What is Mass Spectrometry?

The Importance of Communicating the Concept of Mass Spectrometry to Professionals, Media, and the Consumer

*Donald H. Chace, O. David Sparkman, *Pediatrix Analytical, Bridgeville, PA, and University of the Pacific, Stockton, CA

Objective

» To improve communication of mass spectrometrists with other
professionals, media, and the educated consumer.

» To provide simple concepts, tools, and resources to facilitate
this communication.

» To initiate a serious discussion with regards to our role as mass
spectrometrists to accomplish these goals.

Introduction
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Effective communication enables the
o flow of ideas.
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I These ideas produce:
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7 Research Tools New Ideas
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\ Understanding Knowledge

Statement of the Problem

Mass World’s view of
Spectrometrists’ Mass
(Scientists) Spectrometrists
view of the World (Scientists)
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Approach (Methods)

» Develop materials, illustrations, instructional tools that can be
shared within the MS community.

» Highlight limitations of current approaches and provide
alternative examples.

» Use the model of Newborn Screening and Clinical Mass
Spectrometry to highlight new approaches.

Concept 1: Mass Spectrometer

Mass Spectrometrist Definition:
A mass spectrometer is an instrument that measures the masses of individual
molecules that have been converted to ions; i.e., molecules that have been
electrically charged.

Layperson Understanding:
The terms masses, ions may not be understood.

Simple Definition:
A machine used to weigh molecules.
A molecular scale.

Concept 2: How is a mass specirometer used?

Mass Spectrometrist Definition:
Mass spectrometry is a powerful analytical technique that is used to identify
unknown compounds, to quantify known materials, and to elucidate the
structure and chemical properties of molecules.

Layperson Understanding:
Powerful compared to what? Quantify? Elucidate?

Simple Definition:

A mass spectrometer is used to help scientists:

1. identify molecules present in solids, liquids, and
gases.

2. determine the quantity of each type of molecule.

3. determine which atoms comprise a molecule and
how they are arranged.

Concept 3: Mass Analysis

Mass Spectrometrists: Public:

- fail to communicate impact of - disliked chemistry, wouldn't
IEECEIE understand

- others would not understand - doesn't affect me
resea e . . - doesn’'t need to know

- narrow view versus integrated view

Solutions

O Know your audience
O Mass Spectrometrists, Chemists
© Other Scientists, Professionals
© Educated Consumer, Media

O Engage your audience
O Keep messages simple, direct.
o State the “bottom-line” repeatedly.
o Show why audience should care.
o Provide examples that the audience can relate to.

O Utilize multiple forms of communication
O Supporting documents, brochures, handouts
© Multimedia (slide presentations, video)
o Internet (email, web pages)
o Press (printed, internet, digital, televised)

O Team Mass Spectrometry

© Provide tools that can be shared.
O Enhance education and outreach programs.

O Sorting and Counting

Pocket change (mixture of coins) o
Penny, dime, nickel, quarter, half $ )
Sorting change by value or size o
Concept of visual interpretation o

Mixture of molecules

Molecules of different weight, size
Separation by mass

spectrum
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dime cent nickel quarter half$
value

quantity

Concept 4: lons and Charg_)e

3. Molecules must be charged to be

1. An ion is an electrically charged molecule. 2. An ion can be positively (+)

charged or negatively (-)charged.
Consider the poles on a battery.

-

4. A mass spectrometer “weighs”

molecules electronically by
attracting and repelling ions.
Consider magnets. Opposites

attract. Like charges repel.

measured by a mass spectrometer.

Concept 5: lonization Techniques

Concept 7: Quantification via IDMS

Mass Spectrometrist Definitions:
Electrospray:

formation of charged liquid droplets from
which ions are desolvated or desorbed.

Layperson Understanding:

MALDI: (matrix-assisted laser desorption/ionization)
impact of high-energy photons on a sample imbedded in
a solid organic matrix.

None. How does this relate to weighing molecules?

Simple Definition:

lonization is a process of charging a molecule. Molecules must be charged in order to

measure them using a mass spectrometer.
spectrometer.”

Electrospray

“It makes a molecule fly in a mass

MALDI

Home — target, support ~ Paint — matrix
Dirt — compound Pressurized Water, Sand — Laser

Concept 6: Tandem Mass Spectrometry

Simple Definition:

Two mass spectrometers joined by a chamber that breaks apart molecules.
This definition is appropriate for tandem-in-space but not for tandem-in-time.

O Puzzle analogy

Fragmentation
MS #1 ik MS #2
Sorting Breaking Sorting
molecules molecules Pieces

O Word Analogy
Words

Comprised of letters.

Arrangement of letters
gives words meaning.

Special groups of
letters make syllables.

Common endings =
suffixes.

Talking
Writing
Playing

List all words containing “ing” in the book of
abstracts.

Use a computer to search for the string
‘ing” and it displays all words containing
“ing.”

Molecules

Comprised of atoms.

Arrangement of atoms
gives molecules function.

Special groups of atoms
make functional groups.

Common side chains =
esters

H,NCH,COOC,Hq
H,NCH(CH,)COOC,H,
H,NCH(C¢H5)COOC,H,

Detect all molecules containing a buty!

formate functional group from an a-amino
acid.

Use a NL scan function to detect only
molecules that lose a butylformate function
group weighing 102 Da.

Simple Definition:
Isotope Dilution Mass Spectrometry (IDMS)

It is a method that measures how much compound X is present in a liquid, solid or gas.
This method uses non-radioactive elements called stable isotopes to make a comparison of
compound X with the standard that contains the stable isotope. Since the amount of stable
isotope standard is known, we can calculate how much compound X is present.

O Jelly Bean Analogy

How many Cherry Jelly Beans are in the jar?

How much phenylalanine is present in Blood

1. Add a marker or standard

10 Blueberry
cooee Jelly Beans
L X X X X J

2. Obtain a sample.

>
o

3. Analysis.

Sort jelly beans in the cup by flavor/color
Count how many.

..~_> ---E
P on 3

3. Calculations

a.) 3 Cherry Red, 2 Blueberry in 1 oz
b.) 3/2 ratio of Cherry to Blueberry
c.) 10 Blueberry added to 1 oz.
d.)10x3/2=15

e.) 15 Cherry Red Jelly Beans in Jar

lon count

10 picomoles

E s d; Phenylalanine

10 uL (1 drop)

¢

Sort Phenylalanine by MS/MS

Count how many.
2000 2,000 Phe
1,000 d,-
1000 I Phe

a.) 2,000 Phe, 1,000 i.s.

b.) 2/1 ratio of Phe to I.S.

c.) 10 pmol i.s. added to 1 mL blood
d.) 10 x 2/1 = 20 pmol

e.) 20pmol Phe per mL of blood

Concept 8: Accuracy and Precision

Mass Spectrometrists always say:

Mass Spectrometry is very accurate and precise.

Reality:

Mass Spectrometrists confuse accuracy and precision.

O Dart Board Analogy

© Simple Concept
Visual

Easily remembered
Educational, Fun

00O

e

Accurate, Not Precise

Summary

i

Accurate & Precise

Precise, Not Accurate

*®

Not Accurate, Not Precise

» Presented simple concepts, ideas that can foster other suggestions on communication.

»Mass Spectrometry can be interesting, enjoyable, and fun.

» We need to develop more resources to support communication, especially with media,
etc. Why? When a new method using MS to screen for ovarian cancer is called a
computer method by the popular press, it is clear there is work to do.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




