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BIOLOGICAL CHARACTERISTICS AND
DEPOLYMERASE OF SHEEP-DERIVED SHIGA
TOXIN-PRODUCING ESCHERICHIA COLI PHAGE
P762

ABSTRACT

Shiga toxin-producing Escherichia coli (STEC), a highly pathogenic Shiga toxin
stored in the intestines of cattle or sheep, contaminates surrounding water sources,
vegetables or when slaughtered by cattle and sheep feces contaminated beef and mutton to
cause STEC transmission. Humans get sick from eating contaminated food, and STEC have
caused many public health incidents in various countries around the world. Therefore, the
prevention and control of STEC has become a difficult problem in this situation where all
links from farm to table may face pollution. The use of antibiotics to prevent and control
STEC has always been controversial, that is, the release of stx toxins of STEC due to
antibiotic treatment will aggravate clinical symptoms.Furthermore,using antibiotic limits
and reduces resistance policies. Therefore, it is very important to find an eco-friendly
disinfectant covering the whole industry chain. Phages are candidates for safe and effective
disinfectants due to their ability to lyse bacteria without causing environmental pollution. In
order to screen phages with the potential to prevent and control STEC, we started from two
aspects: on the one hand, we started to use PCR method to detect virulence factors such as
stx in 16 sheep-derived isolates, and type the stx toxin subtypes,Vero cells were used as a
model to evaluate its virulence, and at the same time, bioinformatics methods were used to
establish a subtype search library for stx toxin sequences, trying to predict and determine
the stx subtype of STEC isolates by the next-generation sequencing, and screen out the stx
subtypes of STEC isolates. The virulent isolates are the basis for the isolation of phages
capable of lysing them. On the other hand, we isolated 63 phage strains that could lyse
STEC from 300 farm and hospital sewage samples, and carried out follow-up in-depth
studies on a broad-spectrum phage P762 with a "halo", including genetic analysis,
biological characteristics,derivative enzymes.Those study lay a theoretical foundation for
the research of STEC and STEC phage.



1 Detection and evaluation virulence of Shiga toxin-producing Escherichia coli from
sheep

Shiga toxin-producing Escherichia col is a food-borne pathogen with major virulence
genes including stx, eae, exhA. Different STECs have different degrees of pathogenic
effects due to different distribution of virulence factors and different stx subtypes. In this
study, the virulence factors such as stx carried by 16 isolates were detected by PCR method
and their stx subtypes were typed, and the bioinformatics method was used to establish a
resource library for the stx toxin sequence of STEC, and the second generation The
sequenced STEC strains were used for stx subtype prediction, and vero cells were used to
analyze the virulence of these strains later. The results showed that: 4 strains of stxla
subtype, 5 strains of stx1c subtype, 1 strain of stx2a subtype, 6 strains of stx2c subtype, and
1 strain was not detected; 4 strains of STEC virulence grade were ++++, 1 strain of STEC
virulence The grade is +++, the virulence grade of 4 STEC strains is ++, and the virulence
grade of 7 STEC strains is +. Based on these analyses, there were 5 virulent STEC strains, 4

of which were extremely virulent.

2 Isolation and Bioinformatics Analysis of Shiga Toxin-Producing Escherichia coli

Phage isolated from sheep

Due to the difficulty in tracing the source of pollution in the production chain, it is
difficult to prevent and control STEC, and the use of antibiotics to treat STEC is
controversial. Therefore, it is extremely important to find new prevention and control
tools.As an eco-friendly disinfectant that can cover the entire industrial chain,
bacteriophage can be used for the prevention and control of pathogenic bacteria. The safety
of the phage as a disinfectant can be judged by studying the phage genome before it is put
into use. In this study, we isolated 63 phages from the sewage of farms in different regions,
and screened out a phage P762 from these phages that could lyse pathogenic E.
"Phenomena. We extracted the genome of P762 and uploaded it to NCBI to obtain its serial
number MW876471. According to BLASTN, P762 shares 95.14% homology with a short-
tailed E.coli phage DY1, both belonging to the genus Kayfunavirus of the family Auridae.
The genome of P762 does not encode a virulence protein by VFDB and RAST annotation
analysis. Whole genomes of 40 phages of the same genus were subsequently downloaded
from public platforms and subjected to pan-genome analysis. The pan-genomes of these 41

phages belong to the open pan-genomes, which lays a theoretical foundation for the



research at the phage gene level.

3 Biological characteristics and antibacterial experiments in vitro of bacteriophage
P762

The results of the phage P762 host spectrum test showed that among 35 STEC strains,
the phage could lyse 17 strains of Shiga toxin-producing Escherichia coli with different
serotypes, including O157:H7 and non-O157:H7 serotypes, which are more worthy of
further study is that P762 can also lyse avian pathogenic Escherichia coli (APEC): 5 strains
of APEC with serotypes 078, 083 and 09, and other pathogenic Escherichia coli (5/17).
Analysis of other basic biological characteristics showed that P762 was stable in the range
of pH 3~11 and temperature 4°C~60°C, and its optimal multiplicity of infection, MOI, was
0.1. The one-step curve of P762 exhibited 3 growth burst stages: 2 fast growth stages and 1
slow growth stage. The scale of the first rapid burst was 80 CFU/PFU, the proliferation
scale of the slow growth stage was 10 CFU/PFU, and the scale of the second rapid burst
was about 990 CFU/PFU. The in vitro antibacterial test showed that P762 had high
bactericidal activity in STEC containing lettuce leaves, in our test, P762 could inhibit the
growth of STEC of two serotypes 0157 and 0145, respectively, and the number of bacteria
in 1 hour were respectively Down 99.96% and 99.99%.

4 Study on the depolymerase of bacteriophage P762

The "halo™ phenotype of the plaques suggests that the depolymerase gene is present in
the P762 genome. Phyre2 analysis showed that ORF48 is functionally and structurally
similar to hydrolase (99.3%; 30%), and ORF48 has three domains, which are N-terminal
T7-tail fiber, tail spike, and intermediate rhamnosidase. The orf48 gene of phage P762 was
cloned into the pET-28a expression vector, and the recombinant expression vector was
introduced into competent BL21 to express and purify the recombinant protein Dpo48. The
purified recombinant protein Dpo48 has the function of inhibiting the growth of P762
exopolysaccharide through biofilm experiments, but it does not show the degradation
function in eliminating the formed biofilm.

KEY WORDS:Shiga toxin-producing Escherichia coli;Pathogenic  potential;
Bacteriophage; Phage therapy ; Depolymerase
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Ow M K AT (Escherichia coli, E.coli) & —2RAT LUK N LR rgnEt.,
IR BOR AL, K Fe 53 i P B0 1 K B+ B i B0 YK 7 41 B (Enteropathogenic
E.coli, EPEC). 7t it K% 4T B (Enterohaemorrhagic E.coli,EHEC). 7= 8 % K
1 (Enterotoxigenic E.coli,ETEC). #1224 KWt i (Enteroinvasive E.coli ,EIEC).
1 58 £E 1 K % #F % (Enteroaggregative E.coli \EAEC) . i ¥k #% &5 Mt 2 K Jig #F
(Dispersive Adherent E.coli,DAEC)?; Ji7 i # £ 1 K g #F B JR 18 E0w 1 K g #F
(Urethral pathogenic E.coli ,UPEC) . Jixi JiE ¢ & KI5 #F B§ (Neonatal meningitis
E.coli,NMEC) . & 307 1 K #T 5 (Avian pathogenic E.coli, APEC)El, Hrh, EHEC 5
7 LR 55 & KT (Shiga toxin-producing Escherichia coli, STEC)EA L& FIAE
X, EHEC HIiERJ& T STEC I—#&k4sr. STEC MR MIER A /3~ 0157: H7
F9E O157: H7. STEC HHFESJH T34 stx SEBUA A £ 5 AL A AR FE IR AR o
BWOERG KFENETE, KBS, MEFES I WG R R L8 E AR
(Hemolytic Uremic Syndrome,HUS) &5Ilfa R, L4 /63 8 B s 4 &4t (Peripheral
Nervous System,PNS). HiHX #1122 22 4t (Central Nervous System, CNS)Zk i 5| &izz) .
SR G R AG AN Epk ST, B EE R T I AT T . N 1999 A ] A R K 1) STEC BRI,
2 7% NMERE, %5200 A& HUS, 175 6 A\ 2tk BT e & sh ik A A7 20 5
AN G RE L, kR PO R BN T an4-BidE STEC BGLit HE . [k,
K 2> BRI IR 7. stx BT TR 2R U AR HE,

1 FERBEAPHTENLIN

i, PEWER KRR AR vero CIEMSIRS AR 205 = KT
o W{E 1977 4 Konowalchuk At (14 [ F5 45 S 56 G 0K KW T B 240 A 8 v s 77
Vero 4iiffl, 25F KL Vero /=4 14540, BikSEEREHARNER, B XHR
J T B b 44 97 Vero 4l EE 3= KA B, 1983 45, ALISON D. O'BRIEN #I
GERALD D. LAVECK K Hl—FkIiE AL N 026: H1 F K AT B H30 P4 8 R 5 8
IIFBRAT I 1 BB AR AR S B R AR AT, T Ik, SRR
(Shiga-like toxin,SLT)#¥ FH ok 4 1 Fft ol K i AT B8 s iR 7= AR O B R Bl JEok, VT M
SLT XWAARIE#G) 2 M. Fik, 7 vero 4HHEFE & KM B B SUHFR ool = &
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Figurel-1 Route of transmission of STEC
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0157: H7 MyEMIFN %2 3] oE . Flin, 2011 FEFEPEF A 7 g% N 0104: H4
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Figure 1-3 Crystal structure of Shiga toxin
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4 o 75 2% (Subtilase Cytotoxin)POSUfIE T R . EHBRMMAMITEWE DM 1-3
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ST U0 860 1 3 R PR AT 340 AR AR P 2 A5 S S 5 e 4T L P A B LU N
TR JORE AT U5 5 RIROR [ . 5361, R 98 R B S EUB T &5 i A Hp ik
ZRAWINE W MG . o, ERFRTSCRE FARES S, BIKE
i B e, IR A TR AR R R AR REREYS, B E R A HUSET,

SR RZHICRIE, NEEHEMEERKBEE TR, AB MERHZ&ENR
RIS . BAR, stx BRERAE STEC YU I IR E B, HEATTIBE AL 14 AR 58 A HE W
k. SR, —UeRf TR, I R B R AL R e AT AR R B, InEE R R
B HARBN A TR WAEBUREE SR AT, TSR S4E 0 H. 6
w, fELRMERE CTXe FO& RIVERLE R g3 KB, 78 H Ao i i &k
IRER B 43 WA KT ArtAB JE[KIB8, X e 15 STEC 3K45 stx FF R RARH — 3. K
fih AB B 55 251 0] RESK B KPS DR A B R e U R A B2, ndd N I BR R
ZRARBN, EAR AB BUEE R LA A ME LR B, (HE AR S5 F 2 BT A R, X2
PRAR A TLELH B AR AL B4R B 0 e

EVFERD N S M Stx2, WH I, &F stx2 Wik STEC B im T REH
stx1 B stxl+stx2 MU K. BATTZ A E AR AL, &P A ) B0 A
[, Stx1fi#h stxla. stxlc. stxld, Stx2 flfE stx2a~stx2g. stx2 K485 T stxd,
ITAERIEH stx2ht0,  stx2iH stx2j. stx2kPAfikiE . Stxlc F stxld /& stxla A8 &
&, Hrostxle 5 stxla /£ A A1 B WEEE53 5 A 97.1%H1 96.6% 1) & HE IR 7 41— It
431, WFFE N R ISR MR STEC JUFAS B A 80w sl Sum MRk, 4
— P4 Stx2a FER DGR Stx2c, EARTE Vero 41 M S50 Hh R B AH M FE 1
B EE R —FliE N R E B IR, RAISZIG R, stx2c 5 stx2a BA AN
A 4 JRPERS), 53 —Fh Stx2a A8k Stx2d, Stx2d A i 7 kGO, % Vero 4
TR AR, FEUE R Stx2d 5 STEC /& Juf ™ E IR II——HUS M. 4% Stx2c Al
stx2d (17415 stx2a tbxd & BL, EAI0 B WA 2 MEERAR, BANH N,




PR 0 Vero ZH 0 (%) 40 i 25 14 355 BT BRAIG, 1 Stxad 7Esh iR N 55 Stx2a AH
FE, M2 R, Stx2c BERIETE/NRAARN FIEEPELL Stx2a KM, 5 —FiEA Stx2b,
55 STEC IRPRE FESEIRAI =M, Stx2e. Stx2f Al Stx2g H5sh¥iki: STEC AK. X =
FEA, R Stx2e 5318 ERERA IS, 5lEFEKMP, MRS R
Gippi, RALENEPY, Z£ELE Angela R. Melton-Celsa (I 58 5l F3EFR T4~ %
¥ (Table 1-1).

FHg 1-1 stx KBS H R M
Table 1-1 Stx types and Pathogenicity
Stx KA JR Y TR 55 NP AH K ERBu

Stx 3818T & [51]
Stxla EDL933 = [52]
Stx1c DG131/3 i [53]
Stx1d MHI1813 4 [54]
Stx2a EDL933 = [52]
Stx2b EH250 5 [54]
Stx2c 031 = [55]
Stx2d C165-02 & [56]
Stx2e S1191 5 1571
Stx2f T4/97 £ [58]
Stx2g v 5 [59]
Stx2h STEC299 i [40]
Stx2i STEC300 3 [41
Stx2k STEC309 3 [42]

3.2 REMMEFAME

STEC & K 4w # 5 — A~ 5 1 80 P K % #T B (Enteropathogenic  Escherichia
coli,EPEC) d [ ¥J5 f) 30 J= A &, Bl Lee S (locus for enterocyte effacement), <55 I
AMIAE (Attaching and effacing adherence, A/E) 528, H4H 4005 BR A4S AE R M 5
W bR R R, P SRS R E . RS E A RE . BT
M, RAMTEL, Lee & —ANAMRER (1 5 % 3 i Zeae (E.coli attaching and
effacing), & — 1M RK/N2)0N 103Kdafi s, 7 TLee S5 28 22 AN FF TR AR,
STECH & HIXFEN, HEPECH ffleae B 83%[H[FIJEMELA, EaeitLeely 4wty
1) 5 ARRAESR A 1) i B E R, SHUSHIE A <. AT #f 58 %) Lt Eae* FlEae”



BRI EORTE, K leae SAFFEAER AL SR K MK . NEHUSH K, Hilan. B
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ERREPSR

W& Calpha-plasmid carried enterohemolysin, ehxA) J& T & & (RTX)Z )
HEFH], B4, ehxA T p0157 & /1 Fiki I, ehxA MIFTES stx Z IS, Rbhl
W2 STEC BRPUE L E AT Fhr £, EhxA 5 A2 HUS ZE UK
661, Hua Ying Z5 AT AR I ehxA + eae Al ehxA + eae + stx2 [IFAES HUS Al
O157:H7 A Giih 2 ERIAHHE, R A Ih—FhE /IR 1Rl fe 5 STEC JKHL i = 5
iR SRS PRI
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Figure 3-1 Distribution of virulence genes in 16 strains of STEC
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Figure3-3 Results of vero cytotoxicity experiment under microscope
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Figure 3-3 Results of hemolysis test
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