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The exploitation of metagenome, the access to the natural extant of enormous potential resources, is the way for elucidating
the functions of organism in environmental communities, for genomic analyses of uncultured microorganism, and also for the
recovery of entirely novel natural products from microbial communities. The major breakthrough in metagenomics is opened
by the construction of libraries with total DNAs directly isolated from environmental sampies and screening of these libraries
by activity and sequence-based approaches. Screening with activity-based approach is presumed as a plausible route for
finding new catabolic genes under designed conditions without any prior sequence information. The main limitation of these
approaches, however, is the very low positive hits in a single round of screening because transcription, translation and
appropriate folding are not always possible in E. coli a typical surrogate host. Thus, to obtain information about these
obstacles, we studied the genetic organization of individual URF’s (unidentified open reading frame from metagenome
sequenced and deposited in GenBank), especially on the expression factors such as codon usage, promoter region and
ribosome binding site (rbs), based on DNA sequence analyses using bicinformatics tools. And then we also investigated the
above-mentioned properties for 4100 ORFs (Open Reading Frames) of E. coli K-12 generally used as a host cell for the
screening of noble genes from metagenome. Finally, we analyzed the differences between the properties of URFs of
metagenome and ORFs of E. coli. Information derived from these comparative metagenomic analyses can provide some
specific features or environmental blueprint available to screen a novel biocatalyst efficiently.
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Analyses ;
Individual nucleotide & protein seq.

Sources of metagenome
Groundwater from oil storage
Drinking water biofilm
Murine large bowl bacterium
El river sediment
Sargasso sea
Methane rich black sea

Figure 1. Flow chart of URFs data sets analyzed and sources of
metagenome,
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Figure 2. The minimal set of gene expression module in E. coli and
expression factors analyzed.
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Table 1. The example of RSCU and w calculation. Codon usage
frequencies and associated metrics for genes of E. coli.

Codon Codon_Num RSCU w
Phe uuu 78743 1.1636839 1
uuc 56591 0.8363161 0.7186798
UUA 51320 0.8531943 0.3038754
uuG 45581 0.760448 0.2698937
Len CUU 42704 0.7124407 0.2520505
CuC 35873 0.5984851 0.2124108
CUA 15275 0.2548396 0.0904462
CUG 168885 2.8175632 1
RSCUppevuu = 2 x COdOIl_NUIIlPhe.UUU / (Codon_Nurnphe.UUu +
Codon_Numphe-yuc )
w  pevou = Codon_Numpreyov /[ Max(Codon_Numpreuuu,

Codon_Numphe.ch )
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Figure 3. The average distribution of the length (A) and molecular weight
(B) of proteins deduced form metagenome genes. The thick line indicate
that of metagenome.
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Figure 4. The distribution of theoretical isoelectric point (pI) of proteins
deduced from genes of metagenome.

SN @Y | BAE BUA FA} Pxo| GBS 0
A dato] AU YROE, plo) LI AFL Fohel th
Ao} P v 4R AN B 28 pH 20E F2
©2 A5 £ A E coli 4 @A) pl f BEE 52
PHE F402 55110 AU BA AAL, oI5 g

ety e gude pl gk B¥ = A Ao 34 (pH 5)
o ZE A (pH 9, pH 12)9 A %erﬂt EEXLAS A F
ATHFig. 4). ©]= A ebAl o] fef e MARA ) E coliv} 4
FHoR AAT F de 249 vd) £3HA gL FH4Y
= 3T 5 Jen, oy 2HAA 2 FHE ofH et F
719 EA AR-E REH R 5T 5 k.

ofnl = A ZHEN
e f2e) S ao) e pl ko] FE}E. colirh @

Structural Characteristics of Expression Module of Unidentified Genes from Metagenome 147

ke el o] tigkpl ghe] BE o} FE3 2ho] & VER R
2, 9ud S P33 ofnliite] BE T3 493t Ao] &
vrebd o]t} Table 2 E. colis} MELAFo 3t FAH
g opniet ZAHE AUlH R YEd E8 19
ojth. o] Aol <3 WEtAE S} URFY 93t A HE
Sl R o] ol At ZAHE E. coli §3 9 BulAd) t)g o}
)i abe) 2 H o £51E Aol & Yehl et whebA] Bl EA
= e 8 URFZ E. coli Yo A SEAZ B$-oll &, ofu]=ib
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Table 2. Comparison of amino acid composition

A;zilgo E. coli Metagenome &tggcfg‘%ﬂﬁ
L 105 9.82 093
A 94 9.55 1.02
G 72 757 1.04
v 7.0 7147 1.02
1 59 6.18 1.05
S 5.7 6.25 1.09
E 5.7 6.42 1.13
Q 5.7 3.25 0.57
R 55 577 1.05
T 53 527 0.99
D 5.1 548 1.08
P 4.4 470 1.07
K 4.3 532 1.23
N 39 3.68 0.95
F 3.9 3.98 1.03
Y 28 273 0.97
M 27 232 0.84
H 22 2.08 093
W L5 1.10 0.73
C 1.2 1.22 1.06

m— G+C : 56.86
e A+T 1 43.14

Figure 5. The average G+C content of metagenome.
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Table 3. Codon usage(w) of predicted genes form metagenome and E. coli.

E. coli Metagenome E. coli Metagenome
Gly GGU 1.000 0.383 Ser UCuU 0.027 0.49
GGC 0.650 1 UCcC 0.027 0.62
GGA 0.004 0.368 UCA 0.023 0.658
GGG 0.013 0.317 UCG 0.489 0.754
Ala GCU 1.000 0314 AGU 0.769 0.494
GCC 0.123 1 AGC 1.000 1
GCA 0.537 0.405 Threo ACU 0.036 0421
GCG 0.425 0.633 ACC 0.046 1
Val GUU 1.000 0411 ACA 0.242 0.536
GUC 0.067 0.589 ACG 1.000 0.665
GUA 0.508 0.246 Cys UGU 0.364 0.6
GUG 0.237 1 UGC 1.000 1
Leu UUA 0.014 0.296 Asn AAU 0.046 1
UuG 0.015 0.402 AAC 1.000 0.958
Ccuu 0.025 0.248 Gln CAA 0.098 0.852
CUC 0.034 0.325 CAG 1.000 1
CcuA 0.002 0.138 Asp GAU 0.424 0.813
CUG 1.000 1 GAC 1.000 1
Ile AUU 0.198 0.704 Glu GAA 1.000 1
AUC 1.000 1 GAG 0.196 0.699
AUA 0.002 0.508 Lys AAA 1.000 1
Met CUG 1.000 1 AAG 0212 0.758
Pro CCU 0.081 0.469 Arg CGU 1.000 0.301
CCC 0.003 0.815 CGC 0.406 1
CCA 0.157 0.563 CGA 0.002 0.329
CCG 1.000 1 CGG 0.001 0.502
Phe Uuu 0.204 0.834 AGA 0.001 0.538
uuc 1.000 1 AGG 0.001 0.362
Trypto UGG 1.000 1 His CAU 0.244 0.846
Tyr UAU 1.000 0.996 CAC ] 1
UAC 0.676 1
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Figure 6. Structural analyses of transcriptional regulatory region of genes
from metagenome ((A) In prokaryotes, the DNA sequence just upstream of
the transcription start point contains two conserved regions, -35 and -10,

recognized by RNA polymerase. (B) The conserved sequences in
metagenome).
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Figure 7. Sequence analyses of ribosome binding region of genes from
metagenome ((A) In prokaryotes, the DNA sequence just upstream of the
translation start point contains a conserved Ttegion referred to
Shine-Dalgano sequences. (B) Non-conserved sequence of predicted RBS
region of gene from metagenome).
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