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Abstract: In this study, a computational simulation was conducted in order to investigate the structural char-
acteristics of immunoactivity fragments of Dendrobium officinale polysaccharide (DOP) and the mechanism of
interaction with Toll-like receptor 4 (TLR4). Based on hydrophobic analysis of the TLR4 binding pocket,
DOP oligosaccharides were divided into hydrophobic fragment screening and hydrophilic fragment screening.
Molecular docking and molecular dynamics simulation were employed to analyze the structural characteristics
of the most powerful DOP fragments and their interaction mechanism with TLR4. The results unveiled a heptas-
accharide DOP fragment with the strongest activity, exhibiting a binding mode similar to that of classical sub-
strate lipopolysaccharide. The hydrophobic tetrasaccharide fragment was bound to the hydrophobic binding
cavity, and the hydrophilic trisaccharide fragment was bound to the positively charged region. In conclusions,
the potentially immunomodulatory DOP was composed of an acetyl-modified hydrophobic tetrasaccharide frag-

ment and a non-acetylated hydrophilic trisaccharide fragment, which mainly interacts with TLR4 through hy-
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drogen bonding and hydrophobic interaction.

Key words: toll-like receptor 4 (TLR4) ; Dendrobium officinale polysaccharide (DOP) ; molecular docking;

molecular dynamics simulation ; interaction mechanism
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Fig.4 Schematic diagram of the molecular library of hydrophobic
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Table 1 Docking results of hydrophobic fragment library

i bk 43743/ (keal/mol ) = 44T 43/ (keal/mol ) DU 4T 53/ (keal/mol )
1 M-2.M-2 -5.39 M-2.M-3.M-3 -6.86 M-2,3.M-2,3 . M-2.G -8.06
2 M-3.M-2,3 -5.12 G.M-2,3 .M-2,3 -6.71 M.G.M-2.M-2,3 -1.57
3 M.G -5.06 M.M.M-2,3 -6.34 M-2,3.G.G.M-2,3 -1.57
4 M-2,3.M-2,3 -4.83 M-2.3.M-2,3.M -6.12 G.G.M-2,3 . M-2 -7.35
5 M-2,3 .M-2 -4.83 M-2.M-2,3.M -5.94 M-2,3.M-2,3 M-2.G -7.02
6 M-3 .M -4.79 M-2 M-2.M -5.77 M-2,3.M-2,3.M-2,3.G -6.96
7 M-2 .M -4.76 M-2,3 .M-3.M -5.77 G.M-2.M-2,3.M -6.88
8 M-3 . M-2 -4.76 M-2.G .M -5.75 M-2,3.M-2,3M-2,3 .M -6.84
9 M-2,3.G -4.68 M-3.M . M-3 -5.75 M-2,3 M-3.M-2.G -6.84
10 G.M -4.62 M-2,3.G . M-3 -5.70 M-2,3 M-2 M-3.M-2 -6.76

TE:G 2 B-D-MEMH A ZHE s M 2 B-D-ME e H 55 8 s M-2 4y 2-0- LI HE-B-D-NHL I T #4  M-3 24 3-0- L BEFE-B-D-Mk i 1 g2 4% M-2.3 2 2.,3-2-0-
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Fig.5 Interaction between the optimal tetrasaccharide fragment
and TLR4-MD-2
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Table 2 Molecular docking results of the optimal heptasaccha-
ride and octasaccharide fragments

FrBt 2% XHEFT 43/ (keal/mol )
R M-2,3.M-2.3 M-2.G.G.G.G -8.2
JUBE M-2,3.M-2,3.M-2.G.G.M.M.G -7.89

% 2 F et/ B BOWHES T/ M-7.89 keal/mol,
B LW BOWHEFT 43 M -8.2 keal/mol . /\BE 5 TLR4-
MD-2 (255 e 055 HONBEXT 422 35 35 /K X 4k, 3 3 Xt
Fb-E A R BE A& B, 6 AT X PN |, 340 A B R 1T
P — 2l 5 SRk RS A X B 25 A R mi i T
FIEFMEE AR N K, s A fe TR it , £
Wik ot — 2B WF IR 8k B2 A1 Rt 2 B 5 TLR4-MD-2 [ 1 R
Y FHHLH
24 Sy SRR A R

hypE— 25T -E B A B TLR4-MD-2 1y ] g4
AL, X B8 S TLR4-MD-2 B ST 3 44T
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Fig.6 Comparison of two binding modes of heptasaccharides
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P DCHUAE A (18] 3 8 4 BT ) . 55 ZFhas G i
([ 6 T (e yy) , WUt R B[Rl AL T MD-2 ik H
A8, 3 AN EIRE A BEZE TLR4 L IE PRI P25 & IX 1] L
TEPE R TLR4 M7 A H 5 1 A A (151 3 A28 3 BT ) o
Hor S — R SR AN LA S FE R B T
W ] 70.8%, 5 2 MLRY) LPS Z5 SRR

T DA S R R DOP SEHE T Bt
55 TLR4-MD-2 (R FHALH , HEAT 455 A i BERI 2> 5%
SELSSRERTTR T SR IR 3.
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Table 3 Amino acid residues that contribute significantly to the

binding of the heptasaccharide fragment

Arg 90 -4.97 Leu 87 -0.37
Phe 121 -3.16 Glu 150 -0.32
Leu 78 222 Val 48 -0.29
Tle 80 -2.15 Val 82 -0.29
Phe 119 -2.08 Tle 32 -0.28
Ser 120 -1.93 Leu 54 -0.27
Tle 124 -1.86 Val 134 -0.27
Lys 58 -1.76 Gly 56 -0.24
Phe 151 -1.59 Tyr 79 -0.24
Leu 61 -1.58 Tle 46 -0.23
Cys 133 -1.55 Val 152 -0.22
Phe 440 -1.52 Thr 116 -0.21
Gln 436 -1.43 Leu 149 -0.20
Tle 52 -1.39 Lys 132 -0.20
Ser 118 -1.37 Tyr 131 -0.19
Phe 126 -1.14 Tyr 296 -0.17
Leu 60 -1.13 Tyr 295 -0.16

gR3I WNELEFREGFEERHHEEBRKE
Continue table 3 Amino acid residues that contribute signifi-

cantly to the binding of the heptasaccharide fragment

SRR I 5 HE DRk SRR 55 RE DRk

(kcal/mol) (kcal/mol)
Val 135 -1.08 Tle 63 -0.15
Ser 415 -1.07 Cyx 51 -0.15
Arg 264 -1.02 Thr 319 -0.15
Te 117 -0.87 Asn 77 -0.13
Tle 153 -0.83 Gly 363 -0.13
Phe 76 -0.82 Lys 122 -0.12
Lys 341 -0.76 Ser 438 -0.11
Glu 439 -0.75 Cyx 148 -0.11
Met 414 -0.66 Gly 123 -0.11
Gly 59 -0.58 Tyr 292 -0.10
Thr 413 -0.57 Thr 81 -0.10
Lys 362 -0.53

%3 B, F M DOP LB BL 5 TLR4-MD-2
AR AR B AE T, 45 4 BB ik £ -67.528 9 keal/mol .
XA o R pR IE A A RE TR B T X EESS &
FE TR SRR A TR LA 7.

v U
Y131 c133  Fi15s1 VI35

7 RIELIERES TLR4-MD-2 W8 EER
Fig.7 Interaction of the optimal heptasaccharide fragment with
TLR4-MD-2
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AT, K DOP ZEHE IS 73 R i 7K 7 B i a8 F1 2% 7K
R B PN o A X RN B ) AR R F
T 5 TLR4-MD-2 £ #5454 e J1 89 -L B DOP F B¢,
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