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Characterization of a Vibrio parahaemolyticus Phage Isolated from Marine
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A novel bacteriophage, designated as VPP97, that infects the strains of Vibiro parahaemolyticus
(hallophilic, Gram-negative bacterium) isolated most commonly from marine environments, has
been discovered, and several of its properties have been determined. The plaques were clear and
sized 0.6~1.0 mm in diameter. The virion forms a single band on 70% sucrose gradient and p1.50
CsCl gradient by sucrose gradient centrifugation and CsCl gradient centrifugation respectively. It
has a hexagonal head and a relatively long tail, as shown by electron microscopy. Vibrio
alginolyticus, Vibrio fluvialis and Vibrio furnissii were also sensitive to this phage It was almost
totally inactivated at 70°C and at pH below 5 or over 10. The nucleic acid of VPP97 is composed
of DNA. The VPP97 had 9 specific structural proteins sized between 21.5 kDa and 97.4 kDa on
SDS-PAGE. When V. parahaemolyticus cultures were treated with either phage VPP97 or one of
the several antibiotics for 2 hours, the viable number of V. parahaemolyticus treated with the phage
VPP97 is lower than that treated with chloramphenicol, erythromycin or penicillin, but not lower
than that treated with tetracycline. Mice that have responded to the phage treatment revealed the
lower numbers of V. parahaemolyticus in small intestine and less damage on small intestine
compared to the untreated mice. Therefore, we suggest that the phage treatment appears effective to
the infection by V. parahaemolyticus.

Key Words: Vibrio parahaemolyticus phages, Characterization of phages, Phage therapy

Ql Vibrio parahaemolyticus (0]3t Ag v| B Q)

A =2 £ A2E 5o s Ak E dH ¥y
ot HBL NS o AT YA, B
A AA #AF, HAE BEsa JE wyS E, 7EE 9otP”. Baderiophage (°]3} Tho}

A% 19999 79 169, AAZA : 19999 109 18
* Corresponding author: 2271 & BAMA] 2R 7 AAE BAdea 2o 1} &h) 8 v] 4 2 atat

-423 .-



88 T A FolA Rl g Vibrio parahaemolyticus Phages] B4

A)e 19153 Tworte] AFE A2 E 3lo] 19173
d'Herelle7} Z&)| 2t3k2te] £ 8o A "lytic prin-
ciple' S WAF o) F2 243 TolAlo] @ AT
7t A% ABH Fo. AA8 AN ZE A
o] g gopx| o] EX 31 &, 53] 3
ol EEahe ) FH Tobale Alstel A4 st
Vibrio% & M]3 2t ¥ g | Ee] Bad ¥
Smith 5937} Spencerel] 2}&)jx] A= 7] A 2Ha}
ek

HlHg o wolx]E 1927 QoA I 93
cholerae bacteriophageo] ™3t A77} A)ZFE o]
13%9] stolA| & AEHA 1, 19604 S 7| o s
22, 33t 9 YEHQ MBe o sholxe]
54 A7t 9= E FHeR &de] APHRA
o, sholxl e APl glof 1 S8H A} |
o uhelelole] BHT £7, A<l A 7, vpo|
QHAERA T o] &H1 U} A, A
SR oI Tolx| 9] o]-golch AT BN
go}z) 9] o] &2 1925 Sonneschein®ol] ol3] =
QA HopAle Agol WA T B
29 s2olq ABA ko2 o STt V.
cholerae2] 73%-, ©]2] 3713 biotype-2 93] =1
golx) 7} o] &5 3 JYTFEPT o)y @ B2 9
sto] o Aele FFHET BalA R polymyxin
25N Rol ol &} stobalo] 9@ A
X 99% o9 HEAHdES HolE= wE biotype
T4 o]&=H 1 3k A, gopAle] AW A&7
oo o]golr}. molx] XZ+= 1921'd Bruynoghe
s MaisinPo] EZETFY HHARL soA 2
Ao zn AZ=H AT 44349} sulfonamide
At o]l & o] X7l ofF T4 diito]
Stk 22 A pyogenic & urinary infection, cholera,
dysentery, plague, typhoid, paratyphoid fever & <
HAY o AzgPeg AU, 2 &
A o] 5B 2 A3l stopx| o] N FYPL AtE)
A A HAA R HF 2229 ZH o)A vlolx]
2 A9 Az olgaE AT oAl A2
H1 vk 82 FYA NAAA Aol Frtst
3, L= FUks7] W&ot o] 2 g do}
219 o] &Ae| EE T3, AAE £ AFE &
st B S22 X V. parahaemolyticus T}o}A| &
Eelati, oA 712491 §4& Wl A
AgAzAY o §7154E FobLuA A
A3 E "8 o 2 V. parahaemolyticus I}o}A] o th
g BEE AT, ARAQ X EA 29 o}

A9 ol A4 e A2 ATHLA &
Atk

ERLTET
1L A7 F

AU R, 433, $39 sictelA 97d 49
oA 7l AA AR A, AAE, H2F, B
W2 RE 22 FHE V. parahaemolyticusE A&

AT
2. ojopx| 9| E2|et 55 Y A

A @3, FA U E, AR SN A3
A, ALE, SZ2F, T 25 = 59 ¥y
2l e dopx] E) gl wald JolxE B
_5_}_ ﬁ 1:]-4’6’7’8’9’10),

AHAF AEE L7 2 T35l 94 2
o FTYNE At o] AT Rl 3 FolA
-2 %t V. parahaemolyticusE ZFuA A 4=
FSA7NVAA] ARG FA ] FHE FF £835o
37T, 12~24A17F A gt o] v &
LAESIA MEE RAAND F 359 g
3o v E &34 B ol 5 uy
dolxmelx] 37C =% g oL &7 29
& #Asto molx]9) EAGFE BA At
olFA st &7 F9/t FAEA W FY TS
Adams®] FZW'Wow £FF7 wkeAA Za
3 AL FEAFIT o] FolA T Zga g A
#elae] eFRasgdu. 52T gdolx g F
e Adamse] F39 V] o g &7 AlFHe
2 AA s

ghobx] o] W 2] & Adamse] F &™) utet
&atel om, PEG A3 ™3} 40000 rpm, 247t &
AR gdolx & AAANNE y&ste W

< W& FHAZ HelAE HA e
HHhY © 2 = Yamamoto et alo] 2] 3 CsCl 2 =71H))
AR YT sucrose YETFH] PAEyHe
AP o] ga}g .

3. DX & 0| o 25t Djolx| 2| FehpHa™H*

200 meshe] 2] gride] collodin X X] 22 ]3]
1A FA R GAE 2R T obx) 53
AN B8 287 A2A)F) 3L 2% uranyl acetate-§-
Ao 30~60x3t ML st 33 FAH G
AzAZ] 3 AAAv] 7 80 KValalH el & &

-424 -



Sun-ok Yoon, et al: Characterization of a Vibrio parahaemolyticus Phage Isolated from Marine

Fota ARG & 3ok
S5 AlY

T FH7I7A 71-& vl B8 . ZF (Vibrio mi-
micus, Vibrio vulnificus, Vibrio furnissii, Vibrio flu-
vialis, Vibrio anguallirum, Vibrio alginolyticus)3} &} %
oA B8 V. parahaemolticusE F2M o2 A
2% o9 ol 10° PFU/mle] stolxjol & 5 ul
# Hojmal X 37T 2 vjoksie] &7 £
=3 3}1-%}-5‘} o i,y,} ;&;g] _5_}_%1:]_4,6,7,8,9,10).

5. mto}x| 9| ¢t

4. motx| 2|

oM A -I /\|g

1) 2% oA

0.9 mlg] T}olx] gZH S 57, 10T, 20T, 30T,
40T, 50T, 60°Col A ZHzt 32217 = 10° PRU/
ml So}A] H-& 0.1 mi¥ FH7lsle] 108 S o
F2AA 2t LEq A9 Y= Folx| 42 B2}
Atk olw) 40T A &} Folx] YE& 100%= 3}
Q46789

2)pH Y

pH 3~pH 112 Z3 g slo}x] 4= 0.9 mio
10° PFU/ml Fo}A A& 0.1 ml H7}8}a, 37C o
A 60 F<QF ukg A7l Fo] z} pHol Aol W=
ol =& H #FstH ot o] uff pH 89| A1 2} T}o}x]
AZEL 100%2 31 T8,

6. miopx| siitel Fa| ¥ el

% AA R golx| Yol buffered phenolS E

%-3— % A 2g] (12000 rpm, 10 min)3}e] 4=
Z& 3k} o} & phenold} chioroform (1:1)
43} chloroformAl-§-8te] &) 4h-& F&3}o] 100%
g2 AN F, 0% @2 "1131’3]’-’
YA EF7IAM 1083 A2 F, 3%
FE @gsto 20T B#s. ot J}‘o].
A #4H-E: ethidium bromide 5 ul/mlz} H 718 0.5%
agarose gelol A 10 V/ieme] Agto 2 A7 9 53}
o] UV-transilluminator (302 nm)oj] X} #3359},
T Egd gito] DNAQIA] RNAQIA & ol
7] $13t 22} DNase 100 pl/ml, RNase 100 pl/
mle 2 37T, 2413t A2 § S BAHE o
A #ita} &7 ethidium bromide 5 pl/mlz}
7}l 0.5% agarose gelo] A71QEA7] & UV
ofj A #at ).

=2 ojp o OS:L

7. motx] T EHeE o] 4

vtolA] FxEHA §4]-2 Laemmlie] W%
o3t AAEAT. 5 FAE ol 17
o] 58} ¥2:9] loading bufferZ 2-& & 100C A
2~3% 7}g3la 5%2) stacking gel?} 15% separat-
ing gel& THSo] 160VE SDS-PAGEsch =2)
31 Coomassie blue®} &2 6A)7F G2 3+E 10% ace-
tate9} 15% methanol S 432 & of © 2 A A 7
WEE 3955

8. mlofx|9} SR S| T8 H|LAIE

stolA| 7 ZH4Ao] Sl o1 G ol v ma)
o ZA dis) EA7F AeAE Dol 9
3] ARSI} WA 2%2] NaCle] £ BHIH A 8]
Aol chloramphenicol (30 pg), erythromycin (15 ug),
tetracycline (30 pig), penicillin (10 units), phage VPP
97 (3x10° PFUMNZ Zztz} A7}sla, B u) Fslo
washing3le] & %FF 3X10°CFU/ ml& 23
F, 37T WG M FHAA 283 ATHF A
TFE FF8 A olw, dzTo2E £F7F
B HET AL ol g,

9. motx| o x|7 &1}

ol E FAZ o] 8YPe W N7 ARE
BE37] et W 37 AEsre W, &
o] 23wzt 3¢ HESIHD

)3 SF o M7 ws®

WA 37he] 2 (Folx] HelF, solx] vH g
T WETF)SZ Vg vhF 2 2 vk 3wl
Ao 2 gte] 3 PFH o2 YY) 37T
oA Bl ge 55T 2x10° CFUmIE 1olx] X
279} stolA] HIA ] 7 uhg-20] B Fatet
At o), 2T T dil A4S FA4eH
o a2 1A &, golx] X Fole o}z
2 2x10° PFUmIY B7 o2 FAbsty, solx
HA e g23e 22 T4 2 &, 34
et vhexe BRE Hijste £3E 3
S, 2L 2YE 1 em¥ Akslo] 107) Ak
8 18 £ 10 mle] 4571 E AP o)
Al 283 HH3te] 104 A serial dilutiond}e]
S5 AIFE S A

2) =% 2| yis}

WA 372 F (FolA] A, solx] v A
T, AEF)LE UYE s 24 22 g2 301e)

-425 -



XL 5 F oA B3 Vibrio parahaemolyticus Phagee] 54

Figure 1. Plaques of V. parahaemolyticus phage
VPPY7.
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Table 1. Host range of Vibrio species

Host strain VPP97
V. anguillarum -9
V. alginolyticus +?
V. fluvialis +
V. furnissii +
V. mimicus -

V. vulnificus -

V. parahaemolyticus isolate +

a): No lysis of strain, b): Lysis of strain
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Figure 2. Electron micrographs of V. parahaemolyticus phage VPP97. A) (x300 K), B) (X200 K), C)

(X150 K), D) (X 75 K).
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Figure 3. Thermostability of V. parahaemolyticus
phage VPP97.
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Figure 4. pH stability of V. parahaemolyticus
phage VPP97.

Figure 5. Agarose gel electrophoresis of VPP97
DNA.
Lane A: Lamda DNA digested with Hind III (1: 23.
13, 2: 9.42, 3: 6.56, 4: 4.36, 5: 2.32, 6: 2.0 (kb)),
Lane B: VPP97 whole DNA, Lane C: VPP97
DNA digested with RNase, Lane D: VPP97 DNA
digested with DNase.

Figure 6. SDS - PAGE of coat proteins of V.
parahaemolyticus phage VPP97, A) Marker proteins,
B) VPP97.

Antibiotics

Figure 7. Effects of phage VPP97 and various an-
tibiotics on the viability of the host strain. A: Chlo-
ramphenicol, B: Erythromycin, C: Tetracycline, D:
Phage VPP97, E: Penicillin, F: Control.
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Table 2. Effect of phage on infection of mouse small intestine by V. parahaemolyticus

Control (Saline)

V. paraheamolyticus

VPP97" + Injection only

V. paraheamolyticus

No. of mice 33°

3/3 2/3

No. of bacterial colony

(1.87x10")%5 CFU/ml  (1.64x10")+5 CFU/ml

(2.1x10%+5 CFU/ml

" V. parahaemolyticus phage, a: No. of mice survived, b: Total No. of mice tested

Figure 8. Histological changes in mouse small intestines treated with or without phage VPP97 (x 400).
Hematoxylin-Eosine stained, A) Control, B) Host, C) Host + phage VPP97.
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