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Abstract Conformational change during chain propagation of alanine oligomer was investigated by quantum chemical
calculation(QCC) using 2~5mers(*x=2~5) models. For estimation of the end group effects, two types of end group.
“amide type”’(CH3CONH- and -CONHCHj3) and “methyl type” (CH3NH- and - CONHCH3;), were prepared as both
ends(N-and-C). Conformers optimized for S5-mer converged to three types of /U : a-helix(gt/g+, or g-/g-),
PPII-like(extended helix-like, g+/g-, or g-/g+), and [-extended (t+/t-, or t-/t+), in the order of lower energy, and the
energies of left- and right- handed conformers were the same (5-mer. amide type AE= -1.05, right type AE= -1.62).
Energies of the monomer unit(AE) of a-helix decreased with increases of monomer.
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[Table 1] Alanine oligomer models (x = 2~5 mer)

Types of Restrictions for rotational directions
No. Molecular formula . .
end groups (1 designated for HN-C‘CHa)"
xAl amide CH;CO-[NHCH(CH3)COl:-NHCH; left handed ( 120°)
xA2 amide CH;CO-[NHCH(CH3)COJ.-NHCH; right handed ( -120°)
xM1 methyl CHs-[NHCH(CH3)COJ.-NHCH3 left handed ( 120°)
xM2 methyl CHs~[NHCH(CHs)COJ,-NHCH3 right handed ( -120°)
* The T values are the dihedral angles designated for HN-C°CH; bonds in the main chain having all trans  conformation.
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[Fig. 1] Example of specified structure (No :
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3A1-2 in Table 4).
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[Table 2] Energies(AE) and structures(¢un/wn). of conformers(A) converged for“amide type” of 2-mer models

Model Al (restricted with left-handed)

Model A2 (restricted with right-handed)

N AE Type N AE Type
0. () Gn,av Wn,Av Ol 0. (et Goyav Yn,Av O/
2A1-1 -0.28 8.6 -706 g+/g- 2A2-1 0 -1594 1629 t-/t+
2A1-2 0 1594 -162.9 t/t- 2A2-2 053 -86.7 -39 g/g-
2A1-3 054 -31.3 19 g-/g+ 2A2-3 1.10 -97.2 388 g-/g+
2A1-4 054 86.8 19 gt/g+ 2A2-4 191 746 -57.1 gt/g-
2A1-5 1.10 972 -38.7 gt/g- 2A2-5 270 65.0 225 gt/g+
2A1-6 192 -74.6 571 g-/g+ 2A2-6 370 262 24.1 g-/g+
2A1-7 2.70 —65.0 225 g-/g- 2A2-7 464 -141.4 -283 t/g-
2A1-8 370 26.2 -24.1 gt/g- 2A2-8 6.28 -1645 -56.2 t-/g-
2A1-9 465 1414 283 t/g+
2A1-10 578 -62.0 1318 g-/t+
2A1-11 6.28 1645 56.2 t+/g+

[Table 3] Energies(AE) and structures(®n/wn), of conformers(A) converged for“methyl type” of 2-mer models

Model M1 (restricted with left-handed)

Model M2 (restricted with right-handed)

N AE Type N AE Type

0. () Gnyay Wn,Av O/ 0. () o Wi, Av O/
2M1-1 =270 84.2 246 at/g- 2M2-1 2.9 -84.2 246 g-/g+
2M1-2 -1.76 130 -44.9 gt/g- 2M2-2 -2.38 -1119 405 g-/g+
OM1-3 -107 331 219 g+/g+ IM2-3 -198 1200 704 g/g+
OM1-4 075 776 176 a-/g+ OM2-4 185 58 381 gtg-
OM1-5 -069 1154 157 gt/g- IM2-5 113 780 1102 g/g+
2M1-6 -0.61 29.3 -16.3 t+/g- 2M2-6 -1.00 716 -176 g+/g-
2M1-7 0 166.2 -1479 tH/t- 2M2-7 09 -1154 1550 g/t+
2M1-8 0.25 1537 -170.0 tH/t- 2M2-8 -0.8 -129.3 16.3 t-/g+
2M1-9 0.66 439 1789 g+/t+ 2M2-9 -0.44 120.5 414 t+/g-
2M1-10 1.82 =737 1145 g-/g+ 2M2-10 -0.25 -166.2 1479 t=/t+
2M1-11 1.95 1788 392 t+/g+ 2M2-11 0 -153.7 170.0 t-/t+
2M1-12 367 -64.7 246 g-/g+ 2M2-12 0.35 -1255 -7 t/g-
2M1-13 383 -67.8 -56.2 g-/g- 2M2-13 041 -439 -1.1 g/g-
2M2-14 1.57 3.7 -114.3 at/g-

2M2-15 1.69 -1788 -39.2 t/g-

ND-16 342 64.7 246 gtg-

ND-17 358 678 56.2 gt/g+

ol A|(E: Hartree, 1 Hartree = 627.51 kcal/mol)¢} 2

A2 (1), AQAe|(CL), BSARME(Q, DM) 52

A3l =5 el thFig. 1 3

3. Z

at

aj

3.1 2ZA[2f vzt +F

Table 2 2 Table 30| z}2+2] Ld7]7} “amide type”

il

HE).

[

7} “methyl type” 2] 2| (x=2) <& 711 9
HE YRS Z42-9] Tableol A

gAA ] ERE

el A gHAE, keal/mu.)o] 2

» o2@A

LS I = =1

Ze A A
2 ol

1565

A 5, AT AR FAEITE AERES transAtE
(A ZFAE) el ek U] A5 Biem o] ()2 o]
Al B S9(mu)d AelvxE vERd

7}zke] gelo)ldaAe P FTHE ¢ 2 U 3
trans(t) B+ gauche(g) B0l 7123 2§02 FA|
stk Al AW 2 A Aol S 2wzt

(HN-CaCHs)& ¢4 sF4ATE Table 29} 39| ¢

o] 120° Y=ol oJst A Alof, LEZK] -120° %}Eﬁﬂ
o 98 ¢34 AlojE vpepdit}l. Z Tableol| A ek
uke} o] 120° oM FH3| A Wakgt/g-, t+/t-, or
g+/g+t)°] 314 Wekg-/g+, t-/t+ or g/g-) KT} ¢
ek s =



S| Eesl=EA) A16d A2E, 2015

[Table 4] Energies(AE) and structures(dn/yn) x of conformers(A) converged for“amide type” of 3~5 mer models

Model Al (restricted with left-handed)

Model A2 (restricted with right-handed)

AE T AR T

No. } Gy YnAv o jze No. Onav Wn,Av zp;:);e

3A1-1 031 %5 603 a/g- 3A2-1 031 %55 698 g /gt

3A1-2 0 1595 -1633 /- 3A2-2 006 780 %66 a/g-

3A1-3 006 780 89 g/g+ 3A2-3 0 -1595 1633 -/t

3A1-4 178 747 563 a/g+ 3A2-4 178 U7 563 g/g-

3A15 1% 1445 473 t+/g 3A2-5 195 1445 472 t/g+

4A1-1 061 740 116 a/a+ 4A21 2088 740 116 g /g

412 -0.33 84 692 gt/g- 4822 -033 854 692 g/g+

4A1-3 0 1595 1636 /- 4823 0 1595 1636 t-/tr

4724 027 48 144 g/

4A25 169 U7 557 gt/a-

5A1-1 106 715 136 g/gt 5A2-1 106 715 136 a/a-

5A1-2 036 8.3 688 gt/g- 5A2-2 -036 8.3 638 g-/g+

5A1-3 0 1596 -1638 /- 5A2-3 0 -1596 1638 -/t

5A2-4 161 746 553 g/g-
SHE -120° ddlA = 9314 WEto] ShA Stk el A Table 20 YeRd v} 2o “amide type” ol A& 3]
dehd S| 9lojA] s nkeke] AlojhHol Bl A BRI g+/g-B(2A1-1)°] oA Fto] -0.28= 71
sithe AS 93y, gt Fejol dAAZ e o™, "methyl type” Aol
A9 Felo|d A ] == Table 29} Table 3o 1} A& Table 33} 7o) 9849 g-/g+3(2M2-1)2 oY
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“amide type”oll A 19F1H tste], “methyl type”oll (2M1-1)0] 1o o]ofA] kA3t 25 YEFWTh gt/g-

ANE NEFE

Btk

(EE g/gnde el 24 Fre) Fe) 2EA 7

[Table 5] Energies(AE) and structures(dn/yn) x of conformers(A) converged for“methyl type” of 3 ~5-mer models

Model Al (restricted with left-handed)

Model A2 (restricted with right-handed)

No. @il) On,av Wn,Av (;‘}/’I;);i No. (k@f};:ll) Gn,av Wn,Av ;11)“3;1;2
3Mi-1 -1.92 84.8 -39.2 gt/g- 3V2-1 -0.90 -86.6 -76 /g~
3M1-2 -1.40 86.6 76 gt/g+ 3M2-2 -0.21 -111.0 29.1 g-/g+
3M1-3 -1.11 1039 -27 gt/g- 3VI2-3 -0.13 -805 96.4 g-/g+
M4 -0.71 111.0 291 gt/g- 324 0 -130.1 1585 t/t+
3MI-5 -0.68 80.5 -96.5 g+/g- 325 0.52 6.8 -30.1 g+/g-
M6 0 164.1 -1532 tH/t- 326 0.69 -112.7 1.2 g-/g+
3M1-7 0.02 -76.8 30.1 g/g+ 3Ve-7 1.40 52 -14 g+/g-
3M1-8 1.80 =740 95.7 g/g+ 3V2-8 38 -54.1 -455 g-/g-
3M1-9 249 -65.6 =457 g-/g-

MI-10 3.35 1711 454 t+/g+
4MI1-1 -1.55 85.0 -46.6 gt/g- AVR2-1 -1.07 -80.3 -112 g-/g-
4M1-2 -1.44 80.3 11.2 gt/gt ANR2-2 -0.38 -1375 1599 t-/t+
4M1-3 -1.21 92.6 39 gt/g+ AV2-3 -0.16 -81.7 89.4 g-/g+
4M1-4 -0.22 1069 -825 gt/g- AN2A4 0 -163.0 1%6.1 t/t+
4MI1-5 0 163.0 -15%6.1 t/t- ANVE2-5 0.74 764 -364 g+/g-
M6 185 7133 159 a-/gt NP6 07 675 231 g+t
M1 Y 764 31 at/gt A1 6 764 131 a/o-
SM1-2 -1.33 8.1 -50.7 gt/g- aMZ2-2 -1.33 -&.1 0.7 g-/g+
5M1-3 0 1624 -1578 t+/t- 5VI2-3 -0.9 -938 -149 g/g-
5M1-4 056 -76.0 399 g/g+ 5Vi24 0 -1624 157.8 t=/t+
5Vi2-5 0.06 732 237 g+/gt
SVI2-6 0.80 92.5 -49.1 g+/g-
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[Table 6] Energy differences(AEm,kcal/mol) between( x) and ( x-1) conformers

“amide type” end group

“methyl type” end group

o * left-handed right-handed left-handed right-handed

3 — — — —
“{g’ tﬁ/)“ 4 000 003 025 172
tvpe 5 000 0,07 025 321

3 — — — —
(Plfﬁf]gﬂ; g;g 4 000 002 -031 036
5 -0.12 -0.13 -031 036

3 — -

g+fg+’ g’gg’ 4 -1.00 249 025 375
¢ e 5 -157 506 -050 297

Z(PPIL: g—~/t+) ¢k AkebH, ol8gh 73271 o WHAE
zof| )-g3sh= g*/g*(“L g-/g-) @R} e A2 2
FANA JEPYE 54 Aafoln, Eahe] a4
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bl
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[Fig. 2] Relations between energies and monomer unit

number of conformers.(left-handed “amide

type”)
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[Table 7] Calculated data of convergent conformers for 5-mer Models.

o Type AE Dihedral angles (°) Average (n=h) CL DM

oW (o 9L WD g2 W2 93 W3 ¢4 WA g5 W x,  d W, LA® @°
5021 g/g- -105 638 -251 -623 -192 -634 -202 -609 -99 -R3 66 77 715 -136 1021 939
5A22  g/gt 036 -0 708 -89 60 -&B3 63 -&B6 683 -&B7 K7 -IB6 -3 688 1378 539
5023 t/t+ 0 99 1636 15 1639 1B 1642 17 1644 -1B3 1628 1767 136 1638 1667 387
SRl g/e- 162 -0 175 -630 -5H3 630 -191 -698 -107 -983 73 102 764 -131 1033 802
BR2  g/et 133 B2 01 W8 B8 B0 6717 BT 6B5 -&B7 86 -IB6 &1 507 1307 49
MR3 t/t 0 Bl 1350 164 1630 14 1638 17 1643 B2 1627 1768 -1@4 1578 1658 349

L is glven as distance between N atom in N-end group (NH) and C atom in C-end group (C=0).

"=

)1“

[Table 8] Intra-molecular hydrogen bonds in left-handed conformers of “amide type” (No = xAl-):
CH;CO'-[NH'C%(CH3)CO*-NH’C%CH5)CO*-NH’C*%(CH3)CO'-NH*C*(CH;)CO’-NH’C*(CH;)CO°]-NH’CHj

No Type Distances between H and O atoms located beyond ctunits : di-o(A,<3.0)
) /¥ Number of cunits: 1 Number of cunits: 2
2A1-2 B din-2(2.18), dy-03(2.17)
2A1-1 PPII like defo1(2.l4) d[{gf()z@.lz)
2A1-4 a dip-01(2.93) d-01(2.18)
3A1-2 B dr-02(2.18) dip-03(2.16) diz-04(2.16)
3A1-1 PPII like dip-01(2.11) diz-02(2.11) dru-03(2.12)
3A1-3 a drp-01(3.00) drz-02(3.00) di-01(2.17) di-02(2.26)
4A1-3 B dr-o2(2.17) dip-03(2.16) diz-04(2.15) dig-05(2.16)
4A1-2 PPII like dip-01(2.10) di-02(2.09) din-03(2.10) dis-04(2.11)
4A1-1 a dip-01(299), diz-02(3.00) di-01(2.17) di-02(2.24) dis-03(2.24)
5A1-3 B din-02(2.17) dip-03(2.16) diz-ou(2.15) dis-05(2.15)
dis-05(2.15)
5A1-2 PPII like dip-01(2.10) dis 02(2.08), dir-03(2.08), dis-04(2.10),
dis-05(2.11)

dis-04(2.22)
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