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SUMMARY

Amno acid analysis of 2-aminoethylphosphonic acid (2-AEP) under the con-
ditions normally used for the analysis of acidic amino acids i protein hydrolysates
resulted n the elution of 2-AEP as two incompletely resolved peaks Ewvidence 1s
provided mdicating that this phenomenon was due to the formation of a degradation
product or an isomer on the 1on-exchange column and that the resin, buffer pH and
column temperature were all contributory factors.

INTRODUCTION

The amimophosphonate 2-aminoethylphosphonic acid (2-AEP) 1s a constituent
of rumen cthiate protozoa'™3, and has been used as a rumen protozoal marker (for the
determunation of the total protein 1n ruminant digesta which 1s denived from the
rumen ciliate population) The concentration of 2-AEP in ruminant digesta has been
determined by manual*® and by automated”™! ion-exchange chromatography.
Durning a study of these methods, difficulties were encountered because 2-AEP was
eluted as two peaks from the 1on-exchange column of an automatic amino acid
analyser under the conditions normally used for the analysis of protein hydrolysates
This paper descnibes an investigation into the possible causes of the twin peak phenom-
enon experienced with 2-AEP and illustrates some difficulties in attempting to quantify
this compound using automated 1on-exchange chromatography.

EXPERIMENTAL

A Jeol 5 AH amino acid analyser (Japan Electron Optics Laboratory, Tokyo,
Japan) was used with a single column (50.0 x 0.6 cm) of LCR1 resin. The flow-rate of
the eluting buffer through the column was kept constant at 0 83 ml/mmn throughout
this investigation. Imtially the column was eluted with 0.2 N sodium citrate bufier at
pH 3 25 and a temperature of 35°C but in subsequent experiments the column tem-
perature and buffer pH were changed. 2-AEP was obtained from Calbiochem and

0021-9673/82/0000-0000/302 75 © 1982 Elsevier Scientific Publishing Company



104 J. E. COCKBURN, A_ P. WILLIAMS

Sigma. Phosphonoalanine (2-amino-3-phosphonopropionic acid; PAL), 2-amino-4-
phosphonobutyric acid (APB) and 1-aminoethylphosphonic acid (I1-AEP) were all
obtained from Calbiochem Taurine (Tau), cysteic acid (CysA), and phosphoethanol-
amine (PEA) were all obtained from BDH. For the infrared (IR) spectroscopy a
Perkin-Elmer Model 197 spectrometer was used. For the Fourier transmission nu-
clear magnetic resocnance (FTINMR) spectroscopy, a Jeol PFT-100P spectrometer was
used.

RESULTS AND DISCUSSION

Under the conditions normally used for the elution of acidic ammro acids in
protein hyvdrolysates (0.2 N sodium citrate at pH 3.25, column temperature 35°C) a
standard 2-AEP (Calbiochem) solution (1.0 gmole/ml) was eluted as two unresolved
peaks (see Fig. 1). Other batches of 2-A EP from Calbiochem and from another source
(Sigma) were analysed using the same conditions and similar chromatograms were
obtamed. Similar results were also obtained when the 2-AEP (Sigma) was analysed
on LKB, Model 4102 (LK B, Biochrom, Cambridge, Great Britain) and Biotronik LC
2000 (Biotronik, Munich. G.F.R.) amino acid analysers It was possible that AEP
from both sources contained an impurity or more than one 1someric form of AEP!?
but examination by IR spectroscopy showed that the different sources of 2-AEP,
obtained from Calbiochem and Sigma, gave identical spectra which closely matched
previously reported spectra from the f-form of AEP!2. This was confirmed by
FTNMR spectroscopy when '*C, 3P and *H spectra indicated that there were only
two carbon species visible with no traces of impunties or 1Isomers.
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F.e 1. Elution behaviour of 2-aminoethylphosphonic acid under the coaditions normally used for the
elution of acidic ammno acids usirg antomated ion-exchange chromatography; see text for analyticai condi-
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The effect af column temperature on the resolution of AEP

The composition and pH of the eluting buffer was kept constant (0 2 N sodium
citrate at pH 3 25) but the column temperature was mncreased 1in steps of 5°C over the
range 30-70°C. One object of this work was to improve the resolution of the two
peaks so that they could be fractionated and identified. The results obtamed are given
in Table I and show that 2-AEP was eluted as two incompletely resolved peaks at all
column temperatures. Resolution of the two peaks (peaks I and 2) improved with
increasing temperature but they were never completely resolved The area of peak 2
increased with increasing column temperature and the area of peak 1 decreased (see
Fig 2) suggesting that peak 2 was a decomposition product formed during chromato-
graphy. The retention times of the two peaks were not markedly affected by increas-
ing column temperature and the resolution was not improved substantially

TABLE 1
THE EFFECT OF COLUMN TEMPERATURE ON THE RESOLUTION OF AEP DURING
AMINO ACID ANALYSIS

See text for analytical conditions

Column %o Total pear area of Retention unie (nun)

temperature peaks I and 2

{1 Cj Peak 1 Peah 2
Peak 1 Peak 2

30 70 30 36 40

35 76 24 36 40

30 71 29 34 40

45 64 36 33 38

30 57 43 34 38

55 35 55 36 40

60 39 ol 36 40

65 36 64 34 39

70 22 78 36 43

The effect of buffer pH

Since the best resolution of peaks 1 and 2 was obtamed at the higher tempera-
tures (see Fig. 2) in this study, column temperature was kept constant at 65°C and the
pH varied over the range 2.14-3.50. 2-AEP was cluted as a single symmetrical peak in
the pH range 2.14 to 2 50 but between pH 2.96 and 3 50 1t was eluted as two peaks
The area of peak 2 was always greater than that of peak 1 but did not appear to
increase with increasing pH (see Table II) The best resolution of the two peaks, at
65°C, occurred when the pH of the eluting buffer was 3 19 or 3 50 with pH 3 19 giving
the slightly better resolution and this is 1n agreement with the result of the study
where column temperature was varied and the pH held at 3.25 (see Table I). Although
at pH lower than 2.50 only one peak was observed for 2-AEP, it 1s possible that,
under these conditions, decomposition may still occur but that the two peaks are
eluted together. If both peaks have the same colour yield with ninhydrn 1t should still
be possible to estimate 2-AEP accurately under thése conditions. Using 0 2 N sodium
citrate buffer at pH 2.10, 8 replicate analyses of 2-AEP (1.25 gmole/ml) were carried
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Fig. 2 The effect of column temperature on the elution of 2-ammocthylpbosph<;mc acd from the 10n-
exchange column of the Jeol SAH am.no acid analyser; see text for analytical conditons (a) 30°C, (b)

40°C, (c) 30°C, (d) 60°C, (e) 70°C.
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TABLE 11

EFFECT OF THE pH OF THE ELUTING BUFFER ON THE RESOLUTION OF 2-AEP AT A
COLUMN TEMPERATURE OF 65°C

The column (530 x 06 cm LCRI resin) was eluted with 0 2 N sodium citrate buffer at a flow-rate of 0 83
ml:min

pH of Retention ime (mm} °, of total peak

eluting buffer of AEP area of peaks I and 2
Peak 1 Peak 2 Peak 1 Peak 2

214 39

230 5

216 ;f smgle symmetrical peak

230 50

296 45 46 37 63

309 42 +H 32 68

319 40 42 29 71

326 34 39 35 63

339 35 39 +1 56

350 32 37 42 38

out at a column temperature of 35°C A single symmetrical peak was obtained 1n each
case and the mean (£ S E ) peak area was 0430 = 0029 (see Fig 3)

Using the same conditions a standard mixture of amno acids which could
possibly interfere with the resolution of 2-AEP was analysed The standard mixture
contamed CysA. PEA, PAL. APB and I-AEP. all at a concentration of 0125
pmole/ml, TAU at 0 05 umole/ml and 2-AEP at 2 5 umole/ml 2-AEP was well re-
solved from all the amino acids present but APB was not resolved from TAU and I-
AEP from PEA under these conditions (see Table III) Replacing the sodium citrate
buffer with lithium citrate of similar pH and equivalent lithium :0n concentration (0 2
N) resulted in an improvement in the resolution of these four amino acids and gen-
erally decreased the retention time of all the peaks (Table III). The precision of
rephcate analyses, using the hithium buffer system, i1s given 1n Table III Vanation
between analyses was small and a marked mmprovement on determimations using
buffer at higher pH

IR and FTNMR spectroscopy studies

Attemipts were made to charactenize the decomposition products of 2-AEP chro-
matographed at pH 3 25 and 35°C using IR and FTNMR spectroscopy but the two
peaks were never sufficiently resolved to obtamn pure fractions of each component
even at higher column temperature The presence of buffer citrate 1n the final frac-
tions interfered with the IR spectroscopy. Attempts at desalting the fractions were
also unsuccessful because the samples became contaminated with ammoma which
also interfered with the spectroscopy. Since the 2-AEP used in these experiments was
pure and in only one isomeric form, the two peaks appearing on the chromatogram
from the amino acid analyser were probably formed as a resuli of decomposition or
1somerisation on the 1on-exchange column. To test this hypothesis samples of 2-AEP
were placed in NMR tubes together with (a) the buffer (02 NV sodium citrate) pH
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Fig 3 Resolution of 2-amnoethylphosphome acid (AEP) during amino acid analysis using optimum
conditions for its resolution (0.20 N sodium aitrate, pH 2.10, column temperature 35°C). The chromato-
gram also includes phosphonoalanine (PAL).

3.25 originalily used and (b) the buffer plus the ion-exchange resin used (Jeol LCR1).
Both samples were kept at 35°C, the normal column temperature, in the FTNMR
spectrometer overnight and 'P spectral changes were observed. With the buffer
alone, no decomposition or changes occurred, but with the buffer pius resin, two
peaks were observed, the minor one increasing to about 30 % of the total. This again
suggested that the formation of two peaks during ammo acid analysis could be due to
decomposition or isomerisation on the ion-exchange column.
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TABLE I

RETENTION TIMES AND PRECISION OF DETERMINING SOME ACIDIC AMINO ACIDS AND AMI-
NOPHOSPHATES INCLUDING 2-AMINOETHYLPHOSPHONIC ACID BY AMINO ACID ANALYSIS
USING SODIUM AND LiTHIUM CITRATE BUFFER SYSTEMS

See text for analytical details ND = not determined

Anuno acd Retention tumes (nun)” Peak areas (mean — S E )
Buffer system

Concentration Buffer system

(umole/mi) —  Sodmum Lahnrs
Sodium Lithium
Cystelc acid 0125 18 15 ND 254 = 0062(35)
2-Ammo-4-phosphonobutyric acid 0 125 o) IS ND 240 = 0021 ¢5)
Taunne 005 32 23 ND 078 = 0022 (3
Phosphonoalanine 0125 33 25 ~ND 270 = 6019 (3)
I-Amunoethylphosphonic acid 01325 30 28 ND 208 = 0105 (4
Phosphoethanolamine 0125 30 30 ND 108 = 0108 (4)
2-Aminoethylphosphonic acid 230 55 50 0860 = 0055 () 129 = 0012¢(5)

* Value 1n parentheses represent the number of determinations
CONCLUSIONS

Although there have been no other reports of the appearance of two peaks on
the chromatogram dunng automated amino acid analysis of 2-AEP 1t 1s not a umque
phenomenon Perhaps one of the best known examples is the oxidation of methionine
to methionine sulphoxide and methionine sulphone when the antioxidant, thiodi-
glycol, 1s omitted from the eluting buffer!3. There are two isomeric forms of methionine
sulphoxide and these appear as two, usually incompletely resolved peaks just before
aspartic acid on the chromatogram Since methiomine itself 1s eluted much later the
conversion is clearly very rapid and very dependent on the level of thiodiglycol. N-
Ethylmaleimide (NEM) has been used extensively for the modification of proteins
and 1ts condensation product with the thiol group of cysteme (cysteine-NEM) has
been shown to appear as two peaks when analysed by automatic ammno acid analysis
(02 M sodium citrate pH 3 25, 50°C) due to the formation of diastereoisomeric
forms'* !5, The principal free ammo acid of fenugreck seed, (2S5,3R,4R)-4-
hydroxyisoleucine, has been shown to become a mixture of its 1somers in acid buffer
(pH 2.2) with the result that three peaks appear on the chromatogram during amino
acid analysis'®. However, the formation of 1somers may not be the only reason for the
multiple peak phenomena For example argimnosuccimic acid (ASA), an ammo acid
excreted 1n the urine of mentally defective children is converted to two anhydrides 1n
weakly acid aqueous solution and consequemly eluted as three well separated peaks
during amino acid analysis’? This conversion to anhydrnides increased with column
temperature 1n a manner similar to that observed for 2-AEP (Fig 2) The peptide y-L-
glutamyl-L-aspartic acid has also been reported to elute as two peaks during ammo
acid analysis'® but this was attnibuted to the loading of similar quaatities of sample
dissolved n different volumes of eluent buffer (0 2-1.4 ml) followed by 1 0 mi of 0.01
N HCI. The use of organic buffers such as N-2-hydroxyethylpiperazine-N-2-ethane
sulphonic acid (HEPES) has also been shown to result in the elution of asparuc acid
(ASP) as two peaks and also to affect other amino acids n the same iegion??. Distor-
tion of ASP associated with sample pH has also been recorded when using hithium

buffer systems>® 21,
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Clearly care is needed when interpreting chromatograms which contain un-
common amino acids or peptides. Previous workers analysing 2-AEP may have failed
to observe the peak doubling effect although the presence of a second peak close to 2-
AEP has often been reported and usually attributed to ihe presence of an unknown
mterfering amino acid in hydrolysate samples. However 1t 1s surprising that two peaks
have not been observed for standard solutions of 2-AEP n those studies in which the

32227

buffer pH was close to pH 3.25 and the column temperature close to 35°C7 2372
normally used for the analysis of protein hydrolysates Other workers®™! 28 have
used low pH (< 3.10) to achieve better resolution of 2-AEP, conditions under which
2-AEP would probably have been eluted as a single peak so that ~peak doublhng™
would not have been observed. The present study showed that 2-AEP was eluted as
two peaks from the 1on-exchange column at pH 3 25 and that the 1on-exchange resin
itself as well as the pH of the eluting buffer and the column temperature were all
contributory factors Whether the second peak was due to the formation of an isomer
or a decomposition product was not established.
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