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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.'~" All the FTM-group antibiotics are thought
to be synthesized by similar biosynthetic path-
ways.® 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.!®

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.'V In contrast, the resistance genes (fortimicin-
resistance genes; fmrs) could be classified into two
families on the basis of the resistance proﬁlés and
DNA homologies.!? The finrT gene cloned from an
istamycin producer Streptomyces lenjimariensis
ATCC 31602 hybridized with finrS of S. sannanensis
and finrH of a sporaricin producer Saccharopoly-
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spora hirsuta ATCC 20501 in Southern-blot analysis,
but not with resistance genes cloned from Micro-
monospora and Dactylosporangium strains. SKEGGS
et al. described kamA of S. tenjimariensis which had
a similar resistance profile to finrT'*!'¥, however,
it is not clear if the two are identical since there are
differences in the physical maps of the two cloned
DNA fragments.!? In this study, we have
determined the nucleotide (nt) sequence of finrT and
compared it to kamB of the nebramycin producer
Streptomyces tenebrarius NCIB 11028 and kamC of
another sporaricin producer S. hirsuta CL1027,
both of which were reported to be homologous to
kamA.*®

The nt sequence of the 2,783 bp BamH I fragment
containing fmrT (Fig. 1) was determined using the
ABI Model 373A DNA sequencer (Applied Biosys-
tems Inc.); protein coding frames were analyzed by
the method of BiBB et al.!> Two complete and one
partial open reading frames (ORFs) were identified
(Fig. 2). ORF-2 (nt 1553 to 2185) determines
resistance expression, and is considered to be finrT.
The fmrT ORF encoded a protein of 211 amino
acids (aa) with a predicted M, 22,871 Da; finrT is
transcribed as a single gene. The two ORFs adjacent
to fmrT 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 antibiotics!® 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.!”~® The bio-
synthesis of the FTM-group antibiotics?? 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.?! Thus an epoxide hydrolase may be

Fig. 1. The nucleotide (nt) sequence of the 2783 bp BamH I fragment and the deduced amino acid sequence
of fimrT.
BamH I . . . . . .
GGATCCTGAGGCCGTGATCGCTGCCCTCGGTCGCGGTCTCAGTTGCGGTCTCACTTGACC 60

CCTAGGACTCCGGCACTAGCGACGGGAGCCAGCGCCAGAGTCAACGCCAGAGTGAACTGG

TCCGTTCCGGAAGTGTCCACCGCAGTGCG&CAGAGGCCGCCAAGCCGCGCGACCAGGATC

120

AGGCAAGGCCTTCACAGGTGGCGTCACGCGGTCTCCGGCGGTTCGGCGCGCTGGTCCTAG

GTAGCGGTCTGGACGGACGGGCGCGGACGGTCCCGGACCAAGATCGGACAGCTCGTAATé

180

CATCGCCAGACCTGCCTGCCCGCGCCTGCCAGGGCCTGGTTCTAGCCTGTCGAGCATTAC
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CGTAGGTCGCGGGTTCGAATCCCGCAGGTGGCTCAGCTCGAAAGCCCAGGTCAGTTTCGC
GCATCCAGCGCCCAAGCTTAGGGCGTCCACCGAGTCGAGCTTTCGGGTCCAGTCAAAGCG

TGACCTGGGCTTTTGTCGTTGGTGGATGCCGTGGCGTCAGAGGGTCGCGAAGAAGCGEGT
ACTGGACCCGAAAACAGCAACCACCTACGGCACCGCAGTCTCCCAGCGCTTCTTCGCCCA
* L T A F F R T

CAGGTCGGCGGCCAGGTGGTGGGGTTCCTCGGTGGGGGCGAAGTGGCCGCCTGAGGGCAT
GTCCAGCCGECGGTCCACCACCCCAAGGAGCCACCCCCGCTTCACCGGCGGACTCCCGTA
L D A AL HUHUPETETUPATFHU GG S P M

GACGGTCCAéTGGTGGACGGTGTAGAGGCGTTCCGCCCAGGAGCGGGGTéGGGTGCCGTC
CTGCCAGGTCACCACCTGCCACATCTCCGCAAGGCGGGTCCTCGCCCCACCCCACGGCAG
vV T W H H V T Y L R E A W S R P P T G D

GTCGATGTACTCGTTGCCGAAGAGACCGATGGCGGTGGGGACCTGGACGTGGTCGGTGGC
CAGCTACATGAGCAACGGCTTCTCTGGCTACCGCCACCCCTGGACCTGCACCAGCCACCG
b I Y ENGV FUL G I ATUPV Q V HD T A

GGTGAGGGAGTCGTACAGCTCGCGGTTGTCGTEGTAGTCGCCCACGCGAGGGGGCGATGCT
CCACTCCCTCAGCATGTCGAGCGCCAACAGCACCATCAGCGCCTCGCTCCCCCGCTACGA
T L. $ DY L E R N D UH Y D R L S P A I S

. . . . Sma I . .
GTCGGTCACCCAGAGGAGGGTCAGGGTGGTGAGGAGGAAGTCCCEGGTGAAGCGGCTCTC
CAGCCAGTGGGTCTCCTCCCAGTCCCACCACTCCTCCTTCAGGGCCCACTTCGCCGAGAG

b T vV WwW gL L TUL TTUL L F DR T F R S E

CAGGTCGCCCCCGCTGTCGGACCAGGCGCGCCACTTCTCCAGGACCCAGGCGGCCAGGCT
GTCCAGCGGGGGCGACAGCCTGGTCCGCGCGGTGAAGAGGTCCTGGGTCCGCCGGTCCGG
L DG G S D S W AR W KEULV WA AL G

GGTGGGGGAGTCGGTCAGGGCGTAGGCGAGGGACTGGGGTTTCGTGGACTGGACGTGGTT
CCACCCCCTCAGCCAGTCCCGCATCCGCTCCCTGACCCCAAAGCACCTGACCTGCACCAA
T P S D TUL AYAUL S Q P K T S Q V H N

GTAGCCGCCCTCCTCCTCCAGCCAGCGCTCCTCCTGGGCCAGATAGGCGCGTTCGGCCTC
CATCGGCGGGAGGAGGAGGTCGGTCGCGAGGAGGACCCGGTCTATCCGCGCAAGCCGGAG
Y GG E EEL WU REE QA ATIL Y A R E A E

. Sma IApa I . . .
GGTGAGCGGCGGGGCGCCCEGGCCCAGGTACGGGGACAGCTCGATCTTGGACAGGTACAG
CCACTCGCCGCCCCGCGGGCCCGGGTCCATGCCCCTGTCGAGCTACAACCTGTCCATGTC

T L P P A G P G L Y P S L EINSIL Y L

GCCCCGTACCGCCGACGGCTGATCCAGCGCCAGGAACGTACCGATGCCCGATCCGAAGTC
CGGGGCATGGCGGCTGCCGACTAGGTCGCGGTCCTTGCATGGCTACGGGCTAGECTTCAG
G RV AS P QDL ALV FTTG I G S G F D

GCCGCCCTGGACGCCGTACCGCTCATAGCCGAGGCCGCGCATCAGGGTGTGCCAGAGGCG
CGGCGGGACCTGCGGCATGGCGAGTATCGGCTCCGGCGCGTAGTCCCACACGGTCTCCGC
G G Q VvV GY REY GULG RMTULTHWL R

GGCGGTGTCCCGCATCGTCAGCGCGCGGTCGGGGCGGGACGAGAAGCAGTAGCCGGGCAG
CCGCCACAGGGCGTAGCAGTCGCGCGCCAGCCCCGCCCTGCTCTTCGTCATCGGCCCGTC
AT DR M TUL A RDUPU R S S F C Y G P L

. . Apa I . Sma I .
CGACGGGATCACCACGTCGAAGGCGGGGCCCTCGATGCCGTGCGCCCCGGGGTCCGTGAG
GCTGCCCTAGTGGTGCAGCTTCCGCCCCGGGAGCTACGGCACGCGGGGCCCCAGGCACTC

s p I VVDVF AP GETI GHA AGU&®PDT L

CAGCGGGACCAGGGGGAGCAGCTCCGCGAACGTGCTCGGéCAGCCGTGGéTGAGGATCAG
GTCGCCCTGGTCCCCCTCGTCGAGGCGCTTGCACGAGCCGGTCGGCACCCACTCCTAGTC
L PV L PL L EATF T S P W G H T L I L

GGGGATGCCCTCGCCGTGGGCCGACCGGTGGTGGACGAAGTGGATGCGGGTGTCCTCGAT
CCCCTACGGGAGCGGCACCCGGCTGGCCACCACCTGCTTCACCTACGCCCACAGGAGCTA
P I G E G HA S R HHV F H I R T D E I

CTCGGTGCGGTGETGGGCGAAGGTGTTGAGTCTECACTCCTGCGCCCGCCAGTCGAACTT
GAGCCACGCCACCACCCGCTTCCACAACTCAGACGCGAGGACGCGGGCGGTCAGCTTGAA
ETRHEHATFTNTLT RTETETG QAT RTMWTD F K

CTCCGTCCAGTACGTCACGATCTCGCGCAGGTATCCGAGATCCGCGCCCTGECTCCAGEE
GAGGCAGGTCATGCAGTGCTACAGCGCGTCCATAGGCTCTAGGCGCCAGACCEAGETCCC
E T W Y T V << ORF-1
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GGCGCCCGGTGCCGGGGAGGGCCAGCGGGTGCGCTCCAGGCGGGTGGTGAGATCGGACAé
CCGCGGGCCACGGCCCCTCCCGGTCGCCCACGCGAGGTCCGCCCACCACTCTAGCCTGTC

.Sal I . . . . .
CACGGCGTCGTCGACCGCGATCGTGAACGGCCGCGGGGAATGGGTCGCTGTGTCGGAGGT
GTGCCGCAGCAGCTGGCGCTAGCACTTGCCGGCGCCCCTTACCCAGCGACACAGCCTCCA

. . . Sal I. . .
CACTGGGGCAGGCTGCCATGCGCGCGGCCGGGGETCGACCCTTCTCGCGTACGGGAGCCG
GTGACCCCGTCCGACGGTACGCGCGCCGGCCCCCAGCTGGGAAGAGCGCATGCCCTCGGC

. . . ORF-2 (fmrT).>> V E L
GGGGCCGAACCGGTACGCTGGGCGTATGCGTCGTGTCAGCGGGAAGCGGGTCGTGGAGCT
CCCCGGCTTGGCCATGCGACCCGCATACGCAGCACAGTCGCCCTTCGCCCAGCACCTCGA

G R S E F E EL L 8 R H K K V V L D V G
GGGCCGGAGCGAGTTCGAGGAACTGCTCTCGCGGCACAAGAAGGTGGTGCTGGACGTCGG
CCCGGCCTCGCTCAAGCTCCTTGACGAGAGCGCCGTGTTCTTCCACCACGACCTGCAGLC

T G D G K HAF QL A RUREPDTUL V I
CACCGGCGACGGCAAGCACGCCTTCCAGCTCGCCCGGCGCGAGCCCGACACCCTGGTCAT
GTGGCCGCTGCCGTTCGTGCGGAAGGTCGAGCGGGCCGCGCTCGGGCTGTGGGACCAGTA

Stu I

G L DA A K DDNMU®BRI KV AT XK A S A S P
CGGGCTGGACGCGGCCAAGGACAACATGCGCAAGGTCGCGACCAAGGCCTCGGCCTCACC
GCCCGACCTGCGCCGGTTCCTGTTGTACGCGTTCCAGCGCTGGTTCCGGAGCCGGAGTGG

N K GG L P NIL L Y V W A S A E R L P E
CAACAAGGGCGGGCTGCCGAACCTGCTGTACGTGTGGGCCTCGGCCGAGCGGCTGCCCGA
GTTGTTCCCGCCCGACGGCTTGGACGACATGCACACCCGGAGCCGGCTCGCCGACGGGLT

E L H G v T E I BV L M P WG S L L R G
GGAACTGCACGGGGTCACCGAGATCCATGTGCTGATGCCCTGGGGGAGCCTGCTGCGCGG
CCTTGACGTGCCCCAGTGGCTCTAGGTACACGACTACGGGACCCCCTCGGACGACGCGCC
Sph I

M L. G S D P KMULURDULAG GV CV P E A
CATGCTCGGGTCCGATCCGAAGATGCTGCGGGACCTCGCGGGCGTCTGTGTTCCCGAGGT
GTACGAGCCCAGGCTAGGCTTCTACGACGCCCTGGAGCGCCCGCAGACACAAGGGCTCCG

Bcl I

s F L I T L N L HA WUR P A V P E V G D
CAGTTTCCIGATCACTCTGAACCTGCACGCCTGGCGGCCTGCCGTGCCCGAGGTCGGGGA
GTCAAAGGACTAGTGAGACTTGGACGTGCGGACCGCCGGACGGCACGGGCTCCAGCCCCT

Sma I

H P E P T P E S A MR D UL V P A L A P G
CCACCCGGAGCCGACGCCCGAGTCCGCCATGCGGGACCTGGTGCCCGCGCTCGCGLCCGG
GGTGGGCCTCGGCTGCGGGCTCAGGCGGTACGCCCTGGACCACGGGCGCGAGCGCGGGCC

G WRUL D S A E Y L D S A A I E AL A T
GGGGTGGCGGCTGGATTCCGCCGAGTACCTCGACAGCGCCGCCATCGAGGCGCTGGCCAC
CCCCACCGCCGACCTAAGGCGGCTCATGGAGCTGTCGCGGCGGTAGCTCCGCGACCGGTG

S W T R R L N S S R D OQUL DV L G L T G
CTCCTGGACCCGGCGGCTCAACTCCTCCCGCGATCAGCTCGATGTGCTGGGGCTGACCGG
GAGGACCTGGGCCGCCGAGTTGAGGAGGGCGCTAGTCGAGCTACACGACCCCGACTGGCC

Bcl T

vV I N P G E S D * . . .
GGIGATCAATCCGGGGGAGTCGGACTGAGCCGCGGGGCCAGGCTCTTGCGGGGGTCAGCT
CCACTAGTTAGGCCCCCTCAGCCTGACTCGGCGCCCCGGTCCGAGAACGCCCCCAGTCGA

* g

CTTCTGACCGCCGGTCGCCTTCAGCACGAAGTCGTACGCGGTTCTGCGTGACCAGCCLCGG
GAAGACTGGCGGCCAGCGGAAGTCGTGCTTCAGCATGCGCCAAGACGCACTGGTCGGGCC
K 66 GG T™A K L v P DY AT R R S W G P

. . Sal I . .
CTGCGCCGCCAGCGCCATCGCGATCGTCCTCGTCGACACCGACTGCTCCAGCAGCGCCGC
GACGCGGCGGTCGCGGTAGCGCTAGCAGGAGCAGCTGTGGCTCGACGAGGTCGTCGCGGCG

Q A A L A M A I TR T S V S Q E L L A A

CACCAGCCCOGCGAGTCCACCGOGETCACCCCGECGCCCGCCGEGETCTCCACCGGETE
GTGGTCGGGGECEGCCCAGETGGCGCCAGTEGEGCCGCGEGCGECCCCAGAGETGECCCAG
VL GAPODTVYVA ATV VGH AG G aATPTTETUVTPD

. . . . .Apa I .
CACCTGGCACACCACCTCGCCCCGECCGCTCCAGTCCAGCTCGGCCACCEEECCCCACCA
GTGGACCGTGTGGTGGAGCGGGGCCGGCGAGGTCAGGTCGAGCCGGTGGCCCGGGGTGGT

v Q ¢ VvV VvV EG R G S W DL E AV P G W W

1380

14490

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

513



514

THE JOURNAL OF ANTIBIOTICS MAR. 1993

GGGGCGTTCCGCGCCGGGGAGGGACGCCTCCGCCACGCCGACCGTGCGGCTGCCGGCCGG 2520
CCCCGCAAGGCGCGGCCCCTCCCTGCGGAGGCGGTGCGGCTGGCACGCCGACGGLCGGLC

P R E A G P L S A E AV GV TR S G A P

. Sma I .

GCGGTCCACCTCGGCCAGCACCCGGGGCAGTTCCTCGGCCGCGCAGCGGAACGTCACGGC 2580
CGCCAGGTGGAGCCGGTCGTGGGCCCCGTCAAGGAGCCGGCGCGTCGCCTTGCAGTGCCG

R DV EAL V R P L EEAACRF TV A

Sma I . Kpn I.

GGCGCLCGG QTGGGCCGCCACGAGGCGCGGGACCTCbCGGGGCGGTACCTCCGTCGCCAG 2640
CCGCGGGCCCACCCGGCGGTGCTCCGCGCCCTGGAGCGCCCCGCCATGGAGGCAGCGGTC

AG P H A AV L R P V ER P P V E T A L

GAGGCGCTCGGCCCGCACCGGGGACACCACGGAGAGCGCCAGCTCCGGCGGGAGGTTCAG 2700
CTCCGCGAGCCGGGCGTGGCCCCTGTGGTGCCTCTCGCGGTCGAGGCCGCCCTCCAAGTC

L R E ARV P SV V S L A L E P P L N L

Apa I

GGCCTCGACCGTCGGGCGGGCGGTCTTCTCGAAGAGCGGCGGCAGCQQQQQQGGTACGGC 2760
CCGGAGCTGGCAGCCCGCCCGCCAGAAGAGCTTCTCGCCGCCGTCGCCCGGGCCATGCCG

A E V T P R A T K E F L P P L P G P V A

Not T . BamH 1

CGCGGCCGCGACCGTCAGGATCC 2783
GCGCCGGCGCTGGCAGTCCTAGG

A A A V T L I --- (<< ORF-3)

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)-1 is underlined. The nt sequence data will appear in the DDBJ, EMBL, and
GenBank Nucleotide Sequence Databases under accession No. D13170.

Fig. 2. Analysis of open reading frames (ORFs) in the 2,783 bp BamH1 fragment.

fr1: | s—==n—r " ; —
fr 20 H 11 =3 S|
fr 3: Pob—o i ULt o |

fric | o B b— L -l i [
fr 2: < b R =
fr3: o < ¢ S e o £

ORF-1  fmrT ORF-3

[T TY SIS T TRV Y

PFMRTB1
T S RSO TRWST
QW Q
5 PLERABLE 1.0 kb
Q fod] e —

Protein coding regions are predicted by the base compositions of the amino acid (aa) codons
according to the method of BiBB er al.!® using the “Frame Plot” program. Window size was set at 40
aa codons. The physical map of the BamH I fragment of pFMRTBI1!? and the positions and directions
of the predicted protein coding frames are indicated. Dotted line presents the minimum region limited
by the subcloning of finrT in Streptomyces lividans.'>
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Fig. 3. Alignment of the deduced amino acid (aa) sequences of the gene products of fimrT of Streptomyces
tenjimariensis (middle line), and kamB of Streptomyces tenebrarius” (upper line) and kamC of
Saccharopolyspora hirsuta CL1027 (bottom line).
i 10 20 30 40 50 60
kamB MEKISAKAA (9]
* ¥ * *
fmrT VELGRSEFEELLSRHKKVVLDVGTGDGKHAFQLARREPDTLVIGLDAAKDNMRKVATKAS  [60]
* % T wE
kamC MOKIAGKAA [9]
70 80 90 100 110 120
AKPAK-ALPNLLYLWATAERLP-PLSGVGELHVLMPWGSLLRGVLGSSPEMLRGMAAVCR  [67]
* * ® MEX E 2 DA L I R M ®OTE R R EERRBERRER ERE L ¥ * e
ASPNKGGLPNLLYVWASAERLPEELHGVTEIHVLMPWGSLLRGMLGSDPKMLRDLAGVCY [120]
* IR R O REER IHRIER * I # ISR BE BN EEXEEEXE XS B XX 2N * ME 3 * 0
ASPKKGGAPNLLCVWASAEKPPPELARVTELHSLMPWGSLLRGMLGSDTEMRPGLAELCV  [69]
130 140 150 160 170 180
PGASFLVECNRSCRGPPVPEVGEHPEPTPDSADEWLAPRYAEAGWKLADCRYLEPEEVAG (127]
* %R * * ORRRRE BRRERERE RN * * * *% * *
PEASFLITLNLHAWRPAVPEVGDHPEPTPESAMRDLVPALAPGGWRLDSAEYLDSAAIEA [180]
R REIIIRIIIIIE REEERIRERENEINR] * » * 'L ] R ] *
PGAEFLITLNLHAWRPPVPEVGDHPEPTPESAMELLAPYYAAAGWTLEEARYFGAEELDA [129]
190 200
LETSWTRRLHSSRDRFDVLALTGTISP [154 aa]l
LR R R E R E R IR M X LR X L L BN
LATSWTRRLNSSRDQLDVLGLTGVINPGESD (211 aa]
LR R X R R R N I X ME X X 2 LR R 22
LATSWTRRLGSTRDELDVLGITGVIGK [156 aal
Identical residues among three sequences are indicated by asterisks, and conserved residues in fimrT
and kamB or kamC are indicated by colons. Numerals above the sequences indicate the amino acid
numbers from the predicted NH,-terminus of the fmrT gene product.
Fig. 4. Dot plot comparisons of the nucleotide (nt) sequences of the regions carrying finrT and kamB (a)
and fimrT and kamC (b).
(a) (b)
nt nt
850 T - 850 p— -
o 0 S 2 s 681 i
; . e Tt we s ¢
7 - A
. . . v P
511 ,. ‘ A , 511 .
oy ‘ kamC ot ‘o
kamB L S § w7
VLR A S e R A 3a1t S
. 7 ”/ ’ - 7 . . s 00
‘. ¢ PR P ’
171 T rered T, s //;'f o
/! s . s, , . ,° .
R o, . I . )
1 187 373 559 745 928 nt 1 187 373 559 745 928nt
fmrT fmrT
The nt sequence of the 928 bp Sa/l fragments containing finrT is analyzed. Stretches up to 6bp
identical between the two sequences are plotted.

involved in these steps. No sequence similar to  with those of kamB of S. tenebrarius and kamC of
ORF-3 could be detected in screening the GenBank  S. hirsuta CL1027 (66.3% and 72.8% identities,

and NBRF data bases.

respectively). Southern-blot analysis indicated that

The fmrT showed strong sequence similarities kamB is similar to kam4 of S. tenjimariensis.** In
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our studies, finrT was the only FTM-A, kanamycin
and neomycin-B resistance gene obtained by
shotgun cloning,'? and only one DNA region
similar to fmrT was detected in S. tenjimariensis
DNA by Southern-blot analysis at low hybridization
stringency (data not shown). Thus, finrT appears to
be identical to kamA encoding a kanamycin-
apramycin resistance methyltransferase capable of
modifying 16S rRNA.?? The difference in physical
maps of fmrT*? and kamA'# needs investigation.

Alignment of the deduced aa sequences revealed
that fmrT is closely similar to kamB and kamC
(60.3% and 70.1% identities, respectively) (Fig. 3).
The protein sequences from aa 92 to 107 and from
136 to 152 of fmrT are highly conserved among the
three genes. finrT and kamC were identical between
aa 127 and 135, where no similarity was present in
kamB. kamB and kamC are 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
NH,-terminus. Interestingly, this NH,-terminal
sequence was highly conserved in the S'-flanking
regions of kamB and kamC, whereas little similarity
was observed in the 3'-flanking regions (Fig. 4).
Further work is required to determine the size and
the NH,-terminal aa sequences of the proteins
encoded by these three genes, and to analyze the
function of the NH,-terminal 51 aa region of the
fmrT gene product.

S. hirsuta CL102 produces sporaricins, FTM-
group antibiotics.” On the other hand, S. tene-
brarius produces the nebramycin complex.?® The
similarity (72.8%) in sequence between fimrT and
kamC of the producers of the FTM-group antibiotics
(Streptomyces and Saccharopolyspora) is higher than
that between finrT and kamB of 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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