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Transformation of Edwardsiella tarda and Transcriptional
Characteristics of E-lysis Gene in Recombinant
Bacterial Ghosts
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Edwardsiella tarda, a gram (—) pathogen causing edwardsiellosis in farmed fish, was
transformed via electroporation with a plasmid expression vector driving the PhiX174 E-lysis
gene under the transcriptional control by lambda PR regulatory sequence. The persistent
maintenance of the plasmid vector in recombinant E. tarda was found in numerous subculture
procedures over up to 6 months without any adverse effect on the original copy number of
plasmids. Comparative examination based on semi-quantitative RT-PCR analysis on
transcriptional efficiency of E-lysis gene between recombinant E. coli and E. tarda indicated
that promoter strength and induction capacity of bacterial ghosts would be retarded in E.
tarda as compared to the E. coli. However, the completeness of induction for bacterial ghosts in
E. tarda was the same with E. coli, in which at least 99.99% of induction rate was possible and
further the viability of recombinant bacteria was completely eliminated by a post-induction
procedure including washing and freeze drying lyophilization.
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e 7Ye Qslden fugress Aol HEa
e jhoz FAES sl 7l&oleh weba ghostsh

B AF AT AEEHe) glort Ax me) 24
9 B 74 ) nEAd 4 e AAE 3
I )T} (Witte et al., 1992; Hensel et al., 1996; Szostak
et al., 1996). Ghost bacteria =2 ¢ a|A]E= phiX174
phage?] E-proteing] 39 Q¢4 =& == 733}
g ol dE HE ) o] o] 43 AxF BA M
o] kA<l HAAZ 7)<o] FrF oot g}
Edwardsiella tarda®= t}okst Al 2 T o] 2ol A]
of| =& = 7193 = (edwardsiellosis) 2 -3l F23F of
- BUA Altelw, 53] {2 5 vl F8 <k
F35o) Az Aw el [l #e]7]= sl (Thuneetal.,
1993; Plumb, 1999). o]¢]| # < Edwardsilla tardag d)
oz AFAQl ghost f=7t 7ee] 2T HaiE e
943 WAl Aol sitdE A9 =Y =ztdFel o
g 53k A 2E dS 5 gleE ZdEH
o} (Kwon et al., 2005, 2006). 181} o}7] & 7|&S
z3 ghost Wjalo g2 7talr] S AAALS
A7 f= 270] BRI olof 3n, o2 SN
A%k A o] FAAZ b 7] A= ghost £
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ool 3 AT ofF WA AT E.tarda® WAbo

2 F=3 Zgkan= WEE o]4, electroporations]
o3t HYAA3E AAsty, FAAE A FAAS
b AS Hrhehe, o}28 E-lysis A4S 38l
arda®] ghost = &4 % EA L E. coligt
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1. 23 We 9 E tarda 23

Ghost =7} 7hs3t MEe] AxE fsiA FAA
2 EE Frsgoh A=l nano holed fx3}17]
23t E-gene vlte|g] 9}x] phiX1742%E PCR &g
E S8l o, E-lysis Ao 242 temper-
ature switchingg $=3]& 4= 3J+ lambda PR promoter
¢} CI regulatory repressor 5-AAS o] &3}t 77+
2TEE §A2 &A1 52 PCRI Algtas %] F=
3 5% #8ste] pGEM HE|2] backboneol| &) shel
om YA WA A A= ampicillin A §-4
Zkel blag o] &3ttt 181 HF FrE fHx &
ANE o] AAAE B8 &% EH HHE YAt

3 2o B2 98 9D A BN
o} (see also Kwon et al., 2005). 4 223 Zeiin|j=
WE]e] thekst =% (0~200ng)Z Gene Pulser (Bio-
Rad, USA)E ©]4£, electroporationg Al A3}yl o
electroporation 271-2 A zAFe] A1 =74E wel A4
&} T} Electroporation & 34 Al (ampicillin) WAl 3%%]
Z o]43 AMxF FF2 e 3] electroporation
2"l #E& ampicillin 50 pg/mL& 235}= TSA-
agar ®] #] (Dibco)el| ==a}ed colony forming unit® =
Hapedey.
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2. AzF E. tarda®) FZAAZ AA

Mo

Az E tardad] AlE 7 E2k2v|= copys B A
23 A9 A% A BAE SEA Axd E
tarda]oll A M E o ZepAn| = copyd] A xS BAE}
act 3FAA3 25 Y23 E. tarday] replicationZ]
' Az 7 Z22v= copyE dEF E. coligh ¥l
71317 $)3] OD 600nm= 7|Fo = NE 42 AA
33 ohgd 9 HMESERE FE2I Zetav|=9
F Fetav|s FAEE viEte R Mz Feian|=
copys5 7133t E. tardaviell =€ A=z3 S
2u|ert A EA el o7 KA HEAE s}
7] SlelAM FAAS E. tardas o] &, FAAHI 2 TR
B 67/1€471# 3~5¢ 7tA o=z d4A<Ql subculture®E
st o) Y 92 FepAv| = copye] A

3. A= ghost ¥d F= 2 E-lysis A7k A
Ay £ 34

st

A z3 E.coliZ tAtez FHx A EXEE ODgonm
0.2~0.4 H|7A] 28°Col| M AbA vl of-& 88l 42°C
2 252 28 Clrepressord z2HEg Ax|ss]om E
lysis §-57ke] ArApdals f=slodch 2FEFR=AE
o] 8-3le] OD2] Wislg FA3}glon 2= OD 3k °|3}
2 ek AAE 9k kE AR oz ARl
Hhs-ol ¢sH™ FHF4 washings $sta i #
22 RNA 35 S8 242 Y5are] Bisiglon
UAe A SAS A8 52412 S+ 7]
e} wiefz71> Kwon et al. (2005)°]] 2]7{3}e] A A3}
o},

Ghost &3 §x F7tolA] &r = E. tarda ¥ E. coli
Al2E djAte 2 total RNAS 22]3l semi-quantita-
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Ghost E. tarda L]l zj=% SHMx}o| ut

tive RT-PCR& 4=3]35}ed E gene transcripts®] =7+ <
A4e FA3HT. —80°Co] BB r FAZRE

RNeasy mini Kit (Qiagen, Germany)Z o] &3} total
RNAS 2] 351 o]df DNAS] & AlAs7] ¢
3] DNase I (30 U) x]2] % clean-up#A-& F712 A A
3199t RNA A]8. 1ug& MOPS-agarose gel(l%)ol]
loadingdled RNA A9 &2l F&S <3y
16S rRNA band®] image densitometry$} 34w =3
<& o] 83led RNA A5 7+ A= normalizationg
ystch AHE A|ZE5=23E 500nge] total RNA
#3le] RT-PCR XS AlA|slg]em o|u RT-PCR &
He a2°Cold 1417} A} Wb & 487He] RTase
£3)8}31 22 cycles®] =<3 vl (94
°C 25 sec, 58°C 20sec % 72°C 30sec)2 E3] E-gene
transcript® ZZ3}9jt}. PCR ¥F-2-2 iCylcer (Bio-Rad,
USA)E o] £33 Z=ZF& 9|3t oligonucleotide primer
£ E-gene &L Heo] FFAA 4 3l primer (E-
lysis FW: 5'-ATGGTACGCTGGACTTTGTG-3' ¥ E-
lysis RV: 5'-CTTCTGCGTCAGTAAG AACG-3)& 34
Sho] ALgssdch ol 2% AEe] =% 240bpd
RT-PCR-$4 premix (Bioneer, Korea)E o©|4& 39l 1A
+ FYsigon 3 AMEe] A7] 454 Quantity-
one Image Analysis Software (Bio-Rad, USA)S o] &3}
o 7} A]&.2] 16S rRNA bandel| djale] Abe] A=k A
& AN,

mlm 4>

inactivation<

ZET T

755 HEE o 43le] E. tarda® dioz Eeks
7] = DNA ¢}& 0~200 ng7H#] 67§ F-7to2 el 3
AA3e AAEE 43 DNA 5= oJ&H<l cfu HeE
ehie] A4 DNA o] 371845 FA08 8
Z7F8k31 a1 100ng} 200ng Abolell = FA A 2ol 7}
2= 2] 93k} (Fig. 1) (P>0.05). 2| =3} E. tarday] 3
® Feiv= copy 4= H7Rek of9] A& b
Mg A3 Fig. 20 bR 2leh Fig. 2014 2
tarday] Ze}~m|=9 copygs 2AMSE 670
03] o] AHE AXHUM = °of 120~150 Fef
copies/cell & 4okt fA3le Aoz et
o olo] Al A E. tarda FF2] 23
e & BelF3 gl
) Mels =98 A=y d4dF 3 A=Y E
tarda®] ghost (E-lysis gene &&) %o wE lysise}
o]2 <l& OD value (600 nm)2] W3}l= v ws}gdch.
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Fig. 1. Number of recombinant E. tarda colonies formed
via electroporation of an expression vector driving
the E-lysis gene as function of the amount plasmid
DNA used. Histograms show the mean based on
triplicate examinations. T bars indicate standard
deviations. Means with the same letter were not
significantly different based on ANOVA at P=

0.05.
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Fig. 2. Copy number of plasmids containing E-lysis gene
driven by lambda PR regulation during subculture
over 6 months. No statistical difference was detect-
ed at every detection point.

Fig. 304 BZo] QA#2] H$ 2% shifting 3 30~
45358 FAF lysis Hk-g-o] #AFe] 2% OD 7t
28] el Q7 E WA AR W& vl
o =24 Z 2 E.coli bacterial ghost % A} A
1A vFelwke} (Haidinger et al., 2003). 221} E. tarda
©] 79 90~120% 3o OD 7o 7Has} /MAH e E.
colith= lysis 7HA|H o] tha AAHE Roz vepyt
om ghost WH-g-2] ¢a7tA|= WAt ret GA|7te| 2
23 Aoz Yeht 9] Kwon et al. (2005)2] ¥ 319}
2813,
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Fig. 3. Induction of recombinant bacterial ghosts in E.
coli (A) and E. tarda (B). Curves represent the
spectrophotometric reading at OD 600 nm of two
replicate induction experiments.

ko] Ao} ze] E. tarda®s WAy oz 3 ghost =
Al vl Aoz 7&/‘]1/] HhE- A kel &

T¥m o]x lambda phage PR promoter®] transcrip-
tion efficiency”} Aol A4 B} E. tardadi|A] AFef A o
2 g3, w3 43lE E proteino] E. tarda A Z¥
holes #{Ashe &&o| el 75-8u ofslr] o
el Aoz vepdd ol vlmA iz T A
MU 7 ogram (-) Al AlFel sleiA = FT heter-
ologous A #}2] <14} Zfelef] 7]Qldl= Aoz Aty
o 24 AEE promoter 3¢ 3z} ug 7z oA}
o) A H Ao e & AT et
(Tijhaar et al., 1994; John et al., 2000). gk b 2] o}
S Az ] AL AARe] A (transcrlptlon initia-
tion) vk ohjl AARA 2] 414 (elongation) A -4
2L el B od3FE WA 4 9lge] Ryl et

e

(A) Time (min) after temperature
up-shifting from 28 to 42°C

(B) Time (min) after temperature
up-shifting from 28 to 42°C
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Fig. 4. Semi-quantitative RT-PCR analysis of E-lysis gene
transcripts in E. coli (A) and E. tarda (B) ghosts as
a function of time after temperature upshifting
from 28 to 42°C.

E. tarday] W33} E-lysis transcript=2] gFAAl o4
z}ol 7} 9l& 4 98-S AJA}Eka ¢t} (Borukhov et al.,
2005).

E-lysis §42}F¢] RT-PCR 24 Z3} Fig. 404 1%

o] E.coli @ E.tarda 250 &% A5 Z27|¥E E-
gene transcriptZ} &3td o2 A& Y 25 A= 7|7
o] 7ol wet o] A9 FA37 transcripte] F
7hel @A 4143 lysis7h fr=H A E. tarda®] 79
E-gene transcript =7} Zo] Altjx o=z A on w3} E-
gene transcript7} A& @3 de = EF3ka1 lysise] 7l
Al7E AdEE Aoz dephdd ol A7) FAAg gt
AL 72 o) A =Z I plasmid copy =7} W] o &
o= AL B8 k=] Zhae) 3 3= E protein
9] &3 %2 o] E. tardaclA i oF3E¢l7] WEo
2 Jotkxlit}(see also Browning and Busby, 2004). 13
gl 1) ghost = S} cha el
T3 who] ¥ AHIMS E. tardas) ghost

28E AEH A8 Aosl ik Ao vepith
A AH lysis BH-2o| = B3} OD ke 7Hart Hx
FEH =2EdE W A 9 E. tarda 2%
99.99% o]Ae] AEYH AA&ES Pl S
Ay A= d $A7x A B3 WAl AEE A
Zetol S 7 A 9 E tarda AF T RFoA
o] AEHo| A 100% A AHR L] =
(not shown). o]ol] & AFolA dojxl Wdy HBE wu}
E}o 2 pacterial ghost F=2 9|3t nA] W3 = =
2399 A4 2 2F 24 w9 23 A7) s

2o} & Zolc}.
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Edwardsiella tradaZ tAlo 2 ZelAn = A%
AAEt FAAG A Gt e, ¥4
A 23 ghost M| F-] E-lysis §-A A} b & BA
E.tardaZ A} o2 3t ghost G5 thalol B]s)
Aoz A whg A|ke] 2FH W lysise] 7hA]
7} A" Ae v A uhEE E proteing] L3 =
T E-gene®] AHAPLE cofe] E. tardaclM tha ofs}
He Aoz vepydn a2y giaktel w3 ghost
= 57} ga Beddx B7sia ubge] SAEE
A A A ] E. tarda®] ghost & WAF Ad x|
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