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INTRODUCTION

27 different
Aquimarina species are 

already described
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Strains Aq135 and Aq349 isolated from 
marine sponges off the coast of Portugal
(Esteves et al., 2013)

We here describe two novel species in the 
Aquimarina genus A. aquimarinae and A. spinosulus, 

known to produce the secondary metabolites 
aquimarins and cuniculene, respectively
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CHARACTERIZATION OF A. aquimarinae AQ135 AND A. spinosulus AQ349
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Glycosyl hydrolases

GH1, GH2, GH3 (8 Pfams)
β-glucosidases and β-galactosidases

7 13 11 15 17

GH5, GH6*, GH9, GH18, GH48 (5 Pfams)
cellulases and chitinases

8 11 8 14 6

GH16
β-agarases and κ-carrageenases

1 0 0 0 0

GH20 (2 Pfams)
N-acetylglucosaminidases

4 6 6 6 12

GH25
Lysozymes

1 1 1 1 1

GH31, GH63, GH97 (5 Pfams)
α-glucosidases and α-galactosidases

2 6 6 6 5

GH43
arabinases and xylosidases

0 0 1 1 1

GH53
galactanases

0 0 0 1 0

GH65 (3 Pfams)
phosphorylases

3 3 3 3 4

GH76, GH92, GH99 (4 Pfams)
α-mannanases and α-mannosidases

5 13 14 13 13

GH115
α-glucuronidases

1 0 0 0 0

Chitin

Chitin synthase 1 1 1 1 0

Chitinase class I 2 1 1 1 1

Compound resistance

Bacitracin resistance protein BacA 1 1 1 1 1

CrcB-like protein, Camphor Resistance (CrcB) 1 1 1 1 1

Erythromycin esterase 1 1 0 1 0
Glyoxalase/Bleomycin resistance protein/Dioxygenase 
superfamily (2 Pfams)

14 17 15 20 20

MerC mercury resistance protein 1 2 2 1 1

Tellurite resistance (2 Pfams) 7 7 7 7 7

Tetracyclin repressor-like, C-terminal domain (4 Pfams) 8 4 5 4 3

Copper resistance protein D 0 0 0 0 1

Putative small multi-drug export protein 1 1 1 1 1

A. aquimarinae & A. spinosulus
display gliding motility, which is
indeed a common feature of
Aquimarina spp.

Aq135 (25x) Aq349 (25x)

Aq135 Aq349

Versatile carbon metabolism
For example, cellulase, agarase, N-
acetylglucosaminidase and 
chitinase encoding genes

Compound resistance
For instance, potential resistance
to tellurite (a trait usually encoded
in plasmids), and other heavy
metals as well as antibiotics
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Flexirubin BGC
Lab tests show: Both 

species produce 
flexirubin pigments

Phylogenetic (based on 16S rRNA genes) and Phylogenomic inferences 
and genome-wide Average Nucleotide Identity (ANI) values

Aquimarina aquimarinae Aq135 (HE818118)
DGGC* FastANI (KBase)

Query genome Reference genome DDH**
Prob. DDH 

>= 70%
∆G+C 
[%] ANI [%] AF [%]

A. aquimarinae Aq135 Aquimarina sp. Aq349 22.5 0 0.52 79.8736 48.12

A. aquimarinae Aq135
Aquimarina macrocephali
JAMB_N27T 22.6 0 0.46 79.826 45.73

A. aquimarinae Aq135
Aquimarina megaterium 
XH134T 22.5 0 0.46 79.8365 47.25

A. aquimarinae Aq135
Aquimarina sediminis 
w01T 21.6 0 0.81 79.3314 42.09

A. spinosulus Aq349
Aquimarina atlantica 
22II-S11-z7T 19.90 0 1.02 91.4312 78.15

A. spinosulus Aq349
Aquimarina macrocephali
JAMB_N27T 41.00 3.5 0.05 90.4194 76.52

A. spinosulus Aq349
Aquimarina megaterium 
XH134T 53.90 31.23 0.05 93.6519 81.09

Functional (Pfam-based) genome annotation highlights features of 
the Aquimarina genus

16S rRNA gene phylogeny showed that the closest
type strains A. aquimarinae Aq135 are A. macrocephali
(97.84%) and A. sediminis (97.05%) whereas A.
spinosulus Aq349 is closely related to A. atlantica
(98.06%) and A. megaterium (99.21%).
While 16S rRNA gene similarity values were above the
species-level threshold, genome-wide analysis revealed
that both A. aquimarinae Aq135 and A. spinosulus
Aq349 exhibit ANI scores below the species level cut-
off (95%) for all described Aquimarina type species.

Aquimarins BGC

Identification of Biosynthetic Gene Clusters (BGCs)

Cuniculene BGC
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A. aquimarinae and A.
spinosulus possess chitinase
genes and are both able to
degrade chitin, a key feature
governing the cycling of C and N
in marine ecosystems.
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Colony colour yellow yellow-orange orange orange orange

Growth Temperature Range (°C) 4 - 30 4 - 30 8 - 30 8 - 37 4 - 37

Growth with NaCl range (%) 1 - 5 1 - 5 1 - 4 2 - 4 2 - 5

Flexirubin-type pigments + + NA + -

Biofilm formation + + NA NA +

Gliding motility + + + + +
Nitrate reduction - - - + +

Enzymes

Catalase + - + + +
β-galactosidase - + + - NA

Utilization of:

Starch + + + + +

Mannose - - + - NA

Maltose - - + NA NA

Citrate - - NA + NA

Antibiotic Resistance

Ampicillin S S R R R

Gentamicin R R R R R

Tetracycline S S R R R

Vancomycin S S S S S

Erythromycin S S S S S

Kanamycin R R R R R

Chloramphenicol S S R S S

Biochemical characterization – traits that distinguish A. aquimarinae and 
A. spinosulus

The new species, A. aquimarinae
and A. spinosulus, are
distinguished from closely related
Aquimarina species by the:

i) inability to reduce nitrate,

ii) absence of catalase and β-
galactosidase activity in
Aq349 and Aq135, respectively;

iii) susceptibility to ampicillin
and tetracycline;

iv) different temperature and
salinity ranges for growth.

*DGGC- Genome-to-Genome Distance Calculator | **DDH - digital DNA-DNA hybridization

Phylogenetic tree based on 16S rRNA gene comparison

Phylogenomics tree

before before

+ 20% KOH+ 20% KOH

+ 37% HCL + 37% HCL

Helfrich et al., 2019 Dieterich et al., 2022

Aquimarina spinosulus Aq349 (HE818385)

Aquimarina spinosulus Aq349

Aquimarina aquimarinae Aq135


