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Screening and identification of xylanase-producing strains isolated
from crayfish intestine

FENG Guang-Zhi ZOU Yan-Ni WANG Yue-Lin WU Yu-Ting SHI Yu”

College of Food and Biotechnology, Wuhan Institute of Design and Sciences, Wuhan, Hubei 430205, China

Abstract: [Background] The intestinal microbes are the main driving force of crayfish to degrade
cellulose and hemicellulose. [Objective] The study of the relative abundance of bacteria in the intestine
provides theoretical support for revealing the role of intestinal microorganisms in the degradation of
lignocellulose. [Methods] The diversity of intestinal bacteria was studied by Illumina MiSeq
high-throughput sequencing, and xylanase production bacteria were isolated from crayfish intestine by
plate screening method. [Results] Morphological and 16S rRNA gene molecular identification showed that
all 4 strains belonged to Bacillus genus. The four strains were identified combining the physiological and
biochemical characteristics. The results showed that the strain Z-3 was identified as Bacillus subtilis, strain
Z-4 was Bacillus velezensis, strain Z-29 was Bacillus cereus, strain Z-30 was Bacillus altitudinis. The
results of 16S rRNA gene high-throughput sequencing showed that: at the genus level, the intestinal
bacteria of crayfish were mainly Candidatus Bacilloplasma, Bacteroides, Vibrio, Acinetobacter,
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Dysgonomonas, Tyzzerella 3, Aeromonas and Shewanella. [Conclusion] Crayfish had abundant bacterial
resources in the intestine, and Bacillus bacteria played an important role in the degradation of

lignocellulose.

Keywords: Crayfish intestine, Endophytic bacterium, Xylanase, High-throughput sequencing
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S5, A THUIBEREE S B UK A PCR 9354551
HEE ERJCAEYRHABRA W
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21 NEAMRFEFEAKRIERMERE RS B Sk
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Table 1 Hydrolytic circle size for screening strains
— KA 4% D WK EARd

Diameter of the clear  Diameter of the colony D/d

Strains

zone (cm) (cm)
Z-3 1.28 0.38 3.37
Z-4 1.23 0.58 2.12
Z-29 0.97 0.62 1.56
Z-30 0.68 0.63 1.08

B 1 FEEFETELR(000x)

Figure 1 Results of morphological identification (1 000x)
e A Wbk Z-3, E2IRMAME; B: Wk Z-3 M,
SO ZEAL, AAORIEIA; C: Wbk Z-4, FZIRPHMER; D:
Bkk Z-4 e, e 2R, LLENBIAE; E: Wik 2-29,
W PCPAPETE; Fo BERE Z-29 MZEAIYL G, SN, ai
B G: bk Z-30, HIRFHPERT; H: Wk Z-30 B
getn, SO, AN

Note: A: Strain Z-3, Gram positive bacterium; B: Spore staining of
strain Z-3, green is spore, red is a bacterium; C: Strain Z-4, Gram
positive bacterium; D: Spore staining of strain Z-4, green is spore,

red is a bacterium; E: Strain Z-29, Gram positive bacterium; F:
Spore staining of strain Z-29, green is spore, red is a bacterium; G:
Strain Z-30, Gram positive bacterium; H: Spore staining of strain
Z-30, green is spore, red is a bacterium.

W OB ZEARF IR, IWIRTETE SRR, Z-3 18T
R, k¥, 20 T4 Z-4 BB, L6,
FEIA , FmOEH; Z-29 WVERIE -, ThZ 5%,
FLEA G, FERE; Z-30 FRSAHFEE, KA
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o, ANEH, NS, REDEHEME. EMA
gL 2 Fow, t (AR % T MR i
VLA RS E T P, 4 BRERR A A B A
TS5 R 5 2R B A AT
222 DTENMELEE

Bk R T 16S rRNA JE[H PCR 1,
5324 1 500 bp 9 PCR 7=#1(Kl 2). RIERGZ LT

R2 DEROEBEULEESER

Table 2  Physiological and biochemical identification
results of isolated strains
Test items Z-3 Z-4 729 Z-30

Gram stain + + + +
Protease A + + A
Amylase + = + +
Gelatin liquefaction test + + + +
V-P + = + =
Catalase + + + +
Growth in 10% NaCl + = + =
Citrate + + + =
Proodate = = = =
D-Xylose + - - +
D-Mannitol + + = +

W o+ BN —: BHPERON.

Note: +: Positive; —: Negative.

100

WL R (E )AL, Wk Z-3 J& TR R ZE A
(Bacillus subtilis), Wtk Z-4 J& T DS 2F f AT 4
(Bacillus velezensis), F#E Z-29 J& T B ZE AT B
(Bacillus cereus), MEHk Z-30 J& T & i 2 F AT 1
(Bacillus altitudinis), & 54 FA L 4 e G5 RABY) & o

bp M 7-3 Z-4  7-29 Z7-30

1500
1 000

500

100

2 PCR =¥ 184

Figure 2 Results of amplify for PCR products

7. M: DNA Marker; Z-3, Z-4, Z-29., Z-30: 16S rRNA A
PIgra.

Note: M: DNA Marker; Z-3, Z-4, Z-29, Z-30: 16S rRNA gene
amplified fragments.

Bacillus velezensis LBUM288 (M(3461457)
97| Z-4 (MK328474)
Bacillus velezensis PgBel 79 (MH211270)
100 Bacilfus velezensis WK1 (MF471767)

Bucillus subtitis WD23 (LU780682)

Bacillus subtilis [HB B 10201 (KR233775)
| Z-3 (MK311325)

Bacillus subtilis PPL-SC9 (KM226924)

Bacillus altitudinis MRN 16 (MG062748)
Z-30 (MK3113206)

Bacillus altitudinis pk4 (MH538126)
Bacillus altitudinis pkS (MH338127)
100

Bacilfus cerens GE14 (KY312801)

Z-29 (MK311324)
100 | Bacilius cerens ZLynn1000-12 (KY316446)
Bacillus cereus BS14 (KR063194)

Lactobacifius casei (X61135)

—
0.003

B 3 ¥k Z-3. Z-4. Z-29. Z-30 B9 16S rRNA EERFK A Bt
Figure 3 Phylogenetic tree of strains Z-3, Z-4, Z-29 and Z-30 based on the 16S rRNA gene sequence

T T S A A EUER L4048 1 000 Y A ORI AE 11 Bootstrap S22 Ei R 0.005 7 1 000 MZIF IR 5 Mokt ;

155 WIS 2R HRLTSIE GenBank (%5 %5

Note: The values on the left side of the node were Bootstrap support rates based on the neighboring method by 1 000 repeated sampling; The
scale bar, 0.005, represented five out of 1 000 nucleotides were replaced; Numbers in the parentheses indicated GenBank accession number

of the sequence.
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2.3 /\EEFEAIE 16S rRNA ERE Si@ENF
/N e B i 18 A0 TR TE R KT B RS AR (E 4),

Candidatus Bacilloplasma F14bLAT 12 Ji& 41 7 55 i fix

%, Candidatus Bacilloplasma (i 24.93%, 4T # &

Genus
Others (12 221, 30.48%)

YR b7 23.44%, IR ANE 7 10.11%, A
J& 40 5 3.81%, Dysgonomonas i 2.99%, Tyzzerella
315 2.06%, CHRMIPE B AR 7 1.13%, Ay FLIR A&
PR (5 1.05%, ARSI ARAFE R AN 5 30.48%,

W Candidatus Bacilloplasma (9 997, 24.93%)

Bacteroides (9 400, 23.44%)
Vibrio (4 055, 10.11%)
Acinetobacter (1 527, 3.81%)

W Dysgonomonas (1 198, 2.99%)

B4 /NEITMEREERKTELHEEEESE

Tyzzerella 3 (827, 2.06%)
Aeromonas (453, 1.13%)
Shewanella (423, 1.05%)

Figure 4 The community composition of intestinal bacteria at the genus level of crayfish

TE: SN IORYIF PR BRI A 23 L.

Note: Numbers in the parentheses indicated the number of sequences of species and the percentage of species.

3 WiE%i

ARPWERGEAT LN HNE, R, &
BEZh | R AR T A A T R B RS T
H AT Tk AR MG B A2 AR B, B
TARRBEBHE G 208 RN, 2
(1R A SR T B AR DR RN SR R U, 8R4 1
i g AR SR B IR, R A
TF 5T 15 7™ DA AR 8 WX 2 R SRR il Tl & Je HAy
+or BB O NIRRT,
B AR KN g R R, A AT, /b
JREF B A WA AT IR AR D X/ N e iR 1A
PERER RN ZE RN B RE AR N Z EE /0 /NI ER iz 18
R AR R R, AT SRS AR R SR
BRI SE DI G, R %o /N o R g 1 B R A 7
VST, A BT TS 3 S R R AE EAE
KA, /NIRRT 4ER AL

FIA Mumina F& %t 165 rRNA e8] #—ak
2SRRI, BAMFRES . A TEERE
Vﬁ%%ﬁ%ﬁﬁ AR iE PR A R, A

ATRERE 16S rRNA JERY 9 AN Al A8 X 43T, BF

DA H e 1-3 ANl A28 XAE R I X3, Sl
FP S 250 bp, AUl B2y 500 bp, WY A
B, Ja St R S0 HEA TR R 4 4 P
1%, FARMCE YR ER I 2 JOK R, Aig e
R d N P OESE T /NS IE A, 45
BN Jp iR B 38 B 0 B RF 4L 5 Candidatus
Bacilloplasma. #FFEJE . RS . AZhAFEHIE
Dysgonomonas. Tyzzerella 3. < FAMIE B AN, N
INREF B TR ZFEPEEIY . SRR T N 1R
ML BAE 92 LA B /0N i W i 3 P9 I BE TR Y 5 ] 16 B
Pfitg

ﬁ;@/\U\/J BRI IE IR Y 4 RR AR
Wikk, 2995 HN Z2-3, Z-4, Z-29, Z-30. Xt 4 ¥k
IR TR AR 25, FE 4 BRI JE
T 22 QA 8 AT TR 2 AT e . b bk
Z-3 WAHE L AUAT i (Bacillus subtilis), #itk Z-4 4
DL ZE AT (Bacillus velezensis), bk Z-29 &
IR ZF 0 FT 5 (Bacillus cereus), TE Rk Z-30 A2
FFFE (Bacillus altitudinis), JE 2527 % 45 A AH)
Hro HFEAIFT I JE (Bacillus) & — 287 2R 2 2 G FH
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VRN, TR AR TR Y, SRR IR B
A= W REE Y W A A R A AT T RE A HIR T A5 A
W BRI, T LR 25 A A TR R B A — i AR
T3, MR E AR IR R BB A By B AR
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KA A HI A 7389 3 (3 K R SOE A ] B 5
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Tif DR B 0 o 3 3l AR /N e W 7 T R 1) R LB
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