Gerardo Della Sala, PhD
Eco-sustainable Marine Biotechnology Department
Stazione Zoologica Anton Dohrn - Molosiglio, Napoli

Linking Genomics and Metabolomics
to Discover Bioactive Natural Products
in Marine Extremophiles




Gerardo Della Sala, PhD

Stazione Zoologica Anton Dohrn, Naples

315 INTERNATIONAL SYMPOSIUM ON THE CHEMISTRY OF NATURAL PRODUCTS
[t INTERNATIONAL CONGRESS ON BIODIVERSITY
[5-19 October 2023, Naples

Extremophiles are classified as living

organisms able to survive and
proliferate in environments with
extreme physical (temperature,
pressure, radiation, pollution) and

geochemical parameters (salinity, pH,
redox potential).

The vast majority of extremophile
organisms belong to the prokaryotes
(Archaea and Bacteria).
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Marine Natural Products

Many bioactive compounds from marine
organisms are produced by associated
microorganisms rather than the original
source.

This observation has moved attention
towards exploration of the symbiotic
microbiome, thereby leading to
identification of microbial producers of
bioactive molecules.

In parallel, researchers focused on the
chemical profiling of free-living marine
bacteria and fungi.
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Nat. Prod. Rep., 2021,38, 362-413. doi.org/10.1039/DONP0O0089B.
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Strategies in Natural Product Discovery
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Culture condition screening Diverse sampling Comparative metabolomic
profiling
Top-down approaches begin with Bottom-up approaches allow
the sample collection for extraction . discovery of NPs undetected under

standard fermentation conditions,
using functional genomics,

or lab cultivation.

_ Natural Product Discovery
Extracts are screened for a desired )

bioactivity, with ‘hits’ isolated for bioinformatics, and genetic
structural characterization. manipulation tools.
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Curr. Opin. Biotechnol., 2014,30, 230-237 . doi: 10.1016/j.copbio.2014.09.002.
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Lipopeptides from a Deep-Sea Rhodococcus

IIIII - y b Biosurfactant activity of the lipopeptide
: The Rhodococcus sp. I2R ’ A enriched fraction from Rhodococcus
L was isolated on agar plates | sp. I2R in the oil displacement assay
“““““““ containing Mineral Salt
ghr® .. ' Medium (MSM)
o 7 . _
#L ' & = supplemented with The bacterium was found to produce
hg Southern R%*“:i/ h th L :
cpl Tyrrhenian Sea — phenaninrene. two distinct classes of biosurfactants,
/. including glycolipids and lipopeptides.
,,,,,,,,,,, M Ifo Biosurfactants are amphiphilic
: N . . .
o i "o molecules, which play a crucial role in
OH OH oH A; ]:\@ the biotech and biomedical industry.
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aInt. J. Mol. Sci. 2021, 2(16):9055. doi: 10.3390/ijms22169055
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Structure and biosynthesis of novel lipopeptides from Rhodococcus sp. I12R

Rhodococcus sp. I2R
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Structure and biosynthesis of novel lipopeptides from Rhodococcus sp. I12R
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Structure and biosynthesis of novel lipopeptides from Rhodococcus sp. I12R

®100a7s @ 1o0a73 ® csore _ _ Lipopeptides from Rhodococcus sp. I12R
WA -7 AN e | jpopeptide cluster PRI s A (ppm) R (min) = =
- = o O™ CeoHyoN,0,, 108476332 0.1 15.3 CyHye p-allo-Thr
®s07s S CoHipoN,Oy; 10227470 -05 30.1 CyHay p-allo-Thr
@ ®ioeins @ossrs CiHgN,O,, 10567317  -0.1 28.8 CyHay p-allo-Thr
e ST T CeHiN,Oy, 10507787 01 191 C,H p-allo-Thr
@ 1042.72 56" 104" Y711 17" '35
0 s - ‘ .= i CeeHioN,0,, 10487637 05 29.8 CyHi  p-allo-Thr
. o o CygHegN,O,;  1020.7308 -1.1 23.2 CysHao p-allo-Thr
‘ CoHgN,O,,  1054.7154  -1.1 223 CycHae p-allo-Thr
CegHysN,0,,  1076.7948 0.3 14.7 CyoHs, p-allo-Thr
L-Val (6) CegHioN,O,;  1070.7470  -0.5 30.4 CysHay p-allo-Thr
p-aa (5) ; \/E/ CeoHyoN,0,,  1082.7472  -03 28.6 CyHas p-allo-Thr
/0, Hk CesHyeN,0,,  1138.8105 0.3 32.3 CyHay p-allo-Thr
CeoHyoN-Oy,  1104.8262 0.4 34.8 CyyHay p-allo-Thr
L-lle (4) CoHygN,O,, 10647940  -0.4 22.1 C,gHsy p-allo-Thr
CegHogN,O,,  1042.7154 0.8 26.6 CyHay D-Ser
Cg5HgyN,Oy4 1028.7001 -0.5 21.4 CisHyy p-allo-Thr
CosHggN,O,,  1008.7305  -1.4 26.0 CpHyg p-allo-Thr
D-Leu (3) CosHegN,O,, 10087311  -0.8 27.3 CycHay D-Ser
CesHioN,0,,S 10847290 1.1 25.8 CyHae p-allo-Thr
CosHeeN,0,,S  1056.6981  -0.7 21.8 CycHay p-allo-Thr
CeHgN,O,,  994.7152 -1.0 223 C,aH,, p-allo-Thr
L-Ser (2) CgoH104N;0;;  1098.7781 -0.7 18.9 CigHsy p-allo-Thr

L-Leu (1) aJ Am Soc Mass Spectrom, 2020, 31(3), 611-623. doi.org/10.1021/jasms.9b00059
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Imidazolium alkaloids from Shewanella aguimarina

Shewanella aquimarina was isolated from a seawater
sample collected in the Yellow Sea (South Korea) and

516.3016

deposited in the Pasteur Institute Collection. | TANA,
Combining OSMAC approach ... ... T e e g | e S,
and tandem mass spectrometry & g emes P
molecular networking showed ®. _ "% A —
the bacterium to be a source of LI # @ suros \ @ O e @ onaons
novel imidazolium alkaloids, == o / ---- . o @ @ @) v

namely shewazoles.

@XQ@A/@ These cationic biosurfactants
=N
N>7K

share the central imidazolium Y\Q\f
core with discolins A,B, and F-H

discolin A from Tenacibaculum discolor
. Y=0OH, H /
svll and stand out as featuring a X= OH. H »
@_\\ @ﬂ different substitution pattern. R.=H, CHj;, C3H;, C,H,, Ph Biosurfactant activity of shewazoles
N N Indeed. several congeners bear R,=H, CH3, C,Hs, C3H,, Ph in the oil displacement assay

an unprecedented phenyl group.
shewazole G Pharmaceutics, 2023, 15(8), 2139. doi.org/10.3390/pharmaceutics15082139.
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Imidazolium alkaloids from Shewanella aquimarina

=
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Ry R, X
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Imidazolium PEA Alkaloids
Compound R, (min.)  [M+H]* m/z R, R, R, X Y
shewazole A 15.8 CyoHysN, 291.1862 H CH,4 H H H
bacillimidazole A 16.5 C,HysN, 305.2017 H CH; CH, H H
shewazole B 17.1 C,,H,;N, 319.2174 CHj, H C,H; H H
isoshewazole B 17.5 C,HyyN, 319.2174 H C,Hy; CH, H H
shewazole C 17.9 CysHygN, 333.2333 CH; C,H; CH, H H
isoshewazole C 18.5 C,3HygN, 333.2333 C;H, CH, H H H
shewazole D 18.5 CysHpsN, 353.2018 H Ph H H H
shewazole E 18.8 CyHN, 367.2178 Ph  CH, H H H
shewazole F 18.9 C,4H3 N, 347.2490 CH; Ci;H;, CH, H H
isoshewazole F 19.3 C,4H3 N, 347.2490 C,Hy CH, H H H
shewazole G 194 Cy;HygN, 381.2331 Ph H C,H; H H
shewazole H 19.5 CysHysN, 361.2645 C,Hy, CH; CHy H H
shewazole | 19.8 CygHs N, 395.2488 Ph C,H; CH;, H H
isoshewazole | 20.0 CygHy N, 3952488 Ph CgH, H H H
shewazole J 21.6 CysHasN,  457.2643  Ph Ph C,Hy H H
shewazole K 21.8 CgHaN, 437.2958 C,H, Ph  C,H: H H

Imidazolium TYM Alkaloids
Compound R, (min.) [M+H]* m/z R, R, Rs X Y
hydroxyshewazole A 135  C,HxN,O 307.1809 H CH,4 H OH" H
hydroxybacillimidazole A 143 C,HxN,O 321.1967 H CH; CH; OH H
hydroxyshewazole B 148 C,,H,;N,O 335.2122 CHj, H C,H; OH H
dihydroxyshewazole | 16.0 C,gH4N,O, 427.2388 Ph C,H; CH; OH OH
hydroxyshewazole F 16.8 C,,Hy;N,O 363.2438 CH; CzH;, CH; OH® H
hydroxyshewazole H 17.3  C,HgN,O 377.2596 C,Hy CH; CH; OH H
hydroxyshewazole G 174  C,;H,gN,O 397.2280 Ph H C,Hy OH®" H
hydroxyshewazole | 17.9  C,HgN,O 411.2440 Ph C,H; CH; OH® H

Proposed fragmentation pathway of shewazoles

/

ring expansion and
side chain migration

X

X loss of
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—
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Rs Ra

loss of
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@ X
N
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Pharmaceutics, 2023, 15(8), 2139. doi.org/10.3390/pharmaceutics15082139.
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Imidazolium alkaloids from Shewanella aquimarina

Biosynthesis of shewazoles

JOURNAL OF

% NATURAL
‘0% PRODUCTS

pubs.acs.org/jnp

Discovery and Biosynthesis of Antimicrobial Phenethylamine
Alkaloids from the Marine Flavobacterium Tenacibaculum discolor
svili

Lei Wang, Virginia Linares-Otoya, Yang Liu,* Ute Mettal, Michael Marner, Lizbeth Armas-Mantilla,
Sabine Willbold, Tibor Kurtin, Luis Linares-Otoya,* and Till F. Schaberle*
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Proposed biosynthetic pathway of shewazoles

A) COOH

NH,

X
(h

Phe/Tyr decarboxylase

side products from
the aa biosynthesis

R @] X @] O
O @\fNHQ + Y
I

Ry R3

() (1) (V)
Non-enzymatic condensation

(Radziszewski reaction)

R1
X @ X
N° N (V)
Ry R
X=H, CH

R1= H, CH:}, C:;H(, Cth, Ph
R2 =H, CH3, C2H5, C3H7, Ph
R3 =H, CH3, CoHs, Ph

Neighbor-joining tree of pyridoxal-dependent decarboxylases

B)

qo0 1~ ABR41498 Glu DC Phocaeicola vulgatus ATCC 8482

8 EEB26629 Glu DC Phocaeicola dorei DSM 17855

100
ABR42591 Glu DC Parabacteroides distasonis ATCC 8503

100
CAHO06161 Glu DC Bacteroides fragilis NCTC 9343

100 EDS02296 Glu DC Alistipes putredinis DSM 17216

AANB0380 Glu DC beta Escherichia coli CFT073

Glutamate

100

AAGHE2T75 Glu DC Escherichia coli O157:HT str. EDL933
AANE8161 DOPA DC Pseudomonas putida KT2440

ATB1V0 Trp DC Ruminococcus gnavus

putative aa DC Shewanella aquiman’na]

EDU59320 Tyr DC Providencia stuartii ATCC 25827
5HSJ Tyr DC Lactobacillus brevis

AGW24519 Tyr DC Enterococcus faecalis

AGWW24520 Tyr DC Enterococcus faecium

EEJ40309 His DC Limosilactobacillus vaginalis DSM 5837

100 CAH07130 His DC Bacteroides fragilis NCTC 9343

Aromatic

65 AEB10680 His DC Desulfobacca acetoxidans DSM 11109
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Imidazolium alkaloids from Shewanella aquimarina

Broad-spectrum activity of shewazoles

—— tlge(.:ylcllln = |inezolid moxifloxacin Synergy checkerboard assay
Biofilm inhibition ampicillin _
S. aureus MIC MBC . ~ [] 1%
Strain (Hg/mL) (pg/ml—) 100 m & I Untreated £ :‘g
] Il Vehicle g 4 60 o
ATCC 6538 100 100 c = 200 pg/mL = =
MLSB 100 200 g 5 = lg/m g e
3 1 50 pg/ml E {140 ©
i = W 25 pg/mlL =
Quinolone res. 100 200 £ s0- - e g =
B-lactamase 100 200 5 A B 6.25 pg/mL o
MSSA 100 200 = 25! . 3/ 8
MRSA 100 100 NS 7 “& 0
6538 MRSA . N . 0 0.4 08 1.6 3.2 6312525 50 100
. e SR F2 (ng/imL)
A. antibiotic B. antibiotic + shewazoles (shewazoles fraction)
Virus pre-treatment on HSV-2 and HSV-1r Antiviral activity vs HCoV-229E Antiviral activity vs PV-1 Survival of C. elegans
fuloloid il Horkx ns KKK *kkk KKK *kkk *okkk ns **
100+ \ J. [ — . = 1007
_ il 100 100 ‘ Pleconaril _g . Vehicle
o N J T M15RL L = Unireated > 75 200 gmL
- ] c | *kk *okkk > -1 100 'mL
.% 75 . 754 T = Untreated _% 75 = Vehice i/)é ] 50 pg/mL
% 7 = 4 b B Vehicle =z 1 N B2 200 pgiml © 50 —— 25pg/mL
€ 50 50 == 200 pg/mL g 50+ FHx = 100 gL g |
c =1 100 pg/mL k] 1 T . B 50 pg/mL § 254
£ 8 M 5
2547 e 25+ mm 50 pg/mL = 254N . == 25 ugiml 5
] — ns ns . 25 g/mL 1 I L 0 T ;
0= T T 0= — T — T 0= T ﬂ E— T 0 24 48
HSV-2 HSV-1r Co-Treatment Pre-treatment Co-Treatment Post-Infection Survival time (hours)

Pharmaceutics, 2023, 15(8), 2139. doi.org/10.3390/pharmaceutics15082139.
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