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Abstract

A 3.15-kb genomic DNA fragment containing a region encoding consensus ABC transporter
sequences similar to that of human P-glycoprotein was isolated from Streptoymyces sp. NRRL11395, a
producer microorganism of an anti-cancer drug actinomycin D. The sequence of this fragment revealed
the presence of four ORFs, stmd104, stmd10B, stmd10C, and stmd10D, which seem to foam an operon.
The results of sequence analysis suggest that the putative proteins encoded by stmdl0A4, B, C, and D
would constitute an ABC transporter complex for either exporting or importing its substrates, and that
stmdl0A4 and D would encode an ATP binding subunit and a substrate binding subunit, respectively, while
stmdl0B and C would encode membrane spanning subunits. By RT-PCR analysis, it was indicated that
stmd10A4 was actually expressed in this bacterial strain, but the expression level was not altered even
when actinomycin D was added to the medium. Homology search using BLAST suggested that the
substrate of the putative ABC transporter might be a cyclic amino acid, ectoine/hydroxyectoine.

1. Introduction

ATP-binding cassette (ABC) transporters comprise a superfamily of proteins that translocates a wide
range of substrates across a variety of cellular membranes V. The members of ABC superfamily
transporters posses well conserved ATP binding domains in each molecules, and have been identified in
mammalians, plants, yeast, and bacteria .  P-glycoprotein, one of the representative members of ABC
transporters in human, can extrude many kinds of cytotoxic drugs from the cells before the drugs reach
their intracellular targets, thus conferring resistance to many structurally dissimilar drugs, such as Vinca
alkaloids, epipodophyllotoxins, anthracyclines and actinomycin D .

Actinomycin D is an anti-cancer drug that inhibits RNA polymerases by binding to DNA, and
produced by some species of Streptomyces '”.  Such antibiotic-producing microorganisms must protect
themselves from their own toxic products. It has been indicated that such resistance mechanisms are
mediated by membrane associated proteins which secrete the antibiotics outside the cells "'

We hypothesized that Streptoymyces sp. NRRL11395, one of the producer microorganisms of
actinomycin D, would have genes encoding ABC transporters which could extrude actinomycin D from
the cells like P-glycoprotein in mammalian cells. In this paper, we report the isolation of novel ABC
transporter genes from Streptoymyces sp. NRRL11395.

2. Materials and Methods

2.1 Bacterial strain and growth condition.
The strain Streptomyces sp. NRRL11395 was obtained from Kyowa Hakko Kogyo Co., Ltd. The
Streptomyces strain was grown in YEME medium or Yeast-Molt medium as described *¥.

2.2 Isolation of conserved ATP binding motif by PCR

Degenerate primers were designed to amplify regions of the Streptomyces sp. NRRL11395 genome
encoding consensus ABC transporter sequences similar to that of human P-glycoprotein. The sense
primer (primerl: 5’-GCICTSGTSGGICCSTCSGG-3’) corresponding to the amino acid sequence
ALVGPSG, was used with the antisense primer (primer 2: 5’-CCICCIGTCTTCGTCGCWTAG -3’), the
complement of the sequence encoding GGQKQRI. The PCR program was 40 cycles of melting at 94°C
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for 30 sec, annealing at 68°C for 30 sec, and extension at 72°C for 30 sec.

2.3 Genomic library Screening

Genomic DNA of Streptomyces sp. NRRL11395 was obtained as described A genomic library was
constructed in A-ZAP Express vector (stratagene) according to the manufacture’s instruction. The
library was screened with a fragment amplified by degenerate PCR described above. After three rounds
of screening, a positive clone, containing a 3.15-kb insert DNA fragmented by BamHI was isolated.
Sequence analysis of the inserted genomic DNA revealed that this clone contained four ORFs, each of
which encodes a subunit of an ABC transporter.

14

2.4 RT-PCR

Procedures for RNA isolation from Streptomyces was done as described Y. Transcription of the novel
gene was analyzed by reverse transcription (RT) PCR with a pair of the sense primer (stmdlOupper:
5’-TCCTGCGGCTGCTGATGACG-3") and the antisense primer (stmdlOlower: 5’-CGCTCCACC
GCCTCGTCCTT-3’) using Qiagen one-step RT-PCR kit (Qiagen). As a control, a fragment of 16S
rRNA was amplified by RT-PCR with another pair of primers (16SrRNAsense: 5’-AGA
CACGGCCCAGACTCCTACG-3’, and 16SrRNAantisense: 5’-TTCGCCACCGGTGTTCCTCCTGAT
-37).

3. Results and Discussion

A 348-bp DNA fragment was amplified from the genomic DNA of Strepromyces sp. NRRL11395 by
PCR-based approach using degenerate primers designed from conserved domains of ABC transporters
involved in human P-glycoprotein. Cloning and sequence analysis revealed that the amplified fragment
had highly conserved amino acid sequence, characteristic of the ATP binding domains of ABC
transporters. The fragment was used as a probe to screen a genomic library of this microorganism, and a
positive lambda clone containing a 3.15-kb insert DNA digested by BamHI was isolated. The sequence
of this fragment revealed the presence of four ORFs, stmd10A4, stmd10B, stmd10C, and stmd10D (Fig.1).

stmd10A starts at a start codon GTG, which is frequently used as an initiation codon in streptomycete
(LIZIS) gt nt 2142 to 2144, and terminates at TGA codon at nt 2923 to 2925, which could encode a protein
of 260 amino acids. stmdl0B starts at a start codon GTG at nt 1500 to 1502, and terminates at TGA
codon at nt 2148 to 2150, encoding a protein of 216 amino acids. stmdl0C starts at codon ATG at nt
802 to 804, and terminates at TGA codon at nt 1501 to 1503, encoding a protein of 233 amino acids.
The first four nucleotides of the stmdl0B, encoding N-terminal two amino acids, and the last four
nucleotides of stmd10C, encoding the C-terminal amino acid and stop codon, are overlapping. This type
of overlap often occurs in operons of streptomycetes, and suggests that these two genes are cotranscribed
U419 stmd 10D starts at codon GTG at nt 68 to 70, and terminates at TGA codon at nt 803 to 805,
encoding a protein of 245 amino acids. The first four nucleotides of stmdl/0C and the last four
nucleotides of stmd 10D are also overlapping.

From the sequence of the putative ORFs in the isolated DNA fragment, it is estimated that these four
ORFs seem to foam an operon and the functions of the products from the operon would be closely related
to each other. The region with which the probe for screening could hybridize locates in stmdl0A, and
the deduced amino acid sequence coded by this ORF has sequence motifs characteristic to ATP binding
domain of ABC transporter, walker A motif, walker B motif, and ABC signature sequence '*'7.
Therefore, stmdl0A is considered to encode an ATP binding subunit of an ATP transporter protein
complex. Hydropathy plot of the putative proteins coded by stmd10B and stmd10C showed that both of
these proteins were very hydrophobic (data not shown). BLAST analysis of the deduced amino acid
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Fig.1

GGGCCCGCGGCCGCTCTAGAAGTACTCTCGAGAAGCTTTTTGAATTCTTTGGATCCGGGCCCAGGGTGTGGCCCGGCTCGGCATCGCGGGCGAGGTCCCCTTCGGGTACATCGACAAGAA
stde0D|:>VARLGIAGEVPFGYIDKN

CGGCGAACTGACGGGCGAGGCGCCGGAGCTGGCGAAGGTCATCTTCAAGCGGCTCGGAGTGGACCGGGTGCAGCCGGTGCCGACGGAGTTCGGCTCCCTCGTGCCGGGGCTGGCGTCGCA
GELTGEAPELAKYIFKRLGVDRVQ@PVPTEFGSLVPGLASHAQ

GCAGTTCGACGTCGTGGCGGCCGGGATGTACATGAACGCCGACCGCTGCCAGCAGGTCATCTTCTCCGACCCCGACTACCAGATGCTCGACGCGTACATCGTGCGCAAGGGCAACCCGCT
QFDVVAAGMY I NADRCQQV I FSDPDYQ@MLDAY T VRKS GNPL

CGGGCTGCAGAACTACCGGGACGTCGTCGAGAAGAAGGCCAAGTTCGCGACCGGCACCGGCTACGCCGAGATCGCCTACGCGGTGGAGCACGGGTACAAGGAGGACGAGATCCTGATTGT
GLHNYRDVVEKEKAKFATGT®GYAEIAYAVEHGYKEDETITLTIYV

CCCCGACCAGGTGGCCGGTCTCAACGCCGTCGAGGCCGGGCGCGTGGACGTCTTCGCGGGCACGGCGCTGACCGTCCGCGAAGTGGTGAAGAAGTCCAGCAAGGCCGAGGCGACCGAGCC
PDQVAGLNAVEAGRVYDVFAGTALTVREVVKEKSSKAEATTETP

CTTCGCGCCGCTCGTCGGCGGCAAGCCGCACGTCGACGGCGGCGCCTTCGCCTTCCGTCCGGGCGAGACCAACCTGCGGGACGCGTTCAACGTCGAGCTGCAGAAGCTCAAGAAGAGCGG
FAPLVGGKPHVDGGAFAFRPGETNLRDAFNVYVELG GKLTZEKTZ KT SS@E

CGAGCTGCTGCGCATCCTCAAGCCCTTCGGCTTCAGCCGAGGAAGAGATGACGGATCTGACCGCGAAGGAGCTCTGCGGCGGATGACCTCGGGACTGTGGGAACTGGTACTCCAGGGCATC
ELLRILKPFGFTEEEMTDLTAKETLT CS® GG *
stmd10C|:>MTSGLWELVLOGI

TGGGTCACGATCCAGCTGCTCTTCTTCAGCTCGCTCCTTGCGGCCGGCGTCTCCTTCGTGGTCGGCGTGGCGCGCACCCACCGGCTGTGGATCGTCCGCTTCCTCGCGGGCCTCTACACC
wWvTIliaoe@LLFFSSLLAAGVSFVVGEGVARTHRLWIVRFLAGLYT

GAGGTGTTCCGCGGCACCTCCGCGCTGGTGATGATCTTCTGGGTCTTCTTCGTGCTGCCGCCGGCCTTCGGCTGGCAGCTGGTGCCGATGTGGGCGGGCACGCTGGCGCTGGGTCTGACC
EVFRGTSALVMIFWVFFVLPPAFGWAQLVPMWAGTLALGLT

TACGGGGCGTACGGCTCCGAGATCGTGCGCGGCGCGCTCGCCGCGGTGGACCCGGCGCAGAAGGAGGGCGGCATCGCCCTCAGCTTCACGCCCTGGCAGCGGATGAAGCTGATCATGCTG
YGAYGSEIVRGALAAVDPAQKEGGIALSFTPWQRMKLIT ML

CCGCAGGCCGTGCCGGAGATGATCCCGCCCTTCTCCAACCTGCTGATCGAGCTGCTCAAGGGCACCGCCCTGGTCTCGATCATGGGCATGGGCGACCTCGCGTTCAGCGGCAACCTGGTG
PQAVPEMIPPFSNLLIELLKGTALYVSIMGMGDLAFSGNTLV

CGCCTGGCGTTGCAGGAGAGCGCGGAGATCTACACGTACATCCTGCTGATCTACTTCGTGATCGCGTTCCTGCTCACGCGGGTGATGCGCGGCCTGGAGAAGAAGCTGAAGGCGGGCGTC
RLALQESAEIl YTY I LLIYFVIAFLLTRVMRGLETEKTZ KTLTEKAEGYV

GGCAAGGCCCCGCGGAAGAAGACGGCGGCCGTGCGCGTGCCTGAGGGAAGTGGTGTGTCGTGAACTGGGACTGGAGCGCGGTCTCCGACTTCATGCCGCACTTCTGGGACGGTCTGCTGG
GKAPRKEKTAAVRVPEGSS GV S *
stmd10B E:i) VNWDWSAVSDFMPHFWDGLIL

TCACCCTGCAGATCCTGGTCCTCGGCTCGCTGGTCTCCTTCGGCCTCGGCCTGGTGTGGGCGCTGCTGATGCGGGTGCCGAGCCGCTGGGTGACCTGGCCGGTCGGCGTGGTCACCGAGT
vTtTLQ@IlLVLGSLVSFGLGLVWALLMRYVPSRWVITWPVGVVTE

TCATCCGGAACACGCCGCTGCTGGTGCAGCTGTTCTTCCTCTTCTACGTGCTGCCCGAGTGGAACATCACGTTCAAGGCGCTCACCACCGGCGTGGTCGCCATCGGCCTGCACTACTCGA
FIRNTPLLVQ@QLFFLFYVLPEWNITFKALTTGVVAIGLHYS

CGTACACGATGCAGGTCTACCGGGCCGGCATCGAGGGGGTGCCGGTCGGCCAGTGGGAGGCCGCGACGGCGCTGAACCTGCCGCTCGGGCGGACGTGGACGGCGGTCATCCTGCCGCAGG
TYTMQ@QVYRAGIEGVPVGAQWEAATALNLPLGRTWTAV I LPAQ

CGATCCGCAGAGTGGTGCCCGCCCTCGGCAACTACGTGATCTCCATGCTGAAGGACACGCCGCTGCTGATGGCGATCACGGTGCTGGAGATGCTCGGCGAGGCACGCCTGTTCTCGCAGC
AlRRVVPALGNYV I SMLKDTPLLMAITVLEMLGEARTLTFSAQ

AGAACTTCCAGTTCACCGAGCCCCTGACGGTGATCGGTGTGGCCTTCATCATCATTTCCTACCTGGCCTCCCTTGCCCTGCGAGCCCTGGAGCGACGCCTTGTCCACTGAAAGCGTTCCC
GNFOQFTEPLTVIGVAFII1TI1SYLASLALRALERRLVH®=*®

AACOCCGAGAAGAGCCCGGAGCAGGGTGRCGACGAGCTGATCCGGCTGGAGCAGETCACCAAGCGGT TCGEGTCCAACACCGTGCTGGACAACCTCGACT TCGCCATGGACGCCGGCAAG
stmdl0A OV L D N L DF AVDAGHEK

CACGTCACCCTGATCGGGCCGTCCGGCTCGGGCAAGACGACGATCCTGCGGCTGCTGATGACGCTGCTCAAGCCCGACGAGGGCACGATCACCGTGGACGGGCAGAAGCTCTTCCCGGCG
HvTLI1IGPSGSGKTTIlILRLLMTLLKPDEGTTIHITVDGAGQKTLTFTPA
Walker A motif

ACCGAGAAGGAGCGGCGGGAGGCGCGCAAGCAGATCGGGATGGTGTTCCAGCAGTTCAACCTGTTCCCGAACATGACGGTGCTGCGCAACATCACCGAGGCGCCGGTCACCGTGCTCGGC

TEKERREARKQI GMVFQQFNLFPNMTVLRNITEAPVTVLSEG

CTGTCCAAGGACGAGGCGGTGGAGCGCGCCAAGGAGCTGCTCGACATGGTCGGCCTCGGCGACAAGTGCGACGCGCACCCGGCCCAGCTCTCCGGCGGCCAGCAGCAGCGGGTGGCGATC

LSKDEAVERAKELLDMYVYGLGDI KT CDAHPAQLSGGQQOQRVAI
ABC signature
GCCCGGGCGCTGGCGATGCGGCCGAAGGTGCTGCTCCTCGACGAGGTGACCTCGGCGCTCGACCCGGAGCTGGTCGCGGGCGTCCTGGACCTGCTGCGGGACATCGCGCGCACCACGGAC
ARALAMRPEKYVLLLDEVTSALDPELVAGVLDLLRDIARTTD
Walker B motif
ATCACCATGCTCTGCGTGACCCACGAGATGAACTTCGCCCGGGACATCTCGGACCAGGTCCTGATGTTCGACTCGGGCCGGGTCATCGAGGCCGGTCCGCCGGAGAAGATCTTCAGCGAG
I TMLCVTHEMNFARDI SDGQVLMFDSGRVYIEAGPPETKTIFSE

CCGGAGCACGACCGGACGCGGGAGTTCCTCAGCGCGGTCCTGTAGTTCGATCCGGTAGCGCGGGTCCCCGGAGACCCGGTGTCACTGCCCCGATGCTCCGAGTCCAGCCGAGCTCGGCCG
PEHDRTREFLSAVL *

AGAACGACCGGGAACGGCCGAGGTCGGAGCGTTGGGGCAGACCGCTGTCATATGCCAGAGGGTCAGCGGCGCAGCTGGCAGCCCCGGAACACCGAACCGGAATCCCGTCAACACGCCCTC
ACGGAAGGCCGCTTGGCGGCTATCGTGAAAGG 3152

120

240

360

480

600

720

840

960

1080

1200

1320

1440

1560

1680

1800

1920

2040

2160

2280

2400

2520

2640

2760

2880

3000

3120

Nucleotide sequence of the isolated genome DNA by screening and the deduced amino acid sequences of

the proteins encoded by stmd10A, stmd10B, stmd10C, and stmd10D. The region with which the probe for
screening hybridized is indicated by underline. Double underline showed the amino acid sequence motifs
characteristic to ATP binding domain of ABC transporters (walker A motif, walker B motif, and ABC
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sequences of them showed that these proteins have homology to the membrane spanning subunits of
bacterial ABC transporters. The putative protein encoded by stmdl0D is very hydrophilic, and the
amino acid sequence of it has homology to several kinds of the substrate binding subunits of bacterial
ABC transporters. These results of sequence analysis suggest that the putative proteins encoded by
stmdl0A, B, C, and D would constitute an ABC transporter complex for either exporting or importing its
substrates, and that stmdl0A4 and D would encode an ATP binding subunit for supply of energy to the
transporter and a substrate binding subunit for transport, respectively, while stmd 0B and C would encode
membrane spanning subunits to foam a path for transporting substrates (Fig.2).

extracelluar

intracelluar
ATP

ADP

ATP Stmd10A

ADP

Fig. 2 Schematic drawing of the predicted structure of putative ABC transporter constituted from the
proteins encoded by stmdi0A4, B, C, D. The proteins Stmd10B and Stmd10C would be integrated
in the membrane, to each of which Stmd10A, an ATP hydryzing subunit, would be associated.
Stmd10D might be in extracelluar space, and bind to the substrate, which would be imported or
exported by the transporter.

In order to examine whether the novel genes would be actually expressed, RT-PCR analysis was done
for RNA prepared from this bacteria (Fig.3). RT-PCR with a primer pair corresponding to a region of
stmd10A4 amplified a specific fragment of estimated size, suggesting that stmd10A was actually expressed,
and the operon containing stmdl0A, B, C and D would be transcribed in this bacteria. It had been
indicated that the expression of some bacterial ABC transporters increases when the substrates of them
were added to the growth medium "*'”. Thus, we investigated whether actionmycin D, which is
produced by this bacteria strain, could change the expression level of stmdi10A (Fig.3). However, the
expression level of stmdl0A4 was not changed even when actinomycin D was added to the medium.

RT-PCR _ PCR (no-RT control)
— AcD — AcD

stmdl0A — : YEME medium
AcD : YEME medium
16S rRNA + actinomycin D (1.0pg/ml)

Fig.3 RT-PCR analysis of the expression of stmdl0A. RNA was extracted at the late exponential
phase (ODyso = 0.7-0.9). 0.1pg of RNA from each sample was used for the template of the
reaction using Qiagen one-step RT-PCR kit (Qiagen). For the control of RNA quantities, 16S
rRNA from the each template was also amplified.
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From our data, it was not supported that actinomycin D might be transported by this putative ABC
transporter encoded by stmdl0A4, B, C, and D. It remains to be elucidated what would be the substrates
of this ABC transporter and whether this transporter would export or import the substrates. It was
revealed by homology search using BLAST that the protein coded by stmd 10D has similarity to the solute
binding protein of cyclic amino acids ectoine/hydroxyectoine ABC transporter of several bacterial strains,
such as Pseudomonas aeruginosa. Elucidation of affinity between the polypeptide encoded by stmd 10D
and ectoine/hydroxyectoine might provide a clue to identification of the substrates of the novel ABC
transporter of Streptomyces NRRL11395.
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FoSCPbex

MAVETOF/ R4V D EEET HRIREN 5 DFR ABC 2 2/ BEGFDER

HOEE ' BARMN ' RBRFK | AE—#' hEEEF'. BRFE. BT &',
fz{aFnsh '

MAVRTOF/ A4 D ZEET SBEEE (Streptomyces sp. NRRL11395) M iz, CDin
AURIDHHENE LD P-HEI VNV BELHEBLIZABC AUV EDEGFEEBLLS &
Hlzo COBKDT ) LTZATZ) =Ry )= LR, TA—TEHENITNATY
FAXT583kb DY/ LDONABTR Z151-. o DNA BT DIEEEFIZRELI-ER. ZO
BRRICIE. 420 ORF BNEFEND LTRSS, HEAMEETOER. Chod ORF d—2IZiF
ABCR VN BEREDAPHEE Y 1=y bEEL D UNIEBENI—FIN TSI ENTRES
nf=, . 2 DD O0RF (&, BEEY Ty b, BY—DIk BAEXEEKEY Ta1=v %
O—RFLTWA I EAREEINTz, RT-PCR ICKSEITDIER. BE LI BEGFHENEEINT
WBZENRER SNz, CNBADDORFIZO—FEINE2 VRV EEHIT 2KT1 2048 U1
DBEEEREBEL., Ao OYMEOEEICHELTWSEFREINT,
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