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Mass spectrometry has traditionally been used to calculate isotopic ratios by measuring their
relative abundance to the molecule ion species revealing the number of atoms of a particular
element within the elemental formula. With the rise in popularity of biomarker studies and
requirements of drug-metabolite screening in the pharmaceutical industry, the identification of
analytes within clinical samples has become ever more important. LC/MS using an LTQ-Orbitrap
has become popular for routine high throughput analysis of clinical samples with high mass
accuracy generating elemental formulae information for analyte identification. Investigations of
isotope ratios in Orbitrap data have been reported and used to limit the number of possible
elemental formulae for an ion. Previous work[!l has been limited to data acquired in selected-ion-
monitoring (SIM) mode as a profile signal only for both positive and negative ions over a range of
mass resolution settings. To fully investigate the isotopic accuracy of the LTQ-Orbitrap XL we
have carried out a comprehensive review of profile and centroid data acquired using full scan and
SIM modes, at high and low resolution settings for positive and negative ions of varying isotopic
complexities and masses from m/z 190-1500.

Experimental

¢ Selected samples submitted to the EPSRC NMSSC were dissolved in an appropriate solvent
and diluted following the instrument analysis method available onlinel?l.
¢ LTQ-Orbitrap calibration mixes (CalMix) were prepared as per the manufacturer’s
instructionsl® for both positive and negative modes.
¢ Samples were infused using an Advion TriVersa Nanomate (Advion BioSciences Inc., USA)
into a LTQ Orbitrap XL (Thermo Fisher Scientific Inc., USA).

¢ Acquisitions were performed
in both a “Full-ms” analysis
over a mass range m/z 120 -
2000 Da and a “SIM-ms”
analysis over the mass range
base-peak #13 Da using the
run method shown in figure 1.

» Each sample was repeated in
triplicate.

Results

Time 0 1 2
(minutes) } t } t } t
[ Segment 1 | Segment2 | Segment3 | Segment4 | Segment5
Full mass scan Fulmass | Fulmass | Fullmass | Fullmass
iz 150 - 2000 scanmiz | scanmiz | scanmiz | scanmiz
Re15.000 profile 1202000 | 1202000 | 120-2000 | 120-2000
000 P R=100000 | R=100,000 | R=7,500 | R=7500
profile centroid profile centroid
SIM-ms Full mass scan S"g{g‘:ss S":C:‘:ss SiMmass | SIMmass
N miz 120 - 2000 R=100000 | Re100000 |5can R=7:500|scan R=7,500
analysis R=15,000 profile =100, =100,0 profile. centroid
L= profile centroid

3
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]

Figure 1: Experimental outline of acquisition parameters.

¢ For each sample, the theoretical isotope pattern was generated in both profile and centroid
modes at resolutions (R) of 100,000 and 7,500 FWHM corresponding to the acquisition

parameters.

¢ The raw data was averaged over the acquisition range and the data was analysed manually by

matching the observed ions with the theoretical isotope pattern.
* A spread sheet was generated to hold all the observed ions over the range of interest.
¢ JIons of m/z greater than 20 ppm and less than 1% relative isotope abundance (within the

compounds isotope pattern) from the theoretical isotope value where discarded.
Table 1 shows the formulae of the observed ions, m/z (of most intense ion), ppm error (of all ions
in isotope series) and standard deviation (n-1) of ppm error for the compounds studied.
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Figure 2: Centroid mode data, Full-ms scan, R=7,500.

Figure 3: Centroid mode data, SIM-ms scan, R=7,500.
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Figure 4: Profile mode data, Full-ms scan, R=7,500.

Figure 5: Profile mode data, SIM-ms scan, R=7,500.
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Figure 6: Centroid mode data, Full-ms scan, R=100,000.

Figure 7: Centroid mode data, SIM-ms scan, R=100,000.
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Figure 9: Profile mode data, SIM-ms scan, R=100,000.

¢ The plots shown in figures 2-9 show the IPA across the mass range

« Figures 2-9 also show an Isotope Score based upon the relationship
between the ions of the same m/z of the observed data with the
corresponding ions in the theoretical isotope, calculated by

Table 1: List of formulae of ions observed, m/z, average number of data points (ions) per pattern, mean ppm error of ions measured in isotope pattern and standard deviation of

ppm error for the triplicate experiments.

» Previous workl!l used compounds comprising of CHNO, CHNOS and CHNOPS; the most
complex atom is S with 4 isotopes.
¢ Samples were chosen with a variety of elements to provide more complex isotope patterns
(Sample C has 30 isotopes at R=100,000 and 16 isotopes at R=7,500). CalMix was chosen to
provide intra-analysis isotope information for both positive and negative ionisation modes. For
each isotope series the relationships, Isotope Profile Accuracy (IPA) and Isotope Profile Error

(IPE), were defined as
Isotope Profile
Accuracy (%) =17
Equation 1

where x;= observed ion intensity, x,= theoretical ion intensity and x,

Isotope Profile
Error (%)
Equation 2

ionHl in the theoretical isotope pattern.
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= intensity of the principal

Equation 3

¢ Generally, there is a trend that the IPA is closer to 100% and the IPE
is closer to 0% with lower m/z in all acquisition types.

¢ More complex elements scored lower, especially at R=7,500.

* Higher resolution allows for more ions to be separated, improving
the IPA, especially for complex elements. Profile mode data shows

* The Isotope Score shows that the variation between the observed
isotope intensity and the theoretical isotope intensity, is less using

¢ Whilst the IPA and IPE give a measure of the isotope profile as a
whole, the Isotope Score indicates the variation between the
observed and the theoretical isotopes.

¢ Background,

“instrument noise”

Profile Centroid
Positive Mode R=100,00 R=7,500 R=100,00 R=7,500 miz
sample Observed lon m/z | Data Points [Mean ppm| sD(n-1) ppm | Data points [Miean ppm| sb(n-1) ppm | Data Points [Mean ppm| sD(n-1) ppm | Data points | Mean ppm [sp(n-1) ppm) Figure 8: Profile mode data, Full-ms scan, R=100,000.

A C23H19BN03 436.0543 50 125 0,60 50 066 093 50 V) 066 50 075 088
3 B CA0H2BN6OIr 801.1948 53 119 074 57 119 090 53 119 077 57 064 104
s 3 CI5H15055e 3230003 | 117 069 135 90 175 117 120 029 202 90 301 108
s D CBH12BN2C 2110707 50 041 227 a7 116 546 43 028 228 4.0 057 562 o :
. e 1IN0z Io50877 |30 | 096 | a0 20 [ am | ae 30 [ | 0w 20 sa | aer for both positive and negative data.
Er Co3H3EN7055 s202650 | 50 | 123 040 a0 | 11 116 50 [ gt 047 40 021 125
e S Cazmsosnaparsz_| 11219970 | 30 | 007 038 50 | o 167 30 [ o4 | _on 30 203 631

H c. 3Fas_ | 14219779 | 30 095 049 30 016 069 30 EV 063 30 437 9.86
3 A C23H198rN03 4360543 50 12 058 50 132 104 50 146 062 50 134 101
£ [ CA0H2BN6OI 801.1948 50 071 052 60 185 408 50 0.70 062 60 191 4.46
g c CI5H15055e 3230003 | 110 013 183 90 075 180 113 0.6 211 50 022 162
é D C8H12BN2025 211.0707 50 066 192 a7 250 584 43 0388 201 40 250 584 zinOO
£ 3 CBH11N402 195.0877 30 204 067 20 280 439 30 227 063 20 206 438
s F C23H38N7055 524.2650 47 164 049 40 388 229 43 227 032 4.0 394 241 ISOtOpE Score =
3 3 C22HI9O06N3P3F32_| 11219970 | 30 084 036 30 269 240 33 158 072 30 288 241 n

H C28HIG06N3P3FA4 | 14219779 | 30 108 075 20 270 144 30 170 057 30 265 117 .

o Conclusions
egative Mode R=100,00 R=7,500 R=100,00 R=7,500
sample Observed on m/z__| Data Points [Mean ppm| sD(n-1) ppm | Data Points [Mean ppm| SD(n-1) ppm_| Data Points [Mean ppm| sD(n-1) ppm | Data Points | Mean ppm [sD(n-1) ppm)

- i C12H25045 265.1479 40 178 078 0 40 2.00 066 30 1034
g ] C26H4407NS 514.2844 4.0 130 043 30 130 034 4.0 130 033 30 138 034
< K C22H2108N3P3F28 | 1080.0100 | 63 349 0.70 30 161 161 30 373 055 30 239 3.20
= L C26H2108N3P3F36 | 1479.9844 | 30 299 053 30 104 0.40 30 334 041 30 -0.28 072
” ™ C5H7NO2Br 191.9666 4.0 090 154 40 220 183 4.0 137 139 4.0 259 2.04
Elw Cistisnsosps | ase03s4 | 37 | -0s6 111 30 175 154 37| a1 095 33 140 255
3o CartiazBreN 42159 |63 | 105 62 60 | 19 221 67 | 18 S0 60 240 256

P C17H26IN2016P2 702.9808 30 612 066 30 278 0.6 30 6.19 107 30 2.4 038 better results than Centroid mode data.
3 i C12H25045 265.1479 30 100 080 30 518 1015 30 080 081 30 489 10.09
2 ] C26H4407NS 514.2844 4.0 012 138 40 001 210 4.0 -0.14 136 4.0 005 203
g K C22H2108N3P3F28 | 1080.0100 | 30 202 054 30 032 158 30 2.6 052 30 030 156
E ™M CSH7NO2Br 1919666 4.0 -0.94 1.39 4.0 048 213 40 107 138 40 039 213 SIM scanning.
s N CISHISN508PS 456.0384 4.0 011 109 30 0,09 196 37 0.04 098 33 EXT] 485
@ [ C27H27BFeN 4321592 7.0 282 4383 6.0 143 1.29 7.0 0.80 197 6.0 157 136

P C17H26IN2016P2 702.9808 30 155 057 30 156 132 30 047 059 30 161 135

and FT effects may have

a

contributing factor to the isotopes, especially for lower intensity

ions.
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