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ABSTRACT. Candida albicangs one of many infectious pathogens that are evolving resistance to current
treatments. RNAs provide a large class of targets for new therapeutics for fighting these organisms. One
strategy for targeting RNAs uses short oligonucleotides that exhibit binding enhancement by tertiary
interactions in addition to WatserCrick pairing. A potential RNA target irC. albicansis the self-
splicing group | intron in the LSU rRNA precursor. The recognition elements that aligri ¢heh splice

site for a ribozyme derived from this precursor are complex [Disney, M. D., Haidaris, C. G., and Turner,
D. H. (2001)Biochemistry 406507-6519]. These recognition elements have been used to guide design
of hexanucleotide mimics of the' Bxon that have backbones modified for nuclease stability. These
hexanucleotides bind as much as 100000-fold more tightly to a ribozyme derived from the intron than to
a hexanucleotide mimic of the intron’s internal guide sequence, r(GGAGGC). Several of these
oligonucleotides inhibit precursor self-splicing via a suicide inhibition mechanism. The most promising
suicide inhibitor is the ribophosphoramidate rf{GUC)rU, which forms more trans-spliced than cis-
spliced product at oligonucleotide concentrations-df00 nM at 1 mM Md". The results indicate that
short oligonucleotides modified for nuclease stability can target catalytic RNAs when the elements of
tertiary interactions are complex.

Fungal pathogens such @sndida albicansre acquiring to a target with an affinity much higher than expected from
resistance to current treatments and are emerging as a seriousase pairing alone. The advantages of this approach are
threat to humanslj. Functionally important RNAs in these  selective binding to target, reasonable cost of synthesis, and
pathogens provide a large class of targets for therapeuticthe potential of short oligonucleotides to enter cells at higher
development. Self-splicing group | introns in fun@—7) concentrations than their larger counterpatt3).(

are one type of potential target. Group I introns are attractive  gyjicide inhibition takes advantage of the catalytic potential
drug targets inC. albicansfor several reasons=>~40% of  of RNA. In suicide inhibition applied to group I introns, a
the strains contain a group | intron in their LSERNA short oligonucleotide with a sequence that mimics thengl
precursor §), strains containing a group | intron are more  of 3 group | intron’s 5 exon is spliced to the intron’s' 3
susceptible to growth inhibition by pentamidine, which is gxgn, producing a dead-end produé). (If this reaction

known to inhibit self-splicing2), self-splicing is a necessary  gccurred in vivo, the organism’s growth would be reduced
step in the maturation of RNAs that contain group I introns pecause it would not form mature rRN&)(

(8), and no group | introns have been identified in humans.
Two strategies have recently been used to target group |
introns: binding enhancement by tertiary interactions (BETI)
and suicide inhibition. BETI incorporates tertiary structure
elements into antisense design principlés7 9—12). The
result is that short oligonucleotides (e.g., a hexamer) bind

Previous investigations into these strategies used the
Pneumocystis carinigroup | intron as a model syster8, (
7, 9—12). P. carinii, however, cannot be easily grown in
cell culture (4). To provide a foundation for studies in cell
culture, this paper describes in vitro targeting of a group |
intron from C. albicans(3), an organism that can easily be
grown in cell culture. Results are presented for oligonucle-
" This work was supported by NIH Grant Al45398. M.D.D. was  otides that are relatively stable to degradation by nucleases
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1 Abbreviations: BETI, binding enhancement by tertiary interactions; fOF tafgeting group | introns W?th oligonucleotides that can
C-10/1x,C. albicansribozyme; C-hC. albicanstruncated LSU rRNA potentially serve as therapeutics.
precursor; dn, deoxyphosphoramidate; dns, deoxythiophosphoramidate;

HPLC, high-performance liquid chromatography; IGS, internal guide

sequence; LSU, large subunit; m;Q@-methyl sugar; pG, guanosine MATERIALS AND METHODS

5'-monophosphateT,, melting temperature in degrees Celsitg; .. .
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somal RNA. buffer is termed XMg and contains 50 mM Hepes (25 mM
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Table 1: Thermodynamics for Binding to r(GGAGGC) in H10Mg Budfer

thermodynamics from Tf, vs In(C1/4) plots

thermodynamics from the average of curve fits

—AG°37 —AH° Tm —AG°37 —AH?° T
oligonucleotide (kcal/mol) (kcal/mol) —AS’ (eu) (°C) (kcal/mol) (kcal/mol) —AS’ (eu) (°C)
r(GACUCUY 4.2 - - - - - — —
r(GCCUCUy 8.51+0.07 59.2%+2.14  163.63+ 6.67 47.7 879 0.49 66.35+12.14 185.60k 37.62 47.9
r(GUCUCUY 489+ 0.16 52.14+357 152.33:11.97 27.6 4.86:0.32 54.01+6.56 158.4#-22.05 27.7
dn(GACTC)ru 5.45+0.46 85.92+19.48 259.46t63.24 33.1 556045 74.19+44.81 221.28:145.89 33.0
dn(GCCTC)ru 10.99+0.43 67.93:6.49 183.60t 19.58 58.8 10.14-0.52 54.59+ 7.18 143.32-21.61 59.0
dn(GTCTC)rU 7.76+0.14 88.25-9.03 259.53-27.01 414 7.95%0.38 95.53+42.05 282.39%-134.36 41.7
dns(QCCTC)ru 9.18+0.46 47.56+7.13 123.72:21.77 553 10.73 143 74.10+19.54 204.32-58.65 55.6
rm(GACUC)ru 5.21+ 0.68 56.25+ 14.78 164.58:58.62 29.9 5.36:0.14 49.58+ 7.82 1425 24.86  29.8
rm(GCCUC)ru 10.93+0.39 61.63t6.21  163.45£18.82 60.9 11.3%1.07 68.62£20.00 184.79-61.10 60.2
rm(GCCUCU) 11.76+2.35 68.10f 22.46 181.66t 66.10 62.8 12.321.19 74.83t10.93 201.56t31.50 63.0
m(GACUCU) (5.24+ 0.57) (27.33+6.40) (71.20+21.58) (23.0) (4.94-0.78) (37.07+ 10.83) (103.6% 35.85) (24.2)
GmAMCmUmMCm(rU) (5.39+0.16) (38.01+4.50) (105.15+14.92) (28.0) (5.1 0.38) (69.28+48.58) (206.72:15.73) (31.0)
GmAMCm(rU)Cm(rU) 5.06+0.84 37.76-12.90 105.42-4298 254 524025 31.29+3.95 83.87+ 1250 25.0
GmCmCmUmCm(rU) 8.99+0.32 51.73-6.04 137.8118.64 525 9.280.44 57.788.65 156.35+- 26.67 52.5
GmCmCm(rU)Cm(rU) 8.75+0.42 48.62-8.46  128.52-26.35 51.9 9.0%0.26 56.56+ 9.87 153.30+ 31.08 51.2
GmUmCmUmCm(rU) 5.85+0.35 55.72-8.06 160.81+26.47 33.2 572023 63.62-9.82 186.69+ 31.61 33.1
GmUmCm(rU)Cm(rU) 5.84+0.44 64.82£11.15 190.1A436.52 33.7 576:0.35 76.06-17.97 226.69 5855 33.9

aThe Tn is reported for a total strand concentration of 104d. Differences in theAH®° values of duplex formation of15% may indicate
non-two-state melting of these duplexes; these duplexes are in parenthEsesnodynamics for r(GACUCU) were predicted as described in the

preceding paperl@). ¢ Values from refl9.

NaHepes), 135 mM KCI, and mM Mg?* at pH 7.5. General
protocols, including RNA synthesis, optical melting experi-

ments, and gel binding assays, were completed as described

in the preceding paped9).

Modified Oligonucleotide SynthesiEhe 2-O-methyl RNA
was synthesized wita 6 min coupling time and deprotected
as described for DNA19). Deoxyphosphoramidate2(),
thiophosphoramidatel(), and ribophosphoramidatelg)
oligonucleotides were synthesized as described previously.
The identity of each of these oligonucleotides was confirmed
by electrospray mass spectrometry on a Hewlett-Packard
Series 1100 LC/MS Chemstation.

Suicide Inhibition of Precursor Self-Splicing solution
containing internally labeled truncated precursor rRNA was
reannealed in MMg buffer by heating at 58C for 5 min,
cooled for 2 min at room temperature, and then incubated
at 37°C. Another solution containing 2 mM pG and/or 60
uM 5" exon mimic in iXMg buffer was incubated at 3TC
for 5 min. Reactions were initiated by addition of an equal
volume of the precursor solution to the solution containing
pG and/or the 5exon mimic, then the mixtures incubated
at 37°C for 1 h, and the reactions stopped by additiod/ef
volume of stop buffer. The'5exon-3' exon and 5exon
mimic—3 exon products were used to monitor cis splicing
and trans splicing, respectively. Reaction products were
separated on a 5% polyacrylamjdM urea gel. Radioac-
tivity was quantified with a Molecular Dynamics Phospho-
rimager and normalized for the number of adenines in each
product.

The dependence of self-splicing inhibition on oligonucle-
otide concentration was tested with internally labeled precur-
sor in either HIMg or H2Mg buffer as described above,
except that a solution of serially diluted &on mimic and
2 mM pG in H1Mg or H2Mg was added to an equal volume
of the solution containing the internally labeled precursor.

RESULTS

Binding to r(GGAGGC) The thermodynamics for base
pairing of various 5exon mimics to r(GGAGGC) to form

GACUCU
CGGAGGG— 5’
C-10/1x

Ficure 1: C. albicansP1 helix. The internal guide sequence (IGS)
is on the bottom, and the Bxon mimic is on the top.
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Ficure 2: The 3 ends of the oligonucleotides used in this study.
Groups that are varied are in bold.

a mimic of the ribozyme’s P1 helix (see Figure 1) were
measured via optical melting experiments in HL0Mg buffer
(Table 1). The backbone was deoxyphosphoramidate, ribo-
phosphoramidate, thiophosphoramidate, @@2nethyl RNA
(Figure 2). For most of these modifications, different base
compositions were tested to allow formation of aAG
G-U, G-T, or G-C pair at the=5 position when bound to
r(GGAGGC).

The deoxyphosphoramidates, dn(GACTC)rU, dh(T -
C)rU, and dn(&CTC)rU, base pair to r(GGAGGC) with
AG°3; values of —5.45, —7.76, and —10.99 kcal/mol,
respectively (Table 1). The ribophosphoramidates, rn-
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Ficure 3: Competitive gel binding assay for binding to C-10/1x
in H10Mg buffer. (A) An autoradiogram of a typical assay with
GmAmMCm(rU)Cm(ru). (B) Data and curve fit for GmAmCm(rU)-
Cm(rU) (@), GmMAMCmUmCm(rU) [0), and m(GACUCU) 4).
(GACUC)rU and rn(&CUC)rU, base pair with stabilities
of —5.21 and—10.93 kcal/mol, respectively (Table 1). These
duplexes are approximately-2 kcal/mol more stable than
the corresponding all-RNA duplexes (Table 1 and X8

Oligonucleotides with four "20-methyl substitu-
tions, GMAMCm(rU)Cm(rU), GdmCm(rU)Cm(rU), and
GmCmCm(rU)Cm(rU), base pair with free energies
of —5.06, —5.84, and—8.75 kcal/mol at 37°C, respec-
tively. Oligonucleotides with five 20-methyl substitu-
tions, GMAMCmUmCm(rU), GdmCmUmCm(rU), and
GmMCmCmUmCm(rU), base pair with similar free energies
of —5.39,—5.85, and—8.99 kcal/mol at 37C, respectively.

Binding to C-10/1x Binding of 5 exon mimics to the
C-10/1x ribozyme was assessed via a competitive gel binding
assay in H10Mg buffer (Figure 3 and Table 2). The
contributions of tertiary interactions, i.e., binding enhance-
ment by tertiary interactions (BETI), were calculated by
dividing the dissociation constaridg, for binding to the IGS
mimic, (GGAGGC), by th&, for binding to the ribozyme
(Table 2) {7, 9). BETI gives an estimate of the oligonucle-
otide’s specificity for binding to the target sequence embed-
ded within the intron rather than within a bystander RNA
(7, 9).

For the deoxyphosphoramidates, the oligonucleotide that
forms a GA pair when bound to the ribozyme, dn(GACTC)-
rU, binds too weakly to afford accurate measurement of its
binding affinity (K4 > 8000 nM) (Table 2). Replacing the
G-A pair with a G-C or GT pair, however, increases the
level of binding more than 1000-fold to yield, values of
2.4 and 7.4 nM for dn(GCTC)rU and dn(@CTC)rU,
respectively (Table 2). The BETIs for dnG&TC)rU and
dn(GTCTC)ru are 10- and 430-fold, respectively.

Comparison of the binding affinities of ribophosphorami-

Disney et al.

Furthermore, rn(GACUC)rU exhibits a BETI of 34000-fold,
which is much larger than the upper limit of 17-fold for dn-
(GACTC)ru (Table 2). The oligonucleotide rn@&ZUC)rU
binds to the intron with &y of 1.0 nM, which is only a
2-fold increase in binding affinity relative to that for dn-
(GCCTC)ruU. The larger effect of adding-Rydroxyl groups

to dn(GACTC)rU than dn(GCTC)rU is consistent with the
suggestion that the free energy of tertiary interactions
mediated by 2hydroxyls is sequence-dependeh®)(

The implications of changing the ribose sugar to'#2
methyl were also studied. The effects of these substitutions
are dependent on position because then@thoxy group
cannot act as a hydrogen bond donor in a tertiary interaction
(Figure 2). As expected, the fully substituted oligonucleotide
m(GACUCU) binds very weakly to the ribozyme (Table 2
and Figure 3). Replacement of &Q@-methyl sugar with
ribose in positions where there is evidence for a tertiary
interaction to a 2hydroxyl group (9) increases the overall
(rU)Cm(rU) haveKq values of 366 and 15 nM, respectively
(Figure 3 and Table 2). Binding was also studied for
oligonucleotides forming either a G-C or-& pair instead
of the natural GA pair. In general, substitution of d-©-
methyl group with ribose at position3 increases the overall
binding affinity by 3-20-fold relative to oligonucleotides
that only have ribose at positionl (Table 2). The largest
BETI of 102000-fold is measured for G4mCm(rU)Cm-
(rU), which has &g of 0.8 nM.

Suicide Inhibition as a Function of Mg Concentration.
Various oligonucleotide"®exon mimics were tested for their
ability to suicide inhibit self-splicing of the C-h precursor
as a function of Mg" concentration in XMg buffer at pH
7.5 (Figure 4). Each assay contained:d 5' exon mimic
and 1 mM pG, so cis splicing was allowed to compete with
trans splicing. An oligonucleotide is considered an inhibitor
if the level of cis splicing decreases in the presence of
oligomer.

For the deoxyphosphoramidate oligonucleotides, inhibition
is observed from 1 to 2 mM Mg with dn(GTCTC)rU and
dn(GCCTC)rU, but no inhibition is observed with dn-
(GACTC)rU. This lack of inhibition at 3QuM for dn-
(GACTC)rU could be due to its weak binding affinity for
the intron (Table 2).

The ribophosphoramidate oligonucleotides, rn(GACUC)-
rU and rn(GCCUC)rU, also inhibit self-splicing at both 1
and 2 mM Md". Thus, addition of 2hydroxyl groups to
the deoxyphosphoramidate, dn(GACTC)rU, imparts both a
large increase in binding affinity (Table 2) and the ability to
inhibit self-splicing.

The 2-O-methyl oligonucleotides that retained two rU
groups were also analyzed for inhibition, since they bind
tightly to the ribozyme (Table 2 and Figure 4). Little
inhibition is observed for GmMAMCm(rU)Cm(rU). Replacing
the GA pair with a G-C or GU pair, however, results in
inhibition.

Suicide Inhibition as a Function of Oligonucleotide

dates and deoxyphosphoramidates suggests that the ribos€oncentration at 1 and 2 mM Mg The dependence of trans

sugar imparts stronger binding affinity and higher BETIs than
sugars that lack 'zhydroxyls. The oligonucleotide rn-
(GACUC)rU binds to the ribozyme with K4 of 6.4 nM,
which is at least 1000-fold tighter than dn(GACTC)rU.

splicing on oligonucleotide concentration was measured at
1 and 2 mM Mg (Figure 5). The concentration dependence
was measured at both Mgconcentrations because signifi-
cantly more cis-spliced product is formed at 2 mM Mg
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Table 2: Binding of 5Exon Mimics in HLOMg Buffer at 37C?

binding to the ribozyme binding to r(GGAGGC) tertiary interactions
K, total _AG°37,t0taF Kagp AGOS?,BFP AG®37getf KA
oligonucleotide (nM) (kcal/mol) (mM) (kcal/mol) (kcal/mol) (BETI)

r(GACUCUYy 6.9+ 0.9 11.6 (1.1) (4.2) 7.4 159000
r(GCCUCU¥ 0.7+0.1 13.0 0.001 8.5 45 1500
r(GUCUCUy 0.6+ 0.2 13.1 0.4 4.9 8.2 670000
dn(GACTC)rU >8000 - 0.14 5.5 - <17
dn(GCCTC)ru 24+04 12.2 1.8< 10°° 11.0 1.2 10
dn(GTCTC)rU 74+07 115 0.003 7.8 3.7 430
dns(GCCTC)ru 1.9+0.1 124 3.3x 104 9.2 3.2 170
rn(GACUC)ru 6.4+ 0.3 11.6 0.22 5.2 6.4 34000
m(GCCUC)ru 1.0+ 0.3 12.8 2.1x 10°° 10.9 1.9 21
rm(GCCUCU) 0.8+0.2 12.9 4.8< 1076 11.8 11 6
m(GACUCU) >8000 - 0.24 5.2 - -
GmAMCmUmMCm(ru) 3664 69 9.1 0.16 5.4 3.7 430
GmAmMCm(rU)Cm(ru) 1542 1.1 0.25 5.1 6.0 17000
GmCmCmUmCm(ru) 26+1 12.2 4.5x 104 9.0 3.2 170
GmCmCm(rU)Cm(ru) 0.7+0.2 13.0 6.2 10 8.8 4.2 890
GmUmCmUmCm(rU) 16+4 111 0.07 5.9 5.2 4300
GmUmCm(rU)Cm(ru) 0.8+0.1 12.9 0.08 5.8 7.1 102000

a2 Ribozyme bindingKqy values were determined via competitive gel binding assays as describedl® Bbld and underlined nucleotides are
different from the natural sequence, r(GACUCU). dn is a phosphoramidate linkage, dns a thiophosphoramidate linkage, rn a ribophosphoramidate
linkage m a 2-O-methyl linkage, and rU uridine. The thermodynamics for binding r(GGAGGC) were obtained fiamv4/1og(C+/4) plots. The
reportedKq values are the average of at least two independent measurements, and the reported errors are the standard d&igtisruetermined
from the equatiomMG°3; = RT In(Kg), whereR = 0.001987 kcal mof* K-t and T = 310 K. ¢ The free energy change of tertiary interactions is
determined as the difference between the free energy of binding to the ribozyme and of binding to r(GGA&GER measure of the binding
enhancement by tertiary interactions (BETI) and is determined by dividingdtier base pairing by th&q for ribozyme binding® From ref19.

than at 1 mM M@". At 1 mM Mg?*, the deoxyphosphora- (3, 5, 23), but none have been found in the human genome.
midates and thiophosphoramidate, d@(@GIC)rU, dn- The results presented here show that both the BETI and
(GTCTC)ru, and dns(GCTC)rU, form more trans- than cis-  suicide inhibition approaches can be used as design strategies
spliced products at concentrations »fL00, >1000, and for targeting the group | intron fror€. albicans although
>500 nM, respectively (Figure 5). At 2 mM Mg, all three the functional group requirements are considerably more
hexamers require more than 1000 nM to form more trans- complex than those encounteredincarinii (9, 11, 12, 19).
than cis-spliced product (Figure 5). In contrast, the ribo-  Binding of Modified Oligonucleotides to (GGAGGQhe
phosphoramidate, m@CUC)ry, forms more trans- than cis-  deoxyphosphoramidate, thiophosphoramidate, ribophospho-
spliced product at concentrations®60 and>100nM at1  ramidate, and'20-methyl oligonucleotides all base pair more
and 2 mM Mg, respectively (Figure 5). tightly than r(GACUCU) to r(GGAGGC) (Table 1). Previous
For the 2-O-methyl oligonucleotides, only oligonucle- studies of the stabilities of such duplexes indicate that adding
otides that form a G-C or @ pair at the—5 position induce  deoxyphosphoramidaté%), deoxythiophosphoramidat&?),
more trans- than cis-spliced products. At 1 mM Ngthe and ribophosphoramidat&®) modifications increase thg,
concentrations of oligonucleotide needed for the level of trans of the duplex by~2 °C/modification relative to a DNA
splicing to be greater than that of cis splicing are 4000 nM oligonucleotide binding to an RNA target. The@-methyl
for GmUmCm(rU)Cm(rU) and 300 nM for G@mCm(rU)- linkages have been shown to increase Thevalues of
Cm(rU) (Figure 5). At 2 mM Mg, only GmCmCm(rU)- duplexes by~0.4 °C/modification, relative to DNA oligo-
Cm(rU) forms more trans- than cis-spliced product, and this nucleotide binding to an RNA targe4). The results
requires an oligonucleotide concentration of 4000 nM (Figure presented here are in qualitative agreement with these

5). increases, but further quantify the thermodynamic conse-
guences of these modifications. For canonically paired
DISCUSSION duplexes, substitution of the RNA backbone with a deoxy-

phosphoramidate or ribophosphoramidate increases duplex
C. albicansis one of many pathogens that are becoming stability by ~0.5 kcal/mol at 37°C for each linkage,
prevalent because the number of both humans with com-corresponding to arnv2-fold more favorabléy per substitu-
promised immune systems and pathogens with resistance tqjon (Table 2). A 2-O-methyl linkage has a modest effect
known treatments are increasirig.(To aid the development  on duplex stability of~0.1 kcal/mol at 37C per modifica-
of new potential therapeutics for such pathogens, strategiesion (Table 1).
for targeting RNA are being teste@<4, 6, 7, 9-12, 21, Binding Enhancement by Tertiary Interactions (BETI)
22). C. albicansprovides a good model system because itis BET] is a design strategy that takes advantage of the higher-
easily grown in cell culture and contains a self-splicing group order folding of RNAs. In this strategy, tertiary contacts to
I intron, whose activity can be monitored in vitro. the target are employed to allow short antisense agents, which
Group | introns provide an attractive target because self- base pair only weakly to their target, to obtain high affinity
splicing is a necessary step in the maturation of RNAs that and specificity {, 9). The use of short oligonucleotides is
contain them and several pathogens harbor group | intronsbeneficial because they enter cells more easily than their
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Ficure 4: Trans ) and cis @) splicing as a function of Mg concentration as measured with the internally labeled precursoXiMgH
buffer. The reactions were carried out with 1 mM pG and the indicated oligonucleotigeMBQA) An autoradiogram of a typical assay
with GmCmCm(rU)Cm(rU). (B) The data obtained from the experiments.
larger counterpartsl@), are less expensive to synthesize, ing functional groups and/or sequences that have previously
and have potential for fewer side effects because binding been shown to accommodate tertiary interactidr®. (The
affinity is derived from the three-dimensional shape of the smallest BETIs are exhibited by oligonucleotides that form
target, not simply from duplex stability. a G-C base pair at the5 position when bound to the intron
The results listed in Table 2 show that oligonucleotides (Figure 1), and the largest by oligonucleotides that form
modified to enhance nuclease stability can still exhibit BETI. either a GA or G-U pair at the—5 position (Table 2).
The largest BETIs are exhibited by oligonucleotides contain- Furthermore, selective inclusion of'-Bydroxyl groups
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Ficure 5: Dependence of trana] and cis ®) splicing on oligonucleotide concentration in either HLIMg or H2Mg buffer. All reactions
were carried out with 1 mM pG present to allow for the formation of the cis-splicingxén—3' exon product. (A) An autoradiogram of

a gel from a typical experiment with dn@EZTC)rU in H1Mg buffer. Lane X contained the trans-spliced product. Lane Y contained the 3
exon or hydrolysis product. (B) The data obtained from averaging two experiments. The error ist&B6dibr each point.

increases BETI; e.g., BETIs for GmAMCm(rU)Cm(rU) and spliced products only occurs between 1 and 2 mM?Mg
(Table 2). Thus, short oligonucleotides can be substituted indicate that the intron is more compactly folded at higher
for nuclease stability without destroying potential tertiary Mg?" concentrations, thus rendering the active site of the
contacts; this allows specificity in binding to a target. intron inaccessible for binding exogenous substrates. Alter-

Suicide Inhibition.The results in Figures 4 and 5 show natively, inhibition at low Mg* concentrations may be due
that short, modified oligonucleotides can act as inhibitors to participation of metal ions in the first step of precursor
of precursor self-splicing. Formation of more trans- than cis- self-splicing @5—27). At the concentration of Mg where
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inhibition is observed, these binding sites may not be REFERENCES

sufficiently filled to allow for efficient reaction. Since the
inhibitor oligonucleotides bypass the first step of self- 5
splicing, they may have an advantage over the endogenous
substrate for reaction with the' 3xon at low Mg" 3.
concentrations. On average, the results in Figure 5 suggest
that trans splicing, which mimics the second step of self- 4.
splicing, is less sensitive to Mg concentration than cis 5.
splicing, which requires the first step of splicing.

6.

The available results suggest that there are several op-
portunities for the oligonucleotide to bind to the precursor 7
target and subsequently inhibit self-splicing in vivo. For
example, the oligonucleotide could bind to precursor while 8.
it is being transcribed, since base pairing of these oligo-
nucleotides is strong (Tables 1 and 2). In addition, the 9.
inhibitor may be able to bind tightly to the IGS when the 1q.
intron is not in a catalytically active structure and inhibit
self-splicing once the intron has folded into an active 11.
structure. In some cases, proteins are known to bind to group 12
| introns and organize their structures for cataly88<32). '
If a protein is required for self-splicing in vivo, then the 13
inhibitor would also have an opportunity to bind to the IGS
before the protein. Thus, there are several opportunities for
inhibitor binding before splicing.

Inspection of the data reveals that inhibition can be 15.
optimized by several factors. Base composition and oligo-
nucleotide modifications play critical roles. Qualitatively, the 16.
amount and concentration dependence of inhibition correlate
with the stability of base pairing to the IGS in the following
order: GA < G-T or G-U < G-C (Figures 4 and 5 and 18.
Table 1). Thus, the non-natural base sequences are more
effective than the natural sequence, r(GACUCU). The 19.
dependence on oligonucleotide backbone and sugar also 54
suggests that base pairing is critical. For example, the order
of base pairing stability with regard to oligonucleotide
modifications is as follows: '20-methyl < deoxyphospho- 21.
ramidate~ ribophosphoramidate. The amount and concen-
tration dependence of inhibition qualitatively follow this trend
(Figures 4 and 5 and Table 1). These results suggest that for 23.
inhibition to occur withC. albicans the exogenous' ®xon
mimic must base pair more tightly to the IGS than the 24
endogenous'%xon. This is not true for every intron since ¢
an RNA tetramer can suicide inhibit self-splicing of tRe
carinii group | intron at concentrations efl «M (11). Such
differences may reflect different accessibilities of the IGS  26.
due to different foldings of the rRNA precursors.

ConclusionsHexanucleotides that are stable to nuclease

27.

degradation bind tightly and specifically to tke albicans 28.
ribozyme. Several of these oligonucleotides can inhibit self- 29
splicing of the precursor in vitro at concentrations ot 0

uM (Figures 4 and 5). These insights provide a foundation
for testing BETI and suicide inhibition strategies in an easily 31
grown human pathogen, and thus may lead to more effective
antisense-based or small-molecule targeting of functionally 32.
important RNAs.
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