of the

25  expecied peptide-antibiotic conjugate. (Refer table 2).

Example 15
Sortase-catalyzed ligation of Tat and Rev mimetics to antibiotics

Ligation of peptides derived from Tat and Rev protein of HIV {o aminoglycoside
antibiotics was considered. Tat and Rev are two essential regulatory proteins that
30 play important roles in HIV replication. Both Tat and Rev act through structured
viral RNA target sites, TAR in the case of Tat and RRE in the case of Rev (14).
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Ri bost anyci n- TEPLAY 1128.56 1129.23 16 YALPETGK Parononyci n Par ononyci n-
TEPLAY 1289. 63 1290. 39 17 YALPETCGK Neomycin B Neonycin B- TEPLAY 1288. 63
1289.4 18 Rev-LPETGK Tobranycin Tobranyci n- TEPL-RRev 3498. 30 3498. 93

5  Short arginine rich peptide sequences derived from Tat and Rev can mimic the
action of respective parent proteins (15). Besides, a nona-arginine peptide (Ry) is
known to bind to TAR with the same affinity and specificity as the wild type Tat
peptide. Since aminoglycoside antibiotics (such as neomycin, tobramycin,
ribostamycin etc) also bind to TAR and RRE RNA (i6), bio-conjugates

10 consisting of aminoglycoside antibiotics and Tat and/or Rev peplide mimics
(natural or designed) are likely to exert synergistic action and be potent inhibitors
of HIV replication.

The sortase—ca-talyzed ligation reaction of a non-arginine sequence carrying a
sortase recognizable LPXTGK (X= E or M) motif (RRRRRRRRRLPXTGK)
15 with the antibiotics proceeded in much the same way as the model peptide
substrate [(Figure 9 (b)]. Likewise, a peptide sequence spanning residues 34-50
of Rev and appended with the sortase recognition sequence
(TRQARRNRRRRWRERQRGGGLPETGK, SEQ ID NO: 5) also formed
specific conjugates with neomycin B and tobramycin [Figure 9(c)] The
20  experimental mass of the conjugates was in accord with the calculated mass

(Table 2).

Example 16
Peptide ligation to amikacin and butirosin A

The sortase-catalyzed ligation of peptides to amikacin and butirosin A was
25  investigated. These antibiotics, of the kanamycin and ribostamycin class
respectively, are unique in that they carry a 4-amino-2-hydroxybutyrate {(ahba)
side chain on the C-1 amino group of the central deoxystreptamine ring. Unlike
the peptide ligation reactions with antibiotics described above, the HPLC
chromatographic profile of sortase peptide substrates (YALPXTGK, X =E or M)
30 reacted with amikacin or butirosin A showed two product peaks [Figures 7, A
and B] Interestingly, both the product peaks of each antibiotics yielded identical
mass {1260.67 Da in the case of amikacin and 1230.67 Da in the casc of butirosin

A) corresponding to a 1:1 ligation of the peptide to antibiotics when analyzed by
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19 Rev-LPETCGK Neonycin B Neonycin B- TEPL-Rev 3646.55 36

: 46. 06 20 YALPETX
ahba ahba- TEPLAY 793.21 793.88 21 YALPETGK Sperm '
876.89 877.10 22 YALPETCGK adm perm ne Sperm ne- TEPLAY

5 MALDI The results suggest that each product represented a distinct site of
peptide ligation. Given that the difference between their respective parent
antibiotics (kanamycin and ribostamycin) was the presence of aliba group, the
two products may represent conjuation of peptide either to the 6-amine in the A~
ring or the amine of the afba side chain of the 6-deoxystreptamine ring.

10  Consistent with this, sortase was able to transfer relevant peptide substrate to 4-
amino-2-hydroxybutyric acid as well as to 4-amino-3-hydroxybutyric acid
{Figure 8).

Example 17
Sortase-catalyzed peptide ligation to polyamine spermine

15 We also explored the ability of sortase to conjugate peptide substrate to
polyamines.- The HPLC profile of a reaction mixture incubated with YALPETGK
(SEQ ID NO: 1) peptide and spermine revealed the formation a product which
was characterized by ESMS as a spermine-peptide adduct (Figure 10, Table 2).

‘Table: i ESI mass analyses of synthetic peptides used in sortase-mediated

20 ligation reactions

SEQ Sequence Obsery Calculate
ID NG ed d

1 YALPETGK 877.55 877.99

2 YALPMTGK '870.53 880.07

3 RRRRRRRRRLPETGK 2049.0 2049.42
1

4 RRRRRRRRRLPMTGK 2051.2 2051.50
8

5 TRQARRNRRRRWRERQRGGGLPETGK ~ 3234.2 3234.64
4

.




adm TEPLAY 853.94 853.57 Abbreviations used in the table:
6- am no- 6- deoxygl ucose; adm 6-am no-6- deoxymannose; Rev,
TRQARRNPARRWRERQROGG, ahba, 4-am no-B- 10 hydroxybutyric acid; Sperm ne
W Bi s(3-am nopropyl)-1, 4-butanediamne 5 What is clained is: 1. A novel

t herapeuti c and di agnostic bi oconjugate useful for target delivery of a
conpound, wherein said bioconjugate conprising: a. a substrate conpri sing
LPXTG peptide notif capable of recognizing sortase, wherein said substrate
Is selected froma group consisting of 10 peptides, polypeptides, proteins,
gl ycoprotein, |lipoprotein, antibodies, radionucleotides, flurophores,

adg,

N,

l'i gand chronophore and any conpound conprising the LPXTG peptide notif; and
b. ‘a bi onol e?“'ﬁbﬁeh%ﬁiﬁa ok QSRatt-GafbR 1%%5 | 24dudi Gorited ABTNGYCOSI de,
am nosugar, pol yam ne, roxyam no, aci é roxyam no aci d ester,
15ami nol i pid anﬂmﬂﬁy@aﬁﬁ mﬁbﬁﬁﬁﬁﬁan% WWQ ng these noieties. 2. The
bi oconjugate as clainmed in claim wherein the substrate is cayalently
linked to the BilonBtrbtul ¢ Wyleephilof t ase Rreddl yzed| I9PFEEY gn BgeHani sm 3. The
bi oconj ugat e{®&s.[cl ai med ijn cIain1L, wherei n the substPatemissDay pepti de 20
havi ng ani no fagt dyﬂimﬁg e—-sglectegd 1} ITWLWUU[) TEER St Mg HEQ | D NO
1, SEQ I D NO{_2 éﬁ' I I Qg QF‘)1ndg SEQI D Ng ‘:ﬁ.nl'*ﬂvariant
t hereof . 4. THe? Hi GUOMTOR 4tkanamecind & iKammyqtf EV’%‘% | O & 1 18'RE
ani nogl ycosi de3 i|SYAL®MaCK d Kafampen 1 | HrreuysindoiMPIAY 1g!18%9% i [bdse0dy ¢i n,
butirosin, 2% rmwsr@k ,Tm nFobrhﬂl#inﬂmlen Faadieey|C11m44.35 Or anyci n,
i i t.aAm ol n H :

di bekacin, g o AT RO T PR B TP AT P PRELE T anigRact n
am kacin, stneptlogyCln, apranycin pamne lvanconyc¢i n and
kasuganyci n. |56 THEALEMEEH ) Rikgeimycin R VRO b Hr48 wheldih” { he
am nosugar 1§ 7 | YALPMTGK | NeomycinB | Neomycin B-TMPLAY | 1290.74 1291.48

8 | RLPMTGK | Tobramycin | Tobramycin- TMPLRy | 231590 2315.79

9 | R,LPMTGK | Paromomycin | Paromomycin- TMPLR, 2463.17 2463.91

10 | R{LPMTGK | Ribostamycin | Ribostamycin- TMPLR, 2302.92 2303.75

1t RLPETGK Neomycin B Neomycin B- TEPLR, 2460.03 2460.84

12 | YALPETGK adg adg- TEPLAY 853.37 853.76

13 | YALPETGK | Kanamycin A | Kanamycin A- TEPLAY 1158.49 1159.26

14 | YALPETGK | Tobramycin | Tobramycin- TEPLAY 1142.27 1141.57

15 | YALPETGK | Ribostamycin | Ribostamycin- TEPLAY | 1128.36 1129.23

16 | YALPETGK | Paromomycin | Paromomycin- TEPLAY 1289.63 1290.39

17 | YALPETGK | Neomycin B | Neomycin B- TEPLAY 1288.63 12894

18 [Rev-LPETGK | Tobramycin | Tobramycin- TEPL-Rev 3498.30 3498.93

19 |Rev-LPETGK | Neomycin 8 | Neomycin B- TEPL-Rev 3646.55 3646.06

20 | YALPETGK ahba ahba- TEPLAY 79321 793.88

21 | YALPETGK Spermine Spermine- TEPLAY 876.89 877.10

22 | YALPETGK adm adm-TEPLAY 853.94 853.57

10

Abbreviations used in the table: adg, 6-amino-6-deoxyglucose; adm, 6-amino-6-
deoxymannose; Rev, TRQARRNRRRRWRERQRGGG; ahba, 4-amino-3-
hydroxybutyric acid; Spermine, N, N'-Bis(3-aminopropyl)-1,4-butanediamine
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30sel ected froma group consisting of 6-am no-6-deoxygl ucose, 6-am no- 6-
deoxymannose, 6-am no-6-deoxyal | ose, 6-am no-6-deoxyal trose, 6-

Sam no- 6- deoxyi dose, 6- ani no- 6- deoxygal act ose and6-ani no-6- deoxytal ose. 6.
The bioconjugate as claimed in claim1, wherein the polyamne is selected
froma group consisting of spermne, spermdine and agmatine 7. The

bi oconjugate as clainmed in claiml, wherein the hydroxyam no acid 10i s

sel ected froma group consisting of 4-am no-3-hydroxybutyric acid, 4-

anm no- 2- hydroxybutyric acid and etahnol anm ne. 8. The bioconjugate as
claimed in claim1, wherein the hydroxyanm no acid ester is selected froma
group consisting of 4-am no-3-hydroxybutyryl stearate,
4-an!no-3-hygro%%gH§MQM&dgalnitate,4-anino-3- 15hydr oxybutyryl acetate,

4- am no- 3- hydr oxybut yryl propi onate, butyrate/

or 4- ani no- 2- hydy oxy%ﬁ%% %(%r)%gg&‘é Al SinghioRTbREomRightY fNeRKiPliY délivery

pr opi onat e, 4- am’no- utyryl-butyrate, 4-am no- 2-
hydr oxybut yr yl - st eapfacempound perdin S RiefyRsAs R I"Fal it at e, 4- ani no- 2-
hydr oxy- butyryl -coenzyne A, 4-am no-3-hydroxybutyrylpalmtate, 4-
20ami no- 2- hydr oxylub ynbsirate congiying LRXTG. pefids 1916 campla PAEOBZMY ai med i n
CNl- ‘F-'( g‘_ ﬁéx‘gﬂggg'ng T ggor?f?égﬂ%réip'sgd 'sxi?’os@dté [R€kiected from a group consisting of
RIS NN IN WR TR T
radionucleotides, flurophores, ligand chromophore and any compound

comprising the LPXTG peptide motif; and

b. a biomolecule selected from a group consisting of aminoglycoside,
aminosugar, polyamine, hydroxyamino acid, hydroxyamino acid ester,

15 aminolipid and any other compound comprising these moicties.

2. The bioconjugate as claimed in claim 1, wherein the substrate is
covalently linked to the biomolecule by a sortase catalyzed ligation

mechanism.

3. The bioconjugate as claimed in claim 1, wherein the substrate is a peptide
20 having amino acid sequence selected from a group consisting of SEQ D
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5

and a variant thereof.

4. The bioconjugate as claimed in claim 1, wherein the aminoglycoside is
selected from a group consisting of ribostamycin, butirosin,

25 paromomycin, neomycin, lividomycin, kanmamycin, tobramycin,
dibckacin, gentamicin, sismocin, netilimicin, isepamicin, arbekacin,

amikacin, streptomycin, aprarhycin, hygromycin, neamine, vancomycin

and kasugamycin.

5. The bioconjugate as claimed in claim 1, wherein the aminosugar is
30 selected from a group consisting of 6-amino-6-deoxyglucose, 6-amino-6-

deoxymannose, G6-amino-6-deoxyallose, G-amino-6-deoxyaltrose,  6-
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10. A process of preparing the bioconjugate as clained in claiml, said
process conprising: 25a, providing a substrate conprising LPXTG peptide
notif capabl e of recognizing sortasc, wherein said substrate is sel ected
froma group consisting of peptides, polypeptides, proteins, glycoprotein,

| i poprotein, antibodies, radionucleotides, flurophores, |igand chronophore
and any conpound conprising the LPXTG peptide notif; 30b. providing a

bi onol ecul e sel ected froma group consisting of am nogl ycosi de, am nosugar,
pol yam ne, hydroxyarnino acid, 5hydroxyam no acid ester, amnolipid and
any conpound conprising these noieties; c. providing sortase to catalyze
the ligation reaction of said substrate and sai d bi onol ecul e under suitable
conditions t& obtai amBebdedyideen] Bgaiime-Gldeoxyiilfidse OC@8s 6bmips-6paring the

bi oconj ugate as cl ai ﬂ g A claim 10, 1lOwherein the sortase is isolated from
St aphyl ococcus aureus T The process of preparing the bioconjugate as
clainmed in clai erein th strate tide.co sing an am no
aci d sequence a sefrhéfl\% O g % Prrenég’%"[ﬁﬁ%’“f J SEQ ID NO 3
or SEQ I D NO 4 or SﬁﬁmEﬂmmﬁmmsmadﬁaﬁmmmwamnmmhsﬂegmMmQS13 The process of
preparing the bioconjugate as clainmed in claim 10, wherein the

anm nogl ycosi de 7.s s@hesibmiufatcacRingl lidaiRaNFhadii thg hafroxdyarias iy Ci n,

but | oSt g OO Gl e AR Pl b HEIPACIRo SRAARNG R ad R ATV T 1.

di bekaci n, géntam cin, cin ar bekaci n and

ami kacin. 2014. The pmmeéésm@ﬁhﬁﬂ€@aﬁPﬂgmbﬁémwﬁoconjugate as clainmed in
claim 10, wherein the am nosuagar is selected froma group consisting of 6-
am no6- deoxygl ugos e Thébiamoningrcts disimey ireclrimse yhdisimtie hpdré&yaaioxscid | ose, 6-

am no- 6- deoxyal tr0Sgge, G &r&t@@ﬁ&nqeﬁaﬂp%&@&ﬁn & FaR0-365 atsgzsmg@i actose and

6- am no- 6- deoxyt al ose. Rrocess of ‘preparing t e 'bj oconj ugat e as
clainmed in clalnlloﬂmﬁﬂ%re?H“Pﬁé Py THe PR oct ed FABETE group
consi sting Qf sper mhytoxySPey neditd) el-aAiinh-Rigdk ytngryl popidhes, pugaess of

preparing the bi OCOQli ugQ‘-talging-a—h%rgiygﬁg-yli-ﬂetgt!zai rg-mno-Z-hydroxybutyryl-
propionate, 4-amino-2-hydroxybutyryl-butyrate, 4-amino-2-
hydroxybutyryl-stearate, 4-amino-2-hydroxybutyrylpalmitate, 4-amino-2-
~ hydroxy-butyryl-coenzyme A, 4-amino-3-hydroxybutyrylpalmitate, 4-
20 amino-Z-hydroxybutyryl-coenzyme A.

9. The bioconjugate as claimed in claim 1, wherein the aminolipid is either

N-[(3-hexadecanoyloxy)hexadecanoyl] ornithine or virodhamine.

10. A process of preparing the bioconjugate as claimed in claim 1, said

process comprising:

25 a providing a substrate comprising LPXTG peptide motif capable of
recognizing sortase, wherein said substrate is selected from a group
consisting of peptides, polypeptides, proteins, glycoprotein, lipoprotein,
antibodies, radionucleotides, flurophores, ligand chromophore and any

compound comprising the LPXTG peptide motif;

30 b. providing a biomolecule selected from a group consisting of

aminoglycoside, aminosugar, polyamine, hydroxyamino acid,
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wherein the hydroxyam no acid is selected froma group consisting of 4-
30ami no- 3- hydr oxybutyric acid, 4-am no-2-hydroxybutyric acid and

et ahnol am ne.  517. A conposition useful as therapeutic or diagnostic agent
conprising the bioconjugate as clainmed in claim1 and pharnaceutically
acceptable carrier. 18.A kit useful for therapy or diagnosis conprising
sai d bi oconjugate as claimed in claiml and reagents suitable for
adm ni stering said 10bi oconjugate to an individual . SEQUENCE

LI STING ST25 SEQUENCE LI STI NG <110> National Institute of |Inmunol ogy Roy,
Raj endra prasad Samant aray, Sharm shtha <120> SI OCONJUGATES USEFUL FOR
THERAPY AND DI AGNOSI S AND PROCESS THEREOF <130> PCT0055 <150> 797/ DEL/ 2006
<151> 2006- 08- 22 <1hf¥roxyantino&oit efba] @viiolipid wel ey compsur® cafifrBing thee211> 8 <212>
PRT <213> ARTI FI Cl AL <220> <223> SYNTHETI C SEQUENCE

moietes;

¢. providing sortase to catalyze the ligation reaction of said substraie and

said biomolecule under suitable conditions to obtain said bioconjugate

11.  The process of preparing the bioconjugate as claimed in claim 10,

10 wherein the sortase is isolated from Staphylococcus aureus.

12.  The process of preparing the bioconjugate as claimed in claim 10,
wherein the substrate is a peptide comprising an amino acid sequence as
set forth in SEQ ID NO: 1 or SEQ ID NO: 2 or SEQ ID NO: 3 or SEQ ID
NO: 4 or SEQ ID NO: 5 or a variant thereof.

15 13. The process of preparing the bioconjugate as claimed in claim 10,
wherein the aminoglycoside is selected from a group consisting of
ribostamycin,  butirosin, paromomycin, mneomycin, lividomycin,
kanamycin, tobramycin, dibekacin, gentamicin, sismocin, netilimicin,

isepamicin, arbekacin and amikacin.

20 14. The process of preparing the bioconjugate as claimed in claim 10,
wherein the aminosuagar is selected from a group consisting of 6- amino-
6-deoxyglucose, 6-amino-6-deoxymannose, 6-amino-6 deoxyallose, 6-
amino-6-deoxyaltrose, 6-amino-6-deoxyidose, 6-amino-6-deoxygalactose

and 6-amino-6-deoxytalose,

25 15. The process of preparing the bioconjugate as claimed in claim 10,
wherein the polyamine is selected from a group consisting of spermine,

spermidine and agmatine.

16.  The process of preparing the bioconjugate as claimed in claim 10,
wherein the hydroxyamino acid is selected from a group consisting of 4-
30 amino-3-hydroxybutyric acid, 4-amino-2-hydroxybutyric acid and

etahnolamine. *
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<400> 1 Tyr Ala Leu Pro Gu Thr dy Lys 15 <210> 2 <211> 8 <212> PRT <213>
ARTI FI Cl AL <220> <223> SYNTHETI C SEQUENCE <400> 2 Tyr Ala Leis Pro Met Thr
Gy Lys 15 <210> 3 <211> 15 <212> PRT <213> ARTI FI Cl AL <220> <223>
SYNTHETI C SEQUENCE <400> 3 Arg Arg Arg Arg Arg Arg Arg Arg Arg Leu Pro Qu
Thr dy Lys 151015 <210> 4 <211> 15

5 17. . A composition useful as therapeutic or diagnostic agent comprising the

bioconjugate as claimed in claim 1 and pharmaceutically acceptable

carrier.

18. A kit useful for therapy or diagnosis comprising said bicconjugate as

claimed in claim 1 and reagents suvitable for administering said

10 bioconjugate to an individual.
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<212> PRTPage 1 <213> ARTIFI Cl ALSEQUENCE LI STI NG ST25 <220> <223>
SYNTHETI C SEQUENCE <400> 4 Arg Arg Arg Arg Arg Arg Arg Arg Arg Leu Pro Met
Thr Ay Lys 151015 <210> 5 <211> 26 <212> PRT <213> ARTI FI Cl AL <220> <223>
SYNTHETI C SEQUENCE <400> 5 Thr Arg G n Ala Arg Arg Asn Arg Arg Arg Arg Trp
Arg Gu Arg Gn 151015 Arg Ay Ay Ay Leu Pro Gu Thr dy Lys 2025 <210> 6
<211> 33

SEQUENCE LISTING.ST25
SEQUENCE LISTING

<110> National Institute of Immunology
Roy, Rajendra Prasad
samantaray, Sharmishtha

<120> BIOCONJUGATES USEFUL FOR THERAPY AND DIAGNOSIS AND PROCESS
THEREOF

<130> PCTO055

<150> 797/DEL/2006
<151> 2006-03-22

<160> 7

<170> PatentIn version 3.3
<210> 1

<211> 8

<212> PRT

<213> ARTIFICIAL

<220>
«<223> SYNTHETIC SEQUENCE

<400> 1
Tyr Ala Leu Pro g1u Thr Gly Lys
1

<210> 2

<21l> 8§

<212> PRT

<213> ARTIFICIAL

<220>
<223> SYNTHETIC SEQUENCE

<400> 2
Tyr Ala Leu Pro ?et Thr Gly Lys
1

<210> 3

<211> 15

<212> PRT

<213> ARTIFICIAL

<220>
<223> SYNTHETIC SEQUENCE

<400> 3
Arg Arg Arg Arg Arg Arg Arg Arg Arg Leu Pro Glu Thr Gly Lys
1 5 10 15

<210> 4
<211> 15
<212> PRT
Page 1




<212> DNA <213> ARTI FI Cl AL <220> <223> SYNTHETI C SEQUENCE <400> 6
gat at acata tgcaagctaa acctcaaatt ccg <210> 7 <211> 36 <212> DNA <213>
ARTI FI Cl AL <220> <223> SYNTHETI C SEQUENCE <400> 7 gtggtgctcg agtttgactt
ct gt agct ac aaagat

SEQUENCE LISTING.STZ5
<213> ARTIFICIAL

<220
<223> SYNTHETIC SEQUENCE

<400> 4
Arg Arg Arg Arg Arg Arg Arg Arg Arg Leu Pro Met Thr Gly Lys
1 5 10 15

<210> 5

<211> 26

<212> PRT

<213> ARTIFICIAL

<220>
<223> SYNTHETIC SEQUENCE

<400> 5
Ihr Arg Gln ala grg Arg Asn Arg Arg ggg Arg Trp Arg Glu ?rg Gln
5

Arg Gly Gly Gly Leu Pro Glu Thr Gly Lys
20 25

<210> B
<211> 33
<212> DNA :
<213> ARTIFICIAL

<220>
<223> SYNTHETIC SEQUENCE

<400> 6
gatatacata tgcaagctaa acctcaaatt ccg 33

<210=> 7

<211> 36

<212> DNA

<213> ARTIFICIAL

<220>
<223> SYNTHETIC SEQUENCE

<400> 7
gtggtgctcg agtttgactt ctgtagctac aaagat 36
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