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ABSTRACT

Intermolecular hybridization experiments show that
murine 18S rRNA and 28S rRNA are capable of forming
stable hybrid structures with mRNA from genes p53,
c-myc and c-mos from the same species. Both
5'-uncoding and coding oncogene p53 mRNA regions
contain fragments interacting with rRNA. Computer
analysis revealed 18S rRNA fragments complementary
to oligonucleotides frequently met in mRNA, which are
potential hybridization regions (clinger-fragments). The
distribution of clinger-fragments along 18S rRNA
sequence is universal at least for one hundred murine
mRNA sequences analyzed. Maximal frequencies of
oligonucleotides complementary to 18S rRNA clinger-
fragments are reliably (2-3 times) higher for mRNA
than for intron sequences and randomly generated
sequences. The results obtained suggest a possible
role of clinger-fragments in translation processes as
universial regions of mRNA binding.

INTRODUCTION

Interaction of RNA complementary regions plays an important
role in a variety of cellular processes, including those of
translation. The existence of complementary regions in ribosomal
and prokaryotic messenger RNA and their interaction during
initiation, elongation and termination of translation was shown
earlier (1 -8). The effect of the interaction of Shine - Dalgarno
sequence in mRNA with a complementary sequence in 16S rRNA
on the translation efficiency in prokaryotes was studied in detail
(1-4).

It is believed that mRNA - rRNA complementary interaction
during translation also takes place in eukaryotic species, although
this supposition has not been experimentally proved (9, 10).

Nucleotide distribution regularities in different mRNA codon
positions discovered by Trifonov strongly suggest that
mRNA-rRNA interactions are involved in frame-keeping
mechanism based on complementary contacts between mRNA
and rRNA. The existence of hidden periodical motif 5'(GCU)3'
in eukaryotic mRNA complementary to 18S rRNA fragment
supports this notion (7).

In this paper we present results of experimental study of mouse
rRNA-mRNA hybridization and computer analysis data on
potential regions of their interaction.

MATERIALS AND METHODS
Isolation of poly A-RNA fraction
Total RNA from 3T3 cell culture (mice fibroblasts) was isolated
with acid guanidine isothiocyanate and subsequent extraction with
chlorophorm-phenol mixture (1: 1) as described by Chomczynski
and Sacchi (1 1). The ribosomal RNA fraction was isolated with
chromatography on oligo-dT cellulose (12).

Preparation of [P32] labelled mRNA
Labelled [p32] mRNA from mouse genes p53, c-myc, c-mos
and 18S rRNA was prepared by in vitro transcription of plasmid
constructions containing cDNA fragments of the corresponding
genes. RNA synthesis was carried out in the presence of [p32]
UTP and SP6 RNA polymerase, as described (13). Triphosphates
unincorporated in RNA were removed with gel chromatography
on a Sephadex G-50 column.

Intermolecular mRNA-rRNA hybridization in solution and
analysis of its products
Unlabelled rRNA and [p32] labelled mRNA were preliminarily
heated in 50% formamide at 80°C for 10 min. Then rRNA and
mRNA solutions were mixed and incubated in 3 x SSC buffer
containing 50% formamide at 37°C for 1 h. RNA aliquotes were
subjected for agarose gel electrophoresis in TAE buffer, then
RNA were transferred on Hybond membrane which was
radioautographed.

Blot hybridization
rRNA was subjected for agarose gel electrophoresis under
denaturating conditions (14), then rRNA was transferred on
Hybond membrane. This membrane with immobilized rRNA on
it was prehybridizated during 2 hours and hybridizated with
[p32] labelled mRNA (Fig.2-A) or with [P32]labelled 18S rRNA
(Fig.2-B) during 16 hours. The same hybridization conditions
as for hybridization in solution were used. After hybridization
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the membrane was washed in 3 x SSC solution during 30 minutes
with 2 changes of buffer solution at room temperature and 2 hour-s
at 60°C with one change of washing solution.

Computer analysis of intermolecular rRNA - mRN A
hybridization potential regions
Computer search of potential regions ot intermlolecular-
rRNA-mRNA hybridization xW,s perfor-imecd by a pair-wise
comparison of mRNA and rRNA primary sequences usinltl
HYBRID progiram which revealed complementa-ry
oligonucleotides capable of forming stable interm-lolecular- hybrid
structures. Free energy of intermnolecular- hybrid stluCtul-e wNats
calculated as sum of energies of aIll its consecutive nucleoticle
pairs ( 15). Intermolecular hybrid structur-es with total free energy
lower than - 17 kkal/M were considered Results of HYBRID
program work were presentcd in the dot-mlatrix fOrni ( 16).
(Fig. 4-A). On the basis of these data. histogr-amns of distribution
of complementary mRNA oligonucleotide frequencies along 1 8S
rRNA sequence were created forI every sequenice paii analvzed.
The number of complementary mRNA olh gonucleotides for eI\eV
18S rRNA sequence fragment was determined. Maxim-na on
histograms of distribution correspond to mRNA oligonucleotides
possessing the highest frequency. The same appi-oach Wa'Is used
for intron sequences and randonmly generated sequences.
The data obtained were used for construction of summ'arlized

distribution histog,rams for grIoUps of relacted sequenccs
(i.c. .mRNA sequences. intron sequences. rcandclomlyll; generated
sequences), where values of complementary oligonucleotide
frequencies for every related sequence group were summnned up.

Original algorythms and programs developed in the Institute
of Mathematic Problenms in BiolouN were used in the work.
Sequences analyzed were from EMBL Data Base. Release 29.

RESULTS AND DISCUSSION

Results of our experiments on hybridization ot mouse oncogene
p53 with mouse rRNA are shown in Fie. 1. Messenger RNA from
oncogene p53 formed hybrid structures with both 18S rRNA anid
28S rRNA. Transcript from oncogene p53 antisense chaiin did

Figure 1. Electrophorcgram ol iniRNA aInd the antisensc chain trainscript from
in itro ti-anscribcd Imhouse oncognce p5I attedi septarationl in Lasccl heltot-c
and after h bridizaltion with Imlousc rRNA Thic 0.5 tt, of mlRNA or (3 51q otI
antisenisc chaini tr-Ifmscript were dircct1v suhjectcdl (or- a-arose (cl elctriophorc.sis
or- iixed with 5,>o' ot' rRNA in 50,ul ot h\ hiridi/i tiori hbLr1't'KY I X t LI-e Lis
incubated in 37°C durin(o 6() minutes aind subhectcti foi- agarosc gcl clectrophoresis
I-radioautograph\ of electrophor-nlotim: It ethidiLumi hbromide stailneicdcl.ci
antisensc chain transcript fromii oncogcnen p53: h-antisense Chain tal-Inst ipit trom
onco(geic p53 attct- hyhridizationi kvith I-RNA: c--mRNA from oit(wic1cnp5p:
di m-RNA frtom oncogecnc p53 ait'tei- (vhildizitloii with r-RNA.

inot tormiii hyhrid stiructuires \\ itl I 8S rRN A and 28S rRN A\ and
did not chance its mobility dLhlin electr-ophoretic separation. The
ability of p53 oncogcne mlRNA to c0-111Complexcs with 18S
rRNA and 28S rRNA \was also dIcrionstl'itted in hlot hybridization
exper-imiients (Fie- .2-A ). Hv-lhrdidiztaoan between S rRNA antd
28S rRNA ImoleIcules WaIs Also Ob,srscred iin tthcse exper-ilmctnts
(Fig.2-B). Thus, in the hybridizaition coniditions emploved onlk
I\RNA- 8S rRNA. mRNA-28S rRNA and presumahbl 1 8S

rRNA-28S rRNA hybrids were formed trofi( all possiblhc va1iants
of intermolecular RNA-RNA hybridization.

Similalr- results were obtained in expel-imlienlts on hvyrbridi.zation0
of mIurine ribosom.il RNA with rnRNA ot c-mvc amnd c-toThs
eenes. Messenger RNA of hoth genes formed hyhrid stlUctusH-C,
with rRNA. aind their antisenIse sequIeLnCes did not (datta air-c not
pr-esentedt).
To determi-ine whtt mRNA regiios lOrm complexesc s ith

rRNA. we svnthesized mRNA fr l1irents colrrespondillnL to
5 -uncoding aiid coding regions oft Imouse oncogen1e p53 Results
of hybridization of these frtaejmcnt>t wnith rRNA aire shon in
Fi. 3. It is seen that ttic hothl iRNA traLmcnts ar1e capable of

F'igure 2. Blot h\ hridialion. Rihosomail RN A -.L.i(.2 > jin) ss as sLnjectCtd
1'o1 e electl-ophloresis Lliadco-conatdratiLolitions. theln rRNAA s

transfetrrel on Hlyhond mcmihr-anc. This oeijnhranc- siitt immohilized rRRNA on
it \vas Khoidintcd \itt,iiP 1alahellcd o R\N N \55ith [P 1 a8hellcd1 S
i RN.A (B

Figure 3. RadilOlAltolIalph\ . electrop i-LirllnId1i itolliocII .ini c( dlil
itoRNA t raoillents ititoll I t to ii tlsc K on i t'0}ICiene p5 LI'te'l- tIIe
cp.aratittiin the nooeci' t3tlort nid 11t t lisiid tioln\ii olisC 15S i-RNA
'KOch1hricdiation mix\tuet wsa'1 .:ontaincd (). Il ,ol'tnikN A on-l llctt nmd it
)I rRN A insolloti\L ()iiil1. <, 5'ooo.odCiOlnt coRN.tAi-i'r cict troi oncioonc p53-.
h n on d m-,in ot RN A 1'r I-tVIii.nIIc toni in etc pS Ittcr ti h dlili t I' \\ itt
IsS r RNA. pi}owIitoiiu'tiLTmRNAN i Ltmcii Inmi onc(minc p_53: d pioteliln
o(diillL tolRNAlN ini iiit 1ri, li"olccilc 1 i"I -I hi dIJI toi. tI \s itOII S r \NA
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forming complexes with rRNA, 5'-uncoding mRNA fragment
interacting exclusively with 18S rRNA. These results suggest that
both 5'-uncoding and coding mRNA fragments contain regions
interacting with rRNA.

It is evident that the ability of rRNA to interact with different
mRNAs is due to the existence of complementary regions in these
molecules. To reveal potential hybridization regions computer
analysis of 18S rRNA (17) and mRNAs from genes p53(18),
c-myc(19) and c-mos (20,21) was carried out. Distribution
histograms of complementary mRNA sequences from these genes

Table 1. Potential hybridization regions in 18S rRNA corresponding to the most
frequent mRNA complementary fragments.

18S rRNA fragment Nucleotide positions

1. CCCGGGGGGGG 200-210
2. CCCUCCCGGC 250-259
3. CGGCCGGGGGUCGG 262-275
4. CCCGGGG 502-508
5. UCCGCCGCG 707-715
6. CGGGGCC 786-792
7. GCCGCC 839-844
8. GCCGGGGGCA 930-939
9. CCGCCGGGCAGU 1125-1137

10. CCGGGGGGAG 1163-1172
11. GGGUGGUGGUG 1320-1330
12. CCGGGGCU 1512-1519
13. GGCCCCGCCGGGGU 1748-1761

along 18S rRNA sequence are presented in Fig. 4. Maxima on
the histograms indicate 18S rRNA sequence regions
corresponding to the most frequent (exeeding mean frequency
by standard deviation value) complementary mRNA fragments,
which are potential hybridization regions. It is seen that the
distribution of these regions along 18S rRNA sequence is identical
for mRNA from all three genes.
The revealed 18S rRNA complementary regions are universal

for different mRNA from different genes. Analysis of distribution
histograms for one hundred mRNAs from different mice genes
showed that the complementary fragment distribution pattern was
identical for all analyzed mRNAs. A typical summarized
distribution histogram for twenty mRNAs is presented in
Fig. 5-A.
Computer analysis data for mRNA family sequences were

compared with that for nucleotide sequences of different
functional nature (introns, randomly generetad sequences, spacers
between genes). Summarized distribution histogram for twenty
randomly generated sequences of the same length is presented
in Fig. 5-B. It is seen that randomly generated sequences differ
in complementary fragment distribution pattern, their maximal
complementary fragment frequencies are two-three times lower
than that for mRNA family. Similar results were obtained for
intron sequences and spacers between genes (data are not shown).

Thus, mouse mRNA family is characterized with the definite
pattern of complementary fragment distribution along 18S rRNA
sequence, the frequency of fragments complementary to
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Figure 4. Dot-matrix and distribution histograms of complementary mRNA fragments along 18S rRNA sequence from mouse. A-dot-matrix for p53 mRNA and
18S rRNA complementary fragments; B-distribution histogram for p53 mRNA and 18S rRNA complementary fragments; C-distribution histogram for c-myc
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Irom nucleotide sequences ot dittcrent functional natLurc alone, mice 18S rRNA
sequlence. Abscissa and ordinate are the sanmc as in Fig. 4. A- imouse nmcssenger
RNAs (20 scquences): B raindomly gcnerated sequences (20 sequcevcs of thc
satme1c lene2th as mRNAs.

ribosomal RNA in mRNA molecules is considerablN higher than
that in nucleotide sequences of a different functional nature. A
possibility of RNA -RNA duplex formation depends on

complementary fragment frequencies in the interacting molecules.
so there is reason to believe that 18S rRNA sequence regions

corresponding to the most frequent mRNA complementary
fragments participate in mRNA - rRNA interaction. We shall call
these 18S rRNA regions clinger-fragments'. Nucleotide positions
and primary structures of these fragments are presented in Table
1. It is seen that all of them have high G+C-content. Eight of
the thirteen clinger-fragments contain G blocks (at least fouI
neighbor G). which means that the corresponding mRNA
complementary fragments are enriched with C and C + U blocks.
The location of these sequences in computer-predicted

secondary structure model of rodent 1 8S rRNA (22) is presented
in Fig.6. It is seen that clinger-fragments are located mainly on

boundaries of double-helical and single-stranded regions.

However, it is not clear which of clinger-fragments may be
present on the surface of intact ribosome. We suggest that
interaction of clinger-fragments with mRNA is possible due to
cooperative processes, transient on-off base pairing. Fipro and
Dahlbera (1990) suggested that the transient on/off base-pairing
may result in a relative increase in the concentration of mRNA
in the region of the 30S subunit, thus enhancing the potential
for this mRNA to be translated (23).

Figure 6. Lxkation of clingcr-fragmcnts in c(omputer-predicted scCondary stricture
iimodel of rodent 18S rRNA (22).'

Wt

V , F

K-11

Figure 7. Dot-milatrix r-evealing p53 oncogenc nmRNA regions complemeintarv
to 18S irRNA clinger-fraumiecnt CCCGGCiGGGGG (2(X) 21bhp).

B
C)
c
a)
E
CDo

>C

2
C_E

a,

E

0

0)
n
E



Nucleic Acids Research, 1993, Vol. 21, No. 4 1011

Computer analysis showed that both 5'-uncoding and coding
mRNA regions contain fragments with different levels of
complementarity to 18S rRNA clinger-fragments. An example
of this for clinger-fragment CCCGGGGGGGG (200 -2 lObp) is
presented in Fig.7. These results are in agreement with data of
our experiments on hybridization of 5'-uncoding and coding
regions of mouse oncogene p53 mRNA with 18S rRNA.
We suggest that the function of clinger-fragments consists in

universal binding of mRNA molecules in translation processes,
although not all the revealed clinger-fragments may be available
for complementary interaction with mRNA molecules in vivo
due to the secondary rRNA structure formation and rRNA
packing into the ribosome. The universal mRNA binding ability
may be a unique property of rRNA molecules necessary for
ribosome functioning.
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