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SUMMARY 

The primary nucleotide sequence was reported earlier for 
Ul RNA (Reddy et al, (1974) J. Biol. Chem. 249, 6486-6494), 
an snRNA implicated in splicing of HnRNAs. In view of the 
presence of homologous pseudouridine (Jt) residues in 5'-ends of 
several highly conserved U-snRNAs and the recent report of 
modified bases in the Ul RNA structure (Branlant et al, 
(1980) Nucleic Acids Res. 8, 4143-4154) a study was made for 
the presence of $ and other modified nucleotides in the 5'-end 
of the Ul RNA. Identification of JI residues t positions 6 
and 7, shows the 5' -sequence of Ul RNb is: m ,2,,7GpppAm-Um-A- 
C-$-$-A-C-C-U-GGC-A-GGG-GA-G-A-U-A-C. t T e + residues in 
place of U at positions 6 and 7 may affect the binding of Ul 
RNA at intron-exon splice junctions. 

INTRODUCTION 

The U-SnRNAs previously described and sequenced in this 

laboratory (1-14) were shown to be part of snRNP particles 

(15-18). Interest in U-snRNAs was increased by reports that 

some SnRNAs are hydrogen-bonded to premessenger RNA (19,20) 

and that some RNAs were present in the RNP particle complexes 

containing premessenger RNA (21-24). The U-snRNAs, particular- 

ly IJl RNA were implicated in properly aligning splice junctions 

(25-29) . Tbe 5'-end sequence of Ul-snRNA determined in our 

laboratory was found to be complementary to several introns 

at the splice junctions (25,26,28,29). 

Abbreviations used: Ul RNA, uridine rich nuclear RNA 1; 
U-snRNA, uridine rich small nuclear RNA; and SnRNP, small 
nuclear ribonucleoprotein particle. 

0006-291X/81/041076-08$01.00/0 
Copyright (G 1981 b.v Academic Press, Inc. 
AN righis of reproduction in any form reserved. 1076 



Vol. 98, No. 4.1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

In studies on homologies of SnRNAs (10,11,30) sequenced 

in this laboratory, it was noted that JI residues were common 

to the 5' -ends of UZ,U3,U4 and US RNAs. Branlant et al (31) 

provided modifications to the Ul RNA sequence suggesting the 

U residues at positions 6 and 7 of Ul RNA were modified, 

Since this region of Ul RNA is implicated in recognizing and 

aligning splice junctions, these modifications may be impor- 

tant. These modified nucleotides at positions 6 and 7 were 

found to be pseudouridine residues. The presence of J, in 

place of U residues at positions 6 and 7 of Ul RNA may affect 

the binding between Ul RNA and HnRNA. 

MATERIALS AND METHODS 

The harvested Novikoff hepatoma a 
cells were incubated and labeled with 

Sites cells or HeLa 

f 1 
P orthophosphate as 

described previously (32). Preparations o citric acid nuclei, 
isolation of RNA, fractionation of 4 to 8s RNA was done as 
reported earlier (33). Nuclear 4-8s RNA was subjected to elec- 
trophoresis on 10% acrylamide, 7 M urea, pH 8.3 gels (34) and 
the Ul RNA band visualized by autoradiography was excised; Ul 
RNA was extracted and precipitated (35). The RNA was digested 
with T1-RNase and finger-printed as described by Brownlee et al 
(36). The kinase labelling of Ul RNA fragments was done as 
described by Donis-Keller et al (34) and wandering spot analy- 
sis (37) was performed to obtain nucleotide sequences of 
oligonucleotides. \t residues and other nucleotides were 
analysed with the Wyatt system (38). 

RESULTS 

Fig. 1A shows the T1-RNase fingerprint of Novikoff hepa- 

toma U-l RNA; electrophoresis was on cellulose acetate in the 

first dimension and with the 7% formic acid system on DEAE- 

cellulose paper in the second dimension. All the oligonucleo- 

tides were separated by this method except T-18 to T-21, which 

did not move in the second dimension. Using homochromatography 

in the second dimension (Fig. 1B) these four oligonucleotides 
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Figure 1 Autoradiographs of a two-dimensional separation of 
a complete Tl-FtNase digest of JLP-labeled Ul RNA 
Novikoff hepatoma. Electrophoresis was carried out 
in the first dimension on cellulose acetate pH 3.5. 
The second dimension was electrophoresis on DEAE- 
cellulose paper (Fig. 1A) or homochramatography (36, 
37) on DEAE-cellulose plates using C-15 homomlxture 
(Fig. 1B). 

- 
1 
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(~-18 to T-21) were separated. The sequences of OligOnUCleO- 

tides were derived from earlier data (3) and from wandering 

spot analysis (37) of 5 '-end labeled oligonucleotides. These 

sequences are in agreement with the sequences confirmed by 

Branlant et al (31). 

The T1-RNase oligonucleotides of Ul RNA containing U 

residues were analysed for modified nucleotides using the 

Wyatt system (38) and electrophoresis; only T-21, the 5'-terminal 

oligonucleotide of Ul-RNA contained $ residues (Fig. 2A). To 

localize the '$ residues within T-21, the oligonucleotide T-21 

was digested with U2 RNase and the three tetranucleotides 

found earlier (3) were separated. When these tetranucleotides 

were digested with T2-RNase and analysed for * residues using 

the Wyatt system (38) one contained J) residues, C-q-p-Ap 

(Fig. 2B). The other two tetranucleotides were C-C-U-Gp which 

contained only unmodified U,and 'cap' containing tetranucleotide 

which could not be digested with T2 RNase (Fig. 2B). The modi- 

2,2,7 fied nucleotides m3 G,Am and Urn in the 'cap' structure of 

Ul RNA were reported earlier (39). The only other modification 

observed in u1 RNA was the Am in T-15 as reported earlier (3). 

With these results, the sequences of Novikoff hepatoma Ul RNA is: 

10 20 
m~72'7G-ppp-Am-Um-A-C-~-~-A-C-C-U-GG-C-A-G-GG-G-A-DA-U-A-C- 

30 40 50 
C-A-U-G-A-U-C-A-C-G-A-A-G-G-U-G-U-G-G-U-U-U-U-C-C-C-A-GGGC-G-A- 

60 70 80 
GGC-U-U-A-U-C-C-A-U-U-GC-Am-C-Am-C-U-C-C-GGA-U-GU-GC-u-GA-c- 

90 100 110 
C-C-C-U-G-C-G-A-U-U-U-C-C-C-C-A-A-A-U-GC-G-G-G~-A-A-C-U-C-G 

120 130 140 
A-C-U-G-C-A-U-A-A-U-U-U-G-U-G-G-U-A-GU-GGG-G-~A-C-U-~C-G- 

150 160 165 
U-UI:I;-C-G-C-U-C-U-C-C-C-C-U-GGR 
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32 
Figure 2A Autoradiograph of a complete T2-ENase digest of p- 

labeled oligonucleotide T-21 of Ul RNA. Electrophore- 
sis was carried out on Whattman 3 MM paper at pH 3.5 
in the first dimension and second dime&on was 
descending chromatography in isopropyl alcohol/HCl/ 
~~0 (680:176:144,v/v). 

Figure 2B Analysis of oligonucleotides for JI residues. 
BNase digestion products of 'P21 were digested %;th 
T2-H?iaSe and fractionated on 3 MM paper by Wyatt 
system (28). The numbers 1,2, and 3 correjpgnnlf to 
the U2 ENase digestion products C-C-U-Gp,m 9 9 Gppp 
Am-Um-Ap and C-$-'#-Ap, respectively of HeLg (left) 
and Novikoff hepatoma (right). 
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DISCUSSION 

Following initial studies from this laboratory (3) on 

Novikoff hepatoma Ul RNA, a highly conserved nuclear RNA, 

Branlant et al (31) showed that thpre were only minor differences 

in this structure in human, chicken and rat molecules. The 

modification Am at 71, the "captr structure at the 5'-end, 

and the two $ residues at position 6 and 7 also appear to be 

conserved. Our present data shows that positions 6 and 7 

contain J, residues in Novikoff hepatoma and HeLa cells. The 

U residues at position 6 and 7 of chicken Ul RNA are also 

modified ( 31 > and are probably $ residues. The significance 

of these modifications is not understood at present, but the 

presence of these modifications in Ul RNA sequence implicated 

in recognizing splice junctions (25-29) makes the identifica- 

tion of these modifications important. G-q or A-q complemen- 

tary bonds are marginally weaker than G-U or A-U bonds, and the 

modification of U to JI in these positions may affect the bind- 

ing of Ul RNA to HnRNA. One interesting possibility is that JI 

residues instead of U residues in the 5*-end of Ul RNA may 

allow Ul RNP to turn over faster during splicing. 
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