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Conformational Analyses for Hydrated Oligopeptides
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Jae-Ho Sim
Department of Advanced Material and Chemical Engineering, Halla University

2 o olgadlel Pl 189 AN FF A whg Fol JlRaE Wi oh)e Aedd 2 1T o
sjo] Aol A 7] ol ol aelol S ol Aol Fash =N L) 29

&

2G) 5EA mdle] Rl FEE(FEHE W) AEe] 729 AUAIE 471 Fejold WA (MEk-E43 = tt+, PPu%;

g-/th, PPu-frAHE; g/gt B A1 3; g/g)oll thatel BALYP/6-31G(d,p)E ©l-&3te] FAtsHAIRKQCO) ”“ﬂ o 43
Qo). 723 @,g} szvUV\ o] Z(DFT) 2. 24 B3LYPE AM8-319] 01, 7124 A (Basic set) 2= 6-31G(dp) =S 014‘10}015}
olv] = FAANH)E 2= LASHGOlA HER-2P3, PPy-frAHE, &ok-ubd @] 3717 Fel7h Aol om, i & &4
7} PPy-rAFE 3 Y3l d el A= CO-HN £7 lﬂ F2AF Atololl F2 4G AL, WEREFE-S covlel FAE ATk
3k LA9F Goll A PP-fARE el g & A7t e B 8kE Aol A 71 Qg A ellom, PPy Fejeld A= dojA|
2 gotrh LA tgk A dehd S e =] b Al FErt 5 PPygtal B vhE Ao A4 U o] 24
ol Aol Aol SR E= Fulold dAle] A H T Qg do] CO-HNS &4 W F4a27e] 4] oF e

S8 op|ial W NHy719) &4 oj ol A3 g3Fs e e & 5 ilth

Abstract The structures and energies of the anhydrate and hydrate (hydrate rate: h of 1) states of L-alanine (LA)
and glycine (G) were calculated by quantum chemical calculations (QCCs) using B3LYP/6-31G(d,p) for four types
of conformers (B-extended: ¢/y = t-/t+, PPy: g-/t+, PPy-like: g-/g+, and a-helix: g-/g-). In LA and G, which have
an imino proton (NH), three conformation types of [B-extended, PPy-like, and a-helix were obtained, and water
molecules were inserted mainly between the intra-molecular hydrogen bond of CO-HN in PPy-like and a-helix, and
attached to the CO group in B-extended. In LA and G, PPy-like conformers were most stable in the anhydrate and
hydrate states, and the result for LA was different from some experimental and theoretical results from other studies
reporting that the main stable conformation of alanine oligopeptide was PPy. The formation pattern and stability of
the conformation of the oligopeptide was strongly dominated by the presence/absence of intra-molecular hydrogen
bonding of CO--HN, or the presence/absence of an NH, group in the starting amino acid.
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Table 1. Anhydrate pentamer models

Molecular
weights

428.56
358.41

No Type Molecular formula

LA L-alanine pentamer CH;CO-[NHCH(CH3)COJs-NHCH;
CH;CO-[NHCH.COJs-NHCH;

G glycine pentamer
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Table 2. Dihedral angles designated for each conformation

No. Type(P/w) (xn/§n/yn)n=1-5(°)a
B B-extended(t-/t+) 177/-160/164

PPy PPu(g-/tt) -180/-60/140 [4]
P-like  PPy-like(g-/gt) -174/-85/69

a a-helix (g-/g-) -178/-72/-14

aThe(xn/q>n/1p,,)n:1,5 is the combinations of dihedral angles(t,)
repeated for the unit of (C*C-NC")/(CN-C’C)/(NC"-CN) bonds.
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Table 3. Hydrate pentamer models

Number of Hydration Locations of water,
water: Ny rate: h to O" of CO group®
6 1.00 0°0',0°,0,0',0°

“Each water molecule (HO-H) was located to an oxygen atom (O") of
CO group with d}m:l.SOA,

0" (n=0~5): CH;CO’-(NHC"CO'-NHC"CO*-NHC'CO’-NHC‘CO*-NHC"
CO%)-NHCH;
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Table 4. Energies(Ew, HF) of water molecules calculated
by B3LYP/6-31G(d,p)

N Ew(n)’ Ew(h)°

1 -76.4197 -

2 -152.8394 -152.8489
3 -229.2591 -229.2810
4 -305.6788 -305.714
5 -382.0985 -382.1482
6 -458.5182 -458.5824

* Number of water molecules.
° Energies of non-hydrogen bonded water molecules.
¢ Energies of hydrogen-bonded(linearly) water molecules

(do-0:2.71~2.85A).
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Fig. 1. Structures of L-alanine pentamers(LA) calculated by B3LYP/6-31G(d,p). Left and right figures show
the stereo oblique and chain axis projections, respectively. In right side, “P-like” of subscript mean
PPy-like conformer. Each hydrogen bond(---) in left figures is shown for CO/NH (intra-molecular
hydrogen bonds having 1.99~2.30 A of dom), CO/H,O(don=1.77~1.92 A), NH/H,O (dn.o=
1.84~1.96A), and H,O/H,O(du.o: 1.72~1.80A).
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Table 5. QCC results for L-alanine pentamers(LA)

h =0 (N,=0, anhydrate)

h = 1 (No=6, hydrate)

Designated ~ Optimized H-bonds" Formation energy Optimized H-bonds Association energy
type($/w) type[p/wAV(C)]  Neonn LAY E(HF) A type [PAr,AV()]  Neowst Neowo  L(A) E.(HF) E’
B (-t B [-160/169] 5 16.73 -1485.2273 0.00 B [-145/150] 5 6(1) 1645 -14853282  -12.7
PPy (g-/t) B [-160/169] 5 16.73 -1485.2273 000  P-like'-100/105] 0 6(5) 1516 -14853493  -153
P-like'(g-/g+)  P-like'[-84/68] 5 3.81 -1485.2351 098  P-like’[-108/110] 0 6(5) 1524 -14853574  -163
a (g/g-) a [-74/-11] 4 10.05 -1485.2334 077 P-like'[-106/14] 0 7(4) 10.84  -1485.3499  -154

* Neonn and Neono are the number of hydrogen bonds in CO/NH(intra-molecular, do.1:1.99~2.30A) and CO/H,O(dow: 1.77~1.92A), respectively.
The values in () are the number of hydrogen bonds due to the insertion of water molecules between NH and CO groups.

° L Non-bonding distances between N atom in N-end(NH) and C atom in C-end(CO).

¢ AE, AE,: kcal/mol/mu(mu: monomer unit). The AE and AE, values were calculated based on the value of {3 at h =0.

¢ P-like: PPy-like.
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Table 6. CPCM results for LA by B3LYP/6-31G(d,p)

e = 1.0 (gas) e = 78.39 (water)
Designated Optimized_structure Formation energy Optimized structure Formation energy
type ($/w) Type [dw,Av(°)] Neons®'® LAY E(HF) AE° Type [O/w,Av(°)] Necoann®  L(A) E(HF) AE°
B (1t B [-160/171] 5 16.73 -1485.2273  0.00 B [-158/162] 5 16.70  -1485.2562  -3.63
PPy (g-/t+) P-like [-84/68] 5 13.81 -1485.2351 -0.98 PPy [-69/153] 0 14.58  -1485.2440  -2.10
P-like‘(g-/g+) P-like [-84/68] 5 13.81 -1485.2351 -0.98 P-like [-85/66] 5 13.76  -1485.2607 -4.19
a (g-/g-) a [-74/-11] 4 10.05 -1485.2334 -0.77 a [-70/-17] 4 991 -1485.2691 -5.25

* Nconn is the number of hydrogen bonds in CO/NH(intra-molecular, do.s: 1.99~2.30A)
L Non-bonding distances between N atom in N-end(NH) and C atom in C-end(CO).
¢ AE(kcal/mol/mu) is energy per a molecular unit, and was calculated to E of (e = 1.0).

¢ P-like: PPy-like.

Table 7. QCC results for glycine pentamers(G) by B3LYP/6-31G(d,p)

h=0 (Nw=0, anhydrate)

h=1 (Nw=6, hydrate)

Designated Optimized H-bonds” Formation energy Optimized H-bonds” Association energy
type (P/w)  type[d/w,Av(®)] Neons L(A)°  E(HF) AE" type [D/w,Av(®)]  Ncomn Neomo LA’ E(HF)  AES
B (-1t B [-180/180] 5 16.88 -1288.6296 0.00 B [-178/179] 3 6(2) 16.78 -1288.7172 -11.0
PPy (g-/t+) B [-180/180] 5 16.88 -1288.6296 0.00 (Error terminated)
P—liked(g—/g+) P-liked[-81/62] 5 13.88 -1288.6351 -0.69 P-liked[-105/115] 0 6(5) 1538 -1288.7548 -15.7
a (g-/g-) a [-72/-35] 4 10.14 -1288.6340 -0.55 (Error terminated)®

* Ncomn and Ncoapo are the number of hydrogen bonds in CO/NH(intra-molecular, do:

1.99~2.30A) and CO/HO(do.n: 1.77~1.92A),

respectively. The values in () are the number of hydrogen bonds due to the insertion of water molecules between NH and CO groups.
°L: Non-bonding distances between N atom in N-end(NH) and C atom in C-end(CO).
¢ AE, AE,: kcal/mol/mu(mu: monomer unit). The AE and AE, values were calculated based on the value of B at h =0.

¢ P-like: PPy-like.
 The optimization encountered an “error termination,”
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and a water molecule was detached from the oligopeptide(see Fig. 2).
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Fig. 2. Structures of glycine pentamers(G) calculated by B3LYP/6-31G(d,p). Left and right figures show the
stereo oblique and chain axis projections, respectively. In right side, “P-like” of subscript mean
PPy-like conformer. Each hydrogen bond(---) in left figures is shown for CO/NH (intra-molecular
hydrogen bonds having 1.99~2.30 A of don), CO/H,O(don=1.77~1.92 A), NH/H,O (du.o=1.84~
1.96A), and H,O/H,O(di.0: 1.72~1.80A).
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Table 8. Conformation type(d/y, °) reported as stable conformer of oligopeptides in aqueous state

Calculation data

Experimental data

Present study Reported by other workers

Reported by other workers

Alanine pentamer trimer[17] 7, 14mers[5] 16-mer[18] heptamer[1] trimer[2,3] trimer [4]
by QCC, by MM, by MC, by CD, by NMR, by Raman,FTIR,CD, by NMR,
PPy-like PPy PPy a-helical PPy PPi: (50:50) PPii:3 (90:10)°
(-108/110, h=1) (-70/125~165)

Glycine pentamer trimerb[ 19] trimer[20]
by QCC, by QCC, by MD, QCC
PPy-like PPy-like a-helical
(-105/115, h=1) (80/-70) (-149/17)°

* Data in gaseous and aqueous(NMR in D;O)state, ¢p/y of PPy: -78~ -70/125~165, and ¢/y of B: -139~ -125/135~145

® Data in gaseous state
¢ by QCC(DFT)
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