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Tab. 1 Strains and plasmids used in this study

strain or plasmid

genotype and relevant characteristic

source or reference

Flavobacterium columnare

Gy , [14]
wild-type, To® Cm® Sp®

GL002 pGL002 Gy s [15]
G, derivative carrying pGLO002 integrated into its chromosome, To® Cm®

GL002-D1 pGL002-D1 Gy this study
G, derivative carrying pGL002-D1 integrated into its chromosome, To® Cm®

GL002-D2 pGL002-D2 Gy this study
G, derivative carrying pGL002-D2 integrated into its chromosome, To® Cm®

Escherichia coli

DHS5a Invitrogen
Ap® To® Cm® Sp® Km®

SM10 (Apir) , [15]
Km® To® Cm® Sp®

plasmid , cloning vector, Ap® TAKARA
pMD18-T
vector

pGL002 7 kbp Kpn 1 -BamH | pZJ002 , [15]
7 kbp Kpn 1 -BamH 1 SCF in pZJ002, Ap® Cm**

pGL002-D1 pGL002  Pacs 321 bp s this study
pGLO002 derivative through minimizing Pacs region to 321 bp, Ap® Cm®"

pGL002-D2 pGL002  Pacs 164 bp s this study
pGLO02 derivative through minimizing Pacs region to164 bp, Ap® Cm®"

pGL002-D3 pGL002  Pacs 81 bp , this study
pGLO002 derivative through minimizing Pacs region to 81 bp, Ap® Cm®

pGL002-D4 pGL002  Pacs 71 bp s this study
pGLO002 derivative through minimizing Pacs region to 71 bp, Ap® Cm®

pGL002-D5 pGL002  Pacs 46 bp , this study

pGLO002 derivative through minimizing Pacs region to 46 bp, Ap® Cm®

. R

S

*

Note: ® indicates resistance. ° indicates sensitivity. * indicates the resistance in Escherichia coli and Flavobacterium columnare Gy.
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5" RACE System for Rapid Amplification of

1.3 DNA cDNA Ends(Version 2.0, Invitrogen) acs
GenomeWalker™ kit(Clontech) ATG 300 bp
, 2 3 TSPacsl, 3 g Gy
PCR RNA cDNA
acs RNase A/T mix cDNA
BLAST (http://www.ncbi.nlm.nih.gov) RNA cDNA 3’
, (open-reading dCTP TSPacs2
frame, ORF) NCBI OREF Finder (AAP)
http://www.expasy. cDNA ,
org clustalx1.81 TSPacs3 (AUAP)
DAS PCR RNA DNA ,
14 RNA PCR
5" cDNA (5" RACE) PCR pMD18-T
acs 5' RACE ,
*2 AWRAEBEY
Tab. 2 Primers used in this study
(5'-3)
. purpose
primer sequence (5'-3")
Wacs1-1 GAGTAAAAAAACAAGAGGTAGGAAAATCGCA DNA
Wacs1-2 AATAAGAACAAAAAATGCCAATCCCAACAAG DNA walking
Wacs2-1 AGTTGTTGAGCGAACCAAGGAAAAGATAGA
Wacs2-2 AGTGTGGCTGAAATAATGGATGCTGAAGA
Wacs3-1 CCATGTAGGAGGGAAGCGTTGTCC
Wacs3-2 CCTACTTATGCCACCTTGCCATTACCA
AP1 GTAATACGACTCACTATAGGGC
AP2 ACTATAGGGCACGCGTGGT
PacsR TACATATGTTGCCTTTTTTATAAAAT acs
PacsF ACCAACAGGCAATACAAG amplification of different sizes of acs upstream region
PacsF1 GGAAAATCGCAAATTCTAAGG
PacsF2 GATAGAATAGAAAAAAGAAAATGTA
PacsF3 TTGCTCACTCATTAGAAATATGGTA
PacsF4 ATTAGAAATATGGTATTTTCGCTTT
PacsF5 TCAGAATTTTAACGAGTCAT
TSPacs1 TTTTCTATGCCTTGTTC cDNA cDNA first-strand synthesis
TSPacs2 CGTTGTAACTTATCTTCTGTGCTT 5'RACE
TSPacs3 TTCTTCGGGGTTATTAGGTTCAA
GSPCAT1 GTCTTTCATTGCCATAC cDNA cDNA first-strand synthesis
GSPCAT2 GTTCTTTACGATGCCATTGGGA 5'"RACE
GSPCAT3 CAACGGTGGTATATCCAGTG
AAP GGCCACGCGTCGACTAGTACGGGIIGGGIIGGGIIG 5'RACE 5" RACE abridged anchor primer
AUAP GGCCACGCGTCGACTAGTAC abridged universal amplification primer

Note: recognition site of restriction enzyme on the primers is underlined.
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TSPcatl TSPcat2  TSPcat3, GL002
(chloramphenicol acetyl-
transferase, cafr)
15 pGL002-D1 pGL002-D2 pGL002-D3
pGL002-D4  pGL002-D5
Gy DNA ,
PacsF2 PacsF3 PacsF4
PacsF5, PacsR
acs (46~321 bp)
pGL002 [1s1, acs
pGL002-D1  pGL002-D2
pGL002-D3 pGL002-D4  pGL002-D5

Gy

PacsF1

2

21 acs ORF
algl
, A
(ORF) ,
, GenBank AY387595 acs
2 323 nt, ORF ATG
TGA 1908 nt, 635 ,
72.0 kD, pl 6.47
ATG 10 nt
Shine-Dalgarno ,
(ribosome binding site, RBS)
TAA 6 nt
(AAAATACAACCTGTTAA
AATAGA AAAAACAGGTTGTATTTT) Pfam
, 97-534 1
AMP DAS ACS
, 5 143-163
286-304
NCBI

(acs)
NCBI

(TAAAA)

Blastp ACS
, 100
ACS 51%
Flavobacterium sp. BAL38 F. john-
soniae UW101 F. psychrophilum JIP02/86  ACS

, 81%~85% ,

acs

2.2
acs algl ,

1 ges 650 bp
(cat)
(ACAT), pGL002
650 bp acs
acs

, 5" RACE acs
ACAT cat (tran-
scriptional start position, TSP) TSP

ATG 46 nt “1”

T -7 33 ,
TTCG TTG( 1)
2.3

TATT

s Pacs
PCR 46~321bp 5 Pacs
, pGL002-D1 pGL002-
D2 pGL002-D3 pGL002-D4  pGL002-D5
Gy,
To Cm" Shieh
, 3

pGL002

1

, pGL002-D1 pGL002-D2  pGL002
Gy,
pGL002-D3 pGL002-D4
pGL002-D5 Gy
To'Cm" Shieh

, Pacs 3 164 bp

pGL002-D3 Gy
Pacs TATTTTCG
TTG
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(RBS)  TAAAA

Fig. 1

Jfi 4 plasmids

acs KPR _FiF KL (bp)
sizes of acs up stream region (bp)

FEARTEFFING, Cm" 51
Cm" activity in

F. columnare G,

pGL002
pGL002-D1
pGL002-D2
pGL002-D3
pGL002-D4
pGL002-D5

ATAAALTEE TCACTCATT AGAAATATGRIATTIICGCTTTTRGAATTTTAACGAGTCATAAACCATTTTATAAAAAAGGCAACATATS, —— Cal
-33 =7 RBS Nde 1
1 A (acs)
(Cm®)  Shich (Cm, 3.4 pg/L) e
. acs Nde | cat
10 bp. (TSP) +1  , TSP 7 33

Analysis of upstream regulatory region of acetyl-coenzyme A synthetase gene acs of Flavobacterium columnare Gy

The chloramphenicol resistance (Cm") of plasmids in Flavobacterium columnare G4 were measured on Shieh plates (Cm, 3.4 pg/L).
“+” indicates resistance of the transconjugants to Cm, and “—” indicates susceptibility of the transconjugants to Cm. Ndel site was
used to fuse acs upstream region and ORF of cat. The ribosome biding site (RBS) motif TAAAA is at 10 bp upstream of translation
start codon. The transcriptional start position of cat is labeled as +1, and the two motifs corresponding to the —7 and —33 consensus
sequences of promoter are underlined.

2.4 Gy
Chen ™ F. hibernum W22
RBS
TAAAA, 1
RBS Gy 32
RBS ( 30 bp ),
32 RBS AT ( 78.1%
30 bp , 79.2% 18 bp ) 32
RBS , TAAAA,
, ATG
1~14bp(  3)
3
A
A ,
acs 51 ges
650 bp (cat)
(aadA) ORF ,

Gy

ACAT
ASP R acs
5" RACE
cat (TSP)
ATG 46 bp T TSP
acs
650 bp
, TSP
TATTTTCG TTG
CFB
TATAAT  TTGACA!'®
G432
[8]
RNA( )

AGGAGG!2"
CFB

=7

650 bp
A G
acs

-33

RBS
AT

RBS

b

C 8
ACAT

cat

TANNTTTG TTG® 17

TAAAA
16S
RBS
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Tab. 3 Alignment of putative ribosome binding site (RBS) in 32 genes of Flavobacterium columnare G,4

A-T 1% "
L .. . A-T content
gene putative ribosome binding site 30 n-18 source
clpx ctttgaactttacgacatttgact TGAAT a 70.0 66.7 this study
rbfA actaattacaaaaaattgtatgtt TGCAA c 76.7 72.2 this study
surk tttagcaagacttttttatgttt TAAAT aa 83.3 94.4 this study
gldM attatttaataactaaaaaattc TAAAA ga 90.0 83.3 this study
msbA aaatatcattaacgatatgcaat TGAAC ta 76.7 66.7 this study
gldJ catcactttaaataattacctac TGAAA gt 73.3 72.2 AY781294
thmP atattttatcaacaaaacaaac TATTA act 83.3 71.8 EF140791
ctp cataattttttatgtattttag TATTA gat 86.7 83.3 this study
cird cttctattttcatttagcttgt TAGGA caa 70.0 66.7 this study
algl tacctatgctgtttttttaaa TAAAA taaa 83.3 100 AY387595
feol ttataaggagtttatatattt TCAAT tcta 83.3 88.9 this study
mrcA aatagaatcaatagaagaaaa TAAAT aatt 86.7 88.9 AY781295
feco2 ataggtatatttggatcaaa TAGAA ctgcg 66.7 55.6 this study
atoD tacagacgaatttggatta TAAAC acaact 70.0 72.2 AY781295
map ttgcttttatagaaacac TAAAA agtaaaa 80.0 83.3 AY387596
anid acaaatacaataatatt TAAAA ttacattt 90.0 94.4 AY387597
gldH gacccaaaaataatagg TCAAA aaacagaa 70.0 72.2 AY781295
uspA gatagactatcataac TAAAA cttatatat 80.0 88.9 this study
clpP taaacctctaaacttt TAAAC taatagtaa 80.0 88.3 this study
gldL attataggaacttaac TAAAA tttattatt 93.3 94.4 this study
fco3 gatatatttgtctaaa TAAAA aaaataga 86.7 94.4 this study
pop ttaaaaaaagcaggta TAGAA ggaatcgtt 70.0 61.1 AY387598
acs tcataaaccatttta TAAAA aaggcaatc 76.7 77.8 AY387595
clsA atagggctgtttttg TAATT cacaaaaatt 73.3 83.3 AY 912281
murF gggattttatttttt TAGTA ctttagcttt 76.7 77.8 AY781294
crp gcacacctttttcgg TAATT tccgaaagta 60.0 61.1 EF501979
fco4 cagaaccttatctt TGAAA aaactatttag 73.3 833 This study
IpxB cttctagcaatttt TACAC tttttgtatag 73.3 77.8 this study
fjol7 tatgcagcggaatt TAAAA tcgaatagaa 66.7 77.8 AY781295
fcoS aaaaatcaaaat TCAAA attcacgattata 83.3 77.8 this study
fco6 ttacctaacatt TAAAA tcaaaaatctatt 83.3 88.9 this study
fio24 atattgtcaaa TAATT tggtttacttgtgt 76.7 72.2 AY781294
mean 77.9 79.5
consensus T32 32A24/32A24/32A25/32A21 2
Lk GenBank . 30 . RBS
30bp 18 bp AT # 32 RBS

AT . GenBank RBS

Note: * donates the accessing numbers in the line are the GenBank accessing numbers. The 30 bp nucleotide sequences at upstream of the
start codon were chosen for comparison. The putative consensus RBSs are indicated with capital letters. The AT contents of the region be-
tween 30 bp and 18 bp at upstream of the start codon are given as percentages, and the symbol # indicates the average AT content of the 32
RBS:s. Genes without accession numbers are unpublished data of our laboratory.
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CFB Bacteroides
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rrnB P1P2 Ptac Ptre, cat B.
fragilis , B. fragilis
cat CAT
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Acetyl-coenzyme A synthetase gene and its upstream promoter in the
bacterial pathogen Flavobacterium columnare

ZHANG Jin, ZOU Hong, YAO Weijian, NIE Pin

State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China

Abstract: Flavobacterium columnare, the etiological agent of columnaris disease, is one of the most important
bacterial pathogens of freshwater fish in the world. However, suitable genetic manipulation of this bacterium
which has been challenging and producing genetic mutations in this bacterium has not been reported. Therefore,
isolation of an effective promoter in F. columnare may provide tools for the development of a genetic manipula-
tion system in the bacterium. In this study, the acetyl-coenzyme A synthetase gene (acs) and flanking sequences
were analyzed to determine promoter function. The acs gene is 2 323 bp long, encoding a protein of 635 amino
acids. A TAAAA motif was identified as the conserved sequence for ribosome binding site (RBS) and TATTTTCG
and TTG were determined to be —7 and —33 promoter motifs, upstream of the acs start codon. When a plasmid was
constructed containing the acs upstream regulation sequence (Pacs) fused upstream of the chloramphenicol ace-
tyltransferase (caf) gene and was introduced into F. columnare Gy strain, the host cells gained chloramphenicol
(Cm) resistance. The transcriptional start position (TSP) of acs and cat was both determined to be T locating 46 bp
upstream of the start codon. Deletion analysis of the promoter showed that at least 164 bp nucleotides upstream of
the start codon were required for promoter activity and for the expression of CAT to sufficiently confer the resis-
tance in F. columnare. Nucleotide analysis and alignment of the putative RBS for 32 protein-coding genes in £
columnare G4 revealed the conserved RBS consensus, TAAAA, in Flavobacterium located 10 bp upstream of start
codon of acs. The current study described the first successful construction of a plasmid that was able to express
cloned genes in F. columnare, which will allow further studies of the important columnaris disease in fish.
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