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The pseudodisaccharide fortimicin (FTM)-group
antibiotics are produced by seven strains of four

genera in actinomycetes, Micromonospora, Dactylo-
sporangium, Streptomyces, and Saccharopolyspo-

ra} ~7) All the FTM-group antibiotics are thought
to be synthesized by similar biosynthetic path-
ways.8)9) Intergeneric distribution of antibiotic
production genes is an intriguing aspect of the
genetics of actinomycetes with the respect to the
evolution and horizontal transfer of secondary

metabolic biosynthetic systems. 10)
We have cloned previously a gene (smsl3)

encoding sannamycin B-glycyltransferase from the
sannamycin producer Streptomyces sannanensis IFO
14239 and showed that related genes were conserved

among all producers of the FTM-group antibiot-

ics.11* In contrast, the resistance genes (fortimicin-
resistance genes; fmrs) could be classified into two

families on the basis of the resistance profiles and

DNAhomologies. 12) ThefmrT gene cloned from an
istamycin producer Streptomyces tenjimariensis

ATCC3 1602 hybridized withfmrS of S. sannanensis
and fmrH of a sporaricin producer Saccharopoly-

spora hirsuta ATCC20501 in Southern-blot analysis,
but not with resistance genes cloned from Micro-
monosporaand Dactylosporangiumstrains. Skeggs
et al. described kamAof S. tenjimariensis which had
a similar resistance profile to fmrT13'1A\ however,
it is not clear if the two are identical since there are
differences in the physical maps of the two cloned
DNA fragments.12) In this study, we have

determined the nucleotide (nt) sequence offmrT and
compared it to kamBof the nebramycin producer
Streptornyces tenebrarius NCIB1 1028 and kamCof
another sporaricin producer S. hirsuta CL1027),

both of which were reported to be homologous to
kamA. 14)

The nt sequence of the 2,783 bp BarnH I fragment
containingfmrT (Fig. 1) was determined using the
ABI Model 373A DNAsequencer (Applied Biosys-
tems Inc.); protein coding frames were analyzed by
the method of Bibb et al.15) Twocomplete and one
partial open reading frames (ORFs) were identified
(Fig. 2). ORF-2 (nt 1553 to 2185) determines

resistance expression, and is considered to befmrT.
The fmrT ORFencoded a protein of 211 amino
acids (aa) with a predicted Mr 22,871 Da; fmrT is
transcribed as a single gene. The two ORFs adjacent
tofmrT are transcribed in the opposite direction. A
palindromic sequence which might represent a
transcriptional terminator was found in the 3'-
flanking region of ORF-1.

Since resistance genes are often located in the
biosynthetic gene clusters for antibiotics16) ORF-1
and ORF-3 might be involved in istamycin bio-
synthesis. ORF-1 (nt 1278 to 280) showed 37~
39% aa identities with the rat, rabbit and human
microsomal epoxide hydrolases.17~19) The bio-

synthesis of the FTM-group antibiotics20) involves
epimerization steps in which double bond formation
and successive oxidative cleavage via epoxide
formation are believed to occur. Minor components
of FTM-intermediates contain carbon-carbon dou-
ble bonds.21} Thus an epoxide hydrolase may be

Fig. 1. The nucleotide (nt) sequence of the 2783 bp BamHI fragment and the deduced amino acid sequence
offmrT.
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The stop codons are indicated by asterisks. Restriction sites are underlined. Last digits of numerals
are aligned with corresponding nt. A palindromic sequence observed in the 3'-flanking region of open
reading frame (ORF)-l is underlined. The nt sequence data will appear in the DDBJ,EMBL,and
GenBankNucleotide Sequence Databases under accession No. D13170.

Fig. 2. Analysis of open reading frames (ORFs) in the 2,783 bp BamUI fragment.

Protein coding regions are predicted by the base compositions of the amino acid (aa) codons
according to the method of Bibb et al.15) using the "Frame Plot" program. Windowsize was set at 40
aa codons. The physical map of the BamHl fragment of pFMRTBl12) and the positions and directions
of the predicted protein coding frames are indicated. Dotted line presents the minimumregion limited
by the subcloning offmrT in Streptomyces lividans}2)
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Fig. 3. Alignment of the deduced amino acid (aa) sequences of the gene products offmrT of Streptomyces
tenjimariensis (middle line), and kamB of Streptomyces tenebrariusn) (upper line) and kamC of

Saccharopolyspora hirsuta CL1027) (bottom line).

Identical residues amongthree sequences are indicated by asterisks, and conserved residues infrnrT
and kamBor kamCare indicated by colons. Numerals above the sequences indicate the amino acid
numbers from the predicted NH2-terminus of the fmrT gene product.

Fig. 4. Dot plot comparisons of the nucleotide (nt) sequences of the regions carryingfmrT and kamB(a)
andfmrT and kamC (b).

The nt sequence of the 928 bp Sail fragments containing fmrT is analyzed. Stretches up to 6bp
identical between the two sequences are plotted.

involved in these steps. No sequence similar to
ORF-3 could be detected in screening the GenBank
and NBRFdata bases.
The frnrT showed strong sequence similarities

with those of kamBof S. tenebrarius and kamCof
S. hirsuta CL1027) (66.3% and 72.8% identities,

respectively). Southern-blot analysis indicated that
kamB is similar to hamA of S. tenjimariensis.14) In
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our studies,fmrT was the only FTM-A, kanamycin Health (Japan) who kindly provided us with the "Frame
and neomycin-B resistance gene obtained by Plot" program,
shotgun cloning,12) and only one DNA region

similar to fmrT was detected in S. tenjimariensis
DNAby Southern-blot analysis at low hybridization
stringency (data not shown). Thus,fmrT appears to
be identical to kamA encoding a kanamycin-
apramycin resistance methyltransferase capable of
modifying 16S rRNA.22) The difference in physical
maps offmrT12) and kamA14) needs investigation.
Alignment of the deduced aa sequences revealed

that fmrT is closely similar to kamBand kamC
(60.3% and 70.1 % identities, respectively) (Fig. 3).
The protein sequences from aa 92 to 107 and from
136 to 152 of/mrJ are highly conserved among the
three genes. fmrT and kamC were identical between
aa 127 and 135, where no similarity was present in
kamB. kamBand kamCare reported to encode
apparent proteins of 154 and 156 aa, respectively,
which are smaller than that of 211 aa encoded by
fmrT (Fig. 3). FmrT has a 51 aa addition at its
NH2-terminus. Interestingly, this NH2-terminal
sequence was highly conserved in the 5'-flanking

regions of kamBand kamC, whereas little similarity
was observed in the 3'-flanking regions (Fig. 4).

Further work is required to determine the size and
the NH2-terminal aa sequences of the proteins
encoded by these three genes, and to analyze the
function of the NH2-terminal 51 aa region of the

fmrT gene product.S. hirsuta CL102 produces sporaricins, FTM-
group antibiotics.7) On the other hand, S. tene-
brarius produces the nebramycin complex.23) The

similarity (72.8%) in sequence between fmrT and
kamCof the producers of the FTM-groupantibiotics
(Streptomyces and Saccharopolyspora) is higher than
that between fmrT and kamBof the Streptomyces
strains (66.3%). This appears to be variance with the
taxonomic relationships of these microorganisms.
One interpretation of our results is that the kam
genes were distributed among producers of the
FTM-group antibiotics together with FTM-produc-
tion genes at a time independently from the
separation of the genera Streptomyces and Sacchar-
opolyspora in the evolution of actinomycetes. This
implies that horizontal gene transfer may have
occurred.
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