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Abstract: Nocardia are aerobic, nonmotile, gram-positive, bacillary, branching bacteria, and over 100 species have been identified.
In Japan, Nocardia seriolae causes nocardiosis mainly in cultured yellowtail (Seriola quinqueradiata) and greater amberjack (Seriola
dumerili). This disease can be treated with two antibacterial drugs, sulfamonomethoxine (available for fishes of the order
Perciformes) and sulfisozole sodium (available only for yellowtail). On the other hand, currently there is no licensed vaccine
available. Recently, we developed quantitative real-time PCR (qPCR) based on the 16S rRNA gene of N. seriolae, and applied it for
in vivo evaluation of vaccine candidate against nocardiosis. Further studies focused on the development of vaccines and the screening
of antibacterial drugs are needed, however the effect evaluation method is not established yet. In this study, using our Q-PCR assay,
we examined the dynamics of N. seriolae infection in yellowtail and the protective effect of oral sulfamonomethoxine administration
against the infection. Bath challenge was selected because it closely mimics natural exposure. This infection caused a mortality of
100%, while the infected and dead fish showed typical clinical signs of nocardiosis, i.e., ulceration on the body surface, and white
nodules in the kidney, spleen, gills, and heart. Q-PCR assay showed that the copy numbers of the 16S rRNA gene in the kidney and
spleen tissues of infected fish increased, followed by increasing numbers of white nodules, and reached values of 7,455,611
copies/50ng and 8,585,415 copies/50ng at 9 days post-infection, which were higher than those in other tissues and blood. There was
not a significant difference in mortality among all six oral sulfamonomethoxine administration groups (high-dose (200mg/kg) or
low-dose (20mg/kg) administration at 1, 3, or 5 days post-infection), which were lower than that in no administration group (66.7%).
On the other hand, a clear difference in the copy numbers of the 16S rRNA gene was detected in the spleen and heart tissue samples
between two high-dose administration groups and the other four groups, indicating that higher-dose and earlier administration is
more effective than lower-dose and later. It must be clear whether the remaining bacteria become drug-resistant and cause
nocardiosis again because antibacterial drugs including sulfamonomethoxine do not kill all bacteria. Therefore, we propose a novel

approach by using our Q-PCR assay for in vivo screening antibacterial drugs against nocardiosis.
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Nocardia JEMEIL T T LGSR E CH Y (Wilson” ) , List of Prokaryotic names with Standing in Nomenclature

(LPSN, Euzéby? ) (k5 &, BEETIZ 100 FELL EOBHRERHRE SN TS, TDHh, AHEIC ) WLVPTIELF| & i
Z 3 JRAFE & LT Nocardia asteroides, Nocardia seriolae, ¥ & U Nocardia salmonicida ® 3 FEA A 41T Y (Elkesh 1&A>
), BARTIE, MBHEHEMEAEERON 6 & 557 BHEEERIEIZEV T N. seriolae \Z L HHENKEL 2oT0D (&
BENY) . ZOHFERL LT, EROEEBYIETH - ILHEEREE, BHEHE, BLO~F A AU RUALAFEOY
IFUNER LIZZET, TRHOEBORENED LIzzbtEZXLNTWD BERTEY) .
BIE, ENTIX IV TIEORAFRGH L L TEBINTWELIKERERLNH Y, AXXHAEEEZINRICALT 7
E ARV (SMM) E7213ZF0F MU UL (SMM-Na) , BEOT YV DOHREXHGIZANT 4V —LF R T A

(S12) ZMEATHZLMTED (BHKELEHE - RERERKERLEHRY) . iz, TEOMIEEEEN S, KE
BT I 1T 2 BYMER LY 7 F o P 2 EERT 2E@ICH Y, ThETY 7 FUBEICET 2RIEHmE ShTn
2 (REE &)1 7 | FEEIE) Y, Shimahara (37>, Ttano [E7> 19 | Kato (E7> 112 Imajoh 1Z2~ 13 22 L) |, ¥ EMALE
N=b DI,

AU AT —E#EHKIE (polymerase chain reaction, PCR) ¥5i%, FIEFFIAZ EfE CRIEEICHRIH T2 LD, £<
DRFZEICHV DN D D FAEHFENTETH S (Cunningham'?) . N. seriolae DRI O 72 IZBA%E S 47- PCR ¥4
1%, 102 2 v =—JERHEAL (colony-forming units, CFU) ZARIIRF & L, A Z7ADEEINR O AE R T 5@ 52
Wrik & LA CE DalREMEA /R &2 (Miyoshi & Suzukil®). & 512, OB S — 7N 1ES IR IEE

(loop-mediated isothermal amplification, LAMP) J&I3E%f 75 PCR 5 L 0 &GO R IKE T N. seriolae R TE 5
&L, TS CORMBEH~OIERANEIN TS (Itano 1E2019). MIBEOERTIEL LTL, kNP LOFETH
% CFUER L AVDLRD D, HRIC K o TITb D Z & 0D, fERHIE £ CTORER 2 & Ml E OFHREICIKTE L TR Y,
N. seriolae DFAICIL 2 M A9 5 (Itano (2> 17) . FEEY 7L A L PCR (quantitative real-time PCR, gPCR) {:(Z &
HHRHITERE T, »OoREEE ERETERL TWAZ END, HoZ HHOIRINE deromonas salmonicida (Balcazar 1%
218 Keeling 132019 72 &), = KUY FIEDRINGE Edwardsiella tarda (Xie 1E7>20), HIE S 7K O JF K B
Flavobacterium psychrophilum (del Cerro 1£7>2V, Orieux 1£7> 22, Marancik & Wiens 272 &), BE{EREIE DR K # Lactococcus
garvieae (Jung |E7>2* | Thanh |E7 2 72 &), © 7 U ARORINE Vibrio anguillarum (Crisafi 1372>20 ), HUEEFIE O FRIA
# Mycobacterium sp. (Zerihun 1E7> 27 ), HHE BB OJRIK B Renibacterium salmoninarum (Chase (£7> 2%, Jansson (£7>
2 72 ), WEAEMBEIEOREE Tenacibaculum maritimum (Fringuelli 1372230 ) %, £ < OfJFEME T qPCR EIZ L D
BINHE SN TS, FxIT/RIT, N.seriolae D 16S IRNA BIE T ZHEH) & U THREBRHIT % qPCRIEZBF L, / L
CTIENCKT BT 7 F R OFEIC IS L7z (Imajoh (E2> 12).

N. seriolae \Z 8% 7 ANV TIEIFKIRD LR 5 7T HNLBFED 2 BIZHT THRITL, RROFATHMIZIA L 10 A
LEND (ERELEE) | FEORME LT, FEEMO R TR A ICHEE-OREEIAS B L, P, R
& B AL O BERAEER AT L S AL D MRER RS EI A &, BRI RAICREEI SRR & 2 RS ER AL Ay iy, 1R TR K IR
DARZFEIZHBND WEEFT) | FEE O TIE N. seriolae HEX TREETHES NS 20, FEiTHOKREZH
HIRCERICEETHAZ EIIXRETH Y, BEFEEPEITL THLORETIIS W RN, BEMMOZRGRMEL
% (EEIENY?) . ZOZ LEMHEREOBBICHEEE RIETRENH Y, EEE, BHEBL CRFELIEASINTE
fxyzra<wfTr (EM) 42T hIH 427 U2 (OTC) IZMEEH T 5 N. seriolae O HBPERHRE S (RF
ENLE, Ismail 13723439 72 L) |, ESEREIESLE T U A%, o MERYYE O 165 B A6 S 2 351~ O it
{LRIERBEIEL LTV 5. BAETOFR~ OBFZET Y, 2011 4EA5 2014 4RI /B S /- B VR B IR FE 7 U i skekk A & EM it
PERR, 2008 475 2014 412 0Bl S L7 B AN IR O FBFE T L 3T HRER D & EM iHERK & OTC itk A 2 i E iR S 4L
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20uL & L, StepOnePlus U 7 /L% A LPCR VAT A (A 777 /7 ay—#) RT3 ARLTTITo7. MISEM
I%, 95°C T 10y OPIMEMEZITV, EDH, 95°C TISHOBEML 60°C T1 DT =—U v 7% 40 %A 7 L0 K
L, 60°C 7> 95°C £ COFIRIC L Y @LSHRAENT 21T o 7. BERBEO 2y ha—V 77 A REAWTER Lo KRE
# (Imajoh (£ 1Y) IZX W EFSNT CtiEN L a B —5ZHH L, flith DNASOng H7-0 oo —4 b L.

FEREBE

FBRIORBYLHEBI L O AR ICR T 57 Y O RFEE T
FEFig. IR L. BB T, BT AR ICRIIOEL 9 1
o (BB CE29%) BNRLE. EHIT, EYBHZITIT
SEOFECHA (BRELCEIAL%) DRI, T0%, &
FFECRITAFC LR L, BEI3HRITITI00%IZE L.
—75, XHREETIE, 148 M ORGSR 28 L e A8
EENIRD o T2, TtanolI N7 14> DEGAERX, T b b,
ARDERYY, IRERYY, ESEE, BROREREEICEN Y 2 3 4 5 6 7 8 5 101 1m 15 14

. . Days post-challenge
seriolae® 7 U 2% 550% lethal dose (LDso) Z 3K, =i

Cumulative mortality (%)
— 3 w - wn - 3 -3
< < < =l < =l < <

T

N . . . Fig. 1. Cumulative mortality of yellowtail after bath challenge
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FELRIZZENTI, HIRES.1X10° CFU/MLT20%, 5.1 X 104
CFU/mLT80%, 5.1X10°CFU/MLTI00%& 72% Z & &R L
7o, BRI AREEOENE SNE R, %< ofE
BHIZBOWTEWEBIEENE LN 25 E 032\ (Itano
E7) . AREFZECIE, BB L D HIRE & R R
EDBRIZ OV TEWHBRMERBO DN Z L2 b, 1BiF
TEIIN. seriolaeD FEHRIEJFIEL LTHEL TV D LTS
.

ERIDEYFEADT Y OYIIREL LT, BYPE3AEZD
B A D fafE 2 i (Fig. 2A) , IEiE D FEBIZ 7R (Fig. 2B) ,
ROBE il (Fig. 2C) FOAMBUERDPBIRE S 7. &K
Yed B 1% ORI A O BARH CIIEEM S EEAAE T TEY

(Fig. 2D) , X BIT, FYv6 A B ICITMAAIES T IEEIRZE N Fig.. 2.NC12i;1;c7al signs of yellowtail after bath challenge with N. seriolae
strain N-




LY.Ly 4 S )

THATITEEIC
FEBR 1 DK
W,

L CTHBICE < 72 b,

THTH AL,

663,746 copies/SOng DNA & 72 1,
b DD, IZIEEGLT L DN. seriolae?> 7V ~DIi RV
Dol 5 L O TO16S IRNAB G F BIFNA—F —DIEL DI RH 72D
DNA, & T1d3,136~153,418 copies/SO ng DNA & (T 5 D& 372 ) K& <,

N. seriolae/EGBHREFENT & SMM-Nafz 3E5HM~DQ-PCROTEH (53 - fiA)

\Z7¢ > 7= (Fig.2E) .
IR ORKERE &L HIE L Rt

CLBEAD T Kl
16S rRNATE {1 & (3B il T3,178~74,256 copies/5S0ng DNA, [fiiC©3,862~43,380 copies/SOng DNA & il & b
EHIZ, EY9R % CHIIMER kL L T, o
AN TIEDFERODIEE AL IR Lz~ e 7 7 —UTHAEEEMETED b,
ZR A A OREFESICEKN L TR Y, BEEREATIHE
£oTC, LRTHRALHBFTRLED TEET DL, Bk iR
FEICREREEBLZ TN B2 OND. £z, BRELEOFHAIC
g L liges &t~ TIERI
BB D IR KB BN 5,622,469 copies/50ng DNA L b @< 72 0,

855 -

THARIRIE

iy (EEIEDN) .

ItanolE)>19 |

Y5 B O RILA O B & P ITSERDR OFSEi B S (Fig 2F)

Vg & B D 272 7205
HLE D HLEELILN. seriolae
X, FZTREPSZEBIEEIND (ERIZ
BT % 168 IRNATE G T E O AEEIE R O TH2
BT DREETEN, M, KO T£ <,
BESEA E - I T AICBNT,
RN TCIELZ g T2,079,996 copies/50ng DNA, LM C
Z OFERIE B RRYLR OREFITE R OB & —FH L CE Y, IR CHREILR O o7z
IIEWETRELL Tz & bz,

209

Z 0¥

FEETERRZ ) WD TIEDR A ZER TH Y (ERIEN? )
EITLTRY, R, MEEITERE MK cEZRE L, Mx e LEchBiEashi (Fig.2GEH) .
BT D N. seriolae?> 16S IRNABEIL T DR A Fig. 31TR L7z, Y3 H & ORILMAICE

WD b7,

Z))32) ) .

w

16S rRNAE

F 7z, BN, M,

WXt L, 5% Cix70~11,0381 copies/50 ng
TE % L BIHE CHREETIZ AR

z ok:iss & L% HETEHD & % HLi i
LT E V) HHE TN &b, §O3N. seriolaeD F73 (\LTRNWT LTWD Db LIVRV. [,
= v 2/

14 A RICIRY BT 7 RASR O T Ol 5168 IRNABEF I Sh o7,
LE+08 7 LEH8 7 LE+08 LE+08 LEHS 1
liver kidney spleen heart intestine
LE+07 LE+07 ¢ LE+07 LE+07
. LE+06 . 1E06 i ] § o LE6 . LE+06
4 B 8 8 O x z + L] f E
S LE+05 2 1LE+05 g X , o 2 LE+0s +F o, S LEH0S 606 *
2 1 + 2 g 3 { & ;
s s H i . & X © +
T LEH04 + 4+ 0 + 0 gEes T LEH4 * A B TiEes A
£ of ¥ % - 5 g T
L 1E+03 A ) A A LLE+03 £ 1LE+03 £ 1E+03 4 P 1 +
g S ) e & s ¢ & S *
C ez © e N ~ LE+02 'i S LEr2 ) o @
LE+01 LE+0L LE+0L LE+L i LE+01 -
LE+00 LE+00 LE+00 LE+00 LE+00 -
1 2 3 4 5 6 7 8 9 101 1.2 3 4 5 6 7 8 9 1011 1.2 3 4 5 6 7 8 9 101 1 2 3 4 5 6 7 8 9 101 1 2 3 4 5 6 7 8 9101
Days post-challenge Days post-infection Days post-challenge Days post-infection Days post-infection
LE+08 . LE+08 LE+08 " LEH08 1 LE+H8
somatic muscle stomach brain gill blood
LE+07 LE+07 LE+07 LE+07 LE+07
L LE+06 . LE+06 + . LE+06 _ 1E+06
Z Z z Z
SLE0S o § o S LE+05 ¥ S LE+05 2 LE+05
& E £ g
H b H 23+ H . s ¥ 2
T LB T LEH4 [ 3] + 4 T LEr04 i 4 L4
£ x Z 1 X @ Z S o fat i
£ LE+03 R * Z1Ee03 O¢ 2 + Z1E03 : X A L 1E+ 03 +
3 x® 4+ E ¢ 0 ¥ X ¢ & o &
© LEs02 a4 © LBz ¢ + ix’ * Sk © LEs02
A O S @ 0, 0 +
LE+01 LE+01 LE+01 = * Q LE+01 LE+01 a X 48
LE+00 LE+00 LE+00 LE+00 LE+00

123 456 7 8

Days post-challenge

9 10 11

1 2 3 45 6 7 8 9 101
Days post-infection

12 3

4 5 6 7 8 9 1001
Days post-infection

1 2 3 4 5 6 7 8 9 1011
Days post-infection

1 2 3 45 6 7 8 9101
Days post-infection

Fig. 3. Quantification of 16S rRNA gene of N. seriolae strain N-2927 by qPCR in 9 different tissues and blood of sampled (gray symbols) and dead
(black symbols) yellowtail after bath challenge.
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Fig. 4. Quantification of 16S rRNA gene of N. seriolae strain N-2927 by qPCR in 9 different tissues and blood in yellowtail orally
administrated a high-dose (200mg/kg of body weight, black symbols) and a low-dose (20mg/kg of body weight, gray symbols)
sulfamonomethoxine after bath challenge.
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