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ABSTRACT—Detection limit of PCR was investigated for Renibacterium salmoninarum, the causa-
tive agent of bacterial kidney disease, with a logarithmic growth phase. When genomic DNAs from
serially diluted bacterial cells were subjected to PCR, the minimum concentration by PCR-detection
with 30, 35 and 40 cycles of amplification were all 10° cells/mL, and the sensitivity was not
improved by treatments of the bacteria with lysozyme, achromopeptidase and/or SDS. The extrac-
tion rate of genomic DNAs from the bacterial cells was approximately 3%. It was confirmed that
PCR-detection limit for R. salmoninarum cells mixed with fish kidney tissues was significantly lower
than that for the bacteria suspended in the medium. Moreover, there was no significant difference
in the detection limit between immunofluorescence antibody technique (IFAT) and PCR. These

results suggest that PCR detection should be followed by other methods such as IFAT.

Key words:

Renibacterium salmoninarum, bacterial kidney disease, BKD, PCR, IFAT
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and Earp, 1956) ¥ X (F KDM-2 }5#t (Evelyn, 1977) 2%
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4 - AU EZES LI EHDH S (Benediktsdottir et al.,
1991) D72, KRR OMMIZIE, HFOEPUAD (IFAT:
Bullock and Stuckey, 1975) < Enzyme-linked immuno-
sorbent assay (ELISA: Pascho and Mulcahy, 1987) 7
EOREENFY, SHICRs. OWRAERHETH S
p57 & %\ % 16S rRNA Z By & L 72 PCR B X " RT-
PCR %05 THAWH*MTFEL Ao b (Brown et al,
1994; Magnusson et al., 1994)

L2 AT, B, LFENOY S T3 AEMYTHE
HOYFEIZB VT BKD 12 & % HFEATED & NHEIC % -
TWwb, WHS (2006) &, Y7 7~ A#MYFTHEKEL
7ot R.s. U X D, &F A O—IBA R.s.
VREHE L, ZOBERIELSKICHTTLEATSE
&, F7o EEAOP R, PUABGER b HRERPIC L
ATHILPs, XEN MpEDMEB LW ERART
R.s. DIRGERDSAL L TV B a2 e L7z — AT,
Chase and Pascho (1998) ix, PCR THAMIE® R.s. %
MIBTRE L WME L TWAED, TNETERADFERL
R.s. D¥EFFAT, YL R.s. PuRBETH S22 R.s. &4
BREEZHT 5 EEZONETHHMEL L ORI S
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& R.s. A LAELE L 2 WIRIE T O PCR IZ & 2 1
DRFUDOWTIREET 5 720, HEIH O R.s. Mz %
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TERLZRs. 2L, XF YT Iy 7§m7 4L
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1015AFG 2 EE, )V F— 24 GRIEE 1 mg/mL B &
10 mg/mL), 77 B EXTF ¥ —¥ (#KikFE05
mg/mL) BX U FF T VERES M) v A (SDS,1%) &
Mz, UWFOFMETEHERLIEL 72, )V F—AHMNTIE
37°CT 1 H:f], 727 0ENXTF ¥ — ¥R TIE55°CT
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R.s. BEW CTI1E, TEFAR 7 = / — V% 2 |,
OakVA - A VTINTVI— VR (24:1) %
1 [|I4T - 725, @0EE (12,000% g, 543) 12X D157
K@ 1 L% PCRICAEL7:s %23, SDS #usin L 723k
TiE, =%/ —)VikBIZ XY SDS ik L7ztk, Boh
TR E T ERD TEWCHEML PCRICH L2, —F, B
JBALAR% % 70 L 72 R.s. 872 © ORI, B S
(1998) @ RNase-PEG Lkt >7zo SPFH 27 <X
S L7 B ik (20~50 mg) B X OFiERD
R.s. & 1 mg/mL V) V'F— A& TE 300 uL THEM#%37°C
TIRHEMIL, Yo7 F—F¥ KBLUSDS 28K ~4 1
mg/mL BEU1% (W) &7 2% X9 Z37°C T304 11
ML 72 7=/ — Vi (21) BXUZuowkiy
A AT INTNIT—)VRE (24 1) H (1) @
%, KEZDB L, =8 7 —VikBIC X )R- Bk %
20 ug/uL RNase A 7 TE (2 L37°CT3045 fLHE L
ok, 12 BD20% (wiv) RYTFLvZ7)a—
(PEG-6000)—2.5 M NaCl &) % i 2 1%, K& T 1
BB L, 08 (12,000 X g, 547, 4 °C) 12X
DS NZILBMRZ70% T ¥ ) — )V Tk - il s
7otk TEIWCHEM L7, b, FEEEEIXMNLD UV DL
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PCR 2 & % R.s. Iz T O M2, Brown et al.
(1994) DIMHIZHEVY, R.s. DRFEIEERHE TH B p57
WMin T (501 bp) ##EME L7ZZPCR 754 ~v—,
Rs1 (5-CAA GGT GAA GGG AAT TCT TCC ACT-3)
B X U"Rs2 (5-GAC GGC AAT GTC CGT TCC CGG
TTT-3) ZHW7z, HMZRE 1 uL &8 25 uL @
PCR & (10 mm Tris-HCI pH 9.0, 50 mm KCI, 1.5
mm MgCl,, 0.1% TritonX-100, 0.2 mm dNTPs, 0.625 U
Taqg DNA polymerase (Promega) , 0.4 um primers)
THEEIE T OWIE %2 4T o 72 WIRNISIX, F9°72°CT
1043 3 £ U°95°CT 5 43 M UL S ¥ 724, 95°CT40f)
M, 48°CT40R B L U'72°CTAO B O e % 1 94
7V & LT35H A 7 VAT, & 51272°CT 5 4 MU &
720 PCREWIX, 1.5%7 #0—X-TAE (40 mm Tris-
acetate, 1 mm EDTA, pH 8.0) FIVESKEI DR, TF
VurTuvwA FCRML, UV T CTHELL. &
B, MIEFBIEE, 3594 7V ERAL LETEE L.

BHYEHA%E (immunofluorescence antibody tech-
nique: IFAT)

KDM-2 i A5 1T ODgyy: 0.5 £ %2 % & ) H53E L 72 Ras.
% Hvy, PBS T1Of5A B 2 1E#%, &4 10ul % X
FA NHT AT L, HIREEHEE L2 REE L7
Lak & FEBRIZ, PBS TH0RFICABR L 728 R.s. RARIMLIE B
XU FITC BEkIty % ¥ Ig 7' 7 MG CUEL, 7+
VAR CE AR, HORBEMBITBIS Lz, B, HE
(31,0001 T CEOMHEF ML L, FITC Btk L s
723ia % Rs. Btk e L7z,

ERBIUER

SHEERIIC B 5 R.s. (ODgy: 0.5) % KDM2 i fkR:
HT100RF 1AM L 15°CTIRER 2 L 2R OWEOHE
% Fig. 1. IR L7z, 55382 ~ 3 HHD HEED LA LI
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Fig. 1. Growth curve of R. salmoninarumin KDM-2 broth
medium at 15°C at 100 rpm.

AERBOONL o7 b, BEHSHM TR, &
ODgyo 8 0.005 725 0.5 FTHFAL 722 & 725, KDM-2
AR % FIV15°CTHREERT 28 L 72 Ros. 1312005 ] % 2
LC100f% (2%%F%) ICHIE L7222 L1274 1), R.s. OHEAL
BRI 18RER] & B SNz KW AR L IFAT IS
XY RsHEZEFEL7-E T A, ODgy 0512815 Rs.
WHEEH 10° cells/mL TH o720 F72, Rs. 3P 7%L
& B ODgyo A% 0.08~0.80 TldxEdflicdh b, Zofi
PHIZB VT R.s. DRBBUIIAER K ESE LW EEZ Sz,

B O Rs. fla % HvwTo PCR Tl&, B
F13253 X VB0 1 7 L DOBIIET K 4 10° cells/mL B &
U 10° cells/mL T - 72%%, 3544 7 VLI ERIEL T3
R.s. A% 10° cells/mL DL EAFFE L 2w R S hanwZ &
AIRENT: (Table1), L7245 T, &K PCR O &
1, BEICEZHEO Rs. AT B HASEN L OB TIX
TREZR VA, BB D D VI ARBEEEG A O X 12
R.s. 2% L ETE L 2 WA TIEHL AR T4 Th
hEzZobNz, L2A5T, KPCRDIEK LT 5 p57i
1%, M4 7-) 3a¥ —fHF14E$ 5 (Rhodes et al.,
2004) o ARFEBFERTIE, 1 K472 1 uL OMBERR
iz L7z PCR T® R.s. DRSS 10° cells/mL T
HotzZ s, PCROMEMAIL 1 McdH7zh) 3x
10° (300) ¥ —:HH XML, HEIIIRERDPo72
B, ru—=r 7 LU ENRIET 2RI LG,
A PCR TH102 ¥ — O E{RF 3% € IR T 5B
THAHIE MR LTS, T2, RIEBRIZHL 72 Rs.
BEIE TE THAWCHAR S CwizZ & 25, PCR K
IS BLEW T & 2 MHEEANOBEL MW E 2 S/,
b 2057, Rs. LR % 724K PCR ORI R A
300 ¥ ML EH SN/ L3, Rs. ORI
EN3UHRETHL L E2RBTIHETHLEEZD
N7z Rs. 377 2BHRTH Y, —BMIZT T 20N
WL 7 T ABEPER I AR IR 3 A D TRV 2 &
BHLNTWE, ZZT, VI F—LDEEL EIFCTHE
HLEE % i L 72 2%, R.s. OBRAIE 10° cells/mL Td
N, &5, 7Z70EXRTF ¥ —E¥BIUSDS # /-
BRLEIZ L > TH, KIFERRBEEOREZRD bR
Lo 7z (Table 2),

Table 1. Detection limits of R. salmoninarum by PCR with dif-
ferent amplification cycles

Number of Total count (cells/mL)
amplified cycles 107 10° 10° 10°
25 + +W>)<1 _ _
30 NT*2 ¥ +o _
35 NT + +y —
40 NT + + -

2

*1: weakly positive, **: not tested.
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Table 2. Effect of bacteriolysis enzymes and agents on extrac-
tion of nucleic acids from R. salmoninarum cells

Total count (cells/mL)

10° 10° 10° 10*

Enzyme and reagent

Lysozyme (1 mg/mL) + + + -
Lysozyme (10 mg/mL) + + + -
Achromopeptidase (0.5 mg/mL)
Lysozyme (1 mg/mL) + Achro-
mopeptidase (0.5 mg/mL) + + + -
+ SDS (1%)

+
|

*: weakly positive.

RNT, Bk S0 Rs. il 2 ME L, SPF ¥~
I A0S L2 # OB (20~50 mg) 1S
B d 5 Rs. ZFTERRIML, 7= /=) -0
OOV AR X D BERRI L 72#% PCRICHE L72o 2Ok
B, FLF—F7—3R&ERWVD, Rs. id&d{mtisn
%< %Y, BEARED S D R.s. M I RIEICE T
B2 EDM SN o720 PCR TIE, HIHAEEERICHRE
Hk RNA A A% BICRIET 5 Z & CREETO
WIRFUSASHE SN A28, = OREIZ RNase-PEG i1k
WX AEBIIZIT) L TRIBICKEESN S (Hh
5, 1998). AMWZEi2B T3 RNase-PEG iLi: % v
5 rI2k b, 354 7 VEIET 10° cells/mL Ml kD
R.s. 2T e & 72 572 (Table 3), 735, RNase-PEG
RO F B RS (2 BT 2 BB & O A% = %
B L7-45 R, RNase WHERITi 10~12 ug/uL TH -
7201Zxt L, RNase #LELE X OF PEG jbBf£121%, 0.1~
1.0ug/ul &% o7z, L72h%o T, B, 5 PCR
124 % Rs. I TIE, £EOFHE RNA IZ X 0 B R
MWET T2 aEL2H ), ENBKEREZFR BT 5
CENERETHSH I EHUWD THRA SN,

Brown et al. (1994) ¥ X UF Chase and Pascho
(1998) &, PCR T 1 ~¥Hilam R.s. 2L HE & Hi5
LTwb, L2LARWS, M= R.s. ORFR IR TH

Table 3. PCR-detection limit for R. salmoninarum from kidney
tissue by RNase-PEG extraction

Total count (cells/50 mg tissue)

10’ 10° 10° 10*

+ + + -

Table 4. Detection limit of R. salmoninarum by IFAT

Total count (cells/mL)

10° 10° 10*

Experiment

1
2 + +

TH b7, BED L ZAMEBART O Rs. Efifatkz
EREICHR T 5 2 L IdHEECTH 5D, S 51T, CFUBICK

DRI & RO 75, LR Sl S AR
ETHREPEMICINBRL, Z0RE 2R 5 2 &3k
ThHoHEELZOND, 2T, AWFE TR s
HBHRs. ZTHNEIET, BHELREBOMGRY? AR
BaHEE L, Rs 20 OKERMILEIFEIRLBETH S
ZEEWSIICLE, 512, I LBUETH S Res.
BV, SHEBEWHED L IZBERAIZHCTY,
BBML A RO LESHFETE 2w L 2R L7,
Chase and Pascho (1998) % Magnésson et al. (1994)
i¥, RT-PCR % nested-PCR #fi\:% Z & C, Zofih
BEPLEINDE L e ME LTS, 2, b
DOH B L VBRI ROYRISYIFTE 255, PCRTH
T - REORENELETFIMRIETTRETH L Z 9D,
nested-PCR % i\ 372 & LT H M R IS 1065 F2 L 20
EIhZzweEz 505, £72, RT-PCRICL D
mRNA Z B & L2 ICB W Td, BiMkE ko
MRNA 2Z BIZHIB S5 2 &, B e X
NTWBRWIZ LEEET L E, MHIREO KGR S E
Wk wEZZ 5N 5,

%I, IFATIZX % Rs. RHEBEICOWTHGEL 72 &
25, #10% cells/mL Ta 7= (Table 4), I, 4T
HEMFEFLEOERIZE Y, FRIZPCRAMTAS L9
olzds, Al d Rs OHIZBWTIE, PCRIZX
B MK 3 e U TR Cld 7 &, BPURE: & e
ETHDH I LEDPWLDTHREIN, ThbH, BKD BIE
05O Rs. M H 5V ITEERTFE S L Ris. OHEH
FEIZBWTIE, PCR IO THMLHETHBA, IFAT
THRATEETY, BRI D 2 VIR R &
R.s. 2 LAEAE L 2 WiA1C1E, PCRZBET 3
2L, IFAT T RETH B LEZ D, EHIT,
BHS (2008) &, dLiRENOY 2 T~ ZEALIIBIT
LY Rs. PUAMHERAEIC X Y, EESaEES Lo EE
FRED YRS PUREZ I L T 525, Rs. RYUEREZ
HTHEEZONDLINLOEEMALS PCRIZEY Rs.
PR EN72BNIBD THTH o 72720, PiEHRH
ELISA & PCRIROEEEIBEON L7205, ZD
JFERD—212 R.s. A PCR OIS FHLL LK
Mol b LEZ LN,
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