Estimation of protein{pro duction lev els for ORFs

found b y E. c oli and y east genome pro jects, basing

on lev els of \optimal co don" usage, in connection

with feasibility of their protein co ding abilit y and

with assignment to foreign{typ e genes.

Y. Nakam ura T. F uk agaw a

yanakamu@ddbj.nig.ac.jp tfukagaw@ddbj.nig.ac.jp

K. Sugaya T. Ikem ura

ksugaya@ddbj.nig.ac.jp tikemura@ddbj.nig.ac.jp

Nat. Inst. Genet. and Grad. Univ. Advanced Studies, Mishima, Sizuoka 411 Japan

Choice among synonymous co dons in b oth prok aryotic and euk aryotic genes is clearly non-

random, although it do es not a�ect the nature of proteins synthesized. Among genes of each

unicellular organism, there is a clear similarity of co don choice patterns, regardless of gene

function; \co don dialect" found for individual unicellular organisms [1]. T axonomically related

organisms hav e similar dialects but those distantly related have distinct ones. F or example,

characteristics of E. coli co don{choice (E. c oli dialect) di�er considerably from those of yeast

S. cer evisiae, but are similar to those of Salmonel la. By measuring cellular tRNA conten ts of

these three sp ecies, we hav e shown that their co don dialect to b e related to the isoaccepting

tRNA p opulation of individual organisms [2][3]. W e also found the extent of co don bias (accent

of co don dialect) is related to protein pro duction level of each gene [1][2][3][4]. Co don usage

in genes enco ding abundant proteins is almost alwa ys muc h more dep endent on tRNA conten t

(strong accent) than that in mo derately or p o orly expressed genes (mo derate accent); i.e.,

highly expressed genes almost alwa ys have a strong accent but those with mo derate or low

expression hav e a mo derate accent. It has also b een found that foreign{type genes such as

those of transp osons, plasmids, and viruses often have quite di�erent co don patterns from the

respective host dialect. T o examine these features quantitatively

, the frequency of \optimal"

codon use was previously de�ned as

F op = the numbers of \optimal

00

co dons

sum of the numbers of \optimal

00

and \nonoptimal

00

co dons

?• ¨K, �- �p, � G4, ,• �.�C�ı, �ı�, m 411 �˙ł�=� 1111

The \optimal co don" of each amino acid is the co don translated by the most abundant

isoacceptor and thus optimal for translational e�ciency of the resp ective organism. Sp ectrum

of the optimal co don has b een shown to corresp ond strikingly well to the preferred co don of

each organism, i.e. co don dialect [1]. The cellular content of a wide v ariety of E. coli proteins

has b een measured by Neidhardt. It is thus p ossible to analyze the correlation b etween the

frequency of optimal co don use (F op) and cellular protein contents. The de�nite correlation

between F op and protein content was revealed, showing F op in each gene to b e related to its

production level [4]; F op for highly expressed genes was almost always high (e.g., > 0.8), but

low for weakly expressed genes. F op of foreign{typ e genes was found signi�cantly low er than

those of intrinsic genes, supp orting that the former genes do not necessarily use the E. coli

dialect.

In this pap er, we calculated F op of 123 ORFs that were sequenced and registered by E. coli

genome pro ject of Japan (GenBank LOCUS name; ECO110K and ECO82K). Out of the 123

ORFs, 65 ORFs was assigned to known E. c oli genes by the pro ject. 43 ORFs was noted

to have certain sequence homology with proteins of other sp ecies, and the residual 15 not to

exhibit such homology

. Basing on F op levels, we could classify these less characterized 58 ORFs

into highly{, mo derately{ or weakly{expressed genes, as well as into foreign{typ e genes. W e

calculated also F op of 480 ORFs registered by E. c oli genome pro jects of other countries and

classi�ed them as ab ov e. It should b e mentioned that, in their registration, they often include

relatively shorter ORFs than those of Japan. W e analyzed feasibility of these short ORFs (and

also of long ORFs) as the protein{co ding region.

Genome G+C% is also an imp ortant factor to determine the co don usage pattern, esp ecially

the G+C% at the co don third p osition. In the foreign{type genes, the G+C% distribution at

this p osition is much wider than that of the intrinsic E. c oli genes and there is a signi�cant

num b er of A

T{rich ones. This characteristic was also useful to assign foreign{type genes. W e

are now analyzing the \optimal co don usage" and the G+C% at the co don third p osition of

S. c er evisiae ORFs registered by the yeast genome pro jects. It is worthwhile to mention that

S. cer evisiae genes with low F op often corresp ond nuclear genes enco ding mito chondrial proteins

or mating{related factors [4].

References

[1] T. Ikemura, \Co don usage and tRNA conten t in unicellular and multicellular organisms"

Mol. Biol. Evol., V ol. 2, 13, 1985.

[2] T. Ikemura, \Correlation b etw een the abundance of Escherichia c oli transfer RNAs and

the o ccurrence of the resp ective co dons in its protein genes" J. Mol. Biol., V ol. 146, 1,

1981.

[3] T. Ikem ura, \Correlation b etw een the abundance of yeast transfer RNAs and the o ccur-

rence of the resp ective co dons in protein genes." J. Mol. Biol., V ol. 158, 573, 1982.

[4] T. Ikemura, \Correlation b etween co don usage and tRNA conten t in micro organisms." In

T ransfer RNA in Protein Synthesis (CRC Press), 87, 1992.