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Marine biology and biomineralization suffer
from a lack of access to cutting-edge FAITT

Omics technologies
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1. Introduction

Marine bokiy iaa vat field that Sases 13 resraash on evganiaon
rangieg froe bacteria o the bgpest animal on carth. To date, varbows
emalrrubes have been shalind o chumcterize marine erganinms, their diseases,
adaptations. naturmd products, #ic. im this currend article, we will focos maisly
ot the reisaneh o Blamimeralization in marine srganioms sk 2 rsalhda
that could be representative of all the other fields in marine bology (Fig. 1)

Bicmineralization is a process by which ongani ems prochice inorganis
mingrsls (iominerals) under the contral of arganic macromolacales
Bownineralised Mructurcs offer exvellent protection to the snganbiams. from the
eadtermal environment and predators. Although the biominemlized struchures
am made of 35% inorganis minsmbi. the 34 of ocgaivie molesuba make i 3000
temes fracture resistant thon musally socurring incrsankc orysials (Cummey,
1977 The erganis melecales are seveled by specialiond celfls lining the
Ibeeninoralized struictures. Shadving theas seganie meleeniles, inchading preteina,
iz mitidad im eomservation and biomimetic masrial
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KAaring animals

Probesndics o the sbady that kientifies and qusnhifies all the proling
Im the sampée. in maz spectrometry-bosed profecealcs, proteing are kentifled
Trased o thelr mass and charge. Protesmiies on the mailusk abell bocame popailar
im the past few decades due to the cemposrte shocheres fermed by fabricating
prefeine. polviascharides. and cakimm carbonate eopatals (Anvalagan of al
TTh Hopwewer, mooat atuclisd 401l uss primities IHoehemizal sl and mass
ppectremsebine. remibting bndnconsplete data. The cvnrtn? articbe aima o wnmved
the recent Iremds in probromics and how this cculd impeove the in-depih
profeomics amakyss.

Automation

Fiz. 1. The cutfing-adze technobogies and other areas where preteoniies i3 lagging in marine biclogy and biominerlization
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2. Non-model organisms

Moat of the protesmics works use the bottom-up appreach, wheee the
proseing are digested into prpzides and amalvaed. The peptides ane then natsked
i proteing wiing compuirtional teols thet rely on probeomie or gomamis
dlatabuases, 1t i offen sasier b work with arganizms much as yeast. Thale cres.
frwit Pl and humans whess geneee w completely sequenced (Heck & Meely.
200 However, non-midel orgariini were sither partisBy ssquenced or not
sequenced at Al Pegr-201%, the new ora of gempmizs started, reslbing In an
exphoion of genomic data, thanks 8 the contimious drop im the cost of daty
srocraiaea and asembly (Weltrntrand, 2816, Even then, very few marine
organisms were saquenoed. The genemic database canmot oompletely solve the
daaters antaation plavs 3 signifeant rale in probomies data ssarch. Altheugh
several freely available tooki exi. it i a labor and fime-conmming taak. Snly a
figle work canscd prodiese 3 complete genomie datalase with snnetation

Molluges i 4 eaxa with only very Sew ipeciel sequenced and annetxied,
Recent works that aim to ddenfify blominemlization proteins rely om genomic
oF Eranseripteene shadies on the [ining eells thae secrete bemineralization
prodeins (Clark of al. 20201 These studies suf¥er from inocenpleles databases
and ansetations To underfand the comples blomineralization process by

marine animaly, in-depth profecsse prodibing b requred. which (s pessible only
w'hen Thee datakaoer s complcie.

3. High-resolution mass spectrometers and
computational tools

I8 s fxscinating that proteomics has sdvanced greatly from 10 and 20
etectrepluoredis bo advanted tasdem Bgh-reaclutien man spectrometors [HE-
Mgy within a decade. In'the age of mam spectrometern, it evolved in 21l aspects,
froen iomlzation methads and analyzers o detecrary, Curpent HE-MS leapable
of high speed. senaizivity, and adoumcy. To ghve an kea, the recent M3 can
adentify mote than 5000 profeing in 3 10-minube gradiont

Mot af the resranch works make uie of the HE-ME process clinical samplea,
They use it for Momarker dissovery, drug develepment, undesstanding desase
michanizme, o, Pubure voorks on bominmalization should conabdor wing HE-
ME, weisleh would reqult in o complete extalog of prodeing and the kentification
o meveral ieaformalprotecionma containing post-tranilatisnal madidication

4. Proteomics workflows

Prezeomics always refers to shotiun bomtom-up protesmics. However,
several complementary workflews exist that could provide moee defalled
indormation. Te date, proteomics works using Data Dependent Aoqaisition (DDA)
theat frxgrnents only the moat intemee peptides. The lew=alnndant peplides can
b Mentafind cnly with extenisve chrematographis separaiion, fradiionation,
or ennchment geps In data-independent soquisition (DAY all the peptides
were fragriented, remiMing in bea blased consplete anslysia (Giller et 3l 2007

Himilarly. the Topedown protecmica warkilow complements the hoftomn -
upp, wisere iise intact probein b dinectly analyzed I the mass spectromeber, 1t
has a significant advaniage over boltom=sp in charscterizing iroforms
comtasning FTMG Little 10 0o DA o top-divm woal hag boen canmied oul 53
fiar. These works mubghi result in ientifiying mew candidate proteins and ioforms
in bomanieml ization, which weuld akd in underitasding the omisoralizaton

proces better.
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‘The recent greater kap i profeomics ks simgle-oell progecmics. The HR-
M3 has advanoed to the bevel of cataloging proteing from a sngle oxdl Few
imstramenis cam precisely sepanate single ool and dispense nancliters, making
aingle-ocll protecenics pegsible. Applving il werkibow to epithellal eslis [ining
the molhuek shells woald provide valwable [nsight into the mechaniam of the
blean ralican o

8. Automation and other advanced
instrumentations

Fample preparation 18 1he méd rifical isep in Sy prodedm i cxperiment
Meat of the profeomics sample preparation invelves enzymabic digestion 1bad
wmally conmumes several b te days alrwing the oveeall workflow, Moreeroer
haimdreds of sassple peeparatizns can caally inteaduce buman evor, lesding ba
anabetical Inseourasy (e of 2l 207 3 Redent advancoments bn mstramsndation
and autemation minimizes sample hamdiing ereor and fastems the sampls
prepamtion efsckently. facilitating the high throtsghgar i the sample analbyie
Several instnements, mich xs Asoyhiap Bavo, Asdrew s, Proteogmph, stic, offer
parighe preparation from enmchment, demaBiration. redusction. alkylation. amd
digestion Bl sample cleamup. Wit minimal pregmanming. the subomation can
s paken 10 3 leviel where human interferende i not needed until regalt

Imterpretation and mosuscript preparsiion.

I marine Melogy research capesially In bemineralizaiion, sample
Freparndion is balious, inchading demisemblicalion and matns sepomSion. Al
there are #ill muany quiceiens W s, insheding posteing apessies 1o abell
spechen, phemnctype, reghon and microstruchare. which might demard baige
sample preparation. Adding sutsmanion weuld snable kigh throughput eample
prepamition snd amalyss

The Empartant part of advaneed mass spesirometers, werkflosy, and
autamation i fhe cost. Hige money s nod only nerded o baild wich
[mfrostructure el abo b analyze hage st of samples. The phormaceutical
imchurtry ia caier of thie sectons that San spend several Billion dallam each year on
rescarci and development Hence, most of the atove-mentioned cuiting-edae
D hrcbihes €an Be adcesed ansly Ly e pliarens ndhiatries, Exploning the doean
also Fuss provkbod more vahasble prodiscts such as antibbatics, anti-cancer, and
anti=inflammatory sulatanors. in the future, masine biokey must be provided
wills secess o culfing-odge proteomiss techndques that would enable high
Thremghput sample amalysis. brading fte the dissovery of movel compaunde
Biamineralization can lead to the discovery of complex mechanlin sperating
aned Towainetic mareriale
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