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Abstract
Dithiolopyrrolone antibiotics, produced by the Saharan mycelial bacterium Saccharothrix algeriensis, are known for their potent biological activities. Biochemical profiling of S. algeriensis culture extract was done by direct analysis in real time and
time-of-flight mass spectrometry (DART-ToF-MS). No other study on dithiolopyrrolones by this technique has been published.
Eleven dithiolopyrrolone derivatives: thiolutin, butyryl-pyrrothine/iso-butyryl-pyrrothine, senecioyl-pyrrothine/tigloyl-pyrrothine, valeryl-pyrrothine/iso-valeryl-pyrrothine, 2-methyl-3-pentenyl-pyrrothine/2-hexonyl-pyrrothine, iso-hexanoyl-pyrrothine
and benzoyl-pyrrothine were characterised by their exact mass measurement and the corresponding molecular formula of
each compound. The obtained results confirmed that DART-ToF-MS is an appropriate confirmatory technique for powerful and
rapid screening, as well as characterisation of bacterial secondary metabolites.
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1 Introduction
Dithiolopyrrolones (DTPs) are members of the pyrrothine class of naturally occurring antibiotics that are characterised by the possession of 4H-[1,2]dithiolo[4,3-b]
pyrrol-5-one skeleton.1 Currently, there are more than
30 known natural DTP antibiotics. This class of potent
antibiotics includes many compounds such as thiolutin, butyryl-pyrrothine, iso-butyryl-pyrrothine, senecioyl-pyrrothine, tigloyl-pyrrothine, holomycin, holothin,
propionyl-pyrrothine (also named propio-pyrrothine or aureothricin), propionyl-holothin, xenorhabdins, xenorxides,
and thiomarinols.2–7 DTP derivatives were obtained from
certain strains and species of Streptomyces,2–5 Xenorhabdus,4 Pseudoalteromonas,6–8 Photobacterium,9 Yersinia,10
and from the Saharan mycelial bacterium Saccharothrix
algeriensis NRRL B-24137.3–11
DTPs have very broad biological activities against various bacteria and eukaryotic organisms.3,7,12–16 In addition,
these molecules exhibit strong anti-cancer activity against
several human cancer cell lines.7,17,18 Multiple mechanisms
contribute to the antibacterial activity of DTP derivatives
including the inhibition of RNA synthesis19 and the inhi*
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bition of the initiation, elongation or transcription steps of
RNA synthesis.20
The structural characteristics of DTP core scaffold, as reported by Qin et al.,10 a disulphide-bridged heterocycle10
may give some indication to the mode of action. The mycotoxin gliotoxin possesses a similar disulphide bond, and
the reduction of the disulphide bond in the cell gives rise
to the more active dithiol groups which can react with target proteins’ thiol groups.21–22
The bacterium S. algeriensis produced five DTP antibiotics containing N-acyl derivatives of 6-amino-4,5-dihydro-4-methyl-5-oxo-1,2-dithiolo[4,3-b]pyrrole with different branched chains of acyl groups: thiolutine (a) (also
named acetyl-pyrrothine, aceto-pyrrothine or farcinicine),
butyryl-pyrrothine (b) (also named butyro-pyrrotine, butanoyl-pyrrothine or xenorhabdin VII), iso-butyryl-pyrrothine (c) (also named iso-butyro-pyrrothine or 2-methyl-propanoyl-pyrrothine), senecioyl-pyrrothine (d) (also named
3-methyl-2-butenoyl-pyrrothine), and tigloyl-pyrrothine
(e), as described by Lamari et al.3 and Bouras et al.23 Furthermore, Bouras et al.1 used a precursor directed biosynthesis approach (addition of direct precursor) to generate
new DTP derivatives: benzoyl-pyrrothine (f) and valeryl-pyrrothine (g) (also named pentanoyl-pyrrothine).1 Seven other new DTP analogs: iso-valerylpyrrothine (h), 2-hex-
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Fig. 1 – Structure of DTP antibiotics detected from the DART mass spectra of S. algeriensis extract

onyl-pyrrothine (i), 2-methyl-3-pentenyl-pyrrothine (j),
iso-hexanoyl-pyrrothine (k) (also named iso-pentyl-formylpyrrothine), propionyl-pyrrothine, crotonyl-pyrrothine,
and sorbyl-pyrrothine were also obtained from S. algeriensis using the same technique.24–27 The structures of these
compounds are shown in Fig. 1. However, many other
DTP analogs were secreted in very small amounts remaining unknown (Bouras, unpublished data).
Direct analysis in real time (DART) ion source is a recently
developed method, which allows ionization of most organic molecules under atmospheric pressure. It has proven to
be an efficient and reliable technique, allowing for screening complex mixtures such as biochemical samples without
sample preparation or chromatographic separation. When
combined with a high-resolution mass analyser, such as
time-of-flight mass spectrometer, it produces a DART-ToFMS system that is a powerful tool for characterising bioactive molecules.28–30 DART-ToF-MS has rapidly emerged as
a powerful technique for profiling the major constituents
of various kinds of samples without need of prior separation or pretreatment.31 Since this emerging technique was
patented in the USA in 200532,33, it has been successfully
applied in various fields such as pharmaceuticals, health
sciences, food products analysis, quality control, explosives, material analyses, phytochemicals, synthetic and
organic compounds, forensic sciences, pesticides, and environmental studies.34–37
The goal of this work was to develop a rapid and accurate
method for characterisation of DTP antibiotics (all characterised by the possession of N2O2S2) in S. algeriensis directly from its intact dichloromethane organic layer using
DART ion source coupled to ToF-MS.

2 Experimental
2.1 Producing actinobacterial strain
The actinobacterium Saccharothrix algeriensis NRRL
B-24137 (= DSM 44581) was used throughout this study
as reported by Bouras et al.11 It was grown and maintained
at 4 °C on slants of ISP2 solid medium containing (per litre
of distilled water): 4 g dextrose (D-glucose), 4 g malt extract, 4 g yeast extract, and 18 g agar. The pH of the medium was adjusted to 7.0 with a 2 M NaOH solution prior to
autoclaving at 121 °C for 20 min.

2.2 Culture medium
A basal semi-synthetic (BSS) medium was used for both preculture and production of antibiotics as reported by Bouras
et al.23 This medium consisted of (per litre of distilled water): 10 g dextrose, 2 g (NH4)2SO4, 2 g NaCl, 0.5 g KH2PO4,
1 g K2HPO4, 0.2 g MgSO4 ∙ 7H2O, 5 g CaCO3, and 2 g yeast
extract. The pH of the medium was adjusted to 7.0 using a
2 M NaOH solution before autoclaving. The dextrose was
autoclaved separately to avoid the chemical reaction between nitrogen sources and reducing carbon sources that
gives a brown colour (Millard reaction), and then added
aseptically to the culture medium before inoculation.
2.3 Culture conditions
The DTP antibiotic production was investigated in the BSS
medium. The preculture (250 ml Erlenmeyer flask containing 50 ml of the culture medium) was incubated for 48 h
on a model G25 gyratory shaker (New Brunswick Scientific
Co., New Jersey, USA) at 260 rpm and 30 °C. The preculture was then homogenised, and 5 ml was used to inoculate
100 ml of the same medium in 500-mm Erlenmeyer flask.
The incubation temperature was kept at 30 °C throughout
the 72 h fermentation period (in general, DTP antibiotic
production reached a maximum at 72 h after inoculation).
2.4 Extraction of DTP antibiotics
The extraction of DTP antibiotics took place on the day
of optimal production (after 3 days of fermentation). The
culture broth was centrifuged for 20 min at 8000 ×g to
remove the mycelium. The cell-free supernatant was extracted with an equal volume of dichloromethane. The organic layer was dehydrated with Na2SO4 and evaporated
to dryness by a rotary evaporator (Laborota 4000) under a
vacuum at 40 °C. The resulting dry extracts were recuperated in 1 ml of methanol and subjected to analysis.
2.5 DART-ToF-MS conditions
The high-resolution mass spectra were recorded on an
AccuTOF LC-plus JMS-T100 LP mass spectrometer from
JEOL (Tokyo, Japan). This instrument consisted of a DART
ion source from Ion Sense (Saugus, MA, USA) operated
under atmospheric pressure, and a high-resolution time-
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of-flight mass analyser. All the obtained mass spectra were
acquired using positive ionisation mode. The main parameters of DART ion source and ToF mass spectrometer were
investigated and optimised in order to obtain the best mass
resolution and signal intensity for the studied samples. The
selected experimental conditions are given in detail further
herein. The samples were vaporised and ionised using helium at a flow-rate of 4 l min−1 and heated at 250 °C. The
discharge needle electrode of the DART ionisation source
was set at a 3.0 kV potential, while the perforated and grid
electrodes were set at 100 and 250 V voltages, respectively. For sample introduction using a glass rod, the gap distance separating the ionisation source outlet and the mass
spectrometer inlet was 20 mm. For ion transfer from the
DART source to the mass analyser, the potentials of orifice
1, orifice 2, and ring lens were set at 20, 5, and 13 V, respectively, and the potential of the radio-frequency guide
was 500 V. The accurate mass spectra were acquired in
the m/z range between 100 and 500 Da using a recording
interval of 1 s. For mass drift compensation and accurate
mass determination, a solution of polyethylene glycol (PEG
200) in methanol (200 µg ml−1) was used as calibration
standard and injected before each sample. Data acquisition and processing were performed using the MassCenter
(version 1.3) software from JEOL. In the investigated range,
the mass spectra were obtained with a mass resolution between 3400 and 3900.

3 Results and discussion
3.1 Characterisation of the compounds in the
mass spectra
Mass spectrometry is one of the most powerful analytical
methods available for determining the structure of mi-

Table 1
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crobial (bacterial and fungal) secondary metabolites. This
powerful technique could be very useful for investigation
of bacterial secondary metabolites. DART-ToF-MS has been
used for the rapid screening of various natural complex
samples, but its use in the characterisation of DTP antibiotics has not been reported previously.
In this study, the high-resolution mass spectrum of the dichloromethane organic layer of S. algeriensis was recorded
using DART-ToF-MS. The accurate molecular weight of the
main constituents was determined and their formula deduced, allowing the characterisation of several DTPs. To
confirm the results, the contribution of the minor isotopes
of carbon and sulphur was also checked to establish the
molecular formula of each DTP (all characterised by the
possession of N2O2S2).
Fig. 2 shows the high-resolution mass spectrum of S. algeriensis dichloromethane organic layer in positive ionisation
mode. The peaks corresponding to the main constituents
of the investigated extract were observed in the mass range
m/z 100 to 500 Da, and after calibration and processing of
the experimental results, the accurate molecular weights
were obtained with five decimals. The main results obtained from interpretation of this spectrum are reported
in Table 1; they show the experimental (measured) mass,
the calculated mass, the mass difference (in mmu or mDa),
and the proposed molecular formula for each indexed
peak. Also, the unsaturated degree of each compound
helps to predict the chemical structure of the expected antibiotic. The peaks corresponding to DTP species in dichloromethane organic layer were assigned to: thiolutin (m/z
228), butyryl-pyrrothine/iso-butyryl-pyrrothine (m/z 256),
senecioyl-pyrrothine/tigloyl-pyrrothine (m/z 268), valeryl-pyrrothine/iso-valeryl-pyrrothine (m/z 270), 2-hexonyl-pyrrothine/2-methyl-3-pentenyl-pyrrothine (m/z 282),

– Determination of the accurate molecular weight of dithiolopyrrolone antibiotics in S. algeriensis extract by DART-MS in
positive ionisation mode (helium temperature: 250 °C, peak voltage: 500 V)

Experimental mass
⁄ m/z

Calculated mass ⁄
m/z

Mass difference ⁄
mmu

Molecular formula

228.00594

228.00272

3.23

C8H8N2O232S2

6.0

229.01218

229.01054

1.64

C8H9N2O232S2

5.5

230.01227

230.01390

−1.63

C CH9N2O2 S2

5.5

231.00995

231.00634

3.61

C8H9N2O232S34S

5.5

256.03876

256.03402

4.74

32
2
2

C10H12N2O S

6.0

257.04757

257.04184

5.72

C10H13N2O232S2

5.5

268.03510

268.03402

1.09

C11H12N2O232S2

7.0

269.04328

269.04184

1.43

32
2
2

C11H13N2O S

6.5

270.04467

270.04967

−5.00

C11H14N2O232S2

6.0

271.04936

271.05749

−8.13

32
2
2

C11H15N2O S

5.5

282.04865

282.04967

−1.02

C12H14N2O232S2

7.0

283.06317

283.05749

5.68

C12H15N2O232S2

6.5

2-Hexonyl-pyrrothine
2-Methyl-3-pentenyl-pyrrothine

284.06876

284.06532

3.44

C12H16N2O232S2

6.0

Iso-hexanoyl-pyrrothine

290.02455

290.01837

6.18

C13H10N2O232S2

10.0

291.03110

291.02619

4.91

C13H11N2O232S2

9.5

13
7

32

Unsaturation
Antibiotic
degree
Thiolutin

Butyryl-pyrrothine
Iso-butyryl-pyrrothine
Senecioyl-pyrrothine
Tigloyl-pyrrothine
Valeryl-pyrrothine
Iso-valeryl-pyrrothine

Benzoyl-pyrrothine
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On the other hand, it should be noted
that some DTPs such as butyryl-pyrroth80
ine/iso-butyryl-pyrrothine, and senecioyl-pyrrothine/tigloyl-pyrrothine, etc.,
60
167.13977
have exactly the same molecular formula
257.04757
40
299.13547
and exact mass m/z 256 and 268, respec197.12876
428.12958
157.09606
343.16933
tively. Since DART ion source is a “soft”
20
468.22309
ionisation technique, which produces
0
essentially the protonated molecular ion
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
of each species with no or little fragmenm/z
tation, it cannot differentiate between
isomers that will correspond to the same
Fig. 2 – DART-ToF-MS high-resolution mass spectrum of the dichloromethane organic layer of S. algeriensis. Conditions used: positive ionisation, peak
peak in the spectrum. Therefore, they
voltage: 500 V, helium temperature: 250 °C.
cannot be distinguished on the basis of
high-resolution mass spectrometry such
as DART-ToF-MS technique. However, all
these isomers have been reported to be
iso-hexanoyl-pyrrothine (m/z 284), and benzoyl-pyrroth1,24–27
produced
by
S.
algeriensis.
ine (m/z 290). All the characterised eleven DTPs were al229.01218

269.04328

relative intensity

100

ready reported to be produced by S. algeriensis.1,3,24–27 It As reported previously, some DTPs were detected by
was established that the positive ionisation in DART ion HPLC only after addition of some precursors to enhance
source can occur through three possible mechanisms by their production.1,24–27 However, it is important to mention
interaction with the heated and excited metastable heli- that, in the present work, all the detected DTPs were easily
um atoms, with no or little fragmentation. Generally, the observed by DART-ToF-MS, without precursor feeding.
main observed peak corresponds to a protonated
adduct ion [M+H]+; it results from protonation by
interaction with atmospheric water molecules. A
2-Hexenoylsecond possible mechanism can occur with highly
pyrrothine
Thiolutin
Benzoylunsaturated compounds by loss of an electron and
C H NO S
pyrrothine
H O CHNO S
282.04865
formation of a radical molecular ion M+. The third
S S
N
229.01070
C H NO S
C H NO S
ionisation process is less likely, it corresponds to a
291.03110
283.06317
CH3 C CH N O S
+
N
C H NO S
O
loss of hydride which leads to an [M-H] ion. In230.01227
290.02455
H3C
deed, the detected DTPs showed mainly the proCHNO S S
CHNO S
231.00995
228.00005
tonated molecular ion [M+H]+, beside the lower
ion-radical M+..
8

9

12

32

2

2

14

2

12

13

7

8

8

2

32

2

9

32

2

2

8

2

32

2

2

15

2

2

9

32

2

13

2

2

2

13

32

2

10

2

32

2

11

2

32

2

2

2

34

2

226
228
230
232
282 284 286 288 290 292
Fig. 3 shows enlarged portions of the high-resom/z
m/z
lution mass spectrum of the dichloromethane exSenecioyl-pyrrothine
tract of S. algeriensis. The most intense peak at m/z
C H NO S
Valeryl-pyrrothine
Butyryl229.01070 corresponds to the protonated molec269.04328
C H NO S
pyrrothine
ular ion of thiolutin with the molecular formula
270.04467
C H NO S
C H NO S
C HNO S
268.03510
C8H9N2O2S2 and 5.5 as unsaturation degree. In
257.04757
C H NO S
256.03876
271.05876
the same peak cluster, the peak at m/z 228.00005
shows the same molecular formula as thiolutin
C8H8N2O2S2; it is due to its molecular ion-radical.
Due to the high intensity of these two molecular
256
258
260
262
264
266
268
270
272
peaks of thiolutin, the contribution of minor isom/z
topes in carbon and sulphur can also be observed
at m/z 230.01227 and 231.00995. They correFig. 3 – Main peaks of the DTPs characterised by DART-ToF-MS in S.
spond to the protonated molecular ion of thiolutin
algeriensis. Conditions used: positive ionisation, peak voltage:
500 V, helium temperature: 250 °C.
[M+H]+ including either a carbon 13 or a sulphur
34 isotope, respectively. Another intense peak at
m/z 269.04328 corresponds to the protonated molecular
ion of senecioyl-pyrrothine (tigloyl-pyrrothine). Such as for
thiolutin, the ion-radical molecular species is also present
4 Conclusion
at m/z 268.03510 with the formula C11H12N2O2S2. However, due to overlapping with other DTP clusters, the minor The dichloromethane organic layer of S. algeriensis was
peaks could not be observed. Similarly, the other dithiol- investigated by DART-ToF-MS in positive ionisation mode.
opyrrolones characterised in Fig. 3 showed the presence The interpretation of the high-resolution mass spectrum
of one or two molecular peaks M+ and [M+H]+ corre- allowed determination of the accurate molecular weight
sponding to butyryl-pyrrothine, valeryl-pyrrothine, 2-hex- and the possible formula of its main organic constituents.
onyl-pyrrothine and benzoyl-pyrrothine. When the ion Among them, eleven DTP derivatives were characterised
intensity is low, the small peaks, due to the minor isotopes, in the S. algeriensis extract without separation or sample
treatment (except extraction). To the best of our knowlare masked by the background signals.
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edge, antibiotics have never been studied by DART-ToFMS, and this is the first application of this technique for
characterisation of antibiotics, which resulted in confirmation of eleven DTPs.
List of abbreviations
DTP

− dithiolopyrrolone

DART-ToF-MS − direct analysis in real time-time of flight-mass
spectrometry
S. algeriensis

− Saccharothrix algeriensis

RNA

− ribonucleic acid

NRRL

− Northern Regional Research Laboratory

DSM

− Deutsche Sammlung von Mikroorganismen

ISP2

− International Streptomyces Project 2

mDa

− milli Dalton

mmu

− milli mass unit

DECLARATION OF INTEREST STATEMENT
The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
References
Literatura
1. N. Bouras, R. Merrouche, L. Lamari, F. Mathieu, N. Sabaou,
A. Lebrihi, Precursor-directed biosynthesis of new dithiolopyrrolone analogs by Saccharothrix algeriensis NRRL
B-24137, Process Biochem. 43 (2008) 1244–1252, doi:
https://doi.org/10.1016/j.procbio.2008.07.008.
2. A. De la Fuente, L. M. Lorenzana, J. F. Martín, L. Paloma,
Mutants of Streptomyces clavuligerus with disruptions in
different genes for clavulanic acid biosynthesis produce
large amounts of holomycin: possible cross-regulation of
two unrelated secondary metabolic pathways, J. Bacteriol. 184 (2002) 6559–6565, doi: https://doi.org/10.1128/
JB.184.23.6559-6565.2002.
3. L. Lamari, A. Zitouni, T. Dob, N. Sabaou, A. Lebrihi, P. Germain, E. Seguin, F. Tillequin, New dithiolopyrrolone antibiotics from Saccharothrix sp. SA 233. II. Physiochemical
properties and structure elucidation, J. Antibiot. 55 (2002)
702–706, doi: https://doi.org/10.7164/antibiotics.55.702.
4. B. V. McInerney, R. P. Gregson, M. J. Lacey, R. J. Akhurst, G.
R. Lyons, S. H. Rhodes, D. R. J. Smith, L. M. Engelhardt, A.
H. White, Biologically active metabolites from Xenorhabdus
spp., Part I. Dithiolopyrrolone derivatives with antibiotic
activity, J. Nat. Prod. 54 (1991) 774–784, doi: https://doi.
org/10.1021/np50075a005.
5. K. Okamura, K. Soga, Y. Shimauchi, T. Ishikura, J. Lein, Holomycin and n-propionyl-holothin, antibiotics produced by
a cephamycin C producer, J. Antibiot. 30 (1977) 334–336,
doi: https://doi.org/10.7164/antibiotics.30.334.
6. H. Shiozawa, A. Shimada, S. Takahashi, Thiomarinols D, E,
F and G, new hybrid antimicrobial antibiotics produced
by a marine bacterium; isolation, structure, and antimicrobial activity, Antibiot. 50 (1997) 449–452, doi: https://doi.
org/10.7164/antibiotics.50.449.

469

7. J. M. Webster, G. Chen, K. Hu, J. Li, Bacterial metabolites, in:
Gaugler R. (Ed.) Entomopathogenic Nematology, CAB International, New Jersey, 2002, p. 99–114.
8. J. P. Bowman, Bioactive compound synthetic capacity and
ecological significance of marine bacterial genus Pseudoalteromonas, Mar. Drugs 5 (2007) 220–241, doi: https://doi.
org/10.3390/md504220.
9. M. Wietz, M. Mansson, C. H. Gotfredsen, T. O. Larsen, L.
Gram, Antibacterial compounds from marine Vibrionaceae
isolated on a global expedition, Mar. Drugs 8 (2010) 2946–
2960, doi: https://doi.org/10.3390/md8122946.
10. Z. Qin, A. T. Baker, A. Raab, S. Huang, T. Wang, Y. Yu, M.
Jaspars, C. J. Secombes, H. Deng, The fish pathogen Yersinia
ruckeri produces holomycin and uses an RNA methyltransferase for self-resistance, J. Biol. Chem. 288 (2013) 14688–
14697, doi: https://doi.org/10.1074/jbc.M112.448415.
11. N. Bouras, F. Mathieu, N. Sabaou, A. Lebrihi, Nutritional requirements for the production of dithiolopyrrolone antibiotics by Saccharothrix algeriensis NRRL B-24137, Enzyme
Microb. Technol. 39 (2006) 1423–1429, doi: https://doi.
org/10.1016/j.enzmictec.2006.03.030.
12. W. D. Celmer, I. A. Solomons, The structures of thiolutin and
aureothricin, antibiotics containing a unique pyrrolinonodithiole nucleus, J. Am. Chem. Soc. 77 (1955) 2861–2865,
doi: https://doi.org/10.1021/ja01615a058.
13. B. Oliva, A. O’Neill, J. M. Wilson, P. J. O’Hanlon, I. Chopra,
Antimicrobial properties and mode of action of the pyrrothine holomycin, Antimicrob. Agents Chemother. 45 (2001)
532–539, doi: https://doi.org/10.1128/AAC.45.2.532539.2001.
14. M. Šturdíková, B. Proska, D. Uhrín, J. Fuska, Regulation of
biosynthesis of thiolutin and aureothricin in Streptomyces kasugaensis, Folia Microbiol. 35 (1990) 278–283, doi:
https://doi.org/10.1007/bf02821279.
15. P. R. Deb, B. K. Dutta, Activity of thiolutin against certain soil
borne plant-pathogens, Current Sci. India 53 (1984) 659–
660.
16. H. Seneca, J. H. Kane, J. Rockenbach, Bactericidal, protozoicidal and fungicidal properties of thiolutine, Antibiot. Chemother. 2 (1952) 357–360.
17. J. T. Arnold, B. P. Wikinson, S. Sharma, V. E. Steele, Evaluation
of chemopreventive agents in different mechanistic classes
using a rat tracheal epithelial cell culture transformation assay, Cancer Res. 55 (1995) 537–543.
18. K. Minamiguchi, H. Kumagai, T. Masuda, M. Kawada, M. Ishizuka, T. Takeuchi, Thiolutin, an inhibitor of HUVEC adhesion
to vitronectin, reduces paxillin in HUVECs and suppresses
tumor cell-induced angiogenesis, Int. J. Cancer 93 (2001)
307–316, doi: https://doi.org/10.1002/ijc.1321.
19. M. Kenig, C. Reading, Holomycin and an antibiotic (MM
19290) related to tunicamycin, metabolites of Streptomyces
clavuligerus, J. Antibiot. 32 (1979) 549–554, doi: https://doi.
org/10.7164/antibiotics.32.549.
20. N. Sivasubramanian, R. Jayaraman, Thiolutin resistant mutants
of Escherichia coli are the RNA chain initiation mutants?,
MGG 145 (1976) 89–96, doi: https://doi.org/10.1007/
bf00331562.
21. R. Furumai, A. Matsuyama, N. Kobashi, K. H. Lee, N. Nishiyama, I. Nakajima, A. Tanaka, Y. Komatsu, N. Nishino, M.
Yoshida, S. Horinouchi, FK228 (depsipeptide) as a natural
prodrug that inhibits class I histone deacetylases, Cancer
Res. 62 (2002) 4916–4921.
22. F. Yakushiji, Y. Miyamoto, Y. Kunoh, R. Okamoto, H. Nakaminami, Y. Yamazaki, N. Noguchi, Y. Hayashi, Novel hybrid-type
antimicrobial agents targeting the switch region of bacterial

470
23.

24.

25.

26.

27.

28.

29.

N. BOURAS et al.: Structure of Potential Dithiolopyrrolone Antibiotics Detected from..., Kem. Ind. 71 (7-8) (2022) 465–471

RNA polymerase, ACS Med. Chem. Lett. 4 (2013) 220–224,
doi: https://doi.org10.1021/ml300350p.
N. Bouras, F. Mathieu, N. Sabaou, A. Lebrihi, Influence on
dithiolopyrrolone antibiotic production by organic acids
in Saccharothrix algeriensis NRRL B-24137, Process Biochem. 42 (2007) 925–933, doi: https://doi.org/10.1016/j.
procbio.2007.02.007.
R. Merrouche, N. Bouras, Y. Coppel, F. Mathieu, M. C. Monje,
N. Sabaou, A. Lebrihi, Dithiolopyrrolone antibiotic formation
induced by adding valeric acid to the culture broth of Saccharothrix algeriensis, J. Nat. Prod. 73 (2010) 1164–1166,
doi: https://doi.org/10.1021/np900808u.
R. Merrouche, N. Bouras, Y. Coppel, F. Mathieu, N. Sabaou, A.
Lebrihi, New dithiolopyrrolone antibiotics induced by adding
sorbic acid to the culture medium of Saccharothrix algeriensis NRRL B-24137, FEMS Microbiol. Lett. 318 (2011) 41–46,
doi: https://doi.org/10.1111/j.1574-6968.2011.02246.x.
R. Merrouche, A. Yekkour, Y. Coppel, N. Bouras, L. Lamari, A.
Zitouni, F. Mathieu, A. Lebrihi, N. Sabaou, Effective biosynthesis of benzoyl-pyrrothine dithiolopyrrolone antibiotic by
cinnamic acid-precursor addition in culture of Saccharothrix
algeriensis NRRL B-24137, Lett. Appl. Microbiol. 68 (2019)
165–172, doi: https://doi.org/10.1111/lam.13101.
R. Merrouche, A. Yekkour, Y. Coppel, N. Bouras, A. Zitouni,
A Lebrihi, F. Mathieu, N. Sabaou, A new dithiolopyrrolone
antibiotic triggered by a long fermentation of Saccharothrix
algeriensis NRRL B-24137 in sorbic acid-amended medium,
Lett. Appl. Microbiol. 69 (2019) 294–301, doi: https://doi.
org/10.1111/lam.13207.
M. A. Hossain, M. R. Nagooru, Biochemical profiling and total flavonoids contents of leaves crude extract of endemic
medicinal plant Corydyline terminalis L., Pharmacogn. J. 3
(2011) 25–30, doi: https://doi.org/10.5530/pj.2011.24.5.
A. Singh, V. Bajpai, M. Srivastava, K. R. Arya, B. Kumar, Rapid
screening and distribution of bioactive compounds in dif-

30.
31.

32.

33.
34.

35.
36.

37.

ferent parts of Berberis petiolaris using direct analysis in real
time mass spectrometry, J. Pharm. Anal. 5 (2015) 332–335,
doi: https://doi.org/10.1016/j.jpha.2015.05.002.
R. R. Steiner, Use of DART-TOF-MS for Screening Drugs of
Abuse, Methods Mol. Biol. 1810 (2018) 59–68, doi: https://
doi.org/10.1007/978-1-4939-8579-1_5.
G. Morlock, Y. Ueda, New coupling of planar chromatography with direct analysis in real time mass spectrometry,
J. Chromatogr. A 1143 (2007) 243–251, doi: https://doi.
org/10.1016/j.chroma.2006.12.056.
E. S. Chernetsova, G. E. Morlock, I. A. Revelsky, DART
mass spectrometry and its applications in chemical analysis, Russ. Chem. Rev. 80 (2011) 235–255, doi: https://doi.
org/10.1070/RC2011v080n03ABEH004194.
R. B. Cody, J. A. Laramée, J. M. Nilles, H. D, Direct analysis in
real time (DART™) mass spectrometry, JEOL news 40 (2005)
8–12.
A. Al-Rifai, A. Aqel, T. Al-Warhi, S. M. Wabaidur, Z. A.
Al-Othman, A. Y. Badjah-Hadj-Ahmed, Antibacterial, antioxidant activity of ethanolic plant extracts of some Convolvulus Species and their DART-ToF-MS profiling, Evid.-Based Compl. Alt. 2017 (2017) 5694305, doi: https://
doi.org/10.1155/2017/5694305.
J. Gross, Direct analysis in real time–a critical review on
DART-MS, Anal. Bioanal. Chem. 406 (2014) 63–80, doi:
https://doi.org/10.1007/s00216-013-7316-0.
A. Rajchl, E. Fernandez Cusimamani, J. Prchalová, R. Ševčík,
H. Čížková, J. Žiarovská, M. Hrdličková, Characterisation
of yacon tuberous roots and leaves by DART-TOF/MS, Int.
J. Mass Spectrom. 424 (2018) 27–34, doi: https://doi.org/
https://doi.org/10.1016/j.ijms.2017.11.005.
M. Smoluch, P. Mielczarek, J. Silberring, Plasma-based ambient ionization mass spectrometry in bioanalytical sciences, Mass Spectrom. Rev. 35 (2016) 22–34, doi: https://doi.
org/10.1002/mas.21460.

N. BOURAS et al.: Structure of Potential Dithiolopyrrolone Antibiotics Detected from..., Kem. Ind. 71 (7-8) (2022) 465–471

SAŽETAK
Struktura potencijalnih ditiolopirolonskih antibiotika detektirana iz
DART-ToF-MS spektra ekstrakta kulture Saccharothrix algeriensis
Noureddine Bouras,a,b,* Basel F. Alrayes,c Salim Mokrane,a Hadj Daoud Bouras,d
Michael D. Holtz e i Ahmed-Yacine Badjah-Hadj-Ahmed f
Ditiolopirolonski antibiotici koje proizvodi saharska micelijska bakterije Saccharothrix algeriensis poznati su po svom snažnom biološkom djelovanju. Biokemijsko profiliranje ekstrakta kulture S. algeriensis učinjeno je direktnom analizom u realnom vremenu uz masenu spektrometriju vremena leta (DART-ToF-MS). Nije objavljena nijedna druga studija na ditiolopirolonima koja
primjenjuje tu tehniku. Pronađeno je jedanaest derivata ditiolopirolona: tiolutin, butiril-pirotin/
izo-butiril-pirotin, senecioil-pirotin/tigloil-pirotin, valeril-pirotin/izo-valeril-pirotin, 2-metil-3-pentenelin-pirotin/2-heksonil-pirotin, izo-heksanoil-pirotin i benzoil-pirotin. Dobiveni rezultati potvrdili su da je DART-ToF-MS prikladna tehnika za moćan i brzi “screening”, kao i za karakterizaciju
sekundarnih metabolita bakterija.
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