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SUMM ARY

Distribution and origin of the fet genes were analyzed using multi-drug resistant isolates
carrying tetracycline resistance gene obtained from various locations in Korea.
Frequency of tetracycline resistance bacteria found in E. tarda and Vibrio sp. as major
fish pathogenic isolates from 1993 to 2002 was 15% and 26%, respectively. Specific
primer pairs were designed to determine of tet A, B, C, D, E and G commonly found
in Gram-negative organism by PCR. With the developed multiplex PCR method, it was
found that Edwardsiella tarda isolates contained diverse fet genes, tet A, tet D, tet B, tet
A - D and tet A - G. Additionally, multiplex PCR was developed to analyze the tet genes
in a single tube with one reaction. This developed multiplex PCR should result in
significant savings in terms of labour and cost in analysis of a large number of strains
when compared with using an individual PCR for targeting each gene. It may also be a
useful method to differentiate the types of tetracycline resistance when used as an
additional market for the purpose of outbreak investigation and surveillance. Most of tet
genes of the analyzed 18 E. tarda isolates found in plasmid, while tet B gene of two L.
tarda isolates was localized on chromosome. The frequency of oxytetracycline resistance
in the aquatic environmental bacteria were monitored from the farms in filed. The
frequency of Tc resistant bacteria present in the seawater, sediment and net was 6.7%,
244% and 30.7%, respectively. The analyzed Tc resistant frequency in intestinal
microflora of rockfish treated OTC before 1 week of sampling was 2.83% compared
with the 025% in rockfish without antibiotics treatment at least before 3 months of
sampling. Rockfish were held in experimental tanks and oxytetracycline-HCl  was
administered at 125mg/kg body weight per day for 10 day via medicated feed. The
changes of oxytetracycline resistance was monitored in samples taken from the intestinal
contents of the fish. The range of the mean frequencies of resistance of the intestinal
flora in the period before medication (6~27%) were lower than the frequency of
resistance in the microflora after medication (32~85%). With the Tc, antibiotic materials
of quinolone family are also to be used very popularly in aquatic farms. In terms of
that, knowing the entire sequence of the DNA gyrase subunit A (gyrA) gene of
Edwardsiella tarda (E. tarda) could be very useful for the analysis of quinolone resistance
in aquatic microrganisms. Degenerate primers for the amplification of gyrA were
designed by using consensus nucleotide sequences of gyrA from nine different gram
negative bacteria including Escherichia coli (E. coli). With these primers, DNA segments of
the predicted size was amplified from the genomic DNA of E. tards and then the
flanking sequences were determined by a cassette ligation - mediated polymerase chain

reaction (PCR). Determined nucleotide sequence was highly homologous with those of
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other bacterial species gyrA in both the whole open reading flame (ORF) and quinolone
resistance-determining region (QRDR). The 2637bp gyrA gene encodes a protein of 878
amino acids, preceded by putative promoter, ribosome binding site, and inverted
repeated sequences for cruciform structures of DNA. GyrA of E. tarda complemented the
GyrA mutated to be sensitive at high temperature E. coli KNK453 strain at 43°C. In the
analyzed nucleotide sequence of the flanking region, we could not find regions showing
homologies with those of other bacterial DNA gyrase subunit B (gyrB). It suggested that
E. tarda contains noncontinuous gyrase genes, gyrA and gyrB, on the chromosome. In the
analysis of changed gene using 12 quinolone-resistant isolates, we found only a single
type alteration within the QRDR, Ser-83 to Arg. In contrast, in vitro selected quinolone
resistant E.farda by exposure to the stepwise increasing concentrations of nalidixic acid
and ciprofloxacin showed an alteration within the QRDR, Asp-87 to Gly, different from
that of the isolates in environments. Additionally in this study an economical and
time-efficient mismatch amplification mutation assy (MAMA) -PCR was developed to
detect mutations in the gyrA gene, and applied to the analysis of mutation occurred in
gyrA of clinical isolates and in vitro mutants of E. tarda. Consequently, all these results
of clinical isolates and in vitro mutants suggested that E. tarda resistant to quinolones
is primarily related to alteration in gyrA. This study was also performed to investigate
the pathphysiological and immunological side effects of chloramphenicol (CAP) on olive
flounder, Paralichthys olivaceus. The levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP) and gamma glutamyl transferase
(GGT) were slightly increased during the treatment of CAP and gradually decreased
after the treatment of CAP. The levels of blood urea nitrogen (BUN) and creatinine
kinase (CK), although not significant, were slightly increased during the treatment of
CAP. The level of lactate dehydrogenase (LDH) was not changed during the treatment
of CAP but slightly increased after the treatment of CAP. However, no histopathological
changes were observed in various organ after the treatment. On the other hand, The CL
activity was significantly decreased in a dose-dependent manner during the treatment of
CAP in vitro. Similarly, a dose-dependent reduction of CL response, although not
significant, were observed during the treatment of CAP in vivo. Futhermore, the
pathphysiological and immunological side effects of CAP on olive flounder were
potentiated by ultra violet (UV) irradiation. From these results, it is suggest that CAP
can evoke several side effects on haematopoietic organs in olive flounder and reduce the
function of flounder phagocytosis in vivo and in vitro, indicating the immunosuppressive
ability of CAP and it's side effects were considerably increased by UV irradiation.
Conclusively, CAP itself can not cause a serious mortality. However, CAP has high
potential for leading to high mortalities in marine fish when it is used under the

UV-irradiated environmental condition. To approach more carefully such findings,
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possible photosentizational effects of chloramphenicol (CAP) on the skin of olive
flounder, Paralichtys olivaceus was also pursued. Flounders with or without
chemically-damaged liver were exposed to respective UV-A and UV-B irradiation
following intragastric administration of CAP. After the irradiation, a series of
pathological analysis was carried out. CCly injection constantly resulted in various degree
of fatty change, atrophic parenchyma and focal inflammation in liver. Any clinical and
histological changes were not recognized in the group with healthy liver, irrespective of
CAP administration. However, necrotic cells characterized by loss of nucleus and
cytoplasmic hyaline inclusions were observed only in the UV-A irradiated epidermis of
flounders with damaged liver after the administration of CAP. In UV-B irradiation, all
the flounders with or without damaged liver after CAP had similar necrotic cells in
morphology to those of UV-A group. These results suggest that CAP may have a
photosensitizational effect on the skin of flounder, under UV-A or UV-B irradiation,

which may be potentiated the effect under hepatic dysfunction.
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A1d A 2

A1d AFAR 2A% WY 2 Bey

A FHAFAME oy Wl Md FEA: U;, ool wek Aaul F oFEe) ALE
B9 2 W 44 27 S 00 A2e) A Ages AT 4 oA 4E EA
AR FAYNSe] WA Qow, o F A% AAY BARES WAR TS olFo) BB
B PAgoldn F 4 ok

FYRA Aol R A4 FWE AR T F A= YA stelsle &
b @FAME 2 Ag] WE A FA48% Tve) 3N HE o
H

SRbE:
FRA Aol Ba FoAol AAHL gt dgolth aeuy ofFAW oY 98 ARy
R E ng.-e- GitrBAel mvbd ALE, FALel e grel Bu agn WATAY A
2 A% FAR ATTE 3 ok WA olfo) Aok ¥ Aotk F AN AFE FTE
Ao £HA AL (FE, oHEES Fol MaA BE wFol FolAgw FFE 1 4
SAg3 A HHe) HAH SHEAI e ATIh o] Folxor ERH oY Bt o F
o 4 4 AL Aol

1L A WA S8 Festo:

F Aol FuEA ATl E8 ExshA 9t 53 FDA 34 FuEA
tetracyclineo]] 3t Aol F43 3oz, FAHAAM= FH fluoroquinolonez}t #2
N2L Ade FHAEAZ FAS A7} o]Foj=x 31 gt} Tetracycline(Tc) 5o gk Aol
e 2 BETAQ HF—Q‘r ?}’}ﬂ A2 uet FAEZAAME 2 oA ddEedE F
g A oz ALEE 1 e fluoroquinolone (FQ) Aol A= o] &) gt WA 7|
78 v F34 ¥ 5o #sld olA® ge ATyt Bast AFd Aok wEd AT
dAe 3 A vEaS M E BE FHAe] 543 WAl g FES dFHEY
17} B5Holh

it
J

2. o5 Ay ¥A8 R A% AEsA:

gyEdol A 2 A% B dhstel 43 AN, 19U oY, B
A 2ags ot Ao gl & A7HA Ao, ofFe) o
gol o). < chloramphenicol(CAP)A] k&9 Folo} f#adste] o
o} o174 71 QA BAC B FEAA A7} FANA o} TAA B AL FFeA B
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gEla] B AFode MYAA agents7t Zte FTEA(E3] Te 2
540 i BAYESHY E4S AAdezA A
HE sEstax ok £, AHH2
Bt sle A 2 998y g 1 54 9T ol ol
A PR ez, &Y A AuT dFS =
th 53] CAPAl A9 Aelstsd 9 wosts paga 2484 s @A dout

Q) Wy F44
zﬂu}ao ﬂ%d g

3. A7 9 H9
o2l EHn da4ds AdEsr A A7 W= ueH 2ol 244 sn

FAZHo] o] Fe Ay,
BoliA 2 A Fa4
Ao WA AT A
N N
A F524 WA Ao 24
( CAP ) ( Quinolone ¥ Tc¢)
| l
91%‘9] HdagdA) 9@ 3 Wild type topoimerase -7
1xhd (Z1Ale disk A= iz A GriaiEAAd 2 TC W
LA} A FrAze] type =AW
| !
B 23284l
j=: o) =15 BT
aamde] A BA QRDRoll A o] Wi =)
223 | 2 Tc Widwe) d7juid
st3 o] Hsld e =4
N B a
5 W3l

N .

WA wae Hastel gAAS
g3 g gu
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A2 -9 AFAL F

A 1A FAA Yo A AT S9

Ay

e RES 1 owlgo] B3 A7) 197080 2FE Aoki et al. (1972)%F o3 &
g3 et E EFH o R 1 AztAd ity o

MA tetracycline] E2] Z87|AS ®AE AT oA 30S ribosomeo] AHFFroZH
aminoacyl tRNAZ} 50S ribosomel] acceptor site¢} A3t AL Fastd oy e Aol
2 dode Aoz d#A AtH(Roberts, 1996). A} -2}t A = tetracyclineA] k&<
€0 F Teol thal WAS 7A€ B2 TR/ ATl Bt ok o3 WAool 74
= WA 71 SA4E B, A, WAAE 2 g o] dojub= Tc9] energy-dependent
efflux, 4 234 G )3} ribosomal protection, vpx|gto 2 FAo 93 Tceol B3}
of & dojut= A 7IAIZ EFEY (Levy, 1992, Taylor&Chau, 1996; Chopra&Roberts,
2001). olzjgk W o] 5 wgt Te 4 F#¥A% 21 £/7E eset efflux WA
7128 7FA= tet geneC & tet A, B, C, D, E, G H, 1, J, K L Z18]lx Z F°] 3o,
ribosomal protection®] ZA-$-& tet M, O, S, W, Q Z18]3. T%°] A3l enzymatic fet X7} ]
= Aoz 48A ATt (Levy et al, 1999). Chopra et al. (2001)2 X F7HA] & Z F tet
Axpe] g 327FA] o)l ARk a2 A= et A, B, C, D, E 18]3 GFo] Bo] £XT
o B astE o

ol gt tet gene HE S 93t o|H9 o8] ATAME fet probesE A &3le} hybridization
o7 YA #3429 =HE A3l WHo] HuE YA (Depaola et al, 1988; Marshall et
al., 1983; Lee et al.,, 1993), © %?15} HHe A3 FgAo] BRI A|7ro] ol AH|HThE ¢
o] 3o} A= WFE PCR ot B AFHAAE o]H3 BHE AHEE HaE
g vk Atk

] Ao oxytetracyclined] WA Wxo] #gE AF7E ARAR (Ervik et al, 1994;
Kerry et al., 1994;78Chmit et al, 2000), W1 ¢F3t o] @Wgrkon, dE o] A3yt A ol F
oJZ Aoz B3 HAY (Mcphearson et al, 1991; Spanggard et al, 1993; Vaughan et al,
1996).

Quinolone Al (53] fluoroquinolone) A= o3t S8t 5 A3 7b5, 18jal
FAAA de] AREET om, v ARl oEF R 4 A Sl o] EH@
W 712 GyrAe} GyrBef= AT 92 14 5] A& DNA gyrase?} ParCe} ParEee= A4
T4 o] 9l topoisomerase IV (Topo IV) 2] quinolone resistance-determining region (QRDR) <}l

m[o s
s
o
=
=
32

t

bo

N
a9
TZ
=

2
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el -4 3 Hojo]t} (Nakamura, S.1997; Horii et al., 2003).

E. coliZ E3tete o2 28 ST A qurA, gyrB gened 2tz parC, parE gened} 35 43-& B.o|
£ Ao 4 A 9o (Pengetal, 1993), o] 58 X5 chromosomal DNAYol| 9] %3} gyrA <}
gyrB gene& Tk HolA 9= Wb, parCe} parE geneS 7172 Xo fX g}l L&A ot (Ying
Wang et al., 1993; Diane and Andrew, 1997).

a#y o Aol A Vel e gyrA, qyrB gene2 ZHz} parC, parE genedl] TSt A7, 53] o1 A
9} 3HQL E. tarda®] -2 Wolol] thgk At ob & Bad Aol §lo] quinolone WA th3t =
7hd Hlo] 5o gk vl a7}t o] o] 2 A ka1 fit

FRAAE BT Fo A W AW Aol g NIxe] wiste] i) AR LY, oY FFH
o] FAE o] &3 A7} BkA (Kerry et al., 1997), Sugita et al. (1988)2 1 Fol|A &
3] OTCE A7 549 & o WA Wyt g43] Fristgcta Rastgtlh. 183 Depaola
(1995 OTCE F43t7] Aole 20~40%9] WA ¥IEE HPw 10d F¢ OTCE FA3 &
e WA WEst 100%7hA) Z74e AL B8 5 AATk 3H9.2n, Depaola et al. (1995)
o ATl oy WA WSt AAA Aolg Rush/k s

2o B3y E ®HH, Bell et al. (1988)# Smith et al. (1994)2 F2)Fo| A AL-8-3l= FAA
of g Te WA &4, Stamm et al. (1989)2 Ao =&HE Azte]l A5 75 2
i

A9l #2] Minimum Inhibition Concentration (MIC) grol Z&71gtthal st T HIE Ao
A WYAdol U= Vibrio parahaemolyticus SN = M2 WATS Fdo] HusHy e
(Twiddly et al., 1994), ol A7} AW AlTFolA AEA W} e 138 7h=A
g YL o]FolAA il Ut

A2 Evete] Bis AYEYE Sy Mz s AT dEd T84S dYEo
7 #xy vlgol kel A= monitoring stz Lot ofAZAA] WAH Ol Fretn Sle A
AA W3t o gy AFe olFARAA ¥ Aded wEte AMEH TS UEue tet,
bla geneoll th3+ monitoringS o|v] A Fojza Uty dEFHZ A SYyete &
2 Abgje] R o2 late] Ay thkg FAAZE AMEEI o] MEE typedl
FAA7E GEbE s w9 ot ol #SE Ayt T3] o] FoARa UA ¥ AA

o,

=2 ENAZMA7E & oFE TR FAFE] Y, 1
%ﬁ}ﬂt -ir*ﬂ oltt. 019} 2o 2 Ao SR SUe dEo] AR HAAd o3 &
ARl el o BT wid FFE 12 A AAH Fsrt 4 vFE AAshaL



Ak A ¥ oFoAe d=d=, vugley, Ad+ad € @A sH 22 v
3 A Adel 7191E AAA &) BistH, diA WHez FE B FAA &I}
T Aol & AAelt)k. 1y FAAY gzt 2 AR N SR Qs JAAIY e &os
A% k5o A7, AT 71 S5 559 A F8 5o AR AR o
& A3 ok FW FoFeA dA gt AW S AFr] f3 AAd FFHer A
5+ chloramphenicol (CAP)S HHZH oz ALg-&o uel @e FEALZr BAste] B2 I
e P Aoy 1 Pdel st HE FHEHA ¥ vk

CAPxE 1947'3 Streptomyces venezuelaeol X 3 WAZ 228 A oW 70S R FS] 505
subunitg Agste] AUl @A FAHS AAAZIT. o] FAA= 194835 H tYPhUS
fever X A2 AL8-5 o} ¢3 salmonellosis 9} haemophilus influenzad] <138+ <2 742 74E, §
8 dutdolt 584 43 AAA dae Amsed g ogdglon AZe £ 7
> 0d ARAZE F2 48R AT (4, 1997). AT}, o] GEE AP AAD EL o
S8 542w 9] el e A va @l ASHelsker}, CAPE Thg3
2o gqokst ¥ A4S doitytar 4EA At (Holt et al., 1993, 1997; Yunis, 1973, 1988;
Trevett et al, 1992). A WAz P HAF Z4F  (reticulocytopenia), YT HAhF
(leucopenia) % 53)\-3} DA% (thrombocytopenia)d @3ttt dalx Aok (Trevett et al,
1992). Althrt, CAP9] E ) B2 e HAAI9F ol Koy, HEF M & o 3
HEAo] A3 myeloid: erythroid (M : E ratio) Hl&o] F7lste d4ES Rt
(Trevett et al., 1992). F ‘ﬂ&ﬂ ZQ3 dad=Ade CAP7E AU EZFA WE (aplastic anaemia)
dole o=, CAPE FXAA} &9 uAbd #oste 548 /A HET3L
(pancytopenia)¥} )M EZHA W1HS fdste Aow deiA vk (Feder et al, 1981). Al
A, Abgel A$ CAPA fid EA4Le Eobxl FAW AREZFAH WA A HPEPo
HAske A7 e, ol A2 CAP/E o 2A A&gites AS HAFAY (Vacha
L 1981). 9B FAB EAe] A A £F P28 Ee] AAFNNE 55 A
2 ASSIE A8 hE 9 7hE Aprel AHES 2D At 29T 27 CAPS
G 84 -8 ARS dF BRAY FREAY ADD Ades A FY WEel A
AARCE Hs) WHHLR Wol Ae¥T Ak AFolTh VA, CAPYL fuse S34E
o o 71A] 5L EHA °l o1} (Ogutu et al,, 2002; Turton et al, 2000, 2002a; Vacha et
al., 1981), =) &2l o) FA WA (Paralichthys olivaceus)ol] thg A= HR HolA YA &
o mebA, 2 - 1 FAANANE BFHT @A BRALE T FAFAA 9
U= CAPO] o ofshatare] HA9l& FHsly] % 79 d#e2 CAP7E of

ol thated ofmt Aefd TS dos|=A] At A g

LJ\

zgps HU ‘o o

A3 E FAAL] HA46d #stol

Hoz ofFel Qoid FAAU Jlg =Y Age ARD
oz Tou AL, vl 4A ALY w g Wt 3
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WAL Do B4 Btel A7E o7k a8 BA Yok WYY weE obishe 3
AAZRN T 7R7F @8R At} sy erythromycin T8 3 sulphonamider] 3AJA] o]
th AGE 29 AAudd TIWHAL obr|etil, T19] HASL renal castdAd FALE of
s, AAs A ge Fh 02 IA FRANE AT ez A A
(Roberts, 2001, Wood and John, 1957).

SFoNN AEHE FYAE BE Q9 @ FoRopoln AFHAAAL, AEHT ' RO
2 1 =44 et 24 BA 4L Are 978 Aol €n, FASA Ade el 34
Hol gt B % ok FlelA CAPAl B4 ol @ dhF AAbslale ez mFA A

o2 HE & Jdot ofd a2 ABAE WE = 5 de A7 de AAon
2 dAFdA FAAe FAY CAP?%] FAA A e Z4d FF dE A 2HE HFo
APH[L. G714 FAEAAL] FFo st ¢4 =73 B8k 9131, history-taking® ¥ 7]
228 Ao 24314 %*é‘ﬂe“ﬁ 712ell it 7o)l sttt AP A] history-taking
°ZRE YFo] RAHE 051%%73401] AL #AsthE A, 4% stoll Ago] e XA
FoFgk oA MAgTE Aol M @A) Hu, A HoZE IR g B AALAY
A, 7+ As s Ado] 1 WezAsd =AZR FRstgch
mebA, 72N 1 AA7E 1) CAPY #FEod & g4 54, 7 HArt 2) Fo £ A
o At mE B, v A |AZE 3) 209 YT &4 F CAP AA 9 54 uiA
221 2Ab wE FRF e 2 HdAsty H4PS A o
o] F 53 Al WA Aol 7 A& e sHEAEA AAEHU "1*‘: hemoglobin,
cytochrome & myoglobin 52 EZo] AR = HAGANA o ) v ai9 49yt
ARHAY A HH FF5EA4S 2k prophyrine. 2 F3H e %571_}3“4 s
of o2 #3H) o W IHFI} Add =FHWE IFF

|

@ 4
N

ﬁé

Hoze of| Balo] gl thAsol @ Wz MARAW, g Ay Lo B
2 B H opapkEel Wil AdsAY 5ol Yol g et el A9

R
91 Z}:L—Q grol m Yo dFS H48 4 Qv FEAE F ¢eF phenothiazine2 1 thA}
: o e} &4 EE JsESAL

59l phenothlazme sulfoxide’} 4&5EA4 S /A3
2 01 Edo] dAE £33, S #28 4 Jrk (Jones et al, 1997). E3H
phenothiazine® <oj3} o]F Atlantic salmonolM 2] F7H2 HAJo] d¢EAd Aod (Hardy,
2001).

A7} o} F 2] 7%l phenothiazine ©]9joll =, #7123 A #ste AFF RuE] AUt
Atlantic salmon 2 sea troutol] X ¢] ulcerative dermal necrosis (UDN)©o] 3712 HA9] #o
7F A5l m At} (Bullock & Roberts, 1979; Roberts, 2001). 3 A ogol{7l F{HFFEA4E
7}2 retens AHT A9, FF RS AT 5 Qi A8 (Bullock et al., 1981,
Hakkinen et al., 2003, 2004).

CAPL 7% b4 2 S4ATe] 254 e Fuel FAAR AgalA FET2e) Ao ol
HARG 28y o] FAAE AYEFA N (hypoplastic anemia) 2 A Aolo] FHFo g2 FoFs}
W BAMSIFF (gray baby syndrome)S Yo7y BALI WAT 2o Algo] AN YTt
(Lee, 2003). A&FMHGHANM = A781E& 71E0A A HEEHA ool she, AHEA ofFd o
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3t Aol FAE oFFolth. CAPE F4HE FAIZ Y9 A oy, off AdA AWARY a3
7b ooz FAHRNME AR Ae dAo, Y ALY FEEA CAPY Hlstoq R34
o] Z< thiamphenicol (528 X UHEF, o|3tEFF 234} 5) & fluorophenicol (F+2H Z 23]
H, EAE; ool #lE, HF F F)ol A FAHELFE vst ok {Xd tiF CAP §4=
A Ao HAMIEel AR, R Al 2HsA 3 LA w3t glgel oW Ry B
v 1tk (Jung, 2003). CAPE E<% H,Ox0) ¢dtel 33}8H7 Ak3}(photochemical- oxidation)7} & o]
dohe Bart ok Milano et al, 1995). CAPE F2 ZholA tiAls o] AAS Edto =
9k E &, rainbow trouto) A 1 F7F tJAAFEE  chloramphenicol glucuronide, chloramphenicol

5ol o4#A Utk (Fig 1, Treves-Brown, 2000). H&AEo 2+
oxytetracycline3} 7 Fojdh 79, WAool A AxF Fxs), dYY, erythroblaste] 7ra:,
erythrocytee] X|Wtjal Aol & doyl= Aoz deix Uut (Kreutzmann, 1977).

WA ARetes 289 A9 AT A1, B3 AX (ol Ab 5F) As BEA A
Gl 3D 5 ew, 2 UF] 5] ALFOE, dE olFel wa S Gl W, B
ABHA AT 4 FFL 2L 4 Utk olFE @ o1BH obsl FNee A A A

SE2HE FA FRge] WA & 9t} (Ferguson, 1989). mdk 123 ¥ G 3R of
F2 aQle) o Mx WA JhsAdol gtk (Bullock & Roberts, 1979, Bullock et al., 1981).

alcohol, chloramphenicol base
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A3 d7E 3RS 2 2

A1A % WYy U AFe F44 54 B4
Ly 8y 2 4%

7}. Te resistant Edwardsiella tarda 9] -1

(1) WA #F( Edwardsiella tarda ) ©} 3R 2 54 B4

h 2EdF

Escherichia coli C600 R222, E. coli HB101 pPT3, E. coli C600 pJA8122, 1231 E. coli HB101
pBR322E Rokurol AFY {F FFE ol &3Q oW, Edwardsiella tarda RE13} Aeromonas
hydrophila HA w52 AW sta | A3 /Y 35 A5 349 47X o
sk B8 9E5le], o] 4R tet gene typed} FUTAE I F HFEFFTE o]&T}
At (Table 1-1). w9 g 2 FH8 23+ Tryptic Soy Broth (TSB, Difco)tt Tryptic Soy
Agar (TSA, Difco)E AME3IH O™, E. coli FF+ 37ColA 16A13r v Fstar, E. tardaet A.
hydrophila, W2 RE " AF TFFE 25TAAA 1643 wiFs ¥ d55 FA35H,
spectrophotometer (UVIKON, KONTRON INSTRUMENTS)E ©|83l ODewits 73+ & 4
o Abgetnt e AT HES Y3 WA 20% glycerol (Sigma)s H7HE ¥,
70T A AHE A7A] BB T

() BT 22
WA ©FE screeningd}ty] 913 1993 FE 2002d7hA 9-2lvie}t detd Fate] FAA
ol Mol Xy #FE Esty WATS 2z 4t ANF 7FY tetracyclineo] w3t

s

A AT+ broth dilution method& AF&3t MICZC. 2 Vel OH, 71 FX 9 7|52 16pg/
ME ST & 185719 #FE AIAT F AR o (Table 1-2), A& wjxje} API 20E kitE
g4t 7 3L AN E tarda 127%¢ AEsn 2 Fo)A Teo] WA3S Jeie 208
FE gy, gE gAY i WAAA=E ampicillin(l0yg), ciprofloxacin(5ug),
chloramphenicol(30.g),  gentamycin(10yg), nalidixic  acid(30gg),  oxolinic  acid(2ug),
penicillin(10U) # =2 3}4] thick paper discoll 5008 "ol F A2 overnight &<t
HAZAZIAL test tubeol] Hol WH3FHTE A F Lagar diffusion methodE o]&3te] hHF-E
F57h Al WAFY e BAT 5 A
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Table 1-1. Reference stains used in this study

Accession No.

Strains Characteristics  fef genes (GenBank)
Edwardsiella tarda RE1 plasmid tet A X0006
Escherichia coli C600 R222 plasmid tet B J01830
Escherichia coli HB101 pBR322 plasmid tet C 101749
Escherichia coli HB101 pPT3 plasmid tet D X65876
Aeromonas hydrophila HA chromosome tet £ L06940
Escherichia coli C600 pJA8122 R plasmid tet G $52437

Table 2-2. Distribution of tetracycline resistance bacteria isolated from diseased fish from

1993 to 2002 in Korea

Proportion of Tc resistance isolates

Area Total
1993~1995 1996~1998 1999~2002
East sea 0/4 4/15 11/48 15/67
South sea 8/60 4/12 12/ 46 24 /118
Total 8 /64 8/27 23 /94 39/ 185
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(2) Multiplex PCR2] 7t

(b Primer A%t

GenBank (EMBL)Z-E] ¢ 1.2kbp Z7]9] tet gene A, B, C, D, E, 71831 G9 sequenceE
Atk Macaw programS o]&3le] 6709 tet gene sequence® BN F, 7P Ho
conserve® o] Q1 E 148~168bp H- ZIE] sense primerE A5t o] sense primer fet
gene A, B, C, D, E, 183 Goj 0% x9] binding &&E25 7FA31 Utk ZZ}e] tet geneol
)3} specific antisense primer= UE fet gened] binding @ 4 fI=F 3% 99 variable
region?l 301~318bp (tet B), 377~393bp (tet E), 517~534bp (tet A), 613~631bp (tet D),
761~778bp (tet C) L] 933~950bp (tet G) %92 A}gatgon], PCR product 77} 171
(tet B), 246 (tet E), 387 (tet A), 489 (fet D), 631 (tet C) Z1g)3 803 (tet G) bp7} HEZ 5]
7198 A 242he] typeo] sizeo| o&] TEHEE A XSt (Table 1-3, Fig. 1-1).

(1}) Total DNA ¥&

TE TSBo| HE3do] 25C FE 37CoA 24A17F wjst oS, widd 1.5me 3o
12,000rpm, 1087+ A48 2 &}a1, TE-buffer (10mM Tris/Cl, pH 8.0, ImM EDTA)Z A ¥
A7l % 20% SDS9} 20mg/miS] proteinase K& H7}ete] 37ColA 1A7F vb-SA AT 92
lysateso] 5M sodium chloride 10005 F7}3F &, phenol : chloroform : isoamylalcohol (25:
24: )2 38 FZ3e] DNAZ molgle #8422 wua A2 Reldad. 99 $893
o] 2 volume ethanol®} 0.3M sodium acetate® 2311, vortex® &&3}<d, -70C oA 14375 <t
HAAIAS 12,000rpm, 4C, 1023 A R85, 45 AdE &3 AAE -, 70% ethanol 1
ng H7keted 12,000rpm, 4C, 1083 |42 AT FeAS 438 AAF &, 1080 &
L AAAzR  AF)3, 50 distilled  watere] @& zd. gy, UV
spectrophotometer(UVIKON, KONTRON INSTRUMENTS, SP.A., Milan, Italy)E AMg3}ed,
260nmo A FFEE ST ohE 7t7he] DNA 555 A#sted AH&aAo

-

12
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Table 1-3. Primers used in PCR

tet genes Oligomers name Primer sequence (5’ to 3°) P(z;i[t)i)on*

TETF GCGCTNTATGCGTTGATGCA 148~168

tet A TAR ACAGCCCGTCAGGAAATT 534~517
tet B TBR TGAAAGCAAACGGCCTAA 318~301
tet C TCR CGTGCAAGATTCCGAATA 778~761
tet D TDR CCAGAGGTTTAAGCAGTGT 631~613
tet E TER ATGTGTCCTGGATTCCT 393~377
tet G TGR ATGCCAACACCCCCGGCG 950~933

Note : TETF designed from the conserved region of six different fet genes and used as a
common sense primer for PCR amplification.

* : Based on the sequence of fet A, B, C, D, E and G
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0 100 200 300 400 500 600 700 80O 900 1000 1100 1200 1300 bp

Fig. 1-1. Nlustrated positions of primers used to specify the types of tet genes.

( = : sense primer, 8 : antisense primers)
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(t}) Multiplex PCR

PCR &35 02m-& microtubeo] 10mM Tris-HCl, pH 83, 50mM KCl, 1.5mM MgCl,
0.001% w/v gelatin, 0.5% Tween-20, 200uM z}z}e] dANTP, 1uM Z+zhe] primer, 1.25U
AmpliTag DNA polymerase (Perkin-Elmer, Norwalk, CT, USA) Z12]i template DNAZ 4]
F273% total nucleic acid IngS #7135k &, distilled waterZ #HE9 507 = Al 3tH . PCR
E3EL Perkin-Elmer 2400 thermal cycler (Perkin-Elmer, Norwalk, CT, USA)E A}&3},
94 oA 387t predenaturation A7) F, 94C-30%, 55T-30%, 72°C-3027F ¥E-§< lcycle®
A 30cycles ¥H3AZ T 18], cycleo] By HollE 72T A 783t extention times
Ak Multiplex PCRo| M= 6%2]  specific primer pairsE  E§3le] A& o,
amplification cycle2 PCR3} Fd3stA syt PCR A4ELS 05xTAE buffer (40mM
Tris-acetate, TmM EDTA)ol @42, 0.54¢/ml EtBr (ethidium bromide)o] ¥7}# 1% agarose
gel olx A7195& AAE F, UV(ultraviolet)loll . U E bandE #2335t S o
=2 e Y. ¥F 7F Y total nucleic acidE FHoZ PCRE AAG A3, 171 (tet B),
246 (tet E), 387 (fet A), 489 (fet D), 631 (fet C) Z12]T. 803 (fet G)bpe] £o0]% PCRAHES
Ae = YAY (Fig 2). 81 Ao PCRAZY Z7)0] o)7} YESate] ofd 259 fet
geneQl A2 &5 T 4 AUt multiplex PCRE A8 23}, 514 PCR 4H&E& 4
S 4 I o, target template?] specific primerZ A 9|3k 57§ 2] antisense primersE & 33}
o] PCRS 4AWS fe PCRAES 213 4 9t (Fig 13). 12122 503 primers]

U2 primere PCR #4A] oW JF = A d5s & F AAgTh
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1000 bp
500 bp

100 bp

Fig. 1-2. Agarose gel electrophoresis of the products of PCR with specific primers for
different fet genes and total DNA as templates isolates from standard strains contained
different tet genes. Lane 1, Escherichia coli C600 R222 (tet B); lane 2, Aeromonas hydrophila
HA (tet E); lane 3, Edwardsiella tarda RE1 (tet A); lane 4, Escherichia coli HB101 pPT3 (tet D);
laneb, Escherichia coli HB101 pBR322 (tet C); lane 6, Escherichia coli C600 pJA8122 (tet G); M,
100bp DNA ladder.
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M1 2 3 4 5 6 7 8 9 1011 12 M

1000 bp
500 bp

100 bp

Fig. 1-3. Agarose gel electrophoresis of amplicons generated by multiplex PCR from the
nucleic acids of standard strains. Lane 1, Escherichia coli C600 R222 (tet B); lane 3,
Aeromonas hydrophila HA (tet E); lane 5, Edwardsiella tarda RE1 (tet A); lane 7, Escherichia coli
HB101 pPT3 (tet D); lane 9, Escherichia coli HB101 pBR322 (tet C); lane 11, Escherichia coli
C600 pJA8122 (tet G); lane 2, 4, 6, 8, 10,12, negative control (contained sense primer and 5
different antisense primers except each one specific primer); M, 100bp DNA ladder.
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1,000 bp
500 bp

Fig. 1-4. Agarose gel electrophoresis of amplicons generated by multiplex PCR from the
nucleic acids of the tetracycline resistant isolates in Korea. Lane 1, Edwardsiella tarda with
tet A; lane 2, Edwardsiella tarda with tet D; lane 3, Edwardsiella tarda with tet B; lane 4,
Edwardsiella tarda with tet A-D; lane 5, Edwardsiella tarda with tet A-G M, 100bp DNA

ladder.
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(3) Multiplex PCRS 83 o]lfF Wdde] WA FAA &%
h Wg o

g AN el tet gene HAE
Teol]l oj
=

=
o5

3 WAL 7MAE 20%9 E. tarda2F-E] total nucleic acidE 2|3 ¥ multiplex
PCRS A8} tet genes ¥43 A3}, E tardad) A tet A7} 40%, tet D7} 35%, tet B7}
10%, L&) 31 tet A-D, tet A-G} 2ol F 759 gened 7}A dF7F 2447 10%, 5% % e
3t} 71 dominant3t fet gened tet A, tet DO|IL tet BE F2 FHoY oA tE FXE
g = Qlglom, fet A-D, tet A-G9} 20] T F7 geneo] EAstE 7% multiplex
PCRS o] &3te] ahle] PCRE 3ol #o| 753t} (Table 14, Fig. 1-4). o8& AdE
olw] B3 EHF E. tardad) N tet A, Dol HAHUG AFHE AolE BHPTh AL, fet
G gene®] nucleotide sequence= Vibrio anguillarumoll X -5 RiHo Fed, B 439 2
Fol M= tet G7} Vibrio sp.olX WAE A 4gtar 38 E tardao] =TS & T F AN
otk Aol A AHEE PCR assayH& FHT o] o8] dy7bEe] o8 dA44 WA xS
AEFstedl Bol ol & ol A B Afe|MA 8 conserved region®ZHE dhte] sense
primer 712]3 PCR A& Z7] x}o]Z tet geneso] TR T = 6719 antisense primerE A
Zhste o83k Ae-= ik

@ A% FAAN Gehts A A4 SHRA

b AP E 4
Y BN WAHEE ZALE A8 Faiet 4y FojFoRRE dolF FHY 3,
A, nete] RFE, Zu|Ee (Sebastes schlegeli) S AMZs] A FEZE o] &3HAY. Mg, AF,
neto] %22 0.15M phosphate buffered saline (PBS, pH 7.2) #5802 1084 @A 3
A% & 3 AdS 045um (pore size) membrane filterol E3}A|A AP o, filterd] 13
B AT 1% NaCl 7} TSAH|R] &} oxytetracycline (10pg/me)o] H7+d 1% NaCl 7} TSA
Wjzle] ¥Wy RAEEE Gt o] agar plateE 25Tl A 24417 w43t & 247he] plate
AN A colonyFE FAdd A HI=E RAR-EZ AT 2o EFL sl s
g & FF 0552 5meo) 0.15M PBS 9&8-do] dgA A s WA Wxo) #$
AFE Y9 59T e of@Et OTC 10ug/mo] H7Ha wjxolA A& colony S
50~1007 4= #H3ste 4 223t F colonyd FE|, Z7], Gram @4, oxidase testz 0.2 #
S ARG ARE BAS Ay, FAF i s ME 6.7%, AE
M 24.4% 2213 nete] FAEA M= 30.7% AT =S HYoH, FAANE FAT
ZyEgo] Ay AFoiMe WAE Wxs 283%, FAE FA3A] ¥e 2EHS 0.25%
of AT RIEE B FAMAE T3 offrt dAYAE FAsA e ofFdd vso =4
vEtsth (Table 1-5). —18li, A A7 neto] FAEAAA ZAld AT RI=E7E 244%,
30.7%2 247t EA e WAdw 9] reservior 93-S & & A-g Flojgt FAHFO
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Table 1-4. Tetracycline resistance determinants in 20 Edwardsiella tarda isolates

Strain tet genes No. of
isolates ( % )
Edwardsiella tarda tet A 8 (40)
tet D 7 (35)
tet B 2 (10)
tet Aand D 2(10)
tet Aand G 1(5)
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Table 1-5. Proportion of OTC resistant bacteria in marine aquactic environment of Korea

% of OTC resistant

Samples
isolates
Seawater of farm 6.7
Sediment 24.4
Net -30.7
Intestine of rockfish (A) 2.83
Intestine of rockfish (B) 0.25

* Rockfish (A) : OTC treatment before 1 week of sampling.
* Rockfish (B) : no antibiotics treatment before 3 months of sampling.
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() PCR W& E3F tet gened| I XA}

OTC7} #H7id WA oA A colonyE 50~1007/1 8% 33} TSBol| H=%£3 25°C of] A
18~24A17F wiokatdh. Wik 1S 12,000rpm, 1087+ 94 BEEsgoen, J594S A A
i pellete] 0.15M PBS &8 1mE H7}sle vortexd ¥ 12,000rpm, 10837 94 g

2 A5AS AH3| A Ast TE buffer 500pLel] HEdt 95C 2 EollA| 7#3t heating* Z
t}. o]Z A 28 whole cell multiplex PCRS ¢ % template2 ©o]-&5HojH on, PCR AH&
2 05u¢/mé EtBro] H 718 1% agarose gelZ TAE bufferdlx Z79%5E HAAS & od F
F9 tet geneo] EA8F=A A8 PCRE A A1 23, I FHY g AF, 2
1 YA E FA8HA e BN EB HAAHE tet B, tet CE FAT F AN
o, netd] RHEA7} JFUAS T3 zuEeto|M Ed UATAAE tet B7F YERY O
BEol T FF YA FAAN HIFES ¢ 5 AAJT (Table 1-6, Fig. 1-5). o]d B
Ae g AAdM B8 AT T 2% AT EASE et FARAE AR 23,
tet A, B, C, D, 18]3 E59] v RIS Ryt Rustdx e 2 AR e tet B, Ct
S AT F o} AolE HAYTh

rok
R
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Table 1-6. Distribution of tet genes in the isolates of marine aquatic environment

Sample type ::::E::e(;fe d tet gene %
Seawater 100 B 70 %
C 30 %
Sediment 50 B 98 %
C 2%
Net 50 B 100%
Fish (A) 50 B 100%
Fish (B) 100 B 96 %
C 4 %
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M1 2 3 4 5 6 7 8 9 10 11 12

1000 bp
500 bp
100 bp

Fig. 1-5. Agarose gel electrophoresis of amplicons generated by multiplex PCR from the
nucleic acids of oxytetracycline resistance bacterias in marine aquatic environment. Lane 1,
2: tet B, lane 3: tet C, lane 4, 5: tet B, lane 6: tet C, lane 7~12: tet B, M: 100bp DNA
ladder.
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6) FAA Fol7h olfrel WAF WA AT G} ter FAA] BE B

h A Fof £ WA wg aF

B A 16cn, AF 50g9] AHE A5 5 FQ 2B, S schlegelis Haf o] ¥l
Ao HE] HF Wolx HAPHY A% FEd 1590 A A2 F AP AREshh
OTCE =< 125mg/ke o2 3t Atmol] wigtd & ALEE o7 ATT 32%4—‘1 109 F<t UH
d Fq3Act FAAS FAdty) sHF el F9 samplingS dHHoH, FoAE AR F
g5 HE @ 183, 247 B9 £ 1, 4, 12, 16, 20¥ & 2 Z7 3uigly samphngs}ga
ot 3utele) zuEgo e 48 R F T 05g¥E 4ol A% LT ez WA
NEg zAste ¥st A= g #@stAh o] YA Fof & WA W] i A7l 9
st FAA Fojr|ele WATE W=t wigstA ¢kern, F47 Bd Fole Ftsle A
&g Boltprt Astvka st B AYPAXE of9h HSeA OTC%— Fog
gEegre] Fhl Aol WE wsE #Ed A A Tt Ed F 1, 4?4_&117}2&
85, 83% 2 W49 W=yl FUhstthr a2 $RE Faste AEE Hien, 43 AT d
A 20doll= FAAE T3] A 22 W4T UES Ve (Fig 1-6).

(h) WA - &2

AzE JATOZHE] whole cell bacteria® 22t oj®l £7F 2 tet geneo] Ex|3dI=A
PCRS AAZ Ax, Bad WATe] IR ES Vibrio sp., Aermonas hydrophzlaol A3 olE
FEo] JHAE tet FAAE tet B, tet CUS AT = Ao, FAH ftet gened] TH= $
73l A < 7t

ZARSE AFe} FUA el A3 o] 4ol HA AT tet B gene
% qom, Tc ATl 71 3t Ao o]8% tet A, B, C D, E 2813 GE

ir oM
H
i&

& HO}‘?&E} (Table 1-7). o2} PCRES 3T AL A7H4d, ZAHOE &
o, 2 AFoMe do]l 7IAL A= tet gened] FFE HHO PCREXN 3
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Frequency (%) of resistant colonies

Sampling days

Fig. 1-6. Frequencies of Tc resistant bacteria in microflora cultured on various days and

after a 10-days oral administration of oxytetracycline.
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Table 1-7. Distribution of fet genes in the intestinal flora of rockfish after oral

administration of oxytetracycline.

No. of % of each determinant class
Species Isolates
tested tet B tet C
Vibrio sp. 123 100 % 0
Aeromonas hydrophila 64 0 100 %
Unidentified (A) 11 100 % 0
(B) 12 0 0
Total 210

(A) : Unidentified isolates contained an one fet genes of the six detectable with multiplex PCR.

(B) : Unidentified isolates do not contained fet genes detectable with multiplex PCR of this study.
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1}. Fluoroquinolone resistant Edwardsiella tarda 2] A3-
(1) WA T3 ( Edunrdsiella tarda ) ©] 31 2 54 24

h AR5

19943 32§} 2003371 %) $-2] U} 42 F5 9 ol 2R e 2|3 E. tarda S T8 4F A1 H
obAoff v A& = AME-E T, o %?— t}4=7} nalidixic acid o] WA & B.o]= A
At o]#) 3 YA S Holys FFE F 1360 F F 520 F2 38%Z YEIH ™ o] 52 na
B}l ol 2} TFE quinolonesd = ThF 3 LH/‘ A& B o (Table 1-8).

- E. tarda T-& 2490 2] Q1 SS ] 2| ol A -2 Heh-S A s M2} 16s TRNA gened] o] A<l
primerZ ©] &3 PCR 23}, 504 AP ES FEsl= 702 A A T B 2 ST < 9
&) A Tc resistant E. tarda®] AFol A2} o] A 14-1-7F-(1)-(7}) & TL 3 i S AFE-31H 31, -70T
AN X AHE A 7R RS A TH

(h) Al A A1 R nalidixic acid WA 5] &9

2 Ao A A3 A A= ampicillin (Am), tetracycline (TC), nalidixic acid (Na), oxolinic
acid(OA), norfloxacin(NOR), ciplofloxacin (CIP) %] 7, 25 Sigmar} 258 ¢ 3t AFg-st Aot
AR w#Fo FAA I WA FE+= Kim. (1997)] w2} MIC (minimum inhibitory
concentration) gt 2 1} 121, broth dilution method & AF-8-3F4] &4 31t} Nalidixic acid
U} 44 & phosphate-buffered saline (PBS)e]] 10°cell/m¢ &) =2 3] 433+ 3 6040/ m¢ nalidixic acid
7} A7}b8 TSA plate o] 53t 2070 o] 3o} A& AAshe & st 22 o3 W
37+ 0 2 quinolone A8 3} A ¢l ofloxacin (OF)3} pefloxacin (PEF)oll th g+ Y oFA) 74 A1
< F7H AR BERAT

- Quinolone WA &S0l Qlo} plasmidete] oA E Qopuy] el BHe] NPT Aedsted
plasmidE # 2] 3F &, transformation A & A A5G th A3 test® B & E. tardat plasmidE 7}
A3 YA o} transformation©] ¥ 2] A}, transfomation® & 2] E plasmid= gyrA gene-S 714
3 QA gtk 2H 2 2 quinoloneg] W A3 ol = plasmid7} #43HA] &85 & 5 AU
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Table 1-8. Quinolone resistant isolates in Korea

MIC? (after 1 day)

Name History

NA OA NOR CIP AMP TC
RED7 1994, Yosu = 480 2 0.31 0.08 25 -
REDS8 1994, Yosu = 480 1 0.31 0.08 5 -
RE1 1995, Kwangju 60 0.5 0.08 0.04 10 15
RE7 1995, Pohang > 480 4 0.31 0.08 25 -
RE8 1995, Pohang = 480 4 0.31 0.08 10 -
LE2 1995, Namhae = 480 2 0.31 0.16 1.25 -
LE3 1995, Namhae 240 1 0.63 0.08 0.63 -
JH4 1996, Tongyoung = 480 1 0.16 0.08 25 -
CHI 1997, Kujedo 60 0.5 0.31 0.08 5 0.94
DH1 1997, Kujedo 120 ] 0.63 - 0.08 5 0.94
KY1 1997, Kujedo 240 1 0.63 0.08 5 0.94
RE12 1998, Pohang = 480 4 0.31 0.08 - -
RE23 1998, Pohang 60 0.5 0.08 0.04 25 30
JH9 1999, Tongyoung = 480 2 0.16 0.08 5 -
JDE1 2000, Yosu 240 1 0.63 0.08 10 -
JDE2 2000, Yose 240 1 0.63 0.08 10 -
JDE15 2000, Tongyoung 240 1 0.63 0.08 5 30
JDE21 2000, Tongyoung 240 0.5 0.31 0.08 5 -
JDE23 2001, Namhae 240 1 0.63 0.08 10 0.94
JDE27 2001, Namhae 240 1 1.25 0.08 10 15
JDE28 2001, Namhae 240 1 1.25 0.08 5 30
JDE29 2001, Namhae 240 1 1.25 0.08 10 30
JDE30 2001, Namhae 240 1 1.25 0.08 5 60
JDE31 2002, Kuryoungpo 240 1 1.25 0.08 5 60
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Table 1-8. Continued

MIC? (after 1 day)

Name History

NA OA NOR CIP AMP TC
JDE32 2002, Kuryoungpo =60 2 1.25 0.31 20 60
JDE33 2002, Kuryoungpo =60 2 1.25 0.31 20 30
JDE34 2002, Kuryoungpo = 60 2 1.25 0.31 10 2 60
IJDE36 2002, Kuryoungpo =60 4 - 0.63 20 30
JDE37 2002, Kuryoungpo =60 4 1.25 0.63 20 = 60
CJE1 2003, Jejudo 240 1 0.03 0.13 8 16
CJE2 2003, Jejudo 240 1 0.03 0.13 8 16
CJE3 2003, Jejudo 240 2 0.03 0.13 8 32
CJE4 2003, Jejudo 240 2 0.03 0.13 8 32
CIES 2003, Jejudo 240 1 0.03 0.13 8 16
CJE6 2003, Jejudo 240 2 0.03 0.13 8 16
CJE7 2003, Jejudo 240 2 0.03 0.13 8 16
CJE8 2003, Jejudo 240 2 0.03 0.13 8 8
CJE9 2003, Jejudo 240 2 0.03 0.13 8 8
CIE10 2003, Jejudo 60 1 0.03 0.13 = 1024 512
CJE11 2003, Jejudo 240 2 0.03 0.13 8 16
CJE12 2003, Jejudo 240 1 0.03 0.13 8 16
CJE13 2003, Jejudo = 480 2 0.5 0.25 8 256
CJE14 2003, Jejudo 60 1 0.06 0.06 = 1024 256
CJE1S 2003, Jejudo = 480 2 0.5 0.25 8 256
JDE38 2003, Kujedo = 480 2 0.13 0.06 8 16
JDE39 2003, Kujedo = 480 2 0.25 0.13 8 16
JDE40 2003, Kujedo 240 2 0.25 0.13 8 32
JDEA41 2003, Kujedo = 480 2 0.5 0.25 8 128

a
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(2) E. tarda®] DNA gyrase subunit A (gyrA) gene 9} cloning® 971 A g &4

AYFFE AN TF F quinolonesol] 7H5A4 B olE E. tarda GE1S AM&3stH o H A4+ 4
4248 A BAZ Fstart. A F349 1) QRDRs €71 M 8-S AA L, 2) 29 T ©]
Q¢ flanking sequenceE Froh}ztom, 3) rpxwto 2 Ax fHALY 7] MES &3A 53

(7h) QRDRs9| ¢7) M & 274

1) Total DNA £ 2
- 919 A P17 sk B g 0 2 WA AT

2) Primer A&} 2 PCR

E. tarda GE19] gryA QRDRS 22131 7] 9J3) o] Aol R uH =F& =3l degenerated 471
sense primer £} 27 9] antisense primerE #| 5 th (Musso et al.,, 1996; Okuda et al., 1999). ol ¢
3} primersE A}23}o] E. tarda GE1 genomic DNAS] 2 &3t 23}, 7| th3l© PCR A EL HEE
A gk LN AES 8 OE NS AT STk obu w2k WG o) FF PO RN E A
2 QY o] A ] degenerate primerse}i= THE A E. coli, Aeromonas salmonicida, Erwinia carotovora,
Klebsiella pneumoniae, Neisseria gonorrhoeae, Pasteurella multocida, Pseudomonas aeruginosa, Serratia
marcescens, Vibrio parahaemolyticus (GenBank accession number respectively : X57174, 147978,
X80798, X16817, U08817, AE006122, L29417, U56906, AB023569) ] qyrA gene2] 7174 REH F9]9
A7) NG 2 RE thA] primersE A &35 (Table 1-9, Fig. 1-8) PCRE A A3 4 1}, Fig. 1-7% &
PCR A ES A5 4 AU gyrA QRDRY th3f 4] DGYR-19} DGYR-49] primersE A8
PCR| M= 623 bp, 18] 3L parC genedl] o) & A] DGYR-1, DGYR-39] primers& A}-8-¢ PCRO| A &
320 bp¢] PCR productE #3323t 4= 9ISt} gyrA geneol] So] o] AW 623 bp PCR 4HE2] G 7] A
G2 B3 Ay, g2 2% S AT gyrA gened} ml ¢ & A5 AL BAFACEE L. tarda
o} gyrA gene S HA T & YN0, 17 $4 Al 9] gyrA%t parC gene ZFIM AE 7Hs A
320 bp PCR 41%-2 cloning@he] 97] A &S 813l 23}, clone [ A= T2 1% 84 A7) gyrA
gened} W9 & AEAS BolF ubd, clonell o A& parC gened} vl - -2 H54& YIS

=8

3) Cloning 2 Q7142 ¥4

PCRS A A5t g2 PCR AHEL vector (pCR 2.1-TOPO, Invitrogen) £ cloning gt t}-&, Big dye
terminator cycle DNA sequencing kit (ABI PRISM, PE Applied Biosystems, Foster City, CA, USA)
o} automatic sequencer & A-&-8le] G 7] M E S g3t
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Table 1-9. Oligonucleotide primers used in the determination of QRDR regions

Priner Direction Rsitiors * Bese Sequence

DG/R1 S A, 20236 porC, 21107 5-ATGOGTANAGTACTICACIE3

DGYR2  Seme ord, 31632 3-CAAGGIODAACTIVEIO TGS

DGYR3  Atkase A, 56517 parC, 511-30 5-GTATAGCIGTOAQGTOGIAGATATGS
DGYR4  Atserse 14,8873 S-ACATATOTAAGATAGARC IO TICS
DGYR5  Atkerse A, 1088109 5-GRACGAQGTOACTIAAGCIAGCREIG3

® The position of DGYR-1 ~ DGYR-5 degenerate primers correspond to nucleotide sequence of E. coli gyrA
and parC.

_47_



Fig. 1-7. Electrophoretic analysis of PCR products obtained by the amplification of gyrA and parC QRDR
regions in E. tarda. Lane 1, gyrA (623 bp); lane 2, parC (320 bp); lane 3, pCR 2.1-TOPO vector digested with
EcoRI (insert 623 bp); lane 4, pCR 2.1-TOPO vector digested with EcoRI (insert 320 bp); lane 5, gyrA with
M13 primer; lane 6, parC with M13 primer. Lane M, DNA marker (100 bp ladder).
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<4— DGYR-3

A. salmonicida 488: 540
E. carotovora 489: 540
E. coli 488: (37 GGCAA—CC 540
K. pneumoniae 488: 2@ 4T}§‘%§GX§GA—CC 540
N. gonorrhoeae 512: / 564
P. aeruginosa 504: : 556
P. multocida 521:T-CCCTGC-GCTTTTAGTCAACGG-TTC—~TTCCGGTATTH! 573
S. marcescens 488 :TCCC-GA-ACCTGCTGGTCAACGGCT-C~GT~ CG' GCATCH 540
V. parahaemolyticus 489:T-CCRAAC--CTATTGGTCAACGG— TGC——TTCTGQTATCGC 540
* kK * ok *x kK kkEkk ok X *k k¥ Kk k% ** ***** *
<4— DGYRA4
A. salmonicida 793: T > 842
E. carotovora 790: - 839
E. coli 790: . 839
K. pneumoniae 780: 839
N. gonorrhoeae 817: 871
P. aeruginosa 809: 858
P. multocida 820: =T 869
S. marcescens 790: ;T 839
V. parahaemolyticus 787:ATTCCTTACCAAG- TGAACAAAGCTC——GTCTGATCGAGAAGAT‘Z‘ ] © 836
* kx k*k ok *k Kk Kxk*xrk kKk  *x * * x* k% *Kxk ok * *
A. salmonicida 843 :6GTCARAGAGARAGAR-G-GTCGAGGGCA-—~~TCAGTGC~--CCTGCG-CGA-TGAGTCG 891
E. carotovora 840 :6GGTTAAAGATARA - -ACGTATCGAAGGCA-———~TTAGCGC-—-ACTGCG-TGA-CGRATCC 888
E. coli 840 :GETAARAGAAAA~~ACGCGTGGARGGCA-~——TCAGCGC~—~GCTGCG-TGA-CGAGTCT 888
K. pneumoniae 840 :VGGTCAAAGAAAA~AACGCCTCGAAGC”A———vTCPGCGC—-*GCTGCG TGA-CGAGTCT 888
N. gonorrhoeae 872 :GG GAAA-A-AA~CA---CTGGAAGGCAT--TTCCGAGC--TCC-GCGACGA---A-TCC 915
P. aeruginosa 859 :GGTGAAAGAGAAGAA —-G-ATCGAGGGTAT--TTCCGAG--——— CTGCG-CGA-CGAGTCT 907
P. multocida 870 :CGTARAAGAGARAAPMAG-—~TCGAAGGCAT---T-AGCGCAAT-C-ACG--GATTTA-TCT 918
S. marcescens 840 :GETGARAGAAAR -~ ACGCGTGGAAGGCA——--TCAGCGC~--ACTGCG-CGA-CGAGTCC 888
V. parahaemolyticus 837:0GITARAGATARGAAAG--TTGAAGGCATCAGT--GCGC-~T-~--ACG~-TGACGBRA-TCT 885
* ok kX kK * * ok kK Fx Kk * * * ok * & *  xx
<4— DGYR-5
A. salmeonicida 1071:—G—-—CACC(§C TGAGBTCGTGACCCGCCGGA~C-CGTGT~ ~TCG-A~~GCTG-~CGCAA 1118
E. carotovora 1067 :—G“CCACCG{Z \GCGAAGTGGTGACGCGTCGTA C-CATTT-TTGAA~--CTG--CGTAA 1115
E. coli 1067: 1115
K. pneumoniae 1067: ~G»vCCACCGCCGCGAAGTGGTGACCCGCCGTA C~GATTT-TAGCA~--CTG--CGTAA 1115
N. gonorrhoeae 1094: GQCGCGAAGTCGWACCCGACGTA CGCTTTT-CCG--~--GCTG-RAG-AA 1142
P. aeruginosa 1088: 1134
P. multocida 1095: 1146
S. marcescens 1067: 1115
V. parahaemolyticus 1062:GGAT- C}XC TCG‘I‘GMGTCGTGACTCGCCGTA C-TATCT-TCGRATTGC-GTA~--AA 1113

W kxhh k% Kk kE k% Kk Kk K% Ak * ® * * % * ok

Fig. 1-8. Alignment of conserved gyrA gene sequences in gram-negative bacteria. An asterisk
indicates identical residues. Arrows above the nucleotide sequences correspond to the orientation and
positions of DGYR-1 ~ DGYR-5 degenerated primers (Table 1-10) used to amplify the QRDR
regions of E. tarda gyrA.

_49_



<wmwmZ R EEP <Y Z R M E Y

< wmYwZ X EE o

salmonicida
carotovora
coli
pneumoniae
gonorrhoeae
aeruginosa
multocida
marcescens

. parahaemolyticus

salmonicida
carotovora
coli

. pneumoniae

gonorrhoeae
aeruginosa

. multocida
. marcescens

parahaemolyticus

salmonicida
carctovora
coli

. pneumoniae

gonorrhoeae
aeruginosa

. multocida
. marcescens
. parahaemolyticus

171: —CGACTGGAA——CAAGCC*7CTATAAAAAATCGGCCCGTGTGGTC———GGTGACGTART?
171:-CGACTGGAA~CAAA-CCGTATA-AA-AARATCCGCCCG--T— GTCGTCGQGGATGTCATQ
171:-TGACTGGAA-CARAGCC-TATA-AA-AAATCTGCCCG--T— GTCGTTGGTGACGTAA’C
171:-TGACTGGAA-CAAAGCC-TATA-AA-AAATCTGCCCG-~-T~ GTCGTTGGTGACGTAA C
195:-TAACTGGAATGC-CG~ CA—CTACAAAAAATCGGCGCGCATCGTC———GGCGACGTCA @
187:-CGACTGGAR--CRAGCC--CTACAAGBRAATCCGCCCGTGTGGTC-—-GGCGACGTG T&
206:CCTA-T—--AA--CRAACC--TTATCGTAAATCCGCTCG--T-ATCGTAGGGGATGT.

171:-CGACTGGAA-TARA-CC-~ATACAAGAAATCGGCCCG-—T-GTCGTCGEGGACGTGA C
173:—AT——TGGAA——CAAACC~AATATAAAAAATCAGCCCG——T—GTTGTCGGCGACGTA&@@

* * % +* ** Kk kkk kK KK * * e

* %

GCACGGCGA--CA~GTGCCGTGTATGACACCA-TTGTCCGCTTGG
ACACGGCGAC--~TCTGCCGTTTATGAAACCA-TCGTACGTATGG
-CATGGTGACT--~CGGCGGTCTATGACACGA-TCGTCCGCATGG

) TATCA—CCCACACGGTGA—T A~-GTGCTGTGTACGACAC-AATCGTACGTATGG

kk kE kkk kx Kk *k *k k% Kk kk Kk Kk K Ak kk * ok

DGYR-2 —>
278:CGCAG--GATTTCTC-C-ATGCGTTACATGCT-GGTCCATGETEAGGELARCTTCGGT T
278:CGCAGCC--TTTCTCAC--TGCGTTACATGC T- GG TTGATGGTCACLECARE TTCGG-TT
278 : CGCAGCC--ATTCTCGC- - TGCGTTATATGCT-GGTAGACGE ICAGGETARC TTEGG-TT
278:CGCAGCC--ATTCTCCC-~TGCGTTACATGCT- GGTAGATGGCCRG GTAACTTCGG-TT
302: CGCA-—~ARATT-TCGCTATGCGTTATGTGC T-GATAGACGGACAL CAAC?TCGGAT—

:CTCAGCC—-GTTCTCACT-T-CGTTACATGCTGG-TCGATGEE

* ok k EE R F k* kK kk K ok Kk KkHk  kk Kk Kk okkdkkok

Fig. 1-8. Continued.
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(1}) QRDRY upstream} downstream & 7] X8 +4

QRDRY] upstream¥} downstream sequenceZ 78 3}7] 93] cassette ligation-mediated PCR 7]
#g ol £33tk o] PCRYE 7] &g 2 3k 7171°) DNA 990238 nx oo §7]
Age FEAUTHE Pyl

1) Template DNA 1]

E. tarda DNA (2542)% ¥2]3}ed 30 unite] A¢as s Hsdth Agdasrs A2jd DNA=
ethanol & 3 A A] 7] & ligation ¥}+-8-& (Takara Shuzo Co., Shiga, Japan)< 3 7}s} . ligationg 9
3 A] ek o 2 & ligation solution I, 1540, ligation solution II, 7.548, 18] 51 DNA A ttol] AL-&-H A g
F Aol 423 cassettert H7FE vt 1 F 16T oA 30&7F vH-3A] 7] ¥ ligation® nucleic acid
E thA] A9 ethanol 20000 HAAATE th2o 2 94Tl 1083t heatingdlo] ligaseE
inactivationd} t}-2-, cassette ligation-mediated PCR9] template 2 A}-§-5 At} o] A3 ol A A8
A FFE A% EcoRl, Pstl, Sall, Xbal, Sau3A 1 o9, Z12te] Algta 47t 22 @ DNA EFES £
At

2) Cassette ligation-mediated PCR

s8] Al 13-1-04-@-(h2) ARAAA 282 623 bpe] @7 HAZHH upstreams] @7 N AL
228} 7] 918t] GYRSIR# GYRS2R primerE A 43132, ©] primers} 7 C13} C2 primer7}
PCRe] o] &5 21 t}. Cassette primer?] C1 #} C2 (Takara Shuzo Co., Shiga, Japan) & 7} cassettec]]
EHRE 97 ADE AN o @ Hde Tt Ak

Cl: (5-GTACATATTGTCGTTAGAACGCGTAATACGACTCA-3)

C2: (5'-CGTTAGAACGCGTAATACGACTCACTATAGGGAGA-3)

Cassette ligation-mediated PCR-& nested W20z A]3)3}gtt. First PCRE 400uM (each)
deoxynucleoside triphosphates, template DNA (EcoRI cassette-ligated E. tarda DNA mixture)
500ng, C1 primer (10pmol/ ) 140, GYRSIR primer (10pmol/ ) 1u4, Takara LA PCR buffer Il
(Mg”") 5409} Takara LA Tag polymerase 2.5U¢] X3t 5040 reaction mix& Perkin-Elmer 2400
thermal cycler o] 4 2 A) &1t} PCR E£3HE-& 94T o 4 10# 3t predenaturationr] 71 §-, 94C-30%,
557C-30%, 72°C-30%%t ¥H&S 1 cycle® sled 30 cycle ¥kA|Z o™, I F 72To|A 43¢
extention time& F Ut} Second PCRE 400uM dNTP, first PCR product 1uf, C2 ¢} GYRS2R
primer 7}7} 140, Takara LA PCR bufferll (Mg”") 540%} Takara LA Tag polymerase 2.5U°] ¥ 3%
5040 reaction mixol| 4] AA ¥ 9] o0, B4 7 7] 2] PCR product’} A= o] G7| Mol BAHAL
1], QRDR ¢} upstream ¢ 7] X & o] A= o}

th-8- QRDRY] downstreame] & 7] A EL B 2517 9 6ted Pstla} Sall &) 2] ¥ cassette”} ligation
7 DNA templateS 21349t} —18) 3 A2 A2 ¥ primers (GYRSL, GYRS2, GYRS3, GYRS4)Z
o] &-3te] M dAl o] 33 2ol PCR F 7] LS B35t

o] W} © & EcoRl, Pstl and Sallol| s} %3}l 37) 2] fragment’} A4 ¥ 131 cloningste] E. tarda
genome?] 1A 9] F S 88 5= 9l on, A gyrA geneo] F71 MBS AA A o AP AL
-3 primert Table 1-100] Ve 12 ST}
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Table 1-10. Primers used in cloning of gyrA

Name Sequence (5" —3") Direction Position Object

DGYR-1  ATG(CYGGTAATTAQTCACCC sense 220bp~236bp Screening of gyrA
DGYR4  ACCAGA(T,OTCAGGCAGATC(MTTOTTC anti-sense 842bp~825bp Screening of gyrA
GYRS1 TGCGCATGGOGAAGATTGCTCATGAG sense 374bp~399bp 1%3" end walking *
GYRS2 COGGCACTGAACAGATCOCCGACG sense 450bp~472bp 1% 3’ end walking *
GYRSIR  GCAGGACGTOGGGGATCTGTTCA anti-sense 478bp-456bp 15" end walking
GYRS2R  CTCATGAGCAATCTTOGCCATGCGCA anti-sense 399bp~374bp 15" end walking *
GYRS3 ACATCGATOOGATCATTGAGCTGATC sense 1166bp~1191bp 2% 3’ end walking ®
GYRS4 TOOGGAGTGGCTGGAGCOGCAGTA sense 1299bp~1322bp 2 3" end walking *
SGYR-1 ATCAACTTGCOGGAGGCCA sense 1813bp~1831bp Sequencing
SGYR-2 AGAACGGCTACGGCAAACGC sense 2246bp~2265tp Sequencing
SGYR-3 TCGCACCACGCTCAAGGT sense 2860bp~2877bp Sequencing
SGYR4 TGTACATTGCCTCGCCG sense 3468bp~3484bp Sequencing
SGYR-5 CTGGCTGTTTGAGOGCA sense 3850bp~38660p Sequencing
GYRQ GATGTTCGGGATGGOCT sense 106bp~122bp Detection of gyrA QRDR
GYRQR  GOCAACAGCTCATGAGCAAT anti-sense 407bp~388bp Detection of gyrA QRDR
WGYRS  CGTGAGGCGACGGCTTCAAACTTG sense (-)298bp~(-)274bp Cloning of Whole gyrA
WGYRR  AGACGAAGTATTTCAACGTGGOGC anti-sense 2855bp~2832bp Cloning of Whole gyrA

* Cassette ligation-mediated PCR.
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(th) E. tarda gyrA gene A HZALe] g7 A4E A

1) QRDR9] upstream ¥} downstream 7] A€ 44

EcoR 1 & AF&3te] 413l QRDRE] upstream sequenceo] A= 721 bpe] A7IMES WH AL, Pst1 &
AH4-3F downstream sequencedl) A& 943 bpe] & 7] M E-& A7 ST} Pst | fragment?] F7] A&
< 7}A) 3L primers (GYRS3, GYRS4)E A &3dta] PCR3 A3} Sal 1 digestoll 4] 2885 bpe] PCR
productE T 4& = AR A, 7|4 8Ha AHE5-2 gyrA gened] AA §7] HES 83l AN
o} (Fig. 1-9). =g 2 A7 9] A& o] qyrA genedl A SEHJ =X E FA3H7] 918 ORDR 7919}
A A gene-S nucleotide$} deduced amino acid A B2 AF7t#] Bad & Al F9 gyrA, parC

=2 4E
vl 3L

r 1

b

o} vl 3t A3}, qyrA gene2 1% A9 gyrA gened} w5 32 eI (Table
1-11, Fig. 1-10). 320 bp2] parC gene A A| th& o] 54 sk A3, E. coli, Salmonella
typhimurium, Pseudomonas aeruginosa, Shigella  flexneri, Vibrio parahaemolyticus, ~Neisseria
gonorrhoeae, Serratia marcescensoll Ztzt 81, 84, 83, 82, 72, 43, 87% 9 ¥& FF4E AT
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2885bp
943 bp ‘

721bp

Fig. 1-9. Electrophoretic analysis of LA PCR products obtained by the amplification of upstream and
downstream of gyrA QRDR regions in E. tarda. Lane 1, EcoRI digest (second PCR, 721 bp); lane 2,
Pstl digest (second PCR, 943 bp); lane 3, Sal I digest (second PCR, 2885 bp); lane 4~6, pCR
21-TOPO vector digested with EcoRI (lane 1, 2, 3, respectively). Lane M, DNA marker (100 bp
ladder).
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Table 1-11. 1dentity of the nucleotide and deduced amino acid sequence of the gyrA in E. tarda compared

with those in other bacterial strains

Organisms Accession munber * Nucleotide sequence Deduced amino acid seqrence
WholegirA  QRDR WholegrA  QRDR
FEscherichia coli X57174 78(49p & 85(30) 100
Aeromonas salmonicida 147978 71 & 71 93
Pectobacterium carotovorum X80798 78 8 8 97
Klebsiella prevrmoniae X16817 80 4 86 97
Gram(-)
Neisseria gonorrhoeae U08817 5%(49) 77 51(29) 8
Pastewrella nuiltocida AE006122 4 88 7 95
Pseudomonas aeruginosa 129417 68(52) 78 63(32)
Serratia marcescens U36906 83(53) 91 86(31) 100
Vibrio parahaemobticus AB023569 70(50) 85 77(31) 100
Streptococeus prevmoniae AY157689 52(49) 65 46(34) 68
Gram(+) Cemmpy/lobacter jejuni LO4566 48 63 45 70
Mcoplasma hominis U39880 45 65 39 75

® The nucleotide sequence has been assigned accession number in the GenBank EMBL database.

® The numbers in parentheses indicate the identity to parC gene.
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Serratia marcescens
Edwardsiella tarda
Pectobacterium carotovorum
Klebsiella pneumoniae

Escherichia coli

Aeromonas salmonicida

I Neisseria gonorrhoeae

Pseudomonas aeruginosa

Vibrio parahaemolyticus

Pastcurella multocida

Streptococcus pneumoniae

‘ Campylobacter jejuni

My coplasma hominis

|
0.1

Fig. 1-10. Phylogenetic tree showing the relationship between the E. tarda gyrA gene with other
known gyrA sequences. The accession numbers of the gyrA sequence are as follows: Serratia
marcescens, U56906; Pectobacterium carotovorum, X80798; Klebsiella pneumonine, X16817; Escherichia coli,
X57174; Aeromonas salmonicida, 147978; Neisseria gonorrhoeae, U08817; Pseudomonas aeruginosa, L29417;
Vibrio parahaemolyticus, AB023569; Pasteurella multocida, AE006122; Streptococcus pneumonige, AY157689;
Campylobacter jejuni, 1L04566; Mycoplasma hominis, U59880.
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2) E. tarda gyrA gene®] 7] A gol gt a4

Complete geneS #2433 A3} gyrA gene-2 8787] 9] o}rimihs ¢35 8}8l= ORF (open reading
frame)E 7}A 1 YA} (Fig. 1-11, 1-12). ATG start codon®.ZHE 16 bp 4¢HC = E coli9]
Shine-Dalgarmo consensus sequence (GAGGG)$} 413+ ribosome-binding site7} VFERE O™ o]
site:= ribosome 30S subunit2] 16S rRNAS} Z3}sle] gl A A3 Aol 83 TS sl= A
° 2 4# A 9t} ribosome-binding site?] 8 bp ¥l E. coli2] -10 promoter (TATAAT) 9= thas
=}o] 7} QAT A. salmonicida®] -10 promoter &&= 2 TAATTAS] &717F YElyth o ¢F o2 3
a2 &= $A 9 H. pylori®] -35 promoter (TTGATT) (Moore et al., 1995)9} A8t TGTATT €715
T2 5 At} A8 E. coli, (Swanberg and Wang, 1987), K. pneumoniae (Dimri and Das, 1990)
9} Bacillus subtilis (Moriya et al, 1985)¢] -35 promoter (GTTACC)u} ATITTCC (Serratia
marcescens), GTTTGCC (P. aeruginosa), GTTTCCC (E. carotovora), GTTTAAG (A. salmonicida) 9 %2
2 A7l B2 g < gt (Kim et al, 1998; Kureishi et al., 1994; Rosanas et al., 1995; Oppegaard
et al., 199).

E. tarda gyrA gened] & £o g A #A F HAAd] FXE A3l inverted repeated
sequence®3 224o] WALt} o] 5L ATG start codong] & o2 -203/-85 9] ] 3=
AAAGAC/GTCTTT ¢} -199/-16 9Jx1¢] ACCCTC/GAGGGT®] 712 z}z} 1183} 1839 ¥7]9]
unpaired loopE 7} A= 41AH 8 o] £xE A 3}A B} o] & inverted repeated sequences 9] &)
+ E. coli (Horowitz and Loeb, 1988)o| 4 F=& 4 3150o] qyrA AX}2] supercoiling-dependent
regulationo| E. tardao| 5= A o1'd-S YefUl ™ ol= Aeromonas salmonicida, Pseudomonas aeruginosa
and Klebsiella pneumoniae] gyrA promoter | A = <™ & 1t} (Oppegaard et al,, 1996; Kureishi et
al., 1994; Dimri and Das, 1990). I & %¢] inverted repeated sequence?] AAGGGC/GCCCIT 7}
TAA stop codon®] 5 46/63 9] x] o) UEbsE 0 1 o] = 177) 2] unpaired loop8 4 2 A HALE]
T8 A3 EH 3o G A o (Oppegaard et al., 1996).

o] A48 AF gyrA geneoﬂ &) 23} ORF o] ) o] It T} & ORF/7} A & A= o] &= gyrA geneo]
3" end W3ko 2 E. coli2] RCSC gened 49% U X8-S & 4= AU th

E. tarda GyrA 9] o}uli= it M A8 vlwd A3} E. coli B} 3709 oju] =4t 2715 o 74A) 3 9
o1}, C. jejuni, P .aerugenosa, H. pylori 5o 4 ¥7 5+ intragenic stretches (f- @A o] 4A5)
Red, E. coli% 9] T2 A4 (Horowitz and Wang, 1987)0l] A ¢} 7+o] DNA <=/ o) A 4§l
st catalytic Tyr-122 FE 3 @48 4= QAo

A
=
A
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v

4505bp

A

EcoRI Pstl Sall

Sal I fragment (2885 bp)

Pst 1 fragment (943 bp)
———(

EcoR 1 fragment (721bp)
_

n ayrA (2637 bp) — RCSC
L] T
DGYR-1 DGYR-4
| | | | | 1 | | | | |
-500 0 500 1000 1500 2000 2500 +363 +863 +1363 +1863

Fig. 1-11. Restriction map and organization of the E. tarda gyrA locus. Vertical arrows indicate positions of
the degenerated primers (DGAR-1 and DGAR-4) used for the cloning of gyrA gene. Thick horizontal arrows

indicate the produced DNA fragment with the used restriction enzyme and the walking direction.

_58_



GCGGCGATGCTGGCACGCGCCGGCGACGACGCCGLGCE FET GGCATTCGCGACGGCCATTATCACCTG 1350
AAMLARAGDDAARPEWLEPQYG! RDGHYHL

pstl

ACGGAGCAGCAGGCGCAGGCGATCCTGGATCTGCGTCTGCAGAAGCTGACCGGCCTGGAGCACGAGAAGCTGCTGGATGAGTACAAGGCG 1440
TEQQAQA T LDLRLOGKLTGLEHEZ KTLLDEYKHA

CTGTTAGAGCAGATCGCCGCGCTGATCTTCATCCTGCAGAGCCCGGAGCGCCTGAT GGAGGTGATCCGCGAAGAGCTGATOGCCATCCGE 1530
LLEQIAALLIFILQSPERLMEVIREELIAILIR

GAGCAGT TTGGCGATGCGCGCCGCACCRAGATCACCGCCAACACGGCGGATATCAATATCGAAGATC TGATCGAGCAGGAAGACGTCGTG 1620
EQFGOARGRTEITANTADI NI EDLIEQEDVY

GTGACCCTGTCGCATCAGGGCTACGTGAAGTACCAACCGCTGAGCGACTATGAGGCTCAGCGTCGCGGCGGTAAGGGTAAGTCCGCCGCG 1710
VTLSHQGYVKYQPLSDYEAQRRGS®GEKT GKSAA

CGAATTAAAGAAGAGGACCTTATCGATCGGCTGCTGGTGGCCAATACCCACGACACGATCCTGTGCT TCTTCAGCCGGGGCCGCATGTAC 1800
R I KEEDL I DRLLVANTHODTI LCFFSRGRMY

TGGATGAAGATGTATCAACTTGCCGGAGCCAGCCGCGGTGCCCGCGGTCGTCCGATCATCAACCTGCTGCCGCTGGAGGCCGACGAGCGC 1890
W M MY L AGASRGARGRP ! I NLLPLEADE

ATCACCGCTATCCTGCCGGTGCGTGAGTATGCCGAAGGGGTCAACGTGTTTATGGCGACCGOCAGCGGTACGGTGAAGAAGACGGOGCTG 1980
I TAFTLPVREYAEGVNVFMATASGTVKEKTAL

ACCGAGT TCAGCCGTCCGCGCGCCGCCGGGATTATCGCCGTGAACCCCAACTACGGCGATGAGCTGATCGGGGTCGATCTGACCGATGGC 2070
TEFSRPRAAGILIAVNPNYGDELI GVDODLTDG

AACGACGAGGTGATGCTGTTCTCOGTCGCCEETAAAGTGGTGCGCTTCAAGGAGGACGCGGTGCGTGCCATGGGGCGTACCGCGACCGGG 2160
NDEVMLFSVAGKVYVRFKEDAVARAMGRTATSG

GTGCGAGGCATCAAGCTGGCCGGAGAGGATCGCGTGGTATCGCTGATCGTACCGCACGGCGAAGGCGCTATCCTGACCGTGACCCAGAAC 2250
VRGI KLAGEDRY V SLIVPHGEGATI LT Q

GGCTACGGCAAACGCAGCGGCGTGGCCGAGTATCCGACCAAGTCACGCGCGACCCAGGGGATTATCTCCATCAAGGTGACCGAGCGTAAC 2340
GYGKRSGVAEYPTKSRATQGV IS I KVTERN

GGCAGCGTCGTCGGOGCGATGCAGGTCGAGGACTGCGACCAGATCATGATGATCACCGATGCCGGTACCCTGGTGCGCACCCGAGTATCC 2430
GSVVYGAVQVEDCDQLI MWMITODAGTLVRTRVS

GAGGTCAGCATCGTCGGGTGTAATACGCAGGGGGTTATCCTGATCCGTACCGCCGAAGACGAGCACGTGGTGGGGCTGCAGCGGGTCGTC 2520
S G N T QG YV f RTAEDEHVV GLQRVYV

GAGCCGGTTGACGACGAAGATCTGGACAGCATCGACGGCAGCGCCGCGGAGGGTGACGATGAGATCGTGCCGGAAGTGGAGAGCGATGAC 2610
EPVDDETDTLTEDS D G AEGDDEI VPEVESDD

SAT;\}CCSCCGAGGACGACGCGGAA.SAGCGATGACGATGCCGCCGAGGACGACGCGGAATAAGCGTTGACGCAGGCGTCACAAGGGCC +53
£ A >SOOS>>

GGTTACTCCGGCCCTTTTTT TATGCCGCTGACGTGCCCGGCTATCGRTTGACGCGCTGATGCCACCCCCGGCTGAATCGCGCTGACGCGE +143
<KL

Fig. 1-12. Neucleotide and deduced amino acid sequences of the E. tarda gyrA gene. Potential hairpin loops
upstream and downstream of the open reading frame are indicated by the symbols > and < in inverted
repeats. Nucleotide position for the restriction enzymes (underlined) and primer (shadowed) used for the
preparation of cassette-ligated E. tarda DNA and the cloning with cassette ligation-mediated PCR method,

and stop codon (boxed) respectively also shown.
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P02
TTTCCTGCAGATCAACGTTTTGTGACACCTCTGACTCCTTTAATCCAGCGCGGCGGCGCGCGCAAAAAAAGACCCTCTGAGGCGATTATA 270
SO55>>

CCOGTTGTTCCGCGATGGCAAAGGGGCAGTCGGCGCTAAGGC TACGATGGCGCTGTGCAT TTCGCACAACCCCGGCCTTTGTGGTATCAT ~180

<LLLLL

TATCGTCTTTGTCATCGTGTATGCGCCTGGTTCTAGTCGATGTATTGAGGGTAGCGGCAGAT GAATAAT TAGTAGAGGGATAGCAGCTCC -90
<LLLLKL

ATGAGCGACCTTGCCAGAGAGATTACGCCGGTCAATATCGAAGAAGAGTTGAAAAACTCATATCTGGATTACGCCATGTCCGTTATCGTC 90
M S D A R b T PVYVNITEEELKNSYL Y AM SV IV

GGTCGTGCGCTGCCGGATGTTCGGGAT GGCCTGAAGCCGGTACACCGTCGCGTCCTGTTTGCGATGAACGTACTGGGCAATGACTGGAAC 180
GRALPDVARDGLKPVHRRYLFAMNVYVLGNTDWN

DGYR-1

AAACCATACAAAAAATCGGCCCGTGTGGTCGGTGACGTTATEHE CEBACACGGTGACAGCGCGGTTTATGACACTATCGTG 270
K PYKKSARVYV GDVIGKYHPHGDSAVYDTIV

CGTATGGCGCAGCCGTTCTCCCTGCGCTATATGCTGGTCGACGGCCAcGGGTAACTTTGGCTCCATCGACGGCGACTCCGCGGCGGCGATG 360
RMAQPFSLR M Db GQGNTFGS I DGDSAA

CGTTACACCGAAG AE TGTTGGCCGATCTGGACAAAGAGACGGTGGACTATGTGCCCAACTACGA% 450
RYTEVRMAKTI AHELLADLDKETVDYVT?P

GYRS2 P> . GYRS1R
K J 'GACCAAGGTGCCCAACCTGCTGGTCAACGGCTCTGCCGGTATCGCGGTGGGGATGGCGACC 540
P T KVvePNLLVNGS AV GMAT

AACATTCCTCCCCATAACCTGACCGAGGTGATCAACGGCTGCCTGGCCTATATCGATGATGAGAACATCACCATCGAAGGGCTGATGGAG 630
N 1T PPHNLTEV I NGC AY I DD ENIT TI1EGLME

CATATCCCGGGGCCGGACTTCCCGACGGCGGCGATCATCAACGGGCGCCGCGGCATTGAAGAGGCTTACCGTACTGGGCGCGGCAAGATC 720
H1PGPDFPTAAI I NGRRBRGIE A G R G K |

TACGTGCGCGCGCGCGCCGAGATCGAGGTTGACGATAAAAATGGCCGCGAAACCATCGTGGTGCATGAGATCCCCTATCAGGTCAACAAG 810
YVRARAEIEVDODKNGRETIVVHEIPY QVNEK

gCG(R‘,GTETGAI\TC CEE %MAGAGAAGCGCGTCGAGGGCATCAGCGCCCTGCGCGATGAGgCCGATAAGGACGGG 900
R D E K

ELVEKEKRVEGISATL

ATGCGCATCGTTATCGAAGTCAAGCGCGACGCGGTGGGCCGAGGTGTGCTGAATAACCTCT/—\CACCCAGACGCAGATGCAGGTCTCCTTC 990
M BRI VI EVKRDAVGRGY LNNLYT G M QV S F

GGTATCAACATGGTGGCGTTGCACCAGGGACAGCCGAAGCTGCTTGACCTGAAAGAGTGCCTGGAAGCCTTTGTGCGCCACCGCCGTGAG 1080
N ALHQGQPKLLDULZKECLEATFVHR R

GTAGTGACCCGCCGCACCATCTTTGAACTGCGCAAAGCGCGCGAGCGTGCCCACATATTGGAAGGCCTGGCCATTGCGCTGGTCA :
VVTRRTIFEL®RKARERAHIL G AT AL VN

1170

RFECGCCGTGCGCCGACGCCCGCCGAGGCCAAGGCTGCGCTGGTTTCCCAAGCCTGGGCGCTGGGCAACGTG 1260
DPLILIT ELIRRAPTPAEAKAMALY SQAWALGNY

Fig. 1-12. - Continued.
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(2}) Temperarture sensitive E. coli mutant ( E.coli KNK453)
24

Table 1-102] WGYRS/ WGYRR primer setZ o]-&3 PCREZ gyrA gene] A4 @7 MES 5335
i1 vectordl] cloningdlgit}. o] plasmidE temperature-sensitive gyrA mutant, E. coli KNK453
(Kreuzer and Cozzarelli, 1979)°}] transformationA] % t}.

m[o

o] &3t E. tarda gyrA gene U{d

1) Transformation
- Calcium chloride & ©]-&3}o AA)8tQ T} (Kim, 1993). E. coli KNK453-2 5m¢ LBH] 2] o] 5 &35}
of 2441 7F M 3 RS HEHo] 1% HEF 5Sme LBef A o] thA) A F 3] ODssooll M F3=71 0.4~
0.60] 8 W7} 2~3X2F vl Fg thS iced] 1087F FZAAZAL 1.5mE Aste vl W2zl
microtubeo] £ 71 ¥ 5,000 rpm, 587+ 994 o] FA NS A sk, D=l 50mM Call, +
10mM Tris-Cl (pH 8.0) &2 750408 73+ TF-2 iceo] M 1557+ W7HA 2 Th. 5,000 rpm, 5% E<t 944]
Basled AHRES A1, o 7]9) A 50mM CaCl, + 10mM Tris-Cl (pH 8.0)-& < 100 ¥-& $ 4T
of| A 12~24 A1 7+ ) 3t] competent cell-2 #) %3} th. Competent cellof] %23} plasmid DNA
E 33 A Ho]FE gL icedl] 30%7F ¥ x| 3 3427 9] water bathZ &4 28 F¢F 223ttt 1 o
& 1mie) SOCH] A& H7}3hed 37°C ol A 1A 2F B¢ i FA] 71 3 ampicillin 50pg/méo] £ A+ LB
plateo]) 2000 =23 g th 37°C & 42°C ol 242} 12~24A) 2t vl % F transformantE 418 3} At}

2) Mutant E. colio| M2 E. tarda GyrA 23 9 B/} <l
transformation*] Z} ©. 2% E. tarda gyrA geneA E. coliol| Ao BA} 041'?‘% ##3 95\'7 a ﬁﬂ'
transformation® E. colit 30°C ¥yl o} )2} 43 CAlA = 1 o] Aet= Aol A2

]
%2 ¢ & control§l TOPO vector?HS transformation 4] 31 KNK 4537+ 43 C oA & }?)r?(] B
e A = At (Fig. 1-13).
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Fig. 1-13. Agar plate growth at 43°C of E. coli KNK453 transformed with the following
untransformed (A), Topo vector (B), Topo vector (Inserted E.coli gyrA) (C), TOPO vector (Inserted E
tarda gyrA) (D).
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(3) 3% 271X 222 quinolones A AN YT gyrA F A4S mutation
Aol A 22 H nalidixic acid WAT F 45 & JF oz Adstdnt. adA 2 H gyrA
gened] 7] A 49< ugoz QRDR % d3o] 47 HES BAgozN WA g5 gened
mutation E4& {?_‘ Stk 1 A AP E BE FF9A GyrAe] 831 opn|ictto] JA| o2 W
3 AL A 5 YATH (Table 1-12). A8 8 2 & 72 831 o}p| = 4k2l serine?] arginine ©. 2 W
ol 7} Yol AL o *}F‘ 9127 nucleotide= AGC7F AGAL} CACZ & A& FAZ 5 Atk

=
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Table 1-12. Susceptibility to quinolones and mutations in the QRDR of gyrA genes of E. tarda isolates

Strain Isolation MIC (ug/me) a Mutation in gyrA
NA OA NOR CIP amino acid bace change
GE1 1994, Kujedo 2 0.13 0.03 0.008 83(Ser) AGC
RED7 1994, Yosu =512 2 0.31 0.06 83(Ser—Arg) AGA
REI1 1995, Kwangju 64 0.5 0.08 0.03 83(Ser—Arg) CAC
RES 1995, Pohang =512 4 0.31 0.06 83(Ser—Arg) AGA
LE2 1995, Namhae =512 2 031 0.13 83(Ser—Arg) AGA
'JH4 1996, Tongyoung =512 1 0.16 0.06 83(Ser—Arg) AGA
KFE 1997, Gampo 64 2 0.13 0.06 83(Ser—Arg) AGA
JH9 1999, Tongyoung 2512 2 0.16 0.06 83(Ser—Arg) AGA
JDE2 2000, Yosu 256 1 0.63 0.06 83(Ser—Arg) AGA
JDE30 2001, Namhae 256 1 125 0.06 83(Ser—Arg) AGA
JDE37 2002, Kuryongpo =512 4 1.25 1.25 83(Ser—Arg) AGA
CIEI3 2003, Jejudo =512 2 0.5 0.25 83(Ser—Arg) AGA
JDE45 2003, Kujedo 2512 4 0.5 0.13 83(Ser—Arg) AGA

“NA, nalidixic acid; OA, oxolinic acid; NOR, norfloxacin; CIP, ciprofloxacin.
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(4) DNA gyrase @ Topoisomerase IV genes 2] cloning?} 7| Ad ¥4

gyrA gened| 471 MG ¥4 Wy 2 Aoz HAHAT +4 FEAH gened] F7]
NES ZAABH O, cassette ligation-mediated PCRY .2 AA 47 M €& AAsIAT-

(7}) DNA gyrase 2 Topoisomerase IV genes®] {-3& 7] 44 AA

gyrA gene®] QRDR9 ¢7] AM4g9E& BA37] 9% degenerate primerg oA DGYR-1,
DGYR-32 parC gene# T REE o] gloen] PCR# cloning?gS AA parC gened Y
@7l qEE 233t Ach

odg) 1% SATNA parE genel parC gened 7V7hE YA o E£ASE Bivt UL
™, E. tarda 99X o]} §AFE Aojg} FAsATE. B AE 9 parC gened] FUVIME A%
o] gened] R0l ThE # parE gened}t 43 FAYS & 5 UMeH of FHE E
tarda®] parE gene%d UH UL I & 5 U

gyrB gened o] Mo B3 ¥ primer (UP1, UP2R) (Yamamoto and Harayama, 1995)& 2|
3t PCR3I¥ o™ PCR AHES cloningdtd dFo] g7 NES dAsATh

2 A3 9] PCR, cloning, §7] ¥ &4 3352 <o gyrA geneo] A9} Zt}

(W) parC gened) §7] A€ #4

918] B-2-4)-(1) 2, parCol th3] 320 bpe] 7] M UG AAT 5 AT o] 7] HDE wpge
& cassette ligation-mediated PCR-S 4 A8 o0, A3} upstreamo| A= EcoR1 fragment,
downstreamo| A} Xba 1, Sall o] 3l@38le fragment2 AL 4 JATh ©j#ig fragmentE
cloningd}i G7] A& B892 AA parC genes 24 3 Aok (Fig. 1-14).

1607 bp, 686 bp, 2087 bp o sl st zHzte] fragmentS #4138 A3} E. tarda parC gene-2 7017}
o] o}nj=AHS ok 3ha}E 2106 bpe] ORFE Yeh) 91t} (Fig. 1-15, 1-16). £ A7 AE o] parC
geneol| A} S EHYEAZ 32181798l QRDR Y 9} gene A Al & neucleotide?} deduced amino
acid M A& A F7HA B1h & Ml £2 parC geneE 3 vl sl H oW A3} E. tarda®] parC gene
S &= g 4= AT (Table 1-13).

Start codon YFE oA putative promoter 2 ribosome binding site, inverted repeating
sequence =& 8¢1 3 &= 2191 2.1, stop codon F} & % inverted repeating sequence® &1 < 3l
Atk E. coli ParC8 Tyr-120, P. aeruginosa ParC¢] Tyr-127% X33 AAMRYTE o}v] =4t A Eo]
E. tarda®) Tyr-98 ¥ ol = &7 = At} (Bébéar et al, 1998; Akasaka et al, 1999).
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1607 bp — —— 2087 bp

686 bp —

Fig. 1-14. Electrophoretic analysis of LA PCR products obtained by the amplification of up stream and down
stream of parC QRDR regions in E. tarda. Lane 1, EcoRI digest (nested PCR); lane 2, Xbal digest (nested PCR);
lane 3, Sal I digest (nested PCR); lane 4, 5, 6, pCR 2.1-TOPO vector digested with EcoRI (respectively, insert
line 1, 2,3 fragment). lane M, DN A marker (100bp ladder).
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Table 1-13. Identity of the nucleotide and deduced amino acid sequence of the parC in E. tarda compared

with those in other bacterial strains

Nucleotide sequence Deduced amino arid seqrence
Organisms Accession number *
Whole parC  QRDR Whale ParC___ QRDR
Escherichia coli M58408 735 812 710 924
Pseudomonas aeruginosa AB003428 682 831 64.1 893
Shigella flexneri AE015318 712 815 747 924
Gram (-)
Vibrio parahaemolyticus AB023570 629 739 638 248
Neisseria gororrhoeae 1U089a7 569 682 4.5 4.1
Serratin marcescens AF227958 155 256 773 931
Salmonella typhimurium M68936 729 326 742 924
Strepfococcus preumoniae 267739 506 94 88 319
Gram (4)
Mycoplasma hominis AF036961 4.1 343 238 542

“The nucleotide sequence has been assigned accession number in the GenBank EMBL database.
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PE>IDP>>

ACGTGTBACGCATCCCGCCATACATCCGACAGBCTGCCCBCEEETEECCTGTTCTRTTTTCTCCT TAAACBRCGCCECCCTGCBLGACEE 270

KELLLL

BCTGTGACAGTCERACAAAAAATACGTTACTATCEBCGBCCATTBCATGATTTTACTGOEATCATCTGTCCTECEEGACAGCEECLECETC 160

PIPAPIS> LILLLLLK

SD
CABARBATEACCAATGAGCBATCTBACTCATGACAACAGTBAGCGTGABCGCTCCATBCGTTTACTBAAGACGCCTATCTBECAATACTCE 90

ThBGTCATCATBGATEBCBBGTTECCETTTATCGGCGACEGGCTGMGCCGGTTCAGCGCCGCATCGTGTATGCGATGTCTBAGCTG g0
¥ | M DR ALPF I B DELKPVY QRRI1I ¥ VY AMSEHL
DGYR-1 —»

GGGET ATCD[ICAGCE{IA AAATTTAAAAAGTCGG?GUSEACCGT CGBTGACGT %W& CABEECCACEECGT BAGCECCTGC 180
G S A A K K T D K'Y HPHGVY S A

TATGAGBCGATBGTBCTGATGRCGTAGCCCTTCTCCTATCACTATCCGCTGRTBGATGERCAGGEGAACTERGEEGCACCEEACGATCCE 270
¥ E AM Y LM ADPTF S Y RY P LY DGOQGNWSEGAPTSDTUDTF®P

-+ PARSZ R PARSI —»

KSFAAMRVTESRLSRYAEILLSELGQGT

PARS2 —% ~ «— PARSLR <+— DGYR-3
TATGTCRCCAACTTCOADEREACHLTRIANIARLLY {CGGCBCGGLTACCCAACATCCTGCTEAACGRCACGACCREERER 450

VVANFDGTLDEF‘KFLPARLPNILLNGTTGIv

BOBBICEBLATGRCGACGGATATTCCRCCGCACAACGCGCETGAGRTCBCGRCRECECTRETGGCTCTGCTGEACAATCCGLABAGCTCE 540
A Y G M ATD!)PPHNAREVYAASALVY ALLTIDNPAIQS S

CTGGACBATCTGCTGACGCACATTCAGGEGCCGBAT TTCCCGACCBAGGCAGAAATCATCACGCCGCG TGACGAGATCCGTAAGATCTAC 630
L bDLLTH I QOGPDTF®PTEHAEI I+ TPRDETILIRIKIY

CGCACCGRTCGCGEATCGETACGCATGLGEGCGEGTATGECECAAABAABAGAGCBABATCGT GATCAGCGCGCTGCCGCATCAGACCTCE 720
R T B RGS VY RM~ABRAVY ¥RKETETSEI'I Vv I S ALPHOOQTS

GGCGCCAAGBTGLCTRRAGCAGATAGCCAGCCAGATGCGCGCGAGAAGCTGCTCRATGRTCBACGATTTGCGCGATGAGTCGGATCATGAA 810
G AKYLEOQTIJ ASOMPBRARSTCSMYODDLRDETSTDHE

AACCCGACCCGTCTGRTGATCBTACCRCGCTCGAACCBAGTCGATCTCBATCAGCTBATGAATCACCTGTTCGCCACCACCGATCTEGAA 900
NP TRLVY I ¥PRSNH RYDLDG GLMNUHLFATTDILE

AAAAGCTACCGTATCAACATGAACATBATCGGTCTGGATCGRCETCCGRCGETGAAAGRICIREET BAGATCEILIR! 890

K S YR I NMNMIGLDRRPAYKIDLZRE I LSEMWL S
PARS4 —» Xbal

TACCGOCCGTGABACGRT GUGTCGCCRCETHARE] KBAABBEGRT GAAGCGCCTGCATATICTAGAGGBTCTGCTETGCGCE 1080

VRRETVRRRLNYRLEK\ILKRLHILEGLLCA

TTTTTGAATATCGACBAGRTGATCCACATCATCCGCAGCGAGGA TGAGCCCAAGCCGRTGCTGAETGGCECACTTTGECCTCAGCGATACE 1170
F LNI DEVY I HI I RSEDEZPIKTPYLY ARFGLS DT

Fig. 1-15. Nucleotide and deduced amino acid sequences of the E. tarda parC gene. Potential hairpin loops
upstream and downstream of the open reading frame are indicated by the symbols > and < in inverted
repeats. Nucleotide position for the restriction enzymes (underlined) and primer (shadowed) used for the
preparation of cassette-ligated E. tarda DNA and the cloning with cassette ligation-mediated PCR method,

and start and stop codon (boxed) respectively also shown.
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CAGGCTBABGCGAT TCTGRAGCTCAAGCTGCETCACCTGRCCLGTCTREAAGAGRT GAAGAT CCRREGCEAACABBACGCECTRECRCAR
D AEA I LELKLRHLARLTETEVYZKI!]IRGEGD AL AT

GABCEGBATCGCCTGCAGACGCTGCTGBOC TCCBABCGTAAGCT GRECACGCTBATCAAGBAAGABATCATRBCBGATEGCCGAAACGTAC
E RORLGTLLAGSERKTLEGTUL! KEEI!I ®ADAETY

GGCBACGCACGGCRTTCBCCRCTRCAAGABCGTTCTRAAGCECGBACBATBAGCGARCACRAC TTTRTCCCGAGCGAACCBRTGACCATC
G D ARRJSPILODERTSEHADRUAMNSEHDFVYPSEPVYT

GTCCTGTCCGAAGBGRECTRGRTGCRCARCBGCCAARGRGCATRATAT TBATCCRABCGGECTGAACTATAABGCCGGLGACGCTTTECGE
Yy L SE GG % YRS AKGHDI DPSGBELMNYZKHAGDATFHR

BCLBCLGCGCECGRCAAGAGCAACCAGCCGBTGETCTTTATCBACTCCAGCGRACGCAGCTATGCCCTCBATCCGCTGACRCTRCCETCR
A A ARG KSNOQPUVYVYF I DSSGERSY ALDPLTLPS

GCGCGCEEECAGGETBABCCGCTRACCERTAABCTRACGCCGCCGCCBGREECAACCATCGAACACGTGCTRATGGCTGCEGRACAATCAG
A RGOQGEPLTGKLTPPPGBATIEHYLMAAEDNDTIE

AAGCTGCTBATBGCCTCCRACRCCBACTATRECTTTGTCTRGCACCTTTAGCGATCTGGTCGCRTGCAACCGCGCAGRL AABGCCATRCTE
K L LM ASIDAGY GFVYCTFSDLY ACNRAGIKAML

ACBCTGCCGBAAAATGCCAAGRTECTGACGCCGETGGAGATTAACBE TGACGATGACATGCTATTGGCCATTACCGABGCCGGACGERATG
T LPENA AKYLT®PLEI! NGDODODMLTLAI!ITEAGR RH

CTGATRTTCCCBGTGCACGATCTACCGCAGCTCTCCAARGGCAAGGGGAA TAAGATCGTCTCCATCCCCGLGRCACAGBCCGLCALCEET
L MFP VY HDLPOLSIKSGIKT EGNIKI VY SI P AAQASASAE

BAGBATACGCTGAAATRGLTGLTGATGCTGRCGLCRCARACATCRLT GACGCTBLATGTCGGTAAGCGTAAACTRGTGATBAABCCCGCA
EDTLEKW¥ULLYL APDODTSLTLHY B KZRIEKLVYHKTPA

GGATTTGCABAAGTTECBCECEAACECGBGCCBEGAACEBTBCTECCCECBGBGGCTGCAGCBGATTEAGCGGETGBATGTGBATG
G F AE Y PRERGP

1260

1350

1440

1530

1620

1710

1800

1890

1980

2070

+54

CBCCCBCAGTCHCTGCRTCTRBACGCCAACBRCRACRCGTAATTCCAABGCCBCCCABCGRCGECCGAAGABGRCCTRCGCCELEACEAL +1 44

3233353 L CLLL

CBCBCCEEGCGTBTBECCCGCTATICTGT TTATGAGGTTGTTATRCTATTCATTTTCCGGGTCATACTRATCACGCTGCTGTRTCTCETC +234

Fig. 1-15. Continued.
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“ 5528 bp -

Fsfl FeoRl Xbal Sall

Xbal fragment (656 bp)

EeoR] fragment {1607 bp) Sall fagment {2087 bp)

Patl Fagment {1232 bp)

— -
parE (1896 bp) > parC(2106bp) > —
L/ T 1 L

DGYR-1 DGYR-3

i H H I i H H H ! 1 i i i
- 2800 - 2000 -1500 -~ 1000 - DO 0 500 1000 1500 2000 +3%4 +4884  + 1334

Fig. 1-16. Restriction map and organization of the E. tarda parC and parE locus. Vertical arrows indicate
positions of the degenerated primers (DGYR-1 and DGYR-3) used for the cloning of parC gene. Thick
horizontal arrows indicate the produced DNA fragment with the used restriction enzyme and the walking

direction.
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S
A7} parC gene?] upstreamdl] parE gened] 7] A 4§ F< &+ 3
A7) A gL ulg o 2 cassette lagation mediated-PCRS A A 3112

v, Pstl€] fragmentE AL 4 At thS 2 & cloning® §7] Ad #2415 F31o] parE gened] A

A A7) NI AP
- Complete gene-S 2213k A7} parE gene 63171 &) ofv] = 2HS- 9% 8} 3l 1896 bpe] ORFE 7}

A3 9qoH, 1 ¢ F99) putative promoter 2} ribosome binding sequence® U F AU

(Fig 1-16, 1-17). o] o}m|x=AtS Th & FE 7} vl gt A3} E coli®] ParEohE 77.1% 9 4E54-& B A

t}. 18] 31 E. coli9} E. tarda®) GyrBob= 22+ 17.7%, 1% 9 445 43S Yep Ut o] ¥ol| Salmonella

typhimurium, Pseudomonas aeruginosa, Bacillus subtilis 212} 3L Streptococcus pneumoniae 9] ParES}=

2}7} 76.2, 57.9,19.5 718] 31 208% 2] A543 Bt} o]#]3k o}v|=4ke] Blw 2 E. tarda®] ParEE

B}t &=3 5 0w, Pseudomonas aeruginosa®l) X ¢} 2o] G-loop ATP-binding moiety & X 3

3} N-terminal & 7141 € 9 o}vu) =2t EGDSA7} A3 3] 74 & 4 A Ao} (Bébéar et al, 1998;

Akasaka et al, 1999).
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Pstl
CTGCAGCABACCERTRACGAAGT ACTGRAT TADDGCCAGECET GACCTACTACACGCCA TRCIGCCAGACCAT TRAABA GG THGCAAT

CACBCCTTCGTCGRGAT TRAGEGCTT T TTCICGCAAATCAT AGACTTT TTGREGGCT GAGCECGGAA TAGDRCGLCACCEGREIEA TACTGA

CG@GTEBETMABJAGSGB@TH:BCTMCEG}'CTEC{ET[ETTTTDZ:CAT[:TG&TTGRTAAACATCTACTTTTACGMTC&TAA@C 5
IPRIIRIESID KL LRLLLLL L, H T

GCAATCCAGCTATAACGCTGACGECCA T TGAGRT BCTCAGCGGICT TGAMCCCRT GEGCCRICRTCCEGGAATGTATACIGATACTACICG 5
Q8 SYNADAI EVYLSGLEPY RBRRRAPGEGMNMY TDTTR

CCCCAALCATTTORGACAGGAAGTGATCGATAACAGDGT TGA TRAGSCEC TRCCGGTCA CELCACGLGTATTRACGTBATCCTGCALLE 186
PNHLBOEY | DNS Y DESLAGHATRI EVY I LHP

CGATCAGTCEDTCBAGRT GAT O3A TAACBREDGOGGGA TRCCRETURACA TECACCUBRAGGAGGGIGT TCCAGCCATTGAGCTGATICT 28
DRSLEYI DNGRGNPYDIHPEEGY PAIELIL

GTBCCGOCTECADGCOEREEGAARAT TOTCUAACAAGAACT ACCAGT TTTCOGGEGGLCT CCACGGIGTOEGRATTTCEGTAGTCAACGE 385
- CABLHAGGEGKFSHNKHNYQFSEGGELHGBY G SV Y HA

COTGT COCROCRERTIGAART GAGORT ACGIURORA TRGLCAGA TCTATCAGA TREEGT TIGAMALGETBAARAGETERAGGA TCTGEA 455
LERRVEY SYRHRBRDGO! YOMAFENGEZKYEDLH

CGTCAGURGCACGRT GERRCREGTAA TACCRGLACCAGCG T ACACT TCT GECCOGA TGLACAGT TCT TTGALTCOGCICGLTTOTCEGT 645
Y S GTVYEBRRARNTGET S VY HF¥PDAQFFDSARTFSY

TTCECGTCTACCCATT TECTGAAGRCGA AAGCEET BET BT GTCCORGLET GEAGA TCLT BT TOCGIGA TLT GRT CAALGGEAGCGAACA B3
SRLTHLLKAKAVLICPGEGYE!? LFRDLVYNEGSER

GCRCTGGTGCTATCAGBATGRTCTBACOBACTATCTGA TRGAGT CEGTCAA TRGECTGRT GACELTELCHGATCARCLGT TTACCGRTAC 78
R¥CVYQDEGELTDYLMESYNGBGLYTLPDOQPFTGT

CTTTGCCTLOGATACCGAGGCGRT ORALT BEGDECTECT GT GRCTGCCEBAGRIGEGA L TR TRALGGA GARCTACRT TAACCTRAT - 815
FASDTEAVYDPALLWYLPEGGELLTYTESYVNLI

4— PARS4R
ACCGACCCTECARGGCEGAACCCACGT TAACGGICT GCGTCABBRECTRCT GRA TGUGA TECGTGAA THEEBER B NG A e
PTLAEGETHYNELROGGLLD AMRBREFLCEFBNLL

95

Fig. 1-17. Neucleotide and deduced amino acid sequences of the E. tarda parE gene. Potential hairpin loops
upstream and downstream of the open reading frame are indicated by the symbols > and < in inverted
repeats. Nucleotide position for the restriction enzymes (underlined) and primer (shadowed) used for the
preparation of cassette-ligated E. tards DNA and the cloning with cassette ligation-mediated PCR method,

and start and stop codon (boxed) respectively also shown. -
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BETBIEET AR AA TCCAGGATCCOCAGT TTGCOGG
PRGYKLTADDI ¥ ERCAYVYLSYKMQDPRFAG

GCAGACCAAAGARCGTCTCT CCTCACGOCAATGOGCTGECT TORTCT CCGGERT GRTCAAAGA TGLCT TTAGCCTGT GELTGAALTAAMA
Q@ TKERLSSRARQCAAFYSGY VYKDAFSLUYLNI QN

CGTGCAGT CGEC0GAGCT GCTGGCOGAGCT GRCEA T AAACAGDECOCA BGOCGCA TREGOGCGGEAA AGA AGGTGRT GCRTAAGAAGLT
Yy Q SAELLAELAI NSAMAQRRBRMRBAAKKYYRKIKL

GACCAGDGGECCOSCGT TGCCOEGTAAGCT GRCHALT GCAGOGCTCA GGA TCT GAACCGCACTGAGCTGT TCUTGRT DGA AGGGGATTC
T SGPALPGKLADC CSAUQUODLMNRTELFLYETGDS

GGOEGGOGGETCOCTAA GoAGGCECGOGA TCGTGAAT A TCAGCGA TCA TGCCGCTGAAGGGAR AGS TCCT GAATACCT GEGAGGTCTC
A GGSAKQARDREWYOQA!I MPLKGKILNTW®EWYS

TTCOGATGAGGTGCTGRCGT COCAGAGRT GCACGATAT TTCGATOGCTA TCGGTA TCGA TCCGGACAGCGATGALCTCAGCCAGLTGCG
S DEYLASUGQEVYHDI SY4& 1 GIDPDSDDLSAQLR

CTADGGCAASATCTGTATCCTGRCCGATGCGGA TTCGGA TGGACTGLATAT CRCCACGCTGCT GT GOGCGCTGT TCRT TCGECATT TCCG
Yy GK ! C1I LADADSDGLHI ATLLCALFYRHTFAR

CCCECTGETGCAGGCEEGOCADGT CT A TGTCRCGA TRCCACCECT GTACCGTA TEGATCT CGGLAAAGAGGT GT TCTACGCCLT GAGCGA
PLYQAGHYYY AMPPLYRIDLGKEVYFYALTSE

GGAAGABGAABECOGGEET GCTGEAGCAGCT GAAACGCAAGAAAGGCAA ACCCA ACGT ACAGCGLT TTAAAGGGCT GRGOGAGA TGAACCC
EEKABY LEOQLKRKEKGKPHNVYQRFKGLGEHMNP

GCTGECAGCTGCGTGAAACCACOCTEATCCCAA TACTCGCCGTCTRRTACAGCTGACCAT TGA GGA TGAGGATATGEAGCGTACIGTTGE
L@ LBRETTLDPNTHARRBLY QLTI EDETDMERTYV A

955

1085

175

1265

1355

1445

1635

1625

1715

1805

CGTCATGGATATGCTGCT GGCCAA AR AGCGCGCOGAAGA TCGLCGCAA CTGECT GLAGGAAAACGGCAATCTGGCTGAGCT [I:'AEET 1896

Y H DWLLAKKRBRAEDAP RRNUSLQENGHNLAELDWVY +

>33
CGCATCOCGOCATACAT COGACAGGCTGLCCREEAGTRGLLTRT TCTGTT T TCTOCTTAAACGECGCCGLCCTGCEGACGCGLTGT GAC

LLLLLL
AGTOGGACAAAAAATACGTTACT ATCGOGGCCATTGCATGATTTTACTGCGATCGT CTGTCCT (OGGEGACAGCGECGOGT CLAGAGGAT
P35> <LLLLEL

GACCAATGAGCGATCTGACT CATGACAACAGT GAGCGT GAGCGCTCCA TGCGT TTACTGAAGACGCCT ATCTGCAATACTCC

Fig. 1-17. Continued.
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(2h gyrB gened] A7INE A

Nucleotide $=5=0l| 4] o] Mol #)ZH primer (Yamamoto and Harayama 1995) (UP1, UP2R)E ©]
&5he] gyrBoll thal 41 1255 bpe] PCR product® 285 AU Th PCR 2HE9) Q71N G g 2 4% 2
3}, o2 1% &4 AT qurB genedt parE genedll M]$- 2 FEAES RAFACE R L tarda ]
gyrB gened S & 4= AT YRR AUV E 23 3, upstream and downstream sequence
£ AR} (Fig. 1-18). Upstream sequence o] 4] 922 bp e} Pstl fragment, downstream sequence
) AlE digestoll w1172 bp e Sal 1 fragment2 & 4= AR 21, cloning? 7] A€ £42 %
sled ) gyrB genes A st At
- Complete geneS #4138 A1} gyrB gene-> 8047 9] o} ) =4HS 9F % 8} 3} 2415 bp el ORFE 7}
A3 YPen 1 ok 294 putative promoter$} ribosome binding sequenced &1 4 AATH
(Fig. 1-19, 1-20). T & G& F 7] o}u]e 2l |0 A3} E. colio] ParEShE 740% 0] FEAH S B
Ath 18]3 E. coli®} E. tarda®] GyrBobE 24z; 203%, 1% A5A4S Yepdot o] whel
Pseudomonas aeruginosa, Neisseria gonorrhoeae, Campylobacter jejuni “L2] 31 Streptococcus pneumoniae
ParE9}E 7H2}t 47.2, 37.1,30.4 71231 14.9% ¢} AEAS Bt} o33t olnj=4te] v = E. tarda
o] GyrBE Rt} &=38 $ 9Q.0n, Streptococcus prneumoniaed] ¢} o] G-loop ATP-binding
moiety & ¥ 3+l N-terminal & 7] Q 2 o}w| =2k EGDSA, YKGL7} 2333] frARHE & 4 AL
t} (Pan and Fisher 1996).
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922 bp 1172 bp

(&) (B)
Fig. 1-18. Electrophoretic analysis of PCR products obtained by the amplification of up stream and

downstream of gyrB partial regions in E. tarda.. (A), Amplification of upstream gyrB partial regions. Lane 1,
2, EcoRI digest (first and nested PCR respectively); lane 3, 4, Xbal digest (first and nested PCR respectively);
lane 5, 6, Pst 1 digest (first and nested PCR respectively); (B), Amplification of downstream gyrB partial
regions. lane 1, 2 Pst I digest (first and nested PCR respectively); lane 3, 4, Sal I digest (first and nested PCR
respectively). Lane M, DNA marker (100bp ladder).
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A 4

3762 bp

E 3

Pstl Sall
Pstl fragment (922 bp) Sall fragment (1172 bp)
™
.
__Ji 2yrB (2415 bp) )—
1 T L
TUP1 TUP2ZR
| i | ! | { i { i
- 1000 - 500 g 500 1000 1500 2000 + 394

+ 894

Fig 1-19. Restriction map and organization of the E. tarda gyrB locus. Vertical arrows indicate positions of the

degenerated primers UP1 and UP2R) used for the cloning of gyrB gene. Thick horizontal arrows indicate the

produced DNA fragment with the used restriction enzyme and the walking direction.
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Pstl
EIIREGRCATCAACCBCCTRCCCGT TRTGAAACAGBRCCRTCACCABBRCATCCTGCTGCTGCAGCCAGT TTT TACCGEABTATECECT 560

ATCCTTTTCGTTTATRCECGBCTGGEA TCGCGAAAGLGACTATGCCBLGLTGUTEEAGCGTCACT TTRAGCGCEA TCREECECTAACLTA 470
TACCGCECAGGGECCRCACAAGGCBEACT TCCGCATCCGCACCEACGETACGCCGETTRAGGATTTECTGTCECECEEECARCTAAAACT ~380
BTTGATRTGCBCGETRCECCTCACACAGG GAGAATACCTGACBCACCACARCGGCCRTCAGTGTCTETATCTGATCRATBACTTCECCTC ~280
TRAGCTEEATRCCBEECERCALCGTT TROT TECCGAACGGC TBAAAGCCACCRGTECACAGRTBT TTGTCAGCGCAGTCAACGCCRATCA ~200
GBTCGECEACATGBTTRATRAAAAGGRCAAGATRTTCCACETEGAACAGBGTAAAATAGCCGTTTAGATTCGAT TTATTACGATAGTTAT ~110

3D
CCAATGEGCGABAA&GGETTCAAAT;\CGTATGACTCCTCAAGTATEAAGGTATTAAAAGGECTGGATGCCGTTCBTAABCGCBCGE 70
WS NTVYDSSS I KVYLEKT® GGLDAYRIKERTFRE

BLATGTACATCGBEBATACCGATBATBETACBBGTCTECACCACATGETETTTGABETRETGGATAACGCEATTGACGAABCECTCECTG 160
MY ! BDTDDOSBTEGLHHMYFEVYYDNAIDTEHALAGE

BTTATTGCAAAGATATCATCGTCACCATTCACAGTGACAACTCCGTCTCCBTACAGGATGACGGCCGCAECATCCCAACCBBCATTCACE 250
Yy CKDOTI1l | ¥T 1 HSODNZSVYSSYQOoDDGREGIPTEBEIHRP
) um "

CGGAGGAGBRCRTC TCTGOCGCCE AR AT A AL B THE B UACBUCRCEET ARG T TEUACCATAACTCCTATAAGRTCTCCGECGE 340
EEGY S AAEVY I HTYLH®AGBGEGEKTFUDDNSY KWY¥SGE G

) 4 GYRBSZR 4 GYRSIR

BT B R TR R T T G TR T AR B LS YT RN A AL TOBAGCTRBTRATCCRTCGCRACGGCCATGTCCATEAGCAAA - 430
L HG Y G ¥ SY Y NALSEZ KT LELY t RRDSBHYHEID.

TCTACCGACACGRTGTGCCGBCGECELCGCTRAAAGTGRTTRECGACACCGAGCABACCGETACTCBCGTGCGTTTCTGRCCEAGCATGE 520
¥ RH G VY P AAPLKVYYGDTETIGTRYRFYPSHMNE

AGACCTTCAGCAATGTBGTCGAATTCCAGTATBACATTCTGGCTAAGCGCCTGCGCRAACTCTCTTTCCTGAACTCCGECGTCTCCATCE 610
TFS$SNVVYEFQVYDILAZKRBRLRETLTSFLNSSGVYZS!R

BCCTGCBCGATAAACBCAACGATCBCGAAGATCATTTCCACTATRAGBETRGEATTAAGECG TTTBTCGAGTATCTGAACAAGAACAAAA 700
LRDKRNIDRETUDU HTFHYETS BEGI K AFVYEYLNEKNEKT

CGOCAATCCATCCGAACGTRTTTTACTTTTCRACCATRAAGGATBATATCGGCGTAGAAGTGGCECTGCAGTBEAACBATGGCTTCCAGE 790
P I HPNVYVFY F STHMNKIDTDI I BYEVYALOQY¥NZDTGTFZ QE

AGAATATCTACTGCTTTACCAATAACATCCCBCABCBCBACGGCBBRACCCATCTGGCCGGT TTCCGTGCERCGATGACCCATACGLTGA  BBO
NI ¥YCFTNNIPOGRDIGESGTHLA®GFRAAMTRTITLN

ACAGCTACATGGAAAACGAAGGCTATACCAAGAAGAGCAAAATCTCCGCTACCGRTGACGACGCECBTGAGGGGCTAATTECCRTERTRT 970
S YMENTESGYTKIKSK I &8 ATa&00AREGL I AVYS

CCGTRAAGGTBLCGGATCCCAAGTTCTCCTCTCAGACCAAGG AT AAGCTEGTCTCTTCRGAGGTRAAATCCGCCGTTGABTCGCTRATGA 1060
¥y K'Y P DPKF S SOTKDTIKTLVYSSEVYKSAVYESLHMNN

Fig. 1-20. Nucleotide and deduced amino acid sequences of the E. tarda gyrB gene. Potential hairpin loops
upstream and downstream of the open reading frame are indicated by the symbols > and < in inverted
repeats. Nucleotide position for the restriction enzymes (underlined) and primer (shadowed) used for the
preparation of cassette-ligated E. tarda DNA and the cloning with cassette ligation-mediated PCR method,

and start and stop codon(boxed) respectively also shown.
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ACGAGCBTCTGGCTBAATACCTGL TGBAAAACCCCAGCGATBCCAAAATCRTCGTCGBCAAAATCATCBACGCEGCCCECECACGTRAAL
ER L AEYLLEMWNPSDH AEKI I VY¥YGEKI I DAARAREH®SA

CTRCGCGTAABGCCCRTRAGATGALCCCBCCBCAABGRTGCECTRGATC TRGCCERCETGCCAGGCAAGC TRRCGRACTRCCAGGAGCECE
4 R K AREMTRARBRKSEZALDLASGLPGKLADT CEOIERHE

ACCCCBCCCACTCAGAGCTTTACTTAGTGRAAGGGGACTCCBCGRECEECTCTGCCAABCAGGBACGTAACCGTAAGAATCAGGCCATCE
P A H S ELY LY EGBGDSSASBGSGSA»KTIOITEGEGRNRIKNILGAIL

GYRBS1
TBCCBCTGAABGBGAAAATCCTCAACGTCRAGAAGGCGCEC T TEBAEKABATBCTETOCTERCABGREG TCGCEACCCTEATCACCGOGE
PL KGIKILNVYEKARTFTIDEKMLSS SQEY ATLITAL

BFESz % ,
BRATAMBETREGCTACCACAGCATTATCATCATGACCE

TGEECTGCGECATTGRCCGRGATR

GCGIGRDEYNPDKLRVHSIIIHTDAUVDES

AR BTG TTGACCTTETICTATCGTCAGA TGCCGGAAATTATCGAGCGCGGCCATRTATATATTGCTCAGCCECCGE
HIRTLLLTFFYRUMPEIIERGHVVIADPPL

TGTACAAGGTGAAAAAAGGCAAGCAGGAGCAGTACATTAAAGACGATGAGGCGATGGATCAGTATCAGATGTCCATCRCECTGRACBRCS
Y K ¥ K KG6KOQEGOGY I KDDEAMDOOQYQgHKS I ALIDTEGEA

CCGCCCTGCATATCAACGCTRCCGCGCCCGCRCTGGCCRGTRAGCCGCTGRAAAAACTEGTEECEGABCATTATCABBTGCAGAAGCTGA
A L H I NAAAPALAGETPLET KTLYAEHRY OV QKL

TCGETCECATGRAGCRTCROTATCOCAAGGCGGTRCTEGAATCABCTTATCTATCAGCCGACCCTTAGCGAAGCCGATCTEGRGAACCAGE
G RMWERRYPIEKAYLNAQLIVYQPTLSEHADLENTIEDH

CGCARGTTGAGCAGTGRATTAACTCGU TGETGRCAACGCTGAACGAGAAAGAGCAGCACGBT AGCGTCTATAGCRCCCGCEBTTCTEEABA
¥ EQ W I NSLVY¥ ATULNETZKTEDLQHS GSYYS ARYLEN

ATCGCGABCGTCAGATRTTTGAGCCGCTEETRCGCRTGCGT ACCCACGRCGTREATACCGACTACGCRT TTGACTTTGACTTTGTTCACS
RERIOMWFEPLVY¥YRYRTHSGYDTODODYAFDFTIDFUVHGE

BCGLCBAATATCBLLBCATCTRBCGCECTEGECGAAAABCTACGCBACCTGCTEEAAGAGAGCGCTTTCATREAGCRTBGCGAACGTCETC
A E Y RRITCALEBGBEZ KTLA RDLLETET SSAFYERTEGETRTE I

AGCCGGTEGCCABCTTTRAGCAGBCGT TEGACTRECTRRTGAABBABTCRCETCGTGECCTEGCCATTCARCGCTACAAAGBGC TRGETG
P Y A S FEDALTDUWL Y KESRRSBGLAIQRYIXKEBELEE

AAATGAACCCGBAGCAGCTGTGEEAAACCACCATGGATCCEEAAGBRLECCETATGLTGCGCRTEACCATCAAGRATGCERTGGLERCCG
M NP EQLUYETTMDPETGRRMLRYTI KDAYAATD

ATCABCTRTTCACCACCCTGATGEGGEATECGRTAGAGCCGCBCCRGGECTTTATTGAAGAGAACGCECTTAAAGCRTCCAATCTGGACT
0L FTTLMGBDAYEPRRBAFIEENSALSIKA BASNLIDETF

TTTGBGCCBG#TATAAGTG GTTTAAAAGGGACGBAAACGTCCCTTTTTGCTGTGGRTTAATCTGCACTGACCABCEBTGTATTRAAT
AABBGAGCCAATCATBCCAATTAAACTGATCGCTATCGATT TRRATRGAACGCTACTGAACRAGGCECGGRAAATTACACCAGCRETBAA

ABCCGCTATCGCTGACRCGCBIBHAD
Sal |

Fig. 1-20. Continued.
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(5) In vitro A o}2] gyrA mutation 54

oroll A AAY gyrA, gqyrB, parC, parE geneol d7] MES wE O E mutation 545 £
3t7] $18ted 7k genee] QRDR % A9 7] MdS &R
sk

(7}) Quinolones WA E. tarda W o]F A& (In vitro)

23 #F2E E. tarda PPD 130/91 (Ling et al., 2000) T2 AH8-3t9o™ JAAZF H7tE
Mueller Hinton (MH, Difco) agar ¥} 2| o] ©AE & A3} 3 A DAl ol X wild typed] &
Z& MH brotholl A 16~18A} 7} v &k & 7} plate™ MIC 5% 2] 1~1618) 2] nalidixic acid7} 714
MH plated] 23} 4t} colony & Holv= H 1 ¥ =9 A mi x| oA 7& He #2811 F 8
U] 75 MH brothel # & o8 @AE 22134 th MH brothel A o] wj k& o] Sl &
3 hA 4 %S 233 Aol S SR, broth A= agardl A S F A8 A FHA BE
o} 2o wEe FAYAES FrrstA e F A GA BB E MIC 5 X 9] 2~3248) ] ciprofloxacino] 3
7}el MH plateo] #-& £2@3550.8 94 Has =9 A wj x| X 2 colonyE A& £}
Ack. Aol AHEH EE FE ODwoollMe] FFEE FA31al, colony?] F countingsta
mutation frequency E =33} t} (Table 1-14). 7 & @A E 2 Feld Tl A gyrA B gyrB, parC,
parE gene] QRDR 7] M 4% 4743 ¥ wild type % quinolone W37 3} Bl £4 33t}

(\h) In vitro Wol£2] qyrA mutation 574 F4
Wild type¢] E. tarda= nalidixic acid % ciprofloxacine] & 6 @A & AA WAdo] A== U2 &
49 mutantE 2 $ At (Fig. 1-21). A A7t 3 7FE MH agarel| A @A = d8d o

2 MIC test 2 QRDR] g7] M go] 245 Q5 BE GA 9 Wo|FE50] GyrAY 87 o}m]ix4t

o] Aspoll A GlyZ 2] Ho|Z B S & 4 AT} (Table 1-15).

o,
T
=
=
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Table 1-14. Stepwise selection of quinolone resistant mutants

Step No. of cells Selecting agent ® No. of colonies Mutation
plated ([1e/mey frequency *

1.91 x10" NA (16) 2 105 10
2.77 X101 NA (16) 7 2.53 x10!!
i 1.13 x10M CIP (0.06) 242 2.14 x10°
il 1.57 x 101 CIP(0.2) 110 0.70 x10°
1.55 %101 CIP(0.2) 224 145 x10°
v 1.53 x19" CIP (1) 29 1.89 x10?
V 1.42 x10° CIP (4) 7 4.93 <107
CIP (6) 6 422 X107
Vi 1.30 x10" CIP (16) 230 1.77 x10°

* The mutation frequencies were calculated by dividing the number of CFU per milliliter selected on agar
plates containing the respective selecting agent in the concentration indicated by number of CFU per
milliliter plated in total.

b NA, nalidixic acid; CIP, ciprofloxacin.
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39 step L | l l ]

(ec1] [Pzl [Pl (P4l [PC5)

O'p(z), ald

4P step f ! | I [ ! o (a2l —
(Poal (Pmnl [(Podl [Fadl [FEe) [poad]

o4

[ I [ I I |

5" step pca4] | (Pas] [PCss
Qple)

f f I I | 1
[Poial [(Pab] [Poa] [PCad] [PCAel [PCAH]

Gi(16)

[ I. I I I ]
fpc1] [Pos-2] [Pes3] [Pc54] [PGs-5] [PCa6l

6™ step

Fig. 1-21. Relationships between E. tarda PPD 130/91 and quinolone-resistant mutants PN1 to PC5-6 selected
stepwise expose to nalidixic acid (NA) and ciprofloxacin (CIP). The number outside a parenthesis indicate

the concentration (ug/mf) used in the selection steps.
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Table 1-15. Charateristics of quinolone-selected mutants of E. tarda

MIC {(ug/mg) 2 Mutatisns
Strain NA OA NOR cTP OF PEF Gyrh baC  GB
33 87 58 464
Wild type 2 0.13 0.03 0.02 b - Ser Asp Ser Ser
P-4 64 1 0.13 - 0.25 2 Ser Gly Ser -
PN-B 64 1 0.13 - 0.25 2 Ser Gly Ser -
PC1-2 64 1 0.5 0.13 0.3 4 Ser Gly Ser Ser
PC1-4 64 1 0.5 0.13 0.5 4 Ser Gly Ser -
PC2-3 128 2 2 05 2 3 Ser Gly Ser Ser
PC2-5 128 2 2 0.5 2 8 Ser Gly Ser -
PC3-1 128 2 2 0.5 2 8 Ser Gly Ser Trp
PC4-4 512 16 =16 8 =16 =16 Ser Gly Tle Trp
PC4-6 512 16 =16 8 =16 =16 Ser Gly Tle B
PC4-B 512 16 =16 8 =16 =16 Ser Gly Tle -
PC4-F 512 16 =16 3 =16 =16 Ser Gly Tle -

?NA, nalidixic acid; OA, oxolinic acid; NOR, norfloxacin; CIP, ciprofloxacin; OF, ofloxacin; PEF, pefloxacin.

® Not determined.
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(6) Mismatch amplification mutation assay (MAMA) PCRZ o] &3 GyrA9] ¥o] HZE

(7}H) MAMA primers #| 2}

Ao HHAFH in vitro MO)FY gyrA gened] B7] MEL FAg A dFHQA Wl E
BAY 5 AT 830l 878l ofv ke wolsh PAE WA 83, 874 ofwleto] B
W AL B T 5 QAT oY WA B 3] AsNE 7 #EeiThel 971 D BHo| €
233 AP WolF Wy WY AL BAGIIE ABAe Y g Ho] wEh
Z1EA] o] Aol A e mismatch amplification mutation assay (MAMA) primerE ©]-8-&
Ho 7 st HEsiAl GyrA9] oin=4t WolE 2zt st

Wild type2] gyrA gened] Q7] A g3 vl wsle] shite]l d7]E mismatchA] 7] reverse primers
A A3t At (Qiang et al., 2002). 83 A o} =4k 71 A 77} AT AGCO| A7 i 779 o
AaelAe CGCY AGAR HgthE 218 oo A% A Zstsith o] & o838t primerd] ¢
715 TCGE 33l I 3o & 9718 &1} ulito] reverse primerE A 253t} (Fig. 1-22). o) &
A A ZE primere 83% ofw|:=ite] A7]7F AGCY A H& @717 shuwt vhyjo] jlem g
PCR A3 71 primerdl] 4838} product® 343131 CGCL AGAZ 1 4719 "ol & AT
2 A= 208 G717 vt o] Slof productE HA A &A Hrh 87H ofrliit ¢ ]9 #ol&
GACH X GGCZ 2] Hol7l #2E %o primeres GAC vl 2 th-g2] §7] AE TE np4to] $141,
879 ofnji kel G719 GAC F ACY] FR A QI TCY A71E 7HAA A& skt

r

>

(\}) MAMA PCR

PCR-2 Table 1-102] WGYRS9} GYRS1 28] 31 &4 7]4 A2t g 7}zhe] MAMA primerE 317 A&
319 2.1, annealing &% & 59 C 2 243t A Al514 Tt

WGYRS, MAMAGYRS83, GYRSIR primerS o] &8 PCReA 754 #9l GE1L 776 bp2

2191tk WGYRS, MAMAGYR87, GYRSIR primer$ o] &8 PCRo| M= 7444 #<IPPD 130/91-&
776 bp9] product®} 7] 497 bp 2] productE A A8} A 7k 87H A ol w] =2t Z7]] WHolr) i E.
tarda ¥ ©| 5= 497 bp 2] productE FA5HA] ¥k} (Fig. 1-23).

ol AHE Mo 2 QolA EA 51X BB AT D in vitro WOl F test A3} 90% 0] 4o} 4 5
& YEH A2, testd X & AT T WAAT2 83WA obw|iY, in vitrodte] Mol FE2 87
Ay otuliibe] o]zt el w gl (Fig 1-24). 31wt 83, 879 ofnjimibo] 3Fo] W3l FFE
T e 2 Y4AE golr ] Ysto A FF F 3 KFER @2 W 22 ciprofloxacino]]
ESAA 8394 o] & 879 ofw|iite] Wol {55 dolr A hth A3 A3 KFE= 2d7 o
A A o7k & HAom, MAMA PCRZ 2} 831 o] o] o] 871 ] opm]i=2t A ¥lo] 7} 3 H §)
o} (Fig. 1-24).
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+——————— MAMAGYRAS3

3 -TCGTGC CAA ATA CTGTGATAG —-5°

GE1 5’ - GAC AGC GCGGTT TAT GAC ACT ATC GIG CGT ATG GCG CAG CCG-3
KFE 5” - GAC AGA GCGGIT TAT GAC ACT ATC GIG CGT ATG GCG CAG CCG-3
RE1 5" - GAC CGC GCGGIT TAT GAC ACT ATC GTG CGT ATG GCG CAG CCG-3
111':1:3’:1‘: 5" - GAC AGC GCGGTT TAT GGC ACT ATC GIG CGT ATG GCG CAG CCG-3

3 -TGCGATAG CAC GCATACCGC G5

+————— MAMAGYRAS7

Fig. 1-22. Comparison of DNA sequence around the codons for amino acids of insult in GyrA in

quinolone susceptible and resistant isolates.
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Fig. 1-23. Agarose gel of E. tards MAMA PCR products. Lane 2, 3 ,5 ,6 indicate the 776 bp PCR products
obtained from strains with mutation in gyrA, respectively (RE1, KFE, PN1-4, PC1-4 respectively). Lanes 1, 4
indicate that strains without corresponding mutations generate two fragments (GE1 776/484 bp, PPD
130/91 776 /497 bp, respectively). Lane M, DNA marker (100 bp ladder).
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(B)

Fig. 1-24. Agarose gel of E. tarda MAMA PCR products. (A), Products tested with MAMA primers from
clinical isolates (quinolone resistance isolates) and in vitro mutants. Lane 1~ 6 indicate clinical isolates. Lane
7 ~12 indicate in vitro mutants. (B), Products tested with MAMAGYRS7 primers from in vitro mutants (KFE
Mutants). Lane 1 indicate KFE. Lane 2~12 indicate KFE mutant.
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2 sl P 12 P $8L AT A

oAl Aelo| A Edwardsiella tarda, Vibrio sp., Aeromonas hydrophila, Pasteurella piscicida,
Streptococcus sp.5 A4 Aoz A3 AAF &4 s, diA e F2 FEA
g&ate Aol A Aok A FAA ] g L &0 % oA JFEA, AT
WAE7E g2 Adege yade], dAl Ay g5z AW X4 ofess A Ut

olglg WATY BEet I Uglel B3I A7yt B A 2 AFH Fo WA
Fol AU ABL FAHoR sorshel ERHQ opAF Aol AN FAG WAFE
2} 29ekz e AR AR debsl FouA oW AR AR B85 A (Kim&
Aoki, 1993; Kusuda et al., 1990). ¥} ol oj¥ A9 kAl WA ©dg plasmid 2 W43
FAR BF Q7% AFHY aF HE Il o] FAHUTE (Aoki, 1992; Depaola et al.,
1988; Sourm et al, 1992; Toranzo et al., 1991). 92Ut E. tardad] FAIZFA] Bt
At B Rat QAT (H&D, 1994, 196), ol @A AARA A A7k A ol F]Ax
QA e Aotk A A, St A A9 HARYH ol AFE Y 1
Zo tetracycline WAT <] Hl&o] o= Axg =4 JYelyexE 24ada, 283 AT
o & FAA s WS AR

199338 200287hA) S2ue} Falta daliehel Goidell M Edwardsiella tarda 127315,
Vibrio sp. 507F5, Aeromonas hydrophila 43t<7, Proteus micrabilis 3=, Acinetobacter lwoffii 3+
F32 Yoy Rystgon, Rej® @5 RE E tardas} Vibrio AGe Agez
AH A o]l5 FFY tetracyclines) thE WAHEE MICEe = ebd Z 3}, Table 342}
o), E. tarda= 2073, Vibrio sp. = 1473, Aeromonas hydrophilas= 27, Proteus micrabilis<=
233 T18]31 Acinetobacter lwoffii= 3 #F7F WATCE $HHUJY 1 F E tarda 12735
o WARTE AHRW, 543%E 1.56pg/mlo]ate] MICZS YehH o] Teol 2448 BEoH
0% 1.56~6.25ug/ MO 2 Teo sl 285 WA Bk 12]n 25ue/molie] MIC
e A 15.7%% Teo] M WATFOZ B F AAh 2AL tet gened FAT Ay,
25ug/mLo] 23 9] MIC#H-S 7}2 RE E. tardas tet geneS 7FA i Aoy 1 o]te] MICEHS
7} #E5e YA FAAE AT QA FpormF 25ug/mio]de] MICES 7H&l E. tardas
Tc WATFSZ BE Aol g3sitt Axdr $2ve F2FedA vetd o Ad F
tetracyclinedl] tjated WAL dellle Ade o 20%S o 197335 F 19833714 AR
o] ARl ool X Hald Vibrio anguillarume} WA 842 90%o] gl @ Bigh
Aoki et al. (1988)9] AT e}E atolE BT} o3 2ojE HA A& WAATY AHH AE
S el mhad AP Aokio] dehE 2 HojRRE RHE o TAAM WA tests A}
Q7] W e mEg Yehd RAeg AAAG. Tc oj9d o]F 397F7t e E o4& U
A RBRIE AR ZA#,  Ampicillin(Am), Ciprofloxacin(Ci), Chloramphenicol(CAP),
Gentamycin(G), Nalidixic acid(Na), Oxolinic acid(Oa), Penicillin(Pe)s 8] ZF72l F4A0
WHAE e dehfol 2 AR B tREel Fol ohl YATYL HAT + 3
21t}h (Table 1-5). Tetracyclines] ¢F&& wxpfAdS 7}FAEZ 3+ 7}A) tetracycline 34& 2 )
Aol 71w T2 tetracyclined] thalAE A AAE Aoz d&AH Utk 2,
Mendez et al. (1980)7} Chpora et al. (1993)9] 7ol wWEW, tetracyclines] &S
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minocyclined] & MIC#-S X0l
2 MICRkS Hltx Rusidch &
Hs 2AMEE AF, ol Halekes
& R At} (data not shown).

Edwardsiella tarda RE13} Aeromonas hydrophila HAS %% FFE °]83}7] fistq @71 A
g<& R A3} GenBankoll A X00069F L06940 (Guillaume et al., 2000)2] accesssion no.2 &3
= tet AS} tet EQ] nucleotides9} HIm3IEHY 22t 99.7, 985%¢] homologyE H.H .o,
amino acid®] ¥l A tet A AE 92%F nH]=d %S YEHOY fet EQ] A& 99.5%
Z nucleotides$} MWL wf BT} =718 homologyE Rl A9 RFE AF2H o]&o] 7}
3t

B A ME specificstA] A2} tet gened] primerE |83 PCRVIY o2 evhet ol
ol o Al Te WA FAxpe Bxo I 7198 FA3ATh tet A, B, C, D, E, 1183
G genes?] conserved regiong sense primer, variable regions 7} typeel tha] 5o|Z primer
2 PCRE AAste] PCR A &9 =70 zo]E Fo ojHl F7{9 tfet geneo] AEFHEA 1
stalA ST (Fig. 1-2). &=, 2529 17§2] sense primer9} 67)<] antisense primerE ©]
23t multiplex PCRS 214 5}¢] single PCRu} 2} FU & bandE A& § o] £ WHe 5o
4 wse 3% 5 AAT (Fg 13).

2213 tetracycline WA F A tet geneS HE3H] sl 20759 total nucleic acidE 3
%2 multiplex PCRE A8t A3} E. tardaol A tet A7} 40%, tet D7} 35%, tet B7} 10%, g
3l tet A-D, tet A- G} Zo] T E£F gened 71 FF7F A4 10%, 5% = JEbsTh 74
dominant3} tet gene-2 tet A, tet Dol tet B 2 F£gon} ojdx tpE X E FAE F
Ao fet A-D, tet A-GS} o] T £7H geneo] EAst= Z$ multiplex PCRE ©]&
dtal g el PCRE #elsls Aol 7Fsdn. o3t A7 Roberts (1996)] ojsf ojv] Hx
5012 E. tardad| X tet A, Dubo] 2AEAY A HolS MYt 18l1, tet G gened
nucleotide sequence:= Vibrio anguillarumol| X #& Riso] H e (Zhao et al. 1992), & &
g9l Ao ME tet G7} Vibrio sp.ol A LAFR ¥t3 2318 E tardad) EATS FA
Z gtk Ao ALL3 PCR assayy]S HT £9] Warsa et al. (1996), Hanse et al.
(1996)5 o2l A77FEd o8 FAA WA FAAE AEsted wel oj&Ho] gA% £ 4
T2 8 conserved region® Z 3] d1}2] sense primer 1E]1 PCR A4E 4 27| x}ol 2
tet genes©] T E = 67]9] antisense primerE A 2}l o] &3 A+ AT}

Table 1-5614 B Eo] Fojx BANAN AP ARE B4% 47, AT F9 dfgadye
6.7%, AANME 244% 123 net®] HABHAAME 307%] AT W=E HHow, IA
Ae 2ozt zuEgo Ay Al AT WEE 283% FAAE FosA F& =9
Bete 025%9 WAT NEE Ho FHAE T4 oJF7t FAAE FAStA ¥ oF
Hste] A UEbdTh Kerry et al. (1995)9] ZAbo) wrawl A @A el OTCH gk WA Hl
£0] 26:87%% Yl B A3 Axst FAES #21d 5 dden, g B4 B9 e
of EAsts ol7} olLo] FA} B BFPAE st AF Fol HHEH= Hik

)

uls
=
ox,
o
)
5y

= tet B, tet MEo| UM R| tet FARE @
AAA A ThEFE tet 5122 minocyclined] o gk MIC
g RE YA §HAAAN ¥ MICES Uehd 3ol
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30.7% % Z+7zh =A YEhg Wg 9] reservior 9
g 2w Bl WAREE ZAS E2l5 o)1
g9 Ao X Enterobacter sp.7} 50~80%, net] ¥-3F = 40
o] WA #o| Enterobacter sp.91S 218 4= 108, nete] A& Vibrio sp.7} 60%i L}E}L}
Be ARE WYLk A hydophile@ e S5, AZ, nete] ¥A2d aeln 2922 A
5%0]3t2 A Y™ (data not shown), o]#3 WATA= AR F7F tet geneo] HEFH
+=2] multiplex PCR <& O]%S}‘}\it} Andersen et al. (1994)2 3j<F AAA EE WA
Z % SAF EASE tet FANE AR A, tet A, B, C, D, 2181 EF9 b
BYE 3¥ciy RudaAT B AFxE et B, Co-g &2lg 5= ew Vibrio sp.
tet B, A. hydrophilax= tet Cuto] WEh} o] % FF2o U4 fxxte] AFEE & + U
(Fig. 1-5, Table 1-6). Kerry et al. (1997)2] 344 Fo F ujd sl gk Aol ost
A FAINE WAT W) WEkalA) gRken], Rk B Fole 2 2
Holthyl #Aadtgtn Bustgr. B A of9} n|slA OTCT——E FAg & 29
Beto] Ay gl WA W B33 Ay FAA Fort Fd § 1, 44AAA = 85,
83% 2 AT Wxrst Zrlsithl 1 32 E PadeE AES Rioen, 43 upAY €
20Y9)E FAANE F3ty] A g AT NEES Jehdg (Fig 1-6). 29 WD
o) 2-38-& Vibrio sp., Aermonas hydrophila®] 3 ol FFE°] /A= tet S AAE tet B, tet C
oS 1 & UYen, FAHA fet gened] FHE BFANA FAMS AR} LA YEH

o) FAo] ¥A RAN tet B gened /AT WATE AANLH, Te WHAdT]7]
o]

& & 5 e Aol FAHARAT A
=
(o)

ok A oo A7, 2o

to 2 L orir & r—“U

Fﬂlﬂ

0 r

s Ade] o]8F fet A, B, C, D, E 181 G& 7HAA g F= EASA T (Table
1.7).

A2 PCRS 3T A9 Az, AAzes &40 By gid, 2 AddAxes ol 7t
A QJE tet gened] FFHS WU PCREZA 7T 5 A dis) 2482 st o=
g templateo] multiprimer = tet A, B, C, D, E, 28|31 G¢j 3t specific primerE =5 A

2AHL # dste shte PCR productyt AAHER #Ast9 i, o2 multiprimerE
multitemplated]] 28 AL o, = 6% primerd] sl 659 specific templates WHEAIZ =
A% 6719 size7t FEEE PCR 4480l FAH=AE FAsAth ol 2452 Fout
29 tetracycline WA F8A £X7} o]Ae Hug g2tk S Hola Jeow, WAZF
= efflux® A9} ribosomal protectiono]l} enzymatic 7]%5& 7Fd fet geneso] &g U B2
AT77F Ao & Ao R AzdEn.

A AFF o2 7k AT AWES 2 vt S =g AAH
et 9o, 1 F| Edwardsiella tardav E3| 3|4 g
Al 1 v} Edwardsiella tarda® ¥1E3 Add 2o digk dix dHoz S
tetracyclines Z g3t oe] FAAY F2 AMEHO e, HAD ]
A8 7F w2o] ZlatE 3 9t ol# e FAAES F 8112 quinolonesE nalidixic acidé] 7j
S AFo g o] Ay FAAC AgEded dRe A T Aok @A 2 v e
ol AH&H%E quinolones= nalidixic acid, oxolinic acid, norfloxacin, ciprofloxacin, ofloxacin,
pefloxacingo] $10™, E. tarda® ¥ ¥ale AoA Ao Agd A853 dot shA $-2
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GellAs oe Aa5d mal d4Ae) ha A 2 gAze 46 fE A7t ES
ARelth. E3] E tardad] A #FAdel #wste 2R vk AAAT (A A, 19%,
1996), quinolone AQ GAA ] WAFe) P ATE Ad o]2olA AA @k 2AA £
gl kojAbe] HlojgRE 223t E tarda23E quinolonesd] WA AEE ZAsta 4 &
So] ddSs sz stk

1994~20031 3712 2] et dete] oo Wol2RE 136709 E. trda TFE TSiA,
olE #=F = nalidixic acide] di# WAL RHoly FES A93td quinolone A HAEE
MICzteg uetd d# 2008dez sz Widde Igs ¢+ dfen, HE
quinolonesol] ThajX %= ThFet MICHS HYS ¢ 5 AH (Table 1-8).

Quindoneeil W% 435) AR A1 Go4ol quincione W8 Belsh FIAS &
el gyrA gened]l @7) NG FHetal wol AxE btz sAH- 9—%Q ag A4
ol A ¢yrA genes HlW3}H ;Q]Z}% degenerate primer 2 623 bp2] F7] MES AAT T AU
1], cassette ligation-mediated PCRE A @7l M-S ZAHT 5 AATH 7]H A2H D E tarda 2)
gyrA gene& THE YA Al HE <] gyrA gene R parC genedt A EA S HPon o] AF}E o714 ¥
3] geneo| gyrA gened = A& 4= A At} (Table 1-11).

gyrA gene®] upstream ¥} downstream@] 7] €& B2 A7 oW t-E A ] gyrB gene} =
3 EAS Bol A Wtk olH F B2 gyrA gened} gyrB gened FAFHA & & AN
o] 9} 2+& Noncontiguous gyrase genest B 9 23 AT A 2 d vt At} (Dimri and
Das, 1990; Kureishi et al., 1994; Wang et al.,, 1993). Wb gqurB-gyrAZ I3 g+ gyrase genest
Mycoplasma prneumoniae 5o 22 dxo] 13 %A Ao R Ut (Colman et al, 1990;
Moriya et al., 1985).

GyrA gene ] complementation 2 93 ¢ &}o, promoter -5 E 33} E. tarda gyrA gene <] el
A& plasmido] cloningdle] temperature-sensitive gyrA mutantQl E. coli KNK4539]]
transformation] ) t}. Transformation® plasmid¥ E. coli KNK4530] 43C oA A& 5 A 9
on o] A7}E 1) HHT gyrA geneo] AFHog EAHJGE R 2) E tarda gyrA gened]
promoter 597} E. coli systemol| M & 288 dthe A 3) E. tarda GyrA-E. coli GyrB holoenzyme
B3A7) 75 Aoz AL3ittE AS el 472 & 5 A

TH& 2.2 Quinolone WA o] W& gyrA gened] #o] 54 B 5 & Folr7] 9131 Z} geneE 2|
QRDRe| &7] A E& £33t

E. coli®] 7%~ GyrA9] Ser-837 Glu-872] o}m|iz4ke] o] 7} quinolone W49 717 F83+ o]
2 geA glom (Vila et al,, 1994; Yolanda et al,, 2003), o]& 3 Rl & nfgo 2 3502 GyrA
©] QRDRE 2% A7 R E WA T A 83 ojv] =i} Serd] Arg= o] ®isyt @2 H 31t} (Table
1-12). o] 9] 2] GyrAd| 4] Tt ®ol7} ¥ &= A ekgk=|nt, o] & U472 ol 2] quinolone g4 4] ol
s MICZES R ol & GyrAg] Wolo] o3t A g5o] ojd o2 Aoz 44d 5 9le
], ParC, GyrB, ParE¢] o} =4k Wo] 7} 21 {191 5 st =2 AT 4 ot

A B A ME o213 geneS ] G 7] A EFF AASIATH ParC gened 7017] 9] obv| =
1S 3 38bshE 2106 bpe] ORFE 7FA 5L gllen oln] dejx de o & d&8k 454
& vugdozA A9 5 YAk 2182 parC gened] upstreamS A% AF} Ecolis T

il
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rl

i

FE2] parE genedt A5AHS BRAS ¢ 4 At Noncontiguous gyrase genesZ} & X
Ao 2 contiguous TopolV genes’} o8 2F-SATIAM BHart =A™ E. tarda dAl o] 2

e EAS RS U 5 Utk parE gened 6317] 9] ofnjxAik-g ¢h3 3)skE 1896 bpe ORFE
7FA3 A ATk gyrB gene G A] 7] A Gol A AT 80471 ] ohv| =it k5 3}ehe 2415 bp<g]
ORFE 3¢l & & A%k 12@ gene oA ATAA 2L A#S L olish v F& 354

= O A~

S HHI promoter ¥-9]¢} inverted repeating sequence 52 <l & 4 YA (Fig. 1-15
1-16, 1-17, 1-19, 1-20).

Quinolone W#o] w& DNA gyrase % TopolV geneE<] Wo] 54 ¥ AT E ¥olnr] 9
&ta] 7z} gene59] QRDRY @7) X Eg EAstAth. 43 GyrAgl Ser-83 o] ¢l ParC9]
57-D, 89-D, 107-A 150-1 o}m|x=Ake] Wo]E RolE o] 3elxUct (Data not shown). 3}A
gk o]5L QB FolMw wAHeny WA H5He ofd AAVAAE ABIrlde F
z3go] ut 1A 2o 2 Wild typed] Etarda T In vito 2394 Mutations FE3He
A

]
o] AL FAAI H/E MH agard] #5 =SAZRo2H APHOZ gene59 WHolE
fEste Aoz F oAz AYsd. 4 WA dES JAdHer AHEste] Gyra,
ParC, GyrB, ParE o] o}m|=it Wo|E BAsI T} (Fig. 1-21, Table 1-15). A¥ GyrA oA <=
2 E @A oA 87-Asprl GlyZ WolE Rk ol& elr AT Widde e o=
E. colio| A g} 7o) o}mlxat 83} &7 879 gt WAo S dodgs 4 F UAG. st
A 83, 87W ¢ ofmiito] o] Wo|E Hol: FFE BHT F (e, olv 1 WHAA
7t e gAY a2A FH8HA BX %7 gy Zolgt AP F AR 839 of
nieibe] WolE Hole AATFE thA in vitrooFol A WOl E FE IS 830 87 9] o}
wato] o] WEte AL P oW In viro mutants Al EHH S =Z A7)
W 2 ARE 1Y Aolgda FFHEH
T3 B A7dXE GyrA9] 83, 879 ¢ ofnj =2t 2 S bleho 2 MAMA primerE A2}
1}
(o]

32.4

HU
Hir
rio
oi’i'
o "
=
=2

o
.3:
2

At o= el 4 A 3 REY 47 ]‘% dHow tﬂf?} AL o 2 AREon, ¥
o]E Hole 7o §7) MhF}E 2709 @UIE nhte] Fo.2 Wolrt sle delME FolFdd
productE F95}2] %3hA gt o] primere test3t 714 BE w#A A AFHE BAFAY
(Fig. 1-23, 1-24). -2 4=9} sample$ cloningste] QRDRY] 7] A E-g A3 7]de F87 ©2
™, o] 3 3k PCRY-L o] 2] 34 ¢lo] PCR A9k 2 GyrAe] ¥o] A& Ht@ s glone 7t
wabar Ha g g oler & 4 sl .

B AFgAE 202 E tarda®] quinolone WA 5] #sl= DNA gyrase ® TopolV
geneE 9] 7] MEL AA3IQ 2™ quinolone?] WA A5} o] 23k geneE o] Wolste] AAE A

ettt ¢ko 2 o] # 3k gened] ¥l o] o] 2] d % quinolone WA 5 2] Ulo] HE efflux systemdl]
#alsHE gened] N3k A% B2 F Ao ARHT w8 invitro AH o= E. tarda & O F
ol ZAA TN I FYAE Fojste) A A BelH &= E tardad] WA 59 Ax o}, WA 500 #4
ShE gene o] Wlol & ¥4 3h invivo A Y I F7HE o oF shAl T
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3F

[}

A2 A oFe) WolAA B A s HXE

1. Chloramphenicol®] A7 5 oo ©2 %2 YR, Paralichthys olivaceus®]
A2F 71 2 dI9stF s

7k Q Ed
(1) CAPS| 5o Bt A5 A

AHole T &A) FojFoA &4 A FF AF 887 g YA, P. olivaceus
AABHA 25 B EANZ.

il
Mo
]
l
15
b2
3
-

6] _Ii].

& w50l FgAste] A& ETh CAPE |9X 28] EMS-2222 rhH A, oA ¥

mg/kgSs AR 4d B wiY T A A A Fosigen, HE2Te TS PBSE

AT Bdagrt CAP T« 3 AFole 20T 9 AF2A 2 (A7 288 L)d &3k,

e Ao ol WAy fste] vl 0CTE AAT odddsfisz d dF Ex

gt Qo 439 CAP AT Fof F, 4fole AR F9E FAdACH, & 10d
O

CAPS] ZA %ol 19 ¥t 1 F& 371 Fof Ago] 4Pols Axsld ez 83
(1 DT, 2 DT, 3 DT, 4 DT), #& d@ole 5o 2AZ 3U7F AxHow A Fofst
9. 4819 FA Fel7t #RE 49T 2 EF oF

Eo 8 1, 39 9 6d (1 AT, 3
AT, 6 AT)o] 2zt 49| 8-S A X sto] A22 AMESIHT AP WA MS223 mHAIR &,

0% @@oeRE AYen A aRae zh, A4, 9, % T4 L wF 23 Az

W e

2 =AY CAP ZHIF ¥4
CAP9 AF%H B AL Cravedi et al. (1985)¢] Wo] wlz} HPLC system (HP1100 Series;
Hewlett-Packard) S ©]&3lgth. WA}, CAP (150 mg/kg)S A FoA3 gA9 3, A% =4
S By ¥, 27 (02 g)& 70 % 24 (1.8 m)og, 18 Tt #@ststA T (polytron, PT). o
o Q4R (15000 rpm, 15 min) FZ9 e DFaAT. AZ4L ThA 2
A7l &, d& H7)1E HPLC A8 2 mh)d] 3o, 045 um syringe filter (Nalgene)Z o3}
T, 7 AE 3 100 Ry BASAT 249S 98] ARE-3 gy Sperisorb ODS C18 (5 m,
125 x 4 mm Hewlett-Packard)S Algetgon, BEXxAL F4° 1 ml/mino]™, column
oven 30CZ AP, A& 4L 280 nme] FFEAA FHstFTh E40l AHE2 ofF
72 methanol#} heptane sulphonic acid sodium saltZ 3:7¢] vl&2 T3 ¥, pHE 3.3

gto) A ARS-SE T

) =]
s
, 8l A, FA 9 HgS AASe) Bouindo) 1YY The Aol whet wv)
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st AR WEQTE ZHzbe) 2 Z M AL hematoxylin-eosin (H&E)H o2 o]F A}
o FEgEn|Foz FEsIHATH

@ =4 75 24
(7}) CAP F9 #3714

ol vA= Fg
CAP 54 m& {dxeo ¢£37A% vlxe dFS ZAe7]) st Physiography (Narco)
& o] &3l {X9 ATl A AgS Z:/\}‘}‘Ri\?} o} F ol B s cannulation T
S Al o] F¢] UPHES physiography® &35 WA CAPS ¥ FA34ct of
F 8% 2 AZzAd dig dFE A3 ﬂ sta] olfy # 2 AARAL AH3A

Kreb’s ringer solutiondloll A o &do] 2 zA9] =, ol 9 Auky 5o wsld g
FFE FsHT

(\}) CAP Zojo] W2 23

AP Fofo] B gHel 2a AT B
ol 2EO) EANE £ SRS AW o0e BALEIAN AT T,
Carbachol HCI (CCH)dl| th3t 542 100%2 ZAAS RS "o CAPY F= EA stolA &
59 #% 2 olg, 237179 §48 52 vAFATL

off
o%
tlo
BN
T~
2
_Q‘L
>
)
(o0
ok
2
. oF
>
L
B
2
\1
)
2
b
2

(th) CAP Fofof] mp& gx]o sF7]e iz 4%
U)o} CAPE 1% 2 4
E AU)sF Zo]l 2AFA 2] & H&E 9oz 383n) 73 oA 4;&}0}935}

G) 2A%H I9F B4
Z)f 01%—&3?—151 f‘“ﬁi@}&? O:'f?}% T3] 8l olfe MREHoFRYH AP &, Ht £,
& AR E Besty, #4817 A7tA 75T
5&7‘1% ‘@ = 1.9 E#s}gilﬂr 2k e A 2] lalkaline phosphatase (ALP), alanine
aminotransferase (ALT), asparate aminotransferase (AST), creatine kinase (CK), Y
-glutamytranspeptidase (GGT), blood urea nitrogen (BUN), lactate dehydrogenase (LDH),
uric acid (UA)]-& 3o B217] (CHIRON /PIGNOSTICS - Express p/vs)E ©o]-&3ld A7)

FES 48T
6) TALMA A

A3l EA2 A= Sigma plotE ©]&3}o] students’s ttest & AAHoH, p ( 0.05¢
d o3t Aolrt e Aoz st
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A ax

(1) 23 W CAP 273 2 2314 4%
Mol 7F @ A el CAP @R HPLC RAME o &3] waalack ¥4 23}
WA 2 el CAP RF e CAPE Fobdt AUTNA Fobrizk 59 AW S7she 7

Fe HAom, T T2 F 3 DTS vlad o 1, 3, 6 ATlA F94 a7t FFHUS
(Fig. 2-1A). A7 o] CAP #HFHL 717 w72 577 ol AP FoM F7hehe 7

FE BASN FFER F A2y oh =31 DTS 2 DTALeldl #9391 57 }sﬂr 1 ATs}F 3 AT
Atolel frelF el ka7t VEhygth (Fig. 2-1B). 2827 dx| o] CAP #F#He Agor] no

A ZFshe Fol o] Boy, GEFEA F8 & CAP 2EE A% EE}M el o
g dojydth. =AU CAP/F ZR-golx E3la, olfe] CAP Foof m& Z4F 7] (1,
A, =, ,<,>j|),] ;}_z,ﬁ}z} g3te JJ-?S}‘&]U] 6‘}0]]}4 2 A] o}t’oﬂ o3tk z@@x%o] tﬂ:g],.....
23 % ik

) B2 71s a3t

H2le] ezl Aol CAP—4 5Fek2 physiography@ FHAAlY] LFEZ FoFs o
ot opzhe] S WS FAC & E AAdxHS HEEto ojild] CAPY FFS 73
Aol Carbacholol] Tk 58l k31 91 HAE YEES & 5 Atk 934 9, A8 23
S ARde olRAL AANEZAH |l HAF &, Carbachol HCl (CCH)o| i +FAE&
100% 2 AR el CAPY Fx EAstA K9 75 H olgh, &3trAY F5Y T
= olFd W3t #EE R @4t} (data not shown). gR)o] CAPE T3 T2 FIXAIA
HAe 38719 obrkul 2H9 wigtE st FEdvAEsteA @45 BEAY, LFEd
x = &

=3}

o] Al W3l yeRER] &tt) (data not shown).
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Fig. 2-1. Concentration of chloramphenicol in the liver (A) and kidney (B) of olive flounder orally
administrated at a dose of 150 mg/kg (B.W/day) for 4 days. The concentrations were monitored
during the administration and followed 6 days after the administration. (mean+5.D.; n=4 ). *

indicates p<0.05
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G) Adstx JF
gz CAP Fof & o o] a4 @A) WstE #F stux dYE47E o83
alkaline phosphatase (ALP), alanine aminotransferase (ALT), asparate aminotransferase
(AST), creatine kinase (CK), y-glutamytranspeptidase (GGT), blood urea nitrogen (BUN),
lactate dehydrogenase (LDH), uric acid (UA)5 9] &S EA3c} (Table 2-1). ALT x|+
A3 VI Folle Aok HEFE B W FHd Aol Holx ¥sith Iy
APTE AT FF F 6 ATX =79 £ zolE UYeth ASTS ALP A=
FoF 71 e Ay A Srbsle A%E dEhilen, FekgR § AST *rxl“ =
ase FAZF YEsL, ALP F3e foldor FFs § s oy, 29T
Wz Blastis o, F949 zole vehA] egtth. GGT$ LDH 3= CAP E"‘t?]
R ¥ AYTS ALTLY FAHY Ao} HeAA AW FAER F A
deshs 4900 RSl DR A% 40 S74ae 4%e wdn. K
F ADTAA R 0T AR, FHEE F 6 ATAH FAGoE
QAHAG, T2 2 DIAAE 27 AT FAAY Foloh JHIA FRA

_‘_JFO
-
T

= w, Sof
TR F1ATAN gz27e 4RT0H F9 Folzk tebskeh (p < 0.05). BUN #3e
APT 2] AR folHQl Aol wold gk T, HBFE T
B FAFAE Mot RepEw F gaste 4TS BYw, 3 ATIN 6 ATEC HdFe
BUN 47k Z7bske A%e vehigow, daishe §98 olrl g1tk UA 3
BUN %3¢} o] Ag7sh thzrtole] #98 olE tehfAe ek P74 1
ATAA 2T 8 Fol7k 1A o1}, 3 ATAHREE UA 5371 F7kehe 398 el

CAP Fofd] @& ¥ Ao #zdE golir] 918 hematocrit (HY) 3], 3

g7 AE FASATG Ht FAs Ajdo] Asgtd] wet gAd ez gadte B3] UM
T AT dzTE Wwsge W AP $AvF AAGA Base ¥ BRI
(Fig. 2-2), gl &0], H879 = #Zastdh 28y £ 439 se7dMs HE79 5

Ui fgadtes 4%E Bey #o48 2ol vEuA St
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Table 2-1. Results of serum biochemistry analysis from olive flounder orally administered at a dose
of 150 mg/kg (B.W/day) chloramphenicol for 4 days. Samples were taken at 1, 2, 3, 4 days during
the treatment and 1, 3, 6 days after the treatment. All control fish are treated with PBS.
Abbreviations and units ALP, alkaline phosphatase, IU/ #; ALT, alanine aminotransferase, IU/ 7 ;
AST, asparate aminotransferase, [U//¢; CK, Creatine kinase, I1U//¢; GGT, ¥y
-glutamytranspeptidase, IU/ ¢ ; BUN, blood urea nitrogen, IU/ ¢ ; LDH , lactate dehydrogenase,
U/ ¢; UA, uric acid ,IU/ ¢ . Values are means+S.E.M. * indicates p<0.05.

Group ~ concentration 1DT 2DT 3DT 4DT 1AT 3AT 6AT
0 3027(4.38)  33.85(3.95) 24.65(7.25) 14(2.2)
AST 150 9.7(0.2) 13.9(1.87) B9GY  423(123) 15.5(3) 5.85(3.55) 159(12)
0 2090014y 203(0.7) 1.4(0.15) 0.43 (0.13)
ALT 150 2.5(0) 2.45(1.45) 145(025)  2.63(049)  2.05(0.58)  281(LI) 34(0.12)
ALP 0 76 (3.98) 755(23.5) 59(12) 59.5(1.5)
150 675(105)  757(1.3) 915(1235)  109.525) 58(3) 65.5(95.5) 53(0)
0 3.5(0.5) 402 3(0) 4(0)
et 150  225(1.25) 4(0.91) 5(0) 6.67(1.86)  467(167)  333(1.45) 3.67(12)
0 2167(5.84)  315(12.5) 55(3.5) 28.33 (15.45)
LDH 150 12.5(4.5) 62(02) 8.5(0.6) 25(05) 6.5(2.5) 15 (0) 155(5)
0 0.38 (0.05) 0.5(0) 0.33 (0.09) 0.3 (0.06)
UA 150  055(087)  0.52(0.07) 0.6(0.1) 0.53 (0.09) 0.5»(0) 0.067(0.03)  0.57(0.09)
0 368(0.58)  435(0.55) 4.47(0.72) 3.4(0.63)
BUN

150 3.5(0.96) 4.88(0.78) 5.33(0.88) 72(15) 474107 3.03(0.15 4.93(0.35)
0 1024 (295.5)  1975(704.5) 1159 (99.5) 1771 (242.5)
150  2295(515) 3537(128.7) 1240200  5332(983)  3418(5105) 3037(410.5)  861(182)
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Fig. 2-2. Hematocrit results from olive flounder orally administered at a dose of 150 mg/kg
(B.W/day) chloramphenicol for 4 days. and sampled at 1, 2, 3, 4 days during treatment and 1, 3, 6

after treatment. (mean+S.D.;n=4).
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o. 2

Chloramphenicol (CAP)}& F8 9 JAAZ 5& AW Agste o] glo] a#2<Q FEolr,
FHARAME CAPZF AFA WS ABstke v Aot dA U (Feder et al
1981).

A} FUjQolla] CAP tjale] 2 £7F<l thiamphenicol (TAP)o] ThFdl FajojFoa A

Ag8og AHEEHO| Aa o o] TAP

]
15, 30 mg/kg/bw/day o g Fold &Y ZA F
A AE W oA e FEo] T i

3, 1 M E FoF F 6AIEA TAP ZhFFo]
A2 Yeuy, 1FodMe 83kl Ad —3’—01] Hux =z BEEY, TAP AF o
B, HE: 2o R A7 el o 2o AMS zé}ﬁq (Castells et al, 2000; Malvisi
et al, 2002). T3k 30 mg/kg TAPE ©d ZA FARE o o Add Wid MIC
(Minimum inhibitory concentration) 502} 2-3u} o]4} ¥ o] A F[F3IH, AF¥ER
TAPE %92 o A3 2R7} 59 olQ, IHE FF BolE 692 tehdtkn By
t} (Intorre et al., 2002). —12]3t CAPE th3} (Penseus chinensis)oll Al 3Y3t 2,000 mg/kgE A}
g2l £33l TIPS Wl FE9 wHrlE 1004 A7t s Bt oen (Weifen ef al,
2004), AN AEA AHWE Azstr) da ojolel) fosphenytoma W =& F4h3
3 CAP sodium succinate2 25 mg/kgo 2 72A12F FQF 6A|7vich o FAbste] A2 A F
AN AF FoF F, CAP ZiFFo] Ha Frlsitrt B F8 & mio}-c: AL Ry
(Ogutu et al, 2002). oj¢} -2 2ARE wlgro g B AFodes A2y 548 S 93
o A olF Wi B719 7k ARe] CAP RF L HPLCZ B4l wgtth CAP Foldh
B4 @A B AF BRI Foprizte] Soldss BRFel FrhsHe A% Fofol £y
#5438 Fol=E AFS E AN AFF vnd o B ¢ Bl IFIS BF
ol et IFHFE AR AH FARIAT-
ARZ A F40] #ol of&HoiAIL glo

:1m

r\l
ry
:t{o
)

ﬂi

og

o 1>

£

S A
st &=
=)
=

ey AL
= o
o A4 7S W RBC,
Aol Hb 217} =2A 57}
;

2B A Aid e @

3 k)
Nagase, 1991). ¥ oA AAFoz = 4517} 2o Hl&) we Ht $£3& Jehie
2 AAHeg H¥T 44 CAP7E 9FE 7dvde e #4 & F %&'D‘r TAPQ% CAP
£ 1,750, 3500 mg/kgo 2 Zyzt wheof Fofstal 164104 E3 o] Asiets JALS s}
= W AST, ALT 3 GLDH®| el o)A b 48 #Helstfet (Turton et al, 2000b).
22y, TAP9F CAP 4000 mg/kgs ztzd vlg2o] Foksla 36A17HA HAASERE We
GLDHE ﬂas}ﬁx}w AST, ALTE ®3l7t glem, TAPS CAPE z+zh 4,000, 6,000 mg/kg
S Fo] BF3GS AS ALPY A43199S B ALT, AST 2 GLDHYAME At Z7171 8l
MJ'%, ALP F7h= ﬁoﬂﬁ TAP7} =gt A3 wistel @AV US Aoz Risict 2
ATolA CAP Foo] ©p2 3+ ARa A% 24 oS dotry] flste] 3 v ax
£ SAAS W, ASTE CAP Fopox FoF7|7h FtF F7hetial FsR =

Y

ixd
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Ae RAAT grTels F982 Folzh 97 WEA AST/H AT A ol
o] CAPl 943 7 AVANAE PHE = =
Aot 47 WRo] FHQ Folrk Vehte Ak FFE BATL B 5 Ak 2
ALPS} GCT®| RE Zeoppe] 371 e/t o 443ln FHE8 F #rde 2
Jegont Forrel daTae e olst AAe z
Adgne #4% 4 $IATh LDH Ak s 4448, 3 48, 1328, o 5%
1, Y So Avke) AT 50, UAE el giah ool A% 7% Foj o
e A T $A oA A (@ G 1989, et 2 A7 LDHS: UA
A% oldel A¥E Fewd §949 Mt YehtA @9k BUNS CK $3% w4 A
FAZ, B2EVLY T AvY A wrkw LA sded (@ &
N CKe} BUNo| Sop/17r §9 A@77 feldoz Z7starAy F7kehe
W, zpote) fe% Aol wolA &gyl B A% JlBdlE ol gl

L
_21_4‘

al
g
Q)
>
~
=2
L
reb
~
on
e A
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.

gl #ASHES w), AEAAA WHEF 9 myeloid, monocytic cell
FAE AU (Turton et al., 2002b), o} Foll M= A FX, 8o ©
&, qa7el i, AWTY ARuiare AefFo] veuttn nusgor} (Kreutzmann,
1977), 2 Qo)A hFd 24 thatel Fetavi st e A% W BAHA G
e, ofF W 4] 3 1R A% 245 WA A Bl BastA gEst F
AE At

2 A2 st nw, CAPZ 150 mg/kgo 2 49 F¢t ¥4 WX F4ge o, Izt
AN opEo] AHPE BT PelzAshd s L A4 7% 24 % Y
A ¥8E B3lel CAP A€ of9 +87 % 287 JIed b A% 2HAE &4
o4 ghetkn FFRA 2 H $2 2 AWT 59 FaR CAPE YT 4o
F AtkeE AHNS & 5 AUt CAPE 2 H3d AM8E T2 424 dAd T3
W, AR F el @ dAAE LolbA wgtont, AR BYHCR g CAPl
g FEAL} B FENE MASI Ytk o3 2% AFEAN CAPY} £2 S
o
al

=2
ok
"
N

Y

precusors U

OZL flo

3 22eo Qo rnt gy FAAAEHRY] 43 A&l st F2go] ARG

B E Q) (Vacha et al., 1981). &3], CAP/} A A3} &7 2H8&std 530 F7istaL, 3t
T ZF AAE 4N B} 643 HAE o 258 o] EAo] Fridtn ®BarH A (Vacha
et al, 1981). webA, 3F CAPY thkdt B4 QRS g ¥4 olfe F2AEo oig A+
7t o o]FojAel & Ao AztdEn)

.g]
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2. Chloramphenicol®] 7o o] m& ¥ YA, Paralichthys olivaceus?)
ol AA Y 9FF

7L Als 2y

1 23] ¢ & A+

Aol Tl oA G §4 I FHE
A 25 T EAAIH

Chloramphenicol (CAP; 32421/ F£23)L phosphate buffered saline (PBS)ol] o HE
1% U AR AT, TGN AAZA AL n vio 44 LTI A2
FFS A3 S5t 230 EXAZ dxe] T4 (head kidney)S E#3te] ool 2
Lowgel J3s 2SR In vico Aol FAWAG] Tig CAP Folo] mE CL 95
FEHS FAHS] sk, dA 28rfE]E MS-2222 wEHAIA, ofx FA 7 150, 300, 500
mg/kg/BW./dayS 4d F<d ®wiY 37 @ A EdE 3 AT 5o (orally
administrated)stg 2.0, 27 E S PBSE AT 543t CAP o & Adole
0Ce) A5A w2 (2] 288 U)ol S8gow, F29 2L+ A WA 9 stol
18 20C = #A3% O%ﬂﬁﬂ?i i AR e Wy st FAo. 438 CAP BT 5o
T, A¥ole AR F9E FA3IA e, 359 Fo] FAg AFHsd CL ¥gS SRS

2

12 ool @4

1% 60 g AE2l

A
Nt

o

@)

o

2) o}§F 2] leucocyte ¥ 2 cell A2} 34

AYolE MS2222 vl3 & F218 238t heparin (10 U/ml), streptomycin (100 U/ml)
I} penicillin G (100 pg/mlE Z7}3 HBSS (Hanks balanced salt solution x 1) 2 ml& ¥-&
t}2 steel meshol] E1 FAF3AT} F913 40% percoll gradients 3 mig ¥ Eif test
tubeo]] A F41-8 EF3s}e] percoll gradient® 47 8}95\13}. a8 thg 2,000 rpm 4T
A 30837 94 B3l leukocytes bandE F&3} 94 th 523 leukocytesi= HBSSE o] 8-
QARE (3,000 rpm, 4C, 5 min)= 24 A H 3ok

olZA B#ld MEE tryphan bluez FA (11) & F, FAstd 2x10° /mlZ AIE

Aok B3 Ao th3k CAPS] FeS ZALSHY] A3 1.5 g/mle.2 stock® °
Tl Z+z} 15, 30, 50 mg/test tubeo] HEE A X Hrlsta, dxTFe methanol
S ARRSte] 28T wd7lol A 7hzh 2 Az e kst ohs 4CollA 3087 ¥ st
Ao

ot Mo ¥
flo > i
o . o w2

A g
-
r-a%
OO

(3) Luminol 2 zymosan A&

Luminol stock 8<% (100 ml)-> KOH 0.78 g, boric acid 0.618 g luminol 0.014 g < &t
259 10 mio] %<1 b PBSE A7bshel WS ACH CLE 243 ol PESZ 109 543}
of Abgshsic
Zymosan-& Scott and Klesius (1981)¢] W 2l o zymosan 50 mg# PBS
5 ml8 %o} boiling water bathol] A] 3083} lr =0l & 600 g 53 94 EE3HA pellets e

_-9:
2
¥
(e
£y
i
2
u
rE
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Atk o] pellete] 10 ml x| A& Qo] 25Tl 3083 vj¥st] F4d (opsonin) #}-8-0]
Jol}se fEsth o] Aete 94 Felste) 5 mle PBSZ ¥ Wl AHL 25 ml PBS
o] AFA1A zymosan 1 mg/ml PBS7} H =5 AFES A|Fsted CL FAd AH&-SHAT
(4) Chemiluminescence (CL) ¥F-3 =

CL ¥hg =38 938} test cuvetted] zymosan 0.3 ml, luminol 0.7 ml, leukocytes 0.4 mlg
Zvz} Fryste] 2 £33 3 automatic photoluminometer (Bio-orbit 1251, Sweden)E& A}-§-3}
o FAstd M EA ALEE = reactive oxygen intermediates (ROIs)E &4 31 T

G) AE 4
Aol BEA A zelE Sigma plotd ©]-&3}e student’s t-test & Ao, p ( 0.05¢
o fol g o7t e AHOR hFs

.97 dsd g

X2 HE 2e)d leukocyte MXE (2x10° cell)ol] th8t in vitro 449 CAPY o3& CAPES
0, 15, 30, 50 mg/test tube F=HZ HEsla] 28T wjdr]ol 2417F v Fdt &, thA] 4ColA
308 wj<Fste]  chemiluminescence (CL) A4S A9 AdF9 gix243kd+ 15
mg/test tubed] A FT XM E 93 o7t gigdor}, e Fx 2l 30, 50 mg/test tubeol]
e ARTE F98A PolAAT (p < 0.05), & e §93 ztolzt velhA] gtoh
(Fig. 2-3).

FH gAe] Qo] in vivo F 0.2 CAP T & WAANE §A4¢] HsE A3 st
o] CAPE 77t 0, 150, 300, 500 mg/kg/B.W./day2 42Uzt Al Fstdch 43 35759
leucocyteE Ez)3te] CL A4S 24849S A9 300, 500 mg/kg/BW./dayZ F 3 A3
FXE CL 457 RolAE AgS BPoY, 150 mg/kgs FAF AP e CL &
Rt ZAbee A% YehT (Fig 2-4).

A thekdt FE o] FAA Foirt FE W Alawlo] ojugt YIS F=AE in vitro
2 in vivo APE Fa hFHA st AUk Ao WP et in vitro ® in vivo
2Foll A therdlk st A Fo] Aol Staphylococcus aureusol] T3 thewld gt (PMNL)e] 2]2H8&-o]
A%ty X HEAY (Hoeben et al., 1997a, 1997b; Paape and Miller, 1990; Pappe et al.,
1990). Alt}z}, sulphadiazine, CAP, danofloxacin, erythromycin, oxytetracycline, spiramycin,
enrofloxacin 53 ¥ 49 MHTE in vitro Aol T4 wWEstAS o, 1,000 ug/mid]A
E2E A7 CL 248 AdAAIYgE 2SS & 4 AJATE (Hoeben et al, 1997b). I, in vitro
2}oll 4] chloramphenicol, tetracycline 18] 31 gentamicin < Al Staphylococcus aureusol] tf gk
Zold ByE gyudp (PMNL)9] Azkgo] it zAStAT (Ziv et al, 1983,
Nickrson et al, 1986). & 9] in vitro Aol A3 AP eI S7HEFE
AT A Ao vElgth o] AL FaldA EelE leucocytert A FA ik
HAS w CAPe] o3 AW Aol a3t e st AHze] 4L B opg o

A

Of
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A YN AP Sef WISl B 9T E B A jplgny. AA W AL A
# A2e s PUAS otk BY o FAA £F Wl A% Aol FaF A4E
B wol d7Ho] ool el

Zhgo] Polubth. oleld FAAS AR PT Atole] ol
3ol BoplAE SR £F o} Aaatele] AxAN B oFAAA Bl FAH

I e Aol

B dpdiae gAd AH 493 CAPE 4% F 3F Fol CL F4EF St B3t
th. In vivo o} A& 3FAo] 300, 500 mg/kg AP FAA Fadte AFE AT G A
a2 Wsts BLF AP AHF FEQ 150 mg/kg Bt 300, 500 mg/kgl A Mzte] A

ol me wE Edow CL AT gaste A% BehiAn. T2 CAPS BE
FAAZL G2 AW o)X AMEZ 243 HIAS
Uﬂoﬂ el = A X9l reactive oxygen intermediates (ROIs)E A§ibsle M58 W72

AAA It & 4 9tk Hoeben 5 (1997b)2 0.01, 0.1, 1, 10, 100, 1000 pg/ml F%= ¢
sulphadlazme, chloramphenicol, danofloxacin, erythromycin, oxytetracycline, spiramycin,
enrofloxacin 183l oxytetracycline®} E& ¥ Ao WELE A wFsted 2 A3 1000 pg
/mlol A & A7 CL 84& AdANIg:E AS o & Atk 293 ¥ 98 55
AXE foH9 Hss B ¢ £ JAAY, enrofloxacing o] 9 HIE w2 FxAM CL
B3-S z}Zsle] Aol =y1etgt). Enrofloxacine] CL A2 &3+ membrane bound
NADPH-oxidase T hexose monophosphate shunt activity2] 2}=ell €3k O o 44 W&
o % Ao]AY CL ¥H-3-& luminol®] ko] w9 Wzkstr) whol luminole] HF4 g
Rozw MAYst & gy w3 o] dFAlE MEAo EA5HE free Ca®" o] Zy}3td u}
phorbol myristate acetate (PMA) B4 Z7kA12 4 17] W&ol ol¢ & A= A#4E o
Bl 71= &t} (Hoeben et al., 1997a; 1997b). o9} & AREL 150 mg/kg A P77} 357}
A thgel] W uhgo] FUhe AMES ARE 5 A

AW (ung et al, 2004)o] W =W, CAPS 4 o St 150 mg/kge 2 WX o 24 FAHL
o, 7tk AN kBo] JAFeht, 2ASE #@F & Fstel CAPZF |JA o zh AR
o] =xdol e &S ¢3]x gt RudAoh 2y, AR (Jung ef al, 2004)e] Y
G2 w4 A BY AT FA9% hematocrt A7} AL B pase Acw Hol
CAP7} &7 A glo] Fe vHAta ®ust@th £ =FNAE in vitrog} in vivo A
CL ¥h3 &3 A asxolA &40 7aqr] g, gAd o] 1ske] CAP Fd= =

l

fr

o] 7o WA &4e vAgn FAHAG. 2 4P A8 vEE FARs o
AR F 5o o HAE dojuA Fgot A A}%gy_ A& CAPel gk oFsii}
37} @FelA wol HAE T e Aotk gepA, ¥ H4F A} v|FolE wf CAP AA)
o] =4 FFolgprlng o] B TqFd &4 UAEC] Wﬂ 2895 v Aozt BARG
2 =A% 4 Ul Vacha 5 (1981)L CAP7t A2 A3 g7 2-gstd E4do] F7istal st
2 F AYAL N7 1Tk 62 HYL o 254 o]} FIvrdThE Ruvt AR, AF
of ot &4 OX} T YA 9] Egho] ojfe Aele) oju TS viAeA ¢ #e <
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Fig. 2-3. Effect of respiratory burst activity on different dose with chloramphenicol from head kidney

phagocytes of olive flounder (Paralichthys olivaceus) in vitro. (meanzS.D.; n=4 ) * indicates p<0.05.
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Peak of CL Valve (mV)

Control 150 300 500
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Fig. 2-4. Respiratory burst activity of head kidney phagocytes from olive flounder (Paralichthys
olivaceus) orally-administrated with chloramphenicol 150, 300, 500 mg/kg and control
(administered with diluted methanol). The respiratory burst activity was measured by
chemiluminescence response (CL) and analyzed at 3 weeks post final dosing in vivo. (mean+S.D.;
n=4)
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3. UV-A(3}7% 320~400nm) XA} 3ol Y x)o] tj& chloramphenocol®] 4 5of7} P
A3 welukg, FAzA0] A 9

7h As 2 ay

(1) 230 #A & CAPY T
BFAF 257g9] YX| Paralichthys olicaceusE: =3 A APo gz Re Y
Aol SA7F UEA 2 a%9 AASA FARA 257 £AN F 4
skt
53 o4 $z(288L)°] o= Ao CORALIFEALY] UV-C (253.7nm, 15W/T8, BP)
lamp® AAetel 19 124204 +3xW W2 JolA ZAHES sich UV-C o] 4]
o AHAN ¥ A4 FES 7] Astel FEeT AP Al
MS-2228 v} A7l WA o Phosphate buffer saline (PBS)oll %<1 Chloramphenicol (CAP ;3]
A/ FZE)E A FAZ 150mg/kgs 4% Bt viY FAIFA O}Oi‘”"% tjz+< PBS
& Fosdch. Adols CAPY ZAFS 144, 4dA 9} ZAFo T8 T 2d59 45
7} seheld e AXse) Anz g
A
kel

Qs WA MS22E GAND T, vl% BBewyH AWSD dralel AT B3
M 5YS A% FAL RFAoR PANTRL 2k T, AL, uF 292 43340

AP doe] d¥= -1 A 2 heparine-Na(25,000 1U, F2J#|¢hS H7ste AT &
(RBC counting), 844 %X (Hemoglobin concentration), 4t &+ %4 (Hematocrityg T A}
stuth HEF S 9L hendrick’s diluting  solution®. 2 1:2000.2 3Ad Fo
hemocytometer (Improved Neubauer, Germany)E o]83ld F& @ulA slo| A At
a2 FEE AEgdgn e dAE  Kit(Asan Pharm.  Co, Ltd)E A}&3He
cyan-methemoglobin o2 A3 g Ad 8+ 834 (Ht) k2 microhematocrit centrifuge
(Hawksly & Sons Ltd)ol| 4 12000rpme. 2 537 94 FAANA d5Ho 2 S ok

@) ez B

A& 2+, T4, A, uFS 3999 (Bouin’s solution)ol] 24A)1 759 A3 FY 1A A
o] 24417t E9 Zi} oA T FAEge). 70% AlcohololA 100% &3 ¥% &3 &,
Xylene ¥ 3} 2 sty 23}, gl ¥ #F S A2 $ microtome (Reichertjung 820,
Leica,  Germany)o & 4m5-7 2] ZAHH S Lla=aai= 7Yz} 2] ZAHH e
Hematoxylin-eosin(H&E) g 0. 2 A 3te] Fstdn|gdoz &2 HTh

r.,, 40

@) o5 T4 ANE) FA Bo 23
|xe  FAe BFFozm  Bastd 2%  fetal bovine  serum(FBS), 1%
penicillin/streptomycin % 0.2% heparino] g% MEM 8]z A nylon meshE FHA|AH Al
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T dg -8 Fudt}, FulE AE JEdS 43% Fr 9 percolld] g F 600go A 3087
2ty By pE 2yt 2Esled MEMoZ T ¥ X3 WE 3 E tryphan blue

2 gAa3t & 1 X 10° cell/ml %2 %A

0.3ml, machrophages 04mlS Z}z} H718te up & down 3 ¥ automatic

photoluminometer(Bio-orbit 1251, Sweden)S A}-2-3le] &A43tH M EAA] AY4HE = reactive

oxygen intermediatesZ- =43 H}H

3ttt test cuvetteo] luminol 0.7ml, zymosan

. A% 2 n@
NREES

(7h) RBC counting

AP = 1DT uw) 455X10°7) o3t 2ATw| 413X1070 2 <k7F 2oL} 4AT ] 4.74X10
NZ sampling A'g<Ql 1DT9} v]5=3F 4=50]3lt}. Chloramphnicol X 2]+t2] RBC =2} 4.84
X 107§ = control Bt} thih ©ehor} sampling whAg ¥l 4AT Wl 3.54X10°70 2 & A3
¢tk UV Az 7] 1DT, 4DT, 2AT 2}7}¢] RBC 2-= control ¥ CAPA &9 RBCS] 49}
23t AGA L JERY Qo 4AT = 399 X 10°2 2 controld} CAPH 8]+ Rt} thih Wk
T} CAPS} UVE 34 #2l8 groups]Al 4DT2] RBC 47} 608 X 1002 F23 Z7} & A
S ¢ 5 o 2ATHE 325 X 10°0.8 T8 ojd groupBt) A2 2 FA} HAt} (Table
2:2).

(\}) Hemoglobin concentration

Control group?] 1DT Hb concentration® 0.122g/dl2 T-& Ao vl <t &2 5
ojRor} ADTHlE 041g/dlZ F7Fstthr} 2AT, 4ATR 7bAA 234 Zol=w 3%S e
Atk CAP A8 Hb concentratione 1DT w 0.14g/digd o1} 4DT, 2AT. 4DTE 7}dA 4
2} 7+A8] sampling whA]=k @<l 4DTolE 0.122g/dle] +x& 7|23 UVHE 79 1DT
Hb concentration®} CAP<} UVE 7 A A3+ 13 77 0.153g/dl# 0.15g/di=
HlE 3 olRem UV X279 4DT ge 0120/d12 §43] gastdvizt 2ATY F71,
AATH ThA] §43] Zaste FH2 #sts RS CAP+UV A7 Me 40T i 43 =
JVslthr} 4AT W 0.122/d12 §723] 7Zraste 2oz vehdt) (Table 2-3).

M

£

(ch) Ht value

Control group®] 1DT Hematocrit value® 32% sampling 7}A|2F © 4ATe] 3149 & =
ol Holx wkow APV Fo A Wyt ATk WA CAPA ] groupd] Ht A&
3682 control Bt} €53 =gtom 2AT7 R 23823243 7HAsitrt 4AToE 2328 e
il UVAElGts control®} Bl 7389 grapeE YERHAA T 4DT, 2AT, 4ATS] A7}
Zyz} 285, 27.2, 28.82 control group RUTHE 1 o] TAa wtth UVt CAPE Ze] s
T Ht value® 1DTWlE 3352 control#t o]z} AT 4DTole o ZF718igo)
2ATOl] 252 F43] HAs) Hste] Fo] & o R XA HAT (Table 2-4).
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Table 2-2. Result of RBC counting from olive flounder -administrated chloramphenicol 150 mg/kg
with UV-A irradiation and sampled at 1,4 days during treatment and 2,4 days after treatment.

1DT 4DT 2AT 4AT
Control 455+ 0.73 4.65 +0.29 413 +1.31 4.74 + 0.80
CAP 484 +0.23 5.06 + 0.71 4.36 + 0.88 3.54 + 0.84
UV-A 4.63 + 0.83 4.83 +0.56 4.14 +0.68 3.99+0.75
UV-A +CAP 448 +0.29 6.08 £ 0.57 4.37 £ 0.31 325+0.71

Values represent means + S.E.
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Table 2-3. Result of Hemoglobin

concentration from olive flounder

-administrated

chloramphenicol 150 mg/kg with UV-A irradiation and sampled at 1,4 days during treatment and

2,4 days after treatment.
1DT 4DT 2AT 4AT
Control 012 £0.01 0.14 +0.02 0.13 £ 0.02 013 +£0.03
CAP 0.14 £ 0.03 0.13 £0.04 0.12 + 0.02 0.12 £ 0.02
UV-A 0.15 £ 0.02 0.12 £0.01 0.14 £ 0.01 0.11 £0.01
UV-A +CAP 0.15 + 0.03 0.16 + 0.02 0.15 + 0.03 0.12 = 0.02
Values represent means + S.E.
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Table 2-4. Result of Hematocrit value from olive flounder -administrated chloramphenicol 150
mg/kg with UV-A irradiation and sampled at 1,4 days during treatment and 24 days after
treatment.

1DT 4DT 2AT 4AT
Control 3941123 321 +5.8 272+53 31477
CAP 368+33 31.2 £+83 23.8+29 23.2+6.8
UV-A 32954 27 +4.9 272 +39 26.6 +5.7
UV-A +CAP 335+22 34+60 25+14 25629

Values represent means + S.E.
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2) 93 (CL)

CL ¥F2-& unitadr 912 vehlil e 1DT controld 0.6230.8 A8 7|7 &3 4AT7HA 0.654
2 A Wert gtk CAPe9} UVE A 8l38 groupe] CL3H2 Z4z} 0.611, 0.652F control#}

Hlgl o} of —% m—‘}:— DTN = 1.003E 742 F43] 718tz CAPHE T 2ATY oA
0782 H24 01 o UVH 79 CL X5 2ATH 2k7F 7130 thr) 4ATH 09222 t}
A ashe A%E GehlAch. CAPSE UVE BAldl H2ld groupe] CL 53% the 43
Teohe gyl 1D’I’~;—~E§ 07092 <kt =& F£XE 7]E gdou 4DTY 0982 ZF73 7t 4AT7}
A ¥l=8 $AE [KA AT (Table 2-5).

0{:

B A71=AI

olgfol mge 2+ 2 FulA A¥oltd (Fig. 2-5). 1DTo] CAP A @d 7fxle} 4ATe
CAPE A3 F /A& A BE MANA A HAdoly Y=ol & HAUT control
groupolt UVA 2], Chloramphenicol #2]7 18] Chloramphenicol®} UVE 74 A &§
AT 2o s ¥y glo] BE AT ZE Il f5olu A Aol JduHA
Uelderng o] M odEoln} UVe Xlo JFs e Ao & AL & givh B4
MEE Fig 259 @, @dlA B0l A2 e] do] A Mxd FANF A8 AxE
o Aol YAl MEE RVt AR A5E 25L& 3, @, ©®, ® @A HXo] A
Aoz MEF FRo] FAAE vlE Hu g5 & Alolo) 7hA o] ofF Fop xH ) HA
2l Mzo] Az EP 01*-#7% veldd ®, @dlA] Role foamy appearance? A EH
H7E 2 IR MS 2 JdE AT Role g Lty AWz d dAZ deA
A71x= stk O, @, @ T2 A% A Aol ot Ziﬁi foamy o ®vl3) Avk A&
of XA #F At}
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Table 2-5. Results of Chemiluminescence(CL) from olive flounder-administered CAP (150mg/kg) with

UV-A irradiation and sampled at 1,4 days during treatment and 24 after treatment.

1DT 4DT 2AT 4AT
Control 0.623 + 0.076 0.642 + 0.435 0.657 + 0.434 0.654 + 0.130
CAP 0.611 + 0.070 0.986 + 0.373 0.784 + 0.149 0.731 £ 0.436
UV-A 0.652 + 0.745 1.019 £ 0.387 1.045 + 0.344 0.922 + 0.296
UV-A +CAP 0.709 + 0.135 0.980 + 0.356 0.916 = 0.426 0.860 + 0.343

Values represent means + S.E.
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Fig. 2-5. Histological changes of liver from the individuals with UV-A irradiation and
chloramphenicol administration. (H&E, x400) 1: 1DT-CAP1, Normal liver, 2: 4AT-CAP1,
Normal liver, 3: 1DT-UV4, Atrophy of liver, 4: 4AT-Control, Atrophy of liver, 5: 4AT-UV3,
Atrophy of liver, 6: 4AT-CAP+UVS5, Atrophy of liver, 7: 4AT CAP5, Artrophy of liver, 8
1DT CAP5, Foamy appearance, 9: 4AT-UV2, Foamy appearance, 10: 1DT-UV1, Fatty
degeneration, 11: 1DT-control5, Fatty liver, 12: 4AT-control5, Fatty degeneration.
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4. YA o] o3t carbon tetrachloride Fojo] W] etz Pgo] #A3 AF
7F a7 8

Ao oF 381l 200mg/kge] chloramphenicol-2- @3 2 ojd 13 5¢ 2+ AA A+
Fo3tae of 9y o HE|2AgH o 54 G| UBFHA FReEE FHAAL F
gk BAgo] ZA YEo B AFFHLRE FIHAH

(1) gX) o & carbon tetrachloride Fof o] Wesha ko] #3k A

g Bl At WX AF 40~100g AFL 14~18me]
AL AR oFE £ AR A2RAN FA8D, FLe 57T, FEUEE 6~
7ppm(mg/) 2 FAGAh AR/ Bk Hole AR FFHA Lk A@ AR A
g oz ddsiel sty 9 WezARA JAE SR AR 50T ol gge

nlg] #dsAdo
() A3tk (carbon tetrachloride, CCL) o] Z4 4 Fo HHY

O Fof8 Argstgie] =4
A}d 3lek 2 (analytic grade, JT Baker, Holand)E 3424 LB 243} 119 H&2 &
el A7 802 A UG

@ CCLe Fof W

AZF g 0.02mle] AlEslerAS qua P og B wjZo] S (epaxial muscle)S ¥
=5 W 2 B4 0 A2 AEsAk o5 FAe Ay 229 A AL JAES 2
FEFHK)0] dojwon, B FAY A9, BF 59 2] At FutE e, gao
HAZE G E3 S 2 2HEH g &4 B gEe o] fAlC weE, &
TSI O FoRRRE AFSA dE A2 guEHo] A WA 9 Wl FAYS H8s)
712 gk

1o ds st 2
ng] 2AHE CClL &
= 9 W Fo93n

gzAstR o2 7pgo] ug &4F Wty A5 A BF - FAHPY =
R 73?% EHE AHE-SHo 21] kgd 2mlE, v}3(benzocaine, Sigma)
3Y

¥ o) CCUZ 5 xHoE T4t

= R CClL B9 &5 6 @ 7UR] o]FE benzocaine® & vl T}, AL AAS}
Ath vl 3 27 AAo] AL v)R 3 A(caudal vesse) CERE HYFow AHIPoH,
R B3A7E oo Ads] ##23 F ES 2P Fa ANE HF4A(Bouin’s
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solution)o] 31gste] o] wel Pt v] 44 HEGH XEL A)Zsl th(Roberts, 2001). &
QF A& 21mega pixel T AE7be)EHQV-2900UX, Casio, Japan)S Eale] Adon, dAv|H
ARRE O X" AR =] (Polaroid DMC-3, USA)E A&t} &35 9th

A & Ao disteds &dol=Fetrd 2 E B (smear preparation)S A&t .om, )
PPEARAHL or PCV) FAE dA3te, de ddo2RHe 4 23y g3
(total protein), ALT(alanine transaminase) @ AST(asparate transaminase)X|E % A3}
& 47| (Kodakchem700, Rochester, New York)E A}&3te] =34t

2 HEFZ(fascioliasis) A BAZ =AU 19213 3
ATHRoberson, 1977). AFE Ao 2 GAZH =epolz
e FAHY B g {8 & Hom, B
o EE ERFY 34 9 AEAES 28t geA Aok
2} | A, A dXe A3 AMEHA Fotol & AR HAo
A sl iAol 2 Aoz ¥eA Ak Yy 2RAME 545
2

b
e
f
2
N,
of
Y
ofo
tlo
off
g
H
~z
51¢4
2,
3
o
]
al
32
0

B
sof ATh
Cle APSEdA 8 2d A AHgE e 2 17geded 71de a2 o9
A o &, CCLY SAaHe ME W P-450¢] osfA wj$- EAo] i, WAl A3
CCls - & free radical2 3+5]7] wjF ot} A% 07 BAE free radicale M T =24 <
A A& 2] polyenic fatty acide] #}7H:l3Hautooxidation)E Zejgtth o] @] AhsA Esirt
dolupm A, a9t W83 F, AR radicaldl fF71bstEo] AR THX A3, lipid
peroxidation). A|d9] &4 o2 ERe) #2949 7150l A&3] @dHH7] W] CClLe og
ol epol e Askn AT o mEth 02 el ¢ 0 Sugael Astm, 2417
ol sERo] F34=w, rER £ g H o] g}, Triglyceridedt EFAE o8 HAXER
B9] apoprotein®] Aol AaE Y] wiio] dAA Fuivh #A®E e sy A
I HEF T oty Eafo] doju A Et THHEC
CCly Sojol #7h &3] AMEE0] gton, H§AzeiE 27, os(Hsu, 198 2 AT
(Reynols, 1963; Shinozuka, 1971) A=Z7} AFEHAG. 21 2o CCLE in vitro A2 2 ¥eld
Ao TAME] HAEsl 2 JFE BIIE Y tHTyson, 1983; Berger, 1987). 121}
CCLE ofFd AL de g =80, WAoj(Anguilla japonica)(Inui, 1968), English
sole(Parophrys  vetulus) (Casillas, 1983), Channel catfish(Ictalurus punctatus)(Afifi and
MacMLLAN, 1992)¢] 3% o2 ol Utk 1 BEoE 27 Yip) A2 £E= 223A0m)
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of olatger ATFFEAd wE B4 JFS B A Ax T o Aol AFS A=
NSsR2A=

oF-o] Al §4 EfFolA BN Kupffer cello] §131, 293Pk #9344 ghor
A9l portal trindv} BAHA gherh AL 72 D A5 dolHE EfF A
2 Aolg molk A PAE Lo}, WAL T AU - AH 244 wet 1 Feshy W)

ygol thFata, ojFel wel ZhAE W B Ay 2& 7ML de  deH &
2 o} F-o] Ago) £3) #FAY. wky CCLe AT =49 Wi 2ozt e ¢ UL,
1 ARE OF 5 Ana A4

CCLe] A& A=
)3t SA 9 Hrto
g AR Fe Ao
9 A FEo| HIZ X 7 (m
g0} AF 9T dsle e Holn I F¥o| &
Hp2 F- (portal vein)& uwheh 7 W FEEHS T3t
NAE Ao R

el B AFdME AFERE Tt =FS AEsHAT

R=)
r&m
I
o{o
AQ
2
_0,
2
_O,d
&
—u
N
o
lo
Hﬂ
i
oE‘.
° ol
fr
2

dx1e] A48 A gz e §gFow HN4-AZdern, IRAFTHTHEAT
(hepatosomatic index, HSI)¥ 1.3~15% Atolo] lo] AFolfHFolre AFr9(1.0~ 2.0)9) &
3t} (Fig. 2-6). HE @A R e, Axdo] oA vehd, F2Az Al A=l ¥

&2 AAbEg T EmE AT g gRE Uleln, gaAE 1-2702 ek

CCl, & & 59 (2 6¥A)dl& HSIF thh wolAe Aoz $Ho g gy &
Oze} 2 ol Rolx ¥sith Iy 2FFFHoRE E WIE B, 5YAde A EA
92 o] dAstgon, dFel AA} P23 APEES FHS AE7 v FAHYeH,
Yoz AZE AZA Yo e A% #eS Fesn dol 2R AxAS vt
Ny LIS TR AEY BIXE AF Ao Ax EHAdd BEFE o|FUYG (Fig. 277).
HSI7} wrolAle e Awwisiel Fubstel dojule X9 9% ©E Z2#d o A
s, SATH v«W—?: AR

CCly B9 74AolE 7Hgo] S¢tHog Mz M3s JehlA gkev, HSE 8A3 £
e 9FA wistey 7360*—% Rath AnjARoe2E 59 A 2AH FARSH AR &
A Role MARE Botoyw, $=47L Fukstn Aok WAl d¥ e AEE(ipid
vacuole)E -3t MEE AA3T o ddew, MAd] wtre *u‘f& AFEFEe B/ AAL
4 Aaz)ys EAd(Fig 2-8). 7HE AR A L]
7} g Edod, AAMTAAN AR wWate FelEA i
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of a control liver

Figure 2-7. Gross and histological finding of a liver 5 days after intragastric
administration of CCly, (HSI:1.11%)

Figure 2-8. Gross and histological finding of a liver 7 days after intragastric

administration of CCly
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o]F9] -9, B7}Casillas, 1983; Afifi and MacMLLAN, 1992) & %5 AHInui, 1968)&
E3t9 CCL7F 98 A7t gled, 1 ¥l AE g=24 b}E}L} JTh B FoAo B¢
2l Zpdv)7)e] A¢, Fo] 5 1AztF ), English sole®] 74 4AZbAd 1 FA GFo] &<
= 7] AFstE T 287 A, WAoo A 2%134]77}74 g W3yl govt, 49 Foll #EY
S w Zp2A ] Wyt #@HY) AFEH, 7~10Y Fof sbg AAT WAANMEE Kol &12

1A B AFdME Bidel Asds g, ATAEEE AHsAT o olF
e 549 ol —’F%Q%P_L} 74 9] 7}7‘* 7 A3y} Aldte], Inui(1968)e] Aot Ao 1

o2 dXEE A%S Btk BEAFAY A, Casillas(1983)9}  Afifi  and
MacMLLAN(1992) 25 FA} 48A17H7hA] #3stg ey 28y H Ak OTt 7rzA3 &
El e e %ﬂ"“«l 83ty watol] thate] FALE o, T2 Afde AET

}-u:é

+r4

o ¥
32 AxAv)|AA o7 F754) Casillas(1983)] A2#AE »d 13 94011 Az g v ¥
315 Vlesta o 7&% Fug 2uke] g% 47, 7he) mu 3 AAd Ag WAdRse &
At} 2ok Yx F7ete B @0 §49 CCLY AA A G BFoZRE
q ZFrPE Qo] BFHoz Yehd Aeg AztEd. wEpx IFFALE Tt #Ed
Inui(1968)2} wWiAolo] gt A#rt b Ao g IS %%8}71011% A3 Ao AR
At
WAole] AL, 7] &9bd wste] W V&S gtk B AFedAE HFe 544 4
z9 wgte FEeAA 3, HSIS 4 2] vehtth FH(Hsu, 1998)0l 4w CCLel 37
Eo &, 04 FAZE "HAY, $do] AdojAdx $EFFEA vk vz 2
ZE AWEAS, PR AFL &4 dd dFee 27402 Holy Fx gidtols
HSI Z&o0] o]2Ax] &S ¥ ohiel, |ota Wael #Adste AnAz 24 523 <

=] skt

THFNA CClies ATFA T 223 Yol 2 U 527 Hdlo o2& ez 43A U
tHRechnagel and Litteria, 1960). ¥ % 15% Well # 7tz

ergastoplasm, = r-ERQ| Zu|4FZoMEH =7 A=eth

1963). £ & 1}~]7} A ;4;4 ergastoplasmO] &3]

it
l tio
ﬁod

i?ﬂOI‘}iEfﬁ ol CCLY free radlca1°ﬂ «W =4 é%%ii 7}5131\:} a8y *a‘?égl A}
A ¥gl= Oio”’ﬂ% Zorl, ALT 2 ASTgol ¥sE Jehf A &gt (Table 2-6). &
BE CCLo o3 7&%” Rolu, 2o wat 1 AEvt g2on gA Aok

2,
o

B9 A5

ZRAME 4L BFdsA G ASE Ho| Utk WA e Ay, AFFe 7-10d F
AAAEE NEF, I 3-‘“535‘, AEER, 328 AL 34, girae 8 d5AE
& So] dojdrin vt ATt FawiEr 7ha, ALT, AST 2 ALPR9] Aol 7~10¢ Afe]
o AuAle] ol&vti ¥elA Yrk. AdAw e Aol FAARE AN A W=
54 42 9F ’é 7ol dol g FAaAY] Wtz yzHv, A7E 5 A4 wgeke O &4
7ol e Aoz HZAdrh duadPelr] YAoME ERAZAANE FAHS st
ATHEEE). Adrt B ARdAe CCLrt 282 Fominh upeba CCloll g sy
AL THF 741 Aoz QAR A, oFidME 1 EdEE ofFd w2t gE Ao
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olel ARE £FetE, JTHOE FAY CCLE WX Aejd disted F2 g9 A
g 2 9% we B/AA nZn 2L A wduss HALE AeE yekth T8y
REe] EHF} WAold BuE A WshE FuehA g AR ARHA
5. 2@ E A3 ad A7
7t a4+ 3
1) 289 A 2 42H At

Aol QA & %4122 A (Olive flounder, Paralichys olivaceus)& ZHE A7
FolFozRE, 4PN Jystglen, A4 F 3d X AT F AT dA AT
H9E 40~100g, Aol WE 14~18cm oAk APV Tt F2 25~-27CE FAANA
on, FzE £8 oA A2y ol&sith. mE APV B¢ Holw THIHA AT

£x GRAFoRNH Gl dolg Adste] dasta @ Wz gaE s
A%elE Brkete & ool glES Edsd

)

X
[
rpr
o>

Je AdsEs (CCl)d 474 FolF Foiel A9A0R G Agsu
4 (tetrachloromethane; carbon tetrachloride, high grade, ].T. Baker)& 2gneds} 119
Mgz Eda aml/kge ATE EUE AL JUsalE dgth 39 ¥ U BPoE
Eofstel, vhAn Sof T 7] AT e &4 NEL % R 2AFHOR 2
Qow, A4 ) ) Suuwa, ALT 9 ASTHE F43HA0 |

(3) UV-A 241 3y
(7} UV-A ZAH(E ) %A
AR o] &3 UVA ZAMEA (315-400nm, Philips TL8W /05, Holand)+ ILACCERE

o1l o™, 50 x 38 x 35cm A7)9] AbzZF TElg -z vlgo g RE 25cm Eolol| 23cmzt
Aoz WE A4S WANAL ARSY FEA v ol 2AHES dgov, P58
HAng 49 Agaisls.

() UV-A z=AKE 7)) 29T 44 2 24
UV-AA ZAE 1Y 6A) Y 447 wHE A AISHA
ste] & 6702 3t Y} (Table 2-6).

k)

AT e WEL(Group C, D)S £

Z=, T RFd 3t UVEANE (Group Al), 7Ha&ATol the Akt (Group A2), CAP
o] Fo] FAME (Group A3), 18]1, 1H3&4 A CAPE F43F Fof ZAT (Group
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Ad)o] Ath. CAPE &kl oF 2019l 150mg/kgS 19 13) 493 WHE A7 T3,
CAP 2] 3 1A12F % 19 6A17HY 49 S0k W2 o2 UV-A ZAStA (Table 2-6). A7&
CAPE (BEA13, F39)< PBS (phosphate-buffered saline)o] HEAA ZA AT CAPY
2o AFE EUE Agstgoen, 25 wixyle £31-89 (Benzocine, Sigma, USA)e & 7
)3 wH & A 9AE 0 FAE SE Agd FxEF (Group OFf H &4 A
273 (Group D)2 22 SFHTH

49 A9 HF A 3 594 BPS AAEAT UV-AZE 2AF Al 28 25~27T2 93
A FAANAL, THE RollA Ho] FHz] s AP g £ 9F AHESEATh

4) UV-B 2ANE#) Y

(7}) UV-B ZAMHE#E) 4]

Agel] o]&3 UV-B ZAMAX & 34 280~360nm (TL20W/12RS Philips, Holand)2]
UV-B #ZE AME3slgen, #ZE FxutgdolA 110cm, $HA 80cme] Eolo] TAIA
ot s ol A 9 40cmol cellulose diacetate filter (cellulose paper, FZAY)E A

Asted Ao e 2 &E FE At (Fig 2-9).

(th UV-B ZAHEHA) 437 43 2 24}

UV-BE ©3] Zolgtx 31 Az =32, A3 & (sunbum)d &34 HALE #E8

t} (Fig. 2-10). we}r AN AAE 93 AuddS sds9en, 2 A7 Table 2-67
2on, &3 =F 30RA = R ojud Wz die FuketA sk wEbA
UV-Bol| tidire &3S O3 308 =2 Z2H3Ao

UV-A ZAF A3 37 o], & (Group C, D)Fg E&slo, 32X e UV-BE =
A} F (Group Bl), 7H3<&4 §= ¥ UV-Bu %A}a F (Group B2), CAPEo] 3 UV-BE
ZAVeE F+ (Group B3), 7v<EAF f 5 Ao CAPREASE & UV-BE Z2AISH £9 F 6702
stAch Ao vixed FAHXT (Group O A HlxE 8<EAL (Group D)E xR
st
CAPQ ATEA WHe UV-A AL APFAY ZAe7r 2oy, @3 zAdeH, By

T 1A RE UV-BE 3087t ARt A 948 F 4N 248 He 22453
ZALE AAEA T

UV-B A} EF 2831 AL A] 932 "ol A 45 E dstgoen, A3aS o] &3}
Aok A B BY 21 ARBIEE sgom, UV-B 2AMAIZES on] A438E A
5 9 g Zlo ool QAW AHS Flstd AP H&3pA T

S
T
r‘\I
[
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Fig. 2-9. UV irradiation equipment.
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Fig. 2-10. The skin of histological changes of tissues in the
Olive flounder. Only UV-B irradiation groups. 1. UV-B
irradiation for 10mines, 2: UV-B irradiation for 30mines, 3:
UV-B irradiation for 60mines, 4: UV-B irradiation for

90mines.
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Table 2-6. Groups of UV-A

UVA groups Number of fishes Treatment
Al 4 Only UVA
A2 4 CCl4 — UVA
A3 4 CAP* — UVA
A4 6 CCl4 — CAP— UVA
C 3 No CCl4, No UV
D 4 CCl4 (for hepatic damage)

* CAP : Chloramphenicol

Table 2-7. Groups of UV-B

UVB groups Number of fishes Treatment
B1 4 Only UVB
B2 5 CCl4 — UVB
B3 5 CAP* — UVB
B4 5 CCi4 — CAP— UVB

* CAP : Chloramphenicol
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& dgsted, sivel WMaRE 2ALE FAO
ALY WS BUH A5h FUE £

h FEEn)d zEAR 2 #F

AAFG B9 @A) Rz 2@ giyre] A7) (obrhw, A%, 3, A, vE, 9, A)
B.dl (Bouin's solution)ell 12t :A3tPrk HF AL B £d, 4 Ay 425 1
lemE W22 sk 24X & 5 w0 23148 AAISHAT oA 24430 F
3}31, 70%01]/\1 100% «3 % g3 @59k Xylene £33 3 gehd 33tsta,
2} ¥v} & microtome (Reichertjung 820, Leica, Germany)< A&, °F 4umTF
S o], H&E G EES AFY & Fdndoz fFstqrt. Jad F&o st
g A} F G A= (Polaroid DMC-3, Polaroid, USA)E A&-3ste it

oM & X o o

() FARADAD A BEAL B B

BatEu| AL mRza WE A 2 dRE H3lo 0.IM phosphate buffer (pH 7.0~74)2
A A3t3, 3% glutaraldehydeol] 4°C, overnight A 3173 (prefiaxation)d}tSith. 7 517 (prefixation)
98 F, 94 WEee Aeshd 4R2AS spwel vesl stel, ul of Smnd, 7
1mm’e}] Z7|2 AAstgth thA] 0AM phosphate buffer (pH 7.0~7.4)0) 3 =& 10 +4
A F, 4T A 1% osmium tetroxide solutiondl] 2A]7t & 173 (postfixation)s} o}, ¢|& 0.1IM
phosphate buffer (pH 7.0~7.4)°) 3x}&] 2zt 1024 F=A45t¢, 50~100% =32F& 59 Jags
oA @45}, isoamyl acetate® X st CO,E o8& AR 1z T FHEH|ZE A
2o BAA At Gold coatingdle] ZEAF#D] A (S-2400, HITACHI) 0. 2 #33Ath

Qajsy ZAE A2 A9olE A9 9% AR UVEAL el deg & 3
= g | Slated Sasigen, 53] a3l 3 At 2Ake CClLo

of dds =t =Y AL Diff-quicklj o2 034%‘3}04 SORES AFEAT EI
hematocrit  (HHZA-S Y3l algdxe] =2AW@  (capillary tube)o 2 FUF H,
microhematocrit centrifuge (Model; 01501, Hawksley & Sons Ltd, England)E A}8-3}
12,000rpmol| A 587+ 4R e)st ot YAE2 3 microhematocrit reader (Hawksley reader,
Hawksley & Sons Ltd., England)Z 1 gk(%)e 43t
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(Wb Ao yztetz seive 53

go THRE AZ & g A AL oF 1A =k WAstaL o] 4°C°ﬂ/‘1 244
2 F<h dhAE & 3000rpmell A 53 94 R Fo s, AL sk o HE -
0T WERBINHUA 2AF A o ¥H Y TP (total protein), ALT (alanine transaminase)
W AST (asparate transaminase)x]E automat ed dry chemical system (Kodak Ektachem 700,
Rochester, New York)S. 2 #3353} .

(7) fold AA

2 Ave] EAA e SPSS A 2 1:W(SPSS Inc, USA)S o] &3t ANOVA testE
AANEETh 283 AFE gEuaE Tiestz APTFH 2T Hode 94 A8 A
(P<0.05).

4. a3 A%
(1) 925 2 K 27
Al P wE FolA AW/ FU PFFY L FA¥o ST U WE B2
F gtk
@) B =A B2
Oh BN ZA w2
e

(Fig. 2-11-D) 7+3 Axe $= (Fig
Aok =T A wEbd 5449 3t

@ Hzxd

Group C (Fig. 2-12-D)¢} Group D (Fig. 2-12-2)¢] JF& EF Aol it} (Table 2-8). ©t
% Group D] W% F718 2% 243d AAE AN, 142 AN ZE 37 (o}
7Ho), w1z, A%, 9, e LS BAoh

@ UV-A ZAML

Group Al (Fig. 2-13-(), Group A2 (Fig. 2-13-®), Group A3 (Fig. 2-13-@)& v Hl
wate] el 2H8H zole BEAHA @skth ey Group A49] I ¥ el a4
(loss of nucleus)? A MEA Yol 2AEEA (hyaline inclusion)7} &&= EA A I
NHEZ} 6747 REo A BRH AT (Fig. 213-@) (Table 2-9).

9o BE UV-ATZAH wi
2AHEE A3 obrhvl o] 23

_&9
N
o
o
2

93k W A7) (ehbml, A%, A%, w9, A8)
E7]& v 57F §lgda (Fig. 2-14-D1), A7l

il

B
0%
K
ol
lo,
4

)
r

ok
B
1)
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= MMC 27k} AL vlE 27s9)dEe Axd, A58 @ 2392342 A4 (Fig. 2-14-Q)°]
aic‘r. 12 = MMC Z7b7 #2590y §98t7 gttt 93 (Fig. 2-14-Q)3 A=
o)k A9ew, A7 (Fig. 2-14-@)= =720 wae J%ch

@ UV-B ZA

Group Bl (Fig. 2-15-0), Group B2 (Fig. 2-15-Q)<

Group B3 5AAZ 24N A3ld G2E Hole 2AZFAE THT AT 3
AH ATt (Fig. 2-15-@). %3+ Group Boll= ol 355 (pyknosis) 3 O ;AN S HoleE F
AZEFAE 3 AN ETL A oM of FAAH AT (Fig. 2-15-@) (Table 2-10).

gz Blaste] ®Mstrh gl

“’ m

9lo] RE UV-BZolA 9A] e} 1142 A9d WA~ opybv) (Fig. 2-16-D), A% (Fig.
216-@), 9% (Fig. 2-16-3), A& (Fig. 2-16-@) 5o 571& w3t wighs d25A Fdoh

() A AAEuAH B3

AANA (Fig. 2-17-0)F 2239 Group A49] 3:xEES o
oz At AR THL2 v A§7] (microridge)Z TAHE AEESF
MA Q] 72 (Fig. 2-17-2)% TLatA BFH A oje IR RddE FHFez AT
Jol glsld Rez Algdrnh

AAl AN AAES QxR2
2 #FsQT 97 E¥9Y
Ho = FAHJUG (Fig. 2-17
o2 AU

&t Group B42] 3709 BES ®ste] AN XWE FALEDA
EZAQ v A g 7] (microridge)E TAAH AFES J
-®). B FolAE i g9 BFes Qg &4

@) BAss 24}

(7h 899 M xsty sl et

UV-A 2429 BE g 24 4% Fa7s o, gay o] Justeel ogar
Atk Hte 23 ~33% Alol g, olFd A3k FA &2 dA9 hematocri t(Ht) 31~33% X
OF shERRTh el ol SR 9 el wsds fold A7 9l

dA] UV-B A EE ZAq A Fejstxel W= gldth hematocrit (Ht)= 23~
39%744) The TheFshAl e on], o] WAl A4 Aol R tha gAY ARz
Mashe o7 ARuAzl AR,

2

__4

(W) Ed9 Asta gev e 54
Group Coll4] TPe] 372 4.0g/dis, ALTS} ASTe] H-& Z+2f 0.5u/ 29 1700/ 4 & o
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Elyttl. Group DolAlE TPo H#Fe 3.8g/digem™, ALT9} ASTS H#F2 zz}; 49u/ ¢ 9
19.9u/ ¢ & JEFSTh (Table 2-11).

UV-A ZA}E2 7t Groupoll Al Feru e, ALT, ASTX| ¢ Hyiste x(Group C, D)
v pEle AZ BAFHP o} Fo8tA] gttt (Table 2-11). Group A29] g2 A=A X3ATh

J’}’\%QO}O"} F25hA] Ftt. E‘r‘ﬂ' Group Bl % gk sHFe 23g/dlE, Group B2¥

28g/ o2 FostAl wA BRHYO Y (Table 6)ol= FzHat @dete Aol fle HI=
ALt
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Table 2-8. Result of histological change in skin about control.

Group Necrotic bodies of skin

C -

D -

-: negative

Table 2-9. Result of histological change in skin about Groups A

Group Necrotic bodies of skin
Al -
A2 -
A3 -
Ad +

-: negative , +: mild positive

Table 2-10. Result of histological change in skin about Groups B

Group Necrotic bodies of skin
Bl -
B2 -
B3 +
B4 ++

-: negative , +: mildly positive, ++: severely positive
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Table 2-11. Changes of blood total protein(TP), alanine transaminase(ALT), asparate
blood chemistry in experimental groups

transaminase (AST)

Group Ht TP ALT AST
(%) (g/dl) (u/ 2) (u/ )

C 31+11.0 4.0£0.5 0.520.5 17.0£2.3
(n=3) (n=3) (n=3) (n=3)

D 3219.1 3.8+0.8 49455 19.945.1
(n=4) (n=4) (n=4) (n=3)

Al 33+2.4 34+1.1 3.0+26 14.6+8.5
(n=4) (n=4) (n=4) (n=3)
A2 23+6.4 ND** ND** ND**
(n=4) (n=4) (n=4) (n=4)

A3 33+24 3.0+1.1 2.1+15 27.5+7.1
(n=5) (n=4) (n=1) (n=4)

A4 26+3.3 3.2:0.4 27+1.4 10.6+2.9
(n=6) (n=6) (n=6) (n=6)

Bl 23+2.6 2.3+0.7* 6.5+3.6 51.3+4.5
(n=4) (n=3) (n=3) (n=2)

B2 39+4.3 2.8+0.9* 0.5+0.3 28.0+6.1
(n=5) (n=4) (n=4) (n=4)

B3 30+3.0 3.5+0.2 2.7+0.9 23.1+5.9
(n=5) (n=5) (n=5) (n=5)

B4 31+4.9 3.1+x04 14208 19.1x6.7
(n=5) (n=5) (n=5) (n=5)

* Statistical significance from control (P<0.05), **: No data
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Fig. 2-11. The normal and hepatic damage histological feature of liver in
olive flounder. H&E, x400. 1: The normal histological feature of liver, 2:

Atrophy liver after CCly oral injections, 3: Fatty liver with lipid droplets in
cytoplasm of a hepatocyte.
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Fig. 2-12. The normal histological feature of skin in olive flounder. H&E,
x400. 1: The normal histological feature of skin. No irradiation, No CCls.
BM : basement membrane, M : mucous cell, 22 The normal histological

feature of skin. The CCly oral injection.
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Hy by

Fig. 2-13. The skin of histological changes of tissues in the
Olive flounder. UV-A groups. H&E, =400. 1. Only UV-A
irradiated, 2: Carbon tetrachlroride plus UV-A irradiated, 3:
Chloramphenicol plus UV-A  irradiated, 4 Carbon
tetrachloride plus chloramphenicol plus UV-A irradiated.
Circle : Necrotic cell.
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Fig. 2-14. The histological features of gill, kidney, stomach,
heart in the olive flounder. UV-A groups. H&E, x400. 1:
Gill, 2: Kidney after UV-A irradiated fish, 3: Stomach after
carbon tetrachloride injection, 4: Heart after carbon

tetrachloride injection & UV-A irradiated
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Fig. 2-15. The skin of histological changes of tissues in the
Olive flounder. UV-B groups. H&E, x400. 1: Only UV-B
irradiated, 2: Carbon tetrachlroride and UV-B irradiated, 3:
Chloramphenicol and UV-B irradiated, 4: Carbon tetrachloride

e

and chloramphenicol and UV-B irradiated.
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Fig. 2-16. The histological features of gill, kidney, stomach,
heart in the olive flounder. UV-B groups. H&E, x400. 1: Gill
after carbon tetrachloride injection and UV-B irradiation, 2:
Kidney after UV-B irradiated fish, 3: Stomach after for carbon
tetrachloride injection, 4: Heart after carbon tetrachloride

injection and UV-B irradiation.
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Fig. 2-17. The scanning electron microscopic features of skin in Olive
flounder. x3000. 1: The micro ridge of normal skin, 2: UV-A irradiated skin

in olive flounder, 3: UV-B irradiated skin of olive flounder.
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0115%01]?\194 37+2H2 phenothiazine, porphyrin SoA Ragul glod, 4 =]

& £@slitiyt g9ld] ojz2 Ao =EHIYS o LS A AluHE FE kA
9 %71}29( i) B AFE A9 gle 4Rtk HFAHA ¥
Fero]l gl okl A A 3 WA BARAEAAE g4l e
Je Aeg 49 vk wpx B AFdA s CAPY 33
AHepaal st en, £33 1 &4bo]l R g A IFE vE & deAdd dskd
&7] 9Jsted, UV-A 4 UV-B 2ALE T3t ddo] W)

4
e
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02(24,
—Gri“
8
£

A

Aol @ T PUEE 3 =

o Eﬁ, 3 ks
AstAY, 28 BdE gAs 3 g 3F, A4 (ultraviolet light) =52 3|F
s =

g%.
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£ (photodynamic substance)o] 1)<l
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Z

o
@ (dermatitis)o] TA 3= S D3} (Jones et al., 1997). THFIlAE FE F9E =
A 37FAE B3 ok A HA 1z F72Fo g EF Ao d B dod= AL
. 534 A& M4 helianthrones$} furocoumarins 53 G5 A2 phenothiazineo] 1t}

WA porphyrin®] whiApgelz Qg Fzter, a4 ZHPoz AMAE  uroporphyrin,
coproporphyrin 59¢] UVE 48] 32 dS dozith A Hx 23 Fpzog 14 &45
URs A5 dAEHA e AEo] AUE sttt FEALE doith guFd o7
chlorophylle]t} (Jones et al., 1997).

Ao A AFe A ellx Johnson T2 AT EFFAA quinolonerl FAA Fzh=
< dolzlthar 3t} (Johnson et al. 1997; Klecak et al. 1997).
dol#t o]F<l Atlantic salmonoll 4] phenothiazine 37-2 EA4jo] 484 Urt (Hardy,
2001). Bullock 52 Atlantic salmon ¥ sea trouto] 4] 2] ulcerative dermal necrosis (UDN)©]
F BEA e Byl o] AE T st th (Bullock & Roberts, 1979; Roberts, 2001). &t <)o) 7}
AfF7F BESFTEYE 7HA reten, fluoranthene®} 22 WS @233 ES HAT 4%, F4
Zb whg-o] WA ¢ oz dEA ot (Bullock et al, 1981, Hikkinen ef al., 2003, 2004;
Weinstein, 1997).

B AT A= CAP FoFA] UV-A FAA] 95 Arujo)] 424 (loss of nucleus)? &7 A
A Yl 22}:&?}?& | (hyaline inclusion)7} £23¥3}= EA A0 A EVF #EEHJ o, UV-B
ZAMME 3EF (pyknosis) @ S Holv ZAXFAE TR/ AN E/ BEHA
o 5718 W W UV-A ZARE olAE 2% eAAAAT el weshy wah u
Estony, UV-B ZAbE M E Mg &4 53] F=8A4 vebst.

AtE g A (CCl ;Carbon tetrachloride):= P-450¢] 2]3}te] free radical CCLEZ W3lE o] &
4 ARE YEhd. free radiclal® FAhF o7 A EEre] 0] 3+ polyenic fatty acid €]
auto-oxidations deo ity dHA Uvh Ags et =EA] e o o] A,
triglycerides2}8] E-3}| Q1 apoprotein §Ado] oj# A BFetwlel RBulyp radicl. wheba
AWgzko] EAYSHA Hh (Robbins et al, 1999). Reeo] A7olA] thEA HF &3S FiA
7= 4=E Ratd] AHAHoZ BFFAL 5g0e o X Axb SAAZIGE FATH (Ree,

A e
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1963). Casillas 5-& English sole (Parophrys vetuls)o] %-735A} (48ml CCli/kg)E st o
ZPAZ el A Bt 5Ea, Inuis eelo] B7FEAL (0.0lcc CCl/100g)3t5-S = ALT
AST, ALPA|7} Z7}sttha 3ttt (Casillas et al., 1983; Inui, 1968).
B AFgAE tfF-Eo] Ao A EHA}E]‘:- CAP7} 7ol &Abo] fatEle o F7=
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[¢]
S T oFE

o

A HRE opraA sgch webd A9 1 &3 fEE 9 2l oFEQl AR
Seag At on, B4 FAR ¢ FAGAE At FTReln AT

ANAT AN BAE AR AF, AAA) A FH, T2 Rt BLHAT:
B9 FYA CAPE A #3402 ARHDL A o, PR F} xow
= QAN 282 ek A8 A8 Jungs) uye] ey g5 A% AN FL
R g7)e WatE gle Ao 2¥A ok (ung 2003). ERFAAL RAgo ov A

A %‘“/“é ME (hypoplastic anemia), 7+7]1%50] wl&3 AlAofollA 9] 34 F53 ‘gray baby
syndrome’5o] H i1 Hojgith (Lee, 2003). o] Follxo] RA&o 2+ oxytetracycline¥} 37| F
o3 AL, MAojo] A MEA Fx3, WM, erythroblaste] 7+4:, erythrocyteo] Z|th
A} Ao dodE Aew ¢ A Utk (Kreutzmann, 1977).
B Ao CAPYF 5o 5o b3 &4 & CAPE FoF 3t9s o, ¥ Hart 3104
oo sesgrr. v RS &4 A7 5 FdUEs Fokstar UV-Ad ‘*1/‘]7
A 2% 44 (loss of nucleus)® 34 A XA o] 2AEEA (hyaline inclusion)”} Eﬁﬂ_
A Al FHALH E7 BFE Q. @B CAPE 5oFsta UV-Bo &A1 I3 7R A

_‘_4

g dols 24 EAS FHT AAATA FARAT FE £ AN F F2P
;qo}ﬁ Uv- B°ﬂ =274 1 *‘JMl @53 (pyknosis) ¥ Hadg Holw XA ¥

& Aotk

2 A9e d¥ FoF 70-80mg/kgsl oF 294 150mg/kgd) AEe] CAPE Fokste]
9xql zA0R AWSAT oF FBY FEE wAH o2 tEA dtol, &4 FEo 0
2 B wa 422 duss A% Bastth £¥ FdAuT AL e AW
JEs Ezesusel 308 /bsAd U A9 das
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W59 e 100 % I 19943 2.5} 2003 d71=x] 1087k 23
2 54 24 T oAz gask 1 g 54 2
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71 A - B} Bopole] #FEAlo] Wl FL V=Y
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- MAMA ¥ $&o 9 gz 24 7l& A
WA =m - tet geneE 9 RIS FAL 97 ugdM Hxd
- A plasmidel % E& WA HE &<
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283t WA 100% | MLE Zieel A8 Ay 1 gE44E 95T
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- EE e A 38 ¢
- AAZ Po] AL Yv FAF FH (OFE IYFHE
o] A E Foll o 100% ZA)e] oA EF 3 WA FEA 2L HR
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SR BAS thkd FEje] tet geneS TSR 3o
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o} RA1A levelo] A o] WnE T WA A origin FHo] 7HsEtA st = =Wl o
Fold dehte = @A deid e TS oud Az2 FElaL, 2 Mol 2

= Ao} o) oW Az Ay Hu dEAd e d5S shsaA stath

NEAor B Afda &85E & cloning®d 3 multiplex PCR 52 %% beta lactamase

o] SAAE LT3 Ao BE Rof A YA EA A A& 7Med #H<0 7o
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czRE ogE WAFE e & b uAvEel sy, FF FAH Felol wids)
ANHEE $3 e Holn HEA Fo A BTl U & e PUE AFEA o
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