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Nucleotide base sequence of vibrionaceae 5 S rRNA
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Nucleotide base sequences of 5 S rRNAs isolated from Vibrio vulnificus, Vibrio anguillarum, and Aeromonas
hydrophila were determined. Comparisons among these and sequences of 5 S rRNAs from other species
of Vibrionaceae provide information useful in the evaluation of the evolution of bacterial species.

5 SrRNA RN A sequence

1. INTRODUCTION

Comparisons among 5 S rRNA sequences pro-
vide a means for the estimation of evolutionary
relatedness among species. The 5S rRNA
nucleotide base sequences have been reported for 6
species of the family Vibrionaceae: Photobac-
terium phosphoreum [1], Vibrio harveyi [2], V.
cholerae [3], V. parahaemolyticus (in review), V.
Sluvialis (in review), and V. marinus (in review).
We report herein the nucleotide base sequences of
5S rRNA isolated from V. anguillarum, V.
vulnificus, and Aeromonas hydrophila, and com-
pare these with previously reported sequences of
5 S rRNAs isolated from species of the Vibriona-
ceae, and RNA Superfamily I [4]). The base se-
quences of 5 S rRNAs prepared from V. anguil-
larum and V. vulnificus reveal moderately high
levels of similarity with those from other species of
the family Vibrionaceae, while that of A. hydro-
phila differs significantly, and contains a region
with a unique secondary structural implication,
novel to 5 S rRNAs from species of RNA Super-
family 1.

2. EXPERIMENTAL

Bacterial cells were lysed by the freeze-thaw
method [5], and nucleic acid was obtained by
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Sequence analysis

Vibrionaceae

phenol extraction. Total cellular RNA was isolated
as in [6], with modifications described in [3]. RNA
was fractionated on DEAE—cellulose and the frac-
tion containing 4 S to 8 S RNA was separated by
electrophoresis on bisacrylylcystamine cross-linked
acrylamide gels [7}. The 5 S rRNA band was
located by staining with ethidium bromide, viewed
on a UV transilluminator (Fotodyne, New Berlin,
WI), excised, and recovered from the thiol-
solubilized gel on DEAE-cellulose, as in [7].
Separate aliquots of the 5 S rRNAs were end-
labeled on 3’- and 5'-termini using [5'->2P]cyti-
dine bisphosphate and RNA ligase or [y-*’P]ATP
and T4 polynucleotide kinase, and purified elec-
trophoretically before sequence analysis. Terminal
bases were identified by exhaustive digestion of the
3’-end-labeled RNA with RNase T2 and of the
5’-end-labeled RNA with nuclease P1, followed by
thin-layer chromatography of the digests on
PEI—cellulose, using the methods in [8].
Nucleotide sequences were determined by the en-
zymatic method from composites of numerous se-
quence ladders, generated using the methods in [9],
and modified in [10]. Endoribonucleases employed
in 5 S rRNA sequence determinations were T1 (G),
U2 (A), Phy M (A = U), B.c. (C = U), and M1
(‘minus C’). All enzymes were purchased from P-L
Biochemicals (Milwaukee, WT).

Bacterial strains employed in this study were: V.
anguillarum ATCC 19264; V. vulnificus ATCC
27562; A. hydrophila ATCC 9071,
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Fig.1. Autoradiograms of sequence ladders generated from partial enzymatic digests of 5 S rRNAs prepared from (A)
V. vulnificus, (B) A. hydrophila, and (C) V. anguillarum. Bands, corresponding to bases in the region of approximately
G(37) to U(108), are resolved and may be read directly from the autoradiogram.

3. RESULTS dicated only (Up) on the autoradiogram for all 3

species. Chromatograms of exhaustive digests of

3.1. Terminal analyses the [5'-32P]RNA indicated only (pU) for V.

Autoradiograms of the thin-layer chromato- anguillarum and V. vulnificus, and (pA) for A.
grams of exhaustive digests of the [3’-*2P]JRNA in- hydrophila.
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3.2. Sequence analyses

Autoradiograms of equivalent portions from ap-
proximately U(37) to U(108), of the sequence lad-
ders, generated from partial digests of the 58S
rRNA from each of the 3 aquatic Vibrio species,
are shown in fig.1. Composites of sequence ladders
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yielded primary structures for 5 S rRNAs prepared
from each of the 3 bacterial species, and are listed
in fig.2. Comparisons among these and other
representatives of RNA Superfamily I indicate a
much higher degree of sequence homology (97%)
between V. vulnificus and V. cholerae 5 S rRNAs
than for any other pair, suggesting that these
species shared a relatively recent common
ancestor. By the same criterion, V. anguillarum is
more closely related to P. phosphoreum (92%)
than to other species examined to date, while 5 S
rRNA from A. hydrophila lacks extensive se-
quence homology with any of the Vibrio species.

4. DISCUSSION

Since post-transcriptional modification of
nucleotide bases apparently does not occur in
bacterial 5 S rRNAs, they represent ideal material
for sequence determination by the enzymatic
method. Until recently, however, lack of an en-
doribonuclease with sufficient specificity to dif-
ferentiate between uridine and cytidine residues
prevented enzymatic sequencing methods from be-
ing extensively applied, since unequivocal
pyrimidine determinations could not be made.
RNase M1, possessjng equal affinity for adenine,
uridine and guanine residues, but no detectable af-
finity for cytidine, provided a solution to the pro-
blem of differentiation of the pyrimidine bases.
Unlike other endoribonucleases commonly used
for RNA sequence analyses, RNase M1 requires
zinc for stability (J.F. Jolly, personal communica-
tion). Therefore, the dilemma is posed whereby
RNA is incubated either in the presence of zinc, in
which case non-specific degradation of the RNA
will occur [11], or without zinc, in which case en-
zyme activity will be lost within a few hours. Since
inclusion of zinc in M1 dilution buffers ultimately
gives rise to an unreadable sequence ladder, it is
advisable to avoid it, limiting waste by keeping
volumes of working dilutions of RNase M1 to a
minimum.

An alignment, according to the convention of
[12], of the 5 S rRNA sequences for selected
species of the Vibrionaceae (fig.3), indicates that
the base sequence of 5SS rRNA from A.
hydrophila contains a minor sequence variation of
importance in the folding of the molecule. Accor-
ding to current secondary structure models, the
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V. vulnificus
V. anguillara»
A. hydrophila

Y. vulnificus
V. anguillaru»
A. hydrophila
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5§’ -UGCCUGGCGACCAUAGCEUUULGEACCCACCUBAARCCCAUUCCEAACUCAGAABUGARA
5’ -UGCCUGELEACCAUABUGUUGUGGACCCACCUGAUUCCAUGCCEAACUCAGAAGUGAAA
3’ ~UBCCUGECGECCAUAGCECLEUGEARCCACCUGAUCCCAUSCCEAACUCABAABUGAAA

CEAAAUABLEUCEAUGBEUAGBUGUGE6GUUUCCCCAUGUBAGAGUAGAACAUCGCCAGECAU-3’
CACAACABLECCEAUBGUAGUBUGGEEUCUCCCCAUBUBABABUAGEACAUCGCCAGBCAU-3’
CGCEGUAGLECCEAUBEUABUGUGGCAUUU-GCCAUGCEAGABUABBACACUGCCAGECA-~3"

Fig.2. Nucleotide base sequences of the 5 S rRNAs of V. vulnificus, V. anguillarum and A. hydrophila.

DD’ helix of known Superfamily I 5 S rRNAs ter-
minates in (G/C)s; and a 3-membered pyrimidine
hairpin loop, while the 5S rRNA from A.
hydrophila terminates in (G/C); C/G, and a
4-membered hairpin loop, reducing the maximum
possible base pairs in helix DD’ from 8 to 7. The
proposed secondary structures of 5 S rRNAs of A.
hydrophila, V. vulnificus and V. anguillarum are
shown in fig.4. The secondary structure suggested

and nuclear Overhauser [16] studies, which in-
dicate that helix segments AA’, DD’ and EE’
comprise one single continuous helix.
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results of recent NMR [14], X-ray scattering [15],
1 10 20 30 40 S0 &0 70
V. CHOL ~--CpCCUGGCH AUCEAC-CUGACU~--CCAUUCCEAA ~=—==ARBLUGAAA
V. HARV  --UBCUUGGCG: ACCEAC-CUGAUCULCCAUUCCGAACH --=-~AABUEAAA
V. VULN --4JGCCUGGCE ACCEAC-CUGARC--CCAUUCCGAAL -===QAASUBAAA
V. ANGU --UBCCUGLCE ACCLAC-CUGAUU-~CCAUGLCGAAC ~===ARBUGAAA
P. PHOS --LBCULGECE ACCEAC-CUBAYC--CCUUBCCEAACUICABH-—-~UABUMAAA
A. HYDR --4GCCUGELE AACEAC-CUGAYC--CCAUBCCEAAT --==-AASUGRAA
A C
8o Q0 100 110 120 130 140
V. CHOL [CGAARA C--6AU--66U-ABUGUGE~EEIUU-ECCCAUGLIGAG! ---6AR-CAICECCABBLT~
V. HARV |CBAAUU C--6AU--66U~-ABUGUGE-GELUU-LCCCAUGUBA -~-66A-CAUCECCABRCLIL
V. VULN BAAA C--GAU-~-GEU-ABUGUGE~GEUUU-LCCCAUGUEA ~--~GAR-CAUCBCCABEL
V. ANBU [CACAA C-~6AL--GBU-ABUBUGE~B CUJDCCCAUG AG --~66R-CAUCGCCABRC
P. PHOS [CBUAA C--6AU--GEU-ABUBUBG~6EUCU-LCCCAUGURBAG ~—-66A-CAUCECCABRE
A. HYDR 6C66 C--bAlL--HEU-ABUGUG6~ UUU-%CCAUE AG ---66A-CACUBCCAGGC
B’ E D D’ E’ A’

Fig.3. Alignment of 5 S rRNA sequences according to the convention of [12]. Boxed-in areas indicate base-paired
regions. Letters beneath the boxed regions are helix designations. V. CHOL, V. cholerae; V. HARV, V. harveyi; V.
VULN, V. vulnificus; V. ANGU, V. anguillarum; P. PHOS, P. phosphoreum; A. HYDR, A. hydrophila.
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Fig.4. Proposed secondary structures for (a) A. hydrophila and (b) V. vulnificus. The secondary structure shown here
is a minor modification of the universal ‘S-helix’ model [13] (see text).

187



Volume 175, number 1

REFERENCES

[1] Woese, C.R., Pribula, C.D., Fox, G.E. and Zablen
(1975) J. Mol. Evol. 5, 35-46.

[2) Luehrsen, K. and Fox, G.E. (1981) J. Mol. Evol. 7,
52-55.

[3] MacDonell, M.T. and Colwell, R.R. (1984) Appl.
Environ. Microbiol. 48, in press.

[4] DeVos, P. and DeLey, J. (1983) Int. J. Syst.
Bacteriol. 33, 487—509.

[5] Zablen, L., Bonen, L., Meyer, R. and Woese, C.R.
(1975) J. Mol. Evol. 4, 347-358.

[6] Kirby, K.S. (1956) Biochem. J. 64, 405—408.

[7]1 Hansen, J.N. (1981) Ann. Biochem. 116, 146151,

[8] Randerath, K. and Randerath, E. (1967) Methods
Enzymol. 12A, 323.

[9] Donis-Keller, H., Maxam, A.M. and Gilbert, W.
(1977) Nucleic Acids Res. 4, 2527-2538.

188

FEBS LETTERS

September 1984

[10] D’Allesio, J.M. (1982) in: Gel Electrophoresis of
Nucleic Acids (Rickwood, D. and Hames, B.D.
eds) IRL Press, London.

[11] Butzow, J.J. and Eichhorn, G.L. (1975) Nature
254, 358-359.

[12] Erdmann, V.A., Wolters, J., Huymans, E.,
Vandenberghe, A. and De Wachter, R. (1984)
Nucleic Acids Res. 12, r133-r166.

[13] De Wachter, R., Chen, M.-W. and Vandenberghe,
A. (1982) Biochimie 64, 311-329.

[14] Kime, M.J. and Moore, P.B. (1983) FEBS Lett.
153, 199-203.

[15] Leontis, N.B. and Moore, P.B. (1984) Nucleic
Acids Res. 12, 2193-2203.

[16] Kime, M.J. and Moore, P.B. (1983) Biochemistry
22, 2622—-2629.



