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An efficient chitinolytic bacterium Bacillus cereus BSF-CH1:
isolation, identification, and application in puparium
biotransformation of Hermetia illucens
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Abstract: The puparium of Hermetia illucens is rich in chitin and protein, while efficient and
environmentally friendly utilization methods remain to be developed. [Objective] To isolate
chitinolytic bacteria from the puparium pile of H. il/lucens and explore their potential in puparium
biotransformation.[Methods] Strains were isolated by the plate screening method and identified by
16S rRNA gene sequencing. The 3,5-dinitrosalicylic acid (DNS) method was employed to
determine the chitinase activity. Whole genome sequencing by PacBio HiFi was conducted to
elucidate the degradation mechanism. The application potential of the strain was explored by
puparium fermentation experiments. [Results] Among the seven isolated strains, Bacillus cereus
BSF-CH1 showed the highest chitinase activity, reaching a maximum chitinase activity of
0.48 U/mL on the second day of fermentation. The genome of BSF-CH1 contained three chitinase
genes, seven chitin deacetylase genes, and four chitodextrinase genes. Puparium biotransformation
experiments showed that BSF-CH1 could degrade 47.2% of puparium mass within 7 days, with
degradation rates of 64.6% and 59.1% for chitin and protein, respectively.[Conclusion] This study
reports an efficient chitinolytic bacterium isolated from the puparium of H. illucens, providing new
insights into the puparium biotransformation and having important implications for promoting the
sustainable development of the H. illucens industry.
Keywords: chitinolytic bacteria; puparium
biotransformation; genome analysis
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(P<0.05). ‘HE %5 FA & B AR 2% B 1 2650 559 1) A i 1
P, 1 v T A EC T R AT B TR A A ) 2]
A S BTG 7. BEPRIES s A9 BSF-CHI i
T IR SR o
2.2 E#k BSF-CH1 894 5 451iE
2.2.1 BSF-CHI1 B S45MES 16S rRNA
EFLEE

WKl 1A frzn, BSF-CHI1 76 JLT i FHe |
R R, WERAEERE, KAf, &

®1 SBEERNEMREED

Table 1  Strains of isolated bacteria and enzyme
activity

Serial Strains Enzyme
numbers activity (U/mL)
BSF-CH1 Bacillus cereus 0.48

BSF-2 Virgibacillus salarius 0.31

BSF-3 Bacillus thuringiensis 0.31

BSF-4 Bacillus licheniformis 0.37

BSF-5 Streptomyces diastaticus ~ 0.23

BSF-6 Klebsiella pneumoniae ND

BSF-7 Brevibacterium avium ND

ND R AR BN S

ND indicates that no enzyme activity was detected.
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GARFN, RIS, RIRLEIR, BV A A
FERRILT s, Bon oS LT ik
fRAE ). L ICY R FHME, iR, K
2.0-3.5 um, & 0.5-0.8 um, HA> 5% Ak FE 5
(1 1B). 16S rRNA EKF3150#180H, BSF-CHI
5 B. cereus ATCC 14579 I . H MEGA
7.0 BAHE R G L B RI(E 1C), BSF-CHI 51
FEZF AT RE G R I . 456 WK LS
22 IQ Y o g5 0L o I S S I RE 2F F0 R B
(Bacillus cereus).

A

2.2.2 BSF-CH1 % &% /)L 7T RBE§E K& pH
BT

BSF-CHI [ JL T B 175 1 78 % T A0 191 ek
BT, 52 RikF A EE 0.48 U/mL, B 52818
TR 2A). pH EM IR 7.0 ZH TR ) 8.5
A4 (K 2B), X AT AE 5 8 BT R A e A 2 Bk
WAk,
2.3 EEBFHEDHT
2.3.1 EEHBAEHE

BSF-CH1 & K 410 /5 345 5 596 kb 5647

ST
B S5
R{(n o W EE

Bacillus cereus CCM 2010 (NR_115714.1)
Bacillus cereus ATCC 14579 (NR_074540.1)
BSF-CHII (CP182325)

L[Bacillus pacificus MCCC 1A06182 (NR_157733.1)
Bacillus thuringiensis NBRC 101235 (NR _112780.1)

Bacillus cytotoxicus NVH 391-98 (NR_074914.1)

Mesobacillus subterraneus COOI3B (NR_104749.1)

Bacillus subtilis 168 (NR_102783.2)

Bacillus salis ES3 (NR_179406.1)

Bl JLTREMBEBSF-CHINSBES5XE. A: BSF-CHIEJLT BFARMEEIEA; B: BSF-CHIAH:
2 RPAZER(100%); C: HETBSF-CHI 16S rRNAK KPS @I R K EW . A3 A ALEA0.014
BATRREUR, 455 P BF Rk SRR R 1 16S rRNAFEH 781 #E GenBank 1 1) 5 545

Figure 1 Isolation and identification of chitin-degrading bacterium BSF-CH1. A: Colony morphology of
BSF-CHI1 on chitin plates; B: Gram staining results of BSF-CH1 (100x); C: Phylogenetic tree constructed based
on the 16S rRNA gene sequence of BSF-CHI1. Scale bar represents 0.01 nucleotide substitutions per site, the
numbers in parentheses are the accession numbers of these strains’ 16S rRNA gene sequences in GenBank.
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Figure 2 The changes in enzyme activity and pH during the fermentation process of BSF-CH1. A: The changes
in enzyme activity during the fermentation process of BSF-CH1; B: The changes in pH during the fermentation

process of BSF-CHI1. Different lowercase letters indicate significant differences among treatments at £<0.05.
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Il RNA
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Il G-+C content
M G+C skew+
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E3 BSF-CHI1EFEEREE. A: YR (chr)ZEHARE K ; B: Fikil (plasmid DIEFAEE; C. Fiki2
(plasmid 2)%E K41 J&] 5]
Figure 3  Circular maps of BSF-CH1 genome. A: The circular map of the chromosome (chr) genome; B: The

circular map of the plasmid 1 genome; C: The circular map of the plasmid 2 genome.
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2 BSF-CHIEFEEH/UT BRIEHEXEER 7 R INEEER

Table 2  Distribution and functional annotation of genes related to chitin metabolism in the genome of BSF-CH1

Gene number Functional annotation Sequence number Start position End position ~ Amino acid size (bp)
Al 01415 Chitin deacetylase Chr 192 314 193 397 360
A1 01730 Chitodextrinase Chr 267 606 269 631 675
Al 08430 Chitin deacetylase Chr 1539616 1540 321 234
Al 13285 Chitodextrinase Chr 2509 115 2510483 455
Al 14040 Chitin deacetylase Chr 2630435 2631263 275
Al 15185 Chitin deacetylase Chr 2878618 2879 461 280
Al_17890 Chitinase Chr 3421271 3422354 360
Al_18280 Chitin deacetylase Chr 3510216 3511116 299
Al 25140 Chitin deacetylase Chr 4779 767 4780 505 245
Al 25160 Chitin deacetylase Chr 4785252 4785957 234
Al_27870 Chitodextrinase Plasmid 1 67713 69 954 746
Al 27875 Chitinase Plasmid 1 70 086 72 453 788
A1l 28005 Chitinase Plasmid 1 100 866 102 870 667
Al 28425 Chitodextrinase Plasmid 1 194 267 195 644 458
A C
320 B 15+ 20 a
~ T
g =
3 a  E b 2 T =
g 15F g ¢ b T 3 = S b
3 e = o= B g 10r ¢ o S =
= [ g c ¢ & T < b
< - = e e =
en 1.0 - g - =10
2 h — 'S =
) i S 5t S
£ 05f g < st
= g |4
]
o] <
0.0 0 0= .
o 1 2 3 4 5 6 7 0o 1 2 3 4 5 6 7 Begin End Begin End

Fermentation time (d)

Fermentation time (d)

Protein Chitin

El4 SEFREMFUIIEPREROENL. A SRS RN B: lirs M & A2 e isit; C:

HEHBILT B S

Figure 4 Changes in various indicators during the biotransformation process of pupal cases. A: Changes in

reducing sugar content; B: Changes in free amino acid content; C: Changes in protein/chitin content. Different

lowercase letters indicate significant differences among treatments at £<0.05.
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il fff BSF-CH1 BE % = 2L B 2 42 9 JL T i
45
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