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Collision-induced Liquid Secondary-ion Mass
Spectra of Oxytocin Derivatives. A Study of the
Influence of Modifications in the Disulfide Bond
on the Adjacent Peptide Bond Cleavage

Jan Malat.· Karel Ubik and Michal Lebl
tnsurure of Or~nic Chcmbtry and Biochemistry. Czcchu~hl\'ak Academy uf Sciences. Flemingcvo n. 2. 1M III Pranu o.
Czechoslovakia

The influence of the inductive effect of modlficatlons in the disulfide bridge in oxytocin analogs on the cleavage of
the neighboring peptidlc bond was studied. A correlation between the inductive constant of the group in the
disulfide bridge and the particular fragment ion abundance was observed.
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fable J. Oxytocin analogs with modified disulfide group
,..--_.y-----,

X·CH·CO·Tyr-Ile-Gln-Asn-Nj-i·('II·("O·rru·Lcu-Gly.NH~

!XPERIMENTAL
Dxvtocin derivatives were svnthesized in the
Jepartment of Peptide Chemistry of the Institute of
JrganicChemistry and Biochemistry; Prague.! Spectra
vere acquired on a ZAB~EO mass spectrometer (VG
~nalytical Ltd. Manchester. UK). equipped with a
15 kV caesium-ion gun and a VG1I·250J data system.

Substituent effects on the mass spectrometric behav
iourof substituted benzenes and various other com
pounds have been the subject of a number of studies in
the fifties. sixties. and seventies. The ratio of the
abundance. or the logarithm of the abundance. of a
specified fragment ion to that of the molecularion. was
used for the quantification of the substituent effect. A
good correlation between b constants of subsutuents
and the values of these logarithms was observed in
many cases. I

We studied the influence of disulfide bridnemodifica
lions on the adjacent peptide bond cleavage. For this
purpose we used a series of eight oxytocin derivatives:
:lxvtocin (0. deaminooxytocin (2). deamino-f
:ar~aoxytocin (3). deamino-o-carbaoxytocin (4).
jeamino~I.6·dicarbaoxvtocin (5). the sulfoxide of
jeamino-I-carbaoxvto~in (6). the sulfone of deamino
t.carbuoxytocin (7f. and [e.t-emtnopimeuc acid] oxy
ocin (8) (Table I).

These compounds are suitable for this study because
lethe rigidity of their skeletons and the short chain
rutsidethe ring. on which the influenceof the modified
lisuffide bridge on the fragmentation should be
observable.

RESULTS AND DISCUSSION

In all spectra. the same fragments-c-Bc. B,. B~. and B,
(See Ref. 4)-are predominant. Other fragments are
present in the spectra. but they are not so abundant and
they were not studied further. We can suppose that the
inductive effect of a modified S-S group has a greater
influenceon the nearer bonds than on the more distant
ones. Therefore. the modification of a disulfidebond in
oxytocin analogs should have a greater influenceon B"
fragment formation than on B..: the ratio of these two
fragments should reflect the inductive effect.

The daughter-ton spectra of the oxytocin analogs are
given in Fig. 1. The correlation with 0 constants of the
value 10g([Bll)/[B"D is shown in Fig. 2. The correlation
is only qualitative. because 0 constants for the modified
disulfidebridges are not available and had to be substi
tuted by b1 (for the liquid phase) constants of similar
groups (Table 2 (Ref. 5)).

The influence of the inductive effect on B" fragment
formation is evident. The high inductive effect of alkyl
sulfonyl and alkylsulfinyl groups (great attraction of
electrons) causes loweringabundance of B" fragments
in the spectra of corresponding peptides (for peptide
(6). the sum of the abundances of B" and (B,,-O)
fragments was used for log([B,,)/[B'IJ) calculations).
Higher abundance of B" fragments in the spectra of
peptides (1. Ired. 2. 3. 4. 5) corresponds to smaller

Daughter-ion spectra were acquired using the linked
scan technique at constant 81E. with collisional activa
tion in the first field-free region. The collision gas was
helium: the pressure in the collisioncell corresponds to
50% transmission of the molecular ion of cxvtocin. The
primary beam energy was 35 kV, the accelerating vol
tage 10kV and the scan time was 100s. Fivespectra for
each measurement were accumulated using the multi
channel analvsis method.

The sample (10-20 IJ.g) was placed directly into the
matrix on a probe tip. Glycerolwith 5% heptafiuorobu
tyric acid (modified after Ref. 3) was used as a standard
matrix. For taking the spectrum of reduced oxytocin. a
mixture of dithiothreirol and dithioeryrhritol (DTTI
DTE) 5:1 was used as a matrix and the spectrum was
acquired after 30 min reduction of the sample in the
matrix at room temperature.

2:X=-H Y=-S-S
4:X=-H Y=-S-CH:
6:X=-f{ Y=-CH:-SO
8:X=-H Y=-nl:-

Y=-s-S-
Y= -CH:-S
Y=-CH:-CH~

Y= -CH:-SO:-

:X=-NH.
:X=-H .
:X=-H
:X=i-H
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COLLISION-INDUCED LSIMS OF OXYTOCIN DERIVATIVES

inductive effect of the sulphur and methylene groups.
Following the theory. the spectrum of peptide (8)
should show similar features to the spectra of pep tides
(4. 5) but it does not: the B,.:U" value corresponds 10

higher value than the b of the methylene group. This
can be caused bv conformational changes. because the
ring is smaller by one unit than in other derivatives.
The values of this peptide were not included for the
linear regression calculation.
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CONCLUSION

The results in this work demonstrate the correlation
between the inductive constant of groups in the modi
fied disulfide bridge and the ease of the cleavage of the
adjacent peptidic hondo It can he concluded that the
inductive effect of amino-acid side chain substitution
determines the abundance of the particular fragment
ion. The side chain withdrawinu electrons from the
peptide hand prevents its cleavage and the side chain
donating electrons promotes it.
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Values used in the diagram (Fig. 21. Tabulated
lnducttve constants bl~ of groups similar 10 the parts
of mudlfied disulfide bridges of the oxyroctn analogs:

log IIBol/IB,11

Table 2..




