Agilent
rossLab

From Insight to Outcome

Improved LC/MS Analysis of Polar
Metabolites

Emerging Omics Webinar Series
Nov 7t 2018

Jordy Hsiao, Ph.D.
R&D Scientist
Agilent Technologies

1 November 2, 2018 For Research Use Only. Not for use in diagnostic procedures.



Current Methods for Metabolite Analysis

Polar metabolites are not retained in reversed phase
chromatography

Could use ion pair reversed phase chromatography with reagents
like tributylamine

This improves retention and peak shape for polar acidic metabolites

It is a very a robust method

Challenges of lon Pairing:

» Doesn’t work for all polar metabolites

lon-pairing reagents can stick in the LC system and column

Trace levels of ion pair reagents change selectivity and create MS
signals

Therefore, users typically dedicate an entire LC system for ion
pairing experiments
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Schematic of ion pairing*:

lon-pair reagent
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Bonded phase
Silica particle

* Image adapted from Figure 1 of Dolan JW. lon Pairing — Blessing or Curse? LCGC Eur.
2008 (21):5, 258-263.




New Zwitterionic HILIC Column for Metabolite Analysis CrossLab

From Insight to Qutcome

Based on Poroshell technology High organic mobile phase

The availability of orthogonal HILIC phases, allows for Q Q
varied selectivity and facilitates method development. Q
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Amino Acids Crosstab
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What About Other Analytes?

Some people need to analyze metabolites that
present extra challenges:

« Phosphorylated metabolites require negative
mode MS and higher pH

« Some acidic metabolites are sensitive to trace
metal in LC flow path'-2
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Initial Experimental Setup

LC/MS setup:
_._ SS c } SS
1290 Binary Analytical 6545
LC pump Column QTOF
Samples:

* Phosphorylated Metabolites (e.g., ATP, sugar phosphates, etc.)

A =
o)
HO-P-0=-P-0=-P-0" ")~ \m/”"'z
| | | N N
OH OH OH L]

HOOH Vv
- QOrganic acids (e.g., malate, citrate, isocitrate, etc.)

O\\/OH

HO 1! Q79
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Results:

Citrate/lIsocitrate

x106 -ESI EIC(191.0270)
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x103 -ESI EIC(505.9900)
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Initial Column Testing Couldn’t Detect Sub-10ng of Samples  rE¢| ab

Buffer: pH 6.8 ammonium acetate From Insight to Qutcome
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Optimizing Analysis of Metabolites CroesLab

160 ?. &
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HILIC/MS Sensitivity Can Be Improved with PEEK-lined

Caplllaries
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Counts vs. Acquisition Time
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But Not Everyone Has a Bioinert Pump!

« Using a stainless steel 1290 binary pump
 Buffer!: pH 9.0 ammonium acetate
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From Insight to Qutcome

AMP ADP ATP GTP NADP G-1-P/G-6-P
X106 -ESI EIC(346.0550) X106 -ESI EIC(426.0220) x10¢ -ESI EIC(505.9880) x104 -ESI EIC(521.9830) x10¢ -ESI EIC(743.0760) X106 -ESI EIC(259.0220)
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Overlay 1.0 A 0.50 4 1.0 10 1.0
05 0.25 2 0.5 05 05
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42 44 46 48 5 52 54
Counts vs. Acquisition Time (min)

48 5 52 54 56 58 6
Counts vs. Acquisition Time (min)

5 52545658 6 6264

Counts vs. Acquisition Time (min)

54 56 58 6 6.2 64 6.6

Counts vs. Acquisition Time (min)

56 58 6 62646668 7

Counts vs. Acquisition Time (min)

48 5 52 54 56 58 6
Counts vs. Acquisition Time (min)

Peak shape and signal improves for phosphorylated analytes
(LC system passivation using 0.5% phosphoric acid wash)

1 Tuytten R et al, J Chromatogr A, 2006
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Effect of Passivation on Chelating Organic Acids

Control

0.5%
phosphoric
acid wash

Overlay
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Succinate Malate Citrate/Isocitrate a-KG L-Glutamine Glutamate
x106 -ESI EIC(117.0190) x105 -ESI EIC(133.0140) x106 -ESI EIC(191.0190) x105  -ESIEIC(145.014) x105 -ESI EIC(145.0600) X106 -ESI EIC(146.0460)
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|

Counts vs. Acquisition Time (min)
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Peak shape is still poor even after wash
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242628 3 32343638

Counts vs. Acquisition Time (min)

38 4 424446485 52
Counts vs. Acquisition Time (min)
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What Comes Next? CrossLab

From Insight to Qutcome

This method has great performance for amino acids, sugars and phosphorylated compounds.

However, you will have to passivate regularly if you are using a steel pump and steel autosampler
flow path.

.. .. and we still have problems with strongly metal-chelating organic acids

00\\|/0I-é) HO (I)I

I 1l

HO NN\ 0H \II/Y\OI'I
OH O OH

Citrate Malate
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EDTA in Mobile Phase Solvents CrossLab

From Insight to Qutcome

Succinate Malate Citrate/Isocitrate a-KG L-Glutamine Glutamate
x10 -ESI EIC(117.0190) x16 -ESI EIC(133.0140) x16 -ESIEIC(191.0190) x10° -ESI EIC(145.0140) x10 -ESI EIC(145.0600) x16 -ESI EIC(146.0460)
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Medronic Acid in Mobile Phase Solvents CrossLab

From Insight to Qutcome

A

Succinate Malate Citrate/Isocitrate a-KG L-Glutamine Glutamate
x106 -ESI EIC(117.0190) x106 -ESI EIC(133.0140) x108 -ESI EIC(191.0190) x105 -ESI EIC(145.0140) x106 -ESI EIC(145.0600) x108 -ESI EIC(146.0460)
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InfinityLab Deactivator Additive is Easily Cleared From the CraTs| ab
LC/MS System

4 -
3 -
2 L PR N 6" run with additive
11 m \ 15t post-additive run (no additive) —_—
04 \ 2"d post-additive run (no additive) _
T T T T T T T T T T T T T T 3rd t_ dd't' ( dd't' ) i Rt
2 4 6 8 10 12 14 16 18 20 22 24 26 28 th post-adaitive run (no additive
Counts vs. Acquisition Time (min) 4™ post-additive run (no additive)

x103
N ot e (0 st InfinityLab
t t- iti iti . oD
, ] poStadative TR o adeitive Deactivator Additive
14 (part no. 5191-4506)
o

2 4 6 8 10 12 14 16 18 20 22 24 26 28
Counts vs. Acquisition Time (min)

Hsiao JJ et al, Anal Chem, 2018
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LOD of SSTL and PEEK-lined Columns on 6490 QQQ

ATP

5ng
(5 ppm)

1ng
(1 ppm)

0.1 ng
(100 ppb)

0.01 ng
(10 ppb)

x104

2.

1 4

0.

x102

7.51
5.0 1
2.51

x101

¥

SSTL

-ESI MRM (505.9885 -> 158.7)

54 56 58 6 62 64
Counts vs. Acquisition Time (min)

x105

1.0 1

0.51

PEEK-lined

-ESI MRM (505.9885 -> 158.7)

0
x103

x102

1.5

1.0

0.51

x101

5.57

5.01

4.51

52 54 56 58 6 6.2
Counts vs. Acquisition Time (min)
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Counts vs. Acquisition Time (min)

x105

1.0 1
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PEEK-lined
With
Medronic Acid

-ESI MRM (505.9885 -> 158.7)
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Improved Run to Run Reproducibility with the Additive

A
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From Insight to Qutcome

Succinate Malate Citrate/Isocitrate AMP ADP ATP
x105 -ESIEIC(117.0190) x10 6 -ESI EIC(133.0140) x10 6 -ESIEIC(191.0190) x10 5 -ESI EIC(346.0550) x105 -ESI EIC(426.0220) x10 4 -ESI EIC(505.9880)
3 8
4 2 6
Control ) 1 s
2
0 0+ . 0
46 48 5 52 54 56 48 5 52 54 56 58 58 6 6.2 64 66 46 48 5 52 54 56 54 56 58 6 6.2 56 58 6 62 64 6.6
Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time
x105 -ESIEIC(117.0190) x105 -ESI EIC(133.0140) x105 -ESIEIC(191.0190) x10 5 -ESI EIC(346.0550) x105 -ESI EIC(426.0220) x10 5 -ESI EIC(505.9880)
2. 8
0 4
ez 15 6 3 4
Additive 4
| 2 )
0.5 2 1
0 0- . 0 0
38 4 42 44 46 48 38 4 42 44 46 48 54 56 58 6 6.2 38 4 42 44 46 438 48 5 52 54 56 58 52 54 56 58 6 6.2
Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time
Bl oay: M pay2 [l Days
%RSD for Peak Area %RSD for Retention Time
120 0.9
0.8
100 07
80 0.6
0.5
60 0.4
40 03
0 [ | | | — (] o
2 <& @ R S} < <& & & R <§l QR
& & & ® ¥ v & & & o v v
g \\,_p \\,__,0
& <@
& &
o &
W Control m Additive M Control m Additive
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Salt Tolerance Study CrossLab

From Insight to Qutcome

Upper Range of a Human Urine Sample

Major Urine

[Concentration] [mM]
Components
Urea 23.3g/L 390 mM A 4M Urea, 2M NaCl stock solution was made
_ for salt spike-in experiment.
Chloride 8.4g/L 236 mM
Sodium 4.4g/L 191 mM
pH 6.3
G-1-P/G-6-P AMP ADP ATP GTP NADP
x105 -ESI EIC(259.0220) x106 -ESI EIC(346.0550) x106 -ESI EIC(426.0220) x105 -ESI EIC(505.9880) x105 -ESI EIC(521.9830) x105 -ESI EIC(742.0670)
8 3 3
6
1 2 6
2
4 4 2
P 0.5 1 5 1 1
0-; : . : h : 03 : . . . : 0°= : . . : : 0-= : . . n n 0-; : : . . : 0" = : . : : :
54 56 58 6 6.2 48 5 52 54 56 58 52 54 56 58 6 6.2 54 56 58 6 6.2 64 58 6 6.2 64 6.6 6 62 64 66 68 7
Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time Counts vs. Acquisition Time

[l Unsalted [l 20% Salt (80 mM Urea, 40 mM NacCl) ] 40% Salt (160 mM Urea, 80 mM NacCl)
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From Insight to Qutcome

Outline

Brief Introduction

» Background

* Current methods

» Challenges

Story of the InfinityLab Poroshell 120 HILIC-Z column

|

» Discovery of a novel mobile phase additive

Applications

tnmmlllllllllllllllIlllllmm

» Metabolomics analysis of MTX-treated cells

« Monitoring metabolites from white blood cells (USC collaboration)

* Monitoring metabolites in cell culture media

For Research Use Only. Not for use in diagnostic procedures.
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Metabolomics Analysis of MTX-treated Cancer Cells CrossLab

From Insight to Qutcome

Methotrexate inhibits dihydrofolate reductase (DHFR)
and thereby inhibits the synthesis of folate -> DNA, RNA,
and proteins

Cells were spun down, Extraction solution
washed and collected (2:2:1 MeOH:ACN:H,0 with 0.1% formic acid)

5 uM MTX-treated for 12 hrs

© o0 S eYo)

00 © » » 0o0_©O

eeJoleollofo
o ¢ Q,

DMSO-treated for 12 hrs o o o o

(0] o) o fo)

D —»> [ > —»  |oo0
(e olo olofolo o’ g
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MTX Induces Fructose 1,6-bisphosphate and Adenosine

Agilen
CrossLab
Levels

From Insight to Qutcome

* Extracellular [ATP] —p» * [Adensoine]

Glycolysis
yeoy Dihydroxy
acetone-P
Glucose —» G6P —p F-1,6-P, 1, 3-bisphosphoglycerate —» 3-PG —p 2-PG —p» PEP —p Pyruvate
Glyceralde
hyde-3-P
Glucose G6P F-1,6-P, DHAP/G3P 2-PG/3-PG Pyruvate Adenosine
Additive .o esiEciossy 104 -ESIEIC(259.0220) «10 9 -ESI EIC(338.9880) <105 -ESI EIC{168.9900) <105 -ESI EIC{184.9850) <105 -ESIEICI87.0088) <104 -ESI EIC(266.0850)
6 1 2 4
Jl ovso 4 ors 1 e : “
05 1 ; 2 5
. MTX ! 2 025 05 05 1
0 0 0 0 0 0 0
64 66 68 7 72 74 84 85 B8 9§ 0.2 94 © 10 10.2 104 106 84 85 88 9 92 94 88 S 92 94 95 9.8 88 9 92 94 96 98 T2 22 24 26 28

Exogenous administration of F-1,6-P2 has been shown to sustain glycolysis and increase ATP production-3,

Methotrexate systematically generates extracellular adenosine and subsequent activation of adenosine receptor A2&".

1 Planas ME et al, Eur J Pharmacol, 1993 3 Ahn SM et al, Br J Pharmacol, 2002
2 Alves Filho, JC et al, Pharmacol Res, 2004 4 Veras FP et al, Sci Rep. 2015
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Analysis of Polar Metabolites Extracted from White Blood CraTs| ab
C e I I S From Insight to Qutcome

Lawrence J. Ellison Institute for
Transformative Medicine of USC

University of Southern California
USC Center for Applied Molecular Medicine

Drs. Jonathan Katz and Sujatha Chilakala

Sample Information Analytical Method

Mobile phase:

A: 90/10 Water/ACN, 10 mM Ammonium formate,
pH 9.2, 5 uM additive

B: 90/10 ACN/Water, 10 mM Ammonium formate,
equal volume of ammonium hydroxide added as to
mobile phase A, 5 uM additive

« WABCs extracted from whole blood of
two volunteers using density gradient

* Polar metabolites were extracted
using 80:20 methanol: water (chilled)

Column: Agilent Poroshell 120 HILIC-Z, P (2.1 X100
mm)
Gradient: 98 % B to 50% B in 10 min

. .
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Analysis of Polar Metabolites Extracted from WBCs CrossLab

From Insight to Qutcome

ATP

Control With Additive
x102 -ESI EICI505.5880) Scan Frag=125.0V BuffyZ2-PG_Neg-Data18.d x104 |-ESI EIC(505.3880) Scan Frag=125.0v WBC_PG-1Meg-Data?3.d Smoath
2 e 2
I
JLL e 11 L
x103 |-ESI EIC(505.53880) Scan Frag=125.0V Buffy2-5C_Neg-Datalé.d %104 -ESI| EIC(505.3830) Scan Frag=125.0v WBC_PG-1Meg-Data?4.d Smoath
2 1| I 2
i M |
o I i il pdl .
x102 -ESI EIC(505.98280) Scan Frag=125.0 Buffy-PG_Neg-Datal11.d x104 -ESI EIC(505.9880) Scan Frag=125.0V WBC_SC-1Neg-Data18.d Smocth
P ? Hp n .
|
ﬂ._JIH Ll I HL“M“IIII Ll o &
x102 -ESI EICI505.5880) Scan Frag=125.0V Buffy-5C_Meg-Datalid.d x104 -ES| EIC{505.9880) Scan Frag=125.0v WBC_SC-1Neg-Data15.d Smoath
2 e 2
0- ] Tl lﬂ]hhhﬁ“h-n M Lkl ol L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 & 9 10 11 12 13 1%
Counts vs. Acguisition Time (min) Counts vs. Acquisition Time (min)
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Analysis of Polar Metabolites Extracted from WBCs

Malate

Control

%104 |-ESI EIC(123.0140) Sean Frag=125.0V Buffy2-PG_Neg-Dat19.d

_J\mm'ﬁwvw
CS——

x104 |-ESI EIC(133.0140) Scan Frag=125.0v Buffy2-5C_Neg-Data16.d

Pl

%104 |-ES) EIC(122.0140) Scan Frag=125.0V Buffy-PG_Neg-Data11.d

x104 |-ESI EIC(133.0140) Scan Frag=125.0V Buffy-5C_Neg-Data04.d
2

Pl

254

5_ -
o M
0 IR

) L —

1 2 3 4 5 6 7 & 9 W 1 1 13 1"
Counts vs. Acquisition Time (min)
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With Additive

Agilent
CrossLab

From Insight to Qutcome

x104

-ES| EIC(133.0140) Scan Frag=125.0 WBC_PG-1Meg-Data2dd Smooth
- |
||
|

A

[

-ESI EIC{133.0140) Scan Frag=125.0V WBC_PG-1Neg-Data?4.d Smooth
I |

-ES| EIC{122.0140) Sean Frag=125.0/ WEC_SC-TNeg-Data18.d Smooth
: |

|

e

-ESI EIC{133.0140) Scan Frag=125.0 WBC_SC-1Neg-Data13.d Smooth
It

o]

(%]

P

1 2 3 4 5 6 71 & 9§ 1
Counts vs. Acquisition Time (min)
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Analysis of Polar Metabolites Extracted from WBCs CrossLab

Molecular feature extraction
100 677 540
99.9-90 264 196
89.9-80 246 163
79.9-70 237 518
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Why is Cell Media Analysis Critical? CrossLab

From Insight to Qutcome

Example: Optimize tyrosine concentration to Example: Monitoring excreted lactate
Increases recombinant protein production concentration and effects on cell growth
[Lactate]
O
(, Yu\o_ /
OH ?

O 1 2 3 4 5 6
Days
x10 7 Lac

R
0 N o

| | |
3.5 4 4.5 5 14 16 1.8 2 22 24
Counts vs. Acquisition Time...
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Experimental Workflow CrossLab

From Insight to Qutcome

Mammalian Analyze
Cell Culture 1pul
yan - Add 400 pL of -
D 50% acetonitrile
839A5A8R8

Harvest 100 pL at HILIC-LC/.MS
0,1, 2,3, and 6 days analysis
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Monitoring Secreted Metabolic Waste in Cell Culture Media CrossLab

From Insight to Qutcome

a-D-Glucose/

Lactate B-D-Glucose Malate a-KG Glutamate Citrate
x107 -ESI EIC(89.0240) x106 -ESI EIC(179.0561) x104 -ESI EIC(133.0140) x10%4 -ESI EIC(145.0140) x10% -ESI EIC(146.0460) x10° -ESI EIC(191.0190)
21 6
2 21 21 41 41
Day 0 b b 1.\W‘A~NA" A i M ‘ \ ’ A
0.—/&# 0- 0 O.dw‘M-—-—wny— 0- i}
x107 x108 x104 x10% x10% x10°
21 61
2] 2] 21 41 41
Day 1 " “ b 1.'\.\\,\,,.,/\—\//‘(“" 1.w»~4\~j\._w~_ 2._A_A_) \ i A
0- 0~ 0- 0~ 0 0
x107 x108 x104 x10% x10% x10%
21 61
2 21 21 41 44
Day 2 11 H 11 rk\—w/\\’.” ' A _.,J \ i . ‘ \ ’ A
0- 0~ 0- 0~ 0 0
x107 x108 x104 x104 x10% x108
21 61
Day3 | \ i 2 4 )
d |
! ) 1.\_’/\\/L | WJ\‘_,./V\/ 1.,\,,\»,\,\/&* ! /\ .
0- 0- 0- 0- 0f—"— 0
x107 x108 x104 x10% x10% x10%
21 61
21 2 N “ .
Day 6 11 14 1 11 21 2
U —— o-'_""' 0 o O ————
141618 2 2224 2 22242628 3 58 6 6.2 6.46.66.8 545658 6 6.26.4 545658 6 6.264 6668 7 727476
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Monitoring Consumed Nutrients in Cell Culture Media

Day 0

Day 1

Day 2

Day 3

November 2, 2018

Serine Valine Threonine Leucine/lIsoleucine L-Glutamine
x108 -ESI EIC(104.0353) x105 -ESI EIC(116.0717) x10% -ESI EIC(118.0510) x108 -ESI EIC(130.0873) x108 -ESI EIC(145.0600)
3] o 7.59 101 21
21 5.0
27 0.51 "
11 2.51
0 0 0 0 0
x105 x105 x108 x108 x108
37 ] 7.51 21
: 1.0
21 5.01
K | /\\ /\ ” jU\\ ) J\¥
11 2.51
0 0 0 0 0
x108 x105 x105 x108 x108
3] 47 | 2
75 1.0
21 5.0
JL | /\ /L 0.5.4J\A\ | /k
11 2.51
0~ 0 0 0- 0°
x105 x105 x105 x108 x108
37 ] 7.51 2
. 10.
21 5.0
11 2.51
0~ 0~ 0 0- 0~
x105 x105 x105 x106 x108
3 47 | 2
75 1.0
21 5.01
{0 S | Y 1 W
11 2.51 /\
0" - 0" 0 0- 0"

444648 5 5254

22242628 3 32

38 4 42444648
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141618 2 2224

44 46 48 5 5254

Agilent
CrossLab

From Insight to Qutcome

Lysine
x10% -ESI EIC(145.0980)

\
B
(.

A

8 82848688 9




Monitoring Consumed Nutrients in Cell Culture Media

Day 0

Day 1

Day 2

Day 3

Day 6

November 2, 2018

N
-

Methionine
-ESI EIC(148.0430)

AN

18 2 22242628

x10°

7.57
5.01
2.51

0

x10%

7.51
5.01
2.51

0

x105

7.57
5.01
2.57

0

x10°

7.51
5.01
2.57

0-

x10%

7.57
5.01
2.51

0-

Histidine
-ESI EIC(154.0620)

SRR

Phenylalanine

x105 -ESI EIC(164.0720)
1.51
1.01
0.51
0
x105
1.51
1.0
0.51
0
x10°
1.51
1.0
0.5
o
x10°
1.51
1.0
0.51
o
x10°
1.51
1.01
0.51
o

I
\
|

A

444648 5 5254

12141618 2 22
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Arginine

x104 -ESI EIC(173.1040)
7.57
5.01
2.57
o
x104
7.5
5.01
2.57
0
x104
7.57
5.01
2.51

x104
7.5
5.01
2.51

x10%
7.51
5.01
2.57

e

e

Tyrosine
-ESI EIC(180.0660)

747678 8 828486

22242628 3 32

x104

Tryptophan

-ESI EIC(203.0830)

A

N

Agilent
Cross

Lab

From Insight to Qutcome

Cystine
x10# -ESI EIC(239.0166)
2 -
1 4

0 -
x104

e s

141618 2 2224

62646668 7 7.2




Monitoring Spent Culture Media by HILIC-LC/MS CrossLab

From Insight to Qutcome

Glucose Consumption

120 and Secreted Metabolites 120 Consumed Nutrients
100 100
80
80
(6]
° 2
= S 60
8 60 O
@) X
S 40
40
20
20
0

Day 0 Day 1 Day 2 Day 3 Day 6

0 =@ Serine Valine =0-"Threonine =@ |_eucine

Day O Day 1 Day 2 Day 3 Day 6

=@ |soleucine =@=—| -Glutamine Lysine =@=Methionine
—o—Lactate Glucose -—e—Malate =@=Histidine == Phenylalanine =@= Arginine —=@=—Tyrosine
—=0—a-KG —e— Glutamate —e=Citrate =8 Tryptophan

Quantitative values were normalized to the max value of each analyte (n=3).

: Agilent
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Agilen
Summary CrossLab

From Insight to Qutcome

* A new zwitterionic HILIC column was
developed to improve the separation of
polar metabolites.

LCGC article Analytical Chemistry Application Note
(June 2018) — HILIC-Z (July 2018) - Additive 5994-0024EN

* An optimized method was developed to

The Use of HILIC Zwitterionic Phase
Superficially Porous Particles for
Metabolomics Analysis

address poor peak shapes and Ilow

Ll

sensitivity for acidic metabolites.

(Solutions: )
->  PEEK-lined stainless steel hardware i

« High pH mobile phase solvents

* InfinityLab Deactivator Additive
\_ / y,
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Agilent
CrossLab

From Insight to Qutcome

Thank You!
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