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ODgoo M0.1-0.2, IMAZLIRIE R 1 ng/mLIY 22 34%
RC, kR FR4 h, BUEFRY4 °C. 4000%g
B0 10 min, WE FIEFH0.45 pmJEEE, 8
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1. LYGO9RIREDEHZZS

Figure 1. Plaques formed by phage LYGO9 infected S.

agalactiae strain TZ201102.
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Figure 2. Electron micrographs of 4 S. agalactiae phages. A, LYG-09; B, JX01; C, HZ04; D, PA11
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F1. AEIEKEEEANEESER
Table 1. Host range of 4 S. agalactiae phages
Bacteria Strains Host"  ST"  Capsular genotype’ lysis”
LYGO9 pAll JX01 HZ04
S. agalactiae CH201101 cow N N + + + +
CH201102(JSCH201102) cow 568 Ta - - + +
CH201103 cow N N + + — +
TQ201101 cow N N - - + +
TQ201103 cow N N - - + +
TQ201108 cow N N — — + +
TQ201109 cow N N + — + +
TQ2011010 cow N N - - + +
XG201103 cow 568 Ta - - - -
NJZJ2011050502 cow 570 11 - - - -
TZ201102 cow 568 Ta + + + +
TZ201105 cow N N - + + +
TZ201107 cow 568 Ta + + + +
TZ201108 cow 568 Ta - + + +
ZH201103 cow N N + + - +
Z7J201101 cow 568 Ta + + + +
71201102 cow 568 Ta + + + +
ZJ201106 cow 568 la - - + +
LYG201101 cow N N - - - -
HAJL2011070601 cow 568 la - - - -
HAJL2011070602 cow 301 Il - - - -
XC201101 cow 103 TJa + + + +
XC201102 cow N N + + + +
XC201106 cow 103 Ta + + + +
XC201107 cow 67 Ta - - - -
XC201109 cow 67 I - - - -
XC201113 cow 103 Ta + + + +
XY201101 cow N N - — - -
XY201103 cow 301 I - - - -
XY201104 cow 301 I - - - -
XY201107 cow 313 11 - - - -
BH201101 cow 103 Ta - - + -
BH201105 cow 103 Ta - - + -
BH201106 cow 103 Ta - - + -
BH201116 cow 103 Ta - - + -
BA201108 cow 103 Ta - - + -
BA201110 cow 67 1 - - - -
SH2011010 cow 103 Ta - - - -
SH2011018 cow 103 Ta - - - -
NC201103 cow 103 TJa - - - -
1886 cow N N - - - -
ATCC13813 cow 337 11 - - - -
ATCC12403(NEM316) human 23 m - - - -
ATCCBAA-611(2603V/R) human 110 V - - - -
A909 human 7 Ta - - - -
GD201008-001 fish 7 Ta - - - -
GD201008-008 fish N N - - - -
GD201008-014 fish N N - — - -
GD201008-015 fish N N - - - -
GD201008-018 fish N N - - - -
GD201008-021 fish N N - - - -
SD201009 fish N N - — - -
GDMM fish N N - - - -
HN-2 fish N N - - - -
HN-9 fish N N - - - -
S. aureus ATCC25923 N N N - - - -
ATCC29213 N N N - - - -
S. iniae ATCC29217 fish N N - - - -
ZH201101 fish N N - — - -
S. suis HA9801 pig N N - - - -
ZY05719 pig N N - - - -
T15 pig N N — — — —

*: “N” host, ST or Capsular genotype unknown. °, Plaques formed; —, no plaque formed.
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Figure 3. Restriction enzyme analysis phage LYGO9
DNA. A: LYGO9 DNA was digested with EcoR I (lane
1), Sal I (lane 2), Pst I (lane 3); B: LYGO9 DNA was
digested with Xba I (lane 1); M: A- EcoT14 | digest
DNA Marker.
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4. BREIMEEEY) ST HTEE ApA11HIDNA

Figure 4. Restriction analysis phage pAll DNA. A:
pAll DNA was digested with EcoR I (lane 1), Xba 1
(lane 2); B: pA11 DNA was digested with Pst I (lane 1),
Sal 1 (lane 2); M: A- EcoT14 | digest DNA Marker.
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[ 5. BREIMEEG I TR A IX01HDNA

Figure 5. Restriction analysis phage JX01 DNA. A:
JX01 DNA was digested with EcoR I (lane 1), Pst [
(lane 2); B: JX01 DNA was digested with Sa/ I (lane
1); C: JX01 DNA was digested with Xba I (lane 1); M:
A- EcoT14 | digest DNA Marker.

6. PR&IMEEGY) S ATIEEAHZO4HIDNA

Figure 6. Restriction analysis phage HZ04 DNA. A:
HZ04 DNA was digested with Xba I (lane 1), EcoR 1
(lane 2); B: HZ04 DNA was digested with Sa/ I (lane
1); C: HZ04 DNA was digested with Pst I (lane 1); M:
A- EcoT14 | digest DNA Marker.

HERKI 25 min, IR 30 (E8).
2.7 BERFEAM

W ALY GO 1 X2 BB V- A v 3 5 1 1
W, AN A LR B A 30% A0 Hh B4 cCAIL sk
FERT%HIDMSOER AT, RN HE, W
WS R, fFoE10° PFU/ML F 4% 10° PFU/mML,
FHSMRIEEGE T 2R MR AR B0 IR J5 B 4 °CIR AT
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F2. EEALYGOIRIE LB HIMZE
Table 2. Determination of optimal multiplicity of infection (MOI)

Tube Number of bacteria/ Number of bacteriophage/ MOI Titer at 3.5 h/
No. (CFU/mL) (PFU/mL) (PFU/mL)
1 1.0x10° 1.0x10° 1000 1.25x10°

2 1.0x10° 1.0x10° 100 1.00x10°

3 1.0x10 1.0x10° 10 1.11x10°

4 1.0x10° 1.0x10° 1 8.38x10’

5 1.0x10° 1.0x10’ 0.1 5.85x10

6 1.0x10° 1.0x10° 0.01 1.18x10°

7 1.0x10° 1.0x10° 0.001 5.79x10

Free phage /%

0 2.5 5.0 7.5 10.0 12.5 15.0
t/min

B 7. BEAFLYGO9XITZ20110260 1%
Figure 7. The adsorption of LYGO9 to TZ201102 cells.
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Log(PFU/mL)
(S} W AN
1 1 L

—_
1
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8. LYGO9H)—H4 KLk
Figure 8. The one step growth curve of LYGO9.
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#23. FRMRGEHETEEALYGOITAE M

Table 3.

Stability of phage LYGOQO9 on different storage conditions

Storage conditions

Original titer/(PFU/mL)

Titer after a month/(PFU/mL)

Stored at 4 °C in SM buffer
Stored at 4 °C in 30% glycerol
Stored with 7% DMSO in the liquid nitrogen vapor

2.17x10° 3.5x10°
2.17x10° 4.0x10°
2.17x10° 5.5x10°
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Isolation and characterization of siphovirus phages infecting
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Abstract: [Objective] To isolate and identify Streptococcus agalactiae phages and screen candidate phages to control
infection caused by bovine S. agalactiae. [Methods] We used two methods for isolation of S. agalactiae phages,
namely (1) isolation of phages from milk and environmental samples, and (2) isolation of phages via induction of
lysogens with Mitomycin C. Double-layer agar culture method was used to purify phages. Then the newly obtained
phages, with S. agalactiae phage JX01 isolated from mastitis milk, were comparatively analyzed in the following
aspects: morphology of phages by transmission electron microscopy, host range of phages to 55 S. agalactiae strains
and other Streptococcus strains, phages DNA using EcoR 1, Xba 1, Pst | and Sal 1, the optical multiplicity of infection,
absorption curve and one step growth curve, and the stability of phages at different storage conditions. [Results] The
comparative analysis of the 3 novel phages LYGO9, HZ04 and pA11l (induced from S. agalctiae bovine clinical
isolate HAJL2011070601) with JX01 showed that the 4 phages were classified as the member of Siphovirdae family.
EcoR 1, Sal 1, Xba I and Pst I separately digested the 4 phages DNA provided 4, 3, 3 and 2 profiles, respectively. This
suggested that they were different strains. All the 4 phages specifically infected bovine S. agalactiae isolates. LYGQO9,
pA1l,JX01 and HZ04 could lyse 12, 13, 20 and 23 of 42 tested bovine S. agalctiae isolates, respectively. This clearly
indicated that these 4 phages are closely related. [Conclusion] The 3 new phages which specifically lyse bovine S.
agalactiae isolates are siphovirus phages. Phage LYGO9 was shown having a short latent period and a larger burst

size.

Keywords: bovine Streptococcus agalactiae, phage, isolation, biological characteristic

(KX 3t %: KBxm)

*Corresponding author. Tel/Fax: +86-25-84396517; E-mail: Lucp@njau.edu.cn
Received: 26 August 2015; Revised: 30 September 2015; Published online: 21 October 2015

actamicro@im.ac.cn



