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SI Text
Supporting Note 1. The RNA substrates used in this study were

largely restricted to sequences that did not form strong intra- or
intermolecular secondary structures; thus, we were unable to
determine the effect of mutating the sequence of the cleavage
sites to splice site consensus sequences in our substrates since
such mutations resulted in the formation of stable intramolecular structures. However, our limited mutational study indicated
a large degree of sequence flexibility, as long as the close
positioning of the substrates relative to the catalytically crucial
ACAGAGA box of U6 was not compromised. Similarly, in the
authentic spliceosome, the requirement for the splice site consensus sequences seems to be mainly due to the spliceosome
assembly process; and after the assembly of the catalytically
competent spliceosomes and correct positioning of the substrates in the active site, the presence of the consensus sequences
at splice sites may not be absolutely essential for catalysis (1–4).
Not only are the splice sites in higher eukaryotes highly degenerate (3), but also aberrant splicing events in which spliceosomal
snRNAs are used as splice sites (5, 6) indicate lack of rigid
sequence requirements in the spliceosomal active site with
respect to splice site sequences, consistent with our observations
in the minimal U6/U2 complex.

3C and Fig. S3A) and the partial RNase T1 digestion results (Fig.
4A) are also consistent with the formation of a canonical, 3⬘-5⬘
phosphodiester linkage between nt 15 of Oligo1 and nt 8 of
Oligo2 during product formation. Although we did not confirm
the reported linkage specificity of RNase P1 or T2 used in these
studies by comparing the digestion efficiency of 2⬘-5⬘ vs. 3⬘-5⬘
linkages, we took a number of steps to increase the likelihood
that RNase P1 reacts with the reported specificity under the
reaction conditions. We used reaction conditions and buffer
systems in which RNase P1 was shown to be specific to 3⬘-5⬘
linkages. Furthermore, we performed careful time course and
enzyme titration experiments to eliminate the possibility of
overdigestion, which can obscure the specificity of the enzyme.
Supporting Note 5. Addition of a second radioactive label at the

5⬘ end of an Oligo1 that was site-specifically labeled at nt 21
resulted in the formation of a radiolabeled product, indicating
that these RNAs were indeed capable of product formation (Fig.
5B, lane 7).

and a second radioactive label at the 3⬘ end were fully active,
indicating that the absence of radioactive product formation with
substrates labeled at positions 5, 6, and 7 was not because of an
inherent inability of these Oligo2 species to react but because the
first 7 nucleotides of Oligo2 were not incorporated into the
product (Fig. 3A).

Supporting Note 6. Because the reaction mixtures contain only
MgCl2 and Tris in addition to U6, U2, and the substrate
oligonucleotides (and Tris can be replaced by any other buffering
reagent), the possible mechanisms for the phosphodiester bond
cleavage after nt 15 of Oligo1 would be an attack by another
RNA, or by hydrolysis through the attack of the adjacent 2⬘OH
or a water molecule. An attack by another RNA would have led
to a linkage between that RNA and nts 16–26 of Oligo1. In the
case of U6 or U2, that would have resulted in significant mobility
shift, which was not observed. We also showed that the 5⬘ end
of Oligo2 cannot be involved (Fig. S6B). Nucleotides downstream of nt 15 in Oligo1 cannot be involved either, since
removal of all but one would allow the reaction to occur at the
correct site (Fig. 2C). Thus, the cleavage cannot result from the
attack of another RNA. The adjacent 2⬘OH group at nt 15 of
Oligo1 potentially could attack the phosphodiester linkage between nts 15 and 16, leading to the release of the 3⬘ fragment of
Oligo1 and formation of a 2⬘-3⬘ cyclic phosphate end, which
could be later converted to a mixture of 2⬘ and 3⬘ phosphate ends
through hydrolysis. Although in this scenario the species containing a 2⬘-phosphate end would have a free 3⬘OH and thus
should be able to react, product formation with this species
should lead to the incorporation of the phosphate attached to the
2⬘ oxygen into the product. That is, a site-specific phosphate
radiolabel positioned between nts 15 and 16 of Oligo1 should
appear in the product, which was not observed. In addition,
substituting the 2⬘OH at nt 15 with 2⬘H did not affect the
reaction (Fig. 5D).

Supporting Note 4. Based on the characterization reported in

Supporting Note 7. At 37 °C, product is detectable after 9 hours

literature, RNase P1 is highly specific for 3⬘-5⬘ phosphodiester
linkages. Thus, the presence of any other type of chemical bond
between nt 15 of Oligo1 1–15 (Fig. 4C) or full-length Oligo1 (Fig.
5C) and nt 8 of Oligo2 would result in the appearance of a labeled
nuclease-resistant species on TLC plates. This nuclease-resistant
species should move significantly slower than a mononucleotide
on the TLC. However, our results indicated that RNase P1 was
able to fully digest the product, releasing radiolabeled UMP (Fig.
4C) or GMP (Fig. 5C), indicating that in both cases the linkage
is a canonical 3⬘-5⬘ phosphodiester bond. The lack of a nucleaseresistant species in complete RNase P1 digestions performed on
products containing a radiolabel 5⬘ to nt 15 of Oligo1 1–15 (Fig.

of reaction, reaching a plateau after 15 hours (Fig. S7 Left). To
determine whether random, solvent-mediated hydrolysis or
2⬘OH-mediated cleavage of substrates affects the efficiency of
the reaction, either Oligo1 (Fig. S7 Middle) or Oligo2 (Fig. S7
Right) were initially omitted from the reaction, and the reaction
was left to proceed for 9 hours before the missing ingredient was
added. This preincubation resulted in accumulation of 2⬘OHmediated cleavage fragments and solvent-hydrolyzed fragments
of the substrate present in the reaction. If these cleaved fragments contribute to the reaction, after the addition of the missing
ingredient product formation should show burst kinetics, with
product formation becoming visible at time points significantly

Supporting Note 2. The reactions are performed with Oligo1 1–15

species that have a C, G, or A nucleotide at nt 15, and a
radioactive phosphate preceding this nucleotide. In each case, we
purified the formed product and performed complete digestion
with Nuclease P1. Nuclease P1 is highly specific to 3⬘-5⬘ phosphodiester bonds and cleaves the phosphoester bond between
the 3⬘-linked oxygen and phosphorus, leaving 3⬘OH and 5⬘phosphate ends. Thus, after complete P1 digestion the radioactive phosphate will be associated with the nucleotide downstream of it in the product. We reasoned that if the nucleobase
at position 15 of Oligo1 1–15 was incorporated into the product
along with the radioactive phosphate preceding it, then the
radioactive nucleotide resulting from complete Nuclease P1
digestion of the product should have the same nucleobase
identity as the one in its precursor, which indeed proved to be the
case (Fig. 3C and Fig. S3A).
Supporting Note 3. Oligo2 species with a radiolabel at position 5
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earlier than 9 hours after the addition of the missing ingredient.
However, incubation of the mixture for an additional 6 hours
after the addition of the missing ingredient (lanes marked 15 in
the Middle and Right) did not yield any detectable product,
although robust product formation could be seen after 16 hours
of the addition of the missing ingredient (lanes marked 25). This
indicates that the kinetics of the reaction is not affected by the
presence of the 2⬘OH- or solvent-hydrolyzed cleaved fragments
and thus, random degradation of substrates does not contribute
to product formation.
SI Materials and Methods
Preparation of RNA Constructs. Preparation of the wild-type and

mutant human U6 and U2 snRNA fragments by in vitro transcription was performed as previously described (7). U2 contained nts 1–44 of human U2, with two U to A mutations at nts
2 and 9 and a U to G mutation at nt 41 to increase complementarity to U6 in helix II and III regions, respectively. One G
residue was added to the 5⬘ end of U2 to improve transcription
efficiency. U6 contained nts 37–98 of human U6, with a 10 nt
extension added to the 5⬘ end to provide a binding site for Oligo2
(see text).
The two substrates, Oligo1 and Oligo2, were initially designed
based on the human 5⬘ splice site consensus sequence and the
branch site consensus sequence, plus the domains used for
binding to U6/U2 (nts 16–24 of Oligo2). The sequence of the 5⬘
end of Oligo1 was selected as a random sequence. The sequence
of Oligo1 and Oligo2 candidates were modified based on RNAstructure folding algorithm (version 4.4) to exclude the possibility of forming stable base-paired structures, both intramolecular and intermolecular (to each other or to ectopic sites on
U6/U2). The resulting substrate candidates were then made in
analytical quantities and tested for binding to each other on
nondenaturing gels. The substrate candidates that showed binding were eliminated. The remaining substrate candidates were
made at preparative scale by in vitro transcription or chemical
synthesis (Dharmacon Biotech, Invitrogen, and Nedken Scientific). RNAs from different sources showed identical activity in
catalytic reactions. 5⬘ and 3⬘ labeling of substrates and U6/U2
was performed as described (8). Site-specifically labeled RNAs
were generated by two-piece splint ligation as described (9). To
generate Oligo1 1–15 species that were labeled 5⬘ to nt 15, an
RNA oligo that contained the first 14 nucleotides of Oligo1 was
3⬘-labeled with RNA ligase and 5⬘pGp, pCp or pAp, followed by
removal of the 3⬘ phosphate with T4 polynucleotide kinase
(NEB).
The Oligo1 1–15 species that contained a 3⬘deoxy substitution
was purchased from Trilink Scientific. Other site specific deoxy
or dideoxy containing Oligo1 species were generated using RNA
ligase. Oligo1 fragment 1–14 was 3⬘ labeled with pCp or pdCp
using T4 RNA ligase (NEB) in 50 mM Tris䡠HCl pH 7.8, 10 mM
MgCl2, 10 mM DTT, 1 mM ATP, 10% DMSO and 10 U of RNA
ligase in a total volume of 10 l for 3 hours at 37 °C. The pCp
and pdCp were generated by 5⬘ labeling 3⬘CMP or 3⬘dCMP
(Sigma) in 50 mM Tris pH 8.8, 10 mM MgCl2, 0.01 mM EDTA,
5 mM DTT, and 0.1 mM Spermidine using Optikinase (USB).
To generate a dideoxy substituted Oligo1, Oligo1 fragment 1–12
was ligated to a 5⬘-labeled short RNA oligonucleotide containing
the sequence 5⬘-CUddC-3⬘ (Dharmacon) using RNA ligase, as
detailed above. Oligo1 15d contained the first 20 nucleotides of
Oligo1, with a deoxy substitution at nt 15, and was synthesized
by Nedken Scientific.
All RNA constructs were purified at least once from denaturing PAGE, and were quality controlled by labeling at the 5⬘
end and loading onto a second denaturing PAGE. In addition,
limited RNase T1 digestions were performed for sequence
determination. The NTPs and key reagents were purchased from
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multiple sources (Sigma, USB, Amresco, and Fisher Scientific)
to ensure reproducibility of data.
Protein-Free Catalytic Assays. In a typical reaction, 2 M of

preannealed U6/U2 complex was incubated with 2 M Oligo2
and 50 nM radiolabeled Oligo1 (all final concentrations). Under
these conditions, product formation shows a linear relationship
with the concentration of Oligo1. In reactions in which the
concentration of Oligo2 or U6/U2 were titrated, a mixture of
radiolabeled and unlabeled Oligo1 was added at a final concentration of 10 M, and the concentration of U6/U2 or Oligo2 was
kept at 2 M. All quantifications were performed in ImageQuant software. For product analysis, large scale reactions were
loaded onto 16% gels and the band representing the product was
purified and eluted, followed by a second purification on a 20%
denaturing PAGE.
Nuclease Digestion Assays and TLC Analyses. RNases T1, T2, and P1

were purchased from Ambion, Invitrogen and USB, respectively.
Partial RNase T1 digestion reactions on purified products were
performed as previously described (8). For complete RNase T1
reactions, the conditions were similar to the partial digestion
reactions except that 10–50-fold more RNase T1 was added and
the reactions were incubated for 10 minutes at 50 °C. Partial
RNase T2 digestion reactions on purified product were performed in 50 mM Na citrate at pH 5.0 at a final enzyme
concentration of 0.1 U/l at 50 °C for 3–10 minutes. Partial
alkaline hydrolysis reactions were performed in dilute NaOH
(pH 12) at 85 °C for 3–10 minutes. Complete RNase P1 digestions were performed in 20 mM Na acetate at pH 5.3, with a final
enzyme concentration of 0.1 g/l at 30 °C for 30 minutes. The
reactions were loaded onto PEI-cellulose TLC plates (Fisher
Scientific), followed by running in solvent systems containing 0.5
M LiCl or isobutyric acid and ammonia as previously described
(10). The TLC run was terminated when the buffer front reached
the end of the plate.
Crosslinking Reactions. Typical reactions were set up using Oligo1
species containing a 4-thio-uridine (4-S-U) substitution at positions 14 (Dharmacon) and after 2 hours of incubation, the
reaction mixtures were UV irradiated at 365 nm for 10 minutes
and analyzed on denaturing PAGE. The crosslinked species was
gel purified and probed by primer extension using oligonucleotides that hybridized to U2 or U6 as previously described (8).
Primer extension reactions were performed at two different
temperatures (37° and 42 °C) to ensure reproducibility of data.
RT-PCR and Sequencing Reactions on Product. Purified product was

annealed to a 5⬘-labeled oligonucleotide that was complementary to the last 12 nucleotides of Oligo2 in a buffer containing
50 mM NaCl at pH 7.2. The reverse transcription reaction was
performed in 50 mM Tris pH 8.3, 50 mM KCl, 10 mM MgCl2,
0.5 mM Spermidine, 10 mM DTT, 1 mM of a dNTP mix, and 0.5
U of AMV reverse transcriptase (Promega) in a total volume of
10 l for 1.5 hours at 37 °C. Subsequently the enzyme was
heat-inactivated at 90 °C for 2 minutes. The PCR was performed
in a total volume of 20 l in the presence of 3 l of the reverse
transcription reaction, 2.5 M of PCR primers (one primer was
complementary to the first 12 nts of Oligo1 and the other was
complementary to the last 12 nts of Oligo2 and was also 5⬘
labeled) and 50 mM Tris pH 8.3, 1.5 mM MgCl2, 0.2 mM dNTP,
50 mM KCl and 5 U of Taq polymerase (NEB). The PCR was
performed for 25 cycles at an annealing temperature of 50 °C.
The PCR mixture was analyzed on a 16% gel along with a 32-nt
double-stranded DNA size marker that had the deduced sequence of the product. The DNA species that resulted from
RT-PCR on the product was gel purified and subjected to
sequencing reactions using the DNA oligonucleotide that was
2 of 11

used in the reverse transcription reaction. Because the first and
last 12 nucleotides of the 32 nucleotide-long product hybridize to
the primers used in RT-PCR, the sequencing reactions could
determine only the identity of the eight nucleotides in the
product that were located between the two PCR primers, that is,

those surrounding the Oligo1-Oligo2 junction (Fig. S3D). Sequencing was performed using the Thermo Sequenase Radiolabeled Terminator Cycle Sequencing Kit from USB. The sequencing reactions were loaded onto 20% denaturing PAGE.
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Fig. S1. Further characterization of product formation. (A) Cationic requirement for product formation. The position of unreacted 5⬘-labeled Oligo1 is shown.
The identity and concentration of the sole cation in each reaction is shown above each lane. (B) Product formation requires base pairing between U6 and Oligo2
base-pairing cassettes. Wild-type U6 or a U6 species containing a transversion mutation of the whole base-pairing cassette are used in reactions with either
wild-type Oligo2, or Oligo2 species that also contain a transversion mutation of their base-pairing cassette. Although the use of either of the transversion mutants
results in almost complete loss of activity, reactions containing both transversion mutants (which can base pair to each other) show wild-type level activity. Thus,
product formation is dependent on base-pairing interaction between the U6 and Oligo2 base-pairing cassettes. Position of unreacted Oligo1 is shown. Identity
of the U6 and Oligo2 species used is shown above each lane. W indicates wild-type U6 or Oligo2. T indicates a transversion mutation of the whole base-pairing
cassette of U6 or Oligo2.
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Fig. S2. Characterization of the product formed with Oligo1 1–15. (A) Product formation with Oligo1 1–15. The position of unreacted Oligo1 1–15 is shown
to the right. –U6U2 and –Oligo2 lanes lack U6/U2 and Oligo2, respectively. Lane marked Ctrl contains a typical reaction. Lane marked dark contains a reaction
that has been incubated in the dark for the duration of the reaction. Arrowhead marks the level of the wells in the PAGE. (B) Cation requirements for product
formation. The identity and concentration of the sole cation used in the reaction is shown above each lane. The position of unreacted Oligo1 1–15 is shown. (C)
Temperature dependence of product formation. The reaction temperature is indicated above each lane. The location of unreacted 5⬘Oligo1 1–15 is shown. (D)
DNA versions of Oligo1 1–15 or Oligo2 do not form the product. Site of unreacted 5⬘ Oligo1 1–15 species is shown. Lane marked Ctrl contains a typical reaction
with all-ribo substrates. (E) Product is resistant to denaturation. To ensure that the observed product did not result from a hyperstable non-covalent interaction
between the substrates, purified product was subjected to stringent denaturation (9 M urea, 25 mM EDTA, heated to 50 °C for 5 minutes) and loaded on PAGE
containing 7 M urea and 40% formamide. Compared to untreated purified product (Ctrl), denatured sample does not show a measurable increase in the amount
of released 5⬘Oligo1 1–15 (shown). Arrow points to the product. (F) Time course of product formation. Numbers above lanes indicate incubation time at 45 °C
(G) Product formation at a range of U6/U2 and Oligo2 concentrations.
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Fig. S3. Characterization of the nature of the linkage formed in the product. (A) TLC analysis of complete RNase P1 digestion of products formed with Oligo1
1–15 containing a radiolabel 5⬘ to nt 15 and a U to G (left panel) or U to C (right panel) mutation at this position. Arrows point to the spot formed by the product.
The Oligo1 precursors with U15 to A, C, or G mutations and a radiolabel 5⬘ to this nucleotide are similarly digested to mark the location of each NMP. The identity
of RNA species used is indicated on top. Origin of migration on TLC is marked as Ori. See also supporting note 2. (B) Product formation with an Oligo2 species
that has a larger ‘‘exonic’’ part. Addition of as many as 40 nts to the 3⬘ end of Oligo2, which is the end that is incorporated into the product, did not block product
formation. However, as expected, products formed with these larger Oligo2s were larger than those formed with the original Oligo2. Identity of Oligo2 species
used is shown on top. Location of unreacted 5⬘-labeled Oligo1 1–15 and wild-type product is shown. Arrow points to the product formed with the larger Oligo2.
wt, Wild type. (C) Product formation with an Oligo2 species with a larger ‘‘intronic’’ part. Addition of a 17-nt extension to the 5⬘ end of Oligo2 resulted in
formation of a product of the same size as that formed with wild-type Oligo2, consistent with removal of the 5⬘ end of this substrate during product formation.
Identity of Oligo2 species used is shown on top. Location of unreacted 5⬘ Oligo1 1–15 is shown. Wt, wild type. (D) RT-PCR on the product. The position of the
RT-PCR product is shown by an arrow. Ds DNA standard is a 32-nt double-stranded DNA size marker that contains the sequence of Oligo1 1–15 plus nts 8 –24 of
Oligo2. The position of unreacted primer is shown. Asterisk point to the location of an aberrant product resulting from self-priming of PCR primers. The PCR
primers used are shown on the product schematic to the right of the gel panel. The primers bind to the 5⬘ and 3⬘ ends of Oligo1 and Oligo2, respectively, allowing
the sequence of the area flanking the Oligo1/Oligo2 junction in the product to be determined. The samples are run on a 16% non-denaturing PAGE.
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Fig. S4. The result of complete RNase T1 digestion reactions on Oligo1 1–15, Oligo2 and the product. Numbers after an asterisk indicate the position of the
radiolabel from the 5⬘ end of the RNA. Fragments resulting from RNase T1 digestion of each RNA are shown. The position of the radiolabels incorporated for
the experiment in Fig. 4D is shown by arrowheads. Large circle contains an enlargement of the area enclosed by the small circle. Serrated line is the site of cleavage
by RNase T1. As can be seen in this schematic, RNase T1 digestion of Oligo1 1–15 *15 results in a radiolabeled 7-nt-long fragment that contains nts 9 –15 of Oligo1,
and digestion of Oligo2 *8 results in a radiolabeled 4-nt fragment (Fig. 4D). Label at nt 8 of Oligo2 is the 5⬘-most radiolabel in Oligo2 that incorporates into the
product and is located between nt 15 of Oligo1 and nt 8 of Oligo2 in the formed product (Fig. 3A). Oligo2 *8 was used in typical reactions with an Oligo1 that
contains a U to G mutation at position 15, which creates a new RNase T1 digestion site at this position. RNase T1 digestion of the formed product resulted in
a radiolabeled fragment that co-migrates with the 7-nt fragment resulting from the digestion of Oligo1 1–15 *15 (Fig. 4D). The only way that this can happen
is if the label is transferred to the digested fragment containing nts 9 –15 of Oligo1, because, as can be seen from the schematic, according to the deduced
sequence of the product the only 7-nt-long fragment resulting from RNase T1 digestion of these RNAs should contain nts 9 –15 of Oligo1. Because RNase T1
digestion results in transfer of the phosphate to the 3⬘ oxygen of the upstream nucleotide, this result indicates that the radioactive phosphate, which was
originally located 5⬘ to nt 8 of Oligo2, is transferred to the 3⬘ OH of nt 15 of Oligo1 in the product as a result of RNase T1 digestion (see digestion scheme in the
larger circle). This can happen only if the linkage between Oligo1 nt 15 and Oligo2 nt 8 is a 3⬘-5⬘ phosphodiester bond.
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Fig. S5. The 3⬘OH of nt 15 of Oligo1 1–15 is required for the reaction. (A) A 3⬘H substitution on nt 15 of Oligo1 1–15 results in reduction in the efficiency of
the reaction. The identity of the RNA used in each lane is shown on top. (B) 2⬘OH of nt 15 of Oligo1 1–15 cannot replace 3⬘OH in the reaction. To determine whether
the small amount of product formed with the 3⬘H substituted substrate results from the use of 2⬘OH in the transesterification reaction, we purified the formed
product and subjected it to alkaline hydrolysis. If the 2⬘OH could indeed participate in the reaction, the resulting linkage would be less sensitive to cleavage in
alkaline pH than normal RNA phosphodiester bonds, because of the lack of an adjacent 3⬘OH nucleophile. The results indicate that the phosphodiester linkage
at position 15 of the product can be cleaved by alkaline hydrolysis (arrowhead), suggesting that either the reaction has occurred from an aberrant location, or
the precursor Oligo1 1–15 has contained a mixture of 3⬘H and 3⬘OH on nt 15. Min, minutes of alkaline hydrolysis reaction. The duration of the alkaline treatment
is shown on top.
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Fig. S6. Mechanism of product formation. (A) The nucleotides added downstream of nt 15 of Oligo1 do not affect the mobility of the formed product. Position
of unreacted 5⬘ Oligo1 species is shown. Oligo1 species used is shown above each lane. A lighter exposure of the lower part of the gel indicates the varying sizes
of 5⬘ Oligo1 species used in different lanes. (B) Incubation of Oligo2 fragment 8 –24 containing a 5⬘ phosphate end with full-length or fragment 1–15 of Oligo1
does not result in product formation (lanes 2 and 3). It is highly unlikely that nucleotides in Oligo2 fragment 1–7 be involved in the reaction, as the use of Oligo2
7–24 fragment, which has only a single nucleotide upstream of the cleavage site, allows product formation with normal efficiency when Oligo1 or Oligo1 1–15
are used (lanes 1 and 4). (C) The removal of ‘‘intronic’’ fragment of Oligo1 is performed by a hydrolytic mechanism. The identity of precursors and the location
of the radiolabel used are shown above each lane. The location of unreacted 5⬘ or 3⬘ labeled Oligo1 is shown at the bottom. Wt, wild type. We performed the
reaction using an Oligo2 that had a 24-nt ‘‘intronic’’ segment (⫹17Oligo2), and full-length Oligo1, that has an 11-nucleotide ‘‘intronic’’ part. The 3⬘ end of Oligo1
was labeled. We reasoned that if the removal of the nucleotides at the 3⬘ end of Oligo1 is the result of a nucleophilic attack by another functional group in U6/U2
or elsewhere in the substrates, for example in the intronic part of Oligo2, the released 3⬘ piece of Oligo1 should be attached to that RNA, and thus, should become
significantly larger in size, allowing it to move well above the labeled precursor on 16% PAGE. As can be seen in this figure, this was not observed. Combined
with data from 2⬘deoxy substitution of Oligo1 (Fig. 5D), this data indicates that the removal of nts 16 –26 of Oligo1 occurs by a hydrolytic mechanism.
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Fig. S7. Cleavage of Oligo1 at nt 15 is a U6/U2 catalyzed reaction. (A) The rate of spontaneous hydrolysis under the reaction conditions. The lane marked Oligo1
15d contains an Oligo1 species that lacks a 2⬘OH at position 15. Thus, the amount of fragments cleaved at position 15 in this lane reflects the rate of spontaneous
hydrolysis under the reaction conditions. Arrowhead points to the position of such fragments, which would be identical to Oligo1 1–15, 2⬘d (Fig. 4E) and thus
should react with ⬇2% efficiency. Arrow points to the product. The site of uncleaved Oligo1 is shown by an asterisk. A control lane containing an all-ribo Oligo1
is included. (B) Random, uncatalyzed cleavage of substrates does not contribute to the reaction. Left depicts a typical reaction. Numbers on top of each lane
indicates the length of incubation at 35 °C. At this temperature product accumulation becomes visible after 9 hours. In Middle and Right, Oligo1 or Oligo2 were
initially omitted from the reactions, as shown at the bottom of each panel, and the reactions were incubated under the reaction conditions for 9 hours, after
which the missing ingredient was added to the reaction, followed by an additional 21 hours of incubation. Time points were taken before and after the addition
of the missing ingredient.
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Fig. S8. Role of the U6/U2 complex in product formation. (A) Sequence of the mutant U6/U2s tested for product formation. The sequence of inserted base pairs
(boxed) and the location of insertion is shown by arrows. The identity of each mutant, written next to the boxed inserted sequences, reflects the number of
inserted base pairs (⫹1 or ⫹ 2 bp) and the U6 nucleotides between which the added base pairs are inserted. The ISL base-paired mutant contains an inserted
nucleotide and a base substitution (arrowheads). The ISL⫹H2 construct contains the ISL and helix II, and lacks an Oligo2 binding cassette. ACAGAGA⫹H2 construct
lacks the ISL and U2 stem I. ACAGAGA⫹ISL and ACAGAGA/ISL both lack helix II and U2 stem I, but the former has a flexible junction between the
ACAGAGA-containing stem and ISL. (B) Effect of U6 point mutations in the ACAGAGA box (nts 43– 47) and the G in the AGC triad (G54) on product formation
with Oligo1 1–15. The U6 mutant used is indicated above each lane. WT, wild type.
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