The Kinetic Method: Silver 1on Affinities of Amino Acids

Purpose: Determine the relative experimental and molecolachanics calculated gas phase
Ag" affinity for tyrosine and glutamine.

Prelab:

Determine the masses of theAmpund dimer of tyrosine and glutamine as wellh&srasses of
the corresponding Agoound amino acids. Look up the isotope pattermipr
(http://www.webelements.com/ or http://www.colbyuéchemistry/NMR/IsoClus.html).

Introduction

Carboxylate anions associate with metal iorthéngas phase and in solutibbinderstanding
these ion-ion interactions is important for undamnsgling charge-charge type molecular
recognition mechanisms. In the gas phase anioesatttdirectly with the metal ion. In solution,
the solvent plays a very important role in deteingrthe strength of these charge-charge
interactions, both in terms of the enthalpy andahtopy of the ion binding. Often in unraveling
solvent influences in molecular recognition, itgeful to compare the strengths of the
interaction in solution with the gas phase intacad. In this experiment we will determine the
gas phase relative binding affinity of the two amatids tyrosine and glutamine for Aigns,
Figure 1.
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Figure 1. Tyrosine (left) and Glutamine (right).

In solution, amino acids can associate withlglkékaline earth, and quaternary ammonium
ions. Such interactions are called ion-pairingthiis respect it might seem strange to usé fag
this experiment. However, LiNa', and Ag affinities are often found to parallel each other.
Ag*ion affinities are, however, stronger and easiatoly’ When the Adaffinity trends do
differ from the alkali and alkaline earth metateent specific d-orbital interactions may be
involved. Orbital interactions are interesting wlbemsidering metal ion interactions in metallo-
enzymes (a majority of enzymes are metallo-enzynhesiddition, Agions are fairly
commonly used to generate ions for electrospraigaion of proteins. So Agon adducts play
an important analytical role.

Competitive Ag" affinities

In this experiment we will determine the relativg'ffinity for tyrosine and glutamine. We

will form the Ag" bound dimer in the gas phase and then determéinerémching ratio for the
formation of Ag bound monomers. The goal is to determine thereiffee in binding enthalpy
for the two amino acids, Figure 2. The advantagdetérmining relative binding affinities is that
any experimental offsets or errors will cancel giving more accurate values than if the
reactions were followed separately.
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Figure 2. Relative Agaffinities from a competitive reaction.

TheKinetic Method

One of the most embarrassing moments in a chenifistts|appens if you are caught using

kinetic arguments to determine a thermodynamicrpatar (say at a national ACS meeting).
Doing so brings immediate rebuke and consternaRepeatedly in multiple courses you are
taught that kinetics and thermodynamics are resparate considerations. For example, fast
reactions can be thermodynamically unfavorable (gegk acid dissociation). Slow reactions
can be very thermodynamically favorable (the reactif hydrogen and oxygen without a
catalyst). In fact the only point where kineticeldhermodynamics interrelate is that the
equilibrium constant for a chemical reaction is th&o of the forward and reverse rate constants.
Kinetics and thermodynamic arguments just canthbed.

But what happens if the thermodynamic parameletsyou need to measure are not accessible
by available methods, but you can make kineticssomegments? When can kinetic
measurements be used to determine thermodynanmgies® Essentially never. However, the
Kinetic Method is a long-standing and widely usechhique that does just this: the method uses
kinetic measurements to infer thermodynamic ensrdibe Kinetic Method is widely used in
mass spectrometry for the determination of relativergies and enthalpies of binding. In our
case the kinetic method will be used to deternieerélative enthalpy for the unimolecular
decomposition of the Agoound dimer for two amino acids.
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Figure 3. The kinetic method for determining thedyreamic parameters from competitive
kinetics measurements.



The branching ratio is given by the intensity af thass spectral peaks for the two produgts, |
and b, in the collisionally induced dissociation of thg” bound dimer. The branching ratio is
the ratio of the rate constants for the competitigsociation, Figure 3:

Branching ratio #n /1, = In k/k; 1)
Assume the reactions follow the Arrenhius rate law:
k=Ae®™RT or Ink=InA-Ea/RT 2)

where Ea is the activation energy and A is thegx@oenential factor. The branching ratio for the
two reactions gives

In 1/l, = In kK/k, = In AJA; - (Ea — Ea)/RT (3)

If we assume that the pre-exponential factorsfaesame for both reactions the first term will be
zero. Then we assume the enthalpies for the rewctice equal to the activation energiis; =

Ea, AH, = Ea and then the relative enthalpy for the two readis defined aBAH = (AH; -

AH,) = (E&- Ea), as shown in Figure 3. Substituting into equaBagives

In 1L/1, = In k/k, = - AAH/RT (4)

In our caseQAH is the difference in Agbinding affinity for the two amino acids. Thenain
AH = AU + APV and assuming each product is an ideal gasA#ih = AnRT. HoweverAn = 0
since both products are just a single gas phasgespgivingAH = AU. The relative binding
affinity is very easily calculated just from theoduct peak intensities in a single five-minute
experiment.

The important assumptions are, however, thapteeexponential factors are equal and fiat
= Eg — Ea Using absolute reaction rate theory, the pre-expiaeactor of a reaction is related

to the entropy of activatiorASe;t, by:
KT (eR o7
= (ﬁ eAST R 5)

The assumption that the pre-exponential factorgqual corresponds to both reactions having
the same entropy of activatiéhis requirement is difficult to verify without@mplete

kinetics study, which is difficult in the gas pha%ais equal entropy of activation requirement is
only met if the normal vibrational mode of the bdutimer that corresponds to the reaction
coordinate leads to either of the reaction produst®ther way of saying this is that both
activated complexes need to have similar vibrationamal modes. In other words, the reaction
progress to both products has to be very simildrrant involve any significant rearrangments.
This requirement is rarely met. The assumptionMbt Eg — Eg requires that both reactions
have essentially zero activation energy for theklvaactions so that the activation energy is
essentially equal to the internal energy for treetien? This requirement is reflected in the
diagram in Figure 3 (no maximum in either of thedarct channels). Even though this
requirement sounds unlikely, in the gas phasddlbis of backwards activation energy is
probably not that uncommon, but it is difficultverify.



When can kinetic measurements be used to detertmermodynamic energies? Rigorously,
probably nevef.But, the Kinetic Method is very commonly used dases where the
information is not available in any other way. Hoee by doing this laboratory, you will
hopefully become more comfortable with the differes between kinetic and thermodynamic
measurements and have a deeper understanding dhe/itwo aspects of reactivity are so
disjoint. The results are also helpful in underdiag ion-pairing interactions, when the gas
phase results are compared to solution measurements

Collisionally Induced Dissociation (CID)

The Kinetic Method is designed for use with unincolar dissociation. The Agound dimer is
stable in the gas phase and can be isolated irsa amalyzer called an ion trap. Think of the ion
trap as a bottle for gas phase ions. The energhéunimolecular dissociation is provided by
increasing the kinetic energy of the ions in tla@tby applying a radio-frequency field. The trap
has a background buffer gas of helium at a lowguness The increased kinetic energy of the ions
causes more frequent and more energetic collisidgihshelium atoms that provide the energy to
dissociate the dimer.

Procedure

Prepare a solution of 1xtM tyrosine, 1x1d M glutamine, and 1xIOM AgNO; in 20%
methanol/80% water. Use only HPLC reagent graddamei and Reagent grade water (Milli-
Q). Use the instructions for the Direct Infusion dédfor the Agilent lon Trap SL (on the
departmental Instrumentation page) to determinerthgs spectrum of the mixture. Set the
syringe pump to 2QlL/min. Use a capillary voltage of 4 kV and a Compadstability of 10-
20% to avoid dissociating the Ag bound dimer. Isoknd fragment the Aglimer and
determine the ion intensities and branching ratée (instructions below). Use replicate
measurements to determine the uncertainty of yesults. Use two different collision energies
(Ampl values) in the range of 0.2 to 0.5 and coraghe results. Glutamine readily looseH
so two peaks will appear for A¢pound glutamine. Add the intensities of the twatginine
peaks to determine the branching ratio.

MSMS I nstructions

1.To do CID and MS/MS, start by clicking on the MB{ab in the control section.

2. Click on the “mouse maximum cursor” icon in thp icon bar. This icon shows a MS peak
with a red dot above the peak and a black arrowek®h the peak that you want to fragment. A
small, white, vertical arrow should appear on thesen peak.

3. Click right just to the right of the chosen peaid choose Isolate/Fragment.

4. In the MS(n) window, the mass of the chosen s&akild be listed in the first “Isolation
mass” dialog box. The strength of the CID is detred by the value in the Ampl dialog box at
the right hand side of this same line. Ampl is starthe amplitude of the added
radiofrequency. Change the Ampl value, typicallytia range of 0.2-0.8 to obtain the desired
level of fragmentation. A typical setting would laege enough to decrease the isolated mass
peak to about 20% of its starting value, but ndiasge as to completely remove the isolated
mass peak. The CID collision energy necessarydakbup a non-covalently bound complex is
significantly less than normally required to proddiagment ions in conventional CID
applications. So the Ampl value you choose wilirbéghe lower part of the 0.2-0.8 range.

5. Click on the All Off button when finished with $AMS.



Calculations and Report

Use the branching ratio to calculate the differeénc&g” binding affinities for tyrosine and
glutamine. We don't know the effective temperatarie source, so report your results as
AAH/RT. In similar literature based experiments tfieative source temperature is often about
900 K. CalculatdAH assuming a 900K source temperature. Use replidate to determine the
uncertainty in your final results.

Use MOE and the CHARMMZ2.2 molecular force figdd gas phase calculations of the
binding energie$or Na" and the two amino acids. Make sure to chooseattee ffield options
for gas phase calculations. Do two sets of calmriatone with the force-field charges and a
second set with charges using the Gasteiger (PE@HE)od (you might want to read the section
in the Molecular Mechanics Introduction on ParA&mic Charges). Compare your molecular
mechanics calculated results with the experimevatiles and the literature values for the' Ag
ion affinities® (As a quick check on your molecular mechanics @onétions, the Nato oxygen
distance should be near 2.6 A for bottygens in the carboxyl group.)

Review your earlier exercises in molecular meatsato refresh your memory on how to
interpret molecular mechanics calculations. Use yoolecular mechanics calculations to
determine whythe one amino acid binds more strongly than therot~ocus on the forces
involved. What is the chemical significance of teigeriment?

Follow up: 1on Association in Solution

The interaction of a cation with an anion in @gus solution is called ion-pairing, Figure 4. In
outer-sphere ion-pairing the ions share their seagnsolvation spheres. In solvent-separated
ion-pairing a single layer of solvent moleculesaapes the two ions. In other words, the ions
share their primary solvation spheres. Alkali-metaboxylate interactions are an example of
solvent-separated ion-pairing. Stronger ionic #téons result in contact ion-pairing, where no
solvent separates the ion-pair. The gas-phasedos-n this exercise most closely resemble
contact ion-pairing. The strength of ion-pairingprémarily dependent on the charge to size ratio
of the ions and not on any specific chemical @rbital) interactions.
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Figure 4. lon-pairing interactions. Solvent-sepaglabn-pairs have shared primary solvation
spheres.

On the other hand, the interaction of transitizetals with carboxylates is usually strong and is
best described as traditional Lewis acid-base noetaplexation. This type of "ion-pairing” is an
especially strong example of contact ion pairima pairing therefore takes on a range of



interaction energies, with outer-sphere ion-paitimgweakest, contact ion-pairing intermediate
in strength, and Lewis acid-base complexation ttumgest. The strongest Lewis acid-base
interactions are mediated through specific metathdtal interactions with the carboxylate acting
as a ligand. In the gas phase, ion-ion interacttwasiecessarily of the contact type, but the ion
affinities can be used as an intrinsic measuréefbility of an anion to interact with cations
through Coulombic forces.

Solvent-separated ion-pairing can play a roleatecular recognition. The effect on molecular
recognition depends on whether the ion-pairing ccouthe free guest or host or in the guest-
host complex. lon-pairing in the guest-host commax enhance guest-host binding. On the
other hand, if either the free guest or host expers ion-pairing, then ion-pairing can compete
with guest-host binding. For example, if the freest is ion-paired and the ion-paired counter
ion is displaced upon binding, then ion-pairingréases the guest-host affinity:

GuestNa" + Host — GuestHost + Na'

The relevance of this experiment depends on gount of view. Organic and physical
chemists interested in molecular recognition whatttends in Agion affinities to parallel the
affinities for Li" and Nd. Then the relative binding affinities can be usetbok for the intrinsic
ability of different ions to interact through Countb interactions. Inorganic chemists and mass
spectroscopists want Agon affinities to be strikingly different from tradkali and alkaline earth
metals so that relative binding affinities can bedito understand specific strong Lewis acid-
base orbital based interactions.
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