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SUMMARY

Salmonella Enteritidis is the most common cause of salmonellosis in humans in
South Korea. It has been recognized that the principal source of human infection with
S. Enteritidis is chickens and their products such as meat and eggs. A total of 173 S.
Enteritidis isolates from humans (65 isolates) and chickens or their products (108
isolates) were analyzed by antibiotic susceptibility assay, phage typing, and
pulsed-field gel electrophoresis (PFGE). Drug resistance was found to streptomycin
(32.3%), ampicillin (30.6%), nalidixic acid (30.1%), ticarcillin (30.1%), and tetracycline
(28.3%). More than 70% of the isolates were found to be resistant to one or more
antibiotics tested. The most frequent patterns of resistant isolates were resistance to
nalidixic acid only (28.3%) and resistance to two antibiotics (four combinations;
20.2%). The most predominant phage type (PT) was PT1 (27.2%) followed by PT21
(20.8%) and PT4 (8.7%) in chicken and human isolates. Nineteen different PFGE
patterns were found among the 173 isolates, and Al was the most common PFGE
pattern, followed by A6 (17.3%). Most S. Enteritis isolates (except two isolates with
patterns B and C) showed similar PFGE patterns that differed by only a few bands.
These results show that 2 or 3 subtypes of S. Enteritidis are shared to a large extent
by humans and chickens. This implies the possibility of the spread of chicken S.
Enteritidis to humans.

Also we evaluated a newly developed killed bacterin using a representative SE
isolate in Korea. Among pool of SE isolates, two highly virulent isolates (the one
isolate from chicken, the other from human) were selected by measuring mortality in
mouse and chickens administered. The chickens were injected intramuscularly with
killed vaccine and were challenged with highly virulent SE strain 3 week after
vaccination. The recovered colony count (cfu/g) of spleen and cecal content in the
vaccinated groups was reduced compared with those of the unvaccinated control
group. The antibody level in the vaccinated groups was higher at 3 week post
vaccination. These results indicate that vaccination with killed vaccine was effective in

preventing the infection of virulent SE. Further study for a large number of layers



should be needed for the effect of egg production, SE shedding in feces, persistence
of antibody level.

Polyphosphate is involved in resistance to stress in a number of bacterial species;
however, its role in the virulence of S. Enteritidis has not described. Two SEppk
mutants were produced and selected after transduction using P22 bacteriophage
carrying defective ppk gene. Polymerase chain reaction (PCR) proved that SEppk
mutants had defective ppk gene compared with the ppk gene in wild type. Compared
with S. Enteritidis wild type, invasion and resistance to heat shock in SEppk mutants
were reduced but growth in regular media was not different with that of S. Enteritidis
wild type. The virulence of SEppk mutants was significantly attenuated following
intraperitoneal infection of ICR mice. However, inactivation of the ppk gene of S.
Enteritidis did not affect the virulence in SPF chickens because recovery rate of SE in
spleen, liver and ceca was similar between S. Enteritidis wild type and SEppk mutants.
In previous study, the virulence of S. Typhimurium defective ppk mutant was
significantly attenuated following ral infection of chickens and mice but S. Gallinarum
mutant defective ppk gene was not attenuated in its virulence. Therefore, the
differential contribution of polyphophate to the virulence of S. Typhimurium and S.
Gallinarum may reflect aspects of the pathogenesis and host range of these serovar.

S. Enteritidis aroA mutants, unable to grow in host tissue, were constructed and
selected. The aroA gene was defective in the mutants by PCR and nucleotide
sequencing. The mutants also were characterized in that mutants were not grown in
the minimal medium but were grown in minimal medium supplemented with aromatic
amino acid mixture. Two S. Enteritidis aroA mutants (B46 and W1) were
intrapenitoneally inoculated (10°~10%cfu) in mice, all inoculated mice were survived at
all range of inoculum while the mice inoculated with the wild type were all dead.

Temperature-sensitive S. Enteritidis mutants able to grow well at 28C but not 3
7C have been produced and tested for their pathogenicity in mice. When the mutants
were intrapenitoneally inoculated (10°~10%cfu) in mice, all inoculated mice were
survived at all range of inoculum while the mice inoculated with the wild type were

all dead.



To evaluate protection of S. Enteritidis mutants as a live attenuated vaccine, the
mice were vaccinated with the mutants. At 3 weeks later, the vaccinated mice were
challenged with 100LDs¢ highly virulent S. Enteritidis. In control groups, all mice
were dead while the mice vaccinated with SEppk-ts-3 and SE277ts-1 mutants were
all live which these mutants were protected from the highly virulent S. Enteritidis
infection.

The protection of double S. Enteritidis mutants, SEppk-ts—-3 and SE277ts-1 was
evaluated in the chickens. The SPF chickens were vaccinated with 10° CFU orally
and were vaccinated again on three weeks post 1st vaccination. The chickens were
challenged subcutaneously and orally with 1x 10°cfu/dose/0.5mL. The antibodies to S.
Enteritidis began to be detected from the second vaccination. Fewer challenge
bacteria were recovered from the cecal contents, liver and spleen 2 weeks
post-challenge. An alternate vaccination scheme of the SEppk:ts-3 (10° CFU for
vaccination once versus twice vaccination 2 weeks apart) also decreased colonization
of internal organs, spleen, liver, and the cecal contents when the chickens were
challenged with 1 x 10°cfu/dose/0.5mL virulent S. Enteritidis.

The inactivated vaccine and the SEppk:ts—3 attenuated strain was shown to give
cross—protection against S. Gallinarum which is the agent of fowl typhoid.

In summary, these data indicate that the inactivated S. Enteritids vaccine and the
several S. Enteritids mutants including SEppk:ts—-3 could be considered as a valuable

tool in controlling the S. Enteritids which is major food poisoning in humans.
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CHTable 1-2). 2002958 2003d7bA] =je] FAA™ Abdol o drdlel e des 24

N
o9
ul

©
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o A TAE (38.7%), F-3H (88.5%), AEAEE (70%), & =54 (94.1%)7F e}t

ol e glgo] FAHSNI, S Enteritidis®] e@&0] Fopd 1.7-75%% 71¢ Fd &
Aoz Uegi 53 HF mAGIA 69.4%9 29ES Ho| Alger ojgFo] AFx
= dod 7 ode FEol v F& JoR Alndrh

Al Aol 2%l S. Enteritidis7h Ao A$5& dorls wdde Xl

1o,
od,
o
-0
=)
o

A ZAE Qo Sule] A Al AlGelA] wel® SEZF Abge] 2
TES doivges dHAgdd disixe A5 Aot dX=e] H9- S Enteritidisell ¢ g

Ae5e T2 Aoy 7tdehA] 2 Alde A Felshs Ao frgso] 9lal, 198540
A 19999 Atololi= Algtol A SEO] A% 80%7F Al@elA FElsts Aoz BuEdd.
A = A5 S Enteritidis®] 29& #ZAaA17]7] A8 Axlsolxe A4, B

s

HAA, SN Gy AL, AT FRASAENLS A, AFE AAL o] FtE o
AA AEE )Xo Qar, vao] Ag AlREFARJSAE HAIgE & S Enteritidisell & 3gF 2%
o] 50%= Ak 2y AlSS F3 S Enteritidis AEES S7HEE FA ot
el A= olo] gk wete] m &g Aot

AARAZ]TF(WHO I A = 1988 H-E] FAHE {8 Ardeo] g AF5 dS
AxAIZI7] YiME Bl Adag g %
Abell olabi, MRlare] A =AGA AatkEl AFe] 12.8%7F AEdele] 29H AoR U
Elytal, ©o]%F 3.5%7F S. Enteritidis¢! Aoz BuEJul. w=e] G- AGoAMe S

I

Enteritidis®] £ A%E7F 2000d =00 7%l A 2005+ 25%= A S7kstal Aot
& 5ol S AW S Pullorum (SP)¥} S. Gallinarum (SG) A% Heoll HUA o]

o
of A% TS W HALR Qe FANG vE dor= v %5
=, & AW 5998 Ad S Enteritidisyh S. Typhirium (ST)2] A% & AAd+= 2
V|5 do7[X] o} Atgho] FHelEol MRS oA yTHATY AAAA JAfE 4
o 7]+= WYAe|t}. S Enteritidis® A% S. Pullorum %+ S, Gallinarum®b+= €8 @2
Iaswel ol H7 Wil 53] FAF HAFolR ZHEY] wEe] o= <& Hdurt
o w2kA S, Pullorum Y S. Gallinarum®] -2 Xt} B o3& Astolt],

TU A= 1990 FHERE Al #Fs|A 27| AF—EAIlA] S, Gallinarum©] Ao
2 Qe Mg AAA ezt Ao FAWMAll oS A(9R)e] Buo® s 1 v d)
7F Eol5a vk 28y 9RE A Aol dvke AR AXSo= ARgo] =3] Al
skdoltt,  FH<t S. Enteritidis7F S. Gallinarum= wxpo]d 4= Qlvbs A A7 Bl
ol wEbA Fe A9 S Gallinarum®t S. EnteritidisE 5 Ao oW 4= 9= WAl 7)<
o] el A= Fasirtal ATE

il

S

0
5
<

2
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S. Enteritidis®] 25 &3} Wila g oz s 4 JA 9 Salmonella7t Gt

o] F XA 9 E&3l walol 7A$ ofe] WYA SalmonellaZ7} A&AA7]0 AEHE AS
Wojgh = oy Ao JEstE Wold ¢ gle oz dEA vk JhaEF Y Y]
Q1 S. Gallinarum®] 72 5% Awiile] AR gapdolg= AP o]t o|&& FNk3 s

T L

o} S. Enteritidis E€3} WAl HEo g ayiAS BH v A9 wAlS oA &
Aol A S. Enteritidis®] &2 &0] 2.2%(373)-8% ()1l H|&} S. Enteritidis®AlS & 7
T A= EEEo]l 0.2%(3H)-0.6%(HeE Fiste AS = g3t WAE
EnteritidisE AAst=d G371 gl Aoz By
G A o andor AAY = ot A
Tule] A AsEY M 2 dAATE S Enteritidis@ ol = Estal FAHA Fol o
sk S. Enteritidis®] AA H= o 7]sslde] g A= vl vSgk AdEjolth.  mhebA
Tl A A e AS To FAAES 3 dojus AsEY Fa ddAdd S
Enteritidis o719 W3 tj&o] 7FaEF20] AQAIQl S, Gallinarums sAlol oded
Ue AZE A 7les Jidste] FANGY Boet IRl AFEY AL TAaAA

n 2
kel Bl@ A R AGAE UF AHEE At B AFE s

al

LAY

b

HAA 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Vibrio 68 2 10 0 3 0 162 4 1 10 16
Salmonella 400 484 274 392 319 241 437 634 297 319 221
Shigella 23 9 11 906 1781 2462 928 e 1117 487 317
E.coli O157:H7 - - - - - 1 11 8 o2 118 43
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Table 1-2. 199613458 200537142 H-& Aol A A&t 2]

M
b

No, of Isolates Total
Serotype

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 %)

416
S. Enteritidis 12 10 51 135 58 32 60 10 7 41 42.0)
. ) 115
S. Typhimurium 7 7 18 42 10 3 8 12 1 7
(11.6)
. 256
S. Typhi 10 15 73 51 19 50 10 4 14 10
(25.9)
202
Other Salmonella 6 8 18 o7 18 9 58 7 7 14
(20.4)
Total 35 40 160 285 105 94 136 33 29 72 939

(1 &, 2002; 2006)
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el A Amrgh vpel o], ufjoll A o) Ardlete] A= TR T VA Y9l
Salmonella Gallinarum¥} | Aol A 2] Salmonella Typhimuriumel] tj3+ A7 F&5 o] F
ol=re] 7%- S. Enteritidisoll et =7k Wol5, opnial ka5 o A7)
Ageo] dF= AEstEe] oy TdMs 53Ed e T50] Hol A B2 el
T FEjlat 7lvbelAl A< S Enteritidist oF#] 7b4] AFRAL 537} &

o]
A AFEF2 e 98 S Gallinarum 9RE FABR, SR elE $REFe] REO
o}
2,

1. A, AlS, gollA 223 S. Enteritidis® 255 3219 WA &3 S Enteritidisol

& PFGEE °]4% £33 £4

of

Table 2-1914 H&= Hfe}l o] 574 Fx1g el S Enteritidis7} AFHS] Ao5S 9o
71 Aoz YER olg|dt Ayt= EA FH3 S Enteritidis7} Ao 3t 2lFE 9]

Wyrbsel & AR ARE.

Table 2-1. Ag, A 9 G3} 255 Ao 23+ S Enteritidis® #4438 v
No. of S. Enteritidis (%)

PFGE type Eggs, Chicken meat or
. Human
Chickens

A 19 (33.9) 20 (47.6)
Al 3 (6.3) 4 (9.5)

A2 3 (6.3) -

A3 1 (1.9 -

A4 1 (1.9 -
A A5 22 (39.3) 4 (9.5)
A6 - 3(7.1)
A7 - 5 (11.9)
A8 - 1 (2.4)
A9 3 (6.3) 1 (2.4)
A10 - 3 (7.1)

All 1 (1.9 -

B B1 1 (1.9 -
B2 - 1 (2.4)

C1 1 (1.9 -

¢ C2 1 (1.9 -

Total 56 42
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2. A4 71YolAl(ppk) 2 WHolF9] WA AE
PFGE 43 % A typecl %3+ S. Enteritidis ¥&]52 o]&3dlo] FAwQ] #
ppk A& 5422 A S, Enteritidis Wo|FE Azt A

o]
g Ay eIt JvelAlZE Aol | e FRlsith Az Wolgrel] gk WlAdo] 4w

o]t o] A&

=
Mol sl AsEE AoE vehg

Table 2-2. E2]QIAF 7]vbolA] A<= Wol S, Enteritidis®] WA A3

Amount of Inoculation Amount of Inoculation
5x10” cfu/0.1ml 5%10” cfu/0.1ml
Z2min 4 min 6 min 2 min 4 min 6 min
Wild type 1509 263 37 102 12 12
Mutant 1 171 11 0 1 0 0
Mutant 2 345 13 0 22 2 2

Table 2-3. Z|14E 7]yotbA] 2 Wo] S, Enteritidis®] 354 A3

Amount of .
) Amount of Inoculation
Inoculation
Mean % Mean %
1x10% cfu +SD loss 1X10° cfu +SD  loss
1st 2nd 3rd 1st 2nd 3rd

Wild type 160 239 235 211+44 - 28 22 16 2216 -
Mutant 1 3 2 69 24.7+£38.4 89.3 0 2 15 5.7£8.1 74.1
Mutant 2 1 48 0 16x27.4 92.4 1 5 1 2.3x2.3 89.5
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M 3g dhEsd e S 2t

A 1A AT 5

L A7y HFESR

Pl
=
oo

T A5 FAQlo] H= AlF Aol Felgh S Enteritidis®] A7 7lss A gk

7} S. Enteritidis =354 MolFE o83 Al 7

L. S. Enteritidis #2]%14F 7uobA] A& Wo|F=E5 o] &3k Atz

t}. S. Enteritidis oM x=At Y84 Ho|FE o] &g Al s

gt Al AlSo] A= = 918 vAEQ! S EnteritidisE AASH] $%F E&sl 9
ks

vl S, Gallinarumo] UJAAR] 7ha ElZ 29} AT e AlSS 5 AME] Aess Yo7

+ S. EnteritidisE &Aloll Wolg 4= 3= S, Enteritidis Ad¥Ale] 7t

vl AR, AS 9 goi 2EE S Enteritidis®t AEFES dozl dxoaA Ew S
Enteritidise}e] AHA 2x

Al 2 A AL - ARG ATALY BE D )

o

L 1A= AdEx 2 /i g

7v AR, AS R HolAM9 S Enteritidis®] £ ¥4 R £83 9 HA7F AY
D) =l delr fass A= mvld 3 A Aol w2, o, wgdol A

Salmonella®] ¥z ¥ &4

(2) =AFS 200009 F R =AM AR AFANA Salmonella®] ¥2 2
4

(3) th3E#Q1 S. EnteritidisE o o2 ¢ WA B AU A1 E

(4) =&3} WAFFo] A

. SUlelA 29 S. Enteritidis®] §4 % (Fdd)

D) AF-TA A Eed Ardete] Y S B3l A, AS 2 HelA e

S. Enteritidis®] 194
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ot Al 2 AlSdA 29 S Enteritidis®} 215 E5E 4o Al AA £Ed S

. AR 2 AS 73 A5

Enteritidis®}e] 34 4 (FLd)

(1) AF5S Yefll& Abgre] EWoAe] atmdetel e 2 4y #3S B3 S
Enteritidis®] 54 % o+ &1
gy Abgol M #2l¥ S, Enteritidise] 54 2 AWA 9
eh = o e T o] EFYatE

W Pulsed field gel electrophoresis(PFGE)E o] &3t F2st4 EA +f

oL

© A A AL 23 A YAIE e 1+
(3) 4% #8E o]&3 S Enteritidis® A&, AlS3F Algholl Al E2& S
Enteritidis®] A4 4

€<Ql S Enteritidis® A% (F4d)

A D ASE 3l 552 doZ 4 A+ S Enteritidist 3 9] 4

M

I

v}, S. Enteritidis ¢ &% 32 aroFAAY AZ (ALd)

(1) S. Enteritidis®] 94 S 7F4 3t target gene aro+dAHE cloning

(2) S. Enteritidis®] A9 AS 7+2 3 target gene aroFAAe] A7]AEEA]

2. 2% eER € e &

7} S. Enteritidis =83 A@9AS &3 £4, 43448 R 43 A7 (T4

.

(1) &8s} Wil AxE 913 S Enteritidis®] S218 A9, 43} Uy, BxA A
d
(2) S. Enteritidis &3} A[gwAle] gk wro]gst AE
(3) S. Enteritidis &3} Al ®WAlol] thgh kA, HEFE B HITF A3
Z Q471 UolA AL S, Enteritidis HolF9 /e € kA AF (FEd)
1) ZER1Ab7IvolA] A& vholA] o] Az
2) =+d] ti& S. Enteritidis #8FE o &3 FAH3 2 AEwolF9] AA

(3) A&ro] 5ol thek Ashsts Al

(
'~

% 4%

0.

(

dol e Add A4
) el AE A9
®) kel ek A&g Al
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t}. S. Enteritidis arof3A YL TA WHolF &9 (ALW)

el

\.mo
0
il
ol

2 394 97 (34

71 upolAl A< S, Enteritidis®] A&l m&

J

A
1l

Zg 9l
t}. S. Enteritidis

)

1

(

7} ZE QA YJolA| A& S. Enteritidis o]

2
)A

of
N
5

.ﬁr

K

(1) S. Enteritidis &%=7F

}

0]
pud

24 2)

=

dEHE A7 2 Hol|Fo o
ol

==

ol a7 B4
T
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P JFLTFol AT (AFH)

g’l

S. Gallinarum®]
ol F

F7) oA ®o]

A
1l

73
I

T

9
pl

Lol Mol T4 Ald
O

e YotelE o

S Al A
&
M= o5 7Y

Q)

(1) S. Enteritidis =%=%F<F
o B3 dEdo|Fo A (Agd)
(1) Lx=wWo|F9t Zglo

(1) S. Enteritidis

7} S. Enteritidis Y274 WHo|Fo]| it
)

4, AZPAE JEER 9 d U
Y. S. Enteritidis €74



Al 3 A A He 3 A

1. S Enteritidis®] EATE A&
7F A U e EY AY

(1) A3y

(7b) disk agar diffusion] Wl o8] AdS 3ty Aye 3 gl
(p) B89 173709 straing Nutrient broth ol A 24 A1 759t Z Ehuf kA 71T}
(th "E3E swabs ©]83F9 Mueller-Hinton agar(Difco)ol] =% ¥HulE o

FAA diskE dAIMA o=
() AH&E FAAS} 19 s
(2) 23
7h Ax8]4 2 Clinical
o] gt}
(1}) Inhibitory zone 9]
(th A WAool
o]-& 3kt

dsto] 37TolA 24417 vl 43
Table 3-1 ¥} 7t}

s},

and Laboratory Standars Institute(CLSD)¢] guideline®]

21 7 o] intermediate®] %3}H sensitivel & {FFESITE

o3 EAEALS Chi-square test ¢} Fisher's exact test

il

Table 3-1. used antibiotic and their concentration

Antibiotic Concentration(ug)

Amikacin(AN) 30

amoxicillin/clavulanic acid(AmC) 20/10
ampicillin(AM) 10
cephalothin(CF) 30
kanamycin(K) 30
ticarcillin(TIC) 75
streptomycin(S) 10
nalidixic acid(NA) 30
tetracycline(Te) 30

ampicillin/sulbactam(SAM) 10/10

trimethoprim/sulfamethoxazole(SXT) 1.25/23.75

cefriaxone(CRO) 30
neomycin(N) 30
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. PFGE type 443¢

(D A3
(7 137719 #8%¥ SEnteritidis 5% LB agar plateol 4] 37 C= overnight Hj

t}.

(b)) =&+ colonyE TE cell suspension buffer(100mM Tris®t 100mM EDTA, pH
7.5)0°] FFAA BEE colorimeterg AFE3le] 20% F3p&ol 9t

(th Proteinase K ¢} 1.2% agarose = cell F-f-of] doj=r)

(2}) mixureZ disposable plug molds ©] @o]&rt}.

(mh) plugel ES buffer(0.5M EDTA, pH9.0 ; 1% sodium-lauroyl-sarcosine)}
proteinase K& Yol $o 55T 27X A 1A17Hs<E A X AZ1H

(Wb 1A]7Fo] AU plugs Hat Rl 15%1F @7F AlH il TE buffer(10mM
Tris®} 1mM EDTA, pH7.5)2 thA] 3023 44 Al H ko]

(Ah) A& o] £ plugE Imm 9 YH|E A2 Fo] Xpal oy Spel AlFarS A
g sto] =t

(o) plug W9 DNAE 1% agarose gel oA A/NAIZItE A7|F59 2L U
I 2o

(A}) initial switch time : 2.0 s, final switch time: 40.0 s, run time : 16 h

o
[¢]

rob

() A7|dE0] BT geld ethidium bromide = G Asle] UV
transilluminator& ©]-§sto] A5 A&}
(2) A%
(7h) A 7l¥ DNA fingerprintingS BioNumerics program= ©]-83F dendrogram.
2 fragment? Ao wtA patterne E7F3Hc}.
(1}) Tenover?] EFHol we} #2493 S Enteritidis & 7Fg ®2 47}
PFGE typeS Alo & w3t}
t}. Phage type £4]43
(D A3
(7} phage type #A243& ward ¢ Wl 389 (ward et al, 1987) A& A}
8¢ 1271¢] phaget FHR ISR FH EFuEgiet.
() B9 173709 S blood agar plateol 4] 37T, 18A]7F5¢t vfokslc),
(th 2ol colonyE 3mle] phage broth(Double concentration Nutrient broth
with 0.85% NaCDellA 1A1ZF 30+&-5<t guds A g,

(2}) vieFo] & brothE phage agar platedl spreadingsle] +t}.

3

R8s

b
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(m}) ZFE3] o] iR EFwH 15709 bacteriophageZ plate o] A3 114
7TCoA overnight Bl ¥3te] A3E H5=3ho)
(2) A%
(7} phage°ll 2]3l lysis® zones &A% 79| phage type ©|z} &gt}
(\}) phage type pattern< published pattern listS Zal3tt},
(th) o™ phagedl &A= lysis7} H A &S #2]5+= RDNC(reacted but did
not conform)® 7] %3t}
2. S. Enteritidis®] £&3 #4 A2 A
7}. S. Enteritidis #5 A% A%
(D) A3
(b Ak gellA #Egk S Enteritidis ¥ 17375 W& pulsed-field gel
electrophoresis(PFGE), 384 74 Al &, phage type & #4133t}
(2) A%
(7h) W3 43l phenotype= 7FXl Abgtol X o] 25+ 559k HolAM el 285 65
S ¥33t F 1159 S EnteritidisE Agslo] & A3 ol 2183130

(Table 4-7)

Y. Wolglo| A S. Enteritidis®] WA H7F AAAAF & 23
(D) A3¥Ha=h

(7h) F 1159 S. Enteritidis 2|5 nutrient brothol 7 -& 3t}

(Wb 37CelA X't 5 gl 5 J5FT,
6x10"cfu/0.2ml/chicken ©.2 A3},

(th 1-29% ®WolglE 2 #59 4074 A= 0.2m1% AE3 5 1097t 5
AFE BEste] Z1EskaL, 1094 e el b 2Fol AES W
stof, WWAS A o AET

-

=
(2h) BAES FAZ 2ol FAAS 7= T 10ml selenite cystine broth (SC,
A

BD, France)oll ¥ 41Co| 24417+ %

-

g 1j %3t & MacConkey agar (BD)¢}t
XLT4 agar (BD)dl HZE3it},

(mh) HF 5 37ColA 24A7F 93 & S, Enteritidis®] 52 F5F& 43
(2) A3(1A})
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b xS 1170 FollA Abgtat HelA 29 o5 T Hddol =2 27
= 27 Addste] AAES AR
(3) A E@Ah
(7h) w e & HEFF, 3x107cfu/chicken (1xFA13 2] 1/2dose)® %A g}
(1) 3-5d 7 Wotglol Z 3074 0.2mlA A= JET F 271 HAME
g
(th 2+ &719] FAE 543 3, buffered peptone water (BPW, BD)Z
713 1 miA H7kgk & FA g
(@) GANL 108 E A3 & Y SN 0.1ml= Ada B wjx ol
XLT4 8= (BD)ell HE2 -, 37CllM 2413t vl bt
(mh) wl Y & XLT4 wix|el] =gk S. Enteritidistt §ol4< HFFE SAso] 7|
H g cfug AtE3H
(4) A3@2=H)
(7h Aol w2 Aoz, Algd oA FajE w55 247 & 4 e
3
HEF F 37CoA Hd 5ARHA
£ °o]& st 660nmel A

t}. S. Enteritidis®] Z24 A

(Table 4-9)E LB brothel

(1) Ay
b F 7he o5
FAR= gl S =
() LA+
FTHEE SAS
(2) 23
hH 24 &9 2 HAY wjgEaS gyt
2. B3 4
(1) Ay
b wWoE bulkkES #5208 sampled 45 AFHI F 0.3%(v/v) formaling @
a1, 37C g2 xgstiaA] 393 vbs-A| 71T
(1p) ¥kgo] 4 T Nutrient agar, Nutrient broth ¥ Thioglycolate agarel| Z+Zt
HEste] 22T 2 37T vig7]of 7L vjFsto] B3} g2 A|dS AAg
(2) 23
| A28 bulke] EE3E g3t



vl 4F A@ WA i3 Mouse 3438 EF A¥

(1) A8y

() dx=a MAIgAl PBS 0.2mE HE3
(th Alg®WAl 0.2ml/mouse &7l %
0.2ml/mouse (10LDso) 7ol 345 &

(2) A%
(7h) 1047F A=

5

o\
Oft

b 2% F, Z7be] MAFE Qo

ofy
rob
iy

il
)
i

gkt

ul, 283 AgRA) FAG7 &Y

_O‘ﬂ
£l

o] 8ol= 13 HF, 8cll= 3734 23] 4T
A

(W) 171 1402 A8y AL A drte] WetE 8918l 7] ¢8| microplate
agglutination test(MAT)E 2 A| gk},
(2) 23}

h A7 S
3. S. Enteritidis® polyphosphate kinase® WHo|FoA =& WHo|F AlF

7}. S. Enteritidis®] polyphosphate kinase (ppk) ¥o]5<] A=}

IZhd oA Ak Egst WAldFel Helx ®##® S EnteritidisT (VK
B01277)¢}  AbgrellA  #E]® S Enteritidis  #¥5F (VK BO01369)%E A3t
polyphosphate kinase (ppk) Wo]5Z transduction ®dol ol&] A 2FskAt}l. Appkikan-4d
A& A phage P22HT®} S. Enteritidistt5 <33 & 37TCoA 1583 wjdst 3
LB-broth EDTA® 7kt $ 37CellA] 203F wiFA AT &39S kanamycine] 3 7}gh
LB agarol AJE3 5 2443 weket 5 Wo]FE Adeigivt. T 33]9] AX AFolA
of A ®2]3 S. Enteritidis5 (IVK B0O1277)°4 F702] mutant® 4L & AU o™ o] & 7}

7} SEppk-1, SEppk-2% ™™ s}%t}.
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(1) S. Enteritidis ppk¥°]59] heat shockel 3t <k
S. Enteritidis®] wild type¥ ppkWo]FE 1647t 8%t ¥ stationary phase©l A
FE F mediad e AASY) A8 138 AHF F 0.9% NaClR cells®=8 5 x 107 &
X 10%/ml2 g4 a ek Mg Atg Agl el &7 F 55TolA 2, 4, 683
A E etk EAE = 7Y Al A dE LB agarel 0.1mLA HEs & Holgl+=

AF5E SRS,

K

= 5

(2) SE¢] In vitro 54 Ald

10% fetal bovine serum (Gibco/BRL)¥} 1 mM sodium pyruvate’} 3% EMEM
Hj Aol A wj¥E HeLat| 2 1X10° cells/ml® ZA3lo] 24well plateo] AthEF3sta
confluent monolayer”7} 2 wj7}x] 37T, 5% COz9l o= w43ttt Dinjuss 9l
ol F3}e] 1] % cell lined phosphate buffered saline (PBS, pH7.2)0. & 23] A% gk
% 1% FBS7} 5% PBSZ 3|43k 1X10° colony forming unit (cfu)e] Al #]FAS o
T 7H2E 2709 welldl HEsko] 5&5¢H 1,000 rpmez A& & 30&5<H 37T,
5% COx¢ o2 wjgstaitt. FAAE THskA F vioFd Imls H7FgE th5 2.54]
sk Al g = AEY JFE AdsE S8tk 33 AlFg % 150u0g/mld]
gentamicin (Sigma)& F7FsFal 2A1HE<E wlYst & 23] AFste] A 7= T W

%

S 2 HeLaAXZ W EAlet= M-S T

ol
38
ST
Jino
o\
r
ofj\
=
=4
il
Jo
o,
ol
ok
N
Ho
ol
2
T
©)
—
oY)

(3) A2+49 PPKY #HAke] &<l
S. Enteritidis®] wild typed} ppk®o]Fol A ppke] FHAE FH3 & ppkAA7}
Wo oA AEHJAEAE &8tz PCRS AAEA  ppkfrdAsE &
primer+ S. Typhimurium®| ppk+#A=2} 40~60bpol] X3+ 5°-TGG TTA GCA TTT AAC
GAA CGC-3" ¢} 2040~2060° $1x1% 5°-GGT TGC TCG AGT GAT TTG ATG-3" & A
}dth. PCRZAL 94CeolA 383 denaturation?d, 94TColA 30%, 40T 2%, 72T 2
WES-gE 5 72Tl A 10%37F RESAIF T

Oft

S
=~

(4) S. Enteritidis wild type¥} ppk Wo|F2] F21/4d H|nl
S. Enteritidis®] wild type® SEppk Ho]FE 10° cfu/mlZ tryptic soy brothe] 3|

2% & S Enteritidis wild type®} SE ppk¥o|F FHFE 5U3 UO=Z tryptic soy

_30_



broth(TSB, BD, France)oll A3t & & w]st & 3217k, 6A17F 2 9A ZHA o] 2} AJ71e] 1
m¢ AFH k] FF(cfu)E SAHEAT. T3 U3 FFE TSBo HEse] 37TolA 244 7F

i FstH A AlZFektE ODgoo & 54 83T

(5) S. Enteritidis wild type<} ppk®¥o]F=2] wpg-2oAe] HAA Al
HolFo] WA F2lstr] 98] ICR vk-25 AFESITE vl$2E 9 5
Us & SE-WT, SE-ppk#FE wdst & 107, 10°% 107 cfu® 34 & nf9g2 BEgs

& F 2R 4TS BRAA.

X
o\

(6) S. Enteritidis wild type®} ppk®o|F=2] Sl A9 WA
SE wild type¥ ppk®¥olF9] HAGE HolA Ast7] fla 398 SPFHotg =
AHe-3F9ith. S Enteritidis wild type# ppk¥o]FE 6x10°CFU/chicken(0.2me)e] o= 3
Ao SPFYolele] AF2 HET F 10¢3 dAMGFE #aste] 71538ka, 104A ] 59
s sk, v, 2h WS AFSEAT AFHE sampled] FAIE SATE F, 1nl9
buffered peptone water(BPW)E Yo FAlstSlct. FAAS 108 A3 = 0.1mE

L 37N 1842 MR F 71 Awder]

s

’

Salmonella %2 WA el XLT-4¢] #H=3+

dAEde A

o

Y. S. Enteritidis® 9% T4 WolF (aroAF)
aroA9] A& AFAze] 7]4&3 T

t}. S. Enteritidis® 2% ®Wo|F (tsF)

(1) S. Enteritidis &% o] (temperature sensitive mutant; ts mutant)®] A%

B3 WAATl FellA #el® S EnteritidisT (IVK B01277; SE2772 %)<}
Abgrell Al 2%l S. Enteritidis®2]5 (IVK B01369; SE369% WwW)E Al&3te] 2xwo|F
S AAbekdh. Zhzte] 55 TSBel HEshal 37Tl A 18A17F v Fstaith. &t 5 500 A
Hstel Al 7He] 3me TSBell ¥ar 37TelA 4-5A1ZF 3% 744 vttt 1mg/me
N-methyl-N'-Nitro-nitrosoguanidine(NTG) S Y1l FF5% 20ug/mlE 23 2 vk ol
o &31dl & e 5 7| Y-S 1A &2 108 &<t 37T incubatoroll Al ¥ES-3E FHeo 3,000rpm

5
1027 dAetar A Eol 21443 TSB by 2 &383skar 3,000rpm 103 d4lstar 23]
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washingsto] F-FA170 & 9 Altg 0.6mE A& §F TS SHs Fuo 20MFe =
TSBZ 343 & 28T incubatorol] & 18A1ZHO/N) vl43a}Sitt. Stock ¥ penicilling

T 5,000U/mE =5 Wil 37TAA 3A1%F &< 1" w33 % 3000rpmel A
1057 YAl HHAEES 2148 TSBE Yl 3-53] washingdte] 5 10ml TSBZ 343}
o] 28T incubatorel] overnight B3}t D-cycloserine ©]-&3sle] HE 5% 2mM H L=
34§ 5 37TCoAA 3A%F &t % vEFslTE vl YRS 3000rpmell A 1023F A4l ekar
HAESE 4143 TSBE Wil 3-53] washingdle] & 10m TSBZ $|Aste] 28T
incubatorel overnight ¥l <¥algich wekst & A@&AS 107'5E 107744 10734 343
of 7} SAEE 100 TSA| spreading gE3ste] 28Co A w3t & Z2 single colony
Meste] TSAo] AHEate] Ui 28T A 37TolA wjde 3 37ColA o AehA] @i 2
8CTHE zpebal 1 28°CollA Ak o A8 3te] ts mutants H ¥t APl AR&-3H3ATH

(2) S. Enteritidis 2%=Wo]F9] ~32Y
A Z3 SEWHo|F= replica platingS 3 & 28T
o

=1 5
= T
e Pt 37T E e FHA P LxEwolFE A Mwatgin.

4. S. Enteritidis®4l 53712 93 A3
7t AAHA ol 24

(1) 7

o
do
=
o
i
)
ofN
ey
-
o
R
i)

A A e] B 8] oFEstEA] o A v, g WAl dsol vhedh webd &
ARSAT= Ao hES & 5 e A A e desih 719 Bale] ok
Nalidixic acid %+ rifampindl] W/do] = 75 Adsto] AFE3I3ItE weba] 2 AFedAe 7
Fol AA 2ol uido] dal Wlido] =& g Adsle] FAHSTTTE ARSI

(2) BiA A H7tol| e 19 cfue] A

7 U

01-}4

D A tryptic soy broth (TSB, BD, France, cat. No. 211825) ¥ TSAE AF&3%
=3
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3

@ Rifampin (Duchefa), 10pxg/mé: 0.01gE 1mfmethanolo](10mg/md)=<21 = -20
of Byety Ao ARSIt AFEA] 10mg/me-8 1mée 9mé PBSel| Wil i3] &3}
1L TSAo &g ate] ARE3Hlth 30ug/me: 0.03gE 1ml methanolell (30mg/m)*5<l F-20Tel
Hybstn Aglol] AR&sith AFEA]l 30mg/ml-& < 1mls ImPBSel ¥il &3] st 1
TSA Egste] ARg-3F3It.

@ Nalidixic acid (Duchefa), 30ug/m¢, 60ug/me; 0.03gE 1ml NaOH/waterell (30mg/
me) =9l F-20Co] Htste] Aol ARESlth AREAl 30mg/me-8-9 Im& ImlPBSel] ¥ il
i3] £¢ste] 1L TSA] E£g3ste] AR&3sH3iTh

E?i‘

a_&

ol

@ AeE 52 TSBo| AZ35a 18A17F 37TCAA vl kstel o).

® MekE 7 10719 10574 1074 8 A43ke] g4 A7tE TSA 100404
w3 37C 1847 M d ¥ w5 E(chw) ST

®FBA 7 FmolA cfu Aol gl #FE A

7)
(3) Add FAHLTTT vhe-2olM o] HdAd A

7h 54 NAWAFFTTol A vfg2o e FAHFTS 53 LDsos AT
@ E
@ werst & 7k 73 #4542 10" 10° 2 10° CFUR 239t}
©) 5s
@ 10¥7F HAMFF2 By A9E 7153, LDsos S At

g e sdld AFHA golg Y
(1 =3

oo
ol
~N
2
=
=

(]
[»
>
rlo
=8
g
o,
N
ye,
~N
o,
e

(7hH) AWHASH AT 0 1.1 SE 369 ts—-8, 277 ts—1, ppk, ppkits—3, ppk:its—4,
aroA(B46), aroA(W1), aroA(W1):ts—1.
(h F43F ¥ SE B271 (LDso: 6.8<10° cfu/ml)
¥l #E TSBell HFaste] 37TolM 1841t v Fetel. (5 WMol 2
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o
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b A 3
27he] Mae] wste] sAow 3 F, 47 AW A3} FaolLFEE pH

6.0 ~ 8.0 ool 3lofoFgitt.

L Al A1E 4 3 (pH)
a1 Zrol pH A
WA 9 (pH test strip, Sigma)

Azxumle] et Algdoz ool WMo =RY 5710 m Eoixl Aol H

B A A CEEDERE R

(5) THEAE (-

b I e Y
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)

Zr
37 ol el WAl WEES AlEs] Easte]l dAke] A4S 2 molst® sto] A[Fol A}

&3t

(7h) Z-3] 4 A oF

pHHEAG ™ NE HFd3] =4 4+ A+ 97|92 imidazole ©]Y diethanolamine<
Z38Fslal 9+ Hydranal composite 5 pyridine freeA]¢FS AR&-3kt}. o] 9]o] Hydranal-
Solvent®} Hydranal-Titrant, Hydranal-Coulomat A2} Coulomat CS A}&3te] HAE =
A

(Wh =2

@ FHYol| Z-314 A °F(Hydranal composite 5)< Y+

@ HA-g719 &A1 methanols Y+

@ Z-34] A%fo. 2 methanolt 2] F-#& A3t}
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Al 4 AR 3 At

1. S. Enteritidis ¢ #2854 € 54 #9
7h A U " 24

20006 F-E 2007 7kA] su] AJ2A 9 Abgrel Al 2E]¥ S, Enteritidis 6459 Al
AL, g(o]at Holgta F3)olA Held 108F 2 EFdF ATCC4931 5, F 17359 S,
Enteritidis®] & A 744 A= Table 4-13 2t} HolA 288 +F T NA AT+
40F(37.0%) 2 E%em, AM 265(24.1%), TE 225(20.4%), TIC 255(23.1%), S 265
(24.1%), CF 25(1.9%) 3 SXT 15(0.9%)°1t. AbstollA Zel® 6552 S. Enteritidis®]
A AM WA 27F(41.5%), TE 27F(41.5%), NA 125(18.5%), TIC 275F(41.5%) 2 S 30
F46.2%)°1Atk. &= 17370 #FolA AM 53F(30.6%), TE 495(28.3%), NA 525

(30.1%), TIC 525(30.1%), S 565(32.3%), CF 25F(1.2%) ¥ SXT 15(0.6%)°] 3l t}.

(1) A4

oA +2l¥ S. Enteritidis 1085} AFgol A &2 % S. Enteritidis 655l d]st 3
AA AW P4 Table 4-29] Ve 17352 S. Enteritidis?} & 14%< thAl WA
S el goll A E2lE S, Enteritidisol A= NA © Aol 345(31.5%) 7H4
=9tk AM-TIC 115(10.2%), TE-S 115(10.2%), TE-NA 25(1.9%), AM-S-TIC,
AM-TE-S-TIC 7} 53(4.6%), AM-TIC-CF, AM-S-NA-TIC, TE-S-SXT-CF zZ}z} 1%
(0.9%) 2 TE-S-NA-TIC-AM° tial] 35(2.8%)] S. Enteritidis7} WHAS R JTh Abghol
A ®glE S Enteritidisol A4 AM-TE-S-TIC 175(26.2%), NA 125(18.5%), TE-S 65
(9.2%), AM-TIC, AM-S-TIC 7} 45(6.2%), TE, TE-S-TIC Z} 25(3.1%), AM, AM-S 7}
157(1.5%)9 A WAS Btk & 1735 #5004 NA @ Aol 465(26.6%) 7HF =
tom, ol Held 59 gAAS 14 WS B 345(31.5%) 7t 71 #okow
Aol Al R ol A 44 Wi o]l 175(26.2%) 2 71 A YEFtH(Table 4-3).

=

—

(2) A W siele] W3t

Abgholl o] gaAlel gk de] Aske A AAE TEolA FdlE 7], AT
of ofalf &AX Aol ofn] ANl el WA= 7HAAL ATrE L Aol Aol AR o]
HA Ak o w AZbEolAal u[35]. EI gAY Ske s 23E o
& Yol A olm] WHE|A|AL Qo™ 53] S Enteritidis well tigh A vdsiedo] &
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o] waso] A AtH[11,29]. &% S[36]1° wie] wEm 1995EFH 19999 &<k 1471
o] S. Enteritidis 2] T4l 137019 &8]57}F sulfisoxazoleo| ATk &AA] WS = AaL

%= 3¢F9o] ampicillin, streptomycin, tetracycline®} sulfisozaxoleo] ThA|WAl &
7HA AL e Aow SRRIEQIT. me oF $[32]2 2001WHH 20021 Alole] 227 &
T A BE 50| sulfisoxazoled ZHAdol oS Hastglom o|F 37 dF5ko] thAju
BoEle 7HA oA B S Enteritidis®] wE]arh WlalA Ao FEd tiAdSs %
Al Fetlont 2 Aol 173719 el #E ARG HHs FAE o RE
oA WAE= S Enteritidis ¥l tig £+ 235 AX & ASE 7|tfdh. ®=g 1074
o frd= 7oAl 20000l Abstel A A 27,00071 9] AR debSol A A FAA g
HelS vlwdk A3} nalidixic acid, streptomycin, ampicillins¢] =42 #F5FAS Hol £y

T2 540 & A Ao sdgs & 5 AATI33].

rmﬂ“

Table 4-1. Antimicrobial resistance in Salmonella Enteritidis strains isolated from

humans and chickens

Sample Chickens Humans Total
Number of
strains 108(%) 65(%) 173(%)
tested
AM 26 (24.1) 27 (41.5) 53 (30.6)
TE 22 (20.4) 27 (41.5) 49 (28.3)
NA 40 (37.0) 12 (18.5) 52 (30.1)
TIC 25 (23.1) 27 (41.5) 52 (30.1)
S 26 (24.1) 30 (46.2) 56 (32.3)
Resistance to CF 2 (1.9 0 (0.0) 2 (1.2)
antimicrobial SXT 1 (0.9 0 (0.0) 1 (0.6)
agent (%) K 0 (0.0) 0 (0.0) 0 (0.0)
N 0 (0.0) 0 (0.0) 0 (0.0)
AN 0 (0.0) 0 (0.0) 0 (0.0)
AMC 0 (0.0) 0 (0.0) 0 (0.0)
SAM 0 (0.0) 0 (0.0) 0 (0.0)
CRO 0 (0.0) 0 (0.0) 0 (0.0)

amikacin (AN, 30ug), amoxicillin/clavulanic acid (Amc, 20/10xg), ampicillin (AM, 10gg), cephalothin
(CF, 30pug), gentamicin(GM, 10ug), kanamycin(K, 30ug), ticarcillin (TIC, 75ug), streptomycin (S, 10u¢g),
nalidixic acid(NA, 30ug), tetracycline(Te, 30ug), cefoxitin (FOX, 30ug), ampicillin/sulbactam
(SAM,10/10ug), trimethoprim/sulfamethoxazole (SXT, 1.25/23.75ug), ceftriaxone (CRO, 30ug).

_41_



Table 4-2. Distribution of antimicrobial resistance patterns in Salmonella Enteritidis

from chickens and humans

Number of isolates

Resistant pattern Chickens Humans Total
Number (%) Number (%)
AM 0 (0.0) 1 (1.5 1 (0.6)
TE 0 (0.0) 2 (3.1 2 (1.2)
NA 34 (31.5) 12 (18.5) 46 (26.6)
AM-TIC 11 (10.2) 4 (6.2) 15 (8.7)
TE-S 11 (10.2) 6 (9.2) 17 (9.8)
AM-S 0 (0.0) 1 (1.5) 1 (0.6)
TE-NA 2 (1.9 0 (0.0) 2 (1.2)
AM-S-TIC 5(4.6) 4 (6.2) 9 (5.2)
TE-S-TIC 0 (0.0) 2 (3.1 2 (1.2)
AM-TIC-CF 1 (0.9 0 (0.0) 1 (0.6)
AM-TE-S-TIC 5 (4.6) 17 (26.2) 22 (12.7)
AM-S-NA-TIC 1 (0.9 0 (0.0) 1 (0.6)
TE-S-SXT-CF 1 (0.9 0 (0.0) 1 (0.6)
TE-S-NA-TIC-AM 3 (2.8) 0 (0.0) 3 (1.7)
None 34 (31.5) 16 (24.6) 50 (28.9)
Total 108 (100) 65 (100) 173 (100)
Table 4-3. Multi—drug resistance and patterns of Salmonella Enteritidis
No. (%) of resistance patterns
None 1 2 3 4 5 6
(Mckel™  34(31.5) 34(BL5) 24(22.2) 6(5.6) 765 328  000)

Human 4500, g)

(n=65)

15(23.1) 11(16.9)

6(9.2)  17(26.2)

0(0.0) 0(0.0)
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1. PFGE ¢} Phage type

(1) PFGE

% 17359 S. Enteritidis o W3 PFGE Z3} Figure 4-13} o] Uwrzom
30-1,135kb =719 fragment’} 11-13712 A=At A7l¥ DNA fingerprinting<
BioNumerics program<= ©]-83%F dendrogram®.= fragment®] ¢ x| wa}A patterns &7
3t A3} Figure 4-13 Zo] 19%F7F9 PFGE pattern®] WESt Tenover? #Fwol wha}
#2418k S, Enteritidis & 7F¢ B2 47F 43 PFGE types Alo = WWation A B <}
C & 3719 cluster® #7F Ho1F i A9 subtype ¥ 177HK 2 A HJt;. HollA] &g
H 5559 AldolA wEld 3455 3 F 89F(51.4%)2 S. Enteritidis7} A12.2 5
Ak F HAR B o BEulF7l 43 PFGE type A6ols ShollA EEl¥ 265(24.1%),
Abgel A e ® 45(6.2%)E 3 F 307(17.3%)7F £33 Aoe= YElRt. PFGE type
Al, A2, A3, A6, A8 % Al3ele HelA #2lgk S Enteritidis® AbgrelA &gk S
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Dice (Opt:1 00%) (Tol 1.0°% 1.0°%) (H0.0°% S200%) [0%-1000°5]
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Pl & g & B s Humas  Tobl%) Chikess Humas
16 25 4 WY 35 EDNC FDHC
Y 2 .2 2
W 19 1 1 12 1
Al 55 u o omEs b 19%:;51’{?’ 2, 1,3,4, 2L RDNC
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49 3 30 : 2L, FDHC
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al 1 108 2 £
Tl 1B g LTI

Figure 4-1. Dendogram showing the similarities of Xball digestion pattern after
pulsed field gel electrophoresis (PFGE), phage types and resistance

patterns for Salmonella Enteritidis strains from chickens and humans.

(2) Phage type
% 17359 S. Enteritidis ™3+ phage typing A3+ Table 4-49} Figure 4-19] 7]
=32 12E 9] phage type(PT)e = A=At oA #2l€ S Enteritidis 1085 Z,
PT1ol= 285(25.9%) 3 PT21(18.5%)°] =7 WEbwtth. 2e]al PT1c7t 45, PT39°] 55,
PT47} 45, PT7°] 65, PT179] 35, PT357} 65+ % PT379] 2% t}. Phage$} HFS-2
SHAIRE typeo] #21%A] &= RDNC(reacted but did not conform)& 3052 ¥4 LEFST]
T3k Aol ®E® S Enteritidisold PT1 195(29.2%) 2 PT21 165(14.8%), PT4:=
1157(16.9%)% = ¥/ ®Bow PT3, PT6, PT6a Zt 15, RDNC16Fth Agta) GhollA]
w89 F 173 #F FToANA PT1o] 475(27.2%), 1 vo2+= PT21°] 365(20.8%)% 7}
A =4 YeRgtr 1993dFE 20003 7HA] &3 Aol A B % S, Enteritidise] phage
typing A3 PT4(52.5%)7F 7V =4 vetw e PT7, PT7a7b L v o= Uehdu} ¢
[34], PT19] A= §7I136t 4.1% 5ol gl=A &tk 28y H 19949 7-H
2005@7FA] A& 9 FxddA A% S Enteritidis® phage typing AT7E Ay wwd
PT1¥ PT219] phage type¢] #@AsHA Yebd AS & 4 AATH20]. PT4eA PTI1S=

T
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S. Enteritidis phage type?] ®3li= QS 7|7te] Ax HapH oz vyl Aoz AZym o]y
& phage type shift @42 olw] frgelA 2000 A7HA =EA EelHd PT14b7F A
Gt 29 dlel A Mg A e ¥= phage type ol#h= d7[35]8 EHTE &A -y
o MRE dojup= SolAl d2 oYt As & F vk wEkA oldd A S
Enteritidis®] phage type&x Al7FAH Ex AIH o w2 F3Pdl= ko] & yeldrta F

I Zelel;

& o vk ERE AR 29539 phage typedte] ol 1ol AelE
o]

o

rr
|\

1_4

t}. PFGE # phage type® 34 WA
Phage type¥} PFGE typext®] H|aiA]3} phage typed &AAl W/d o] vt
S 7}7} table 4-59F 4-6°1 YERWTE. PFGE type AlolA S} AlgolA Ry #5F F
PT1, 3, 4, 21, RDNC %2 phage type®] &2 UEl}i= 102 Hol PRGE typeo] #uet

% UE Phage types Holil o]z 7[20]s9 A9 dAste= AS & 4 ok wEkA
U}2 phage types %t w85 FolAE Aoz U3 #Ho| 9= SEnteritidisE %

S 4 AT phage typed PFGE type A204] PT21¢] 2 &L, type A6 2 A9
A RDNC7} 52 &3 glew, type Al39lA= PT213 RDNC 57t =2 &3 AUt
PFGE type A3°lA & 9 Aol 2 59 PTS tEA Yeiue, gelA 28
F9] PT35% PFGE type AGAAY WElwth(Figure 4-1). S, Enteritidis PT3591A4 &
PFGE®} phage typing2 ¥X|3t3S ¥ YA 5= @& PTAA v3t PFGE pattern©]
el Al 9lojA PEGE7} phage typingRtl &4 ¥ =gEo] Qe o=z Box, I8y AL
Hat HolA Eeld #5 F PFGE type Alo] B2 = #eHo] 1 Ao 2 Kol Ho| 4|
7} Abgrell A 2] S, Enteritidis# 9ol 52 @249t #AsIe] Axo] A 4 9l

Phage type¥ &AAl WA7HY] vl E AAIRE A3 Solgt dAvbido] zy ] 2&de

o] e

™ Abgrell A o] EelFek Tl A el =
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Table 4-4. Comparison of phage types for Salmonella Enteritidis isolated from

chickens and humans

Phage type Chickens (%) Human (%) Total (%)
1 28 (25.9) 19 (29.2) 47 (27.2)
lc 4 (3.7) 0 (0.0) 4 (2.3)
3 5 (4.6) 1 (1.5) 6 (3.5)
4 4 (3.7) 11 (16.9) 15 (8.7)
6 0 (0.0) 1 (1.5) 1 (0.6
6a 0 (0.0) 1 (1.5) 1 (0.6)
7 6 (5.6) 0 (0.0) 6 (3.5
17 3 (2.8) 0 (0.0) 3 (1.7
21 20 (18.5) 16 (14.8) 36 (20.8)
35 6 (5.6) 0 (0.0) 6 (3.5
37 2 (1.9 0 (0.0) 2 (1.2)

RDNC 30 (27.8) 16 (24.6) 46 (26.6)
Total 108 (100.0) 65 (100.0) 173 (100.0)
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Table 4-5. Combination of PFGE pattern and antimicrobial resistant patterns for

Salmonella Enteritidis isolated from chickens and human

No. of 1isolates

Group Subtype Resistance pattern Combination pattern Chickens Human
Al NA 1 29 10
Al AM 2 - 1
Al TE-S 3 6 2
Al TE-NA 4 2 -
Al AM-TIC 5 - 2
Al TE-S-TIC 6 - 1
Al AM-TE-S-TIC 7 1 8
Al NA-AM-S-TIC 8 1 -
Al NA-AM-TE-S-TIC 9 3 -
Al - 10 13 10
A2 AM-TIC 11 7 1
A2 TE-S 12 1 -
A2 AM-TIC-CF 13 1
A2 - 14 1 -
A3 TE 15 - 2
A3 TE-S 16 1 -
A4 AM-TE-S-TIC 17 - 1
A5 NA 18 2 -
A6 NA 19 2
A6 TE-S 20 2 -
A6 AM-TIC 21 1 -

A A6 AM-S-TIC 22 2 -
A6 AM-TE-S-TIC 23 1 -
A6 - 24 18
A7 TE-S 25 1 -
A7 TE-S-SXT-CF 26 1 -
A8 NA 27 1 -
A8 TE-S 28 - 1
A8 AM-TE-S-TIC 29 1 -
A8 - 30 2 -
A9 TE-S 31 - 3
A10 AM-TE-S-TIC 32 1 -
All NA 33 - 2
Al2 AM-TIC 34 3 -
Al3 AM-TIC 35 - 1
Al3 TE-S-TIC 36 - 1
Al3 AM-S-TIC 37 2 3
Al3 AM-TE-S-TIC 38 1 3
Al4 AM-S-TIC 39 1 -
Al5 AM-S 40 - 1
Al5 AM-TE-S-TIC 41 - 2
Al6 AM-TE-S-TIC 42 - 3
Al7 AM-S-TIC 43 - 1

B Bl - 44 - 1

C C1 - 45 - 1
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Table 4-6. Relationship of phage typing and multiple drug resistant patterns in

Salmonella Enteritidis isolated from chickens and humans

Phage type Resistance Chickens Humans Total

NA 12 8
TE -
TE-S 1
AM-TIC -
AM-S -
1 TE-S-TIC -
AM-S-TIC -
AM-TE-S-TIC -
AM-S-TIC-NA 1 -
AM-TE-S-TIC-NA 3 -
None 10 2
1c NA 4 -
NA 5 -
None - 1
NA 4 4
4 TE-S - 1
None - 6
1
1

[ e e e

6 AM-S-TIC -
6a None -
NA 1
TE-S 3
AM-TE-S-TIC 1 -
1
3

None
17 TE-S
AM - 1
TE - 1
NA 2 -
TE-S 2 1
AM-TIC 10 3
21 AM-TIC-CF 1 -
AM-S-TIC - 1
TE-S-TIC - 1
AM-TE-S-TIC
TE-S-SXT-CF
None
NA
TE-S
35 AM-TIC
AM-TE-S-TIC
None
37 None
NA
TE-S
TE-NA
AM-S-TIC
AM-TE-S-TIC -
None 18
Total 108

w

RDNC

[l I N N R R e R e e e vt
| |
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2. S. Enteritidis®] £&3 34 HEs A AT
7}. S. Enteritidis®] 283 H41& A5 A
ATES oldel AtE Ho gs SE F
electrophoresis(PFGE), 34 7F=4 A&, phage type 5= FA3¢H19]. = & Wi
! phenotypes 7H Abgtol Aol ZE]F 5579k oA ZEF 658 XIS T 1179

EnteritidisE A ®ste] # Aol AR txzw5 1171 FollA Abed HollA &4
o

2
Al

173575 o =2 pulsed-field gel

i o

Table 4-7. Salmonella Enteritidis strains used in this study.

o ) PFGE | Phage .
DCA No. IVK No. origin Bacterial name Resistant pattern
type type

DCA . Salmonella

IVKBO1277 chicken L A6 PT35 AM-TE-S-TIC
0031 Enteritidis
DCA . Salmonella

IVKB01295 chicken L Al PT7 AM-TE-S-TIC
0032 Enteritidis
DCA Salmonella

IVKB01390 | hunman L A6 RDNC
0033 Enteritidis
DCA . Salmonella

IVKB01296 chicken . A6 PT35
0034 Enteritidis
DCA Salmonella

IVKB01350 hunman L Al PT21 AM-TIC
0035 Enteritidis
DCA Salmonella

IVKB01352 hunman L A6 RDNC
0036 Enteritidis
DCA Salmonella

IVKB01365 hunman L Al PT3
0037 Enteritidis
DCA Salmonella

IVKB01369 | hunman L Al PT21 AM-TE-S-TIC
0038 Enteritidis
DCA . Salmonella

IVKB01322 chicken L Al PT1
0039 Enteritidis
DCA . Salmonella

IVKB01270 | chicken o A6 PT35 AM-TIC
0040 Enteritidis
DCA . Salmonella

IVKB01298 chicken L Al PT17 TE-S
0041 Enteritidis

RDNC=reacted but did not conform

AM, ampicillin; TIC, ticarcillin; TE, tetracycline; S, streptomycin.
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(2) Hed 9 AddAd A

op 12kA1

% 1159 S. Enteritidis %85 Z nutrient brotholl HZE3F 3 37T I Euje
= kool #4545 HEFY, 6x107cfu/0.2ml/chicken®. 2 A8t 1-29 WHolg] &
7 #5 40vHE AR 0.2mlA HEE F 10Ut HALE #Eske v1E5ska, 1094
= 2ol 4 aFeA AES HolglE FAste], WS A & AEFeh & g

o] ¥3ty WHAS FAR Zdop fANS wE E 10 ml selenite cystine broth (SC, BD,
France)ol] ¥Yal 41T 24A17F A& vt 3 MacConkey agar (BD)9} XLT4 agar (BD)
of AFsltt. HFT F 37TColA 24417 wekst & Ardlale] F24 F-55 BA ST

[}

-

© AR

_[ {

Figure 4-2. Chick’s mortality(first test).

@ "ol HFe] A

Figure 4-3. Recovery in cecum.
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©® 12Ad 242
EAT 1170 SolA At oA 288 +5 T e8] %2 27 #5544 Adst

of MARE HASHI

Table 4-8. First selected strains

Origin 12 5
chicken DCAO0031 DCA0032
human DCA0037 DCAO0038

W 22FA1E

22 Aol Ae A JFE AV dEdt dRdE wYd F HATHH,
3x10"cfu/chicken(1xkA1 & 9] 1/2dose)® % ]
0.2ml¥ A= AT 5 257 #HAE fdFsidnh. HAMEAl 2 Hotel o A9 AL
A7 % 3 v B e dHA @A AA ST 4 A1 FAE SAT § dBvd
buffered peptone water (BPW, BD)E A7|9 1ml¥® H7Fsk & F-A89ct fA AL 100

= 343 5, 34dE FAd 0.1mlE ARde 2 wjAQl XLT4 sjABD)e HF3+ F, 3

il

Col A 24A17F wioFalodct. wi%k & XLT4 wiAlo] A& S. Enteritidistt S04 ¢ gt

Zqste] 479 g cfu AEeo)

OE R

d

Ot HAHE

120

DCAOD31-C DCA0032-C DCAOD37-H DCA0038-H

FampaE ®ompaE

Figure 4-4. Chick's mortality (secondary test).
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Figure 4-5. Recovery in liver and spleen.
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Figure 4-6. Recovery in cecum.




Table 4-9. Final selected strains

Origin AL A5
chicken DCA0031
human DCAO0038

g3 WA AZE 9§ S. Enteritidis®) 44 AF, 283 ¥

+
L

=
FdF 43
(1) S. Enteritidis®] 24 A&

Ak 7 o] el diske] mfFAI ke =
37°ColA Hdl SA7HA R " s ieE. o

i
4
N
o
o|N
>
o,
filo
2
ol
38
i
=

o] #FZ LB brothol] HE3 &
O % sampling 3}9] spectrophotometerE ©

el 0 HA ) WFEAe FYsch

S.enteritidis (31) growth curve S.enteritidis (38) growth curve

080812 MS Y 080711 MSY
3 .u 3-'}
E g
s 2
= S
= =
= &
0 1 2 3 1 5 6
time(hr)

Time {hr}

Figure 4-7. Growth curve of selected S. Enteritidis vaccine strains.
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0.3%(v/v) formaline %I,

-
37C 2o A HEgstdar 347F vkeA 71ty wkgo] Ey F Nutrient agar, Nutrient

ISA70% Aluminum hydroxide gel& AF&3}o] WAL A %519 o}, ISAT0S AL&3
WAL A dsls =gtoi} kA A7} YA geld AFEF WMAS & st A
o7 ygkot kA= e EA7F gl

wepas WA g T b BF B £ BHEAE dYsty] fleke] ofeier

AGMAE Axs] FAAF S AN FAT

Table 4-10. Making test vaccines with different adjuvant

Al Al WA 2 Adjuvant =%
I gel 1
I gel 2
S. Enteritidis
Jill gel + sol
DCAO0031
I\ sol
\Y gel 3

7 ARl 85e] 6-859 Bol WEskA 359 4F7H 217 skl MATE 77}
W, 3 ATE olEe B Geld AEE A@NAL FAAE ool YU
on], @A oArke] A$ A Aol7h fl9en] 1 F AUH o gel 39 solE AxT A

Aol o7k FEF Ao ST

_54_



6.0

5.0

4.0

3.0

2.0

1.0

0.0

Gel 1 Gel 2 Gel + Sol Sol Gel 3 ==
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|
ok | Aot

I
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Figure 4-8. Measuring an Antibody titer after 3 and 4 weeks.

NA FeE ¥FE 717 10D 9 20D 2H wEE x2-9 H, EslsiA

A AAE FAFS Gohuig 47k AGWAL A2tk

H3 SRR Eige 71 €}
1 DCA0038, 20D 18x10%cfu/ml
Human-origin
2 DCA0038, 10D 9x10%cfu/ml
3 DCA0031, 20D 28x10%cfu/ml
Chicken—origin
4 DCA0031, 10D 14x10%cfu/ml

th 4F AlgBWalel gk Mouse 345 E Al

SE 83} i) wojgss we2E AMEste] Frtskdnh WAl 1, 2, 3 3

= R 1074, vheld 0.2mi% sdulm AFsgith diaae MAmAl PBS 0.200%
AEegdrr. A@WA 0.2ml/mouse EAo] HEFESI 25 F, ZZo] @MAFE AFOR

0.2ml/mouse (10LDsp) E7o A4HF & 1097 A=A RS A&

o2

A| %3k
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Table 4-12. Protection of Salmonella Enteritidis inactivated vaccines

against homologous and heterologous challenges in mice.

_ FARE #rol e ol &
| ARUaEE 2 HEY
DCA0038 DCAO0031
1 DCA0038, 20D 88 % 90 %
2 DCA0038, 10D 90 % 100 %
3 DCAO0031, 20D 100 % 90 %
4 DCA0031, 10D 90 % 70 %
o 2=+ A% 0 % 0 %
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t}. S. Enteritidis &3} A|gdW o] digt A1d

(1) =23} Al dile] wolast A

BE dHo tdte], HHASF 2 Microplate agglutination test(MAT) % A]#=9l
Salmonella D group®] w3l ELISA &4 kitE AF&3ste] A 97HE J&}g om, WAl A E

_é_

HEES A & WA vl o &8 AlE-S AASH T
ELISA #H 2 S Enteritidis®Ad] =48 ELISA kit(BioChek)S A}g39% o A %3]

Aol s AT AE ELISA reader(405m)E ol fete] FAEE 4% F

o 7]&38te] S/PFEAE AE3Ete] S Enteritidis 3A17HS A8 Th

375

ot
i

(7h) ISA70S 233 =23 Wil o A3
@ A9 7HMAT)

S. enter MAT (log10)

1z

10

N/ 7
L L7

—21dpi odpi 6 dpi 13 dpi 20 dpi

=—#—No3E-200 —@—No3E-10D —d =

Figure 4-9. Antibody titer(MAT).
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8
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a40
0.00 { — il -
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—4#—No.38-200 —E—No38-10D v E
Figure 4-10. Antibody titer(ELISA).
@ AAA7HHA-H)
Table 4-13. Antibody titer(Plate agglutination test)
Alg9Al 1 (2 OD) Algd9Al 2 (1 OD) o
Group
112/3/4/5/6/7/8/9/101[2|3|4/5/6|7|8/9(101[2|3/4|5|6 9|10
R I e e e e I e e e e e e e e R R -| -
FAFERA |+ |+ |+ |+ |+ |+ |+ + |+ |+ - =1=-|- - -
TARNES 6 dpi | 13 dpi 20 dpi dpi | 13 dpi 20 dpi dpi | 13 dpi dpi
6~2Odpi)++++++++++ + |+ |+ |+ |+ |+ |+ |+ + + |+ [+ |+ |+ + |+
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Figure 4-11. Mean colony forming unit of S. Enteritidis bacteria recovered from

spleen and cecum in chickens.

(1)) Aluminum hydroxide gel & X33t B3} wlAalo] st Al

O A9 7HMAT)

S.enter(gel) MAT (logl0)
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0.0

-21 dpi 0 dpi 6 dpi 13 dpi

Figure 4-12. Antibody titer(MAT).

_59_



e YA AF ¥, 458 QAL 100% Ao, HEFAE g

A3 SA700.2 AzE M HF 2% HITFH @5 wkEo] Fo}
A

Aluminum hydroxide(gel) 2 #| 2% 22l

Figure 4-14. After 2 weeks, the vaccine made by Aluminum hydroxide(gel) has

inoculated.
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Figure 4-15. Weight change of vaccinated chickens after inoculation.
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3. S. Enteritidis®] A WA MLS A3 I
7} Al Bols A4S 98k FAFTATY A

O FAA A4 2 7Y R goHFE aayste] opfje] wel A A &3k

Table 4-14. S. Enteritidis strains having antibiotic(NA and Rifampicin) resistance

No. |IVK Isolated PFGE | Resistance Phage Plasmid | Time
from type

4 IVK B0O1271 Chicken | Al NA-RA PT 21 1

22 IVK B01292 Chicken | Al NA-RA PT 1 1

49 IVK B0O1319 Chicken | Al NA-RA PT 1 2

77 IVK B0O1458 Chicken | Al AM-S-TIC-NA-RA PT 1 2 2005
79 IVK B01460 Chicken | Al AM-TE-S-TIC-NA-RA PT 1 1 2005
81 IVK B01462 Chicken | Al AM-TE-S-TIC-NA-RA PT 1 1 2005
106 | IVK B0O1497 Chicken | Al AM-TE-S-TIC-NA-RA PT 1 1 2006
121 | IVK B0O1356 Human Al NA-RA PT 1 2 2005
162 | IVK B0O1397 Human Al NA-RA PT 1 2 2004
173 | IVK B01408 Human Al NA-RA PT 1 2 2006
(Abbriviation< Table 3-1 %3 )

@ o]% SE3563 SE271+ Astel NASH rifampicino]  od  #f#]l

AE3 cfud] FAEE=

AEE s,

@ NA¢} Rifampicinol 4] 7F4 %reduction®] %
Rifampicin®] 7Z9- Sug/mlolX = o] #5571 HAaso] qgsir] g2 3oz
LR

@ NA°| B-F 7 AA =7t

N

Fa3te d 55 SEdA
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Table 4-15. Antibiotic resistance test of virulent S. Enteritidis strains

CFU(cfu/ml)
Strains TSA Nalidixic acid Rifampicin
% %
(control) | 55 0/ o 50ug/ml | 5ug/ml T 7.5u8/ml
reduction reduction
271 | 1.7x10% | 1.6x10% |5.8% 1.3x 10" | 1.3x 10" | 23.5% 6x 107
SE
356 | 7.2x10" |6.7x10" | 6.9% 41x10" | 25x10" |65.3% 2.1x10"

719l oA YErw=9o] Sug/ml rifampicinol 7 TSAvjA]o| &= 23.

cn
&
o1
w
R
lo
44
12
2

7F e 7] "o FAPSHT 22 7 e AguAE s RAES JoE YE:
olo]] WhHo| nalidixic acid (NA)9] A% 30ug/mé A 7}sk v x|o| A= 5.

8
& #olAI7k dolwy] Wiel 30m/me) BEE FAREET UG APz e,

(3) e sARTET k-0l M o] MU

Table 4-16. challenge strains investigation in mice

Dead/total
Strain LDso
10°cfu 10%cfu 107cfu
- 271 2/5 5/5 5/5 6.8%10°
356 4/5 5/5 5/5 2.4%x10"

SE271¢] 79 LDso7} 6.8X10°, SE356¢] 7Z-9- 2.4X10"S ®o] SE356 strain©] thi A
velgtl. HFH o7 SE3563 SE 2718 TFAFFEFE Adsrdd
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Y. S. Enteritidis®] polyphosphate kinase (ppk) o]
(1) Heat shockel o3l <3k
ob#ff 1go A vERG wket o] SE wild type (WDOIAE °F 36.2%°] AE&S Bl v
o SEppk-17 SEppk-2 WolF% 717} mutantsS 5.4%°]5e] AEES Ho] IA
gk Aol Ade Aoz yett (Figure.4-17)

(A 100 \
20 \\
&0
Survival
(%) \\
40
\\\Wt
20 J
\ mutant
mUiantlh“'ﬁ- ILL’ k
0

0 2 4 Time{min) &
(B) 100
80
&0
Survival
(%)
40
20
0
0 2 4 Time{min) &

Figure 4-17. Heat-shock survival of WT and ppk mutants of S. Enteritidis.
(A) 5x10%cfu/0.1m¢ (B) 5x10%fu/0.1me
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(3) S. Enteritidis ppk®¥o]52] HFAd thalk Jgk
HeLa cellolA] invasion FHAFE AA|gt A3z} SE ppk ®Ho|F7F WTel H|S|

74.1~92.4% =R HFAol dsylth. o#’ dAyk= ppkilel Ut WS 2dE S

o] F15 A Hp<0.05).

Table 4-17. Invasion assay of S. Enteritidis WT and ppk mutants in HelLa cell line

Amount of .
[ ats Amount of Inoculation
noculation Mean % - Mean %
1310" cfu +SD  loss 1107 cfu +SD  loss
1st 2nd 3rd 1st 2nd 3rd
SE(WT) 160 239 235  211%44 - 28 22 16 2216 -
24.7+38
SEppk-1 3 2 69 4 89.3 0 2 15 5.7£8.1 74.1
SEppk-2 1 48 0 16£27.4 92.4 1 5 1 2.3x2.3 89.5

(4) PCRell 2|3+ ppkdA}2] deletione] 22l
SE WTe] 7% 2021bpe] €3t ppkfrdx7t AE¥ ®¥HA, ppk¥o]FE2 2021H )
2k 1700bpd = A7) dHol FAAHJY. SE WTolA 33 Fx%x<2} SEppk-13

R8s

GeneBankel A SAl& ppkrdatel $Ldg A7]M L] 2021bpe] f7]H Dol gld whol

SEppk-2¢4 A7 FHAE TOPOo| A ¥ @7IMds 24 23 WTolA =

1

ppkH o] Fo A= 897~1200bpAtel o] 303bp7t A4d A7IAES AYUE Ao=w oyt

(data not shown).

S. Enteritidis wild type®} ppk ®o|F9] 5214 vl
A HFFS TSBol A& & 37CoAA wjgFst

=

(5)
3, 6, A7 cfus =H3 4

o

7} S. Enteritidis wild type¥ S. Enteritidis ppk-2¥o]F= 2140 dojA HpE 2oz}
UEA] 29k o1} S Enteritidis ppk-1¥o]FE Z2140] thh "olxE= Ao e

sYg #FE TSBOl HE3te] 37TCAAA] 24417t s FatA A AlZFkTE ODgoo S5 4 33T S.
Enteritidis wild typedl] B3] T Z%F9] SEppk Wo]F7t Z24do] "ojx= Zo =z elo

U oAl gol= 9l Aoz Ve THFigure 4-19).
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Figure 4-18. Grown patterns of S. Enteritidis wild type and PPK strain at 3, 6 and 9

hours.

12

CDE00nm

g 1 2 38 4 k& & 7 B 8 A0 11 12 13 114 16 16 17 18 18 20 291 22 23 24

Timeih)

—+—wT —B—PpK| —&—PPKZ

Figure 4-19. Grown patterns of S. Enteritidis wild type and PPK strain in 24 hours.
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(6) S. Enteritidis wild type%} ppk¥o]Fo] ml--o o] HYAA A,
S X% 4-1894 YEH sE=2 w0 H74

2 AE3 T 9o A uferol AEAS Hwsle] HYAHS =AHEAT. S Enteritidis

N

S. Enteritidis wild type®} ppk o]

N

wild typedll A= A& 2A QST vpe-27b gl7] diZdd vl 52 ¥

AL AYe A
o uvehgth ey ppkdolFelAE 10%cuE HEW vlgrdAE BE gEsdw
10%cfus HEd n9-2oE 40~60%7F AEsIG o™ 107 cfug AE3 FollAE 10098 F

S5 X wild typedl HIE] ®HYAdo] o] AdE Ao= YEST (Table 4-18).

Table 4-18. Virulence of Salmonella Enteritidis wild type and ppk mutants in mice

Survivors/Total(%)
type
10%cfu 10%cfu 107cfu
wt 0/5 (0) 0/5 (0) 0/5 (0)
ppk-1 0/5 (0) 3/5 (60) 5/5 (100)
ppk—2 0/5 (0) 2/5 (40) 5/5 (100)

(7) S. Enteritidis wild type®} ppk¥o|F9] Gl A o] WA
Figure 4-20914] oA Yepd viel o] wild type® -9 1FellA 40%, ¥ 7
A= 100%°] SE7F AZE=HArh. 18yt SEppkW¥olF9] SEppk-1WolFo A= hat v
N 80%, WA= 100%2] AEE&S WS, SEppk-24¥o]Fe] 4% M= 60%,
H ol A= 80%, WA= 100%2 HEES Bt olgs HEE2 SE wild typeXth
T UA W Zow it geago] AdE ZoR HAXy A9 1t v A tha v
FA o] AEES BT o]# 3 =X+ SEppk¥olF7t wild typeRths WA 4= )
=

=
T
A FRE kRl HA ke Aow wdH
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Liver | Spleen|Cecum| Liver |Spleen|Cecum| Liver |Spleen|Cecum

Wild type SE PPK1 SE PPK2

m%| 20% | 100% | 100% | 80% | 80% | 100% | 60% | 80% | 100%

Figure 4-20. Recovery of S. Enteritidis wild type and ppk mutant from liver, spleen

and cecum of infected chickens.

L3 [n vitroo] A A9} In vivod] AdA7 A2 Aolst 4= il w2 Aol HYA
o] 2AHAY st HF EHEES HelMe WHYAde] 2 HA &S £ o] el
Hth. McMeechan $[241¢] ®io] ¢&4 S Typhmurium® ppk¥o]FE np$9) ot
oA 83 HUAo] AAE oL S Gallinarumol A s HWHA o] AAER &= Aow

AF Yy, EA3 AndEodyE Bsam ppkAs WolFrh Anda 3o
dol AAEAY 2AHA g olfre 7 AP e WY Aolst w5 o
Apolgbar Adwstar ok, ey 2 AgrdAll A yERE ol S Enteritidis7F oA W4

o] 2AHA @& ol 9 TRE AT vEs AT ek 2 DA ol w
g

o

Aoz YepHAN & A= AlA =2 ppkdolFol tigh ¥
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t}. S. Enteritidis®) Q¥ QT4 Wo|F (aroAF)
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il
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ol
ol
$3%
v

(1) S. Enteritidis2%-¥] aro A Fd2te 224

¢h S. Enteritidis®] 94 S 7F4 3t target gene aroAE cloning.

SerC 1.1kb R AroA 1.I.3kb . Ycal 750bp o
Sequencing 1 Sequencing 2 Sequencing 3 Sequencing 4
) Sequencing 5 ) Sequencing 6 o Sequencing 7 g

S. Typhimurium, S. Enterica, S. Gallinarum® AroAY%# homology Hlanl % S.

Enteritidise} 7} #-AFst S. Entericall 4 primer A 2}.

) gH¥ S Enteritidis® minimal media®]A aromatic amino acidE &H3sHHA 7]

© Chromosomal DNAE & % polymerase chain reactione ©]-83}4 aroA
geneS S. Enteritidis® chromosomal DNAO| A F3Z A F T}
D S. Enteritidis®l| 4] genomic DNA preparation.
: aroAE PCR3}7] ¢33l genomic DNA &H.
@ S. Enteritidis genomic DNA®9| 4] aroA PCR.
: 1.3kbA =% += aroAE PCR¥ sequencingdl”’] €3 650bpd == ¥ A PCR.
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750bp
500bp

aroA 2 3

Figure 4-21. PCR of S. Enteritidis genomic DNA hybridized with PCR product of aro A gene.

Table 4-19. Nucleotide and deduced amino acid sequence of aro A gene In

S. Enteritidis

(aroA)
atggaatcece tgacgttaca acccatcgeg cgggtcgatg gegecattaa tttacctgge
tccaaaagtg tttcaaaccg tgctttgete ctggeggcett tagettgtgg taaaaccgtt
ctgacgaatc tgctggatag cgatgacgtc cgccatatge tcaatgecct gagegegttg
gggatcaatt acaccctttc tgecgatcge accegcetgtg atatcacggg taatggeggce
ccattacgtg cgccaggege tetggaactg tttcteggta atgecggaac cgegatgegt
ccgttagegg cagegcetatg tetggggeaa aatgagatag tgttaaccgg cgaaccgegt
atgaaagagc gtectatagg ccatctggtt gattcgetge gtcagggegg ggcegaatatt
gattacctgg agcaggaaaa ttatccgecce ctgegtetge geggeggttt tatcggeggce
gacattgagg ttgatggtag cgtttccage cagttectga ccgcetetget gatgacggeg
ccgetggeee ctaaagacac aattattcge gttaaaggeg aactggtatc aaaaccttac
atcgatatca cgctaaattt aatgaaaacc tttggegtgg agatagcgaa ccaccactac
caacaatttg tcgtgaaggg aggtcaacag tatcactctc caggtcgceta tctggtcgag
ggcgatgect cgtcagegte ctattttcte gecgecgggg cgataaaagg cggeacggta
aaagtgaccg gaattggcecg caaaagtatg cagggcgata ttegttttge cgatgtgetg
gagaaaatgg gcgcgaccat tacctgggge gatgatttta ttgectgeac gegeggtgaa
ttgcacgeca tagatatgga tatgaaccat attccggatg cggcegatgac gattgcecace
acggcgcetgt ttgegaaagg aaccacgacg ttgegcaata tttataactg gegagtgaaa
gaaaccgatc gectgttcge gatggegacce gagctacgta aagtgggcege tgaagtcgaa
gaagggcacg actatattcg tatcacgecg ccggcegaage tccaacacge ggatattgge
acgtacaacg accaccgtat ggcgatgtge ttctcactgg tecgeactgte cgatacgeca
gttacgatce tggaccctaa atgtaccgca aaaacgttce ctgattattt cgaacaactg

gcgegaatga gtacgectge ctaa
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(2) SerC¢} Ycal PCR % sequence
MZETS Yl aroAe] odH FHA7F HQasdte] S Enteritidisol A aro A &H AR

SerCe} Ycal & %o} primerE #|%}3te] PCR $ sequencingdt$ tHFig.4-22).

1500bp

1000bp
750bp

SerC1 Ycal4

Figure 4-22. PCR of S. Enteritidis genomic DNA hybridized with PCR product of SerC and Ycal gene.

Table 4-20. Nucleotide and deduced amino acid sequence of SerC and Ycal gene in

S. Enterica.

(SerC)
atggctcagg tctttaattt tagttcaggt ccggegatge taccggegga agtacttaaa
ctggcgcaac aggaactgeg tgactggceac ggtettggta cgteggtaat ggaaattage
catcgaggca aagagtttat ccaggtcget gaagaggegg agcaggattt tcgegatcte
cttaatatcc cctccaacta taaagtttta ttttgtcacg geggeggteg cgggeagttt
gctggegtge cgcetecaatct getgggegat aaaaccacgg cggattatgt cgatgetggt
tactgggegg cgagcegecat caaagaagcece aaaaaatact gtgegecgea gattatcgac
gccaaaatca ccgttgacgg caaacgtgee gtaaaaccga tgegegagtg geagcetttee
gataacgccg cttatttaca ctattgeecg aatgagacca ttgacggceat cgcecatcgat
gaaacgcecegg attttggeee ggaagtggte gtcacggegg atttttette taccatectg
tctgegeege tggacgtete tecgetatgge gtaatttatg ctggegegea gaagaatate
ggteccggeag gactgacget ggttatcgte cgggaggate tgttaggcaa ggegeatgag
agctgeeegt ccatectega ctacaccgte ctgaatgata acgactcgat gtttaatacg
ccgecgactt tegectggta tettteeggt ctggtgttca aatggttgaa agegeaggge
ggcgtggcgg cgatgcacaa aatcaatcag caaaaagcegg agttgetgta cggtgtgatt
gataacagcg atttctaccg taacgatgtc gcacaggceca accgttcgeg gatgaatgtt
ccgttccagt tageggacaa tgegetggac aaggtettte tggaagagte tttcgeegee
ggtctgeacg ccttaaaagg gcaccgtgtt gttggeggga tgegegecte tatctataac
gccatgecga ttgaaggggt aaaagegceta accgatttca tgatcgattt tgagegtege
cacggctaa

_72_



(Ycal.)
atgaaaaata aatcattact actggcggtg gcgatttccg ccacgctact ggcaggatgt
aaaaatggcg tgaatggcaa tttaatcgee agttcaggcea tgtcagecta caaagecgec
acactgtccg atgcggatgt taaggcatta tctaataatg cctgtaaaca aatggacage
gagaatcaac tggcaggttc gaaaagcaaa tacaccaaac gtctgagcaa aatcgccaaa
gegetgggta acaacattga cggtacgeeg gttagetata aagtctatat gaccagegat
atcaacgcat gggcgatgge gaacggttge gttcgegtat acteccggect gatggatctg
atgaccgata atgaaattga aggcgtactg ggccatgtct ctttagggcea ctctcgecaag
gcaatgcaga ccgcttatge cacgcetggeg getecgegatg cgatttecge caccagegge
gtcgecagege agcetttecca gtetcaattg ggegatctgg cggaaggegt catcaatteg
gegttttete geagtcagga gtecggatgeg gatgacttet cttacgatet getgaaaaaa
cgcgggatta acacccaggg cttagtcacg gcattcgata aattcgccac aatggacgca
ggtcatgcaa aatcattgat ggactcccac ceggcettcag ccgatcgege geagceatatg

cgcgacagaa ttgecgaaga taaaaagtaa

(3) SerCe} aro A/ aro A9} Ycal. AFo]9] sequence
SerCe aro A 183l aro A%} Ycal Alole] 7| <Ee &7] Y3 Z+2te] primer A%}

< PCR Al &} tH(Figure 4-23).

Total SerC AroA YcalL
3.1kb 5 6 7

Figure 4-23. PCR of S. Enteritidis genomic DNA hybridized with PCR product of between

SerC and aro A, between aro A and Ycal gene.

_73_



Table 4-21. Nucleotide and deduced amino acid sequence of between SerC and aro A,

between aro A and Ycal gene in S. Enteritidis

(SerC% aro AAF9] sequence)
ttegtttett ttttcatcee cacggecagt ctgtggggtt tttatttetg ttttttgaga
gttgagtttc

(aro A%} Ycal.Al9] sequence)
gtettetgtt gegecagteg acgggcetgge gegecgagte cgtattcgea ctatttttat
aattatgact aatgctaatt tgttgatgat ttaacacatt gatttatgtg ttttttataa
tagttatcaa cggaagatta gt

(4) S. Enteritidisol 4] SerC, aro A, YcalE R%F X33l {-#x}
S. Enteritidisoll 4] SerC, aro A, Ycal® 25 L33 GAAE PCRE Al st th. A A

£ 233t A3+ 3.3kb I tH(Figure 4-24).

3500bp
3000bp

Tatal 3.3kb

Figure 4-24. PCR of S. Enteritidis genomic DNA hybridized with PCR product of SerC,

aro A, Ycal gene.
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(5) T vector ligation

aro AF-% 3.3Kb PCR productZ T vectore] ligationS 2 A3+ 5, T vector?} suicide

vector7} H =4 Al gsl7] $18te] PCRS Al 35S tH(Figure 4-25).

3000bp

—
—
[——

T vector ligation
= PCR

Figure 4-25. PCR after T vector ligation.
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(6) Mutant aro A 7% 249
u

Conjugation ¥, F& &<213sl7] 93] selection marker?] Kanamycin cassetteE 4

1l enzyme siteE 7}t aroA 100bp deletion primer A Zs}$At.

v

Frog 1 100bp deletion Frog 2
—> <+ —> <+
F1 R1 F2 R2
Frog 1 BaIPH I Frog 2
1
KM-R

3000 bp —

2000 bp — =

1500 bS — (==

M: 1kb maker
1: Frogl (1755bp)
2: Frog2 (1499hp)

Figure 4-26. PCR of aro A 100bp deletion.
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oro] primerE ©] 839 aroA 100bp deletion ¥ ¢F 1.8kbe} 1.5kb F+ 7§ PCR 4t
]_
sequencing= A St TP Ao AbEs AldEA BamH & A § 5 4

52 ligation 3t e 1 Alo]o] Kanamycin casset(pS43-Km3)ES A3t}

Oft
£l

=S I Figure 4-26). 229l PCR AHES pGEM-T easy vectore] 44

=]
olZ A AAHE AYZT mutant aroA FHAES Salmonellad] FZAAsE7] sl A
a4 SacllE A28} linearization 3+ $ electroporationd}$it}. Kanamycine] ¥3H¥

LB plateol] 7]%t}.

(7) Mutant Salmonella®] 413
Kanamycin®] ¥3t¥l LB plateol A At colonyE <o ¥U3dt= mutant salmonellas
M7 Y8l HA8iA] plate®} aromatic amino acid’} ¥§te &3 A] plateol] ZH2} 719t}

718]31 aromatic amino acid’} X3t E3Hufx] plateol 4] & A#E= colony®t A ENSFSITH

(8) A4l S. Enteritidis®} aroA mutant S. Enteritidis®] *37% H|al
219 Axtz 5ol aroA mutant S, Enteritidis®] AEES At LB
+kanamycin medium 3mlo] control®} aroA mutant SalmonellaE 7]& ¥, Z+7+9] sample
< HAw A (minimal medium)¢} WaF< ofr=4k &3t wj#|(aromatic amino mix minimal
medium) 20mlel] 202 Y31 37C, shaking incubatione 3+t 0, 1, 3, 5, 7, 22, 24,
28, 30, 46, 48H H& 0.D600 # SAsle] JFES vl A&

g vl A 2t -FH AA](C-m)eF & -aromatic acid =% ¥ A (C-Aam)
o] A,k Zroll wiAlo] whE AAEC] Aol HolA skt whAC] AR -FH v
(M-m)®} A3 -aromatic acid &3 HWIA(M-Aam)9] 45 A&ES Z Aol& BT =
A F-F oufA o] G- AlZtol]l WE AAEC Z WElyF fle v, A¥ T - aromatic acid
=3 wiA e A e A8 AR FYE B v (Figure 4-27).
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Figure 4-27. C-m: minimal mediumo|A 7] control; C-Aam: Aromatic amino minimal
mediumol A 7] control; M-m: minimal mediumel|4] 7]% mutant ;

M-Aam: Aromatic amino minimal medium®l| A 7]% mutant

(9) Intracellular survival test

Cell(Raw 264.7)S 24-welldll 5x10%Y/well2 cellS Zo} 18h incubation & control

S. Enteritidis, aroA mutant S. Enteritidis & ®#|% & 719 ¥ cell(Raw 264.7)°l treat 3}
o] 2h, 6h, 14h Z+Z} cfu(Colony forming Unit)E =7A3lo] S. Enteritidis®] aroA gene <

=
mutation A]7]:= Zo] intracellular survivald]l oj® JIFS 7] X=% LolE Az S
Enteritidis wild type< treat gk A& 2 2holl A o|v] 4.7cfu® aroA mutant S. Enteritidis
S treatdt tlF9] 138cfudl Hl3] survival rate®] @A3] W*kew 16ho] Xt <l S
Enteritidis wild type< treat 3+ A& survival cello] Hol UA] &gkr}l, 1831 24h9]
At So| = aroA mutant S. Enteritidis& treat$t tZat cell 4.3cfu Hol AT} o2
aroA mutant S. Enteritidis ¥57} S. Enteritidis wild type #5°l v]&] WA o] F

AN FS & T JATHFigure 4-28).
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Figure 4-28. Intracellular survival test. control : S. Enteritidis wile type, mutant : aroA

mutant S. Enteritidis

Z}. S. Enteritidis®] 2% ®Wol|F (tsF)

(1) S. Enteritidis =S=Wo]F(temperature sensitive mutant; ts mutant)e] #A|ZF 2 =

=17

ol

A3 2E=WHO|FE replica plating=S 3F & 28T 2 37TColA vjdst $ 28T ol A

U 37CoAAE RS dAeA e 2ndo|FE Az Mtsgit. dam
o]FE 28T % 37CelA e CFU9 Apol& Hlalsto] HF 2LWo|FE Adst
Atk A@3d Avk= Table 2-39] YERWTE SE3699 7% wild typee] 4§ 28T % 3
7CAA #FE 10%fuz %3k 23 vebyta, ts mutants 28TColA 107710 cfu® ek
SAIRE 37Tl A= 1079 ZLewWo|F7F B 2epA] skt HellA wel¥ SE27759 4§
wild typeS 28C 2 37TColA #5E 10'%cfu® YElgoy £ Ho|F3 3hanto] 28T
10°cfu=® WERRa 37CoNE M3 F2o] =X g 2% WolFE Awagct (Table
4-22). 37TColA+= wild type¥} ts mutant 5L H|FS W, ts mutant 50 A%

o] 343 Eov= S 5 & At (Figure 4-29).
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Table 4-22. The recovery rate of S. Enteritidis wild type and temperature sensitive

mutant
Strai CFU(cfu/m¢)
rain
98C 37°C
369wt 2.7x 10" 3.6x10"
369ts—1 1.3x 10" 0
369ts—2 1.2x10° 0
369ts—3 3.3x 10" 0
369ts—4 1.4 x 10° 0
SE 369 .
369ts—5 2.02 x 10 0
(human) o
369ts—6 1.6x10 0
369ts—7 1.26 x 10° 0
369ts-8 1.9 x 10" 0
369ts—9 4.8 x 10" 0
369ts-10 8.0x 10" 0
SE 277 wt 1.1x10" 2.4x 10"
(chicken) 27Tts—1 6.0 x 10° 0
Recovery rate
1200
10000
a.00
E oo
i
S 400
5 200
=
o 000
3 SE SE SE SE SE SE SE SE
G| 3E0 [ 269 | 359 | 259 [ 359 | 250 [ 2569 | 250 | 269 ; 277 | 277
wit | ts-1 | ts-2 | t5-3 |ts-4 [t5-5 | ts-6 [ts-7 | ts5-8 | ts-9 1Sc|- wto [ ts-1

W 38°C (104 [111 |9.08 |105 [915(9.31 (920|910 (112 |106 |[109 |100 |B.78

W37C (106 | O 0 0 i 0 0 0 i 0 0 |lo4 | 0

Figure 4-29. Recovery rate of S. Enteritidis wild type and ts mutant strains at 28°C and 37C.
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S. Enteritidis &=Wo]Fo] WAG Alds w25 oz skt wild
HAAsE A 10°% 107cfu HEA 242 20% 2
40%] AEES Hoy 2uWolFE BT H{FFdd #Aglel 100%8EE&S HERT
SE277 wild type A% AEeo] BAGe] BT HAEPoL 277-ts SERHO|FE BFE A

&5t Ao YEh 2EwWolTo HAAd2 A §le AL=E YENT (Table 4-23).

Table 4-23. Safety of the temperature sensitive mutants and the parental WT strains

of Salmonella Enteritidis in mice

Strains type Survivors/Total(%)
10%cfu 10%cfu 107cfu

WT 0/5 (0) 1/5 (20) 2/5 (40)
ts-1 5/5 (100) 5/5 (100) 5/5 (100)
ts—2 5/5 (100) 5/5 (100) 5/5 (100)
ts-3 5/5 (100) 5/5 (100) 5/5 (100)
ts—4 5/5 (100) 5/5 (100) 5/5 (100)

SE 369

(human) ts-5 5/5 (100) 5/5 (100) 5/5 (100)
ts—6 5/5 (100) 5/5 (100) 5/5 (100)
ts=7 5/5 (100) 5/5 (100) 5/5 (100)
ts-8 5/5 (100) 5/5 (100) 5/5 (100)
ts—9 5/5 (100) 5/5 (100) 5/5 (100)
ts—10 5/5 (100) 5/5 (100) 5/5 (100)

SE 277 WT 0/5 (0) 0/5 (0) 0/5 (0)

(chicken) ts-1 5/5 (100) 5/5 (100) 5/5 (100)
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v}, S. Enteritidis®] ppk¥o]FolA 2EWHo|F (ppkWo|F+tsF)

(1) S. Enteritidise] ppk®¥o|Fo|A == o]52] A=}t

olm] A= ppkHo]F(SEppk-1, SEppk-2, IVK B01341)E o2 LEWo|F=
HEQATE Aol 71EE WHo R TEQA 28T 2 37TCoA FAAMS #EI Ay} oy
o} 2o AFE IdYrHTable 4-24, figure4-30).

S. Enteritidis PPK 5% 28°C 2 37°ColA 4% 107cfu o]4o2 Jelytth. PPK
o] ts mutants ts—4, 5914 28Tl e 10cfu® Uelsa 37ColA AebA k).
TS-1, 3, 6, 7& 37CelA 10* ‘cfuz vpebyste),

37CoAE AeA Z= Aol gold DTS SE PPK TS3-2-27F WolF24 713 4
ek el Aol Ho] HF A WAlFZ DTS SE PPK TS3-2-25 Aw3eit),

Table 4-24. The recovery rate of S. Enteritidis PPK and temperature sensitive mutant

Strain CFU(cfu/me)
28°C 37°C

wt 7.5x 10’ 1.2x10"
ppk 6.2 x 10’ 1.5x10"
ppk ts—1 6.0 x 10’ 3x10°
ppk ts—2 1.4 x 10’ 6.0x 10°
SE 2927 ppk ts—3 5.2x 10’ 1.0x 10°

ppk ts—4 6.6x 10" 0

ppk ts—5 3.94 x 10" 0
ppk ts—6 3.1x 10’ 2.1x 10"
ppk ts-7 1.0x 10" 2.8 x 10’
DTS SE PPK TS3-2-1 4.4 x 10’ 4 x 107

DTS SE PPK TS3-2-2 5.2 x 10° 0
VK DTS SE PPK TS3-3-1 5.5 x 10’ 1 x 10
BO1341 DTS SE PPK TS3-3-2 6.2 x 10 1 x 107
DTS SE PPK TS3-6-1 6.8 x 10’ 1 x 10
DTS SE PPK TS3-6-2 5.6 x 10’ 1 x 10
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SE 210 | SE PRI
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=
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1
)

B 27C| 1058 | 1018 243 G678 2.00 0.00 0.00 432 245

Figure 4-30. Recovery rate of S. Enteritidis PPK, wild type and ts mutant strains
at 28C and 37C.
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(2) S. Enteritidis ©] ppk¥o]Fol A &%= o] 3= (ppk+ ts)2] wF$-2oA12] W YA
S. Enteritidis wild type¥} ppk®¥o|F+ 2 EWo|FE vl-2oAe] HAAN S A5G
oh 3E 4-2590A4 YEY SRR vk RR HFS F 25 AA vpeno AELS
Hlusle] HYAAHS SA3S . S Enteritidis wild typeo| A+ H-&
7F 7] el w9 e HAME AYUE Aow vehgth 22y ppkiel ol s 107cfu
2 AE3 npro e B AESY L 10°%cfud HE3 vhs-2olE 40~60%7F BESES
M 10" cfug HEF FolME 100%8EES Bo] wild typedl] Hla] HeAdo] @o] &
Ao Yttt 1y ppkHo| T+ 2 Wol T ekl BAgle] BT AES o=

UEHY ppk BlojFRU B4 o]l ¥ Be] &dd Aoz yEbs

myr

mz m
i)

Table 4-25. Safety of the ts mutant and the parental wt strains of

S. Enteritidis in mice

Survivors/Total(%)
Strains type
10%cfu 10%cfu 107cfu
wt 0/5 (0) 0/5 (0) 0/5 (0)
ppk 0/5 (0) 3/5 (60) 5/5 (100)
ppk ts—1 5/5 (100) 5/5 (100) 5/5 (100)
ppk ts—2 5/5 (100) 5/5 (100) 5/5 (100)
SE 227 ppk ts—3 5/5 (100) 5/5 (100) 5/5 (100)
ppk ts—4 5/5 (100) 5/5 (100) 5/5 (100)
ppk ts—5 5/5 (100) 5/5 (100) 5/5 (100)
ppk ts—6 5/5 (100) 5/5 (100) 5/5 (100)
ppk ts=7 5/5 (100) 5/5 (100) 5/5 (100)
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v}, S. Eenteritidis ¢] aroAWO|FE AFE3 2E=WO|F (aroAF+tsF)

(1) S. Enteritidis ¢ aroA ®Ho|Fo| A &
28 Ao A W= SE aroAWo
1579 &x¥o|F7F vtEo]Hth AroAWolF 2 wild type ¥FE 28C 2 37TCoAA =

10%fu® YEFS aroA® o] + ts mutants 37ColAl 10°2 YEFETHTable 4-26).

o
21
o
N
lo
N
o

—=Z.
-
—=Z.
-T-

Table 4-26. The recovery rate of S. Enteritidis aroA and temperature sensitive mutant

CFU(cfu/ml)
Strain
28°C 37°C
wt 6.3x 10’ 8.1x 10’
B 46 (aroA mutant) 4.6x10° 6.5x 10’
SE
W1 (aroA mutant) 7.4x10° 8.4x10°
W1 (ts-1) 6.7 x 10° 2.7x10°
Recovery rate
1200

Logl0 of CFU/ml
g

4.00
2.00
0.00
SE 501 wt SE B4i SE W1 SE W1 ts-1
B g 980 9.656 a87 983
W 370 9.9l Q.81 9.9z 543

Figure 4-31. Recovery rate of S. Enteritidis nucleic acid and ts mutant strains

at 28C and 37T.
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(2) S. Enteritidis ¢ aroAWo|FE A& SR o|F9] wp9-2ofx o] WA AlF
S. Enteritidis wild type ¥+ ASS EF 0%%9 Y. S, Enteritidis aroA¥o]59]
A% 10%cfucll A BEE 0%% 2 10%fu 2 10cfudllq =5 100%2 YEFETE 121} aroA
Ho|F+ 2ol == HE:H] #AIGo]l 100%= YE} WYdAdo] Bo] 24H AR L

WYt} (Table 4-27).

Table 4-27. Safety of the aroA and aroA+ts mutants of Sa/monella Enteritidis

inoculated to mice

Survivors/Total(%)
Strains type
10%fu 10%fu 10"cfu
wt 0/5 (0) 0/5 (0) 0/5 (0)
B46 0/5 (0) 5/5 (100) 5/5 (100)
SE 227 Wil 0/5 (0) 5/5 (100) 5/5 (100)
W1 ts-1 5/5 (100) 5/5 (100) 5/5 (100)
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Al. S. Eenteritidis €] ppk®o]|F& Al&3t aroA ¥o]F (ppk™o]F+aroAH o] F)

(1) S. Enteritidis 2] ppk®o]|Fo A aroAWo]F2] A2}
mutant ppk genes 7}2 S. Enteritidis strainol A A9 AS +A3F Aro A gene 9

7155 A AA double mutantE WHEIS W I FEFS dolH aA}p o)

oh A@el A8

PPK mutant Ser C Aro A Y Cal
S.Enteritidis B i i i ]

PPK mutant Ser C Are A ¥ Cal
S.Enteritidis s 1 } i }

| 100bp M= delition Al7|2
chloramphenicol cassettef 4121

@

PP mutant Ser C Aro A ¥ Cal
i i

S Enteritidis — DDLU =—=—======

) Aro A gene?] 4F= deletion A17]7] $13}F cloning
Conjugation -, #+& &92l3}7] 93l selection marker?l chloramphenicol cassette

Yilenzyme siteE #H7}st+= aro A 100bp deletion primer A2},

il

D primer sequence
F1 : ATG GCT CAG GTC TTT AAT TTT AG
R1 : AAA GGA TCC ACC AGT TCG CCT TTA ACG
F2 1 AAA GGA TCC ACA GTA TCA CTC TCC AGG
R2 : TTA CTT TTT ATC TTC GGC AAT TC
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*

v

F 1 100bp deletion P 2
"—'.' ‘_ '_"‘ -
F1 R1 F2 RZ

Frag 1 Bﬂﬂ:H I Frag 2
]
CM-R
@ PCR %=1

94C S5min

94C 1min

60T 1min 30 cycle

72T 1min

72T 10min

8000 tp —

1800 5y —

M: 1kb maker

1: Fragl (1755bp)
2: Frag? (1499bp)
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@ Cloning each PCR products into pGEM-T easy vector
@ Sequencing
(® Ligation each fragments

® Insert chloramphenicol resistant cassette(pS34-Cm)

Bkb -

g pGEMT-Fragl+Frag2

kb

2kb—»

15kb Chloramphenicol

cassette

®) Electroporation into S. Enteritidis

Chloramphenicol platee] 719 A& colony® A¥3}e] minimal medium plate}
minimal medium®| aromatic compound”’} X3¥¥ plateo]s ¥ PSS AXY. 21 A}
Chloramphenicol plateo] 719 A& colony+ 36 plate & 1872 colony %29 ©] colony
E % minimal medium plate®} minimal medium®] aromatic compound”} &% plateol A
A S oy EE colony’F minimal medium plate®t minimal medium®] aromatic
compound”} ¥3+% plateol 5] =5 A2} deletion ¥ aroA geneS 7}Zl mutant straing &

S g g, wekbA 2 Ao A= S, Enteritidis aroA9t ppk-dAp o]F AEWHo|FE I

PEEES S
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A7) A Zek @ WMol FE (ppkHolF, 2 EWolF aroA Ho|F)¥ & Wo|F(ppk +

S ol W WA BHo] Al

(1) S. Enteritidis %W o]F&(ts, ppk+ts, arot+ts)e] A A
oh =4
A Z%k S. Enteritidis =XW¥o]FE(ts, ppk+ts, aro+ts)o] AHH 02 QFAAo] Q&=
A& detatr] f9
b B
AWl A LBujA|oll A 28CollA 53] Athul<d (blind passage)= AAE $ 37T

o} 28Tl cfugd 573+ reversion rateE AF&E3FATH

CEE

Table 4-28. 53] AlthujeF 3 S Enteritidis == o] reversion rate

Strain 37C 28T

SE277-ts 1X10° 7.9%10°
SEppk-ts 0 6.5x10’
SEaro-ts 10784 eAlol - TNTC 1.2x10"

@O HF AL Al 7k SE2E=WolFE 53] Alhug3t 5 37T 28TolA 4

o

Mm@ A3, SEppk-tse] A§ 37TAME 78 S5 e LEAFHL §AT

e
HHH | SE277-ts= 37CeolAl °F 10070¢] cfuZb SEaro-ts®] 4% 37ColA 433 B +

o #ZAo] 5o] %K e,

o

_90_



N

b =

| =2
21

B!

—_
fife)
ﬂ&u

el

F71740l mhg-2ell A 2ol Bl 7]Ep WolFof tf

g5

o

=0

th

: SE 369 ts—8, 277 ts-1, ppk, ppk:ts—3, ppk:ts—4,

EREATES

Bix

<

@

aroA(B46), aroA(W1), aroA(W1):ts—1.

5 SE B271 (ILDso: 6.8%10° cfu/ml)

By #3= TSBo

Fe] 37Coll 4184

S
HEo

A

d

®

o
Mo

e

}o] 100LDsp=E H4o =

Al-8-3

o

3
pul

b,

R

b @A

S

@ A% A A

A& AT} ppkits-39F 277ts-1°] 7}

w2

w3k ppkits—4% H]E 90%° AFE

OS2 YEHRTh

Ale] SE

E

ﬁ

<

Table 4-29.

Ry < |
= N
i
E 0| N | M| g w0 | ~3
Sl o | == =<
CNEEGN =
o o o | o
BRI o | h u-
No | No UL UL Mo | No all
R RE OO T | RE =
"N | NE < | = o
| Moo | o =l A <
=
IS
- ~ ~
o o ~ o ~ ~ — ~
2 I5lS|o|S|lololsa|lo|8
21 7|~ b D2
e N N N N N N N
LS8 |o|lo|lo|lo|o|S|o|8
SN N S I I B IS IR S
SP3|I | B0 |65 |°@
.w — —
—
)
n
-
=
o
Q
N— o~ (o2} (o2} (o)} (o2} o0 o0 (o))
olo|lo|lo|lo|lo|o o
% — — — — — — — —
@]
A
+— —
m _
5 2|
= |2ltl=l2|8|5 2|8
A T N = =
iy ey %) %) ~— ~— ~— Z..#O
A A — i) A A A 1
< T < I e ) ol o o | X
8l a2l al~ ol 2 2] 2
Al alala|® 3| 3| =8

_91_



(3) WAL 7hed ZHiIdelAdE B 2% 54 S Enteritidis WolF

(ppk+ts)et &% 74 S Enteritidis WMol F(ts) tigh Gol Aol HA YA RAAF

Mouse® ol Wol& AP Foto] 719 58 Polants thehfm WagEo)

e FAEE gle som Il WAl 5 ppkits—3%}F 277ts-1E ARESle] HolAe] WY

FZ=u PRt mouse =&
Z A7 volA A s 2 2w A

PPK:ts-3 o 100%
S. Enteritidis ¥ o]

277ts—1 2% 7+4A S, Enteritidis Wo]F 100%

274 WAl R tiste] 2 aEHE 258 9] SPRFY 1059 35 (HH SR 23

WA (1 x 10°cfu/dose/0.5mL) < 2 23 AAEga, FAE dE2T 1058 Fo 3

Al AEstelE 22k MAHE 25 5 , Nalidixic acidol] 4]
il

lm WQAel B FEm A

b
i
i
2
>
\]
=3

%,
2.2
i)
rob

!

FARE #FE AHEEd ¥4 3% (1 x 107 cfu /
dose/0.5mL) @&t FAKHET 25 FH, Ao FA|G7Ee WsE ] Sl
microplate agglutination test (MAT)

MATE 95 tryptose phosphate broth (Difco, USA)ol HE38te] 37TCTAA 6-8A%F

NS Ew 0.3% HEE yawds Hrie & 2-39Uz7F 23l

il
>,
>,
ol

A%
o
I
ol
rE
rlo
o
lo
B
Y
v

2
oft

v ok st

R8s

o
o

7,000rpm, 10#3F A& ¥ PBSE A 73 & MATE o= ALE3l3ith PBSE Al F-A|
71 3 stockMS 96 well microplateol Al PBSE 27 3]A1&lo] 4T A] pellete] =717} oF
1.0-1.5m B=e] JMGAES MAT Ao HF JMu+= 2ty A AH&siltt. 96
well microplate B welle] 500 PBSE ¥ A H S 50 ¥WaL 2% 3A4¢k & MATE 3
S BE wellol] 5004 @1 4TelA 2441 7F 9EGAIZ] 3 - HESo] dojut= H A u+&

SR Qg

d
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A 4% sgHEEE 8 #HE0HC] 7|0 =
de ATEE ATALER GAE Halitore] 7|Ewd Vo
- A, AS 2 HelA A, Al Abgrell A | - w3 Abghol A EeElE
o] S. Enteritidis®] & | S. Enteritidis®] #2]5% | S. Enteritidis 2|59
g 4 2 EBZs | Bxg g ZASHA | 54 9 A, dolA Y
A8 WA A e sASERA AL oo tigh | Bl S FH &4
- IFelA 29 S FAA W, PFGEw4AE | - oldd A3e= S
Enteritidis®] A 24 92 phaged H41S | Enteritidis® 3 Al
T A8 = o] A3 EAS et
- Alg 2 AFAA - HAE AR5E B = = T8 ARE ZE
welE S ol A AbgHEelFet o | & Flojgt A,
Enteritidis¢} 2555 | #8531t ddAds &4 - 3, JllZFE A
ERER A0 71 Alghol AlA e £3le] S, Enteritidis U]
e S - old AEE F3 S| AMWolFQl aroA WolF
Enteritidise}e] A#4 | Enteritidis=d] 2] & | /12 oA %<
4 of E&s} Al gl A
- AT 9 AS ATRFE s 5.
Aes el S - AP Ho] T dsto
Enteritidis2] A%+ 2 S. Enteritidis®] AroA
- S. Enteritidis ¢ 3% | Hlo]F& AL w
22} arofr- 2212 g GREFHE 100%
A 2} GAEE HAS.
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e A5 ATFNEEES G S Aok 7w d 7o
S. Enteritidis&#€3} | - I FE AH&ste] B | - S Enteritidis w55
Algeale]l g, | 2AY] R AR, AL 2| ARgste B3t WAls st
AL L AT | A, AN, FAEETd o | A2 FuelA AHFolal o]
A g gIEA, b A, W gigk kA H wej|y, S

-EE Qa7 vl A E | g4 #A4S F3 S | Gallinarum® wapgolgdE
S.  Enteritidis# |5 | Enteritidis® &3 418 7 | GASHA 1830w, ol& &
o ik g QA A | Bl gt= Ag Tl 7HE AR
T - ZA7IdetAl A& S | 7F BdE Aol adjuvantd] A

ORI % S. Enteritidis aro-f | Enteritidis®e]F& 7l&ste] | Gy} o] wE WAL
Ax GFaT4d Wol | o]g ®WolFo tig d <bd | HFYolder olEg RAFS F
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