Spiridion Brusina Lecture

Spiridon Brusina

1898 portrait of Spiridon Brusina

Born
Died
Nationality

Fields

December 11, 1845
May 21, 1909 (aged 63)
Croatia

Scientific career

malacology

Together with Oton KucCera and Gjuro Pilar,
Spiridion Brusina founded the Croatian
Society of Natural Sciences in 1885.

Since 1997, the Croatian Society of Natural
Sciences awards the Spiridion Brusina Medal to
a prominent foreign or Croatian scientist with
permanent residence abroad, who, among other
things:

« contributed to Croatian science

» collaborated with Croatian scientists
» worked scientifically in Croatia

« or promoted Croatian science



Using evolutionary age to predict gene
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Genomic phylostratigraphy in bacteria:
predicting gene functions

Protein phosphorylation and signaling in bacteria

Nanotechnology and fighting bacterial infections



: “In the course of individual
Ontog eny Vg development, inherited
.. characters appear, in
general, earlier than adaptive
.. ones, and the earlier a
el Tl certain character appears in
phylogeny R %w.. ontogeny, the further back
" must lie in time when it was
acquired by its ancestors."

recapitulates

Ernst Haeckel



OLD genes
VS
NEW genes
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NEW genes constantly appear and unless useful for adaptation, dissapear
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Neme & Tautz (2014) Curr Biol
Mijakovic (2020) Period Biol
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Genomic phylostratigraphy

genome

phylogeny

Prof. Tomislav
Domazet-Loso

time :>



Genomic phylostratigraphy
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Phylostratigraphic map
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- Entrez cancer genes (N = 1055)

—— Sanger Cosmic (N = 1610)

=&~ All '‘CancerGenes’ lists (N = 3022)
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Phylostratigraphy
can correlate
emergence of genes
to
macroevolutionary
adaptation
phenomena

e.g.

Origin of cancer
coincides with the
origin of
multicelularity



: “In the course of individual
Ontog eny \' i development, inherited
characters appear, in
general, earlier than adaptive
ones, and the earlier a
certain character appears in

recapitulates

phylogeny : , A ‘., Onfogeny, the further back

must lie in time when it was
acquired by its ancestors."

Ernst Haeckel

“Phylogeny-ontogeny correlations are
indeed present in developmental
transcriptomes of eukaryotic clades
with complex multicellularity.”

Tomislav Domazet-Loso



Bacillus subtilis biofilms: is this similar to embryonal development?
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Can we use evolutionary age of genes to
predict their function?

CENTRAL DOGMA : DNA TO RNA TO PROTEIN &0 [58US
DNA

FUNCTION

Protein i
Transcrlpt(on ” Lei Shi
Translation
Reverse
transcription
o Repllcatlon
20-30% of genes in bacterial genomes have no assigned function
 some of them are related to infection

« some of them are undiscovered antibiotics

14



How do we look for gene function?

sequence homology
structural homology
physical proximity to genes of known functions

knockout phenotype

DNA RNA

expression profile

ttttttttttttt
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SPORES are highly resistant forms of bacterial cells
that can survive extreme conditions

Bacillus anthracis Clostoridium difficile

>300 differen genes are involved in sporulation

So, WHEN did bacteria learn to make spores?

16
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phylostratigraphy PREDICTS a
gene involved in sporulation

r \

bacterial cell

/ predicted gene inactivated
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Shi et al. (2020) Mol Biol Evol
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NEW spo genes

core cortex inner coat outer coat

Shi et al. (2020) Mol Biol Evol

REGULATORY roles

bright field membrane fluorescence
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STRUCTURAL roles
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Phylostratigraphy accurately predicted genes involved in sporulation
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Can evolutionary age be used to find new infection-
related genes or new drug targets?

Will this work for any developmental phenomenon?
MOST PROBABLY YES
Will this work for any enzyme of unknown function?

NOT LIKELY

The old
d days were
© \ better!

22



Phylostratigraphy should become a part of genome mining tools
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How can phylostratigraphy be integrated in genome mining?
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Genomic phylostratigraphy in bacteria: /
predicting gene functions

Protein phosphorylation and signaling in bacteria

Nanotechnology and fighting bacterial infections



Protein PHOSPHORYLATION
In bacterial signaling and regulation

SIGNAL D
g Kinase g
>
<
‘ phosphatase

RESPONSE
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Macek et al. (2019) Nat Rev Microbiol
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Hanks-type kinases
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Protein-tyrosine phosphorylation in B. subtilis

2003

UDP-Glc
< precursors
UDP-GIcA —=> O OO

EPS production

Dr. Josef Deutscher
AKA
The King
of protein phosphorylation




Protein-tyrosine phosphorylation in B. subtilis
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Is B. subtilis protein-tyrosine kinase PtkA regulated
like a cyclin dependent kinase?

Lei Shi



Genomic phylostratigraphy in bacteria: /
predicting gene functions

Protein phosphorylation and signaling in bacteria /

Nanotechnology and fighting bacterial infections
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Coordinated by Chalmers

Flagship Director
Professor Jari Kinaret

The Graphene Flagship is a Future and Emerging Technology Flagship
Established by the European Commission

With a budget of €1 billion, the Graphene Flagship represents a new form of joint,

coordinated research on an unprecedented scale, forming Europe's biggest ever
research initiative.
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ldea: vertically grown graphene might disrupt
attachment of bacteria to surfaces

)

Vertical orientation
Sharp edges
hty g I Hexagonal
e b 3 ;i carbon networks

RiB
I
k =

Santosh Pandit B gubstrate

We expect that graphene sharp edges will act as a “knife” and
will cut bacterial cell envelope
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Jie Sun & Ivan Mijakovic

A

Vertical orientation
Sharp edges
Hexagonal
carbon networ

Au

Si0,+ RVG Au+RVG  Cu+RVG
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Bacteria ”cut up” on vertically aligned graphene
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Pandit et al. (2018) Adv Mater Interfaces
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Human fibroblasts are not harmed by vertical
graphene coating

SiO,- monolayer  SiO,- vertical 20% ethanol (killing control)

After many generations, bacteria do not become
resistant to graphene!

They can evolve resistance to an antibiotic, but not

to a sharp knife © _’;

" 4
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wellspect

HEALTHCARE

Mixing ORIENTED graphene flakes with
polymers for biomedical applications

ps E. coli Lo S. epidermidis
120 120
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Biofilm TERMINATOR:
seek & destroy

I, | o,

biodegradable polymer
with graphene flakes loading of
DRUG

LU
> 7

nanoparticles with penetration of biofilm and
graphene flakes release of drug

MRSA biofilm

@ NordForsk 1.5 M€ interdisciplinary project GRAMI

42



4.2 M€ EU

Pioneering Strategies Against Bacterial Infections - PEST-BIN ITN pr(_)jeCt on
111 AN new antibacterial
BEeT https://www.sysbio.se/pest-bin_eu/ strategies
Metwork objectives

Antibiotic resistance has been named as one of the greatest threats to global health by
the World Health Organization. There are increasing numbers of bacterial infections not
responding to known antibiotics. The humanity needs to pioneer disruptive technologies

« Diagnostics

. Drug targets to re-gain the upper hand. To address this challenge, the PEST-BIN consortium mobilizes
. . six universities, three research institutes, a hospital and five private companies with one
° AntlbaCtenaI Surfaces common mission: to pioneer novel technologies to fight bacterial infections. Qur network

will combine very diverse tools: from nano-engineering, antibiotic discovery and
production, via proteomics-based diagnostics to big data analysis using artificial
intelligence (Al) - all of which will be contribute to new, interdisciplinary technologies. All
PEST-BIN ESRs will be trained in an intersectoral environment — experiencing a tight

collaboration among academia, healthcare and the private sector.
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electrical conductivity of graphene due to
delocalized 4t electron
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Can we sense bacterial cells
glucose levels, tumor markers...?

BINDING TRIGGERS CHARGE
CONFORMATIONAL TRANSFER TO
CHANGE GRAPHENE

RECEPTOR

FLEXIBLE CHARGED

SIGNAL DETECTED

45



Yes we can!

Receptor = synhtetic
organic molecule "clicked”
to graphene

Receptor = CRISPR/Cas9

Open
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binds circulating tumor DNA binds protein tumor markers



CRISPR-enhanced graphene chip enables cancer detection
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Graphene oxide flakes functionalized with CRISPR-Cas9 for plant

Shadi Rahimi

transformation

@ Genomic DNA

gRNA
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Metallic nanoparticles axially coated with graphene can extract lipids
(biofules, oleochemicals) from yeast cell factories

Nanoparticle with

axially aligned Coated nanoparticle
graphene coating interacts with yeast Extraction of lipids

~—/ &g
pree

Graphene .
"spike” Lipid molecule

PE-CVD
coating

g
&
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Iron oxide
nanoparticle

I
& 3
Santosh Pandit -

20 4

100 ~

H Extracellular
[ Intracellular

g

Lipid content (%)
8

Untreated MNPs treated Graphene coated NPs
Pandit et al. (2021) under review at Nanoscale eaned



GRAPHENE 0.142 am
- . @ @ _

(s (S

<)

~ ([ 4 i

'
=
-

¢ e c

4

NN NN 2N
I PERFECT

100x
' I I I THERMAL

stRoncer | - -
T NN NN N ConpucTor

STEEL
A CRYSTALLINE ALLOTROPE OF CARBON

Graphene and other 2D metarials have the capacity to profoundly
transform biomedicine and biotechnology
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Greetings from Zagreb!




