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SUMMARY

The amino acid composition and the gene-size distribution based on the complete genome of Encephalitozoon

cuniculi were analyzed. The amino acid compositions based on the 11 chromosomes of Encephalitozoon cuniculi

were almost identical, whereas the distribution patterns of gene-size among the chromosomes slightly differed.

Thus, the genome is constructed with gene assemblies which show similar amino acid compositions, and which do

not have the restricted boundaries.

INTRODUCTION

We have shown that the basic pattern of cellular amino
acid compositions is conserved from bacteria to human
cells, while differences in cellular amino acid composi-

4)

tions seem to reflect biological evolution' ™. During

these studies, the amino acid compositions based on the

® resembled those

complete genome of Archaea®™
obtained from the amino acid analysis of cells, assuming
just for calculation that all genes are expressed equally in
a cell”. This coincidence has puzzled us for some time,
because in cells each gene must be expressed differently.
Recently, we showed that the amino acid composition
based on a gene assembly encoding 3,000 — 7,000 amino
acid residues represents the amino acid composition of
the complete genome of Saccharomyces cerevisiae, and
that the amino acid compositions of 16 chromosomes

resemble each other”. This gene assembly is indepen-
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dent not only of the gene position but also of the gene
size. Therefore, the “unit” consisting of a gene assembly
does not have a definite restricted boundary. To general-
ize our previous result, Encephalitozoon cuniculi, consist-
ing of 11 chromosomes of which complete genomes ana-
lyzed by other groupm), was examined. In addition,
gene-size distribution was compared among the chromo-

somes.
MATERIALS AND METHODS

The complete genome data of Encephalitozoon cuniculi
was obtained from GenBank (http ://www.genome.ad.

jp), and data were analyzed using the Excel.
RESULTS AND DISCUSSION

The amino acid compositions based on the 11 chromo-
somes and the complete genome were almost identical, as
shown in Fig. 1. This result is consistent with that
obtained in our study on Saccharomyces cerevisiae 9 In
that study”, the amino acid composition of a “unit” con-
sisting of a gene assembly increased its similarity to that
of the complete genome with increasing encoding num-

ber of the amino acid, and the amino acid composition
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Fig. 1 Radar charts of amino acid compositions determined

from genomic data of Encephalitozoon cuniculi. The
values represent the percent of total amino acids.
Asn and GIn were calculated as Asp and Glu, respec-
tively, and the order of amino acids cn the radar chart
was based on the elution order of emino acids from
the HPLC.!

almost reached a constant pattern at 3,000 — 7,000 amino
acid residues. Naturally, however, the amino acid
sequence of each gene differs. The total numbers of
amino acid residues encoded by each chromosome was
calculated, as shown in Table 1, being 50,000 — 80,000 in
the 11 chromosomes. As these numbers are much larger
than the 3,000 — 7,000, the amino acid compositions

based on each chromosome or on the complete genome
were almost identical with each other.

In our earlier studies, tryptophan, which was decom-
posed in the amino acid analysis and whose concentra-
tions were less than 1% of the total amino acids, was
omitted from the calculation of amino acid
compositions®.

The concentrations of tryptophan contained in each
chromosome in this study were almost the same (Table
1). In addition, among the 11 chromosomes the num-
bers of amino acid residues based on each average gene
also coincided with each other. The numbers of amino
acid residues encoded by an average size gene were
324 — 414, mainly being around 350.

The distribution of gene coding size was investigated in
the 11 chromosomes, as shown in Fig. 2. Their distribu-
tion patterns slightly differed among the chromosomes,
compared with a similarity in their amino acid composi-
tions. Characteristic differences were observed in the
small (less than 100 amino acid residues), or larger
(more than 500 amino acid residues), and also in the
existence of extremely large size (more than 1,000 amino
acid residues) regions, as shown in Table 2.

On the other hand, the distribution of gene coding sizes
based on the complete genome showed a smoothly
decreasing curve with increasing encoding number (Fig.
2). Similar results were obtained from Mycoplasma pneu-

moniae ™’ .

Therefore, differences in the distribution of
the sizes of the encoding genes are due to the small num-
ber of genes among the chromosomes.

The amino acid composition of small size genes encod-
ing less than 100 amino acid residues differed from that
based on the complete genome (data not shown),
although that based on a gene assembly encoding more
than 3,000 amino acid residues resembled the latter.
However, even single genes encoding more than 3,000
amino acid residues show very similar amino acid compo-
sitions to that based on the complete genome of
Saccharomyces cerevisiae® . Additionally, consistent data
were obtained from mouse cDNAs and several bacterial
genomes (unpublished data). Thus, the basic pattern of
amino acid composition is determined by amino acid cod-
ing numbers, and this number is more than 3,000 amino
acid residues in all organisms. Similarly, amino acid com-
position based on several proteins was almost identical
with the cellular amino acid composition obtained from
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Table 1 Numbers of amino acids and numbers of tryptophan based on each chromosome
and the complete genome of Encephalitozoon cuniculi.

Chromosome Total No. LTotal No. of No. of Ratio of | Total gene | Ave.A. A

of A A A A-Try Try Try (%) No. No.

Complete 716,830 711,175 5,655 0.79 1,996 359
I 53,078 52,537 541 1.02 159 334

I 57,523 57,070 453 0.79 157 366

m 55,763 55,325 438 0.79 158 353

v 61,075 60,589 486 0.80 172 355

\% 61,082 60,633 449 0.74 172 355

Vi 63,594 63,069 525 0.83 172 370

VI 67,318 66,834 484 0.72 188 358

VI 68,373 67,804 569 0.83 211 324

X 73,579 73,041 538 0.73 206 357

X 78,650 78,042 608 0.77 190 414

Xl 76,795 76,231 564 0.73 211 364

Table 2 Comparison of the existence of small or large genes among Encephalitozoon

cuniculi chromosomes and the

complete genome.

Chromosome X <100 100=X<500 500=X< 1,000 1,000 =X
Complete 1.85 66.83 28.86 2.45
I 3.14 69.18 25.16 2.52
it 1.27 59.87 38.22 0.64
il 1.90 67.72 2722 3.16
v 2.33 72.67 21.51 3.49
A% 2.33 68.60 27.33 1.74
VI 1.16 63.37 34.88 0.58
VI 1.60 70.74 23.94 3.72
Vi 1.90 73.46 2417 0.47
X 291 63.11 31.55 2.43
X 1.05 57.89 36.84 4.21
Xl 0.95 67.77 27.49 3.79

X : the number encoded by a gene.
The values represent the percent of total

the amino acid analysis of cells”. In both genomic amino
acid analysis and cellular amino acid analysis, a small
number of genes and proteins represented the amino acid
compositions based on the complete genome and whole
cells, respectively. Therefore, amino acid composition as

obtained from the complete genome naturally resembles

genes in the indicated ranges.

amino acid composition obtained from cells. This strong-
ly suggests that the genome is constructed with a gene
“unit” that encodes a similar amino acid composition
throughout its structure. In addition, it indicates that bio-
logical evolution occurred coincidentally in every gene.
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Fig. 2 Distribution patterns of gene sizes in Encephalitozoon cucniculi chromosomes and the complete
genome. The bars represent the percent of total gene numbers contained in each 100 amino acid

residues range.
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