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A 7.6kb PstI-Kpnl DNA fragment including a sequence highly similar to kasugamycin
acetyltransferase gene (kac) was isolated from Streptomyces kasugaensis M338-M1 and
sequenced. Nine open reading frames (ORFs), designated as ORF A, B, C, D, E, F, G,
H and I, were recognized in this region, although ORF A was incomplete. ORF G runs
in the opposite direction to the others. The amino acid sequence deduced from ORF H
showed 98% similarity to that of the kasugamycin acetyltransferase from S. kasugaensis
MB273-C4, another kasugamycin (KSM) producer. Transformation of E. coli IM109 with
ORF H made the strain highly resistant to KSM. The deduced amino acid sequences of
the ORF A, C and D products were similar, respectively, to glucosyltransferase I from
E. coli (26%), f-alanine:pyruvate transaminase from Pseudomonas putida (32%) and
dTDP-D-glucose 4,6-dehydratase (StrE) from Streptomyces griseus (37%). The strE-like
ORF (ORF D) seems to be the gene responsible for formation of the 6-deoxy structure
of the kasugamine moiety. ORF A and ORF C are also likely to have roles in KSM
biosynthesis. Taken together, our analyses strongly suggest that this DNA region includes
at least a part of the gene cluster of KSM biosynthesis.
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Kasugamycin (KSM) is an aminoglycoside antibiotic
produced by Streptomyces kasugaensis M338-M1Y,
effective against Piricularia oryzae and widely used in
agriculture in Japan to prevent the rice blast. From
S. kasugaensis MB273-C4, another KSM producing
strain, a gene coding for the enzyme that acetylates the
2’-NH, of KSM and thereby inactivates the antibiotic
was cloned and named kac by HirASAWA et al. (JP.
A-05-23187, 1993). In our previous paper? we described
that a kac-like sequence was found in the genome of
every KSM producer tested and that spontaneous dele-
tion of the sequence paralleled the loss of KSM pro-
ductivity of S. albulus MF861-C4®, a third KSM pro-
ducer whose genome was somehow unstable. The results
suggested that kac is a self-resistance gene for KSM
producers and located close to other KSM biosynthetic
genes.

In the present paper we report the cloning and sequence
analysis of a 7.6kb Ps:I-Kpnl DNA fragment including
a kac congener from S. kasugaensis M338-M1. We

propose that at least three ORFs in this DNA region
would be assigned to KSM biosynthesis.

Materials and Methods

Bacterial Strains, Plasmids, Fermentation Media and
Genetic Manipulations

Streptomyces kasugaensis M338-M1Y, isolated as a
KSM producer at the Institute of Microbial Chemistry
in 1963, was grown in TSB medium at 27°C for 2 days
and processed to obtain genomic DNA as described
previously?), '

Escherichia coli DH5¢ (TOYOBO, Code No. DNA-
903) was grown at 37°C in YT and/or 2 x YT medium
containing ampicillin (100 pug/ml). E. coli TH2 (TaKaRa,
Code No. 9056) and E. coli IM109 (TaKaRa, Code No.
9052) were grown at 37°C in L-broth (Bacto tryptone
10 g, Bacto yeast extract 5g, NaCl 5g in 1 liter water,
pH 7.5) containing chloramphenicol (12 ug/ml) and
streptomycin (50 ug/ml for E. coli TH2) or ampicillin
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Table 1. Plasmids prepared in this study.
Plasmid B Relevant properties reference
pUC 118  [3162 bp; Amp', E. coli plasmid 26
6.9 kb; pUC118 containing 3.7 kb Kpnl DNA fragment from Thi X
PSKE L | kasugaensis M338-M1 is wor
pKF 3 2247 bp; Sm?, Cm’, E. coli plasmid 27, 28
pSKE 2 1?43:; :,’l;bivll)fF 3 containing 4.1 kb PstI DNA fragment from S. kasugaensis This work
'pTV 118N |3163 bp; Amp", derived from pUC118 29
3.6 kb; pTV 118N containing an amplified kac?”? structural gene, 440 bp This work
PV 273kac | - 1-BamHl DNA fragment from S. kasugaensis MB273-Ca 18 wor
3.6 kb; pTV 118N containing an amplified kac>38 structural gene, 437 bp This work
P?Y 338kac | o1-BamHI DNA fragment from §. kasugaensis M338-M1 v

(100 pug/ml for E. coli IM109). Plasmids used and con-
structed in this work are described in Table 1. For
cloning of pSKE 1 and pSKE 2, E. coli DH5x/pUC118
(TaKaRa, Code No. 3318) and E. coli TH2/pKF3
(TaKaRa, Code No. 3100) were used as host strain and
cloning vector, respectively.

DNA Sequencing ,

The DNA fragments from S. kasugaensis M338-M1
cloned in pSKE 1 and pSKE 2 were digested with
appropriate restriction endonucleases, and were sub-
cloned in the pUC118. The resulting subclones were
sequenced with an automated laser fluorescence
sequencer (ALFred™ DNA Sequencer, Pharmacia).
Sequencing reactions were done using the Cy5™
AutoCycle™ Sequencing Kit (Pharmacia, Code No.
27-2693-02) according to the supplier’s instructions. The
sequencing reactions were analyzed with an ALFred™
DNA Sequencer on a 6 M urea- 6% polyacrylamide gel
in 1.2 x Tris-borate-EDTA (120mM Tris, 99.6mm
Borate, 1.2mM EDTA), and the running‘ buffer was
0.6 x Tris-borate-EDTA (spacer 0.35mm, 47°C, 10
hours). Sequence primers used were M 13 universal and
reversal primers from the Cy5™ AutoCycle™ Sequenc-
ing Kit and synthesized oligonucleotide primers (labeled
with Cy5).

Computer Analysis of DNA and Protein Sequences

DNA and protein sequences were analyzed with the
DNASIS-Mac version 3.6 (Hitachi Software Engineering
Co., Ltd.). Amino acid sequences of potential gene
products were compared with those in the databases
(SWISS-PROT and PIR) by means of BLASTY.

Expression of ORF H (kac**®) in E. coli IM109

5-KAC primer (Sense: 5-GGCCATGGCGCGCTG-
GGCCGGGACA-3) and 3-KAC primer (Antisense:
5-GGGGATCCTCGTTACAGGGCGATCA-3) were
used for amplification of both kac structural genes. PCR
amplification was performed using a MiniCycler™ (MJ

Research). Each reaction mixture contained 50ng
genomic DNA, 20 pmols each primer, 50 mm each ANTP,
20 mM Tris-HCI pH 8.0, 25mum KCl, 1.5mm MgCl, and
0.05% Tween 20 in a final volume of 100 ul. After
addition of 2U Venty (exo™) DNA polymerase (New
England BioLabs, Code No. 257S), the DNA template
was denatured 98°C for 2 minutes. Amplification was
carried out by 30 cycles of annéaling, extension (2 minutes
at 72°C) and denaturation (30 seconds at 98°C). The
resulting PCR products were digested with Ncol/BamHI
(double digestion) and cloned into pTV118N (TaKaRa,
Code No. 3328) to create pTV273kac and pTV338kac.
With these plasmids (pTV118N, pTV273kac "and
pTV338kac), E. coli IM109 was transformed.

Single colonies were used to inoculate 2ml L-broth
containing ampicillin (100 ug/ml). After 16 hours of
growth at 37°C, 1 ml of each culture was used to inoculate
9 ml L-broth containing ampicillin (100 ug/ml) and
growth was continued at 37°C for 10 hours. At an ODy,,
of 0.5 isopropylthiol-8-galactoside (IPTG) was added to
give a final concentration of 1mm, and growth was
continued for an additional 3 hours. These cultures (each
5ml) were plated on a YT-1.5% agar plate and incubated
at 37°C for 16 hours.

Nucleotide Sequence Accession Number
The nucleotide sequence data reported in this paper
will appear in the DDBJ, EMBL and GenBank nu-
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Fig. 1. Restriction map ofa 7.6 kb PstI-Kpnl DNA region, mcludmg the kasugamycin acetyltransferase
gene (kac*3®) from S. kasugaensis M338-M1.

The ORFs within this region are indicated by open arrows. Numerals on the arrow heads indicate

untranslated spaces. Minus indicates overlapping.
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cleotide sequence databases with the accession number
ABO005901.

Results

Cloning and Sequencing Analysis of the
7.6kb PstI-Kpnl DNA Region

A 3.7kb Kpnl fragment from S. kasugaensis M338-M1
was cloned using as a probe a 734 bp BamHI fragment
including kac gene (kac?’®) from S. kasugaensis
MB273-C4 (JP. A-05-23187). The recombinant plasmid
clone was designated pSKE 1 (Fig. 1). A 4.1kb Ps/I
fragment from S. kasugaensis M338-M1 was also cloned
using as a probe a 271 bp Kpnl-Ps¢I fragment from pSKE
1. The plasmid clone was named pSKE 2 (Fig. 1).

We sequenced the entire 7581 bp PstI-Kpnl DNA re-
gion from pSKE 1 and pSKE 2 (Fig. 2). The GC content
of the entire region was 71.6%. Within this region we
recognized nine open reading frames (ORFs), i.e. ORF
A,B,C,D,E, F, G, H and I, all with high GC contents
(80.3~90.9%) in the deduced 3rd codon positions®,
though ORF A was incomplete (Fig. 1, 2). These ORFs
all run in the same direction except for ORF G (Fig. 1).
Translational start codons were predicted from end-to-
end similarity to other authentic proteins.

As potential ribosome binding site (RBS) candidates,
there were GAAAGG preceding ORF C (1918~ 1923)
and ORF D (3241~ 3246) and GAAA preceding ORF

0.5kb

H (6306 ~ 6309). These sequences are complementary to
the 3’ end of streptomyces 16S rRNAS~®, No other
ORFs had RBS candidates (Fig. 2).

There were inverted repeat sequences downstream of
ORF A (822~880, —36.18 kcal/mol), ORF G (5549 ~
5608, —32.34 kcal/mol) and ORF I (7359 ~ 7406, —36.70
kcal/mol), possibly functioning as transcriptional termi-
nators (Fig. 2). Noncoding regions were 388 bp between
ORF A and B, 25bp between B and C, 13bp between
Cand D, 200 bp between G and H, and 341 bp between
H and I. Some genes showed overlapping sequences;
ORF D and E by 1bp, E and F by 4bp, and F and G
by 7bp (Fig. 1, 2). _

Possible functions of the nine ORF products were
deduced from the results of a homology search using the
BLAST program®. The ORF B, E, F, G, and I showed
no significant similarities with any proteins in the
databases.

Possible Roles of Some ORFs in KSM Biosynthesis

ORF H

ORF H showed 98% base-sequence homology with
kac?"3, hence ORF H was denoted kac338 hereafter. The
base sequences of kac?’® and kac??®, with the amino
acid sequences of their deduced proteins (Kac?’? and
Kac*?®), are shown in Fig. 3.

Compared with kac?”3, kac33® showed four base
substitutions at G114A, G115A, C340T and C378T
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Fig. 2-1. Nucleotide sequence of the 7.6kb PstI-Kpnl DNA region from S. kasugaensis M338-M1 and
deduced amino acid sequence corresponding to ORFs.

Pstl
CTOCAGCEOG  GGCTOGTOGA CAACCTCOGG  GOOGATGTGA TGGTATGOGG CTOGCAGGCT  TACCGGCGCT  GGGCACTOGA  CGCCGGCTIC — ACGGACGACG 100
L QRG L VD N L R A D VM vV C G S QA Y RR W A LD A G F T D DD

ORFA (kasA) -t

mmmmmmmmcmmmmmcmm 200
I HV V EF G TDL D RF R DD G A AR A R W R N R HG VA DDE

MOGGEICTIC  CTOGTOOCCG  OGOGGOCCGT  ACCACGCAAG TGCATOGAGG ACGUCGTGGC CGOGCTGEOC CACCTGGCOG  GGOGGCACCC  GOGGAOCORC 300
T VF L VP A R PV P R K cC I ED AV A A LA HLAG R H P R A R

CTCGTCCIGA CCACCCCGAC  OGCGOGCACG  CTCGACTOCT  ACGOOGAGAA  GCTGOGGGCC  CIGGCGGACG  AACTOGGOGT  OGCGGACCGG  GIGATCTGGG 400
L VLT TPT ART L DS Y A E K L RA L ADE L GV A DR VIWE

AGCAGGGACT CTCCTGGCAC GACATGOCCA TGCTGTACGC GGGOGOCGAC GCGGTGGTAC TGOCCTICCTC  TCACGAGGGG TTCGGCATCG  CCCTOGTCGA 500
Q G L S WH DMPM L YA G A D AV VL P s s HE G F GI A L V E

GGGARTGEC - GGOCGAUGXC  COGTGATCAC CTCGAATGIC GAGGGOCACG ACGAAGTCAT CGACCACGAA CGGAOCGGGT TCCTCTACCC — GGOCCGCGAC 600
G MA G RRP vV IT S NV E G HD E VI D HE R T GF L Y P A R D

mmmmmmmmmmmmmm7m
VEA AL A G C M A R VITS D L E N LV A AAH A E A V R P F s s T

CGEOGEIOGC  CGOOGGECAT  GAACGGGCT  ACGAAGTGGC GTGTGGOCAG CGGTGAOOGG  ACACGGOGTC ARGCACOOGT CAGCCCCIGA  GACCGAAGAG 800
AV A A G H ERAY E V A cC G Q R *

Kenl
OGGGATATGA GTTCACACCA AGCCCTGGCC  GATCAGACGT CGCAGGTACC C@MWWWCW 900

-36.18 kcal/mol -
CGOCGACACC  CAGOGGROCG  ACGGCGCCTA  CTGOGGATGG CAGGCACCCG  ACGGCCGOCT  CICCTACCCG  TATCCGGAGA TCACOGGATA CATCCTGACG 1000

WWWWWWGWWWCTWHOO

GICCCGACCA  OGGCGACGGC  GGAGICTICC  TCTICGACAT OGGCATGATC ACCCACGGIC TGCTCTCCTA  CGGOCGGCGC  ACCHGTGACC  AGOGACTGCT 1200
M I T HG L L s Y G R R T G D Q R L L

ORFB -8

CTOCTOGGGA  OGOGCORNGG  CCOGCTIOCT  CCTOGACCAC CTGOCGACCC  GTGGCCACCC  OCACCCCCTG  GCCACGGGAC  ACCGGOCCGA  AGGAAGCGAG 1300
S §$ G R A AA R F L L DH L PTR G H P HPL A T G H R P E G T E

COGACCTGGT OGAACTCOGG  CAGOGOCCAC  CTGCTCAAGC TTGTACAAGC ACTGATCAGC GCGGACGGCG  CGGGUGTCAC CGGAGOGGCA  CAAGCOGCCG 1400
P TWS N S G S A H L L KL vV aoa L IS A D GA GV T T G A A Q AAE

AACGGCTGGT GGACACOGIG  CTOGCOGACC  OCTGCOOGCC  CTOCGOGGCG  CCOGTCACGA  OCTGCCCGGA  CAGOGATCTG  ATCAGCCTGC  ACGCCGCTIG 1500
R LV DTV L ADP C PP S A A PVTT CPD s DL I s L H A AC

CTACGOOGCC  GAGGGCCTGT  GGATCTGGGA CACGGOOOGC  OGOOGGOOGC  AGGOGOGGGA  ACGOGOGGIC  OGCATCACCG  AGTGGGIGIG  GCRACAGCAG 1600
Y A A EGLW I WD T AR R R P Q A R E R AV R ITE WV W Q Q90

CTCACOGOGE  GOGGCTTCAC CACGTACGCA  CAOCGCACGG  GOGGCOCOGC  CTOUGACCGG  ATGCAGICCG  ACGICCTGGC  TCAGGOGATA  CGCCTGGCCA - 1700
LT GG G F T T Y A HRTG G P A s DR M Qs D VLA Q A I R L A K

AGTTGCTGGA CCTGCGOOCC  GACGGCCTCG  GCAGCGOGGT  CTOGACGCTG  GCCAACAGCC  TCCACACCTA  OGACGACAAG  GCAGCGGTCC  TCTACCGRCC 1800
L LD L RP D GL G S AV S TL AN S L HTY D D K A AV L Y R P

CCAGGOOGCC  GAGOCGCACC  GCAACACTG  GAGCTCCATG  TTOGCOGGCC  AGGOCCTGCG  CCTGTGCGGC GCCGAGOCCG  GTCTGGUCTG  GCACGAACTG 1900
Q A A E P HR N S W S S M F A GQ A L R L CG A EAG L AW HEL

GICTAAGECG OCCCTGOGAA  AGGCTCACGA CATGAGIGAC TOGGIICIGC TGTCGGOGCG  TCAGCCACTG  CCGCCGATCG  ACTACAGCCA  TGOCGCGGGA 2000
v o* RBS MsSD SVLL SAR QPL PPID YSH ARAG
ORFC (kasC) -«---#»

BamH |
WMMWWGWWMGMMA@W@MAZNO
A WIH T A E G D S L L DA A S G L v C_C VNIG H A H P HV VEQTI

TCACCOGCCA  GGOCCGCACC  GCCACCTICG  OCTOCCOOGG  GGTGCTGCTC  OCGGCGGTGE  AGGAAGAGCT  GGOUGGOCGG  CTGACCGAAG  CCGTCAACCG 2200
T R Q ART A TF A S PG VLL P AV Q EETL A G R L TEA V N R

GOOGGGGGAC  GGAGTGAGCC  TCGOCTGCIC CGGAACCTCC  GCGGTGGAAC TGGOCATCTC CTAOGCCCGG  CTCATCCAGC GCTCGOGCGG  CCAGGAOGGC 2300
P G D GV S L A C S G T S AV EL A I S Y AR LIQR S R G QDG

AGGCATCACA TCCTCACCGC CCGGRCTCGGC  TACCACGGCA  ACAGCGOGCT  GACOCTGGGG  CTGTCOGGAC ACOGCCGGCG  ACGOCOGCAC  CCCGACGACG 2400
R HHI L TA R L G Y HGN S AL T LG L S G H R R R R P H P DDA

WWWMWWWMQWWGW 2500
L GL AP A F DPP Y P G H H R D CPH DRZC R A S C A DA V A E

GGOCATOGAC  OGOCGTGGGC  OCGAGTOCGT TGOGGCOGTA  CTCATCGAAC CGGICAACGG CACGAOGGGC GGCGCCTATA  OGCCACCCOC  OGGCTATCIG 2600
A I D R RGP E s V A AV L I EP VNG T TG GAYT P PP G Y L

GOGEOGCTEC  GOCGAGCCTG  OCACGAACGC  GGTGTGCTGG  TCATCCACGA  OGAGGTCCTG  ACOGGCCTGG GACGGACCGG  CCTGCCACTC  GGOGCGGACC 2700
A ALR RAC H E R G V5LV I HD E VL T G L G R TG L P L G ADH
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Fig. 2-2. Nucleotide sequence of the 7.6kb PstI-Kpnl DNA region from S. kasugaensis M338-M1 and

deduced amino acid sequence corresponding to ORFs.
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Fig. 2-3. Nucleotide sequence of the 7.6 kb PstI-Kpnl DNA region from S. kasugaensis M338-M1 and
deduced amino acid sequence corresponding to ORFs.
CACCCTGOGG CGTOGGAGTC  GTCOUGRCTIC TCCOGGAAGT GGCCGACACC  CICGOCGARC  GGCAGOCGAC  CGTOGOCGCG 5500
TLR DCGP SES SRF RETF PEV ADT LAER QPT VAA
C ACCGAGCGGT  COCOGTCTAC GOGACGROGG  CGAGGCATAT GAGGCGGGCA  COGAGACACT  GOCGAGOCAC  CGCGGOCGCG 5600
FDGH RAV AVC CAAR DGG EAY EAGT ETL PSH RGRG
- 32.34 kcal/mol
GCCTOGCTC  GACACTGGIG  ACCOGCTGGG  OOCGGCTGGT  GOGOGCACGT  GAOGOOCGEC  CGCICTACAG  CACCGAATGG  GACAACCACT  CGTOCCTGIC 5700
LAS ALV TRWA RLV RAR GARP LYS TEW DNHS SLS
OGTGROGAAG OGGCTGGOCA  TGGAGCTGTA OGCOGICAAC GTCAGOCTCT ACTGACCCIC CIGACCACCC CCOGACCTGCT GCOCGGOCGCA  OGTTCOGIGG 5800
VAK RLAM ELY AVN VSLY =
*QGE QGG GVOQ QRGC TGH
ACGOGEO0SG GCCGAACOCC  GGGGOO0GGAC CCCGAGACCT  GCTGCGOOGT  GCOOGGAAGC  CGTOCGGGAC  GACGUGCACA 5900
VRG AASL GFG PAP CRSP GLG AAG HGSA TRS SAC
ACANCTCGTC  OGCGARCTGS CGACACCGOC  GAGATOCICT  COCTCAGOCG AGCGROGGAC  CACTTOCORG 6000
VVGR €cST RSS TSLP SVP SIR ERLR MRS LPP GSGP
CECGOOCAEC  AGCAGAGTGG CAGTTTCACC COCTGOGCGIC ACCTIGCGCC GGTGOGGGAT OGACGCCGIG 6100
AGR LLT ASIP LKV AAR RPRT RRT VKR RHPTI §AT
BamH |
AOGGCATOGG  ACGGTACGEC  AGCCGGACCG  OGGATOCGOG  CAGIGACCIC  TACOGCAGOG  ACCOCGACEC  OGOCTTGGCG  ACACACCTGG 6200
TST WPM
~=----- ORFG
COGGOCACGC  COGGTACGRC  GOGCATOGCG  GCATCGAGAT  TCICAGGORC CGGACGTTOS  GOCGOGCGGA  CGGTCAACTC  OOCGCAGACG  GOGCCTACTC 6300
ACTCGGAAAC COGGTCAGTG COGCGCTGGG COGGGACATA CGATGROGGC GTGACGATCA CGTACGAATG GOGGGGTGGC TICGACAACG COGCTICTCAA 6400
RBS V PRWA GTY DGG VTIT YEW RGG FDNA ALN
ORF H (kac 338) -+
CGCACTGCAC GOCGACGGTT TOGGTCOCCC  AATCGOGCAG  ACCGACTGGC  GRACGOGGCT  TGAGOGCCAC  AGCCTCGGCT  GGGICIGICC  GIGGGAGGAC 6500
ALH ADGF GPP IAQ TDWR TRL ERH SLGW VCA WED
GGICTGATCG GATTTGTCAA CGICGICTGG GACGGOGGAG COCATGCCTT CATCCIGGAC ACGGTCGIOG  CCOGGCACTG  CCGGTCGAGA  GGAGTCGRGAG 6600
GLIG FVN VVW DGGA HAF ILD TVVA RHC RSR GVGA
COGCGCTCET  CGOCAMGGOE COOGTEOCGE TGGTTGCACG  TCGACTICGA CGOGOGTICT  ATTTCGATGC 6700
ALV AKA ADEA RAA NCE WLHV DFE EHL RAFY FDA
CTGCGGCTIC  AAGGAGACGA COOCORGGCT  GATCGOOCTG  TAACGAGGGC GOCCAAGOOC  TCGGOCCTTG  ‘CCTACGACCG  GGGGAAGGCA CGCOGGACCG 6800
CGF KETT AGL IATL * ,
BamH |
ACCCAGGATT GACGGGOGAT CGTGAGGCCC TGCTTGATCA CACGAGOGTT COCTCAGAAC TGATGGGGAT CCGCGCATOC TTCTGGCCCC GCTGACCGOG 6900
ATGTCGIGAA ACCGAAGGTC GGAGOGAGOG ATGAAGGATC GTTTACCCTG ACTGGITGIC CGAGOCTGOG CGOCACCGGC GGGGGOOCAG  CCCATTOCTG 7000
AGGAGCAAGT TGTTOGACCT CATCGICATC ATCCGGGIOC COGAGAGCAC CGACATOGOC CCOGTIGEOG  ACGOCCTGIC  CCGGATGOGC  CCCTIGIGIC 7100
MR PLCL
ORF| ‘- -
TGGCAGAAGA CGGCTGOGTC  AGCTGGGAGG  CGTACCACTC  ACACGAGGAA  OCCGOOCGCT  TOGTCCTGGT  CGAGOGCTGG  GOCAGCCGOG  COCACTGGGA 7200
AED GCV SWEA YHS HEE PGRF VLV ERW ASRA HWE
GGCTCACGAT GOOGGIGACG CCATCCAGAA GATCTACATC TGOCGOGCAT CGAGOGCGAG GTGCATCCCA  GCATGOGCGT 7300
AHD AGDA I QK IYI PELM PRI ERE.VHPS MRV PSK
CATGAAGCGG TAACTGECTG AACOOGTCAC GITGTIGGEE OGGOGRCCIC GGCGGACACC CGTACCCGGG  AGC CGAATGCGEC 7400
HEAV TG * ~
GACGROGCTG  COGAGCAGGC OGGOCCAGHG  OGCAGOCGET  AAGGATTGAG  TGGIGOCCOG  AOCGOOGOOG  TICCACARCC  GUCTGTICCA  CGGAACAGCA 7500
————
- 36.70 kcal/mol
. Kpn|
GOGGTCAGAG  OCACCTTCAC  CTCTOCCCGT  CACGGCAGAT  GARTTOGGTT GOGGOGGGAC  COGIGAGCCC  GGIGGSGIAC C 7581

(G115A alone caused a missense mutation, while the
others silent), and deletion of three sequential bases,
CGG (186~188). In the deduced protein (Kac33%),
consequently, there were an amino acid substitution of
Val39Ile and a deletion of Gly®3 (Fig. 3). The amino acid

sequence homology between Kac?’® and Kac®3® was

98%. Then we tested if kac3*®, as well as kac?73, could
transform an E. coli strain to become resistant to KSM.
The transformants with kac33® or kac?73, but not with
the control plasmid, showed resistance to KSM at con-
centrations above 800 ug/ml (Fig. 4). The result strongly
suggested that kac**® endowed the KSM producer
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Fig. 3. Comparisons of nucleotide and deduced amino acid sequences of kac genes from S. kasugaensis
MB273-C4 and M338-M1.

_BamHL _ .

* =176 GGATCCGGGCAGCGACCTCTACCGCAGCGACCCCGACACCGCCTTGGCGACACACCTGGCCGGCCGCTCCCGGTACGGCGCGCATCGCGGCATCGAGATTCT ~75

** -176 GGATCCGGGCAGTGACCTCTACCGCAGCGACCCCGACACCGCCTTGGCGACACACCTGGCCGGCCACGCCCGGTACGGCGCGCATCGCGGCATCGAGATTCT - 75

, ‘ 1

-74 CAGGCGCCGGACGTTCGGCCGCGCAGACGGCCAACTCCCAGCAGGCGGCGCCTACTCACTCGGARATCCGGTCAGTGCCGCGCTGGGCCGGGACATACGA 26

RBS vV P R WA G T Y D 9

. vV P R WA G T Y D 9

~74 CAGGCGCCGGACGTTCGGCCGCGCGGACGGTCAACTCCCCGCAGGCGGCGCCTACTCACTCGGARACCCGGTCAGTGCCGCGCTGGGCCGGGACATACGA 26

27 TGGCGGCGTGACGATCACGTACGAATGGCGGGGTGGCTTCGACAACGCCGCTCTCAACGCACTGCACGCCGACGGTTTCGGTCCOCCEATCGCGCAGACE 126

0 66V TITYEW®RGGTFT DTNA AATLINATLTEADTGTFETGT®PT®PVAGQ QT 42

0 6 6 VTITYEWRSGSGTFTDNAATLINALTEHGA ATDTGTFGT®P?T®PTIA AT QST 42

27 TGGCGGCGTGACGATCACGTACGAATGGCGGGGTGGCTTCGACAACGCCGCTCTCAACGCACTGCACGCCGACGGTTTCGGTCCCCCARTCGCGCAGACC 126

127 GACTGGCGAACGCGGCTTGAGCGCCACAGCCTCGGCTGGGTCTGTGCGTGGGAGGACGGCGGTCTGATCGGATTTGTCAACGTCGTCTGGGACGGCGGAG 226

43D W R T RULERUBHSULGWV CAWETDSGSG GTILTISGTFVNVVWDGG A 76

43D W R T R L E R H SLGWV CAWETDTGS=-TZLTIGTFVDNVVWDGGA 75

127 GACTGGCGAACGCGGCTTGAGCGCCACAGCCTCGGCTGGGTCTGTGCGTGGGAGGACGG-~-TCTGATCGGATTTGTCAACGTCGTCTGGGACGGCGGAG 223

227 CCCATGCCTTCATCCTGGACACGGTCGTCGCCCGGCACTGCCGGTCGAGAGGAGTCGGCGCCGCGCTCGTCGCCAAGGCGGCCGACGAAGCCCGTGCCGE 326

77 HAF ILDTVVARUHCRERS®RGVYVGAATLVA AT KA AR ADTETA AT RAA 109

7 HAF I LDTVVARIHCRERSTZ RG®GYGAATLVA ATZ KA AR ADTETR AT RAA 108

224 CCCATGCCTTCATCCTGGACACGGTCGTCGCCCGGCACTGCCGGTCCAGAGGAGTCGGCGCCECGCTCGTCGCCARGGCGGCCGACGARGCCCGTGCCGE 323

327 GAACTGCGAGTGG&TGCACGTCGACTTCGAGGAGCACCTGCGCGCGTTCTAéTTCGATGCCTGCGGCTTCAAGGAGACGACGGCCGGGCTGATCGCCCTGTAA 429

110 N C E W L HV DV F EEHLURATFYTFDA ATC CGTFT KTETTATGL
109 N C EW L HVDTFEEUHLURATFYTFDA ACGTFT XKTETTA ATGTL

I A L * 143
I A L * 142

324 GAACTGCGAGTGGTTGCACGTCGACTTCGAGGAGCACCTGCGCGCGTTCTATTTCGATGCCTGCGGCTTCAAGGAGACGACGGCCGGGCTGATCGCCCTGTAA 426

430 CGAGGATGCCCAAGCCCTCGGCTGTCGCCTACGACCGGGGGAAGGCACGCCGGACCGACCCAGGATTGACGGGCGGTCGTGAGGCACTGCTTGATCACGC 529
427 CGAGGGCGCCCAAGCCCTCGGCCCTTGCCTACGACCGGGGGAAGGCACGCCGGACCGACCCAGGATTGACGGGCGATCGTGAGGCCCTGCTTGATCACAC 526

530 GAGCGTTCCCTCAGAACTGATGGGGATCC 558
527 GAGCGTTCCCTCAGAACTGATGGGGATCC 555
BamHL

*. 8. kasugaensis MB273-C4. **: S. kasugaensis M338-M1. + denotes a base change in the structure genes.
—denotes deletion. Amino acid change is shown in bold face.

(S. kasugaensis M338-M1) with the self resistance to its
own antibiotic, as proposed by HIRASAWA et al. with
kac?™ (JP. A-05-23187).

ORF D

A deduced protein encoding ORF D (OrfD) spanned
329 codons whose sequence showed 37% and 36%
similarities with StrE® from Streptomyces griseus and
with RfbB'? from Xanthomonas campestris, respectively
(Fig. 5). There were additional similarities of OrfD to
StrE: (1) the two were close in length, i.e. 329 codons
(OrfD) vs. 328 codons (StrE), and (2) OrfD and StrE
shared a highly preserved NAD(P) binding motif!"
near their N-terminals (Fig. 6). strE, as well as rfbB,
codes for dTDP-D-glucose 4,6-dehydratase, that is the
gene responsible for formation of the 6-deoxy structure
of these antibiotics, ie. streptomycin for StrE®,
granaticin for GraE'?, and mithramycin for MtmE!?.
W. PIEPERSBERG ef al.'*) have proposed that strE-like
genes are typically present member in gene clusters for
the biosynthesis an antibiotics that contain a 6-deoxy-

hexose (6-DOH) moiety and that cloning the gene will
provide a probe to find out the gene cluster. The presence
of the 6-DOH moiety in KSM, as well as the close
location of ORF D to kac>3®, strongly suggests that the
DNA region we analyzed should coincide at least in part
with the gene cluster for KSM biosynthesis. We therefore
designated ORF D as kasD.

ORF C

A deduced product of ORF C (OrfC), as long as 436
codons, preceded kasD by a narrow margin of 13bp.
OrfC showed 32% similarity with B-alanine:pyruvate
transaminase'® of Pseudomonas putida (Fig. 5) and
included a sequence, Val?®7 through Leu??’, that was a
pyridoxalphosphate attachment site motif (Fig. 7) in
ornithine aminotransferase!®. The role of Orf C for
KSM biosynthesis should be to convert carbonyl group
(C-4' position of kasugamine moiety) to amino group,
and therefore we designated ORF C as kasC.
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Fig. 4. Comparison of KSM resistance.

I: Transformed with empty vector, pTVII8N.
2: Transformed with pTV273 kac.
3: Transformed with pTV338 kac.

400 u g/ ml KSM

ORF A

ORF A, possibly corresponding to a part of a gene,
was located to one end of the DNA region we analyzed.
The 3rd codon positions showed high GC content
throughout the ORF (251 codons, determined so far),
as did other streptomyces genes. Neither an initiation
codon nor an RBS was recognized yet, however. The
ORF A product showed 26% similarity with glucosyl-
transferase ['7 from E. coli (Fig. 5), suggesting a possible
role in kasugamine addition during KSM biosynthesis.
We therefore designated ORF A as kasA.

Discussion

Biosynthesis of KSM was studied by FUKAGAWA et
al. in 1968 by mainly determining the incorporation of
radioactive precursors into KSM or its moicties'® ™23,
The results showed that (1) p-glucosamine was efficiently
incorporated into the kasugamine moiety*", (2) D-
glucosamine was readily converted to UDP-N-acetylglu-
cosamine (UDP-GlcNAc), which accumulated in myce-

lia, and (3) a carboxyformidoyl group was selectively

800 ug, ml KSM

added to the 4'-amino of the kasugamine moiety. These
results suggested that UDP-GIcNAc was an early pre-
cursor of KSM biosynthesis and, together with other
results, led FUKAGAWA ef al. to propose a tentative
biosynthetic route of KSM (Fig. 8, from the thesis of
Y. FukaGawa, partly modified by S. IKENO).

The deduced product of kasD (KasD) possibly
catalyzes Step | in view of its similarity with dTDP-
D-glucose 4,6-dehydratase (strE gene product, StrE)
including an NAD(P) binding motif (Fig. 5, 6). strE-like
genes cloned so far share about 60% homology. The low
similarity (37%) between KasD and the StrE may reflect
the structural difference between the substrates for the
two enzymes. It is likely, as FUKAGAWA ef al. proposed
also, that the biosynthetic route of KSM, a secondary
metabolite, diverges from the primary metabolism of
sugars at UDP-GIcNAc.

kasC, the upstream neighbor of kasD, should code for
a pyridoxalphosphate binding protein and transaminase
that catalyzes Step 2 (Fig. 8).

ORF B, kasC, kasD, ORF E and ORF F are located
very closely one after another and some are even
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Fig. 5.
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glucosyltransferase I from E. coli, f-alanine: pyruvate transaminase from Pseudomonas putida and the StrE
(dTDP-glucose 4,6-dehydratase) from S. griseus, respectively. These data were compared using a window of
30 and a stringency of 8.
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Highly conserved amino acid residues among NAD(P) binding proteins were indicated asterisks (*).

=

51
38
43

Fig. 6. Comparison of the N-terminal sequences.
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Fig. 7. Comparison of the pyridoxal phosphate attachment site of the ORF C protein with those of
Class-III aminotransferases.
*%* * *k * *
1) 237 VIHDEVLTIGL GRIGLPLGAD HCTDAAA--D
2) 256 LVFDEVITGF GRIGSMFGAD SFGVT---PD
3) 245 IMFDEVQV@M GRSGKIWGYE YLGV-E--PD
4) 239 LIIDEAQTGV GRIGIMFACQ RDGVT---FPD
5) 237 LIVDEIQTGI GRIGELICYD HYK-AFAKPD
Consensus LLXDEVXXGL GRXG-—---X(12-16)-——-D
w I PT S A
II L Vv AS
™M M M D
FF A F
YY Y
WW W
A
G
1) ORF C protein from Streptomyces kasugaensis M338-M1. 2) B-Alanine pyruvate aminotransferase
from Pseudomonas putida. 3) N-Acetylornithine aminotransferase from Anabaena sp. 4): 2,2-Dialkylglycine
decarboxylase from Pseudomonas cepacia. 5) Ornithine aminotransferase from Saccharomyces cerevisiae. The
highly conserved amino acid residues are indicated with asterisks.
Fig. 8. A tentative pathway of KSM biosynthesis.
CH,OH
(o}
Glucose === — M UDP-GIcNAc
HO O-—uUDP
NHAc
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(KasD) Hz0
GHa o Step 2
(KasC)
O==x0OH :
O—UDP -
NHAc amino group NHAc

(4

HO,
%
o

overlapping (Fig. 2). In a gene cluster for biosynthesis

of an antibiotic, most genes are separated with close

margins or even overlapping and some are transcribed

into a polycistronic mRNA. One bp overlapping like
—TGATG—and four bp overlapping like—ATGA—

i deacetylation

CHa
o)
HN
c-¢— O—UDP
NH

addition of a glycine

epimerization at 2' position

deoxygenation at 3' position

Step 7
(KasA
HO,
L
myo-ino (o)

unusual, therefore.

CH,
(o
HN
-C— z o}
1]
NH

OH OH

H
OH

Kasugamycin

are common in streptomyces and other bacteria and the
overlapping genes are often found in operons*#. The
close location of many ORFs we observed seems not

Preliminary experiments using RT-PCR suggested that
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ORF B, kasC, kasD, ORF E and ORF F were transcribed
concurrently, possibly into a polycistronic mMRNA, while
ORF G appeared to be expressed in a reverse direction
(data not shown).

None of our ORFs included TTA?%, ruling out the
possible direct control by b/dA. Construction of blocked
mutants for the ORFs and determination of biological
activities of gene products are in progress.
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