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COMPLETE SEQUENCE OF LANDOMYCIN E BIOSYNTHETIC GENE 
CLUSTER FROM STREPTOMYCES GLOBISPORUS 1912

Streptomyces globisporus 1912 and their derivatives 1912-4Crt and 1912-2 are the producers of the 
landomycin E, carotenoids and regulatory diketopiperazine, respectively. The genome DNA of two mutant 
strains, 1912-2, the more effective producer of the landomycin E and regulator, and 1912-4Crt, the producer 
of beta-carotene and lycopene, was sequenced by Illumina. Comparative analysis of the DNA sequences of two 
neighboring contigs of 1912-2 and one contig of 1912-4Crt using GenBank data allowed localization of 36 
landomycin E biosynthetic genes lnd of S. globisporus 1912 in one cluster. Twenty of these lnd genes have been 
sequenced for the fi rst time. The new regulatory responce gene lndRR and the sensor kinase gene lndY1 were 
proposed as the members of the putative two-component system. A high identity (94-95%) was found for the lnd 
genes of the 1912 strain and those of the metagenomic clone AZ97, and the lower similarity (80-85%) of lnd and 
lan genes of S. cyanogenus S136 encoding landomycin A biosynthesis.  Two direct repeats of 21 bp were shown 
in the crtY gene coding lycopene cyclase. A deletion in the lndRR gene renders the 1912-4Crt strain defi cient in 
landomycin E production.

K e y  w o r d s: Streptomyces globisporus, landomycin E, biosynthetic gene cluster, sequences.

Aromatic polyketide antibiotics are known to present a major and important group of antimi-
crobial and anticancer medicinal drugs [4, 18].  The family of angucycline antibiotics occupies a 
prominent place among polyketides [11, 16, 17].  The unique peculiarity of the angucycline struc-
tures is the angularly condensed ring A in the benz[a]antraquinone type tetracyclic aglycone moiety. 
Natural landomycins differ among themselves by a varying phenol-glycosidically linked oligosac-
charide chain. To date, three landomycin (La) producing microorganisms have been discovered. 
Streptomyces cyanogenus S136 produces LaA, B, C and D [7], Streptomyces globisporus 1912 
accumulates LaE and D [12], and  Streptomyces albus synthesizes LaE as a result of heterologous 
expression of soil DNA from the metagenomic clone AZ97 [6]. LaE contains a trisaccharide chain: 
α-L-rhodinose-(1-3)-β-D-olivose-(1-4)-β-D-olivose (Fig. 1). The deoxysugar chain of LaA is repre-
sented by hexasaccharide chain of four D-olivose and two L-rhodinose residues.  Landomycin E is 
one of the more potent antitumour antibiotics of the angucycline family. It induces the apoptosis of 
the tumor cells in a G0/G1 phase including those resistant to doxorubicin [10, 16, 17].  LaA (lan) and 
LaE (lnd) biosynthetic genes have been cloned and their similar cluster organization was described 

[5, 6, 17, 19]. The complete sequences of 14 lnd genes of S. globisporus 1912 (prx, lndI, F, M, GT1, 
J, Z1, Z3, GT4, Z5, Y, YR, W2, W)   were established earlier [5, 16, 17] and registered in the GenBank 
(access numbers: AY443343-45, AY528820, AY608714-15, AY640377, AY659997-8, DQ139409, 
DQ275159, HM204451). Information about genetic organization and sequence of the landomycin 
biosynthetic gene cluster may be used for the construction of hybrid enzymes by the combination of 
aromatic polyketidesynthases subunit genes from different producers of angucyclines [8, 15].  The 
subject of this paper was the determination of the sequences of the all lnd genes of the landomycin 
E cluster from S. globisporus 1912, including 20 previously unsequenced genes, and investigating 
the cause of the lack of expression of the pathway in mutant strain 1912-4Crt.

Materials and methods.  Strains and media.Two strains, the derivatives of the initial wild-type 
strain S. globisporus 1912, were used. The strain 1912 was isolated from a soil sample from Armenia 
and is stored in the Ukrainian Collection of Microorganisms at the Institute of Microbiology and 
Virology of the National Academy of Sciences of Ukraine as the strain Ac-2098 (http://www.imv.
kiev.ua/images/doc/catalog/UCM_catalog.pdf). The strain 1912-2 is the more effective producer 
of landomycin E (200 mg/l) and a new regulatory diketopiperazine, generated by the action of ni-
trosoguanidine on the spores of the strain 1912 (14). The strain 1912-4Crt is the spontaneous mutant 
of 1912 producing beta-carotene (7.0 mg/l) and lycopene (3.24 mg/l), and not producing landomy-
cin E [13]. Cultures were grown at 28oC in 20 ml liquid medium S [9] in 250 ml shake fl ask at speed 
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240 rot/min during 48 h. Glycine was added to the medium at concentration 1% in order to increase 
the sensitivity of the cell wall to lytic action of the lysozime.

Isolation of chromosomal DNA. Chromosomal DNA of S. globisporus 1912-2 and 1912-4Crt 
was prepared according to the standard protocol of the Kirby method, dissolved in TE buffer, pH 8.0 
and stored at 4oC (9). The A260/A280 index of the DNA preparations was equal to 2.1 – 2.3, and aga-
rose gel electrophoresis showed one compact and localized band of DNA. 

Fig. 1. Structure of landomycin E.
DNA sequencing. DNA sequencing was carried out in BaseClear B.V. (Leiden, Netherlands) 

using the following procedures. The FASTQ sequence reads were generated according to Illumina 
Casava pipeline version 1.8.3. Initial quality assessment was based on data passing the Illumina 
Chastity fi ltering. Subsequently, reads containing adapters and/or PhiX control signal were removed 
using an in-house fi ltering protocol. The second quality assessment was based on the remaining 
reads using the FASTQ quality control tool version 0.10.0. The fi nal quality scores per sample are 
provided as Enclosure. The quality of the FASTQ sequences was enhanced by trimming off low-
quality bases using the “Trim sequences” option of the CLC Genomics Workbench version 6.0.4. 
The quality-fi ltered sequence reads were assembled into a number of contig sequences. The analysis 
has been performed using the “De novo assembly” option of the CL C Genomics Workbench ver-
sion 6.0.4.The optimal k-mer size was automatically determined using KmerGenie [3]. The contigs 
were linked and placed into scaffolds or supercontigs. The orientation, order and distance between 
the contigs was estimated using the insert size between the paired-end and/or matepair reads. The 
analysis has been performed using the SSPACE Premium scaffolder version 2.3 [1]. The gapped 
regions within the scaffolds were (partially) closed in an automated manner using GapFiller version 
1.10 [2].

Results and Discussion. Sequence analysis of the genome of S. globisporus 1912. The ge-
nomes of the mutants 1912-2 and 1912-4Crt, according to Illumina paired end sequencing data, were 
represented by 1438 and 917 sequences of different length, summary sizes of which put together 
7,125 kb and 7,368 kb, respectively. These numbers were around 90% of the length of a mid-sized 
streptomycete genome.

Sequence analysis of the landomycin E biosynthetic gene cluster. Localization of the lnd genes 
in the assembled genome was identifi ed with the BLAST program (www.ncbi.nlm.nih.gov/blast) 
using information about sequences of lnd and lan genes from the GenBank data. The identity of 
14 lnd genes, described earlier, and corresponding lnd genes of the contig 220/23 (length 37416 bp) 
and contig 478 (length 4708 bp) of the strain 1912-2 was found to be 99-100%. The sequences of the 
last 20 lnd genes of the landomycin E biosynthetic gene cluster from S. globisporus 1912 were iden-
tifi ed and localized in the contig 220/23 on the basis of high identity (94-95%) with the lnd genes 
from the metagenomic clone AZ97 (GenBank HQ828984). Comparison of the above mentioned lnd 
genes and lan genes, encoding biosynthesis of the landomycin A in S. cyanogenus S136 (GenBank 
AF080235), showed a lower degree of homology (identity 80-85%). Characteristics of the lnd and 
lan genes from the three different clusters are presented in the Table 1. The genome of the strain 
S136 contains additional three lan genes involved in the biosynthesis of the hexasaccharide chain 
(lanGT3, lanZ2) and regulation (lanK). The genetic organization of the landomycin E biosynthetic 
gene cluster from S. globisporus 1912 is presented in the Fig. 2. The direction of transcription of 
the prx and lndI genes was reversed in comparison with earlier published data [17]. The sequence 
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of 780 bp downstream of the lndZ6 gene was identifi ed as the new response regulatory gene lndRR, 
and the sequence of the lndY gene was divided into two probable genes, lndY1 and lndY2. The 
genes lndRR and lndY1 belong to a putative two-component system involved in the regulation of 
the landomycin E biosynthesis. The evidence for this assumption lies in a mutational change of the 
lndRR sequence. This gene in the 1912-4Crt strain has deletion of 86 bp, from 31702 to 31787 bp 
(GenBank KJ645792) resulting in a strain defi cient in landomycin E biosynthesis. The sequence of 
this deletion is underlined:

31681  TTCTGGCGGG TGGTTCCGCA ACGGCGCGGG GGCAGCTGCC GTGATCTCAC 
GGCAGCTGCC

31741  CCCGCGCCGC GGTTCCCACG ATCTGACGCG GGGATTCAGC CAGGCCGTCG 
CTACGGGGGC

Table 1
Characterization of landomycin A and E biosynthetic genes

Gene Strain and gene size, bp Gene localization
Gene product

S136 AZ97 1912-2 Contig   Length, bp
prx - - 1499    478  2542 - 4035 endopeptidase
lndI* -   786   786      “  1081 - 1866 two-component regulatory system
lndE 1476 1485 1485 220/23     495 - 1979 oxygenase
lndF   330   330   330      “   2018 - 2347 cyclase
lndA 1275 1236 1236      “   2410 - 3645 ketosynthase
lndB 1221 1218 1218      “   3642 - 4859 chain length factor
lndC   270   273   273      “   4950 - 5222 acyl carrier protein
lndD   786   786   786      “   5271 - 6056 polyketide ketoreductase
lndL   960   936   936      “   6095 - 7030 cyclase
lndM 2250 2238 2247      “   7033 – 9279 oxygenase-reductase
lndO   582   582   582 “    9342 - 9923 reductase 
lndP 1575 1575 1575      “  10011 - 11585 decarboxylase
lndG 1068 1068 1068      “  11969 - 13036 NDP-hexose synthetase
lndH   981   987   936      “  13084 - 14019 NDP-hexose 4,6-dehydrogenase
lndQ 1305 1305 1305      “  14112 - 15416 NDP-hexose 3,4-dehydratase
lndR   762   762   762      “  15413 - 16174 4-keto-reductase
lndS 1410 1407 1407      “  16207 - 17613 NDP-hexose 2,3-dehydratase
lndT   966   969   969      “  17613 - 18581 oxidoreductase
lndU   648   975   975      “  18578 - 19552 unknown
lndV   762   762   762      “  19655 – 20416 reductase
lndGT2 1122 1176 1176      “  20797 – 21972 glycosyl transferase
lndX   444   417   417      “  21969 – 22385 isobutyryl-CoA mutase
lndGT1 1173 1169 1169      “  22480 - 23469 glycosyl transferase
lndJ 1554 1563 1566      ‘  23787 – 25352 transporter
lndZ1   579   570   570      “  25404 – 25973 NDP-hexose 3,5-epimerase
lndZ3   981   951   927      “  25985 - 26911 NDP-hexose 4-ketoreductase
lndGT4 1254 1251 1251      “  26970 – 28220 glycosyltransferase
lndZ4   603   585   585      “  28251 - 28835 putative reductase
lndZ5 1194 1158 1176      “  28832 – 30007 oxygenase
lndZ6     717 1500 1445      “  30185 - 31629 unknown
lndRR - -   780      “  31721 - 32500 two-component regulatory system
lndY1 - -   723 “  32595 - 33317 sensor kinase
lndY2 - -   762 “  33836 - 34597 kinase
lndYR - -   426      “  34653 – 35078 GntR-like regulator
lndW2 - -   996      “  35104 – 36099 ABC transporter
lndW - -   954 “  36096 -  37049 ATP-ase of ABC transporter

 *The break between contigs 478 (lndI) and 220/23 (lndE) consists of 6 bp (5`-CGTCCG-3`).

The lnd gene cluster in DNA of the strain 1912-4Crt in comparison with the 1912-2 strain was 
localized in one contig N10 (length 71750 bp). Comparative analysis of both lnd clusters from 
1912-2 and 1912-4Crt showed 100% identity of the lnd genes, except for lndRR and crtY. The break 
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between the 478 (GenBank KJ701191) and 220/23 (GenBank KJ45792) contigs of 1912-2 consists 
of 6 bp (downstream from lndI to lndE: 5`-CGTCCG-3`). Despite of the presence of the carotenoid 
biosynthetic gene cluster in the genome, the strain 1912-2 does not produce beta-carotene and lyco-
pene under normal conditions, or after blue-light illumination, in quantities detectable by standard 
methods. Gene crtY of 1912-2 contains two non-punctual direct repeats (NPDRs) of 21 bp each 
fl anking a sequence of 96 bp. It was proposed that site-specifi c recombination between these NPDRs 
formed the deletion of 117 bp leading to the activation of the silent crt gene cluster in the 1912-4Crt 
strain (GenBank KM349312):

5`-GGGGCGTGCGGAAGTCCATCA....
....GGGGCGGGCGGGAGTCGAACA – 3`
Similar NPDRs of 21 bp were found in the crtY genes of many other representatives of Strep-

tomyces and Bacteria  except for 100% homology of the fi rst 6 bp 5`-GGGGCG-3` which does not 
permit a site-specifi c recombination leading to next deletion.
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Fig. 2. Organization of the landomycin E biosynthetic gene cluster. The lnd genes, 
directions of their transcription and sizes (base pair) are indicated by letters, arrows and 

numbers, respectively.
The organization and sequence analysis of the carotenoid gene cluster from 1912-4Crt strain 

will be present in another publication.
Start and stop codons can be found at the beginning and end of the lnd genes. The termination 

codon, TGA, of the genes lndA, G, Q, T, GT2, Z4 and W2 overlapped the initiation codons, ATG or 
GTG, of the genes lndB, H, R, U, X, Z5 and W, correspondingly. The rarest codon TTA, recognized 
in mRNA by a developmentally important tRNA, was found in the sequences of the regulatory gene 
lndI and glycosyl transferase gene GT1. The transcription of the majority of lnd genes take place 
from (+) DNA strand and only the marginal genes prx, lndI in the left part of the cluster, and lndYR, 
W2 and W in the right part, are transcribed from (–) strand (Fig. 2).

So, the following new results were obtained in this paper: the sequences of 20 early described 
landomycin E biosynthetic genes lnd were identifi ed and the sizes and the direction of transcription 
of some of the last 14 lnd genes were difi ned more precisely; the response regulatory gene lndRR 
from putative two-component system was proposed; two non-punctual direct repeats of 21 bp were 
shown in the crtY gene coding lycopene cyclase; the explanation of the loss of the landomycin 
E production and activation of the crt gene cluster in the strain 1912-4Crt was given; the overlapped 
startstop codon ATGA (more  rarely GTGA) in the structures of the seven lnd genes was identifi ed 
and the rarest codon TTA was found in the sequences of two genes.

Despite the very different origins and relationship of the three Streptomyces strains, there is a 
similarity between the landomycin A and landomycin E biosynthetic genes in respect of their size, 
sequence, order of localization and common function. An unexpected surprise was the very high 
similarity between the sequences and the length of the lnd genes from S. globisporus 1912 and 
metagenomic clone AZ97 isolated from the soil samples of Armenia and Arizona, respectively. This 
may be an example of the high degree of conservation of these genes in the nature or their recent 
evolutionary divergence. 

Uncharacterized sequences between the lnd genes may be further regulatory regions or have 
other functions and will be the subject of future investigations. 
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The differences between the  landomycin biosynthetic gene clusters including the presence of 
extra genes in fl anking regions and varied lengths, provides useful information for future studies into 
the biosynthetic mechanisms responsible for the accumulation of specifi c compounds and regulation 
of their biosynthesis.

The function and cluster organization of 14 lnd genes of S. globisporus 1912 were established 
earlier [5, 17]. The 100% identity of these sequences of 14 lnd genes identifi ed earlier and the 
same genes reported in this paper may testify to correct identifi cation of the last 20 lnd genes of the 
landomycin E cluster. Repeat Illumina analysis of the sequences of the lnd and crt gene clusters of 
two strains 1912-2 and 1912-4Crt showed their 100% identity except for two genes, lndRR and crtY, 
bearing the deletions. One can suppose that above mentioned direct repeats may be the recognition 
site for the unknown enzyme participating in the rearrangement of the genome DNA in S. globispo-
rus 1912. 

The complete sequences of landomycin E and carotenoid biosynthetic gene clusters of S. globispo-
rus 1912 can be found in GenBank (accession numbers KJ645792, KJ701191 and KM349312).
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ПОВНИЙ СІКВЕНС ПУЧКА ГЕНІВ БІОСИНТЕЗУ ЛАНДОМІЦИНУ Е
STREPTOMYCES GLOBISPORUS 1912

Р е з ю м е
Streptomyces globisporus 1912 і його мутанти 1912-4Crt і 1912-2 є продуцентами ландоміцину Е, ка-

ротиноїдів і регулятора дікетопіперазинової природи, відповідно. Геномна ДНК  двох штамів: 1912-2 – 
більш ефективного продуцента ландоміцину Е і регулятора, і  1912-4Crt – продуцента бета-каротину і 
лікопіну сіквенована за допомогою Illumina.  Порівняльний аналіз послідовностей ДНК двох сусідніх 
контігів штаму 1912-2 і одного контігу штаму 1912-4Crt, використовуючи дані GenBank, дозволив ло-
калізувати 36 генів біосинтезу ландоміцину Е lnd  в одному пучку. Двадцять із цих генів lnd сіквеновано 
вперше. 

Новий регуляторний ген lndRR і ген сенсорної кінази lndY1 запропоновані як члени можливої дво-
компонентної системи. Знайдено високу ідентичність (94-95%) генів lnd штаму 1912 і метагеномного 
клону AZ97 і меншу подібність (80-85%) генів lnd  і  lan S. cyanogenus S136, які кодують біосинтез лан-
доміцину А. Показано два не пунктуальні прямі повтори із 21 п.о. в гені crtY, який кодує лікопін циклазу. 
Делеція в гені lndRR викликає втрату штамом 1912-4Crt здатності продукувати ландоміцин Е.

К л ю ч о в і  с л о в а: Streptomyces globisporus, ландоміцин Е, пучок біосинтетичних генів, секвену-
вання.
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ПОЛНЫЙ СИКВЕНС КЛАСТЕРА ГЕНОВ БИОСИНТЕЗА ЛАНДОМИЦИНА Е 
STREPTOMYCES GLOBISPORUS 1912

Р е з ю м е
Streptomyces globisporus 1912 и его мутанты 1912-4Crt и 1912-2 являются продуцентами ландомици-

на Е, каротиноидов и регулятора дикетопиперазиновой природы, соответственно. Геномная ДНК двух 
штаммов: 1912-2 – более эффективного продуцента ландомицина Е и регулятора и 1912-4Crt – продуцен-
та бета-каротина и ликопина сиквенирована с помощью Illumina. Сравнительный анализ последователь-
ностей ДНК двух соседних контигов штамма 1912-2 и одного контига штамма 1912-4Crt, используя дан-
ные GenBank, позволила локализовать 36 генов биосинтеза ландомицина Е S. globisporus 1912 в одном 
кластере. Двадцать из этих генов lnd  сиквенировано впервые.

 Новый регуляторный ген lndRR и ген сенсорной киназы lndY1 предложены как возможные члены 
двокомпонентной системы. Найдено высокую идентичность (94-95%) генов lnd штамма 1912 и мета-
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геномного клона AZ97 и меньшую схожесть (80-85%) генов lnd и lan S. cyanogenus S136, кодирующих 
биосинтез ландомицина А. Показано два не пунктуальные прямые повторы из 21 п.о. в гене crtY, ко-
дирующего ликопин циклазу. Делеция в гене lndRR вызывает потерю штаммом 1912-4Crt способности 
продуцировать ландомицин Е.

К л ю ч е в ы е  с л о в а: Streptomyces globisporus, ландомицин Е, кластер биосинтетических генов, 
секвенирование.

А д р е с  а в т о р а: Мацелюх Б.П. Институт микробиологии и вирусологии им. Д.К. Заболотного НАН 
Украины, ул. Академика Заболотного, 154, Киев, 03143, Украина.

1.  Boetzer M., Henkel C., Jansem H., Butler D., Pirovano W. Scaffoldingpreassembled contigs using SSPACE 
//Bioinformatics. – 2011. – 27. - P. 578-579. 

2.  Boetzer M.,  Pirovano W. Toward almost closed genomes with GapFiler // Genome Biology. – 2013. – 13. – 
P. R56.

3.   Chikhi R.,  Medvedev P.  Informed and automated k-mer size selection for genome assembly // Bioinformatics. 
– 2013. – 00. – P. 1-7.

4.  Das A., Khosla C.  Biosynthesis of aromatic polyketides in bacteria // Acc. Chem.  Res.- 2009. – 42. – P. 631-
639.

5.  Fedorenko V., Basiliya L., Pankevych K., Dubitska L., Ostash B., Luzhetskyy A. et al. Genetic control of 
biosynthesis of antitumor antibiotics-polyketides by actinomycetes // Bull. Inst. Agr. Microbiol. (Ukr.). – 
2000. – 8. – P. 27-31. 

6. Feng Z., Kallifi das D., Brady S. Functional analysis of environmental DNA-derived type II polyketide 
synthases reveals structurally diverse secondary metabolites // Proc. Natl. Acad. Sci. USA. – 2011. – 108. – 
P. 12629-12634. 

7.   Henkel T., Rohr J., Beale J., Schwenen L.  Landomycins. New angucycline antibiotics from Streptomyces sp. 
I. Structural studies on landomycins A-D // J. Antibiot. – 1990. – 43. – P. 492-503.

8.   Hutchinson C., Fujii I. Polyketide synthase gene manipulation: a structure-function approach in engineering 
novel antibiotics // Annu. Rev. Microbiol. – 1995. – 49. – P. 201-238.

9.  Kieser T., Bibb M., Buttner M., Chater  K., Hopwood  D. Practical Streptomyces Genetics. -  Norwich: The 
John Innes Foundation. – 2000. – P. 168.

10.  Korynevska A., Heffeter P., Matseliukh D., Elbling L., Micksche M., Stoika R. et al. Mechanisms underlying 
the anticancer activities of the angucycline landomycin E // Biochem. Phatmacol. – 2007. – 74. – P.1713-
1726.

11. Krohn K., Rohr  J. Angucyclines: total synthesis, new structures, and biosyntheticstudies of an emerging new 
class of antibiotics // Nat. Prod. Res. – 1997. – 188. – P. 127-195.

12. Matselyukh B., Lavrinchuk V. The isolation and characteristics of mutant Streptomyces globisporus 1912 
defective for landomycin E biosynthesis // Mikrobiol. Zh. (Ukr.). – 1999. – 61. – P. 22-27.

13. Matselyukh B., Matselyukh D., Golembiovska S., Polishchuk L., Lavrinchuk V. Isolation of Streptomyces 
globisporus and Blakeslea trispora mutants with increased carotenoid content // Mikrobiol. Zh. – 2013. – 
75. – P. 10-16. 

14.  Matselyukh B., Mohammadipanah F., LaatschH., Rohr J., ERfremenkova O., Khilya V.  N-methylphenylalanyl-
dehydrobutyrine diketopiperazine, an A-factor mimic that restores antibiotic biosynthesis and morphogenesis 
in Streptomyces globisporus 1912-B2 and Streptomyces griseus 1439 // J.  Antibiot. doi:10.1038/ja.2014.86.

15. McDaniel R., Ebert-Khosla S., Hopwood D., Khosla C. Rational design of aromatic polyketide natural 
products by recombinant assembly of enzymatic subunits // Nature. –1995. – 375. – P. 549-554.

16. Ostash B., Korynevska A., Stoika R., Fedorenko V. Chemistry and biology of landomycins, an expanding 
family of polyketide natural products // Mini-Rev. in Med. Chem. – 2009. – 9. – P. 1040-1051.

17. Ostash B., Rebets Y., Myronovskyy M., Tsypik O., Kulachkovskyy O., Datsyuk Y. et al. Identifi cation and 
characterization of the Streptomyces globisporus 1912 fegulatory gene lndYR that affects sporulation and 
antibiotic production // Microbiology. – 2011. – 157. – P. 1240-1249.

18.  Staunton J., Weissman K. Polyketide biosynthesis: a millennium review // Nat. Prod. Rep. – 2001. – 18. – 
P. 380-416.

19. Westrich L. et al. Cloning and characterization of a gene cluster from Streptomyces cyanogenus S136 probably 
involved in landomycin biosynthesis // FEMS Microbiol. Lett. – 1999. – 170. – P. 381-387.

Отримано 20.11.2014


