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Abstract [ Objectives | To clone and analyze the Tpid gene of Vibrio alginolyticus HY9901. [ Methods | According to the TpiA gene se-
quence of V. alginolyticus, a pair of specific primers was designed, and its full length was amplified by PCR. [ Results] The full length of
TpiA gene is 771 bp, encoding 256 amino acid residues in total, and the NCBI accession number is OM906798. According to the deduced ami-
no acid sequence, its molecular weight was predicted to be about 26. 975 48 kDa, and its isoelectric point was 4.78. The amino acid sequence
of the N-terminal signal peptide structure was predicted, and it was found that there was no obvious signal peptide cleavage site, no signal pep-
tide, and no transmembrane region; the amino acid sequence contained 3 N-glycosylation sites, 4 protein kinase C phosphorylation sites,
2 casein kinase Il phosphorylation sites, 6 N-myristoylation sites, 7 microbody C-terminal target signal site, and 1 triose phosphate isomerase
active site. The prediction results of protein subcellular localization showed that TpiA may be located in mitochondria or cytoplasm, with proba-
bility of 39.1% and 34.8% , respectively. The amino acid sequence of the TpiA gene of V. alginolyticus shared 98.83% —99.61% homology
with other Vibrio species, and it was clustered into the same subfamily with Vibrio parahaemolyticus and had a close relationship. In the sec-
ondary structure prediction, the proportions of a-helix, random coil and extended chain were 44.53% , 41.41% and 14.06% , respectively,
and the similarity of its tertiary structure model to template 1awl. 1. A was 85.16%. [ Conclusions ] This study is intended to provide a basis

for further research on the role of TpiA gene in the type III secretion system and related research on antibiotic resistance.

Key words

1 Introduction

In recent years, due to such factors as the expansion of mari-
culture scale and the deterioration of environmental conditions, the
diseases of China’s aquaculture fishes frequently occur'"’. Vibrio,
as one of the most common bacterial diseases™ | exists widely in
aquaculture, estuaries, and living organisms"”’ | and has a huge
impact on marine life"* ', Vibrio alginolyticus is a halophilic and

%" and is a main pathogenic

mesophilic Gram-negative bacterium
bacteria of fish, shrimp, shellfish and other marine aquaculture
animals®'. Tt is about 1.4 2.6 um long and 0.5 -0.8 pum
wide, mostly in the shape of short rod. It has no structure of cap-

sule and spore, but has terminal and pericytic flagella, which is

Received ; February 6, 2022 Accepted; April 27, 2022

Supported by Project for Outstanding Undergraduates Entering the Laboratory in
Fisheries College of Guangdong Ocean University; National Natural Science
Foundation of China (32073015) ; Natural Science Foundation of Guangdong
Province (2021A1515011078) ; Special Fund for Science and Technology Inno-
vation Strategy of Guangdong Province (Scientific and Technological Innovation
Cultivation of College Students) (pdjh2021b0239) ; Students’ Platform for In-
novation and Entrepreneurship Training Program of Guangdong Ocean Universi-
ty (CXXL2021122); Undergraduate Innovation Team Project of Guangdong
Ocean University (CCTD201802).

# Corresponding author. Xing XIAO, master candidate, research direction:
aquatic animal medicine; Huanying PANG, PhD. , associate professor, re-

search direction; aquatic animal medicine.

Vibrio alginolyticus, Gene amplification, TpiA, Bioinformatics analysis

conducive to movement in solid-liquid medium. Its suitable tem-
perature is 17 =35 °C, the pH range is 6.0 —9.0, and the NaCl
concentration range is 2% —10% " ™*'. Tt can lead to human food
poisoning, diarrhea enteritis, sepsis and many other diseases "’

The pathogenic mechanism of V. alginolyticus is complex. After
approaching the host by chemotaxis, it adheres to the host cell
through adhesin'""’ | and then damages the tissue and cells of the
host cell by means of invasion and proliferation, and finally, it in-
terferes and destroys the physiology and function of the host
through toxin-containing metabolites'””’. Pathogenic factors in-
clude biofilms, extracellular products, siderophores, lipopolysac-
charides, attachment factors, etc. "', and Tpid may be involved

in the adhesion to host cells'™"

. Triose phosphate isomerase enco-
ded by TpiA, which converts glyceraldehyde-3-phosphate to di-
hydroxyacetone phosphate, is a key step linking glucose metabo-
lism to glycerol and phospholipid metabolism and is essential for
energy generation. Removal of the Tpid gene from growth-opti-
mized E. coli strains may lead to an increase in the content of at-
tack-end molecules (including DNA and RNA) and the highly

1'") ) and

toxic metabolite glyoxal that disrupts the nucleotide leve
affects the tricarboxylic acid cycle of the strain, thereby affecting
the growth of the bacterial cell™’. A counter-intuitive crossover
between carbon starvation and inorganic phosphate signaling is re-

vealed in a TpiA-deficient strain, which requires mutations in the
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inorganic phosphate signaling machinery to alleviate. Studies have
revealed that TpiA plays an important role in the metabolism, viru-
lence and antibiotic resistance of Pseudomonas aeruginosa'”" . The
type III secretion system (T3SS) is closely related to the pathoge-
nicity of bacteria and is a highly conserved secretion system of

18 -21]

V. alginolyticus , and it is a complex transmembrane chan-

nel composed of apparatus proteins, transposon proteins, effector
proteins, regulatory proteins and molecular chaperones™ ™.
P. aeruginosa T3SS is cytotoxic to a variety of cells, while muta-
tions in the Tpid gene can reduce the expression of the T3SS™"".
The advanced 2-D SDS-PAGE technique was used to study the dif-
ferentially expressed whole protein map of V. alginolyticus under
the induction of erythromycin, and it was found that the expression
of triose phosphate isomerase decreased after induction, showing
that the drug resistance mechanism of V. alginolyticus is closely

[27]

related to the energy metabolism of V. alginolyticus ™" . Studies

have shown that mutations in the TpiA gene can reduce the resist-
ance of P. aeruginosa to aminoglycoside antibiotics'”’.

TpiA is essential for energy generation, but there are few
studies on the specific regulatory mechanism of TpiA involvement
in V. alginolyticus. Through cloning and analyzing the TpiA gene
of V. alginolyticus HY9901, we intended to provide a basis for
further research on the role of TpiA gene in the type III secretion

system and related research on antibiotic resistance.

2 Materials and methods

2.1 Materials

2.1.1 Strain. V. alginolyticus strain HY9901 was obtained by
our laboratory through isolation from the diseased red snapper
( Etelis coruscans) in the sea area of Zhanjiang, Guangdong Prov-

. 28
IHCC[ :

, and the cloning vector pET-32a was purchased from
Takara Bio Incorporation (USA).

2.1.2 Main reagents. ExTaq DNA polymerase was purchased
from Takara; bacterial genomic DNA extraction kit and DNA
gel recovery kit were purchased from Tiangen Biotech ( Beijing)
Co. , Lid. ; other reagents were of imported or domestic analytical
reagents. PCR primer synthesis and sequence determination were
completed by Sangon Biotech ( Shanghai) Co., Ltd. Antibiotic
concentration; Ampicillin (Amp) 100 pg/mL.

2.2 Methods

2.2.1 Extraction of total DNA from V. alginolyticus HY9901.
The V. alginolyticus strain HY9901 was spread on TSA plate, and
a single colony was selected and inoculated in TSB (5% NaCl)
medium, and cultured at 28 °C with shaking for more than 12 h.
Took an appropriate amount of bacterial liquid into an EP centri-
fuge tube, centrifuged at 10 000 rpm for 1 min to collect bacterial
cells, extracted genomic DNA in accordance with the kit instruc-
tions, and stored at —20 °C for later use.

2.2.2 Clone of TpiA gene. A pair of primers were designed ac-
cording to the TpiA gene sequence of V. alginolyticus, the up-
stream primer TpiA-F1 was: ATGCGTCGTCCTGTAGTGATGG,

and the downstream primer TpiA-R1 was: TTAAGCTTTT GCTT-
TAGCAGCTGC. The extracted total DNA of V. alginolyticus
HY9901 was used as the template, and the PCR reaction condi-
tions were; pre-denaturation at 95 °C for 3 min; 95 C, 30 s;
58 C, 30s; 72 °C, 50 s; a total of 30 cycles, and then extended at
72 °C for 5 min. The PCR products were examined by 1% agarose
gel electrophoresis, and then DNA was recovered by cutting the
gel with a gel recovery kit.

2.2.3 Sequencing of PCR products. According to the operating
steps in the instructions, the PCR product was ligated to the
pMDI18-T vector, then E. coli DH5a competent cells were then
transformed, screened on LB plates containing ampicillin resist-
ance, and positive clones were picked and sent to Guangzhou Bio-
technology Center for sequencing.

2.2.4 Bioinformatics analysis of TpiA gene of V. alginolyticus
HY9901. With reference to the method of Pang Huanying et al. *'
ExPASy ( https://web.
param) was used to analyze the physicochemical properties of
V. alginolyticus HY9901TpiA protein, and SignalP 5. 0 Server
(https ;//services. healthtech. dtu. dk/service. php? SignalP-5.0)

was used to predict the signal peptide structure of TpiA amino acid

expasy. org/cgi-bin/protparam/ prot-

sequence. Transmembrane domains predicted by TMHMM Server
2.0 ( https://services. healthtech. diu. dk/service. php? TM-
HMM-2.0), and the distribution of functional sites in amino acid
sequences was predicted by SoftBerryPsite (hitp://linuxl. softber-
ry. com/berry. phtml? topic = psite&group = programs&subgroup =
proloc). Subcellular localization was predicted using PSORT II
Prediction (http://psort. hge. jp/form2. html) ; sequence homolo-
gy alignment and similarity analysis were performed using NCBI
(http://blast. ncbi. nlm. nih. gov/Blast. cgi) ; amino acid homolo-
gy alignment analysis was performed using DNAMAN Version 6.0
(Lynnon Biosoft) ; ORF Finder ( http://www. ncbi. nlm. nih.
gov/ gorf/gorf. html) and ExPASy Proteomics Server (hitp://ca.
expasy. org) were used to deduce amino acid sequence, determine
open reading frame ( ORF) , molecular weight calculated value
(Mw) and theoretical isoelectric point (pl), etc. Protein struc-
tural domains were analyzed using InterProScan Sequence Search
(http ://www. ebi. ac. uk/Tools/InterProScan). The phylogenetic
tree was constructed by neighbor-joining method using Clastal 2.0
and MEGA 7. 0 software. Modeling was performed using the
SWISS-MODEL ( http://www. swissmodel. expasy. org/) program
of the ExPASy server and analyzed by the 3D structural analysis
software PyMOL Viewer.

3 Results and analysis

3.1 Amplification of TpiA gene A specific band of about 771
bp was successfully obtained by PCR amplification (Fig.1). Se-
quencing showed that the Tpid gene contained an open reading
frame of 771 bp, encoding 256 amino acids. The gene was impor-

ted to GenBank with accession number OM 906798.
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Note: M: DI2000 DNA molecular weight standard; Lane 1 —4. TpiA
PCR product.
Fig.1 Amplification of TpiA gene

3.2 Physicochemical properties of TpiA With the aid of Ex-
PASy software, the TpiA protein of V. alginolyticus HY9901 was
analyzed. The results showed that the total number of atoms was
3 788, and the molecular structure was C, o H g9, N3ps O5,5S;. The
theoretical molecular weight was 26. 975 48 kDa, and the theoreti-
cal pI value was 4.78. The instability coefficient was 24.17 (sta-
ble), the fat coefficient was 93.20, the overall average hydrophi-
licity was —0.016, and the protein overall was hydrophilic. The
protein does not contain selenocysteine ( Sec) and pyrrolysine
(Pyl), and the molar extinction coefficient at the wavelength of
280 nm was 40 005 (mol/cm). The total number of acidic amino
acids (Asp + Glu) was 35, the total number of basic amino acids
(Arg + Lys) was 22, and the N-terminal was methionine ( Met).
The half-life of expression in yeast and E. coli was greater than 20
and 10 h, respectively, and the half-life of expression in mamma-
lian reticulocytes in vitro was estimated to be 30 h.

3.3 Sequence analysis of TpiA The N-terminal signal peptide
structure of TpiA amino acid sequence was predicted using SignalP
5.0 Server program, it is found that there is no obvious signal pep-
tide cleavage site and no signal peptide. The protein was predicted
to have no transmembrane domain by TMHMM Server 2.0 pro-
gram. Through prediction using SoftBerry-Psite program, it is
found that amino acid sequence contained 3 N-glycosylation sites
(13-16aa, 71-74aa, 105-108aa) , 4 protein kinase C phosphoryla-
tion sites (98-100aa, 176-178aa) , 191-193aa, 214-216aa) , 2
casein kinase IT phosphorylation sites (181-184aa, 225-228aa) , 6
N-myristoylation sites (35-40aa, 64-69aa, 74 -79aa, 163-168aa,
175-180aa, 231-236aa), 7 microbody C-terminal target signal
sites (15-17aa, 59-61aa, 91-93aa, 177-179aa, 248-250aa, 252-
254aa, 254-256aa), 1 triose phosphate isomerase active site
(167-177aa) , as shown in Fig. 2. Using PSORT II Prediction to
predict protein subcellular localization, the results show that TpiA
may be located in mitochondria or cytoplasm, 39.1% and
34.8% , respectively, followed by cytoplasm and nucleus, with a
probability of 8.7% , while the probability of being located in per-
oxidase and vacuole is 4.3% .

3.4 Homology and evolution analysis of TpiA  Through
BLAST analysis, it found that the TpiA of V. alginolyticus had high
homology with the TpiA of other Vibrio species. Among them, the
homology with the TpiA amino acid sequence of V. parahaemolyticus

was up to 99% , and the multiple sequence similarity comparison
shows that TpiA in Vibrio was highly conserved (Fig.3).

1 ATGCGTCGTICCTIGTAGTGAT GGETAACTGGAAACTARACGGCAGCAAAGCAATGGTAACT
| M RR PV YV MG NWEKULNGSE K- AMVYVT

€1 GAGCTGCTAACTGGTICIT AACGCTGAACTTGAAGGCG TTGAAGGTGTTGACGTAGCAGTC
21 ELLTGLDNAELTESGV VETGVYVDVATV

121 GCTCCACCAGCACTTTACATCGACCTAGCAGAGCGCGT AATCGCTGAAGGCGGTAACAAG
41 A PPALYIDULAEURTYIMAETGSGNHK

181 ATCATCCTAGGTGCTCARA ACACTGACCTARACAACAGCGETGCOGTTCACTGGCGATATG
€1 —— I L 6 A Q NT DLNUDNS SG6 A FTGDM

241 TCICCAGAAATGCTGAAAGATTTCGGETGCTACTCACAT CATCATCGGTCACTCAGAGCGT
81 S PEMULEKDTFEPFGATHTITITIGH SEEER

301 CeTGAATACCACAACGAAT CTGACGAGTTCATCGCTAAGARATTCAACTTCCTARR AGAR
101 REYHNE S DETFIARKTIK KT EPFNTEFLIKE

3€1 AACGECCTAACACCTIGITT TCIGTATCGGTGAATCTGAAGCGCARAATGAAGCTGGCGAR
121 N GLTUPV FCIGET SEA AAQNE- ASGTE

421 ACTGAAGCTGTATGIGCACGTCARATCAACGCAGTTAT CGACACTTACGGTGTITGAAGET
141 TEAVCARQINAYVIUDTT YGTVTEA-A

481 CTAA A CGGCGCAATCATCG CTTACGAACCAATCTGGGC TATCGGTACTGGTAAAGCAGCA
162 t¥eaITAYERPIWAIC RS

541 ACAGCTGAAGATGCACAACGCATCCACGCTTCTATCCG CGCACTAATCGCAGCGARAGAC
181 TAED 2 Q RIHEA SBHEER 2L I2A2AKD

€01 GAAGCAGTTGCAGCACAAGTAATCATCCAATACGGCGG TTCTGTTAAGCCAGARRAACGT
201 E VAAQUVIIQYGG BNEE PEN A

€€1 GAAGCTTACTTICTCACAAC CAGACATCGACGGCGCTCTCGTITGGOGETGCTTCICTAGAC
221 EAYF SQWRD I DGALVGGASULD

721 GCGAAAAGCTTCGCAGCAATCGCTARAGCAGCTGCTAAAGCAAAAGCTTAR

241 A KSFAATI2F—2 A A K a—F——>2*

Note: terminators are indicated by s , N-glycosylation sites are indicated
in yellow, protein kinase C phosphorylation sites are indicated in
green, casein kinase Il phosphorylation sites are indicated in blue,
N-myristoylation sites are indicated by black underline, the micro-
body C-terminal target signal site is indicated by strikethrough,
and the triose phosphate isomerase active site is indicated by un-
derlined dots.

Fig.2 TpiA gene nucleotide and its encoded amino acid sequence

V. alginolyticus  |RASSSENEISTINT TAEDAQRIHASIRALIARKD 200
V. harveyi_group 200
V. owensii. Txt 200
V. parahaemolyticus JAErS8#NINDe EDAQR ARKD| 200
V. rotiferianus.t  |ASSeeNeNRacrNieierd 200

onsensus

240
240
240

alginolyticus D
D
D
W 240
D
d

V.

V. harveyi_group
V. owensii. Txt
V. parahaemolyticus
V. rotiferianus.t
onsensus

240
eavaagviigyggsvkpenaeayfsqpdidgalvggasl

Identity
V. alginolyticus { 100% 255
V. harveyi_group 4 99.22% 255
V. owensii. Txt 4 98.83% 255
V. parahaemolyticus 4 99.61% 255
V. rotiferianus.t P4 93 83% 255
Consensus

Note: V. alginolyticus ( OM906798 ); V. harveyi group ( WP _
010445251.1) ; V. owensii (WP_199482583.1) ; V. parahaemo-
Iyticus (WP_025501099.1) ; V. rotiferianus (WP_171356767.1).
Fig.3 Homology comparison of the deduced amino acid sequence
of TpiA gene

With the aid of MEGA 7. 0 software, we constructed a phylo-
genetic tree by combining the deduced amino acid sequence of
TpiA with other microorganisms using Neighbor-joining method.
The results show that the TpiA protein of V. alginolyticus HY9901
was obviously the same subfamily as V. parahaemolyiicus, indica-
ting that they were closely related (Fig.4), which is consistent
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with the traditional classification results of morphological and bio-
chemical characteristics.

V. rotiferianus WP 171356767. 1

V. owensii WP 199482583. 1

V. harveyi group WP 010445251. 1

V. parahaemolyticus WP 025501099. 1

V.alginolyticus OM 906798
Fig.4 TpiA amino acid phylogenetic tree constructed based on NJ
method

Fig.5 Functional domains of TpiA

3.5 Functional domain, secondary and tertiary structure
prediction of TpiA Through prediction using the SMART pro-
gram, it was found that there is a TpiA functional domain
(4-248aa) (Fig.5). In the secondary structure prediction, alpha
helix accounted for 44.53% ; random coil accounted for 41.41% ;
the extended strand accounted for 14.06% (Fig.6).

e o] [ires

Note: blue: alpha helix; purple: random coil; red: extended strand.
Fig.6 Secondary structure prediction of TpiA

The amino acid sequence of TpiA was imported to the SWISS-
MODEL program, and homologous proteins were automatically
searched as templates to obtain the tertiary structure model of TpiA
single subunit (Fig.7).

Note: template; lawl. 1. A; similarity; 85.16%.
Fig.7 Tertiary structure prediction of TpiA

3.6 TpiA protein network interaction In the protein network
interaction, it can be found that the TpiA protein can be co-ex-
pressed with pgk, fbaA, pgi, epd, VMC-15210, gapA, eno,
VMC-19260, VMC-19270, and there are pgk, fhaA, pgi, eno in
Text mining (Fig. 8).

4 Discussion

Based on the amino acid sequence of the TpiA gene of V. al-
ginolyticus HY9901 , through a comprehensive comparative analy-
sis of its secondary structure and tertiary structure, transmembrane
region, hydrophilicity, protein network interaction and other pa-

rameters, we predicted the possible role of TpiA protein. Triose-

el

R

0

Fig.8 TpiA protein network interaction

phosphate isomerase (TPI) is a catalytic enzyme in the process of
glucose metabolism, and it can catalyze the conversion of di-
hydroxyacetone phosphate (DHAP) to glyceraldehyde 3-phosphate
(G3P). Glycolytic pathway can be associated with lipid metabo-
lism, pentose phosphate pathway, gluconeogenesis pathway

through DHAP and G3P. Therefore, TPI plays an important role

in regulating the metabolic balance of the body™ .

At present,
there are few studies on the TpiA gene and protein in Vibrio. In
P. aeruginosa, Crc, Hfq, Small RNA ( including miRNA,
ncRNA, siRNA, snoRNA, piRNA, rasiRNA, eic. ) and CrcZ are
central regulators of carbon metabolism. Through screening for
mutants of carbon metabolism-related genes, we found that muta-
tions in the TpiA gene reduce the expression of the type Il secre-
tion system (T3SS) and bacterial resistance to aminoglycoside an-
tibiotics. 7TpiA is a triose phosphate isomerase that converts glycer-
aldehyde-3-phosphate to dihydroxyacetone phosphate, which is a
key step linking glucose metabolism to glycerol and phospholipid
metabolism. The mutated TpiA gene enhances bacterial carbon
metabolism, respiration, and oxidative phosphorylation, increases
membrane potential, and promotes the intake of aminoglycoside
antibiotics. Further studies showed that the level of CrcZ was in-
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creased in mutated TpiA due to enhanced stability. In the context
of mutated TpiA, mutation of the crcZ gene restores T3SS gene ex-
pression and bacterial resistance to aminoglycoside antibiotics.
This study revealed that TpiA plays a great role in metabolism, vir-

17 Pyruvalde-

ulence and antibiotic resistance of P. aeruginosa
hyde is a highly toxic metabolite produced in all organisms and it
can attack terminal molecules (including DNA and RNA) and
disrupt nucleotide levels. Deletion of the TpiA gene from growth-
optimized E. coli strains resulted in increased levels of pyruvalde-
hyde. In a TpiA-deficient strain, it revealed a counterintuitive
crossover between carbon starvation and inorganic phosphate sig-
naling, which requires mutations in the inorganic phosphate signa-
ling machinery to alleviate. Split flux of glycolytic intermediates
through low glycolytic depletion requires a large number of syn-
chronized and coordinated mutations at non-intuitive network loca-
tions to retune metabolic flux for optimal growth'”'. Such muta-
tions include systematic inactivation of the phosphotransferase sys-
tem (PTS) and alteration of the activity of all biosynthetic en-
zymes in the cell. As an exocrine protein of Toxoplasma gondii,

triose phosphate isomerase can trigger a strong immune response in
the host ™.

5 Conclusions

In this study, we successfully amplified the complete gene
sequence of TpiA from V. alginolyticus HY9901. The full length of
TpiA gene is 771 bp, encoding 256 amino acid residues in total.
Its protein is stable and hydrophilic, and its molecular weight was
predicted to be about 26.975 48 kDa, and its isoelectric point is
4.78. There is no obvious signal peptide cleavage site, no signal
peptide, and no transmembrane region; the amino acid sequence
containes 3 N-glycosylation sites, 4 protein kinase C phosphoryla-
tion sites, 2 casein kinase II phosphorylation sites, 6 N-myristoy-
lation sites, 7 microbody C-terminal target signal site, and 1 triose
phosphate isomerase active site. The prediction results of protein
subcellular localization showed that TpiA may be located in mito-
chondria or cytoplasm, with probability of 39. 1% and 34. 8%,
respectively. The amino acid sequence of the TpiA gene of V. alg-
inolyticus shared 98. 83% —99. 61% homology with other Vibrio
species, and it was clustered into the same subfamily with
V. parahaemolyticus and had a close relationship. In the seconda-
ry structure prediction, the proportions of a-helix, random coil
and extended chain were 44. 53% , 41.41% and 14. 06% , re-
spectively, and the similarity of its tertiary structure model to tem-
plate lawl. 1. A was 85.16% . In the protein network interaction,
it can be found that the TpiA protein can be co-expressed with
pek, thaA, pgi, epd, VMC-15210, gapA, eno, VMC-19260, and
VMC-19270. It is feasible to further study the role and mechanism
of this gene in transcriptional regulation through knocking out the
TpiA gene in V. alginolyticus and comparing with the wild strains.
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od of the fruit body. If the light is too strong, the color of the
mushroom body will turn white in the later stage of growth, and it
will cause certain damage to the mycelium of the fungus bed.

When the water storage channel is used to control the humidi-
ty, after the mushroom buds are found, the water storage depth of
the working road is increased to 25 e¢m, which is maintained for 1
h, and then the water is drained. The operation is repeated once a
day. After 1 -3 d, the fungus buds grow into mushrooms. Gener-
ally, it can be harvested 3 -5 d after the primordia appears.
4.7 Harvest and time interval management When the white
spots on the surface of the pileus of S. rugosoannulata are gradu-
ally reduced until diaappearing and the fungus membrane is about
to be broken, it can be harvested. The stipe is held with the
thumb and forefinger, and rotated gently to separate the base of
the stipe from the mycelium in the material ; the mushroom body is
gently pulled out, and the mycelium on the border surface should
not damageed as far as possible. After the mushroom body is
pulled out, the small hole left by the mushroom harvesting is gen-
tly backfilled with the soil covering the border surface. After har-
vesting, the soil at the foot of the mushrooms is removed in time,
and the mushrooms are packed for fresh sale or sliced and dried.
The mushrooms are dried at about 45 °C, and dehumidified with
After the shape
and color of the mushrooms are stable, the temperature is raised to
60 °C to dry the mushroom body.

Generally, S.

strong wind to fix the shape of the mushrooms .

rugosoannulata can be harvested 4 times in
one production cycle, and the time interval between two harvests
is about 25 d. The key points of the harvest time management

" resting, watering thorough-

technology of S. rugosoannulata are
ly, and moisturizing" . After the mushrooms are harvested, the

surface of the border bed is cleaned to let the mycelium grow back

for 2 -3 d. Afterwards, the entire border bed is irrigated by drip
irrigation or sprinkling irrigation, and there is water flowing out
from the edge of the border bed. The moisture content of the bor-
der bed and relative air humidity are kept at above 85% until the

next mushrooms grow.

5 Summary

To sum up, there is still a lot of room for improvement in the
cultivation techniques of S. rugosoannulata. On the basis of clari-
fying the planting status and planting goals, it is necessary to
grasp the current cultivation points, so as to improve the cultiva-
tion techniques and economic benefit of S. rugosoannulata, real-
ize the stable and high yield of S. rugosoannulata, and promote

the development and progress of the industry.
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