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ATCC - Life science innovations that tfouch people

Founded in 1925 — we have been supplying scientists with
essential scientific resources, services, and standards for
nearly a century

ATCC is ISO 9001 and ISO 13485 certified and ISO/IEC
17025 and ISO 17034 accredited

Leading global supplier of authenticated cell models and
viral and microbial standards

An innovative R&D company that provides better models
Gene editing, microbiome, NGS, primary cells, and
advanced cell models

Services provider
Customer base in diagnostics, drug discovery, and
applied markets; cGMP and Biorepository Services

Patent repository consists of >90% of all USA bio-patents

© 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.



The value of a diverse collection

Case Study: Zika Virus

0 HISTORY

Discovered in 194]

- Human infection in 1954
- Major outbreak in 2013
- 1.3 million affected in Brazil

ATCC® VR-1838™ — |solated from the blood of a rhesus monkey that became infected while stationed as a
sentinel in forest near Entebbe, Uganda. Deposited in 1947.

ATCC



ATCC®s comprehensive collection of microbes

Comprehensive microbial collection with
enhanced authentication
70,000+ bacteria, fungi, viruses, and protozoa
Over 1,300 microbial type strains

Brand recognition
Organizations and regulatory agencies specify ATCC®
cultures in their standards and guidelines

USP, ISO, FDA, CLSI, USDA, ASTM, AOAC, WHO

Over 475 reference strains recommended for use in
guality control

Mycology
1864 genera

ATCC"® has live microbes and derivatives, including
inactivated materials and nucleic acids

ATCC® uses a variety of advanced techniques to
characterize and authenticate biomaterials—no
single method of identification is sufficient

Virology
200 genera

© 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.



The economic burden of fungi: Human pathogens

Critical group High group Medium group

The economic burden of fungal diseases in the US

Cryptococcus ‘. Nakaseomyces glabrata Scedosporium spp.
R I neoformans (Candida glabrata) ﬁj
alone is around $11.5 billion.
Candida auris *)‘:: Histoplasma spp. M: Lomentospora
prolificans

WHO released fungal priority pathogens list to guide
research, development and public health action.
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Talaromyces marneffei

4130 ... Candida tropicalis
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... Candida parapsilosis &= %  Pneumocystis jirovecii

* % Paracoccidioides spp.
https://www.who.int/publications/i/item/9789240060241

GLOBAL HEALTH

m Candida albicans B Fusarium spp. B Paracoccidioides spp. WHO Releases Priority Fungal
m Cryptococcus neoformans W Mucorales : g(yﬁfoioch’s gattii Pathogens List
B Aspergillus fumigatus m Candida tropicalis - T’CI Ia kudnavzevi o
; : : alaromyces marneffei
Candida auris : Eﬂstoplatsma SPP- i M Scedosporium spp. A first-of-its-kind report to drive research on
umycetoma causing agents oo
- Cano)'/ida A Si/OSI'Sg g Coccidioides spp. fungal pathogens
parap B Lomentospora prolificans
Nakaseomyces glabrata Pneumocystis jirovecii November 16, 2022 | Shahin Ali, PhD, Rebecca Bradford, MBA, MS,
PMP, and Victoria Knight-Connoni, PhD
*Pneumocystis jirovecii is provided as synthetic DNA (unculturable)
In October 2022, the World Health Organization (WHO) released a list of fungal priority pathogens to drive research on species
) . . with public health importance. This list identifies 19 fungi representing serious health threats due to their ability to cause severe
httpS//WWWatCCOrg/b|Og3/2022/Wh0-re|easeS-pI'I0rlty-fUnga|-pathogens-|ISt invasive disease and their emerging resistance to antifungal drugs.
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Traceabillity and reproducibillity crisis

Laboratory passages can lead fo various genetic and phenotypic changes.
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Traceabillity and reproducibillity crisis

Product

NCBI existing

reference genomes

NCBI assembly level
(plasmids)

Sequencing

technology and # of SNPs

coverage

# of indels

Average
coverage
(variants)

GCA_001593425.2 Complete Genome | lllumina (300.0x) 14 5 210.1
GCA _000015425.1* | Complete Genome (2) | Not available 118 656 152.7
GCA_014672775.1 Complete Genome (1) |PacBio (399.24x) 15 87 170.4

Acinetobacter lllumina
baumannii GCA _013372085.1 Complete Genome (2) Nanopore (’80x) 14 2 210.2
(ATCC® 17978™) |  GCA 0047971552 | Complete Genome (2) |PacBio (247.19x)] 28 62 162.1
GCA_001077675.1 | Complete Genome (1) "'“m'(an)’;?CB'O 15 6 135.9
GCA _011067065.1 Complete Genome (2) |PacBio (231.08x)| 60227 2486 165.6
Candida albicans GCA 015227795.1 3, 081 Contigs NovaSeq (16x) 10174 1573 265.6
(ATCC® 10231™) GCA 002276455.1 2,219 Scaffolds HiSeq (95x) 13408 2390 274.6
Meyerozyma GCF_000149425.1 9 RefSeq Scaffolds Not available 505 1973 278.2
( A%gggggﬁﬂ) GCA_006942155.1 9 Contigs ON(TZZ'E)/')'(;Q’GC‘ 74 386 223.3
Clavispora lusitaniae| GCF_000003835.1 9 RefSeq Scaffolds Not available 587 2336 265.6
(ATCC® 42720™) GCA _003675505.1 109 Scaffolds NextSeq (182x) 102 5142 236.9

© 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.
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Phenotypic Identification and
Characterization



WHO fungal priority pathogens list
e Serves to inform clinicians,

®,  Cryptococeus ... Nakaseomyces glabrata
researchers, and governments on >
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WHO fungal priority pathogens list

* Chose 11 species including

® 4 C r it i Ca I P ri O r i ty G ro u p c Cryptococcus J Nakaseomyces glabrata

neoformans (Candida glabrata)
* Cryptococcus neoformans, Candida auris,
Candida albicans, Aspergillus fumigatus

¢ 3 High Priority Group @{ Aspergillus fumigatus J
* Candida glabrata, Candida tropicalis, -
Ca n d ida p ara p S I' /O S I'S & Candida albicans ¥ Mucorales fé?;:g;?fgﬁ:;iveﬁ
* 4 Medium Priority Group b

» Scedosporium prolificans, Talaromyces
marneffei, Candida krusei, Cryptococcus & (candida tropicati
gattii

Scedosporium spp.

Lomentospora

Candida auris J‘:: Histoplasma spp.
prolificans

Eumycetoma causative
agents

Coccidioides spp.

N E 7%&

J &, Fusarium spp. Cryptococcus gattii
al N

Talaromyces marneffei
Pneumocystis jirovecii

Candida parapsilosis

Faracoccidioides spp.

W e i W

 Two isolates of each used to
generate phenotypic ID profiles

https://www.who.int/publications/i/item/9789240060241
https://www.who.int/publications/i/item/9789240060241



The FF and YT Microplate
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Designed for Sporulating Fungi (FF) and
Yeast (YT)

Cells are collected directly from agar solid
media

Spores/mycelia/yeast suspended in Biolog
inoculation fluid and inoculated onto FF or
YT Microplates

— No DNA extraction needed

Incubation and kinetic reading every 20
minutes for up to 96 hours

— Many ID in 24 hours
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Biolog’s systems for microbial identification

Biolog YT
MicroPlate

Biolog FF
MicroPlate

* Biolog uses a unique single dye, single color chemistry
* This chemistry can be used to measure metabolism of any nutrient substrate

* Analysis of both color development (ODaso or ODss) and turbidity (OD740) provides for accurate
identifications to the species level in one to three days

 The Odin™ database contains the unique metabolic patterns for over 2900 unique taxa
comprising more than 1500 aerobes, 360 anaerobes, 260 yeast, and 700 filamentous fungi



biolog
Adding the pathogens to the Biolog Phenotypic ID Database

e 2-4 unique e To capture day- e Ensures robust, * Species and
strains per to-day variation reliable profiles some strain-level
species ID
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Differentiating Candida auris strains



Odin can differentiate the 4 major clades of C. auris biolog

Metabolism Growth

* Candida auris is a
naturally multidrug-
resistant pathogen that
has garnered significant
attention.

* |t is notoriously difficult
to ID to the strain level.

* We can differentiate the
4 major clades with this
phenotypic method!

¢ auris MYA-50000

C auris MYA-5001

C auris MYA-500

-

100.0

m
o

C auris MYA-50

Area Under the Curve
(OD<q,) after 72 hours
on YT plate

N-Acetyl-D-glucosamine

Succinic acid mono-methyl ester

D-Galactose
Glycerol
D-Sorbitol
D-Gluconic acid

| Succinic acid

==

Tween 80
Sucrose
Palatinose
Stachyose
D-Raffinose
L-Glutamic acid
D-Psicose
D-Cellobiose
Gentiobios
Maltotriose
Maltose
alpha-D-Glucose
Dextrin
D-Trehalose
Propiionic acid
Salicin
L-Sorbose
D-Melibiose
Inulin
L-Aspartic acid
Turanose
D-Melezitose
Formic acid
L-Proline
Acetic acid
D-Mannitol
Xylitol

L-Malic acid
Fumaric acid

Succinic acid monomethyl ester + D-Xylose

Maltitol
2-Keto-D-gluconic acid
Amygdalin

Succinic acid mono-methyl ester

alpha-Keto-glutaric acid
D-Psicose

D-Galactose
gamma-Amino-butyric acid
Arbutin

D-Gluconic acid

- D-Cellobiose

N-Acetyl-D-glucosamine
D-Galactose + D-Xylose
Glycerol

D-Glucosamine

Tween 80

Xylitol

Dextrin + D-Xylose
Dextrin

Stachyose

Turanose

D-Sorbitol
D-Melezitose
D-Mannitol

Inulin

D-Trehalose
D-Raffinose

Quinic acid + D-Xylose
D-Glucuronic acid + D-Xylose
alpha-D-Glucose
Sucrose

Maltotriose

Maltose

Palatinose

N-Acetyl-L-glutamic acid + D-Xylose

D-Melibiose + D-Xylose
alpha-D-Lactose + D-Xylose
m-Inositol + D-Xylose
Acetoin + D-Xylose
"1l,2-Propanediol + D-Xylose"
D-Xylose
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PM analyses of WHO pathogens
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Comprehensive panels for phenotypic characterization

Microplates with pre-selected

19 0 A substrates and inhibitors
g 0
O
...... A
Each well probes a specific
biochemical pathway or
sensitivity
O O
Odin™ monitors up to 4,800 | O
conditions in one experiment A



Metabolism of C-sources produces an electron flow
GLYCOLYSIS ELECTRON TRANSPORT TCA CYCLE
CHAIN
% GLUCOSE
lc’;%:m — (— Testing sub-circuits within
MALATE . .
fructose i the cell’s master circuitry
FUMARATE
r——f------- T —————— FAD
i SUCCINATE
z s
‘£ SUCCINYL-COA
FﬁDHw—‘-)c t bi€——-FADH <« = — — — — NAD .
T S glutamine
| NADPH € == = m|— = = —— — NADP
\N i ISOCITRATE
,c’yio i CITRATE
ADP ATP i -
PEP PYRUVATE ; ACETYL - COA
AMP ATP NAD
CARBON FLOW|
ELECTRON FL ———>

coli and S. typhimurium. The following abbreviations
tose-1,6-diP (F1,6DP), glyceraldehyde-3-P (G3P), 1,3-
erate (2PG), P-enolpyruvate (PEP), dihydroxyacetone-
zyme @ complex (nhFe-@Q), cytochrome (cyt), oxaloace-

Fi1a. 3. The pathways of central metabolism in
are used: glucose-6-P (G6P), fructose-6-P (F6P),
diP-glycerate (1,3DPQ@), 3-P-glycerate (3PG), 2-P-
P (DHAP), methyl glyoxal (MG), non-heme iron-
tate (OAA), and o-ketoglutarate (aKG).

Growth = Functional Readout



Additional info from the kinetic reading in Odin™

Inflection Time — ODIN
Average
Height

biolog

Area Under the Curve
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* Each well exhibits a different rate of dye
formation, so single endpoint reads for
an entire plate are not ideal

First Derivative

* Odin™ software computes multiple
parameters for phenotypic
characterization and comparison




Phenotype microarray setup

* PM plates 1-10 & 21-25

 Composed of C, N, S, and P substrates; pH and osmotic stress; antifungal resistance

* Measuring growth (no dye needed)
* OD4, read every 20 minutes

 S. prolificans, T. marneffei, and A. nidulans
e 26°C for 96 hours

e C. albicans, C. auris, C. neoformans
e 30°Cfor 72 hours




Summary of results

* Growth was measured for each of the 6 species on at least one plate

* Numerous nutritional substrates were identified as preferred for each
species

* Each species demonstrated unique susceptibility profiles to various
antifungal drugs and stress conditions




Aspergillus nidulans: stress resistance

NaCl 1-10% e Tobramycin
T | 0.05-1.5 mM

A. nidulans 204305 PMO9 (Phehotyping Microbial) - A 590nm A. nidulans 204305 PM25 (Phenotypi icrobial) - A 590nm

: > L4 L s e Lo o 1 L w 1 2 | 3 | a s d a ez L o L o0 | n|w
0.682 [0.532 |0.446 |0.438 |0.403 |0.360 [0.328 |0.277 [0.497 [0.305 |0.373 |o0.283 0.307 |0.245 |o0.225 |o0.225 Wo.447 |0.511 |0.472 |o0.497 444 [0.399 |0.311 [o0.235
/ A

2 = = = 2 4 505 i = 0.556 [0.530 [0.501 [0.446 Mo S Gdiiel . 514 [0.534 |0.477 [0.466
B B

0.303 0.360 0.358 0.34e6 0.335 0.360 0.314 0.331 319 0.322 0.464 0.434 0.542 0.280 0.385 0.348 0.297 0.329 0.533 0.572 0.517 0.562

0

C Urea 2-7% c

0.584 [0.530 [0.452 |0.441 |0.984 |0.845 |0.766 |0.752 |0.855 Qo.774 |o0.942 |0.773 0.548 |0.529 |0.459 |0.246 |0.550 |0.245 |0.396 [0.211 [0.366 0.321 [0.339 |0.282
D D

N

0.719 |0.527 |0.447 |0.361 |[0.375 |0.310 Q§O0.702 [0.500 |0.337 |0.265 0.240 |0.261 0.658 |0.501 |0.378 |0.302 |0.472 |0.498 |0.485 |0.591 |0.580 |0.472 |0.428 [0.275
E E

0.959 10.997 ]0.684 ]0.532 [0.567 [0.373 Rl el et Gttt e 0.492 |o0.348 [o0.236 [0.217 Jo.357 [0.329 J0.201 [0.224 [0.534 Jo.501 Jo.480 |0.451
F F

0.779 |o.793 Jo.958 |0.564 fl0.229 [0.235 [0.231 [o.243 .126 _|1.100 J1.009 Jo.935 st oLt amacimed0 318 |0 217 |0.210 l0.376 lo0.510 lo.501 l|o.352 |o.285

A

G G

1.046 _]1.077 j0.991 ]0.974 Y @.598 10.444 10.274 ]0.483 0.468 |0.534 [lo.391 [0.275 Jo.s07 [o0.783 [o.571 [o.266 [0.477 Jo.421 Jo.345 [o0.256
H H

Sodium benzoate pH 5.2 Malic acid

20mM-100 mM 1.6mM-44 mM

Values indicate Average Curve Height



OD590

Scedosporium prolificans: stress resistance —

T: 0-96hrs

Sodium metavanadate
0.19-5.3 mM

S. prolificans 64913 PM10 (Phenotyping Microbial) - A 590nm S. prolificans 64913 PM22 (Phenotyping Microbial) - A 590nm
1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 2 S a Z 2 9 10 1 12
1.216 J11.227 1.225 1.076 0.961 0.946 0.829 |0.943 0.893 0.775 0.805 0.713 0.497 0.429 |0.387 0.413 0.591 0.808 0.673 |0.646 D.369 0.267 0.279 0.253
A A
1.220 _J1.065 J1.060 [1.098 [1.035 [1.034 |1.131 |1.024 |0.990 |1.064 |1.386 |1.306 0.438 |0.539 |0.475 |0.509 i == e .488 ]0.433 [0.455 |0.506
B B
1.188 _J1.063 [1.254 _J1.190 _|1.031 |1.106 _J1.040 |1.106 J1.052 J1.117 J1.114 _J1.021 0.441 |o0.308 |0.211 |0.233 |0.463 |0.531 |0.368 |0.243 |0.555 ]0.503 [0.262 |0.266
C C
0.230 |1.228 J0.889 [1.004 |0.894 [1.062 _|1.084 ,0.911 J1.045 [J1.173 4|0.965 [1.070 0.461 |0.472 |0.448 |0.464 |0.486 |0.432 0.488 |0.456 [0.515 J0.502 [0.439 |0.247
D D
0.613 |0.428 |[0.583 |0.343 |0.558 |[0.662 |0.420 [0.435 |0.470 [0.370 |[0.325 |0.401 0.465 |0.431 ]0.390 [0.204 .332 |0.409 |[0.251 |0.220 [0.283 |o0.261 [0.275 |0.267
E
0.363 |0.262 |[0.366 |0.324 |0.367 |[0.286 |0.419 |[0.287 |0.298 |0.353 |0.388 |0.268 LY LAY LT . LT Y .383 |0.399 |0.258 |0.432 |0.566 |0.403 [0.236 |0.285
A
F F
0.304 0.327 0.355 0.500 0.295 0.387 0.269 0.269 0.236 0.517 0.422 0.514 0.521 0.227 0.474 0.280 0.432 0.593 0.499 0.613 0.232 0.256 0.213 0.353
G G
v.o0b - JU.Bds JU. /14 v. 139 U.039 P - | L) R L AR LR ) L 2 0.480 0.475 |J0.544 |[0.228 0.527 0.555 0.608 |0.602 0.616 0.647 0.512 0.489
H H

Alkaline pH (9.5) causes growth to be CCCP

stalled 0.0023-0.061 mM
Values indicate Average Curve Height



OD590

Talaromyces marneffei: stress resistance —

T: 0-96hrs

T. marneffei 201702 PM21 (Phenotyping Microbial) - A 590nm T. marneffei 201702 PM24 (Phenotyping Microbial) - A 590nm

1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 n 12
0.481 0.496 0.430 0.230 0.524 0.492 0.356 0.338 0.640 0.559 0.393 0.262 0.471 0.574 0.421 0.455 0.404 0.351 0.348 0.305 0.267 0.222 0.216 0.358
A A

0.330 0.343 0.492 0.246 0.369 0.221 0.320 0.277 0.409 0.436 0.638 0.283 0.438 0.498 0.387 0.260 0.453 0.299 0.230 0.252 0.604 0.382 0.456 0.272
B B

0.464 0.448 0.221 0.271 0.434 0.410 0.232 0.245 D.509 0.569 0.423 0.447 0.386 0.373 0.216 0.277 0.562 0.515 0.515 0.317 0.220 0.281 0.278 0.217
C C

0.484 [0.479 [0.502 [0.353 et ‘“ oalo2o2 .385 [0.443 [0.765 |0.241 0.209 |0.398 |[0.228 |0.213 [0.345 (0.340 J0.215 |0.265 |0.457 [|0.460 |0.393 |0.376
D D

0.428 |0.477 |0.625 |0.508 |0.511 |0.488 }J|0.530 |0.686 |0.475 [0.518 |0.312 |0.293 0.248 l0.203 lo.232 |o.236 566 |0.465 Jo0.497 lo.430 |o.569 lo.466 |o0.204 Jo.217
E

0.458 0.615 0.205 0.264 0.475 0.633 0.354 0.341 0.612 0.233 0.244 0.224 G el Y-V - y-E .523 0.406 0.239 0.241 0.487 0.399 0.393 0.416

A

F F

0.383 0.271 0.368 0.222 0.482 0.489 0.426 0.364 0.366 0.250 0.338 0.471 0.515 0.218 0.257 0.198 0.447 0.446 0.402 0.199 0.361 0.317 0.271 0.273
G G

0.564 |0.468 )0.248 |0.281 |0.317 ]0.243 J{0.225 10.273 ]0.417 |0.480 |0.387 [0.234 0.203 |o.204 Jo.219 |0.417 |0.464 [0.441 |o.404 [0.240 [0.230 Jo0.206 [0.201 Jo.200
H H

Domiphen bromide Bereberine

0.0005-0.0147 mM 0.01-0.269 mM

Values indicate Average Curve Height



OD590

Candida albicans: stress resistance -

T: 0-72hrs

Zaragozic acid A
Dodecyltrimethyl ammonium bromide 0.0003-0.0079 mM

0.02-0.54 mM

C albicans 2876 PM21 (Phenotypingn('licrobial) - A590nm C albicans 2876 PM24 (Phenotyping Microbial) - A 59épm
1 2 3 4 5 6 7/| 8 o o] n | 1 2 3 4 5 6 7 8 e e E————

0.980 1.001 0.993 0.988 1.025 0.993 0.987 1.008 0.977 0.952 0.810 0.252 0.993 1.001 0.997 1.002 0.997 0.984 0.996 1.136 1.019 0.917 0.625 0.248
A A

0.807 0.602 0.311 0.325 0.992 0.878 0.370 0.217 .960 0.952 0.949 0.922 0.952 0.891 0.884 0.838 1.016 1.019 1.004 0.387
B B

1.012 0.953 0.165 0.183 #. 943 0.872 0.654 0.446 0.886 0.830 0.186 0.351 1.005 1.033 0.933 0.903 0.830 0.747 0.609 0.457
C C

0.879 0.502 0.168 0.159% 0.996 0.993 0.957 0.901 0.953 0.930 0.181 0.219 0.923 0.557 0.209 0.168 1.003 1.006 1.022 0.172 0.995 0.953 0.873 0.783
D D

0.991 1.004 0.998 1071 0.999 1.005 0.977 0.930 0.989 0.971 0.960 0.747 0.989 0.969 0.896 0.713 0.986 0.999 0.991 0.996 0.998 1.001 0.931 0.566
E E

0.941 0.883 0.717 0.520 1.029 1.036 1.062 1.039 0.972 0.919 0.771 0.337 0.976 1.019 1.031 0.567 1.001 0.948 0.776 0.415 1.002 0.984 0.946 0.877
F F

0.883 0.871 0.586 0.289 0.977 0.771 0.599 0.334 0.982 0.925 0.229 0.253 0.979 1.000 0.938 0.416 1.022 1.008 1.059 1.007 0.253 0.237 0.229 0.258
G G

1.090 1:110 0.229 0.225 N.013 0.892 0.816 0.232 1.016 0.659 0.227 0.386 0.777 0.360 0.298 0.281 0.965 1.082 1.077 0.279 & ial EET- inie
H H i

N\ ——"————J"
Zinc chloride Fluconazole

0.05-1.3 mM Values indicate Average Curve Height
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Candida auris: nutrition =

T: 0-72hrs
Phosphourus
D-Fructose d
D-Mannose compoundads
C auris 5000 PMO1 (Phenotyping/Microbial) - A 590nm C auris 5000 PMO0O4 (Phenotyping Microbial) - A 590nm
1 2 3 a]l s e 7] s o w1l 2 3 4 5 6 7 8 o [0 nm | ®@
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T:0-72hrs

Candida auris: stress resistance

Triclosan
Decreased growth with increasing pH (3.5-10) Range of 0.038-1.036mM
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Take home message:

Comprehensive phenotypic profiles for important and
emerging fungal pathogens with Odin™ can allow for fast
characterization and identification beyond the species level.
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Monitoring Phenotypic Drift in Bacterial
Production Strains with Odin™



Monitoring drift is a challenge

* Genetic monitoring is time consuming and often expensive

* Phenotypic monitoring can be prohibitive as dozens to hundreds of traits
must be assessed

* Biolog Phenotype MicroArrays with Odin™ allow early and rapid phenotypic
testing of >2000 unique conditions testing growth or metabolic output



Monitoring both genotype and phenotype is necessary for the
whole story of how organisms change over time

Few direct links of
genotype to
phenotype

Genetic changes Phenotypic changes

(Genome sequencing) (Biolog PM with Odin™)
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Overview

* We know that genetic drift occurs over time as mutations accumulate at
measurable rates; however, it is unclear how this translates to phenotypic drift as
strains are continually passaged.

* Hypothesis: If bacterial strains are passaged many times, we will be able to detect
phenotypic variation relative to the original strain using Odin™ L and Phenotype
Microarrays PM 1-20.

* Experiment: passage Escherichia coli (ATCC® 11775™), Streptococcus
thermophilus (ATCC® 19258™), and Lactocaseibacillus casei (ATCC® 393™) on
solid media every 24 hours. Samples will be taken at PO, P20, and P40 and
screened for phenotypic drift and genomes sequenced.
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PM experimental setup

e E. coli (ATCC® 11775™) streaked on BUG+ 5% blood
* Incubate 24 hours 36°C
* Pick colony for subculture and repeat

e S. thermophilus (ATCC® 19258™)
* M17 + 0.5% lactose incubated with 5% CO,
e Passaged every 24 hours

 [. casei (ATCC® 393™)
* Medium #416 incubated with 5% CO,
* Passaged every 48 hours
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Escherichia coli
(ATCC® 11775™ )



Results from passaging E. coli

e Passage 0 (PO) and P20 strains were
assessed with PM1-20 with dye and
incubated in Odin™ for 24 hours at
36°C and reads were taken every 20
minutes

* Significant phenotypes on PM 3, 10, 11,
12, 14, &15 (triplicate verified)

e P40 strain screened on PM3, 10, 11, 12,
14, &15 to assess stability of
phenotypes (triplicate verified)

When phenotype # of significantly changed
appeared substrates

Metabolics Sensitivities

P20 and increased

in P40 1 2
P20 and preserved

in P40 4 20
P40 18 27
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Comparison of metabolism in E. coli strains

e E. coli strain P20 and P40 showed decreasing abilities to metabolize a variety of nitrogen
sources

* Amino acids and amines
* Pink in both indicates worsening phenotype

P20 PO P40 P20
E coli 1775 P20 o E coli 1775 PO PMO3 (Phenotyping Microbial) - A530nm -Max OD  E coli P40 to E coli 1775 P20 PMO3 (Phenotyping Microbial) - A 590nm - Max OD 3.2
- 1 2 3 4 5 6 7 8 9 10 n 12
1 2 3 4 5 6 7 8 9 10 n 12 -3.514 -5 886 -0.456 -0.424 -0.081 -1.930 -5 348 -6.334 -10.204 |-8-163 -8 874 -20.681
o 0636 -1.224 -0.126 -0.8%7 -3.275 -5.752 —13.161 |12 -1.548 -11.155|10.542 A
A
- -15, 586 | 5614 -3.488 Bahas -13,947|-22.438|-13.664 |-14.898 |-25_453(-12. 937 "9
----- -5.370 -1.858 1.130 -11.068 |-° &7
B
B
- 1 -, 403 4856 ~12.148 |-4.2¢6 -8.257 -0 02 -#,223
c C
D D
-12 g5 [-9.108 -7.533 -10.004 |-# %09 -4.500  [-B.322 )
E E
6. 958 -0.977 2.927 &.228 -4.754 1.875 7.350 -5.816 -2.329 -6.135 -4.272 -4.506 SR-EEE #.323 5731 =10.416 |4-068
F F
G G
H H

Values reported Reference — Test Area Under the Curve (AUC)
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Comparison of metabolism in E. coli strains

Overall decrease in ability to metabolize nitrogen

. . . . . . . ’
P40 PO sources is statistically significant (Sidak’s MCT) by
E coli P40 to E coli 11775 PO PM03 (Phenotyping Microbial) - A 590nm - Max OD 3.2 passage 40
1 2 3 4 5 6 7 8 9 10 n 12
-2.160 -5.200 -1.681 -0.551 -0.948 -5.205 -&.000 —19‘.496 —11.561 -9.708 _20029 '10.139
L =12,056 [4.=02 RS =11.465|-16.383]|-31.412 |-19.034 |-16,.757 |-24.323 =24, 004 |*. 228 = arglnlne -19.468 <0.0001
B
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Sl =326 -14.141|-16.445 |55 FA-223 -10.822 [-10.045|-10.534 (-12. 907 |-2.308 -16.893
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0,609 -4, 180 -5, B0 0.534 -B. 788 -€.E63 -10.7809 [-8.€s7 -8.503 -3.900 -8.54% -5, 3208 Bz GlyCine —12056 <00001
D
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-1.518 -5, 374 =12.443 -8.779 =14.661|=-15.331 - EEY =17.572|-13.638 -4.274 -%.§51 -Z.%21
E B6 L-lysine -16.383 <0.0001
-7.508 -T.%00 -2.804 -4.189 -9, 620 0. 858 8. 810 -8, 662 -2.025 -9.020 4742 3845 B7 L-methionine -31.412 <0.0001
F
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3.012 -11.399 -5, 623 -6. 962 -%_375 -7.385 -1.268 -5.270 =7.3717 3.310 -6.754 0.078
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-7.962 0.235 -6.268 2.752 -2.698 -2.80% -2.367 -5.643 -1.827 -B.492 0.636 3.380 Blo L—Serine -24323 <00001
H
B11 L-threonine -24.004 <0.0001




Changes in sensitivities (Response to inhibitory compounds)

Chlortetracycline
=0.961 2.807 -19.495 6.068
-2.827 -12.313|-23.258 |1-69
Fusaric acid
I-Z.IJ'H 6.166 -0.339 =-0.919
-25.089 -3.568 -1.171 -1.253

P20 v PO

P40 v PO

P20 v PO

P40 v PO

Sodium cyanate

Cefemetazol
-3.811 -5.328 -3.450 21.595
-2.651 -2.636 -1.603 21.840
2-nitroimidizol
-7.996 -14.337 -5.533 -0.784
-16.363|-16.171 [2-242 Tie7ee

=5.936 -10.035 =9.662 =1.230
P20 v PO
-4.475 -14.469(-11.238 0473
P40 v PO
Legend:
OD590
P20/P
PO .
40
T:0-24hrs

e Allvalues reported are Area Under the
Curve (AUC)
* Values are averaged from triplicate runs



Monitoring genetic drift by sequencing

Variant P20 Frequency P40 Frequency Affected proteins

C>A 56.65% 60.30% type Vlsecretion system tip protein Tssl/VgrG
E. coli A>T 7.49% 7.69% galactoside O-acetyltransferase Top 3 Variants
G>T 33.62% 33.56% S ribosomal RNA

. Using whole-genome sequencing, we identified a total of 10 genetic variants in P20 that comprised 7 SNPs
and 3 deletions when the reads were aligned to the PO reference sequence.

. P40 exhibited 4 additional SNPs and 1 insertion. Among these variants, there were four affected coding
sequences: Actin cross-linking toxin VgrG1, Galactoside O-acetyltransferase, and two hypothetical proteins.



Conclusions for E. coli

* Phenotypic drift occurs more rapidly
than expected in only 20 passages (or
less)

* While some changes are stable once
they appeared, others get more
exaggerated

When phenotype # of significantly changed
appeared substrates

Metabolics Sensitivities

P20 and increased

in P40 1 2
P20 and preserved

in P40 4 20
P40 18 27
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Streptococcus thermophilus
(ATCC® 19258™ )



Results from passaging S. thermophilus

e Passage 0 (PO) and P20 strains were
assessed with PM1-20 with dye and
incubated in Odin™ for 24 hours at

o When Phenotype # of Sensitivity

minutes P20 14
* Significant phenotypes on PM20, 19, 18, P40 12
17, 16, 15, 14,10, & 9

e P40 strain screened on PM 9, 10, & 14-
20 to assess stability of phenotypes
(triplicate verified)
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General trends for S. thermophilus

» S. thermophilus appeared to gather phenotypes rather than exacerbating existing ones

* Typically, no significant changes in phenotypes identified in P20

P40 PO : P40 PO

S thermophilus 19258 P40 to S thermophilus 19258 PO PM19 (Phenotyping Microbial) - S thermophilus 19258 P40 to S thermophilus 19258 PO PMO9 (Phenotyping Microbial)
A 590nm -Max OD 2.5 A590nm -Max OD 2.5

1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12

-0.558 -2.080 -2.997 -7.993 -4.658 -4.176 -2.957 -5.610 1.987 6.531 1.683 -3.823 2,562 -1.701 1.378 -4, 869 4,724 -11.895 6.598 6.873 0.167 9.722 9.0588 -12.475

-3.163 -5.153 -0.288 -4.423 0.962 1.376 -1.177 -0.635 0.054 4.119 -3.777 -2.927 -5.741 3,487 4.040 2.177 -5.900 8.247 -2.599 -3.110 -5.528 1.903 0.266 -17.813

bl =218 Rk -3.480 =0«183 . bl =263 Bl el 0.182 853 -3.386 1.290 1.007 -9.139 3.639 9.667 0.295 1.041 -8.770 5.914 -1.557 -4.883

-1.768 -1.861 Fosesd 0.630 -0.908 21.701 |17.048 |52.1 -1.766 -0.480 -0.558 Sasnaa 4.702 2.936 -6.837 -4.045 -7.914 -8.224 -1.383 -3.7117 0.184 -2.647 -1.350 -4.218

-3.142 -3.105 -2.807 -1.085 -0.965 -1.600 -3.324 2.730 -3.659 -2.148 -7.067 -11.095

—4.686 ~6.080 ~6.310 —10.073 | 2972 ~7.633 —2.070 0. 851 ~2.798 —4.141 ~5.439 -3.368
E E
-2.583 -5.479 -2.886 -1.622 -1.380 ~0.240 -1.783 0.034 0.926 1.340 4. 808 =880 -0.932 -0.799 -0.574 -0.583 -0.625 -0.743 -0.932 0.052 -0.482 -0.779 -1.201 -0.569
F F
12.200 [12.434 [%*¢ 7.2me 0.7z wo.788 5-884 7080 340 “0.608 “2-se8 wa-ee -3.435 -0.869 0.018 -0.937 _11.880 [-3-983 -3.800 1.313 -7.025 -5.824 -1.089 -1.481
G G
0.528 -3.861 -0.248 -0.764 3.753 4.506 2.564 5149 0.064 1.364 0.601 -1.005 700 s ey . T T T T =T T — T

Values reported Reference — Test Area Under the Curve (AUC)



Changes in sensitivities (Response to inhibitory compounds)

lodonitrotetrazolium (INT)

1.963 15.984 |16.602 |48.6!

-0.905 21.701 |17.048 |]52.1
Thiosalicilate

-5.818 -5.019 -~6.330 =15:776

-6.317 -2.067 -6.345 -13.034

P20 v PO

P40 v PO

P20 v PO

P40 v PO

Sodium azide

1.474

0.459

1.301

Ferric chloride

-11.830(

=0.196

-2.997

5.368

-14.614

3,6-Diaminoacridine

1.678

9.110

=-7.333

-5.588

3.275

-4.777

-10.208

-13.368

1.373 -19.180|-17.225]-17.537]

P20 v PO
1.065 -18.010|-14.780|-18.636
P40 v PO
Legend:
PO P20/P o H:
40  —
T: 0-24hrs

All values reported are Area Under the
Curve (AUC)
Values are averaged from triplicate runs



Summary of phenotypic changes in S. thermophilus

PMi6

PM16

PMO9S

PMi14

PM14

PM20

PM10

PMI1S

PMI1S

PM16

PM18

PMI19

PMI1S

PMI1S

GO6

B12

HO1

D04

H12

GO9S

GO1

GO2

F12

A04

DO7

DO6

DO8

Ferric chloride

Ferric chloride

6% NaCl + L-
Carnitine

EGTA

Cadmium
chloride

Troleandomycin

pHO95+
Tyramine

Lauryl
sulfobetaine

Lauryl
sulfobetaine

Aluminum
sulfate

Ketoprofen
INT
INT

INT

-18.636

-18.010

-17.813

-17.715

-16.973

-16.324

-15.851

12.200

12.434

13.862

14.859

17.048

21.701

52.135

toxic cation
toxic cation
osmolyte, carnitine
chelator, Ca++

toxic cation

protein synthesis, 50S ribosomal
subunit, macrolide

pH, deaminase
membrane, detergent, zwitterionic
membrane, detergent, zwitterionic

toxic cation

biofilm inhibitor, anti-capsule agent,

prostaglandin syntetase inhibitor

respiration
respiration

respiration

S. thermophilus P40 has gathered
quite a few significant phenotypes.
* Most extreme seem to be related to

cation resistance and a shift away
from respiration (INT)



Genetic drift

Species Variant P20 Frequency F40 Frequency Affected proteins
G=A M/ A 90.88% 235 rRNA (guanosine( 2251)-2-0)-methyltransferase RImB
Crh, M/ A 99.69% proline--tRNA ligase
G N/ A 99.41% TrkH family potassium uptake protein
C>T 899.64% 99.74% ribosome biogenesis GTPase Der
GoA N/ A 99.77% ABC-F family ATP-binding cassette domain-containing protein
G>A M/ A 100.00% DUF308 domain-containing protein
G=A N/ A 100.00% helix-hairpin-helix domain-containing protein
C>T N/ A 99.80% ribonuclease R
C>T M/ A 99 .88% CRISPR-associated protein Csn2-5t
. G>T N/ A 97.48% Promoter of formate--tetrahydrofolate ligase
5. thermophilus
G>T M/ A 99.85% ABC transporter permease
C>T N/ A 100.00% virulence factor
CrA M/ A 90 .48% extracellular solute-binding protein
C=h 17.75% 99 87% ZmpA/ZmpB/ZmpC family metalo-endopeptidase
C>T N/ A 99.77% primosomal protein '
C>T N/ A 98.85% ncDNA repeat_region
C>T N/ A 99.64% CopY/TerY family copper transport repressor
G>C 99.74% 99 76% 6-phospho-beta-glucosidase
Deletion N/ A 97 78% excinuclease ABC subunit Uwr A
G=A N/ A 99.84% ATP-binding cassette domain-containing protein

. Using whole-genome sequencing, we identified a total of 5 SNPs in P20 when
the reads were aligned to the PO reference sequence.

. P40 exhibited 20 additional SNPs and 1 deletion. These variants affected 19
protein coding genes and 5 ribosomal RNAs.
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Lactobacillus casei
(ATCC® 393™ )



- |

L. casei L

T: 0-24hrs

e Passage 0 (PO) and P15 strains were

assessed with PM1-20 anaerobically ;";’;‘:’;2‘;‘*“°Wpe

without dye and incubated in Odin for P E——
24 hours at 36°C and reads were taken

. P15 0 8
every 20 minutes
D,L-Thioctic acid Chlorambucil Legend:
PO P20/P
. 408 1.422 12 187 |6.255 1.307 -2.671 9.934 -189. 361 40
P15vPO All values reported are Area Under the
Curve (AUC)

Values are averaged from triplicate runs



Genetic drift

Variant P15 Frequency Affected proteins
C>T 99.84% DUF 2252 domain-containing protein
C>A 99.82% glycosyltransferase family 1 protein
C>T 99 83% peptide ABC transporter substrate-binding protein
C>T 99.65% TPM domain-containing protein
Deletion 100.00% IS30 family transposase

e P15 exhibited 7 SNPs and a deletion mutation compared to PO. These
variants affected 5 protein coding genes.



Monitoring both genotype and phenotype revealed unique
changes in all three production strains

Only a few mutations
in genes related to
detected phenotypes

Phenotypic changes
(Biolog PM with Odin™)
Several dozen altered
phenotypes

Genetic changes
(Genome sequencing)

A few dozen SNPs and
indels




Phenotypic and genotypic drift monitoring is cr|t|cal for reproduciilé

and consistent results

* Strains are passaged frequently as
part of normal lab operations

* Drift in genome sequence happens
at predictable rates

* Phenotypic drift can be
independent of mutations and
occur randomly

* Monitoring for both while
minimizing passages reduces risk




* Whether WHO-listed fungal pathogens, or high value production strains,
having a solid phenotypic foundation is critical

* Biolog Phenotype MicroArrays with Odin™ can streamline screening by
screening >2000 unique conditions simultaneously

* ATCC® microbial stocks provide traceable and reliable points of reference

Establish a baseline for important strains



Authenticated physical material

Always start your research and bioproduction with reliable authenticated material

. @ / 1::?‘3* Seed stocks
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54 © 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.
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Thank you!

For more information:
biolog.com & ATCC.org

Email us: or
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