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Abstract: Today, emerging infectious diseases caused by multidrug-resistant bacteria (MDRB) are a 

major public health problem. These bacteria are gradually becoming more resistant to conventional 

antimicrobial agents. Thus, there is an urgent requirement to explore new antimicrobial compounds. 

This study focuses on a screening program of marine actinobacteria for useful bioactive compounds 

against MDRB, and four endophytic actinobacteria strain isolated from the unexploited marine brown 

alga Carpodesmia tamariscifolia, harvested from the Atlantic coast of Morocco, were screened for their 

antimicrobial activities using the agar diffusion assay. Fermentation broths of the two selected 

promising isolates KC179 and KC180 were extracted with different organic solvents and showed 

antibacterial activity against methicillin-resistant Staphylococcus aureus, Acinetobacter baumannii, 

and Pseudomonas aeruginosa. From the butanolic extract of KC180's culture broth and in addition to 

the known metabolite desferrioxamine B, a new desferrioxamine derivative, desferrioxamine B2, was 

purified using flash chromatography and reversed-phase HPLC, and its structure was elucidated using 

HRMS and NMR spectroscopy. The 16S rRNA molecular taxonomic characterization of the producing 

strain KC180 showed Streptomyces albidoflavus as the nearest relative, with a sequence similarity of 

99.71 %.  

Keywords: endophytic actinobacteria; desferrioxamine; multidrug-resistant bacteria; antibacterial 

activity; screening; Carpodesmia tamariscifolia. 
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1. Introduction 

The emergence of multidrug-resistant (MDR) bacterial strains has gradually increased 

over the years [1]. The pathogenic MDR strains have been described in numerous studies and 

include species like Salmonella typhi, Escherichia coli, Acinetobacter baumannii, 

Enterococcus faecalis, Streptococcus pneumoniae, and Staphylococcus aureus, which are more 
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resistant to several antibiotics than the formerly known strains. These bacteria cause many 

different infectious diseases and are a significant threat to public health [2–6].  

Many biotech or pharmaceutical companies and academic research groups study marine 

natural products to discover novel chemical molecules with biomedical applications [7,8]. 

Marine ecosystems contribute to a large proportion of the planet's biotic productivity and 

represent a reservoir of new bioactive compounds with great pharmaceutical potential [9]. In 

fact, the stressful environmental conditions of these ecosystems have favored the production 

of a great variety of novel molecules in marine organisms that are unique in terms of diversity, 

structural, and functional features with respect to compounds isolated from algae as well as 

their symbionts [10,11].   

Marine macroalgae have attracted attention as an untapped source of new bioactive 

molecules of biomedical interest [12]. Previous research studies have shown that seaweed-

associated microorganisms can produce compounds with antibacterial activity against human 

pathogens [13]. They provide shelter for different endophytic microorganisms that could 

produce bioactive molecules similar to those produced by their hosts by expressing transferred 

genes [14]. Macroalgae-associated microorganisms continue to amaze for their capacity to 

produce chemically unique and biologically important natural products [15]. Nevertheless, the 

marine habitat is still poorly explored. In this context, we recently started a natural product 

drug discovery program to study endophytic microorganisms associated with brown seaweed 

from the Atlantic coast of Morocco. To the best of our knowledge, no study has been conducted 

about endophytic actinobacteria of the brown macroalga Carpodesmia tamariscifolia and their 

biological activities. Thus, the objective of this study was the isolation of marine endophytic 

actinobacteria associated with the brown macroalga C. tamariscifolia, and the purification and 

structure elucidation of bioactive molecules produced by a selected isolate. 

2. Materials and Methods 

2.1. General experimental procedures. 

HRESIMS data were obtained using a Q Exactive Plus mass spectrometer (Thermo 

Fisher Scientific) coupled to an UltiMate 3000 HPLC system (Thermo Fisher Scientific). Flash 

chromatography was performed on a GX-271 Liquid Handler system with a 322-H2 pump 

(Gilson). Semi-preparative HPLC was conducted on an UltiMate 3000 HPLC system (Thermo 

Fisher Scientific). Nuclear magnetic resonance (NMR) experiments were performed in D2O on 

an Agilent DD2 spectrometer equipped with an OneNMR probe at 400 MHz. NMR spectra 

were analyzed with ACD/Structure Elucidator Suite 2018.2.  

2.2. Sampling site. 

The samples of Carpodesmia tamariscifolia (syn. Cystoseira tamariscifolia) were 

collected in march 2018 at low tide from the Northwestern Atlantic coast of Morocco at the 

southwest of El Jadida (33°14'48.4"N 8°32'36.5"W). The collected samples were kept at 4 °C 

until returned to the laboratory for subsequent treatments. 

2.3. Isolation of endophytic actinobacteria. 

The fresh algal biomass was washed with seawater, brought to the laboratory in sterile 

polythene bags, and treated 24 hours. The sample surface sterilization protocol for endophyte 
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isolation was as follows: The seaweed was washed in sea water and cut into segments of 

approximately 0.5 cm2. The tissue segments were dipped in 95% ethanol for 60 seconds, 

followed by immersion in 1.25% sodium hypochlorite (NaOCl) solution for 4 minutes and 

subsequently in 70% ethanol for 30 seconds. Surface disinfected segments were finally rinsed 

three times with sterile distilled water and subsequently shaken for 5 minutes in sterile distilled 

water in order to remove residual traces of NaOCl [16]. All treated alga pieces were dried on 

sterile Whatman paper under a laminar flow hood for 30 minutes, deposited on the surface of 

Petri dishes containing yeast extract-casein hydrolysate agar (YECD)  medium [17], 

supplemented with cycloheximide (80 mg/L) and nalidixic acid (20 mg/L) to inhibit the growth 

of fungi and Gram-negative bacteria [18], respectively, and incubated at 30 °C for one week 

[19]. The Petri dishes were observed periodically. The endophytic actinobacteria that grew 

from the tissue were isolated and purified in Bennet agar without antibiotics [20,21] and finally 

preserved in glycerol until subsequent use. To test the effectiveness of surface sterilization, 0.1 

mL of the sterile distilled water used during the last rinsing step was placed on nutrient and 

potato dextrose agar plates to detect epiphytic microbial contaminants [22]. 

2.4. Activity of the endophytic actinobacteria isolates against MDR bacteria. 

The endophytic actinobacteria isolated from C. tamariscifolia were screened for their 

ability to produce antibiotic substances against MDRs bacteria. In the first step, the agar pieces 

of each pure young culture of actinobacteria isolate were inoculated in a 400 mL Erlenmeyer 

flask containing 100 mL of R2YE liquid medium and incubated under agitation (250 rpm) at 

30 °C for one week. One liter of the culture was centrifuged at 12500g for 20 minutes, and the 

recovered supernatant was extracted three times with organic solvents with increasing polarity 

[23], namely hexanes, dichloromethane, ethyl acetate, and butanol. The obtained organic 

extracts were concentrated using a rotary evaporator at 40 °C and stored at -18 °C until further 

use [24]. The antibacterial activity assay was performed using Whatman paper disks (6 mm in 

diameter) impregnated with 20 μL (40 mg/mL) of each obtained organic extract, dried for 40 

min under the laminar flow hood, and placed on Petri dishes containing Mueller-Hinton 

medium previously inoculated with 0.1 mL of bacterial suspensions (106 CFU/mL) of the 

tested pathogenic microorganisms [25]. The pathogenic organisms used in this study were five 

multidrug-resistant bacteria isolated from the intensive care units of the University Hospital 

Center (UHC) in Marrakesh-Morocco: methicillin-resistant Staphylococcus aureus (MRSA), 

imipenem-resistant Acinetobacter baumannii (Abri), carbapenem-resistant Pseudomonas 

aeruginosa (Parc), multi-resistant Klebsiella pneumoniae (Kpr), and multi-resistant 

Escherichia coli (Ecr) [5]. The Petri dishes were first kept at 4 °C for 4 hours to allow diffusion 

of any produced bioactive compound from the paper disc into the agar, and the antibacterial 

activity was evaluated by measuring the inhibition zone diameters after 24-48 h of incubation 

at 37 °C [26].  

2.5. Fermentation of Streptomyces sp. KC180. 

The actinobacteria isolate KC180 was cultured in liquid medium R2YE. The culture 

was grown at 30 °C for one week, shaking at (250 rpm) in ten baffled Erlenmeyer flasks (500 

mL) with a culture volume of 100 mL for each flask. After separating the pellet from the culture 

broth by centrifugation at 12500 g for 20 min, one liter of the supernatant (pH 7.2) was 
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extracted three times with one liter of butanol (v/v); the obtained organic extracts were 

combined and dried as described above. 

2.6. Fractionation of the extract and biological screening of the fractions. 

The butanolic extract (1.4 g) was obtained from the fermentation supernatant of 

Streptomyces sp.  KC180 was dissolved in 10 mL of methanol (60% in water) and fractionated 

by flash chromatography using a C18 flash cartridge (loading volume 5 mL, 43g RS 40 C18ec, 

Chromabond Flash, MACHEREY-NAGEL) and a binary gradient from 5-100% acetonitrile in 

water (0.1% formic acid each) as the mobile phase at 20 mL/min over 30 min. 34 fractions 

were collected in a time-based manner. The fractions were analyzed by HPLC and assayed for 

antibacterial activity against MRSA, Abri, and Parc, using the agar diffusion assay as described 

above (Figure S1). 

2.7. Isolation and structure elucidation of 1 and 2. 

The active fraction (fraction 11, 50 mg, tR from 11.2 to 12.3 min) was further purified 

by semi-preparative HPLC using a C18 column (250 x 10 mm, 5 µm, 100 Å, Luna, 

Phenomenex) and 12 % acetonitrile in water (0.1 % formic acid each) as the mobile phase at 

4.7 mL/min in 16 min to afford two pure peaks (1, 13.5 mg, tR 10.3 min) and (2, 3.1 mg, tR 9.3 

min). (Figure S2).  

2.8. Molecular identification of the endophytic actinobacteria. DNA extraction. 

Streptomyces sp. KC180 was grown in 10 mL of Bennett medium with agitation at 30 

°C for 24-48 h. 1 mL of well-grown bacterial culture was withdrawn and centrifuged at 14000 

rpm for 10 min. DNA extraction was performed according to the kit protocol «Genomic DNA 

from tissue MACHEREY-NAGEL (NucleoSpin® Tissue)».  

2.9. PCR amplification. 

The obtained genomic DNA was amplified by polymerase chain reaction (PCR) using 

a 96 universal peqSTAR thermocycler (PEQLAB Biotechnology GmbH). The investigated 

master mix contained 5xbuffer (200 μL/mL), dNTPs (10 mM with 2.5 mM each, 20 μL/mL), 

DMSO (30 μL/mL), MilliQ water (430 μL/mL), and Taq polymerase (20 μL/mL) as well as 

two primers specific for Actinobacteria (10 μM, 50 μL/mL each). The used primers were fD1 

(5’-AGAGTTTGATCCTGGCTCAG-3') and rP2 (5'- ACGGCTACCTTGTTACGACTT-3') 

[27].  The PCR program was as follows: an initial denaturation (96 °C for 2 min), 30 cycles of 

denaturation (96 °C for 45s), annealing (56 °C for 30 s), and extension (72 °C for 5 min) [27].  

2.10. Gel electrophoresis, purification, and sequencing of DNA. 

After amplification, PCR products were separated on 1% agarose gel solubilized in a 

65 mL TAE buffer containing 2.5 µL of RotiR-GelStain to ensure that a fragment of the correct 

size had been amplified [28]. The purification of the amplified 16S rRNA-coding DNA was 

performed according to the kit protocol «Genomic DNA from tissue MACHEREY-NAGEL 

(NucleoSpin® Tissue Column)». The primers used for sequencing were the same as mentioned 

above. The obtained 16S rRNA sequences were compared by blast search for similarity with 

available sequences in EzBioCloud databases (https://www.ezbiocloud.net), a genomic DNA 
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database. A phylogenetic tree based on 16S rRNA sequences was constructed with the 

neighbor-joining algorithm using MEGA version 6 software [29]. The obtained 16S rRNA 

sequence of Streptomyces sp. KC180 was deposited in the publicly accessible database 

GenBank under Accession Number MW555177.  

3. Results and Discussion 

In the present study, four endophytic actinobacteria strains were isolated from C. 

tamariscifolia collected at the Moroccan Atlantic coast, and their extracts were subjected to 

screening for antibacterial compounds against MDR bacteria using an agar diffusion assay. As 

shown in Table 1, especially the butanolic extract of culture filtrates of isolate KC180 showed 

antibacterial activity against several tested bacteria.  

Table 1. Antibacterial activity of extracts of actinobacteria endophyte isolates against MDR bacteria; diameter 

of the inhibition zone including disc (6 mm). MRSA: methicillin-resistant S. aureus. Abri: imipenem-resistant 

A. baumannii, Parc: carbapenem-resistant P. aeruginosa, Kpr: multi-resistant K. pneumoniae, Ecr: multi-

resistant E. coli. 

Strain Solvent 
Inhibition zone [mm] 

MRSA Abri Parc Kpr Ecr 

KC179 

Hexane 11 - - - - 

Dichloromethane - - - - - 

Ethyl acetate - - - - - 

Butanol - 17 - - - 

KC180 

Hexane - - - - - 

Dichloromethane - - - - - 

Ethyl acetate - - - - - 

Butanol 20 7 8 - - 

The extracts of KC179 were active against imipenem-resistant Acinetobacter 

baumannii (Abri) (butanolic extract) and methicillin-resistant Staphylococcus aureus (MRSA) 

(hexane extract), with zones of inhibition of 17 and 11mm diameter, respectively. The 

butanolic extract of KC180 was active against MRSA, carbapenem-resistant Pseudomonas 

aeruginosa (Parc), and Abri, with 20, 8, and 7 mm diameter zone of inhibition, respectively. 

The MDR bacteria multi-resistant Klebsiella pneumoniae (Kpr) and multi-resistant 

Escherichia coli (Ecr) were resistant to all tested extracts (Table 1). The extracts obtained from 

KC181 and KC182 did not show any antibacterial activity under the cultivation and extraction 

conditions used. 

The endophytes associated with the brown marine Algae is considered as an important 

producer of secondary metabolites with great pharmaceutical potentials [30]. In fact, the 

bacteria associated with the brown marine algae Sargassum spp., Padina gymnosphora, 

Gracilaria corticate pachynema; Laminaria saccharina, and Valoniopsis showed antibacterial 

activity against one or more Gram-positive and Gram-negative pathogenic microorganisms 

[31–34]. In fact, the interest in using marine microorganisms has increased due to the prospect 

of obtaining abundant biomass subsequently appreciable amounts of secondary metabolites. 

Their effects on bacteria might differ with the number of molecules effectively interacting with 

each cell [35]. In addition, many studies reported that bacterial strains isolated from seaweeds 

are considered an excellent producer of bioactive secondary metabolites [36,37]. The marine 

environment provides algae-associated microorganisms a unique chemical space to synthesize 

structurally diverse bioactive secondary metabolites [38]. The work presented here is the first 
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study that provides insight into the antibacterial activity of actinobacteria endophytes from the 

marine alga Carpodesmia tamariscifolia from the coastal Atlantic region of Morocco El Jadida.  

Hexane, ether, and chloroform extracts of Carpodesmia tamariscifolia were found to 

be active against Enterobacter cloacae and Klebsiella pneumonia [39]. Other studies found 

that the organic extracts of the brown seaweeds Cystoseira barbata and Cystoseira trinodis 

inhibited the growth of Gram-positive and Gram-negative bacteria [40,41]. Furthermore, the 

extracts of the endophyte bacteria associated with the brown algae Turbinaria ornate and 

Turbinaria conoides showed antimicrobial activity against bacterial pathogens E. coli, S. 

aureus, and Salmonella enterica [42,43]. Moreover, many potential therapeutic molecules have 

been isolated and characterized from actinomycetes. In fact, the Streptomyces species have 

immense potential as they are known producers of novel biological properties [1]. Furthermore, 

the endophytic actinomycetes isolate from Cladophora sp. and Ulothrix sp showed 

antibacterial activity against multidrug-resistant pathogens bacteria such as Enterococcus 

faecalis, Bacillus subtilis, Klebsiella sp, E.colli, Proteus sp, and Pseudomonas sp [44]. 

Otherwise, the bacterial extracts isolated from the brown marine algae Hypnea musciformis 

and Sargassum wightii have the potential to inhibit the growth of E. coli, S. aureus, and B.s 

subtilis [45]. The unexplored active endophytic actinobacteria from C. tamariscifolia promises 

the discovery of potent and novel bioactive compounds. Because the butanolic extract of isolate 

KC180 showed the highest activity in our assays for antibacterial activity, it was selected for 

further studies and purification of the bioactive compounds (Figure S1). The butanolic extract 

(1.4 g) obtained from one liter of a culture fermentation in R2YE medium was fractionated by 

flash chromatography. HPLC analysis of the most active fraction (tR from 11.2 to 12.3 min; 50 

mg) showed that it contained two compounds, which were isolated by semipreparative HPLC 

to yield compounds 1 and 2 (Figure S2). Their structures were elucidated by HRMS and NMR 

spectroscopy.  

Compound 1 was isolated as a white powder. HRESIMS showed an [M + H]+ ion with 

m/z 561.3586, corresponding to the molecular formula C25H48N6O8 (calcd. 561.3588, Δ 1.9 

ppm). The 1H spectrum (Figure S3) as well as the sum formula of 1 matched the published data 

for desferrioxamine B [46–48]. Compound 2 was isolated as a white powder. HRESIMS 

showed an [M + H]+ ion with m/z 547.3431, corresponding to the molecular formula 

C24H46N6O8 (calcd. 547.3433, Δ 1.7 ppm). The mass difference between 2 and 1 of 14 Da 

indicated compound 2 being a derivative of 1 missing one CH2 group. The 1H spectrum of 2 

was almost identical to the spectrum of 1, strengthening this assumption (Figure S3; NMR data 

summarized in Table 2). The evaluation of the COSY spectrum confirmed that one methylene 

group was missing at the terminal diamine (butyldiamine instead of pentyldiamine, Figure S4, 

Table 2). Assignments of all proton and carbon chemical shifts were done based on HMQC 

and HMBC experiments (Figures S5, S6), allowing us to determine the structure of 2 as shown 

in (Figure 1). 

 
Figure 1. Structure of 2. Bold bonds indicate COSY correlations. Arrows indicate HMBC correlation 

Table 2. 1H (400 MHz) and 13C (100 MHz) NMR data for 2 in D2O. 13C chemical shifts for 2 were extracted 

from the 2D spectra 
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  1 2 

Position δH (J in Hz) δC δH (J in Hz) 

1 2.11, s 19.8 2.10, s 

2 - 174.2 - 

4 3.58, t (6.9) 48.1 3.59, t (7.0) 

5 1.62, m 26.0 1.60, m 

6 1.29, m 23.7 1.28, m 

7 1.48, m 28.4 1.50, m 

8 3.14, t (6.7) 39.7 3.14, t (6.7) 

10 - 175.4 - 

11 2.46, t (7.0) 30.8 2.48, t (6.9) 

12 2.76, t (7.0) 28.1 2.77, t (6.8) 

13 - 174.7 - 

15 3.58, t (6.9) 48.1 3.59, t (7.0) 

16 1.62, m 26.0 1.60, m 

17 1.29, m 23.7 1.28, m 

18 1.48, m 28.4 1.50, m 

19 3.14, t (6.7) 39.7 3.14, t (6.7) 

21 - 175.4 - 

22 2.46, t (7.0) 30.8 2.48, t (6.9) 

23 2.76, t (7.0) 28.1 2.77, t (6.8) 

24 - 174.7 - 

26 3.60, t (6.7) 47.6 3.64. t (6.4) 

27 1.62, m 23.4 1.69, m 

28 1.29, m 24.2 1.66, m 

29 1.48, m 39.5 2.99, t (7.2) 

30 2.96, t (7.5)   

The MS/MS spectrum confirmed this structure (Figure S7). Therefore, compound 2 was 

identified as a new desferrioxamine B derivative with a truncated chain length, which we 

named desferrioxamine B2. In a precursor-directed biosynthesis approach that aimed to 

elucidate the biosynthesis of 1, compound 2 was found to be produced by Streptomyces pilus, 

a soil bacterium, after the addition of 1,4-diaminobutane to the medium, which led to the 

production of various desferrioxamine B analogues [46]. Moreover, it has been speculated that 

2 is produced by Streptomyces davawensis but not isolated [49]. However, the compound has 

not been isolated before, and speculations about the structure were only based on MS/MS 

experiments. Natural occurring desferrioxamine's with different carbon chain lengths between 

the hydroxamate groups have been reported [50]. 

The two linear desferrioxamine's G2C and G2ct [51,52], as well as the cyclic 

desferrioxamine D2 [51], also contains the butyldiamine partial structure that we observed in 

desferrioxamine B2. They also possess antibacterial activities against uropathogenic 

Escherichia coli in a low-iron medium [53]. Desferrioxamine B is an iron chelator used to treat 

iron overload diseases, including hemochromatosis, thalassemia, or iron intoxication, for which 

it is an essential drug substance [54]. Siderophores and siderophore-mimicks also have 

potential as cancer therapeutics [55–57]. Interestingly, another study reported no antibacterial 

activity for desferrioxamine D2 against Gram-positive or -negative bacteria, including E. coli 

[58]. Desferrioxamine D2 was shown to be a poor iron-chelating agent, while desferrioxamine 

E, which has one more methylene group than 2, exhibited potent iron-chelating activities [53]. 

In contrast, desferrioxamine D2 (2) showed weak inhibitory activity against the recombinant 

enzyme sortase B, while desferrioxamine E was inactive [58]. 

Regarding the molecular identification of the selected endophytic actinobacteria isolate. 

Partial sequencing of the 16S rRNA gene of strain KC180 allowed obtaining a nucleotide 

sequence of 1348 pb having 99.71% similarity with Streptomyces albidoflavus (Figure S8). 

The 16S rRNA sequence was submitted to GenBank (accession number MW555177). 
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Furthermore, the comparison of the macroscopic profiles shows no difference between KC180 

and the strain Streptomyces albidoflavus, which is characterized by spherical spores, white 

aerial mass, the reverse sides of the colonies are yellow to pale brown on most agar media and 

the color of substrate mycelium is pale brown [59,60]. 

4. Conclusions 

According to the literature, the present study is the first one that describes the 

actinobacterium Streptomyces albidoflavus associated with the marine brown macroalga 

Carpodesmia tamariscifolia as an endophyte with antimicrobial activities. During this 

screening program for bioactive compounds from underexplored Moroccan ecosystems, we 

found an endophytic actinomycete from Carpodesmia tamariscifolia to produce the known 

metabolite desferrioxamine B and its new derivative desferrioxamine B2 with antibacterial 

activity against MDR bacteria. 
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Supplementary materials 

 
 Figure S1. Extraction and purification scheme of desferrioxamine B (1) and B2 (2) from Streptomyces sp. 

KC180. 

 
Figure S2. Chromatogram of the semi-preparative HPLC of desferrioxamine B (1) and B2 (2) (HPLC 

conditions see manuscript). 
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Figure S3. a) 1H NMR spectrum (400 MHz) of 1 in D2O. b) 1H NMR spectrum (400 MHz) of 2 in D2O. 
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Figure S4. COSY spectrum (400 MHz) of 2 in D2O. 
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Figure S5. HSQC spectrum (400 MHz) of 2 in D2O. 
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Figure S6. HMBC spectrum (400 MHz) of 2 in D2O. 
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Figure S7. MS/MS-spectra of 1 (top) and 2 (bottom). The only significant difference is the peak at m/z 

303.2034 / 317.2182 (D CH2). 

 
Figure S8. Phylogenetic tree representing the isolate KC180 based on 16S rRNA sequences. 
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