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ABSTRACT: Streptomyces sampsonii is a kind of biocontrol bacterium with antifungal effects, and chitinase is one of the main antifungal
substances. To improve and further study the structure and function of the chitinase gene of S. sampsonii, we amplified the target fragment by
PCR, ligated the fragment to the expression vector pET-32a, introduced the resulting plasmid into Escherichia coli BL21 (DE3) and induced
expression of the chitinase. Then, the recombinant chitinase was purified by is-labelled protein micro purification kit. A chitinase gene, Sschi61,
was cloned from the genome and expressed in a prokaryote. The antifungal effect of the recombinant protein was also studied. Finally, the
chitinase gene Sschi6l with a length of 1755 bp was obtained, and the expression of the 82 kDa recombinant chitinase was induced in E. coli
by IPTG. The recombinant chitinase could inhibit the black spot pathogen of Eucommia ulmoides (Pestalotiopsis trachicarpicola). After the
hyphae of the pathogen of black spot of Eucommia ulmoides (Pestalotiopsis trachicarpicola) were soaked with recombinant chitinase, the
hyphae cells expanded, broke, and dissolved.

Key words: biological control, Streptomyces sampsonii, chitinase gene, cloning, prokaryotic expression.

Clonagem, expressio e efeito antifiingico da quitinase
recombinante de Streptomyces sampsonii KJ40

RESUMO: Streptomyces sampsonii é uma espécie de bactéria de biocontrole com efeitos antifingicos, sendo a quitinase uma das principais
substdncias desse tipo. Para melhorar e estudar mais a estrutura e fun¢do do gene da quitinase de S. sampsonii, amplificamos o fragmento
alvo por PCR, ligamos o fragmento ao vetor de expressao pET-32a, introduzimos o plasmideo resultante em Escherichia coli BL21 (DE3) e
induzimos expressdo da quitinase. Em seguida, a quitinase recombinante foi purificada pelo kit de micropurificagdo de proteina marcada. Um
gene da quitinase, Sschi61, foi clonado do genoma e expresso em um procarioto. O efeito antifiingico da proteina recombinante também foi
estudado. Finalmente, o gene da quitinase Sschi6l foi obtido, contando comprimento de 1755 pb, e a expressdo da quitinase recombinante
de 82 kDa foi induzida em E. coli por IPTG. A quitinase recombinante pode inibir o patégeno da mancha preta de Eucommia ulmoides
(Pestalotiopsis trachicarpicola). Apés as hifas do patogeno da mancha preta de Eucommia ulmoides (Pestalotiopsis trachicarpicola) serem
embebidas com quitinase recombinante, as células das hifas se expandiram, quebraram e se dissolveram.

Palavras-chave: controle biolégico, Streptomyces sampsonii, gene quitinase, clonagem, expressdo procariotica.

INTRODUCTION aureus. Streptomyces can also produce many kinds
of enzymes that are widely used in medicine, food

Streptomyces belongs to the family and agriculture. PLD (e-polylysine degrading
Streptomyces  of  actinomycetes, which are enzyme) was isolated from the cell membranes of
prokaryotes. It is a gram-positive filamentous S. albus and S. diastocologenes. S. mobaraensis can
bacterium whose morphology is similar to fungi produce transglutaminase, which can promote protein
(FLARDH et al,, 2009; HASANI et al, 2014). intramolecular or intermolecular cross connection,
Streptomyces can produce macrolides, amino the interaction between protein and amino acid
glycosides, polypeptides and other antibiotics. Among and protein intramolecular glutamine hydrolysis
them, the macrocyclic ester antibiotic FK506 can to change the structure and functional properties
inhibit the replication of vaccinia virus in bsc-40 cells of proteins (KITO et al., 2002; YOKOYAMA et
(HIGGINBOTHAM et al., 2010; REIS et al., 20006). al., 2004). S. albolongus can produce the chitinase
Aminoglycoside antibiotics have a strong inhibitory SaChiA4, which has potential application in chitin

effect on methicillin-resistant  Staphylococcus waste treatment. Strepfomyces can also produce
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amylase, protease, lipase, and other enzymes (GAO
et al., 2018). In addition, Streptomyces can secrete
the growth hormone TAA to promote plant growth,
increasing the dry weight of corn, cucumber, tomato,
and other plants (IGARASHI et al., 2002; KHAMNA
et al., 2009).

Chitin is a high molecular weight polymer
that is connected by N-acetyl-2-amino-2-deoxy-D-
glucose with a B-1,4 glycoside bond. According to
the different crystal forms, chitin can be divided into
a-chitin, B-chitin and y-chitin (KHOUSHAB et al.,
2010). Chitin has strong chemical stability due to its
hydrogen bonds in and between molecules, making
it difficult to study its application. Chitinase can
hydrolyse B-1,4 glycoside bonds in chitin, and this
reaction plays an important role in saving energy,
reducing pollution and decomposing chitin produced
by organisms (HAMMAMI et al., 2013; HARTL
et al.,, 2012; KUMAR et al., 2000; XIAO et al.,
2003). Studies have shown that chitinase can inhibit
a variety of plant pathogenic fungi. Chitinase can
also decompose chitin components in the cuticle of
nematodes and reduce the economic losses of billions
of dollars caused by plant parasitic nematodes to
global agriculture and forestry (ABAD et al., 2008;
MERZENDORFER et al., 2003). Therefore, chitinase
has broad prospects in the field of biological control.
At present, a wide range of studies on chitinases
have been performed throughout the world, mainly
including the biological control of Botrytis cinerea,
plant soil-borne disease pathogenic fungi, and
Bipolaris sorokiniana INBAR etal., 1991; MAGNIN-
ROBERT et al., 2007; ZHANG et al., 2000). Several
chitinase genes in fungi, actinomycetes, and bacteria
have been cloned and expressed; the Chit36 gene
from Trichoderma harzianum was cloned and
expressed. The soluble protein chi6769 from a new
rare actinomycete (Saccharothrix yanglingensis HS.
015) was cloned and expressed, and the chitinase
genes stmchia and stmchib from Stenotrophomonas
maltophilia were cloned and expressed. These
chitinases have antifungal activity and can combine
with nanomaterials to increase their catalytic stability
(LUetal., 2018; MOHAMMADZADEH et al., 2017,
SUMA et al., 2013). Chitin oligosaccharide, amino
oligosaccharide and other substances produced by
chitinase-catalysed chitin hydrolysis increased the
resistance to fungi and bacteria by increasing the
secretion of plant-resistant enzymes.

With the huge losses of agricultural and
forestry production due to plant fungal diseases,
traditional chemical control has the risk of high
pollution and high residue, while biological

control has gradually become the main means of
disease control because of its high efficiency, lack
of pollution and long-lasting effect. Worldwide,
an increasing number of microorganisms and their
metabolites inhibited the survival and reproduction
of pathogenic fungi. Streptomyces sampsonii has
obvious antibacterial activity, which can inhibit
the growth of various fungi and bacteria, potential
insecticidal and antitumour activities, which have
a certain lethal effect on root knot nematodes
and tumor cells, the ability to promote growth
and improve soil conditions; and the potential
as a biological pesticide to improve low-cost
organic land (KIM et al.,, 2011). S. sampsonii
KJ40 is an actinomycete with multiple functions
of disease prevention and growth promotion. The
strain isolated from the rhizosphere of Poplar
can prevent the occurrence of purple root rot and
significantly improve the growth ability of trees.
P trachicarpicola can cause a variety of plant
diseases, mostly foliar diseases, and is a pathogen
of tea gray blight, brown leaf spot of Polygonatum
sibiricum, leaf spots on mango, and twig blight of
Pinus bungeana (Pinaceae: Pinoideae) in addition
to black spot disease of Eucommia ulmoides
(ZHANG et al., 2021; LIU et al., 2019; SHU et al.,
2020; QI et al., 2020). In this study, the chitinase
gene of S. sampsonii KJ40, Sschi6l, was cloned
and expressed in E. coli. The basic properties of
chitinase and its effect on P. trachicarpicola were
explored, laying a foundation for the research and
development of a chitinase gene from S. sampsonii
KJ40 for biological control.

MATERIALS AND METHODS

Strains, plasmids, plant samples and media

Strains: S. sampsonii KJ40 (accession
number: LORIO0000000) was provided by the forest
protection and Forest Pathology Laboratory of Sichuan
Agricultural University. The strain is preserved by the
Chinese General Microbiological Culture Collection
Center (CGMCC No. 5996). The key laboratory of
forest protection in Sichuan Province provided the
pathogenic fungus (P. trachicarpicola), which causes
black spot of Eucommia ulmoides. It was isolated in
the incidence area of black spot of Eucommia ulmoides
disease in Dayi County, Chengdu, Sichuan Province.

Expression host strains: Escherichia
coli BL21 (DE3) chemically competent cells were
purchased from TransGen Biotech (China).

Plasmids: The plasmid pET-32a vector
was purchased from TransGen Biotech (China).
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Medium: (1) Nutrient broth medium (NB)
consisted of the following: peptone 10 g, beef extract
5 g, sodium chloride 5 g, distilled water 1 L, pH
7.2-7.4. (2) LB medium consisted of the following:
tryptone 10 g, yeast extract 5 g, sodium chloride 10 g,
distilled water 1 L, pH 7.0. For solid medium, 18 g of
agar was added to each litre of liquid medium.

Sequence analysis and protein bioinformatics
prediction of the chitinase gene Sschi61

Based on the analysis of the whole genome
sequence of S. sampsonii KJ40 and its functional
prediction, a chitinase-coding gene named Sschi6!
(accession number: MW682322) was screened.
The nucleotide sequence was compared by the
BLAST program in the NCBI database, and the
ORF and amino acid sequence were inferred by
DNAMAN software. The amino acid fragment with
high homology was selected for multiple sequence
alignment by using Clustalx1.83 software. The
protparam (http://web.expasy.org/protparam/) tool in
the online EXPASY system was used to predict the
amino acid composition, total number of positively
and negatively charged residues, molecular
formula, instability coefficient, fat coefficient and
hydrophobicity. The tool for computing pl/Mw (http://
web.expasy.org/computeupi/) was used to predict
the theoretical molecular weight and theoretical
isoelectric point of protein, the ProtScale (http://web.
expasy.org/protscale/) tool was used to predict protein
hydrophobicity, the TMHMM server v. 2.0 (http://
www.cbs.dtu.dk/services/tmhmm-2.0/) tool was used
to predict the transmembrane region, the Targetp
1.1 server (http://www.cbs.dtu.dk/services/targetp/)
tool was used for subcellular localization analysis,
the online software signalp 4.1 server (http://www.
cbs.dtu.dk/services/signalp/) was used to predict
protein signal peptide, the online software netnglyc
1.0 server (http://www.cbs.dtu.dk/services/netnglyc/)
was used to predict the N-glycosylation sites, the
online software net Phos 3.1 server (http://www.
cbs.dtu.dk/services/netphos/) was used to predict
phosphorylation sites, Scanprosite (http://prosite.
expasy.org/scanprosite) analysed the functional sites
and domains of its encoded proteins, NPs @ sopma
was used to predict the secondary structure of the
protein, and the online software SWISS-MODEL
(http://swissmodel.expasy.org/interactive) was used
to predict the tertiary structure of the protein.

PCR amplification of the chitinase gene Sschi6l
Genomic DNA was prepared from S.
sampsoniiKJ40byusingaDNA extractionkit(made by

Tiangen Biotech Co., Ltd., Beijing) for rhizobacteria.
Primer Premier 5.0 software was used to design
primers PF (5’-GCCATGGCTGATATCGGATCC
ATGGTCGGCCTCGCCGCCCCCA-3")and
PR(5’-GTGGTGGTGGTGGTGCTCGAG
TCAGCGCAGCCCCTCGTG-3’) to amplify the
Sschi6l gene. The PCR system contained ddH,O 19
pl, 2 x TransTaq high fidelity (hifi) PCR Supermix 25
pl (buy from TransGen Biotech Co., Ltd.), genomic
DNA 2 pl, 10 pumol/L upstream primer 2 pl, and
10 pmol/L downstream primer 2 pl. The following
PCR thermal cycle conditions were used: 98 °C
predenaturation for 2 min 98 °C denaturation for
15 seconds, 55 °C annealing for 30 seconds, 72°C
extension for 20 seconds, 72 °C final extension for
7 min, 4 °C storage, and the step 2 to 4 was repeated
for 35 cycles. PCR fragments were detected and
separated on a 1.5% agarose gel, and the target
fragments were recovered by the centrifugal column
type DNA purification and recovery kit of Tiangen
Biochemical Technology (Beijing) Co., Ltd.; the
DNA fragments were used for the construction of
subsequent expression vectors.

Construction of the expression vector with the
chitinase gene Sschi6 1

The restriction endonucleases BamHI
and Xho I were used to cut the pET32a (+) vector
at 37°C for 2h. The enzyme cutting reaction system
included pET32a (+) vector 23 pl, BamHI and Xhol 2
pL each and 10 x NEBuffer 3 pL. After recovery by
DNA purification and the Recovery Kit from Tiangen
Biotech (Beijing) Co., Ltd., the products from the
reaction were ligated to the expression vector to
construct the recombinant expression vector. After
purification, the target gene (3 pl), the vector enzyme
product (2 pl) and sosoo mix (SoSoo Cloning Kit from
TsingKe Biological Technology Co., Ltd., Beijing) (5
pl) were used. The reaction was incubated at 50°C
for 15 min. At the end of the incubation period, 10 pl
of the ligation reaction solution was added to 50 pl of
competent Escherichia coli trans 5a sensitive cells,
mixed evenly and placed in an ice bath for 30 min.
After 90 seconds in a 42 °C water bath, the centrifuge
tube containing the cells was placed in an ice bath
for 5 min. Then, 500 pl of LB liquid medium was
added. The mixture was cultured at 37°C and 200
rpm for 1 h. The mixture was used to coat LB plates
(containing ampicillin) and incubated at 37 °C for 12-
20 h. A single colony was placed in LB liquid medium
for PCR amplification. The system and reaction
procedure were consistent with those in “PCR
amplification of the chitinase gene Sschi6l”. Colony
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PCR products were examined by electrophoresis with
a 1.5% agarose gel to detect whether there were any
target bands. The positive bacterial solution identified
by PCR was sent to Beijing Qingke Biotechnology
Co., Ltd. for DNA sequencing. The plasmid with the
correct sequence was extracted from the medium and
stored at -20 °C.

Induced expression of the recombinant chitin gene
Sschi6l

The recombinant expression vector was
transferred into BL21 (DE3) expression-sensitive
cells. A single colony was cultured in 10 ml of LB at
37°C and 220 rpm overnight and inoculated in 10 ml
of LB medium at a ratio of 1:100. When the OD600
reached 0.6, IPTG at a final concentration of 0.5
mM was added to induce expression, and the culture
was incubated at 220 rpm and 37 °C overnight; no
IPTG inducer was added as a negative control. After
centrifugation at 4000 rpm for 10 min, the supernatant
was discarded, and the bacteria were collected.
SDS-PAGE was used to separate the protein, and
Coomassie brilliant blue R-250 was added to stain
the protein.

Purification and detection of recombinant Sschi61

Bacteria cells were broken by 400W
ultrasound, 2s each time, 8s interval, as a cycle,
20min in total. After that, centrifuged at 4 °C and
12000 rpm for 20 min, the supernatant was collected,
and affinity chromatography with Ni-IDA from
Sangon Biotech (Shanghai) Co., Ltd. was performed.
After the collected components were detected by
SDS-PAGE, fractions were dialyzed overnight at 4
°C in buffer containing 50 mM Tris, 300 mM NaCl,
2 mM DTT, pH 8.0 and filtered with a 0.45 uM filter
membrane; 1 ml of the solution was placed in a tube,
which was frozen at -80 °C.

SDS-PAGE and Western blot were used
to detect the purified protein. SDS-PAGE was
performed on a 10 ml 8% separation gel and a 4
ml 5% concentrated gel. Then, the samples were
loaded onto the gel, and electrophoresis, staining
and destaining were carried out to obtain clear
protein bands. The polyacrylamide gel detected by
Western blot was made from 5% concentrated gel
and 8% separation gel. SDS-PAGE protein buffer
at the appropriate concentration was added to the
collected protein sample, and then the denatured
protein was heated. Then, the membrane was
transformed and sealed. Antibody I had the label of
His-tag, it recognized the His-tag fused to targeted

proteins; the antibody company was SANGON
biotechnology, No.: d110002. Antibody II was goat
anti-rabbit; the antibody company was SANGON
biotechnology, No.: d110058. Finally, a TMB kit
was used to develop colour.

Concentration and activity — determination  of
recombinant chitinase

The protein concentration was determined
by a sk3071 non-interference protein quantitative kit,
the assay kit company was SANGON biotechnology.
The chitinase activity of purified protein was
determined by a chitinase kit from Nanjing Jiancheng
Bioengineering Institute. Enzyme activity unit
definited that under the condition of 37 °C, the
amount of enzyme that 1mg protein decomposes
chitin to produce 1mg of N-acetylglucosamine is 1
unit of enzyme activity in 1 h.

Effect of recombinant protein on mycelium and spore
morphology of pathogenic fungi

P. trachicarpicola was cultured on a PDA
plate for several days until the whole plate was
covered with hyphae and spores were produced. A
small number of pathogenic hyphae and spores were
picked up by sterilized tweezers under very clean
conditions and placed into purified recombinant
protein solution with a concentration of 0.40 mg/
ml for 24 h. A drop of protein solution containing
pathogenic hyphae and spores was placed on a glass
slide, and the morphology of hyphae and spores was
observed by electron microscopy. Normal hyphae and
spores that were not treated with recombinant protein
solution were used as controls.

RESULTS

Sequence analysis and protein bioinformatics
prediction

NCBI comparison results showed that
the chitinase gene was more than 95% homologous
to the Sschi6l gene, and the ORF size was 1755
bp, encoding 584 amino acids (Figure 1). SMART
domain prediction revealed three domains: CBD,
FN3 and glyco. Among them, glycoprotein was the
conserved region from the 217th amino acid residue
to the 569th amino acid residue of the Sschi6] gene,
the carbohydrate domain of CBD was from the 14th
amino acid residue to the 111th amino acid residue,
and the type III domain of FN3 fibronectin was from
the 122nd amino acid residue to the 196th amino
acid residue. The phylogenetic tree showed that the
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10 20 30 40 50 60 70 80 90

1 AT66TOG6CCTCECCECCCCCACCCAGECCECCEACECCCCAGCECCTCOTACACCCOGACCCAGEACTEECECACCECCTTCCAGGCC

1 MVYG6GLAAPSQAADAPSASYTRTQDWGETGF QA
100 110 120 130 140 150 160 170 180

91 CGTCCACGETCCACAACACCOE TEACACECCGCTCAGCAACTEE ACGCTCEACTEECACTTCCCCOCCEACACCAACGTCACCCTECCE

31 R¥FTVQNTG6DTPLSNFTLEGWEFPADTE KV VTLEP

190 200 210 220 230 240 250 260 270

181 TCCCACCCECACCTCACCAACCACCCCAACCECTECACCECCAAGAACCECTCCTGEAACCECACCCTCECCCCGEGCECCTCCACCACC

61 WEAEVSNDGNRVWTAKNRSWNGTLAPGASTT
280 290 300 310 320 330 340 350 360

271 TIC66CTTCAACE6CACCO6CEACE6CCCCOEACCG6CTECAAGCTCAAC6C6 TCCCCTGCEAGEGCECCEAGCAGCCCEAGGACACC

91 F6GFXNGTGDGAPTGCKLNGVPCEGAEQPETDT
370 380 390 400 410 420 430 440 450

361 CCECCCACCECCCCO66CACCCCO6CE6TCTCCAAGETCACCAGG AACECCECCACGCTCTCCTOEACE6CE6CCACCEACCACAACGEC

121 PPTAPGTPAVSKVTRNAATLSWV T AATDDIKSGE
460 470 480 490 500 510 520 530 540

451 GTCAACGACTACGAGCTCCTCCECAACEECACCACGETCE CCACGGTCACCEGCCGCACCTTCACCEACCACGACCTCECACCCGECACC

151 VEDYEVLRNGTRVATVTGRTFTDEHEDLUAPGT
550 560 570 580 590 600 610 620 630

541 GACTACTCGTACACGGTCCGCGCCCECCACACCECGAAGCAGACCEGCCCETTCAGCCECECCECCAAGGCECECACCAACGECAAGGCE

181 DYSYTVRARDTAKQTGPFSGAAKARTEGE GE KA
640 650 660 670 680 690 700 710 720

631 606CCCE06CCCALGTOGAAGATCACCATO666TACTTCACCGAGTE666CATCTACGACAAGAACTACCAGG TCAAGAACTTGETEACC

211 APAPEKSKITMGYFTEWGIVYDEKNYQVKNLVT
730 740 750 760 770 780 790 800 810

721 TCC66CTCC6CCEACANGATCACCCACATCAACTACECCTTCO666ACETCCO6GACCECAAGTCCOTCECCE6TEACACCEAGECOGCE

24 S6¢SAEKITHINVYAFGDVYRDGKCV AGDTEAA
820 830 840 850 860 870 880 890 900

811 TACGGCAAGG TCTTCACCGCCEACGACGCCGTEGACEGC6TCECCEACCGCCCEEACCAGCCECTECACEECAACCTCAACCAGCTEC6C

211 Y6KVPFTADEAVDGVADRPDQPLHGNLYNRQLR
910 920 930 940 950 960 970 980 990

901 AAGCTGAAGGCCGAGTTCCCGCACATCAAGGTCCTCTGETCETTCEGCGECTCEAGCTCCTCCGECEECTTCEETCACCCCETCAACGAC

301 KLKAEFPHIKVYLWSPFGGWS® SG6G6FGEAVKD
1000 1010 1020 1030 1040 1050 1060 1070 1080

991 CECCCOCETICECCACETCCTECCACGAGCTGETCEACG ACCCGCECTECCEACCTCTTCRACGECATCEACCTCGACTEGEACTAC

331 APAFARSCHELVYEDPRFW¥ADYFDGIDLDTFESFY
1090 1100 1110 1120 1130 1140 1150 1160 1170

1081 CCGAACGCCTGCGGCGACACCTGCEACGACTCECCECCCGAGGCECTGACCOACATGATGCOGECCATCCECECCCAGTTCOGCACCGAC

361 PNACGDTCDDSPPEALTDMMRAMRAETFGTD
1180 1190 1200 1210 1220 1230 1240 1250 1260

1171 CTGCTG6CE6CEECCATCECCECCEACCCCTCCOAGGGCEGCAAGCTCCACCE6GCCEACTACECECACGCCECCEAGTACCTCCACTEE

391 LLAAATITAADASEGGERKLDRADYADAAEYVDTVW
1270 1280 1290 1300 1310 1320 1330 1340 1350

1261 TACAACCTGATGACCTACGACTACTTCGGCACCTGGGCCGCCCAGEGCCCEACCGCECCCCACTCECCECTCACCECCTACCCEEGCATC

421 YNVNXTYDYPFGTWAAQGPTAPHSPLTAYPGI
1360 1370 1380 1390 1400 1410 1420 1430 1440

1351 CAGGGCGAGCACAACACCTCCTCGGCCACCATCGCCAAGCTGCG6G6GAAGECCATCCCEGCEAAGAAGCTCCTCCTG6GCATCCGCGCC

451 QGEHNTSSATIAKLRGEKAIPAKEKTLTLLGSGTIGA
1450 1460 1470 1480 1490 1500 1510 1520 1530

1441 TACGGCCGCOECTEGACCC6CETCACCCAGGACGCCCCCGGCEGCACCECCACCGGCCCEECCECCEGCACCTACCAGGCCEGCAACCAG

481 Y6GRGWTOGVTQDAPGGTATGPAAGTYEA AGNE
1540 1550 1560 1570 1580 1590 1600 1610 1620

1331 GAGTACCGGGTGCTG6CCCAGAAGTGCCCEGCCACCEGCACCECCGGCE6CACCECETACGCCAAGTGCGECEACCACTGGTCEAGTTAC

511 EYRVLAEKCPATGTAGGTAY AKCGEGDDWWSY
1630 1640 1650 1660 1670 1680 1690 1700 1710

1621 GACACTCCCGAGACGGTGACGGGCAAGATCGCCTGG6CEAAGAAGCAGAAGCTCGGCEGTGCCTTCCTCTGGGAGTTCGCC6GCCACGGC

541 DTPETVTGEKMAWAKI KQKLGGAFLVWETFAGDGE
1720 1730 1740 1750

1711 GCCAAGGGCGATCTGTTCAGGGCGATGCACGAGGGGCTGCGCTGA

M AKGDLTFRAMHETGLR *

Figure 1 - Nucleotide sequence and the deduced amino acid sequence of SsChi61.
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Sschi6l gene was closely related to Streptomyces
sanguis (WP 071330519.1), and the glycohydrolase
18 family region was conserved. The amino acid
sequence and physicochemical property analysis
by software Protparam showed that the relative
molecular weight of chitinase was approximately
62.3 kDa, the isoelectric point was 5.05, and the
instability index was 23.78, indicating that the
chitinase protein was a stable protein; the fat
coefficient was 56.16, indicating that chitinase
had general heat resistance. The total number
of positively charged residues (Arg + Lys)
was 57, the total number of negatively charged
residues (ASP + Glu) was 74, and the formula
was C, H, N.O.S . The total average
hydrophilic coefficient was -0.510, indicating
that the protein was hydrophilic. The chitinase
protein was composed of 20 kinds of amino
acids. Ala (a) was the most abundant amino acid,
accounting for 14.2% of the total amino acids.
Met (m), Cys (c) and His (H) were the least
abundant amino acids, accounting for 1.4% of the
total amino acids (Table 1). The TMHMM server
v. 2.0 results showed that the chitinase protein
had no transmembrane region and was a non-
transmembrane protein. Subcellular localization
of targetp 1.1 server software showed that the
chitinase protein was intracellular protein. The
netnglyc 1.0 server analysis showed that there
were six N-glycosylation sites in the chitinase
protein. The netphos 3.1 server tool was used
to analyse the potential phosphorylation sites of
amino acid sequences, and the results showed
that the chitinase protein sequence had potential
phosphorylation sites located on serine (SER),

Table 1 - The aminoacidic composition of the protein.

Amino acids Number of amino acids Percentage
Ala (A) 83 14.2%
Arg (R) 24 4.1%
Asn (N) 19 3.3%
Asp (D) 45 7.7%
Cys (O) 8 1.4%
Gln (Q) 13 2.2%
Glu (E) 29 5.0%
Gly (G) 67 11.5%
His (H) 8 1.4%
Ile (I) 11 1.9%

threonine (THR) and tyrosine (Tyr) amino acids;
threonine had the most potential phosphorylation
sites, with 35 sites. Serine had the second most
potential phosphorylation sites, with 18 sites, and
the least was tyrosine, with 11 sites. The software
signalp 4.1 server predicted that a chitinase signal
peptide site was present at amino acids 29 and
30 with a probability of 0.6938. The prediction
of protein secondary structure showed that
irregular curl accounted for 55.99%, elongation
chain accounted for 17.47%, a-helix accounted
for 21.75%, and B-angle accounted for 4.79% of
the protein. It was speculated that the irregular
curl structure may play a major role in protein
secondary structure. The predicted results of
the tertiary structure of the chitinase protein are
shown in figure 2, the template PDB id used to
model was 4W5U.

Amplification of the chitinase gene and construction
of the expression vector

A single band with a fragment size of 1755
bp was obtained. The purified target gene fragment
was ligated between the BamHI and Xhol enzyme
sites of the vector pET32a (+) and transformed
into Escherichia coli trans 5a cells. Sequencing of
the positive clones revealed that there were 3 base
mutations in the sequence compared with the target
gene sequence, including 2 synonymous mutations
and | missense mutation.

Induced expression and purification of recombinant
chitinase

The expression of the pET32a (+)-Sschi6 ]
recombinant plasmid in BL21 (DE3) competent

Amino acids Number of amino acids Percentage
Leu (L) 31 5.3%
Lys (K) 33 5.7%
Met (M) 8 1.4%
Phe (F) 19 3.3%
Pro (P) 34 5.8%

Ser (S) 24 4.1%
Thr (T) 58 9.9%
Trp (W) 21 3.6%
Tyr (Y) 21 3.6%
Val (V) 28 4.8%

Ciéncia Rural, v.53, n.4, 2023.
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Figure 2 - Tertiary structure prediction.

Note: blue: a-helix; purple: B-turn; pink: random coil same as for figure 1.

cells was induced. The result of SDS-PAGE gel
identification of the protein induced by IPTG were
shown in figure 3. The protein was approximately
82 kDa in size and existed in the precipitate. Under
the condition of 37 °C, the protein expression
was highest. The results of SDS-PAGE after Ni
agarose affinity chromatography are also shown in
figure 3. The results showed that there was a target
protein in the effluent, there was a small amount
of heteroprotein in the eluate, there was more
heteroprotein in eluate 3 than in eluate 4, there was
more heteroprotein in eluate 4 than in eluate 5, and
the eluate had a protein band with the same size as the
target band. The SDS-PAGE results of the purified
recombinant protein are shown in figure 4, and there
were obvious bands at the corresponding positions,
indicating that the purification of the recombinant
protein was successful. The results of Western
blot analysis are shown in figure 5, and there were
obvious bands at the corresponding positions, one
lane is a fusion protein.

Concentration and activity of recombinant chitinase
The concentration of  chitinase
recombinant protein was 1.07 mg/ml, which was

determined by using a sk3071 non-interfering
protein quantitative kit (by measure the absorbance
value of different concentrations of protein, then
draw the standard curve, and the activity of chitinase
was 0.104 U/g, which was determined by the
Nanjing Jiancheng Institute of Bioengineering by
using a chitinase kit purified.

Effect of recombinant protein on the black spot
pathogen Eucommia ulmoides

The results showed that after the hyphae of
the black spot pathogen Eucommia ulmoides were soaked
with recombinant protein, the hyphal cells expanded,
broke and dissolved (ulcerated) (Figure 6); after the
spores of the black spot pathogen Eucommia were
soaked with recombinant protein, no obvious
morphological changes were found, since the
conidia may be resistant to enzymatic degradation
in general.

DISCUSSION
In 1991, TOYODA et al found that

chitinase produced by Streptomyces griseus could
completely digest the haustorium of Erysiphe

Ciéncia Rural, v.53, n.4, 2023.
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144

Figure 3 - SDS-PAGE pattern of the samples.

elution fraction; 10: 500 mM Imidazole elution fraction.

Target protein
l

Note: M: Protein Marker; 1: the total protein before induction; 2: 20 °C supernatant; 3: 20 °C precipitation; 4: 37 °C
supernatant; 5: 37 °C precipitation; 6: loading; 7: efflux; 8: 20 mM Imidazole elution fraction; 9: 50 mM Imidazole

graminis f. sp. hordei after purification (TOYODA et
al., 1991). The chitinase-producing microorganism
and its chitinase can inhibit the growth of fungi in
vitro. Streptomyces is considered to be the main
source of chitinase, mainly Streptomyces griseus,
Streptomyces  cyaneus, Streptomyces  fradiae,
Streptomyces venezuelae, Streptomyces coelicolor,
Streptomyces erythraeus and purple Streptomyces
violaceus niger. At present, there are few studies
on S. sampsonii regulators, and even fewer cloned
and expressed complete chitinase genes. Only
LI et al. cloned and expressed the chitinase gene
chikj406136 with an ORF region of 864 bp,
encoding 287 amino acids and containing the
conserved region of the glycoside hydrolase family
19 (LI et al., 2018).

According to the similarity of amino acid
sequences, chitinases from different organisms can
be divided into five types, I, II, III, IV and V,
which canbe classified into two families of glycoside
hydrolases. The amino acid sequence, structure
and catalytic mechanism of these two families are
different. Among them, type I, type II and type IV

belong to the glycoside hydrolase 19 family and
are mainly found in plants (KASPRZEWSKA,
2003). Type I chitinase contains a C-segment
signal peptide and a cysteine-rich region, which
can make type I chitinase bind to the vacuole of
target plant cells. Type II and type IV chitinases
are mainly found in dicotyledons. Type III and type
V chitinases belong to 18 family, which is mainly
found in bacteria and fungi. The catalytic domains
of the chitinases 18 family have (a/B) s barrel
structures; the «bacterial type” chitinases of this
family was exo-chitinases and can produce chitin
from the non-reducing end of chitin (ANDERSEN
et al., 2005).

The conserved domain of the amino acid
encoded by the Sschi6 1 gene of S. sampsonii belongs
to the glycoside hydrolase 18 family. However, the
chitinases of the glycoside hydrolase 18 family have
been mainly studied in insects. In Bombyx mori,
the studies of chitinases of the glycohydrolase 18
(gh18) family have mainly involved purification,
activity detection and gene cloning and expression
(ABDEL-BANAT et al., 2002; PAN et al., 2010;

Ciéncia Rural, v.53, n.4, 2023.



oo
LL™

XTI

Cloning, expression and antifungal effect of the recombinant chitinase from Streptomyces sampsonii KJ40. 9

kDa M
116.2

66.2

45.0
35.0

25.0

18.4
14.4

1

Figure 4 - SDS-PAGE pattern of purified chitinase.

Note: M: Protein marker; 1: Target protein.

«—Target protein

TAKAHASHI et al., 2002). Insect chitinases belong
to the glycoside hydrolase 18 family. The normal
regulation of chitinase can destroy the metabolism
of chitin in control pests; therefore, chitinases can
be used as a new biological control strategy with
great development potential (ARAKANE et al.,
2009; NAKABACHI et al., 2010). Chitinases in
plants belong to the glycoside hydrolase 19 family,
the members of which contain a signal peptide
and a highly homologous catalytic region. Under
normal conditions, the expression of chitinase in
plants is very low or non-existent. When infected by
pathogenic bacteria, chitinase activity will increase
rapidly. For example, when plants such as rape,
bean, Arabidopsis and tobacco are infected by fungi,
chitinase will be largely expressed in vivo, and
enzyme activity will be greatly increased (FUKUDA
et al.,, 1991; RASMUSSEN et al., 1992; ROBY et
al., 1990; SAMAC et al., 1990). At the same time,
transgenic research on rape and tobacco showed
that the resistance of individuals that successfully
expressed heterochitinase in the presence of
pathogenic fungi was significantly higher than
that of the control plants (BROGUE et al., 1991)
This result suggested that the chitinase gene is
an important defence gene in plants that plays an
important role in plant growth and development, as
well as in the stress resistance response.

The ORF of Sschi61 is 1755 bp, encoding
584 amino acids, and the length of the gene is
more than twice that of the chikj406136 gene. The
glycohydrolase 18 region was conserved. The
glycohydrolase 18 family contains a complete
sequence of chitinase. Therefore, the analysis of the
S. sampsonii chitinase gene Sschi6l in this study
improved and supplemented the knowledge of S.
sampsonii chitinase biological control, laying a
theoretical foundation for the research and application
of the chitinase gene family in S. sampsonii biological
control bacteria. This is a functional study of the
chitinase system in S. sampsonii for biocontrol to
study the biological control function of the chitinase
family in S. sampsonii against pathogenic fungi.

Most of the protein function research
requires a large amount of purified and soluble
protein, and this is also important in this study. In
order to achieve soluble expression, there are two
common ideas: periplasmic space expression and
intracytoplasmic expression (ZHANG et al., 2016).
The oxidative environment of the periplasmic space
can promote the formation of correct disulfide bonds,
and at the same time, the internal protease content is
low, avoiding the degradation of recombinant proteins
(LEICHERT et al., 2004). OELSCHLAEGER et al.
(2003) linked a signal peptide PelB at the N-terminal
of scFv, s when expressing scFv, s single-chain

Ciéncia Rural, v.53, n.4, 2023.
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Figure 5 - Western Blot pattern of recombinant protein.

Note: M: Protein marker; 1: Recombinant protein.

—=—Fusion protein

antibody fragments in E. coli. The insertion of the
signal peptide successfully guided the expression
of exogenous proteins in the periplasmic space.
To overcome the reductive environment in the
cytoplasm, a mutant strain of cytoplasmic reductase
can be used as an engineered strain to reduce the
reducibility in the cytoplasm, thereby helping the
recombinant protein expressed in the intracytoplasm
to form correct disulfide bonds. The purpose of
increasing the expression of soluble protein can be
achieved by selecting an appropriate vector and host
(KHODABAKHSH et al., 2013). In addition, the use
of fusion tags to express and replace amino acids to
increase the expression of soluble proteins is also
a feasible method. KIM et al. used the method of
amino acid substitution to successfully increase the
expression level and activity of the soluble protein of
a-1,3 fucosyltransferase mutants (KIM et al., 2017).
The chitinase gene in S. sampsonii has high
homology with the chitinase genes of Streptomyces
albidoflavus. In the study of Streptomyces
albidoflavus, it was found that the fermentation broth
of Streptomyces albidoflavus had a strong inhibitory
effect on Fusarium culmorum (SKINNER, 1953).

Streptomyces albidoflavus can produce the antifungal
antibiotic antimycin A18, which can effectively
inhibit the growth of a variety of pathogenic fungi
and has the characteristics of high efficiency and low
toxicity (YAN et al., 2010).

CONCLUSION

In this study, the recombinant chitinase
from Sschi6l was found to be toxic to the pathogen
of black spot of Eucommia ulmoides (Pestalotiopsis
trachicarpicola) and it could inhibit the black
spot pathogen, after experiments. This experiment
analysed the cloning and expression of the S.
sampsonii chitinase gene Sschi6l, and the chitinase
gene family members of the S. sampsonii biocontrol
gene were improved and supplemented, laying
a theoretical foundation for the comprehensive
analysis of the S. sampsonii chitinase gene family,
supplemented the study of the chitinase gene of S.
sampsonii KJ40. At the same time, a new idea of
green prevention and treatment of black spot of E.
ulmoides was also developed.

Ciéncia Rural, v.53, n.4, 2023.
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Figure 6 - Mycelium morphology.

Note: a and b: Normal mycelium; ¢: Mycelium enlargement and rupture; d: Mycelium dissolution (ulceration) same as figure 1.
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