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Abstract 

Twenty-two conformers of the neutral tyrosine-glycine (TyrGly) dipeptide have been studied at 

the mPW2PLYP-D2/def2-TZVP level in the gas phase, in implicit solvent and with one explicit 

water molecule. Implicit solvation brings the conformers closer in energy, whereas explicit 

monosolvation significantly extends the range of stability of the complexes. Thus, interaction with 

a single water molecule preferentially stabilises some conformers over others. The most stable 

conformer in the gas phase remains the most stable in implicit solvation and explicit 

monosolvation, though the third most stable conformer in the gas phase is nearly iso-energetic in 

implicit solvation. The two most stable monohydrated complexes are based on the folded most 

stable conformer in the gas phase and only differ slightly in the orientation of the water molecule. 

The water molecule increases the foldedness of these structures by bridging the carboxylic acid 

group and phenyl OH.  

Keywords: tyrosine-glycine; monohydration; implicit solvation; dipeptide, density functional 
theory, double hybrid functional. 
 

1. Introduction 

Calculations on short peptides serve as a means of investigating the forces determining the 

structure of biomolecules. An accurate and detailed understanding of the conformational 

preferences of these small model systems may aid the structural biologist in, for example, the 

parameterisation of force fields for use in simulating proteins. In addition, calculations can help 

experimental chemists analyse their results. For example, whereas infrared (IR) spectroscopy can 

identify structural features of molecules, calculated frequencies and energetics for different 

conformers are crucial to convert IR spectra into structural assignments. However, the 

conformational energy landscapes can be rugged even for short peptides, with many energy 

minima arising from the interplay of various attractive and repulsive forces. Thus, a method is 

required to identify the most stable conformers of these flexible molecules. In 2006, Toroz and 

Van Mourik devised a hierarchical selection scheme, where a decreasing number of identified 

conformers is studied by an increasingly higher level of theory (starting with single-point HF/3-

21G(d) energy calculation as the low level) [1]. The conformers are sorted according to their 

single-point or optimised energy, and only the most stable conformers according to one level are 

taken through to the next level of calculation. The energy ordering of the final 20 conformers was 

based on MP2/6-31+G(d) single-point energies using B3LYP/6-31+G(d) optimised structures. 

According to this order, the first six conformers are folded and the next fourteen have an 

extended structure. MP2/6-31+G(d) geometry optimisations were performed for selected 

conformers.  



Subsequent studies revealed that neither MP2/6-31+G(d) nor B3LYP/6-31+G(d) are suitable levels 

of theory for optimising the conformers of TyrGly. Three conformers, with markedly different 

B3LYP/6-31+G(d) and MP2/6-31+G(d) structures (see Figure 1), were investigated in more detail. 

MP2/6-31+G(d) predicted a much more folded structure for conformer 6 [1]. By comparison with 

results obtained with local MP2 (LMP2 [2-5]) and LCCSD(T0) (local coupled cluster with single, 

double and noniterative local triple excitations) [6-9], and large basis sets (aug-cc-pVnZ, n = D, T, 

Q [10, 11]), it was shown that the folded MP2/6-31+G(d) structure of conformer 6 is caused by 

intramolecular basis set superposition error (BSSE), an artificial attraction, which is often large in 

MP2 calculations with small basis sets [12]. The B3LYP functional qualitatively gives the correct 

minimum, though the lack of dispersion in B3LYP calculations causes the potential energy surface 

to rise too steeply when the Tyr and Gly residues approach each other. B3LYP/6-31+G(d) and 

MP2/6-31+G(d) also give markedly different structures for conformer 4, differing in the value of 

the φGly Ramachandran angle (B3LYP: 180°; MP2: 74°) [1]. Calculating the rotational energy profile 

for rotation around the Cα-N bond revealed one additional minimum in the MP2/6-31+G(d) 

profile (but not the B3LYP/6-31+G(d) profile), at 290° [13]. Calculations with (local) MP2 and large 

basis sets (aug-cc-pVTZ/QZ) revealed that MP2/6-31+G(d) misses the 180°-minimum due to BSSE, 

whereas B3LYP misses the minima at ~80 and 280° due to the functional not describing 

dispersion. B3LYP/6-31+G(d) and MP2/6-31+G(d) also predicted qualitatively different structures 

for the most stable conformer, conformer 1, differing in the ψTyr Ramachandran angle (B3LYP: 

138°; MP2: 120°) [1]. Again, missing dispersion in B3LYP and large BSSE values in the MP2/6-

31+G(d) calculations were attributed to be the cause of the discrepant structures [14]. The 

importance of dispersion arises from the presence of the aromatic Tyr residue. Aromatic peptides 

therefore represent a significant challenge for electronic structure methods that in other 

applications might be unproblematic. An assessment of density functionals for intramolecular 

dispersion-rich interactions showed that, whereas B3LYP-D (B3LYP augmented with an empirical  

dispersion term) performed much better than B3LYP, the double hybrid functional mPW2PLYP-D 

delivered the best performance for predicting the potential energy profile for conformer 4 [15]. In 

the current study, we therefore employ this functional. 

 

Figure 1. Comparison of the MP2/6-31+G(d) (black atoms) and B3LYP/6-31+G(d) (grey atoms) 

structures  of the TyrGly conformers 1, 4 and 6 

The first experimental investigation of the structure of neutral gas-phase TyrGly was provided by 

De Vries et al. in 2011 [16]. They performed UV–UV and IR–UV double resonance spectroscopy on 

gas-phase Tyr-Gly, and assigned the resulting spectra to four extended conformers lacking a 

hydrogen bond (H-bond). The absence of H-bonding was evident from the hydroxyl stretching 

frequencies, while the assignment of extended conformers, made on the basis of vibrational 

frequencies calculated with B3LYP/6-31G(d,p), is in seeming disagreement with the MP2/6-

31+G(d) energy ordering, which predicted that the most stable structures are folded. However, 

when free-energy corrections at 400 K were added, non-H-bonded conformers emerged as the 

most stable [17]. Of the four most stable conformers at 400 K, two were not matched with 

conformer 1 conformer 4 conformer 6



spectra in the experimental study, but we argued that all four can be plausibly assigned to the 

experimental spectra.  

Gas-phase studies are fundamental for understanding the basic interactions in molecules. They 

allow distinction between the effects of solvent and the intrinsic properties of the molecule. 

However, in most biological situations, peptides and proteins will be in an aqueous environment. 

In the current study, we explore the effect of solvation through implicit solvation and explicit 

monohydration. Implicit solvation, where the solvent is treated as a continuous medium, is the 

easiest way of modelling the effect of bulk solvent. However, implicit solvation does not capture 

individual interactions such as hydrogen bonds between the solute and solvent molecules. 

Monohydration provides the first step from a progression of isolated molecules to explicitly 

solvated structures in the condensed phase [18]. In addition, residues buried in hydrophobic 

regions of proteins may experience an environment shielded from solvent [19], and discrete 

water molecules may be present. It is also known that isolated water molecules play a crucial role 

in the binding site of some proteins by stabilising the interaction between the protein and a 

ligand [20]. Water molecules have been observed deep inside rhodopsin, a member of the family 

of G protein-coupled receptors (GPCRs) [21]; these conserved embedded water molecules are 

thought to be important to GPCR function. It is therefore important to understand how isolated 

water molecules affect the structure and function of peptides and proteins. To study such 

interactions quantum-chemically, much smaller model systems are required. The current study on 

the hydration of the TyrGly dipeptide serves this purpose. It is part of a larger programme to 

understand the structure and stability, and the effect of microhydration upon these, of flexible 

molecules of biological interest. Previous work included joint experimental/computational studies 

on e.g. gas-phase and microhydrated adrenaline and noradrenaline [22-24].  

We are not aware of other studies on the hydration of the neutral TyrGly dipeptide. Hydration of 

the glycine amino acid has been investigated (e.g. Refs. [25-28]), but most of these studies treat 

glycine as a zwitterion or in its protonated state. There are also a number of studies on hydrated 

tyrosine in its zwitterionic or protonated form [29-31]. A review on gas-phase hydration of amino 

acids and dipeptides was published in 2014 [32]. Studies on the microsolvation of neutral 

dipeptides are available for the glycine dipeptide [33, 34] and alanine dipeptide [35, 36]. 

 

2. Methodology 

The structures of the 22 TyrGly conformers (the 20 originally identified by Toroz and Van Mourik 

[1], labelled 1-20, and the two additional ones identified by Holroyd and Van Mourik in the MP2 

profile [13], labelled 4-b and 4-c) were optimised in the gas phase using the mPW2PLYP double 

hybrid density functional [37] augmented with an empirical D2 dispersion term [38] and the def2-

TZVP basis set [39] and def2-TZVP/C auxiliary basis set [40], using Orca 4.0.1.2 [41, 42]. Note that 

in this version of Orca, the perturbation theory component of double hybrid functionals uses fully 

correlated MP2, whereas later versions use frozen-core MP2. The implicit solvation calculations 

employed the Conductor-like Polarization Continuum Model (CPCM) [43], using parameters for 

water as the solvent (dielectric constant ε 80.4; refractive index 1.33). Monohydrated explicitly 

solvated structures were formed by placing a water molecule close to hydrogen-bond donor or 

acceptor sites on the dipeptide (i.e. the peptide bond C=O and N-H groups, the carboxylic acid 

C=O and OH groups, the two amino hydrogens and the phenyl OH group), for selected 

conformers (conformers 1-7, 9, 11, 16, 17, 4-b and 4-c). The energies of the explicitly hydrated 



clusters were corrected for basis set superposition error (BSSE) using the counterpoise (CP) 

method. The CP-corrected energies were calculated according to Eq. (1). 

𝐸𝐶𝑃 = 𝐸𝐴𝐵
{𝐴𝐵}

(𝐴𝐵) − 𝐵𝑆𝑆𝐸 (1) 

Where 

𝐵𝑆𝑆𝐸 = 𝐸𝐴
{𝐴𝐵}

(𝐴𝐵) + 𝐸𝐵
{𝐴𝐵}

(𝐴𝐵) − 𝐸𝐴
{𝐴}
(𝐴𝐵) − 𝐸𝐵

{𝐵}
(𝐴𝐵) (2) 

Here, the subscripts denote the system (the monohydrated cluster AB, or the monomer 

fragments A or B), the superscripts in curly brackets denote the basis set employed (i.e. the 

monomer basis set {A} or {B} or the dimer basis set {AB}) and the attribute in round brackets, 

(AB), indicates that all calculations employ the dimer geometry.  

3. Results 

3.1. Gas-phase 

Figure 2 shows the structures optimised in the gas phase. Relative energies (in kJ/mol) are shown 

as well. In line with the structures previously optimised with B3LYP/6-31+G(d) [1], conformers 1-6 

are folded, whereas conformers 7-20 have a more extended structure. Conformers 4-b and 4-c, 

which do not exist on the B3LYP/6-31+G(d) potential energy surface [13], have a folded structure. 

The mPW2-PLYP-D2/def2-TZVP structures are qualitatively similar to the corresponding B3LYP 

structures. However, the folded conformers 1-6 are slightly more folded when optimised with 

mPW2-PLYP-D2, presumably due the inclusion of dispersion interactions. Taking the C(carb)-C1 

(RCC) distance as a measure for foldedness (after ref. [12]; where C(carb) is the C of the carboxylic 

acid group and C1 is the C to which the phenyl OH is bonded), this distance is 5.46 Å in the 

mPW2-PLYP-optimised structure of conformer 1 and 7.27 Å in the corresponding B3LYP-

optimised structure. Conformer 1 remains the most stable conformer. The four most stable 

conformers (conformers 1-3 and 5) are folded and contain an intramolecular OH•••O hydrogen 

bond. The relative energies and RCC values are collected in Table 1. The RCC values show that 

conformer 1 is the most folded, closely followed by conformer 3, which is very similar in 

structure. 



 

Figure 2. mPW2-PLYP-D2/def2-TZVP gas-phase structures of the 22 TyrGly conformers considered 

in this work. Relative energies are given in kJ/mol.  

3.2 Solvation 

The implicitly solvated structures of the TyrGly conformers are displayed in Figure S1 

(Supplementary Information). The relative energies of the implicitly and explicitly solvated 

conformers, as well as the RCC distances, are collected in Table 1. 

The structures remain qualitatively the same upon optimisation in implicit water. As an additional 

measure of the extent to which the dipeptide structure changed upon solvation, Table 2 lists the 

difference in energy of the solvated dipeptide, with implicit solvation or the water molecule 

removed, and the energy of the corresponding gas-phase structure. The largest differences 

(above 5 kJ/mol) for the implicitly solvated molecules occurs for conformers 7 and 4-b. In 4-b this 

is due to a slight change in the orientation of the carboxylic acid group, which brings the 

carboxylic acid C=O closer to the peptide bond C=O (O•••O distances of 3.38 vs. 3.48 Å). Similarly, 

in conformer 7, a slight rotation of the carboxylic acid side chain slightly increases intramolecular 

distances such as (N)-H•••N and carboxylic acid (C=O)•••H(-N) in the implicitly solvated 

structure. Figure 3 compares the relative energies of the implicitly solvated structures with their 

gas-phase equivalents. Conformer 1 remains the most stable in solution; however, conformers 2, 

3 and 5 are now within ~1 kJ/mol of conformer 1. Conformer 3, which only differs to conformer 1 

by the orientation of the tyrosine OH group, is essentially iso-energetic with conformer 1. The 

range of relative energies is drastically reduced upon implicit solvation and all but one (conformer 

4) are closer in energy to the global minimum than in the gas phase. The conformers that are 

particularly favoured by implicit solvation are the ones containing an intramolecular H-bond i.e. 

conformers 1-3, 5 and 13-20 (circled in Figure 3). However, there is evidence that implicit 

solvation models overestimate the stability of structures with intramolecular H-bonds [44], so the 

increased stability of these conformers may be an artefact of using an implicit solvation model. 

 

1 (0.00) 2 (3.74) 3 (3.44) 4 (8.38) 5 (4.48) 6 (8.98)

7 (10.92) 8 (10.65) 9 (10.65) 10 (11.10)

11 (11.25) 12 (11.27) 13 (6.79) 14 (6.85)

15 (6.81) 16 (6.96) 17 (10.40) 18 (10.69)

19 (10.37) 20 (11.06) 4-b (7.98) 4-c (9.47)



 

Figure 3. Relative energies of the 22 TyrGly conformers in the gas phase and in implicit solvation 

(relative to the most stable conformer 1). The circled symbols indicate the presence of an 

intramolecular OH•••O hydrogen bond. 

Relative energies, hydrogen-bond parameters, and RCC distances of all optimised monohydrated 

structures are included in the Supplementary Information (Table S1). The most stable 

monohydrated structure for each conformer is displayed in Figure 4. The names include the 

functional site the water was placed close to (see figure caption), though in some cases the water 

moved away from this site during the optimisation. The most stable monohydrated cluster is 

1_OH, where the water molecule bridges the carboxylic acid C=O and phenyl OH sites. It contains 

an additional intramolecular OH•••O hydrogen bond. Another cluster, 4_OHcarbO (not shown) 

optimised to a structure identical to 1_OH. The next most stable structure in Figure 4 is 4-

b_OHcarbH (ΔE = 11.56 kJ/mol). Here, the water molecule is interacting with three functional 

groups: the phenyl OH and the carboxylic acid OH and C=O groups. In several of the structures in 

figure 4 (4_OHcarbH, 6_OHcarbH, 7_OHcarbH, 9_COcarb, 11_OHcarbH and 4-c_OHcarbH) the water is 

located between the carboxylic acid OH and C=O groups. This is a common hydration site also 

observed for example in monohydrated structures of neutral glycine, tryptophan and 3-indole 

proprionic acid amino acids [25, 26, 45-47] and glycine dipeptide [33]. All other structures in 

Figure 4 are more than 20 kJ/mol above the global minimum. The TyrGly moiety in 1_OH has 

become more folded (see RCC values in Table 1) compared to the gas-phase structure at an energy 

cost of 7.05 kJ/mol (Table 2). The largest energy difference in Table 2 occurs for the explicitly 

solvated conformer 16. This is due to the insertion of the water molecule into the intramolecular 

OH•••O hydrogen bond, thereby disrupting it.  

 

4
-c4
-b

Δ
E

 i
n

 k
J/

m
o

l

conformer

Gas phase

Implicit



 

Figure 4. mPW2-PLYP-D2/def2-TZVP monohydrated structures. For each conformer, the most 

stable structure located is shown. Relative energies are given in kJ/mol. Also indicated is the 

functional group where the water was placed close to in the starting structure (OH = phenyl OH; 

NH = peptide bond NH; CO = peptide bond C=O; NH2-1/NH2-2: one or the other of the amino 

hydrogens; OHcarbH = hydrogen of the carboxylic acid OH; OHcarbO = oxygen of the carboxylic acid 

OH; COcarb = carboxylic acid C=O) 

The six most stable monohydrated clusters are shown in Figure 5. Three of these (1_OH, 4-

b_OHcarbH and 4_OHcarbH) are among the most stable for each conformer, displayed in Figure 4. 

Four of the six most stable structures evolve from conformer 1. Conformer 1_COcarb is nearly 

identical to 1_OH; it only differs in the orientation of one of the water hydrogens and is just 1.99 

kJ/mol less stable. 1_OHcarbO also only differs in the position of the water molecule, but is 12.23 

kJ/mol less stable. In these three complexes the water molecule bridges the carboxylic acid OH 

and peptide bond C=O functional groups. In 1_OHcarbH, the water molecule bridges the carboxylic 

OH and peptide bond C=O groups. As mentioned above, in 4-b_OHcarbH, the water molecule 

bridges three functional groups, whereas in 4_OHcarbH the water is in between the carboxylic C=O 

and OH groups. Thus, in all six most stable conformers the water bridges two or more functional 

sites. Such water bridges have been shown to play a crucial role in shaping the structure of 

flexible molecules [46]. 

1_OH (0.00) 2_NH (24.80) 3_NH2-2 (24.91) 5_COcarb (25.45)

6_OHcarbH (21.27) 7_OHcarbH (23.10) 9_COcarb (23.95) 11_OHcarbH (23.55)

16_OHcarbH (23.86) 17_CO (27.69) 4-b_OHcarbH (11.56) 4-c_OHcarbH (21.26)

4_OHcarbH (20.44)



  

Figure 5. The six most stable monohydrated TyrGly conformers found in this work at the mPW2-

PLYP-D2/def2-TZVP level. Relative energies are given in kJ/mol. See caption of Figure 4 for an 

explanation of the labels 

Table 1. Relative energies (in kJ/mol), relative to the most stable conformer 1 (1_OH for 

the explicitly solvated structures) and RCC values (in Å) of the Tyr-Gly conformers 

optimised in the gas phase and in aqueous solution. The explicit solvation values are for 

the most stable monohydrated structure for each conformer. 

 ΔE  RCC 

Conformer Gas phase Implicit Explicit  Gas phase Implicit Explicit 

1 0.00 0.00 0.00  5.46 5.68 4.32 
2 3.74 0.92 24.80  7.50 7.25 7.50 
3 3.44 0.05 24.91  5.70 5.69 4.92 
4 8.38 8.66 20.44  6.94 6.46 6.94 
5 4.48 1.04 25.45  7.50 7.24 6.49 
6 8.98 8.77 21.27  6.88 6.42 6.79 
7 10.92 5.33 23.10  9.47 9.59 9.46 
8 10.65 4.40   8.70 8.98  
9 10.65 4.32 23.95  8.70 8.98 8.73 

10 11.10 5.07   9.47 9.56  
11 11.25 8.33 23.55  9.53 9.52 9.54 
12 11.27 8.27   9.52 9.53  
13 6.79 1.24   9.17 9.27  

14 6.85 1.33   9.18 9.26  

15 6.81 1.63   9.65 9.65  

16 6.96 1.51 23.86  9.65 9.65 9.58 
17 10.40 3.96 27.69  9.50 9.51 9.19 
18 10.69 3.79   9.56 9.63  
19 10.37 4.03   9.51 9.50  

20 11.06 3.72   9.57 9.62  

4-b 7.98 7.53 11.56  5.78 5.85 4.17 
4-c 9.47 4.67 21.26  7.85 7.51 7.82 

 

1_OH (0.00) 4-b_OHcarbH (11.56)1_COcarb (1.99)

1_OHcarbO (12.23) 1_OHcarbH (15.17) 4_OHcarbH (20.44)



Table 2. Relative energy (kJ/mol) of the solvated 

TyGly moiety, with implicit solvent or explicit 

water molecule removed, compared to the gas-

phase energies. A positive difference indicates 

that the gas phase structure is more stable. The 

“Explicit” numbers are for the most stable 

monohydrated structure for each conformer 

Conformer Implicit Explicit 

1 3.59 7.05 
2 3.49 3.30 
3 3.35 6.05 
4 2.39 2.37 
5 3.49 3.29 
6 2.21 2.38 
7 5.54 2.44 
8 3.81  
9 3.92 2.35 

10 4.14  
11 1.69 2.37 
12 1.67  
13 2.76  
14 2.76  
15 2.49  
16 2.50 34.20 
17 2.78 -2.73 
18 3.14  
19 2.70  
20 3.12  
4-b 5.83 15.68 
4-c 1.23 2.42 

 

As a measure for how much the presence of the water molecule changed the structure of the 

TyrGly moiety, Table 3 lists, for the six most stable monohydrated clusters, the relative energies of 

the solvated TyrGly moiety, with explicit water molecule removed, compared the gas-phase 

energies. RCC values for the explicitly solvated structure, and for comparison purposes as well as 

for the gas-phase counterparts, are also included. In 1_OH, 1_COcarb, 4-b_OHcarbH and 1_OHcarbO 

the structures have become more folded (smaller RCC value compared to the gas phase), with the 

carboxylic acid group moving closer to the phenyl OH to trap the water between these two 

functional groups. In 1_OHcarbH, the carboxylic acid group has rotated, disrupting the 

intramolecular OH•••O hydrogen bond and opening the space between the carboxylic acid OH 

group and peptide bond C=O. This allows the water molecule to be inserted between these two 

functional groups. This change makes the structure more folded (smaller RCC value), but has a 

large energetic cost (34.13 kJ/mol). In 4_OHcarbH, the water molecule induces very little change in 

the TyrGly structure, as shown by the small difference in energy and identical RCC distance.  



Table 3. Differences in energy (kJ/mol) of the solvated TyGly moiety, with 

explicit water molecule removed for the six most stable monohydrated 

clusters. RCC distances (in Å) for gas-phase and explicitly solvated structures 

are shown as well. 

   RCC 

Conformer ΔE  Gas phase Explicit 

1_OH 7.05  5.46 4.32 
1_COcarb 6.72  5.46 4.35 
4-b_OHcarbH 15.68  5.78 4.17 
1_OHcarbO 14.63  5.46 4.41 
1_OHcarbH 34.13  5.46 4.52 
4_OHcarbH 2.37  6.94 6.94 

 

Table 4. Hydrogen-bond distances (R(H•••O) in Å) and hydrogen-bond angles (OH•••O 

in degrees) for conformers with an OH•••O hydrogen bond optimised in the gas phase 

and in implicit aqueous solution 

 R(H•••O)  OH•••O 

conformer Gas phase Implicit Explicit  Gas phase Implicit Explicit 

1 1.71 1.64 1.70-1.71  159 163 158-169 
2 1.73 1.63 1.70-1.74  161 164 161-162 
3 1.72 1.63 1.70-1.73  160 163 155-161 
5 1.74 1.63   161 164  

13 1.74 1.64 1.72-1.76  160 164 157-161 
14 1.74 1.64   161 164  
15 1.74 1.64   161 164  
16 1.74 1.64 1.73-1.75  161 164 157-161 
17 1.74 1.64 1.73-1.76  160 164 156-171 
18 1.74 1.64   160 164  
19 1.74 1.64   160 164  
20 1.74 1.64   160 164  

 

Table 4 lists the hydrogen-bond distances and angles of the conformers containing an OH•••O 

hydrogen bond. The hydrogen-bond distance decreases by ~0.1 Å upon implicit solvation and the 

hydrogen-bond angle increases slightly from around 160° to 164°. Thus, it appears that implicit 

solvation strengthens the hydrogen bond. This is in agreement with the finding above that 

implicit solvation appears to favour conformers with an OH•••O hydrogen bond. The values for 

the explicitly solvated complexes are closer to the gas-phase values compared to the implicit 

solvation results. 

4. Conclusions 

We optimised 22 TyrGly conformers in the gas phase, implicit solvation, and monohydration at 

the mPW2PLYP-D2/def2-TZVP level of theory. In line with previous B3LYP calculations [1], the gas-

phase conformers 1-6 are folded, whereas 7-20 are extended. The folded conformers 4-b and 4-c 

do not exist on the B3LYP/6-31+G(d) potential energy surface. Conformers 1-6 optimised in this 



work show a larger degree of foldedness compared to the B3LYP structures, presumably due to 

the lack of dispersion in the B3LYP calculations. These results confirm that functionals that do not 

describe dispersion, like B3LYP, are not suitable to study peptides containing aromatic residues. 

Implicit solvation brings the conformers closer in energy. Particularly those containing an 

intramolecular OH•••O hydrogen bond are stabilised, compared to the global minimum, by the 

implicit solvent, with a concomitant decrease in H-bond distance (by ~0.1 Å) and slightly more 

linear H-bond angles (by ~4°). Explicit monohydration considerably increases the range of relative 

energies. Conformer 1 remains the most stable conformer, with four of the six most stable 

monohydrated structures evolving from this conformer. In the four most stable complexes (based 

on the folded 1 and 4-b conformers) the water molecule bridges the two ends of the peptide (the 

phenyl OH and the carboxylic acid group), increasing the foldedness. The explicit water molecule 

induces conformational changes in the peptide. This has implications for understanding how 

discrete water molecules affect the structure and function of peptides. The results show that, by 

vastly increasing the range of stability of the conformers, an isolated water molecule may 

preferentially stabilise some conformers over others, and particularly, those that allow the water 

molecule to bridge functional groups. Interaction with a single water molecule may therefore 

induce a change in conformation and consequently function. Further investigation would be 

required to explore if this can be extrapolated to discrete water molecules in more complex 

environments. The current study focused on neutral TyrGly. Future work could concentrate on 

the progression from monohydrated peptides to full solvation, and the transition from neutral to 

zwitterionic peptides. 
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