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Establishment and application of fluorescence labeled phage for
rapid detection of Escherichia coli K1
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Abstract: [Background] Escherichia coli (E. coli) is one of the most common Gram-negative bacteria
causing neonatal meningitis and poultry meningitis. The strain E. coli K1 is an important pathogen. Current
methods for detecting E. coli K1 have some disadvantages. [Objective] A rapid detection method for E. coli
K1 was established by using the host specific phage PNJ1809-36. [Methods] Phage PNJ1809-36 was labeled
with fluorescent dye SYBR gold, and 33 tested strains were infected by this fluorescent phage. The
specificity was determined by observing the 33 test strains using the fluorescence microscopy. The sensitivity
was determined by observing the host bacteria DE058 with gradient tenfold dilution after being infected with
fluorescence labeled phage. Eight simulated feces were detected by fluorescent labeled phages. Moreover,
the titer change and detection efficiency of fluorescent labeled phages stored at 4 °C in darkness were
investigated. [Results] Among the 33 strains tested, 8 strains of 9 E. coli can be observed with fluorescence
around the bacteria, but one could not be detected. No fluorescence was observed in 20 non-E. coli K1
strains and 4 non-E. coli strains. The detection sensitivity was 100 CFU/mL. The detection results of
8 simulated fecal samples showed that fluorescence could be observed in 3 samples containing E. coli K1,
and no fluorescence could be detected in 5 samples without E. coli K1. After stored at 4 °C for 4 months, the
titer of fluorescence labeled phages showed no obvious decrease, and the detection efficiency did not change
significantly. [Conclusion] The fluorescence labeled phage PNJ1809-36 could be used to detect E. coli K1
rapidly and intuitively within 15 min.

Keywords: phage, fluorescence labeling, Escherichia coli, detection, K1 capsule
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1.1.2  EFEKFIFN R
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10 000x, Molecular Probes; SM ZE# : NaCl
5.5 g, MgSO,7H,0 2 g, 1 mol/L pH 7.5 Tris-HCI
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Table 1 Strains used in this work
Strain No. Species Animal source Origin
DEO058 Escherichia coli Duck Jiangsu, China
RS218 Escherichia coli Human California, USA
DE205 Escherichia coli Duck Jiangsu, China
DE205B Escherichia coli Duck Jiangsu, China
CVCC249 Escherichia coli Chicken Tianjin, China
CVCC1350 Escherichia coli — Beijing, China
CVCC1502 Escherichia coli Swine Shanghai, China
CVCC1359 Escherichia coli - Beijing, China
DE127 Escherichia coli Duck Jiangsu, China
DE203 Escherichia coli Duck Jiangsu, China
DE250 Escherichia coli Duck Jiangsu, China
DE202 Escherichia coli Duck Jiangsu, China
DE209 Escherichia coli Duck Jiangsu, China
DE252 Escherichia coli Duck Jiangsu, China
DE201 Escherichia coli Duck Jiangsu, China
DE208 Escherichia coli Duck Jiangsu, China
DE215 Escherichia coli Duck Jiangsu, China
DE210 Escherichia coli Duck Jiangsu, China
DE214 Escherichia coli Duck Jiangsu, China
DE410 Escherichia coli Duck Jiangsu, China
DE427 Escherichia coli Duck Jiangsu, China
DE433 Escherichia coli Duck Jiangsu, China
DE197 Escherichia coli Duck Jiangsu, China
DE435 Escherichia coli Duck Jiangsu, China
DE207 Escherichia coli Duck Jiangsu, China
DE211 Escherichia coli Duck Jiangsu, China
DE309 Escherichia coli Duck Jiangsu, China
DE320 Escherichia coli Duck Jiangsu, China
DE206 Escherichia coli Duck Jiangsu, China
ATCC13182 Klebsiella oxytoca Human USA
ATCC25923 Staphylococcus aureus Human USA
CVCC1800 Salmonella pullorum Chicken Jiangsu, China
RIMD2210633 Vibrio parahaemolyticus Human Maryland, USA
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7%, Science-Tool AF]; BERIRESIENR, d=25 mm,
Pore=0.03 um, Whatman A #]; 2 GEE B
5%, ZEISS/AF]; HSAMIfR{X, Fisher Scientific
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P A S B T 0 4 8 DR A 1 s TR AR R A 7 52
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R LB #5554 b, FRrdE S T 30 °C Bl &1
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RIVA MR . 77 PR ve T (A W42 Rh T LB 572 5,
37 °C. 180 r/min 555 X500
1.3 K1 EZER XA ER PCR EE

PR 1 R RBFF T K1 SRR PCR %
5E. LLF (5-CATCCAGACGATAAGCATGAGCA-3')
IR (5'-GCGCATTTGCTGATACTGTTG-3") W4 5E
K1 eSS rEs 7, SO s e A it
PP KB 270 bp. PCR FUWAAZR : Green Tag
Mix (Vazyme) 12.5 pL, 10 pmol/L . Fiif5 |94
1L, #A4l/K 8.5 uL, WM 2 L, PCR 4%
4. 95 °C 5 min; 95 °C 30's, 55 °C 30's, 72 °C
20s, 30 MMEFR; 72°C 10 min; 4 °C {#£FF. B 7 uL
PCR WA S e B BTk, %5 H IR 450
14 RKEBEAHEESRE

pecs SYBR® Gold Nucleic Acid Gel Stain 10 000x
F DMSO 10 584 1 000xSYBR Gold A7 ,
PR S 1 000xSYBR Gold {77 1 000:1 IR
5], 4 °CHEEIFE LK. FREGWHER 25 mm,
fLA2 0.03 pm MRIRFRBRIEM T IS, IR R
TCMIMERRAR, SMIRTEY 3-4 IR EBRZ R,
FH SM WP sEuE I, WA e, BIARTSSEGE

BRI . RUZ BB - BT 55072 I 2 9 S 7R 4k
By, 4 °C BECRAT
1.5 T3t PNJ1809-36 MEE A RLETEHME
1% A (8] ZE

¥ DEO058 558 EXTEU G, X8 FRm R
% 10° CFU/mL, 455 uL % B 5 B 5 5 ul
PEWERRIR S, FRETASFEE 5. 10,
15, 20 min, 5 000 r/min &.0> 5 min, /NOWZE B
B, Sl REFKESTE, WS uLfEHB A
EBRHERERA 1.5 cm BIE, KTIRAEZEEM
BEFWEE. TE 1 000 RAEECT , RS 10 4
PREF, 433078 5 A A 4 T #5 2% (Differential
Interference Contrast, DIC) T XHALEF N TR 5L
R SR AR A A A TR
1.6 $FFMHNE

X9 Bk K1 SRR . 20 #RIE K1 FEREK
JAKFRE . 1 RRRIVA MG . 1 R4 (R AT BRI |
1 KRR S TR AT LA K | ARV 1) FR B HEA G0
PR A G 32 EXT B A B TR R R
10° CFU/mL, I 1.5 Jrakief i, 2 iE08eems
BHIEA 5 min,
1.7 RYEMNE

FEXTEUY DE0S8 FH 2 B Fokukisk 2 Ik, Eilk
5 000 r/min &.0> 10 min, 7R3, FEAEH 1/10
(2o FOKERUIHE, B4 % 10° CFU/mL,
L 10 f5RREEME 10710 ke, ARFRREEEI 50 uL
TS 50 pL B 10° PFU/ML %¢ I B 1A
FEEHE 1.5 Dy oA, = IERE R E I TE] R 5 min
10 L AR R, FERRREEL S uL WIS 5 uL 5
10° PFU/mL $EEMERIA, 0 b5 a6,
1.8 HRPIEEHN

¥ 7 MRFEK R FF TR DE205B . DEO0SS8 .
RS218. DE250, DE252, DE202, DE210 }iF:%E
XTEGH, B8 A4~ 2 mL B0, BEFRI0.4 gy
Z%, A 20 uL 10° CFU/mL F## 40 . 1 mL PBS
P, N RRALF TR 2 B TR R, e
RA], 2500 r/min B0 5 min, WEE EFE. BIUE
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14, ¥ 1 mL ER LA 60 Hz, 50%4R e 8 75 i
% 30 min; 25 241, ¥ 1 mL K 5 000 r/min 5.0
5Smin, FEW, 1 mL 4% 2R B EEEIE,
[ %E 20 min 5, FIEBF/KUER 3 0 55 3 4,
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W0 (P<0.000 1), {HBHIZ R A0 40 B0 I 54
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bp 1 234567 8M91011121314 1516 17 1819 2021222324 M 25 26 27 28 2930 M bp

270

E1 XPA#FER K1 %S PCR 84 R

Figure 1 PCR amplification results of K1 capsule of E. coli

Note: 1: DE058; 2: RS218; 3: DE205; 4: DE205B; 5: DE127; 6: DE203; 7: DE250; 8: DE202; M: DNA marker; 9: DE209; 10: DE252;
11: DE201; 12: DE208; 13: DE215; 14: DE210; 15: DE214; 16: DE410; 17: DE427; 18: DE433; 19: DE197; 20: DE435; 21: DE207;
22: DE211; 23: DE309; 24: DE320; 25: DE206; 26: Negative control; 27: CVCC249; 28: CVCCI1350; 29: CVCC1502; 30:
CVCC1359
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T2 KB EHKI EEPCREETHER

Table 2 Identification of E. coli K1 capsule by PCR

Strain No. Results

DEO058
RS218
DE205
DE205B
DE127
CVCC249
CVCC1350
CVCC1502
CVCC1359
DE203
DE250 -
DE202 -
DE209 -
DE252 -
DE201 -
DE208 -
DE215 -
DE210 -
DE214 -
DE410 -
DE427 -
DEA433 -
DE197 -
DEA435 -
DE207 -
DE211 -
DE309 -
DE320 -
DE206 -

o+ttt

W o+ BHEE; - B

Note: +: Positive; —: Negative
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Figure 3 Bacteria number of different incubation time (1 000x, Oil)

TE: Ar DOEHIET FIRASERMZE AN EEL; ****; P<0.000 1, B: DIC #L¥F FIAIHEG ns: L EET

Note: A: The number of complete fluorescent bacteria in fluorescent vision; ****: P<0.000 1. B: The number of bacteria in the DIC

vision; ns: Not significant
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24 HEMHNELER

B BR(E 4), 9 Bk K1 KB E A
8 FRAEBIASIN S, LI EAFIEDIOE, —HRARE
BEASIE], BHYERS H A 88.9%. 20 FRE K1 K
FEBERT 4 BRAE KM AT T8 40 A 24 A B A 1 o 45 S D
%3,
25 RYEMNELER

WA WA LE R B R (& 5), 100 pL AR K
MG 10>-10" CFU/mL. fiXF 10> CFU/mL |
JCHEAE S T MR ANET, T 107 CFU/mL i
I T 1A 5 M AT RS AT 24 DR I B0 A 08 ) I R AR A
£ B S FRITE B A 8 (8 PR 2k , AL BEIRER 3] TG A )
2 /N E . 100 pL AR R R BE K 10° CFU/mL,
10 pL /A R R E K 10° CFU/mL.
2.6 TRIAFEFEENER

BB BRI BN (] 6), TERHIIFE T AE
KT K1 3K B DE05SS \DE205B \RS218;
iz EHE K1 SERERAFFR DE202. DE210,
DE250, DE252.
2.7 REHNER

TCAEFRLH FEVR LS N 3.64x10° CFU/mL, #
FERLIRZH T REZE 2.34x10* CFU/mL, 4%2 5%
IR TCRETETE K. RIS L R E R (E 7),
e 7 A B A AN A S T AR PR A AR HEROR

DE205B

10 um

El 4 EBAIAMMEER
Figure 4 Part of the results of fluorescence detection
(1 000x%, Oil)

*3 BRENEER
Table 3 Specificity test results

Strain No. Species K1 Fluorescence
capsule test
DEO058 Escherichia coli + +
DE205 Escherichia coli + +
DE205B Escherichia coli + +
RS218 Escherichia coli + +
CVCC249 Escherichia coli * 4
CVCC1350 Escherichia coli + +
CVCC1502 Escherichia coli + +
CVCC1359 Escherichia coli * 4
DE127 Escherichia coli + -
DE203 Escherichia coli - -
DE250 Escherichia coli - -
DE202 Escherichia coli - -
DE209 Escherichia coli - -
DE252 Escherichia coli - -
DE201 Escherichia coli - -
DE208 Escherichia coli - -
DE215 Escherichia coli - -
DE210 Escherichia coli - -
DE214 Escherichia coli - -
DEA410 Escherichia coli - -
DEA427 Escherichia coli - -
DE433 Escherichia coli - -
DE197 Escherichia coli - -
DEA435 Escherichia coli - -
DE207 Escherichia coli - -
DE211 Escherichia coli - -
DE309 Escherichia coli - -
DE320 Escherichia coli - -
DE206 Escherichia coli - -
ATCC13182 Klebsiella - -
oxytoca
ATCC25923 Staphylococcus - -
aureus
CVCC1800 Salmonella - -
pullorum
RIMD2210633  Vibrio = =
parahaemolyticus
T+ PR — B

Note: +: Positive; —: Negative
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SYBR gold

102 CFU/mL

10 um

10° CFU/mL

10 um

10’ CFU/mL

10 um

10* CFU/mL

10 um

B 5 100 pL AR REE
Figure 5 Sensitivity of 100 pL system (1 000x%, Oil)

DE058 DE205B ) RS218 Negative control

.
» 10 pum 10 pm 10 um 10 pm

10 pm 10 pm 10 pm

o6 EBIEMHENER
Figure 6 Detection result of simulated feces (1 000x, Oil)
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SYBR gold DIC

Ultrasonication No treatment

4% paraformaldehyde

B7 FEEMENER
Figure 7 Detection results of dead bacteria (1 000x, Oil)

WD, 4% 22 5 F R b TR AH A0 TR Bl RO, (BAT
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PSSR M R, PRE R E F A 5 T
SRS, KR AN, AR S
WRIBIR, A FFEE 2.34x10° CFU/mL, i
Kot B R R A
2.8 WAKEKNRGFREMS

PENARIC IR RAATE 4 °C BELIRAE 98 d JE 5K
#r M 2.88x10° PFU/mL &A% % 1.08x10° PFU/mL,
140 d J5 3t 3.545x10° PEU/mL, ¥4 W5 T RE
(& 8)o ZEEAGITISRREMER R 52 | SE 4 IR
PN, RMRCR R AT
3 WikE4n

g TR 1 PNJ1809-36 1] 5 M iR 51 K1 JE
KBAF# . A5 SYBR Gold ZekHfrid
PNJ1809-36 Wit & {4 FH FHull K1 JEMER A,
9 ¥k K1 JEMEKIAFFRAE 8 ¥k, PHYER T RN
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Figure 8 Titer change of fluorescent phage
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MIAERR R 2 = . K1 BRI FF 1A DE127 ARgks:
H, ATRESE TR Z RS AR N 22 5
FEOVETE A PNIT1809-36 JGI%: M Ml b EF AT, A
MG B HERRIOGEE I, IR .

X RET/RERMANGE, 100 pL AR RATE
i 10107 CFU/mL, FefBA& MR 100 CFU/mL.
i a P R ARSI 100 CFU/ML, 534
{14 B AT 000 A ] o e AP DO B 2 32 3] s v Ak 3R
K/NBI I, SEHARFR AT DIFE— SR FiR R
T, REACRFLRE O 7 4 ARt & B AR R A
JE, 10 pL AR R M HRARG IR 10° CFU/ML. 24
W LT 100 CFU/mL B, 2B IES
S TTE H A0 R Bl A/, 7R AU T AR L
AR ENAHTE , ALREAE B0 W AR B IO R S
R 207 15 I B 2 — A SR R BR 2440
FH R T 107 CFU/mL B, W B A0 5 40 5K
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ATHL, B FARME DS A, 0 A 2R T R
BEs b, AT SN RS AT . E
A . MELAHEIA, ASAS 20 pi gh i, R
B RIEY 5 min, TGN A S Ak
WBAMAWE S, MELURIS W0 R, Rt
I BE AT Rk, X DLk o b 7E B 3 T g%
)KL A, (X FEATE W FRATT 2Bl I A&
FLE R, AR A

FEASTAL AT BB G TN 31 K1 SRR M5
N2 AR TR 5 o PR T S A A P R A 1
B, BB SWERIF 24T, MEA —E
o, R AR, SO T IR S B A
o, BSREERSEH B X 2 K1 SR AF i . 7ESE
PRI, T 4% 2 3 H A R KA FE B Y
ERYTEAENE R IRATY AR BE A X Y I P AR 1R -
IERA N 4T US| P N e I AR
SEREAN T AN R AN TR, ok FLE R X X 4y
i, BETH .

SYBR Gold %It Lk ) 5 Wi b A R 45 &
JATIFRICHETE R, AR50 PNI1809-36 I 1A (1 1

B ZFEBE T, RERETE BLIE B B B . SYBR Gold
R RIO R, M HEREEGH, B
PEOEHETR 1000 f5LA 1, i YOYO-1 5% R4 &t
YA 1001 000 153, DR H ARG AL 4 KK $R
1o RIS, I FH 9 ' S A AR AT LA X R % 5
S AT R TR 200 TR, e AT A L5 2 O A R 0 81 4
BRI, RIS AR EIZ 15 min, KK T
MRS . Ak, WER R RRA TR, RS
SYBR Gold 456G /5, YoM IR 62 ShER T I
W PR pHAE 9 52, TR R 1 R 9 i i
DR AT LILE 4 °C FHROLIAE 4 A, 3
TCHAS TR, eonm B A RCR JC A il 2y,
B 320 5 Wt TR AR 1) DR A A E M o A E SR
SYBR Gold %6 kHRiC 1 PNJ1809-36 Wik R {45
BT K1 JERER AT T (4 PRSI, 12 )5 1% AT LASEE
T I A 240 TR ARSI o AFL G PR AR Y e R
B B R TR — R A S P | B RS
PIMETRA, A RE LR ARSI A A 2
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