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P, TTTAER AR B . — e A 225 3 2 1Y
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— “JE” NJLFh R R IEE RO T R AN, B X
AN [V f s 22 T ) i S A B B A — s ) I R X
)T S S WA I N B TS Y B
R

A 5T LA T 50 R8I 475 A 3 A 26 HE B i
Jii, BAA IR R s e TGt
HErb oy Ry . UL L MU SE AT R R AR 2 A
PR s H 3G AE K AR A SR i G 8 B e A AL H
[) 25 I 22 Mo SO (O FIRE T, SRS B R it
T B TRAE W) AR 2800 o AN WIS 45 3R AT R B 1] K%
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1 MRSk

L1 kAR

AL AR KB FTE K12 ( Escherichia coli
K12, K12) 54 au256kric ( Red Fluorescent
Protein, RFP) B IR ( Pseudomonas
aeruginosa, PAO1 ) , ¥ Rw sl K 1A
NS i Y

PS5 g E KA L, SR A B TR R R
FeHE% (32°30'45"N, 118°94'7"E ) 4= FeHE At fff
o RSB, B0~ 10 emAy )2 58,
H5 kg, WA, FHEAb4° CAMMRAE . WE L FE
HARTET ) pH 7.9, 2%(1.8 gkg, &
1.1 g-kg™', &#17.9 g-kg™', CEC 19.9
cmol-kg™, /KIETEAL.8 g-kg™', WRI25.5%, HEkL
45.3%, %hki29.2%.

AECA g 5 R O & 2R R O AL
TE R B R A . TER R IR KW AT B 3 i
( Escherichia coli Direct Agar, ECD¥E ) .
RN e e Bl B 32 3 ( Pseudomonas Selective
Agar, PSA) . SMZ W . Luria-Bertani
(LB) IG5 PREEFE o 25 4% R 32 O 7] &
( PowerViral Environmental RNA/DNA Isolation

Kit, Mobio/AH], #I528000-50) .
1.2 EEAENSBEK

BURfif +HERE RS g, MAS0 mLIGH K,
28°C ., 150 r-min '#E7% 375 h, 10 000 r-min~'
B05 min, EWERZA0.22 pmiEBERRE, HO9
mLJEW 51 mLAK B EO MG FE (K128
PAO! gy ) EWBIA40 mL LBIEIAE;FR3E, A
A5 R 2R AW E 1 mmol-L™', 37°C ., 150
rmin” FERIEFE12 ho Fif3453R10 000 r-min”
205 min, FRZ0.22 pmIEREERT, I8 AN
A WA IR0 O o SR SR S AR 1 O e e
WAl B EIRIEW 100 w L5100 wLAYTE &
FEWIRS, FEHE1S min, A3 mLiY 0.7%
LBIEH IR 5L, 1RSI Pai B ALB RV 4R |,
37 CHEFR10 ~ 12 h, WLERIG PR BE . 1 8005 7R
BE, BRICHAN 1 2385 B 3 BH % W R BB 5 A 1 R B
FILBW AR, 37°C. 250 r-min '}¥53%8 h; 10 000
r-minT'B0S5 min, 0.22 wmIEMEERE, IERARELT
FESMZZ i, T4 COKFRR IRARAT . B LR U8 W
T YA R IR I B2 RIS, Nt EE 4 ~ 61K
BRI SR A5 2 o ) B B

BT BRIk L — BRIk (LIK12K
L —IG EW R IR 4 HYSZ1; LIPAOI (rep) N
L —1E BRI ER ARG £ M YSZS ), TRk H v
i EER R KT L 600 w LARTE Y I
& (YSZ18,YSZ5) 5, 4355200 wL K12F1
200 p L PAO! g R A AW, JLRIIA99 mL LB
WARSE SR, A SR [ R 8 2 2k B oy
1 mmol-L™", 37°C. 150 rmin ¥ %55596 h, FhE
8 hHUHE, B B0 i DEARTF I BT T AR S5 PAOT ()
K253 M RUZ AR IR IE , LSRG R BE . #5130
Wk T B DU SIE B 3k 2, RIS Z MR WK YSZ1R
FYSZSK, Bk A b B 9 0 o 5 5 4R
it 7
1.3 BEANEMFHELE

Wk AT PR 1) T A L8, W It T A D YA % A A 1Y)
I, HpH 7.0, 2%WE IR G490 si5, FHURATN &
LAY, TG T HILH-7650%15% 5§ B 7 & i
BEFMEHIE A

W DA AR A PR 4 B M S0, I D R A R 4 Lol
BT G B A% R AR BURA R & (R LBz 107
copies'mL™, BRI ZARTFIS0~100 wL) , $EHL
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AOR% TR FHIDNase I . RNase [ FlHind T fig4) &b 3 I
T FH B0 e B P DK ARG, AR il 1) LS S R
T LA R P PR B RN

I oA A B AR R S B, IR A% ( Multiplicity
of infection, MOI ) XHRVEWE BEIRTE B, JE48 Y
KA Z W AR T R R Y LR e iR
2% (Optimal multiplicity of infection, OMOI )
R AR AT AW P A B 7 B I MO T JBORT 2548
6 EFWEW100 WL, FBGE 550100 1,
10:1, 1:1,1:100, 1:1000, 1:10000/1A
WETR AR . 37 CHERIRG Hi 975 ho FIRUZ P il
S 25 2HL W PR AT

R N e o RN TS AN 1§ R B B -1 Y G
500 pLIEHEIAS500 w LA EHEBINA9 mL LB
WkRE A, 37°C. 150 rmin YRG5, &
10 mindfORE, B0 08, I B F- Ak I 7 s o
LT A
1.4 RIE

W BT T R KT BE 7, BRIE k4 B Ak
5 W B R T R B A G RE ), dR IR AR e R
B IVE R IR 575 FH 4100 w LT 100 mL LB
B, 37°C, 150 rmin 'R, BhE2
hEURE, ARREL200 p LFG RO Mk, A4
PRBCHE: o R Ak 3L ) ) 15 78 B AN AR 0 AT 4 174 %o
.

MG TRT AR 97 1 E KR v S 0 DR B AR, ik
EOKMXT A (CK) , Bl: ¥KI125PAO!L e
BRI B G, &4 8100 wLiMA100 mL LB
WARR 3 rp, JR%IRA], 37°C . 150 r-min”'
Wi g, TECKERM L, A3 H RlERRR
B, FRESLAMNACER . KRBT TR ANE — Y T A
YSZ1; B2 ImIMEZMWEREIK YSZIR; AbBH
3; ININL—RIEEAK YSZ5; AbFR4. RIME A
W R Y SZSK . B AR B R AR 100 wL (10°
PFU-mL™") , #fW4 hBUREE, JLWEII48 h, ARHEL
200 p LA B IR HEAT 40 T 8. AR 4l BT A
5O DT DT A7 5 AT R 97 2 E KR PP OG99 L B T KT

RN SRR uk R RN 0D AL TR T S
Ry i — 0 B T M TR AR T A A S PR s Y R KR 2
i B oA RO, AR IR AT B — I 4 R gy
BRI E G Y LY, FFRBE IR

5. FEERHE S ZEMAT R (Fecal coliform )
FB TR ( Pseudomonas ) TR 4505 J5L TR A4 2K
RO . I E S SCARTE. XEA (CK) « K
250 gi5 e+, HERE8 dLATCTE K 4 HHE S KR
iKW FEKER80 %, 28°C +4°C, ROGH: I
24 d; AbFRL. fEXF R SR S L — A B A
YSZ1; AbBE2 . A X HR 4] LAl LTS i 22 B A
YSZIR; AbFH3 . AEXF M4 FLml 7 n& — R
RYSZ5; AbF4. Fext BEZHFERE L2 v e
RYSZSK. 42 4b B ¥ g #4500 L (10°
PFU-mL™") . B3 dEURE, BRRILS g3, Pl
BRI AN B o FH EC D3 37 B 0 1 - I
AT RN ECE , (I PS A RS IR IL I vk -
BB A E , BT BRI ER
1.5 TEREVRENRNSHEMRREESHT
B LA R L IEAE S, AT R RIS T
e Z ARt MR E b o IR W EYE Th e
FEVER I Biolog ECOMIEH: "' . Biolog ECOM
SR 22 G ) I SN SR P A L S 28 ' B (.
( Average well color development, AWCD ) K4
W, R
AWCD=Y (C-R) /31 (1)
K, CRETIRYIAEALWWCE, RICEARE
JEEYIXF BRALI IR G . R V5 D BE 22 PR R T 85
F#Biolog ECOMCF- ML G(E , 5 + e
YIREIE I RE Z AR 2 ( B R I8 EH A 5 AR T8 5L
D) .
H=-Y P, (LnP,) (2)
D=1-YP; (3)
X, POMEBIFLMXT G (C-R) SEAGFR
AR (B S A (ZOD) I R
1.6 HIBELIE
JIT AU 11 o 3k R AE I 306, R AR
14:SPSS 218 AT KR e 113 Hr . B F R ] Microsoft
Excel 201614k} OriginPro 9.0%4:4l .

2 R 518

2.1 EEASBESEE

285K 43 Ak Bohn o B8 A 32 % 38 5 AR A Y
PRZEPEWE R R, 200 B — IR K2 09 W R A
YSZ1; FEYSZ 1Al Ik 96 1 3 1% 2 515 2 ge [
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I BT K12 HIPAO] pp) HE JT I Z N BETIAYSZIR
B PAOT e I ME AR Y SZ5 5 FEY SZ5 KLl
iﬂﬂﬁﬁﬁii%%iﬁ?%i”ﬁa[ﬁlﬁﬂ’ﬁzﬂiPAOl(Rn)%ﬂ
KI12BE B Z M WE IR YSZSK . B T a] 1, I g

RYSZ1HIYSZ5 0 W i B 5L s e . 288 5% |
TERWBRBE, HRA1 ~2 mm; WEIAYSZIR

FIYSZSKWEREBE P RER . WE =S . HEN

2~3mmo

e

BT IR I T A I B 25

Fig. 1 Plaques of four phages

22 WEARSNE

oL 37 UL OR [R W R AR S, R
WIRYSZ1 (2 A) HA WM 2 mikki, LkK&E
2595 nm, FERZ70 nm, BK 2100 nm; YSZIR
AL B ERCR S E A — KR, kKAEA60 nm,
M 270 nm, BKZ175 nm (K2 B) ; YSZ5
AL F ) R PR ) A 37 A 4 R Sk R — KR

LKZEH100 nm, HELH70 nm, BKZ180 nm
(K2 C) 5 YSZ5KAT WLEIHIRHE Sk 8 L m] Wi 46 1)
B, kKZEZ4110 nm, BEZ80 nm, EKY
120 nm ([¥2 D) . HRHEEPRFERE 5> 27 5122 (The
International Committee on Taxonomy of Viruses,
ICTV)SE LA 7, LA DU R R 3 8 T K
Rk AR

K2 WERRRES B EIME ( x50.0K)

Fig. 2 Transmission electron micrographs of phage ( x 50.0 K )

2.3 WEERAZER P YIER ] B Kk 4 A

I AR A it i A T 4 L3 6 8 B 7T
FEAH, JEXS %R W) G DAL B, fly (813 A) T
DU Bk R A RE W DNase [ FERE4 (4. 8.
B. Fikif ) , MiRNase AZCFIAZ R TCAELL (3,
7. C. GUKIE ) , Ui B DU R ™ 1 ¥ Sk WL
DNA "' RGN VIR Hind T4 DN A B
gL S , EREEA KR/ (2, 6. D, K
Wil ), PIRRMEREIAYSZI, YSZIR. YSZ5,
YSZSKIER L5525 457 Kb, 54 Kb, 59 Kbl
51 Kb,

24 HREARERREEN

i TR e 52 BB SRAE W TR AR 2 i i ) 1 T L
Tehn. MEIATAL, MMOINIT : 1 000 M {4
YSZ1IFAR = i e, i5%5.5 x 10° PFU-mL™,
IR YSZ1IOMOIN0.001; ¥MOIN10 : 1
B RE AR Y SZIR AR ™= th i fie i, 35 501.8 x 10°
PFU mL™', YSZIRAIOMOIH10; ¥4 MOIN
1:1 000 MR IRYSZ5 TS = B e, k%
5.4x10° PFU-mL™", YSZ5fJOMOI &0.001; 4
MOIN1 : 10 BEE IR Y SZSK AL ™ th ik s, 3k
5.8x 10° PFU-mL™", YSZ5KKOMOI~O.1,
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TR ORI 8 I 1 1 e i 3 200 7 80 2400 1 T 4

S Ry 1k DT 5 R O B AR DA TR S T 4 3
JIT AT Bl IR e A TR 7 A S 0 SR s A =T R R
S0 I R R ) 00 AR A Y YSz
B R 13 min, &I N47 min,

st 365 (B4 A) 5 YSZIRERYLTE F AW
PRI R20 min, AW NS min, ZfEE-N47 (K
4 B) ; YSZSIEY A ER M RBI 12 min, B

424 + % 2 Eile 56 4
A B C D M4 E F G K

ki M1&M2 %9 15kb Marker; 1 MU A YSZ1 ¥ki& M3&M4 A 15kb Marker; A AWEH K YSZ5

Wit s 5 AMEEIK YSZIR MR 266 WhiEegs Wil EORMETHIR YSZSK Bl B&F WHmL

Hind TN A0TE; 3&7 JMR% RNase A fiphbsi; — DNase I BgAbIR; C&G N4 RNase A fight

4&8 NIIRZ: DNase 1 BjALEE  Lanes M1 & M2 L D&K N4 Hind I EALHE Lanes M3 &

are 15 kb Marker; 1 is phage YSZ1 nucleic acid; 5 M4 are 15 kb Marker; A is phage YSZ5 nucleic

is phage YSZIR nucleic acid; 2 & 6 is nucleic acid acid; E is phage YSZ5K nucleic acid; B&F is

treated with Hind 111 enzyme; 3 & 7 is nucleic acid nucleic acid treated with Hind 111 enzyme; C & G

treated with RNase A enzyme; 4 & 8 is nucleic acid is nucleic acid treated with RNase A enzyme; D &

treated with DNase I enzyme K is nucleic acid treated with DNase I enzyme

PR3 I s s PR 20 i ) el ik
Fig. 3 Electrophorogram of phages genome
®1 RERREHNNE
Tablel Determination of optimal multiplicity of infection (OMOI)
o R TR AL %3 Titer /(PFU-mL™")
Tube MOI No.of phages No.of bacteria

J(PFU-CFU™") /(PFU-mL™") /(CFU-mL"™" YSZ1 YSZIR YSZ5 YSZ5R
1 100 : 1 1x10° 1x10 5.6 x10° 1.3 x 10° 52x10° 4.0x10°
2 10: 1 1x10° 1x 107 7.8 % 10° 1.8x 10° 5.8x10° 8.1x10°
3 1:1 1x 10 1x 10 1.6 x 10’ 3.2x 10’ 7.2 % 10° 4.5x%10°
4 1:10 1x10° 1x 107 4.1x 107 5.7x10° 1.8x10° 5.8x10°
5 1:100 1x10° 1x 107 4.8x10° 1.1x10° 3.2x10° 3.4x10°
6 1:1000 1x10* 1x10 5.5%x 10° 5.2x10° 5.4x10° 7.2 % 10°
7 1: 10000 1x10° 1x 10 7.6 x 10 4.8x10° 2.8x 10’ 2.7 % 10°

2.5 —HHEKILKALH W49 min, RfiH418 (&4 C) 3 YSZ5K

JEILTE F R AR 18 min, # & H17H42 min,
P24 (K4 D) o HILATH, UK LE E R Y
TR 0T I R AR G e, B AR BB
VIRIENS
2.6 E—EEEANE—TBEENKELEN

X b R 43 A B T AR — R 2 T v
PRFE K AH o HEAT KOG BE S B0 TE S0 5 . RS AT
A, PR TS INMEEARYSZ1, BE W EMHIKI24: K
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(P<0.05) ; FHETRHBAKI2A04E KL, 35
WEFIRYSZ1353512 )G, KI2BE FIEZE8.9M
Y, A, HES BUl I, YSZSXIPAOT g th

100

HABEWNRKEER (P<0.05) , FHE T XA
PAOT e A K I LR, IR IMIE A YSZ585 9712 h
J5» PAOI ep) FREZ 2T
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—s—YSZ 1R B
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Fig. 4 One step growth curve of phage
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Fig. 5 Inactivation ability of phage

2.7 KAEFREER AT EGERARRERENER
S TR G DA R B 1) K 9 R TR Y g
ACBIE S8 3 AR A4S 04 O R W AR R i 1 K12
PAOT (e B TR A BRI, I I 5 1 240 T 50 3 0l
A, HIEl6 ATTH, £ — MR IAYSZ1IXTK12
B R IERCRAE® B (P<0.05) , 5JRIACKH
b, KI2ZTFREALSNERD; MPAOL gpep et L

PRI, 28 WG B TREMBES, THRTH
0.5 M, XTREREM TL - MIEREIAYSZI
TER AW IR A R, e dGh K216 F W, Bl
HIE R AR R, BEOE RO ES T —
SEMATPAOL e U7 W12 b2 (K6 B) *f
WINT ZMWEERYSZIRZ )G, K124 KMl %
IR TE6 AZERMEA TR, TRET 41141040
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;5 MPAOT gepy KM HI R AL T El6 ALE

W EREN LT, BRI T A0 80
o WFE3 (El6 C) h, BT & — AR K
YSZ52ZJ5, PAOL e Bt 52 B 10 35 T B A 4 4
(P<0.05) , FHETAHLOMNEEY, FFEKI2TE
0~24 Wi MR EWKE, R TFEBE, #
1-48 hitf, HEFHETH.4NERL, Xl
H T BE TR A A 2R v i o R s R Y [ B L
B I v T B e, RS 4 Y S Z 5 I AT AR A

2 i Bl

1201
CK A
7115 | —a— CK-E.coil
'_E] 110 L —*— CK-P.aaruginosa
2 T | AbBE1 Treatment 1
S 105 - o - E.coil /+\+/¢_¢
0 - S o
= 100} o= P.aarugmlfsa _ - ‘/—Q/O- ﬁﬁ:#‘_‘ﬁ
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=4 | 5
® 3 os| PO R N
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F% 90f &
= P
g8 85rg 0’ o o o om0
g <~ Jo- —0- —&- o= =4~
< 80}

P S S TR
0 4 8 12 16 20 24 28 32 36 40 44 48
IfE] Time/ h

e B K 1209 % RGeS 0 ab B4 ([
6 D) H, ZMWEFIKYSZSKIKI2HMPAOT g
(9 B0 [) K6 BORAR AL T HoAh = 2H AL B, d5c ol 3%
(P<0.05) , KI2TREA1.0MEEY, PAO]L gk
TR T EES . kAT A, 2 A0 W AR
Y S Z 5 KAF X Ath e 24 W5 T A O RO B T
TEPER IS R, TN e SR ) KR TS Y - R
B9 L TR G S ORI A, AR v 28 e S T

12.0
= 115 AbBH2 Treatment 2 B
2 ol T Bl
] - o= - P.Aaruginosa
S 105
20
< 100
B
3 95 S ST
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5 90F 5’ )
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2 85F _-07 _ &
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< 80»0
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Fig. 6 Inactivation effect of different phages in mixed bacteria suspension

28 EMATERNESRELIEPEARERNE

MERR 5T

TEW R B A Y L ag v, o TR R R A AR
iR LS R E MBS RN EES S,
AW Tl Y A SRR O OR AR A W AR 3 AR 2SR
M BT B e g, Hrh 22 Ao D R Y B R
B, (ERE 24 AR, #EFTFE (Fecal coliform )
AW FENS.2x 10°CFU-mL™", ¥ HEH)E
( Pseudomonas ) M F - H6.8 x 10° CFU-mL™
(F7 A) o TEH24KN, A3 & — AL TR K
Y SZ1XF A HE v 2 Ji T TR 2R 4008 Dt T 1 TS UR
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Abstract [ Objective ] Given the drastic development of livestock industry in China, animal manure
amount increased significantly in the last few decades. Without proper environmental management, the
manure as well as relevant wastes have made the agricultural soil near the livestock site a hotspot of
pathogens, which has posed potential threat against the public health and environmental safety. Therefore,
it is urgent to carry out bioremediation technologies to effectively inactivate the targeted pathogens in the
soil. Among various techniques, phage therapy provides a novel way for eliminating pathogenic bacteria
in the soil. In this work, polyvalent phages were firstly isolated, and further screened for their capacity
of inactivating various host pathogenic bacteria, in an attempt to apply the polyvalent phage therapy
for controlling the pathogens contamination in the soil. [ Method ] In this work, double-layer agar was
employed to isolate phages from the soil applied with cow manure in a dairy farm in Nanjing Eastern China,
which was contaminated by Enterobacteriaceae and Pseudomonas pathogenic bacteria. Two host-specific
phages (YSZ1 and YSZ5) were isolated from the polluted soil. Then with the accelerated human-directed
evolution in the laboratory, two polyvalent (broad host range) phages (YSZ1R and YSZ5k) were obtained
each corresponding to YSZ1 and YSZ5. Meanwhile, the biological characteristics including morphology
and molecular technology were carried out for the identification of the four phages obtained. Moreover,
by studying the optimal multiplicity of infection and growth characteristics, the capacity of inactivating
pathogenic bacteria among four phages were also determined. Meanwhile, Biolog ECO plates were used to
investigate the impact of phage therapy on the diversity of the soil microbial community. [ Result] The
morphological and molecular identification indicated that the four phages described above all belonged
to Stylovinidaeacid. Meanwhile, in both aqueous system and contaminated soil, the four phages exhibited
significacnt but varying capacity of inactivating fecal coliform and Pseudomonas, following the order of
YSZSK>YSZIR>YSZ5>YSZI1. In addition, compared with the control, host-specific phage inoculation
(YSZ5 and YSZ1) slightly decreased the AWCD value, while polyvalent phage inoculation (YSZ5K and
YSZ1R) significantly increased the AWCD value after 120 h of incubation. Shannon index showed the same
trend of YSZ5K/YSZ1R> CK> YSZ5/YSZ1. Therefore, polyvalent phages therapy applied in this work was

able to maintain and increase the diversity and stability of the indigenous microbial community in the soil.
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[ Conclusion ] The polyvalent phages isolated from the pathogen contaminated soil were determined as
Stylovinidaeacid. Both polyvalent phages (YSZ5K and YSZ1R) could significantly stimulate the dissipation
of the pathogenic bacteria in both aqueous and soil systems. Meanwhile, the diversity of the indigenous
bacteria community in the soil could be clearly enhanced after polyvalent phage therapy, suggesting that
the polyvalent phage therapy developed in this work was an applicable technique to inactivate broad range
pathogenic bacteria in the soil.

Key words Pathogenic bacteria; Soil; Phage therapy; Targeted inactivation
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