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a Relative number of products
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Commercially Natural product
available G— universe
~16x10* compounds

chemical space
~22x10° compounds

b Choosing biologically relevant chemical space

Available compounds
~22 million Biologically
relevant
compounds
\ Drug-like ~160,000
compounds
Choosing a L ~15.8 million Choosing a Drug-like
screening set screening set compounds
Lead-like ~130,000
compounds
~6.7 million
Biologically
—— relevant
compounds

|
Synthetic compounds Natural compounds

Harvey et alNat Rev Dru@iscovi4, 11X129 (2015)



The Nobel Prize in
Physiology or Medicine
2015

lll. N. ElImehed. © Nobel Ill. N. Elmehed. © Nobel Ill. N. ElImehed. © Nobel

Media AB 2015. Media AB 2015. Media AB 2015.
William C. Campbell Satoshi Omura Youyou Tu
Prize share: 1/4 Prize share: 1/4 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2015 was divided, one
half jointly to William C. Campbell and Satoshi Omura "for their
discoveries concerning a novel therapy against infections caused by
roundworm parasites”and the other half to Youyou Tu “for her
discoveries concerning a novel therapy against Malaria".



Biodiversity as a source of bioactive natural productss|imates & current numbers

PROKARYOTE 9' YI w, h¢9{
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FIGURE 1: How species diversity differs between animals, plants and fungi

Estimating the number of prokaryote species is challenging due to the vast  An updated estimate confirms fungi as second only to invertebrate animals with regards to species

dlverSIty and the fact that many SpeCIes remaln uncultlvated and diversity. Here, the total estimated number of species for four major groups is shown in green,
unclassified and the current number of scientifically described species is shown in black.

2.5 million 8.5 million

Operational Taxonomic Units (OTU#:study analyzing over 1.7 billion 16S
1,461,728

ribosomal RNA sequences estimated that there are approximately 0.8 to 1.6 155,000
million prokaryotic OTUs globally, which aféen used as a proxy for species
They recovered about 739,880 OTUs.

Recognized Speciefhe number of formally recognized prokaryotic species is
much lower, with over 40 major bacterial divisions and more than 12 archaeal
divisions.
450,000

Speculative EstimatesSome speculative estimates suggest that there could 400,000

be millions to trillions of prokaryotic species, but these are highly debated and fff;o ;
often based on extrapolations rather than empirical data.

~
Animals Plants Fungi Animals
(vertebrates) (incl. bryophytes (invertebrates)
and algae) Adapted from Niskanen et al. (2023)
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Biodiversity as a source of bioactive natural productsidtibutions of NPs per kingdom of life
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Outline of traditional bioactivity-guided isolation
steps in natural product drug discovery
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Problem 1

Not possible to culture the
organism out of the natural
habitat

Problem 2

Relevant NPs are not produced
when the organism is taken out
of the natural habitat

targets for NPs
identified with
phenotypic assays

\
/
Problem 6
Unknown molecular
J

Multiple
rounds of

fractionation

Crude Single
extracts compounds

Problem 3
Presence of NPs that are known

Problem 4
Presence of NPs that do not
have drug-like properties

Problem 5
Bioactive NPs are present in
insufficient amounts

Bioactivity
evaluation
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A Anti-enzyme activity assay
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ASSAYS A Bioautography assays
A Biochemical assays (siderophores)
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aSRAOAYI FATTY ACIDS,

CONJUGATES AND DERIVATIVES:

I_Jf | y U |:| Lineolic acids and derivatives

- Dicarboxylic acids and derivatives

- Fatty acids and conjugates

Fatty acids and
conjugates

Caffeic acid and
dihydrocaffeic

Hydroxybenzoic
acids and derviatives

/

FATTY ACID GLYCOSIDES,
CARBOHYDRATE CONJUGATES:

|:| Carbohydrates and carbohydrate conjugates

- Fatty acid glycosides

%Q—!ydroxycinnamic

o acids
@ and derivatives

/

Q

Quinic acids
and derviatives

N-CONTAINING COMPOUNDS:

I:l Amino acids, peptides, and analogues l:l Benzoic acids and derivatives
‘:l Organic nitro compounds l:l N-arylamides

Crambescins with
mainly "3"-type side chain

moieties
- Pyrimidines and pyrimidine derivatives |:| Imidazoles
- Purines and purine derivatives I:l Indolecarboxylic acids and derivatives
v
Flavonoids and
flavonoid —,
glycosides
Crambescins with
mainly "1"-type side chain
moieties
Marine sponge [ Ve E Guanidine-related
OJ\O/\[\,L/"\NH an/ COmPOUndS
m=2,n" "

Crambescins
with mainly
"2"-type side chain
moieties




$PARATIOI‘{IECHN|QUE|Schromatographic techniques

HPTLC { CI
MPLC FCPC { CI/
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SI'RUCTURAEF_LUCIDATIOI\I spectrometric and spectroscopiechiques

A Molecular weight
A Chemical formula
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A Fragmentation studies for-B prediction
of molecular structure
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Key Objective

TheSECRETqutoject aims to tap into the potential gharine and extremophilic microorganisms
(primarily bacteria)to produce tailormade amphiphilic compounds for the agrochemical,
pharmaceutical, cosmetic, and chemistry sectors.

Existing bacteria Kknown molecules Engineered bacteria New-to-nature
Torgetgenes compounds
J Chemicalparts™
Initial genes sequences 3 é ‘on“e’ _
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https://doi.org/10.1038/s41579022-007447
https://doi.org/10.3389/fmich.2023.1167718



https://doi.org/10.3389/fmicb.2019.00780
https://doi.org/10.1038/s41579-022-00744-7
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SDEROPHORES BIOSURFACTANTSimphiphiIiC natural products
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e‘oQ“d,@Qo amphiphilic siderophores (=lipophilic)
o & metal-binding biosurfactants
@

Fe+

0 ( Biosurfactant -]‘

Polysaccaride
oH \N,OH ‘dm][w][lme’][Pﬂym«k][Mwm]
EjOH o L i g
catechol hydroxamic acid g/ - < S
B >
LOH Aramnaoliphd ] [ Surfactin ]
Hydroxamate 5
o OH Catecholate ; M] [ St ]
o-hydroxycarboxylic acid
Phenolate 2 ] [ e ]
NH Carboxylate ;
2
Carboxylate in Citrate l Uchenystn
some of the
OLOH Alpha-Hydroxycarboxylate

moeieties
Hydroxyphenyloxazoline

o-aminocarboxylic acid Hydroxyphenylthiazoline

Alpha-Aminocarboxylate

Alpha-Hydroxyimidazole
Alpha-Hydroxycarboxylate in Citrate
oH /[N Diazeniumdiolate
O\_\/N HN—"/ 2-Nitrosophenol

hydroxyphenyloxazolone a-hydroxyimidazole
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(FBMN) construction
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Liquidliquid extraction
with organic solvente.g.EtOAQ
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Sorbentassisted extraction
with adsorption resir{e.g. XA)
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Extraction
with solventsof
increasing
polarity
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M |CROBIABIOMAS$XTRACTIO'\I general concept 2
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Computational mass spectrometry application
{ LIS QAGSNEBYLIG @ NR ©DB&BS NI vy a ex. 1
az2f SOdzt S6 aRS 2FS MYHILHNBMNIUE YA y S |

PROCESS UPLC/HRM
DATA & CONSTRUCT

| war§ {mh 0

- \ Saffa%
wfw]l(kwwgp\n»w esm “’W“’ -

*[M-H]-

[

. b

A% [M-2H+Na]-

sy

B8 B B B BB BEEEERAUAERNERENE

rel. intensity [%]
Ersseegesbi

o0

& M+CL-

s

i

ey
i

war
[ ‘ -

S B

o
o

005000 2000000 3005000 400000 000008 5000000

Mass spectral features found in Desferrioxamine E (Nocardamine) subcluster

\ ,i\,,

I:' ,3249! Desferrioxamine D2 i

[M+CIJ- [M-
.74 1 583.3472 i deh

“i‘!f’//' —"‘\

@ |(M-2H#Na)-

JEEsss s22 ﬁ .
................... ; :
......... H 1 I?I ‘ l
S| - '
- BeStérfoGMiNR ZE YA Yy S . 3
mcaaaihnmaﬂ ¥AYyS
G{'\:&f/_\ﬁ” Y. €————— == - S ESSESTSEN A RRETEE S

Desferrioxamine X3 .82 : 600.3448 | Desferrioxamine X3 {

NM N

HQ’H‘\z"\]TJn\\,’”\\,’“\vfﬁ

o

47 § 560.35 | Deferoxamine =
Desferrioxamine B

Pharma

A/ﬁaﬁii;é;; CLbL

BTN <«
-

ez 559.347 { Desferrioxamine H Desferrioxamine H
; \ on N o
5

59¢9/¢

_-

jd '€ Cl; positive reaction
for hydroxamates

Spectral library match of Desferrioxamine E
(Nocardamine); cosine > 0.95

26407
J 1E+07
fo

0 15 10 05 00
f( )

a 1H NMR spectrum of Desfernoxamlne E (Nocardamlne)
from a fraction of S. tritolerans 1G2-10-07-005 extract

3

(@)
©
~~
—
)
(@)}

=
(@)
Lo

9

Ow ¢ |

59/ Lt




[ 2YLJdzu | GAZ2Y I YI aa
{ LIS QAISNSSYLII @ ¥ 8 1OK5@2 Tt | @dza
az2zf SOdzZ S6 4RSS 2FS NIV SISV AIWE S NE LK 2 NB &

polar ‘ C NJ

non-polar

SIESO G N2 Y S § NE

C NJ
(i
U L
polar non-polar

Qi A2y H/o

HO\ o
N
ST at ®
Ho N
E 10.7 { 599.3417 i Nocardamine =
© N-on Desferrioxamine E

Integrated workflow
for small molecule
identification

%Cytoscape

mnzio
UPLC-HRMS
data processing

JSIRIS., <~ @crps2

] e @ L N ]
MN visualization &
further analysis / interpretation
L J 0o 00 o e 0 [ BN BN
>

_» _®
/ ~f
__:\ I /.'
|
\ rd - ®
Y s

mass spec

esmethyle

I LILI A OF G A 2 yPrarma
Mar

[M-HF

10.14 § 585.326
Inocardamine =
Desferfioxamine D2

AN

@

10.42 i 598.3102 " .
o)\_}N/
O OH

az2f SOdz I NJ
YVSUg 2N Ay 3

|solation with
preparative TLC



Computational mass spectrometry applicatiax. 3 Pharma
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Computational mass spectrometry applicatiax

SpeciesChromohalobactesalexigengPseudomonadotgmetabolically engineered)
Molecule of interestdesferrioxaminetype siderophores
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