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ASMS LC-MS & Related Topics Workshop and Interest Group Meeting Summary, 2013

Presiding: Helene L. Cardasis, Ph.D. (Sr Field Application Scientist, Thermo Fisher Scientific)

Date: Wednesday, June 12, 2013 (5:45 pm)

Attendance: Approximately 200 (center seats in auditorium empty, but stairway steps on either side full
with people sitting on floor)

Workshop Summary:
The agenda for the 2013 Workshop for the LC-MS & Related Topics Interest Group at ASMS in
Minneapolis was as follows:

5:45-5:55 pm: Introduction
5:55-6:45 pm: Symptom troubleshooting exercises and discussion
6:45-7:00 pm: Presentation on freeware available for preventative instrument performance tracking

Panelists:

Susan Abbatiello, Ph.D. (Research Scientist, Broad Institute)

Amanda Berg (Sr Application & Development Chemist, New Objective)
Brent Dixon, Ph.D. (Chief Scientist, Physicians Choice Laboratory Services)
Michael Bereman, Ph.D. (Staff Scientist, University of Washington)

Scott McClung (Field Service Engineer, Thermo Fisher Scientific)

Workshop Topic: “Fundamentals in LC-MS Troubleshooting”

In an attempt to stimulate discussion earlier in the workshop this year, we chose to bypass
student presentations and start immediately with guided discussion. A brief introduction highlighted
the complexity of the platforms we work on, from multiple major components to multiple variables per
component, with data that represents the summation of all variables. We suggested that by
approaching troubleshooting in a systematic way, one can reduce instrument down time. Even for
those new to the field or with service contracts, the more information that can be communicated to the
service engineer when putting in the call, the more prepared the engineer can be on arrival, and in turn
the quicker the problem should be solved. We recommended that the first, most fundamental question
to ask was what “type” of symptom was being observed. We defined two possible options: a “primary
symptom” and a “secondary symptom”. We proposed that a primary symptom is one that points to the
source of the problem (peak tailing, TIC instability, mass accuracy drift, etc), whereas a secondary
symptom is vague and cannot be localized to any component or set of variables (“reduced sensitivity”,
“reduced PSM count”, “high background”, etc).

The audience was then presented with a variety of symptoms to which they were asked to
determine whether the symptom was primary or secondary. If primary, we discussed what particular
components should be checked/replaced/cleaned/etc. If secondary, we discussed what experiments
would need to be done or what one would look at in the data to identify the primary symptom. We
aimed to stress a couple main themes throughout the exercise:





1) Steps taken to identify a primary symptom or source of problem should begin with
the simplest checks requiring the least hardware manipulation, and end with the
more complex steps involving the most hardware manipulation.

2) There are often many ways to describe the same problem (especially secondary
symptoms), and care should be taken to chose simple and accurate descriptions when
communicating problems to a service engineer or co-worker. Attempting to do so will
likely lead to identification of more primary symptoms. For example: “noisy data” vs.
“high background” vs “TIC instability”. These could all be describing the same
problem or very different ones. Similarly, “loss of sensitivity” slowly over time points
to a very different set of causes relative to acute loss of sensitivity. Communication is
key.

Overall reception to the exercise was positive. Questions to the panel and other members of
the audience arose during discussion of each symptom. The panel provided valuable insight and took
opportunities to stress the central themes of the workshop. Approximately 50% of the audience
reported to be working on nano-flow applications, and many of the questions/discussions focused on
how to make proper fused silica connections, how to troubleshoot loss of peaks from one portion of the
chromatogram, nanospray-compatible mobile phases, etc.

Lastly, we highlighted the benefit of pro-actively tracking instrument performance by
monitoring primary symptoms and documenting observed symptoms and subsequent fixes. We
discussed the use of simple instrument log books and “problem tracker” excel sheets to aid labs with
multiple instruments and fast employee/student turnover. Michael Bereman gave an excellent
overview of QC freeware he has developed that works with Skyline. This provided an example of how
some labs are monitoring instrument performance and the tools available to incorporate system
suitability and platform performance testing into any lab.

Discussion maintained a steady flow throughout the workshop with an even mix of audience
comments/questions and panel comments/suggestions/questions. Many came to talk directly with the
panel after the workshop ended and there seemed to be a keen interest in Michael’s presentation on
system suitability testing. | believe that a more even focus between reactionary troubleshooting and
preventative platform performance tracking would greatly benefit the general audience in next year’s
workshop.
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LC-MS Troubleshooting Workshop

Chair/ Co-chair:
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Deconstruct the problem

* Primary symptom — points directly to
potential source(s) of problem

» Secondary symptom — vague... requires
further investigation to identify underlying
primary symptoms and determine source.






high variability in peak area of a
standard sample injection to
injection

Primary — likely sample delivery issue. check pressure trace, autosampler needle, vial
depth, syringe, valves, sample loop, loading/trapping column, spray stability...

Exception: Does trend in one direction? if change/trend in one direction...maybe
mass spec





No signal

Secondary — no sample signal? No chemical signal? Only electronic noise? Check 1)
sample, 2) sample delivery, 3) ionization, 4) MS direct infusion





Reduced peptide spectral
matches (PSM)

Secondary symptom — could be anything. Check 1) sample, 2) sample delivery (AS
injection, LC trapping, LC/ column performance (elution range, peak widths, tailing?,
pressure traces)), 3) check ionization/ spray stability, 4) check MS direct infusion





Peak Tailing

Symmetrical Peaks / \
|||| |f||
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Primary symptom — bad connections made after trap or analytical column (leak).

Check these connections. Degraded sample, buildup on head of column (would see
in pressure trace)





Not Recommended . ...

Nail Clippers ; Scissors

Hand Snap Wire Cutters

Recommended!

Diamond Scribe Shortix® Capillary Cutter Machine Cut & Polished






Reduced signal in MSMS,
no loss of signal in MS1

Primary, but can go one step further and check isolation efficiency to determine if the
issue is isolation or actual fragmentation. If multiple fragmentation modes and
detectors exist, be mindful of whether loss of signal in MSMS is in only one or all
MSMS modes, and in only one or all detectors.
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“My unknown looks bad.”

Secondary — come on. Run a standard.
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Poor Spray Stability

Acceptable Spray Stability

1 IJ.LUfs

Primary — is it spray related, flow related or MS related? For nanospray — visualizing
the spray is key to troubleshooting. Troubleshooting — increase or decrease the
voltage — do you see a response? Actuate the valve — does the signal drop to zero,
improve or get worse — indicating a leak in the valve flow path, pump isocratically to
distinguish changes related to mobile phase composition. Check site of voltage
application (flush liquid junctions, ensure proper contact for contact based junctions),
check connections, check emitter tip wear (change tip).
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Long dips in LC pressure profile
after valve actuation

Primary — leak in valve, check connections to valves, make sure capillary end is flush
with sleeve and sleeve/PEEK is properly spaced from end of ferrule, tighten
connections, change/clean rotor, clean stator

If no pressure profile... how does this manifest in MS data?
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good

bad
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Even reduction in sensitivity
across all scan events

Secondary symptom — check 1) fresh sample, 2) check sample delivery (AS
diagnostics, bypass AS and bomb load, different injection volumes), LC/column
(change column, trap, run LC diagnostics, swap LC if possible), 3) ionization (check
spray stability), 4) run MS diagnostics

Check MS by nanoflow infusion to keep source consistent... very helpful to find a
peptide mix that can be both infused and injected via autosampler/LC system.

15





Retention times shifting earlier

Primary — could be column not equilibrating properly, could be problem in mixing tee,
leak, clog, overloading, mobile phase delivery, different sample composition...not
binding, old column
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“Decreased sensitivity”

Secondary symptom, same as reduced PSMs. Check 1) sample, 2) sample delivery
(AS/injection, LC/column), 3) ionization, 4) MS
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Retention times shifting later

Primary — clog or leak in B line, leak anywhere, air in line/ valve, column aging (see

pressure trace)
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MSMS spectra contain only
electronic noise

Primary — does MS1 look ok? Does isolation only look ok? Bad in all detectors? Bad
in all modes?

How do you determine whether you’re looking at electronic and chemical noise?
Electronic noise won’t give fragmentation spectra (isolate and fragment), electronic
could be a harmonic... isolate an actual peak... does it still show up and at some
mathematical distance from actual peak?
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Noisy Data

Secondary — result of unstable spray, dirty optics in MS or contaminated LC mobile
phase or lines. Troubleshooting — change mobile phases, purge/clean lines and
sample loop, infusion to isolate LC and/or AS from flow path; clean MS optics; is the
noise consistent or specific to intense analytes or specific scan modes. Validate spray

stability visually; if visualization is not an option, increase the spray voltage to see if
response improves.





High background in base peak
chromatogram

Secondary - Same as noisy data, isolate problem to sample, LC, source, or MS
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Low S/N for high charge ions
relative to low charge ions

Secondary — could be sample delivery: are high charge species as abundant as low
charge species in sample tested? Test that S/N looks ok by direct infusion for a tune
mix with equal concentrations of low and high charge peptides. If ok by infusion,
check same sample infused on column... column losses? Binding to AS needle? If
not ok by infusion, tune on high charge ions for improved transmission, try various
scan speeds/ scan types. perform all related MS calibrations, report continued issues
to vendor FSE.
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Reduced sequence coverage of
BSA

Secondary, same as PSMs and sensitivity drop. Check 1) sample, 2) sample delivery
(AS/injection, LC/column), 3) ionization, 4) MS
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Cleaning resolves performance
issues only for a short time
(days-weeks)

Primary — spray issue? If yes, fix spray. If not MS charging... reverse polarity testing...
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Mass accuracy drifts quickly

Primary... check water chiller/ room temp/ detector issue/ electronics
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Signal in positive mode but not
negative mode

Spray, analyte/ correct modifier/ Ic system, calibration in neg current? All power
supply diagnostics pass?

Especially important w polarity switching... choose right modifier
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Poorer resolution in ion trap
spectra

Primary — check Helium/ Argon/ damping gas
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Poor resolution in Orbitrap
spectra

Primary — ctrap n2 damping gas, not enough (not trapping) or too much (killing

transient)
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Poor resolution in TOF spectra

Electronics (pulsing), vacuum (gas)

Also mass shifts!
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Poor intact protein
fragmentation spectra

Secondary — Good intact detection? Optimize pressures/ voltages for intact
transmission and trapping/isolation, then optimize fragmentation for bigger stuff.
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Resources

http://www.asms.org/member-center/interest-groups/lcms-and-related-
topics (where these slides and list will be posted)

http://www.lcresources.com/resources/TSWiz/TroubleShootingWiz.htm
http://www.chromacademy.com/hplc-training.html

http://www.chromacademy.com/mass-spec-training.html
http://www.newobjective.com/electrospray/index.shtml

http://www.abrf.org/index.cfm/list.index

http://peptide.nist.gov/software/nist msqgc pipeline/NIST MSQC Pipeline.ht

ml
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First tier troubleshooting:
1. Verify TIC — overlay with a known “good” TIC from a previous standard acquisition
a. Lack of rich peaks (fewer)?
b. Lower signal?
c. =>start troubleshooting
2. Verify spray current
a. May be different names, chamber current etc.
b. Too high —discharge
c. Toolow —no spray/flow, or bad power supply
3. Verify spray
a. Visually inspect (with lens for nano) for droplets emitting from sprayer tip
b. Verify sheath and counter flow for higher flow rate applications
4. Verify pump pressures
a. Pay attention to composition (%B) relative to conditions
i. Need to develop expected backpressures for your laboratory and specific
conditions
b. For H20/ACN, initial conditions will have highest backpressure
c. For H20/MeOH, mid gradient will have the highest backpressure
d. Is column heater working properly? May need a thermocouple to verify.
5. Are there adequate mobile phase volumes?
a. Also, are the volumes updated in the software? Some apps prevent the pumps from
running after a calculated volume has been dispensed.
b. Test the pH of the mobile phase to ensure ion pairing agent is present

Second tier (problem still exists after checking all points from 1* tier):
1. Prime pumps at least 15 minutes
Check each fitting with a KimWipe for leaks — will be especially small on nanoflow.
Clean ion source (without compromising vacuum of mass spec)
Run a checktune solution to verify mass spec is OK
Run a known standard from a working instrument on the problematic LCMS (sanity check)
Verify collision gas pressures (is the tank empty?)

owukwnN






Systems Suitability — Large Sample Sets
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sample

U QC (standard bovine digest) ran every 4-5 samples

O Full scan MS1 and Target 6-10 stable peptides (varying retention
times)

QO Monitor peak area (abundance) and retention time in Skyline






Peak area x 10

“Good” Data Set
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O collected on an LTQ FT-ICR MS

Qacquired over 8 days of analyses (every 4 samples)






More Variable Data Set
[ R.YSTDVSVDEVK.A]
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U collect on an Orbi Velos

U acquired over 4 days of analyses (every 4 samples)

Goals: 1) A more quantitative method to view/evaluate the system
2) Have these methods easily accessible

This variability is very important — not only is this hurting our sensitivity its increasing
our variance which limits our power to identify true differences





Liquid Chromatography ESI-MS as a Process

Inputs

LC MS/MS

» Column length
* Tip diameter

* Flow rate

» Sample loaded

« Stationary
phase
saiC..

Outputs

+ Retention time
» Peak width
» Peak symmetry

* m/z (accuracy)
* Intensity

{ How Does One Evaluate or Control a Process? }






Statistical Process Control

A collection of tools which help to understand what is going on in any
process that generates products, services or information

Walter Shewhart (1891-1967)
OPioneer of statistical process control (World War Il)

QO Implemented in Japan post-war by Shewhart
disciple Dr. Edwards Deming

U Revived in US by the automotive industry (1980’s)

X

-20 +20

Q Stewhart control charts

{ Pareto analysis and charts

Frequency

Process
Metric

Shewhart, Walter A (1930). ISBN 0-87389-076-0.

The birth of Modern Quality Control is often associate with a man named Walter
Shewhart He was a physicist working at Bell Laboratories and got involved in
industrial Production problems. And developed very usefl statistical techniques for
analyzing and controlling processes in industry and were applied most extensively
and sucessfully in war production during World War Il. Then post war production
these theories were laregly ignored. Dr. Demming a Disciple of Shewart actually
taught the japanese post war about quality management techniques and the
principles of SPC he had learned from Shehwart. Japanese actually applied these
techniques (after their industries had been destroyed by war). The turn around of
japanese industry and the pre war notion of the country producing poor quality
products

In the united states credit for a Major revival of SPC goes to the automatoic
companies chiefly Ford Motor company — which began an aggressive compain for SPC
- 20% SpC US companies had adopted. Intial efforts focused on detection of bad
products... Demming was the first to say why are we interested in detection how
about Prevention of bad products

The implementation of SPC by is accredited as the main driving force in the japanse
industrial revolution and their often times superior product.

Dr. Shewhart identified two sources of process variation: Chance variation that is
inherent in process, and stable over time, and Assignable, orUncontrolled variation,
which is unstable over time - the result of specific events outside the system. Dr.
Deming relabeled chance variation asCommon Cause variation, and assignable
variation as Special Cause variation.





Statistical Process Control in LC MS/MS Measurements
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Visualization/Quantitation of QC DATA
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2"d Goal: Ease of Use — R Statistical Software Package

Implemented in Skyline
User Input

—
LY e i e 1 e

Skyline Software

———————Mass accuracy boxplot
7 i |(-1 and 0.5 ppm)

P

Bereman et. al., Anal Chem, in prep

Peak areas electrospray are very important Whats nice is we can can get this
information in near real time. No exporting of data just readily implemented by click
a button. Also since Skyline works across all major vendors this also works is vendor
neutral.





Resources

hitp://www.asms.org/member-center/interest-groups/lcms-and-related-
topics (where these slides and list will be posted)

http://www.Icresources.com/resources/TSWiz/TroubleShootingWiz.htm
http://www.chromacademy.com/hplc-training.htmli
http://www.chromacademy.com/mass-spec-training.html
http://www.newobijective.com/electrospray/index.shtml
http://www.abrf.org/index.cfm/list.index

http://peptide.nist.gov/software/nist msqc pipeline/NIST MSQC Pipel
ine.html






