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Abstract: Glycoside hydrolase ( GH) in insects is of particular importance for the hydrolysis of
carbohydrate polymers but little is known about this gene family in Rhaphuma horsfieldi. Based on the
transcriptome of R. horsfieldi totally seven gene families of RhorGHs were identified representing GH1

GH9 GH13 GH16 GH28 GH31 and GH45 with23 1 4 2 10 12 and 4 relatives respectively.
Among them 23 genes were predicted to have complete open reading frames. Phylogenetic analysis
indicated that RhorGHs of each gene family clustered together in species-specific expansions especially
for GH1 and GH28 families. Tertiary structural analysis revealed that RhorGH28 proteins were mainly
composed of B-sheets and had highly conserved structure and key amino acids interacting with

carbohydrates such as the proton donors catalytic nucleophiles and substrate binding residues. In the
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expression profiling analyses
abdomens
identified RhorGH gene families

as well as their numbers

most of RhorGHs were specifically or highly expressed in female or male

suggesting their presence in guts involving digestive functions. Taken together this study has

sequence characteristics and phylogenetic

relationships in R. horsfieldi and facilitates further studies on adaptive mechanisms of this beetle to host

plants.

Key words: Rhaphuma horsfieldi; glycoside hydrolase; phylogenetic analysis; homology modeling;

expression profile
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1 RhorGHs
Table 1 Information for fulldength RhorGH genes of Rhaphuma horsfieldi

(AA) / ( kDa) N-
Gene ORF pl/MW NPS

1 Glycoside hydrolase 1 ( GH1) family

GHI- 500 5.62/57.39 411

GHI2 485 6.48/55.95 42 253 299 461

GHI3 505 4.73/58.62 29 260 408 476

GHI4 498 4.76/57.15 28 51 300 347 408
GHI-S 496 5.26/57. 44 27 323 354 407 470
GHI-6 484 4.69/55.02 115 242 303 423 454
GHI7 495 4.79/56. 39 49 297 409 434

GHI-8 499 4.97/56.90 348 369 413

28 Glycoside hydrolase 28 ( GH28) family

GH28- 367 6.74/38.92 23 243
GH28-2 367 6.40/38.95 23 243
GH283 369 8.45/38.76 23 243
GH284 367 9.04/38.26 23 243 343
GH28-5 364 6.93/38.76 22

31 Glycoside hydrolase 31 ( GH31) family

GH314 861 4.96/97.90 365 375 513 713 758 810
GH31-2 632 4.52/72.36 19 99 194 295 338 543
GH313 642 4.61/72.76 69 205 291 297 342 637
25 41 69 115 126 220 355 365 403 440
GH314 845 5.19/96. 31
476 503 692 705 750 795
GH31-5 1020 5.91/116.02 222 290 312 388 467 738
GH31-6 633 5.47/72.23 50 97 293 342 544 607

45 Glycoside hydrolase 45 ( GH45) family

GH45- 237 4.82/24.36 96
GH452 234 4.40/25. 11 65
GH453 236 8.18/24.73 95
GH45+4 240 4.39/25.93 102
i AA ; ORF ;opl ; MW ; NPS  N- o Note: AA amino acid; ORF

Open reading frame; pl Isoelectric point; MW Molecular weight; NPS N-glycosylation predicted sites.

4 ( . 4 ( . Fusarium
N ). 3 0XYSpOTUm ~ Humicola grisea
( Caldicellulosiruptor Trichoderma longibrachiatum) GHI 119
saccharolyticus~ Hungateiclostridium o GH1
thermocellum 3

Thermoanaerobacterium  thermosaccharolyticum ) GH1
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1

RhorGHI1s

Fig. 1  Alignment of amino acid sequences of RhorGH1 proteins in Rhaphuma horsfieldi
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were marked in black triangles respectively.
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2 N GH1
Fig. 2 Phylogenetic tree of GH1 proteins in Coleoptera bacteria and fungi
RhroGH1s o GH1 o Agla
;. Dpon . Rhor . Teas . Csac ;. Hthe
© Tthe i Anig ; Foxy ;. Hgri : Tlon

o Note: RhorGHLI proteins from Rhaphuma horsfieldi were indicated with black arrows. GH1 members of bacteria
were used to root the tree. Agla Anoplophora glabripennis; Dpon Dendroctonus ponderosae; Rhor Rhaphuma
horsfieldi; Tcas  Tribolium castaneum; Csac  Caldicellulosiruptor saccharolyticus; Hthe — Hungateiclostridium
thermocellum; Tthe Thermoanaerobacterium thermosaccharolyticum; Anig Aspergillus niger;, Foxy Fusarium

oxysporum; Hgri Humicola grisea; Tlon Trichoderma longibrachiatum.

(39.66% ~ 43.35%) 4 1 o
54) . RhorGH28s B
5  RhorGH28s o
B 28 RhorGH28-5 (N)
1 « <N C 5 (D); 6



928

Journal of Environmental Entomology

44

3 N GH9. GH13  GHIl6
Fig. 3 Phylogenetic tree of GH9 GH13 and GH16 proteins in insects bacteria and fungi
: RhroGH9. GH13  GHI6 o GH16 o
Ador o Agly ; Apla ; Apis . Aver . Cceed
: Dvir v Gvir . Ldec : Mdar ;. Mper :
Mrel i Nlug 7 Orhi ;. Pame ;. Ppyr . Rfla
o Teri : Tmol : Znev : Amac ; Gjoo : Pfla
;. Bbas ; Cmil ; 2. Note: RhorGH9 GHI13

and GH16 proteins from Rhaphuma horsfieldi were indicated with black arrows respectively. GH16 members of
bacteria were used to root the tree. Ador Apis dorsata; Agly Aphis glycines; Apla Agrilus planipennis; Apis
Acyrthosiphon pisum; Aver Asbolus verrucosus; Cced Cinara cedri; Dvir Diabrotica virgifera virgifera; Gvir
Gastrophysa viridula, ldec Leptinotarsa decemlineata; Mdar Mastotermes darwiniensis; Mper Myzus persicae;
Mrel Mantis religiosa; Nlug Nilaparvata lugens; Orhi Oryctes rhinoceros; Pame Periplaneta americana; Ppyr
Photinus pyralis; Rfla Reticulitermes flavipes; Tcri  Timema cristinae; Tmol Tenebrio moliter; Znev Zootermopsis
nevadensis; Amac Alteromonas macleodii; Gjoo Gayadomonas joobiniege; Pfla Pseudoalteromonas flavipulchra;

Bbas Beauveria bassiana, Cmil Cordyceps militaris. The abbreviation of other species was listed in Fig. 2.
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4 N GH28
Fig. 4 Phylogenetic tree of GH28 proteins in Coleoptera bacteria and fungi
RhroGH28 o GH28 . Cmac
. Ctre . Pcoc ; Sory . Esac . Pfon . Skue :
Chig : Lmac © Tter : 2 3,

Note: RhorGH28 proteins from Rhaphuma horsfieldi were indicated with black arrows. GH28 members of bacteria
were used to rtoot the tree. Cmac Callosobruchus maculatus, Ctre  Chrysomela tremula; Pcoc  Phaedon
cochleariae; Sory  Sitophilus oryzae; Esac Enterococcus saccharolyticus; Pfon  Paenibacillus fonticola; Skue
Saccharibacillus kuerlensis; Chig  Colletotrichum higginsianum; Lmac  Leptosphaeria maculans, Tter Thielavia

terrestris. The abbreviation of other species was listed in Fig. 2 and Fig. 3.

(D); 2.5 RhorGHs
(D)o 3 RhorGHIH 3 Unigene
RhorGH28s AnigPGAAI 7 GH 55
N159. N o
( H204. H205) . ( R240) . RhorGHI RhorGHIH « GHI3 — GHI=20

(Y276) ( 5-B).



930 Journal of Environmental Entomology 44

5 5  RhorGH28s
Fig. 5 Three-dimensional (3D) structures of five RhorGH28 proteins from Rhaphuma horsfieldi
(A) 5  RhorGH28s AnigPGA-I o AnigPGAHI
(D182) . ( D161 D183) ( N159. H204. H205. R240.
K242 Y276) o 8 ; 5 o
(B) 5  RhorGH28 0 5A 4 o Nt N

; Ct C o Note: (A) Alignment of five RhorGH28s and AnigPGA-I amino acid sequences. Based on the crystal structure
of AnigPGAHI the residues for the proton donor ( D182) catalytic nucleophile ( D161 and D183) and substrate binding
(N159 H204 H205 R240 K242 and Y276) were shown respectively. Eight cysteines involving the formation of disulfide
bridges were numbered 1 to 4. The fifth putative disulfide bridge was indicated with a dashed line. ( B) 3D models of five
RhorGH28s. In Fig. 5-A  key amino acids and four disulfide bridges were labeled on their respective 3D structures respectively.
Nt N-ermini; Ct C-ermini.
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; MB o Note: Different colors represented an average FPKM value of
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