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Abstract: [Objective] This study compared the differentiation of endophytes in the intestines of
Helicoverpa armigera under feeding normal diet and cottonseed meal diet, and studied gossypol
tolerance and degradation effects of the screened strains, which provided theoretical and experimental
support for further research on the detoxification of Helicoverpa armigera intestinal microorganisms in
cotton-derived feed. [Methods] The gossypol tolerant endophytic bacteria were isolated in the intestinal
tract of Helicoverpa armigera under different feeding conditions, selective culture of gossypol acetate
single carbon source microorganism, and 16S rRNA gene sequence were analyzed and identified. The
detoxification effect of the strains was analyzed by cultivated in a certain concentration of gossypol
acetate liquid, and the compound ratio was used to study the effect of the compound bacteria on
gossypol degradation. [Results] A total of 32 strains were isolated from Helicoverpa armigera, of
which 17 strains were potential new taxon, and 14 were potential new species, and 3 were possible
potential new genera. 17 strains were isolated from the intestinal tract of Helicoverpa armigera under
feeding normal diet, belonging to 10 genera in 3 phyla of bacteria, 15 strains were isolated from the
intestinal tract of Helicoverpa armigera under feeding cottonseed meal diet, belonging to 8 genera in
2 phyla of bacteria. With the increase of the concentration of gossypol acetate in the selective medium,
the number of intestinal bacteria resistant to 100, 300, 500, 1 000 mg/kg gossypol acetate in the
cottonseed meal feed groups were higher than those in the normal feed groups. Among all the tolerant
strains, 15 strains had a degradation rate of more than 50%, and the highest degradation rate of gossypol
was 90.83%. In the experiment of compound degradation of gossypol by intestinal bacteria, the
degradation rate of gossypol in the experimental group were significantly higher than that in the control
group (P<0.05), and the highest degradation rate of gossypol was 87.04%. [Conclusion] It was proved
that there were some higher ability of degrading gossypol strains in the intestinal endophytic bacteria of
Helicoverpa armigera, which enriches the resource of the strains degrading gossypol, and preliminary
research on the potential of compound bacteria in the development and application of cotton-derived
feed was conducted, which provided a new way for the biodegradation of gossypol in cotton-derived
feed.

Keywords: gossypol; Helicoverpa armigera; intestinal endophytic bacteria; isolation and identification;
detoxification
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Table 1 The phenotypic characteristics of the isolated bacteria

Strains Gram Cell morphology Colony characteristics

1-1 - Rod Moist, larger, raised, brick red, edge extended, opaque

1-2 + Rod Dry, larger, wrinkled, white, regular edges, opaque

1-3 + Circular or elliptic Moist, smaller, raised, milky white, regular edges, opaque
1-4 + Circular or elliptic Moist, smaller, raised, milky white, regular edges, opaque
1-5 + Rod Dry, larger ,wrinkled, white, opaque

1-6 + Short rod-like Moist, cheesy, raised, red, regular edges, opaque

1-7 + Rod Wax drop like, raised, light yellow, irregular edges, opaque
1-8 + Spherical or elliptic =~ Moist, smaller, raised, edge neat, white, smooth, opaque
1-9 + Rod Dry, larger, wrinkled, white, regular edges, opaque

1-10 + Spherical or elliptic ~ Small, milky white, regular edge, opaque

1-11 + Rod Moist, raised, milky white, regular edges, opaque

1-12 - Sphere Raised, red, irregular edge, opaque

1-13 + Rod Dry, larger, wrinkled, white, regular edges, opaque

1-14 + Rod Dry, larger, wrinkled, white, regular edges, opaque

1-15 + Rod Dry, larger, wrinkled, white, irregular edges, opaque

1-16 + Rod Moist, larger, raised, milky white, regular edges, opaque
1-17 + Rod Moist, larger, milky white, regular edges, opaque

2-1 + Short rod Moist, smaller, raised, regular edges, transparent

2-2 - Rod Moist, larger, raised, brick red, opaque

2-3 - Rod Moist, larger, raised, red, extended edges, opaque

2-4 + Spherical or elliptic =~ Moist, smaller, grayish white, smooth surface, regular edges, opaque
2-5 - Rod Moist, larger, yellowish green, regular edges, opaque

2-6 - Rod Moist, larger, yellowish green, regular edges, opaque

2-7 + Circular or elliptic Moist, smaller, raised, milky white, regular edges, opaque
2-8 - Rod Moist, yellow, regular edges, opaque

2-9 - Rod Moist, larger, raised, yellow, regular edges, opaque

2-10 + Rod Moist, smaller, raised, milky white, regular edges, opaque
2-11 Rod Moist, larger, raised, yellow, regular edges, opaque

2-12 Rod Wax drop like, raised, light yellow, irregular edges, opaque
2-13 Rod Dry, larger, wrinkled, white, irregular edges, opaque

2-14 - Rod Moist, smaller, raised, light yellow, regular edges, translucent
2-15 + Rod Dry, larger, wrinkled, white, regular edges, opaque

x2

FTEERF S BEHARMYE RS HEMEER

Table 2 The number and diversity of bacteria isolated from samples

The number of isolates identified

Samples The number of isolates

by 16S rRNA gene sequencing

The number of genera .
novel strains

Stress 15
feeding
Normal 17
feeding

17

19

8 8

10 9

<l actamicro@im.ac.cn,

7 010-64807516

The number of potential
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Table 3 Sequence analysis of 16S rRNA in intestinal bacteria of Helicoverpa armigera fed normal diet and

cottonseed meal diet

Strains Closest match GenBank accession No. Similarity/%
1-1 Pseudomonas fluorescens MW555629 90.75
1-2 Bacillus amyloliquefaciens MW555630 99.79
1-3 Enterococcus casseliflavus MW555631 99.75
1-4 Enterococcus faecium MW555632 96.81
1-5 Bacillus megaterium MW555633 97.20
1-6 Rhodococcus pyridinivorans MW555634 95.69
1-7 Bacillus thuringiensis MWS555635 97.34
1-8 Staphylococcus epidermidis MW555636 96.25
1-9 Bacillus amyloliquefaciens MW555637 99.53
1-10 Lactococcus lactis MWS555638 99.50
1-11 Corynebacterium nuruki MWS555639 90.65
1-12 Serratia marcescens MWS555640 98.83
1-13 Providencia alcalifaciens MWS555641 99.41
1-14 Bacillus amyloliquefaciens MW555642 96.37
1-15 Bacillus cereus MWS555643 99.33
1-16 Lactobacillus plantarum MWS555644 99.34
1-17 Bacillus megaterium MWS555645 97.17
2-1 Weissella paramesenteroides MW555646 98.11
2-2 Pseudomonas fluorescens MW555647 87.99
2-3 Pseudomonas fluorescens MWS555648 98.32
2-4 Enterococcus casseliflavus MW555649 99.06
2-5 Pseudomonas aeruginosa MW555650 99.72
2-6 Pseudomonas aeruginosa MW555651 99.07
2-7 Enterococcus faecium MWS555652 99.90
2-8 Microbacterium esteraromaticum MW555653 99.11
2-9 Sphingomonas paucimobilis MW555654 95.66
2-10 Lactobacillus plantarum MW555655 96.31
2-11 Sphingomonas paucimobilis MW555656 99.62
2-12 Bacillus thuringiensis MW555657 96.17
2-13 Bacillus cereus MWS555658 98.02
2-14 Massilia timonae MW555659 95.16
2-15 Bacillus subtilis MWS555660 99.07

http://journals.im.ac.cn/actamicrocn
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The group of fed normal diet of species of intestinal endophytic bacteria of Helicoverpa armigera.



RS | WA, 2022, 62(1)

313

& 2

5
4
g4r
£ 3
37
2 2 2
g2
g 1 1 1 1
Z 1t
— B — I
0 || ||
@\\0 \\05 X W ;\N\,\‘ 0\&5 :\\\\\? :\\\\\P \\'\0
X3 R © 0 & o o o
© o & o & N 2 W
) \ 00
& 0 A%
Species

AR IARARE R ERNE A EME

Figure 2 The group of fed cottonseed meal diet of species of intestinal endophytic bacteria of Helicoverpa

armigera.

x4 1R HBHIE A A B X B ER AR B B 52 1

Table 4 Tolerance of endophytic bacteria in the intestine of Helicoverpa armigera to gossypol acetate

Gossypol acetate concentration/(mg/kg)

Gossypol acetate concentration/(mg/kg)

Strains Strains

100 300 500 1000 100 300 500 1 000
1-1 - - - - 2-1 ++ ++ ++ -
1-2 - - - - 2-2 +++ +++ ++ -
1-3 - - - - 2-3 ++ ++ ++ -
1-4 +++ ++ ++ - 2-4 +++ ++ ++ -
1-5 +++ ++ ++ - 2-5 ++ ++ ++ -
1-6 +++ +++ +++ +++ 2-6 ++ ++ - -
1-7 ++ ++ + - 2-7 +++ -+ +++ +++
1-8 - - - - 2-8 +++ +++ +++ +++
1-9 +++ +++ ++ - 2-9 +++ ++ + +
1-10 ++ + - - 2-10 ++ + - -
1-11 +++ +++ +++ +++ 2-11 +++ +++ +++ +++
1-12 ++ ++ - - 2-12 ++ + + _
1-13 + - - - 2-13 +++ +++ +++ ++
1-14 ++ + - - 2-14 -+ 4+ +++ +++
1-15 ++ + - - 2-15 +++ +++ +++ +++
1-16 - - - -
1-17 +++ +++ +++ +++

+++: grow well; ++: normal growth; +: weak growth; —: unable to grow.
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REEHL, TR LE 5 fRD R AL T 27 S TR AR B PR MR B
FE(E 3). BERRAREIME A 100 mg/kg B, fRIME
IEH AR 12 BRERRT SZ R, (RIPRAR A 1R
BHEA 15 WK Z ; BETRAR Bk B4 300 mg/kg
I, RN IE AR 11 BRI S AR, A
FIREHHA 15 Bk BERRAR MR 500 mg/kg
F, RS2 RS 7 fk, MR R A
13 # 5 BEERARERVRE A 1 000 mg/kg B, RIMEIE

HELH G 3 BRI A2 1 AT R 1-6.1-11
1-17; MARIEARI AR 7 BRI 22 5, 43 B2
2-7. 2-8. 2-9, 2-11, 2-13. 2-14. 2-15,

e W I 8 DR AR AL U IE R 12 BRI 22
FRBR BRI, o) I R A B0 A B AR AR 1A 10
B, AR Y B R AE 19.87%—88.68% 22 [H]
Xof W W A i R G B 50% LA E AR ARE 5 bk
(] 4), Horbr, BBk 1-6 X5 R B 0 A % o s
iKF] 88.68%; 1-17 XA ML A FE A 2R 70.1%,

Tolerate gossypol/1 000
(mg/kg)

Tolerate gossypol/500
(mg/kg)

Tolerate gossypol/300
(mg/kg)

[P
]
Tolerate gossypol/100
(mg/kg)

The group of fed
cottonseed meal
diet

m The group of fed
normal diet

B3 ARMRTHRBMEANEREERRREREBRBE® TEKERESLE

Figure 3

Comparison of the number of strains growing in the intestinal endophytes of Helicoverpa

armigera under different concentrations of gossypol acetate under different feeding conditions.
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Figure 4 Gossypol degradation rate of gossypol endophytic bacteria in the group fed normal diet and

cottonseed meal diet.
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90
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rRNA R P AU 95.16%, 7] REE W TE
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2.4 1852 BB AR ER BE AR I 2H & X 4 B B
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o A5 3] 1 X TS 2 A P e e AR BT R AR 4%
HIBENAERER 2 FH G, T, L5604 1.
2-1542-742-10, 1 © 1 1 1; SEW 4 2.
2-1442-8+1-6, 1 :1: 1., 538 A7IE K
PR B0 5 AR R A EA T X e, 2 AR A
A= TR S 36 A X A T D A A R I 2 e TR IR
(P<0.05), S5 2 2 15 1 [ A 28 0 1w, A 87.04%
SEHG A 1 AR AR N 84.33% . X HE 41X A B
R A R AR X A, HEREDE 70%LA E, 45
M 76.6%.79.66% . 75.22% . 74.78% . 81.79% (I
5)o SEERAL 1 WAV : MR ZEIAT R . 2
WHEKTE : MPFAFE=1 1 1; LI 2 Wi
MW HHENDIEE . BT E R gk
ZIERE=1:1" 1,

d
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85 X B

S b z
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65
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Figure 5 Degradation effect of combination of gossypol-degrading bacteria in the intestine of Helicoverpa

armigera.
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