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Untargeted Metabolomics To Ascertain Antibiotic Modes of Action

Isabel M. Vincent,” David E. Ehmann,™ Scott
University of Glasgow, Glasgow, United Kingdom®; Astrad

Deciphering the mode of action (MOA) of y
Metabolomics offers a potentially rapid and
ated through changes in metabolism. Metal
Here, we present data from an untargeted 1y
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Amino acid metabolism is altered in adolescents with NAFLD -
an untargeted, high resolution metabolomics study

Ran Jin, PhD'", Sophia Banton, MS, MPH2", ViLinh T. Tran, PhD?, Juna V. Konomi, PhD',
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Copper oxide nanoparticle toxicity profiling LR
using untargeted metabolomics

Matthew 5. P. Boyles', Christina Ranninger™”, Raland Reischl’, Marc Rurik™, Richard Tessadri®,
Oliver Kohlbacher*%# Albert Duschl™ and Christian G. Huber”

[ Abstract ]

Am T Physiod Endocrinol Metab 311: EATI-E4T9, 2016,
First published Junc 28, 2016; doi:10.1152/ajpendo.00134.2016.

Novel insights into development of diabetic bladder disorder provided
by metabolomic analysis of the rat nondiabetic and diabetic detrusor

and urothelial layer

Yi Wang,' Gary G. Deng,” and Kelvin P. Davies'
'Department of Urology, Albert Einstein College of Medicine, Bronx, New York; Endocrine/Cardiovascular Research, Lilly

Research Laboratories, Indianapolis, Indiana; and *Department of Physiology and Biophysics, Albert Einstein College of

Medicine, Bronx, New York

Submitted 5 April 2016; accepted in final form 23 June 2016

Wang Y. Deng GG, Davies KP. Novel insights into development
of diabetic bladder disorder provided by metabolomic analysis of the
rat nondiabetic and diabetic detrusor and urothelial layer. Am J
Physiol Endocrinol Metab 311: E4T1-E479, 2016. First published
June 28, 2016; doi:10.1152/ajpendo.00134.2016.—There are at pres-
ent no published studies providing a global overview of changes in
bladder metabolism resulting from diabetes. Such studies have the
potential 0 provide mechanistic insight into the development of
diabetic bladder disorder (DBD). In the present study, we compared
the metabolome of detrusor and wrothelial layer in a l-mo streptozo-
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bladder differ; the detrusor determines the tone of the bladder,
whereas the urothelial layer serves both as a barrier and in a
regulatory role of detrusor tone. The differing roles of these
tissues in bladder function are reflected by different pathophys-
iological responses to diabetes. The involvement of detrusor in
DBD has been attributed to several mechanisms that affect
regulation and development of smooth muscle tone; these
include increased muscarinic receptor density (31, 32),
overstretch-induced hypertrophy, increased calcium sensi-
: 1 1
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Metabolites hydrophobic RP HILIC IC

triglycerides

MS ionization

cholesterol esters
diacylglycerols
sphingomyelines
phosphatidylcholines
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other phospholipids

Reversed phase

fatty acids

eicosanoids & metabolites
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bilirubin
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HILIC

organic acids
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AEHNRILEVDOFEEREBEL-AERGORRHAER

25



26

SESFLERBIETEHREAZHRO—LDH/LY

Galactose, Pentose and
nucleotide sugar ascorbate

Nucleotides

SERHD

Secondary
metabolites

Carbon
Fixation

roaen

RP-ESI(+)
HILIC-ESI(+)

RP-ESI(-)
HILIC-ESI(-)

IC-ESI(-)

------

S M  Amino Acid

GC(CI,El)
RP-Lipids

ThermoFisher

SCIENTIFIC




ThermoFisher

E ST DEAK(EXData Dependent Analysis

TINAFNET—RTARUTMMS/MS(E

LEMEULDREZFODE—ID
MS/MSZEMFERIICERF T 5HETY .
Threshold |

\ RT
f

F: FTMS + p ESI d Full ms2 272.19@hcd35.00 [50.00-295.00]
T: FTMS + p ESI Full ms [150.00-1000.00] 2722007

100 @ 100
MS/MS

N

90
90

80
80

~

=)
~
=)

@
3
3

S

IS
S
Relative Abundance
A a o
3

Relative Abundance
ey
3

©
=3

215.1431

147.0804
121.0648 159.0804 U 198.1038

@
S

N

S
N
S

224.1858
391.2845
326.2538 4369126 536.1659

by Ll L | L
[

W“ ol | L
T T ] T T T T T T T T T T T T T T | T T T . T T T T . T T T T . T T T T
200 300 400 500 600 150 200 250

m/z k m/z J

=)
o

o b bndi o b e b bndnn

bbb b b

o

Ll
T

o
=)
5]




ThermoFisher

Dynamic Exclusion D {#|

F—RBTARUTUIMS/MS [ZIBNNT BH%EE,
TILAFT Yo DT—RIZHEL, LEVMELLED
E—41Z DL TMS/MSE1TLVET,
MS/MS%EfTo1=T ) h—H—AF %5 HL T, IER.
FROTD—F— AV EERL, BDIAUDED Thocnod ||
I

MS/MSEERSBLES, 000 mmememsees z
Illlllllllllm]

RT

(7mix_dy #798 RT-3.99 AV: 1 NL: 3.20E5 MS/MS
T: ITMS + ¢ ESI Full ms [15%%0.001 -
100  [237.20] 455,36 7mix_dy #799 RT: 400 AV:1 NL: 6.81E4
g - F: ITMS + ¢ ESI d Full ms2 455.00@cid35.00 [115.00-500.00] MS/MS
€80 _ 303.23
5807 100
3 165,08
240 g 7 - )
560 S0 1 7mix_dy #803 RT: 4.10 AV: 1 NL: 2.20E5
< - g F: ITMS + ¢ ESI d Full ms2 237.00@cid35.00 [55.00-300.00]
240 S60 _ 194,02
= 3 100
8,0 281.97 < 7 N
07 L e |
0 b et S50 J150.04 260,16 o0 -
200 400 600 £20 3150, i 560 -
m/z 0’\‘ln‘w"‘n"\‘\‘ww"\”.”\‘w §40;
~ 200 300 =
m/z 220 7
\_ 7 220,07
0 - | |
L e s N T s O I O B B N B S B B
100 150 200 250 300

\_ m/z )




29

: S ThermorFshe
Steppedal) a I RILF—~FEE S HICEZIGHEE~
o WEBTOI)VIVEFERALTWBEETRL T I IaVIRNF—DORBEIENABLEICLEDET
«  Explorisy)—X (C# & L TLV3Stepped IV VavIRIX—&FEHTIEC. BMELIVVaVIRILE—N
THABERHED THOCTHIEM/ZzZh oEm/zETIRIL . BB EFRE—EICEFTHENTIEETT,

Collision energy: 1&

Stepped Collisionz{EAL=-MS/MSAXIkIL
| SEDIRINF—DIFTAMAVERELTHRE

m/z
Collision energy : &

m/z m/z
Collision energy: =

| 1 1
m/z




ThermoFisher
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il Compounds per File || Merged Features || Features || mzVault Results || mzCloud Results | ChemSpider Results | Input Files || Study Information
@ | Checked | Tags 1| Name Formula Annot. Source E‘:AnnctAMass [ppm] | Calc. MW |RT [min] | Area (Max) = |# ChemSpider Results | 2 mzCloud Results | # mzVault Results| mzCloud Best Match | mzCloud Best Match Confidence Ma:
1 = | Citroflex A-4 €20 H34 08 -2.67 | 402.22429 | 13.229 | 42142104381 12 1 1 0952 850 | osss
2 = 4-0-Acetyl-1,5-anhydro-2,3-O-isopropylidene-1-[(2E)- | C16 H24 O7 -2.44( 32815140 | 13.229 | 12485356052 8 0 0 0.95¢
3 = C63 HBT F N8 EOOOE -0.17| 97470361 | 16.270 | 10486799833 Q 0 0 0123
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R o
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1 = 1] C20H34 08 402.22537 | -0.00107 -267| 40|17 1 4 0 17 a0 100.00 100.00 09943 b\ B I\A 'y '— *IJ wf
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1 & | Citroflex A-4 C20 H34 08 -2.67 -0.00107| 402.22420 | 13.229 42142104381 095.2 396 | MM 12
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L\_ .
B [} S o~ Citroflex A-4 C20 H34 08 402.22537 | -0.00107 -2.67 850 95.2 052 | 4764 Reference-2663
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@ Compounds per File | Merged Features || Features || mzVault Results | mzCloud Results || ChemSpider Results | Input Files | Study Information
Formula | Annot. Source [¥] | Annot. AMass [ppm] | Calc MW | RT [min]| Area (Max) | # ChemSpider Results| # mzCloud Results | # mzVault Results| mzCloud Best Match | mzCloud Best Match Confidence | Mass Defect ]| mzVault Best Ma = | maVault Librar=
C20 HED D10 Si10 HOROE 23001.16| 757.21309 | 19.781 215474818 0 1] 0.762 | 0.092 | 0.066 | 0362 | 0.758 96,5 |[HE |
€18 H34 09 519 BOROO 25557.07| 683.19445 | 18.986| 262326142 0 1] 2 0782 | 0.258 | 0.062 | 0.432 | 0.783 946 (@O
Cl8H34 04 [ 1] -2.08| 314.24506 | 14.652 47404125 68 1 1 98.6 984 || 0.058 | 0215 | 0.185 | 0894 | 0056 905
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c18H3207 [ ] ] -2.16| 36021403 | 12.556| 750012834 6 2 1 984 936 1 |oass|o1as| 0812|0007 87.0 |
C3 H6 N6 [ | | -1.25| 126.06524 | 0.881 15302624 3 1 1 99.9 10.0 | 0e% | 0.047 | 0041 | D924 | D888 847 |OW
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e ke s lame ormula nnot. Source nnot. lass nnot. lass alc. min] rea (Max. ~ Group Areas mzCloud Be: | mzVault Bes; lass List emSpider Re:
Checked | Tag BN Formul Ar 5 B | A AMass [p | Ar AM; Cale. MW | RT [min] | Area (M: Group A [#] | mzCloud B \iault Besf| Mass List ]2 ChemSpider Re:| 2%
1 ® Citroflex A-4 €20 H34 08 [ [[] -267 -0.00107 | 402.22429 | 13.229 42142104381 952 20,6/l 12
: = | 2.3-Diacetoxypropyl laurate €19 H34 06 -270 -0.00097 | 35823457 | 14358 3559316023 ] 7
3 = Tributyl citrate C18H32 07 217 -0.00072 | 26021402 | 13.229 2723323802 226 s7.0 M 6
4 = 1,2-Ethanediylbis(oxy-2,1-ethanediy | C34 HS0 08 203 -0.00119 58624938 | 12.908 2478919958 [ 1] 1
5 = Dilauryl 3,3-thiodipropionate C30H38 04§ -154 -0.00079| 51440479 | 19.003 826349620 | 4145 | 3235 | 7.8808 | 8008 | 5.54e5 [ 1] 2
Citroflex 4 €18 H32 07 -2.16 -0.00078 | 36021403 | 12.556 750012834 | 28827 | 2978 | 5778 | 7.37e8 | 1428 084 B0 [T 6
RARR : | ~ i
(~) Hide Related
Structure Proposals || Wpmpounds per File || Predicted Compositions | Merged Features || mzVault Results || mzCloud Results || ChemSpider Results | [UEEH R CEETS
& Tags [ | Compound Match  Structure Name Formula Molecular Weight | AMass [Da] | AMass [ppm] # | Reference List Name mzLogic Score | SFit [%] | CAS type
S =
[
¥ 1E [E#rZ Structure Proposals N VU
—. N . < 1= - N Dj/\ 2,3-Diacetoxypropyl laurate C19H34 06 35823554 | -0.00097 -270 | testl 318 90 | 20899-62
— N R
~NEELTIZT AT X
< u | »
() Show Relsted Tables
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Fragment lon Search FISh

Structure Proposals || Compounds per File || Predicted Compositions || Merged Features || mzVault Results || mzCloud Results || ChemSpider Results | lEESR IS X T IS

g Tags [¥] Compound Match  Structure Name Formula Molecular Weight | AMass [Da] | AMass [ppm] « | Reference List Name r
1 8 ] o jﬂ 2,3-Diacetoxypropyl laurate C19 H34 06 358.23554 | -0.00097 -2.70 | testl
A,
Copy With Headers Ctrl+C
— Copy

9 Copy Structure r
Eg U “J7 Clear Selection

Cell Selection Mode

Enable Column Fixing

Fragment lon Search FISh® /A5 A—%4

Collapse All Column Headers

Expand All Celumn Headers & Specify FISh Scoring Settings
‘:‘:d Tag ; : Annotate full spectrum tree High accuracy mass tolerance:
SE;:ES“_EQ Use general rules 23 mmu
Remave All Tags in All Tables Use fragmentation libraries Low accuracy mass tolerance:
Go to Same ltem in Main Table I e A o 0.5 Da *~
Use as Compound Annotation 3 ¥ | Max. Depth 5/N threshaold:

Structure Proposa|s /\iiiz LT Add to Structure Proposals 3

— 4 5 Add to Structure Proposals and Apply FISh Scoring
154 A REHER |
7 bk *E/ﬂ] Erport , oK | | Cancel
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Fragment lon Search FISh

File Reporting Lists & Libraries View Window Help
] - = i [ | - e P R v ." R AL T Ties G &0 i e
oo B ASM oY Wl Bl WY L9 Ot & 8s) £
4 Start Page X | {0l Lists 8 Libraries % | 1k ratexcall X | B ratecalld X | &3 Job Queue X | B a3 X | B plan3 X/ B wrap Az X | =%
Chromatograms > B X Mass Spectrum v 3 x
4 Group By: O] Fintioa an method: AA | [F23 25365, RT=14.341 min, MS1, FTMs (+) (3)  rap_13 (F23) #5376, RT=14.361 min, MS2, FTMS (), (HCD, DDA, 376.2685@(12:20.28), +1)
shiid Sample Type: Blank Sample Type: Sample %gf?“‘om"fj‘ﬂ I;“Iaée.QCJQHBhthg g
Lol method: E1OH1 method: EOH1 DYEREEEA AL NE e D CETL & e
Sample Type T Sample Type: Blank T Sample Type: Sample
I File method: EtOH2 method: EtOH2 g
Sample Type: Blank Sample Type: Sample v 6. J
4 Filter By: j
thod .
[on 0
?E T - 800 159.06490
low =5 Sample ]+
c ; ple Type = 700 =) C7HM 04 [M-g]+1 ;
b [ File g =
=) =
2 600 ] 5 a0
= 3 1 299.22119
S 500 4 ; C17 H31 04 M-e+1
S 400 4 E 60 ]
& E-1
2 300 4 E 01l & ”
£ 200 ] = N =
20 1 5703380 18317393 3762880
100 3 - C3HE O [Mal+1 12 H23 O M-ep1 T
0 —— : : ; ‘ 0 e ‘ e : : :
14.0 142 144 146 148 50 100 150 200 250 300 350 400
RT [min] miz
b
< >
& ‘Compounds per File || Merged Features | Features | mzVault Results | mzCloud Results || ChemSpider Results || InputFiles | Study Information
£ |Checked|Togs 1| Name | Formula Annot. Source [l Annot. AMss [p | Annot. AMass || Calc, MW | RT [min] | Area (Max) ~ | Group Areas | m2Cloud Be:| mzVault Best Mass List [E] # ChemSpider Re: #]
1 & ) ) Citroflex A-4 C20 H34 08 -2.67 -0.00107 | 40222429 | 13.229 42142104381 T 952 896 12
2 R | L} 2,3-Diacetoxypropyl laurate C19 H34 06 -2.70 -0.00097 | 35823457 | 14358 3559316923 7
B Tributyl citrate C18H3207 =217 -0.00078| 36021402 | 13.229 2723333802 || 986 879 6
)L 1,2-Ethanediylbis{oxy-2, 1-ethanediy | C34 H50 08 -203 -0,00119| 58634938 | 12.908 2478919958 1 |
oD =3 " |
{b = %*ﬁ iﬁ%ﬁ&x I~ J7 B Dilauryl 3 3"-thiedipropionate C30H58045 -1.54 -0.00079| 51440479 | 19.003 826349620 2
2 || Citroflex 4 €18 H32 07 -2.16 -0.00078 | 360.21403 | 12.556 750012834 984 870 6
LTHEATES fotlex
" I
% g Related Tables
e UGN | Compounds per File || Predicted Compesitions || Merged Features || mzVault Results || mzCloud Results || ChemSpider Results | | Mass List Search Results 757}‘/ I\G)FE\%*E
i i S 11 =t o 11 11 = s
| g .ChEckEd‘Tags [l Structure | Name | Formula | Molecular We\ght: FISh Coverage ~ | Comments —
A7 ELTERT
o ui/\/\/\./\/\ :
S5 A o 2 .3-Diacetoxypropyl laurate C19H34 06 35823354 7143
2
® Show Related Tables
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Stable Isotope Labeling (“metabolic flux analysis”)

BCRENRERATIEE LY T ILMOIEBRINSZTE T AN EMS
NRF TV IR EH A AIEEE LY E L T=, F£T=. Compound Discoverer® bt & ¥)[E]
EHEREZ RIS HET, /UA—T YN TOREMDRIEETT,

a o AT SIL assisted
on @ untargeted metabolomics
-
) Y
N, ¥ LC-HRMS
Y ¥ MR ot st st i e ..
N\ ‘ d |:. ¥ | Uridne |thHI2 N8 ILL I I_ 4 "j‘ 7186 2 s _a_:Lilo =
| M ~ SR -
\ ’ M / P Gutamine CSHION2O3 (1] 7
; C . A o =
y ! %‘ I n | - EEECT s Fra— o 5| s i
tacl = = o o i Taey S ST e )
Native and g, .l e R R B e A pR e PR o o
C-labeled meril
samples/ MetExtract Il Detect labeled compounds
tracers Data processing

modified from Bueschl et. al. Analytical Chemistry 2017
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Stable Isotope Labeling (“metabolic flux analysis”)

Analyze Labeled
Compounds

Parameters of 'Analyze Labeled Compounds'
Show Advanced Parameters
4 1. Label Settings
| Label Element sc |
Vor Bchange 1 ABFNEEDH[13]CH15[NJEE
Source Efficiency [] 100
4 2, Pattern Analysis
Mass Tolerance [ppm] 5 ppm
Intensity Tolerance [%] 30
Intensity Threshold [3£] 01
SN Threshold 3
4 3.General Settings
Hide Unprocessed True

| Study Definition || Input Files || Analysis Results || Grouping & Ratios || Workflows |

Error ‘ Sample ‘ File | Sample Identifier ‘ Sample Type = |
E = [=] [=] - [=] -
s1 F1  [20150226 Hela 24 NH2 _NEG 12C Glc_1 07
s2 F2 20150226 Hela_24_ NHZ_MEG_12C_Glc_3_13
S6 F6 20150226 Hela_24hr NH2 NEG 12C Glc 2 11
53 F3 20150226 Hela_24 NH2Z_NEG_13C_Glc_1_06
54 F4  [20150226_Hela_24 NH2_NEG_13C_Glc_2_09 y y
55 F3 20150226 Hela_24 NHZ_NEG_13C_Glc_3_14 m

13C SIL data courtesy of Gary Patti, Washington University

IENTIFIC
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Stable Isotope Labeling (“metabolic flux analysis”) SCIENTIFIC

FFRDREELIESWID

Compounds ¥ beled Features H Labeled Compounds per File || Mass List Search Results H Input Files |

# ‘Checked Name X Annotation = [#] Molecular Weight| RT [min] | Area (Max) | Rel. Exchange [%] [¥] | Area
| | ridine C9H12Z N2 06 (1] 24406922 | 7.146| 362256836 | o
Proline CSHONO2 [ 1] 11506337 11773| 70424932 o
Malate C4HE 05 [ 1] 13402156 | 24962 56234422 o
Glutamine CSHION203 [ ] ] 14606924 | 13956| 48610589 | o
Citrate/Isocitrate C6HE 07 [ ]| 10202713 | 31567| 43732087 | o
Lactate C3H603 [ ] ] 0003163 | 14231| 14127499 o
NAD C21 HZ7 N7 014 P2 ] | 66311102 | 20138 5792721 | o
Alanine C3IHTNOZ [ ] ] 89.04760 | 12561 5698362 | o
a-Ketogluterate CSHE 05 [ ]| 14602173 | 25941 6177872 | 1

Wl e @ w B W R e
L R (A T (O

i

RN N RESERESIR LN RLNE LN RLNR RN

10 +* Hexose-6-phosphate C6H13 09 P [ 1] 260.02978 | 25.877 3922810 | o T taI excha nee rate
1n += Serine C3HTNO3 [ ] | 10504258 | 14386 3159629 | o g
12 = Glycine C2ZH3NO2 [ ]| 7503207 | 13.587 4393736 | 0 | 0| 6 |6 | 6| 0 || 43926 | 28926 | 3.06e6 | 3.26e6 | 3.0026 | 24Bc6

(A tide Related Tables

| Structure Proposals H Compounds per File H Predicted Compasitions || Mass List Search Results
Exchange Rate [%]
2] Checked | Molecular Weight | RT [min] | FWHM [min] | Max. # MI | # Adducts | Area ¥ |Max. Exchange | Avg. Exchange Rel. Exchange [%] | Status
R T - R - |

1 = 260.02978 | 25.899 0.157 2 1 3922810 6 00 o/l olo|o|o|o|o0
2 + 260.02978 | 25.907 0.186 1 1 1492618 6 00 o/l olo|o|o|o|o0
3 = 26002978 | 25917 0.194 2 1 1134609 6 0.0 ol ojofo|o
4 R 260.02978 | 25.895 0.187 6 1 758359 6 50 83|l 15(0f0f2|1
5 R 260.02978 | 25.909 0.188 5 1 500466 6 49 Ealll | (o021 Exchange rate
6 = 260.02978 | 25.904 0.170 6 1 436874 6 57 95 (| ilojofz3|o0
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y Map to Metabolika
Pathways
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Metabolika Pathways

Metabolika Pathway TIE/ XA A ZEM-RIETHELARETT . oo NRAVA LICEERHT—4
(EREPCTIVIRBMHER) ERTTDENARETT,

o s} <0<
HT TH
v Ho—&/ oH o
e
8 HO™ ™0
1o oo EollES [Feli=]s] [e]za]ie

e o oo PathwaysICEREE
i = H H
Citrate (o] (o]
S
. HO' OH
OH ) N-m/;l\N [oTeTaTc] N =11z felelie
% € I) .fi rf< I [ cis-Aconitate
A = gl T |
\l A/D P—0 T O N
HN.. OH OH 0~
S
L HO. -0
bl g P @i
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. it HO oH
| o
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SH O oo s Geles] fEle

CoA D-Threo-isocitrate
Metabolika Pathway
4.1.3.1
Owerlay Data Source: |Nene -
Naone

Pathway: Annotation Source
Metabolika Pathways
Labeling Status

Awvg. Exchange
Area t! |




