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Abstract: In order to study the structural characteristics of all Aspergillus-derived a-L-rhamnosidase, 300 non-repeated Aspergillus
derived a-L-rhamnosidase nucleic acid sequences were collected using NCBI database and 21 of them were selected through evolutionary tree
selection. Through sequence alignment analysis, the 21 sequences are independently and reliably representative. Using bioinformatics tools to
analyze the physical and chemical properties, transmembrane region, and signal peptide, it was found that the isoelectric point (pI) of
o-L-thamnosidase derived from Aspergillus species was 4.66 to 7.17, and the number of amino acids, molecular weight and total number of
atoms fluctuates greatly. Ten sequences have signal peptide sequences, 1 sequence is twice transmembrane protein, and 21 sequences are all
hydrophilic proteins. The phylogenetic tree construction, three-level structure modeling and structure superposition show that these 21
representative sequences can be divided into two types. The first type contains one (a/a)s barrel structure and one f sheet structure at the bottom
of the barrel, and can be further divided into 4 sub-categories according to the number of additional f sheets contained; The second type has one
(a/P)g structure and S sheet structure surrounding the barrel structure domain. It elucidates the protein structure characteristics of
o-L-thamnosidase derived from Aspergillus, which helps to better clarify the common law of a-L-rhamnosidase and provide theoretical
guidance for the modification of this enzyme.
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1 NCBI 1291 B KRIE o-L-REEHEIZERFIIZIHTER
Table 1 Sequence statistics of a-L-rhamnosidase from 310 Aspergillus species in NCBI

GBS o ES HE
Aspergillus niger 22 Aspergillus nomiae NRRL13137 8
Aspergillus flavus 15 Aspergillus neoniger CBS 115656 8
Aspergillus steynii IBT 23096 14 Aspergillus uvarum CBS 121591 8
Aspergillus mulundensis 14 Aspergillus brunneoviolaceus CBS 621.78 8
Aspergillus oryzae RIB40 12 Aspergillus eucalypticola CBS 122712 8
Aspergillus nidulans 11 Aspergillus sclerotioniger CBS 115572 7
Aspergillus welwitschiae 11 Aspergillus ibericus CBS 121593 7
Aspergillus aculeatus 10 Aspergillus saccharolyticus JOP 1030-1 6
Aspergillus aculeatinus CBS 121060 10 Aspergillus terreus 5
Aspergillus homomorphus CBS 101889 10 Aspergillus glaucus CBS 516.65 3
Aspergillus piperis CBS 112811 10 Aspergillus heteromorphus CBS 117.55 3
Aspergillus thermomutatus 9 Aspergillus tubingensis 3
Aspergillus novofumigatus IBT 16806 9 Aspergillus alliaceus 3
Aspergillus vadensis CBS 113365 9 Aspergillus lentulus 1
Aspergillus japonicus CBS 114.51 9 Aspergillus candidus 1
Aspergillus costaricaensis CBS 115574 9 Aspergillus campestris IBT 28561 1
Aspergillus bombycis 9 Aspergillus kawachii 1
Aspergillus fumigatus 8 uncultured Aspergillus 1

Aspergillus fischeri NRRL 181 8

®2 21 FREMERFIINNERRERS

Table 2 The corresponding protein registration numbers of 21 representative nucleic acid sequences

2021, Vol.37, No.1

MBS FOIERS MEBERS EORERT
XM_001727082.1 XP_001727134.1 XM_026748155.1 XP_026603987.1
FR873475.1 CCB96437.1 XM_026748323.1 XP_026602627.1

XM_001395598.2
XM_001398901.2
XM_002383100.1
XM_002385006.2
XM_654718.1
XM_022542231.1
XM _022538567.1
XM 025655360.1
XM 026747695.1

XP_001395635.2
XP_001398938.2
XP_002383141.1
XP_002385047.1
XP_659810.1
XP_022403539.1
XP_022383582.1]
XP_025515427.1
XP_026603527.1

XM_026748328.1

XM_026749312.1

XM_026772831.1
XM _655143.1
XM_659441.1
XM_676642.1
XM_743517.1
XM_744823.1

XP_026602632.1

XP_026602402.1

XP_026628025.1
XP_660235.1
XP_664533.1
XP_681734.1
XP_748610.1
XP_749916.1
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XP 001727134.1 .[SS... KIDRL ..IPPT ATTNFA FFDVHID. VDWVTTHQAARLVRDYEYEARARALO SQHCOVFRVIL .NVATISWT RLEK. . . . BVET
XP_002383141.1 DF|GI... RGGFR GFQP|TH ALOTMY YTYN. ... RDWAR. . .|.|. LAISWAGKWNAQATDLY PIODANSLALL LGKFQASHD TLP YVRSSEXPS
XP 0013989382 DF|GK. .. RGGFR GFQP[TW ALQVMY YIYG. ... RDWAR. . GAELATWAG THTSRAEKLR PIODANSMALL LGKFQAGHS TLPFV . SAAKPS
XP 659810.1 DFIGL. .. RGGFR AFQP[TIW ALLATW YSILA. ... ADWGR. . AAFLAP YRIGNYTDLAS TLR PODANSMALA LKFKAAFR [.[. ... ... .
XP 749916.1 DF|GR. .. RGAFR TAAP[T|Q ALESLF WS|LS. ... ADWLR. . SLLLATTLN S[i|SR IS TILK POP GNAWALK LGRFATEF|T RLE . AEGVLVISG
XP 022403539.1 DF|GR... RGAFR TAAP[TIQ ALEALF WALS. ... ADWLR. . AQDLASTILH . WSS TAlS G oD GINVHA IK LGAFSTTFS ELvGAKGSLVISR
XP 748610.1 GSIFN. .. AHGFG HAGS[TIE MLPGEFF WAlHS. ... GDWN. .. LKQWLP YMAMYANRLOSLO SIOEANALRIL QN TRVDWS Flplp SPLKVEILISK
XP 330235.1 GVFR... RNGFE HTGS[TV MLPGEFF WAHS. ... RYWN. .. LSESIHLLRAKHTORLCELR SOEANALRIL JGATGVRWR Y{Lp AP LKRDMRE
XP 334533.1 GYFA... RGGIG FAHTQR PSTGLL AMIP. ... .| .[..... .| HAWA|TL QAD S S|TIR AL(S VSGFILLEALF RGS INAGWE VISlCO. . . .|.|. .
XP 001395635.2 GYFE... RGGTG FYNTNR QYAGYF AT[LPLIDD TTWTIRSATITGSAWATL QAESSIAALS LITGFLLERIM Q6P TOASHQ RIVPFATKSY|SIVD
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XP 026602627.1 HYRWE.. DCJYRE PMDMEV GVPRVID LIVTSTSN ARGNGTEG|LAPN|IKVIQ THREDAS S|GV SVTDIQGLITMP RILEATQVY TSNGTNEVLAVY
XP 025515427.1 NYLWE.. ELNAE PMDMLA GIPKVD LYVRANET .|. YNPKAN|ILPRTSV|S TWRHED(IK T[T QKSE[THVIT IP PMTHTARVT LIRRGENMVENYVY
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XP 002385047.1 WE[YP... AGTTV TDLENT NIMSVF REKAR. .. ADWVE. .AMARIANLIT RIYADLSHD|IR TIOTAQELALD .|GEARCEWQ RILP SVGRVNRISR
XP_681734.1 GMDTP. AGSET YGVY|SK KILDDIT YMEYMKTK GDHGR . . NVALMAKEL KETAWAERILY PlGT YDICTMVA Yl6L IKVREE VILPVGARVVRIGL

&2 &SRR 21 % o L-REFEHIBFIIRTFALS
Fig.2 Conserved sites of 21 a-L-rhamnosidase sequences from Aspergillus species
7 3 21 FHBEKRIE o L- R EBFIRIU M RTUN
Table 3 Prediction of physicochemical properties of a-L-rhamnosidase from 21 Aspergillus species
FORBRET RABEEA HTHEM pl  AsptGlu  Argtlys o ¥Fardssk  FAKTFHARK

XP_022383582.1 1002 108946.97 523 87 65 84.05 -0.21
XP_002385047.1 597 64834.38 6.06 58 49 74.25 -0.33
XP_002383141.1 677 74104.69 5.72 63 56 73.06 -0.36
XP_748610.1 813 88000.50 6.75 61 58 84.40 -0.06
XP_749916.1 676 73496.27 5.53 65 49 78.33 -0.13
XP_026603527.1 987 108281.80  4.76 111 71 82.92 -0.26
XP_026603987.1 836 94692.09 5.29 107 79 83.25 -0.22
XP_026602627.1 1032 113683.60  5.10 102 69 85.86 -0.18
XP_026602632.1 897 99371.45 541 100 75 84.69 -0.19
XP_026602402.1 913 101557.15 531 111 77 86.19 -0.14
XP_660235.1 568 63226.18 7.13 47 47 89.3 -0.05
XP_664533.1 556 61765.11 7.17 53 53 82.86 -0.21
XP_681734.1 914 103711.19  5.74 115 95 76.89 -0.36
XP_025515427.1 1004 110161.35  4.66 96 54 84.98 -0.12
XP_026628025.1 790 89377.3 5.38 93 74 79.24 -0.26
XP_022403539.1 653 70862.73 5.44 60 48 76.85 -0.22
XP_659810.1 1084 117482.61  5.08 99 72 75.80 -0.23
CCB96437.1 861 95204.68 4.76 111 66 76.69 -0.35
XP_001395635.2 828 89253.61 5.05 70 50 77.87 -0.12
XP_001727134.1 797 90189.03 5.56 97 77 81.97 -0.26
XP_001398938.2 704 77035.68 492 69 47 71.36 -0.30
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Fig.5 Phylogenetic tree of 21 Aspergillus derived
a-L-rhamnosidase protein sequences
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Table 4 Prediction results of signal peptide
EFORAZRS  THKE Res ARl TR
XP 0013956352 098 22and23 IGA-QR 0.50
XP 001398938.2  0.78 22and23 VCG-TD 0.19
XP_022403539.1 098 19and20 SQA-GK 0.85
XP_002383141.1 099 25and26 ARA-AK 0.96
XP_022383582.1 1.00 19and20 GIA-AD 0.83
XP 0255154271 085 19and20 VWS-VG 0.53
XP_659810.1 099 18and19 ASA-GR 0.82

XP_026602627.1 099 19and20  GIA-FP 0.50
XP_026603527.1  0.78 22and23 IVA-SK 0.24
XP_748610.1 095 20and21 GRA-TI 0.54
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Table 5 Verify3D modeling scoring table
BORERST Bow% RAaRERST F5H%
XP_001395635.2 88.1 XP_002385047.1 88.4
XP_001727134.1 80.57 XP_022403539.1 81.7
XP_660235.1 86.4 XP_659810.1 84.45
XP_748610.1 83.2 XP_026602402.1 88.18
XP_022383582.1 84.3 XP_026602627.1 82.5
XP_025515427.1 82.11 XP_026602632.1 98.14
CCB96437.1 99.07 XP_026603527.1 83.5
XP_001398938.2 81.5 XP_026603987.1 80.0
XP_002383141.1 88.16 XP_026628025.1 82.66
XP_749916.1 85.97 XP_660235.1 82.2
XP_681734.1 84.2
XF 21 25BN EERIE o-L-FRASHEH BRI 8 1 55
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KU o-L- R EWEEM ] 5 AW KK (F 6)
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XP_026602402.1. XP_022403539.1. XP_659810.1
XP_001727134.1. XP_026602632.1 XP_026603987.1+
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Table 6 Structure classification table

FaOmERT Pt B A FaOmERT RS
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XP_749916.1 —KEFH = XP_026602402.1 F—REFE
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Fig.6 Two kinds of superposition graphs of a-L-rhamnosidase
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Fig.7 Four subclasses of the first class of a-L-rhamnosidase
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