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Actinoplanes teichomyceticus produces glycopeptide antibiotic teicoplanin, a “last 
line defense” against multidrug resistant cocci. The gene cluster for biosynthesis of teico-
planin (tcp) has been cloned 8 years ago, although regulation of its production is poorly 
understood because of lack of genetic toolkit to manipulate this strain as well as know-
ledge of its genome organization. In streptomycetes, regulatory gene adpA encodes a master 
regulator of secondary and primary metabolism, as well morphogenesis, forming the largest 
gene “modulon” known to date for bacteria. Here we analyzed the possibility that AdpA-like 
protein might be involved in regulation of teicoplanin production. We used the described 
consensus AdpA operator sequences, inferred from analysis of streptomycete genomes, to 
screen the tcp cluster. Several putative AdpA operators were revealed within tcp cluster, 
implying that AdpA-like transcriptional factors may indeed operate in Actinoplanes. Using 
comparative genomic approaches, we revealed several putative adpA homologues in com-
pletely sequenced Actinoplanes genomes as well as in draft sequence of A. teichomyceticus 
genome. Taken together, our data strongly support the idea that adpA-mediated regulation 
influences the production of antibiotics not only in genus Streptomyces, but also in Actino-
planes.
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Actinoplanes teichomyceticus is a representative of rare and slow-growing actinomycetes 
that possess motile spores and produce secondary metabolites not found in more common genera, 
such as Streptomyces, Micromonospora or Saccharopolyspora [17]. A. teichomyceticus is not 
exception: it is the only known producer of teicoplanin, a clinically valuable glycopeptide active 
against vancomycin- and methicillin- resistant cocci [1, 5, 6, 14]. A. teichomyceticus has also 
been shown in early works to accumulate second group of antibiotics referred to as teichomycin 
A1 complex. It is believed to consist of moenomycin-like antibiotics [1, 3, 12]. Much effort has 
been put into physiological and genetic studies on teicoplanin biosynthesis [2, 4, 7, 13–16]. There 
is growing interest in exploration of A. teichomyceticus, and Actinoplanes in general, as a basis 
for the development of a new class of antibiotics operating through inhibition of peptidoglycan 
biosynthesis [11, 12]. In this regard, it is essential to explore all possible ways to stimulate sec-
ondary metabolism of actinoplanetes, which will lead to improvement of production of known 
antibiotics as well as to activation of silent secondary metabolome. Here we decided to explore a 
possibility that known pleiotropic regulators of secondary metabolism of Streptomyces have their 
counterparts in Actinoplanes. Particularly, we focused on gene adpA that codes for transcriptional 
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factor globally affecting the gene expression in several studied model cases [10]. In streptomyce-
tes, AdpA-dependent genes form a largest known to date modulon that is responsible for a num-
ber of essential functions as well as production of antibiotics [18]. No information is available 
about existence of AdpA orthologues in genus Actinoplanes, although two completely sequenced 
genomes of representatives of this genus are available. Here we present in silico evidence that 
AdpA-mediated regulation may operate in Actinoplanes, and, in particular, it may be involved in 
teicoplanin production by A. teichomyceticus. 

Materials and methods
Genome of A. teichomyceticus NRRL-B16726 was sequenced using Illumina approach 

[9] at company Seq-IT (Germany). Details of sequencing of NRRL-B16726 genome will be 
reported elsewhere. Complete sequences of A. sp. SP50/110 and A. missouriensis genomes were 
retrieved from NCBI website (www. ncbi.nlm.nih.gov/genome). Aminoacid sequences of AdpA 
orthologous group were downloaded from www.streptomyces.org.uk and NCBI. Programs blast-
2seq and CLUSTALW for pairwise (multiple) sequence alignment were accessed at NCBI and 
www.ebi.ac.uk, respectively [8]. Position-specific weight matrices (PSWM) for AdpA operator 
sequences were built with the help of programs FIMO and TFBS, and visualized with WebLogo. 
Orthology of proteins was based on results of reciprocal BLAST results. Phylogenetic analysis 
of the proteins was carried out on server www.phylogeny.fr. Tree topology was verified with the 
help of approximate likelihood ratio test (aLRT). In all cases aLRT values were well above mini-
mal threshold of 0.5. PSIPRED was used to analyze protein secondary structure.

Results and discussion
Known Streptomyces AdpA operator sequences were retrieved from public sources and 

used to build PSWM; it is presented as a WebLogo on Fig. 1. The PSWM was used to screen 
against published sequence of teicoplanin biosynthetic gene (tcp) cluster. Indeed, we revealed 
3 AdpA-like operators upstream of gene tcp28 (Fig. 1). The latter encodes putative pathway-
specific transcriptional activator of structural genes for teicoplanin biosynthesis. This finding is 
in accord with currently accepted speculation that global (pleiotropic) regulators of secondary 
metabolism exert their action via modulation of expression of pathway-specific (cluster-situated) 
regulatory genes [10].
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Fig. 1. Consensus AdpA operator sequence presented as WebLogo (top) and location of such sequences 
(shown as back triangles) within tcp cluster upstream of gene tcp28 (bottom of the figure). Ruler 
above the genes – distance in base pairs. 

Of the three putative AdpA operators within tcp28 upstream region, one is in orientation 
opposite to that of tcp28 transcription. However, since AdpA is known to function as a homodi-
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mer, all three AdpA operators could be recognized by AdpA and thus influence tcp28 expression.
Having discovered that tcp cluster contains sequences similar to that of AdpA operators, a 

question inevitably arises: does A. teichomyceticus genome contain orthologue of Streptomyces 
AdpA protein? There is no publicly available genome sequence of A. teichomyceticus and focused 
(PCR-based) approaches towards identification of adpA genes are not developed. We therefore 
set out to partially sequence A. teichomyceticus genome and to use it for identification of putative 
AdpA homologues. The genome of A. teichomyceticus was sequenced using reversible termina-
tors approach (Illumina) to approximately 10-fold depth. At this stage, we miss almost 5% of the 
genome of teicoplanin producer, although the quality is enough to perform an initial screening 
for AdpA homologues. The genome of A. teichomyceticus carries several genes whose translation 
products resemble AdpA of Streptomyces griseus (Fig. 2). The similarity is within 37–49% range, 
although no synteny was observed. The discovered A. teichomyceticus proteins are truncated at 
the C-termini as compared to streptomycete ones. Analysis of secondary structure of aminoacid 
sequence of the proteins with the help of PSIPRED and ClustalW revealed typical DNA-binding 
domain of helix-turn-helix type. Type I glutamine amidotransferase domain was also well rep-
resented in these proteins. However, orthology of any of the studied 6 AdpA-like proteins of 

Fig. 2. Multiple sequence alignment of known AdpAs and A. teichomyceticus homologues (1-6). Rectangle 
marks DNA binding domain.
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A. teichomyceticus to known AdpA proteins from either S. coelicolor or S. griseus could not be 
readily established in a series of reciprocal BLAST searches. No synteny was observed between 
adpA loci of streptomycetes and that of A. teichomyceticus. This is probably because Streptomy-
ces and Actinoplanes are only remotely related actinomycete genera.

We explored alternative ways to establish relatedness of A. teichomyceticus sequences to 
known AdpA proteins. It is possible that AdpA sequences of S. coelicolor and S. griseus are not 
optimal ones to screen Actinoplanes genome for AdpA orthologues. Phylogenetic tree of Strepto-
myces AdpA proteins is very coherent, yet it did form several distinct clades and branches clearly 
divergent from SGR_4742 and SCO_2792 (AdpA proteins from S. griseus and S. coelicolor, 
respectively; data not shown). AdpA protein from S. clavuligerus (SCLAV_1957) is located in 
such divergent clade, and function of this protein has been experimentally verified. Recipro-
cal BLASTP searches confirmed that completely sequenced genomes of A. missouriensis and 
A. sp. SE50/110 contained proteins AMIS_10050 and ACPL_1231, respectively, orthologous to 
SCLAV_1957. The orthology of both Actinoplanes proteins to the other members of Streptomyces 
AdpA group cannot be inferred from BLAST searches, suggesting unequal value of AdpA from 
different species origin for interrogation of remotely related genomes. Nevertheless, an ability 
to find Actinoplanes orthologs to certain AdpA sequences implies that non-Streptomyces AdpA 
proteins might indeed exist. Additional searches turned up more AdpA orthologues from two 
other genomes of the family Micromonosporaceae, a home to genus Actinoplanes: SACE_4523 
(Saccharopolyspora erythraea) and Micau_1999 (Micromonospora aurantiaca). A resulting tree 
of the aforementioned proteins is shown on Fig. 3.

Fig. 3. Maximum-likelihood tree of Streptomyces AdpA proteins and putative AdpA from selected 
Micromonosporaceae genomes. Branches with aLRT values (numbers at nodes) less that 0.8 were 
collapsed. Protein abbreviations – see the text. The scale bar under the tree indicates number of aa 
substitution per aa position.

Proteins Micau_1999 and AMIS10050 were subjected to pairwise blast2seq alignment 
with six AdpA-like sequences found in A. teichomyceticus genome (At-1 to At-6, see also Fig. 
2). The results of these analyses are summarized in Table 1. Of the six proteins compared, At-2 
and At-5 displayed the highest similarity to both AMIS_10050 and ACPL_1231. Respective ex-
pectation (e) values were close for both At-proteins, making it challenging to determine the best 
A. teichomyceticus hit to AMIS_10050 and ACPL_1231. Reciprocal BLAST with the respective 
genomes confirmed that only At-2 protein is orthologous to AMIS_10050, although the former 
failed to show orthology to ACPL_1231. Thus, while, Streptomyces AdpA sequences behave as 
typical cluster of orthologous proteins, the AMIS_10050, ACPL_1231 and At-proteins do not 
show the same robust behavior, irrespective of the type and parameters of BLAST search being 
employed. 
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Table 1
Results of BLASTP comparison of AMIS10050 and ACPL_1231  

to A. teichomyceticus homologues
A.t. protein comparison to AMIS_10050 comparison to ACPL_1231

Name1 Size, aa ID/SI2, % e-value3 Gaps SI/ID, % e-value Gaps
At-1 327 43/59 3e-77 10/317 44/60 2e-81 10/316
At-2 333 45/59 3e-85 4/313 44/59 7e-83 12/316
At-3 322 44/58 3e-80 8/319 43/58 5e-77 12/323
At-4 317 46/62 6e-72 6/314 47/62 8e-73 6/318
At-5 338 47/62 7e-85 5/314 46/62 2e-85 5/318
At-6 298 35/48 2e-35 2/262 36/48 5e-35 2/262

Comments. 1As mentioned in Fig. 2
2Percentage of identity and similarity
3The lowest e-values, showing the most significant similarity, are highlighted in grey

Our work is the first attempt to identify in Actinoplanes a functional counterpart of Strepto-
myces pleiotropic regulator AdpA. Here we provide initial bioinformatic evidence that tcp cluster 
of A. teichomyceticus contains putative operator sequences for Adp family proteins. We partially 
sequenced A. teichomyceticus genome and identified a set of genes encoding AdpA homologues. 
Comparative genomic analyses of the other completely sequenced Actinoplanes genomes revealed 
proteins showing orthology to certain Streptomyces AdpA proteins. These A. missouriensis and A. 
sp. SE50/110 orthologs of AdpA allowed us to narrow down the list of 6 A. teichomyceticus AdpA-
like protein to two candidates for the role of true AdpA protein. It should be noted that, unlike 
in Streptomyces, the Actinoplanes AdpA-like sequences under study diverged from Streptomyces 
AdpA significantly enough to prevent any reliable prediction of AdpA orthologs for the entire 
genus Actinoplanes from the results of BLAST or synteny only. Despite these challenges, our data 
suggest that AdpA-like regulation may operate in Actinoplanes, and we currently are pursuing 
experimental verification of the identified AdpA homologues from A. teichomyceticus.
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Actinoplanes teichomyceticus �ро�у�у� �лі�о���ти�ний антибіоти� т�й�о�ла-�ро�у�у� �лі�о���ти�ний антибіоти� т�й�о�ла-
нін, що � антибіоти�ом “останньої лінії оборони” �роти мультир�зист�нтних �о�ів. 
Класт�р ��нів біосинт�зу т�й�о�ланіну (tcp) �лоновано 8 ро�ів тому, хоча р��уляція 
�ро�у�ції цьо�о антибіоти�а �о�ано зрозуміла внаслі�о� бра�у розробл�них м�то�ів 
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��н�тичних мані�уляцій цим ви�ом, а та�ож ві�сутності �аних �ро бу�ову ��нома A. 
teichomyceticus. У стр��томіц�тів р��уляторний ��н adpA �о�у� о�ин із �лючових р��у-
ляторів вторинно�о та ��рвинно�о м�таболізму, а та�ож морфо��н�зу, формуючи най-
більший на сьо�о�ні ��нний “мо�улон”, що о�исано у ба�т�рій. Ми �роаналізували 
�і�от�зу �ро т�, що AdpA-�о�ібний біло� мож� бути за�іяно у р��уляції �ро�у�ції т�й- AdpA-�о�ібний біло� мож� бути за�іяно у р��уляції �ро�у�ції т�й-AdpA-�о�ібний біло� мож� бути за�іяно у р��уляції �ро�у�ції т�й--�о�ібний біло� мож� бути за�іяно у р��уляції �ро�у�ції т�й-�о�ібний біло� мож� бути за�іяно у р��уляції �ро�у�ції т�й-
�о�ланіну. Ви�ористовуючи о�исану �онс�нсусну о��раторну �ослі�овність AdpA �ля 
стр��томіц�тів, ми з�ійснили �ошу� ві��ові�них о��раторів у tcp-�ласт�рі. Виявл�но 
�іль�а імовірних о��раторів AdpA, що в�азу� на т�, що AdpA-зал�жна р��уляція мож� 
фун�ціонувати в  Actinoplanes. З ви�ористанням низ�и м�то�ів �орівняльної ��номі�и 
виявл�но �іль�а �омоло�ів adpA у �овністю �рос��в�нованих ��номах Actinoplanes, а 
та�ож у чорновій �ослі�овності ��нома A. teichomyceticus. У сумі наші �ані уз�о�жу-У сумі наші �ані уз�о�жу-
ються з �ри�ущ�нням, що adpA-зал�жна р��уляція в�лива� на �ро�у�цію антибіоти�ів 
н� тіль�и в ро�і Streptomyces, ал� й у ро�і Actinoplanes.

Ключові слова: Actinoplanes, т�й�о�ланін, AdpA, ��номний аналіз.

ГОМОЛОГИ ПЛЕЙОТРОПНОГО РЕГУЛЯТОРНОГО ГЕНА adpA 
В ACTINOPLANES: АНАЛИЗ IN SIILICO

Б. Осташ1, Н. Забуранный1,2, Л. Горбаль1, А. Лужецкий2, С. Шульга3, В. Федоренко1

1Львовский национальный университет имени Ивана Франко 
ул. Грушевского, 4, Львов 79005, Украина 

e-mail: bohdanostash@gmail.com 
2Гельмгольц-институт фармацевтических исследований Саарланда, Саар-

ланд-кампус 
д. C2.3, Саарбрюкен 66123, Германия 

3Институт пищевой биотехнологии и геномики НАНУ 
ул. Осыповского, 2a, Киев 04123, Украина

Actinoplanes teichomyceticus �ро�уциру�т �ли�о���ти�н�й антибиоти� т�й-�ро�уциру�т �ли�о���ти�н�й антибиоти� т�й-
�о�ланин, �отор�й явля�тся антибиоти�ом “�осл��н�й линии оборон�” �ротив 
мультир�зист�нтн�х �о��ов. Класт�р ��нов биосинт�за т�й�о�ланина (tcp) �ло-�ло-
нирован 8 л�т наза�, о�на�о р��уляция �ро�у�ции т�й�о�ланина слабо изуч�на из-
за �очти �олно�о отсутствия м�то�ов ��н�тич�с�их мани�уляций этим ви�ом, а 
та�ж� отсутствия �анн�х о стро�нии ��нома A. teichomyceticus. У стр��томиц�тов 
р��уляторн�й ��н adpA �о�иру�т о�ин из �люч�в�х р��уляторов вторично�о и ��рвич-�о�иру�т о�ин из �люч�в�х р��уляторов вторично�о и ��рвич-
но�о м�таболизма, а та�ж� морфо��н�за, формируя сам�й большой ср��и изв�стн�х 
с��о�ня ба�т�риальн�х ��нн�х “мо�улонов”. М� �роанализировали �и�от�зу о том, 
что AdpA-�о�обн�й б�ло� мож�т участвовать в р��уляции �ро�у�ции т�й�о�лани- AdpA-�о�обн�й б�ло� мож�т участвовать в р��уляции �ро�у�ции т�й�о�лани-AdpA-�о�обн�й б�ло� мож�т участвовать в р��уляции �ро�у�ции т�й�о�лани--�о�обн�й б�ло� мож�т участвовать в р��уляции �ро�у�ции т�й�о�лани-�о�обн�й б�ло� мож�т участвовать в р��уляции �ро�у�ции т�й�о�лани-
на. Ис�ользуя о�исанную �онс�нсусную о��раторную �осл��оват�льность AdpA 
в стр��томиц�тах, м� в��олнили �оис� соотв�тствующих о��раторов в �р���лах 
tcp-�ласт�ра. В�явл�н� н�с�оль�о в�роятн�х о��раторов AdpA, что у�аз�ва�т на 
в�роятность AdpA-зависимой р��уляции в  Actinoplanes. С ис�ользовани�м ря�а м�-с�ользовани�м ря�а м�-
то�ов сравнит�льной ��номи�и в�явл�н� н�с�оль�о �омоло�ов adpA в �олностью 
�рос��в�нированн�х ��номах Actinoplanes, а та�ж� в ч�рновой �осл��оват�льности 
��нома A. teichomyceticus. В сумм� наши �анн�� со�ласуются с �р���олож�ни�м, что 
adpA-зависимая р��уляция влия�т на �ро�у�цию антибиоти�ов н� толь�о в ро�� Strep-
tomyces, но и в ро�� Actinoplanes.
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