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Exploration of microbial diversity and identification of
cellulose-degrading bacteria in the gut of Trypoxylus dichotomus
larvae
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Chengdu 610066, Sichuan, China

Abstract: [Objective] To elucidate the structural and functional characteristics of the gut
microbiota of Trypoxylus dichotomus larvaec and isolate cellulose-degrading bacteria.
[Methods] Metagenomic sequencing was employed to analyze the structure and functions of
the gut microbiota. Cellulose-degrading bacteria were isolated and screened from the larval gut
with carboxymethyl cellulose (CMC) as the sole carbon source. The strains were identified
based on morphological characteristics and molecular evidence. [Results] The gut microbiota
was dominated by bacteria, which accounted for 81.3%. At the phylum level, Firmicutes
(45.8%) and Bacteroidota (20.3%) were the dominant phyla. The top three abundant genera
were Clostridium (3.90%), Bacteroidia (3.52%), and Dysgonomonas (2.41%). The functional
analysis of metagenome data revealed that the genes of the gut microbiota were mainly
associated with carbohydrate, amino acid, and energy metabolism. The annotation in the Kyoto
Encyclopedia of Genes and Genomes (KEGG) revealed that the genes related to carbohydrate
metabolism were predominant. The annotation in the carbohydrate-active enzyme database
(CAZy) indicated that 48 856 (7.43%) genes were successfully annotated to 344 carbohydrate
metabolism enzyme families, with glycoside hydrolase (GH, 48.67%) being the most dominant
enzyme family in the gut bacteria. Among the top ten functionally abundant enzymes, six
belonged to the GH family. Additionally, three strains of cellulose-degrading bacteria, TRC-3
(Bacillus subtilis), TRC-5 (B. subtilis), and TRC-6 (B. safensis), were isolated from the gut.
TRC-3 exhibited stronger activities of filter paper enzyme, endoglucanase, exoglucanase, and
B-glucosidase. [Conclusion] The gut microbiota of Trypoxylus dichotomus larvae exhibits high
diversity and complexity, carrying a large number of genes encoding carbohydrate-active
enzymes and harboring rich cellulose-degrading bacteria.

Keywords: Trypoxylus dichotomus; metagenome; gut microbiota; cellulose degradation

XX R4t (Trypoxylus dichotomus), Ja iy 1 o Bk 30 A9 20 RE DUOCIR S f A8 44« T
# H (Coleoptera)4: f, F-F}(Scarabaeidae), [HH: dichotomus fz 5. J& Hi Linnaeus M AR B AR (1)
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Y= A s B A B . B
PHER R, 7E 5 A R VR A TR i HA
5 P 25 TR, 76 P 2501 sh i 44 R i ff IR I
HA BB . B Ik skl FE 1976 4F
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1 X} T. dichotomus [ 4= 3k PR 41 1 i 18 % s 41
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Fo &5y FHEE % E i Trypoxylus dichotomus,
WM VERE SR 2 UG TSR, S M SR
H IR R AR S o SRAEHIZE R 24 he
1.1.2 EFHFHE

CMC }i#¥E(g/L): CMC 20.00, K,HPO,
1.00, NaNOs 3.00, FeSO, 0.01, KC1 0.50, MgSOy,
0.50, Bfg 15.00, SDY J5gikk(g/L): &K
10.00, FEEEEK; 10.00, HZGHE 40.00, K ™ i
RigeH(g/L): CMC 20.00, M 3.00, FEEhf
H 0.50, (NH4),S042.00, KH,PO,44.00, CaCl,
0.30, MgSO,-7H,0 0.30, Tween-80 0.20.
1.1.3  FERFIFEE

E.Z.N.A." Stool DNA Kit, Omega Bio-Tek
N

A PRI, Covaris 2y d); Qubit 2.0
Fluorometer . PCR 1% , NanoDrop, Thermo Fisher
Scientific A w5 AW 5rHTiL, Agilent 23] ; I
JPAL, Mlumina 28 w5 EER AR . HLIKAYL,
Bio-Rad /A7l .
1.2 HmX&E

W & B G K S R P E L 75% ot
IR MITIHE, BT RWEERAIES hELI
OGBS 5-10 min. FK 5 98T 7] 55 45141 1t
LHS, KR NREEEIE, it miE, BUS
MNZEY), B TR LET-80 °CRE, H
FHEE DNA SEA700 7
1.3 DNA 2BV F

i [l E.Z.N.A.® Stool DNA Kit Bz N
ZSWH) DNA, BieBHEE RS B vk 43t DNA A2l
BERISEE,:, i i NanoDrop #E—25 451 DNA
4, Qubit X DNA e HF g #f i . il
A5 B DNA K50 Covaris #8 75 U5 B 7Y Bl HL
FIWT R JE 29k 350 bp I A BE, ZRuBHE
AR, hniEEEsk . glifk . PCR ¥ 14 55 A0 4R
SEMSCEM R . PERR G AR IS, i B R0 E e
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H bR T HLEE & )75 K pooling J& #£47 llumina
PE150 Wl ¥ .

RAT B R UR 4 (raw data) i H readfq X i
TA A T 5 A T A B, e B % 0 o 1 i
(i E{H<38) reads N #i LA F] 10 bp [ reads
PA M5 adapter 2 [f] overlap #1415 bp Y reads,
AR T J5 2253 B WA 8088 (clean data). fiff
i MEGAHIT #fFxf o U8 5 1A 80800 57 5 B
Bee %, 1530AY scaffolds A N EEALFT W,k
A N Y scaftigs™!, &8 500 bp DL R F
B, #EATSET o RN e S R S
1.4 EMEEESH

A MetaGeneMark X} £ ££ i i) scaftigs
(=500 bp) 17 F ik B2 132 HE 15T (open reading
frame, ORF) P4, Jf3ef Y& 45 00 25 S v 4 B2 /N F
100 nt FYFEFT, %t ORF 455, KA
CD-HIT $A{Fib47 2200405, LISRAAEITA N
WIlf gene catalogue. >R Bowtie2 #4551
A BB HE X 2] IR gene catalogue, 154G 3
FERFE A HE b EEXT B0 reads 20 H , i 8P4
ARG reads U H<2 MSEAEPT, RIS IR
TG 8L53 M Y uigenes.

) Al Diamond %% 4 ®¥ ¥ unigenes 5
KEGG. eggNOG Fil CAZy B EVEAT LX), 15
FAHSCHE P T B4 R . i Diamond R /F4%
unigenes 5 )\ NCBI A9 NR Zu 48 2 2 H ad 41
[ (bacteria) . ELEA (fungi). o7 B (archaea) FllJi 7
(viruses) P AN AT U XT o X TR — 557 9 ) HL X
ZEHL | JREE value<fix/|N E valuex10 [ 4}

T — 570l REA 2 b 45 R, R EUR

I 2 3L A1 S B 7 (least common  ancestors,

LCA), 5 th BUER — N0 SR /3 289, 1

Z B AR R

1.5 AHEZRMERMBENE SIS LIGiE
¥ ERBENAYET 5 mL AHEKH
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1%, ¥ 1 mL iS5 3REF 2% 100 mL LB
R R B EIE R, 32 °C. 200 r/min & #5555
48 ho K R R R 107 2 107°, ¥ 100 uL
o BERR RIS I DR A IR 2L LF Y R R0,
BABREEM 3 A FAT. BT 32 °ClHE T IR A6 F
B 72h, WHEEA MBI ETE, KLk
F LB [EARRE R, @il 2 RILHtETraitl,
Ak R T 32 °C. 200 r/min B4R 24 h 55
50% i 11 IR, ffifF T-80 °C,

W ORAE B TS AL S 2R T CMC H5 53
e BN AREERD 3 P AR, 32 °CHE SR 3-7 d.
I 1% MR LT OO A4l , 948 30 min J5
F 1 mol/L NaCl & ¥4 30 min, IR R
X T Y& AR (d)FIK i FEl BAR(D)ifF ATl 2 . D/d
OB MR, R0 T PR 2T 4 22 [ A i T i
1.6 AHZREMRAENEE

W0 B A B (0 2T 4 2% il A A ) S e R T
LB [{A3FFRHE, 32 °CHIRIG SR 24 h, WEH
WK, K/N, Bite, h% . BHEIESRHE,
Fam o P YL 8 2R Y (8 55 B TR B 2 R IE
XF TR ARBEATR) 20 M08 o {40 TR DNA $2 B
BRI H KRN DNA, 0@ A5 Y 27F
(5-GAGAGTTTGATCCTGGCTCAG-3")Fl 1492F
(5'-TACGGCTACCTTGTTACGAC-3") 4" 1 41
16S rRNA F:[H . PCR JZ v & £& (50 uL):
IXTSE101 4 Mix 45 pL, b . F#Esl®
(20 umol/L)4% 2 uL, DNA £tz 1 pL. PCR JZJif
25t 98 °CHIZSE 3 min, 98 °C7EHE 10's, 55 °C
Bk 15s, 39 MEH; 72 °CHEfH 5 min, PCR
77 e A R AR W R R A R R AT
J¥, H ContigExpress HFHEEMFZ5 4, (#H BLAST
P IFR 16S rRNA KL [H () PF 4277 51 5 NCBI £
J (https://www.ncbi.nlm.nih.gov/) ' 2L HIFF) JEF T
FEXF o 76 MEGA 11.0 4 R A 3T 41 AR $23:
(neighbor-joining method, NJ)F4) &t 22 4t & & # .

1.7 ERENZE
YRR 2= SDY B gHEd, 32 °C,

200 r/min {1k 48 h, ZJ5H 10% MRt fh =
100 mL P~ 3239, 32 °C. 200 r/min FEHf
B3R 3d, kw3 NEK . B 10 mL &R
F 4°C. 5000 r/min &.0> 10 min, Frfd LIHR
B Ay oKL B W . R 3,5- RN 3k K A R (3,5-
dinitrosalicylic acid, DNS)¥:PY, DIyg4t . BRH
FLEFYE RN . BIRAR . KA T IR 43 5 D
UEACHE . MUV RAENE . AU R R -
M G RTEYE . FARERAEL IR B 0.5 mL A
BEROMA 1.5 mL 5 A [R]JR 9 0 F A6 R 2% i ik
(0.05 mol/L, pH 4.5), IR A IIEIETF 50 °C/KIEIF
7 30 min. fA 1.5 mL DNS 51 , 3 7K ¥ 10 min
JERHERER, A2 10mL, WE ODsy. LA
o T T B REL VR A 2 N B RIS (E A
AR T 1 2R (y=6.697 1x+0.033 9, R*=0.991)
R AR O B, RS PE BE O 1 mL A
WAE 1 min PIZKFRIEH ™ A2 1 wmol #5285 b A4 It
Tl AR A, 608 U/mL, 315840
AR MPIR .

BT (U / mL) = X 0X 1000

TxV )
K A SRRSO CIEAE R M 2 b AR A 20
Fi(mol); n ARFEAEEL; 1000 24 mg ] ug Y%
P2 HG T NN E](min); VM EREAF(mL).
1.8 Sito#h
i %R SPSS 26.0 HEAT A 9 Ze it 4347
P R B A meantSD R . RAIPANE Ty
%7 Mi(one-way ANOVA)FI Duncan’s 2 # ) 2
kg o T ] Hede, P<0.05 REZEF R 3.

2 EREGHN

2.1 EERFRBHBIERE TG
M T. dichotomus Ji5 % % 18 N 25 4 v 22 345
6 308.76 Mb 1Y s £t , b FR 515 3 A R
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R 6 270.77 Mb, 28 ¥ Je A OB HE o R iR £k
PEHBEE] 99%LL |, G+C S RAN 46%. A
BRI T P R R /N T 0.01 B BREE H A E
B IE 98%, 95%LA b B 3 I RE VE A R
if 99.9%. BF5E R WA I 3 £ 08 G A A 5
PE, AT LAHEAT S 200 o il Ak RS 1) £ s
Zoyh 21 % M A3 210 126 45 scafitigs, MK
1 262 246 232 bp, N50 K #1400 bp, N90O
KJE M 570 bp.
2.2 FRERMESEHERK

T A R 2 AT 0 18 A W AE A 3 2K
V- B 2 A AR AN A . U R A 4 AUl
1B T4 W A B K K 35 250 A T 4 B (bacteria,
81.3%). H.[# (eukaryota, 0.3%). J%& %% (viruses,
2.0%)F1 i 40 (archaea, 0.3%), #B4>40 4 TR
FAE A ¥ (unknown, 14.1%) Fll & 43 2R T A= 9
(unclassified, 2.0%). FEAMPEFIIKF L, F&
DL JES BE B ] (Firmicutes, 45.8%) Fl #80 #T 5 7]
(Bacteroidota, 20.3%) 2 M 12K F, R4
T4 %l ] (Actinomycetota, 2.6%) . 1% B i B ]
(Pseudomonadota, 1.9%). Uroviricota |](1.4%)
SGHAM TSR 1), JERER T TR AR R

= 0.1 I 4
0.0 K . F . N ‘. SN R A o

E1 WXEcRFpEREDIMBEKELNSH
Diversity of the microbiota in Trypoxylus dichotomus guts at phylum and genus level. A: Phylum

Figure 1
level; B: Genus level.
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it BB A R AR R T4 4E R W TAE ) . FE R OKE I
MXTFERER 10 M EERKKIRER
(Clostridium, 3.90%) . il ¥ & J& (Bacteroides,
3.52%) . H kK B %Ml W J& (Dysgonomonas,
2.41%) . Massilibacteroide J& (1.07%) . A H
Jil B J& (Xylanimonas, 0.97%) . 25 ZE #u it i )@
(Paenibacillus, 0.89%) . Lachnoclostridium J&
(0.65%) . 41> IR /M I J& (Mycolicibacterium,
0.64%). Anaeropeptidivorans J&(0.59%). K4
HEIR I J& (Anaerotruncus, 0.57%). 12 & . 1T
WE . BRI RS B g R e
71, Kato ZFPNr84 H HAT 21 2 2K WA BB 1 1R
I fift 515 42 7 (Clostridium  straminisolvens sp.
nov.); Weiss 5025 i 22 56 N 4 24 H i op
KR B B IR ar 4 Z s ;. B R
P TR S H R Z2 bR A S H U IE Y, G B
K11 (Macrotermes barneyi)H1 43 25 H K 1185
% I BAJIf I (Dysgonomonas macrotermitis)**! . [
[ (Reticulitermes speratu) 143 25 H 1Y 710
%% 8% B Jifd 4 (Dysgonomonas termitidis)®*!, x4k
¥ T. dichotomus J& i T AFTE - & AR 4=
ok itk TR D A

0.005 {

0.000

KN < e & a <&
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2.3 EREFNRINEEERFE SR

FT KEGGP i, 1A 186 585 4~
(27.03%) & A # B 2 40 M i & (cellular
processes) . (i B4t (environmental information
processing) . it 1% {75 K 4k P (genetic information
processing) . A& (human diseases) . #Hr Rt
I (metabolism) . 4 #) & R %4 (organismal
systems)7~ K2 A YA QG B o Forb B R
BT 38 A G ) BE R R H e 22(89 945 ),
WAL 5 BACFE(33 121 1), AR YR RSy
P H f52 /0 (6 452 4N) 0 7E —ZOKF EARXS F2 )8
B 10 ByPhRErh, R SR 5 A Qi EEAH G,
BRI KA A Y15 (carbohydrate metabolism)
HFE R H 50 2(30 266 1), 249 5 8 R4 il 3
1 33.65%, 24 K1 (amino acid metabolism)
FAE &5 X1 (energy metabolism) i 5 ¥ T 8 K
R HE, TRMELEEH 730 24 567 A
16 935 (I 2A). 3T eggNOGP it i v FR
SRR, TEC R YRR 26, R AL
HixZ 25 &2 0 . 418 & (replication,
recombination and repair), K&K G W5
iz 5 (carbohydrate transport and metabolism),
AL IR H o 42 649 4> 5 5 (transcription) |
o i e/ /A 5 i A= ) % A (cell wall/membrane/
envelope biogenesis) 2 3 ik % iz I 15 (amino
acid transport and metabolism) 3 25 A ERREL
HLEZ (K 2B).

N T2 T R TE U ) R R AR R T A
HREYWHEAPIhRE, T CAZy P s
PR AR WS AT 50 P . 48 856 1~(7.43%)
A BOR B T R B OB K % 18 (glycoside
GH) . M % % % [ (glycosyl
transferase, GT). 2 M % 5 Wi (polysaccharide
lyase, PL) . fk /K fb & 7 I M (carbohydrate
esterase, CE) . 4 B & fb if & B (auxiliary
AA) T B K b & W1 45 & Bk

hydrolase,

activity,

(carbohydrate-binding module, CBM)7~ k3 GE
KNy 344 MEEF K., GH, PL, CE fl1 AA £ %
TR LA PR 20 S A& Y 0 o iR el g
Wi, BOR)FA T 41 4 28 i B A AR R R 5 S 2
GH 2 AU R 4 0l 18 R o S KA Al
W, FEFEH 23 779 1~(48.67%), 43 HITERF
143 4~ GH G, HCH GH IRenEE i
75.66%., HIK A GT (15 198 ). CBM (6 964 ).
CE (2 031 1), FEHEZHEDHZE AA (200 1)
(Kl 3)o GT LT EEAIE AL, XA LB
PREEE N B TEE , CBM E AR b, &
LRGN — AN EEA GRS, ARFESFPEHL
P gER R A FEYE . 7E 0K |,
GT2 Fll GT4 2 1 TR v =F 2 e e A
FEXT = FEHT 10 I RERE A 6 1N 8 T GH K%,
{135 GH13,GH2 . GH3 . GH43 ,GH28 #l GH23.
2.4 T. dichotomus 4hH4F4E =& ER4H
RN ESEE

M T. dichotomus %j # 5 iz Hh 3 251531 3 #E
YR BEMAMTE, 53 0lar44h TRC-3, TRC-5,
TRC-6. 3 tRAHTA I RERFEMF LT 4E 2, TERIIR
ARSENIDES R 5P 1= o ol N N i A N 0B
B (1), mad RIS 8 37 35 B B /D) 5
R 7% AR (d) FUAE W) 25 ) W 2 4 2= 5 e e T 1)
550 Hodr, 4R TRC-3 ;=21 4k % il 1Y RE 1 Bkt
D/d ik 5.05, SHA 2 tRANEA 2% 2% 5%
(P<0.05), TRC-6 1) D/d {tife/)N. f#i F DNS &
XT3 RETAE 2R B AR 40 0 0 N U SR . AhY)
R WE T . B A0 AR AR 0 v PR T
ERHT, BRI, TRC-3 By P )7 SRl |
SO SRWEEE . - 2 R U AR S PR Y
& T TRC-5 #l TRC-6 (P<0.05), 45592, TRC-3
A D) FRME i 975 P =38 16.64 U/mL, it T
HAy 2 BRANTE . TRC-5 F1 TRC-6 14 N U] SR b
BitE . AU SRR TG . B~ 2 AR I R U AR
PETCH B 25 5
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A KEGG pathway annotation
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Figure 2 The annotation number for non-redundant gene sets based on the functional classification KEGG
and eggnog. A: KEGG; B: eggNOG.
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Figure 3 The gene number of CAZy annotation.
CBM: Carbohydrate-
binding module; CE: Carbohydrate esterase; GH:

AA: Auxiliary activity;

Glycoside hydrolase; GT: Glycosyl transferase; PL:
Polysaccharide lyase.
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Table 1 The enzyme production capability of cellulose-degrading bacteria

Strain TRC-3 TRC-5 TRC-6
Transparent circle diameter D (cm) 2.03+0.21a 2.31+0.03b 2.38+0.04b
Colony diameter d (cm) 0.41+0.04a 1.15+0.14b 1.40+0.08b
D/d ratio 5.05+0.13a 2.02+0.22b 1.71+0.12b
Endoglucanase (U/mL) 16.64+2.94a 1.24+0.25b 0.31+0.14b
Exoglucanase (U/mL) 2.40+0.57a 0.56+0.15b 0.69+0.27b
B-glucosidase (U/mL) 9.80+1.53a 3.09+0.52b 2.36+0.39b
Filter paper activity (U/mL) 1.52+0.29a 0.97+0.91b 1.14+0.08b

Different letters denote significant disparities among different strains (P<0.05).

®2 ERBIFTSHIE

Table 2 Morphological structure of strain

Strain Strain morphology Colony color Gram staining Spore staining Strain morphology
TRC-3 Irregularity; Rough Rice white to yellow + + Rod

TRC-5 Irregularity; Smooth ~ Rice white to yellow + + Rod

TRC-6 Round; Smooth Milky white + + Rod

+: Positive.
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4 TRC-6. TRC-5. TRC-3 EEMFES
Figure 4 Morphology of TRC-6, TRC-5, TRC-3. A: TRC-6; B: TRC-5; C: TRC-3.

5 #FIM 16S rRNA ZEFFILL NGB AHZERAT RS L B

Figure 5 Phylogenetic tree of cellulose degrading bacteria based on multiple sequence alignment of 16S
rRNA. The value on the branch represents the confidence (%) of 1 000 bootstrap tests in the NJ algorithms
for this node.
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