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Abstract: The analyses of the physicochemical properties and the construction of the phylogenetic tree for the eukaryotic
a-L-rhamnosidase CBM were performed using ExPASy website and MEGA 6.0 software, in order to analyze the function of CBM in the
CBM67 family of eukaryotic o-L-rhamnosidase located in the CAZy database. It was found that the eukaryotic a-L-rhamnosidase CBM can be
divided into three major classes, and most are hydrophobic proteins, with the number of amino acids in the range of 239~377, molecular weight
(Mr) in the range of 24540.58~40740.16 u, isoelectric point (pl) in the range of 3.93~8.74, total number of negatively charged residues in the
range of 20~29, total number of positively charged residues in the range of 6~33, total number of atoms in the range of 3415~5712, and average
hydrophilicity coefficient in the range of -0.077~0.377. The amino acid region of the eukaryotic a-L-rhamnosidase CBM in the CBM67 family
was determined by sequence alignment analysis using the ClustalX 2.0 program and the Espript website. Using the Discovery Studio 2019
software for homology modeling and molecular docking, the three-dimensional structure of a-L-rhamnosidase CBM consisting of 12 S-sheets
was constructed. The molecular docking with L-rhamnose revealed that CBM could recognize substrates through producing strong hydrogen
bonds and van der Waals forces with L-rhamnose, to promote the occurrence of enzymatic hydrolysis. These results will help us understand
better the structural basis and common approaches for CBM to recognize and bind to the substrate, thus, provide theoretical guidance for
improving the binding of CBM.
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Table 2 Physicochemical properties of CBM67 family eukaryotic a-L-rhamnosidase sequence

GenBank AEBMBEEIAN HFH2 pl (Asp+Glu) (Arg+lyS) RFEHK FREFHERK
ADX07288.1 239 2454058  3.93 20 6 3415 0.377
BAD16582.1 373 39224.07 5,51 27 22 5440 -0.005
BAD16580.1 373 39338.32 5.33 28 22 5472 0.032
BAD16579.1 373 39294.20 5,51 27 22 5455 0.013
BAD16583.1 373 39288.24 551 27 22 5460 0.023
BAD16581.1 373 39396.34 551 27 22 5469 0.019
AZM69085.1 377 39529.63  5.09 22 17 5523 0.193
AZM69084.1 377 40740.16 8.74 29 33 5712 -0.077
AZM69083.1 376 39539.09 7.63 27 28 5570 0.151
ADT89769.1 373 38984.27 5.33 22 18 5467 0.231
APD76300.1 377 39703.71 5.56 22 19 5534 0.158
ANC28062.1 374 38420.76  4.53 29 17 5357 0.039
X} CBM67 FIEIIEA% a-L-fR MR & AT BAD 16582.1. BAD 16583.1. BAD 16579.1), HigEZk
FIBACHE R AT R, X e 51 (i R R A T KARHBGT, JtHA BAD 16580.1. BAD 16581.1.
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il 6~33 v Ry S HE DY 3415~5712; Grand
Average of Hydropathicity (GRAVY)Z /K 171 2350
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Fig.1 Neighbor-Jioning phylogenetic tree of CBM67 family
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Fig.2 CBM67 family eukaryotic a-L-rhamnosidase sequence alignment results

Protein (Profiled-3D) {5824t
Table 3 CBM67 family eukaryotic a-L-rhamnosidase CBM
sequence homology modeling Verify Protein (Profiled-3D)

information statistics

Verify  Verify expected  Verify expected

GenBank score high score low score
ADX07288.1  76.33 108.56 48.85
BAD16582.1  91.32 170.03 76.51
BAD16580.1 113.07 170.03 76.51
BAD16579.1 87.58 170.03 76.51
BAD16583.1  88.83 170.03 76.51
BAD16581.1  99.00 170.03 76.51
AZM69085.1  91.50 171.86 77.34
AZM69084.1  78.13 171.86 77.34
AZM69083.1 104.01 171.40 77.13
ADTB89769.1 91.69 170.03 76.51
APD76300.1 118.02 171.86 77.34
ANC28062.1 106.03 170.49 76.72
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CBM B&EIR

& 3 CBM67 KikEAZ a-L-FRIHEEES CBM = EA TN Fig.4 CBM67 family of eukaryotic a-L-rhamnosidase CBM
#01 3wsn ERIFER R CBM 4514 and crystal protein 3w5n CBM superimposed icon
Fig.3 CBM67 family eukaryotic a-L-rhamnosidase CBM E: Red: 3wbn; Orange: ADX07288.1; Yellow: BAD
three-dimensional protein prediction structure and 3w5n 16582.1; Green: BAD16580.1; Cyan: BAD16579.1; Blue:
crystal protein CBM structure BAD 16583.1; Purple: BAD16581.1; Hot Pink: AZM69085.1;
E: a: BAD16582.1; b: BAD16580.1; c: BAD16579.1; Magenta: AZM69084.1; Gray: AZM69083.1; Dim Gray:
d: BAD16583.1; e: 3w5n, ADT89769.1; Forest Green: APD76300.1; Cornflower Blue:

L 3wbn fREE M CBM 1R AR 73 Xt 12 4% ANC28062.1.
7 4 CBM67 KikE% a-L-REHEHES CBM =ZHEZATUNLEMIF Swdn MRIAZE R CBM Z5HES RMSD (&
Fig.4 CBM67 family eukaryotic a-L-rhamnosidase CBM three-dimensional protein predicted structure and 3w5n crystal protein CBM
structure superimposed RMSD value
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#ZEW

BAD16579.1 17.38 0.59 0.67

BAD16583.1 17.37 0.50 0.62 0.47

BAD16581.1 17.36 0.66 0.38 0.78 0.68

AZM69085.1 17.87 717 7.18 714 7.17 7.18

AZM69084.1 17.13 5.74 5.73 5.75 5.73 5.76 8.31

AZM69083.1 17.72 4.32 4.37 4.37 4.36 4,36 542 6.44

ADT89769.1 18.31 6.65 6.67 6.65 6.65 6.67 3.16 7.86 4.67

APD76300.1 18.40 5.83 5.85 5.82 5.85 5.86 3.20 7.29 3.59 3.23

ANC28062.1 17.711 3.28 3.30 3.27 3.32 3.33 5.96 5.60 3.36 5.33 4.24
3wbn 14.30 13.79 13.81 13.79 13.79 13.80 10.27 14.19 12.42 10.03 11.21 12.91

26 CBM67ZRIxEZ o-L-FRFHEEEECBM 23

FRIFERER

5 CBM67 KIEEZ a-L-FRFHEEEE CBM &7 FRHEIREIRESE
DR
Table 5 Energy analysis data of CBM67 family eukaryotic
a-L-rhamnosidase CBM molecular docking model

o Clbr Ty ks nicion
ADX07288.1 -7.20 15.01
BAD16582.1 -6.52 15.66
BAD16580.1 -5.71 17.02
BAD16579.1 -9.58 12.29
BAD16583.1 -9.71 12.73
BAD16581.1 -8.78 1331
AZM69085.1 -4.49 18.04
AZM69084.1 -2.62 20.00
AZM69083.1 -11.90 10.03
ADTB89769.1 -10.04 11.95
APD76300.1 -10.30 11.49
ANC28062.1 -5.19 17.03
AGN92963.1 -11.07 10.64
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Fig.5 CBM67 family eukaryotic a-L-rhamnosidase CBM
molecular docking 2D structure
E: a: ADX07288.1; b: BAD16582.1; c¢: BAD16580.1;
d: BAD16579.1.
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