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TAKE HOME MESSAGE

Metabolomic technologies can be used as an analytical lens into
* the in situ biochemical state of a given cell and/or organism protein

* the in situ or physiologic function/activity of its component proteins



N

Biochemistry: Chemical foundation of biology (ie, life)
Most direct mediator of physiologic processes
Traditional methods limited by complexity and
diversity of biochemical activities within cells and/or )

organisms
Components historically studied in isolation
Focused on intrinsic properties and potential
capabilities, rather than actual level of o
activity in vitro
Neglected native milieu of viable cell




WHAT IS METABOLOMICS?

Conceptually unbiased study of the small molecule complement of a given
cell or organism



METABOLISM: THE FUEL OF
BIOCHEMISTRY
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EVERYTHING CONNECTED
TO EVERYTHING




HOW DOES IT RELATE TO
BIOCHEMISTRY?

Metabolites: Chemical foundation of biochemistry
- Source of energy and precursors required for synthesis of all macromolecules

* Substrates, products and effectors of enzymes



METABOLISM: MORE THAN
FUEL?
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HOW WE STUDY
METABOLITES
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HOW WE STUDY
METABOLITES

ANP

10N COUNTS

I1ON COUNTS

HPLC separation

®* Native state

e Chemical class-specific
e [sobar resolution

Isocratic reference
mass solution

TOF MS

® |Intargeted spectral profiling

¢ Accurate m/z measurements
® Discrete empirical formulae
« Archival datasets

non-polar

L

RETENTION TIME

polar

R

RETENTION TIME

ION COUNTS

IOM COUNTS




WORKFLOW

Targeted:  biologically agnostic (new relationships among known
molecules)

Pre-establish ‘reference’ library of metabolites of interest; Agilent PCDL manager

- Compare batch pool sizes of library metabolites for individual metabolites and/or metabolite profiles; Agilent
ProFinder and MPP

- Consider targeted flux experiments using batch pool size comparisons as flag

Untargeted: chemically agnostic (discovery of new or unanticipated
molecules)

- Index metabolites (defined as chromatographically resolved ion families) based on accurate mass-retention time
identifiers; Agilent MFE
- |dentify statistically relevant molecules by comparative analysis

- Focus on molecular identification by empirical formula generation, comparison to candidate molecules (external
addition, MS/MS) and de novo structural ID (NMR)



MYCOBACTERIUM
TUBERCULOSIS

ONE PATHOGEN, 2 PUBLIC HEALTH CRISES




A GLOBAL HEALTH
CRISIS...




A CRISIS OF ANTI-INFECTIVES
CHEMOTHERAPY
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A BIOCHEMICAL WINDOW
INTO MTB PATHOGENICITY
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CFU/mL culture

CFU/mL culture

MODEL

1.0x100%8

1.0x10°71

1.0x10Q06

1.0x10%

1.0x10°°

Viability

-
L,
=

0 10 20 30 40 50
Time during Hypoxia (H)

1.0x1 0“/

1.0x10%

1.0x10°96

0 5

10

15

Time after Hypoxia (Days)

VALIDATION

dosR: “hypoxia” regulon mRNA

©
@

)
e

Fold induction

0
o

.DI ' . . . .
0O 5§ 10 15 20 25

Time during Hypoxia (H)

N
=

—
o)
L

Fold induction
o

0 L . L ; .
0 o 10 15 20 25
Time after Hypoxia (H)

=
o

Relative [ATP]g
o -
o

B0
DI=Z

%

-
o

0.8-
2 0.6-
T 0.4-
< 0.2-

0.0-

0 1 2
Hypoxia Time (Days)

0 24 48
Time (Days)

Eoh & Rhee. 2013. PNAS.



SURVEY TOOLS

Pre-acondition Ferturb

Quendh and harvest




EXOMETABOLOME

CHARACTERIZATION
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TARGETED PROFILING
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TARGETED FLUX ANALYSIS
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FROM METABOLITES TO

GENES
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OLD ENZYME, NEW
FUNCTION
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METABOLOMICS IN DRUG
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4,411,529 bp

~ 40% functionally assigned”
(1,600)

~ 44% are
conserved
hypothetical
proteins
(1,760)
~ 16% have no
similarity to anything
ever seen
(640)

Only 1 of 8 genes annotated to encode subunits of Mtb's PDH, KDH cxs

fulfilled its prediction (acek; E1 PDH)



METABOLOMICS IN DRUG
DISCOVERY

Genes required for mycobacterial growth defined by 0
high density mutagenesis
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Gyanu Lamichhane*, Matteo Zignol*, Natalie J. Blades', Deborah E. Gelman®, Annette Dougherty®, Jacques Grosset®, - H37Rv

Kari . Broman®, and William R. Bishai** H.

*Canter for Tubarcutous Ressarch, Departmant of Mediong, The Johns Hopkins University School of Modiing, 424 North Bond Strest, Baltim ore, MD .\ 4,411,529 bp
21231.1001; and "Departmont of Rlostatetics, Tha Jobrs Hopitins Bicom barg School of Pubtlic Haalth, §15 North Woite Street, Baltimora, MD 21205

Eaited By John | MeR 3o, Harvard Modical Xhool, Bomton, MA, 35 approwed Apnl T, 2003 Focoled Tor raviow Marth 5, 2003)

Genetic requirements for mycobacterial survival
during infection

Christopher M. Sassetti and Eric ). Rubin®
Cwpant=ant o1 Iﬂﬁunnlngy Jard irsctions Dlsaasad Hardard Bhnsdl of Puble Hearth, Ii..llﬂrg 1, Roas S04, 65 Hunthglm Aroriss, Boston, MA 02115
Ecited by John 1. Makal ancs, Harvard Medical School, Boston, MA, and approved August 19, 2003 (recelved for ravian July B, 2003)

High-Resolution Phenotypic Profiling Defines Genes
Essential for Mycobacterial Growth and Cholesterol
Catabolism

Jennifer E. Griffin', Jeffrey D. Gawronski', Michael A. Delesus®, Thomas R. loerger®, Brian J, Akerley’,
Christopher M. Sassetti’**

1 Department of Microbiology and Physiological Systems, University of Massachusetts Medical School, Worcester, Massachusetts, United States of America, 2 Depariment
of Computer Science, Texas AEM University, College Station, Texas, Unived States of America, 3 Howard Hughes Medical Institute, Chewy Chase, Maryland, United States of
Armnica



METABOLOMICS IN DRUG
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ACTIVITY-BASED
METABOLOMIC PROFILING

— 3 w
—Sw, e,




>
Y
<
Y
2
—
O
=
O
—
O
an
<
—
L1
=

e
—
-
4
=
p—
Q
-
=
o
o0
o)
N

mlz =

n

4.55 mi

RT =

Isotopic envelope match

CsH1l3N 504

Adenosine

aouepngqe aAlje|dl

pazie

wJou-ueIpap




RV1248C

0 min 10 min 80 min 0 min 10 min 80 min
. Sewdr
O ;
i 6e+d |
@ :
T de+d |
=
o
O 2e+44
5 + Kgd
i _
o devS 1+ TDP
il ]
E 3e+5 | 1
S 2e+s ]+ Mg2+
Q 1
O 5 ]
c letd b 4
e [
ﬂ h—v-v-'- ........... e 5 )T e - e e e e e e P
0 2 4 0 2 4 0 2 4 6 0 2 4 0 2 4 0 2 4 6
Retention Time (min) Retention Time (min)
120 0 120 ¢ 0
HO OH HGM
100 | l 100 |
- 9 0 — 0 OH
= =
ey 80 o B0 f
2 ketoglutaric acid = 5-hydroxylevulinic acid
: wf g w
a z
20 F 20 |
" l 2 - . . 1 .

1440 1445 1450 1455 146.0 1465 147.0 1475 148.0 130.0 130.5 131.0 131.5 132.0 132.5 133.0



Y=(" =

+

RNy S H{'Nt‘ivs
© ©
O O
0 I
O 2-hydroxy-3-oxo-adipate
O OH

nonenzymatic
co, decomposition
O

5-hydroxy-levulinate 'OMDH
0

m/z = 131.0350 (M-H)-



IN VITRO CONFIRMATION
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IN VIVO CONFIRMATION
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IN VIVO CONFIRMATION
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ABMP WORKFLOW
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