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ABSTRACT
The nucleotide sequence of Lctobacittus vi&deacen. ATCC 12706 5S RNA

was determined to be pU-G-U-U-G-U-G-A-U-G-A-U-G-G-C-A-U-U-G-A-G-G-U-C-A-C-A-C
C-U-G-U-U-C-C-C-A-U-A-C-C-G-A-A-C-A-C-A-G-A-A-G-U-U-A-A-G-C-U-C-A-A-U-A-G-C-G
C-C-G-A-A-A-G-U-A-G-U-U-G-G-A-G-G-A-U-C-U-C-U-U-C-C-U-G-C-G-A-G-G-A-U-A-G-G-A
C-G-U-C-G-C-A-A-U-G-COH. When compared with other published sequences of
prokaryotic 5S RNA species, this sequence shows as much homology with that
from B. zubtitJ.6 (80% homology when all variations included) and B. megateAium
77% homology) as with the 5S RNA from another member of LactobaciJ.aceae
amily (L. b4ev,s 79% homology). The sequence contains the proposed tRNA
binding site (CGAAC, positions 41-45) and can accomnodate most, but not all,
of the more recently proposed helical regions of secondary structure.

INTRODUCTION
The structure of 5S ribosomal RNA has attracted considerable

attention in recent years (1). Comparative sequence analysis has been used
to locate base pairing regions within the primary structure then these
regions interpreted in possible functional secondary structures of 5S RNA
(2,3,4).

During our studies of tRNAs from L. vi2dezcQe4, the opportunity arose

to sequence the 5S RNA from this organism. In this paper, the complete
nucleotide sequence of L. vtideucen.6 5S RNA is reported. One other 5S RNA

sequence from a member of the Lactobacitaceae family has been published (5).
The sequence provides another example for comparative analysis in defining
functional secondary structures of 5S RNA. Variations in sequence do occur

within the proposed helical regions of secondary structure. The effects on

base-pairing interactions is discussed.

MATERIALS AND METHODS
Geneiut. Pancreatic RNase and bacterial alkaline phosphatase (BAPF) were
obtained from Worthington Biochemical Corp. Spleen phosphodiesterase and T4
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polynucleotide kinase were purchased from Boehringer Mannheim. T1 and U2
RNase (Sankyo) were from Calbiochem and T2 RNase was obtained from Sigma.

T4 RNA ligase and Phy I RNase were purchased from P.L. Biochemicals. PEI (6)
cellulose plates (Polygram Cel 300 PEI) were a product of Macherey-Nagel.
Cellulose acetate strips were a product of Schleicher and Schnell. Whatman
(DE 81) DEAE-cellulose paper and Whatman No. 1 paper were supplied by Balston
Ltd. RX medical X-ray film was a product of Fuji Photo Co. with Dupont Cronex
Lightening Plus and Quanta III intensifying screens being used when necessary.
Sephacryl S-200 was a product of Pharmacia. [y-32P]ATP was prepared by the
method of Schendel and Wells (7) using DEAE-cellulose chromatography to purify
the ATP.

1.6otation oi 5S RNA. The 5S RNA for post-labelling experiments was first
partially purified using a Sephacryl S200 column. Final purification of all
5S RNA was effected by two-dimensional polyacrylamide gel electrophoresis (8)
using a 10% gel in the first dimension followed by a 20% gel in 6 M urea in
the second dimension.

Po6t-tabet&nq oA RNA. The method of Silberklang et at. (9) was used for 5'-
labelling whilst 3'-labelled RNA was prepared according to Peattie (10). Post-
labelled 5S RNA was purified by polyacrylamide gel electrophoresis. The
[5'-32P]-pCp for 3'-labelling was prepared by the method of England and
Uhlenbeck (11).

Sequenceng Technvqume. Standard procedures (12) were used for enzyme
degradation and fingerprinting of uniformly [32p] labelled 5S RNA. The rapid
sequencing methods involving partial enzymic degradations (13,14) were used for
the 5'-labelled 5S RNA whereas the techniques of partial chemical degradations,
developed by Peattie (10), were used for the 3'-labelled 5S RNA.

3'-TeA'unat AnaLtZg6. A sample of [3'-32p] labelled RNA was digested with

T2 RNase and the products separated by electrophoresis at pH 3.5 on Whatman
#1. The [32p] labelled mononucleotide was located by autoradiography.

RESULTS
PanAeatLeic and Ti RNae Dieution P'toduct6. Figures 1 and 2 show the auto-
radiogram resulting from fingerprint analysis of fragments from a complete
pancreatic RNase or T1 RNase digestion of uniformly [32p] labelled 5S RNA.
After the determination of molar yields, the digestion fragments were further
analysed. For the pancreatic RNase end products, the sequence of fragments pl
to p12 could be elucidated by combined results of T2 and T1 RNase digestion.
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Figure 1.
Fingerprint of complete RNase A digest of L. vixtducen4 5S RNA.

The sequences of the two oligonucleotides in p14 were deduced from analysis of

the T1 RNase end products. For fragments pl3and pl5 to pl7, the "wandering spot"
technique using partial spleen phosphodiesterase digestions followed by
two-dimensional chromatographic analysis of the resulting fragments was used
to sequence each fragment. The sequence of each of these fragments was

later confirmed by the rapid gel techniques. The results are shown in Table I.

For the T1 RNase end products, the sequence of fragments tl to t5, t7 to til,
tl2a, t14 and t20 could be elucidated from the combined results of T2
and T1 RNase analysis. The sequence of fragment t15 was deduced from analysis
of the pancreatic RNase end products. Except for fragments t18 and t19 the
remaining T1 RNase end products were sequenced by a combination of U2 RNase
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Figure 2.

Fingerprint of complete T1 RNase digest of L. viideacens 5S RNA.

and spleen phosphodiesterase digestions.
The final sequences of fragments t18 and t19 were derived from the rapid gel
sequencing results for the [3'-32P]labelled RNA. The sequences of the T1 RNase
end products are given in Table II.

3'-TeAmZnat Rehidue. A T2 RNase digestion of 3'-labelled 5S RNA followed by
analysis for the [32P]labelled mononucleotide showed the 3-terminal residue to
be -COH. The pancreatic RNase end product GPCOH in the fingerprinting of
uniformly labelled 5S RNA was not located.
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TABLE I

PANCREATIC RNase END PRODUJCTS

Fragment T RNase Products Sequence Molar Yields
Number

Measured From
Final
Sequence

pl C- C- 10.2 13
p2 A-C- A-C- 3.7 4
p3 U- U- 11.8 11
p4 A-U- A-U- 2.6 2
p5 G-(0.9), C-(1) G-C- 3.3 3
p6 A-A-U- A-A-U- 2.2 2
p7 G-(1.0), U-(1) G-U- 4.4 4
p8 A-G-(1.0), C-(1) A-G-C- 1.0 1
p9 A-G-(0.6), A-U-(1.5), G-(1.3), A-G-U- 3.0 3

U-(l) G-A-U-, 2
plO A-A-G-(O.9), A-A-C-(1), G-A-A-C-, 1.6' 2

G-(1.0), C(1.1) A-A-G-C-
p1l G-(1.8), C-(1) G-G-C- 0.9 1
p12 pUp- puJp 0.8 1
p13 A-G-(1.0), A-C-(1), G-(1.0) A-G-G-A-C-t 1.1 1
p14 A-A-A-G-(1), A-A-G-(1.0), A-G- G-A-A-A-G-U* 2 2

(1.0), U-(2.5), G-(1.3) A-G-A-A-G-U*-
p15 A-G-(1), G-(2.1), U-(O.9) G-A-G-G-U-t 0.9 1
p16 A-G-(1), A-U-(1.0), G-(2.1) G-A-G-G-A-U-t 1.0 1
p17 A-G-(1), A-U-(1.0), G-(2.9) G-G-A-G-G-A-U-t 0.9 1

Total Number of Bases 115

* Deduced from T1 RNase fragments

t Final sequence from partial spleen phosphodiesterase digestions

+ Average from several fingerprints

Finat Sequence. In order to place the oligonucleotides of the pancreatic and

Ti RNase fingerprints into the final sequence, the rapid gel sequencing methods
(10,13,14) on intact 5'- or 3'- end labelled 5S RNA were applied (15).

The total nucleotide sequence of L. vi dezcenz 5S RNA is shown in Figure
3a with the complementary base pairing scheme for 5S RNA suggested by Fox and
Woese (2) shown in Figure 3b.

DISCUSSION
The 5S RNA from L. vi idezcena contains 117 nucleotides, the same

number as reported for LactobaciAtuw bMev 5S RNA (5). It is interesting to
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TABLE II

T RNase END PRODUCTS

Fragment Pancreatic RNase Products Sequence Molar Yields
Number

Measured+ From
Final
Sequence

ti G-
t2 C-(1.2), G-(1)
t3 A-G-
t4 U-(0.8), G(1)
t5 U-(1.9), G(1)
t6 U-(1.1), C-(0.9), G-(1)
t7 A-U-(1.9), A-G-(1.2), U-(0.9),

G-(2)
t8 C-(2.5), G(1)
t9 A-C-(1.6), G(1)
tlO A-A-G-
til A-U-(0.9), A-G-(1)
tl2a A-U-(1.0), U(1.5), C-(0.9),

G-(1)
tl2b A-A-G-(1), U-(1.9)
t13 A-A-U-(1.1), C-(1.2), G(1)
t14 A-A-A-G-
tlS A-A-C-(1.0), A-C-(1.0),

A-G-(1)
t16 A-A-U-(0.8), C-(1.7), U-(1.2),

A-G(1)
t17 A-C-(2.2), C-(2.0), U-(1.8),

G( 1)
t18 A-U-(1.0), A-C-(1.1), C-(4.2),

U-(2.0), G(1)
t19 A-U-(1.0), C-(4.2), U-(3.5),

G-(1)
t20 pUp(1.0), G-(1)

G-
C-G-
A-G-

U-G-

U-U-G-
U-C-G-*

2A-U-G, U-A-G-

C-C-G-
A-C-G-
A-A-G-
A-U-A-G

C-A-U-U-Gt

U-U-A-A-G-
C-A-A-U-G*
A-A-A-G-

A-A-C-A-C-A-G-t

C-U-C-A-A-U-A-G*

U-C-A-C-A-C-C-
U-G*
U-U-C-C-C-A-U-
A-C-C-G*
A-U-C-U-C-U-U-C-
C-U-G*
pUpG-

Total Number of Ba!

7.2 6
2.5 2

3.8 3

1.7 1
1.8 2
1.0 1

3.0 3

0.9 1
1.0 1
1.1 1
1 1

1.2 1

0.9 1
0.9 1
1.0 1

0.9 1

0.9 1

0.9 1

0.9 1

1.2 1

0.9 1

ses 116

* Sequence determined using U RNase and partial spleen phosphodiesterase
digestions and/or from sequincing gels.

P Sequence deduced from Pancreatic RNase fragments.
+ Average fromseveral fingerprints

note that there is as much homology with several BacittzC 5S RNA species as with
L. Mitevi" 5S RNA (79% homology). For example, there is 80% homology with
B. 4ubti1 5S RNA (16) if one includes sequence variations occurring in minor
species (17) and 77% homology with B megateuin 5S RNA (18).

As shown in Figure 3b, the sequence can be arranged in the secondary
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Figure 3.

(a) Complete nucleotide sequence of L. vi de.ceni 5S RNA.
(b) L. vZxdeAcens 5S RNA drawn in the Fox and Woese model.

structure proposed by Fox and Woese (2) which is based on four conserved
helices. The ten base pairs of the 'molecular stalk' (1-10/116-107) are
conserved even though there are four changes in the sequences between positions
1 and 10 as compared to several Ba&tetzu 5S RNAs.

The additional A residue at position 82 is unique for a prokaryotic
5S RNA. Usually three or four adjacent G residues occur in this region with a

corresponding run of C residues closely following which form the stable
'prokaryotic loop'. L. vi deucenz 5S RNA can form a similar helical region of
five base pairs (80-84/93-89) which includes the unique A residue at position
82.

985



Nucleic Acids Research

The 'tuned helix' of the Fox and Woese model can be accommodated in
the sequence (16-21/63-58). The U residues (positions 17 and 18) replace A
residues in the corresponding positions in the sequenced Bacit.Aaw 5S RNAs with
the reverse occurring at positions 61 and 62 (As replace Us). This provides
strong support for the 'tuned helix' being part of 5S RNA secondary structure.

The remaining helical region, forming the 'common arm base' of the Fox
and Woese model is very similar in L. viide.4cens 5S RNA to that in E. otLi 5S
RNA (U=A replaces A=U between positions 32 and 46).

Weidner et at. (3) propose two interchangeable secondary structures for
5S RNA. The alternative structure (B form) consists of a 'central helix' of
seven base pairs in E. coti 5S RNA (33-39/88-82). L. viideucenz 5S RNA cannot
form a helical region of such stability, a maximum of three consecutive base
pairs are possible (35-37/81-79). The sequence of L. vi4ide4cenz 5S RNA thus
supports the Fox and Woese model for secondary structure but cannot accommodate
the alternative 'B form' suggested by Weidner et at. (3) to allow rearrangement
of 5S RNA secondary structure during protein synthesis.
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