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Summary. An analysis of 4680 codons expressed
by pathogenic Entamoeba histolytica showed the
A+U content of coding sequences to be 67%. The
preference for A+U resulted in an unusual codon
usage with an A+U content of 84% in the third
codon position. The data show a remarkable simi-
larity to those obtained for Plasmodium falciparum.
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The frequencies with which genetic condons are used
may differ considerably between various species
(Wada et al. 1991). Technically, codon usage infor-
mation is of importance (1) to predict the most likely
open reading frame from a novel sequence, (2) to
design oligonucleotides from an amino acid se-
quence, and (3) to compare the codon usage of two
species in order to estimate the degree of heterolo-
gous gene expression (Makoff et al. 1989).

The protozoon Entamoeba histolyticais a human
intestinal parasite. Recently, evidence was present-
ed for the existence of two genetically distinct forms,
pathogenic and nonpathogenic ones (Tannich et al.
1989). The coding sequences of pathogenic E. his-
tolytica published so far (Edman et al. 1987, 1990;
Huber et al. 1988; Stanley et al. 1990; Torian et al.
1990; De Meester et al. 1991; Tannich et al
1991a,b,¢) and additional ones obtained in our lab-
oratory comprise a total of 4680 expressed codons,
which form a database comparable to those used in
analyses of codon usage in other organisms (Wada
et al. 1991).

The results obtained for pathogenic E. histolytica
showed the A+U content to be 67% in the coding

sequences, and accordingly, codon usage (Table 1)
and the nucleotide frequencies in the three codon
positions (Table 2) were found to be biased toward
A and U.

The impact of the preference for A+1U may be
analyzed by comparing pathogenic E. Aistolytica with
organisms that have a balanced (A+U):(G+C) ratio
in the coding sequences such as Escherichia coli, in
which (A+U):(G+C) is 48:52 (Wada et al. 1991).
For instance, a comparison of the nucleotide fre-
quencies in the three codon positions reveals that
C being in the first position is twice as frequent in
E. coli (24%) as it is in pathogenic E. histolytica
(12%), and in the third codon position, the ratio
(A+U)(G+C) is 84:16 in pathogenic E. Aistolytica
compared to 44:56 in E. coli (Table 2). Accordingly,
a number of codons are rarely used by pathogenic
E. histolytica, and some have not vet been found at
all (CCG, GCG, CGC, CGG). Athough no data are
available on the structure and abundance of tRNAs
in E. histolytica, it is reasonable to assume that their
levels are shifted according to the codon usage (Bul-
mer 1987). Underrepresentation of certain tRNAs,
for instance of those accepting the CGN codons for
arginine (see Table 1), may largely restrain the ca-
pacity of E. histolytica to express heterologous genes
(Makoff et al. 1989). It should be noted that the
database studied here may not be representative for
rare codons (Gouy and Gautier 1982) as the average
expression of the genes included may be higher than
the average of all genes expressed by the amoebae.

Of the nonpathogenic form of E. histolytica not
more than 878 codons have been sequenced so far
(Edman et al. 1990; Tannich et al. 1991a,c). From
the limited data available, no difference in the codon
usage of pathogenic forms has become evident.
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Table 1. Codon frequency in pathogenic Entamoeba histolytica®

Ami-

no Fre- Amino Fre- Amino Fre- Amino Fre-
acid Codon  quency® acid Codon  quency acid Codon  quency acid Codon  quency
Phe TTT 188 Ser TCT 150 Tyr TAT 380 Cys TGT 318
Phe TTC 169 Ser TCC 11 Tyr TAC 73 Cys TGC 41
Leu TTA 226 Ser TCA 318 End TAA 17 End TGA 2
Leu TG 75 Ser TCG 4 End TAG 2 Trp TGG 107
Leu CTT 248 Pro CCT 32 His CAT 135 Arg CGT 21
Leu CTC 30 Pro CcCC 4 His CAC 32 Arg CGC 0
Leu CTA 11 Pro CCA 344 Gln CAA 286 Arg CGA 17
Leu CTG 4 Pro CCG 0 Gln CAG 13 Arg CGG 0
Ile ATT 466 Thr ACT 291 Asn AAT 530 Ser AGT 175
Ile ATC 75 Thr ACC 49 Asn AAC 107 Ser AGC 43
1le ATA 43 Thr ACA 342 Lys AAA 615 Arg AGA 263
Met ATG 207 Thr ACG 9 Lys AAG 231 Arg AGG 9
Val GTT 425 Ala GCT 259 Asp GAT 530 Gly GGT 165
Val GTC 62 Ala GCC 28 Asp GAC 64 Gly GGC 4
Val GTA 126 Ala GCA 318 Glu GAA 709 Gly GGA 483
Val GTG 17 Ala GCG 0 Glu GAG 83 Gly GGG 15

2 Determined using the DNASIS computer package (Pharmacia LKB)

> Frequencies are per 10,000 codons

Table 2. Nucleotide frequencies in the three codon positions in
Entamoeba histolytica (E.h.), compare to Plasmodium falcipa-
rum (P.f.) and Escherichia coli (E.c.)

First position

Eh. Pf Eec.

Third position
E.h. Pf E.c.

Second position

Eh. Pf Ec

21= 17 15 24 22 29 43 39 26
12 13 24 21 19 23 8§ 10 28
34 36 25 38 49 30 41 44 18
33 34 36 17 10 18 8 7 28

Q»0-

2 Percentage

The data presented here show a striking similarity
to those obtained for Plasmodium falciparum (Table
2) (Saul and Battistutta 1988). The interpretation of
this finding with regard to the evolutionary rela-
tionship between the two protozoa remains open as
it cannot be deduced from the data whether the
similarity is due to conservation or convergence.
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