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ABSTRACT

We have sequenced a 1.0 kbp region of the mosquito (Aedes albopictus)
mitcchondriul gensme containing the large ribcsomal subunit ("LSU RNA gene,
and have located the ends ¢f the gene by 51 protection anal{sis and by compa-
rison with RNA seguences. The gene is_preceded by a tRNAY2S gene and followed
by genes for tRNAugu {rather than tRHAugx, a8 1n mammalian 1itochcndria)
and an extended reaging frame hsmclcgous to mammalian URF1. It is approxi-
mztely 1335 residues long and is very low (17%) in 5+C. The 5' half is even
lower in G+C (94), and shcws little apparent homology to cther LSU RNA clas-
ses. The 3' hulf is relatively rich (26.) in G+C and has many stretches of

homclogy toc prokaryotic and mammalian mitcchondrial LSU RNA.

TATRODUCTION

Analyses of ribcsomual RNA from phylogenetically disparate sources have
provided clues on functicnal and evclutionary aspects ¢f this important class
of nucleic acid (see, e.g., refs. 1-8). Barlier studies of curs have indica-

ted that the large ribosomal subunit (LSU) RNA of mosquito (Aedes albopictus)

mitochondria cccupies un evolutionary extreme in several respects: 1t is very
low in G+C content (17%) and 1n methylated residues (two) (ref. 1); and it is
3'-terminally polyadenylated (9). 1In the expectation that 1t would serve as u
basis for further inferences on rRNA function and evclution, we have deter-
mined the sequence of a regiocn of the Aedes mitochsndrial (mit) genome that
contains the LSU RNA and neighboring genes, and have localized the boundaries

of the rRNA gene by 3y protection and RNA sequencing studies,

HETHODS

Procedures for growing Aedes cells 2nd preparing mit RWA and DNA were as
previously described (2,11). Clones containing mit DNA were obtained by re-
stricting genomic DNA with HindIII or Sau3A, ligating the resulting fragments
into appropriately restricted plasmid pUC9, and transforming E. coli strain

JM33 (see ref. 11). Screening was performed by coleony hybridization (12),
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using either 5'-end labeled tR¥AY&l (10) or 3'-end labeled LSU RNA. Samples
#ere hybridized at 65% for 16h in 4X 3SC, rinsed thrice at 20° in 2X S3C, ani
then wushed twice at 5659 for 30 minutes in 4X SSC; all scluticus contsained 1in
additizn tmM EDTA and J.1% SDS.

Pcr DiA sequencing, samples were 5' end labeled using the Xlencw fragment
of E. coli DHA polymerase (13) and appropriate a-{32P}deoxynuc1e051de triphos-
phates. In some cases, sequencing was performed on Jdcuble-stranded seguents
labeled at ¢ne end and 1n scme cases 3egments labeled at both ends were sub-
jected tc strand separation for sequencing (ref. 14, p. 140) (summarized in
F1g. 1, below). The partial chemical deyradation procedure of Maxam and
Gilvert (15) and a 1wodificaticn thereof (16) were used.

LSU RNA was purified by serial centrifugation in "low" salt, snd then
"standurd" sult, sucrose gradients (17). RHNA samples were 3'-end labeled, re-
purified and subjected toc digesticn with RNases Ty 5r A tc release terminal
cligecnucleotides, as in ref. 18. RJA sequencing <88 performed by partial en-
zymatic digestion of end-labeled samples (2,13).

¥cr 31 nuclease protection experiments, mixtures of LSU R]NA (25 ng; 0.0%
pmcle) and 5'-end labeled DNA seg¢ments (13-50 ng; approx. 0.07 pmcle) were
taken up in 20 ul of O.04M 1 ,4-piperuzine-diethunesulfonic acid (PIPE3), pil
7.0, 0.4H NaCl, 0.0014 EDTA, 80% formamide; heated for 5 min. at 53°, incuba-
ted for 17h at 37%, and diluted with 0.2 ml of 1ce cold "nuclease-S; buffer”
(ref. 14, p. 208) containing varying amounts ¢f nuclease Sy (Boehringer-
#Mannheim). After 30 min. at 379, samples were ugain chilled, brought to 0.5
ammcnium acetate and 130 mM BEDTA, extracted with phenol-chlorcform, and preci-
pitated with ethansl (following ref. 14, pp. 208-209). Rinsed pellets were
dissolved in 10 ul of 1 aM Tris-iCl, pH 7.4, containing 74 urea and | md EDTA,
held aut 809 for 3 min., chilled, and run on a sequencing gel (13,20).

RESULTS and DISCUSSION

1. Jene crder and sequence.

Tne LSU RNA gene sequence was determined primarily using two cloned re-
striction fragments, designated HindIII-E and HindIII-D. Cclonies containing
HindIII-E hybridized to Aedes mit tRNAVal  and those containing HindIII-D tc
LSU RNA, under the conditions employed. The fragments proved to be adjacent
and each proved to contain a porticn of the LSU RNHA gene; the failure of
HindIII-E to hybridize to LSU RNA is apparently due to the very low G+C con-
tent of its portion of the gene (v.i.). Confirmation was provided by sequen-

ces obtained directly from genomic DNA, and from a separately cloned Sau3A
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Fig. 1. DSequencing strategy. The tsp line represents a 12.5 kbp stretch of
Aedes mit DNA and shows the HindIII sites used for the present work. The next
line is an expanded versicn of the segments between these HindIII sites with
additional relevant restriction sites indicated. Restriction enzymes denoted
in the diagram by their firat 3 letters are spelled out belcow; distance is
expressed as «bp from the left-most Pstl or HindIII site. Je next present the
gene order, and diagram the varicus classes of sequence determinations. These
are as fcllows:
2. A cloned plasaid containing fragment HindIII-F was labeled after digestion
with HindIII; the insert was then purified and subjected tc strand separaticn.
b. A cloned plasmid containing HindIII-D was labeled ufter digestion with
EcoRl; the EccRI-EccRI fragment was purified and subjected tc strand separa-
tion.
c. As for b, except that after labeling the preparation was subjected to
secondary digesaticn with HindIII or Haelll, and appropriate fragments were
purified.
d. The sane plasmid was labeled after digestion with HindIII, and the sub-
Jected to secondary digestion with BcoRI or Haelll and purificatiosn of appro-
priate fragments.
e. As for d, except that labeling was performed after 3au3A digestion, and
secondary digestion was with EccRI.
f. The HindIII-D insert was purified from the above plasmid, labeled after
digestion with Sau’A plus AhalIl, and appropriute fragments were purified.
8. As for f, cxcept that labeling was performed after digestion with Hpall
plus Ahalll; or after digestion with Hpall, followed by seccndary digesticn
with HaelIl.
h. A cloned plasmid containing a 1.2 kbp mit Sau3A fragment was labeled at
the plagsmid EcoRI site, subjected to digestion with PstI, and the appropriate
fragment was purified.
i. EcoRI-Pstl fragments of genomic DNA were labeled at the EccRI sites and
appropriate fragments were purified.

In general, two or three separate sets of sequencing reactions were per-
formed on each class cf labeled fragment.

fragment. The strategy is outlined in Fig. 1. We present in Fig. 2 the se-
quence determined, from the residue adjacent to the upstream HindIII site of
fragment B to about the middle of the HindIII-D fragment; the sense strand is
shown. The only ambiguity involves residue T1193, which in a minority of ana-

lyses yielded a slightly positive C reaction. The residue on the antisense
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The sequence of the LSU RNA gene and flanking ragions. Several positions referred to in the

noted and tRNA anticodons are underlined.

;1]

300

420

340

680

900

1020

1140

1280

1380

1300

1820

text ure

Y21e3SaY SPIdY 213|INN

%20z IMdy 0z uo 1senb Aq $2985€2/1L 22 2/02/Z | /o101HE/eu/w oo dno-ojwsepede//:sdpy wolj papeojumoq



Nucleic Acids Research

atrand correasponding to G1234 of Pig. 2 yielded no chemical reaction when
analyses were done on cloned DNA, presumably due to its methylation by the decm
methylase; it yielded a normal C reaction in analyses of genomic DNA.

The 5' 59 residues of the sequence correspond to residues 14 through the
3' end of Aedes mit tRNAY3G (HeuChen and Dubin, unpublished data)-

The 5'-terminus of the LSU RNA gene was determined by comparison with 5'-
end labeled LSU RNA. Essentially all label (>95%) was released as pU after
RNAse Py digestion (19). When samples were subjected to partial enszymatic
digestion with RNases A, Cly, Up or Ty followed by ladder gel analysis (2),
the following sequence was obtained:

UAAAUUUUAU UUAYUAAYYY UAYYUAYYUA AGUAYUAUAY YUAA
This localizes the 5' end of the gene to the second T after the tRNAval gene.
To facilitate discussing the rRNA, we begin numbering at this T residue.

Determining the 3'-terminus of the gene was more difficult, due to the
polyadenylation of the RNA. The most precise results were obtained by analy-
ais of ladder gel patterns obtained after treatment of 3'-end labeled RNA with
RNase Ty, or with RNase A. As illustrated in Fig. 3, complete digestion with
each enzyme released complex arrays of bands, in accord with the expected
heterogeneity of post-transcriptionally added poly A moieties. However, band
counts indicated that the Ty-released family was 19 residues longer than the
RNase A-released family. E.g., the two most abundant RNase A-released bands
ran as expected for oligonucleotides N35Cp and N34Cp, whereas the correspon-
dingly abundant RNase T{-released oligonucleotides ran as expected for N54Cp
and N55Cp. We infer that the last G of the gene is 19 residues upstream from
the last pyrimidine; inspection of the DNA sequence near the following gene
(that for tRNAé:g) indicates that the G in question is G1313 and the pyri-
midine is T1332. Support was provided by partial enzymatic ladder sequencing
(not shown), which revealed a second cluster of T{-sensitive sites 34 residues
further upstream; these are presumed to arise from G1278, G1279.

A second approach to establishing the 3'-end of the gene involved Sy nuc-
lease protection analysis. For these studies, we used either of two restric-
tion fragments spanning the presumed rRNA-tRNA gene junction: a 337 bp
EcoRI-HaelIl fragment or a 1.1 kbp EcoRI-HindIII fragment (Fig. 1); the two
gave the same rasults. DNA, 3'end labeled at the FEcoRI site, was hybridized
with LSU RNA, followed by treatment with 5y nuclease. Preliminary experiments
showed that temperatures of 459 or above fcr either hybridization or enzyme
treatment yielded no protecticn, presumably due to the low G+C content of the

potential hybrid. However, as illustrated in Fig. 4, 1incubation st 37° yiel-
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Pig. 3. Sizing of oligonucleotides released from 3'-end labeled LSU RNA by
RNases A and T,. Aliquots of RNA were digested with RNase A (10 pg/ug of RNA)
cr T1 (0.8 units/ug of RNA) prior tc electrophcresis through a sequencing gel.
Jne portion of each was run for 6h at 2 kv (Lanes 1-4) and a seccnd was run
for 3h (Lanes 5-8). Lanes 1, 3, 5 and 7 show patterns for the Aedes mit SSU
RNA, which provided markers as noted (2); the cther Lanes show the LSU RNA
patterns. Lanes 3, 4, 5 and 6 represent RNase T, digests and 1, 2, 7,and 3
RNase A digests. HKNumbering of the bands in lane 2 was based on comparison
with the Ac/A.*G,Cp markers, and numbering of the bands in Lane 4 was based on
comparison”with lane 2. Autoradiography was for 19h; longer exposures provi-
ded better visualizaticn of the smaller oligonucleotides released froa LSU
RNA.

ded complex arrays of protected segments. Control incubations (not shown)
showed that protection was dependent on the presence of LSU RNA. The protec-

ted segments were sized by runaning in parallel lanes samples of the same DNA
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Fig. 4. S, protection analysis. Aliquots of the EccRI-HindIII fragment of
HindIII-D l?ig. 1) were hybridized with LSU RNA followed by treatment with
varying concentrations of nuclease S;, as described in Methods. Lanes 1, 2,
4, 5 and 6 represent aligucts treated with 10,000, 5,000, 2,000, 1,000 or 500
units/ml, respectively (a somewhat smaller sample being processed for this
last reaction). Lane 3 represents a "C+T" sequencing reaction performed on a
sixth aliquot of the same 3' end labeled DNA sample. We indicate bands cor-
responding to A1336, G1%43 and G1344 of the sequence of Fig. 2 (i.e., the
complements of the sequence as read from the ladder), and (by arrows) the
protected bands corresponding to A1336 (see Text). The sequence ladder repre-
sents an exposure time about 10-fold that of the other lanes.

fragment, but previcusly subjected to partial chemical degradation as for se-
quencing. Lane 5 of Fig. 4 shows the "C+T" reaction for the DNA used in this
run; in designating the bands, we have converted the sequence tc that of the

sense strand. A133%5 would correspond to the thecretical protected fragment,
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1f the predominant LSU RWA transcripts terminated at T1332 or any of the fol-
lowing four A residues. Levels of Sy in the range 500 tc 2000 units/ml yiel-
ded fragments that were predominantly slightly larger than such a segment.
However, the sizes of protected segments became progressively smaller with
higher levels of enzyme; and at 10,000 units/ml there was a prominent band
running just behind A13%6, as expected for the above theoretical protected
segment. These results are similar to those cbtained by Van Etten et al (21)
for murine mit rRNA genes, both the small and the large ribcscmal subunit RNA,
genes. 1In view of the fact that the transcribed mciety of mummalian rit small
subunit RNA is gquite homogeneous at its 3' end (9,21), the multiplicity of
bands and the slight extension of protection intoc DNA corresponding to down-
stream ygenes were considered in this case tc be artifacts related toc 3'-
terminal cligoadenylation (21). Since the hedes mit LSU RNA is polyadenyla-
ted, 1t is likely that such artifacts affect our S4 results as well. Thus,
the patterns <f Fig. 4 are compatible with the end of the LSU RNA gene being
T1332 5 one cof the immediate dcwnstream A residues, end certainly show that
the end 1s in this general vicinity; but they cannot be taken to indicate
heterogeneous transcribed mcieties.

‘We infer from the ubove results, taken together, that transcription cof
the majority (at least) of Aedes mit LSU RWA molecules terminates at T1332 of
Fig. 2 and/or immediately dcwnstream A residues; and that these transcripts
are post-transcriptionally adenylated, yielding 5'-terminal pcly A tracts ave-
raging 35 to 36 in chain length. 1In the following sections, we take the LSU
RNA gene tc correspond to residues 1 through 1335 of Fig. 2. The gene is thus
about 200 residues shorter than corresponding mammalian 1it genes (23-26),
which of course are themselves unusually short for LSU RNAs.

Analysis of RNA by denaturing acrylamide gel electrophoresis yielded an
apparent chain length of 1420 using hamster mit rRNA as size markers (ref. 2},
in acceptable agreement with these inferences. The nucleotide composition of
purified RHA (Table 1) was, similarly, in agreement with these inferences, and
with the sequence as presented in Fig. 2.

In mammalian mit genomes (23-26) the gene following the LSU RNA gene is
that for tHHAtii. The Aedes mit LSU RNA gene is also followed by a tRNAleu
gene, but, curiously, by that for the isoacceptor with a UAG, rather than a
UAA, anticodon. Hammalian mit tRNKH?X is unusual among mammalian mit tRNAs in
that all or almost all of the invariant or semi-invariant residues of con-
ventional tRUA (28) are conserved. In contrast, Aedes mit tRﬁAhi‘é (Fig. 5)
resembles the majority of mammalian mit tRNAs, and all dipteran mit tRNAs
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Table 1. Nucleotide Ccmpcasition of Aedes mit LSU RNA.

From ‘DNA Sequence
From RHA
“Overall” 1-1335 1-634 635-1290 1291-1335

A 33.4 40.2 33.8 42.3 ) 53.3

G 10.8 1.1 1.4 7.4 15.9 2.2

¢ 5.3 5.6 5.7 1.7 9.9 0.
U/T 43.6 431 44.1 48.6 39.8 44.4
+C 17.1 16.7 17 .1 9.1 25.8 2.2

The RNA data are those summarized in ref. 1. The “"overall"” DNA composition
was derived from that cf the gene plus 32 post-transcriptionally added A resi-
dues. The other compcsitional data are designated by range of residue num-
bers. Values are mcle .

sequenced (e.g, refs. 10,11, 29-32), in lacking most such conserved residues.
Following the tRNAUig gene are a 9-residue spacer and an extended reading
frame that show good homology to sequences published earlier for Drosophile
mitochondrial genomes (29). As shown in Fig. 6, our results are in agreement
with the inference (29) that the reading frame corresponds to mammalian mit
URF1, and support one of two possible translation initiation sites proposed
for Drosophila (29,32): namely, the first ATA after the tRNAleu gene. The
alternative site in Drosophila is an ATT triplet four amino acid residues
downstream, but in the Aedes sequence this latter site unambiguously codes for
leucine. It is interesting that the N-terminal octapeptide of a fungal mit
URF1 counterpart (33) is highly (63%) homologous to the corresponding Aedes
region (Fig. 6).
2. The rRNA-Coding Sequence.

Analysis of the rRNA gene proper revealed a remarkable dichotomy with

11itil,

CCC?C(‘I

1
»»pC

Fig. 5. Presumed secondary structure of Aedes mit tRHA%iS.
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Fig. 6. The tRNA&ﬁg-URF1 Junction in Aedes and Drosophila mitcchondrial
genomes. The Aedes results are from Fig. 2 and the Drcsophila from ref. 52;
the ends of the tRNA genes are boxed. DrosoBhila nucleotides correaponding to
Aedes are shown by dots. For comparison, we present the N-terminal regions of
humnan (23) and Aspergillus nidulans (33) mitochondrial URF1.

regard to sequence conservaton. Comparisons were made mainly to E. coli 23S
RNA, the most extensively studied LSU RNA and the prokaryotic prototype, and
to murine mit rRNA, as a representative of mammalian mit LSU RNA. As shown in
Fig. 7, below, the 3' portion of the Aedes molecule (residues 635 through
1290) contained numerous regions of primary sequence homology to these other
rRNAs; in contrast, we could find little such apparent sequence conservation
in the 5' portion. This difference is correlated with average nucleotide com-
position (Table 1): the poorly conserved portion is much lower in G and C
than the conserved portion. In fact, one might have scored the 5' 60 residues
as high A-T spacer if not for the RNA data.

The conserved stretches of primary structure in the 3' half of the mole-
cule guided us in drawing secondary structure models encompassing short and
long rangze interacticns (Fig. 7) that are similar to those believed to cccur
in B. ccli 235 RNA. In particular, we used as a framework s recently pub-
lished "revised” 2335 RWA model (34), which takes 1nto account data from direct
chemical studies plus comparisons with cther LSU RNA classes (3-5). hs
shown in the figure, residues 636-843 yielded a structure, bounded by long
range interaction "51", that resembles 253 2NA domain "Y" (4); and residues
392-1250 yielded a structure, bounded by long range interaction "63", that is
highly homologous to 23S RiA domain "VI" (4). This latter domain is espe-
cially highly conserved, and 1is considered to contribute to the structure of
the peptidyl transferase center of ribcsomes (see refs 3-6).

The 3' portion of the Aedes sequence, although much higher in G+C than
the 5' half, is still significantly lower in G+C (263) than comparable
atretches of 23S RHA (54%7) or mammalian mit RWA (about 403). There 1s no
preferential usage of G and C in putative helical, vs. single-stranded, re-
gions. Thus many of the Aedes helices are substantially richer in A,U or G,U
base pairs than are their bacterial, cr mammalian uitochondrial, homologues.

We have indicated in Pig. 7 several sites at which highly cconserved G-C or C-G
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Fig. 7. Aedes mit LSU RNWA secondary structure. Structures were patterned af-
ter those of E. coli 235 8NA, as described in the Text. HMajor features are
numbered according to the system of Haly & Brimacombe (Fig. 5 of ref. 34);
those supported by primary sequence homclogy are designated by encircled num-
bers, those not, by bracketed ones. The Aedes nucleoctides are numbered as in
Fig. 2; some corresponding numbers are alsc given for E. coli 233 RNA (suffix
E) and nurine mit L3U RNA (suffix ). D. yakuba residue numbers (suffix D)
are from ref. 32, and do not reflect pcsition in the rRHA. Heavy lines dencte
stretches whose primary sequence homclogy tc E. coli and murine mit RNA aided
in reccgnizing and substantiating secondary interactions; thin lines denote
additional stretches of primary sequence homolcogy to murine mit LSU RHA. The
thick arrows indicate A-U or U-A pairs that replace highly conserved G-C or
C-G pairs in other LSU RHAs; dots denote residues involved in chlorampheniccl
resistance in nammalian and yeast mitochcndria (see ref. 35 for aummary); the
cross dencotes the residue invcolved in erythromycin resistance in yeast mito-
chondria (8) and Staphylccoccus aureus (37); and the asterisks denote methy-
lated resijues. The encircled letters in Panel B indicate putative dipteran-
specific structures and the thin arrows here designate base pairs involved in
compensating changes between Aedes and Droscphila. Panel A, Aedes residues
631-833; Panel B, residues 838 tc the 3 -end.

pairs are replaced in the Aedes model with A-U or U-A pairs. There are many
other helical stretches in the other LSU RNAs that lack conserved 3,C pairs at
particular sites, but that are nevertheless much higher overall in %,C pairs
then corresponding Aedes stretches. For example, Aedes mit helices 54, 56,
65, 66, 77, 7) end 35 range in S+C content from 5 tc 265, compared to 20 to

/7% for murine mit and 40 to 713 for E. coli. The many compensating nuclec-
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tide changes involved in the Aedes helices provide strong support for their
reality in both conventicnal, and mitochondrial, rRHNA.

Ancther nctewcrthy facet of the Aedes secondary structure mcdel 13 the
high conservation of hairpin 0. Analogy tc mammalian mit LSU RNA (7) and to
23S RNA (4) 1ndicates that this is the site ¢f the scle methylated subsequence
of Aedes mit LSU RHA, Um'Gm-U (1). The loop of hairpin 69, tne site of the
only other methylated subsequence in wammalian mit LSU RNA (7), is also con-
served, supgesting that its failure to be methylated in the Aedes system is a
functisn of enzyme, rather than substrate, availability. WYe note ulso that
the erythromycin sensitivity locus of both the Aedes and the mammalian aito-
chondrial LSU RNAs falls nicely intc an extension of helix 63, whereas in
bacterial (3-5), eukaryotic (6) and fungal mitochondrial (36,38) LSU RUA 1t
falls just beyond this helix. Perhaps this apparent difference is related to
the tact that mammalian mit ribosomes csnstitute an exception (see ref. 39) to
the generalization that 3 G in this position confers erythromycin resistance
whereas an unmodified A confers sensitivity (37,38). Examination of insect
mit ribosomes for erythromycin sensitivity would be of considerable interest.

The Aedes model of Fig. 7 differs from that of E. coli 23S HNA in that
structures 52, 53, 67, 68, and 71 through 76 of the latter are absent, and the
loops of structures 56 and 58 are markedly shortened; mammalian mit LSU RNA
resembles the Aedes mitochondrial in this regard. When the corresponding sub-
sequences (Table 2) are excluded from consideration, the Aedes mit LSU RNA
stretch of Fig. 7 shows 51% primary sequence homology to E. coli, and 643
homology to murine mitochondrial, LSU RNAs.

D. yakuba mit DNA sequences are available for regions corresponding to

Table 2. Low Homology Subsequences in Conserved Regions of LSU RNA.

Residue Number (structure)

Aedes mit Hurine mit E. coli
- 826-830 1679-1763% (52,53)

- 868-874 1805-1819 (56)

T33-736 900-903 1845-1895 (58)

- 1088-1091 2092-209% (65)

- - 2101-2187 (67)

- 1146-1148 2196-2227 (68)
1011-1034 1192-1238 2282-2432 (71-76)

Except for the pair Aedes 733-736:House 900-903, the tabulated stretches
were excluded from the homology calculations cited in the Text. The numbers
in parentheses (last column) indicate secondary structures in the 23S RNA
model of Maly & Brimacombe (34) that contain the designated residues.
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Table 3. Homology Relationships for Aedes and Drosophila Mit LSU RNA.

Aedes Drosophila Insertions Deletions Homology
1-29 296-324 o} 0 93%
30-68 325-360 1 4 54%
69-140 361432 0 0 93%
1039-1290 1-252 0 0 94%
1291-1335 253-296 1 2 76%

Aedes residue numbers are from the present work and Drosophila numbers are
from refs. 29 and 32. Insertions and deletions refer to manipulations done on
the Aedes sequence to maximize homology.

our rRNA residues 1 through 140, and 1039 to 1334 (refs. 29,32). The two
sequences are quite similar over these stretches (average homology 88%) and
the Aedes rRNA gene sequence is thus likely to be representative of insect, or
at least dipteran, mit LSU RNA as a class. However, as is true for the homo-
logy relationships among the 3' portions of the Aedes mit, the murine mit, and
the E. coli sequences (Fig. 7), the Aedes-Drosophila homology is patchy.

There are three stretches of 93-94% homology and two of 54 and 76% homology,

as summarized in Table 3. It is interesting that secondary structure "A"
(Pig. 7), although corresponding to no structure in mammalian mit and E. coli

sequences and occuring in a region of relatively poor Aedes-Drosophila primary

sequence homology, is conserved in Drosophila by virtue of four compensating
base changes (thin arrows in Fig. 7). This suggests that structure A indeed
exists in dipteran mit LSU RNA. The putative Aedes mit structure "B" (Fig. 7)

occurs where a conserved "quasi-attentuator” hairpin is found in mammalian mit
LSU RNA genes (27), and a similar structure can be drawn for Drosophila mit
LSU RNA (32). However, the dipteran mit structures lack the high G,C stems
characteristic of the mammalian mit hairpins in question, and their homology
to the mammalian structures is dubious.

There is an inverse correlation between chain length and G+C content of
rRNA on the one hand, and relative amount and complexity of ribosomal proteins
on the other (39). Nothing is known about dipteran mitochondrial ribosomes,
but the present results lead us to expect that their protein complement, like
their RNA, will prove to be most unusual, and different even from those of

mammalian mit ribosomes.
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