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Abstract 

A 3.l5-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, stmdlOA, stmdlOB, stmdJOG, and stmdlOD, which seem to foam an operon. 
The results of sequence analysis suggest that the putative proteins encoded by stmdJOA, B, C, and D 
would constitute an ABC transporter complex for either exporting or importing its substrates, and that 
stmdlOA and D would encode an ATP binding subunit and a substrate binding subunit, respectively, while 
stmdlOB and C would encode membrane spanning subunits. By RT-PCR analysis, it was indicated that 
stmdlOA 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, ectoinelhydroxyectoine. 

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 (1). 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 (2-5). 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 structura11y dissimilar drugs, such as Vinca 
alkaloids, epipodophyllotoxins, antbracyclines and actinomycin D (6-,). 

Actinomycin D is an anti-cancer drug that inhibits RNA polymerases by binding to DNA, and 
produced by some species of Streptomyces (10). 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 (11.13). 

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 (14). 

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 (primer!: 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 obtaioed as described (14). 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 deseribed 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. 

2.4RT-PCR 
Procedures for RNA isolation from Streptomyces was done as deseribed (14). Transcription of the novel 
gene was analyzed by reverse transeription (RT) PCR with a pair of tbe sense primer (strnd! Oupper: 
5'-TCCTGCGGCTGCTGATGACG-3') and the antisense primer (stmdIOlower: 5'-CGCTCCACC 
GCCTCGTCCTI-3') using Qiagen one-step RT-PCR kit (Qiagen). As a contrul, a fragment of 16S 
rRNA was amplified by RT-PCR with another pair of primers (16SrRNAsense: 5'-AGA 
CACGGCCCAGACTCCTACG-3', and 16SrRNAantisense: 5'-TTCGCCACCGGTGTICCTCCTGAT 
-3'). 

3. Results and Discussion 

A 348-bp DNA fragment was amplified from the genomic DNA of Streptomyces gp. NRRL1I395 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, stmdlOA, stmdlOB, stmdlOC, and stmdlOD (Fig. I ). 

stmdlOA starts at a start codon GTG, which is frequently used as an initiation codon in streptomycete 
(11.12,15l, at nt 2142 to 2144, and termioates at TGA codon at nt 2923 to 2925, which could encode a protein 
of 260 amino acids. stmdlOD 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. stmdlOC 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 stmdlOD, encoding N-terminal two amino acids, and the last four 
nucleotides of stmdl OC, 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 cotranseribed 
(14.15). stmdlOD starts at codon GTG at nt 68 to 70, and termioates at TGA codon at nt 803 to 805, 

encoding a protein of 245 amino acids. The fIrst four nucleotides of stmdlOC and the last four 
nucleotides of stmdl OD 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 stmdlOA, 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 (16.17). 

Therefore, stmdlOA is considered to encode an ATP binding subunit of an ATP transporter protein 
complex. Hydropathy plot of the putative proteins coded by stmdlOD and stmdlOC showed that both of 
these proteins were very hydrophobic (data not shown). BLAST analysis of the deduced amino acid 
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GGGCCCGCGGCCGCTCTAGAAGTACTCTCGAGAAGCTTTTTIlAA TTCTTTGGATCCGGGCCCAOOGTGTGGCCCGOOTCGGCA TCGCGGGCGAGGTCCCCTTCGGGT ACA TCGACAAIlAA 120 
_.uOD¢VARlG I AGEVPFGY I DKN 

121 CGGCGAACTGACGGGCGAGOOGCCGIWlCTGOOGAAGGTCATCTTCAAIlCGGCTCGIWlTGGACCGGGTGCAGCCGGTOOCGACGIWlTTCGGCTCCCTCGTOOCGGGGCTGGCGTCGCA 240 
GEL T G E APE l A K V I F K R l G V D R V Q P V PTE F G S l V P G lAS Q 

241 GCAGTTCGACGTCGTGOOGOOCGGGATGT ACATCAACGCCGACCGCTGCCAIlCAGGTCA TCTTCTCCGACCCCGACT ACCAIlA TOOTCGACGCGT ACA TCGTOOGCAAGGGCAACCCGCT 360 
QFDVVAAGMYINADRCQQVIFSDPDYQMlDAYIVRKGNPl 

361 CGGGCTGCACAACTACCGGGACGTCGTCGAGAAGAAGOOCAAGTTCGCIlACCGGCACCGGCT ACGCCGAGA TCGCCT ACGCGGTOOAIlCACGGGT ACAAIlClAIlClACG TCCTGA TTGT 480 
G l H N Y R D V V E K K A K FAT G T G Y A E I A Y A V E H G Y KED Ell I V 

481 CCCCGACCAllGTGOOCGGTCTCAACGCCGTCGAGOOCGGGCGCGTGGACGTCTTCGCGGGCACGGCGCTGACCGTCCGCGAAGTGGTGAAGAAGTCCAGCAAGGCCGAGGCGACCIWlCC 600 
PDQ V A G l N A V E A G R V D V FAG TAL T V REV V K K S S K A EAT E P 

601 CTTCGCGCCGCTCGTCGGCGGCAAIlCCGCACGTCGACGGCGGCGCCTTCGCCTTCCGTCCGGGCGAGACCAACCTOOGOOACGCGTTCAACGTCGAGCTGCAGAAGCTCAAGAAGAGCGG 720 
F A P l V G G K P H V D G G A F A F R P GET N l R D A F N VEL Q K l K K S G 

721 CIlAGCTGCTGCGCATCCTCAAIlCCCTTCGGCTTCACCGAGGAAGAGATGACIlGA TCTGACCGCGAAGGAGCTCTGCGGCGGATGACCTCGOOACTGTGGGAACTGGT ACTCCAGGGCA TC 840 
ELL R ILK P F G F TEE E M T D L T A K E LeG G * 

_,/lBC ¢ M T S G l W E l V l Q G I 

841 TGGGTCACGA TCCAGCTGCTCTTCTTCAGCTCGCTCCTTGCGGCCGGCIlTCTCCTTCIlTGGTCGGCIlTGOOGCGCACCCACCGGCTGTGGATCGTCCGCTTCCTCGCGGGCCTCT ACACC 960 
W V T I Q l l F F S S l l A A G V S F V V G V ART H R l W I V R F lAG l Y T 

961 GAGGTGTTCCGCGGCACCTCCGCGCTGGTGA TGA TCTTCTGGGTCTTCTTCIlTGCTGCCGCCGOOCTTCGGCTGGCAGCTGGTGCCGATGTGGOOGGGCACOOTGGCOOTGGGTCTGACC 1080 
E V F R G T SAL V I I F W V F F V l P P A F G W Q l V P M WAG T l A l G l T 

1081 T ACGGGGCGT ACGOOTCCGAGA TCGTGCGCGOOGCGCTCGCCGCGGTGGACCCGOOGCAIlAAGGAGGGCGGCA TCGCCCTCAGCTTCACGCCCTGGCAGCGGA TGAAGCTGA TCA TOOTG 1200 
Y GAY G S E I V R GAL A A V D P A Q KEG G I A l S F T P W Q R M K liM l 

1201 CCGCAGGCCGTGCCGGAGA TGA TCCCGCCCTTCTCCAACCTGCTGA TCIlAGCTGCTCAAGGGCACCGCCCTGGTCTCGA TCATGGGCA TGGGCGACCTCGCGTTCAGCGGCAACCTGGTG 1320 
P Q A V P E M I P P F S N l liE l l K G TAL V S I M G M G D l A F S G N l V 

1321 CIlCCTGGCGTTGCAGGAGAOOGCGGAGA TCT ACACGT ACATCCTGCTGA TCT ACTTCIlTGA TCGCGTTCCTGCTCACGCGGGTGATGCGCGGCCTGIWlAAGAAGCTIlAAGGCGGGCGTC 1440 
R l A l Q E S A ElY T Y III I Y F V I A F l l T R V M R G l E K K l K A G V 

1441 GGCAAGGCCCCGCGGAAGAAGACGGCGGCCGTGCGCGTGCCTGAGGGAAGTGGTGTGTCGTGAACTGGGACTGGAGCGCGGTCTCCGACTTCA TGCCGCACTTCTGGGACGGTCTGCTGG 1560 
G K APR K K T A A V R V PEG S G V S • 

-.uOB ¢v N W D W S A V S D F MPH FWD G l l 

1561 TCACCCTGCAGA TCCTGGTCCTCGGCTCGCTGGTCTCCTTCGGCCTCGGCCTGGTGTGGGCGCTGCTGA TGCGGGTGCCGAGCCGCTGGGTGACCTGGCCGGTCGGCGTGGTCACCGAGT 1680 
V T l Q I l V l G S l V S F G l G l V W All M R V P S R W V T W P V G V V T E 

1681 TCA TCCGGAACAGGCGGCTOOTGGTGCAGCTGTTCTTCCTCTTCT ACGTGCTGCCCGAGTGGAACA TCACGTTCAAGGCGCTCACCACCGOOGTGGTCGCCATCGGCCTGCACTACTCGA 1800 
FIR N T P l l V Q l F F l F Y V l PEW NIT F K A l T T G V V A I G l H Y S 

1801 CIlT ACACGA TGCAGGTCT ACCGGGCCGGCA TCGAGGGGGTOOCGGTCGGCCAGTGGGAGGCCGCGACGGCGCTIlAACCTGCCGCTCGGGCGGACGTGGACGGCGGTCATCCTGCCGCAGG 1920 
T Y T M Q V Y RAG lEG V P V G Q W E A A TAL N l P l G R T W T A V I l P Q 

1921 CIlATCCGCAGAGTGGTOOCCGCCCTCGGCAACT ACGTGA TCTCCA TGCTGAAGGACACGCCGCTGCTGA TGGCGA TCACGGTGCTGGAGA TGCTCGOOIWlGCACGCCTGTICTCGCAGC 2040 
A I R R V V PAL G N Y V ISM l K D T P l l M A I T V l E M l G EAR l F S Q 

2041 AGAACTTCCAIlHCACCGAGCCCCTGACGGTGA TCGGTGTGGCCTTCA TCA TCA mCCT ACCTGGCCTCCCTIGCCCTGCGAGCCCTGGAGCGAGGCCTTGTCCACTGAAACCCTTCCC 2160 
Q N F Q F T E P LTV I G V A F I I I S Y LAS L A L R ALE R R L V H * 

2161 AACCCCGAGAAGAGCCCGGAGCAGGGTGOOGOOGAGCTGATCCGGCTGGAGCAGGTCACCAAGCGGTTCGGGTCCAACACCGTGCTGGACAACCTCGACTTCGCCGTOOACGCCGGCAAIl 2280 
_,IIfM ¢v l D N l D F A V D A G K 

2281 CACGTCACCCTGATCGGGCCGTCCGGCTCGGGCMGACGACGATCCTGCGGCTGCTGATGACGCTGCTCMGCCOO1OOlQGGQACGATQACCGTGGACGGOO1GAlOljTCTICCCGGCG 2400 
H V T L I G pSG S G K TTl L R L LilT L L K P D E G TIT V 0 G Q K L F P A 

W8Jkei' A motif 
2401 'CXiP!GUGGAGCOOCQGGAOGCGCOG'A6CAOATCGGGATGGTGTTCCAGr.AGTTCMCCTGTTCCCP"!fATGACGGTGCTGCGffA'ffATCACCG100cGCCGGTCACCGIQCTCGGC 2520 

T EKE R REA R K Q I G M V F Q Q F N l F P N M T V l R NIT E A P V T V l G 

2521 CTGTCCMQGACGAGGCGGTGGAGCGCGccMGGAGCTGCTCGACATGGTCGGCCTCGGCGACMGTGCGACGCGCACCCGGCCCAGCTCTCCGGCG!UXi'Q{;AGCAGCGGGTGGCGATC 2640 
LSKDEAVERAKELLDMVGLGDKCDAHPAQI SGGQQQRYA I 

ABC si.gDatUre 
2641 GCCCGGGCGCTGGCGATGCGGCCGAAGGTGCTGCTCCTCGACGAGGTGACCTCGOOGCTCGACCCGIWlCTGGTGGCGGGCGTCCTGGACCTGCTGCGOOACATCGCGCGCACCACGGAC 2760 

A R A lAM R P K V l l l D E V T SAL D PEL V A G V l D l l R D I ART T D 
Walker B motif 

2761 ATCACCA TGCTCTOOGTGACCCACGAGA TGAACTTCGCCCGGGACATCTCGGACCAGGTCCTGATGTTCGACTCGGGCCGGGTCATCGAGOOCGGTCCGCCOOAIlAAGA TCTTCAGCGAG 2880 
I T M l C V THE I N FAR DIS D Q V l M F D S G R V I E A G P P E KIF S E 

2881 CCGGAGCACGACCGGACGCGGGAGTTCCTCAGCGCGGTCCTGT AGTTCIlATCCGGT AGCGCGGGTCCCCGGACACCCGGTGTCACTGCCCCGA TGCTCCGAGTCCAGCCGACCTCGOOCG 3000 
P E H D R T REF L S A V L • 

3001 AGAACGACCGGGAACGOOCGAGGTCGGAGCGTTGGGGCAGACCGCTGTCA T ATGCCAGAGGGTCAGCGGCGCAGCTGGCAGCCCCGGAACACCGAACCGGAATCCCGTCAACACCCCCTC 3120 

3121 ACGIlAAGOOGGCTTGGCGGCTATCGTGAAAGG 3152 

Fig.! Nucleotide sequence of the isolated genome DNA by screening and the deduced amino acid sequences of 
the proteins encoded by stmdJOA, stmdJOB, stmdlOC, and stmdlOD. 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 
signature). 
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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 stmdlOD 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 
stmdlOA, B, C, and D would constitute an ABC transporter complex for either exporting or importing its 
substrates, and that stmdlOA and D would encode an ATP binding subunit for supply of energy to the 
transporter and a substrate binding subunit for transport, respectively, while stmdlOB and C would encode 
membrane spanning subunits to foam a path for transporting substrates (Fig.2). 

extracelluar ,...--------

intracelluar 
ATP 

ADP 

Fig. 2 Schematic drawing of the predicted structure of putative ABC transporter constituted from the 
proteins encoded by stmdlOA, B, C, D. The proteins StmdlOB and StmdlOC would be integrated 
in the membrane, to each of which StmdlOA, an ATP hydryzing subunit, would be associated. 
StmdlOD 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 
stmdlOA amplified a specific fragment of estimated size, suggesting that stmd1 OA was actually expressed, 
and the operon containing stmdlOA, 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 (18,19). Thus, we investigated whether actionmycin D, which is 
produced by this bacteria strain, could change the expression level of stmdlOA (Fig.3). However, the 
expression level of stmdl OA was not changed even when actinomycin D was added to the medium. 

stmdlOA 

16S rRNA 

RT-PCR PCR (no-RT control) 

AcD AcD 

- : YEME medium 

AcD : YEME medium 
+ actinomycin D (1.0Jlglml) 

Fig.3 RT-PCR analysis of the expression of stmdlOA. RNA was extracted at the late exponential 
phase (OD450 = 0.7-0.9). 0.1)!g 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. 



23

From our data, it was not supported that actinomycio D might be transported by this putative ABC 
transporter encoded by stmdlOA, 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 usiog BLAST that the proteio coded by stmdlOD has similarity to the solute 
biodiog proteio of cyclic arnioo acids ectoioelhydroxyectoioe ABC transporter of several bacterial strains, 
such as Pseudomonas aeruginosa. Elucidation of affmity between the polypeptide encoded by stmdlOD 
and ectoioelhydroxyectoioe might provide a clue to identification of the substrates of the novel ABC 
transporter of Streptomyces NRRLl1395. 
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和文抄録

抗ガン剤アクチノマイシンDを生産する放線菌からの新規ABCタンパク質遺伝子の単離

田口善智 1、島本康介 1、松崎泰教¥須波一樹¥中尾理恵子 1、堀内秀俊 1、駒野徹¥

佐伯和弘 1

抗ガン剤アクチノマイシンDを産生する放線菌(Streptamyces sp. NRRL11395)から、この抗

ガン剤の排出能力をもっ P-精タンパク質と類似した ABCタンパク質の遺伝子を単離しようと試

みた。この菌株のゲノムライフラリーをスクリーニングした結果、プローブと特異的にハイフリ

ダイズする約3kbのゲノムDNA断片を得た。得られた DNA断片の塩基l!ia列を決定した結果、この
断片には、 4つの ORFが含まれると予測された。相同性解析の結果、これらの ORFの一つには

ABCタンパク質特有のATP結合サフユニットをもっタンパク質がコードされていることが示唆さ

れた。また、 2つのORFは、膜結合サフユニットを、残り一つは、輸送基質結合サフユニットを

コードしていることが示唆された。 RT-PCRによる解析の結果、単離した遺伝子群が転写されて

いることが確認された。これら4つのORFにコードされるタンパク質群は、全体で1つのタンパ

ク質複合体を形成し、何らかの物質の輸送に機能していると予想された。

l 近畿大学生物理工学部遺伝子工学科，干649-6493和敬山県紀の川市西三谷930


