%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Asian Agricultural Research 2019, 11(10): 80 —83, 94

DOI: 10.19601/j. cnki. issn1943 —9903.2019. 10.017

Cloning and Bioinformatics Analysis of tyeA Gene of Vibrio alginolyti-

cus

Jiaming LIAO"** | Weijie ZHANG'*>*, Chunhui XU"**, Kaishan LIANG'**, Shihui ZHOU'**, Huanying PANG'**" |

Miao XIE'*

1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China; 2. Key Laboratory of Pathogenic Biology and Epidemiology of Aquatic Economic

Animals of Guangdong Province, Zhanjiang 524088, China; 3. Key Laboratory of Aquatic Economic Animal Disease Control of Guangdong Provincial Department of

Education, Zhanjiang 524088, China

Abstract

tics. [ Methods] By referring to the entire genome sequence of V. alginolyticus on GenBank , specific primers were designed. According to the

[ Objectives | This study aimed to clone the tyeA gene of Vibrio alginolyticus HY9901 strain and analyze its sequence by bioinforma-

principle of PCR amplification, the target gene tyeA was amplified. By means of bioinformatics, the sequence of tyeA was further analyzed, and
the phylogenetic tree of tyeA genes of Vibrio spp. and the corresponding subunit three-dimensional structure models were constructed.
[Results | The length of the tyeA gene of V. alginolyticus strain HY9901 is 285 bp, and its theoretical molecular weight is 10.98 kD. Accord-
ing to prediction, there is no signal peptide or transmembrane region at the N-terminus of the sequence, and the amino acid sequence contains
two casein kinase II phosphorylation sites. The results of protein subcellular localization prediction show that the TyeA protein is located in the
cell membrane. The protein is unstable and non-hydrophilic. The tertiary structure of TyeA protein of V. alginolyticus is similar to that of
Yersinia sp. According to prediction, TyeA has a major functional domain Pfam. In terms of secondary structure, alpha helix, random coil, ex-
tended strand and beta turn account for 85.11% , 7.45% , 4.26% and 3.19% , respectively. The homology of TyeA between V. alginolyticus
and Vibrio parahaemolyticus is up to 83% , so they are classified into one cluster. [ Conclusions ] This study will help to further understand the
regulation mechanism of type III secretion system in V. alginolyticus.
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1 Introduction

Vibrio alginolyticus is a type of gram-negative bacterium, without
spores or cysts, halophilic anaerobic. According to research, it is
ubiquitous in seawater and estuaries in various parts of the
world"". Among the Vibrio spp. in seawater, V. alginolyticus ac-

counts for the largest proportion'!.

V. alginolyticus is highly par-
asitic in marine animals”’ and is associated with diseases of ma-
rine animals, including fishes, shellfishes, shrimps and coral
reefs™ 1. V. alginolyticus is a zoonotic pathogenic bacterium. In
recent years, it has brought huge farming pressure and economic
losses to the aquaculture industry. At the same time, the bacteri-
um can cause symptoms such as food poisoning and diarrhea in hu-
mans'®~"). Type III secretion system (T3SS) is a strictly con-
trolled virulence mechanism, and many gram-negative bacteria use
it to colonize in hosts'™. T3SS consists of a cytoplasmic bulb, a
matrix spanning the inner and outer membranes of the cell and an
extracellular needle. When infecting the host, T3SS secretes viru-

lence protein extracellularly, to the surface of the host cell, or
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even into the host cell, ultimately leading to death of the host
cell” . Tt has been found that TyeA is a regulator of T3SS. A large
number of studies have shown that the YopN-TyeA heterodimer
composed of TyeA and YopN plays a particularly important role in

10-12 " When Yersinia

regulating the secretion of effector proteins
spp. infect the host, the pre-assembled YSC-YOP type III secre-
tion system injects the YOP effector into the host immune cells.
The YopN-TyeA heterodimer is the center that controls the targe-
ting activity of YSC-YOP'" "' Tt has also been found that YopN-
TyeA heterodimer plays a particularly important role in regulating
and controlling the secretion and translocation of YSC-YOP com-
ponent substrates' .

In order to further study the regulation mechanism of the se-
cretion of T3SS effector protein by V. alginolyticus, this paper an-
alyzed the sequence and expressed the tyeA gene of V. alginolytic-
us, and analyzed the secondary structure, tertiary structure and
physicochemical properties of TyeA protein, so as to provide a the-
oretical basis for the subsequent research on the regulatory func-
tion of tyeA gene in V. alginolyticus and the development of related

subunit vaccines.

2 Materials and methods

2.1 Strains and vector The V. alginolyticus strain HY9901
was obtained from the virulent strain preserved in the Key Labora-
tory of Pathogenic Biology and Epidemiology of Aquatic Economic

Animals of Guangdong Province; the Escherichia coil strain DH5«
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was provided by the Key Laboratory of Pathogenic Biology and Ep-
idemiology of Aquatic Economic Animals of Guangdong Province;
and the cloning vector pMDI8-T was purchased from TaKaRa
Company.

2.2 Reagents The used reagents mainly included RxTaq DNA
polymerase ( Takara, Japan), bacterial genomic DNA extraction
kit ( TransGen, China), DNA gel recovery kit ( TransGen,
China) , standard molecular weight DNA Marker ( TaKaRa, Ja-
pan) and TSB medium. Other reagents of analytical grade were
imported or domestically purchased. The antibiotic ampicillin
(Ap) had a mass concentration of 100 pg/mL.

PCR instrument ( Bio-Rad,

Canda; TaKaRa, Japan) ; constant-pressure and constant-current

2.3 Instruments and equipment

electrophoresis apparatus ( Liuyi, China); benchtop high-speed
refrigerated centrifuge ( Eppendorf, America) ; CHA-S electrother-
mal constant-temperature incubator ( Boxun, China) ; ultra-clean
workbench (Huilong, China).

2.4 Extraction of total DNA from V. alginolyticus strain
HY9901 The extraction steps of total DNA from V. alginolyticus
were as follows:

(1) Expanding culture. The V. alginolyticus strain preserved at
—-80°C was taken out, inoculated into TSB (2% ) liquid medium
and subjected to shaking culture at 28°C for 18 h.

(ii) Enrichment. Six portions, 1 mL for each, of the bacte-
rial solution were transferred into six centrifuge tubes and centri-
fuged at 10 000 r/min for 5 min. After discarding the supernatant,
the precipitate in the six tubes was mixed in a centrifuge tube and
concentrated.

(ii1) Vortexing, resuspension and neutralization. According
to the instruction of the kit, the centrifuge tube was added with
250 pL of vortex liquid, vortexed until the precipitate disap-
peared, added with 250 pL of resuspension, inverted 4 —6 times,
added with 350 pL of neutralization solution, inverted 4 —6 times,
and centrifuged at 10 000 r/min for 5 min in success.

(iv) Washing of spin column. The supernatant was trans-
ferred to the spin column, centrifuged at 10 000 r/min for 1 min,
added with 500 pL of washing solution, and centrifuged at 10 000
r/min for 30 s. The above operation was repeated twice. Finally,
the empty column was centrifuged at 10 000 r/min for 1 min.

(v) Elution of DNA. After the operation above, the empty
column was added with 20 L of elution solution, incubated for 2
min at room temperature, and centrifuged at 14 000 r/min for 2
min. The eluate was collected, incubated for 2 min at room tem-
perature, and centrifuged at 14 000 r/min for 2 min.

(vi) Preservation. After completing the above steps, the

bacterial genomic DNA was successfully extracted, and it was
store in a refrigerator at —20°C for later use.
2.5 Cloning of the fyeA gene
quence of V. alginolyticus on Genbank, a pair of primers was de-
signed. The upstream primer P1 was 5'-ATGGCTTATCAAGTTTC-
TA-3’, and the downstream primer P2 was 5'-TCAATCCAACT-
CATCTTCC-3'.

Based on the entire gene se-

The PCR reaction conditions were as follows: pre-denatur-
ation at 95°C for 5 min; 95°C for 30 s, (60, 64, 65 and 67)C
for 30 s, 72°C for 60 s, 33 cycles, extension at 72°C for 10 min.
A small amount of the PCR product was examined by 1% agarose
gel electrophoresis.

2.6 Purification of the PCR product The remaining PCR
product was purified according to the instruction of the DNA gel
recovery Kit.

2.7 Ligation and transformation of PCR product The PCR
product was ligated into the pMD18-T vector overnight at 4°C in a
refrigerator. E. coli DH5a competent cells were then transformed.
The main steps of transformation were as follows.

(1) Adding 5 L of ligation product to 50 wL of recipient
bacterium; (ii) Ice bath for 30 min, water bath (42°C) for 90 s,
and placing on ice for 3 =5 min; (iii) Adding 1 000 WL of resist-
ant LB medium (pcDNA3. 1 resistance of Amp), and placing on a
shaker at 37°C , 200 r/min for 1 h; (iv) Centrifuging at 3 000 r/min
for 2 min at room temperature, discarding the excess supernatant
and keeping 100 pL, suspending the remained supernatant gently,
coating to an Ap +/LB plate containing IPTG/X-Gal; (v) Placing
for 30 min and inverting at 37°C for 10 —12 h.

2.8 Selection and sequencing of positive clones
was performed on Ap + /LB plates containing IPTG/X-Gal. Posi-

Screening

tive clones were picked and sent to Shanghai Sangon Bioengineer-
ing Technology Service Co. , Ltd. for sequencing.

2.9 Bioinformatics analysis of DLD of V. alginolyticus
strain HY9901'"* """
sis of genetic sequences were performed using NCBI (http://

Homology alignment and similarity analy-

blast. ncbi. nlm. nih. gov/Blast. cgi). Homologous alignment anal-
ysis of amino acid sequences was performed using DNAMAN.
Using ExPASyProteomics Server software ( http://web. expasy.
org/ protparam/ ) , the physicochemical properties of V. alginolyti-
cus TyeA protein were analyzed, the amino acid sequence was de-
duced, and the open reading frame (ORF) , molecular weight cal-
culated value (Mw) and theoretical isoelectric point (pl) were
determined. By using SignalP 4.0 Server software (http://www.
cbs. dtu. dk/services/SignalP) , the sequence of the signal peptide
was predicted. By using TMHMM Server 2.0 (http://www. cbs.
dtu. dk/services/TMHMM) , the transmembrane domain was pre-
dicted. By using SoftBerry-Psite (http://linuxl. softberry. com/
berry. phtml? Topic = psite&group = programs & subgroup = pro-
loc ) ,the distribution of functional sites in the amino acid sequence
was predicted. The promoter was analyzed using Promoter 2.0
software. Subcellular localization was predicted using PSORT II
Prediction (http://psort. hge. jp/form2. html). The phylogenetic
tree was constructed by neighbor-joining using Clastal 2. 0 and
MEGA 5.0 software. The three-dimensional structure of the TyeA
protein of V. alginolyticus strain HY9901 was constructed using
the SWISS-MODEL (http ://www. swissmodel. expasy. org/) pro-
gram. The pathways involved were analyzed using the Kegg soft-
ware ( http://www. genome. jp/kegg/). The STRING database

(http://string. embl. de/) was used for searching for interactions
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between protein networks.

3 Results

3.1 Cloning of tyeA gene According to the whole gene se-
quence of V. alginolyticus on Genbank, specific primers were de-
signed for the 3" and 5’ termini. Using the designed primers, PCR
amplification was performed. The PCR product was examined by
1% agarose gel electrophoresis, and a clear, bright and concen-
trated band, in size of 285 bp, was obtained, in agreement with
the theoretical result, indicating successful —amplification
(Fig. 1). Positive colonies were analyzed by sequencing. The re-
sults show that the tyeA gene has a 285 bp open reading frame
(ORF) encoding 94 amino acids. The accession number is

MN328351 in GenBank.

M 1 2 3 4 5

500
400
300 —
200
100

285 bp

Note: M, DIL500 DNA molecular marker; 1 =5, PCR product.
Fig.1 Cloning of the tyeA gene

3.2 Physicochemical properties of TyeA protein The TyeA
protein of V. alginolyticus strain HY 9901 was analyzed using Ex-
PASy software. The results showed that the total number of atoms
is 1 532 and the molecular structural formula is CygH;59Np5 0,56 S;.
The theoretical molecular weight of the protein is 10. 981 33 kD
and the theoretical pl value is 4. 11. The instability coefficient is
46.69, greater than the threshold of 40, suggesting that the pro-
tein is unstable. The fat coefficient is 102. 77. Thetotal average hy-
drophilic coefficient is —0.023 5, suggesting that the protein is
non-hydrophilic. The total number of acidic amino acid residues
(Asp + Glu) is 23, and the total number of basic amino acid resi-
dues (Arg + Lys) is 8. The N-terminus is methionine (Met). The
half-lives of the protein expressed in yeast and E. coli are greater
than 20 and 10 h, respectively. The half-life of the protein ex-
pressed in mammalian reticulocytes in vitro is 30 h.

3.3 Sequence analysis of TyeA protein The structure of sig-
nal peptide at the N terminus was predicted using the SignalP 4.0
Server program and no signal peptide was found. The prediction
using the TMHMM Server v. 2.0 program shows that there was no
transmembrane region. The prediction using the SoftBerry-Psite
(predict protein) program shows that the amino acid sequence
contains two casein kinase II phosphorylation sites (Fig.2). The
results of protein subcellular localization prediction show that TyeA
is located in the cell membrane, indicating that the protein enco-
ded by this gene is a cell membrane protein.

3.4 Homology and evolution analysis of TyeA BLAST anal-
ysis found that TyeA of V. alginolyticus has high homology with
those of other species, and its homology with the TyeA of Vibrio
parahaemolyticus is as high as 83% . The results of multiple-se-
quence similarity comparison indicate that TyeA in Vibrio spp. is

highly conserved ( Fig. 3). Using the neighbor-joining method of
MEGA 5.0, the phylogenetic tree of TyeA proteins of some bacte-
rial species was constructed. The results show that the TyeA pro-
tein of V. alginolyticus strain HY9901 and the TyeA protein of
V. parahaemolyticus are classified into one cluster, indicating that
they are closely related (Fig.4).

1 ATGGCTTATCAAGTTTCTAATTTGATGGCTGATGTGATTGCGTTGGTAGAGCAGCGATGG
1 M AYQVSNLMADT YTIALTYETQ QR RTHW
61 GTAAGCAGTGATGAGATATGGAAAGTCGCCAACGCAATGGAATTGACGGCGGTAGAACAA
21 VS S DETIWE KVYA AN EAZMETLTHA.AVEQ
121 ARAATCGATTITTITCGAGAGTTCCATAAGTTAGTTCGCGCAATCCCAATTGACGTATTC
41 K I DFTFRETFEHTE KTLVYVRATLITPTITDTVF
181 GCCGATGAAGAACAACGACAGAATTTAATCCAAGCGGTACAAAAGGCGCTAGACGAAGCC
61 A DEEGQRU OCNTLTIGOQAVYVO QE KA ALTDTEHRA
241 ATTGATATAGAAGAAGAGGAAGCGTGGGAAGATGAGTTGGATTGA
81 I DIETETETEA AWETDTETLTD *

Note: " # " represents a terminator, and " __" marks casein kinase II

phosphorylation sites.
Fig.2 Sequence analysis of the tyeA gene

Vibrio alginolyticus VN4 Al VIVNARAO S SDE T[K VANAYIE 40
Vibrio parahaemolyticus SlN4®)A SDIRUIAIN VAV:NAUAGIRAUNS SEE T [NK TAT SWIE 40
Vibrio harveyi \\184e]V TDIRVIS B VEV:NAYAOIAWYG SA E TN LV NAGIE 40
Vibrio campbellii \S18€8]V T DIRYIS B VEVNARAORUNYGC SA E TGN LVNAZIE 40
Vibrio tubiashii 3848 D SDIRUIA AEAVIKLAE S¥IG| 40
Vibrio bivalvicida {13848} S 40
Vibrio alginolyticus RINT PMDV FIADIZEQRQONL ,DEA] 80
Vibrio parahaemolyticus IBF|FREMHK LMREIT PYDV F“D D 4 80
O YTl 1 R 9 H K LR[S T PMDV ER|DBEQ A 80
Vibrio campbellii | Q4S)3 FREMMHKLMRLT PDV ERIDRE ) ,DEA 80
Vibrio tubiashii 80
Vibrio bivalvicida 80
Identity Accession No.
Vibrio alginolyticus 94 100% ACY41068.1
Vibrio parahaemolyticus 94 82.98% ANB96904.1
Vibrio harveyi 94 78.72% SQA36766.1
Vibrio campbellii 94 78.72% AQM67418.1
Vibrio tubiashii 94 75.53% WP_004745559.1
Vibrio bivalvicida 94 74.47% 0AJ92073.1

Fig.3 Similarity comparison between TyeA amino acid sequences

44 Vibrio harveyi group WP 012841775.1

Vibrio diabolicus WP 085344780. 1

Vibrio parahaemolyticus KOY 47581.1

Vibrio alginolyticus WP 047102694.1

Vibrio WP 005464474. 1

Vibrio azureus WP 021711594.1

Vibrio pacinii WP 038172583.1
Vibrio europaeus WP 069666607. 1

Vibrio tubiashii WP 004745559.1

Vibrio caribbeanicus WP 009602030. 1
Vibrio splendidus WP 102534020. 1
Photobacterium damselae WP 036766115. 1

Vibrio campbellii WP 012127548.1

73=Vibrio lentus WP 102266089. 1

Shewanella psychrophila WP 077755405.1

liPhomrhabdus temperata WP 021323775.1

100 |:.~lercmonas veronii WP 042054061. 1
100 Aeromonas hydrophila WP 039213259. 1

0.1

Fig.4 Phylogenetic tree for TyeA amino acid sequences

3.5 Prediction of functional domains and secondary struc-
ture of TyeA Using the SMART program, the functional domain
of the TyeA protein was predicted. It was found that TyeA has a
major functional domain Pfam (Fig.5). The secondary structure of
the TyeA protein of V. alginolyticus strain HY9901 was predicted
by SOPMA software. The results show that in the secondary struc-
ture of TyeA, alpha helix, random coli, extended strand and beta
turn account for 85.11% , 7.45% , 4.26% and 3.19% , respec-
tively (Fig.6).
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Fig.5 Domain prediction of TyeA protein

. .
20 49 60

Note: Blue, alpha-helix; purple, random coil; red, extended strand;

10 30 50 70

green, beta-turn.

Fig.6 Prediction map of secondary structure of TyeA protein

3.6 Subunit structure of TyeA The TyeA amino acid se-
quence was submitted to the SWISS-MODEL program, and many
similar homologous sequences were obtained by searching the data-
base from the ryeA gene sequence. One or some of them were se-
lected as templates. After comparison, adjustment and energy
minimization, the tertiary structure model of a single subunit of
TyeA was obtained (Fig.7). By comparison, it was found that the
TyeA single subunit tertiary structure model of V. alginolyticus is
similar to that of Yersinia sp. (Yersinia sp. : QMEAN, -1.24;
CB, 1.11;ALL atom, 1.51; resolution, 1.30; torsion, —2.1;
V. alginolyticus: QMEAN, -0.17; C@, 1.11; ALL atom, 1.53;

resolution, 1.19; torsion, —1.01).

Note: A. Vibrio alginolyticus strain HY9901; B. Yersinia sp.
Fig.7 Tertiary structure models of subunits of TyeA proteins in
Vibrio alginolyticus strain HY9901 and Yersinia sp.

4 Conclusions and discussion

4.1 Conclusions This study successfully cloned the tyeA gene
of V. alginolyticus strain HY9901, of which the bioinformatics
analysis was carried out. The results show that the TyeA protein of
V. alginolyticus strain HY9901 is a non-hydrophilic unstable pro-
tein consisting of 94 amino acids with a size of 10. 98 kDaj; and its
secondary structure contains four conformations of «-helix,
B-turn, random coil and extended chain. The homology compari-
son of amino acid sequences shows that the tyeA gene of V. algino-
lyticus strain HY9901 has the highest homology with Vibrio har-
veyl, up to 99% , has the similar homologies with V. parahaemo-
lyticus and Vibrio diabolicus (77% ), and has a lower homology
with Vibrio campbellii (77% ). The analysis results of phylogenetic
tree are consistent with the homology analysis results of #yeA nucleo-

tide sequences, indicating that tyeA nucleotide sequence is highly

conserved among the same species. The homology of #yeA nucleotide
sequence increases as the relationship becomes close. It can also be
speculated that the TyeA protein of V. alginolyticus strain HY9901
may have a similar function or effect as TyeA of V. harveyi.

4.2 Discussion The homology and evolutionary analysis of
TyeA revealed that TyeA of V. alginolyticus has high homology
with TyeA of other species, indicating that the tyeA gene is highly
conserved. The tertiary structure model constructed by using
SWISS-MODEL software shows that the TyeA subunit tertiary
structure of V. alginolyticus is similar to that of Yersinia sp. The
tyeA gene is a very important regulatory gene in the effector secre-
tion of the type III secretion system in Yersinia spp. A large num-
ber of studies have found that YopN-TyeA heterodimer plays a par-
ticularly important role in regulating and controlling the secretion
and translocation of YSC-YOP component substrates'® """

The Yopn-TyeA complex found in the study constitutes a
"plug" that blocks secretion, preventing the secretion of effector
proteins under non-secretory conditions'"®’. The Yopn-TyeA com-
plex can sense calcium ion concentration, thus playing an impor-
tant role in the switch of the Yops secretion channel. In vitro, the
secretion of the YOP effector protein is blocked in the presence of
calcium and triggered by the removal of calcium'®’. In the body,
the level of calcium is sufficient to prevent the secretion of YOP
until the bacteria are exposed to eukaryotic cells. Such a regulato-
ry mechanism avoids excessive secretion of effector proteins. A
strain of Yersinia pestis lacking the expression of YopN, TyeA, Sy-
¢N, YscB or LerG all can selectively secrete Yops effector proteins
207 " Therefore,

the function of the Yopn-TyeA complex protein is to prevent the

regardless of the presence or absence of calcium

secretion of the Yop effector protein until the activation signal of
T3SS is encountered.

So far, how the YopN-TyeA complex blocks the exit channel
on the T3SS unit is still not known. But it has been found that the
TyeA homologous proteins PCR1 and PerG (LerG in Yersinia) in
Pseudomonas aeruginosa assemble with the intact intimal protein
PerD (YscV) to block entry of the substrate into the secretory
channel "’

At present, there are few reports on the regulation of effector
proteins in the type III secretion system by the tyeA gene in V. al-
ginolyticus. This experiment provides a basis for the subsequent
research and development. In the future, the tyeA and vopN genes
in V. alginolyticus will be knocked out to verify the regulation of
related proteins and further study whether TyeA and VopN also
present in complex form and their regulation mechanism on effector
proteins, thereby further understanding the regulation mechanism
of type III secretion system in V. alginolyticus.

References

[1] KANEKO T, COLWELL RR. Ecology of Vibrio parahaemolyticus and re-
lated organisms in the Atlantic Ocean of South Carolina and Georgia[ J].
Appl Microbiol, 1973, 28(1) : 1009 —1017.

[2] LIN YJ, CHEN KC, CHEN GL, et al. The isolation of Vibrio alginolytic-
us bacteriophage[ J]. Acta Microbiologica Sinica, 1993, 33(4): 285 -
289. (in Chinese).

(To page 94)



94

Asian Agricultural Research

2019

teachers to improve teaching effects, but also the use of relevant
digital technology should be popularized among undergraduate
students to strengthen students’ practical ability and test theoretical
knowledge in practical links. Meanwhile, the proportion of assess-
ment of practical operation ability in the course should be im-
proved to change the shortcomings of a final written test as the sole
criterion.

5 Conclusions

The "BIM + 3D printing + VR" explored in this paper is integrat-
ed into the new mode of building construction teaching, breaking
the conventional traditional teaching status. The introduction of
new digital technology improves the ease of learning of professional
construction knowledge, increases the interest and experience of
teaching, mobilizes the initiative of students, strengthen practical
teaching, and change the inefficiency, dullness and boring of pre-
vious classrooms from the source, makes students become impor-
tant participants in the teaching process, and finally cultivates ar-
chitecture technical personnel that suit the needs of the times.

0@00#00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0C0S00S

(From page 83)

[3] RIPABELLI G, SAMMARCO ML, GRASSO GM, et al. Occurrence of
Vibrio and other pathogenic bacteria in Mytilus galloprovincialis ( mus-
sels) harvested from Adriatic Sea, Italy [ J]. International Journal of
Food Microbiology, 1999, 49(1 -2) . 43 -48.

CHANG CC, YEH MS, LIN HK, et al. The effect of Vibrio alginolyticus
infection on caspase-3 expression and activity in white shrimp Litopenaeus
vannamei[ J]. Fish & Shellfish Immunology, 2008, 25(5) : 672 —678.

SADOK K, MEJDI S, NOURHEN S, et al. Phenotypic characterization
and RAPD fingerprinting of Vibrio parahaemolyticus and Vibrio alginolyti-
cus isolated during Tunisian fish farm outbreaks[ J]. Folia Microbiologi-
ca, 2013, 58(1): 17 -26.

LIN Y, ZHENG SL. Investigation and analysis of a foodborne disease
caused by Vibrio alginolyticus[ J]. Chinese Rural Health Service Admin-
istration, 2017, 37(1) : 59 =60. (in Chinese).

LI XC, XIANG ZY, XU XM, et al. Endophthalmitis caused by Vibrio
alginolyticus[ J]. Journal of Clinical Microbiology, 2009, 47(10) : 3379
-3381.

BLONDEL CJ, PARK JS, HUBBARD TP, et al. CRISPR/Cas9 screens
reveal requirements for host cell sulfation and fucosylation in bacterial

(6

—

[7

[

—
oo
[

type III secretion system-mediated cytotoxicity[ J]. Cell Host & Microbe,
2016, 20(2) : 226 —237.

PALLEN MJ, BEATSON SA, BAILEY CM. Bioinformatics analysis of
the locus for enterocyte effacement provides novel insights into type-III
secretion[ J|. BMC Microbiology, 2005(5) : 9.

[10] CHENG LW, SCHNEEWIND O. Yersinia enterocolitica TyeA, an in-

tracellular regulator of the type III machinery, is required for specific

(9]

targeting of YopE, YopH, YopM, and YopN into the cytosol of eukary-
otic cells[ J]. Journal of Bacteriology, 2000, 182 3183 —3190.
FERRACCI F, SCHUBOT FD, WAUGH DS, et al. Selection and char-
acterization of Yersinia pestis YopN mutants that constitutively block Yop
secretion[ J]. Molecular Microbiology, 2005, 57 970 —987.

IRIARTE M, SORY MP, BOLAND A, et al. TyeA, a protein involved
in control of Yop release and in translocation of Yersinia Yop effectors

[11

[

[12

[

CO®0000€00

.0

CO®00800S00S00S00S00S00S00S00S00S00S

References

[1] ZHANG CA. On the influence of modern digital technology on artistic ex-
pressiveness[ D]. Baoding: Hebei University, 2004. (in Chinese).

[2] WANG JF, CHEN X, et al. Introduction to Autodesk Revit civil engi-
neering applications| M . Beijing: China Water & Power Press, 2013.
(in Chinese).

[3] BIAN YT, JI Y. A preliminary investigation on the application of 3D

—

printing technology in the teaching of art design major in colleges and uni-
versities[ J]. Journal of Chifeng College: Natural Science Edition, 2017,
33(21): 199 -=200. (in Chinese).

[4] LIN YX. The application of VR technology in kindergarten design teach-

[l

ing[ A]. Construction Digital Technology Teaching Committee of the Na-
tional Higher Education Guidance Committee. Papers Collection of the
Symposium on Teaching and Research of Architectural Digital Technology
of National Architectural Colleges and Departments in 2019[ C]. Sub-
committee of Architectural Education and Guidance for Architectural Spe-
cialty in National Colleges and Universities: Architectural Digital Tech-
nology Teaching Committee of National Architectural Discipline Steering
Committee, 2019. (in Chinese).

ZHOU QW. Study on the application of VR in construction[ J].
dong Industrial Technology, 2019, 38(15) : 101. (in Chinese).

Shan-

—
W
[

CO®00S00S00S00S00S00S00S00SO0S0O0SO

[J]. The EMBO Journal, 1998, 17 (17): 1907 - 1918.

[13] MARTINEZ-ARGUDO 1, BLOCKER AJ. The Shigella T3SS needle
transmits a signal for MxiC 567 release, which controls secretion of ef-
fectors[ J]. Molecular Microbiology, 2010, 78(6) : 1365 —1378.

[14] SUNDBERG L, FORSBERG A. TyeA of Yersinia pseudotuberculosisis in-

volved in regulation of Yop expression and is required for polarized

translocation of Yop effectors[ J]. Cellular Microbiology, 2003, 5(3) :

187 -202.

FERRACCI F, DAY JB, EZELLE HJ, et al. Expression of a functional

secreted YopN-TyeA hybrid protein in Yersinia pestis is the result of

[15]

a+1 translational frameshift event[ J]. Journal of Bacteriology, 2004,
186 5160 —5166.

LI J, PANG HY, JIAN JC, et al. Molecular cloning and bioinformatics
analysis of Yop secretion protein P[J]. Journal of Zhanjiang Ocean
University, 2016, 36(4) : 30 =36. (in Chinese).

PANG HY, CHEN LM, CAI J, et al. Molecular cloning and bioinfor-
matics analysis of dihydrolipoamide dehydrogenase gene from Vibrio alg-

[16

s

[17]

inolyticus[ J]. Journal of Guangdong Ocean University, 2014, 34(1) .
1 -8. (iin Chinese).

ZHANG TT. Study on the gene and protein interaction of type 11 secre-
Chengdu: Sichuan Agricultural Uni-

[18]
tion system of Yersinia pestis[ D ].
versity, 2013. (in Chinese).

[19] Straley SC, Plano GV, Skrzypek E, et al. Regulation by Ca’* in the
Yersinia low-Ca’* response[ J]. Molecular Microbiology, 1993, 8(6) :
1005 - 1010.

[20] DAY JB, FERRACCI F, PLANO GV. Translocation of YopE and YopN
into eukaryotic cells by Yersinia pestis yopN, tyeA, sycN, yscB and lerG
deletion mutants measured using a phosphorylatablepeptide tag and
phosphospecific antibodies[ J]. Molecular Microbiology, 2003, 47(3) :
807 - 823.

[21] LEE PC, ZMINA SE, STOPFORD CM, et al. Control of type III secre-
tion activity and substrate specificity by the cytoplasmic regulator PerG
[J]. Proceedings of the National Academy of Sciences of the United
States of America, 2014, 111(19): E2027 - E2036.



