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Identification of A Novel Antisense Small
Nucleolar RNA from Yeast
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(Biotechnology Research Center, Zhongshan University, Guangzhou 510275)

Abstract A novel small nucleolar RN A, 76, was identified and characten zed from yeast Sac—
charomyces cerevisiae- 76 snoRN A is 109 nt. in length, encoded by an independent transcribed
gene which probably belongs to a snoRNA gene cluster on the chromosome X III of yeast. Tt
contains box C, boxD motifs and a 11 nt. long segment complimentary to a conserved sequence
of 25STRN A. The antisense element, together with the downstream boxD , guides a 2 -O-ri—
bose methylation of cytidine acid at position 2195 in yeast 25S rRN A.
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In the recent years, the small nucleolar RN As ( snoRN As) have been the interesting
subject when this kind of RN As, which enrich in nucleolus of eukaryotic cells and function
as ribonucleoprotein, are found to play key roles in ribosomal biogenesism. Most of the
known sno RN A can be classified into two groups which are structurally and functionally
distinct. One group of sno RN A, the boxC/D group containing boxC (UGAUGA) and
boxD ( CU GA) motifs, has been proved function as guides for the Z -O-ibose methylation
of rRN A by base pairing[2’3]. With the similar pattern, the other group which character—
ized by box H ( ANANNA), ACA consensus at 3 end and “ hairpin-hinge-hairpin—ail”
structure, is involved in site-specific pseudouridylation of rRN A'™. Although much work
has been done, the process of ribosomal biogenesis is still considered to be a complicated
event, especially the rRN A maturation. Many evidences have demonstrated that the
rRN A maturation need the participating of a myriad of moleculars. Despite the functions
as guides for methylated and pseudouridylated modification, several sno RN As are essential

for site=specific cleavage in pretRN A pI"OCCSSiIlg“ , and others are proposed to play other

5
roles such as rRN A chaperon[ :

. For further understanding the mechanism of rRN A matu—
ration and assembly of rRN A and ribosomal protein, more snoRN A species and other as—
sociated functional elements remain to be identified and characterized. In this report, a
new sno RN A is identified from yeast S. cerevisiae. lts structural features and functional

significance are also discussed.
1 Materials and methods

I. 1 Computer screening of sequence data bases
Genbank and EM BL DN A sequence data bases were screened by using Blast and Fasta

(39730300)
1997-11-17 . .32,



58 ( ) 37

programm. Sequences exhibiting sno RN A gene features were selected and further analy zed
by using PC gene 6. 0 package.
1.2 Oligonucleotide probe and primers

The sequence of oligonucleotide Pz6 used as primer for reverse transcription and as
probe for Northern analysis is § -GATCAGTTGCGCGGGTTTTC3 . PolyCl6 [5
GGAATTCGGAT (C) 16]is used as reverse primer in PCR amplification of ¢cDN A. Pz6
was radiolabeled at 5 -end with ¥ =*P] ATPas described in reference®’.
1. 3 Preparation of yeast total RNA

The yeast strain JG1017 was grown on YEPD(yeast extracts Po , Bacto+ryptone 2o ,
glucose P ) liquid medium at 30°C with shaking at 140 r/min. until the Aso= 1. 5. The
cell was centrifuged and the pellet was ground into powder with liquid N2. Total RN A was
extracted and purified according to guani dinium—-thiocyante method’.
1. 4 Northern hybridization, ¢cDNA cloning and sequencing

Procedures for Northern hybridization analysis, reverse transcription and ¢cDN A pu-—
rification were as previously described . The purified ¢cDN A was tailed with an oligo—
(dG) tract and PCR amplified by using Pz6 and poly C(16) as primers. PCR products were
purified, cloned into the Smalsite of pTZ19 plasmid. Sequencing was performed using the

Sequenase sequencing kit ( Life Science).

2 Results and discussion

In the past two years, a computer screening method employed to analyze on EM BL
and Genbank database has been proved to be considerable effective in finding of new sno R—
NA genes[m]. With the same method, a yeast snoRN A gene candidate, termed Z6 DN A,
locating on a non protein encoding sequence between two protein genes of yeast 13th chro-
mosome, was screened from database. Z6 DN A is defined as 114 nt in length, contains
boxC, boxD motifs and possesses a 11 nt long segment potential to form perfect duplexes
with the conserved sequence of 25S rRN A. There are two repetitions of 9 ntat 3 and 3
termini ( Fig- 1-a, noted by arrows) which make the precusor transcript to form stable ter—
minal stem structure similar to most of snoRN A genes. Except C and D boxes, Z6 DN A
did not share significant sequence similarity to any known snoRN A genes, suggesting that
it may encode a novel snoRN A, that is, Z6 snoRN A.

To confirm the above inference, a sequence— specific oligonucleotide, Pz6, was syn-
thesized and 5 -end radiolabeled. Northern hybridization was performed by using labeled
Pz6 as probe and gave rise to an unique band of 109 nt under stringent conditions ( Fig. 2—
a). Reverse transcription experiment using Pz0 as primer, on the other hand, gave single
band ¢DN A product of 103 nt ( Fig. 2-b). The ¢DN A product was purified, PCR amplified
and cloned- The positive clones were then subjected to sequence analyses. The results
showed identical sequence between the cDN A and Z6 DN A( Fig. 1=, bold letters), further
confirming that 76 sno RN A was the transcript of Z6 DN A. According to the results of re—
verse transcription and ¢cDN A sequence, the 5 end of this newly defined snoRN A can be
positioned at the 8th nucleotide upstream from box C. Referring to the result of Northern
analysis, the 3 end of 76 snoRN A is situated at the 8th nucleotide downstream from
boxD (Fig. 1-a, indicated by arrowheads).
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(a)

3
v boxC 25Sr RN A boxD
TACAATGGAA A TGAGGA TCCACAGCACTGG GCA CTGA GGG GGAAACAAAT ATCCTTTCAA
3
boxD v

ATGAGTGACA ATGCTTTAGC GGGCCTAGAA AACCCGCGCA A CTGA TCCAT TGTA (114)

Pz6

(b)

76 SnoRN A
25
‘ box D
5 -AGCACUGGGCA CUGA -

3 —U‘CGUGA‘CCCGU—S
2200 @
25S rRN A

Fg. 1 Structural features of Z6 DNA and snoRN A
(a) the sequence and conserved elements of 76 DN A; (b) Duplex between Z6 snoRN A and 255 rRN A

3

Fg. 2 (a) The result of Northern analyses using Pz6 as probe
(b) The result of reverse transcription of Z6 snoRNA
M, size marker; S1, S2 and R, 15F¢g total RN A of yeast (a) (b)

The known snoRN A genes have two distinct genomic organizationsm. Many are nest—
ed within introns of protein genes where they are synthesized as part of pre-mRN A and
then are released from the intron by processing. In the second type, the sno RN A coding
sequences are flanked by promoters and hence independent transcribed. This dichotomy of
gene organization referes different mechanism of expression and processing . 76 snoRN A
gene is located on a non—protein encoding sequence between two protein genes. A candi—
date TAT A box has also been found at the 5 -end upstream from Z6 DN A. So we con—
cluded that Z6 sno RN A is encoded by an independent+ranscribed gene. Furthermore, two
other snoRN A genes are being identified upstream of Z6 snoRN A gene, suggesting that Z6
sno RN A gene is probably a member of a snoRN A gene cluster (our unpublished results).

The C, D box containing sno RN As always contain a segment perfect complimentarities
to the universal core region of mature 18Sor 25 28S rRN A", The function of these so—
called antisense snoRN A have been confirmed that the segment complimentary to rRN A,
togetherowith the downstream boxD. previde the information necessary to select the target
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nucleotide for Z -O-ribose methylation of rRNA. Z6sno RN A, the newly defined antisense
sno RN A in this report, has also the function in guiding the formation of 2 -O-ribose
methylation of cytidine acid at position 2 195 in yeast 255 rRN A ( Fig. 1-b, depicted by
black circle). Tt worth to note that this methylation site of rRN A is conserved between
vertebrates and yeast, suggesting that a Z6sno RN A homolog may exist in human and oth—

er higher organisms. The search for 76 snoRN A gene homolog is now in progress in our

laboratory.

26 snoRN A gene sequence has been deposited in EM BL Database under the accession

number Z 69298
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