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ABSTRACT

The requirements for the formation of pseudouridine
(W) in U4 and U6 RNAs, cofactors in the splicing of
pre-messenger RNA, were investigated  in vitro using
HelLa nuclear (NE) and cytoplasmic (S100) extracts.
Maximal W formation for both RNAs was extract
order-dependent. Maximal W formation in U4 RNA
required incubation in S100 followed by the addition of
NE, paralleling the in vivo maturation pathway of U4
RNA. In contrast, maximal formation of W in U6 RNA
required incubation in NE followed by the addition of
S100 extract. Since U6 RNA does not exit the nucleus
in vivo the contribution of S100 was investigated. In
experiments where the extracts were treated with
micrococcal nuclease to digest endogenous snRNAs,
the efficient formation of W in U6 RNA was dependent
on the presence of U4 RNA, but notin U5 RNA or tRNA.
When mutant U4 RNAs that inhibit or strengthen the
interaction between U4 RNA and U6 RNA were substi-
tuted for wild-type U4 RNA, the results confirmed the
need for the interaction between these two RNAs for W
formation in U6 RNA. U6 RNA isolated from glycerol
gradients after incubation in extracts had four times as
much ¥ when associated with U4 RNA.

INTRODUCTION

spliceosome, while U4 RNA appears to function in ferrying U6
into the spliceosome, and perhaps in keeping U6 RNA inactive
until needed in splicingdj.

The formation ot in these snRNAs has been the subject of
several reports. Usirig vitro transcribed snRNAs and extracts
from Hela cells, there is evidence for multiple synthase
activities that specifically recognize U1, U2 and U5 snRNAs
(10,11). In addition, for U2 snRNA which contains@3esidues,
the formation of is not dependent upon earli{Brformation at
another sitel(1). U5 snRNA contains thré# residues but only
two sites were modified in HeLa S100 (essentially cytoplasmic)
extracts. Modification at the third site required HelLa nuclear
extract (NE), again suggesting multiffesynthase activities for
a single snRNA12). Efficient W modification at all sites in U5
snRNA requires Sm protein binding, whilé modification at
some sites in U2 RNA does not require particle asseribiyaj.

The function of¥ in snRNAs is unknown, but it is important
to note that is found in regions of SnRNAs that are necessary
for snRNP function in the splicing of pre-mRN2A4(15). When
U2 snRNA that contains no modifications was added to
U2-depleted extracts, pre-mRNA splicing was not restored,
however, U2 RNA isolated from HeLa cells was able to restore
splicing. When either unmodified or fully modified U5 snRNA
was added to U5-depleted extracts, splicing was restoged (
This difference may be due to the fact that U2 snRNP contains a
large percentage & in contrast to U5 snRNP, and its absence
may have a greater impact on the function of U2 snRNP than on

Small nuclear ribonucleoprotein particles (SnRNPs) are essentiag¢ function of US snRNPLE).

cofactors in the splicing of premessenger RNA (pre-mRNA;  In tRNA, W appears to be required for the efficient reading of
The snRNPs are composed of highly conserved small nuclezrdons during the translation procesg)(HisT in Escherichia
RNAs (snRNAs), U1, U2, U4, U5 and U6, and associatedoli codes for & synthase that modifies certain positions in the
proteins. A common core of proteins, the Sm proteins, are fouadticodon of tRNAs. Th&isT gene product is necessary for
in all the snRNPs, while additional proteins are specific tmormal growth oE.colion minimal media since tigsT mutant
particular snRNPs2(3). The snRNPs involved in splicing are has excessive need for uracil that interferes with cell division
highly modified, and these modifications include base methyl418,19). MostW residues in rRNAs are found near the functional
tions, 3-end processing,%&nd capping and pseudouridié) (  centers of the ribosom221). Recently, it has been shown that
formation @,5). U4 and U6 RNAs are extensively base paired andcetylated¥, but not acetylated uridine, can transfer an acetyl
form one snRNP which enters the spliceosome complexed wigiloup to the N-terminus of a peptide, suggesting tHat
U5 snRNP as part of a tri-snRNP. This interaction between Uzhrticipates in the acyl transfer reaction in the ribos@®e (

and U6 RNA is essential for spliceosomal assembly andIn this report, the formation ¢ in U4 and U6 RNA was
subsequent spliceosomal functidig). Several lines of evi- studied and was found to be HelLa extract order-dependent, with
dence indicate U6 RNA is a catalytic component of that least twd¥ synthase activities required frformation in U4
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RNA. In addition, the efficient formation & in U6 RNA is RESULTS
dependent on its interaction with U4 RNA. Hela extract order-dependence fotP formation

U4 and U6 RNAs contain thre¢ residues each, located at
positions 4, 72 and 79 in human U4 RNA, and at positions 31, 40
and 86 in U6 RNA (Figl) (3). In order to determine the

SP6 transcriptions of thizral-cut human U4 RNA and U4 RNA conditions necessary for maximum vitro ¥ formation, the
mutants pSP6-U4, pSP6-UASteml (deleting nucleotides extract-order dependence fét formation in U4 RNA was
56-63), pSP6-UAStemll (deleting nucleotides 1-16), pSP6-U4investigated. [BH]UTP labeled U4 RNA was incubated in HeLa
A5'Stem—loop (deleting nucleotides 19-55) and ofba-cut ~ NE or S100 extract or a combination of the extracts, followed by
human U4 mutant pSP6-Wsm (deleting nucleotides 91-145) another aliquot of NE or S100 or a combination of the two
were performed as describeﬂ}éj_z)_ The U4 clones were a €xtracts, and further incubation. The amourftbthat does not
generous g|f[ from Albrecht Bindereif, Humbolt Uni\/ersity, bind to Norit A Charcoa@H released from uridine to the bulk
Germany 6). Human U6 RNA was transcribeuvitro using T7 ~ solvent V\_/hen the C-C glycos_idic bond is formed, isg a f_unction of
polymerase anBral-cut pHU6-1 as describe@f) and human W formation (.0,12,19). The highest levels & formation in U4

U5 RNA was transcribed using SP6 RNA polymerase an@NA were observed for incubation in S100 followed by
Bfal-cut pHU5a2 (2). Pre-tRNA®" was transcribed with T7 incubation in NE, and S100 incubation followed by the addition

RNA p0|ymerase andvd-cut pUClgpSer and was a g|ft from of another aliqUOt of SlOO, at19.0 and 153%, respectively (Table
C. Guerrier-Takada and S. Altman, Yale University (unpubl). The factthatthe highestamountbivas observed with HeLa
lished). Then vitro transcription reactions contained, dependingytoplasmic extract followed by nuclear extract was expected
upon the application,of32PJUTP (50uCi, 800 Ci/mmol) or given that after U4 RNA is transcribed it exits into the cytoplasm,
[5-3H]JUTP (1-50uCi, 17 Ci/mmol), 5uM GTP, 250uM ATP  is assembled into an RNP and modified, and then enters the
and CTP. When U4 RNA was synthesized, m7GpppG wdy/cleus, where it may undergo further modification before being
included in the reaction mixture at 1 mM. Low specific activityincorporated into the spliceosome.

[5-3HUTP labeled RNAs were made with |5l UTP and JUCi  Taple 1. HeLa extract order-dependence Yoformation in U4 and U6 RNAs
[5-3H]UTP to facilitate the determination of the amount of RNA

synthesized. RNAs to be used as substrates%hl ttedease/Norit Incubation conditior’s c¢.p.m. of3H releasedj(sdj) % of theoreticaftsdf

A charcoal binding assay{) were synthesized in the presence—; =y

of 50 uCi [5-3H]JUTP with no additional UTP added.

MATERIALS AND METHODS

The in vitro modification reactions were carried out as S100/NE 622 (20.8) 14.2 (0.47)
previously described in 3@0total volume using HeLa S100 and NE-S100 523 (22.7) 11.9 (0.52)
NE extracts 10-12,24). Briefly, the reaction mixture contained S100-NE 829 (101.7) 19.0 (2.33)
60% HelLa S100 and/or NE extra2b) by volume, 0.5 mM ATP,

20 mM creatine phosphate, 3.2 mM Mgé&hd 2 mM dithiothrei- NE-NE 319 (27:3) 7.3(0.62)
tol. RNAs were incubated 30 min at°®7in either HeLa S100 S$100-S100 674 (32.4) 15.3 (0.74)

or NE or a combination of the two extracts. That incubation wagg gna
followed by the addition of another aliquot of reaction/extract

mix (see particular experiments for details), and incubated for an S100/NE 444 (14.1) 6.4 (0.20)
additional 2.5 h at 3TC. Extracts to be micrococcal nuclease NE-S100 664 (21.1) 9.6 (0.31)
(MN) treated also contained 1 mM Ca@hd were treated with S100-NE 156 (39.7) 2.3 (0.59)
1 U/l MN for 30 min at 37C. The MN was subsequently NE_NE 426 (27.0) 6.2 (0.39)

inhibited by adding EGTA to 10 mM and poly A/poly C to a final
concentration of 1 mg/ml, prior to the addition38P-labeled $100-S100 223 (11.0) 3.2(0.16)
RNA. 32P-labeled RNA was purified on a 10% polyacrylamide/8.3

- : - . : Ancubation conditions are as follows: S100/NE, extracts added in combination
M “r.e.‘"‘ gel after .mCUbatlon in th('e'reaé:tlons. To determine SI¥0 lowed by another aliquot of combined extract; NE-S100, incubated first in
specific W formation, the gel-purified32P-labeled RNA was

. NE followed by S100; S100-NE, S100 first, then NE; NE-NE, NE followed by
RNase T1 digested, electrophoresed, and the fragments eluz;ﬁ her aliquot of NE; S100-S100, S100 then another aliquot of S100.

from a 20% polyacrylamide/8.3 M urea gel. The fragments Wekgounts were corrected for background by a no extract’ control. In this experi-
nuclease P1 digested and analyzed by thin layer chromatograpfet 15 c.p.m3H was subtracted from the counts released by the RNAs incu-
(TLC) on cellulose plates in 2-propanol:concentrated HCl:wateted in extracts.

(70:15:15 viviv) {0-12,24). For total¥, gel purified RNA was  C¢The percent of theoretical is obtained by determining the actual number of counts
subjected directly to nuclease P1 digestion and TLC. Thise to¥ formation compared with the theoretical number of counts that could be
formation ofW on [53H]UTP labeled RNA was assayed iBHh released based on the percen? ¢¥#/U + W) expected from the known sequence
release/Norit A charcoal binding assay where the relede of of human U4 and U6 RNAs and the number of courdtd-tdbeled U4 or U6 RNA

to solvent water is an indication Wfform:ation 12,19 added to the reaction. The theoretical pergefar U4 RNA is 7.32% (3V/41 U
Glycerol gradients (10—-30%) were prepared and centrifugedﬁ?)’ while the theoretical percettfor U is 11.53% (/26 U +4).

4°C in an SW41 rotor for 18 h at 40 000 r.p.ir2)( The buffer We also determined the extract order-dependence¥for
for the gradients contained 150 mM KCI, 20 mM Tris—HCI (pHormation in U6 RNA using this sami release assay. In
7.6), 1.5 mM MgCl, 0.5 mM phenylmethylsulfonyl fluoride and contrast to U4 RNA, the maximal amountétvas observed for
0.5 mM dithiothreitol. After centrifugation the gradients werethe incubation conditions of NE followed by S100 extract
fractionated from the bottom. addition, at 9.6% of theoretical (Tabl§. This result was
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Figure 1. Secondary structures of U4 and U6 RNAs and diagram of U4 muggriBsirfary sequence and secondary structures of human U4 and U6 RNA are shown
as well as the positions of Stems | and Il, the regions of intermolecular base-pairing )8¥8-type U4 is diagrammed with the regions identified in A marked

for easy reference. The portions of U4 that have been deleted in the mutants is denoted by a line in the figure, whereas the shaded blocks indicate the portion:
U4 RNA left intact (6).

unexpected since in the cell, U6 RNA never exits the nucleus. Thel purified after incubation in extracts and only full-length
S100 fraction could contain eithérsynthase enzyme that leaked snRNA was isolated, an accurate assessment of the extént of
from the nucleus into the cytoplasm or additional uncomplexddrmation can be determined. Using this assay we were able to
U4 snRNP or both. There is extensive base pairing between ddtermine that the amountdfformed in U4 RNA wag70% of
and U6 RNAs and this interaction may be necessaryfor theoretical (data not shown; see Tabléor how percent of
formation in U6 RNA. theoretical was calculated) after incubation in a combination of
Although the3H release assay was useful for identifying theS100 and NE or S100 alone. However with U6 RNA the reaction
combination of extracts or the order of extract addition thatias less complete, ranging from 5 to 17% of theoretical
resulted in the maximal formation in U4 and U6 RNA, the suggesting that a component essential for effitiefdrmation
results reveal nothing about the extent of the modification processU6 RNA was a limiting factor in these extracts.
or the specificity of the reaction. The percent of theoretical is low The site-specificV formation in U4 RNA using the two
using thé!H release assay since this value was calculated from thenditions that gave the greatest amourt-bfeleased (S100
total number of counts added to the reaction and a significafiailowed by NE, and S100 followed by S100) was determined
portion of RNA is degraded during the incubation making itising the TLC assay4P]U4 RNA was incubated in the extracts,
unavailable as substrate for the modification reaction. In order purified on a 10% polyacrylamide/8.3 M urea gel, eluted and
determine the specificity and extent of the modification reactio®Nase T1 digested. The RNase T1 fragments of 21 nucleotides
we used?P-labeled RNAs and a TLC assay. Since the RNA ignt), containing¥ at positions 72 and 79, and a 5 nt RNase T1
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Figure 2. Effect of the presence of U4 RNA Bhformation in U6 RNA32P-labeled U6 RNA was incubated with either none or increasing amoghidatfeled

U4 RNA and the U6 RNA isolated. The RNA was subjected to digestion with nuclease P1 and chromatographed on TLC plates as described in Materials and Met
A portion of the autoradiograph is shown in the panel above with the positions of pW¥ amtigated to the right of the panel. The molar ratio of U6 to U4 RNA

is indicated at the bottom of the panel. Lane C is U6 RNA that was not incubated in the extracts.

fragment containing’ at position 4, were further gel purified on snRNAs from the extracts using micrococcal nuclease (MN). MN
a 20% polyacrylamide/8.3 M urea gel, eluted, and subjected i®a non-specific nuclease that digests all RNAs in the extracts. By
nuclease P1 digest and TLC. The results are shown in Zableeliminating the endogenous snRNAs from the extracts we can
with the highest amount B at positions 72 and 79 observed withdetermine if U4 RNA that we add back to the extract contributes
S100 followed by NE addition, with 87% versus 56% of theoreticab W formation on U6 RNA. MN at a final concentration of ulJ/
when only S100 extract was used. More interestingly, there wass added to the extracts, incubated for 30 min°a 3d then

a 4-fold increase i formation at position 4 (18% versus 62%the MN was inhibited with EGTA. Poly A and poly C RNA were

of theoretical) when NE was included in the reaction. Thialso added to counter the effects of substrate maskihgrhen
suggests that at least tibsynthase activities are needed¥or [32P]JU6 RNA was added with or without increasing amounts of
formation in U4 RNA, with one of these activities located withi[5-3H]JU4 RNA to the MN treated NE, incubated for 30 min,
the nucleus. Another possibility is that NE might supply dollowed by the addition of MN treated S100, and incubated for
non-enzymatic factor necessary fBrformation in U4 RNA. an additional 2.5 h. The isolatedf]U6 RNA was gel purified,
Alternatively, the S100 extract might contain an inhibito#to subjected to a nuclease P1 digestion, and chromatographed on
formation and that the presence of NE mitigates the effect of thHEILC plates to determine tot# formation (Fig.2). With no U4
inhibitor. Whichever is the case, the extent of modification ipresent in the extracts the amountofound in the U6 RNA is
these extracts is quite high for U4 RNA. The same could not logiite low (0.3% of theoretical; Tab®, but as the amount of
said for the modification of U6 RNA at specific sites and théH-labeled U4 RNA added to the reaction was increased, the
possible involvement of U4 RNA in tHéformation in U6 RNA  formation of¥ in U6 RNA also increased to a high of 8.2% when

was investigated. a 25¢ molar excess of U4 RNA was added to the treated extracts
Table 2. Site specific¥ formation in U4 RNA (Table3).

RNase T1 fragment Incubation % W % of theoretical Table 3. Effect of interaction with U4 RNA on U6 RN formation in

(position of@)2 conditions esdp (esdp micrococcal nuclease treated extracts

21 nt (72,79) S100-NE 17.4 (0.19) 87.0 (0.93) U6:U4 molar ratio % W (xsdp % of theoretical£sdy’

21 nt (72,79) $100-S100 11.2 (0.26) 56.0 (0.60) no added U4 0.03 (0.001) 0.3(0.01)

5nt (4) S100-NE 6.2 (0.19) 62.0 (1.88) 1:2 0.16 (0.002) 1.4 (0.02)

5nt (4) $100-S100 1.8 (0.08) 18.0 (0.84) 15 0.28 (0.004) 2.4 (0.04)

aThe 21 nt RNase T1 fragment was reconstructed from a 12 and 9 nt RNase 11110 0.45 (0.005) 3.9 (0.05)
fragment. RNase T1 not only has specificity for G, but also for poly C tracts. 1:25 0.95 (0.009) 8.2 (0.09)
bTo obtain the %, the plate was exposed to X-ray film and the autoradiograph
used to identify the uridine atiéispots. These spots were scraped from the TLCThe %8V was calculated as described in the legend to Table 2. In this experiment
plates, counted in scintillant for 30 min, corrected for background, and thide ‘no extract’ control was 0.22%.

counts were used to obtain a ratidtb€ounts to the total counts in uridine plus PThe percent of theoretical was obtained as described in the legend to Table 2.
W spots. In addition, a ‘no extract’ control value fo#2%0.20%) was subtracted The theoretical percent for U6 RNA is 11.53%H26 U +W).

from the values for RNAs incubated in extracts.

CThe percent of theoretical is obtained by comparing the obsertédnd the Other RNAs do not have the same effecddormation in U6
theoretical percent & ([W/U + W] x 100) expected from the known sequences - :
of the RNase T1 fragments from human U4 RNA. The theoretical percent f(ﬁNA' Th.edsarr:e typeL?Afl E);\FI)XHLTE?gNuAsmngN t{%ﬁé&d ?ﬁ(traCtS
the reconstructed 21 nt fragment is 2098420 U +W¥), and the value for the was carried out using . . .an pre- s the
5 nt fragment is 10% (¥/10 U +W, since there are five 5 nt RNase T1 fragments).,added RNA. The results are In Tabkend itis clear that U,4 RNA
is the only RNA tested that stimulated the formatio¥ afi U6

- - RNA. Adding another snRNA, such as U5 RNA, did not increase
Requirement of U4 RNA for¥ formation on U6 RNA the amount o¥ in U6 RNA over the amount observed when no
In order to determine if U6 RNA requires the interaction of Ud&dditional RNA was added (compare 8.9% versus 9.3% of

RNA for W formation, it was necessary to eliminate endogenoukeoretical for these two samples). Likewise for the addition of
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pre-tRNASE" to the reaction, there was no stimulationUéf specific analysis of formation was carried out on U6 RNA

formation in U6 RNA. In fact there appears to be a slight decreaseubated wittASm U4 RNA the amount & found at residue

in the level of¥ in U6 RNA, for unknown reasons. The data showl0 decreased to 0.9% of theoretical.

that the increase in efficiency & formation in U6 RNA is

limited to U4 RNA and it is not due to an RNA mass effect.
In order to confirm the above results, U4 RNA mutdfits (B)

Table 4.W formation in U6 RNA with unrelated RNAs in micrococcal
nuclease treated extracts

that either inhibit or increase the binding between U4 RNA andype of RNA adde®l %W (xsdy % of theoretical{sdf
U6 RNA were utilized in a MN treated extract experiment. Thé, 1.95 (0.019) 16.91 (0.16)

U4 mutantAStem 1l RNA has previously been shown not to Us 1.03 (0.011) 8.93 (0.10)
interact with U6 RNA, nor does it take part in spliceosome ' ' ’ '
assembly §). U4 AStem | RNA can interact with U6 RNA, Pre-tRNA®r 0.61 (0.008) 5.29 (0.07)
although it does not become part of the spliceosémélie U4 No added RNA 1.07 (0.013) 9.28 (0.11)
A5'Stem—loop mutant RNA has a 2-fold higher binding capacity,, 1.42 (0.022) 12.32 (0.19)

for U6 RNA, and is not incorporated into the spliceosome, while
U4 ASm mutant RNA does interact with U6 RNA and isathe mole ratios for U to the RNAs added were 1:25 for U4 RNA, 1:30 for U5
incorporated into the spliceosoni. £2P-Labeled U6 RNA and  RNA and 1:9 for pre-tRNA®] however, all of the samples had at legst f
3H-labeled U4 wild-type or mutant RNAs were added at a molainlabeled yeast tRNA which was used for efficient precipitation of the probe.
ratio of 1:25 (U6:U4 RNA) to MN treated NE, followed by the "The %8¢ was calculated as described in the legend to Table 2. In this experiment
addition of MN treated S100. RNA was isolated from the reactiohe % for the ‘no extract' control was 0.28%.

and F’ZP]UG RNA was gel purified, nuclease P1 digested ang he % of theoretical was calculated as described in the legend to Table 2.
chromatographed on TLC plates to determine ¥ptiirmation

(Table5). The U4AStem Il mutant RNA which does notinteract  ajj of the mutant U4 RN As, except for tASm mutant, have

with U6 RNA showed aiB0% decrease in the amount®¥f e same stability as wild-type U4 RNA in these extracts (data not
formed in U6 RNA when compared with the amoutédrmed  shown). So the failure of t¥Stem Il mutant U4 to stimulate the
when wild-type U4 RNA was added to the reaction. There wagrmation ofW in U6 RNA was not due to the instability of the

actually less¥’ formed when this mutant was present than whe(y4 mutant in the extracts. It is interesting to note that even though
no U4 RNA was added to the reaction. Wher\Biem | and the  the ASm U4 RNA is not stable in the extracts, since it does not

ASm mutant RNAs were added to the reaction they exhibited gfhq the Sm core proteins)( it nevertheless stimulated the
[50% decrease in the amountibformed in U6 RNA compared  formation of in U6 to over 50% of that seen with wild-type U4
with when wild-type U4 was added. Although these latter two U&ANA (see Tablé).

mutant RNAs still interact with U6 RNA, the data indicates a

requ'remem fOIT the intact U4—U§ Complex_’ _and/or th(_? presenq@ole 5.9 Formation in U6 snRNA with mutant U4 RNAs in micrococcal

of Sm proteins in the U4-U6 particle for efficihformation in  nyclease treated extracts

U6 RNA. WhemA 5 Stem—loop mutant RNA, which has a 2-fold

increase in binding to U6 RNA, was added to the modificationmype of U4 RNA used % W (+sdp % of theoretical{sdp
reaction the result was similar to that seen with wild-type Uz, qqed ua 0.19 (0.003) 1.6 (0.02)

RNA, which supports the need for U4 RNA interaction. When no

U4 RNA was added to the micrococcal nuclease treated extractéild-type 0.62 (0.006) 5.4(0.06)
very little W formation was observed in U6 RNA, while in the ASteml 0.31 (0.004) 2.7 (0.03)
mock treated extract8 formation was significantly higher than  asiem 0.10 (0.001) 0.9 (0.01)
those reactions with wild-type U4 RNA added. Mock treated

extracts are identical to micrococcal nuclease treated extracé?m 0.33 (0.004) 2.9(0.09)
except no micrococcal nuclease is added to the reactions aAdStem-loop 0.53 (0.006) 5.0 (0.06)
therefore all the endogenous U4 RNA is still intact, in an RNRyjiig-type (mock) 1.31 (0.013) 11.4 (0.11)

form, and available for interaction with U6 RNA. The amount of
U4 snRNP that can be assembled in the MN treated extractsTige %W was calculated as described in the legend to Table 2. In this experiment
probably less than the level of U4 snRNP found in the modRe % for the ‘no extract’ control was 0.52%.
treated extracts. bThe % of theoretical was calculated as described in the legend to Table 2.
Since the extent P formation in U6 RNA is not 100% of
theoretical we determined whether theformed is evenly If the association of U4 RNA is required for the efficient
distributed between the three possible nucleotides at positions &kmation of¥ in U6 RNAIn vitro then if we isolate the U4-U6
40 and 86 or whether one site is modified preferentially. U6 RNANRNP complex the U6 RNA should be enriched ielative to
modified in the presence of U4 RNA was isolated from th&J6 RNA not associated with U4 RNA. In order to test this
modification reactions by gel elution, digested with RNase Thypothesis we subjected the modification reactions, containing
the 6mer (containing residue 40), 8mer (containing residue 8&P-labeled U6 RNA and either endogenous (mock) or exogenously
and 17mers (containing residue 31) were isolated, an¥ the added U4 RNA (MN and the no extract control), to sedimentation
content assayed by TLC. The results show tha#’ntan be velocity centrifugation on glycerol gradients to separate U4-U6
detected at position 31, that the formation4bfis 4.6% of complexes from U6 RNA alone. After incubation under modifi-
theoretical at position 40, and it is 19.1% of theoretical at resideation conditions, the samples were layered on 10-30% glycerol
86. So it would appear one site is modified preferentially undgradients and centrifuged as described in Materials and Methods.
the conditions employed in these studies. When this same shiee RNAs from fractions correspondind6S (fraction 6) and
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7S (fraction 9) were isolated from the gradients (total of l#hterestingly, the formation &P in a U4ASm mutant was 25%
fractions). The total amount ¥fin the U6 RNA was determined of wild-type U4 RNA so it would appear soikeformation can
and the results are presented in T&blEhe amount o found  occurin U4 RNA in the absence of Sm protein binding (Zerby and
in U6 RNA associated with U4 RNA in thél6S fraction was Patton, unpublished data).
4-fold higher than that found for free U6 RNA. This is true for The fact that a combination of NE and S100 extracts is needed
both micrococcal nuclease treated extracts, where U4 RNA wims optimal¥ formation in U4 RNA, together with the fact that
added back after nuclease treatment, as well as for the md€kormation at position 4 of U4 RNA is increased 4-fold by the
treated extracts where native U4 snRNP can interact with tlagldition of NE (after incubating in S100 first), suggests there are
added®2P-labeled U6 RNA. at least twd¥ synthase activities required frformation in U4

The percent of theoretical fé formation in U6 RNA is quite  snRNA, with one of the activities probably located within the
high from[16S (58.7 and 24.4% respectively for mock and MNucleus. The procedure used to isolate HeLa S100 anda)\E (
treated samples) versus the levels for U6 RNA fidi@ (15.0 makes it more likely to have leakage of nuclear components into
and 3.1% respectively). This is consistent with the hypothesis thhe cytoplasm than to have leakage of cytoplasmic components
the formation ofV in U6 RNA is dependent on its associationinto the nucleus. Another possibility is that a cofactor necessary
with U4 RNA. The percents of theoretical for the U6 RNA foundor W synthase activity is enriched in the nuclear extract.
at[116S are high compared with previous experiments and thisAdternatively, it is possible that an inhibitor&fformation in U4
due to the additional purification step employed in this experRNA is preferentially found in the S100 and incubation with NE
ment. Most of the counts on the gradients were found ififtBe releases that inhibition. The determination of the actual number
sample and therefore the higher levels seen with pure U4—-d6Y synthase activities required frformation in both U4 and
particles is normally obscured by the abundance of U6 RNA frotd6 RNAs, as well as the compartmentalization of the activities,

(7S which has lower levels & awaits future experiments that will employ both point mutants of
the two RNAs and microinjection techniques.
Table 6.W Formation in U6 RNA isolated by glycerol gradient Y formation in U6 RNA is optimal with incubation in nuclear
centrifugation in the presence of U4 RNA extract followed by the addition of S100. This was surprising
since U6 RNA does not exit the nuclénsvivo. Since the
Incubation Size % W % of theoretical formation in U6 RNA is low, we will need to consider additional
conditiong (tsdy (¢sdy manipulations of thi vitro system components to boost the level
of W formation in this essential splicing cofactor.
MN treated H163 270 (0.019) 244 (0.17) Recently it was shown that (E)ertai?] small nucleolar RNAs
MN treated urs 0.36 (0.008) 3.1(0.07) (snoRNAs) function as guide RNAs in the ribose methylation of
Mock treated  [116S 6.77 (0.082) 58.7 (0.71) pre-rRNA @9). However, even though several tRNA syn-
Mock treated 7S 1.73 (0.014) 15.0 (0.12) thases have been cloned0432), the requirement for the

interaction of one RNA with another in order $formation to

aU6 and U4 RNAs at a molar ratio of 1:25 were incubated in NE followed by?CCUr has not been suggested. The need for U6 RNA to interact
the addition of S100 extract, that were either micrococcal nuclease (MN) okith U4 RNA would imply the substrate it formation in U6

mock treated. RNA is the U4-U6 snRNP. Which is intriguing in light of the fact
bAfter incubation, the reactions were layered upon 10%—-30% glycerol gradietihat U6 SnRNA appears to be a ca_talytic component of the
as described in Materials and Methods and fractionated into 14 fractions. Tegliceosome, that U4 snRNP may function as an inhibitor of U6
16S region of the gradient corresponds to fraction number 6 (U4/U6 RNASQ;nRNA catalytic functiorﬂ), and the possible involvementwf

while the 7S region of the gradient corresponds to fraction number 9 (U6 RN% chemical reaction§_() 21)' The interaction between these two
CThe %Y was calculated as described in the legend to Table 2. In this experim?fNAS might be a poss:ible way of regulating bétiormation

the %8V for samples from the ‘no extract’ control gradient was 0.30% for fraction . . . L
and 0.23% for fraction 6. and U6 RNA catalytic function by not allowitg formation in

dThe % of theoretical was calculated as described in the legend to Table 2. U6 RNA until associated with U4 RNA.
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