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Have you ever
wondered...

e How ants became
farmers?

 How diabetes happens?

e What makes a cancer cell
different from a normal
cell?

 How certain plants can
still grow with little rain?
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big picture

Global
System

Analysis On All Scales

Researchers at PNNL work to understand big-
picture problems by looking at the small-scale
details. For example, looking at bacteria that
exist in the rhizosphere of a tree can tell us
something about the forest that tree resides

in, just like a small detail in a room can say
something about the city that room exists in. —~ Micm:,iome
/ P aa N

Large
Organism

To accomplish this, we use chromatography, a
laboratory technique for separating a mixture.
We then use mass spectrometry,

a tool that measures how much mass a
molecule contains, to identify the compounds
in our complex samples

tiny details
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waronau Lasorstory - Related measurements or data from such interrelated disciplines as genomics, proteomics.

transcriptomics or other fields. Many of these fields have a name that ends with the
suffix -omics.

Omics aims to characterize and quantify groups of biological molecules that help scientists
understand the structure, function, and dynamics of an organism.

provides
Genomics D] \\/AN ldentity
Transcriptomics RNA Translation to Structure

Lipidomics




Pfiﬁc How we use the -OMICS toolkit
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Qompogition: Space: Molecular
Lipidomics, level interactions
Metabolomics, between systems
Proteomics

TIME

Time:
Obtain “snapshot” pictures of multi-omic levels during several
occurrences and piece together a systems biology picture
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fungi, and bacteria where ants actively cultivate fungus much like humans

The Pung a_]_ Ga_rden: farm crops as a food source.

Leaf-cutter ants cut leaves from nearby trees
and carry leaf fragments to the fungus garden

The fungus grows on the plant matter and
breaks it down into simple sugars

Cellulose

A

Glucose Cellobiose

Bacteria further transform the simple sugars
derived from plant matter into amino acids,
vitamins and additional nutrients useful for the
ant and the fungus
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The Fungal Garden:

Antibiotic-producing bacteria protect the garden
from bacterial and fungal parasites and pathogens

&

The fungus produces gongylidia, or specialized
hyphal swellings, that ants consume and feed to

larvae in the colony
Iiiil Garden

Scientists then take samples from the garden and
run analyses to better understand how it all works

Plant cells

Cellulose

Glucose Cellobiose
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Studying the Garden

Scientists study this ant farming process in order to learn from efficient processes in nature and apply
them to human challenges. For example, by understanding how leaf matter is broken down to valuable
molecules in fungus gardens, scientists can discover more efficient ways to create biofuels from plant

biomass.

Using Omics

By looking at proteomics, lipidomics, and metabolomics, scientists are able to figure out what role
the ant, fungus, and bacteria play in this symbiotic process.
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CAZy — Carbohydrate Active EnZymes
"3\ GH — glycoside hydrolases
3 CE - carbohydrate esterases

CBM — carbohydrate binding molecules

-
-
< ¢
e
©
.
©
[
£ — —
3 - —
D -
% o
GH < Leaves Flowers Oats
Relative Protein % - o
Fipressontere s  AA - auxiliary activities
100% c 8
CE B
CBM < M Lignin oxidase
PL S N . -
0 M Lignin degrading auxiliary enzyme
2
AA o
o
5 I
)
QO
e ./ .
=]
5 Z — —
S — |
]
& Leaves Flowers Oats
(%2}

Molecular Ecology (2016), 25: 5795-5805
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Linoleic Acid Linolenic Acid

18 Carbons, 2 double bonds 18 Carbons, 3 double bonds

Linoleic Acid attracts ants Linolenic Acid makes
ants aggressive

P2 Linolenic acid is found in leaves and in the tops of the ant gardens, but linoleic acid
is found in the bottom of the garden after the bacteria and fungi have broken down
the lignins and cellulose
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D paper disks
contain solvent
only control

B paper disks
contain Linoleic
acid (18:2)
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‘ L. Khadempour, et al., C. Currie, E. Baker, K. Burnum-Johnson. From plants to ants: Fungal modification of leaf lipids for nutrition
and communication in the leaf-cutter ant fungal garden ecosystem bioRxiv, (2020)



D paper disks
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From Biomass to Advanced Biofuels and Bioproducts

Sustainability Improved Plant Deconstruction and
Biomass Separation
SN\

Sustainability : Biomass : Biomass : Biofuel and
Produce biomass for : Development : Breakdown : Bioproduct
biofuels and bioprod-  : Develop crops with . Improve enzymesand : Synthesis
ucts with minimalto  : cell walls optimized : microbes thatbreak  : Engineer metabolic
positive impacts on : for deconstruction and : down biomass into . pathways in microbes
the environment. conversion to biofuels sugars and lignin. to produce biofuels

: and bioproducts. : : and bioproducts.

Just like cooking spinach makes it easier to digest, some fungi can break down plant cell walls, including
lignin. That makes it easier for other organisms to use the carbon that is in those cell walls.

The bioenergy industry can't yet efficiently and affordably break down lignin, which is needed to transform
non-food plants such as poplar trees into biofuels. Learning how fungi break down lignin and cellulose
could make these processes more affordable and sustainable.
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The human body with all its various organs contains nearly 100 trillion cells. There
are about 10,000 proteins per human cell, not all of them having the same structure
or function. Understanding how the human body works (or doesn’t in the case of
some diseases) is one of the main goals in systems biology. We use proteomics,
lipidomics and metabolomics to try to fit the puzzle pieces together.
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ENZYMATIC
DIGESTION

Folded Protein Unfolded Protein Peptides
Folded proteins give structure Once unfolded, we use
and function, but are very enzymes such as trypsin (like
difficult to study, so we need what is found in your stomach)
to unfold them using to digest the proteins into
chemicals and/or heat. smaller amino acid chains

called peptides.
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Desalting
Homogenization/

Extraction DTT IAA /
Urea
Surface ( Trypsin

S rf , Surface
urface
\ \ Transfer % /I' ransfer / Transfer
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Surface
B Surface
Denaturation/ -
Reduction/
Alkylation/ ye
Tryptic Digestion Surface

Collection/
Concentration

Each time a new surface is encountered, proteins/peptides are lost
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Working in nanodroplet sample sizes reduces the surface area to the extreme
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_.-» NanoPQOTS chip

Laser capture
microdissection
microscope

Samples are collected onto the chips (slides) using a special microscope that
performs dissection at the same time as the researcher is viewing the cells
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Alkylation Tnypein
Lys-C

digestion -
9¢ Peptide
collection

digestion

Transfer
to plate

Having a higher level of resolution enables researchers to gather a much larger
amount of data, thus a greater understanding of the questions being asked about a
disease.

24
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NanoPOTS l

Using fluorescence-activated cell sorting (FACS), we can find the cells of interest
' (e.g. cancer) and collect individual cells to perform —omics analyses.
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Pictured here is a Fourier Transform lon Cyclotron Resonance (FT-ICR) instrument. It
is similar to an MRI, but much more powerful.
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Using the lasers we discussed previously, we can turn the MS instrument into a type
of microscope to observe the chemical changes across an entire leaf.
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Join us for our next webinar
Implementing a Vision to Create and Deploy the

!9? |3' Airport Risk Assessment Model (ARAM)

@. Tuesday, November 10, 2020 | 7:00 pm

Zoom
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