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ABSTRACT

The mitochondrial (mt) encoded ndh1, ndh3, ndh4,
ndh5, rpl14, cyt b and atp9 gene products were
identified by sequence comparisons with known
proteins. Amino acid sequence comparisons between
predicted Paramecium mt gene products and proteins
in current databases were quantitated approximately
by the means of similarity scores for pairs of aligned
sequences. The comparisons show that the
Paramecium gene products are very divergent from all
others with the exception of those from a closely
related ciliate, Tetrahymena. The similarity scores of
comparisons between a Paramecium mt DNA encoded
protein, cytochrome b for example, and the
homologous protein from a group of organisms as
diverse as other protozoans, vertebrates, fungi, plants,
and prokaryotes were all about the same. The
Paramecium gene products appear to be equally
divergent from proteins representing a number of
different kingdoms and organelles.

INTRODUCTION

The identities of a few Paramecium mt DNA encoded proteins
have already been established by means of comparisons with
sequences of known polypeptides (1, 2, 3). These include
cytochrome ¢ oxidase subunits one (COI) and two (COII), a part
of NADH dehydrogenase subunit 1 (protein ND1 encoded by
the gene locus ndhl), ribosomal proteins L2, S12, S14, and
photosystem II protein G. Two other NADH dehygrogenase
subunits found encoded in Paramecium mt DNA are somewhat
unusual (2). ORF400 was identified by its similarity to
homologous ORFs in chloroplasts (cp), in the protozoan
kinetoplastid DNA of Leishmania tarentolae, and now in the
bovine nuclear genome (4). These ORFs were shown to be an
additional NADH dehydrogenase subunit (4) not encoded in
animal or fungal mt genomes. The Paramecium gene
corresponding to ndh2 has also been identified but appears to
be lacking the 5' end found in most other mt and cp genomes
(2). The amino acid sequence of the region that is encoded is

very divergent compared to known ND2 sequences, even for a
Paramecium gene product, but this region, of all the Paramecium
mt genome, is the most similar to known ND2 genes.

In general, proteins encoded in the Paramecium mt genome
have been found to be quite divergent compared to analogous
gene products from other sources. Only about 26% of the amino
acids in the Paramecium COI protein are identical to the aligned
residues from other known sequences (1), about 23% for
ribosomal protein L2 (2), and less than 20% for ND2 (2). On
the other hand the Paramecium ORF400 shows 34 % identity in
alignments with the corresponding gene encoded in cp genomes
and the Paramecium ribosomal protein S14 shows about 32%
identity with the cp DNA encoded proteins (2).

In this communication we identify, by amino acid sequence
comparisons, additional genes encoded in the Paramecium mt
genome that have previously been found encoded in mt, cp, or
nuclear genomes of different organisms. As with previously
published Paramecium mt gene products, the sequences are
divergent compared to those from a wide range of taxonomic
groups. These results are consistent with the idea that
Paramecium mt DNA branched from other groups early in
evolution and evolved very rapidly.

MATERIALS AND METHODS

DNA nucleotide sequences of species 4 stock 51 Paramecium
aurelia mt DNA, presented in the accompanying communication
(5), were analyzed using the similarity search programs FASTP
and FASTN (6, 7) utilized either on computers provided by
BIONET National Computer Resource for Molecular Biology,
or on an IBM-compatible computer with commercially available
versions of the programs (IBI/Pustell Sequence Analysis, IBI,
Inc., New Haven, Conn.). The programs and the amino acid
replaceability matrix (the PAM-250 scoring matrix) used in
FASTP are described in more detail elsewhere (2, 6).

The similarity scores tabulated in Figs. 2 and 9 were obtained
from the version of FASTP (7) supported on the BIONET
computer resource while the sequence alignments shown in the
other figures were obtained from the IBI/Pustell version of the
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Figure 1. Amino acid sequence alignments of cytochrome b encoded in Paramecium mt (top line, complete sequence), yeast mt (8), Rhodopseudonwnas sphaeroides
(9), human mt (10), Trypanosoma brucei mt (11), and maize mt (12) DNAs. Below each organism name is the FASTP similarity score in brackets; the next number,
outside of the brackets, is the number of the first amino acid aligned on that line. Letter(s) above a sequence line represents amino acid ‘inserts’ at that point in
the sequence which are necessary for alignment purposes; a dash represents the absence of an amino acid, and an asterisk represents identity with the top Paramecium
reference sequence. The carets below a sequence represent scores > + 1 in the FASTP scoring for conservative amino acid replacements (6). The 4 invariant histidines
(+) are at positions 72, 86, 173, and 187 in the Paramecium sequence.



program (6). The slight differences in scoring were insignificant
for short proteins but for longer ones the BIONET scores were
slightly different from the IBI/Pustell scores. The small
differences probably reflects the uncertainty inherent in the
algorithm and either score was considered valid. For more

Cytochrome b

3 IDENTITY RELATIVE TO: SCORES_RELATIVE TO:

ORGANISM SIZE Para T.bru R.sph Yst Para T.bru R.sph VYst

Paramecium 391 120 22 25 21 2255 210 219 245
Yeast 385 21 24 49 100 245 474 862 2089
A.nidulans 387 21 28 55 62 232 4N 855 1411
N.crassa 385 20 25 48 42 186 401 786 1300
Human 380 24 26 47 50 215 457 853 1155
Mouse 381 22 26 47 50 207 452 855 1179
D.yakuba 378 21 27 48 54 192 453 863 11909
T.bru 363 22 100 25 24 210 2352 415 474
Maize mt 388 21 26 55 51 176 421 916 1155
R.sph 437 25 27 100 49 219 412 2441 862
LivCpb6 215 - 25 35 32 -—-— 240 448 381

Figure 2. Cytochrome b similarity comparisons. The% of the amino acids that
are identical at corresponding positions for each paired alignment, and the FASTP
program similarity score obtained for each alignment are given. The proteins
that are not shown in the alignments in Fig. 1 are encoded in Aspergillus nidulans
mt (13), Neurospora crassa mt (14), mouse mt (15), Drosophila yakuba (16),
and tobacco cp (cytochrome b6, ref. 17) DNAs. Abbreviations are T.bru for
Trypanosoma brucei and R.sph for Rhodopseudomonas sphaeroides. No valid
alignment was obtained between the Paramecium and liverwort protein sequences.
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accurate comparisons, however, all scores considered should be
from the same program.

Since the Paramecium mt gene products are quite divergent,
identities were based on a number of considerations including:
(1) similarity scores, (2) an appropriate size for the gene between
possible initiation codons ATG, ATA, ATT, ATC, GTG and
stop codons TAG and TAA (ref. 5), (3) regions in the sequence
alignments that were conserved in almost all of the possible
pairwise comparisons, and (4) specific amino acids, such as
histidines, that had previously been observed to be invariant.

RESULTS AND DISCUSSION
Cytochrome b

The Paramecium cyt b gene product is identified by the aligned
sequence comparisons shown in Fig. 1 and is further
characterized by the relative comparisons summarized in Fig.
2. This gene product is typical of most of the Paramecium genes
in terms of its extreme divergence from most of the other known
cytochrome b proteins. This particular gene product is analyzed
in more detail because many cytochrome b sequences from a wide
variety of organisms and organelles are available. Since the
Paramecium gene product is so divergent, it was difficult to
identify. We rely on FASTP analysis which scores conserved
amino acid replacements (shown as carets below the sequence
line in Fig. 1) as well as identities at corresponding positions

NDL ++++++++++++++++++++++++++++++++++

10 28 1) 59 10 88 9 109
Paramecium: IlIYSIVlILVVTlIIASITI.lERKI.I.SI.VQRRVGPNFVGYKGRLQYLABMKI.FI.KGVAIPSGMISFFFVAIPSLAGAVCYTF"NSIUGPSLSIFBVE

ovine
[468]

Livervort Cp
[448]

A.nidulans
[447]

A A AA AAAAAAAAA

AAAAAAA AAA A

AAAAA A AA AAA AAA A

2 FI’HIll'!IPIL'AV'Fl."V*"V*GYN*l'K'“V*“ 'L"PI'"I*"I'EPlR'ATSSASI'ILA'II*lGlM.’l'I Pl PHPYPLINMD

AA A AAA AAA A AA AAAAAAAA

I
29 I'F*lI"'G“IGVI.VI.VI“"ISMI*Q*I"EYA*PL*II'A""GI""“EDIV'AQGDVII.'NIG'I"VI.IPVFLSYLVIPFEYNVILAIFS>

6 SI'EGlI.VIVPM.'SV'FV*VA*"TIASH*"L"*A*"Y*l"AF"""I."iYIA'TQ"IlL“FI.G*IITI.IFSLLGVLVIPF'SG*DIS*YM

AAAAAAAA AAA A AA AAAAAAAAAA

++4

110 128 130 140 150 168 178 188 199 280
Paramecium: YNIVYASLLSILFGLCYNLTGYFSKNKYSYNAGLRAAILNLNLEIFLGIVFLNYCFLYESFSFAAFAVYQEIFWLIFLFFFLLSNILLYFLLEVNRTPFD

Bovine
[468]

Livervort Cp
[448]

A.nidul
[447]

HHHEEEE
238

100 I.GVI.FILAI'S'AVYSII.IS'H'NS"AI.IGA*"VAQTISY*VT'A*Il*S*lLISG"TlSTlITT"QH*"I.PAIP*AIIIFIST'A'T"A*")
YGFL
130 IGVFFIIAV'SVVP'GLI;!A"G:N::"FkG"*"AOSISY"P’ALSV*SIAL’SII'I.'TVDIVEA*SKS*NHRQPIGFIVFFIAS*A'CE*I."'>

106 LG:&:NLA!:S:ATYG{I;:A:ISAHS::AFI;GS::STAOHSY:liI:SS:I:l:II;:TG:I‘.IIITIIES:R!VN:&:PE:P:;LVFHGS}A:T::A::?

218 228 1l 258 268
Paramecium: LAEAESELYTGYTTEYGGFYFALFYLGEYFHLFFFSCLISYVFFGSWELLKPFLFLHNYTY

Bovine
[468]
Livervort
[448]

A.nidula
[447]

AAA AA AAA A

AAAAAAAAA AA AN

T
200 'T*G""'S’FNV“MGP"“FIA"ANIIIIHIFTAII.*I."IIIPIII'E'YTI*{:?
234 *P“*E*"A“Q"'S’IK"F"'AS'I.N'I.VS'I.FVTII.YI.'G'I!FSI"fS>

) SR ESIENEYSASTEVFEF AT ASTVLICTINELL AL GYLSIIELO >

Figure 3. Amino acid sequence alignments with ND1 encoded in bovine mt (22), Marchantia polymorpha cp (Liverwort Cp, ref. 23), and Aspergillus m:dular.ts
mt (24) DNAs. The + marks above two regions of the Paramecium sequence identifies the homologous segments noted in ref. 21. Other symbols are given in

the Fig. 1 legend.
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ND1

ORGANISM Para Bovine LivCp Human Mouse Droso N.cras
SIZE 261 318 369 318 315 324 37
$ID vs Para 100 32 33 32 31 34 35
$ID vs Bovine 32 100 38 78 79 48 42
SCORE vs Para 1452 457 454 428 442 428 428
SCORE vs Bovine 457 1677 533 1403 1449 861 685
ND3

ORGANISM Para LivCp TobCp Podo Human Mouse Starfish
SIZE 120 120 120 136 115 114 116

%ID vs Para 100 25 22 24 21 22 28

$ID vs LivCp 25 100 72 35 31 28 28

%ID vs Mouse 22 28 32 28 64 100 49
SCORE vs Para 707 198 170 169 125 133 175
SCORE vs Mouse 133 215 233 189 464 623 290
SCORE vs LivCp 198 707 526 227 255 215 248

ND4

ORGANISM Para T.bru LivCp Droso A.nid Human Starfish
SIZE 474 439 499 446 488 459 460
sID vs Para 100 25 23 27 22 23 22
$ID vs Human 23 21 27 41 28 100 43

SCORE vs Para 2645 475 418 466 424 359 321
SCORE vs Human 359 258 521 1849 577 2378 1281

NDS

ORGANISM Para PrirMt LivCp TobCp N.cras Bovine T.bru
SIZE 570 591 693 710 715 626 590
3ID vs Para 100 29 27 26 28 26 25
$ID vs LivCp 27 41 100 56 30 31. 26
3ID vs PrirMt 29 100 41 41 49 36 28

SCORE vs Para 3127 734 698 653 797 682 635
SCORE vs LivCp 693 827 3854 2226 953 722 §32
SCORE vs PrirMt 734 3110 827 807 1203 796 437

Figure 4. NADH dehydrogenase similarity comparisons. Selected sequence
alignments for proteins ND1, ND3, ND4, and NDS5 from a variety of organisms
are summarized by the% of the amino acids that are identical at corresponding
positions for each paired alignment (%ID vs ), and by the FASTP program
similarity score obtained for each alignment (SCORE vs ). The proteins
that are not shown in the alignments in Figs. 3, 5, 6, 7 are ND1 encoded in
human mt (10), mouse mt (15), Drosophila yakuba mt (Droso, ref. 16), and
Neurospora crassa mt (N.cras ref. 21) DNAs; ND3 encoded in starfish mt DNA
(25); ND4 encoded in Trypanosoma brucei mt (T.bru, hypothetical protein 8,
ref. 26), Drosophila yakuba mt (16), Aspergillus mt (A.nid, ref. 27), human mt
(10), and starfish mt (25) DNAs; NDS5 encoded in primrose mt (PrirMt, ref.
28), tobacco cp (TobCp, ref. 17), bovine mt (22), and T. brucei mt (hypothetical
protein C-590, ref. 26) DNAs. Para is for Paramecium, and LivCp is for liverwort
cp.

ND3 e+

in aligned sequences. In addition, there are, in cytochrome b,
four invariant histidine residues that have been identified and are
believed to bind two heme groups (18). These histidines are
present in the Paramecium gene product as shown in Fig. 1.

In a comparison of sequences scored relative to that of the
Paramecium gene product, Fig. 2 shows uniformly low scores
and 20—25% identity. There is no significant difference between
similarity scores of the Paramecium gene product compared to
the analogous protein encoded in the mt DNAs of the protozoan,
T. brucei (210), the vertebrate, mouse (207), and the plant (176).
If the gene product from any other organism is used as the
reference sequence, the comparative similarity scores are higher
than those compared to the Paramecium gene product sequence.
Shown in Fig. 2, for example, are scores relative to the yeast
gene product. All scores are above 1000 (50—62 % identity) in
comparisons with the protein encoded in vertebrate, insect,
fungal, and plant mt DNAs. The highest scores in this comparison
are with the other fungal genes, as expected. The gene product
from another protozoan, T. brucei, has low similarity scores in
most comparisons including the comparison with the Paramecium
gene product which shows only 22% identity.

The similarities relative to the purple bacterium, R.
sphaeroides, are interesting because previous studies based on
rRNA sequence comparisons suggest a close evolutionary link
between mt and purple bacterium DNA (19) while cp DNA is
more closely related to cyanobacteria (20). However, when
cytochrome b from R. sphaeroides is compared with the
cytochrome b encoded in Paramecium mt DNA and cytochrome
b6 encoded in liverwort cp DNA, the liverwort protein has a
higher measure of similarity. These results probably reflect a
rapid rate of divergence of Paramecium and T. brucei mt genes.

NADH Dehydrogenase Proteins

The ND1 protein alignments shown in Fig. 3, are in agreement
with features of a comparison in a previous study (21). Burger
and Werner noted regions of high similarity which are also
relatively conserved in the Paramecium gene as shown in Fig.
3. These conserved regions are the most polar in an otherwise
hydrophobic protein and may be the functional domains. The
sequence comparisons, summarized in Fig. 4, show that a variety
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Figure 5. Amino acid sequence alignments with ND3 encoded in liverwort cp (23), tobacco cp (17), Podospora anserina mt (29), mouse mt (15), and human mt
(10) DNAs. The + marks above the Paramecium sequence denote conserved regions.



of organisms have a uniform and moderately low (31—35%
identity) degree of similarity with the Paramcium gene product.
‘When comparisons are made, for example, relative to the bovine
ND1 protein, high degrees of similarity (79% identity) are seen
with other vertebrate genes, as expected. Genes from non-
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vertebrates show smaller similarity scores but even the liverwort
cp gene has a slightly higher similarity score than Paramecium.

The ndh3 gene sequence was previously published as
Paramecium ORF2 (1), but has since been identified as encoding
the ND3 protein after the liverwort and tobacco cp ndh3 gene
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Figure 6. Amino acid sequence alignments with ND4 encoded in Leishmania tarentolae mt (30), liverwort cp (23), and bovine mt (22) DNAs. The + marks above

the Paramecium sequence denotes a region discussed in the text.
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Figure 7. Amino acid sequence alignments with ND5 encoded in N. crassa (31), liverwort cp (23), and Leishmania tarentolae mt (30) DNAs. The + marks above
the Paramecium sequence denote conserved regions noted in ref. 28.
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Figure 8. Amino acid sequence alignments with ATPase subunit 9 encoded in
yeast mt (YstMt, ref. 32, sometimes called olil gene product), N. crassa (nuclear
gene, ref. 33), bovine (nuclear gene, ref. 33), maize mt (34), and E. coli (lipid-
binding protein, ¢ chain, ref. 35) DNAs.

sequences were published. As shown in the alignments in Fig.
5 and the comparisons in Fig. 4, the cp genes have the highest
degree of similarity compared to the Paramecium gene (score
198, Fig. 4) which aided in the identification. Further
confirmation is provided by the appropriate size of the
Paramecium gene product, the two regions of conserved identities
noted in Fig. 5, and the number of conserved amino acid
replacements noted in the figure. The first block of conserved
amino acids noted in Fig. 5 is within a region that is absolutely
conserved in a previously published comparison (25) of the ND3
protein from six animal species. The similarity scores of the genes
from fungal and animal sources, relative to the Paramecium
protein, are only slightly lower than those of the cp genes and
the difference is probably not significant. When the sequences
are scored relative to the mouse gene product, a close similarity
among the animal mt proteins is noted (>50% identity, Fig. 4).
Relative to the cp sequence, another cp gene product has high
similarity (72% identity) and the animal mt genes show much
less similarity (28—30%), as expected. The Paramecium gene
product has the lowest similarity scores in any of the comparisons
(21-28% identity).

The alignments of the ND4 protein, Fig. 6, show few long
stretches of amino acid identities with the Paramecium sequence,
but the overall similarities over the long polypeptide shown in
Fig. 4 are clear. One moderately conserved region, indicated in
Fig. 6, contains significant similarity with the ND4 protein from
a protozoan flagellate, L. farentolae. The similarity scores shown
in Fig. 4 include comparisons with another closely related
flagellate, T. brucei, whose genes are highly similar to those of
L. tarentolae. The scores, relative to Paramecium, are higher
for the liverwort cp gene than for the human or starfish gene,
probably reflecting only a high degree of divergence of the
Paramecium gene. Similarities relative to the human ND4 show
>40% identity with that encoded in other animal mt DNAs. The
human mt ND4 has a greater similarity score compared to the
liverwort cp gene product than compared to that encoded in the
protozoan mt DNA.

There are three highly conserved domains shown in the
Paramecium NDS alignments, Fig. 7, which have been noted
in a previous comparison (28) of the gene product from primrose
mt DNA (Oenothera), N. crassa, and mouse. These domains
contain long stretches of identities aligned with the Paramecium
sequence, but overall (Fig. 4), Paramecium NDS5 has only
25—-29% identity in any of the comparisons ranging from the
mt gene from the protozoan, T. brucei, to the cp gene from
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ATP9

ORGANISM Para VYstMt N.cras Bovine MzeMt E.coli LivCp
SIZE 75 76 81 75 74 79 81
Oorganelle Mt Mt Nuclear Nuclear Mt Ccp
%ID vs Para 100 32 28 25 25 26 -—-
$ID vs LivCp -—- 30 28 32 26 3 100
¥ID vs N.cras 28 56 100 58 50 30 28
SCORE vs Para 384 135 119 105 97 73 ———
SCORE vs LivCp -—-- 112 113 182 87 128 357
SCORE vs N.cras 119 219 375 215 194 93 113
Ribosomal protein L14

ORGANISM Para T.pyr E.coli B.stear Myco LivCp TobCp
SIZE 119 119 123 122 122 122 123
XID vs Para 100 a2 36 31 36 28 29
$ID vs T.pyr 42 100 34 35 36 32 27
$ID vs E.coli 36 34 100 68 53 58 54
SCORE vs Para 622 264 196 194 163 137 119
SCORE vs T.pyr 264 600 202 206 196 177 145
SCORE vs E.coli 196 202 581 419 326 380 368

Figure 9. ATPase subunit 9 and ribosomal protein L14 similarity comparisons.
Selected paired sequence alignments are summarized as described in the Fig. 4
legend. The proteins that are not shown in the alignments in Figs. 8 and 10 are
ATPase9 encoded in liverwort cp DNA (LivCp, atpH gene product ref. 23), and
L14 encoded in Bacillus stearothermophilus (B.stear, ref. 36), Mycoplasma
capricolum (Myco, ref. 37), and tobacco cp (aipH ref. 17) DNAs. Other
abbreviations are: Para, Paramecium; YstMt, yeast mt DNA (32); N.cras, N.
crassa (33); MzeMt, maize mt DNA (34); T.pyr, Tetrahymena pyriformis (T.pyr,
ref. 38).

liverwort. Even the primrose mt protein sequence has ca. 40%
identity in an alignment with the cp ND5 polypeptide and 49%
identity with the mt ND5 from N crassa.

ATPase, Subunit 9

Identification of the ATPase subunit 9 gene (EC 3.6.1.34) in
Paramecium mt DNA is interesting because this gene is found
in different organelles in different organisms. The mt proton
translocating complex (ATPase) contains a hydrophobic
membrane component, denoted F,, and an F1 component
consisting of relatively hydrophilic subunits. Most of the subunits
are encoded by nuclear genes and imported into the
mitochondrion from the cytoplasm. Subunit 9, of the F,
component, is encoded in the nucleus of N. crassa and cow (33),
but is mt DNA encoded in yeast (32), maize (34), and
Paramecium. Alignments with the Paramecium gene, Fig. 8,
exhibit two regions that are highly conserved regardless of the
organism or organelle in the comparison. The scores given in
Fig. 9 show that the Paramecium gene product has the greatest
similarity with the mt DNA encoded yeast polypeptide (32%
identity), but also has comparable similarity with the nuclear
encoded N. crassa protein (28 % identity). Although the NADH
dehydrogenase subunits encoded in cp DNA are as similar to
the Paramecium mt DNA encoded proteins as the animal or
fungal NADH dehydogenase subunits are, the same is not true
for the ATPase 9 protein sequence. The FASTP simililarity
program does not yield a meaningful alignment or score in
comparisons between the Paramecium mt DNA and liverwort
cp DNA encoded gene products, although all other sequences
tested could be aligned with the cp protein (atpH gene product,
ATPase subunit III, refs. 17 and 23). Relative to the N. crassa
gene product, the similarity scores are about the same in
comparisons with the mt DNA encoded yeast gene product (56 %
identity), the nuclear DNA encoded bovine gene (58 % identity),
and even the mt DNA encoded gene in maize (50%). These
similarities suggest a common origin for these genes which are
now encoded in different organelles. There is a significantly lower
similarity score in the comparison with the Paramecium gene
product.
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Figure 10. Amino acid sequence alignments with ribosomal protein L14 encoded in T. pyriformis mt (38), E. coli (39), and liverwort cp (23) DNAs.

Ribosomal Protein L14

In the ribosomal L14 alignments shown in Fig. 10 and the
comparisons provided in Fig. 9, the high degree of similarity
(42 % identity) of gene products from two ciliates, Paramecium
and Tetrahymena, is seen. The fact that both genomes even have
the gene is significant since such ribosomal proteins,
corresponding to ones found in prokaryotes, have been previously
identified only in plant mt and cp DNA. The gene’s location in
the linear mt DNA of Paramecium and Tetrahymena is also
approximately equivalent.

The prokaryote L14 proteins have 31—-36% identity with the
Paramecium protein, and the plant cp gene products have
28—-29%. It can be seen that similarities scored relative to L14
from Tetrahymena are almost identical to those relative to
Paramecium’s ribosomal protein. When comparisons are made
relative to E. coli’s L14, we see a high degree of similarity with
the prokaryote and with the cp gene products, 53 —68% identity,
and a lower degree of similarity with the two protozoan mt
proteins, 34 and 36% identity. Therefore, even though the ciliate
gene products have a relatively high % identity compared to the
plant cp and prokaryote proteins, the protozoan polypeptides are
still, not surprisingly, the most divergent of those known. A
similar situation exits with the ‘chloroplast-like’ genes that have
been found in the Paramecium mt genome (2). The Paramecium
psbg gene product has 44—48% identity compared to
corresponding prokaryote and cp gene products. Genes encoding
ribosomal proteins L2, S12, and S14 have also been previously
identified in the Paramecium genome (2). Comparisons of these
Paramecium gene products with corresponding proteins encoded
in prokaryote and cp DNA show approximately 30% identity for
L2, 30% for S14, and 40—45% for S12.

CONCLUSIONS

In all paired comparisons of these proteins, the Paramecium gene
products are shown to be among the most divergent. Proteins
from the protozoan kinetoplastids Leishmania and Trypanosoma
are also very divergent from other known polypeptides including
those of Paramecium. There is probably no significant difference
between most scores of sequence alignments with any one
Paramecium gene product and the corresponding protein from
any of the organisms included in this study. The scores are low
and the degree of error is significant compared to score
differences between comparisons involving different organisms.
However, proteins encoded in the mt DNA of a ciliate,
Tetrahymena, show significantly greater similarities with the
homologous Paramecium proteins (Fig. 10). Also, some
comparisons seem to show unusual similarities between the

Paramecium mt and plant cp genomes (2), ribosomal proteins
for example (Fig. 9). But, other Paramecium mt gene products,
such as ATPase 9, show little or no similarity with the
corresponding cp DNA encoded proteins (Fig. 9). From these
results, it appears that the genes encoded in the Paramecium mt
genome are equally divergent from those encoded in the DNAs
from a number of different kingdoms.
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