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Progress in the Sequence Based Classification of
Glycoside Hydrolases and Their Homologues

Number of Number of families Reference
proteins
300 36 Henrissat. Biochem. J. 1991, 280:309-316
480 45 Henrissat & Bairoch. Biochem. J. 1993, 293:781-788
950 57 (17 => 5 clans) Henrissat & Bairoch. Biochem. J. 1996, 316:695-696
62 (19 => 5 clans) Henrissat & Davies. Curr. Opin. Struct. Biol. 1997, 7:637-644
2.200 70 (...) Coutinho & Henrissat. CAZy server. 1998
>20.000 101 (46 => 14 clans) | Coutinho & Henrissat. CAZy server. 2005
~30.000 106 (46 => 14 clans) | Coutinho & Henrissat. CAZy server. 2006
>30.000 110 (46 => 14 clans) | Coutinho & Henrissat. CAZy server. 2007
>40.000 114 (49 => 14 clans) | Coutinho & Henrissat. CAZy server. 2008

CAZy = the Carbohydrate-Active enZYmes server (http://www.cazy.org/)




Sequence Based Classification of the Carbohydrate-Active Enzymes
at the CAZy server (Www.cazy.org/)

f,‘- CAZy - Carbohydrate-Active enZ¥mes - Windows Internet Explorer
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The CAZy database describes the families of structurally-related catalytic and carbohydrate-binding modules (or functional domains) of
enzymes that degrade. modify. or create glycosidic bonds.
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* Glycoside Hydrolases (including transglycosidases) => 114 GH families (14 clans)
* Glycosyltransferases => 91 GT families (3 folds)

* Polysaccharide Lyases => 20 PL families

* Carbohydrate Esterases => 16 CE families

* Carbohydrate-Binding Modules => 52 CBM families
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[IpocTpaHcTBeHHAs CTpyKTypa 0enkoB cemerictBa GH27 rinvko3uaas
(a-rasmakTo3uaasza Trichoderma reesei)
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CeMencTBa IIIMKO3KU a3, COACPKAIINE O-TaJTaKTO3M1a3bl

GH4 - o-galactosidase from Escherichia coli and bifunctional enzymes with a-galactosidase and
a-glucosidase (EC 3.2.1.20) activities from Thermotoga maritime and Thermotoga neapolitana
+ 6-phospho-a-glucosidases (EC 3.2.1.122) from Eubacteria
- + 6-phospho-B-glucosidases (EC 3.2.1.86) from Eubacteria
GH27 — mainly a-galactosidases from Eukaryota (animals, plants, fungi, etc.) and some Eubacteria .
+ a-N-acetylgalactosaminidases (EC 3.2.1.49) from Eukaryota (animals and fungi)
+ isomalto-dextranase (EC 3.2.1.94) from Arthrobacter globiformis
GH36 — mainly a-galactosidases from Eubacteria and Eukaryota (fungi and plants)
+ a-galactosyltransferases (EC 2.4.1.67 and EC 2.4.1.82) from plants
+ a-N-acetylgalactosaminidase from Clostridium perfringens
L + ORFs from Sulfolobus solfataricus and Sulfolobus tokodaii
GHS5T7 - a-galactosidases from Pyrococcus furiosus and Thermococcus alcaliphilus
+ a-amylases (EC 3.2.1.1), amylopullulanase (EC 3.2.1.41), and
4-a-glucanotransferases (EC 2.4.1.x) from Eubacteria and Archaea
GH97 - a-galactosidase from Bacteroides thetaiotaomicron
+ a-glucosidases (EC 3.2.1.20) from B. thetaiotaomicron and Tannerella forsythia

GH110 - a-galactosidases from Bacteroides fragilis, B. thetaiotaomicron and Streptomyces avermitilis




Family GH27

Subfamily 27b:

— plant ORFs: Arabidopsis thaliana and Oryza sativa

— bacterial ORFs: Bacillus halodurans, Bifidobacterium longum, Kineococcus radiotolerans, and Ruminococcus albus




Family GH36

Subfamily GH36B:

— bacterial o-galactosidases: Burkholderia, Leptospira, Streptomyces, Thermotoga, Thermus, and Vibrio
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The neighbor-joining phylogenetic tree of the a-galactosidase superfamily
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Domain structure of a-glucosidase MalA from Sulfolobus solfataricus (PDB, 2G3M)

MalA consists of four main domains (N,

A, C, and D) and two sub-domains (B and

B’). Domain A has the (B/a)-barrel type
structure and belongs to the GH31 family.
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Screenshot of PSI Protein Classifier

r ¥1.3 (release 10, build 48)

Qutput files I Family threshold I ‘Various I
v Use Families archive (\FamilyMName!, directary)

[¥ Create the Matrix of Families relationship

=10l

C:\Documents and SettingsimanageriMon AokymMeHTEGHI1 NewlAug 151GH]_new\GHIPSI-BlastGH3 1e-AGLU_SULSO_TES. Ext
CiiDocuments and SettingsimanageriMon aokyreHTe\GHI1MNewlAug 154GHI_new|GHIPSI-BlastiGH3 1e-AGLU_SULSO_ItE, bxt
CiiDocuments and SettingsimanageriMon aokyreHTeGHI1NewlAug 154GHI_new|GHIPSI-Blast\GH314_2QLY_TE] bxt
CiiDocuments and SettingsimanageriMon aokyreHTeGHI1NewlAug 154GHI_new|GHIPSI-Blast\GH314_2QLY_Tt2 kxt
Ci\Documents and SettingsimanageriMon AokyMeHTENGHI1 New)Aug 151GH]_new\GHIPSI-Blast\GH31A_2QLY_Ik3.kxt
CiiDocuments and SettingsimanageriMon aokyreHTeGHI1NewlAug 154GHI_new|GHIPSI-Blast\GH314_2QLY_Tt4 bxt
CiiDocuments and SettingsimanageriMon aokyreHTeGHI1NewlAug 154GHI_new|GHIPSI-Blast\GH314_2QLY_TtS bxt
CiiDocuments and SettingsimanageriMon aokyreHTeGHI1NewlAug 154GHI_new|GHIPSI-Blast\GH314_2QLY_Tt6 bxt
CiiDocuments and SettingsimanageriMon aokyrerTeGHI1NewlAug 154GHI_new|GHIPSI-Blast\GH314_2QLY_TE7 bxt
Ci\Documents and Settlngs'l,manager'l,MDM AokyreHTEGEHI1 NewlAug 154GHI_new|GHIPSI-Blast\GH31A_20LY_TtS bxt

C 'l,Documents and Settlngs'l,manager'l,MDM ﬂoKyMEHTbl'l,GHSl'l,New'l,Aug 15'|,GHJ new'l,GHJ'l,PSI BIast'l,GHSlA 2QL\" TE11.kxt
C:\Documents and SettingsimanageriMon aokymenTeGHI1 NewlAug 15GH]_new\GHI\PSI-Blast)GH31d-¥ICT_ECOLI Ik bxt
CiiDocuments and SettingsimanageriMon aokymerTel\GHI1MewlAug 154GH]_new\GHIWPSI-BlastlGHZ1d-YICT_ECOLI_TbZ, kxk

b

Reload |

<< Add |
> Remove |

|

Threshold value found: 0,005
Threshold value found: 0,005
Threshold value found: 0,005
Threshold value found: 0,005
Threshold value found: 0,004
Threshold value found: 0,005

t\Documents and SettingsimanageriMon AokyMeHTENGHI MewlAug 151GH]_new\GHI\PSI-BlastiGH31A_2QLY_Tk9.txt
\Documents and SettingsimanageriMon AokyreHTeGHI1 NewlAug 154GH]_new|GHIYPSI-Blast\GH31A_2QLY_IE10.kxt
\Documents and SettingsimanageriMon AokyreHTeGHI1 NewlAug 154GH]_new|GHIYPSI-Blast\GH31A_20LY_IE11 . kxt

ile: C:\Documents and SettingsimanageriMon AokymenTenGH3I1\MewlAug 15GH]_new\GHIYPSI-ElastlGHI1d-YICT_ECOLI Tk kxt
t\Documents and SettingsimanageriMon AokymMeHTENGHI1 NewlAug 151GH]_new|GHI\PSI-Blast|GH31d-¥ICT_ECOLI_Ik2.kxt
\Documents and SettingsimanageriMon AokyMeHTEGHI 1 MNewlAug 15VGHI_new|GHIPSI-Blast\GH31d-YICI_ECOLI_IES. bxt

GH7E: 153 [CAZy Family GH76.bxt]
BAA75632,CAHD9003, CAHDE06S, CAHDE0S4, BAD4 7098, BADS0241, BAD47030, AA07E990,NP 510796, AAOTEE30,NP_B12436,AR077730,MP_B11536,AR075055,NP_511861,A407
MP_334758,CABOB5EE, NP_214579,BADG0238, BACEE337, NP _B2 1802, CABS2083, NP_624422 EAAGE4E2, EAAGS620,EARG 3306, EAAGTO43,EABGGY7, EAAEE402, EAASE4D4, BAEGED
WP_361541,%P_361139, EAASS767, XP_363402, AAK07733,ABD40724, EAATEE45, WP 326174, CAC2E653,EAA31EE0,%P_32307 1, EAASZE2S, XP_327201, EAAZTOT4, P _322172 EARS
CAG7E400, CAGE4200, CAGE3095, CAGE4224
GH7S: 70 [CAZy Family GH78.bxt]
AA541184, NP _078576, AAU15237, BABE2314, BABE2315, AATSI763, CAHDE301, CAHOG0SS,BADY7 120, BAD47345, AA07I15 1, MP_G12087, ABCTE120,MP_B09926, AA0T7631,NP_811
EAAE3863,EARGZO7E, EARGTOE7, EAMES 1558,EARG 1403, EAAG2466, BAEG 3198, BAEG 3109, BAESE354, BAESEESE, BAECSEA 1, BAEGO29S, BAESE123, BAES02S, BAEGE403, AAM4445D, &)
GH79: 139 [CAZy Family GH79.kxt]
BACS2067,MP_773442, ABA47936,CAHIE071, ABDEZ351, AAM205E7, 44000963, BABOS4E0, NP_200933,NP_E51238, BAB10757, MP_1 95344, AALI0S468, AALI3572 BABD947, CABGZ:
CAl14146,CAT14147,CAT14148,CATIE472,CATI6473, CALL6474, CAI 7160, CATI 7161, CATL 7162, MP_DEGE00,AAD41342, AAD4537, AAD4SEET, AADS4S 16, AADS4041, AAESE0SE, A0
CAL14864,CAL14865, NP _O0D6ESE, CAD42650, ABES7 260, ABES3308, ABESTZTS, ABEST276, ABED331 1, XP_6 19500, AAET3535, AALTE083, ABN4 1636, AAC 15168, AASZ2728, ARS29140,
GHED: 15 [CAZy Family GHS0.bxt]
AAPSEZ5, ABWS 1013, ABWS 1005, ABWS 1005, AAWS 1010, AAWS 1006, AAWS 1015, AAWS 1007, AAWS 1008, BAAIZ054, ABWS 101 1, BAABZ509, AAWS 1014, AAWS 1009, AAWS1012
GHa1: 53 [CAZy Family GHS1.bxt]
BADESS14,BABD3055, MP_241102, ABDE2091, AAZSE 163, ABA021 74, AAF2Z5088, NP _1 73267, CACO1786,MP_197091, AAF 13033, EAAEE57 1, BAESE03D, AAP42646, CAAZ1043, AAYD3E0
MP_593162,CAGEITE2, CAGEZ056, CAGET201
GHEZ: 4 [CAZy Family GHEZ.bxt]

1 |

=l
=

AAWE0S50, CACOFE01, AAW20551, CACOTEZ: = I
3

Skandby

Execute |

PSI Protein Classifier program was used for automatic analysis of PSI-BLAST outputs.
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BLAST results (Descriptions)

Sequences with E-value BETTER than threshold

Score
Sequences producing significant alignments: (Bits)

NEW

gi]39565681 |ref|XP 365144.1] hypothetical protein MG0%9%8%.4 [Mag 1752

NEW gi[88176755|gb|ERQ84223.1| hypothetical protein CHGG 10627 [C... 489
NEW gi[88181573|gb|ER085041.1| hypothetical protein CHGG 05660 [C... 47
NEW gil46110355|ref |XP 382235.1| hypothetical protein FE0205%.1 [... 1
NEW gi[881681171|gb|ERQ88635.1| hypothetical protein CHGG 05258 [C... 20

NEW

01188181510 |gb|EAQEE978.1] hypothetical protein CHGA
gil88181988|gb|ERQ89456.1| hypothetical protein cHed BE-value < 0.01 or 0.001
gi[85050316|ref|XP 558358.1| hypothetical protein [MNewrooporos

g11852%6464 |gb|EARS4452.1] alpha-galactosidase, putative [Tetra 275 Te 72
gi|3777481 |db] |BAR33931.1] alpha-galactosidase [Umbelopsis winac 274 Ze-T1

HEW

NEW

NEW

NEW

L gil46135043|ref[XP 351212.1| hypothetical protein FG11036.1 [... 273 Ze-71
NEW gil223316822|ref|NP_15%1150.2| alpha-galactosidase/ hydrolase, ... 273 3e-71
NEW gi| 7572529 |emb |CARS7430.1] alpha-galactosidase-like protein [Ara 2z 5e-71
NEW gi|17502582 |emb |CACE57368.1] ferulic acid esterase A [Penicillium 270 Ze=7T0
NEW qil39951521|refIXP_3634??.l| hypothetical protein MG01403.4 [Mag 270 3e-7T0
e gi[395%66415|ref [XP 365155.1| hypothetical protein Mz10040.4 [Mag 267 2e-65
e gi[51701635|sp|Q989172|MEL 2YGCI Alpha-galactosidase precursor... 266 3e-69
L gi|86817617%|gb|ERQB3647.1| hypothetical protein CHGG 10051 [C... 266 de-65
NEW gi13821271 |emb|CAROGB915.1] alpha-galactosidase 1 [Penicillium si 264 le-68
NEW gil25827165|ref |NP_821803.1| secreted alpha-galactosidase [St... 263 de-63

NEW

gi|15788341 |gb|ARTLO7760.1] alpha-galactosidase precursor [Saccha 263 4e-568
g1i185303594 |gb|EAS01582.1] Melibiagse family protein [Tetrahymena 262 5e-68

NEW

NEW qi|51701634|sp|00364?|MEL_SACPS Alpha-galactosidase precursor... 261 le-&7
e gi[51701642|sp|QSP4vV4 |MEL ZYGMR Alpha-galactosidase precursor... 260 2e-67
e gi|30725668 |gb|ARP378E6.1] At5g08380 [Arabidopsis thalianal >... 260 2e-67
e gi| 51563650 |ref |XP 50656%,1| PREDICTED 0J1409 CO08.I76 gene pro... 260 Ze-67
NEW gi|70550042|ref |XP 745870.1| alpha-galactosidase [Aspergillus... 260 3e-67
NEW gil182%2 |emb |CAR3Z2T72.1| alpha-galactosidase preproprotein [C.. 259 Je-67

NEW

gi| 52655549 |gb|ARUS6897.1] glycosyl hydrolase family-like protel 255 de-57
gi| 53747527 |emb |CAF34023.1] alpha-galactosidase 1 [Pisum sativum 255 5e-67
qil15241601|refINP_196455.l| alpha-galactosidase/ hydrolase, ... 2559 be-57
gi| 928720552 |gb|ABES1161.1] Glycoside hydrolase, clan GH-D [Medic 255 6e-67
q1|1246856|emb|CAA64760 1] alpha-galactosidase MEL [Saccharom... 256 5e 513

NEW

NEW

NEW

NEW

I IAIAAIINIAAIAIIAIAIAIAIINIINIIIAAIIACAA



Pa3ouenue cemeiictrea GH31
Ha 38 mojcemMencTB HA OCHOBE
MOMAPHOI0 CPABHECHMA
MOCJIeI0BATEJIbLHOCTEH C
NOMOIIbI0 porpammael PSI
Protein Classifier

Yuciio HaliIeHHBIX OEIKOB

IToncemeiicTBa ey AKTHUBHOCTH 31 amBaps — 17-18
OenkoB 1 deBpans CEHTSIOps
2008 2008

1 1-16 o-rmokosugasa [K.®. 3.2.1.20], 596 701

o-kcmno3uaasza [K.®. 3.2.1.-],

a-1,3-rmoko3unaza [K.@. 3.2.1.84],

caxapasa-uzomanbrasza [K.®. 3.2.1.48] u

[K.®.3.2.1.10]
11 17-20 52 76
111 21-24 41 55
v 25-27 o-kcunosupasa [K.@. 3.2.1.-] 92 118
\ 28, 29 o-riaoko3ugasa [K.@. 3.2.1.20] 43 60
VI 30, 31 22 32
VII 32 a-1,4-rmokannnaza [K.®. 4.2.2.13] 5 5
VIII 33 a-1,4-rmokannnaza [K.®. 4.2.2.13] 7 8
IX 34 3 3
X 35 1 1
XI 36 1 1
XII 37 75 84
XIII 38 2 2
X1V 39 6-a-rmoko3unTpancdepasa [K.d. 2.4.1.-] 3 3
XV 40 6-a-rmroko3mnTpancdepasa [K.®. 2.4.1.-] 14 10
XVI 41 1 1
XVII 42 2 2
XVIII 43 1 1
XIX 44 1 1
XX 45 1 1
XXI 46 6 6
XXII 47 4 4
XXIII 48 1 1
XXIV 49 1 1
XXV 50 1 1
XXVI 51 2 2
XXVIL 52 3 3
XXVIII 53 1 1
XXIX 54 1 1
XXX 55 3 6
XXXI 56 1 1
XXXII 57 3-a-u3omanbro3mnTpancdepasa [K.d. 2.4.1.-] | 21 15
XXXIII 58 12 29
XXXIV 59 5 3
XXXV 60 0 1
XXXVI 61 0 1
XXXVII 62 0 1
XXXVIII 63 0 1
Ipovne 74 80
BCEro 1099 1323
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duoreHernuyeckoe apeso cemeiicrea GH31

T Ll == 11
S~

—

18- 11
259 59 - XXXIV
211 = 17-11
—— 58 2 XXX
o 56 - X
. 60 - XXXV
50 - XXV
190 d
440 — 29-V
S 1987 28-V )
52 YY{
e
27-1IV
321 26-1V I \/ )
%39 —_ 25-1V,
57 - XXXII
157 I 55 - XXX
1942 T 54 - XXIX
L 993 53 - XXVIII
61 - XXXVI
173 _ XXl
13 476 /ﬁf 31-vi
~ 1 [ 46 - XXI \/ I
1950 30-VI
62 - XXXVII
41 - XVI
56 226 63 - XXXVIII
40 - xv
2 |79 _| 454 o 44 - XIX
1 ~
- 45~ XX
24111
974 23- 11l III
845 22111
803
997
0 114 1e-!
12-1
418 42 - XVl
30 14-1
589
15-1
278
672 Bl
39- XIV
il =]
35 37- Xl
23
26 =l
763 |
693 e
71 -
5-1
124 4-|
255 B
146 993 s
10-1
208 34-1X
201
. 35-X
- 36- XI
9-1
38- XIlI
66 288 = 49 - XXIV
168 48 - XXIll
351 8!
6-1
6 947 =g

43 - XVl
21-11
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CeMenCcTBa 0-rajlakTO3uaa3Horo cynepceMerncTra u cemerctso GHY97

Family GH27 GH31 GH36A GH36B GH36C GH36D GH97
Clan GH-D GH-D GH-D GH-D GH-D GH-D None
COG/KOG KOG2366 COG1501 COG3345 COG3345 None None None
KOG1065
Known EC24.1x EC24.1x EC3.2.1.22 EC3.2.1.22 EC2.4.1.67 EC3.2.1.49 EC3.2.1.20
enzymatic EC3.2.1.22 EC3.2.1.10 EC2.4.1.82 EC3.2.1.22
activities EC3.2.1.49 EC3.2.1.20 EC3.2.1.22
EC3.2.1.94 EC3.2.1.48
EC3.2.1.84
EC4.2.2.13
Molecular Retaining Retaining Retaining Not known Not known Not known Retaining,
mechanism Inverting
Origin Eukaryota: Eukaryota: Eukaryota: Eubacteria: Eukaryota: Eubacteria: Eukaryota:
Alveolata Alveolata ) Fungi Acidobacteria Alveolata Firmicutes Metazoa (?)
Fungi Ez;z;ooezbol:ae Eubacteria: Actinobacteria Fungi Proteobacteria Euba.cteria: A
Metazoa Fungi Acidobacteria Deinococcus Viridiplantae N/ermucomicrobia Amfiobacterlé
Mycetozoa Metazoa Actinobacteria Proteobacteria BrieiEine Actmob‘actena
Viridiplantae Mycetozoa Bacteroidetes Spirochaetes Actinobacteria LRI
Eubacteria: Rhgdgphyta Firmicutes Thermotogales Bacteroidetes Planctomyce.tes
Acidobacteria El}:;ﬁ?:?;tae Pr(.)teobacteria Thermus Verrucomicrobia f/roteobact'enab.
Actinobacteria Acidobacteria Spirochactes Archaea: ‘errucT)mlcro L
Bacteroidetes Actinobacteria Verrucomicrobia Crenarchaeota Archaea:
Fibrobacteres B e - Euryarchacota
Firmicutes Cyanobacteria
Proteobacteria Firmicutes
Verrucomicrobia | Proteobacteria
Spirochaetes
Thermotogales
Thermus
Verrucomicrobia
Archaea:
Crenarchaeota
Euryarchaeota
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IIpumenenne nporpammsl PSI Protein Classifier st moucka xajabHux romosioros cemeiictea GH31

MUHHUMAaJILHOE YHCII0 UTEPAIUi C JTAHHBIM OCITIKOM

Yucno HauIeHHBIX

CemelicTBO MgaM (noncemeiictso 1) | MalA (nozcemeiictso I) | Yicl (moacemeiictso IV) | NpeAcTaBUTENEH
GH5 - — (10)* 17 !
GHI3 2 1 2 e
GH27 3 3 2 Lo
CH31 1 1 1 1323
GH36A 2 2 2 295
GH36B 2 2 1 58
GH36C 4 4 2 130
GH36D 2 5 2 31
GH36E 6 10 24 2
GH36F 9 6 4 10
GH36G 2 2 2 .
GH36H 3 3 2 J
GH66 10 - - 1
GH101 - 20 6 2L
COG1306 - 6 = 1
COG1649 4 6 5 e
COG3868 _ — (6)* = 0
XP 001744488 - - 10 1
XP_ 001813879 - - 15 1

B xononkax MgaM, MalA u Yicl ykazano MmuauMansHoe yncio ureparuii mporpammel PSI-BLAST, HeoOxonumoe a1t 0OHapyKEHUsI ¢ TOMOLIBIO
nocienoBatenbHocTeld GH3 1-10MEHOB 3THX OENKOB MPEACTABUTENS JaHHOTO CEMEHCTBa (TIepBast KOJIOHKa). UnCio HallleHHBIX IpEeCTaBUTENCH —
ob1ee ynciio OeJIKOB JaHHOTO CeMeWCTBa, HailieHHoe B TedeHue 10 urepanuii ¢ nomomsio MgaM u 25 urepanuii ¢ momounipto MalA u Yicl.

* IIpu ckpununre 19 centsa6psa 2008 romga nporpammoii PSI-BLAST 6a3b! JaHHBIX aMUHOKHCIOTHBIX IIOCJIEIOBATENBHOCTEH € IIOMOIIBIO
MOCJICIOBATEILHOCTH KaTAIMTHYECKOTo IoMeHa Oenika MalA B TeyeHue nepBbix 25 urepanuii npeacrasureiei cemeiicts GHS u COG3868
oOHapykeHo He Obu10. OTHAKO, PH aHAIOTHYHBIX cKpuHUHTaX 20 aBrycra 2007 roja 1mo UToraM IIeCToi uTepaiuu ObuT 0OHApYKeH OeToK
NP_214368 (E-value = 0.004), npunaanexamuii cemeiictsy COG3868, a 3 urons 2008 roaa 1o uroram JecaToi UTepannu Obl1 00HApYKEH OEIOK

AAC36862 (E-value = 0.0008), npunamexaruii cemeiictsy GHS.
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kiaH GH-A

(18 cemeiicTB)

COG3868
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PoacTBeHHBIE CBSI3M O-TAIAKTO3UAA3 C IpyruMu ramko3uaaszamu (Rigden, 2002)

Rigden DJ. Iterative database searches demonstrate that glycoside hydrolase families 27, 31, 36,
and 66 share a common evolutionary origin with family 13. FEBS Lett. 2002, 523(1-3):17-22.

{1H
family b

Lh - T
P — —;_-. - o O e e e | — —_
- ) - -

- - - P i =~ ~
’ (il 43 il e BT GH-D )
N | family 21| fmily 27 [* z/1 | family 36 P

S~ < ) -

v |GH-H | ! KJIQHBI

23



Poncrteennsie cBs3u (P/a)g rmuko3uaas (Nagano et al., 2001)

Nagano N, Porter CT, Thornton JM. The (B/a)s glycosidases: sequence and structure
analyses suggest distant evolutionary relationships. Protein Eng. 2001, 14(11):845-855.

catalytic residues aligned in CORA catalytic residues aligned in CORA

TESS ! ' ' 0
templates template-1 _templ'ate-—z_ templats—3 . template—6 . template—9
template-5 : :gm::::::_a
FTEAIAG, | template-4) g : y
S5t | (572 ot ey e oo v ot
E.C 2110, | (32121 |[FETEE, BT [F2138) {3208, vy maam 452117
L 3.2.1.6 2.1.23,||3.2.1.31 z.1.78/13.2.1.73 | |3.2.1.91 hLlE e g
nurnbers 3216 21 ae | BBl 132,078 5 |L 3.21.98
3.2.1.1

1]

1n] 3

8 3.2.1.85

| a5 J J
Henrissat’s yp_ge groi (HFSZ (HFSS (HE-17 (HE-10: (HE

families Il

PSI- l
BLAST
Functional F1 gt BLAST e TOIBLAST e E3 F4q - 5 F6
sSubgroups (a — a) (a->e) (e->e) (e ->e) (@ w>e)
Structural
groups S2 S3 sS4
NG /) N\ J
" ~ | N
kinagel:  GH-H GH-A ? GH-K
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I/IepapaneCKaﬂ KJIaCCH(l)I/IKaIIHﬂ KaTaJIUTHICCKHUX TOMECHOB I'NIMKO3UJI-IT'HAPOJIa3

Cem em GEs GHo — — S ooms Gad
* * * : oo Gmy

f

— _| GHs6 |_ GH101 | [COG1306]|[CcOG1649] [COG38638]

‘ ‘ A A A
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[
‘ 

T
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OO0BeaHEHNE CEMENCTB ITMKO3U a3 B KJIAHBI

coxpaHseTcs (9KB.)

coxpansieTcs (9KB.) B-jelly roll

coxpanseTcs (9KB.) B-jelly roll

coxpansieTcs (aKc.)

coxpaHseTcs (9KB.)

coxpansieTcs (aKc.)

coxpansercs (B-pypanosun)

coxpanseTcs (9KB.)
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OO0BeaHEHNE CEMENCTB ITMKO3U a3 B KJIAHBI

Kman

CewmeiictBa (GH) Onrtuueckas TpéxmepHas cTpyKTypa
KOH(Urypamus

GH-B | 7,16 coxpausiercs (9KB.) B-jelly roll

GH-C | 11,12 coxpansieTcst (9KB.) B-jelly roll
33,34, 83 coxpansieTcs (9KB.)

GH-F |[43,62 MeHsieTcs (9KB.)

GH-I | 24, 46, 80 MeHsIeTCS (9KB.)

GH-J | 32,68 coxpansiercs (B-dbypano3un)

GH-L | 15,65 (/)

G .48 o,

GH-N | 28, 49
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OO0BeaHEHNE CEMENCTB ITMKO3U a3 B KJIAHBI

Knan CewmetictBa (GH) Onruyeckas TpéxmepHas CTpyKTypa
KOH(UTyparus

GH-B | 7,16 coxpaHsercs (3KB.) B-jelly roll
GH-C | 11,12

coxpansieTcs (9KB.) B-jelly roll

33, 34,83

coxpaHsercs (9KB.)

37,63

24, 46, 80

(/o)

o,

GH-M | §,48
GH-N | 28,49




B-fructosidase (furanosidase) superfamily

Family GH32 GHA43 GH62 GH68 GHLP
Clan GH-J GH-J Not known
COG /KOG | COG1621/KOG0228 COG3507 None None COG2152
Known EC2.4.1.99 EC3.2.1.8 EC 3.2.1.55 EC2.4.1.x Not known
enzymatic EC 2.4.1.100 EC 3.2.1.37 EC2.4.19
activities EC2.4.1x EC 3.2.1.55 EC2.4.1.10
EC3.2.1.7 EC 3.2.1.99 EC 3.2.1.26
EC 3.2.1.26
EC 3.2.1.65
EC 3.2.1.80
Molecular Retaining Not known Retaining Not known
mechanism
Origin Eukaryota: Eukaryota: Eukaryota: Eubacteria: Eukaryota:
Euglenozoa Fungi Fungi Actinobacteria Fungi
livis ] Viridiplantae Eubacteria: Firmicutes Metazoa
Parabasalidea . . . . g
Viridiplantae Eubacteria: Actinobacteria Proteobacteria Viridiplantae
Eubacteria: Acidobacteria Proteobacteria Archaea: Eubacteria:
Acidobacteria Actinobacteria Verrucomicrobia Euryarchaeota Actinobacteria
Actinobacteria Bacteroidetes Aquificales
Bacteroidetes Firmicutes Cyanobacteria
Chloroflexi Planctomycetes Firmicutes
LTSS Proteobacteria PremsbaaiEi
Fusobacteria
Planctomycetes Thermotogales Thermotogales
Proteobacteria Verrucomicrobia Archaea:
Thermotogales Crenarchaeota
Archaea: Euryarchaeota
Euryarchaeota
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A hierarchical structure of the B-fructosidase (furanosidase) superfamily

furanosidase
superfamily
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IIpocTpancTBeHHas CTPYKTYypa OeakoB cemerictea GH32
(nHyMHA3a Thermotoga maritima)

\/ f-sandwich module

N-koHLEBOM
KaTaJTUTUICCKUI JIOMEH B
BHU/IE TISATU-JIONIACTHOTO
B-mpomeniepa
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OO0BeaHEHNE CEMENCTB ITMKO3U a3 B KJIAHBI

Knan

CewmeiictBa (GH)

7,16

Onruyeckas TpéxmepHas CTpyKTypa

coxpaHnsercs (3KB.) B-jelly roll

11, 12

33, 34,83

37,63

24, 46, 80

KOH(UTyparus
Strohmeier
et al.
(2004)

coxpansieTcs (9KB.) B-jelly roll

coxpaHsercs (9KB.)

MeHsieTcs (aKc.)

MeHsIeTCs (9KB.)

MeHseTCs (aKc.) (/o)

GH-M

8, 48

GH-N

28,49

‘ MeHseTCs (9KB.) ‘ (oc/oc)i \
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HUepapxuyeckas Kiaccupuranmus rJimKO3uJI-ruaposias

FOLD 1

Superfamily 1
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Thank you for the attention!

Please, visit my web-site to find a list of publications:
http://bioinform.genetika.ru/members/Naumoff/index.htm
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