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Isolation and biological characterization of a bacteriophage
against Staphylococcus aureus
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Abstract: [Background] As a conditioned pathogen, Staphylococcus aureus plays an important role in
clinical infection. Therefore, the effective prevention and treatment methods should be studied more.
[Objective] To isolate and analyze the biological characteristics of Staphylococcus aureus phage, and to
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provide theoretical reference for the alternative prevention and treatment of Staphylococcus aureus.
[Methods] A phage was isolated from sewage using pathogenic Staphylococcus aureus D085 as host and
called vB_SauS_SAP3. The phage was obtained by PEG8000 concentration and cesium chloride density
gradient centrifugation. It was stained with uranium acetate and observed via transmission electron
microscopy. The phage host spectrum, optimal multiplicity of infection (MOI), one-step growth curve,
temperature sensitivity, pH sensitivity and the effects of organic reagents on the activity of phage were
determined. The phage’s genome was obtained by the equilibrium phenol method and Illumina sequencing
technology for genome sequencing analyzed. [Results] Via transmission electron microscopy, phage
vB_SauS_SAP3 has a head with diameter of 60£5 nm and a tail with length of 170+5 nm. It was also able
to lyse five strains of Staphylococcus aureus and one strain of Staphylococcus chromogenes. The optimal
multiplicity of infection was 0.1. One step growth curve showed that the latent period and the burst period
was 20 min and 60 min. The burst size was about 210 PFU per infected cell. The phage vB_SauS_SAP3
was resistanted to temperatures below 45 °C and sharply inactivated beyond 45 °C. It can maintain stable
activity in neutral pH and has a certain resistance in alkaline environment, but acid environment will make
it sharply inactivated. The phage vB_SauS_SAP3 were completely inactivated when treatment with
chloroform and isoamyl alcohol. The size of phage vB_SauS_SAP3 genome was 41 950 base pairs (bp)
and ecoding 65 ORFs by predicted. The genome include GC content was 35.42%. Phylogenic analysis
indicated that the phage vB_SauS_SAP3 was a member of Siphoviridae and a new Staphylococcus aureus
phage. [Conclusion] The phage vB_SauS_SAP3 has a narrow host spectrum and can withstand certain
temperature and alkaline environment, which was a new Staphylococcus aureus phage. The study of
vB_SauS_SAP3 can provide theoretical materials for the study of Staphylococcus aureus phage.
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23 EEEHEYZFES R
231 TEEIZME
Xk T 4 (i A BRI D085 = A HA 21

# 1 vB SauS SAP3 M E Bt
Figure 1 Plaques of phage vB_SauS_SAP3

GV €0 A BR TR AN A A ER B UL T A R, R B
[ T D085, M 5 1A vB_SauS_SAP3 it REZLf# S008
Q168. Q092. Q620 1 Q130 iX 5 k4t (5 4 Bk
PRI — AR B AT BR TR S229, Z5R L 1.

B 2 MEE{K vB_SauS_SAP3 RIHIER K
Figure 2 Transmission electron microscopy of phage
vB_SauS_SAP3

%1 WMEHEK vB_SauS_SAP3 78 £ if
Table 1 The host spectrum of phage vB_SauS_SAP3
Hifk Bacterial strains U Sensitivity

. aureus S008 +
. aureus Q168

. aureus Q092

. aureus Q620

. aureus Q130

. chromogenes S229
. aureus S001

. aureus S002

. aureus J025 =
. aureus Q549 =
. aureus Q273 -
. aureus Q185 -
. aureus Q87-Y =
. aureus Q112 =
. aureus Q432 =
. aureus Q098 =
. aureus Q640 =
. aureus Q261 =
. aureus Q121 =
. aureus ATCC6538 =
. aureus D470 =
S. aureus D039 =
Staphylococcus B1-10 =
Staphylococcus J1 =
Staphylococcus J5 =
Staphylococcus J14 =

w
o+ o+ o+ 4+

DL ULOLBLBLOnngnnnnonononononononm

W+ BERE; - ARERR
Note: +: Lytic; —: Not lytic
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232 HREBREEH(MONNE %2 MEEK vB_SauS_SAP3 B EL S HINE
SR AL TN S B, BRRE Bl 1:1 Table 2 Determination of optimal multiplicity of infection
for phage vB_SauS_SAP3
e T 9
1 1:0.1 BRI AAS M 107 PFU/mML, TiiH 1:0.1 R B R AR B
SR L) T W AR M ik 3] 7.2x10° PFU/ML Multiplicity ~ Numbers of ~ Numbersof  Phage titer

. I 10,0 WIS ). otinfection  bactria - prages
233 —HHEKHLENE 1:100 107 10° 3.3x10°
N > — o~ Q\ “ﬂ P, ~, n ;r/v e
JE Jj_ ﬂ} /EE JL( EEE /th U'J Zi B2/ 12': 1:10 107 108 3.7x108
% I
vB_SauS_SAP3 KRN 20 min, ZJSWEE A 1 L 107 45x10°
KRR, 60 min 3% 10° PRU/ML, JEA : . .
1:0.1 10 10 7.2x10
A, B2k 210 PFULcell (8 3A).
R 1:0.01 10’ 10° 4.9x108
234 ?‘j‘fl‘,%m'_'_"l‘ijﬂlj,'ﬁg 7 4 7
o R 17 9L 9 I B I T R A 000 10 10 00
A o B 151
z E
S 10t 5
3 = 10
g 5 |
£ ol £°
4 I 1 J 0 I 1 I
0 50 100 150 0 20 40 60 80
t (min) Temperature (°C)
s s,

Log,,(phage titer) (PFU/mL)
Log,,(phage titer) (PFU/mL)

I

0 & L L ) 0 aw
0.0 5.0 10.0 15.0 gv & ‘9@
pH %00 \:\O‘b
> € -
s
&

3 MEE{K vB_SauS_SAP3 £ #1454

Figure 3 Biological characteristics of phage vB_SauS_SAP3

L‘r_- A EEFIA vB_SauS_SAP3 fl— 4 K i £k ; B WA vB_SauS_SAP3 ByHAEE EMEINAE ; C: ATH] pH XTI # 1A vB_SauS_SAP3
PR IS s D APLRFIXTE R & vB_SauS_SAP3 {5

Note: A: One-step growth curve of phage vB_SauS_SAP3; B: Determination of thermal stability of phage vB_SauS_SAP3; C: The
influence of different pH on activity of phage vB_SauS_SAP3; D: The effect of organic solvents on phage vB_SauS_SAP3
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WL FILF AP RIR G ERE, SUZ PR
o3 S NIy Nl T = O < R N
vB_SauS_SAP3 X 5t REEFGE AN 27, = hAEH
30 min JEJL e akiE, WXy H A L RE R B
o aZ, P BN HAE M (& 3D).
24 IEEAEEEERSHR
241 EHRAEREMEIRNZEREEE

i B Ty 1y W A R DR A R A T A R 2 AR
o BRHIKGE R BN, DNA BEREMS 52 &b
WRSERI AL, HAl 2 FEGABES NI, O
PRI 25780 4 W DNA (] 4).

bp 123456
15 000
10 000\ RS e
7 500 = "
5000— =
2 500—

1 000—

250— .

4 MEHE{KvB_SauS_SAP3 EFHEZBRER L TELER
Figure 4 Identification results of nucleic acid type of
phage vB_SauS_SAP3 genome

. 1. 2: DNase; 3. 4: RNase; 5. 6: L& LM

Note: 1, 2: DNase; 3, 4: RNase; 5, 6: Mung bean nuclease

242 WEEAEEAS

SEPRN b4 i . W RS A vB_SauS_SAP3
FERZH 4K 41 950 bp, GC &k 35.42%, il £
oA 65 ANJF I BEAE (Open Reading Frame,
ORF), GenBank %558 MT724048,

W 1A vB_SauS_SAP3 4 HL[K 4 /741 5 GenBank
BRI T AL, RIWERIA vB_SauS_SAP3 5%k
P e R 12 Ak TR A O IR 4l LA R A —
(77.55%—89.61%), FET 13 MM B 1A 14 3 R 4 4
HARGEAW, R 2R RIS
{& vB_SauS_SAP3 5K JEFIEF A Bacteriophage
EW 7[R —iifbsr 3 b, HA7 LR At fh ke i,
WEHA vB_SauS_SAP3 i []J& T AR 4
it —4 5 GenBank HdEEHEAT AL, A HTIASFY)
AEE AL (K75, Major Capsid Protein)f1%4
B, R INIEHA vB_SauS_SAP3 FHI K FEE
FIIE R S 550 2 rh 10 BRI R AR A e 2R L JE IR AT
#5110 ] — 1k (87.67%—88.53%) , S il ik Rl 5 %k
P e b 16 ok W DA A 24 A g LA A v 1Y W] —
(72.76%—73.67%) . FLF X B B 1A 1 L R 5 8 40
F RS R BN, SR vB_SauS_SAP3
ML IC R | R IRAE F2 BEAC7E B 11 JE DR R R A g i
b, WEE{R vB_SauS_SAP3 ER{ T EAMM 13k
3. LR BERRIINER K vB_SauS_SAP3 j&—1~
B WE TR A . FARZE & 5 R .

B S ) I 7 S S N
vB_SauS_SAP3 H.A7 26 ~ELHIRYIIREREN, HiA
FEE R TR T, ©HI ORF R4S R INE 3
FIER
3 WikE&®

AHIF ST LA AR W5 2 LT R A3 8 1) 4 v R A
BREA N T 4 B AR B — pR g e A, xR T —
RGP R oy BT AR AL o B . S 2
W, ZWERKRENS T3 45 °C LT IR AL, #8
1t 45 °C 22U TG, HH B T At 43 5 1R 0 B A
(4 phisA-Bs1 1 VB-SauM)* Uit 2% . 4RI
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611 Staphylococcus aureus phage phiNM4 (DQ530362.1)
55] Staphylococeus phage phiJB (KT344895.1)

32[ Bacteriophage 96 (AY954960.1)

39} Staphylococcus phage phiETA3 DNA (AP008954.1)
Staphylococcus phage B166 (KP893289.1)
LEfaphylococcus virus B122 (MK290764.1)

92
Staphylococcus phage DW2 (KJ140076.1)

94t Staphylococcus phage StauST398-3 (JQ973847.1)

— Staphylococcus phage 3MRA (KJ452291.1)
98 |—Slaphylococcus phage Sebago (MK618716.1)
Bacteriophage 37 (AY954958.1)
vB_SauS_SAP3 (MT724048)

97 Bacteriophage EW (AY954959.1)

B Staphylococcus phage phiETA3 major capsid protein (BAF43930.1)
Staphylococcus aureus phage phiNM4 major capsid protein (ABF73272.1)
69 | Staphylococcus phage B166 major capsid protein (AKC04653.1)
Staphylococcus phage 3MRA major capsid protein (AIB56205)

100 Staphylococcus phage philB major capsid protein (ALA12202.1)
98 Staphylococcus virus B122 major capsid protein (AZU99177.1)

Bacteriophage 96 ORF013id (AAX91430.1)
Staphyvlococcus phage StauST398-3phage major head proteinid (AFN39846.1)
— Staphylococcus phage DW2 major head protein (AHL18451.1)
99L Staphylococcus phage Sebago major capsid protein (QBQ72262.1)
vB_SauS SAP3 major capsid protein

0.020

C Staphylococcus phage phiSa2wa st22 amidase (YP 009835671.1)
85| Staphvlococcus phage PVL proviral amidase (BAA31898.1)
Staphylococcus phage phi7247PVL amidase (YP 009829504.1)
84| Staphylococeus phage phiSauS-IPLA35 gp60 ( ACJ64649.1)
Staphylococcus phage phiSa2usa lysin (QFP92877.1)
47| 91'Staphylococcus phage phiPVL108 truncated amidase (BAF41204.1)

Staphylococcus phage 80 alphalyt2 (ABF71642.1)

Bacteriophage 77 770RF005 (AAR87877.1)

Bacteriophage ROSA ORF006 protein (AAX91502.1)

5 Bacteriophage ROSA ORF198 (AAX91569.1)

Bacteriophage 53 ORF007 (AAX90838.1)

Staphylococcus phage SAP11 CHAP domain-containing protein (QDH45444.1)
Staphviococcus phage SAP8 CHAP domain-containing protein (QDH45345.1)
F{ Staphylococcus phage vB Sau$ fPfSau02 amidase ( QAY02688.1)

o ) ~aSh

11" Staphylococcus phage SMSAPS putative amidase (AFI61568.1)

| Staphylocaccus phage phiJB amidase (ALA12224.1)
Staphylococcus phage StauST398-4 amidase (AGR46283.1)
vB_SauS_SAP3 admise

i
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Figure 5 Phylogenic analysis of phages
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Note: A: Phylogenic analysis of full genome of phages; B: Phylogenic analysis of major capsid proteins of phages; C: Phylogenic
analysis of lyase of phages. In the phylogenetic trees, the numbers in brackets means the GenBank accession numbers, the branch
numbers means the confidence level, and the scale means the genetic distance
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Table 3 The results of ORF annotation
ORF e IR, 2RV —HrE E &
Function Start site Termination site Identity (%)  E value
12 Deoxyuridine triphosphate nucleotidohydrolase 2 862 3392 77.160 7.70E-85
15 Helix-turn-helix transcriptional regulator 3714 4109 96.947 6.76E-88
17 Terminase 4907 5 455 97.802 9.53E-130
18 Terminase small subunit 5489 5905 99.275 1.18E-93
19 Terminase large subunit 5898 7121 81.095 0
20 Portal protein 7124 8548 58.465 0
22 Alanyl-trna synthetase 9 587 10171 98.454 5.67E-135
23 Major capsid protein 10 188 11123 94.894 4.32E-162
25 Head-tail adapter protein 11 265 11 615 86.207 3.33E-69
29 Major tail protein 12 800 13 363 93.750 7.84E-118
33 Tail protein 17 317 18 204 54.392 1.60E-112
34 Prophage_tail domain-containing protein 18 214 19 659 99.376 0
35 Phosphodiester glycosidase family protein 19 659 21392 60.511 0
36 BppU_N domain-containing protein 21 408 23 267 97.092 0
41 Cell wall hydrolase 24 632 26 536 60.502 0
42 Tail protein 26 546 29 014 88.060 0
43 Holin 29 060 29 356 59.375 5.22E-34
44 Amidase 29 382 30770 53.617 2.17E-165
46 Integrase 31 827 32 963 82.521 0
49 Transcriptional regulator 34 185 34178 55.670 1.46E-32
50 Putative phage regulatory protein 34 670 34 894 47.826 3.17E-14
51 Phage repressor protein 34918 35 655 55.691 6.51E-86
57 Single-stranded DNA binding protein 37 528 37971 80.189 1.39E-55
61 DnaB_2 domain-containing protein 39 060 39773 53.527 9.68E-78
63 Replicative DNA helicase 40 118 41 356 94.175 0
65 Endodeoxyribonuclease 41 558 41949 82.308 1.74E-76
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41952 bp, GC & 35.42%, 5 ML (1) 4> 35 (0,55
25 1R DA 3 DR AR 4 5 DR 2 R/ N 2 (A R s P 1 S R
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