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Actinoplanes teichomyceticus is an important microorganism used for industrial 
production of teicoplanin, a “last line defense” glycopeptide antibiotic against multidrug 
resistant cocci. This strain also produces a second group of antibiotics collectively known as 
teichomycin A1 complex (TeiA). Here, the ability of A. teichomyceticus to accumulate TeiA 
in different media has been examined and structures of the major members of TeiA  have 
been determined with the help of high-resolution mass spectrometry. TeiA is not produced 
in all tested media; moreover, different batches of nutrients (such as rapeseed and cottonseed 
flours) affected the ability of the strain to produce TeiA. Mass spectrometry experiments 
revealed that TeiA consists of 3 known and 1 novel moenomycins; the presence of other 
as-yet-unknown phosphoglycolipids cannot be ruled out due to their low production level 
and inherently complex biosynthetic pattern. It is likely that genes for early stage of moeno-
mycin A biosynthesis are highly similar to TeiA biosynthetic genes, and their cloning can be 
pursued via homology-based searches.
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Actinoplanes teichomyceticus is a representative of rare and slow-growing actinomycetes 
that possess motile spores in sporangium-like sacs [17]. Actinoplanetes often produce second-
ary metabolites not found in more common genera, such as Streptomyces, Micromonospora or 
Saccharopolyspora. A. teichomyceticus is not exception from this trend: it is the only known 
producer of teicoplanin (Fig. 1), a clinically valuable glycopeptide that is active against vanco-
mycin- and methicillin- resistant cocci [5, 6, 14]. Much effort has been put into physiological 
and genetic studies on teicoplanin biosynthesis [2, 4, 7, 13–16]; however, A. teichomyceticus has 

also been shown in early works to ac-
cumulate second group of antibiotics 
referred to as teichomycin A1 complex 
(TeiA). TeiA is believed to consist 
of moenomycin-like antibiotics, al-
though this statement is based on very 
limited chemical degradation experi-
ments [1]. There is growing interest in 
exploration of moenomycin family an-
tibiotics as a basis for the development 
of a new class of antibiotics operating 
through inhibition of peptidoglycan 
glycosyltransferases [11, 12]. In this 
regard, it is essential to investigate all Fig. 1. General structure of teicoplanin family antibiotics, R – 

acyl chains of different lengths.
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available natural producers of moenomycins. This would help estimate natural diversity within 
this family of antibiotics and predict the chemical space around phosphoglycolipid scaffold ac-
cessible through combinatorial biosynthetic approaches. To date, A. teichomyceticus is the only 
known non-streptomycete producer of moenomycins [3, 12]. Significant evolutionary distance 
between Actinoplanes and Streptomyces may ensure significant divergence between moenomy-
cin biosynthetic pathways in these bacteria, and thus novel compounds and/or new genes for 
moenomycin biosynthesis can be discovered in TeiA producer. As a first step towards exploring 
the TeiA biosynthesis, I have examined the ability of A. teichomyceticus to produce TeiA in dif-
ferent media and elucidated the structures of the major components of this complex with the help 
of mass spectrometry approaches.

Materials and methods
Strain A. teichomyceticus NRRL-B16726 was used throughout this work. A. teichomy-

ceticus was incubated on dried oatmeal plates at 30°C for 7 days to obtain sporulated lawn. The 
spores (average titer – 5.8×108 ml-1) were inoculated into various liquid media (30 ml per 300 ml 
shaken flask) to study TeiA accumulation. Following media were tested: TM1 (g/l: glucose – 20, 
soy flour – 10, peptone (BD Biosciences, MI, USA) – 5, yeast extract (BD Biosciences, MI, 
USA) – 5, MgSO4×7H2O – 0,5, NaCl – 1,2, CaCl2 – 0,1, CaCO3 – 5), TM2 (g/l: glucose – 20, 
glycerol (Malincrodt Chemicals, NJ, USA) – 10, yeast extract (BD Biosciences, MI, USA) – 5, 
MgSO4×7H2O – 0,5, NaCl – 0,1, CaCl2×7H2O – 0,1), TM3 (g/l: glucose – 10, malt extract (EMD 
Biochemicals, CA, USA) – 20, cottonseed flour Pharmamedia ProFlo (Protein Traders, OH, USA) 
– 10, yeast extract (BD Biosciences, MI, USA) – 5, L-proline (Sigma, USA) – 0,5), TM4 (g/l: 
glucose – 20, dextrin (Sigma, USA) – 80, soybean flour (Sigma, USA) – 10, rapeseed meal (vari-
ous sources: Difco, MI, USA; crude flour of Ukrainian origin; Roth, Germany) – 20, yeast extract 
(BD Biosciences, MI, USA) – 5, peptone (BD Biosciences, MI, USA) – 5, MgSO4×7H2O – 0,5, 
NaCl – 1,2, CaCl2 – 0,1, CaCO3 – 5), TSB (Difco). After 5–7 days of growth, mycelia were spun 
down, washed with water and extracted with 5 ml of methanol. The methanol extract was dried in 
SpeedVac (Eppendorf, Germany), reconstituted in water and used for solid phase extraction and 
purification of moenomycins as described [9, 10]. Thin layer chromatography of TeiA has been 

performed on silica gel-coated aluminum plates (Merck, 
NJ, USA), mobile phase: 30% NH4OH:2-propanol (3:7). 
Bacillus cereus was used for biochromatography of TeiA, 
as described [1, 9]. Agilent ESI-MS 1100 and ESI-qTOF 
1450 machines (Department of Microbiology and Molecu-
lar Genetics, Harvard Medical School, Boston, USA) were 
used to analyze the components of TeiA according to es-
tablished procedures [10, 18]. Cosmid moeno38-5 [8] was 
used for transfer of S. ghanaensis moenomycin biosynthetic 
gene cluster into A. teichomyceticus according to described 
intergeneric conjugation protocol [2]. 

Results and discussion
At the first stage of the work, the ability of A. teicho-

myceticus to produce TeiA in different media has been 
examined. Several media known to give high titers of te-
icoplanin [4, 13, 15] were tested; of these, only TM3 and 
TM4 also caused the accumulation of teichomycins, as evi-
dent from biochromatography results (extract from TM3 is 

Fig. 2. Biochromatography of 
teichomycin A1 complex of A. 
teichomyceticus after methanol 
extraction and solid-phase 
purification (2). 1 – standard 
(moenomycin A, 2 mcg).
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shown on Fig. 2 as an example). However, there was batch-to-batch 50-fold variation in ability 
of A. teichomyceticus to produce TeiA when different rapeseed meals were used to prepare TM4. 
Moreover, production in TM3 varied greatly (10-fold) in spite of the fact that the same media 
components were used throughout the work. The production of antibiotics has long been known 
to be a variable trait [17], especially in wild type strains, which can be a highly heterogenous pop-
ulation (e.g., some cells may have spontaneously lost TeiA genes, or ability to upregulate them 
etc.). TeiA1 variability in TM3 reflects the need for clonal selection of A. teichomyceticus in order 
to isolate stable and high-producing clones. TeiA was viewed for a long time as a minor compo-
nent of all antibiotically active substances produced by A. teichomyceticus [1, 13], although no 
detailed work has been devoted to TeiA. It can be concluded that production of TeiA is greatly 
stimulated by certain nutritional factors, whose identity can be a subject of future research. 

The TeiA moved as a single spot during thin layer chromatography (Fig. 2) because of 
close structural relatedness of different moenomycins [12]. To analyze the chemical composition 
of TeiA, a preparative thin layer chromatography has been used to purify the entire complex, 
which was analyzed by a set of liquid chromatography and mass spectrometry approaches. The 
results presented below are a summary of a series of independent fermentations in TM3 and 
purifications of TeiA complex. The structures of moenomycins were inferred from the accurate 
mass and collision-induced dissociation spectra produced in tandem mass spectrometry experi-
ments. These parameters were compared to reference values for known moenomycins which are 
extremely well defined [10, 18].

The strain accumulated three known moenomycins, namely nosokomycins A and D, and 
compound 6 (Fig. 3, Table 1), all of which were identified in S. ghanaensis fermentation broths 
[10, 12]. Of these compounds, nosokomycin A (1485.6 Da) was a major one, and it was examined 
in a tandem mass spectrometry experiment to confirm its identity. The expected pattern of frag-
mentation of 1485.6 Da mass peak (Fig. 4) supported the proposed structure, also providing an 
evidence that the other peaks belong to moenomycin family. Besides known compounds, a new 
moenomycin A analog, referred to as teichomycin A1-1 (Table 1, Fig. 3) has been identified. It is 
the simplest naturally occurring moenomycin ever discovered, that combines the absence of any 
modification around terminal carbohydrate ring, branching glucose unit and methyl group on the 
hexose directly attached to phosphate group. From the biosynthetic point of view, teichomycin 
A1-1 can be considered a shunt product on the way to nosokomycin A. In addition to the four 

Fig. 3. Structures of moenomycins isolated from A. teichomyceticus as judged from mass spectrometry 
experiments.
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aforementioned moenomycins, A.  teichomyceticus appeared to accumulate several other novel 
moenomycins (1599.6 Da, 1151.6 Da); their structural elucidation was not pursued because of 
extremely low production level.

Table 1
Moenomycins isolated from A. teichomyceticus

Name Rt1, min Exact mass [M-H]-

Calcd Obsvd
Nosokomycin A 9,4 1485,6164 1485,6184

Compound 6 9,1 1404,5856 1404,5872
Nosokomycin D 9,1 1322,5801 1322,5807

Teichomycin A1-1 9,7 1309,5484 1309,5478
1 conditions of liquid chromatography described in [12]

The teichomycin complex produced by A. teichomyceticus turned out to resemble flavo-
mycin complex of S. ghanaensis [12] pointing to genetic relatedness of the underlying biosyn-
thetic pathways. Although notable variation within moenomycin family antibiotics is observed 
around terminal sugar decoration [12], pharmacophore parts of moenomycins and TeiA (first two 
sugars attached to lipid-phosphoglycerate unit) are the same. Hence, genes controlling first steps 
should be functionally interchangeable between S. ghanaensis and A. teichomyceticus. However, 
due to differences in codon usage in these two genera [17], functionally identical genes still might 
exhibit significant difference at the nucleotide level. To assess the degree of identity of moeno-
mycin biosynthetic genes (moe) between the two microorganisms, a conjugative transfer of non-
replicative cosmid moeno38-5 (carrying moe genes of S. ghanaensis [8]) has been attempted. 
The rationale behind this experiment was as follows: this cosmid can only be maintained in A. 
teichomyceticus cell if the homologous recombination between the cosmid and TeiA producer 

Fig. 4. Tandem mass spectrometry of 1485.6 mass peak. Collision-induced dissociation (CID) spectrum of 
1485.6 (A) and expected fragmentation pattern of nosokomycin A (B). Fragments observed in CID 
of 1485.6 (and its 1486.6 isotope) that correspond to the expected fragments of nosokomycin A are 
shown in black rectangle.
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genome can occur, which in its turn requires at least 70–80% of identity between the recombining 
DNAs [2]. Succesfull generation of A. teichomyceticus moeno38-5+ transconjugants would imply 
high degree of similarity between moe cluster and TeiA biosynthetic genes. In spite of numerous 
attempts, the generation of such transconjugants haven’t met with success. Hence, it can be as-
sumed that TeiA biosynthetic gene cluster does not carry long fragments of significant homology 
to moe cluster. This result encourages further investigations of TeiA biosynthesis, as genes for 
its production are apparently different and may have certain advantages over moe genes for che-
moenzymatic and biocombinatorial synthesis of novel moenomycins. PCR approaches based on 
highly conserved regions of prenyl synthase moeO5, a key gene for moenomycin biosynthesis [9, 
10], have therefore greater promise for identification of genes for TeiA biosynthesis.
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Actinoplanes teichomyceticus є промислово важливим мікроорганізмом, що ви-
користовується для виробництва тейкопланіну – антибіотика “останньої лінії оборо-
ни” у лікуванні інфекцій, викликаних полірезистентними коками. Цей штам також 
продукує іншу групу метаболітів, т.зв. комплекс тейхоміцину А1 �������������������(������������������TeiA��������������). �����������У цій робо-
ті вивчено здатність A. teichomyceticus �������������������������������������������накопичувати������������������������������� ������������������������������TeiA�������������������������� �������������������������в різних рідких середови-
щах, а також встановлено хімічну будову основних компонентів TeiA методами мас-
спектрометрії. Виявлено, що TeiA не накопичується у всіх досліджених середовищах; 
поживні компоненти середовищ різного походження (такі, як рапсове та бавовникове 
борошно) суттєво впливали на рівень продукції TeiA. Показано, щоTeiA складається 
з трьох відомих і одного нового моеноміцину. Не виключено наявність інших моено-
міцинів у складі TeiA, оскільки його вичерпний аналіз ускладнено низьким рівнем 
продукції та розгалуженим характером біосинтезу. Імовірно, що гени ранніх етапів 
біосинтезу моеноміцинів і ���������������������������������������������������������TeiA����������������������������������������������������� є гомологічними, а виявлення останніх можливе за до-
помогою використання гомологічних зондів чи праймерів на основі генів S. ghanaensis. 

Ключові слова: Actinoplanes, тейхоміцин А1, моеноміцин, мас-спектрометрія. 
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Actinoplanes teichomyceticus используется для производства тейкопланина – 
антибіотика “последней линии обороны” против полирезистентных кокков. А.�������� teicho-
myceticus также продуцирует вторую группу метаболитов, известных как комплекс 
тейхомицина А1 (TeiA). В этой работе изучена способность A. teichomyceticus �����нако-
плять TeiA в различных жидких средах, а также установлено химическое строение 
основных компонентов TeiA с помощью высокораздельной масс-спектрометрии. 
Показано, что TeiA не накопляется во всех использованных средах; питательные 
компоненты разного происхождения (такие, как рапсовая или хлопковая мука) зна-
чительно влияли на уровень продукции TeiA. Установлено, что TeiA состоит из трех 
известных и одного нового моеномицина. Не исключено наличие других, до сих 
пор неописанных, моеномицинов в составе ������������������������������������ TeiA�������������������������������� , так как полный анализ комплек-
са усложнен низким уровнем продукции и разветвленным характером биосинтеза. 
Вероятно, гены ранних этапов биосинтеза моеномицинов и �����������������������TeiA������������������� ������������������гомологичны�������; �����иден-
тификация последних возможна с помощью гомологичных зондов или праймеров на 
основе генов S. ghanaensis. 

Ключевые слова: Actinoplanes, тейхомицин А1, моеномицин, масс-
спектрометрия. 


