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Agenda

Microbial Identification (MI)
e Fundamental Technology

Phenotype MicroArray (PM) Technology

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

Fungal Applications



Primary Markets

Industrial QC

Clinical Veterinary

Food & Water Environmental

Agriculture Research & Education

Microbial
Ecology SRS



Chemistry Platform: Carbon Utilization

p——

J/ o o

=

| - N7
.

1

\

N\

‘-".

g

i

\

l‘E
& ‘5&_

| = ’ 1 JLq /l":’/'\i»%/_\
s O Yo re-e- )~

\‘\

| Q
o

a } j/

Jo~

2
=/)

*

e

H (e

S
)=

Patterns begin developing in as little as 4 hours
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Species are DEFINED by Patterns of Utilization

TABLE BXILR2. Lhilization of carbon compounds by some Burkholderia a].rrt'it'u""

E : : 5 :
2 g a g = 2 £
k- "{"_ E -] = E |1 . g
S N S R R A E 5 E 5 3
£ 08 0§ § % % o+ & 3 S | 23
Compound” o -] 4 = i = ] o E-] &= = ] ] o i
[ :ﬂfw:'ﬂ He | H‘f ensdides;
MAcetvlglucosamine + - e % + + + + + + " + 4+
Amvyircdalin + - - - - o - - + + d?
p-Arabanose 3 + + + + + 4 E + + + - +
L-Araldnose + + + + + + + + i | + + - + &+
Arbutin + - - - - d- - - + - d*
Cellohinse d”f = ' + d” - o’ i . - + + .
L-Fiicose + - + + + + + + + + + +
n=Fiicose + d - - + + o d + + + - +
Gentiobiose d” - i~ - - d d - + + +
Glucosamine t - + -+ + - +
2-Ketogluconate + ] + + + - + | + - + i -
S-Retogluconate + - + + + d + + + + -
Lactose - + - - + - + — - — - - + d~
n-Lyxose + + - — + + + + - +* +
Maltose d” - - - - - - - d - - o+ -
Melibicse d” = - + . - - - - —
Ralfmose d? - - - - — d* + - - - d*
L-Rhammnose d d* - - - + - + - + + — - _ _
n-Ribose + + + + + - 4 d - + - + + d
Balicin + = - % — ~ o — d - & 4 — d*
Sucrose d? - s - - + — + + + + + + - +
Tagatose + - - + + d - - - + +
Trehalose: + i + + + — + + + — — + + + +
e Xylose d”* - - - + + + + + + + - + + +

[ T I T ]



Universal Reporter System - Respiration
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Catabolism
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Small molecule
b osynthesis
Macromolecular synthesis {
} Synthesis of cellular structures
Growth
NADH
Electron transport in
membrane or mitochondria
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Biolog GEN 11l System

° No pre—categorization: no gram stain, oxidase, catalase
e  No additional follow-on tests

*  One test panel for both GN and GP

*  One minute set up

*  One color change

e  Over 1300 taxa

e  Provides biologically relevant information



Phenotype MicroArrays™

Scanning 2000 Pathways of E. coli
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Why Measure Cellular Phenotypes?

DNA _— RNA —_— PROTEIN == == o= o e PHENOTYPE
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Comparing Two Cell Lines
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PM Platform — Comparing Two Cell Lines
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Metabolic Curves Compared

Control
o - o
Time \

Comparison

Metabolism J

Experiment

__

Time

Phenotypic differences:
* (Lag, Slope, Max)

e Metabolic differences



Cellular Pathways = Phenotypes
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Inhibitors Knockout Various Pathways
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Phenotype MicroArray™ Applications

« Testing Cell Lines with Genetic Differences

— Determining Gene Function

« Testing Cell Lines Exposed to Drugs / Chemicals
— Evaluating New Drug Candidates

« Direct Testing of Cell Lines
— Strain Description

— Strain Characterization

— Optimizing Growth Conditions / Production Characteristics
— Testing Cells for Phenotypic Stability

— QA / QC of cell lines



Phenotype MicroArray ™

Testing Genetic Effects on Cells

BIiOLOG



Assaying Genetic Changes

Genotype - Phenotype

Phenotype
MicroArrays

Knock out a gene Which phspotypes change?

Compare Mutant to Wild Type to Determine Gene Function



E. coli malF::Tn10 vs MG1655

Maltose

MAadaa s daa

e am e = A QA

R Badd aa . ad
Maltotriose PRI
= |

A4_ a4 . _ d

Al -
R |

ddd a4
d ol odd s . oa
a4
FIF
F

tetracyclines

Adddaas.
s . dd
dAdaada
dda &
ad

Red = Phenotypes Lost

aa
a4
aa
d a
d a
A a
A a
aAa

[ Y
. N

Dextrin

Green = Phenotypes Gained

[ .
[ Y
b b b b b b b

L L S e

[ S S T T
h b b b b b b &
bk b b & b b &
h b b b bk kR

addd
dda
a

A a o
da .
i a

tetracyclines

OLOG



kan vs MG1655
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Phenotype MicroArrays™

Direct Testing of Cell Lines

BIiOLOG



Comparison of Strains

Pathogenic (0157) and non-Pathogenic (MG1655) E. coli
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Culturing an “Obligate Intracellular Pathogen”

BINAS
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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

e Jan Paulsen and coworkers (PLoS Genetics, Sept. 2008) examined Phenotypes of knockouts
of transporter genes and compared them with functional annotations based on DNA

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

e Novel transporters were identified for L-glutamate, N-acetyl-L—glutamate, hydroxy—L—proline,

and histamine



Phenotype MicroArrays™

Testing the Effects of Chemicals

BIiOLOG



Testing & Evaluating Drugs

Add
cells

Add cells
+ drug

PM Pattern

Patterns based on effect of drug under 2000 different growth

conditions

ethylmethane sulfonate
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polymyxin B

oxolinic acid
coumermycin
chloramphenicol
tetracycline
streptomycin
canavanine
nalidixic acid
bleomycin
phosphomycin
bacitracin
cephalothin
ampicillin
— rifampicin
cerulenin (new)
5-Fluoro uracil
sulfathiazole
| N-ethylmaleimide
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Bioinformatics Analysis



Drug Interactions

1 MIC

[Cpd B]

1/2 MIC

0 MIC

Antagonism

Indifference

0 MIC

1/2 MIC

[Cpd A]

1 MIC
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Isoblograms: Indifference
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Isobolograms of Antibiotics Tested in S. aureus

MIC

Synergy
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Cluster Inhibitors into Groups

Erythromycin

Tetracuycline

Streptomycin
Cefamandole_nafate
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Similar Mechanisms of Action
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Fungal Applications



Metabolic Profiling of Closely Related Fungi

Journal of Microbiological Methods 77 (2009] 102-108

Contents lists available at ScienceDirect

S50

Journal of Microbiological Methods

£ 80

journal homepage: www.elsevier.com/locate/jmicmeth

Application of Biolog FF MicroPlate for substrate utilization and metabolite profiling
of closely related fungi

Maya Prakash Singh

Chemical and Screening Sciences, Wyeth Research, Pearl River, NY 10065, United States
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Metabolic Profiling of Closely Related Fungi

Range of substrate utilization

e  Growth

e Antimicrobial properties

e Secondary metabolite production

] Dereplication of closely related strains

BiOLOG



M. Singh — J. Micro. Methods (2009) 77:102

FF Microplate

after 5 wk at 22°C

FF Microplate
read on Victor

Inhibition of
C. albicans

Culture
Plate

‘:!
e
"
:‘, IL Ferm
= in medium
2
£ with suitable
L substrates
'
7
‘:}:‘L,-,j:‘!_u-l- [ e f3 VR R
: - Target
Metabolite

LA -
Time (min)

Scheme 1. Steps involved in the profiling of fungal cultures using FF MicroPlate.



Substrate Utilization

A Scatter Plot
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Anti-microbial Activity

B Scatter Plot
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Target Compound Levels
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Phomopsis spp. Dereplication

Heat Map
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Induction of Toxin Synthesis in Fusarium

Contents lists available at ScienceDirect

r, "'i'.".a-j}f-*-_.;é,r Fungal Genetics and Biology

journal homepage: www.elsevier.com/locate/yvfghbi

Nutrient profiling reveals potent inducers of trichothecene biosynthesis
in Fusarium graminearum

Donald M. Gardiner*, Kemal Kazan, John M. Manners

CEIRO Plant Indestry, Queensland Bioscience Precinct, 306 Carmody Road, St Lucia, Queensiand 4067, Australia



Insertion of TRI5—GFP at the TRI5 locus
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Culture Conditions Inducing Toxin Synthesis

Culture conditions inducing synthesis of a trichothecene

mycotoxin in the wheat pathogen, Fusarium graminearum.

Induction was highest with arginine, putrescine, agmatine,

and guanine as nitrogen sources.

D. Gardiner et al — Fungal Gen & Biol (2009)




Growth Independent Induction
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Carbon Source Dependent Sporulation

APPLIED anD ENvIRONMENTAL MICROBIOLOGY, Jan. 2008, p. 245-250 Vol. 74, No. 1
0099-2240008/308.00+0  doi:10.1128/AEM.02068-07
Copyright @ 2008, Amercan Society for Microbiology, All Rights Reserved.

Carbon Source Dependence and Photostimulation of Conidiation in
Hypocrea atroviridis"+
Martina A. Friedl, Christian P. Kubicek, and Irina S. Druzhinina*

Research Area of Gene Technology and Applied Biochemistry, Institute of Chemical Engineering, Vienna University of Technology,
Cretreidermarkt 9-16635, A-1060 Vienna, Austria
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Carbon Source Dependent Sporulation

° Hypocrea atroviridis is frequently used as a photomorphogenetic model due to its
ability to conidiate upon exposure to light. Light 1S thereby believed to be the primary

trigger for spore formation.

* In contrast, we show here that conidiation is primarily carbon source dependent and

that illumination plays a catalytic role;



Carbon Source Dependent Sporulation
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Carbon Source Dependent Sporulation

Of a total of 95 tested carbon sources, only a small set of carbohydrates, polyols, and

sugar acids allowed conidiation in darkness, and on most of them, conidiation was

signiﬁcantly more strongly expressed in light.

In addition, there are also a number of carbon sources on which H. atroviridis conidiates

n darkness, but light does not further stimulate the process.

Yet on another small set of carbon sources (L-sorbitol, D-fucose, D- and L-arabinose, and
erythritol), H. atroviridis shows better sporulation in darkness than in light. No

sporulation was observed on organic acids and amino acids.



Advantage of PM uses in Various Applications

Advantages:

Robust and straightforward technology
Automated incubation and data collection
Complementary to genomic and proteomic technologies

Bacterial, fungal and mammalian Cells

Applications:

Quality assurance of stock or reference cultures
Understanding metabolism in cells for basic research
Functional genomics

Inferring MOA of new drug compounds

Pathogen host interactions

Optimal conditions for growth, selection of specialized cell

lines, development of selective assays
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OmniLog PM Software
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Graph to JPEG
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OmniLog PM Software

K[GG COMPOUND: C03000

. Help J
Entry c03000 Compound
Name N-Zcyl-D-glucosamine
Formmla CTHI1ZNOGR
Structure
o OH
H OAO‘
HO" I "NH
OH
QO R
Co3000
Mol file _J | KCF file ) | DB search )
Reaction |R0OZ&52
Enzyme 5.1.3.8
Cther DB=|PukChem: 5208
LinkDB LAl DBs J
KCF data || Show )

== Original format

DBGET integrated database retrieval system. Genomehet
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OmniLog PM Software

K cc REACTION: R02652

Help
Entry ROZ2&52 Reaction
Name N-Zcyl-D-glucosamine Z2-epimerase
Definition|N-Acyl-D-glucosamine <=> N-Acyl-D-mannosamine
Ecuation |CO03000 <=> CO0625
o] OH O OH
HO/\OA HO” ™ .l\
HOY™ "NH & HO" NH
OH ;l\ OH
o] R O R
C03000 CO0625
RPair RPF: RO0Z3E3 cC00625 C03000 main
Enzyme 5.1.3.8
LinkDB All DBs )
K £ REACTION: R01207
Help

Entry

RO1Z207 Reaction

Name

N-Zcyl-D-glucosamine Z-epimerase

Definition

HN-Zcetyl-D—glucosamine <=> N-Acetyl-D-mannosamine

Equation

Cc00140 <=> Cc00845

RPair

Pathway

Enzyme

Ortholog

RKO: E01787 N-acylglucosamine Z2-epimerase

LinkDB

All DBs J
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OmniLog PM Software

K[GG ENZYME: 5.1.3.8

. Help

Entry EC 5.1.3.8 Enzyme
Namnve N-—acylglucosamine Z-epimerase;

acylglucosamine Z-epimerase;

N-—acetyvlglucosamine Z-epimerase
Class I=somerases

Racemases and epimerases

Aoting on carbohydrates and derivatives
Sysname N-—acyl-D-glucosamine 2-epimerase
Reaction (IUBMB) |N—acyl-D-gluco=samine = N—acyl-D-mannosamine [RN:R0Z2&65Z2]
Reaction (KEGG) BROZ2652 > ROL1Z07

Show all_ J
Substrate N—-acyl-D-glucosamine [CPD:C03000]
Product MN-acyl-D-mannosamine [CPD:C00625]
Cofactor ATP [CPD:COC002Z]
Comment Requires catalytic amounts of ATP.
Pathway PATH: mapl0530 Aminosugars metabolism
Ortholeg EO: E01787 MN-acylglucosamine 2-epimerase
Genes HSL: 5973 (RENBF)

PTR: 465932 (LOC465932)

MMIT: 19703 (Renbp)

RNCO: 81759 (Renbp)

55C: 396934 (RENEBF)

EFM: BURFS1710b 03527

HNE: HNE 0032 HNE 0782

REA: RB3348

S¥YN: slrl875

EMR: all3685

BVE: Rwva 3567

BTH: BT0453
Discase MIM: 312420 ERenin-binding protein
Structures PDE: 1FEZ2
Reference 1

Ghosh, 5. and Roseman, 3.

2—epimerase. J. Biol. Chem. 240 (1965) 1531-1536.

The sialic acids. V. N-Acyl-D-glucosamine

Other DB=

IUBMB Enzyme Nomenclature: 5.1.3.8
ExXxPRSy — ENZYME nomenclature database: 5.1.

1L
v
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OmniLog PM Software

Entry

BT0453 CDS B.thetaiotaomicron

Definition

N-acylglucosamine Z2-epimerase [EC:5.1.3.8]

O

FO: KO01787 N-acylglucosamine Z2-epimerase

Pathway

BATH: bth00530 Aminosugars metabolism

Class

Gene catalog |

55DB

\Ortholog) | Paralog ) | Gene cluster )

Motif

Pfam: GlcHNRc Z-epim

. Motif )

Other DBs

NCBI-GI: 29345863
NCBI-GeneID: 1071648
UniProt: QBRALT.

LinkDB

'« PDB_J | _All DBs )

Position

complement (355562..536723) | Genome map)

AR seq

387 aa | AA seq ) | DB search)

MDFRRLANOYRDELLDNVLPFWLEASODLEFGGY FSCLDREGREVEFDTDRFIWLQGREVIHM
FSMLYNEVERRQEWLDCAVOGEEF LERY GHDGN Y NWY FSLDRSGRPLVEFYNIFSYTFAT
MAFGOLS LA TGNQEY A DT AR R TFRI ILSEVDN PRESEWNE LEPGTRNLENFALPMILCHLA
LEIEALLDPGYLEQTMETCIHEVMDVEFYRPELGGI IVENVDMDGN LVDCFEGROVT PGHR
IEAMWFIMDLGRRLNRPRLIERAR VT LTMLDY GWDRQYGEGI Y Y FMDRNGCPPQOLEWDQ
ELWWVHIESLISLLREGYQLTGDRRCLEWFERVHDY THSHFRDPEY PERY GY LNRRGEVLL
PLEGGEWRGCFHEVPRGLEFQCWEVLEPL

1164 nt | NT seq ) +up5treaﬂ[::]nt +down5treaﬂ[::]nt

atggattttaagaaactagcgaatcagtaccgggatgaattgttggacaatgtcocttoca
ttoctggoctocgagocactoctocaagatcttgagtttggoggttatttcagotgocctggacegt
gaagggaaggttttogatacggataagttcatctggttgcagggacgtgaggtatggatyg
ttctocatgoctttacaacaaagtggaaaaacgacaggaatggoctggattgtgoccgttecag
ggtggtgaattcttaaaaaaatacggacatgatggaaattataactggtacttittcactc
gaccgttcgggtagaccactggtagaaccatacaatattttcoctcatatactttcgeocacg
atggoccttocggacagoctgagtctageocaactggtaatcaggaatatgeoggacatagecaaag
aagactttcaagatcatcctttccaaggttgataatococgaaaagcaagtggaacaagett
catcocgggtactocgtaatctgaagaacttocgoocctocococgatgatcoctoctgtaatoctgget
ttggagatcgaacatctoctggatcococggoctatctggaacagacgatggaaacctgtate
catgaagtgatggatgtcttttatecgtococggagotggggggecatcattgttgagaatgte
gatatggacggtaatctggtggattgocttocgaaggtegtcaggtgactocccggtocatget
atcgaagcgatgtggtttatcatggatctgggcaaacgocctgaatogtococgaaattgata
gaaaaagcaaaagacgtaaccctgacaatgctocgactatggttgggacaagocaatatgga
ggtatctattactttatggaccgtaacggttgtcoctocccagocaattggaatgggatecag
aaactttggtgggtgcatattgaatctctgatatcactgcoctgaaaggttatcagoctgacco
ggagacaggaaatgtctggaatggtttgaaaaagtgeocatgactacacatggtocgoactte
aaagatccggaatatcocggaatggtacggatatctgaatcgocagaggggaagtitttgtta
ccgotgaaaggtggtaaatggaaagggtgoctttcatgtaccaaggggattatticaatge

tggaaagtattagaaccgctatag
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540001

570001

6a0801

630001

668881

“-ri™

BTB445 BTO456
BTB444 BTB45% BTB457 BT8458 BT0459 BT0468
— A 1 A A A 570000
[<]
BT0446 BTB8448 BTB458 BTB452 BTO453
BTO447 BTB449 BTB451 BTB454
BTB464 BTB474 BTO477
BTB461 BTB463 BTB466 BTB468 BT8478 BTO472 BTB476 BTO479 BTA481
BTA468 BTB462 BTO465 BTO467  BT0469 BTA471 BTA473 BTO4756T0476 BTO460 BTO482  BTO483 BTB484
M L 600000
BTO485 BTO489 BTOS08 BTA502 BTS04 BTO506 BTOS08
BTA434 BTB488 BTB499  BTA501 BTB583 BT@585 BTB587
1 [l [ [ 630080
BTO486 BTB498 BTO494 BTE495BTO496 BTO497
BTO487 BTA491 BT0498
BTA492
BT0493
BTOS508 BTE528
BTB569 BTB519 BTA535
660000
__RRFI_ T <_IFI_1 [ T
BT0510 BTO513 BTO515 BTOS18 BTB521 BTB524 BTB526 BTAS28 BTES31 BTO533 BTO536
BTES11 BTOS16 BTES522  BTE529 BTES27 BTE530 BTB534
BTA512 BTOS17 BTB523 BTES29 BTE532
BTAS14
BTO539
BTBS538 BTAS42 BTAS549 BT8554 BTAS55 BTA556
696888
| L L ]
BTA536 BTE548 BTB543 BT@544 BT@546 BTE548 BTE551
BTAS537 BTO541 BTAS45 BTAS58 BTAS52
BTA547 BTB553

“-tis

Color Codes for KEGG Pathway Categories

\Close )

Carbohydrate Metabolism

Transcription

Energy Metabolism

Translation

Lipid Metabolism

Folding. Sorting and Degradation

MNucleotide Metabolism

Replication and Repair

Amino Acid Metabolism

Membrane Transport

Metabolism of Other Amino Acids

Signal Transduction

Glycan Biosynthesis and Metabolism

Signaling Molecules and Interaction

Biosynthesis of Polyketides and
Nonribosomal Peptides

Cellular Processes

Metabolism of Cofactors and Vitamins

Unassigned

Xenobiotics Biodegradation and
IMetabolism

Not found in catalog
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K[cc Aminosugars metabolism - Reference pathway

[ Pathway menu | Ortholog table ]
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