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Abstract: In order to analyze the conserved regions/and Al
family 78 (GH78), 87 sequences of GH78 fungal a-L-th osidases:were collected and compared by ClustalW2 software. In addition, the
conserved amino acid sites and the common conserved regions of GH78 fungal a-L-rthamnosidases were obtained by Block Maker. Meanwhile,
the signal peptide was predicted by SignalP.4.1 Server. Besides, the genetic distance and the phylogenetic tree of 87 sequences were constructed
by MEGAG6.0 software. Although the amino acid sequences of fungal a-L-rhamnosidases had various lengths, all contained three conserved
regions, including AHGWSTGPTY;VTLDTGQNVAG and NELSIPTDGAKRD, as well as a number of conserved amino acid sites. Moreover,

29 sequences contained signal s. The genetic distance between the genera was from 0.7 to 48.5, and the genetic distance of interspecies

. Interestingly, it found that the phylogenetic tree of the phylogenetic system was not clustered by the source of the

strain, but wh‘r the extracellular enzyme was clustered. In this study, the conserved region and evolutionary relationships of GH78

a-L-rhaé)sida
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were analyzed, which laid the foundation for engineering modification of a-L-rhamnosidase.
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Table 1 The protein sequences information of GH78 fungal a-L-rhamnosidase

4.1 Server

%

ghborJoining ZFEFEALH

genus species number GenBank accession NO.

CAK49119.1, CAK96693.1, CAK43781.1, AGN92963.1,

Aspergillus niger
CAK43282.1, CAK97320.1, CAK46278.1, CAK39248.1, CAK38995.1

CCB96437.1, ABF50852.1, EAA67087.1, EAA65188.1, EAA62978.1,
. Aspergillus nidulans 9
Aspergillus EAA62466.1, EAA61403.1, EAA59988.1, EAA57680.1

BAE66403.1, BAE65861.1, BAE63199.1, BAE63198.1, BAE60295.1,

Aspergillus oryzae 10
BAES58354.1, BAE58123.1, BAES6658.1, BAE56341.1, BAE54925.1

Aspergillus aculeatus 2 AAK16249.1, AAG13964.1
BT
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HEER
Aspergillus kawachii 1 BAF98236.1
Aspergillus terreus 1 AFHS54529.1
Ponicill Penicillium rubens 5 CAP83098.1, CAP83097.1, CAP91891.1, CAP91236.1, CAP79677.1
enicillium
Penicillium chrysogenum 2 BAU45349.1, BAU37009.1
CCT76033.1, CCT75869.1, CCT75250.1, CCT75039.1, CCT75036.1,
Fusarium fujikuroi 9
CCT73942.1, CCT71937.1, CCT68213.1, CCT62249.1
Fusarium
CEF76152.1, CEF76149.1, CEF76201.1, CEF88112.1, CEF86884.1,
Fusarium graminearum 7
CEF88666.1, CEF85655.1 |
CCD42947.2, CCD56434.1, CCD55451.1, €CD52401.1,
Botrytis Botrytis cinerea 8
CCD52340.1, CCD50488.1, CCD44503.1, €CD34287.1
Orbilia Arthrobotrys oligospora 5 EGX54175.1, EGX51590.1, EGX50846.1, 4245. 44008.1
Komagataella Komagataella phaffii 2 CCA41154.1, CAY712
Yarrow Yarrowia lipolytica 2 CAGS81231.1, XP 503039.1
Debaryomyces Debaryomyces hansenii 1 y E!AGS
Magnaporthe Magnaporthe oryzae 2 XP_OO3W36‘O’, _003712802.1
Leptosphaeria Leptosphaeria maculans 1 CBY00141.1
Alternaria Alternaria sp. 1 AFA41507.1
Xylaria Xylaria polymorpha 1 . AFAS53086.1
Pseudogymnoascus ~ Pseudogymnoascus destructans 1 AFD32790.1
Mpyceliophthora Myceliophthora thermophila 1 AEO055772.1
AAW44459.2, AAWA42008.1, AFR96797.2, FR94105.2, FR93595.1,
. . Cryptococcus neoformans 6
Filobasidiella DV19373.1
Cryptococcus gattii w& ADV19373.1
240 250 260 270 280 540 550 560
AGN92963.1 . SSTLTD|GAK[R]. [PRL|VWP[GD) ALESVAVSTEDLYS[V]. .RTA[T]ES[T]YAL[QJKAD . RV[EHAMGWSTGPTSA[T|TIY[TAGL]. .
BAU45349.1 . DT 1V|D|GAK|R|. DR A[VIW]P|GD! AVPSAFVSLGDLES|V|. .KSA[LIQIMYNT|QINKT . YV|S|HAHGWSSGPTSA|LITEY[VVGL]. .
BAU37009.1 . SSTITDIGAK|R|. [pri|viwlp|GD ALETIAVSTGDLYS|V|. .RTA[L|ES|L|FVL|QJKSN.  RV|S|HAH|/GWSTGPTYA|L|TAY|AAG 1], .
CCT76033.1 FLSVPT|D|ICPQRID|E RL{GIW|T|GD FGPTGCLIYDCFGI|L|. KNW[L|ID|L|AFD|Q[DVL . MT|S|F N[HIY AFGA TAKFMIYER|AAGL]. .
CCT75869.1 M FDGYS|D|CPFlY|. [EoL]gY|s|aD VGLFHY LLSGDDRLM|. .RQT|I|TN[F|AAS[VITPE .  QR[S|D CHAWGSVPIYE[Y[CTE[AAGL]. .
C€CT75250.1  MQTVFE[DIGPRIR|. [0RR|L|W]1|GD|LR|L|QALANY STFRDENL|V|. .KRC|L|FQ[F|AAV[RINAD .  NN[S|WC|H{AWSCTPTYL|L[RTT[RRET|. .
CCT75039.1  MHDCYE[D[CP F[V]. |[FOL|ofY[AMD|TR|S|SCLFTYHVSGDDRLAl. .RQA|I| 1Q[L{HSS|FloPR .  HR[S|DClH{AWGSAPIYE[F[LAE[AAG . .
C€CT75036.1 P ADTIV|DIGSRIR|. [oR 1|A|Y[T|GD|LDV|ALSSTYASTYGKSFV|. .EGS|L|DL|L|GSY[0[ATP .  1T[S|L ClH{GWASGPTAE|L[SRH|LLGV|. .
CCT73945.1 K LACI I|D|GAK|R|. [DrAlS|FlGIGD|AF[V[TGRS1AYSTADFEAW. .KGT|1]|QL|L|LsH[O[NKEG  DV[s|L aln{ws swPVFL|LPRY[vAGY]. .
c€CT71937.1  F LS 1PT|p[cPQR[plERL|GIWTIGD|L AIL|FAPTATY 1YGCYPI|L|. .RDW|L|KG[V|WFD[O[QRQ .  MT|S|F N|H|Y A YGA I AKFMVER[AAGL. .
CCT68213.1  F LS 1PT|D[CPQR[DIERL|GIWT|GD|1 AlL|FAPTATFLYGCHGI|L|. NDW|L|KG|L|HYE[Q[KKR .  DTS|F N|H[Y A YGAVAKFMVER[AAGL. .
CCT62249.1 L GTVCL[D|GPKR|. [DRLVWL|GD|F Y[H| TSR 1 1GASTGGFNY|T|. .RGT|F|DF|L{LQT|O[1RS . FT|S|L GlH|PWGGAATYI|L|ITEW[SSGL]. .
CEF76152.1  F 181 PM[DCPQR[D|ERL|GMWT|GD|AH|L|FGPTANYLYN TAGFW. .RGW|H|RD|L|ASE[AlASD . HT[S|F Ni|Y AYGSVAQF|LHET|GGG L. .
CEF76149.1 MHDCYE[D[CP Y] |E 01|l v[aMD|TR]S|SCLFTYYVSGDDRLA|. .RQA|1|TO[L|HNS|[FloPR . HR[s|DClHlawaGsaP1YA|F[LAD[AAG 1. .
CEF76201.1  F LS 1PT[D[CPQR[DIERL|GWT|GD|AH[A|FCPTSNYLFD TASFW. .KSW|H|RD[VIWSEMS IND  MT|S|F N|H|Y S FGS VANWMHQV|GGG 1], .
CEF88112,1 1 FAACL[GPKR|. [ory|([WLjcp[yvH|TSRT1GVSTS RFDUQ|. .RGT|F|ES|L[1pT|[O[NED.  FT[s|LGlulPwGGAATYV|L|[TEW[AAGL. .
CEF86884.1 P LDTIV[PGSRIR|. [or1|AlY[s|GD|LD{1|A1SSTFASTYGKSHV|. .EGs|L|DL{v[Gsy[o[TTA.  FT[s|LclHlGWAAAPTAE|LIVEW[LLG V. .
CEF88666.1  Q FPCI 1[DJGAK[R . [prals|ElGIGDIAFIV TGRS 1AYSTTDFOAM. .KGTlQLIL 1sHO/TKDG  DV[S|L VH|GWSTWPVFL|L|PRY|AAGY]. .

Ny \

B 1 GH78 FIREE o-L-REMEHERTAS

Fig.1 The conserved amino acid sites of GH78 fungal a-L-rhamnosidase
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WA REBEAZ L IVER, 2058 AR A SR 2N
AN TG B WRHRFE Trp747 M Trp640; 20K XM kS5 Ky v,
L E A RARSL, KRIL AspS67. AspS72. Asp579
Je Glu841 o T B AT F M) o IX LEAH B RVE ) o-L-
B L A A A 5 P P ) DR R R AT A, TEORSEAL
ROTHTHR AR, XN LT o-L- A LS
5 DhReZ B RS T —EMEH.
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RS M R IR P ) R =3 M B S v T A [X ek
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Fig2 Thet ons:erved sequence spectra of GH78 fungal
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K2 GH78 RIEEE o-L-REREHEFYINEEERIES
Table 2 The genetic distance of intergeneric of GH78 fungal a-L-rhamnosidase

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1
2 6.9
3 6.6 7.0
4 6.7 7.8 8.2
5 5.4 6.1 44 6.6
6 54 6.0 4.5 7.1 1.2 | 4
7 53 59 4.2 7.1 0.7 1.1
8 59 5.8 43 7.6 34 3.7 34
9 5.6 55 4.0 7.0 4.5 47 41 2.8
10 4.9 5.6 35 6.6 1.6 1.6 1.5 29 32
11 5.0 59 72 3.8 6.4 70 71 7.8 7.8 6.8
12 173 171 241 62 102 69 116 308 485 173 ﬂ.O
13 5.0 5.0 35 6.8 39 45 3.7 3.0 23 29 M2 ™
14 6.9 6.6 8.5 9.3 6.5 59 62 6.4 6.1 54 55 /7280 59

15 6.0 6.8 6.2 7.2 43 4.1 42 5.4 5.1 4.0 55 277 49 64

VE: 1. Aspergillus; 2. Fusarium; 3. Botrytis; 4. Orbilia; 5. Komagataélla; 6. Yarrow; 1. Debaryomyces; 8. Magnaporthe; 9. Leptosphaeria;
10. Alternaria; 11. Xylaria; 12. Pseudogymnoascus; 13. Myceliophthora; 14: Filobasi&ﬁl 5. Penicillium.
®3 HE 23 M o-L-REVEHERF SRR ELEGES

Table 3 The genetic distance of interspecies of GH78 fungal a-L-rhamnosidase

1 2 3 4 5 6 7 8 9 10 11 12
! =

2 55

3 5.9 72 )

4 47 6.0 10.5 /

5 32 6.0 50 53

6 45 2.9

7 8.9 62 68

8 481 56 173 10

9 9.8 65 69 06 09

7.4 44 4.6 63 222 6.5

[,

—_
|

N

oo

[o)}

3

6.2 7.8 5.0 5.1 4.6 15.5 4.8 6.8

12 04 58 6.2 4.6 32 0.7 7.0 18.9 7.3 42 5.0

13 0.9 6.1 6.3 5.1 35 1.1 6.7 351 7.1 4.5 49 0.9
14 1.7 6.1 6.2 49 45 1.6 7.0 6.9 6.6 5.0 59 1.6
15 1.6 6.4 6.2 4.8 3.7 1.5 7.1 11.6 6.8 5.0 5.8 1.6
16 5.0 6.5 6.5 7.1 55 52 50 247 53 6.4 6.8 52
17 1.6 6.8 6.4 5.1 39 1.6 6.4 10.2 6.9 5.1 5.8 1.6
18 33 6.2 6.6 5.4 23 32 7.8 485 8.4 4.7 6.0 3.0
19 3.5 8.2 7.9 10.1 35 3.5 72 241 7.7 6.0 6.9 3.5
20 53 6.8 7.6 7.3 52 5.7 6.4 17.7 6.6 7.8 7.2 5.5
21 52 6.2 6.7 7.0 4.7 54 53 16.4 5.6 6.7 6.3 54

BT
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#EERW
2 64 84 71 147 68 38 62 37 11 6.4 6.8
23 31 64 70 58 30 78 308 78 55 60 29
13 14 15 16 17 19 20 21 2 23

1

2

3

4

5 " 4
6

7

8

9

10

1 y =&

12 P =

13

14 16

15 1.6 1.1

16 53 51 52 1<:' \5~

17 1.5 12 07 54 ;

18 33 47 41 59 45

19 37 45 42 73 44

20 56 60 60 72

21 55 61 5.8 67 63

2 67 71 7.1 82 83 72

23 30 37 .34 43 59 57 76

JE: 1. Aspergillus aculeatus; 2..Cryptococcus neoformans; 3. Aspergillus nidulans; 4. Cryptococcus gattii; 5. Myceliophthora thermophila;

6. Alternaria sp.; 1. Xylaria polymorpha; 8. Pseudogymnoascus destructans; 9. Aspergillus terreus; 10. Aspergillus niger; 11. Aspergillus

oryzae; 12. Aspergillus kawachii; 13. Penicillium.chrysogenum; 14. Yarrowia lipolytica; 15. Debaryomyces hansenii; 16. Penicilliumrubens;

P
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NHMEE, R MEGA 6.0 314 GH78 Kk HiA% a-L-
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FASREEREM NI (808 R (B 3). MRy
WRTRSRG KR, TRE 14 J& 80 2 Fr5FNH1
LT 1J& 2 R 7 205000 MRS R, AR BT
M X3RS AR

IHTRER AR, SRR E AP SR TR
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Fig.3 The homology and evolutionary relationships b%Ne

of GH78 fungal a-L-rhamnosidase
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