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Abstract

Large numbers of bacteria live on the surface of various brown algae and can produce alginate lyases to consume
alginate, an important component of the cell wall of brown algae. Sargassum is a genus of the largest canopy-
forming  brown  algae  of  more  than  150  species,  which  are  widely  distributed  in  tropical  and  subtropical
environments. However, our knowledge about the epiphytic bacteria and the alginate lyase-excreting bacteria
from Sargassum  is still primitive. Here, we investigated the diversity of the culturable epiphytic bacteria and
alginate-degrading bacteria from Sargassum samples collected from the coastal seawaters of Shandong Province,
China. In total, 37 strains belonging to 21 genera in 3 phyla were isolated, including 15 previously unreported
genera, of which Vibrio  (6/37) and Pseudoalteromonas  (5/37) are the dominant genera. Eight strains, mainly
Vibrio and Pseudoalteromonas species, were further identified as alginate lyase-excreting strains that can utilize
alginate for growth. The extracellular alginolytic activity of the 8 strains was determined, and strains Vibrio sp. C42
and Pseudoalteromonas  sp. M9 showed the highest activity. These results provide a better understanding of
brown  algae  epiphytes  and  alginate-degrading  bacteria,  and  are  fundamental  for  further  studies  on  the
interactions between brown algae and their epiphytes.
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1  Introduction
Alginate is an acidic linear polysaccharide that is present in

great abundance in the cell wall of brown algae (Wong et al.,
2000). Alginate is composed of β-D-mannuronate (M) and its C5
epimer, α-L-guluronate (G), which are linked by 1,4-O-glycoside
bonds and arranged in block structures, such as homopolymeric
G block, M block, and heteropolymeric MG (GM) block (Xu et al.,
2017). Alginate has been widely applied in food, cosmetic and
pharmaceutical industries, due to its unique physical properties
to form gels (Wong et al., 2000). Alginate lyases degrade alginate
by a β-elimination mechanism, generating a product containing
4-deoxy-L-erythro-hex-4-enopyranosyluronic acid as the non-re-
ducing terminal moiety (Dong et al., 2012). Bacterial alginate ly-
ases play an important role in the decomposition and recycling of
alginate in the ocean. In addition, alginate lyases are important
tools for the production of alginate oligosaccharides with special
bioactivities (Cheng et al., 2020). They also have potential for the
production of biofuels by deconstructing the alginate-rich algal
cell walls into monosaccharides (Enquist-Newman et al., 2014;
Wargacki et al., 2012) and for the treatment of chronic lung infec-
tion caused by Pseudomonas aeruginosa (Islan et al., 2013).

Brown algae contain 20 classes, and the class of Phaeo-
phyceae alone accounts for over 1 800 species and 66% of the
total algae consumption (Holdt and Kraan, 2011), acting as im-
portant primary producers to offer nutrients for their epiphytic

bacteria (Egan et al., 2008). A large number of bacteria live on the
surface of brown algae, and many bacterial species have been
isolated from brown algae (Lee et al., 2006; Martin et al., 2014).
The composition of alga-associated microbial communities var-
ies according to the algal species, the age of the thalli and the
sampling season and site. As algae-associated bacteria con-
stantly metabolize algal components, they produce numerous
specific enzymes and secondary metabolites (Martin et al., 2014).
Because brown algae possess abundant alginate in the cell walls,
they are considered as a good source for isolating alginate lyase-
excreting bacteria. So far, many alginate lyase-excreting bacterial
strains have been isolated from a variety of brown algae (Li et al.,
2011; Sawabe et al., 2000).

Sargassum, containing more than 150 species, is the largest
canopy-forming brown algae, which is widely distributed in trop-
ical and subtropical environments and has a high amount of bio-
mass (Gouvêa et al., 2020). There are 131 species in China, 64 of
which are unique, mainly distributed in the South China Sea, the
East China Sea and the Yellow Sea. Only 23 species are distrib-
uted in the East China Sea and the Yellow Sea, including S. qing-
daoense, S. serratifolium, S. fusiforme, S. confusum, S. horneri, S.
Museum, S. patens and others (Huang et al., 2013). Some of them
have edible (Xia et al., 2019), medicinal (Huang et al., 2006; Mao
et al., 2004; Park et al., 2005) and industrial (Demirbas and De-
mirbas, 2011) values. They also have ecological values in repair-  
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ing the marine environment by absorbing nitrogen, phosphorus
and other elements in seawater and purifying water quality (Vi-
jayaraghavan et al., 2009). Sargassum species have high content
of alginate, accounting for more than 50% of their dry weight
(Youssouf et al., 2017). Thus, Sargassum species are good materi-
als to isolate alginate lyase-excreting bacteria. In addition, large-
scale Sargassum blooms have been increasingly observed in
coastal zones in recent years, causing serious problems for sea-
weed and abalone farms as well as for fisheries, tourism and re-
creational industries (Bao et al., 2022). Isolation of alginate lyase-
excreting bacteria from Sargassum is not only conducive to un-
derstanding the interaction between Sargassum and bacteria and
exploiting alginate lyase resources from the ocean, but also bene-
ficial for biological control of Sargassum. However, to our know-
ledge, so far there are only two studies on the diversity of Sargas-
sum-associated bacteria (Mei et al., 2019; Menezes et al., 2010),
and only one study on the isolation of alginate lyase-excreting
bacteria from Sargassum (Wang et al., 2017). Many Sargassum
epiphytes and epiphytic alginate lyase-excreting bacteria remain
to be identified.

In this study, we investigated the diversity of cultivable bac-
teria associated with the Sargassum samples collected from
coastal seawaters from five locations in Shandong Province,
China. The strains with the alginate lyase-excreting ability were
further isolated and identified. Moreover, the extracellular al-
ginolytic activity of these alginate lyase-excreting strains was
measured. The results provide new insight into Sargassum-asso-
ciated bacteria and may inform biological control of Sargassum
blooms.

2  Materials and methods

2.1  Collection of the algal samples
The algal samples with the same appearance forms were col-

lected from coastal seawaters at five locations in Shandong
Province, China (Table 1). The collected samples were trans-
ferred to sterile collection bags filled with sterile artificial seawa-
ter (ASW) prepared with 3% (w/v, the mass (3 g) of sea salt dis-
soved in the volume (100 mL) of liquid) sea salts (Sigma, Amer-
ica) to make temporary specimens. After collection, bags con-
taining the samples were stored in ice and the samples were im-
mediately processed upon returning to the laboratory. At the
time of collection, the water temperature was 5.8−12.8℃, the sa-
linity was approximately 3.2% (w/v), and the pH was approxim-
ately 7.9.

2.2  Isolation of the bacteria associated with the Sargassum
samples
Each Sargassum sample was cut into small pieces using

sterile scissors, and approximately 10 g of the small algal pieces
were suspended in 25 mL ASW with shaking at 180 r/min, 15℃
for 10 min. The obtained suspension was serially ten-fold diluted
to 10−6 dilution with sterile ASW. Aliquots of 200 μL diluted
samples (10−2−10−6 dilution) were spread on the plates contain-

ing tryptone, yeast extract, and artifical seawater (TYS) solid me-
dium (pH 7.5−8.0) composed of 0.5% (w/v) tryptone (Oxoid, UK),
0.1% (w/v) yeast extract (Oxoid, UK), 1.5% (w/v) agar (Sigma,
USA) and ASW. The plates were then incubated at 15℃ for 7 d.
After cultivation, morphologically different colonies were separ-
ated and purified by repeatedly streaking on TYS solid medium.
The purified isolates were routinely grown on TYS plates or in
TYS broth (pH 7.5−8.0) composed of 0.5% (w/v) tryptone, 0.1%
(w/v) yeast extract and ASW at 25℃ for 3−5 d, and stored in 20%
(v/v) glycerol at −80℃.

2.3  Screening of alginate lyase-excreting bacteria
The purified isolates were streaked on the plates with a min-

imal medium (0.05% (w/v) NH4Cl, 3% (w/v) NaCl, 0.3% (w/v)
MgCl2·6H2O, 0.2% (w/v) K2SO4, 0.02% (w/v) K2HPO4, 0.001%
(w/v) CaCl2 ,  0.000  6% (w/v) FeCl3 ·6H2O, 0.000  5% (w/v)
Na2MoO4·7H2O, 0.000 4% (w/v) CuCl2·2H2O, 0.6% (w/v) Tris (pH
7.5−8.0) and 1.5% (w/v) agar) containing 0.5% (w/v) sodium al-
ginate as the sole carbon source. After incubation at 25℃ for
7 d, the plates were stained by Lugol’s iodine solution to detect
the appearance of a clear halo of depolymerization around a
strain colony as a preliminary indicator of alginate degradation.
Then, the strains with a clear halo were inoculated into the liquid
minimal medium (pH 7.5−8.0) containing 0.5% (w/v) sodium al-
ginate, and cultured at 20℃ with stirring (180 r/min) for 2 d. The
strains that grew in the liquid medium were selected as alginate
lyase-excreting bacteria.

2.4  Alginate lyase assay
Alginate lyase activity was quantitatively determined by

measuring the amount of reducing sugars released from alginate
by using the 3, 5-dinitrosalicylic acid (DNS) method (Miller, 1959;
Tang et al., 2009). The fermentation broth of each alginate lyase-
excreting strain cultured at 20℃ with stirring (180 r/min) for 1.5 d
was centrifuged at 16 000×g for 5 min to obtain the supernatant
as crude enzymes. Then, 50 μL crude enzyme was mixed with 50 μL
substrate solution composed of 1% (w/v) sodium alginate dis-
solved in 50 mmol/L Tris–HCl (pH 8.0), and the mixture was in-
cubated at 30℃ for 60 min. Afterwards, the reaction mixture was
terminated by addition of 100 μL DNS and then boiled at 100℃
for 10 min. A blank control was set by mixing DNS solution and
the substrate solution followed by addition of crude enzymes to
inactivate the alginate lyase activity before incubation. The ab-
sorbance values of the mixtures were determined at 540 nm. The
amount of reducing sugars released into the mixture was determ-
ined with glucose as the standard. One unit of enzyme activity is
defined as the amount of enzyme required to release 1 μg redu-
cing sugars per minute.

2.5  Sequencing of the 16S rRNA gene and phylogenetic analysis
Genomic DNA of each strain was extracted using a BioTeke

DNA extraction kit (Beijing, China). The 16S rRNA gene of each
strain was amplified via PCR using the primers 1492R and 27F
(1492R: 5'-GGTTACCTTGTTACGACTT-3' and 27F: 5'-AGAGT-
TTGA TCCTGGCTCAG-3') (Dong et al., 2012). The PCR product
of each strain was ligated to the pMD19-T vector (TaKaRa, Japan)
and sequenced on an Applied Biosystems DNA sequencer (mod-
el 3730XL). The sequence of each 16S rRNA gene was compared
with those in the GenBank (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) and Ezbiocloud (http://www.ezbiocloud.net) data-
bases using BLASTN. The identity values of paired sequences
were obtained by the EzBioCloud server. The Software Mega X
was used to construct the phylogenetic tree by the neighbor-join-

Table 1.   The sampling time and locations
Station Time Latitude Longitude

1 Nov., 2018 37°09'41.7"N 122°35'11.8"E

2 Mar., 2019 37°09'24.7"N 122°35'35.9"E

3 May, 2019 37°09'24.7"N 122°35'35.9"E

4 Mar., 2019 37°09'41.7"N 122°35'11.8"E

5 May, 2019 37°09'41.7"N 122°35'11.8"E
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ing method (Kumar et al., 2018) based on the 16S rRNA gene se-
quences, and the bootstrap values of each branch of the phylo-
genetic tree were tested by 1 000 repetitions.

3  Results and discussion

3.1  Identification of the algal samples
By comparing the morphology of the five algal specimens

(Fig. 1), involving the color, size, leaf shape and other appear-
ance forms, with those of the Sargassum permanent specimens
(preserved in Shandong Normal University, Shandong Province,
China), the collected samples were all identified as Sargassum sp.
by the botanist professor Shoujin Fan of Shandong Normal Uni-
versity.

3.2  Diversity of bacteria associated with the Sargassum samples
After 7-d cultivation of the bacteria from the Sargassum

samples on the TYS plates, many colonies appeared on the plates
with 10−2−10−5 diluted samples. These isolates were purified and
subjected to 16S rRNA gene amplification and sequencing. Isol-
ates with two or more base difference in their 16S rRNA gene se-
quences were considered as different bacterial strains. Based on
an alignment of the 16S rRNA gene sequences, a total of 37
strains were finally isolated from the Sargassum samples, which
belonged to the phyla Pseudomonadota (28/37), Bacteroidota
(7/37) and Bacillota (2/37) (Fig. 2). These strains were affiliated
with 21 genera, including Algibacter (1/37), Altererythrobacter
(1/37), Alteromonas (2/37), Bacillus (1/37), Bernardetia (1/37),
Colwellia (1/37), Erythrobacter (3/37), Halobacillus (1/37),
Marinomonas (1/37), Octadecabacter (1/37), Olleya (2/37),
Paraglaciecola (1/37), Photobacterium (1/37), Polaribacter
(2/37), Pseudoalteromonas (5/37), Psychromonas (3/37), Rhein-
heimera (1/37), Shewanella (1/37), Tenacibaculum (1/37), Vibrio
(6/37) and Yoonia (1/37) (Figs 2 and 3). Among them, Vibrio
(6/37) and Pseudoalteromonas (5/37) were the dominant genera.

The strains of each sampling station varied greatly. Strains be-
longing to Algibacter and Bernardetia (Bacteroidota) were only
isolated from Station 2, and strains belonging to Polaribacter and
Tenacibaculum (Bacteroidota) were only isolated from Station 4,

and strains of Olleya of B were isolated from Station 2 and Sta-
tion 4. Only two Bacillota strains were isolated, which were one of
Halobacillus from Station 1 and the other of Bacillus from Station
5. Strains of Pseudomonadota were isolated from all stations
(Fig. 3). Although Vibrio and Pseudoalteromonas were the dom-
inant genera among all the 21 genera, Erythrobacter strains were
dominant in those from Station 1 and Psychromonas strains were
dominant in those from Station 2 (Fig. 3). Furthermore, the
strains isolated from Station 2 belong to a total of 8 genera, whose
diversity was higher than those isolated from other sampling sta-
tions. Although the treatment of Sargassum samples and the
screening method of epiphytic bacteria from all stations were
consistent, the epiphytes varied from each station, indicating that
different sampling locations and times may have impacts on bac-
terial community composition.

Studies on the growth cycle of Sargassum showed that Sargas-
sum grows slowly in winter and that the growth rate of Sargas-
sum accelerates with the increase in temperature. When the tem-
perature reaches approximately 25℃, the length and weight of
algae reach the maximum, and reproductive growth occurs (Chu
et al., 2011; Umezaki, 1974). The sampling time at Station 1 is in
winter, and the sampling time at other stations is in spring. In
winter, the slow growth of Sargassum and reduced amount of nu-
trients released to the phycosphere may lead to the fact that the
bacteria isolated from Station 1 were absent from other sampling
stations. In March, the cold air gradually weakens and extratrop-
ical cyclone is frequent. Therefore, wind and waves often occur
offshore of the Yellow Sea under the cooperation of cold air and
extratropical cyclone, which probably resulted in the high di-
versity of bacteria on the samples from Station 2 and Station 4,
which were collected in March. Samples from Station 2 and those
from Station 4 were sampled on the same day but from different
locations. Although their community composition was different,
they all contained Pseudoalteromonas and Olleya. Similarly,
samples from Station 3 and those from Station 5 were sampled
on the same day but from different locations, and the dominant
genus on the samples from both stations is Vibrio. Therefore, al-
though differences in community composition existed between
samples from different sampling locations, there were also simil-
arities due to the proximity of the locations.

Although many strains have been isolated from Sargassum,
including some novel species (Choi et al., 2017; Kim et al., 2016;
Lee et al., 2017; Wang et al., 2020), there are so far only two stud-
ies on the diversity of Sargassum-associated bacteria (Fig. 4). Mei
et al. (2019) reported the potential epiphytic bacteria associated
with the drifting S. horneri, including offshore yellow Sargassum
and nearshore brown Sargassum, which were analyzed using the
high-throughput sequencing data of the 16S rRNA gene by a
modified co-vortex method with silica sand. The dominant bac-
terial genera from the brown Sargassum are Bacillus (12.2%), Pro-
pionibacterium (9.48%), Kocuria (8.01%), Pseudomonas (7.65%),
and Bacteroides (5.21%); and the dominant bacterial genera from
the yellow Sargassum are Flavobacterium (16.5%), Paracoccus
(11.5%), Bacillus (6.97%), and Propionibacterium (5.27%). Me-
nezes et al. (2010) analyzed the microbial diversity associated
with Sargassum sp. collected from Brazil. As a result, strains from
Bacillus (7/26), Ruegeria (5/26), Micrococcus (3/26), Staphylococ-
cus (2/26), Kocuria (1/26), Arthrobacter (1/26), Brevundimonas
(1/26), Dokdonia (1/26), Knoellia (1/26), Nocardioides (1/26) and
Vibrio (1/26) were isolated (Menezes et al., 2010). The Sargas-
sum epiphytes from different studies are significantly different,
which may be caused by the differences in Sargassum species,

 

Fig. 1.   Morphology of the Sargassum sample collected at Station 1.
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Fig. 2.     A neighbor-joining phylogenetic tree of the bacteria isolated from the Sargassum  samples based on the 16S rRNA gene
sequences. The bootstrap values of each branch were tested by 1 000 repetitions. Five different colors indicate the stations which the
strains were isolated from.
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sampling location, sampling time, and methods for sample treat-
ment and bacterial isolation. Our result reveals some different
epiphytes from those reported, including genera Algibacter,
Altererythrobacter, Alteromonas, Bernardetia, Colwellia, Eryth-
robacter, Halobacillus, Marinomonas, Octadecabacter, Olleya,
Paraglaciecola, Photobacterium, Polaribacter, Pseudoalteromo-
nas, Psychromonas, Rheinheimera, Shewanella, Tenacibaculum
and Yoonia. Among them, 15 genera, including Algibacter, Alter-
erythrobacter, Bernardetia, Colwellia, Erythrobacter, Halobacil-
lus, Marinomonas, Octadecabacter, Olleya, Photobacterium, Po-
laribacter, Psychromonas, Rheinheimera, Tenacibaculum and
Yoonia, were screened from Sargassum for the first time, provid-
ing a better understanding for the diversity of bacteria associated
with Sargassum.

3.3  Alginate lyase-excreting bacteria from the Sargassum samples
Alginate lyase-excreting bacteria were further screened from

the Sargassum-associated strains. Based on the alginate plate as-
say, we screened 15 strains that could produce a clear halo. We
then inoculated these strains in the minimal medium with algin-
ate as the sole carbon source. Finally, 8 strains grew in the medi-
um, indicating that they utilize alginate for growth via secreting

alginate lyases to degrade alginate. These strains were regarded
as alginate lyase-excreting bacteria. The 8 strains are Alteromo-
nas sp. D120 isolated from Station 5, Pseudoalteromonas strains
M10, M9, M11 and M5 from Station 4, and Vibrio strains C42, C57
and C60 from Station 3, which all belong to Proteobacteria (Fig.
5a). Therefore, strains from Pseudoalteromonas (4/8) and Vibrio
(3/8) are the main alginate lyase-excreting bacteria from the Sar-
gassum samples (Fig. 5b), indicating that the predominant gen-
era of the Sargassum-associated bacteria and the alginate lyase-
excreting bacteria are consistent. No alginate lyase-excreting
bacteria were screened out from Station 1 and Station 2, which
may be caused by different sampling times. Gorham and Lewey
(1984) tracked the life history of Sargassum muticum, and found
that the amount of alginate in Sargassum muticum varies with
the temperature, reaching the highest in May and June. In
November and March, the seawater temperature at the sampling
sites is low, which may lead to less alginate content in Sargassum
than that in May.

Numerous alginate lyase-excreting strains have been isolated
from brown algae. For instance, 21 alginate lyase-excreting
strains were isolated from the surface of the Arctic Laminaria
(Dong et al., 2012; Xu et al., 2020). Martin et al. (2015) identified
14 alginate lyase-excreting strains associated with the brown alga
Ascophyllum nodosum. Targeting the diversity of alginate lyase-
excreting strains from Sargassum, only Wang et al. (2017) repor-
ted 12 alginate lyase-excreting strains screened from Laminaria
japonica, S. horneri and S. siliquatrum samples, which belong to
8 genera including Paenibacillus, Bacillus, Leclercia, Isoptericola,
Planomicrobium, Pseudomonas, Lysinibacillus and Sphingomo-
nas. Thus, our study reveals that some Sargassum-associated al-
ginate lyase-excreting bacteria are different from those reported,
including strains of Alteromonas, Pseudoalteromonas and Vibrio.

3.4  Extracellular alginolytic activity of the alginate lyase-excret-
ing strains
We further measured the extracellular alginolytic activity of

the 8 alginate lyase-excreting strains toward sodium alginate. The
extracellular alginolytic activity of all the 8 strains was detectable
(Fig. 6), among which Pseudoalteromonas sp. M9 had the highest
extracellular alginolytic activity of 0.55 U/mL. Compared with the
high activity of Pseudoalteromonas sp. M9, the extracellular al-
ginolytic activities of the other two Pseudoalteromonas strains,
M10 and M11, were both lower than 0.1 U/mL. The extracellular
alginolytic activities of all the 3 Vibrio strains were higher than
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Fig. 3.   The community compositions of the cultivable epiphytic
bacteria from the Sargassum samples from all sampling stations
(top) and from each station (bottom).
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Fig. 4.   Comparison of community composition of the cultivable epiphytic bacteria from Sargassum in this study and those from
Sargassum samples in other reported studies. A. S. sp. in this study; B. the brown drifting S. horneri from the Yellow Sea (Mei et al.,
2019); C. the yellow drifting S. horneri from the Yellow Sea (Mei et al., 2019); D. Sargassum sp. from Brazil (Menezes et al., 2010).
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0.4 U/mL, of which strain C42 was the highest, reaching 0.51 U/mL.
Strain D120 belonging to Alteromonas showed comparatively low
extracellular alginolytic activity, only 0.08 U/mL. These results in-
dicate that these strains can secrete alginate lyases to utilize al-
ginate as the sole carbon source for growth.

Up to now, the extracellular alginate lyase activities of many
strains have been determined. For example, Dong et al. (2012)
measured the extracellular alginate lyase activity of 21 alginate ly-
ase-excreting strains at their optimal temperature using the So-
mogyi-Nelson method. They found that Polaribacter strain 2-2
had the highest extracellular alginate lyase activity, which was
approximately 200 U/mL. Li et al. (2011) reported 10 alginate ly-
ase-producing bacterial strains, of which Pseudoalteromonas sp.
SM0524 had the highest alginate lyase activity, reaching 62.6
U/mL under the optimized conditions. So far, only Wang et al.
(2017) measured the relative extracellular alginate lyase activity
of 7 alginate lyase-excreting strains screened from Sargassum, of
which Bacillus halosaccharovorans LJ-3 showed the highest relat-
ive enzyme activity. In contrast, the results in this study showed
that, among the 8 alginate lyase-excreting strains isolated from
Sargassum, Pseudoalteromonas strain M9 and Vibrio strain C42
had the highest extracellular alginolytic activity. Their extracellu-
lar activities were lower than those of the reported strains above
(Dong et al., 2012; Li et al., 2011), maybe because their activities
were not measured under the optimal enzyme production condi-
tions and enzymatic reaction conditions. Nevertheless, these
strains may be used to search for novel alginate lyases.
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Fig. 5.   The alginate lyase-excreting bacteria isolated from the Sargassum samples. a. A neighbor-joining phylogenetic tree of the
alginate lyase-excreting bacteria isolated from the Sargassum samples based on the 16S rRNA gene sequences; the bootstrap values of
each branch were tested by 1 000 repetitions. Three different colors indicate the stations which the strains were collected from. b.
Abundances of the genera groups of the alginate lyase-excreting bacteria isolated from the Sargassum samples.
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Fig. 6.   Extracellular alginolytic activity of the alginate lyase-ex-
creting bacteria. The strains were cultured in the liquid minimal
medium  containing  0.5%  sodium  alginate  as  the  sole  carbon
source at 20℃ with stirring (180 r/min) for 1.5 d. The fermenta-
tion broth of each strain was centrifuged to obtain the super-
natant as crude enzymes. The activity of the crude enzyme to-
ward alginate was determined by using the 3,5-dinitrosalicylic
acid method. The graph shows data from triplicate experiments
(mean ± standard deviation).
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4  Conclusions
In this study, the diversity of epiphytic bacteria from the Sar-

gassum samples collected from the coastal seawaters in Shan-
dong Province, China was investigated. As a result, 37 Sargassum
epiphytes belonging to 21 genera in 3 phyla were isolated, among
which strains of Vibrio (6/37) and Pseudoalteromonas (5/37)
were the predominant groups. Of these, 15 genera were screened
from Sargassum for the first time. Eight strains belonging to 3
genera of Pseudomonadota were further identified as alginate ly-
ase-excreting strains, and they were different from the previously
reported strains isolated from Sargassum. Moreover, the extracel-
lular alginolytic activity of the 8 strains was detected. This study
characterized a few new Sargassum epiphytes including alginate
lyase-excreting bacteria, which is instrumental for understand-
ing the interactions between Sargassum and its epiphytes, and
will promote the discovery of new alginate lyases and biological
control of Sargassum.

References
Bao Menglin, Park J S, Wu Hailong, et al. 2022. A comparison of

physiological responses between attached and pelagic popula-
tions of Sargassum horneri under nutrient and light limitation.
Marine Environmental Research, 173: 105544, doi: 10.1016/j.
marenvres.2021.105544

Cheng Danyang, Jiang Chengcheng, Xu Jiachao, et al. 2020. Charac-
teristics and applications of alginate lyases: a review. Interna-
tional Journal of Biological Macromolecules, 164: 1304–1320,
doi: 10.1016/j.ijbiomac.2020.07.199

Choi S, Kang J W, Lee J H, et al. 2017. Dokdonia lutea sp. nov., isol-
ated from Sargassum fulvellum seaweed. International Journal
of Systematic and Evolutionary Microbiology, 67(11): 4482–
4486, doi: 10.1099/ijsem.0.002317

Chu Shaohua, Zhang Quansheng, Liu Shikai, et al. 2011. Trade-off
between vegetative regeneration and sexual reproduction of
Sargassum thunbergii. Hydrobiologia, 678(1): 127–135, doi:
10.1007/s10750-011-0835-9

Demirbas A, Demirbas M F. 2011. Importance of algae oil as a source
of biodiesel. Energy Conversion and Management, 52(1):
163–170, doi: 10.1016/j.enconman.2010.06.055

Dong Sheng, Yang Jie, Zhang Xiying, et al. 2012. Cultivable alginate
lyase-excreting bacteria associated with the Arctic brown alga
Laminaria. Marine Drugs, 10(11): 2481–2491

Egan S, Thomas T, Kjelleberg S. 2008. Unlocking the diversity and bi-
otechnological potential of marine surface associated microbi-
al communities. Current Opinion in Microbiology, 11(3):
219–225, doi: 10.1016/j.mib.2008.04.001

Enquist-Newman M, Faust A M E, Bravo D D, et al. 2014. Efficient
ethanol production from brown macroalgae sugars by a syn-
thetic yeast platform. Nature, 505(7482): 239–243, doi: 10.1038/
nature12771

Gorham J, Lewey S A. 1984. Seasonal changes in the chemical com-
position of Sargassum muticum.  Marine Biology, 80(1):
103–107, doi: 10.1007/BF00393133

Gouvêa L P, Assis J, Gurgel C F D, et al. 2020. Golden carbon of Sar-
gassum forests revealed as an opportunity for climate change
mitigation. Science of the Total Environment, 729: 138745, doi:
10.1016/j.scitotenv.2020.138745

Holdt S L, Kraan S. 2011. Bioactive compounds in seaweed: function-
al food applications and legislation. Journal of Applied Phyco-
logy, 23(3): 543–597, doi: 10.1007/s10811-010-9632-5

Huang Bingxin, Ding Lanping, Tan Huanqiang, et al. 2013. Species
diversity and distribution of genus Sargassum in China seas.
Oceanologia et Limnologia Sinica (in Chinese), 44(1): 69–76

Huang Xuxiong, Zhou Hongqi, Zhang Hui. 2006. The effect of Sargas-
sum fusiforme polysaccharide extracts on vibriosis resistance
and immune activity of the shrimp, Fenneropenaeus chinensis.
Fish & Shellfish Immunology, 20(5): 750–757

Islan G A, Bosio V E, Castro G R. 2013. Alginate lyase and ciprofloxa-

cin co-immobilization on biopolymeric microspheres for cystic
fibrosis treatment. Macromolecular Bioscience, 13(9):
1238–1248, doi: 10.1002/mabi.201300134

Kim J Y, Yoo H S, Lee D H, et al. 2016. Shewanella algicola sp. nov., a
marine bacterium isolated from brown algae. International
Journal of Systematic and Evolutionary Microbiology, 66(6):
2218–2224, doi: 10.1099/ijsem.0.001014

Kumar S, Stecher G, Li M, et al. 2018. MEGA X: molecular evolution-
ary genetics analysis across computing platforms. Molecular
Biology and Evolution, 35(6): 1547–1549, doi: 10.1093/molbev/
msy096

Lee Y K, Jung H A, Lee H K. 2006. Marine bacteria associated with the
Korean brown alga, Undaria pinnatifida. The Journal of Micro-
biology, 44(6): 694–698

Lee J H, Kang J W, Shin S B, et al. 2017. Winogradskyella flava sp.
nov., isolated from the brown alga, Sargassum fulvellum. Inter-
national Journal of Systematic and Evolutionary Microbiology,
67(9): 3540–3546, doi: 10.1099/ijsem.0.002161

Li Jianwei, Dong Sheng, Song Jie, et al. 2011. Purification and charac-
terization of a bifunctional alginate lyase from Pseudoalteromo-
nas sp. SM0524. Marine Drugs, 9(1): 109–123, doi: 10.3390/
md9010109

Mao Wenjun, Li Bafang, Gu Qianqun, et al. 2004. Preliminary studies
on the chemical characterization and antihyperlipidemic activ-
ity of Polysaccharide from the brown alga Sargassum fusiforme.
Hydrobiologia, 512(1–3): 263–266

Martin M, Barbeyron T, Martin R, et al. 2015. The cultivable surface
microbiota of the brown alga Ascophyllum nodosum is en-
riched in macroalgal-polysaccharide-degrading bacteria. Fron-
tiers in Microbiology, 6: 1487

Martin M, Portetelle D, Michel G, et al. 2014. Microorganisms living
on macroalgae: diversity, interactions, and biotechnological
applications. Applied Microbiology and Biotechnology, 98(7):
2917–2935, doi: 10.1007/s00253-014-5557-2

Mei Xiangyuan, Wu Chunhui, Zhao Jin, et al. 2019. Community struc-
ture of bacteria associated with drifting Sargassum horneri, the
causative species of Golden Tide in the Yellow Sea. Frontiers in
Microbiology, 10: 1192, doi: 10.3389/fmicb.2019.01192

Menezes C B A, Bonugli-Santos R C, Miqueletto P B, et al. 2010. Mi-
crobial diversity associated with algae, ascidians and sponges
from the north coast of São Paulo state, Brazil. Microbiological
Research, 165(6): 466–482, doi: 10.1016/j.micres.2009.09.005

Miller G L. 1959. Use of dinitrosalicylic acid reagent for determina-
tion of reducing sugar. Analytical Chemistry, 31(3): 426–428,
doi: 10.1021/ac60147a030

Park P J, Heo S J, Park E J, et al. 2005. Reactive oxygen scavenging ef-
fect of enzymatic extracts from Sargassum thunbergii. Journal
of Agricultural and Food Chemistry, 53(17): 6666–6672, doi:
10.1021/jf050582+

Sawabe T, Tanaka R, Iqbal M M, et al. 2000. Assignment of Alteromo-
nas elyakovii KMM 162T and five strains isolated from spot-
wounded fronds of Laminaria japonica to Pseudoalteromonas
elyakovii comb. nov. and the extended description of the spe-
cies. International Journal of Systematic and Evolutionary Mi-
crobiology, 50(1): 265–271, doi: 10.1099/00207713-50-1-265

Tang J C, Taniguchi H, Chu H, et al. 2009. Isolation and characteriza-
tion of alginate-degrading bacteria for disposal of seaweed
wastes. Letters in Applied Microbiology, 48(1): 38–43, doi:
10.1111/j.1472-765X.2008.02481.x

Umezaki I. 1974. Ecological studies of Sargassum thunbergii (Mer-
tens) O. Kuntze in Maizuru Bay, Japan Sea. The Botanical
Magazine, 87(4): 285–292, doi: 10.1007/BF02489559

Vijayaraghavan K, Teo T T, Balasubramanian R, et al. 2009. Applica-
tion of Sargassum biomass to remove heavy metal ions from
synthetic multi-metal solutions and urban storm water runoff.
Journal of Hazardous Materials, 164(2–3): 1019–1023

Wang Mingpeng, Chen Lei, Zhang Zhaojie, et al. 2017. Screening of
alginate lyase-excreting microorganisms from the surface of
brown algae. AMB Express, 7(1): 74, doi: 10.1186/s13568-017-
0361-x

Wang Yan, Zhang Yao, Liu Tingwei, et al. 2020. Paraglaciecola mar-

76 Sun Xiaomeng et al. Acta Oceanol. Sin., 2023, Vol. 42, No. 6, P. 70–77  

http://dx.doi.org/10.1016/j.marenvres.2021.105544
http://dx.doi.org/10.1016/j.marenvres.2021.105544
http://dx.doi.org/10.1016/j.ijbiomac.2020.07.199
http://dx.doi.org/10.1099/ijsem.0.002317
http://dx.doi.org/10.1007/s10750-011-0835-9
http://dx.doi.org/10.1016/j.enconman.2010.06.055
http://dx.doi.org/10.1016/j.mib.2008.04.001
http://dx.doi.org/10.1038/nature12771
http://dx.doi.org/10.1038/nature12771
http://dx.doi.org/10.1007/BF00393133
http://dx.doi.org/10.1016/j.scitotenv.2020.138745
http://dx.doi.org/10.1007/s10811-010-9632-5
http://dx.doi.org/10.1002/mabi.201300134
http://dx.doi.org/10.1099/ijsem.0.001014
http://dx.doi.org/10.1093/molbev/msy096
http://dx.doi.org/10.1093/molbev/msy096
http://dx.doi.org/10.1099/ijsem.0.002161
http://dx.doi.org/10.3390/md9010109
http://dx.doi.org/10.3390/md9010109
http://dx.doi.org/10.1007/s00253-014-5557-2
http://dx.doi.org/10.3389/fmicb.2019.01192
http://dx.doi.org/10.1016/j.micres.2009.09.005
http://dx.doi.org/10.1021/ac60147a030
http://dx.doi.org/10.1021/jf050582+
http://dx.doi.org/10.1099/00207713-50-1-265
http://dx.doi.org/10.1111/j.1472-765X.2008.02481.x
http://dx.doi.org/10.1007/BF02489559
http://dx.doi.org/10.1186/s13568-017-0361-x
http://dx.doi.org/10.1186/s13568-017-0361-x


ina sp. nov., isolated from marine alga (Sargassum natans (L.)
Gaillon). International Journal of Systematic and Evolutionary
Microbiology, 70(8): 4451–4457, doi: 10.1099/ijsem.0.004132

Wargacki A J, Leonard E, Win M N, et al. 2012. An engineered micro-
bial platform for direct biofuel production from brown mac-
roalgae. Science, 335(6066): 308–313, doi: 10.1126/science.
1214547

Wong T Y, Preston L A, Schiller N L. 2000. Alginate lyase: review of
major sources and enzyme characteristics, structure-function
analysis, biological roles, and applications. Annual Review of
Microbiology, 54: 289–340, doi: 10.1146/annurev.micro.54.1.
289

Xia Menglu, Liu Chunping, Gao Lei, et al. 2019. One-step preparative
separation of phytosterols from edible brown seaweed Sargas-
sum horneri by high-speed countercurrent chromatography.

Marine Drugs, 17(12): 691, doi: 10.3390/md17120691
Xu Fei, Chen Xiulan, Sun Xiaohui, et al. 2020. Structural and molecu-

lar basis for the substrate positioning mechanism of a new PL7
subfamily alginate lyase from the Arctic. Journal of Biological
Chemistry, 295(48): 16380–16392, doi: 10.1074/jbc.RA120.
015106

Xu Fei, Wang Peng, Zhang Yuzhong, et al. 2017. Diversity of three-di-
mensional structures and catalytic mechanisms of alginate ly-
ases. Applied and Environmental Microbiology, 84(3):
e02040–17

Youssouf L, Lallemand L, Giraud P, et al. 2017. Ultrasound-assisted
extraction and structural characterization by NMR of alginates
and carrageenans from seaweeds. Carbohydrate Polymers, 166:
55–63, doi: 10.1016/j.carbpol.2017.01.041

  Sun Xiaomeng et al. Acta Oceanol. Sin., 2023, Vol. 42, No. 6, P. 70–77 77

http://dx.doi.org/10.1099/ijsem.0.004132
http://dx.doi.org/10.1126/science.1214547
http://dx.doi.org/10.1126/science.1214547
http://dx.doi.org/10.1146/annurev.micro.54.1.289
http://dx.doi.org/10.1146/annurev.micro.54.1.289
http://dx.doi.org/10.3390/md17120691
http://dx.doi.org/10.1074/jbc.RA120.015106
http://dx.doi.org/10.1074/jbc.RA120.015106
http://dx.doi.org/10.1016/j.carbpol.2017.01.041

	1 Introduction
	2 Materials and methods
	2.1 Collection of the algal samples
	2.2 Isolation of the bacteria associated with the Sargassum samples
	2.3 Screening of alginate lyase-excreting bacteria
	2.4 Alginate lyase assay
	2.5 Sequencing of the 16S rRNA gene and phylogenetic analysis

	3 Results and discussion
	3.1 Identification of the algal samples
	3.2 Diversity of bacteria associated with the Sargassum samples
	3.3 Alginate lyase-excreting bacteria from the Sargassum samples
	3.4 Extracellular alginolytic activity of the alginate lyase-excreting strains

	4 Conclusions
	References

