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Phage endolysin Lysin1902: prokaryotic expression and
evaluation of its bactericidal activity combined with
g-poly-lysine
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TANG Fangl*, DAI Jianjunl’2
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Abstract: [Objective] To investigate the antibacterial effect of the phage endolysin Lysin1902
combined with e-poly-lysine (e-PL) on Escherichia coli O157:H7. [Methods] We employed
Mega to construct the phylogenetic tree and used online tools to analyze the amino acid
sequence of Lysinl1902. After prokaryotic expression, Lysin1902 was purified. We then
detected the lytic activity of Lysin1902 against autoclaved E. coli O157:H7 by plate lysis assay
and detected the lysis activity of Lysin1902 or &-PL on live E. coli O157:H7 in 96-well plates.
Further, we adopted checkerboard assay to measure the bactericidal activity of Lysin1902
combined with &-PL. [Results] We successfully expressed and purified Lysin1902. Lysin1902
showed lytic activity against autoclaved E. coli O157:H7 but cannot effectively lyse live E. coli
strains. After the addition of Lysin1902, the concentration of &-PL that could completely
control the proliferation of E. coli O157:H7 decreased from 0.7 mg/mL to 0.1 mg/mL.
[Conclusion] Lysin1902 was successfully expressed and purified. Lysin1902 alone has no lytic
activity against E. coli O157:H7, while the combined use of Lysin1902 with &-PL significantly
increased the lytic activity of e-PL against E. coli O157:H7.
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AU T HASR PRGN, RAFRKEE,
e aYER AR REEYE, PL ET 2T R
Al AR 251 0l RSNk, BTG e-PL f
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M, ARS8 1 o T AR BT SRR, A% R
ZUREGEE T, IEIE LRI TE T, DR R
BRI 150 1 TF & i 2%

1 MRETE

1.1 EFR, BREAFIAE &S

ABIF S AT P B4 e TR A4 S R 3 v B A5 3 1Y
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BE(0.5%B0R . B ARFR B0 M T 9286 h K
O157:H7 FIMER 1A PNJ1902 HyR5 5. AER K
FRIREE D 37 °C, WERARIEIRIREE D 30 C
1.2 3|¥5i5

e-PL W H EIRLSEARAEACA PR Wl BRI
PN VIR QuickCut™ BamH I, QuickCut™ Xho 1
il T4 DNA Ligation Kit Ity {5 /E9) TR (KE)
AR . PCR 74 IR0 &5 0 i re SO
Jiig A2 ) T AR AT BIR 2wl o SR 38 Bt 30 e 1T e
T & R A v R AR ) BB R .
His-Ni & H12Efb I FH 5[ GE 2 r]. S
DNA Marker I F 524 ) TRECRIE) A FRAH]
1Y A sCER A R IR A WS, 51
1] : Lysin1902-F 5'-CGGGATCCATGAGTTTTAA
ATTTGGTAAAAATAGCG-3', Lysinl1902-R 5'-C
CCTCGAGAACTAGTTCGACATGACC-3',, J¥4ll
H R R R R S (BamH TH1 Xho 1),
1.3 Lysin1902 ZEBF5I9 4

i3 NCBI SR XS Lysin1902 5L 1R 751 ik
Al X s A MEGA 7.0 Qe (A5
MRS B ML TR & TR 51 73
Fi SE H, 5 55 (https://web.expasy.org/protparam/) ;
i# 17 TMHMM-2.0 (https://services.healthtech.dtu.
dk/service.php? TMHMM-2.0) 43 H7 2L i 1 &5 11 1%
N8 Ay S 5 2R g /K M A Al i 7R T R S8
(https://web.expasy.org/protscale/); {#iF] SignalP-
5.0 (https://services.healthtech.dtu.dk/service.php?
SignalP-5.0) T 5 5 K> 51 5 12k Tt 3L it g 25
) 38, (https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi); A B G 45k TN i E 2 T H
Psipred (http://bioinf.cs.ucl.ac.uk/psipred/)5é i% ;
LI = RS TN 8 L 7R £k T H. Swissmodel
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P18 Iysin1902 H:[H . PCR § 3 41F. 95 C
3 min; 95 C 15s, 60 C 155, 72 C 30s,
330 MEFR; 72 °C 5 min, fEFEIK PCR 774,
X lysinl902 5:H PCR P FI# ik 244K pET28a(+)
LRV BamH A1 Xho THEF 5 XU BTSRRI R
Y. 45 B BORZRA AR LIy s 20 F 8 Tk
pET28a-lysin1902 . ¥4 B 20 Sk AKI#T 7 DHSo
JEAZ AR I3 1A S PR R A TR A K
FFEE BL21(DE3)z 841, 1553535 Lysin1902
B A T AR pET28a-lysinl 902/BL21 .
1.5 =B A Lysin1902 £ SDS-PAGE

B 1 mL B SR EBOMA S 100 pg/mL
IR R LB ARG TR P 53R 2 ODgoo 4 0.6
ZJE A 1 mL ¥ 1 mmol/L 19 IPTG #11H
R 5 IR R TR 2R VR I AT TE A T
SDS-PAGE HLIK A4t B 2 8 1 o [l ik Aar il 4fi Ak
J&i Lysin1902 ¥ .
1.6  Lysin1902 3340 #9348 5E M A

SZES K T Lysinl1902 X4 4% K g A
O157:H7 EDL933 7E N3 23 BREARE A 2LA7 TS
PEo INE Lysin1902 i 2K i 4H B 1 2L 16 e
TS AT kAT, SRR R B
fii s =z, S pL ¥ N 1 mg/mL 2lifb & A #E
AR BEZE 0.1% (BT RFrEOTRIENE I, %3
JEBEFHR A T 50 mmol/L Tris-HCl, pH 7.5 15
T K B B AR (A0 e 244 107 CFU/mL). LA 50%
1 mol/L KM 58 M 2 i A S I VX B 7 37 °C
THEE 24 h e WA S BE X I0E B LA T i 8
Tt Xof 2 R R L TR A o
1.7 Lysin1902 5% -PL & & 1

KL B %E Lysin1902 8% e-PL X
KIGFFHE O157:H7 W EAEYE . B 1 pl X404
K#(10° CFUML)Y KA O157:H7 B 5
189 uL LB ARG TR AR S, JF MBI RAR L
96 FLARFLH o BX 10 uL A[RIHRE ) Lysin1902 8§

e-PL fEA NI ZM AR, LIRS 0.
0.000 01, 0.000 1. 0.001, 0.01, 0.1, 1 mg/mL
Lysin1902 #1 0, 0.1, 0.3, 0.5, 0.7 mg/mL ¢-PL,
BRVA: Xk B EH A A A o B TR i 5 9 2, B VX
R AR S A MR IR YRR, 16 37 C T
A 12 h J5 W& BFL ODgoo 1H.-

[FmF, SZEAEI Lysinl1902 % HAMERY 22
PREEHR BTG PE . ik IRl b, XA T A8 BE R A
(Streptococcus suis)f# il Todd Hewitt Broth (THB)
Br AR B TR R
1.8 Lysin1902 5 ¢-PL BXFHE LIS

ZHZ FI ik e e g, 4 Lysin1902
il e-PL S VS WS INEIJC I LB AR B 55 56
Sy AR S 0. 0.2, 0.4, 0.6, 0.8 mg/mL Lysin1902
MO, 02, 06, 1. 1.4mg/mLe-PL, ZJ5, £
100 L A ANFHE PRI LB 355
JA 96 LA IEN IR AT . LA 1T uL Xt
Bk R W KIBITFE 0157:H7 K537 Y (& 40 i
WeBE 2k 10° CFU/mL), 37E 37 CFIEHE 12 he
ZJe, VR ER R A B v A3 BU(FIC) Y
AL (ZFIC=FICA+FICB) . P [A] 1 & X N
YFIC<0.5, MtEE SR 0.5<ZFIC<1.0, L& FE
X 1.0<ZFIC<4.0, fHHi/EHE XN ZFIC>4.0,
1.9 Lysin1902 5 ¢-PL BXFAEZMHR
Eh7S B

DR 1.8, #4HU 100 uL 0.4 mg/mL fY
Lysin1902 #1 0.2 mg/mL {9 e-PL LB ¥ %553
A 96 FLIMEEI A AR R ST o SEBZH AL 1 pl
SR K IR KA O157:HT B 359 (e &4
2242 10° CFU/mL), JF4E 37 ‘C R 12 h,
1 h KA FLHE , 5 ODgoo 7R o

2 EREM

2.1 Lysin1902 EB 59 #T
W R T, 250 R Lysinl1902 2

http://journals.im.ac.cn/actamicrocn



838

WANG Yuxin et al. | Acta Microbiologica Sinica, 2023, 63(2)

QELM)T NS TS JEWgE A R K AT TR W T 1A
vB_EcoS_AKFV33 R4 i = (2 3L 1R 7 41 7]
IEVER 100%) (K] 1), 25 H 735 55 HL S A 2
R, Lysin1902 HEAIA 137 AR,
W pl N 791, FERIITFE 2 E>10h, BT
LA TR IR 1) HE TS A
MgE R B IR, Lysin1902 2 (GBS B et f s, &
B K PE 45 R R Lysin1902 2 H i K Pk fix

KAESE 1.122, f/IMEIE-2.289; {5574
MZER PR, Lysinl902 & 1 Lf5 S kFEs; &
PRSI EE R R, Lysin1902 A 5 A4
TWEHEGL S 3 A Zn B TE5E 005, EAH
WJLER TSR BN, Lysinl902 HHFESH
6 1 a-lRiEC: 49 NI 3 A BTt
IANESER) , FAh A TORLIN A i (H 85 LR ) ;
Lysin1902 & (4 =5 T 25 5 WA 2.

@ ELscherichia phage PNJ1902 (UIS65999.1)

Escherichia phage vB_EcoS_AKFV33 (YP_006382340.1)

— Salmonella phage Th1 (YP_009849721.1)

— Salmonella phage Stp1 (ARQ96246.1)

— Escherichia phage JLBYU43 (UGO55750.1)

— Tequintavirus NBEco002 (YP_00985686.1)

— Salmonella enterica (ECP6930427.1)

— Tequintavirua DT57C (YP_009149816.1)

Escherichia phage T5 (YP_006868.1)

{ Escherichia phage vB_EcoS_ESCO040 (UPW38997.1)

— Klebsiella phage vB_Kpn_3 (QXN67642.1)

L— Escherichia phage vB_EcoS_HdH2 (YP_009843361.1)
Escherichia phage TrudiGerster (QXV85196.1)
Salmonella phage S124 (YP_009806171.1)
Salmonella phage STWB21 (QTJ63372.1)
Escherichia phage TrudiRoth (QXV85369.1)
Salmonella phage STG2 (YP_009815088.1)
Salmonella phage falkor (QI001957.1)

Salmonella phage Sepoy (YP_009845242.1)
Klebsiella phage Sugarland (YP_009620962.1)
L[Klebsiella phage KPN4 (QEG11294.1)

Klebsiella phage Spivey (QBX06998.1)

1 1 1 1 1 1

0.14 0.12 0.10 0.08 0.06 0.04

1 Lysin1902 EHREBF SIS
Figure 1

0.02  0.00

Phylogenetic tree based on Lysin1902 amino acid sequence of phage PNJ1902. Black dot:

Escherichia phage PNJ1902; Numbers in brackets represent GenBank sequence ID; Ruler: Genetic distance.
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# 1 Lysinl902 EAD FEFHATH
Table 1

Molecular weight isoelectric point analysis of Lysin1902 protein

Item Results
Number of amino acids 137
Molecular of weight 15264.23
Theoretical of pl 7.91
Total number of negatively charged residues (Asp+Glu) 18

Total number of positively charged residues (Arg+Lys) 19

Estimation of half-life

Instability index

N-terminal is Met; 30 h (mammalian reticulocytes, in vitro); >20 h
(yeast, in vivo); >10 h (E. coli, in vivo)
The instability index (II) is 35.78 and it is stable

2 Lysin1902 BN = K544
Figure 2 The predicted structure of Lysin1902.

2.2 lysin1902 EE R 5EEREHRIERN
A Fa

Wk PCR PR K lysinl 902 FE[H , I
B )G K bysinl 902 FEH 2 5) pET28a(+) 3k 14
b, MR LH F kTR pET28a-lysin1902, PCR
BT % R 45 AN 3 s o H B9 451 5 T
J BRI
2.3 ELAEH Lysin1902 B9 SDS-PAGE £ F

WL IPTG 153 3%3 Lysin1902 &1, A
R B O, il SDS-PAGE  HL FAG I ITTE Al
i EARIAER ., 45858, Lysinl1902 &
MR8 BRIk, AN KALE 20 kDa 4bH
BHMAA, 5HED KD 4),

M 1

bp

5322 bp

2 000

1000
750

500 424 bp

250
100

3 ELHFRK pET28a-lysinl902 i) PCR K W fis
YIEE
Figure 3 PCR and double digestion identification

of the recombinant plasmid pET28a-lysin/902 M:
Nucleic acid relative molecular mass standard
(2 000 bp). 1: PCR identification of pET28a-
lysin1902; 2: ldentification of pET28a-lysini902
double enzyme digestion (BamH I and Xho I).
R AN YO ERETFXF AR Lysin1902
FEEFREEEITIE, Lysinl1902 & HE R AT
J e R 2.68 g/L.o
2.4 Lysin1902 RN E
SEIG i AN 22 PR KT T R B R T R L
HIEf Lysin1902 2#i% . SCOngs RNk 2 i,
Lysin1902 X T Kl ()6 B AR TG (2 3 24 16 1
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{AXTARN Y 6 MEARMAFFI O157:HT . KIGHTFA 41
YDH (O141), CVCC195 (08:K87)FI CVCC196
(O8:K87, K88ac) K iif Mk HA ALHTG A .
2.5 Lysin1902 & KA E O157:H7 K
ERE MR
TR Lysin1902 275 i85 B K i i
O157:H7 EDL933 2411, 384 i 5 KT T bk
PEATRGI . SEEGZs N 5 iR, Lysinl902 £
BT SRR O157:H7 BITEE .
2.6 Lysin1902 5 e-PL BI$LE A 1
SEEGTEAE T Lysinl902 8% e-PL % KA H
O157:H7 BIPTHTTE. Wl 6A Bz, Lysin1902 R
fiikF] 1 mg/mL Joik i EMHIRIZF# O157:H7,
FHP: X BE AT HAD endolysin 25 FAANFEL] ODyggo
BT 1.1, e-PL IR EE A3 0.7 mg/mL I 5L
AN R IHFFE 0157:H7 B9 LEK (K 6B).

kDa M 1 2 3 4 5

180
130

110

70
55

43
33

25
17 ;
10 — : o

4 SDS-PAGE #0 Lysin1902 & B £ AT &
BL21 F13RIE

Figure 4 Detection of Lysin1902 protein expression
in E. coli BL21 by SDS-PAGE. M: Protein relative
molecular mass standard (180 kDa). 1: Uninduced
whole bacteria of pET28a-lysinl902/BL21; 2:
IPTG-induced whole bacteria of pET28a-lysinl902/
BL21; 3: IPTG induced bacterial precipitate of
pET28a-lysin1902/BL21; 4: Bacterial supernatant
after pET28a-lysinl1902/BL21 IPTG induction; 5:
Purified Lysin1902 protein.

20 kDa

P4 actamicro@im.ac.cn, & 010-64807516

2 Lysin1902 Xf 22 BRE VR AR AE 140
Table 2 Detection of Lysin1902 on the lysis ability
of 22 strains

Strain Serotype Inactivated Active
strain strain
EHECI1 O157:H7 + -
EHECS O157:H7 + -
EHECI15 O157:H7 + -
EHEC25 O157:H7 + -
EHEC26 O157:H7 + -
EHEC30 O157:H7 + -
E. coli 14 (YDH) 0101 - -
E. coli 41 (YDH) 0141 + -
E. coli 72 (YDH) 0149 - -
E.coli 175 (YDH) 0101 - -
E.coli202 (YDH) 0141 - -
E.coli514 (YDH) Oll1 - -
E.coli 554 (YDH) Oll1 - -
CVCC192 0149:K91, K88ac — -
CVCC195 08:K87 + -
CVCC196 O8:K87,K88ac  + -

Salmonella 11 (LYX) Unknown - -

Salmonella 123 Unknown - -
(XGS)

Staphylococcus Unknown - -
aureus 15-4

S. aureus 15-9 Unknown - -
S. suis 7002 2 - -
S. suis 40 9 - -

+ indicates that Lysin1902 has lytic activity against the strains;
— indicates that Lysin1902 does not have lytic activity against
the strains.

5 Lysin1902 KA E 0157:H7 KiFE
A

Figure 5 Activity detection of Lysin1902 split E.
coli O157:H7 inactivated strain. A: Experimental
group. B: Negative control group.
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A B
L2 1.2 ¢
1.1 I.1¢
1.0 1.0F
0.9 0.9 +
0.8 0.8
2 07 L 07
y 0.6 0.6
8 0.5 | 8 0.5
0.4 ¢ 0.4
0.3} 031}
0.2 0.2+
0.0 N N 0.0
N Z %
r <& Q\ Q\ Q\ Q\ Q"\ N \46 r
FOE S & &
DM RRN <& ]S

6 Lysin1902 0 e-PL HLARG#TE O157:H7 JE & RE 142N

Figure 6 Detection of the ability of Lysin1902 and e-PL to resist Escherichia coli O157:H7 viable bacteria. A:
Analysis of the ability of Lysin1902 to resist £. coli O157:H7 viable bacteria. B: Analysis of the ability of e-PL
to resist E. coli O157:H7 viable bacteria. The error bar indicated mean+SD.

2.7 Lysin1902 5 ¢-PL BX AR FM O157:H7 3458, {H4MIA 0.2 mg/mL fY Lysin1902
I BEEAAGI Lysin1902 5 e PLIRFIRICR . )R, e-PL AESSSE SRIRIBITIN O157:H7 HFAHY
IR, Y4 ePL WUHKEEIRF)] 0.3 mg/mL B, H: AR R R 0.1 mg/mL (K] 7A). 45 ODgoo 1H
THAERA LRI E O157H7 BUdrIRES ) ME  WIGIE THIFIAYZE (I 7B). TFIC=0.3, SR
KF] 0.7 mgmL B, HEEEELEGIRGITE  FEPIRE R Z ) AR PRI .

A B 13 O
=i 0.0 mg/mL
0.7 G NC T, 12 g I O 0.1 mg/mL
¢ €& @ }(1) I B 02 mg/mL
0.5 = u’:\ Yo Y 0.9 B 0.3 mg/mL
N * & @ 08 B 0.4 mg/mL
E = s 5 o
) 0 3 # - . - 1t - P Q‘D o
g .- % % S 06
2 X 05
501 @ &))" 04
—4 ': .’:\ 0.3
0.2
0 0.1
0.0 &+ - -
0 01 02 03 04 0.0 0.1 0.3 0.5 0.7
Lysin1902 (mg/mL) &-PL (mg/mL)

7 HHE S Lysin1902 5 ¢-PL BX AR
Figure 7 Checkerboard analysis of the combined effect of Lysin1902 and e-PL. A: Detection of the combined
effect of Lysin1902 and e-PL by 96-well plate. B: ODgg value of wells. The error bar indicated mean+SD.
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3 Wit

KIGFEE O157:H7 1EH—FhBeg = E 55
BER NN, JIZAET RN &ML
TR IAER A, B 20 M 2 A R N ISR . e
AR S EKAFFE O157:H7 M2
FRA, (R B S A EE AEE E R Bn, n fE
EH T A g i — b AT Al Y i A1
SR ANTE BN TR o A EL TSR A, o
P PEIATE T e A 18 E 3 LR KRR o [RIE
Wi PR R 2R BN 2515 S KA FF I O157:H7 &4
BE 2 A A TN 3k 7 B A 3 TR 1R 2 B
KIAFFE 0157:H7 HAAE KEEME. HAT,
E A Ko i 2 QT TR A 2R it g 1o FH B 45 K
JAFFER O157:H7 MYBFERT2, SR, ANEAMIE
)17 B30 A A SR TS 8 A 2880 380 32K A
BLRFEVER o 8t 2R N T AR 2 —Fh
1724 87 L AR ik — kB, SR, X
BESYEINBE & AT, I HON T ko 8 1
B 2 T . R WE R R 2R RS e-PL
P TER A I R DA R DA S ), H H
A7 ISR

BTN F IR T WERR PNI1902 24 M il
Lysin1902, H#R Lysin1902 & A& IERR 755
TS5 KBEFIR KT B WE R K vB_EcoS_AKFV33
GILRR A [RIIEPE R 100%, (B2 A I3
ko MREMZEANFHE—D Zn BT 1374
AL | FE e . JCES LSRR HLC S S T
G . MY TS 28 mEE K KA R b R
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Figure 8 Monitoring of the inhibitory effect of
Lysin1902 combined with &-PL on E. coli O157:H7.
The error bar indicated mean+SD.
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