Revista de Biologia Marina y
Oceanografia
AMARINAY OC EANOGERAF A |SSN 0717_3326
revbiolmar@gmail.com
Universidad de Valparaiso
Chile

Musleh, Selim S.; Gomez-Uchida, Daniel; Espinoza, Carola; Ruiz-Tagle, Nathaly;
Fonseca, Alexis; Gallardo, Victor A.
Molecular taxonomy and community dynamics of Actinobacteria in marine sediments off
central Chile
Revista de Biologia Marina y Oceanografia, vol. 51, num. 1, abril, 2016, pp. 89-100
Universidad de Valparaiso
Vifa del Mar, Chile

Available in: http://www.redalyc.org/articulo.oa?id=47945599009

How to cite [ € &\ /"
Complete issue Scientific Information System
More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=479
http://www.redalyc.org/revista.oa?id=479
http://www.redalyc.org/revista.oa?id=479
http://www.redalyc.org/articulo.oa?id=47945599009
http://www.redalyc.org/comocitar.oa?id=47945599009
http://www.redalyc.org/fasciculo.oa?id=479&numero=45599
http://www.redalyc.org/articulo.oa?id=47945599009
http://www.redalyc.org/revista.oa?id=479
http://www.redalyc.org

Revista de Biologia Marina y Oceanografia
Vol. 51, N21: 89-100, abril 2016
DOI 10.4067/S0718-19572016000100009

ARTICLE
M olecular taxonomy and community dynamics
of Actinobacteriain marine sediments
off central Chile

Taxonomiamolecular y dinamica comunitaria de Actinobacteria
en sedimentos marinos de Chile central
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Ruiz-Tagle?, Alexis Fonseca! and Victor A. Gallardo!
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?Department of Zoology, Universidad de Concepcién, PO. Box 160- C, Concepcidn, Chile
3Centro de Biotecnologia, Universidad de Concepcidn, PO. Box 160- C, Concepcion, Chile

Resumen.- Se usé pirosecuenciacion de la region V6 del gen 16S del ARNr para caracterizar la diversidad y la dindmica espacio-
temporal de unidades taxonémicas operacionales (OTUs) del filo Actinobacteria, los que fueron aislados desde sedimentos
provenientes del Sulfureto de Humboldt frente a Chile central. Este substrato es rico en compuestos azufrados y material organico
lo que mantiene una vasta comunidad microbiana que experimenta cambios estacionales en respuesta a regimenes oceanograficos
contrastantes. Se identificaron 498 OTUs distribuidas en 7 6rdenes, 47 familias, 122 géneros, (5 de los cuales son ampliamente
reconocidos por sus aplicaciones biotecnoldgicas), y 56 especies. El andlisis temporal revelé que algunos OTUs presentan
diferencias significativas en abundancia, indices de diversidad y riqueza, las que generaron una agrupacion de las muestras
asociada a la fecha de muestreo (estacion del afio) y no a la profundidad del sitio de muestreo. Debido a que las Actinobacteria
son mayormente aerodbicas, las altas concentraciones de oxigeno disuelto que ocurren en la zona en el otofo-invierno austral,
representan condiciones ambientales beneficiosas para este filo, no asi las de primavera-verano austral cuando prevalece la
hipoxia. El presente trabajo se beneficié de la aplicacion de métodos cultivo-independientes (métodos moleculares) para evaluar
la diversidad taxondmica y examinar la dinamica de uno de los grupos de bacterias presentes en el Sulfureto de Humboldt
reportado como una fuente potencial e inexplorada de metabolitos secundarios.

Palabras clave: Actinobacteria, Sulfureto de Humboldt, ecologia bacteriana

Abstract.- We used amplicon sequencing of the 16S rRNA gene to characterize the diversity and assess temporal and spatial
patterns of Actinobacteria operational taxonomic units (OTUs) extracted from sediments of the Humboldt Sulfuretum located off
the coast of central Chile. The sediment of this zone is rich in sulfur compounds and organic material and supports a vast
microbial community that experiences seasonal changes in response to contrasting oceanographic regimes. We distinguished
498 OTUs distributed among 7 orders, 47 families, and 122 genera (5 of these have been widely recognized for their biotechnological
applications), and 56 species. The temporal analyses indicated that some OTUs underwent significant temporal changes in
abundance, richness, and diversity that allowed samples to be grouped by sampling dates (seasons) but not by sampling depth or
location. Since Actinobacteria are mostly aerobic, higher concentrations of dissolved oxygen near the bottom during the austral
autumn-winter seasons result in a more benign environment for this phylum than the upwelling-favorable spring-summer seasons
when waters over the shelf are oxygen-deficient. To evaluate the taxonomic diversity and inquire into the community dynamic of
Actinobacteria present in the Humboldt Sulfuretum and reported as a potentially untapped source for secondary metabolites this
work benefited from culture-independent (molecular) techniques.

Key words: Actinobacteria, Humboldt Sulfuretum, bacterial ecology

| NTRODUCTION

The benthic habitat of the Humboldt Current System in the
Southeast Pacific off Chile is characterized by an oxygen
minimum zone (Gallardo 1963) and seasonally variable
dissolved oxygen conditions (Ahumada & Chuecas 1979,
Gallardo et al. 1995, Paulmier et al. 2006, Sobarzo et al.
2007, Fuenzalidaet al. 2009). This habitat supportsavast and
diverse community of giant bacteria (Gallardo 1963, Gallardo

1975, 19773, b; Fossing et al. 1995, Gallardo & Espinoza
20073, b); smaller prokaryotes (Tremberger et al. 2010); and
microbial eukaryotes (Hagdund et al. 2008), and isnow known
as the Humboldt Sulfuretum (HS: Gallardoet al. 20133, b).
Despite efforts, knowledge about the taxonomy, diversity,
dynamics, and biotechnological valueof thiscomplex microbial
community (Li etal. 2013), istill initsinfancy.
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Among major bacterial lineages the phylum Actinobacteria
represents one of therichest taxa as revealed by culture and
molecular approaches (Rappé & Giovannoni 2003); it
comprises 5 sub-classes, 9 orders, 55families, and 240 genera,
fromwhich ca. 3,000 speciesare currently known (Goodfell ow
& Fiedler 2010). They incd udeaerobic and facultative anaerobic
gram-positivebacteriawithahigh DNA G+C content, ranging
from 51% in some Corynobacteria to more than 70% in
Streptomyces and Frankia (Hogg 2005). Within the
Actinobacteria, Actinomycetes are arecurrent component of
marinesystemscomprising taxawith highly variable physiologicd
and metabolic properties, which form stable and persistent
communities (Jensen et al. 2005). They are morphol ogically
diverse (e.g., rod or coccoid, fragmented hyphae or
differentiated branched mycelia; Adegboye & Babalola2012)
and possess an unparalleled ability to produce secondary
metabolites (Choet al. 2006, M anivasagan et al. 2013). These
compounds often serve as leads for the devel opment of new
pharmaceutical drugswith dinical applications, e.g., bonactin,
antibacterial and antifungal; aureoverticillactam, anticancer
(Bérdy 2005, Fiedler et al. 2005, Lam 2006).

Next-generation amplicon sequencing of 16SrRNA genes
provides apowerful, culture-independent tool toassesstemporal
andspatid changesamong bacterial communities (Fandinoet al.
2001, Galand et al. 2009, Caporaso et al. 2011, Ulloa et al.
2012, Sul et al. 2013) aswdl astoexploreand estimate bacterial
richnessand diversity (Jensen et al. 2005, Deutschbauer et al.
2006, Sogin et al. 2006, Ward & Bora2006, Amaral-Zettler et
al. 2010, Goodfellow & Fiedler 2010, Zinger et al. 2011, Bik
et al. 2012). Amplicon pyrosequencing of theV 6 region of the
16SrRNA gene(V 6 pyrotags, heresfter) was used toassessthe
taxonomiccompaosition and community structureof Actinobacteria
foundintheHSoff central Chile. Thefirst goal wastodassify the
local taxonomicdiversity of thisgroup using globd alignment for
sequence taxonomy (GAST) and identify rd evant taxa. The
second goal wasto test for spatial and temporal patterns among
samplingsites (stations) in there ative abundance composition of
operational taxonomic units (OTUs). Thedesignation of OTUs
based on molecular criteriais the method of choice anong
bacterial ecologiststo assessdiversity (Pedros-Ali6 2012). Since
off central Chilethediversity within macrobenthic communities
showed anegative relati onship with oxygen concentration and
depth (Gallardo et al. 1995), it was hypothesized that the
Actinobacteriacommunity could al soshow suchre ated patterns.
In addition, and because A ctinobacteriaare primarily aerobic
(Hogg 2005), it was hypothesi zed that any temporal changesin
theA ctinobacteriacommunity could belinked tothetwo different
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seasona oceanographi cregimesinthestudy areawith low—oxygen
over theshdf duetoincreased upwelling during the spring-summer
and high oxygen duetodiminished upwelling and thepresenceof
oxygenated surfacewaters over the shelf during autumn-winter
(Ahumada& Chuecas 1979, Gallardoet al. 1995, Paulmier et
al. 2006, Sobarzo et al. 2007, Fuenzalidaet al. 2009).

M ATERIALSAND METHODS

STUDY ZONE AND SAMPLING

This study involves the Bay of Concepcion (BoC) and the
adjacent continental shdf off central Chile (Fig. 1). Four
samplingsstations werevisited inthe study area (Table 1), three
located inside the BoC (station 1, 15 m; station 4, 27 m and
station 7, 35 mdepth), and onein the adjacent continental shelf
(station 18, 88 m depth). At each location triplicate samples
were obtained at four periods: December (end of austral spring)
2007, April (end of austral summer) 2008, September (end of
austral winter) 2008, and January (austral summer) 2009.

The sediment was collected using an Oktopus mini-multicorer
equipped with 6 plexiglass tubes (9 cm diameter, 40 cm long)
and amono-corer with asingle1 mlong, 5 cm in diameter
plexiglasstube. Each sediment samplewasimmediately sub-
sampled onboard into smaller acrylic tubes and transported
refrigerated to the laboratory where the first 5 cm of each
replicateweremixed and, from theresulting mix, afinal aliquot
of 0.5 gwasused for DNA extraction. Intotal, 16 (4 stations x
4 seasonal) sampleswere extracted.

DNA EXTRACTION AND PYROSEQUENCING oF 16SrRRNA
BACTERIAL GENES

The 0.5 g aliquot sampl es obtained as abovewerewashed 3
timeswith phosphate buffered salineand extracted using the
PowerSoil DNA isolation kit (MoBio Laboratories, Inc). DNA
quality and concentration were evaluated by absorbance
readingstaken at A260 and A280 in an Infinite F200pro (Tecan
Group Ltd., Suitzerland). Three DNA extractions were
performed from each sampling site which were subsequently
pooled and lyophilized using a Speed Vac System. Massive
and parallel tag sequencing of the hypervariable V6 region of
the 16SrRNA bacterial gene (Sogin et al. 2006, Huber et al.
2007, Huseet al. 2007) among pooled isolateswas donein a
454 GS-FLX Rochehoused at the M arine Biology Laboratory,
WoodsHole, Massachusetts, USA (Fakruddin & Chowdhury
2012).



Figure 1. Map of the study area showing
the position of sampling stations. In
brackets the depth (m) where samples
were collected / Mapa del drea de estudio
sefialando la ubicacién de las estaciones
de muestreo. Entre paréntesis la
profundidad en metros de los muestreos

Table 1. Sampling sites, dates, depth, and
V6 pyrotag numbers in benthic samples
collected in the Bay of Concepcion (‘BoC
stations’ 1, 4 and 7) and open ocean (‘off
BoC’ station 18), central Chile (sampling
station numbers correspond to those of the
1994 Thioploca-Chile Expedition (see
Gallardo et al. 2013a) / Sitios de muestreo,
fechas, profundidad y nimero de pyrotags
V6 en las muestras bentdnicas recolectadas
en la Bahia de Concepcidn (‘estaciones BoC’
1, 4 y 7) y en mar abierto (‘estacién 18 off
BoC’), Chile central (los nimeros de las
estaciones de muestreo corresponden a las
de la Expedicién Thioploca-Chile 1994 (ver
Gallardo et al. 2013a)
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-72°51"

sta18
(88 m)
Sev S
Bay of Concepcién
rSouth
America
36042 ¢ -36%42"
.
ey o R
St;tion Date Lat. °S Long. °W Depth  Total V6 Actimb. V6
r. (m) pyrotags pyrotags
1 December 2007 36.69 73.07 12 11166 172
1 April 2008 36.69 73.07 12 38348 307
1 September 2008 36.69 73.07 12 18140 716
1 January 2009 36.69 73.07 12 9713 79
4 December 2007 36.64 73.04 23 11414 154
4 April 2008 36.64 73.04 25 28067 450
4 September 2008 36.64 73.04 25 15099 794
4 January 2009 36.64 73.04 25 12427 28
7 December 2007 36.6 73 35 20225 387
7 April 2008 36.6 73 35 23890 369
& September 2008 36.6 73 35 13437 1096
7 January 2009 36.6 73 35 13497 67
18 December 2007 36.51 73.12 88 24461 207
18 April 2008 36.51 73.12 88 15438 1426
18 September 2008 36.51 73.12 88 19044 1849
18 January 2009 36.51 73.12 88 22854 117
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DNA TAXONOMIC ANALYSES

After low quality sequences weretrimmed (Huseet al. 2007),
each V6 pyrotag was taxonomical ly assigned using a (GAST)
pipeline (Sogin et al. 2006, Huseet al. 2008). All selected V6
sequences from all samplesthat were assigned to the phylum
Actinobacteriawerethen distributed intothegenusleve.

CoMMUNITY STRUCTURE. OT U DIVERSITY AND RICHNESS

V6 pyrotagswere dustered into OTUsfollowing Huseet al.’s
(2008) method, which reduces OTUs overestimation (Huseet
al. 2010) and isanalogous to the PyroNoise method (Quince
et al. 2011). High-quality V6 pyrotags (N= 269,752) were
organizedin 19,750 OTUs using a 97% sequence similarity
criterion (Huseet al. 2010). Thismethod was adopted because
bacterial sequences with similarities greater than 97% are
typically assigned tothe samespecies (Rossdl6-Mora& Amann
2001). Thenumber of sdected V 6 pyrotags assigned by GAST
tothe phylum Actinobacteriaamounted to 8,218.

Diversity for each of the 16 samples was estimated using
the reciprocal Simpson’sindex (D), according to: D = 1/1 -
S(N, (N, —1)/(N(N-1)), whereN. is the abundance of theith
OTU ineach sampleand N isthetotal number of OTUs. Inverse
Simpson issensitivetotheleve of OTUs dominance (Hanse
et al. 2008) and effectively di stingui shes between dominant and
uniform diversity patterns (Zhou et al. 2002). Additionally,
OTUsexpected richnessfor each sampleusing CatchAll, which
implements a parametric estimation method, was cal culated
(Bunge 2011). This analysis uses frequency count data to
compute ‘real’ richnessto account for potentially overlooked
Or unseen species richness.

Testing for spatial and temporal patterns proceeded in 2
steps: (A) the degree of correlation between OTUs relative
abundances (semi-metric Bray-Curtis distance) and OTUs
presence/absence matrices (metric Jaccard distance) using a
Mantel test (Mante & Valand 1970) in R (R CoreTeam 2014)
wasmeasured. Thisanalysisshould assesswhether changesin
OTUsrdativeabundanceswere corrd ated with OTUsrichness,
which may beinfluenced by many V6 pyrotags of low relative
abundance. Spearman’s correlation coefficient (p) between
observed and randomized data matrices after 99,999
permutationswas cal cul ated using thevegan package (Oksanen
etal. 2012) inR; (B) OTUsdata setswereanalyzed for spatial
(Stations) and temporal patterns (dates of sampling-season)
using a permutation multivariate analysis of variance,
PERMANOVA (Anderson 2001, McArdle& Anderson 2001).
PERMANOVA on OTUs data sets in vegan using 99,999

1 <http://vamps.mbl.edu>
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permutations were performed. Two-dimensional ordination
plots were based on nonmetric multidimensional scaling
(NMDS) (Kruskal 1964) using vegan's metaM DS procedure.
GAST and OTUs data sets are available in the project 1D
ICM_VAG_BV6".

ResuLTs

M OLECULAR TAXONOMY

GAST taxonomy classified 8,218 V6 pyrotags in the
Actinobacteria phylum. The proportions of V6 pyrotags
assigned by GAST a thedifferent taxonomic level sare presented
inFig. 2. Within thephylum, 498 OTUsweredistributed among
7 orders, 47 families, 122 genera, and 56 species.
Actinomycetales was the dominant order (3,309 V 6 pyrotags),
whereas A cidimi crobiaceae was the dominant family with more
than 600 V6 pyrotags. At the genus level, Mycobacterium

GAST taxonomy
10000 -

8000

6000

4000

MNumber of V6 pyrotags

2000

species

0 -

order family genus

Figure 2. GAST taxonomy. Dark grey barsrepresent the number of V6

pyrotags with matches in databases; light grey bars represent the

number V6 pyrotags with no matches in any database / Taxonomia

GAST. Las barras gris-obscuro representan el nimero de V6 pyrotags

con entradas en las bases de datos; las barras gris-claro representan

el numero de V6 pyrotags que no tienen entradas en ninguna base de
datos



accounted for themajority of V6 pyrotagswith more than 350

reads, followed by Conexibacter and Sreptomyces. Many or species (8,523), and remained unclassified. All generawere

generafound in this community were classified as important plotted against their relative abundance after sample pooling
producers of secondary metabolites with known (Fig.3).

biotechnol ogical applications (Table S1).

Several V6 pyrotags had no matchesto any genus (4,662)

GAST assigned Genus

Tessaracoccus
Demequina
Actinoplanes
Actinoallomurus
Amycolatopsis
Leifsonia
Crossiella
Actinotalea
Micrococcus
Georgenia
Ferrimicrobium
Williamsia
Nesterenkonia
Tetrasphaera
Gordonia
Friedmanniella
Microlunatus
Saccharomonospora
Micromonospora
~ Dietzia
Propionicicella
Rothia
Modestobacter
Kocuria
Geodermatophilus
Aeromicrobium
Kribbella
Actinomyces
Rhodococcus
Skermania
Terrabacter
Microthrix
_Frankia
Quadrisphaera
Corynebacterium
Collinsella
Patulibacter
Acidothermus
Blastococcus
Gordonibacter
Bifidobacterium
Microbacterium ]
Marmoricola ]
Jiangella |
lamia |
Pseudonocardia ]
Propionibacterium
Arthrobacter |
Solirubrobacter ]
Other ]
Nocardioides ]
Streptomyces
Conexibacter |
Mycobacterium

JHHHHHHHHHUUUUHUUUUUUUUUUUuuuuuuuuuuuuuu

| | |
0 100 200 300 400
Number of V6 pyrotags

Figure 3. Relative abundance of HS Actinobacteria genera as identified through GAST / Abundancia relativa de los
géneros de Actinobacteria presentes en las muestras del SH identificados usando GAST
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CoOMMUNITY STRUCTURE. OTUSs DIVERSITY AND
RICHNESS

Actinobacteriashowed changesin richness and diversity among
samples(Fig. 4). Ingeneral, for all sampling sitesthe highest
abundance of OTUs and species richness were observed in
samples collected in September 2008 (transition between
austral winter andaustra spring). Conversdly, thel owest number
of pyrotags (aproxy for rd ative abundance) was seenin January
2009inall stations (austral summer) (Table 1). Expected species
richness from CatchAll varied between 744 + 99 (Sta. 4 in
September (end of austral winter) 2008) and 80+ 15 (Sta. 1in
January (austral summer) 2009) and this trend was consistent
with rel ative abundance and richness values. M ean expected
richness was 300 OTUs, while the mean observed richness
was 137 OTUs, indicating that approximately 45% of all OTUs
from the phylum A ctinobacteriapotentially present at the study
zonewere sampled. Also, diversity (D) was correlated with

Richness

1000

a)
750-

Figure 4. Observed and

expected richness (a), and

diversity (b), among samples.

Richness plots show: observed

richness, dots; expected

richness, bars; and standard

error bars/ Riqueza observada 250- | J
y esperada (a) y diversidad (b)
entre muestras. El grafico de
riqueza presenta: riqueza
observada, puntos; riqueza

Richness
3
=]
_—

relative abundanceand richness, showing thehighest diversity
values in September (end of austral winter) 2008.

A Mantel test showed astrong and significant correlation
(r=0.9037, P < 0.005) between OTUs relative abundance
(Bray-Curtis) and presence/absence (Jaccard) matrices.
PERMANOVA analyses on the Bray-Curtis matrix suggested
significant differences among dates (season) of sampling (F=
3.9426, P < 0.05), but not among stations (depth) (F= 1.2336,
P> 0.05; Table 2). These results were consi stent with groups
obtained through NM DS (Fig. 5). By date, samples clustered
into3groups: (i) January (austral summer) 2009, (i) December
(end of austral spring) 2007-April (end of summer) 2008, and
(iii) September (end of austral winter) 2008. In addition, among
sampling sites 2 groupswerefound: a‘BoC group’ (Sta. 1, 4
and 7) and an ‘ off BoC group’ (Sta. 18).
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Table 2. Results of PERMANOVA based on Bray-Curtis distances among samples using two grouping
factors: sampling station and date of sampling / Resultados del anélisis PERMANOVA basado en
distancias de Bray-Curtis entre las muestras utilizando dos factores: estaciéon de muestreo y fecha de
muestreo

Variable Df > of Sqgrs Mean Sqrs F Model R? P (=F)
Station 3 0.634 0.21135 1.2336 0.15088  0.2112
Date 3 2.0264 0.67546 3.9426 0.4822 0.00001
Residuals 9 1.5419 0.17132 0.36692
Total 15 4.2023 1
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NMDS Grouping by date
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NMDS Grouping by station
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Figure 5. NMDS ordination based on relative abundance Bray-Curtis matrices of Actinobacteria OTUs. Samples were grouped by: (a) date of sampling,
and (b) sampling station. Shapes and colors represent sampling dates and sampling sites : square (H), December 2007; circle (), April 2008;
diamonds (), September 2008; triangle (A), January 2009; white, station 1; lightgrey, station 4; dark grey, station 18; black, station 7. Dashed gray
lines join samples collected in the same month or site / Ordenamiento NMDS basado en la abundancia relativa de OTUs de Actinobacteria y
matrices de distancia de Bray-Curtis. Las muestras se agruparon por fecha de muestreo (a) o estacién de muestreo (b). Las formas y colores de los
puntos representan la fecha y sitios donde se recolectaron las muestras: cuadrado (M), diciembre 2007; circulos (®), abril 2008; rombos (*),
septiembre 2008; triangulos (A ), enero 2009; blanco, estacidon 1; gris claro, estacion 4; gris oscuro, estacidn 18; negro, estacién 7. Lineas

punteadas grises unen las muestras recolectadas en el mismo mes o sitio

DiscussioN

Inthis study, weused amplicon sequencing of the hypervariable
V6 region of the I6SrRNA toassesstaxonomicdiversity among
Actinobacteriaand elucidate temporal and spatial patternsin
community structure. Actinobacteriais considered one of the 4
most abundant phylain marinesediments (Zinger et al. 2011).
In thestudied sulfuretumA ctinobacteriahad alow (7) ranking
with only 2.9% of all pyrotags (datanot shown). This overall
low abundancediffers from estimatesby Duncan et al. (2014)
for Actinobacteriaisolated from various marine sediments, a
feature that can be explained by thenormal temporal interplay
of oxygen-rich and oxygen-poor benthic conditions prevailing
intheH S, Bdow, molecular taxonomy and community structure
rel ated findings of this abundant taxon areseparately discussed.

MOLECULAR TAXONOMY AND BIOTECHNOLOGICAL
POTENTIAL OF THE ACTINOBACTERIA FROM THE HS

Culture-i ndependent methods such as ampli con sequencing of
DNA isolates have improved the understanding of ecological
and diversity patterns in bacterial communities by using
phylogenetic-based approaches (Hugenholtz et al. 1998).
Because culture methods recover only between 1 and 10% of
thetotal diversity recovered using DNA culture-independent
methods (Bérdy 2005, Vartoukian et al. 2010), the latter

present clear advantages to characterize unexplored
environments (Daset al . 2006, Soginet al. 2006). Vaz-Moreira
et al. (2011) showed that culture-independent methods were
more cost-effective than traditional culture methods.
Furthermore, Duncan et al. (2014) suggest that culture-
independent methods arethe most efficient in recovering the
taxonomic diversity of microbial groups. Yet, describing new
bacterial speciesandtheir phenotypewill oftenrequireculturing
them. New techni ques weredevel oped for culturing the ‘ as yet
uncultivated’ bacteriaduring thelast decade (Vartoukianet al.
2010). Theseinclude: (i) useof simulated environments, (ii)
co-culturing using ‘ helper strains', and (iii) single-cdll isolation
techni ques that might help grow environmental bacteria never
cultured before (Ishii et al. 2010, Vartoukian et al. 2010,
Stewart 2012). Ingeneral, all these approaches promisetodose
the gap between culturable and unculturable bacteria (Aoi et
al. 2009, Liu et al. 2009, Ishii et al. 2010, Nicholset al. 2010,
Park et al. 2011).

Inthis study Actinomycetal eswasthedominant order. Over
10,000 bi oactivecompounds have been i solated from species
of this order (Bérdy 2005). In this study 122 different genera
were found, including Sreptomyces, a genus known by its
unmatched potential to produce secondary metaboliteswith
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anticarcinogenic, antitumor, antiviral, and antibiotic properties
(Bérdy 2005, Dharmaraj 2010, Manivasagan et al. 2013).
Genomicinformation from Salinispora tropica (Actinomycetes)
reveal ed that 10% of its genome functions arerelated to the
production of secondary metabolites (Udwary et al. 2007).
Between 1997 and 2008, 660 new bacterial compoundswere
described that originated mainly from A ctinobacteria (Williams
2009). Improvements on culturing the ‘ as yet unculturable
bacteriahavebeen madeinthelast few years (Liuet al. 2009,
Ishii et al. 2010, Nicholset al. 2010, Vartoukian et al. 2010).
Evenifitisnot possibleto cultureawild bacterial strainitis
likely possibleto synthetizeits functions from genomiclibrary
information and insert it into aculturablebacteria(Igbal et al.
2012, Churchet al. 2014, Wright 2014).

COMMUNITY STRUCTURE OF THE HS ACTINOBACTERIA

Among themost striking ecological results of thisstudy were
the temporal changes in relative abundance and richness of
ActinobacteriaOTUs, which arelinked to seasona changes of
upwelling conditionsinthe sea off central Chile. It was early
found, (Ahumada & Chuecas 1979), and |ater confirmed, that
normally (‘no El Nifio regime’) in the study areathereis an
alternation between two different regimesthat affect thebenthos:
low-oxygeninspring-summer and high oxygenin autumn-winter
(Gallardo et al. 1995, Paulmier et al. 2006, Sobarzo et al.

2007, Fuenzalidaet al. 2009). Given that Actinobacteriaare
ether aerobic or facultative anaerobes (Hogg 2005), therelative
abundance and OTUS s richness should increase during the
austral autumn-winter seasons, and decrease, during the austral

spring-summer seasons, as it was found in this study. In
freshwater, dissolved oxygen isalso strongly correlated with
seasonal changes and vertical stratification of bacterial

communities (Martinez-Alonsoet al. 2008, Rotaruet al . 2012,

Garcia et al. 2013). Pelagic marine and fresh-water
Actinomycetal escommunities showed seasond differenceswith
depth and seasons presumably associated with changes in
nutrient availability (Yoshidaet al. 2008). Gallardoet al. (1995)

surveyed theHS macrobenthicbiota, induding the megabacteria
Candidatus Marithioplocaspp. (ex-Thioploca, see Teske &

Salman 2014). This study found that the former’sresponseto
the seasonal and depth variationsin dissolved oxygen arein
tunewith those shown inthis study by Actinobacteriabut not
with respect to the behavior of the megabacteriaCandidatus
M arithi oploca spp. which requirethe spring-summer reduced
oxygen bottom conditions (Gallardo et al. 2013a).

Although evidencefor spatially heterogeneous A ctinobacteria
OTUs was not supported by PERMANOVA analyses, 2
clusters wererecognized: onerepresented by shallower ‘BoC

Musleh et al.
Taxonomy and dynamics of benthic Actinobacteria in Chile

Stations' 1, 4, and 7, and another by the deeper open ocean
‘off BoC Station’ 18. It ishypothesized that thisisan emerging
bathymetric pattern that deservesfurther attention.

Both temporal and spatial patterns can be related to the
movements, presence, and changes of water masses (Agogué
et al. 2011, Salazar et al. 2015). Alves et al. (2015) found
that parameterssuch astemperature, dissolved organic carbon,
and depth appear to strongly influence the abundance and
diversity of marine bacterial communities, and that the
community structuremight berelated to features of the water
masses present. They further suggest that the microbial
component can help characterize each water mass. Brownet
al. (2014) showed that bacterial communities in marine
environments are highly structured and that biogeographic
patterns reflect affinities for different water masses among
bacteria. Water masses carrying different concentrations of
oxygen, thusallowing for either organic-poor or organic-rich
(reduced) benthic environments coul d structure benthic bacteria
assemblages, and thusexplain their eventual gpatial and temporal
variahility asit hasbeen confirmed by the present study.

CONCLUSIONS

Assuggested by theimportant percentage of un-annotated tags,
thelack of database information on uncultured bacteria needs
to be addressed in order to provide more comprehensive
assessments of bacterial diversity and ecology. Growth of
genetic and taxonomi ¢ databases should enablemoreinformed
conclusions based on molecular, culture-independent data. In
this study, using culture-independent methods the diversity and
dynamics of theActinobacteriacommunity collected from marine
sadimentsin theHS werecharacterized. Resultsindicated that
the highly dynamic seasonal environment of the Humbol dt
Current system can explaintempora and spatial patternsin the
Actinobacteriacommunity structure. M ol ecul ar taxonomy based
on V6 pyrotags promisesto il luminate community diversity
among other bacterial phylafound in sedimentsat theBoC and
adjacent continental shelf. A large proportion of theOTUs had
no matchesin any database and remained anonymous. Yet, we
found 5 genera that have been widely recognized for their
biotechnological applications. Therefore, theHS appearsas an
untapped source of secondary metabolites.
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Table S1. Genera with useful secondary metabolites according to Adegboye & Babalola (2012), Cho et al. (2006), Fiedler et al. (2005), Goodfellow & Fiedler (2010), Jensen et al. (2005), Lam
(2006), Mincer et al. (2005) / Géneros con metabolitos secundarios utiles segiin: Adegboye & Babalola (2012), Cho et al. (2006), Fiedler et al. (2005), Goodfellow & Fiedler (2010), Jensen et
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al. (2005), Lam (2006), Mincer et al. (2005)

N of V6 N of

Genus pyrotag  OTUs Metabolites Uses
Streptomyces 205 34 Aureoverticillactam Anticancer
Frigocyclinone Antibacterial
Lajollamycin Antibacterial
Bonactin Antibacterial; antifungal
Caprolactones Anticancer
Chinikomycins Anticancer
3,6-disubstituted indoles Anticancer
Glaciapyrroles Antibacterial
Gutingimycin Antibacterial
Himalomycins Antibacterial
Komodoquinone A Neuritogenic activity
Trioxacarcins Antibacterial; anticancer; antimalarial
Albidopyrone Inhibitory activity against protein-tyrosine phosphatase B
Abyssomicins B, C, atrop-C, D, G and H Antibiotics
Benzoxazine NTK 935 Inhibitory activity against the enzyme glycogen synthase kinase 3-beta
Caboxamycin Antibiotic
Micromonospora 20 10 Diazepinomicin (ECO-4601) Antibacterial; anticancer; anti-inflammatory
Actinomadura 3 2 Chandrananimycins IB-00208 Antialagl; antibacterial; anticancer; antifungal; Anticancer
Dermacoccus 2 1 Dermacozines Antitumour; antiprotozoal and free radical scavenging activities
Tsukamurella 1 1 Lipocarbazoles A1-A4 Strong free radical scavenging activity




