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Table 1. EPS biosynthesis-related genes of N. punctiforme ATCC29133

Length of putative

Gene locus namel Protein Location in chromosome  Gene length(bp) promoter (bp)2
Npun_F0449 Wzbl 549061-549570 510 198
Npun_F1381 Wzc2 1683881-1685983 2103 213
Npun_R1496 Wzc3 1836227-1838431 2205 1262
Npun_F5499 Wzx1 6795780-6797207 1428 395
Npun_F5500 glycosyl 6797288-6798388 1101 80

transferase
Npun_F5501 Wzyl 6798542-6799762 1221 153
Npun_F5502 glycosyl 6800105-6801205 1101 342
transferase
Npun_F5504 glycosyl 6802969-6804156 1188 422
transferase
Npun_F5505 Wzcl 6804967-6807213 2247 810
Npun_ R5507 Wzal 6809850-6811319 1470 536

1: Npun is the abbreviation of N. punctiforme; F means that the gene is on the forward DNA strand and R is on the reverse

strand.

2: The putative promoter length is obtained by measuring the length between the ORF start of the later gene and the ORF

end of the former gene.
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Table 2. The predicted transcription factor binging sites in 10 promoter regions of the EPS biosynthesis-related genes of
N. punctiforme ATCC 29133

Sequence of transcription factor ~ EPS-related gene whose

;I;r;r;srcrlptlon binding site predicted by promoter contains the Ip;roocrit(;?:r n
BPROM1 binding site
ArgR AATAATTA Npun_F5501 -119to -112
CATAAAAA -89 to -82
ATAAAAAT Npun_F5504 -88 to -81
AATTAATA -72 to -65
TTTTTTAT Npun_R5507 -243 10 -236
ArgR2 ATATAAAT Npun_F5499 -191 to -184
CATATTTT Npun_R5507 -208 to -201
Cr AGATCACA -65 to -58
i ATCACAAA Npun_F1381 -63 10 -56
Fis AAAAATAA Npun_F1381 -11to -4
Fnr ATAAATAT Npun_F5499 -189to -182
TCAAGAGT Npun_F5504 -132t0 -125
CCTACCTC Npun_R1496 -575 to -568
TTTTTTGA Npun_R5507 -204 to -197
HipB CCTTTTTA Npun_R5507 -263 to -256
Ihf AGATATAT Npun_F5505 -290 to -283
ACAGACAA Npun_R5507 -251 to -244
LexA ATAGATAA Npun_F5502 -306 to -299
TATATATA Npun_F5504 -145t0 -138
TATATAAA Npun_F5504 -143t0 -136
Npun_R5507 -238 t0 -231
ATATAAAA Npun_F5504 -142 t0 -135
Lrp TATTCTTA Npun_F1381 -83t0 -76
ATTTATTA Npun_F5502 -271 10 -264
TATTTTTT Npun_R5507 -226 t0 -219
NagC TTTAATTT Npun_F1381 -55 to -48
PhoB3 TCCTTACA Npun_R1496 -562 to -555
PhoB TAATATAT Npun_F5502 -301 to -294
TTTATTAA -270 t0 -263
PurR TTTTCGTT Npun_F5505 -351 to -344
TTTCGTTT -350 to -343
TyrR Npun_F5502, -300 to -293
AATATATA Npun_F5504 -99 to -92
CynR ATAAGTAA Npun_F5500 -21--14

1: BPROM is a tool for predicting of bacterial promoters and the average length of predicted TF binding site is eight

nucleotides.
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Table 3. Appearance frequency of the BPROM-predicted transcription factor biding sites in the promoters of the N.
punctiforme EPS biosynthesis-related genes.

(Fggjfs)l F1381 RI1496 F5499 F5500 F5501 F5502 F5504 F5505 RS5507  Total

CynR 1
ArgR 1 2 1
ArgR2 1

Crp 1 1

Fis 1

Fnr 1 1 1

HipB

Ihf 1
LexA 1 1

Lrp
NagC 1

PhoB3 1

PhoB 2

PurR 1
TyrR 1 1

[EEN

[N
N
N
NFEPNRPRPRPOWONREPERARNNDDNR

Total 1 4 2 2 1 1 5(4)2 5(4) 2 7

1 : Because Npun_F0448 and Npun_F0449 are within the same operon and under the control of Npun_F0448 promoter,we
analyze the promoter of Npun_F0448 instead of Npun_F0449 promoter.
2 ¢ The parenthesis indicates the numbers of various TF factors.

B - ~ Npun_R5507 # Flecds F p #4575 % & =4 B - +1 #7 Npun_R5507 # FléhmS A48 o

Fig. 1: Locations of the predicted transcription factor biding sites in the promoter region of Npun_R5507 gene. +1
indicates the translation start site of Npun_R5507 gene.

lspes]ties seesites sass ] thes snes [ thes e Shes leped] thes | send ] taes | et [ohes |sred | thes | seed | Shee | seed | toss | aeed [aies
tttcgttgeccaaatactcaattctagatttgtttgagcaacgtagatacgtggtatctttttacaaaataaccttaaatttecegettttttgagtttttatttgetecaatcaaactecaca

ttgactttggtagaaatgecgttattggtaagtacctttttacataacagacaattttttatataaactectgtitatectgegtaagacacatattttttgagaatecctcagattcaagttt
Cmr— o — c———r

HipB Ihf ArgR2
Cm— —
ArgR Lrp
—
LexA Far
-170 -160 -1s0 -140 -130 -120 -110 -100 -30 -80 -70 -80

aataaaaatgtttagacagtactttattaatcgtagtttcagaatctcaggtaaatatgecttaacacaagtttgtttaaattectaactcagecagttgtgggtgtggetttgttaagtg
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Table 4. Comparison of transcription factor binding site between E. coli K-12 and N. punctiforme

Transcription | Function of Sequence of transcription factor | Sequence of transcription factor binding site Identity Reference
factor transcription binding site predicted by in the promoter of the downstream genes (bold letters/total
factor(Uniprot) BPROM in the promoter of N. (downstream genes in E. coli K-12 from seq. letters)
punctiforme EPS-related genes | PRODORIC)?
ArgR Argininerepressor | AATAATTA AATGAATAATTACACATA® 72.22% (Charlieretal., 1992)
(argF operon) (Tianetal., 1992)
(Maas 1994)
CATAAAAA TTTGCATAAAAATTCATC 61.11% (Limetal., 1987)
(argR operon) (Charlieretal., 1992).
TTTGCATAAAAATTCAGT 61.11% (Maas 1994)
(argG operon)
ATAAAAAT TTTGCATAAAAATTCATC 55.55% (Limetal., 1987)
(argR operon)) (Charlier etal., 1992)
TATGAATAAAAATACACT 66.66% (Maas 1994)
(argECBH operon)
ACAGAATAAAAATACACT 55.55%
(argA operon)
TTTGCATAAAAATTCAGT 61.11%
(argG operon)
AATTAATA TGTGAATTAATATGCAAA 55.55% (Bouvier etal., 1984)
(carAB operon) (Charlieretal., 1992)
(Charlier etal., 1995).
TTTTTTAT AGTGATTTTTTATGCATA 61.11% (Charlieretal., 1992)
(argD operon) (Maas 1994)
Fnr Fumarate and ATAAATAT ATGATAAATATCAA 64.28% (Lietal., 1994)
nitrate reduction (narK operon)
regulatory protein TCAAGAGT GTTTGATATTTATCATATT 3157% (Westermark et al., 2000)
(hlyE operon)
TTGAGATACATCAA 42.85% (Membrillo-Hemandez et al.,
(hmp operon) 1997)
CCTACCTC TCGATCTCGTCAA 46.15% (Lietal.,, 1994)
(frdAoperon)
TTTTTTGA TTGATTTTTATGTC 42.85% (Ibanez et al., 2000)
(yiaKLMNOIyxKsgbHUEoperon)
LexA LexA repressor ATAGATAA CACTGGATAGATAACCAGCA 60.00% (Fernandez De Henestrosa et
(ydjQ operon) al., 2000)
TATATATA TACTGTCTGTATATATAAGT 55.00% (Fernandez De Henestrosa et
(yjgN operan) al., 2000)
CTGTATATATACCCAG 50.00% (Easton and Kushner 1983)
(uvrD operon)
TATATAAA (F5504) ACAGACTACTGTATATAAAAACAGT | 47.05% (Kitagawa et al., 1985)
ATAACTTCA (Rostasetal., 1987)
(umuDC operon) (Ohmori etal., 1995)
TACTGTATATAAAACCAGTT 60.00% (Fernandez De Henestrosa et
(recN operon) al., 2000)
AACTGTATATAAATACAGTT 55.00%
(dinD operon)
TACTGTATATAAAAACAGTA 60.00%
(sbmC operon)
TATATAAA (R5507) ACAGACTACTGTATATAAAAACAGT | 61.76% (Kitagawa et al., 1985,
ATAACTTCA Rostas et al., 1987, Ohmori et
(umuDC operon) al.,, 1995, Fernandez De
TACTGTATATAAAACCAGTT 70.00% Henestrosa et al., 2000)
(recN operon)
AACTGTATATAAATACAGTT 65.00%
(dinD operon)
TACTGTATATAAAAACAGTA 65.00%
(sbmC operon)
ATATAAAA ACAGACTACTGTATATAAAAACAGT | 47.05% (Kitagawa et al., 1985)
ATAACTTCA (Rostas et al., 1987)
(umuDC operon) (Fermandez De Henestrosa et
TACTGTATATAAAACCAGTT 60.00% al., 2000)
(recN operon)
TACTGTATATAAAAACAGTA 60.00%
(sbmC operon)
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1: These protein names are obtained formUniprot (http://www.uniprot.org/). It is the most comprehensive catalog of
information on proteins and the central repository of protein sequence and function.

2: The information of E. coli K-12 operons is obtained from PRODORIC (http://www.prodoric.de/index.php), which is a
comprehensive database about gene regulation and gene expression in prokaryotes.

3: The bold letters indicates the same nucleotides which appear in both the binding sites of the E. coli K-12 downstream
genes and N. punctiforme EPS-related genes. The Italics letters indicates the binding site sequences which are conserved
with the predicted sequences from BPROM as shown in Table 2.
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2 ¥5 N. punctiforme ATCC
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(-)
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Fig. 2: The proposed regulation mechanism of Nostoc
EPS biosynthesis-related genes.
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ABSTRACT

In cyanobacteria Nostoc, the genetics and biochemistry of exopolysaccharide (EPS) biosynthesis have not been
thoroughly investigated. To identify the transcription factors that may regulate EPS biosynthesis genes and to
understand the relationship between the EPS biosynthesis and the environment factors, in this study, we carried out the
in silico promoter analysis of ten EPS biosynthesis-related genes in Nostoc punctiforme ATCC 29133, whose genomic
sequence has been determined. Total 15 putative transcription factor biding sites were found in the ten promoter
regions. Three transcription factors, ArgR, Fnr, and LexA, were predicted to be the most possible ones by comparing
binding site sequence similarity between E. coli K12 and N. punctiforme. Because no ArgR and Fnr homologs were
found in N. punctiforme genome by the Basic Local Alignment Search Tool (BLAST) using the amino acid sequences
of E. coli K12 ArgR, Fnr and LexA as query sequences, we predicted that N. Punctiforme EPS biosynthetic genes may

be regulated by the transcription factor LexA and its associated environmental factors such as UV light.
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