Formulation-based scientific
approach for the long-term
preservation of fungal
Mmicroorganisms

Thiruganesh Ramasamy, PhD
Senior Scientist, ATCC

Credible Leads to Incredible™



B out ATCC®

Founded in 1925, ATCCP® is a non-profit
organization with HQ in Manassas, VA, and an
R&D and Services center in Gaithersburg, MD

World’s premier biological materials resource and
standards development organization

5,000 cell lines

80,000 microorganisms

Genomic & synthetic nucleic acids
Media/reagents

ATCC?® collaborates with and supports the
scientific community with industry-standard
biological products and innovative solutions

Growing portfolio of products and services

Sales and distribution in 150 countries,
19 international distributors

Talented team of 500+ employees, over one-
third with advanced degrees

© 2024 American Type Culture Collection. The ATCC trademark and trade name, and any other trademarks listed in this publication are trademarks owned by the American Type Culture Collection unless indicated otherwise.



Background and significance

= Cryopreservation is a vital technique used to achieve the long-term storage of
cells, bacteria, fungi, and other biological materials, and it underpins all forms of
biomedical research.

= To date, the most commonly used cryoprotective agents (CPAs) include
dimethyl sulfoxide (DMSO) and glycerol (chance discoveries), which were
originally discovered 60 years ago.

= Despite their widespread use, these traditional CPAs present numerous
challenges for the biological materials.

= Newer and advanced cell models require advanced tools to preserve the
biological samples, maximize recovery/function, enable quicker recovery, and
are adept for assay-ready format.
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Schematic illustration of design
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Effect of formulations on fungal cell viability
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Formulation groups

= |ndividual CPA or CPA-based combinations showed greater recovery as compared to either glycerol or the control
= Glycerol alone didn’t show any improvement over the control and showed insignificant recovery
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Effect of formulations on proteomic analysis

450 -
@Upregulation @Downregulation
401
400
369
& 3%0 329
z
g
o 300 286
3
3
g)250 240
Jo 220
(&
£ 200 - 189 84
© 174
£ 62 168
S 45
o5 150 4 134 139
3 " 06 10
(@]
a 100 - o4 87 82
68 63
50 -
0 -
CT2 T T2 T3 T4 T5 T6 T7 T8 T9 T10

CT1

Cells using formulation T7 almost showed almost similar levels of protein changes as compared to those using T1
while exhibited 4-fold higher recovery. This suggests the superior advantage of a better cryopreservation formulatio
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Effect of formulations on proteomic analysis
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Quantitative Heat map analysis

Protein scarcity

Protein abundance

= CT1 protein profiling is completely
different than the rest of the group,
clearly highlighting the difference before
and after cryopreservation.

Accession

= Key identical CPAs play major role in
proteomic change while a key additional
ingredient further pushes the
cryopreservation efficiency.

Crl T9 T10 T2 T3 T8 T6 T7 Tl Cr2 T4 T

A z-score of 0 represents protein abundance and purple color represents higher z-scores and thus higher protein abundances
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KEGG Pathway analysis

Pathwways CT2 ws CTATL vs CT1{T2 ws CT1| T3 vs CT1|T4 ws CT1|T5 ws CT1|T6 vs CT1|T7 ws CT1| T8 ws CT1|{T9 ws CTA[T10ws CT1

00052 Galactose metabolism

00500 Starch and sucrose metabolism
00620 Pyruvate metabolism

00561 Glycerolipid metabolism
00220 Arginine biosynthesis

03040 Spliceosome

00010 Glycolysis [/ Gluconeogenesis

00020 Citrate cycle (TCA cycle)

00030 Pentose phosphate pathway

00051 Fructose and mannose metabolism
00520 Amino sugar and nucleotide sugar metabolism
00640 Propanoate metabolism

00562 Inositol phosphate metabolism
00680 Methane metabolism

00910 Nitrogen metabolism

00920 Sulfur metabolism

00100 Steroid biosynthesis

00564 Glycerophospholipid metabolism
00565 Ether lipid metabolism

00230 Purine metabolism

00270 Cysteine and methionine metabolism

00330 Arginine and proline metabolism

00040 Pentose and glucuronate interconversions
00053 Ascorbate and aldarate metabolism

00630 Glyoxylate and dicarboxylate metabolism
00650 Butanoate metabolism

00190 Oxidative phosphorylation

00710 Carbon fixation in photosynthetic organisms
00720 Carbon fixation pathways in prokaryotes
00071 Fatty acid degradation

00600 Sphingolipid metabolism

00260 Glycine, serine and threonine metabolism

00280 Valine, leucine and isoleucine degradation

00290 Valine, leucine and isoleucine biosynthesis

00480 Glutathione metabolism -

00380 Tryptophan metabolism

00515 Mannose type O-glycan biosynthesis

00514 Other types of O-glycan biosynthesis

00770 Pantothenate and CoA biosynthesis

The identified proteins were related to 73 different signaling pathways with a mix of upregulating and

downregulating pathways

Pathways

00240 Pyrimidine metabolism

00250 Alanine, aspartate and glutamate metabolism
00860 Porphyrin metabalism

00791 Atrazine degradation

03008 Ribosome biogenesis in eukaryotes
03450 Non-homalogous end-joining

00760 Nicotinate and nicotinamide metabolism
00900 Terpenoid backbone biosynthesis
03050 Proteasome

03018 RNA degradation

03082 ATP-dependent chromatin remedeling
03083 Polycomb repressive complex

00061 Fatty acid biosynthesis

00333 Prodigiosin biosynthesis

03020 RMNA polymerase

03420 Nucleotide excision repair

00450 Selenocompound metabolism

00470 D-Amino acid metabolism

03010 Ribosome

03015 mRMNA surveillance pathway

04141 Protein processing in endoplasmic reticulum
03050 Proteasome

03082 ATP-dependent chromatin remaodeling
03083 Polycomb repressive complex

04020 Calcium signaling pathway

04022 cGMP-PKG signaling pathway

04216 Ferroptosis

04217 Necroptosis

04218 Cellular senescence

04530 Tight junction

04613 Neutrophil extracellular trap formation
04621 NOD-like receptor signaling pathway
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Summary
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The present study provided insight into the different cryopreservation formulations and
their influence on the long-term preservation of S. cerevisiae.

The T7 formulation group enabled multifold higher fungal recovery as compared to the
control group and other formulation groups.

The T4 formulation group enabled intact proteomics and higher recovery of the fungal
strain as compared to that of the non-treated control or glycerol (T1).

The molecular mechanism of cold-stress response of S. cerevisiae was investigated by
functional proteomic analysis and KEGG pathway analysis.

A total of 2299 proteins were identified. Depending on the formulation group, 116
proteins (for T4) to 1241 proteins (for T9) have been found to be significantly changed
indicating the influence of individual formulations.
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