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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 06.027.638
Solicitud de patente a nombre de NOVARTIS AG

Yo, DILIA MARIA RODRIGUEZ ID’ALEMAN, actuando como
apoderada sustituta de acuerdo con la sustitucién presentada el 21 de
septiembre de 2010, identficada como aparece al pie de mi firma,
domiciliada en la carrera 11 A No. 86-53, piso 6, obrando como apoderada
de la sociedad NOVARTIS AG., domiciliada en Basilea Suiza, solicitante
de la patente de la referencia, en respuesta al oficio No. 08910 notificado
por fijacién en lista el 3 de junio de 2011, relacionado con el concepto
técnico de fondo No. 1619, me permito manifestar lo siguiente:

1.  Con fundamento en la facultad que confiere el articulo 34 de la
Decisiéon 486 al solicitante pata modificar la solicitud de patente en
cualquier momento del trimite, presentamos junto con este memorial
nuevo juego de reivindicaciones, que ahora consta de 6 reitvindicaciones
ditigidas al ARN de estructura de cadena doble con pot lo menos un extremo
romo con una modificacién quimica hidroxipropilfosfodiéster, la
composicién farmacéutica v el método in vitro para identificar y/o
caractetizar los agentes farmacologicos en la proteina objetivo.

El sustento para el nuevo capitulo reivindicatorio se encuentra entre las
paginaS 5 a 21 de la memoria descriptiva. Por lo tanto, nos permitimos
manifestar que, el nuevo capitulo reivindicatotio no involucra ampliacion
alguna de la matetia originalmente presentada en esta solicitud y se brinda
como respuesta a las objeciones de claridad expuestas por el senor
examinador en su concepto técnico No. 1619.

Teniendo en cuenta ¢l concepto técnico emitido por el Sefior Superintendente
Delegado para la propiedad intelectual GianCarlo Matcenaro Jiménez a la
doctora Ana Maria Castro Wey, que da alcance a las comunicaciones No. 09-
001524 y 09-012566, no se presenta una tasa adicional, toda vez que la
solicitud fue presentada con anterioridad al 1 de enero de 2009 y tiene menos
de 10 retvindicaciones.
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2. Claridad de la solicitud

En relacién con las objeciones expuestas en el acdpite 3 del concepto
técnico No. 1619, nos permitimos decir que las mismas quedan cabalmente
superadas gracias al nuevo capitulo reivindicatorio.

En relacién con el término “RNA de cadena doble con al menos un
extremo romo”, nos permitimos decit que, el extremo romo es
independiente de las modificaciones, y resulta de ambas cadenas, que tienen
la misma secuencia y punto final sobre dicho al menos un extremo. En un
ejemplo de RNA de cadena doble con dos extremos romos, ambas cadenas
pueden tener la misma secuencia y longitud, sin tener en cuenta las
modificaciones. Pot lo tanto, el solicitante respetuosamente se permite
decir que considera que las reivindicaciones son claras y no requieren de
clarificacién adicional. |

Respecto a que la antigua reivindicacién 8 no es clara, respetuosamente nos
permitimos decir que la misma (ahora nueva reivindicacion 4) establece que
la estructura de cadena doble de ARN comprende una cadena de 19 pares
de bases de ribonucledtidos contiguos. Por lo tanto, cada cadena del ARN
de cadena doble es por lo menos 19 nucledtidos de longitud y existe una
region de pares de bases entre las dos cadenas que es al menos 19 pares de
bases en longitud. Por lo que se considera que no es necesario realizar
clarificaciones adicionales.

3. Excepciones a la patentabilidad

FEn cuanto a las antiguas reivindicaciones 8, 9 y 12, nos permitimos decir
que Unicamente se dejo la reivindicacién 12 relacionada a un método de
identificacién o catacterizacién, pero se especificd que es un método IN
I/ITRO, motivo por el cual se entiende que no se realiza al intetior de un
organismo, humano o animal y no es tampoco un método de tratamiento.

4. Reivindicaciones de uso

Atentamente nos permitimos manifestar que la antigua reivindicacion 13
que hacia mencidn a un uso, ya no hace parte del pliego reivindicatorio.

5. Novedad
El senor examinador ha indicado que tanto el documento D1

(W(002/096927) como la antetiotidad D2 (WO03/070918) contienen todas
las caracteristicas técnicas esenciales de la presente invencién y que por cllo,

10720



Clarke, Modet & C°

COLOMBIA

la novedad se encuentra afectada.

En relacién con los argumentos presentados en el concepto técnico No.
1619, respetuosamente nos permitimos decir que el articulo 16 de la
Decisién 486 de la Comisién de la Comunidad Andina establece que la
invencidén se considera como nueva cuando no estd comprendida en el
estado de la técnica.

Si de acuerdo con el espiritu de la norma legal indicada, la invencion no se
considera como nueva si esta "comprendida” en el estado de la técnica,
dicha norma se estd refiriendo, naturalmente, a la totalidad del invento y no
a alguno o a algunos de los componentes. Para que la invencion pierda su
calidad de novedosa, es claro que ella, TODA ELLA, ha de estar contenida
en el “compunto de conocimientos existentes que son aplicables al proceso industrial”
como define el estado de la técnica el Tribunal de justicia del Acuerdo de
Cartagena (Proceso No. 6-IP-89, sentencia de 31 de octubre de 1989,
publicada en Jurisprudencia del Trbunal de Justicia del Acuerdo de
Cartagena, Tomo 11, BID-INTAL, Buenos Aires, 1994, pagina 60).

Esto se conoce como el concepto de NOVEDAD ABSOLUTA, de
conformidad con lo cual, para desvistuar el requisito de novedad de una
invencién sera necesario que lo reivindicado por la invencion bajo estudio
corresponda de forma total con lo revelado en un solo documento o
anterioridad sefialada, conclusién a la que se llega después de un analisis
exhaustivo mediante una compatacién entre el capitulo reivindicatorio de la
invencién en estudio y la divulgacién por separado de cada una de las

referencia D1y D2.

Ahora bien, si un determinado elemento, condicién o citcunstancia de la
nueva creacién ya hace parte del estado de la técnica no quiere ello decir,
desde luego, que la invencién deba ser rechazada por carecer del requisito
de novedad. No sin razén ha dicho el mencionado Tribunal: “bay gue advertir
que toda creacion es en cierta forma, producto del estado de la técnica existente, en el
sentido de que el inventor ha de tener en cuenta un conjunto de conocimientos técnicos que
le permitan credr nuevos procedimientos aplicables a la industria” (Ibidem, paginas 53
y 54) (IZl subrayado es nuestro).

Por lo tanto, como minimo la novedad debe contemplar. los siguientes
aspectos: '

-Que la invencién en estudio esté contenida de forma TOTAL vy

ABSOLUTA en el documento que se menciona como anterioridad o de
forma independiente en los documentos que se mencionan, si son varios; y
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-Que la invencién en estudio puede pattit de conocimientos conocidos,
caso en el cual habra que hacer la comparacién no de lo conocido sino de lo
inédito y novedoso, teniendo que analizatse el valor agregado que apotta la
invencién con sus nuevas caracteristicas al campo téenico al cual pertenece
la invencion en estudio.

Aplicando lo anterior al caso concreto, para que las razones que aduce ese
despacho pata desvittuar la novedad fuesen ciettas, setia forzoso que se
demostrara que la invencién de mi mandante, como ahora se reivindica en
el nuevo pliego de reivindicaciones, esté comprendida en el estado de la
técnica de forma TOTAL, lo cual no sucede como ahora se demostrard.

5.1 Novedad de la solicitud en estudio sobre lo divulgado en el

documento WO 02 /096927 (D1).

El documento en cuestién se encuentra dirigido a moléculas de 4cdo
nucléico que incluyen dsARN, siARN, antisenso, 2,5-A-quiméricos y
aptimeros entre otros y moléculas enzimaticas de 4cido nucléico tal como
ribozimas, DNA-cimas y otros, las cuales modulan la expresion del receptor
del factor de crecimiento endoteliar vascular.

Sin embargo, la anterioridad D1 no reporta un dsARN con extremos romos
y una cap 3’ como se teivindica en la presente invencién. De hecho, D1 se
encuentra enfocado en un ARN de cadena sencilla, es decir, ribozimas, pero
no menciona un ARN de cadena doble. Si bien, D1 menciona
modificaciones quimicas de los nucledtidos, es pertinente sefalar que dicho
documento no menciona la modificacién en el cap 3” como se reivindica en
la nueva reivindicacion 1.

Sumado a lo anteriot, atentamente nos permitimos. hacer énfasis sobre el
hecho que, D1 teporta una lista extensa de posibles modificaciones 3’ en la
pagina 45 de su descripcion. Dicha lista se deriva de una publicacion previa
de Beaucage y colaboradores publicada en la revista Tetrabedron 49:1925 del
afio 1993 (Véase por favor anexo 1).

En dicho articulo se puede corroborar que incluso el mismo autor Beaucage
no hace referencia siquiera a un dsARN util para interferencia- de ARN.
Aun mis, el autor dnicamente reporta ¢l uso de dichas modificaciones
sobre un DNA de cadena sencilla peto no sobre un siARN. De hecho,
Beaucage y colaboradotres nunca hacen mencién a una molécula ARN;i
basada en un daplex.
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Ademis, el documento D1 establece sin ningin sustento o evidencia que la
lista de “modificaciones terminales protegen la molécula de dcido nucléico
de la degradacién de exonucleasa, y que puede ayudar en la liberacién y/o
localizacién dentro de una célula” (por favor véase pagina 44, linea 26 a 28
de D1).

Asi las cosas, el documento D1 citado por el senor examinador no puede
ser relevante para aféctar la novedad de la presente solicitud, aun mas, a la
luz del nuevo capitulo reivindicatorio.

5.2 Novedad de la solicitud en estudio sobre lo divulgado en el
documento WO 03/070918 (D2).

Por su parte, la anterioridad D2 se encuentra dirigida a métodos y reactivos
ttiles en la expresién del gen modulador en una variedad de aplicaciones
terapéuticas. Principalmente, D2 se relaciona con moléculas pequedas de
acido nucléico sintetizadas y modificadas quimicamente tal como siARN,
ARN de cadena doble (dsARN) microARN (miARN) y shARN entre otros.
Dichas moléculas son capaces de mediar la interferencia de ARN contra
secuencias de acidos nucléicos objetivo.

No obstante y como ese Despacho podrd corroborar, la anterioridad D2
tampoco hace teferencia a caps 3’ asociados con dsARNs de extremos
romos, como se reivindica en la cldusula 1 modificada. De hecho, el
documento D2 no reporta las caps 3’ ni el sorprendende hallazgo en
relacién con que las caps 3’ son efectivas para alcanzar actividad ARNI,

En consecuencia, el documento D2 tampoco resulta relevante para afectar
la novedad de la solicitud en estudio. '

En este sentido, atentamente nos permitimos sefialar que la intencién de la
presente invencion es teportar un extremo cap particular, que comprende
hidroxipropilfosfodiéster (C3), el cual puede ser empleado sobre cualquier
ARN de cadena doble de cualquier secuencia. El extremo cap: (1) estabiliza
el siARN contra la degradacion, esto es, de nucleasas y (2) permite la
inhibicién de un gen objetivo por intetferencias de ARN (ARNi). Estas
cualidades son descritas en la memotia descriptiva (pagina 12 linea 14 hasta
la pagina 13, linea 15):

“En otro aspecto, la presente invencion provee métodos para la inbibicion de un
gen objetivo que comprenden introducir dentro de una célula de ARNds de acnerdo con la
presente invencién, la cual es capag, de inbibir por lo menos un gen objetivo a través de

ARNGi. También, mds de una especie de ARNds, la cual cada una es especifica para
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otra region objetivo, se puede introducir dentro de una célula al mismo tiempo o
secuencialmente. El ARNds de acuerdo con la presente invencion, se puede introducir
dentro de wuna célula a través de varios méfodos estandares en ingenieria genética,
incluyendo métodos fisicos, por ejemplo, difusion simple, a través de inyeccion de una
solucidn conteniendo el dcido nucleico, bombardeo con particulas cubiertas con el deido
nucleico, empapando la célula u organismo en una solucion del deido nuclesco, lipofeccion o
electroporacion de las membranas de célula en la presencia de dcido nucleico. Un método
particularmente preferido para entregar dcidos nuclescos es el uso de lpofeccion. Las
células subsecuentemente se controlan bajo condiciones bajo las cuales el ARN: ocurre.
Serd facilmente aparente para el técnico experto bajo gue condiciones una linea de célula
dada se controla con ¢l fin de gie ocurra ese ARNi. Este método para la inbibicion de
un gen objetivo se puede utilizar terapéuticamente (por ejemplo, para destruir un gen sobre
expresado en una enfermedad particular) o para investigacion (por egemplo, examinar la
Sfuncion de un gen o validar objetivos para el descubrimiento de firmacos). En una
modalidad preferida, la funcién del gen se elimina completamente a través de este métod,
es decir, la destruccion de las células para un gen particular se puede generar a través de
este método.”

De otra parte, el sefior examinador indica en el folio 116 de su concepto
técnico que “Ademds de los documentos citados aqui, en el informe de biisqueda
internacional se citaron dos documentos adicionales que no estin disponibles para esta
oficina, por lo que se le realiza requerimiento por articulo 46 de estos documentos para
gule sean anexados al expediente. Se solicita presentar sus descargos frente a la afectacion
de todos estos documentos con el fin de agilizar el tramute.”

En relacion con el documento de Czauderna v colaboradores, el solicitante
desea mencionar que dicha antetioridad reporta experimentos que emplean
dsRNA de extremo romo para actividad de intetferencia de RNA efectiva
(6 RNAi). No obstante, estos compuestos de extremos romos NO tienen
el cap 3’ como se describe en la presente invencién. De hecho, la
anterioridad de Czauderna y colaboradores reporta dsRINA con 3 caps, los
duplex reportados alli no son de extremos romos, por ejemplo, véase pot
favor la Figura 4A. Por lo tanto, debe resultar claro que esta referencia no
divulga la presente invencién de un dsRNA de extremo romo que tenga un
cap 3’ como se reivindica.

Pot su parte, el documento de Hamada y colaboradores, reporta dos tipos
de caps. Uno de ellos es el 2’-O-4-C-etilentimidina (eT), como se puede
observar en la figura 3A, el cual sc encuentra ubicado en el duplex de
extremo romo, pero este cap no es simular al cap con la estructura quimica
que se reivindica en la solicitud en estudio. El otro cap es hidroxietilfosfato
(hp), véase también en la Figura 3A. Este dltima cap es empleado sobre
dsRNA con dos “overhangs” o “voladizos” en la molécula (#4, #5 y #6 en
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la Figura 3B), por lo que este cap también es diferente del cap reclamado en
la presente invencion.

Asi las cosas, es evidente que las referencias que se allegaron con nuestra
respuesta del 2 de agosto de 2011 al oficio No. 09762 (concepto técnico
No. 1618), al igual que los documentos D1 y D2 no afectan ni la novedad
ni el nivel inventdvo de la presente invencién, mas aun, a la luz del nuevo
juego de reivindicaciones.

Habiendo atendido cabalmente las objeciones ptesentadas por ese
despacho, y habiendo el mismo aceptado los argumentos presentados por el
solicitante. que demuestran el cumplimiento de los requerimientos de
patentabilidad de los compuestos de la solicitud en estudio, atentamente
solicitamos se conceda el privilegio de patente de invencién a la presente
invencién o si el examinador considetra que subsisten razones para objetar la
presente invencién ruego expedir otro examen de fondo con los debidos
motivos y razones que sustenten su objecién con el fin de que mi mandante
tenga la posibilidad de exponet sus argumentos con base en la
interpretacién de los articulos 45 de Ja Decision 486 -el cual otorga la
facultad al examinador para emitir los examenes de fondo-, 35 y 59 del
Coédigo Contencioso Administrativo que sefiala que:  “habiéndose dado
oportunidad a los interesados para expresar sus opiniones, y con base en las pruebas e
informes disponibles, se tomard la decision que serd motivada al menos en forma sumaria
5 afecta a particulares™ y “(..) deberd proferirse la decision definitiva. Esta se motivard
en sus aspestos de hecho y de derecho, y en los de conveniencia si es el caso’,
respectivamente (El subrayado es nuestro).

En consecuencia, solicitamos a ese despacho pronunciarse en relacién con
todos los argumentos presentados en este memorial dando estricta
aplicacién al principio del debido proceso consagrado en el articulo 29 de la
Cansutucio cional ‘

[ e
N
DILIA MARIA RODRIGUEZ D" ALEMAN

RENPE CHHB I RIBELIG.
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ANEXO1

Publicacién previa de Beaucage y colaboradores publicada en la revista
Tetrahedron 49:1925 del ano 1993
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markers bas led to the development of methods for the gencrarion of aliphatic aino groupe at the 5-
termims of these One strategy in achieving this goal has boen prblished by Seith or
a2 The spproach [avotved the preparation of 5™-amino-5-deaxythymine aod its o o e
des lcoside pl 2830, These wers incorporsted at the S-end of
aligonucteotides by solic-phase synthesi. Onca deprotectod, the 5 were
reacted with either i [ rbodamine +fuoro7-
ai of Tezas Red chioride yleldiog the confugates 3194, Theso ofigomers
been used a3 primers in DNA sequence enalysis necording to the Sanger approach. The bybridizstion
of these primers to their was unaltered by the presence of the Muoropbores.
Furthermore, the of fuorescem DNA bands on tmid:g:meued\he

spptication of alignmers such as 31-34 in automated DNA sequence

g8 e 3 i
30wy = cHemeN 33 I L"’-#:"..'..’&n;."‘:;‘.’m,.
kL = Texss Red
Syubetc roctes fo the preparation o W protecid 5 mo—l}‘dd«nyn‘bwndmded-&
phasphoramidites 3Sud have boen developed ™ Specifically, the phosphoramidice 3b has becn

appticd a the synthesis of 5'-emino-d(COGATATOGG) which was, subsequently, reacted with an
excess of the pentachloropheayt ester of a tetrairidium ctuster. Cozystals, of the be comple tormed
betwen the metalated selfcomplementary docares and EcoRV, were obtained. These crystals were
sultable for electron microscopy studies and X-ray the of
the phosphoramidite 30 into mmdeom generated S-aminated oligomers which were condensed

with the complexes.  These
ean be detceted b, chmiry 2
°
.
"‘)Lﬂ 182 6= Tyl Q—Be-,
o mmmm:) L.
o pivsioyiadenin;
i 9« Hifisetutyryiguaning) d
[ '\m:n‘au,cil 1Y

ptg:nﬂon 2.5"didoaryoucieosides, the phosphoramidites 12,2537 13s-
b.BBIOWM Ww"llu\huﬂwwmmmmwaw
the ami of synthetic ofi 4t the Ftermim  The reaction of
ide ester™I? or

5 i exes boin . dydromysucinia

bioin -aicropheny| extee® produced the co S-bioti oligomers in yields exceeding
et By e
nmmmmmg‘@mawﬂcmmmm The strong and noncovaleat
interaction between biotin and avidin or streptavidin leading to the formation of a high afficity complex

1930 S. L. Braucacu and R_ P, Iven

(Kg= o 10 UM) mlznﬂnzwlebzmﬂmﬂcmmﬂﬂedmmm

bave found & primen o emperinens miving the Polymerase Chaln. Rearion
(PCR) m&dummmndn;nfuvkﬁedm#

The versatitlyy of Vy 'didfhauymhunofm
oligomcieotide five muhad $-termims. le
mmmomdmdmmphnphmmm mmmmm;mphn; eﬂd:nq 95%.% Uponm o
of the protecting groups with ydraxide, was
WMNMWNWMMBWIIMMDNAW

fitens. G

of 0.5 e

hmmmmmmamcumammubmuww an improved

immobilization of sequencespecific ollgomeloodde probes 1o nylon membranes, Zhang @ al®

described the reaction of & giyeokbased hyl-N,N-di

mmmsonumammmm-mmwm m«mwm

th the 13b yielding afver

&pfozm'henlxgms‘l Thewnﬁedmnnﬂkylludoﬁmﬂmhdﬂmtheneﬂdmy
coupled to o, Sjion membaes actvated wih 1ty HNN-dieidyiamizopeopyearbodi

Altcruatively, §'aminoalkylsted oligomers generated from the incorporation of the
widiic 175 were aciaied wih eyamric chioide 104 then coupod o « nyloo stpput
). This suppart may also find application in the cxpture of

i BuA aod DA m""ﬂ“"‘“’

TR DO SN NP S I )
5 I
7

Toe of $-ami oligomers to bas allowed the ion of
Fibrobacter straios by Duorescence microscopy 0o the basis of complementarity 10 partial 165 rRNA
sequences In oddition to cnhmcuume detection of specific DNA sequences by

Mled bave served in fuorescence energy
uud:mpmmmmlnduprunminmmmmdDNAmmmu

The phosphoramidite 17b has been applied to the attachment of a §-amino tether to a ribaviria
phosphate homopolymer. nzmmlmmaﬂdpzxm:bepmmalmpm 1be ribavirin
oligomer to & manoclonal antibody. 3

5"

tesulling from the incorporation of the
phosphoramidite 17> have siso found spplication in the preparaton of oligonudeatide-quinome
confugates ¥l When hybridized to (heir complementary sequences, these conjugates were activated by
mochmgcmdunm‘nmgprmofNADHnﬂmdmmndwmh
tes may find interesting spplicatioos in antisense
upenmnu Similar :ppl.an&mu ore anticipated for those 5+ N:\mw.lkyhmd oll;omen which bave
beea reacted with
Hp-maleigidophenylityrate ard conjugated to isterleniin- 18 s » eazs to dnlh:rmb confugates
lneelhlmbm'ln; Interleukin-1-reccptor.
While the syathesis of from
metl honamidites has been reported in the mid-cightics. only recently bas the 5-
of uhgemhnspbamu oligomer been effecied by the mglhyipbwhmmﬁ(: 1 (Tl.hle na T‘he
oligomer was and,
Given the stability of the internucleotidic mcmylpmspmu inkages to the oucdeolytic activity of
oucieases, the biotimyl-oligemcieoside methylpbospbonate was cmployed in the capture of maxi U2
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RNA/riboncieoprotein complaxcs from ouciear extracts of cuttured buman cells. St
llhmbemdmtmu&phxmwelsmmﬁludoﬁmd

i containing a 5 function have also been achieved by
the phosphotriestes 25

Wu:lmrzxnl further i i the §- i Thelr

amxnmmedmmufmfoummmn{m-pmhnudommwlm

followed by The

ide 38 was bi with the N- i aufolb{odnan77

Interestingly, the carbamate linkage in 38 survived the usual basic conditions required for the remaval

of the base protecting groups. 35 This methodology was also d by Beck ef af.56 coward te

development of a chemiluminescent detccrion of DNA 80d by others® to cvatuaie the enlhlar uptake

20d trace the @ of e

conjugates.

Along similas lises, De Vos er alS3 dcscribed the synthesis of the deomyribomuceoside
phosphoramidite Ma-b to facilitte the incorporation of an function at the S'end of
The (& Broup was removed uader the
acidic conditions required for the cieavage ofa DMTr group. The remlling $™-aminoalkylated oligomer
was biotinylated while the oligonucleotide was still attached to the walid support or, alternatively, in
solution phase after mmplm deprotection 35

@
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3 3% V14hymingt

® o B-hypoxanininy!
Seliger e al.57 reportcd the synthesis of the Georyribonnclecside phosphoramidite 40 and the

dinudleotidic phospboramidite 41 88 a means of inserting ami functions in oligonucleotides. The

‘manormeric phosphoramidite 40 ted 1o coupting yiclds n!m $9% whereas the uwphng efficiency of the

dimeric phospboramidite 41 was ca. §79. The purified aminoalkylated ol| ere biotiaylated in
ylelds up 10 90% with the N-hydroxysuccinimide esier of biotinar pH 7551 A bwnnymed birpin loop
ized 00 an avidi 4 solid support to
DNA manipalatons.57
putro— o ]
-w /n(m).
° ow u—-p —
i \....,e..,g..
(Har” T OCHCH AN mee
40 "
versatile lmker for the nmd:ﬁanon of synthedic bio\'mktnlu Bas been repmnd by Gildea et
at% 'rne lirker 4. The sofid-

phose synthesis o penudeu.mcr wns performed -na the oligomer was o it frs
disminoherane followed with the N-hydroxysuccinimide ester of biotin. The cude biotioylaisd
oligonudteotide was purificd by binding 0 streptavidin-agarose and washing away noo-biotimylated

1932 S. L. Bravcactand R. P, fyez.

oligonucleotidic sequences. Treatment of the agarosc with aquecus acetic acid released the captmred
oligomer in B5% yield.

Ia aqdition 10 this specific spplication, the phospharamidites &a-d cold poteatially lead to the
attachment of a variety of ligands at the S'end of oligonucleoides with the unique poxability of
recovering mild acidic conditions.

oc,

¢ .
"‘-"’O““"w wsenr,

¢ $ S
o’ ocwancn
113 Tolaton, Mesapeoallyaion nd Usond ncoporaion,
fo solt-phaso purfiation o oigomucletides b aso bee roposcd by Basamara
20 Wippiet The approach relied on the jte 43 at

the §'end of an hndeanluonndeoude linked to s solid nlppan_ The derivatized oligonudeotide was

mmonium hydroxide and treated with squecus siver nitrate. The
thiol-containiog on;om:m: (44) aloog with the underivatized otigonucleotidke sequeaces were
reacted with the activated disulfide support 4§ at pH 7.0, The resulting support 46 was freed from
underivatized sequences and the pure f-yhoq:horylllgd alfgomudeotde 47 s rlessed trom 46 pon
reatment with The yield
af pure 47 bas not, Bowever, been reponted.
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The synthesis of protested §'-mercapto-2.5" ide-3-0- (“8nd)
and theit spptication toward the ion of S-mercep bave been
reported. Like §™-ami i by the
structure 49, can react with & varicty beavy 1
“'“—Sﬁ
P T OCH,CHCN

[==]

L ) 14.‘!! o PV, CANG
« 14N -benzoyicytoainyl)
- :::-ummlmx
Hsobutyrytquanioyl)

The NAR xd provided n alternate route
to the synthesis of $-thiolated oligomucleotides. Tt has been shown that S-mercptopropylaxy-
cligodecyribomcieotides can be desivatized wi !emmbyhhnhnﬁneiodoamnﬁdemﬂmuﬁn
lodosertamids t ield Guoresoent MI3 primers sitable for tmamated DNA quencing “

Furthermare, M 56 described the syathesis of the phosphoramidiee 23 and its incorporation
at e Snd of lvnlhm-: The 5 were then
coupled with N--acidi affording i 3 wH:hmeusedhu{luhx

upnuwm“
ides have also been applied to the synthesis of
sequence-deined polpepideDligomccotde wquv\u&“ Specitic polypeptides were prepared by

standard solid-pl and were reacted wi S oaleimido seaseate
Purified ml]elmdlvcmu]nlng polypeptides were remd with purified 5- mcmpm-llyh‘ed
oligomucteotides at pH 6-7 10 yield the desired eonjugates. It
that the conj € 5'-thiotated o ides with a maleimido-poly-L-tysine ive? led to
the formation of conjugates that were puricularly in the selective inkibition of gene expression
i intect cells §7

Of imerest, 5"-thiolated oligomers have be:n

erest, igome! symhuu.ed inwtpon;ﬂ thd

otigomecs were condensed with rmur-mm pt:mﬁﬂau derivatized with maleimide functions to
gencrate valuable conjugates for the sequencs-specific detection af PCR-amp! lified DNASS

The reaction of §- ides with Tresyl-activated Sepharnse
4B or Epory-activated Sepharose 68 resuited in the covalent attachment of specific aligomers to
Sepharose. The addition of uamodified ides yielded DNA

duplexes as affinity ligands for the isolation of specific DNA binding proteins.63
It is important 10 meation that $-aminoalkytated oligonudeotides can easily be converted into
oligonucleotides  camrying a5 function upon  reaction  with _ dithiobis-(N-
Jpropionats at pH 7.7 followed by treatment with dithioerytiritol at pH 857 5.
Mercapoatkylated oligomudicotides were obained in mmm Sizlary, Ganr of ol reportcd
the reaction of 8 5
lnstead of dithiohis{N- iomate, ‘rh. activated disutfide-containing oligomadeatide
ymaueea the 5‘~mempnulkyhud Mlgwmdenﬂde upon irsatioem with dithiothreitol (DTT) &t pH

ith N-acetyt-DI

the reaction of cligomer
:hmupnmamnmmwmmmb,m

1934 S. L. Beaucacs and R. P. Ivex

M generated the canrying a free thiol group in yiclds
greater than 95%. The shiolated oﬁgnmer s then decivatized with N-{4-dimethylaminobenzene-
t)xodmm«ms—mm imide 071

In this comsext, the reaczion of the 5"hydroxy function of an oligomudieotide linked to & solid
support with, successively, casbamy dilmidazple a0 5-DMTr-cysteine yielded, aftet depeotection and

acid
Thuong and Chassignol™ described the Synthesis of oligomiciéotides carrying 8 $*-terminal
thiophospbate manoester function. Thelr approach was based on the phosphitylation of the 5'OH

function of ofigomers anchored to a solid support with the phosphoramidite s followed by sulfarization
of the pbosphite triester intermediate with clemental sulfur. The pusified S™-thiophospborylated
oligoaudieotides were reacted with various elecurophiles in aqueous solution, affording the effidcnt
incorporation of photoactivatable cross-linkers intercalators and chelatons in addition ta
fluorescent and raiosctive markers™%  This strategy bas been particulardy useful for the
inoduction of prolavia a1 the eod of - o1 llgudconyboiotides 18 & menns 1o direct
fienes DNA sequenccs™™ In a similar mmnn, the

P umuhuM(le-le 1) ensbled the i ofas
ioto_oligonuclcatdes and the, mbsequent fusciomabiation of the thioated ollgomen b
pheaanthroline-copper chelat

Reoandy,lheeouphn;ni:lpeaﬁcs‘ otigomer with p-azi bromide

was performed to demanstratc tht the inlibitian of SV40 DNA repication in CV-1 colls resulted from

the formation of a triple belix betwee the viral DNA and the ollgmmdeonﬂe carmying the cross-linking

mgent® Porslenoligouucodde conjugates have lao been similuty prepared by rcu.ung st
with

a
Yinking of the wo DNA uunds by the trlple poc (omin,g

psom:whgpmdeonﬂ: conjugates occurred with eficiencies p’umt

oligonucteotide conjugstes can be designed (o re lzmmmy mmdy specific DNA

Seruences® Such modifeatins are expected t block ceplcation £ad teacseripion by preventing the

opening of the double helix.

1.4, Onidation, Esterification, and Ligand Incorporation.
Alternate. methods for linking non-adioactive labels 1o the S'end of synthetic oligodeaxy-

ides employing bave been reported.  Specifically, the
bonucteosid phosphoramidic $0was used t generate 3 (95 pserleatide nk wih an ligomer
covaleatly bound 10 & sotid mppan.n The deprotected oligomer St was oxidized to 52 with sodium
metaperiodate. The reaction of 2 with biotin hyﬂrand:

(RPN

by reduction with sodfum

. N
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3 which bas been applied 10 the detection of

afforded the bioti: i
M13 DNA immobitized o0 sitroceifulose fiters ¥
ot idite 4 has been recommended by Kremsky ef ol for the phosphitylazion of the
5-OH funcron of eo oligonucicotide anchored to a solid support. Jodine oxidation followed by
complete deprotection yielded the oligomer 58 which upmmmemmvmh bicdn bydrazide In the
presence of 1-{3-dimetiylaminopropyl)-3-cthylcarbodiimde (DEC) siforded the biotinylated oligomer
S6inca 90% yield.

o
3-8 GF‘E—O(CMVGD‘
o
P —O{CHy),, COLCH, 38
g 2
54 Le—g—qcn.».ﬁnn .
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113

worthy procedures for the §'-biotinylation of syntberic oligonucleotides have atso been
npemabyumpumncnouemnl £ a0 Cho e ol

1.5, Direct Ligend Incorporation.

15,1, Biotiml 5" asily prepared by
eacting the phosphoramidite S7 with the S-OH group nfsohd—pbm bound of olxgmneu under standard
of 87 was by coupling biotin with p(2-

The resulting ide was then with bis-(N,N-diiso-

" o, Jorpiyess P s i
hnsphnyllnonollucnuul derivative with chioro-{methaxy)-N-morpholinopbosphine led to the

biotinylated phosphoramidite 558 The conplingeflcicaryof S with he $-OH husron o sollephase
bound oligonucleotides can potentially be measured during tha removal of the N-.DMTr group of the

blotin molety.
s
o 0! a
ouL \ocn.cn.en mm‘u‘m "‘-"\,/O
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In a recent tepom, Pon described the ion of [1-N-(44"di

Y 2 idite (59) for the automared synthesis of §-
biotinylated ofigonucleotides.8” The N/-DMTt group provided solubility and punﬁudw advantages
while the hmmhxyi linkee facilitsied lhe fnteraction of biotin wth large proteins. The
with an efficiency of ca. 55355, The
blotinytsted mmmlanmhmmmmmwmunumec
witbout signifieant Loss of biotin

1936 $. L. Baaucaosaad R. P. Ivm

o
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Mhmmuhmmmdwlmmmmalumummphﬂuh

synihetic oligomcicotides.® For example, the biotinyl phosphoramidits 60 was prepared in six steps
from solketal sad was repeatedly incorporated at the S'-end of 8 eniversal M13 sequencing primer with
a coupling eﬂdenqoiu 99%. Oligomicieotldes baving up 10 eight biotin residues were syathesized.
Depending on the assay used, it was found that an oligomer having eight biotin residues was detected at
a concentration 10 fold lower than that of a singly biotinylated oligomer. 5

152 idite 61 was
muMmmmmmﬂmmﬂmmﬁumunmmme
Wmmmawmmmuuumpﬁm(&m)mmm
efficiency of ca 96%. Phasphotyrosinyl oligonucleotides enabled the detection of M13 DNA with a
signal with the mumber residues 8
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153 24Dintiophenylyl Phosphoramidires  Will o ol reponed the synthesis of the
phasphorumidites 62 and 63 for the siagle or multiple incorporation of diritropheyls (DNF) at the S
terminus of oligonucicotides. The insertion of & in aligonucleotides by solid-phnse technigues

e cleotides having up to tea DNP
FroupsS? Due to the scasitivity of the multipla DNP labels to concentrated ammonium bydrazide
uader the usual deprotection conditions, FOD-amidites carrying base protecting groups that can be
removed under mlider conditions bave been used in the synthesis of DNP-labelled oligomucieatides.
The facile detection of such oligomudeotides way effected with anti-DNP monoelonsl or polyclonal
antibodies harboring ruitable markers?® wo,
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154 Bpridind Phospporamidie. Toe phosphoramdie. 60 has recenty bee m prepaed |
Modak ef o and employed in the -O-acetyl 2" o
and purification, the bwyﬂdmylphosphmnur&!moomplutdwﬂhoa(ﬂ)lmﬂmnhudwuhpdy
A1 88 37 °C, pH 7.1, for 24 o 48 h. The RNA substrate was degraded (0 the extent of 2196 witkin
435 Adenosine (2-3)-cyelle monopl mh.uwummﬁmﬂ.mmmumm No
similar

cleaving reageots.
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155 Anthroquinonyl Phosphoramidite. and”dmbpedtbupmbumﬂdlm“fmm
derivatization of ollgonucleotides at the §'-end with an nathraquinone fanction.
potenia ralal produciag eaviies which do not necessaly require photowctiation or the p(u:m ot
merat fon. ked may find application n the defivery
of radical pmdudn;m«nﬁmgmcdhnu nucleic acld targen

1.56. Proralenyl Phosphoramidire. The direct incorporation of paoralen derivatives at the S
terminus of oligodeoxyribonadeotides wos effected by the phosphoramidite 67 via tolit phase
methods k™ Psoralen derivatives exn intercalate between the base pairs of doublestranded mi
acids and may besome covaleatly attached to thymine residues upon exposure to longawaveleogth uv
irradiation, Under these conditions, cach psoraten-DNA adduct is generated through the formation of
a cyclobutane ing. These adduces bave been spplied o the elacidation of neclel acid siroeures and
functions!

157, Acridinyl _and Fagaroninl  Phosphoramidives. synthesis of the scridioyl
phosphoramidites 6874 and €a-b% and heir introduction an u:: S'terminus of modified and
has been Io addition to providing

Buorescence to these cligonucleotides. the acridinyl group m.bihud the formation of double- and
uiple-delic sructures with complementary miceic acd urges by virme of its intercalating
propertes 74 5IABI0 Such fuarescent oligomucicotides have been particularty useful in Kinetic
<experiments pertaining to the cellular uptake of these blomolecales. %

N ]

L ©: o

938 $. L. Braucagzand R. P. IYEx

1t has been demonstrated that the beazophenanthridine alkalodd, fagaronine chioride, isotated
from Fagara zantharyloides inhibited the reverse activity of several viruses. 11 These
Wymmzmmwuemmmnmmmgowm fagaroaine conjugates
would enbance the inhibition of retroviral reverse transcripias medzloﬂdewmmedm
mcpbnspbeﬂmldlunwhkhmmenlumdwlmugrhydmyﬁmmmofmndeoﬂd
Relative to oligomens, conjugates bybridized better to
complementary RNAWMM)}‘WQIM Intercalating abilities of the fagaronine
entity. The conjugates were ca. 3 times more poceat 1han vamodified oligomers at inkiblring HIV
reverse i b times less inhibi Eagaronine chlotide itsel, 101

\/\/\/\°
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153 Cholesteryi and Other Lipophilic Phosphoramidites. The application of oligonucieotides 23

ics has been harapered by the kow cfficicacy with which these polyasionic molecules
permeated intact cells, It bas beeo rationalized that the nnnd:mem of lipaphilic groups known (o
interact with cell membranes, 1o oligonucleotides, mey increase the therapeutic potency of these
biopolymarl®2 T test this catonale, e cholescnyl phosphoramidie. 71 along with the
sdamantyletil phosphorsardite 72 a0d the polyalkyl phospboramidites 778 wero synthesized and
incorporated at the S-terminus of an 10 8 region of
the HIV-1 rev gene @ 11 bas been shown, 50 far, mmxhedmmmnumpenmmnfmplnn
compased of the lipophilic olj and DNA strands were
ideatical to that of tho duplex resulting from an equivaleat underivatized phosphorothioate oligomer
and it complementary DNA sequence.
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Along similar lines, Kabanav er af.19% reporicd the Synthesis the phospboramidite 76 a3 & meam

to introduce an hydrophobic group at the Send of oli Targeting an
oligomucleatide against + loop forming-site of the Influcnza A/PRB/34 viral RNA, umndenbry
suppressed the development of the virus in MDCK cells relative 10 that

permisive observed wi
unmodifiod oligomeleotides under identical conditions. 1< The attachmen of hydrophobic groups u;
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Pasnd
WF'& NN, ’II(VN)-
HEHCN o
" 1

oligonucleotides has therefore dempastrated its efficacy at improving the biological nctivity of theses
biomolecules.

1n an additional effort to impart lipophilicity to ligoouclcotides and inmprove. their cefhutar uptaks
and cellular distribation. the synthesis of the DL-o-~tocopherol (Vitamin E) phosphoramidites 77 and 78
bas been described 124 Similar 1o the phosphoramidile 76 the incorporston of of 77 end 78 atg
oligomuceotidea oecurred I yields yeat:r than 95% according to HPLC zaslysi of the conjugates 1024

The anti-H1V activity of these modified in cefl cultures.
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159,
for automated ammnm sequencing poad s ﬂnphﬁedby ‘Schabert et L 1Be who reporicd
the facile integration of the (uoresccinyl phospboramidite 79 into syntbetle oligonucleotides. The
phosphoramidite was prepared from the alkylation of Ruoresctin methyl ester with 4-chloro-1-(44"
dimehoryrinlosy)butane _followed b, detrilation = phosphitylation  with  bis-(NN-

has been used in the solid-phase
mammumlswm &rnplmlyndd:wmeqmlmummd
with the standard deoxyribonuciecside pbeqhorlmlﬂiw&m
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The mltisicp syothesis S-carbarylluorescelnyl phompboramidie 90 from S
m-uumxunreems,bmwbymmaim Tt was argned that

bezause of the steric hindrance inparted by the tityl group, the coupling of 80 at the S"-OH function of

1940 §.L1 Baavcaczand R, P, [ver

a solid-phese bound Mwmaemnuu-wm,mafmmmmmmnn

efficieacy of only 70%. The fiuorophore and is linkage to the oligomer were stable during chain
assembly and 1o the conditions required for complete oligonucleotide deproteation. 1T un the
biotinyt and (60 80d 61), the

uwnuuawmnmmanumwmmmmexmunmonddwppm
10 yield oligonucleotides labeled at the 3'-terminus.

Asids from the 5"-OH group of ol function of
these biomolecules could also be functionalized. Mmb,:nwmbeduhmlhmxhelmq
section.

2. FUNCTIONALIZATION OF QLIGONUCLEOTIDES AT THE INTERNUCLEOTIDIC LINKAGES

Jager er alth ides can
prepared by routine M“d-ﬁhm lynd\etis using «mbumumc so<~ -
amino)methosyphosphine monomers. Far mmyla the oridation of the dinucleoside
81 with lodine and 1,5 o phosphoramidate dimer K which

was mpled o Gchl o
coup {

T T T T
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wbepae s bt —o
hata) RN
L1 ”

n.emmmmrqutmmmmwmmem:wmmammm
of

phosphocamidite _and H‘:yhmphonne ‘monomers hu e the insertion of dmmumw
ummgmykptpmmnew-oxytlh oc phenazinyl di-N-oxidel% phasphoramidate links a1 predetermined
sites. The validity of this approach has been previcusly demonstrated by Letsinger ef o197 in a repon
delneatig mmman of cationic ofigomucieatides,
a ‘mannes, e all® and others?™ imroduced cither (N-1-
Lnﬂtmmeelyl)hmedummz arms at spe«ﬁc sites along the oligonucleotide chains1%® gr
at the S-end of oligooucieotideal®  After
complete the oligomers were coupled to ligands such as
fluorescein isothiocyanate, rbodamine isathiocyanate ot activated esters of biotin, This
provided multiple labelling capabilities and thereby increased sensitivity for diagnostic purposes.

The specific functionalization of oligonucleotides with two different reporter groups has been
described by Agrawal and Zamecaik.1!0 Oligomucicotide assembly began with the incorporation of
oucleoside H-phosphonate mooomer followed by oxidation with carbon tetrachlaride and (M-1-

to generate a tink. Standard ibotrucleaside.

phospborumidit monomers were then exiploed untl complesion of the symbesis. The hast axidstion

step was decl.ed with a sulfurizing reagent{1L112 to generate a phosphorothioate link which, after

was reacted with imane at pH 72. The aminoalky! function

of the purified bimane-labelled oligomer was then reacted with fluorescein isothiocyanate aod the

resulting bifunctionalized oligomer was isolated in 60% yield. Such bifunctionalized oligomers may find
application in cellular uptake experiments or toward the Largeting of specific messenger RNAS.

Numerous repartee groups have been introduced at specific mu in oligonucieotides urrym!
pbosphorothioats diester Links.13 For cxample, the reaction of an 1conide

with N-dansyluziridine afforded the ﬂnmylmdympmmmm ou;mn yielﬁmm:n
85114 at pH 7 led to the complets formation
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of the bimane-abelled pbosphorothioate oligomer 84143 Interestingly, bimane labels bavo been
phosphorothicates while the oligomers were still
embedded in the polyscrytamide gel matrix after

electrophoresis.  Oligomucieotides contaizing two
hunded to four hundred tabels can be detected with the naked ey at the low femtomols level (10-20
Emot).} 16
1 3
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Tbe nudeophlicity of phuspharothioate diesiers has been erploited in the sequence
determination of DNA and RNA 117118 Specifically, the reaction of ofigodeoxy- or

having randomly distributed phospborothioate links with odoethanol ar 23-epoxy-1-proganl
generated hydrolyticatly labile phosphorothioate triesters which the mlnquem cleavage of
S olgomacicotidic coaizt A1) This approsch represeats an altermative to the curren DNA sequencing

procedures.
The following scction will sssess the recent dovelopments toward the derivadization of
oligonndlentides at the F-end.

3. FUNCTIONALIZATION OF OL ATTHE 3

incorporation oL fuorescent marker at the 3termins of oligonucleotides was reporte
Assdl'l::lm ‘Thuong'? Their approach involved the phosphitylation of the whd support 86 with .;,‘Z
fluorescent demyn'bnmdeoslde phosphoramldite 8 in the presence of LH-etrazale. The labelied
oligomers (87) were subscquently released from the support by treatmez with DTT under alkaline
conditions. This methodology also permitted the muliiple Insertion of Mrorescent labels within an
oligonucleotidic chain.
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recent years, solid supports have been engineered to facili ﬂu-lndudono(lymh’:ﬂ:
ohmud:oudu with fupetions] groups inchuding masked" e 52 o or mumasked F-sulftrydryl 3120
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76100129134 ang 3. lkyl 78.045M125-129

terminal 3'-phosphate, 4150 12001211123 3.
Mf\mﬂiou]ywplmdxnbehnhudzdndmdwmvmmuum 10 serve s tools in
molecular ewgy upenmum Send suypum mnﬁlmlnzﬂ \vnh acridine, 108 aduww DL~
a~tocophesoll have also been described for the syntbesis of oligamcleotides
bearing mesclipndsltml' mrmi.m

Aside from the internucleotidic tinkage and both termind, the functicnalization of oligomucleotides
l(dnnmbasuhmbeenmnmghlymﬁﬂgnlzd. The cesults of these investigations will be
summarized in the next section.

4 FUNCTIONALIZATION OF OLIGONUCLEOTIDES AT THE NUCLROBASES

41. Derivatization of Activated Prurines and Pyrimidines.

It is well-known that the trizzolo function of 4-triazolopyrimidinone mucleosides are susceptible to
mscleophilic displacement by ummmm This iﬂmr: hsbeen explaited by Le Bnm ot .12 who
inserted ccording to the
phosphoramidite methodology. The triazolyl groups wers mm dup\hmd with 1, lo-dimmdgum
the corresponding aminoalkylated oligomers were subsequently blotiylated. The specifiity of these
biorinylated oligomers was tested in hybridization assays with plasmid DNA immobilized oo
nitroceljulose Slters.” It was found that the suability of the resuldng hybrids was not affected by
biatinylated arms located &z the $'end of the oligomers, Conversely, the suability of the hybrids was
strongly impaired by the location of the biotinylated lfakers within the ofigonuclectidic chains. The
demmnnonump:nm (Trm) of these hybrids was at least 10 OC lower than that measured with
unmodified oligomers.1 33 Consequently, the Stcrminus appears to be the ideal position for the
Incorporation of these mnd':ﬁed m)d:vbaus into oligonudestides.

‘MacMillan reporied the synthesis of uncionally tethered

by the 33 at 2
preselected site during oligonucleotide assembly. The use of decxyribonucleoside pbasphoramidites
baving base-labile pmun!ng groups (N*isobutyryl cytosine, N-phenaryaceryt ad:nme md N
phenosyacety] id with
mmnde without aﬂe:\lng the 0’1rymed wracil residue. Trulment of the modified ollgomdeonda
with as N 12 1, gycine o bis-
(mmoe!h l)dmlﬁd: at 65 °C resulted in ﬁmmmlly tethered oligonuclentides with a conversion
cliciency of 89-100% 0> similar pougymhetic generation of { oligomers wnu.lmnl 04-

stemmed from ion of the triazolo idh denv:llvel’hln
cH
K
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1 bis been rocaty shown wat d<hio 7-detryurigioe conuaiing cligomudeoties e o ther
anachment by Saliytation or mized dimlfide formation.U4d  The 4-hioated-2-

posusyathetic
90 has been and into by
solid-phase symtbesis.
SCHCH,CH A9CH,CH,C1
" H
1
Dlvrn‘p Lind
\ucu.cn,c-
e
202 Ra H
» e Me 91 Ra H

itative S. of each effected by treatment of the solid support
with 1 M DBU in acctonitrile. The modified otigothymidylate was then relcased from the statiosary
phase and reacted with N{2-chlocoethylihio)phislimide in phosphate buffer (pH 8) to yleld the
oligmucicotide 91 which can be further derivazed with selected reporter groupsd  The
phosphoramidites 90b and 92-94 have analogously been applied to the synthesis of oligonuclootides
containing thivated nucloobases 14-b

1
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from JS“" 2. ad 35

respectively.136ak mmemmd’&lmuohmudmduocuummthm!mhﬁrhmeﬂqud

98%. A dodecamer was fynthesized and fractions of the solid support carrying the fully protected

ohgvm(lewdewmuﬁmmﬁmciﬂcrulmmm Fotmmle. lh: reaction of one of these
2t ambient

similar_oligooucleotidi containing
N‘N’N’Nvlmmhyuunidhz (68 mM) d o-nirobenzidaxime (15 mM), 40% wquoous

|
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metytanioe, methanol/DBY (ﬁl)mOSMlqueauwdixmhydmn‘de -mncmdqumed

g&ﬁlﬁ alsa n.tlawed introduction of
sueh as ‘* B¢, uod l7() derived uL [‘x}me!hxm)l and (‘70]-.13“ at diﬁned
locartons iato syntheti aligomuclectides. 1% Like 954-b, the incorporation of tie phosphoramidite
m molecules and yielded

into ides caabled tho icaion of .,W
(N,N-dmﬁrylnnbvpyndmn)-z-mop\utmrmdum T o e

ourtro. o
w [T Iy prrem———— P
o 5 = {2édinitropheryihio: 2 M O
) ¢ = pentetiorophemory; = kndlce,

aemp” ocHCHCH

Mmmmwrwnmm.mmm
wnd inserted i a self
oligomer wes weated with cither i or bis

mlm.MAwum;mmmmum- 2 specific location In consecutive base
pairs on opposite srands. Upon roducton with dibiotreiol, the fioe tiol funtion formed 1a
interstrand disulfide nm.c during acroble dialis1>? Such crossdinked oligonucieotides should
facllitate the smdy of enzyme-mediated unpairing during efther transcription, rephication or
rmmbinln’nn.

se‘g: . specific crosinki bas also beea iavestigated by
Webh SR T spprondh reﬂed on the incorporstion of the modified deoryribomzdeoside
89 tato ol by solid-phase methods. The riazolyl mucleohases were
somertd o this comesponing clipenerino densives vpo veamens i elfenciviae. The
resul . ced s i ides albeit a1 8 slow
o etylencinia provide optimum
!int!(!‘vvz S Lty e Bed st the exbyiencimizg functlon did oot provide ops
e all® described the cmitistep synibesis of the aminoalkylated decayribomcleoside
te %6 from 2 The single imsertion of % inw
oligomucleatides by solid-phase synihesis required a coupling time of 300 sec. Followiag deprotection
and purification, the aminoalkylated oligomers were iodoacetylated and charaszerized by enrymatic
ion to the ides 1 Of ides bearing 8 2. i ioadeai

residue were shows to crosslink and deave co sy strands at adenines and guanines [t is
believed that alkytation accurred at the N'-3 of adenine from the minor groove or with reactive: groups of
guanine in the major and minor grooves of tbe duplex. The eficiency of alkylation wes low probably
because of the free rotation of the reactive linker around the sulfur ator. 20 More rigd tetbers may
provide higher alkylation selectivity.
O et the deozyebomiclecside phospboramidit 91 has becn symnerized 1o exable the
of containing 3 csiducals 1t B aaticpeed hat theso
Mﬁwmmmukmhawmmnmnummqu
replicatioa catalyzed by DNA polymerase L Using muclcosides as models, it bas boeo demonstrated




b

Pusctionatization of oligooncieotides 1945

that 3-deaza4-0-(24,5-triisopropyibenzeneslforyl)thymidine was casily comvested to 3-deaza-
mmummmmmwnsscm

ey . vf:;""

s
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In an effort to determine the active-site mucicophile of DNA (cytosine-S)-mettrytransfersse
Mﬂuﬂmmm-(mmmdqumhnm@m)mmmmwum
methylations of specific cytosine mudeobases,
undertaken.1¥24b Ope. unnd a of the DNA duplu had 3 a 5-methyloytosine residue at the expocted

s S-fuorocytosine base also at the expected MHaell methylation site (5-
[chTAGG(s-ch)CATGAOGl-:) These hezadecamicleotides were prepared by

of the 40246 5. i idite 98 and the

S-methyl-2- idite 99 by ional solid-phase synthesis. Upon removal of

an;pmmpmpmm::dmmhymm

annealed
adenosyl-L-methionine, The covalent DNA-M.Haelll complex wa purified sad submitted to
ncing of the nts revealed that of MHoe 1 formed a covelent
B DN g o e et o *
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Schmidt et L4 § deseribed the don and the i ion of the S-fuoro-
2-Geoaycytidine phospboramidite 1008 into synthetic oligmuclootides to invesdgum the catalytic
wechanism whereby the DNA cytosine oA E coli K-12

1946 §.L. Beaucacsaad R. P. Iven

€5 In a sequence-specific manner. It i3 important to mention that the S-Guoro-2-decayoytidioe
ite 100b can be inserted in oligodeonyribonucleatides by solid-phase techniques without
protecting it exocyclic amino function 147

4“2 L&wdlmnrrmon  Aminoalkylated Purines and Pyrimidines.

Undea ef al.14 reported the synthesis of the deanyribonudeoside phosphoramidites 101s-b from
the These derivatives Jed o the solid-phuse
mdmmmmm«wmnmmlmmmuunmam

chains. Reporter groups such s biotn, fnorescein, and mmdmupummemﬁm
mmwwmmammsmmlm

the aminolalkylated ollgomers with p-phenylene diisathiocyanats fnllmndbylmxbmmmﬁhchher
borseradish percxidase or alkaline phosphatuse afforded tho  comesponding  earymoDNA

conjugares.144a
T H‘Q’\’V\rk-.
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Cosstick and Dm;glu‘“ d:!n\'bed Lhe synibesis of the amincalkylated deoxyribomucieosido

idite 102 and its dimer a3 a mode] to evaluate the formation of specific

interstrand cross-links. I was argued that the hybridization of an oligonucleotide baving a N(2-

aminoethyl)adenine aucleodase with a complementary target DNA o RNA. sequeacs woald position

the nudeophilic aminoettyl function in the viodhnity of a pyrimidine residuc_tocated on the

complementary strand. 45 Activation tthe 5.6-doublo bond of pyrimidines with bisulfites would teigger

2 nucleophilic attack at C-4 by the aminoethyl group and would result in the cross-linking of the two
strands. No data supporting this concept have, 83 yet. beeu reported.
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The aminoalkylazed phosphoramidites 103 and 104 originated from either the tramsamination of

2'deoxycytidiae with 1.3-diaminopropane in the presence of sodium metabisulfitel%ed or the Gacile
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of Ne-p z ine derivatives with 16-diaminoherane. 145 The
e 104 was i ® the Siend of 1 nhmmdcond:
2 %0 support and, ahes
b.onnymen.l« Alocg simiar lines, the phnspmmmdm 106 was prepud In » miisiep mm
from  3.5'<i-0: and

amlnoalkylated phosphoramidite was repeatedly inserted a1 the S-termimis of & zo.uq:
oligoribonuciotide and the resulting aminoalkylated oligonucleatide was tetrabiotinylated in an
anempt o hdﬂul:lhe pm'l.l]uﬂm o(RNA—pmm complexes 147,143

fleate approach, Bazin ‘described the synthesls o{ na uuyriqudeosiﬂe

106 ﬁom the
o{ pmba The syathesis of ua
phx'phmtmu‘lhe Wlwullwrepcmdlumuuum Incidentally, the coupling of 107 to sokid-
phase linked 94.97%.19
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The synthesis of "branched” DNA molecules a1 amplification multimers in bioassays hes been
reported by Horn et 2l 150 and by Chang et af. 15" This type of branched DNA molecales sre compased
of two distinctive domains of oligomcleotide sequences. One domala consists of & target specific
segment mngum t an amngement of branching oucleobases generated by the multiple

f the 108a-d by standard solid-phase synthests. The
selective mnonlulm levutinyl groups uamasked bydraxy functions for the scl.xﬁ-phnc ‘synibests of the
second domain of oligooucicotides. hbeﬂedpmbﬁm&bddhad this second sct of DNA
sequences thereby providing ekanced detection sensitivity, 150,

o o

108g Ao Mo 10
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lnlaeﬁmeomar’%belhd DNA prodes, Sund et al.1%2 inserted the

The

h ?mhnu: oligomer (50-mer), purified
oligonucicotide (100-01e5) was then reacted with the EutY chelate 109 a1 pH 105, The Eut3-dabelled
probe permitted the detection of 200 picograms of phage lambds DNA by time-resoived fiu

1t must be noted that a bathophe
diisoprupy/

lezz desivatized 43 & &q.meumwv-

nanthroline-Rufll) comp!
Mmmummmuen“mmmmmw

Bu™).
Ru(Tl} complexes can bo detected by time-resolved fiuorometry. 28

oligomers labefed with batbophenanthroline-

The deonyribomucleoide phosphoramidite 110 was -ynmubed 4 dborbymidi. ax

tynnﬂne"‘mdlmmzdnw
of the

ides by solid-phase symtbesis.
by the standard ddmm(ne

T oxddation. mmoﬂpmenhmbeenmd\duplh:n{wmmﬁudmmdfm&e

detection of viral DNA sequences. 1%
The deaxyribonudeaside

decxyribonncleoside phosphoramidite 111 bas been prepared from NS.phenoxycarbonyl-2-
mwmmmmm o the repertoire of deaxyribonndeoside
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43 Ligad Incorporacion vis Halogenared Purines.
Harris et al1% reported the synthesis and application of the ed deoryribonucicoside
phosphoramidites 112 end 1138 ip the solid-pbase syuthesis of modified oligomcleatides. Typlnﬂy

the treatmem of these solid-phase bound

ither D<-

amines derived from (=

10-epoxy-8.9, l;ll{:nhydrw(n}vym and (x}
nded

2 8-dilrydrory-cnsi-9,

Mlhydnny-aml&ll poxy-3,9,10,11-tetralydro-ja-amthracens, under Tecommet
m{' ewu;mdiu wwmm:mhwum
formmmmo(oupmdmmmmnnydeﬂmuaammmmmmm
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44 Modified Nucleoside
Protected decxyribonucleotide phosphoramidites various marken such as biodiny,
dlmvophenyl.dmyllndmmhuumlhﬂuedblﬂmud.muxmmhhdmihm
oligomdentides. Specifically, mmpmp-m“n&mymlmm amincalkylation of the
The reaction nf 114 with either
or pyrenesulforyl

mdnm:LmA

‘biotin dacsyl chioride
chloride, fotiowed by pnnqumm yielded the labelied phosphoramidites 118s-d. These were
activated with 1H-tetraznte and Incorporated into oligozucleotdes with high coupling yields (>ma) by
sundard solid-phase synthesks. Mulriple abelling can be perfomed on the ame oligomeleodde

ction sensi 10 ire situ
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‘This approach has been farther refined by the synthesis of the biotinylated deoryribonucleaside
phosphoramidite 116,18 Relative to 115, the phospbanmldlu 116 carics a larger and more polar
spacer arm to facilitate biotogical applications. Furthermore, 116 is readily soluble in acctonitrile and
bas beea singly or repetiedly intericd et gither the 3, S or at bobh termiai of 2.0-
of DMTr-cantainiing oliganucleotides with conecaruted
ammonium hydroxide under standard conditions, procecded without significant loss of biotin. It has
been shown that puridled umb:ounyhled oligomers prepared from the incorposation of 116 had
The tandem [acorporation of four biotin residues
gmmmmmnmdwwmdﬂmmmmwm

Fiorinresidues.
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Mislewezyk ef a1 reparted the synthesis of the
mummrmuﬂmwgmdwmumlmldbelpphdwtbe
specific DNA sequences or the study of audeic acids stereodynamics. Due to the sensitivity of the
huminarosine residus to nuclsophilic bases, nucleobase protecting groups differeat than th benzayl and
iscbutyryl groups bad to be used to allow complete ‘with
lmmﬂninmhydmﬂdanamem “The sotid-phase synthesis baving

ammmmmmbunmwmamymmmmmdw

.m detected

hxﬂdmll'lul
detection of

45 IMIWNCSGIMMM
reaction of §-chloromercury-2-desxyuridine with methyl scrylxte Jed 1o the sytber of he

lll o its subsequent incorporstion into
1< Following. the were, then desivatizod
with either N- 1 1  chloride, Guoresoei
hydroaysuceinimide ester of dcarbosy4"methyl 2.2 bipyridiae 16e< _ Iocldcntally, bwmm
tabeled ofjgomers reacted with Ro +2 10 otides attached to
ed ofigomers rea Dae 10 ie oligonicleotides creenty anached (o

aucleatides
ot s e oy modite light induced DA stiasd seissica 1465
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1t is generally accepted thar RNA hydralysis, catalyzed by bovine pancreatic ribomudiease A,
requires the paricipation of two imidazole groups located on mm:mmumdmmmm
site. 160 In this context, Bashkin et at 1500 proposed the synthesis of ribanuclease mimics by combrining
the RNA hydrolysis activity of imidazole with the ability of oligonucleotides to bind tn RNA with
sequence specificity. The dearyribonudeoside phosphoramidite 119 has been prepared and
incorporated at ane specific location into oligonucteotides via standard solid-phase phuspbmmdxu

are now being cvaluated as antisense molocnles

controt of genc expression and as potential therspentics.
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The synthesis of the ami basp and its insertion in
mmmmmdmmmmmmwmwmhauw-wmmb These modified
oligomers were then reacted with di{N-sucsinimidysuberate and ompled with alkaline
pbasphatase. 1818462 The resuhing conjugates efficlently hybridized to complementary target sequences
and retained the full enzymatic activity associated with the alkalinc phosphatase entity. Hybrids wece
dmcudwmaaoygpmpnmm-yu-melmlanvmmﬁ(mwmummm
Purified be reacted with
ﬂwmhmbwausmmdupﬁmmﬂmwmdmuwmm’ 10 Brambasgh er al 183

Tt is 10 be noted that the of the 121 i of during
wlﬁ-phmmmuudwmmmlmdkyllwduﬂgwn:nwmdxumkmmmmmmk
for seaction wit acd, 18 Following

du: i mﬂm to target DNA immobilized on microtiter
plammmdnewdmm-mqndmhmﬂnmdhnaﬁuhpemmwmﬂa
Oligoaucleotdes carrying blotn sbels near o al the cud of the sequeoces were more
those oligomers bearing internal labels. 164

b&l /W\A.j\c._ mm—érj&’\r&c-.
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prun” “oc, oo™ oCHy
120 b

a Jrasy 10 invesigate protein-DNA interactions Gibson and Beakovic'6Se described the
symhesis of 122 from § idine aod ity
v ihe termims of bwo undecamrs. The deprotected oligomers were treated with the cross-tinker (V-
bydroxysuccinimidy!)-5-azido-2-nitrobenzosse yielding the adduer 12).  Oligumers carrying the
photolabile group adjacent to the 3-end have served a5 primers for template-directed DNA tynthesis
with eftier the Klenow tragmens of £, cofi DNA polymerase [, bacteriophage T4 DNA polymerase, or
AMYV reverse transcriptase. Irradiation of the primer elongation mixture with 302 am llght produced
covalent complexes between DNA and the polymersses. Cross-lnking with AMV reverss tramseriprase
was shawn to occur predotainantly in the *B-subunit”. 165

(l-’r),l'/' “Socw,

122 123
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Along timilar lines, the i of the idite 122 ioto
has been achizved as # means t0 generare DNA duplexes biotinylated a1 specific locations
mddzumneﬂlemuﬂmq\lmmu{ormummud lymerase activities of prokaryotic

and phage DNA polymérascals® [t was demomtraied tat. 1g the e pretence of bvidin, the
mmmmmmmmdmmm&wmmmmm.mmun
least Bifteen and six base pairs downsiream from the biotin-avidia complex, respectively. These results
wmmmmmmmamnenwmmmmuwmmnm
solution and displayed activity,16%
emmdmhm“dmmﬂmedmdum of aminosikylsted
oligomers with mans or dansyl chloride.$%d  Aanealing the fuorescent oligomens with
geatrated duplexes exhibiting emissions that increased in
intensity upon binding with the Klenow fragment of DNA Polymerase L By varying the pasition of the
wmﬁm@nmmmwm Ouorescrnce emissions, strong eazyme-DNA
contact points were Identified 165
mmmmwmmﬂswrmmm
(1240-b) for the funcei without altering Watson-Crick
‘base-pairing. Wmmmmmm:mmwmmnﬁmmwed
under standard conditions without affecting the S-thiocyanato function. Upon treatment with DTT at
55"C,lhemmmmmledumdwlimﬂupmhmmwﬂehwlhwremedwlmdlhex

0 yield
mlwkhmm«mmwcmAmmmm 1 must be undersivod that a variety of
functional Mmhwwmmﬁduhmm
In a differeat context, containing 4 Tesiducs and the recognition
sie MGATATC) of the endouscleme EoRV or EcoRV metphransderase were found t0
photachemically cross-link ta either cnzymes. 166>
o
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Toe protected aminoalkylpdasghoramidite 125 was eynthesized by Meyer et ol 10 a0d applied to
the solld-phase synthesis of an oligoaucleotide carying aa laternal $-(3-aminopropyluract rendue
The affording 124

aligomer was with M-
The incubation of 126 wit (1 complementary DNA target geoerated Stserble isersmnad m
tinking withia 48 b at 37 °C. Tt was shown tha the cross-linking feaction 4 by alkylation of a

guanine residue of the complementary strand. Heaiing the DNA dnpiu a1 51 °C resulted in the

depurination of the alkylated guanive residue and scission of the target sirand a1 the dopurination
sited67  [n addition, the modified oligonucleotide selcctively alktylated the target strand without
random n!kylnmn cf nopcomplementary nucleic acids. This feature is quite mttractive for the
lpphmﬁnn of th ucleotides agents.

Similarly, Povsic er @187 repurted the synthesis of the decxyribamcleoside phosphoramidite 127

and its Incorporation at the S'molmvllgnmdsodﬂebywud-phmsymm ‘The deprotected and
modified_oligomdleotide was ircated whih _A-hydrosysociniom
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128 128

foverted purlne tracts on double-belical DNAbympleahdix(mdonandWiwgm
residuss o5 opposite srands at 37 C (pH 7.4). After double irand lemrage 3 ssgle
nmmmnplumdDNAmndmw:ld:guurmn!S%m This methodology may
DNA molecales.

et <o develop sequence.specific DNA detving sgeas, Dreyer and Dervanté
mponed the synm:m of a DNA bybridization probe carrylog an EDTA-functionalized derivative o«

and DTT the modified probe led to the
eomplcnxnmry m»t DNe{nu):‘p%mm' “The EDTA-hunctionsiired dm
incorporated probe via 1282 during mu\ine mm-gm
wlhuu.m ‘l'be phosphoramidites. uan were umilarly inserted in triple-belix forming
ibomucleotides which mediated the sfogle site-specific deavage of double-belical DNA in

vuml
° [

"”W - Y Ty
L. R & p

127 [

[y PN

dertatation of dearyuridine a1 €5 with masked primary
been upm:eu by Cruickshank er al? i R " Pt e smﬂu volved e
reaction of a suitsbly protected Siododcomyuridine with 3 N-blocked propargytamine, bis-

(ldpheuypmsp Jpalladium chloride, and 3 cuprous rodld- to yleld the correspooding.
cleoside 12910 or 131189 Additionally, the alkynyl ouch was prepared by reacting the

deprm:aedmnnﬁxumno(mvnhm: i euunl

acid and DBUJI™  The alkymyl nucleosides 129-131 were converied to their

phmphormdu- (132.134) and inserted in oligoaudeotides by standard solid-pbase them.mx
Following

rezoval of the phosphate protecting groups, the support-linked oligomers were weated
it tiisoroncti acid/cthapedihol m%&. s min 10 cleave the serrbutylomyearboayt
purified aminoultylated

group(s) without extensive were

1954 5. L. Buavcacg and R. P. Ivex.

confugated to fluorescein®.1% and the resultiog conjugates wero hybridized wit
palyadenylated mRNALI® hvbahzwsbonhakunnns(dcdvedm m)duwnymmu
efficiently a5 the probes carrying asger linker arms (erived from 133). Furthermore, 5singly labeled
probes bybridized betier than the multilabetled ones. 120
0
’c,\r“\,,.

o ow

ocHe: 132 wa R*a OCHs
ngem-oe 133 o« e  (CHehliHB0C
A CHeHeN: o &R,

124

& similar syathetic methodology, Speltcustein e al.™ prepared the deoryribomcieonide
pnmwummmwmnmxa probe into » self-
nitroxide moiety did not induce disruption
of DNA secondary structures and was su.!!idendy constrained to permit the correfation of its motion
with that of the carrier DNA. Howeves, the Leagth of the allynyl arm (from the incorporation of 135b)
affected the rotation of the aitroxide meiely ibﬂul the slkyne axis and should be taken into

when mozitoring seqy structural features!®  These probes may,
nonetheless, be useful in lavestigations. pemlmn; 1o the dynamics of umsual DNA structures and/or
sequences of biologiesd relevance.
o
oW/

ne ° °

\c’e\'j;}_tm e alJb/' v oj\tr”.
1
Py SN

1350 o=y s 137
b ez

The study of macromolecular structures can be performed by X-ray scattering metbods doth in
solution and in the solid state. The presence of a beavy atom label faciliates the ehucidation of the
geometric and dysamie ttructure of the molecule. [n this comteet, Sheardy and Secmani? repoted the
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synthesis of the S-i te 136 and it i A segment
rmrpooﬂ.luawlnlmlumleolmmzdth: lnmmbue mdacnﬁmm]l.l" Tomimml:s
lnu of iodine, the oligomudestide analogue was completely deprotected by meatment with mm«ed
onfum hydroxide wt anbient temperature. 173 hum«owmm
;:nenc recombination, oligounclcotides required for the sddional construction aad woalysis nl
immobile!” and monomobile DNA junctions bave alsa been synthesized from deotyrlbomucieoside
phosphoramidite derivatives 175
willuorothymidine phosphoramidits 137 bas been syhesized and incorporated with &

expresslon of gene scquences encodlng serine proteases in T-Aympbocytes.l” The modified oligomer
d(GAGAT"CT*T*CAT'CT"T*COCOGG), where T* represents mﬂucmhylmd.im, ‘was detected by
19F NMR spectrascopy at a concentration of 10 »M with 2 signa] to nofse razio of 10:L1% It has been
postulated bt such limits of detectian should be saisfactory for the [n vivo NMR imaging of the
cellulas uptake and f thy Jogu

46, Ligand Incorporation as C-8 of
Roduit et al.17? described a different approach for the introduction of an amino linker into
synthetic DNA. xbememodmueam:umnu{wmmomdmslu-imnpmm

steps

'm?dmnﬂemﬂundm(medhwpmdemmdqumpﬂqndﬂ(%%) The

purified were reaction with elther the M-
s of blotin or joria 1 » acuine bulfer 71

My
nHer

o
oy b
Dﬂm—w J on Imw

PN OCHLCH,CN P OCH,CHCH
138 139

Using & similar coocept, Pleles er ai. (7 described the attashment of 4,5'8-trimethylpsoralen 1 C-8
of de Www.mmm;wm-muu&u The modified mdeosids was
converted to the 139 into The bybrid formed
b:menmoa.ﬁeaalmerandnummﬂed complementary strand was exposed w near UV fight

i in this

impetus to deflne the parameters required for such events to occur fn vivo,
S. FUNCTIONALIZATION OF OLIGONUCLEOTIDES AT THE CARBOHYDRATES
‘The derivatization of oligonucieotides, particularly, at the internadeotidic

Pphosphodiester
linkages or at the nacleobases has inherent Hnitations. Funmnnlpvupnuudndm!.hﬂcmdnn
may interfere with base pairing and/ot stacking

1956 S.L. Braucacm and R. P, Iysn

by i 7-0-mundified ribonusloosides may provide an alternate approach to the muliiple
labeling of mucleic acids in the groave,
Manoharan ef il reported the synthesis of the ribonuccoside phosphocamidite 140 in 21%
mmw&dnlm-wdmndrom the
nncleoside with an alkyl balide P

.
(PN OCH,CH e
0

Tho Insertion of 14 in aligonudeotides (20-tners) by solid-phasc syntbesis proceeded withia 10-15
min with & coupting effclency better than 95%. Standard deprotection yielded 2'-O-aminoatkylated
oligomcleotides which, after purification, were reacied with fhiorescein (sothloeyanate ar with the N-
hydroxysuccinimide ester of either biotin, cholic acid, or dignxigenin-O-methylcarbonyhs—
smivocaproic cid i aqueous bulfers at gH 89, Thls m also fed o i

the

methyl ides 1™ [t must be poted
that the length of the 2-aminoalkylated linker can be selected to facilitate minor groove modificatian
for biologieal applications.

CONCLUDING REMARKS

Inasrmnch as mucleoside pbosphoramidites have bad a tremendous irpact on the synthesis of
oligomucleotides.! this Report further delineates applicaions of phosphoramidite decivatives to the
funcrionallzation of ohgnmxdzondcs for, . in most cases, bomedical purposes. The inmrporlmn of
miclegside hay

better understanding of the aynm g i hermal tabilty of DNA dopleses Insosion’ 81 and bolt
recognition by prateins, served as models in
mutagenesis experiments and as mnnm of gene expression by lmerfcﬂng with the transeription of
specifc geaes or with the tramlation o specific messcager RNAs. These appilcations will be aderesscd
fa detall in 8 fture Report1&
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REIVINDICACIONES

1. ARN de estructura de cadena doble con por io menos un
extremo romo, en donde cuyo por io menos extremo romo ademas
comprende una modificacion quimica, en donde dicha modificacion

quimica es hidroxipropilfosfodiéster.

2. Ei ARN de estructura de cadena doble de acuerdo con la
reivindicacién 1, caracterizado porque ambas cadenas comprenden
extremos 3’ que comprenden una modificacién quimica, en donde

dicha modificaciéon quimica es hidroxipropilfosfodiéster.

3. El ARN de estructura de cadena doble de acuerdo con la
reivindicacién 1, caracterizado porque comprende dos extremos

romas.

4. El ARN de estructura de cadena doble de acuerdo con la
reivindicacién 1, caracterizado porque el ARN de estructura de
cadena doble comprende una cadena de 19 pares base de

ribonucledtidos contiguos.

5. Una composicién farmacéutica caracterizada porque
comprende una cantidad efectiva del ARN de estructura de cadena

doble de acuerdo con las reivindicaciones 1 a 4.
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6. Un método in vitro para identificar y/o caracterizar agentes
farmacalégicos que actian en por lo menos una proteina objetivo,
caracterizado porque dicho método comprende los pasos de:

-poner en contacto una célula eucaridtica capaz de expresar
por lo menos un gen enddgeno que codifica la proteina(s) de interés
con:

{(a) por lo menos una molécula de ARNds de acuerdo con las
reivindicaciones 1 a 5, la cual es capaz de inhibir la expresion del
gen 0 genes que codifican la proteina o las proteinas de interes; y

(b) una substancia de prueba o una coleccion de substancias
de prueba en donde las propiedades farmacoldgicas de dicha
substancia de prueba o dicha coleccién van a ser identificadas y/o

caracterizadas.
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