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Abstract: Fragmentation of triacylglycerols by atmospheric pressure ionisation allows identification of
positional isomers. The relative intensities of the |M-RCO,}” ions provide information on the position of
fatty acids within an ABC type triacylglycerol and enable ABA and AAB type molecules to be
distinguished. Copyright © 1996 Elsevier Science Ltd

The position of fatty acid substitution on the glycerol backbone of a triacylglycerol (TAG) molecule is of
great importance from biochemical'?, nutritional®* and biotechnological’ points of view. However, the ability to
unambiguously identify positional isomers of individual TAGs, especially when they are components of complex
natural mixtures, is a long standing problem in lipid chemistry. Existing chemical® and enzymatic’ methods,
although effective for isolated components or simple mixtures become somewhat limited when studying complex
TAG mixtures, such as fats and oils. Whilst argentation chromatography can be used to separate pairs of ABA
and AAB type positional isomers?, this technique gives no direct information on the positions of fatty acyl groups
in ABC type TAGs and is also restricted to simple TAG mixtures.

Two mass spectrometric techniques have been shown to give positional information on TAG. Using
electron ionisation (EI), Ryhage and Stenhagen® noted that whilst [M-RCO,+14]" ions were observed for fatty
acids in positions sn-1 and sn-3, they were absent for the fatty acid in position sn-2. More recently, Kallio and
Currie'® noted that in negative ion chemical ionisation spectra (NICI), the [M-H-RCO,H] and related ions
occurred primarily with the loss of sn-1 and s»-3 position fatty acids. However neither EI nor NICI are readily
combined with a separation technique capable of resolving complex mixtures of TAGs.

Atmospheric pressure chemical ionisation (APCI) is a relatively new mass spectrometric ionisation
technique”, which has considerable potential for combined HPLC-MS analysis of TAGs. The spectra obtained
using APCI are relatively simple due to the low energies involved in the ionisation process. APCI spectra of
TAGs typically show a protonated molecular ion [M+H]", as well as diglyceride ions, [M-RCO,]", which allow

identification of the fatty acyl groups present in the individual components either introduced into the source
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individually'?, or resoived by reversed phase HPLC'*'"*. However, until now, no preferential fragmentations of
fatty acyl moieties which indicate position of substitution have been reported.

In this study, mass spectra of various TAGs were obtained through injection of individual authentic
compounds (Sigma) directly into the source via the loop injector'’. The spectra produced showed a protonated
molecular ion, [M+H]', [M-RCO,]" ions caused by loss of fatty acyl moieties (“diglyceride” ions, [DG]") and in
some cases, [RCO]" ions derived from the fatty acyl moieties themselves. [M-RCO,+18]" ions were also present,
albeit at low relative abundance. The relative intensity of the protonated molecular ion increased with the degree
of unsaturation of the TAG. The mass spectra of AAA type TAGs are typified by that of 1,2,3-trioleoyl glycerol
(000"), in which three clusters of ions can be seen: the protonated molecular ion at m/z 885; a single {M-
RCO,]" ion at m/z 603 due to loss of oleate and a single [RCO]" ion at m/z 265. The mass spectrum of an ABA
type TAG 1,3-distearoyl-2-oleoyl glycerol (SOS) is given in Figure 1. Since two different fatty acids are present,
[RCO]" ions are seen at m/z 265 (O') and m/z 267 (S"). Likewise, two [M-RCO,]" ions are present
corresponding to the loss of stearate (m/z 605) and oleate (m/z 607), resulting in [SO]" ([AB]") and [SS]
([AA]") ions respectively. Similarly, the mass spectrum of an ABC type TAG, 1-myristoyl-2-oleoyl-3-palmitoyl
glycerol (MyOP; Figure 2), shows three [M-RCO;]" ions at m/z 523, 549 and 577, corresponding to loss of

oleate to give [MyP]", loss of palmitate to give [MyO]" and loss of myristate to give [PO]" respectively.
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Figure 1. The APCI mass spectrum of 1,3-distearoyl-2-oleoyl glycerol (SOS).

The relative intensities of the [M-RCO,]" ions give information on the position of fatty acids within the
TAG. For example, the least abundant [M-RCO,]" ion corresponds to loss of the fatty acid from the sn-2
position, since this is energetically less favourable than losing a fatty acid from the s»-1 or sn-3 position. In the
spectrum of MyOP (Figure 2), the least abundant [M-RCO,]" ion is formed by the loss of oleate from the sn-2
position, leaving a MyP " ion (m/z 523). The two more abundant [M-RCO,] " ions are due to loss of My (sn-1(3))
and P (sn-3(1)) giving [OP]" and [MyO]' ions respectively.
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Figure 2. The APCI mass spectrum of 1-myristoyl-2-oleoyl-3-palmitoyl glycerol (MyOP).

Positional isomers of difunctional TAGs can also be distinguished using the [M-RCO,]" ions. ABA and
AAB type TAGs will give the same [M-RCO,]" ions, i.e. [AA]" and [AB]". However, the ratio of [AA]":[AB]"
will be lower for the ABA isomer, since formation of the 1,2- isomer of the [AB]" ion requires less energy than
that involved in generating the analogous 1,3-ion from the AAB isomer. This has been confirmed by analysing
two isomeric pairs of TAGs (SOS/SSO and POP/PPO). The results of replicate loop injections (Table 1) indicate
that AAB TAGs have a [AA]":[AB]’ ratio of around 1, whereas ABA TAGs have a markedly lower ratio.

Table 1. Relative Abundances of [AA]” and [AB]" Ions in ABA and AAB Type Triacylglycerols.
AAB [AAJ[AB]" =standard deviation ABA [AA]:[AB]" <+ standard deviation

(n=8) (n=8)
SSO 1.07 +0.16 SOS 0.29 £0.12
PPO 0.95 +0.30 POP 0.20 £0.08

In conclusion, atmospheric pressure chemical ionisation has been shown to be an effective technique for
the mass spectrometric analysis of triacylglycerols, since it allows identification of constituent fatty acyl moieties,
and also gives valuable information on the position at which these fatty acids are esterified to the glycerol
backbone of the TAG. The capacity to determine position of substitution of fatty acids directly from APCI
spectra represents a significant advance over existing mass spectrometric techniques, since the technique is
readily amenable for use in conjunction with the liquid chromatographic techniques which are the most effective
methods currently available for the resolution of complex mixtures of TAGs. Analysis of 20 vegetable oils has
shown that structural isomers can be readily characterised in natural mixtures of commercial and nutritional

importance'’.
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