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Leu-enkephalin (Try-Gly-Gly-Phe-Leu) is an endogenous opioid pentapeptide with biclogical
effects similar to morphine. Researches on its structure and conformational analysis have been
reported in past few yearsi =%l however, most of the researches on leu-enkephalin have concerned
only with the crystal structure. Unlike another enkephalin — met-enkephalin, leu-enkephalin
hasn’t been fully studied by lots of conformational search methods. The global energy minimum
conformation may not be the bioactive form that binds with the opioid receptors, so, to scarch a
sct of low energy conformations with energy close to global miniomm are nesseary. In this paper,
an extensive exploration of the conformation space of Leu-enkephalin have been carried out. Two
kinds of MD (quenching and anncaling) methods were used for this purpose. The lowest energy
structure found with a distance — dependent dielectric constant was Gly — Phe @ I '-type turn.
Multiple fit have heen performed with morphine for all the low energy conformational domains.

1 Methods

In order to identify the low energy conformation, melecular dynamic calculations were per-
formed for this purpose with SYBYL/DYNAMICS option implemented on SGI workstation. Two
kinds of molecular conformation sampling(quenching and annealing)were used. In general, it is
believed that quenching covers more conformational space per CPU second. However, the confor-
mations generated by annealing usually have lower conformational energies [), An extended X-ray
structure of leu-enkephalin'® was first fully optimized using TRIPOS force field then was subjected
to MD quenching simulation at 1500 K. The dynamics were run for 10 ps in step of 1 fs with data
collection every 0.05ps. The temperature coupling time is 10 fs. The high temperature was chosen
in order to overcome high energy conformational barries. All the 200 conformations were fully
optimized using the TRIPOS force field ], when the energy gradient is lower than 0.005kJ-mol™*-
A~ the minimization has been stoped. From the 200 minimized structure, all those within 20
kJ-mol~! above the lowest energy were collected for low temperature quenching and annealing.
The low-temperature quenching simulations were run for 5 ps in step of 1 fs with data collection
every 0.05 ps at 310 K. The temperature couping time was 10 fs. AMD was carried out for
Leu-enkephalin using a distance-depedent dielectric constant £=r. The system was run at high
temperature for 250 fs followed by running at low temperature for 250 fs. Sampling was taken at
the end of each low temperature period. Ten intervals were set. The low temperature was set to
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50 K and several high temperature had been tried in order to find an appropreciate temperature.
The conformations collected from the low-temperature simulations and AMD calculations were all

optimized using TRIPOS force field, the criterium for termination of the minimizations is that the
norm of the energy gradient is smaller than 0.005 kJ-mol~1 A-'. All those within 20kJ-mol~!
above the lowest energy structure were chosen for multiple fit calculations with morphine.

Fig.l1 The atomic number of Leu-enkephalin
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Fig.2 Lowest energy conformers from
each of different conformational
domains obteined from the two
kinds of MD calculations
From left to right and from up
to down the domains are labled
as A,B,C,D.E,F.G,H,LIK]L. Of the
12 domains, domains C,D,E,G,H,J,
K obtained from the low temper-
ature quenching simulations. Do-
mains 4,B,F LL came from the AMD
calculations. All hydrogen atoms are
omitted for clarity.

2 results and discussion

14 different conformations were foun-
ded after the high temperature quenching sim-
ulations. The lowest energy was —22.426k]-
mol~!, which was dramatically lower than
the energy of the crystal structure which
was  35.058k]-mol~t, the low-
temperature quenching simulations did not
diminish the lowest energy efficently in our

However,

calculations, it dropped only 3.130kJ-mel™?t,
from -22.426 to -25.556kJ-mol~!. On the
other hand, the lowest energy of AMD caleu-
lation was 13.890 kJ-mol~! lower than that of
the lowest energy conformation obtained from
the high-temperature quenching simulations.
In order to find a more proper high tempera-
ture for AMD, several high temperatures had
been tested and 300 K was found as an ideal
high temperature in our system. All the con-
formations obtained from the two procedures
of low-temperture simulations and AMD were
optimized using TRIPOS force field and there
were only 320 having differences by at least
30°
used for uniqueness. The 320 conformations
could be grouped into 12 different structure
domains according to the rms of the superim-
pose of two conformations. The lowest energy

in one backbone, which is the criterion

conformer of cach domain was within 20 kJ-mol~! above the lowest energy structures. Figure
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2 shows the lowest energy conformer of each domain while their torsional angles are reported in
Table 1, the hydrogen bonds are listed in Table 2.

Table 1 The main torsional angles and distances of the lowest 12 conformational domains

Domain A B C D E F G H I i) K L
101 3 5-103.5 -223 -91.6-120.3-126.7 -0.2 -98.8-116.2-131.1 145.8 -80.0 117.3
wh 56 095 35 28 -0 14 67 16 18 13 TO 37 -2.2
Pz 6 7 69.6-147.3 -T1.8 -68.7 -37.2 -T6.6 -73.2 —46.5 -T71.3 161.0 -886 -T1.3
L1 T9 7.7 754 618 T75.6 -45.6 61.B "62.0 -31.3 63.9-164.T T.6 T3.3
L'y 7 910 3.4 24 40 -0} -6.1 -1.3 -34 1.3 0.3 5.0 6.1 4.3
g3 T 21011 730 663 49.7 T4.8 -TO.T 658 499 -TL.2 1421 7.7 -73.3 6T.05
Py 9101113 -57.8 -T1.1 -67.8 5B.9 6B8.9 -66.1 86.0 54.B 169.3 7T2.8 55.6 -T4.0
wy 12111314 -7.9 -0.1 -6.8 9.2 3.1 9.8 4.4 26 -2.1-180.0 0.4 2.0
g 11131415-143.1-134.4 -63.3-152.8 -6B.4-1343 -TD4 -T3.2 -T2.3-131.9 -TH.5-138.4
iy 13141517 36.0 46.0 —46.3 57.1 6B.0 205 -37.3 6B.1 676 49.1 672 399
wy 16151718 101 44 -66 36 3.5 -06 -23 34 11 -49 41 44
s 15171819 -146.8-164.8 -103.8-155.7-126.1-124.2 -T76.2-118.0 -79.0-141.2-120.5-141.8
s 17181920 -93.4 -36.1-135.4 106.7 -14.4 -46.9 115.8-123.6 —4.9-129.1-123.3 -21.1
x% 1 22223-175.1-175.7-174.6-168.3-179.5 B1.4-179.0 17B.1-163.T 67.9-179.4 -55.6
¥i 242322 2-106.7 797 T6.1 T75.3-133.0 146.5-108.5-117.2-103.% -B8.5-101.2 -86.0
¥513143031 57.2 -556 165.8-173.2-1174 643 719 -61.0 -60.0 —60.1 -60.3 -54.1
xa 14303132 99.7 -B6.7-132.6-107.7 -76.5 -83.2 B850 -76.1 -753 -95.0 -75.7 -8T.4
x}, 17183738 -64.7-173.7 -53.4 173.8 -54.8 -62.5-166.9 -53.9 -51.2 45.0 -54.3 -60.1
¥i 18373839 169.9 60.9-1T9.9 58,6 172.3 -52.6 175.6 174.4-176.5 63.7 173.4 168.6

o8 G R e
o €N & b

dl 1-29 7.821 V.915 T.680 7.71T 8.023 6.850 T7.754 T.761 T.889 6,129 T.8T6 6.223
d2 26-78 7.162 5.408 7.568 5.182 7.929 7.220 B.608 T.003 5913 T.057 6.51813.372
dd 1-T8 10.26011.85111.958 9.622 4.80411.011 9.909 5.10210.92910.371 6.589 7.802
dd4 1-T% 5.070 5.172 5.097 5.110 5.267 4.331 5.121 5.145 5.173 3.79% 5.154 3.824
d5 1-16 B.057 9.422 B.BI9 T.327 9.095 5.919 E.934 9.943 9.577 7.19611.096 5.845
Energy ~36.32-30.22 -25.56-22.65-20.73-12.31-17.98-15.03 -14.86-13.18 -11.66 -5.66
* Domains ABHIL were obtained from the AMD calculations. Other domains were ob-
tained from the quenching simulation calculations. The unit of energy is kJ-mol™'.

Of the 12 domains, A, B, C, F, L are G-F @ II * turn with varying hydrogen bonding patterns.
All of the 5 dornains have an interval hydrogen bond between Gly? and Leu®, A, C, L have 4 internal
hydrogen bonds. B has 3 internal hydrogen bonds. Domain F are stabilized by 5 internal hydrogen
bonds. Other domains are less structural bends. No domain has a G-Gg- I characteristic internal
hydrogen bond (a hydrogen bond between Tyr! and Phe?) just as some crystal structure has shown,
it is because the molecule in solvent has a different character from that in crystal form. Multiple
fit were carried out for all of the 12 conformers with morphine. The mutiple fit was involved 9
atoms: Nj, Oz, and seven atoms of phenol in Tyrj, since it is widely believed that those atoms
are important for recognization with opioid receptor %1}, Domain F was believed to be the most
similar to morphine since its rms was only 0.0421,

In this paper, two kinds of molecular dynamics methods quenching and annealing, were used
to sample the conformational spaces of Leu-enkephalin. Most of the domains obtained from the
molecular dynamics calculations are G-FF II' turn and domain F is the most similar to the
structure of morphine. We can draw a conclusion that a high temperature quenching combined
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with AMD is a better procedure to sample conformational spaces than the procedure of the low
temperature quenching after the high temperature quenching.

Table 2 List of the hydrogen bonds observed for the lowest energy conformational
domains obtained from quenching simulations and AMD calculations

Domain H-donor H-acceptor Distance Domain H-donor H-acceptor Distance

A Leu5(20) Gly2(44)  1.805 G Giy2(8) Phe4(50) 1.782
Gly2(8) Len5(50) 1,776 Gly3(12) Leu5(52)  1.815
Tyr{4) Gly3(47)  1.843 Gly3(12) Tyrl(61)  1.703

Gly3(12) Tyel(61)  1.690
: H Tyrl(4)  Gly3{47)  1.789
B Leu5(20) Gly2(44)  1.723 Gly3(12) Leus(52)  1.801

Gly2(8) DPhed{50) 1.783 Leu5(20)  Tyrl(61} 1.680
Gly3(12)  Tyrl(61) 1.676
I Tyrl(4)  Gly3(47) 1.800
C Leu5{20} Gly2{44) 1.882 Gly2(8)  Phed(50) 1.755
Gly2(8) Leub{52) 1.543 Gly3(12)  Tyrl{61} 1.6590
Yyel{4)  Gly3{4T) 1.812
Gly3(12}  Tyrl{a1) 1.674 J Leu5[20)  Tyrl(41) 1.860
Gly2(8) Leun5(52) 1.705
D Leud(21) Gly2(44) 1.851 Gly3{12) Tyel(61} 1.656
Gly2(8}  Phed(50) 1.813
Tyrl{4)  Glyd(47) 1.B75 K Gly2(8) Phed(50) 1.799
Gly3{12) Tyrl(61) 1.686 Gly3(12)  Leu5{52) 1.B70
Gly3(12)  Tyrl(61) 1.678
E Gly2(8) Phed(50) 1.843
Gly3(12)  Lea5(32) 1.740 L Tyrli4) Gly3[47) 1.843
Gly3(12)  Tyel(61) 1.674 Gly2(8) Phed(50) 1.842
Leus(20) Glyz(44) 1.835
F Len5{20) Gly2({44) 1.B04 Leu5(20)  Tyrl(42) 1.724

Gly2(8) Leu5(52)  2.246
Gly2(8) Phe4(50)  1.745
Gly3(12) Tyrl(61)  1.692

Fig.3 Domain F conformation superimposed on the erystal structure of morphine
Moultiple fit energy was 3.954kJ-mol ™', tms was 0.0421. 9 pairs of atoms were used for
maultiple fit: N1 with the N atom in morphine; 021 with the O in 2-cyclohexene-1-o0l of
morphine; the seven phenol atoms of morphine with the phenol of Leu-enkephalin.
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