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LC-MS analysis of the formed peptides from N-( 0, O-diiso-
propyl) phosphoryl aspartic acid
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LC-ESI-MS method was used to analyze the formed di- and
tri- peptide in the reaction system of N-( O, O-diisopropyl)
phosphoryl aspartic acid and adenosing. Cluster fons of the
peptides were given in the ESI-MS. The structures of these
small peptides were confirmed by LC-MS-MS analysis. Com-
pared with the traditional HPLC-UV detection, this method
showed good sensitivity and selectivity for peptide in the pres-
ence of compounds with strong UV absorption, such as nucle-
oside and nucleotide.
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Introduction

N-(0, 0-Dialkyl) phosphoryl amino acids ( DAP-
AA) have been found to possess many chemical and bio-
chemical activities. For example, they could self-acti-
vate to form peptides, react with nucleoside to give nu-
cleotide and oligonucleotide, ester-exchange and be es-
terfied with alcohol and some hydroxyl amino acids such
as DAP-serine could proceed the nitrogen-to-oxygen
phosphoryl migration reaction.'® Since all of these reac-
tions occurred without the participation of any enzyme,
any energy carrier (such as ATP) or any condensing
reagent, N-( 0, O-dialkyl) phosphoryl amino acid
(DAP-AA) was proposed as a model compound for the
common origin for the prebiotic protein and nucleic
acid.”® In the reaction of DAP-AA with nucleoside,
the peptide formation reaction should also occur besides
the nucleotide formation process. Usually, for the detec-
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tion of the nucleotide and nucleoside, HPLC-UV is a
very powerful method. However, in these reaction sys-
tems the presence of nucleotide and nucleoside with
strong UV absorption at 254 and 210 nm will suppress
the amino acid and peptide, which have much weaker
UV absorption. Hence, it is necessary to look for some
other methods to detect the peptide in these reaction sys-
tems.

Mass spectrometry is a very important and powerful
technique to obtain the molecular weight and structure of
the products. Recently, LC-MS technology has been de-
veloped extensively and was applied to biochemical and
biotechnological areas in the last decade. Especially,
the LC-MS-MS spectrometry with electrospray ionization
(ESI) interface was very useful for the characterization
of peptide and proteins.'® In this paper, LC-MS-MS
was employed to study the peptide formation reaction of
N-( 0, O-diisopropyl ) phosphoryl aspartic acid in the
presence of adenosine in aqueous medium.

Experimental
Chemicals

Aspartic acid and adenosine were purchased from
Sigma. Acetonitrile was of HPLC grade. Water for the

mobile phase was deionized. Other chemicals and
reagents were of AR grade.
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Methods

aspartic  acid
(0.5 mmol), which was prepared according to literature
method, *'® was dissolved in 0.5 mL of water-pyridine
(V/V=3:2) and 5 mg of adenosine was added. The
mixture was incubated at 40°C for 4 days and then was
analyzed with LC-ESI-MS.

N-( 0, O-Diisopropyl) phosphoryl

Apparatus

LC-ESI-MS was performed on the triple quadrupole
PE SCIEX API2000 LC/MS/MS mass spectrometer sys-
tem from Perkin-Elmer Sciex Instruments. Mass spectra
were recorded in positive ion mode. HPLC separation
was conducted on an LC pump of Shimadzu LC-10A with
SCL-10A. Sample was injected in a 10 uL volume with a
PE Series 200 autosampler.

Chromatographic conditions

HPLC column was of Zorbax ODS 250 X 4.6 mm i.
d. A constant flow rate of 0.3 mL/min was maintained
and the composition of the mobile phase was programmed
as follows, Solvent A: 2 mM ammonium formate in wa-
ter; Solvent B: 2 mM ammonium formate in acetonitrile;
gradient: 0—0.1 min, 1.0% B; 0.1—16. 1 min,
1.0—20. 0% B; 16. 1—19.1 min, 20. 0% B;
19.1—20.0 min, 20.0—1.0% B.

Results and discussion

The formation of small peptide through the self-ac-
tivation of N-( O, O-diisopropyl) phosphoryl amino acid
(DIPP-AA) has been proved by direct FAB-MS analysis
of the reaction products before, and only the N-phos-
phoryl-a-amino acid possesses such property, while the 3
isomer does not.!™ The reaction process might involve a
five-membered ring penta-coordinate phosphorous inter-
mediate, which was attacked by another molecule of free
amino acid (either came from the hydrolysis of DIPP-AA
itself, or from another kind of free amino acid which was
added to the reaction system) to form phosphoryl pep-
tide. 10

In order to investigate the interaction between nu-

cleoside and N-phosphoryl amino acid during the peptide
formation reaction, N-( O, O-diisopropyl) phosphoryl
aspartic acid (DIPP-Asp) was incubated in water-pyri-
dine mixture in the presence of adenosine. The reaction
proceeded at 40°C for 4 days and the mixture was ana-
lyzed with HPLC. Since the reactant nucleoside and
formed nucleotide in the reaction system had very strong
UV absorption at 254 and 210 nm, the attempt to detect
the trace amount of formed peptides with UV detector at
210 nm failed. Positive ion ESI-MS provided another
choice for the detection of peptide because nucleoside
and nucleotide had much lower response and sensitivity
to the positive ion MS mode. Under this condition, it
was expected that the peptide should be detected. In-
deed, Fig. 1 showed the positive ion LC-ESI-MS spectra
of the reaction mixture of DIPP-Asp and adenosine.

From Fig. 1, it could be found that a strong peak
was observed at about 12.54 min in the total ion current
(TIC) chromatogram of the positive ion ESI-MS from the
on-line HPLC, which resulted from a series of ions that
might be related to each other. Therefore multi-stage
MS-MS technique was used to analyze them.

Multi-stage MS-MS (MS”), especially tandem
mass spectrometry MS?, is a very useful technique in
structure elucidation. In order to obtain more fragment
information to confirm the structure, positive ion ESI-
MS-MS was performed on the peaks of 825 and 1237
(m/z) from Fig. 1 (Fig. 2).

It was found from Fig. 2 that there were fragments
of m/z =413, 371, 329 produced from the precursor
peaks of 825 and 1237. The m/z 413 (M + H) * was
the protonated molecular ion of dipeptide DIPP-Asp-
Asp. Hence, 825 could be proved as the dimer cluster
of the dipeptide (2M + H) *, since cluster ion is often
observed in ESI-MS due to the intermolecular hydrogen
bond formation. The same was true of the trimer cluster
1237 (3M+ H) * . Since the two peaks of 825 and 1237
are cluster ions of dipeptide (DIPP-Asp-Asp) which has
am/z at 413 (M+ H)*, strong peak with m/z =413
was both observed in the positive ion ESI-MS-MS spectra
of 825 and 1237. Successive loss of two isopropyl frag-
ments ( =42, —42 x2) in DIPP-Asp-Asp to m/z =
371, 329, which had also been observed in the previous
FAB-MS fragmentation study,?"? further confirmed the
structure of dipeptide (Scheme 1).
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Fig. 1 LC-ESI-MS spectra of the reaction mixture of DIPP-Asp and adenosine: (a), TIC chromatogram; (b), positive
ion MS spectrum of the products having a retention time of 12.54 min from the online-HPLC.
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Fig. 2 Positive ion tandem mass spectroscopy of the cluster ions of (a): m/z 825 and (b): m/z 1237.

Therefore, the peaks of m/z 413, 528, 825 and  Table1 Cluster ions of peptides detected in the reaction system

so on in Fig. 1 should be assigned as cluster ions of of DIPP-Asp and adenosine from Fig. 1
dipeptide ( DIPP-Asp-Asp) and tripeptide ( DIPP-Asp- Cluster ions of peptides (MH* ) m/z
Asp-Asp) and the cross cluster between them (Table [ (DIPP-Asp-Asp) + H]* 413
1). [ (DIPP-Asp-Asp-Asp) + H] * 528
In the same way, the formed peptides from other [ (DIPP-Asp-Asp), + H]* 825

kinds of N-phosphoryl amino acids (DIPP-AA) in the { (DIPP-Asp-Asp + DIPP-Asp-Asp-Asp) + H] * 940

presence of nucleosides were determined by the LC-ESI- [ (DIPP-Asp-Asp-Asp), + H] + 1055
MS method, and the major peptide products were showed [ (DIPP-Asp-Asp); + H]* 1237
in Table 2. [ (DIPP-Asp-Asp), + H] * 1649
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Scheme 1 Fragment formation pathway of cluster jon [ DIPP-Asp-Asp]; in ESI-MS-MS.
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Table 2 LC-ESI-MS data of the major peptide products in the re-
action system of DIPP-AA and nucleoside

Reaction system Major formed peptides (MH*) m/z

DIPP-Ser + uridine [ (DIPP-Ser-Ser) + H]* 357

DIPP-Thr + cytidine [ (DIPP-Thr-Thr) + H]* 385

DIPP-His + guanosine [ (DIPP-His-His) + H] * 457
Conclusion

It could be concluded that LC-MS-MS is a very
sensitive, powerful and convenient method to study the
trace amount of peptide formation reaction of DIPP-AA
in the presence of nucleoside. The study of the interac-
tion between DIPP-AA and nucleoside might provide us
some clues to explain the origin of genetic code in the
prebiotic chemical evolution process and give more evi-
dence for the co-evolution theory for nucleic acid and
protein. This analytical method could also be applied to
study reactions when other strong UV-absorption compo-
nents were presented, such as systems involving both
peptide/protein and nucleotide/nucleic acid.
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