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Abstract

MS/MS fragmentation pathways of polyamide/peptide conjugates, which are synthetic analogues of natural products with DNA affinity are
discussed. The main fragmentation pathways involve the cleavage of the C–CO between rings and carbonyl groups (a cleavage), CO–NH amide
bonds (b cleavage).
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. Introduction

The natural product distamycin and netropsin are polyamide
ontaining three N-methylpyrrole (Py) moieties. They have abil-
ty to binding to the minor groove of A/T rich sequences of
ouble helical DNA [1–14]. A number of such compounds have
een synthesized and their biological activity explored. Some
f the compounds can bind DNA with great specificity [15–19].
e are synthesizing various polyamides and their peptide con-

ugates, then studying their interaction with DNA. In this paper,
he fragmentation of a series of synthetic polyamide and their
eptide conjugates was investigated using electrospray ioniza-
ion mass spectrometry (ESI-MS) combined with tandem mass
pectrometry (ESI-MS/MS).

. Experimental

The polyamide and its peptide conjugates were prepared
ccording to published procedures [20]. Mass spectra were
cquired in positive ion mode using a Bruker ESQUIRE-LCTM
on trap spectrometer equipped with a gas nebulizer probe, capa-
le of analyzing ions up to m/z 6000. Nitrogen was used as

7 psi. The capillary was typically held at 4 kV and the source
temperature was maintained at 300 ◦C. The instrument was oper-
ated at unit-mass resolution; calibration of m/z was performed
using a standard ES-tuning-mix. The samples were continuously
infused into the ESI chamber by a Cole-Parmer 74900 syringe
pump (Cole Parmer Instrument Company, Vernon Hills, IL).

3. Results and discussion

We synthesized some polyamide/peptide conjugates. The
polyamide is believed to specifically bind DNA and the dipeptide
has been demonstrated to induce DNA cleavage. We also syn-
thesized some polyamide/histidine conjugates in order to obtain
polyamide/dipeptide conjugates then compared their activity.
The MS/MS spectral data of the [M + H]+ ions, and of the most
significant fragment ions of the five compounds, are summa-
rized in Tables 1 and 2. The main fragmentation are cleavages
labeled as a, b and m (Scheme 1). The structure of compounds
1–5 is similar. They all have polyamide, 1,6-hexanediamine and
His group. The most striking feature of the MS/MS spectra of
the [M + H]+ ions of them is the fragment ions Y5, Y6, Y6, Y5,
rying gas at a flow rate of 4 L/min. The nebulizer pressure was
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X1/Y6, X2/Y6 at m/z 513, 650, 1056, 919, 853 and 524, all due
to cleavage of the CO–NH bond. Other important features of the
MS/MS spectra of compounds 1–5 are the fragment ions a4, a3,
X1/Y5, X2/Y6, X1, X2, X3, all due to cleavage of CO–C bond
(
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Table 1
MS2 and MS3 spectra data of the conjugates

No. Chemical structures Precursor Fragment ions (rel, int)

Y6 Y5 a4 a3 b3 m

1
750(71) 650(100) 513(3)
650(57) 513(100) 371(36) 275(6)
513(92) 371(100) 275(16)

2
827(79) 513(100) 371(18) 275(4) 684(25)
513(31) 371(100) 249(17)
371(66) 249(100) 275(61)

3

737(19) 650(4) 513(100) 371(21) 684(9)
513(100) 371(49) 249(13)
684(70) 275(100)
371(55) 249(93)

4
1156(37) 1056(100) 919(100)
1056(49)

5

1144(78) 919(100)
941(97)
919(100)
716(100)
611(41)

Table 2
MS2 and MS3 spectra data of the conjugates (continue)

No. Fragment ions (rel, int)

X1 X2 X3 X3/m X4/m X1/Y6 X1/Y5 X2/Y6 X1/b3 X1/a2 X1/a4 X2/Y5

1
2
3 489(6)

436(100) 314(45)
4 853(52) 716(16) 524(26)

5 941(21) 611(8) 489(7) 716(15)
853(18) 716(100) 478(24) 330(13) 574(28)

716(24) 524(21)
574(28) 387(28)

387(100)
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Scheme 1. Main fragmentation modes.

Scheme 2. Fragmentation pathway of the compound 3.
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Fig. 1. The MS and MSn spectra of compound 3.

The fragment ions Y5 at m/z 513 in the MS/MS spectra of
the [M + H]+ ions of compounds 1–3 are due to expulsion of His
group (Scheme 1); the ions a4 at m/z 371 correspond to cleavage
of the C–CO bond between the ring and carbonyl group and the
ions b3 at m/z 275 correspond to cleavage of the CO–NH bond
between the two rings.

In order to better understand the fragmentation mechanisms
of these polyamides/peptide conjugate, the MS/MS/MS spectra
of compound 3 was recorded. Fragmentation pathway is shown

in Scheme 2. The decomposition of [M + H-224]+ yields ions at
m/z 513 by an a path cleavage of CO–NH amide bonds between
the NH groups of 1,6-hexanediamine and His group. The for-
mation of the ions at m/z 249 and m/z 371 occurs by the a path
cleavage between the ring and carbonyl group with rearrange-
ment of one hydrogen atom, while the ions observed at m/z 314
and m/z 436 result from an m path cleavage (Scheme 2). The
CO–NH amide bond of His–Ser dipeptide cleavages produce
the ions at m/z 650 (Fig. 1).

Sn sp
Fig. 2. The MS and M
 ectra of compound 5.
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Although the polyamide/peptide conjugates 2 and 3 are struc-
turally similar to each other, they have different fragmentation
pathways. The precursor ion m/z 737 of compound 3 produced
fragment ions m/z 650 by the b cleavage. However, the b cleav-
age product m/z 650 was not observed in the MS/MS spectra
of [M + H]+ ions of compound 2. The compounds 3 and 5
are structurally similar also. But they follow some different
fragmentation pathways. Because it contains more polyamide
structure, compound 5 has many more cleavage positions such
as fragment ions X1 and X2 .The MS and MSn spectra of com-
pound 5 is shown in Fig. 2. Fragment ions X1, Y5, X1/Y5, X3 is
due to CO–NH bond cleavage.

4. Conclusion

In this study, the ESI-MS spectra of polyamide/peptide
conjugates provide abundant structural information. The main
fragmentation pathways involve the cleavage of the C–CO
between rings and carbonyl groups (a cleavage), CO–NH amide
bonds (b cleavage). The ESI-MS approach has proven to be
an excellent method for the structural elucidation of this class
of polyamide/peptide conjugates known to specifically cleave
DNA.
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