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Abstract: A concise synthetic way has been developed for the preparation of guanosine monophosphate
derivatives carrying a decaethylene glycol spacer at their 5'-oxygen to which are attached a range of organic
substrates. The four different compounds, prepared via a convergent synthetic strategy, carry a tethered
benzylallyl ether residue (1a), an anthracene (1b), a benzyl carbamate residue (1c), or a primary amino
group (1d), respectively. All four compounds have been successfully incorporated at the 5'-end of a 25-
mer long RNA transcript via T7 RNA polymerase, and no inhibition of chain elongation could be observed.
Under proper conditions, 1a and 1b can be incorporated up to 90—95% and 1c up to 68%. The amino-
terminated initiator 1d is incorporated less efficiently although still up to 49%. These results show that the
more hydrophobic the guanosine monophosphate derivative is, the higher is its enzymatic incorporation.

Introduction

In vitro selection and in vitro evolution technigdéshave
been used to isolate a large number of RNA catalystand
RNA aptamers from combinatorial libraries (podis§.If new
RNA catalysts are to be discovered via in vitro selection, a
substrate must be covalently attached to every sequence of the
RNA pool. This is especially true when attempting the direct
selection of ribozymes that catalyze a reaction between small
organic substrate€s!? In these cases, the biopolymeric part is
catalyzing the reaction between a covalently linked reactant and
a free reactant without being itself modified. The occurrence
of the desired reaction should nevertheless bring about a change
which allows preparative isolation of the active RNA sequences,

i.e. those that catalyze the reaction. For instance, the reaction

of the RNA-attached substrate with a second substrate could
allow tagging of the active sequences with bidfint? The

biotinylated sequences can then be isolated from the rest of the
pool, enzymatically copied and amplified, and used as input
for the next round of the iterative in vitro selection process
While chemical methods are known for the covalent attachment
of small organic moieties to RNA, most of them cannot be used
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(5) Williams, K. P.; Bartel, D. P. IrCatalytic RNA Eckstein, F., Lilley, D.
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during in vitro selection, as they are either incompatible with
the enzymatic steps or not selective or reliable enough for
derivatizing complex mixtures such as combinatorial pools of
nucleic acids.

In vitro transcription from DNA templates by DNA-dependent
T7 RNA polymerase, on the other hand, is a simple and reliable
enzymat|c method allowing the synthesis of virtually any RNA
sequencé?!* Using this method guanosine monophosphate
derivatives can be incorporated selectively at therid of a
transcribed oligoribonucleotidé-1” Transcription reactions in
the presence of guanosine derivatives carrying covalently
appended an organic moiety (the reaction substrate during the
Selection process) result therefore in the site-specific covalent
attachment of this moiety to the RNA. Most importantly, the
conjugation occurs under very mild conditions, which are in
principle compatible with a wide variety of substrates. Although
very powerful, this method has so far found only limited
appllcatlon%O 18-20 probably because of the laborious multistep
synthesis required for the preparation of these guanosine

" _monophosphate derivatives, often named initiator nucleotides.

We report here a more versatile and concise synthetic strategy
for the preparation of initiator nucleotides bearing the potential
substrate attached to the end of a decaethylene glycol spacer
(1a—d). The adopted synthetic scheme is highly convergent and
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Scheme 1. Guanosine Monophosphate Derivatives Used as Initiator Nucleotides in T7 RNAP Transcriptions (N, Nontemplated Nucleotide
Added at the 3'-end of the Transcripts)
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. . . . Scheme 2. Synthesis of Monoprotected Decaethylenethylene
relies on two common intermediates, viz., monoprotected Glycol 22

decaethylene glycol and base-unprotected guanosine 5 a)

phosphoramidite. Furthermore screening of the transcription ”‘%Ao/)” — DWO%/\C);“
reaction conditions has allowed an unprecedented efficient 4 4
incorporation of all synthesized compounds at thertd of a 4 5
25-mer RNA transcript. Thus up to 9®5% of the transcribed lb)
RNA molecules carry a benzylallyl ether moiety or an an-

thracene residue when the transcription mixtures codimand oo, e c)

1b, respectively. The incorporation of initiator nucleotidas \éﬁoﬁm Dm\éAo)[ "
andl1d are up to 68 and 49%, suggesting that more hydrophobic 2 6 4

substrates are lncprporated more efficiently, all the other 2 Reagents and conditions: (a) DMTCI (0.23 equivieNE(0.37 equiv),
parameters remaining unchanged (spacer nature and lengthpmap (0.01 equiv), CHCl,, t, 16 h, 79%: (b) TsCl (1.1 equiv), B

transcription conditions). (3.0 equiv), DMAP (0.05 equiv), CiCl,, 1t, 12 h, 99%; (c) hexaethylene
glycol (3.0 equiv), NaH (2.0 equiv), DMF, rt, 13 h, 73%. DM¥ 4,4-
Results and Discussion dimethoxytriphenylmethyl, DMAR= 4-(dimethylamino)pyridine.

Recent developments in ribozyme catalysis require chemoen-i the glycol 6) gave substantially higher yields of mono- DMT-
zymatic access to complex RNA conjugates. The incorporation tetraethylene glycds than the 63% so far report@dTosylation
of guanosine monophosphate derivatives at thenl of RNA (giving 6) followed by monoalkylation of commercially avail-
transcripts has been used as a valuable tool for attachinggpe hexaethylene glycol afforde® in 73% vyield under
potential substrates to each individual sequence of a RNA pool optimized conditions. Multigram amounts of this internediate
during in vitro selection of ribozymes:'® It is therefore are therefore readily available involving only two chromato-
interesting to_understg_nd how versatile this me_thod cpuld _be graphic steps for the purification o and 2, respectively
and underwhlch condmo_ns best results concerning conjugatlon(SCheme 2). This recursive synthesis of oligoethylene glycols
could be achieved. To this end, four guanosine monophosphatespoyid allow the simple preparation of monodisperse tethers of

derivatives 1a—d have been prepared displaying different rally any length just by iterating the tosylation and alkylation
functional groups at the end of a decaethylene glycol spacer gigp.

(Scheme 1). These functional groups are benzylallyl ether,
ilnthlrgciane, bdefgyl carbatmafe, and a primary amino group forfrom unprotected guanosine and was easily converted to the
aTh ' 16 a:n tf; rfsp?ctlve yr'] ed all h corresponding 5O-phosphoramidite3 in 98% yield using
o . 0anoety R Ndisopepicilorophosphoraniic s hos
P 9 - ' phitylating agent. Notably no protecting groups have been used
namely, mono-DMT-decaethylene gly@énd 2,3-bisTBDMS on the nucleobase in this reaction (Scheme 3).

EL%t:t(r:;etgs g(l:Joarr;Zzln:n;jﬁi)r;prlgstp;k;o';amrlgges; o?tinﬁoéir:ézl Preparation of Substrate-Carrying Decaethylene Glycol
' P g group P Derivatives. One of the key synthetic steps allowing the

1¢, are linked to the terminal hydroxyl group of the ethylene preparation of initiator nucleotides with different potential

lycol spacer via alkylation reactions, whilel was obtained . .
g;catal?/tic hydrogenyolysis of the Cbz protected precufisor substrates appended at the end of a long tether is the alkylation

Synthesis of Common IntermediatesThe synthesis o2 (21) Rumney, S. 1. V.: Kool, E. TJ. Am. Chem. Sod995 117, 5635-5646.
started from inexpensive and commercially available tetraeth- (22) Kotch, F. W.; Sidorov, V.: Lam, Y.-F.; Kayser, K. J.; Li, H.; Kaucher, M.

2',3-bisTBDMS-protected guanosiié?23is readily available

ylene glycol which was mono-DMT protected in 79% yield. ;) S X T Wiltame, o Seot A B Chom Sos - Perkin Trans. 1
Slow addition over 16 h of dimethoxytrityl chloride (0.23 equiv) 200Q 2305-2306.
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Scheme 3. Synthesis of Guanosine Phosphoramidite 32
NC,
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aReagents and conditions: (a) 2-cyanoetlyi-diisopropylchlorophos-
phoramidite (1.05 equiv), DIPEA (3.2 equiv), @El,, 0 °C—rt, 1 h, 98%.
DIPEA = ethyldiisopropylamine. Compoun@ is a mixture of two
diastereoisomers (ca. 1:1).

of 2 with the desired substrate in the form of an alkylating agent.
Compoundsl1 and 14 were therefore prepared in a few-step
synthesis starting from 4-chloromethyl benzyl alcohol and 1,4-
diaminobutane (Scheme 4).

More in detail, oxidation of 4-chloromethylbenzyl alcot®l
to the corresponding aldehyd@* followed by reaction with
vinylmagnesium bromide gave benzyl allyl alcohtd. The
hydroxyl group was then protected with TBDMSCI affording
11. 1,4-Diaminobutand2 was monoprotected witN-(benzyl-
oxycarbonyloxy)succinimide in 44% yield and successively
reacted with bromoacetyl bromide under SchottBaumann
conditions affordingl4 in 75% yield.

Alkylation of 2 with 9-chloromethylanthracené]1, and 14
in acetonitrile in the presence of NaH gave the desired adduct
15,17, and21, in 73, 90, and 62% vyield, respectively (Scheme
4). Nal was used as catalyst only when the leaving group was
a chloride. Further elaboration on the protecting groups was
then required in order to obtain the hydroxyl-terminated
derivatives to be used in the phoshoramidite coupling reaction.
Therefore the TBDMS group df7 was removed and replaced
by a benzyl to givel9 before removal of the DMT group
affording the desired alcoh@0. Removal of the DMT group
from 15 and 21 afforded directly alcohold6 and22.

Synthesis of Guanosine Monophosphate Derivativesic-
cording to several literature reports even relatively long oligo-

Scheme 4. Synthesis of Substrate—Decaethylene Glycol
Derivatives?
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aReagents and conditions: (a) PCC (1.2 equiv)Cly rt, 2 h, 94%;

nucleotides (e.g. 60-mers) were synthesized via the phosphor-(p) vinyimagnesium bromide (1.05 equiv), THF15 °C, 30 min, 83%;

amidite method without nucleoside base protectigfiMoreover,

it has been observed that guanosine does not undirgo
phosphitylation during phosphoramidite coupling in the presence
of activators such as imidazolium triflate, benzimidazolium
triflate, 1-H-tetrazole, or 54§-nitrophenyl)-H-tetrazole?® To
keep the synthetic effort to a minimum, we decided therefore

(c) TBDMSCI (1.3 equiv), imidazole (3.3 equiv), DMF, rt, 1 h, 99%; (d)
Z-OSu (0.25 equiv), DMAP (0.005 equiv), THF, rt, 23 h, 44%; (e)
bromoacetylbromide (1.5 equiv), aq }&0s/CH,Cl; 1:1, 0°C, 1 h, 75%;

(f) 2 (1.0 equiv), 9-chloromethylanthracene (1.1 equiv), NaH (1.6 equiv),
Nal (1.2 equiv), ACN, 4C°C, 0.5 h, 73%; (g) 3% TCA in DCE (excess),
rt, 5 min, 88%; (h)2 (1.0 equiv),11(1.5 equiv), NaH (1.6 equiv), Nal (1.1
equiv), ACN, 40°C, 1.5 h, 90%; (i) TBAF (2.0 equiv), THF, rt, 1 h, 90%;
() BnBr (3.0 equiv), NaH (1.5 equiv), ACN, rt, 1h, 91%; (k) 3% TCA in

to perform our coupling reactions also in the absence of pce (excess), rt, 5 min, 89%:; ® (1.0 equiv),14 (1.5 equiv), NaH (1.6
additional protecting groups on the nucleoside base (guanine).equiv), ACN, 40°C, 1.5 h, 62%; (m) 3% TCA in DCE (excess), rt, 5 min,
Guanosine monophosphate derivatives were obtained by cou-23%: PCC= pyridinium chlorochromate, Z-OSe N-(benzyloxycarbo-

. . . ST nyloxy)succinimide, ACN= acetonitrile, TBAF= tetran-butylammonium
pling 3 with hydroxyl-terminated decaethylene glycol building fluoride, Bn= benzyl, TCA= trichloroacetic acid, DCE= 1,2-dichloro-
blocks (L6, 20, and22) carrying the substrate at the other end ethane. Compoun@0 and its precursors are racemic.
of the tether in the presence of activators such as 4,5-
dicyanoimidazole, 5-benzylthiotetrazole, or imidazolium triflate  mixture of diastereoisomers due to the stereogenic phosphor
(Schemes 5 and 6). atom. However, the phosphodiester group in the final products

The coupling reactions were quenched by additiorieof 1 (after removal of the 2-cyanoethyl protecting group) is not
butylhydroperoxide, giving a phosphotriester intermediate as a stereogenic. It proved therefore more convenient to directly
treat the phosphotriester intermediates with TBAF to simulta-
neously remove all protecting groups (TBDMS and 2-cyano-
ethyl). The crude products were then purified by RP-chroma-
tography givingla, 1d, and 1c in 42, 31, and 35% yield,
respectively.

(24) Pierce, M. E.; Harris, G. D.; Islam, Q.; Radesca, L. A.; Storace, L.;
Waltermire, R. E.; Wat, E.; Jadhav, P. K.; Emmett, G.JCOrg. Chem.
1996 61, 444-450.

(25) Hayakawa, Y.; Kataoka, M. Am. Chem. S0d.998 120, 12395-12401.

(26) Ohkubo, A.; Ezawa, Y.; Seio, K.; Sekine, M. Am. Chem. So2004
126, 10884-10896.
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Scheme 5. Synthesis of Guanosine Phosphate Derivatives 1a, 1c, and 1d@

a)
200 + 3 —>»
o)
R/\(O o\/P\,o o G
100 0. R= \
a

b) Na® OH OH
2 + 3 — » & H
1a  1c(R=Chz) \”/\/\/ \ﬂ/
o
c)l c-d
1d (R=H)

aReagents and conditions: (2D (1.0 equiv),3 (1.4 equiv), IMT (0.56 equiv), ACN/THF 1:1, rt, 1 h, then TBHP (10 equiv), rt, 10 min; volatiles
removal, and then TBAF (10 equiv), THF, rt, 1h, 41% over two step22{}L.0 equiv),3 (1.2 equiv), DCI (3.0 equiv), THF, rt, 1 h, then TBHP (10 equiv),
rt, 10 min; volatiles removal, and then TBAF (10 equiv), THF, rt, 3h, 36% over two steps;(®diC, MeOH, rt, 2 h, 94%. IMTE= imidazolium triflate,
TBHP = tert-butylhydroperoxide, DCE 4,5-dicyanoimidazole.

Scheme 6. Two Synthetic Strategies for Finally phosphatd.d, bearing a primary amino group at the
Anthracene—Decaethylene Glycol Guanosine Phosphate 1b end of the decaethylene glycol spacer, was obtained removing
‘ Y ‘ the Cbz group fronic via catalytic hydrogenation.
Ho\éﬂo M O a) YN\F:’O\é/\o " O Incorporation of C?ompounds la—d at the 5-end of RNA
o Transcripts. Bacteriophage RNA polymerases (RNAP) have
16 O I ‘ B been shown to be highly active for in vitro transcriptions from

N synthetic DNA template¥327 In fact, T7 RNAP transcriptions

can be used for the synthesis of sizable amounts of RNA (up

C
2 hd
O\P,N
|

CN
to several milligram) starting from synthetic DNA templatés.
o W/ G b) Z; HO s It is also known that a number of modifications can be
:o: :o: introduced at the'send of RNA transcripts using bacteriophage
RNAP. Thus, “capped” RNA transcripts are obtained simply
TBDMSO  OTBDMS
7

TBDMSO ~ OTBDMS by adding to the mixture of nucleotide triphosphates (required

3 o . .
for polymerization) an appropriate guanosine monophosphate
0. 0 derivative'6-17Even dinucleotides and nucleotides with modified
O O o R 0§ bases can be used as initiators. The incorporation occurs
O ° 0. selectively at the send since during the elongation step only
OR OR triphosphates can be used. On the basis of previous data from
aReagents and conditions (a)2(:banoemw+d"soprop Ichlorophos: this Iaboratorﬁovzs and from other¥ it was known that
itions: -Cy ii VI - . L . .
phoramidite (1.2 equiv), DIPEA (3.0 equiv), GElz, 0 °C—it, 1 h, 98%; guanosine monophosphate derivatives carrying long, flexible

(b) 3 (1.2 equiv), DCI (1.0 equiv), THF, rt, 20 min, then TBHP (10 equiv), Poly(ethylene glycol) spacers were accepted by T7 RNAP during
rt, 10 min; volatiles removal, and then TBAF (6.0 equiv), THF, rt, 1h, 31% in vitro transcriptions with moderate incorporation ratios.
$‘éeﬁgv‘écl’03tezﬂsi\;l)(cr7t (1162n329|(\g)' EBT;F(%g gg:'u"i)\;)ATCm; r:? Tha"z%(}/t‘ir\‘/er However, only very limited information exists regarding the
two steps. BTT= 5-benzylthiotetrazole. ’ T influence of various parameters (like concentration of initiator
nucleotide, of GTP, and of the other NTPs) on the incorporation
An alternative strategy was also considered for the prepara’tionefﬁcienCy and the total transcription yield&:2° Moreover, the

of guanosine monophosphate derivatives, namely, the couplinginfluence of the chemical nature of the residue attached at the
betweer? and phosphoramidites prepared from the decaethyleneeng of the spacer has not been explored at all.

glycol derivatives (e.g23). One disadvantage of this approach
is that one different phosphoramidite should be synthesized for
each of the different chains to be coupled. Nonetheless, the
synthesis ofLb (Scheme 6) was carried out following this second
strategy 23 + 7, 20% yield). These experiments showed two
major problems, namely, the very poor solubility7ih all the
solvents typically used for coupling (ACN, THF, GEl,) and

a considerable more difficult purification of the desired produc
In fact, several anthracene-carrying byproducts with polarities
similar to that of the desired product were observed when
phosphoramidite23 was used, probably originated from side
reactions at the phosphorus. In contrast the purificatiohbof
prepared according to the first stratedyp(+ 3, 31% yield), ) i
was considerably simpler. Only two species containing an- Yield of RNA transcripts,
thracene were then present in the reaction mixture, i.e. the
desiredLb and unreacted6, and they could be easily separated (27) Melton, D. A.; Krieg, P. A.; Rebagliati, M. R.; Maniatis, T.; Zinn, K;

Green, M. R.Nucleic Acids Resl984 12, 7035-7056.
by RP chromatography. (28) Seelig, B.; Jschke, A.Tetrahedron Lett1997, 38, 7729-7732.

We have systematically investigated the incorporation condi-
tions for compoundslab,d using a double-stranded DNA
template encoding for a 25-nucleotide long transcript. Then,
under optimized conditions, all four initiator nucleotidks-d
have been incorporated in high yield.

The first set of experiments was performed keeping constant
¢ the concentrations of ATP, CTP, and UTP (each 1 mM) and
the amounts otab,d (4 mM), and varying the amount of GTP
(which competes with the initiator nucleotide in the initiation
step but is essential for elongation) between 0.2 and 2 mM (ratio
1:GTP from 20:1 to 2:1). Gel electrophoresis analysis of the
transcription reactions showed fba,b,d a similar trend in total
i.e. the sum of both the desired

9274 J. AM. CHEM. SOC. = VOL. 127, NO. 25, 2005
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Figure 1. Enzymatic incorporation of initiator nucleotidés (), 1b (®), and1d (a) (4 mM) via T7 RNAP transcription (2 h reaction time) of a 44-mer

dsDNA template in the presence of ATP, CTP, and UTP (each 1 mM) and varying concentration of GTP. (A) Phosphorimages of the PAGE analyses. Lanes
1-4: GTP0.2,0.5, 1.0, and 2.0 mM. Transcription prodecésdb: 25- and 26-mer nonmodified transcriptsandd: 25- and 26-mer modified transcripts.

26-mers result from nontemplated addition of one nucleotide to'tead of transcribed RNA. (B) The total yieldsfab + ¢ + d) increase with increasing

GTP concentration, while the incorporation ratiosa divided by the total yield) decrease (C).

initiated transcript and the normal one ia G at its 5end, 2o ]

under identical conditions (Figure 1). 2000 | .
In fact, the total yield of RNA is increased by increasing the S ] i

amount of GTP showing almost no saturation behavior at the —E. 1500 1 . I i

used concentrations, as expected from previous reports. E ] " I

However, it is interesting to note that the total yields are J—;‘ oy . .

influenced by the nature of the different initiator nucleotides: [ ] .

systematically higher yields are obtained when compolimd ik

was present in the reaction mixture. The incorporation yield, AULLAE

i.e. the amount of initiated transcripts divided by the total amount 100% 4

of transcripts, increased by lowering the amount of GTP i El . .

(increasing thé:GTP ratio), but the effect was notably different % gg: i i

for the various initiator nucleotides. At 2 mM GTP, compounds € 60% El 2

laand1ld are incorporated only modestly (29 and 9%), while B 50% | P . i

1b is incorporated much more efficiently (64%). Decreasing & 40% |

the GTP concentration from 2 to 0.2 mM resulted~#3 and E 30% -

~5 times better incorporation yields (90 and 49%) farand T 2% 7 o a N i

1d, respectively. Fotb the observed increment wadl.5 times, bl

affording 97% of the initiated transcript. i g 1 2 i 3 p

It is also known that an increase in the concentration of
nucleotide triphosphates (NTPs) up to 4 mM gives a substantial
increment in the total transcription yieléf\We therefore carried ~ Figure 2. Enzymatic incorporation of initiator nucleotidéa (), 1b (@),
out a set of experiments keeping constan the ratio betweenZ916 () (414) vi T7 RNAP vamsebior (2 B achn Inoy o =
1lab,d and GTP (4 and 1 mM) and varying the concentrations yrp (in equimolar amount), varying between 1 and 4 mM. Transcription
of the other NTPs. The results showed indeed that the total yieldsyields (top) and the incorporation ratios (bottom) increase with increasing
increased increasing NTP concentrations. Unexpectedly also theATP, CTP, and UTP concentrations.
incorporation ratio slightly increased<3.0%) (Figure 2). This
result indicates that the conditions favoring higher transcription to 4 mM, initiator nucleotideda—c were incorporated in 81,
yields plays in the same direction as those favoring higher 91 and 68%, respectively, and the total yields farand 1b
incorporation. Thus, it should be possible to increase the total increased by 70 and 80%, respectively. These increments
transcription yields while still keeping high incorporation yields compare well with the ones observed in previous experiments
by working at higher NTP concentration>{ mM) and (Figures 1 and 2). Initiatodd was incorporated in a more
increasing the GTP concentration@.2 mM). The next set of  modest 41% (the highest incorporation observed in the previous
experiments confirmed our expectations (Figure 3). By raising set of experiments was 49%), but the total yield increased almost
the GTP concentration to 0.35 mM and the ATP, CTP, and UTP 150%. It is also interesting to note that under these conditions

ATP, CTP, UTP (mM)

J. AM. CHEM. SOC. = VOL. 127, NO. 25, 2005 9275



ARTICLES

Fiammengo et al.

Lane 1 2 3 4 5

1a 1b 1d 1c

By
BB

Initiator

=

Total yields 225 286 290 228 313
(pmol)

Incorporation - 81 91 41 68
ratio (%)

Figure 3. Optimized transcriptions initiation reactions (2 h reaction time)
using a 44-mer dsDNA template. Initiator nucleotideglane 2),1b (lane

3), 1c (lane 5), andld (lane 4), 4 mM; GTP, 0.35 mM; ATP, CTP, and
UTP, each 4 mM. a and b: 25- and 26-mer nonmaodified transcripts. ¢ and
d: 25- and 26-mer modified transcripts. In lane 1 the transcription reaction
is run under identical conditions except for the absence of any initiator
nucleotide.

the total transcription yields remained substantially constant for
all initiator nucleotides investigated (Figure 3) and were

for in vitro selection of novel ribozymes. The synthetic effort
to prepare such molecules has been minimized by developing
a versatile path which involves the two common intermediates
2 and 3. It is likely that a wide variety of small molecule
functionalities attached via a PEG-type spacer to the phosphate
moiety of GMP can be prepared by making use of these
intermediates. Intermedia®l is expected to be of particular
synthetic value, since it could be deprotected and reacted
selectively at the amino terminus with active ester derivatives.
Therefore even delicate substrates could then be attached to the
decaethylene glycol spacer, without involving them directly
during the harsh alkylation step. Efforts in this direction are
currently underway in our laboratories. The data here presented
also show that initiator nucleotidds—d are well-accepted as
substrates by the enzyme T7 RNAP in the runoff transcription
reactions of synthetic dsDNA templates, without giving rise to
any detectable inhibition. Under appropriate conditions, like
GTP =< 0.35 mM, the majority of the full length transcript is
initiated by the initiator nucleotide (up to 95%), the only
exception being the initiator nucleotide carrying an unprotected
amino group. Current work in our laboratory is now focusing
on the development of a novel ribozyme which catalyses allylic
substitution reactions in combination with transition metal
complexes making use of initiator nucleotitie.
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Conclusion

Incorporation of guanosine monophosphate derivatives at the

5'-end of RNA transcripts is an efficient, reliable method to
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