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Abstract: Paralipsa gularis (Zeller) (P. gularis) is a serious pest of corn cob found in Yunnan maize production ar-
eas in recent years. To clarify the metabolic function of its intestinal culturable bacteria on food nutrients and secondary
metabolites, we used the combination method of thylakoid bioassay and high-performance liquid chromatography, to

screen and study the degrading bacteria of the larval intestine of P. gularis that can be cultured for starch, cellulose, pro-
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tein, ferulic acid, vanillin, and p-hydroxybenzoic acid. The results show that 18 bacterial strains are screened from P. gu-
laris intestinal culturable bacteria with starch, cellulose, protein, ferulic acid, vanillin, and p-hydroxybenzoic acid degrad-
ing power, respectively. Among them, Bacillus subtilis (DH3) has the strongest starch degrading ability, with the ratio
of hyaline circle (H,) and colony diameter (D, ) of 1. 70. Bacillus thuringiensis (BS1) has the strongest degradation of cel-
lulose, with H,/D, of 4. 46. Serratia marcescens (BS5) has the strongest protein degradation, with H,/D, of 3. 46. Ba-
cillus. subtilis (DH3) has the strongest degradation of ferulic acid, with a degradation rate of 99.92%. Brucella pseu-
dogrignonii (DH5) has the strongest degradation of vanillin, with a degradation rate of 99.82%. Staphylococcus sapro-
phyticus (BS2 and BS7), Bacillus stratosphericus (BS4) , Serratia marcescens (BS5), Bacillus cereus (BS8), and Bru-
cella pseudogrignonensis (DH5) all have a strong ability to degrade p-hydroxybenzoic acid (degradation rates: 100% ).
In summary, the intestinal tract of P. gularis is enriched with bacteria that can degrade maize nutrients and maize second-
ary metabolites, and these intestinal bacteria play an important role in the metabolism of nutrients and secondary metabo-
lites in P. gularis. The results will provide not only a theoretical basis for the study of the functions of P. gularis intestinal
bacteria and the comprehensive control of P. gularis, but also the strain resources for development and utilization of func-
tional bacterial strains.

Key words: maize; Paralipsa gularis (Zeller) ; intestinal tract; nutrient; secondary metabolite; degradability
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Table 1 Screening results of starch—degrading bacteria in different geographic populations of gut bacteria of P. gularis

) B4 B WVE T 2(D,) 501 A (H,) H,/D,
BS1 Bacillus thuringiensis 17.934+0.08 22.2940.04 1.244+0.01
BS2 Staphylococcus saprophyticus 7.3840.13 9.1240.04 1.2440.02
BS4 Bacillus stratosphericus 14.814+0.13 17.0040.06 1.15+0.01
BS5 Serratia marcescens 13.65+0.38 18.71+0.27 1.37+0.04
BS7 Staphylococcus saprophyticus 10.93+0.39 13.14+0.12 1.20+0.03
BSS8 Bacillus cereus 15.614+0.10 19.68+0.26 1.2640.01
DH3 Bacillus subtilis 6.74+0.20 11.4740.19 1.7040.04
DH4 Bacillus stratosphericus 18.62+0.06 20.65+0.09 1.1140.00
DH7 Bacillus cereus 14.774+0.04 19.0740.03 1.294+0.00
DHS8 Serratia nematodiphila 19.2940.13 20.16+0.03 1.054+0.01
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Fig. 1 Transparent circles of P. gularis intestinal starch—degrading bacteria

g
o

-

—_
n

VR S (H /D)
o —
n (=]

(=]

BS1 BS2 B4 BS5 BS7 BS8 DH3 DH4 DH7 DH8
2 —RREREEMEREH,/D EREEESH
Fig.2 Significance analysis of H,/D, differences in

P. gularis intestinal starch degrading bacteria
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Table 2 Screening results of cellulose-degrading bacteria in different geographic populations of gut bacteria of P. gularis
T B G TR B 44 B W% HA2(D,) & H AR (H,) H,/D,
BS1 Bacillus thuringiensis 5.2040.03 23.20+0.14 4.46+0.01
BS4 Bacillus stratosphericus 6.061+0.44 6.63+0.38 1.0940.02
BS5 Serratia marcescens 4.72+0.26 5.20+0.20 1.104+0.03
BS6 Serratia rubidaea 5.53£0.10 6.94+0.08 1.25+0.01
BS8 Bacillus cereus 8.50+£0.08 24.2040.10 2.85+0.02
BS10 Leclercia adecarboxylata 4.85+0.03 5.31+£0.03 1.09+0.00
DH3 Bacillus subtilis 6.57+0.06 15.344+0.04 2.33+0.02
DH4 Bacillus stratosphericus 3.93+0.03 5.36+0.03 1.3640.00
DH5 Brucella pseudogrignonensis 3.13+0.10 8.17+0.06 2.61+£0.07
DH7 Bacillus cereus 6.361+0.05 6.64+0.03 1.04=40.00
DHS8 Serratia nematodiphila 8.054+0.04 9.8240.01 1.2240.01
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Fig. 3 Transparent circles of cellulose-degrading bacteria of P. gularis intestinal
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Table 3 Screening results of protein-degrading bacteria in the gut of different geographic populations of P. gularis

T ok G T ok 44 W HE(D,) #E W HAR(H,) H,/D,
BS1 Bacillus thuringiensis 22.27+0.24 29.68+0.12 1.334+0.01
BS2 Staphylococcus saprophyticus 8.90+0.04 12.2040.02 1.374+0.01
BS3 Bacillus altitudinis 9.5440.08 16.8240.05 1.76 £0.01
BS4 Bacillus stratosphericus 9.714+0.09 22.53+0.05 2.32+0.02
BS5 Serratia marcescens 9.89+0.11 34.17+0.04 3.46+0.04
BS6 Serratia rubidaea 10.43+0.15 30.77+0.07 2.95+0.03
BS7 Staphylococcus saprophyticus 10.264+0.03 31.43+0.02 3.06+£0.01
BSS8 Bacillus cereus 19.644+0.21 32.00£0.09 1.63+0.01
DH1 Bacillus amyloliquefaciens 18.224+0.16 37.82+0.07 2.08+0.02
DH2 Bacillus altitudinis 10.994+0.04 19.6740.06 1.794+0.00
DH3 Bacillus subtilis 7.404+0.02 15.8940.04 2.1540.01
DH4 Bacillus stratosphericus 11.5340.06 21.19+0.04 1.84+0.01
DHS5 Brucella pseudogrignonensis 15.17+0.04 32.43+0.04 2.14+0.00
DH7 Bacillus cereus 17.48+0.01 25.90£0.02 1.4840.00
DHS Serratia nematodiphila 14.904+0.02 32.20£0.10 2.16+£0.01
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Fig.5 Transparent circles of P. gularis intestinal protein-degrading bacteria
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Fig. 6 Significance analysis of H,/D, differences in P. gularis intestinal cellulose-degrading bacteria
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Fig.7 Analysis of P. gularis intestinal enzyme-producing strains and capabilities
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Table 4 Screening results of ferulic acid, vanillin and p-hydroxybenzoic acid degrading bacteria

W5 W K 44 Bk 0.1 g/L P21 R 0.1 g/L FH 0.1 g/L X ¥ FL R H iR
BS1 Bacillus thuringiensis +++ +++ ++
BS2 Staphylococcus saprophyticus — + +++
BS3 Bacillus altitudinis + ++ —
BS4 Bacillus stratosphericus — + +++
BS5 Serratia marcescens ++ +++ +++
BS6 Serratia rubidaea ++ +++ ++
BS7 Staphylococcus saprophyticus - ++ +++
BSS8 Bacillus cereus +++ +++ +++
BS9 Enterococcus gallinarum — — +++
BS10 Leclercia adecarboxylata — — —
BS11 Staphylococcus arlettae — — —
DH1 Bacillus amyloliquefaciens — +++ ++
DH2 Bacillus altitudinis + ++ —
DH3 Bacillus subtilis +++ +++ +
DH4 Bacillus stratosphericus — + +++
DH5 Brucella pseudogrignonensis ++ +++ +++
DH6 Aeromonas hydrophila + + ++
DH7 Bacillus cereus ++ ++ ++
DHS Serratia nematodiphila +++ ++ ++
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Fig. 8 Standard curve of degradation rate of ferulic acid, vanillin and p—hydroxybenzoic acid
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Table 5 Degradation rates of ferulic acid, vanillin and p-hydroxybenzoic acid degrading bacteria

S e TR AR Witk 5/ 0
BT 2 A Xof 32 HE R TR BT 2L 1 A Xof I HE TR T R

CK 1022 813 111 666 978 024

BS1 874 765 221 668 481 14.47 99.80 31.65
BS2 514 0 99.54 100.00
BS3 28 392 77114 97.22 30.94

BS4 657 0 99.41 100.00
BS5 883 429 292 0 13.63 99.74 100.00
BS6 820 217 275 78 1 19.81 99.75 19.70
BS7 224 0 99.80 100.00
BSS8 57 452 287 0 94.38 99.74 100.00
BS9 810 947 17.08
DHI1 4 098 469 017 96.33 52.04
DH2 35328 59 537 96.55 46.68

DH3 788 401 50 887 99.92 99.64 94.80
DH4 231 888 876 99.79 9.12
DH5 802 649 202 0 21.53 99.82 100.00
DH6 743163 3746 851 804 27.34 96.65 12.91
DH7 742 963 70 074 890 581 27.36 37.25 8.94
DHS8 719 088 40 480 915 860 29.70 63.75 6.36
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