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I. Introduction
Non-covalent interactions control almost all biolog ical 
processes simply because of their reversible format ion and 
highly dynamic nature. During peptide (re-)folding,  secondary 
structural elements move relative to each other exp loring the 
available conformational space. Non-covalent comple x 
dynamics are also the basis for the geometry change s 
mediating cooperative binding and effector-controll ed 
allosteric interactions. It is therefore of prime im portance to 
investigate molecular motions that occur within non -covalent 
complexes. Here, we address the question, whether c rown 
ethers can move along an oligolysine scaffold by hop ping 
from one ammonium side chain to the other. The exam ination 
of such a well-defined artificial supramolecular mod el 
contributes to unravelling the underlying concepts and to 
developing a profound understanding of more complex  
natural systems. In solution, dissociation/reassoci ation
equilibria superimpose a direct, intramolecular bindi ng-site 
hopping and thus obstruct a straightforward mechani stic 
analysis. The high vacuum inside a mass spectromete r, 
however, isolates the ions from each other. Inter molecular 
processes are effectively suppressed.

II.Gas Phase H/D Exchange Experiments
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III. Experimental Setup

Schematic drawing of the Ionspec QFT 7 FT-ICR mass spectrometer used in this study

The oligolysine ions as well as their corresponding crown 
ether complexes were generated in an ESI ion source  from 
slightly acidic methanolic solution of 18-crown-6 an d Lys 15 (c 
� 50 µM) and transferred into a hexapole collision cell  without 
mass selection, which permits the analysis of diffe rent 
charge states and oligolysine complexes with differe nt 
charge to number of crown ether ratio at the same t ime. The 
reaction time with CH 3OD could be adjusted by regulating the 
pulse valve opening time, which is possible on a 
microsecond scale.

18-crown-6 is well known to bind to primary ammoniu m ions in non-competitive 
solvents as well as in the gas phase. [1],[2] e.g. in short lysine peptides. [3],[4] As 
Beauchamp et al. could prove, complexing an 18-crown -6 to an ammonion ion can 
protect this ammonium group’s three protons from be ing exchanged for deuterons 
in an H/D exchange experiment. [2]

Gas Phase H/D Exchange on Lys15

To examine, if crown ethers can move on the surface  of a larger 
molecular scaffold featuring many binding sites for  it, oligolysine
peptides of different chain length (Lys n | n = 5, 15) have been 
chosen for this study.
First, the exchange was conducted on Lys 15 without addition of the 
crown ether to have a good comparison for the H/D e xchange 
behaviour of the Lys 15/18-crown-6 complexes. 
Quadruply protonated Lys 15 can exchange mostly all protons 
except for some of the amide protons in less than 5 0 ms, which is 
perfectly in line with the experiments conducted by  Beauchamp et
al. with small oligoglycine peptides. [3] The gradual exchange of 
protons can be followed, if the reaction time is in creased step by 
step. 

H/D Exchange on (18-crown-6) 4@Lys 15

IV. Mechanistic Considerations & Electronic Structure of Oligolysine Peptides in the Gas Phase

H/D Exchange on a mixture of 
(18-crown-6) 6@Lys 15-NH2

& (18-crown-6) 6@Lys 15-COOH

H/D Exchange on (18-crown-6) 2@Lys 5

H/D Exchange on (18-crown-6)@Lys 5

It becomes clear that the crown ether has to move o n the peptide
from one amino/ammonium group to the next one, cons idering that 
actually twelve protons should be protected from H/D exchange by 
the crown ethers and none of the peaks for d 42 to d 53 (m/z � 507.41) 
should appear in the spectrum .

This experiment also allows us to 
observe how fast a huge number 
of protons can be exchanged for 
deuterons (D 48 peak appears 
after 2 ms pulse valve opening 
time). This extremely fast 
exchange can be observed for all 
different protonation states 
present in the spectrum .

When this experiment is 
performed with the sixfold
protonated complex of four 
molecules of 18-crown-6 and 
Lys 15, the reaction is nearly 
complete after only 50 ms 
deuteration time (except for 
some of the amide protons, 
which still do not exchange 
completely even after 100 s). 

A quick and complete H/D exchange could even be 
observed for Lys 15/18C6 complexes containing the same 
number of charges and crown ethers, which actually 
should oppose the postulated mechanism requiring a free 
ammonium ion. This led us to the assumption, that L ys 15

possesses a zwitterionic structure in the gas phase 
providing the additional positive charge, which, ho wever, 
would be “invisible” in the mass spectrum.
The zwitterionic structure can be proven clearly by 
performing the H/D exchange on a mixture of [(18-cro wn-
6)6@Lys 15-COOH]+6H+ and [(18-crown-6) 6@Lys 15-CONH2] 
+6H+, which show dramatically different rates for H/D 
exchange providing evidence for an additional free
ammonium group in carboxylic acid terminated
oligolysine peptides.
Finally, the transfer mechanism of 18-crown-6 can be
determined by observing the H/D exchange on different 
charge states of 1,12-Diaminododecane (DAD) complexed
to one 18-crown-6. From this experiment, one can clearly
see, that a transfer from ammonium to amine is much
more favoured than from ammonium to ammonium.

Mechanims for Movement of 18-crown-6 on Lys 15

Ammonium Binding 
to 18-crown-6

H/D Exchange on [(18C6)@DAD] + n H + (n = 1,2)
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DAD = 1,12-diamino-
dodecane


