Phenotype MicroArrays: A Platform for Phenotypic
Characterization of Cells and Species Description
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Agenda

Microbial Identification (MI)
- Fundamental Technology
Phenotype MicroArray (PM) Technology

- PM Technology for Gene Function
- PM Technology for Drug Discovery
- PM Technology for Strain Characterization

Fungal Applications
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Chemistry Platform: Carbon Utilization
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Patterns begin developing in as little as 4 hours
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Species are DEFINED by Patterns of Utilization
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Universal Reporter System - Respiration

N Carbon } Transport
/ ., Catabolism
J
Small molecule
blosynthe3|s
Macromolecular synthesis {
} Synthesis of cellular structures
Growth
NADH
Electron transport in
membrane or mitochondria
T\éX > TVed
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Biolog GEN 11l System

- No pieategorization: no gram stain, oxidase, catalase
- No additional {wiloests

- One test panel for both GN and GP

- One minute set up

- One color change

- Over 1300 taxa

- Provides biologically relevant information
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Phenotype MicroArraysE

Scanning 2000 Pathways of E. coli

27 $ =\ . =
L scooe
°
¢
° =
A
N\
L 2 L AL B S o000 LEL U RL N I Y,
' | B [
L2 J LB B o0 0000000 ;€
HOOC—CH{CH}—CH(OH) —COOH %6 o0 L
L4 L] °
NAD*
L ] . °
NADH § H* ° ° °
HOOC—C(OH)—C(OH) ~COOH
Dihydroxyfumarate ® -
- Thve NADH + H*
\
. NAD
€Oy
° HOOC—CHOH CHyOH L °
D-Glycerats
. " e °
e i eeoeo o
+ .
® Glycerate pachway e b y
L] (152 A-D) L AL b
L) [ RO ‘e Tee L : L
° ‘e o0 - o
| X
e e L o
\ 3 .
° L ] ° L]
L L L -
° ° * .
L) L L °
L] L L] °
L L ] L
(]
L ]

(CHEHCHLEHNHICOOH

e e |

it L
Eerepa——
2.Onoiocsprasne
TS
Kb ne
(EHBCHCHCOSCan
inevaiery| coanerme A

[ p—

Aupbak davpdrmgmanse | FAD
[EX=TI S

[P —
Smeterosony soanayma &
et et ot e (2B
- Kni -
Pt - Con S

T [aBrer

N S

A

N
oo -
° .-
° °
ee o
° °
° °
[ 3 ‘@ L
LR ok
oo o e
o e e 0
o e e e

@,
0)



Why Measure Cellular Phenotypes?
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Measure 2000 Phenotypes
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Comparing Two Cell Lines
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PM Platform T Comparing Two Cell Lines
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Metabolic Curves Compared

Control Experiment
Metabolism - Metabolism J
Time Time
\ /
Comparison Phenotypic differences:

- (Lag, Slope, Max)

- Metabolic differences

Metabolism J

Time
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Cellular Pathways C Phenotypes
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Inhibitors Knockout Various Pathways

hemical Pathways
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Phenotype MicroArrayE Applications

A Testing Cell Lines with Genetic Differences
® Determining Gene Function

A Testing Cell Lines Exposed to Drugs / Chemicals
® Evaluating New Drug Candidates

A Direct Testing of Cell Lines
I Strain Description
® Strain Characterization
® Optimizing Growth Conditions / Production Characteristics

® Testing Cells for Phenotypic Stability
® QA / QC of cell lines

BiOLOG



Phenotype MicroArrayE

Testing Genetic Effects on Cells

BIiOLOG



Assaying Genetic Changes

Genotype ~ Phenotype

Phenotype
MicroArrays

Knock out a gene ,Which phenotypes change?

Compare Mutant to Wild Type to Determine Gene Function



E. coli malF::Tn10 vs MG1655
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kan vs MG1655

E. coli oxyR
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Phenotype MicroArraysE

Direct Testing of Cell Lines
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Comparison of Strains
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Culturing an nObl i1 gate
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Host cell-free growth of the Q fever bacterium
Coxiella burnetii

Anders Omsland?, Diane C. Cockrell?, Dale Howe?, Elizabeth R. Fischer?, Kimmo Virtaneva®, Daniel E. Sturdevant®,
Stephen F. Porcella®, and Robert A. Heinzen®"

*Coxiella Pathogenesis Section, Laboratory of Intracellular Parasites, "Electron Microscopy Unit, and “Genomics Unit, Research Technology Section, Research
Technology Branch, Rocky Mountain Laboratories, Mational Institute of Allergy and Infectious Diseases, Mational Institutes of Health, Hamilton, MT 59840

Edited by Emil . Gotschlich, The Rockefeller University, Mew York, NY, and approved January 22, 2009 (received for review Movember 26, 2008)
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Annotation of Transporter Genes in P. aeruginosa

- lan Paulsen and coworkers (PLoS Genetics, Sept. 2008) examine
of transporter genes and compared them with functional annotati
homology.

- Only 12/27 (44%) precisely matched predicted annotation
- In 10/27 (37%) a more precise annotation was obtained
- In 5/27 (18%) a significant reannotation was enabled

- Novel transporters were idghitGathtachtyplutamate, hydgrmiine,
and histamine
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Phenotype MicroArraysE

Testing the Effects of Chemicals

BIiOLOG



Testing & Evaluating Drugs
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Bioinformatics Analysis

Patterns based on effect of drug under 2000 different growth

conditions



Drug Interactions
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Isoblograms: Indifference

Classical Gradient
1 1
No Growth
05 — 05
e (Cpd B
/MIC wth Gradient
O T 0
0 0.5 1 0 0.5 1
[Cpd A] / MIC [Cpd A]/ MIC
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Isobolograms of Antibiotics Tested in S. aureus

Time at Maximal
Growth Rate (Hr)

Synergy Indifference Antagonism
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1 - —
[Em] / 1 L 1418
MIC g5 _ 0.5 [] 12
0 L L 0 . []  2&0
O 05 1 15 O 05 1 15 0O 05 1 1.5. 384
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Em = Erythromycin
Tet = Tetracycline
Nor = Norfloxacin
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Cluster Inhibitors into Groups
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Fungal Applications



Metabolic Profiling of Closely Related Fungi




