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Workshop Survey

• Instrument type?

• Classes of analytes?
• Peptides

• Proteins/Antibodies

• Metabolites/Small Molecules

• Drug Metabolism/Pharmacokinetics

• Environmental

• Petroleum/Fuel

• Current Bottleneck in Analytical workflow?
• Sample Prep?                   Separations?                      Mass Spectrometry?    
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Bulking-up on Testosterone

2004 
4 FTE’s, Manual RIA,               
360 samples/3 Days

CH3

OHCH3

O



Why Change?



2017 – 6 FTE’s, 4800 samples/day/<24 hours

Bothello et al, Clin Chem. 2013 
Feb;59(2):372-80.

99 samples in 60 minutes or 2376 samples/system/day – Cycle time = 2.1 min

XIC of +MRM (4 pairs): 289.2/109.1 Da  from Sample 3 (SST) of 1Hr Acquis.wiff (Heated Nebulizer) Max. 1.6e5 cps.
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Mean Bias = ~2%
Budget = ± 6.4%

7 years CDC Certification (1120 samples)

LabCorp: 73 pg/mL
CDC: 56 pg/mL



How and Why?
8/96 tip Automation

Positive Pressure Manifold 

ARIA 4-Channel  LC
Multiplexing - API5500

DLWII

SLE

Evaporation

Staggered  Parallel LC

Automated “Cloud Based” 
Data reduction

120 to 30 min
Batch Build/LIMS

200 – 45 min
Bi-directional 

Heating

70 – 38 sec

1100 – 1260 pump
Fused Core LC

4000 – 5500 MS

24s window selected 
from 2.1 min LC time

4 runs in parallel

200% - 10% Data review 
5 min post acquisition
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+HV1

+HV2

Waste

BGE
Sample

BGE

Can microfluidics contribute to high throughput “LC-MS” analysis?
ZipChip™ CE-ESI-MS

ESI Emitter

MS Inlet

R.T. Kennedy et al.
http://kennedygroup.lsa.umich.edu/research/high-
throughput-analysis/

Kennedy Lab Work

~10 mM b-lactoglobulin and lysozyme
50% MeCN, 0.1% formic acid
L = 3 cm
E = 1500 V/cm
F = 180 nL/min
90 pL injection (~900 amoles)
222 Hz
500-2000 m/z

10 mM fluroscein and rhodamine B
50% MeCN, 0.1% formic acid
L = 3 cm
E = 2500 V/cm
F = 300 nL/min
125 Hz

27 ms

54 ms



ZipChip Separation of Amino Acids 

2.5 mM Promega Complete AA Mix
ZipChip HS (L = 10 cm)
ZipChip Metabolite Kit
Exactive EMR (R = 17,500)
Field Strength: 1000 V/cm
8.3 Hz

Isoleucine
Leucine



ZipChip Separation of Intact Proteins and Peptides
b galactosidase tryptic digest 
Diluted in peptide kit diluent (5 fmoles injected)
Peptide BGE (acetonitrile/water/formic acid)
HR Chip, 500 V/cm
QExactive HF (30,000 Resolution)
300-2000 m/z

Peak Capacity (FWHM) = 250
100% sequence coverage

10 Hz at 30,000 Resolution

0.5 s

NIST monoclonal antibody reference material
Diluted in water to 0.5 mg/mL (0.25 pg injected)
Antibody BGE (2-propanol/water/acetic acid)
HR Chip, 500 V/cm
Exactive Plus EMR (35,000 Resolution)
2500-6000 m/z



Automation of Microfluidic CE-MS

Metabolites Peptide Mapping Intact Antibodies

Chip type HS HR HR

CE run time 2-5 minutes 8 minutes 3 minutes

Peak capacity (FWHM) ~200 ~250 n/a

Migration time reproducibility 2% CV 2% CV 1% CV

Peak area reproducibility 15% CV 15% CV 11% CV

Carryover 0.10% 0.10% 0.20%

Linear dynamic range 0.001 - 100 mM 0.001 - 100 mM 0.001 - 1 mg/mL

Limit of detection 1-10 nM 1-10 nM 0.001 mg/mL

Total cycle time 5-8 minutes 11 minutes 6 minutes

Time to run 100 samples 9-14 hours 19 hours 10 hours



Erin Baker, Ph.D.
Pacific Northwest National Laboratory
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Ion mobility concept

velocity is constant

v = K E

K = ion mobility

Drift Cell

E



E

in out

Drift Time

Pulse of 2 ions with 

same m/z but different 

shape

Different conformers separate 

in time with peak heights representing 

the amount of each

Ion mobility concept

velocity is constant

v = K E

K = ion mobility

Drift Cell



Isomers difficult to separate with hydrophobic 
interaction liquid chromatography (HILIC)

D-Glucose-6-phosphate (G6P) α-D-Glucose-1-phosphate (G1P)

H
H

D-Fructose-6-phosphate (F6P)

F6P
G6P

F6P G6P G1P

G1P

Deprotonated form [M - H]- m/z = 259.02 X. Zhang, et al. Clinical Mass Spectrom. 2016.



Ion mobility concept
LC (minutes) IMS (~60 ms) MS (~100 µs)

IMS MS
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1. Inject Sample
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10 sec analyses
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Automated SPE
system
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X. Zhang, et al. Clinical Mass Spectrom. 2016.



Metabolites extracted from mouse plasma Metabolites extracted from human urine
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Isomeric Separation: 
m/z=327.197
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Same nominal mass: 
m/z=138.054, 138.129
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330.5
Isomeric Separation: 

m/z=330.228

SPE-IMS-MS analyses of biological samples

~1400 features with S/N > 5 ~1000 features with S/N > 5


