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Abstract: Chitosan and its derivatives have a wide range of applications in the field of enzyme immobilization. Understanding the
mechanism of the interaction between enzymes and chitosan derivatives at the molecular level is of great significance to the design and
application of related biocatalysts. In this study, molecular dynamics simulation was used to investigate the interaction of Candida Antarctica
Lipase B (CaLB) and oligo-chitosan (OCTS), and molecular docking of lipase and catalytic substrate was conducted to study the binding
conformation and affinity for the catalytically active centre of CaLB and substrate. The results showed that both electrostatic and L-J interactions
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between CaLLB and OCTS play important roles in the initial stage of the self-assembly process. After the simulation process, the CaLB-OCTS

assembly contained 14 OCTS molecules and 1 CaLB molecule. The electrostatic interaction and hydrogen bond interaction existed between

CaLB and OCTS. During the simulation, the L-J potential energy and Coulomb potential energy decreased by about 1480 KJ/mol and 2324.0

KJ/mol, respectively, with the average number of hydrogen bonds between CaLLB and OCTS increasing from 0 to about 17, and the accessible

area of both CaLB and OCTS reducing by 20 nm? due to the interactions. The analysis of secondary structure showed that compared to the free

enzyme, the beta-sheet content of CaLB-OCTS increased from 9.78% to 12.62%, and the content of random coil loop decreased from 49.21% to

46.50%. Moreover, the CaLB-OCTS retained its original protein skeleton structure and the conformation of the active site pocket.
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Vall54. 11e285+ Pro289. Lys290); H/U~j i (] 11b)
454 148 (5 Gly39.Thrd2. Serd7. Trpl04. Ala225);
B (B 110) 454 1148 (1 Asp134. Thr138. GInl57.
Tle189. Val190 ZH/%). Xftt CaLB-OCTS Al & CaLB
RIS, B IR A8 (1 PR 28 22 (3R T
0.31 nm, FHJRMLE G SIS FEALRE—3.

2.5 CalB 5 fcdy - S 1 M B 4 F 3¢

¥
2.5.1 CaLB-OCTS 5 &4 (4-FH I FATAZAEER
Be) staEvd Bak4 (XScore)

& 12 Y5 AERBEX R EHYIREY
Fig.12 A model of substrate docking with lipase

E: FEREAM 4P RS AR BREE

ST ZE 0~40 ns BifNJ5 CaLB-OCTS ZH %14t
ITINEEEALH, SR 5 R RN 3] CalB FVE LSS,
2 BRI HOEREE R, A BB 9
FCAR-SZ R S WIREE R, IR0 AIRTIZ 9 s St
1T XScore ¥F43, PO XRHEECAR-SZ AR 2 A4
R REHL LR E AT VRO, LRI R &
M, X 3 RS ER. SRR (4-THEA
PN SV TR R &Y, eI
SiEReINUE, FEEIREI, HIFRA REFM4S
HIRAE, HaRiEERNE SRS N-6.1
keal/mol. fE XScore vForH, PF5ri IS Mode 5
MR-l I 2 AW, il 5, 45& HE0N-5.1 keal/mol,
ZEEYN VDW RIFEHEEH HAERBE N 699.3, HB
Mk 5 EAMERMEEER N 1.7, RZ¥0H
5.89, FoR T ZIERY-HE AR R A S EPEDL K R]
FEME. N HTRY-ME R A RS A AR ),
ek Mode 5 52 54147 PLIP 1ER 1704 .
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%2 Vina WHELER
Table 2 Docking results

AR 1 2 3 4 5 6 7 8 9
F4aH/(kealmol) 6.1  -59 57 52 51 50  -48 47 47
rmsd L.b. 0 1.15 1.86 1.38 3.78 2.95 3.35 1.61 2.84
rmsd u.b. 0 1.78 4.38 3.20 7.59 5.20 6.14 2.52 5.24
%% 3 XScore FENLER
Table 3 XScore results
AR HOEREEY) st Bt 5 BREESITFS BOKTEAEEY
1 635.8 1.4 5.74 5.46 5.83
2 613.8 0.8 5.62 5.45 5.64
3 570.4 0.4 547 5.38 543
4 628.9 1.3 5.88 597 5.78
5 699.3 1.7 5.89 5.45 6.18
6 536.1 0.8 5.64 5.83 547
7 472.0 1.0 5.41 5.87 5.04
8 610.2 0.5 5.79 5.54 5.87
9 509.2 0.6 5.37 5.57 5.16
x4 BUKHN, B, r-PREFHEEER
Table 4 Hydrophobic Interactions, Salt Bridges, pi-Cation Interactions
ina A FIKER JEH  BAARRT 8 Rt
1 104A TRP 3.70 9 1535
2 134A ASP 3.87 20 2001
3 141A ALA 3.59 18 2112
KA 4 189A ILE 3.62 2 2788
5 190A VAL 3.96 22 2807
6 281A ALA 3.57 10 4122
7 285A ILE 3.58 3 4165
8 285A ILE 332 7 4164
i HA HILER AR S RT
HAR 1 224A HIS 24,25
n-Fa & T4 ZAE A 1 224A HIS 5,6,7,8,9,10

252 CalB b k4 afdE) 948 R J) o 47
(PLIP)
F 4 AR CaLB-OCTS & [ 5 45t
JE VR B e R - S AR B 153 H s 251
SCHRTT AT, CaLB LTSV A2 F—A =B A (B
Ser105. Aspl87 1 His224 ¥Ji). — MRS T
(Thr40 1 GIn106) PLAKIEMENRR (BELhA P4 (F
A Gly39. Thr42. Serd7. Trpl04. Ala225. Alal4l.
Leuld4. Vall54. 11e285. Pro289. Lys290); MEkss
A48 (1 Asp134. Thrl138. GInl57. Tlel89. Vall90
WD MR, ZRER, RPN CalB i1 1
8%, H 3L Trpl104. Aspl34. Alal41.11e189. Val190.
Ala281. 11e285 HIERM A FAEEE BiKIER, Bk

Thr40 {EASEAMES EY5+ ER TR B A
HAER . BeAk, JEME A OREE His224 52 8] B4z
TERERMAN 7-BHEF 200 . ISR, R 4-fH5Eok
SHEAEARRES 73T 1T #E CaLB HUMEALIE AL Ak ah &,
0% BEAE S5 A i R T B AR B B K AR F A ERE ) -
TR B GIEERIEAEH T
253 e

BT, 5RO, Woes AHATEY S E A A
HAERBI 30 15 AU FEAR X b . A il —
R

Safoura Salar 18T 73 I FHAUF B FT 1
AT £ 1 52 SR AR, S5 R B 18 (trypsin)
PIAREAER, BT AU 7L 7 A HAEH S B RMSD,
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Rg AR BRI, 15 BIEME A AR, &
BOSREFFAEMW . 2R, MEAEHE, trypsin
(I RARGE R A B . i 2™,

Mohammad Yahyaei XfLUWF9T | 52 RS TR
S IR 5 (1 (follicle-stimulating hormone, FSH)
(AR ELAE FH Z A AL LA 10 BRGHE R B 5T
RWESEREREAE K RE A 58 X Be B I B AR T
F. JHiF RMSD. RDF (4Z[a) 534 B H71 )« RMSF
TS EAEHREITRM, FERSE AR AR
xR A i e tEa Brest, (A mpLsva
FpE—B Al

FHELZ R, ASCNE A EREaHT. AHEAEH
REE MY TEPEA O T R BE T K, FEE
— Bl FHEEFR, ot T, MEAEH
X R MM RE S A PEISZIALE] - 24 OCTS 55 CaLB
Z IAJ B BRI, CaLB A1 OCTS 2 [al Al K&
AR B P DL K. CaLB-OCTS 2 (A [°F-#4 COM &
FEG. Btk Ah, CalB 5 OCTS 2 [l s%E
& CalLB S| [MEEEEE Mk b s in. 7Eix
A BB WILER B, CaLB 1 OCTS 2 [H] (5%
A L) A EAEEEEEREM. MG, SHMa
TER SR E S AHEAEFH EE R AR 5k
FHAEH . A AR SRR, IS H A
HAFHEERERERY E2H, Y BEE—eEE L
BRT /Ko TFEERAZRIMEEER, H5EA55HM0
FNARE -

3 Zig

AT TR FH 53-8 73 AU 5 VE I 9T R AR 22
FERER TG B SRR SRR AH B E AN e . #568
SMrFH], CaLB 5 OCTS I8 AN L-J A1 EAE
FTE BB RR I I Bold G SRR . Sl
ARG, BN R —r BRI /). fERET
1, 14 /> OCTS 7+ F5 1 /> CalB 73 FAHEEERK
CaLB-OCTS #H%%fk. WESE T CaLB 5 OCTS Z[alf]
LA AR A S BAR BAEH . H OCTS I LA CaLB
TR, BUR T #B4> CalB Sia A A, —
WLEFIR ], CaLB-OCTS 5Bl (CaLB) *tiEAH
b, CaLB-OCTS £H %% 14 B A B 51 1Y) sheet 5 2(12.62%
vs 9.78%) AL loop & (46.50% vs 49.20%)
b4k, CaLB-OCTS ZHAARLREA 1 H &A1) ET LA
TEPEAL AU R IR R IS CaLB-OCTS M5y
T5 4-THEA ARG AT X4, 1R Tk
IR T RS IR AR AR . S0HIE TR 4-fH SR
SRR TR AT 454 T CalB HVETELT A, Bk
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BPIRUL, KSR TR NE B AR A AR 2 B B AR
SERRNE ). TR SR BE VI /E CaLB-OCTS 2%
RR IR B IR IEAERIL, IXFh R - R e b
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