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Abstract: [Background] Nocardiosis has a long incubation period and long disease duration,
with high infection rate and mortality rate, which brings serious economic losses to aquaculture.
Nocardia seriolae, the pathogen causing Nocardiosis, is an intracellular bacterium. The main
pathogenesis of this disease is the chronic infection of N. seriolae. This pathogen invading
largemouth bass (Micropterus salmoides) can cause white nodules, the products of the
interaction between pathogen and macrophages. The bacteria are wrapped by necrotic cells in
the white nodules, which make it difficult for antibiotic to kill the bacteria, resulting in death of
fish. [Objective] To establish an in vitro model for the infection of largemouth bass head kidney
macrophages by N. seriolae, observe the progression of infection, and elucidate the
infection-induced apoptosis of macrophages. [Methods] The macrophages were isolated by
density gradient centrifugation and identified by morphological observation, specific staining,
and PCR amplification of macrophage-expressed gene mpegl. The activity and function of
macrophages were detected by CCK-8 method and oxygen respiratory burst activity assay. The
morphological and quantitative changes of N. seriolae and macrophages during infection were
observed via inverted fluorescence microscopy and flow cytometry. The apoptosis of
macrophages was investigated by double fluorescence flow cytometry, lactate dehydrogenase
(LDH) release assay, and mitochondrial membrane potential assay. [Results] High-purity
macrophages were isolated from head kidney of largemouth bass and were identified as
macrophages by staining and PCR methods. The medium was optimized as 1640 medium + 1%
penicillin-streptomycin + 1% fetal bovine serum, in which the cells could survive for 72 h in
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vitro, with the survival rate as high as 80%+1.03% within 24 h. The oxygen respiratory burst
activity of macrophages enhanced after lipopolysaccharide stimulation (P<0.05). The GFP-N.
seriolae were phagocytosed by the macrophages at 2 h, became rounded with decreased
adherence rate at 4 h, and proliferated and surrounded the macrophages at 6 h. A number of
macrophages died at 8 h. The initial stage of infection witnessed the increase in the apoptosis
rate of macrophages, the increase in the release of LDH, and the decrease in the mitochondrial
membrane potential. With the prolongation of infection, the apoptosis rate, the amount of LDH
released, and the mitochondrial membrane potential decreased. It implied that apoptosis was
promoted in the initial of infection and then inhibited as the infection prolonged. [Conclusion]
This study successfully established an in vitro model for the infection of largemouth bass head
kidney macrophages by N. seriolae. It confirmed that N. seriolae infected and survived in
macrophages by inhibiting apoptosis. This study provided information for further studying the
interaction between N. seriolae and macrophages and elucidating the pathogenic mechanism of

N. seriolae.

Keywords: Micropterus salmoides; Nocardia seriolae; macrophages; apoptosis
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Figure 1 Adhesion rate of macrophages under
different culture conditions.
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Figure 2 Growth status of macrophages under different culture conditions (x200). A: 1640+1% FBS.
B: 1640+5% FBS. C: 1640+10% FBS. D: 1640+20% FBS.
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BEANMD, B (055 SRR AL T I AN

Figure 3 Photomicrograph of macrophages cultured in different types of media (200x). A: 1640+1% FBS

complete medium. B: L-15+5% FBS complete medium. C: DMEM (high sugar)+5% FBS complete medium.
D: M199+5% FBS complete medium. Red arrows indicate viable adherent cells; Orange arrows indicate dead

suspension cells.
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Figure 4 Identification of primary macrophages derived from Micropterus salmoides using multiple
staining method (200x). A: Morphology of macrophages under inverted microscope. B: Trypan blue staining.
C: Giemsa staining. D: Non-specific esterase staining. The black arrows indicate different morphology of
macrophages; The blue arrow indicates the dead cell; The orange arrows indicate that the nuclei of

macrophages were stained with Giemsa solution; The yellow arrows indicate that the macrophages were
stained with non-specific esterase staining solution.
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mpegl.seq CCAGAGTIGCAAGTTICGTAACTICATCTACACAGTTAAGGCTTATCCGCACTTCACTCTICGACGCTCGCTTTIGCTCAACA it
. 0\Y VR R PR 2 R I CCAGAGTGCAAGTTCGTAACTTCATCTACACAGTTAAGGCTTATCCGGACTTCACTCTGGACGCTCGCTTTGCTCARCA i)
Consensus ccagagtgcaagttcgtaacttcatctacacagttaaggcttatccggacttcactctggacgetegetttgctcaaca
mpegl.seq AGCCARAGAGATAGCTGATGCAATIGAARACAACCAAACAAGGAATGCAAACTATCICICAGAGARGATGGIGCTGGAC T
DY QAR VR TR BT I A GCCA R AGAGATAGCTGATGCAATTGAAAACAACCAAACRAAGGAATGCARACTATCTCTCAGAGARGATGGTGCTGGAC IS
Consensus agccaaagagatagetgatgcaattgaaaacaaccaaacaaggaatgcaaactatetetcagagaagatggtgetggac
mpegl.seq TATGGAACCCATGITATCACTAGTGICGATGCGGGGGCTACTITGGTCCAGGAAGACTACCTCCGTTCCTCATACGTCT ek
Y VR P kT R I T A TGGAACCCATGT TATCACTAGTGTCGATGCGGEGGCTACTITGGTGCAGGARGACTACCTCCGITCCTCATACGTIGT kY
Consensus tatggaacccatgttatcactagtgtegatycgggggctactitggtgcaggaagactacctecgttecteatacgtyt
mpegl.seq CGGACAGTGTGGCAGAAAGTTCCTCAATCARAGCACAGGCAGGGTTAAACTTTITTIGACARACTCAAGTTIGACATAACERELS
D Y VR IR TP E s Wl CCGACAGTGTGGCAGARAGTTCCTCAATCAAAGCACAGGCAGGGTTARACTTTTTTGACAAACTCAAGTTIGACATAAG RIS
Consensus cggacagtgtggcagaaagttcctcaatcaaagcacaggcagggttaaactttitigacaaactcaagtitgacataag
mpegl.seq CAGTCAAAGTCCCAACAGAGCTCATCACTTCARACGTATCAGTCCAACATICAGTACTRTCTITATCCARAGCCACGET melts
b QR P (kT 2 T I C 7 GTCAAAGTIE CCCAACAGAGCTCATCACTTCAAACGTATCAGTCCAACATTCAGTACTTCTTATCCAARGCCACGET RN
Consensus cagtcaaagt cccaacagagctcatcacttcaaacgtatcagtccaacattcagtact tcttatccaaagocacggt
mpegl.seq GGCGGCACACCTTICTATCCTGGCATCACTICTGCAGAAGTGGCACCARACTANCCAGGAACAACCTGGTGECTAS 473
D Y MR (VT X R I GCGGCACACCTTTCTATCCTGGCATCACTICTGCAGAAGTGGCAGGARAGTACCAGGAACAACCTGGTGGCTAR 473
Consensus ggcggecacacctttctatcctggeatcactetgcagaagtggcaggaaagta ccaggaacaacctggtggeta ttga
mpegl.seq TCGGTCAGGATITCCOETGCACTACTTTATAAATACCAACACCTTICCCTGACCTGCCACAECATACAGTETCGCARA JSRY,
4\ VR VR TR R I T CGGTCAGGATTTCCCETGCACTACTITATARATACCAACACCTTCCCTHGACCTGCCACKHECCHTACAGTRTGGCARARRELY
Consensus tcggtcaggatttcce tgcactactttataaataccaacaccttccct gacctgecaca cc tacagt tggceaaa
mpegl.seq GIGGCTGTTACAGTGAGTCAGGCCATAGAGCGANTACTACEAGGTCARCANCCCGECCTGCATCTGTCAACATCCACTCNX]!
DY VR VRIS BT B C TG GCTGTTACAGTGAGTCAGGCCATAGACCGATACTACEAGGTCARCHICGCGGCCTGEATGTGTCAACATCGACTC R
Consensus gtggctgttacagtgagtcaggecatagagega tactac aggtcaaca cgoggectggatgtotcaacatcgacte
mpegl.seq ARMGAACTTTAACTTICAAGCCAACCTTCATCATGCATCCTGTGAGCCONCCCCTACRAACCTITAGTTTIGCTIGCTCT puraty)
XM_038703624.seq MGAACTTTAACTTTCAAGCCARCGTTGATGATGCATCCTGTGAGCGCCCGCTACRAACCTTAGTTTIGGTGETCT ikt
Consensus Caa gaactitaactttcaagccaacgtigatgatycatcctytyageyc cCgetacaaaccttagtititggtogtyt
mpegl.seq CTACCAGCAGTGTATTECCCTTAGCTCAGATGCAGGTCCTATATCIGATGCCCTGECCCACARARACCCCCAARCAGET parksY,
D QY VR VR T R Il CTACCAGCAGTGTAT T CCCTTAGCTCAGATGCAGGTCCTATATGTGATGCCCTGGCCCAGARARACCCCGAAACAGGT rkik!
Consensus ctaccagecagtgtatt cccttagetcagatgcaggtectatatgtgatgccctggeccagaaaaaccecgaaacaggt
mpegl.seq GACTTCICCTGICGICCGCCTTACICCCCCAATTITACTGAGGTCAGARGAAAGACAGCAGGGITACACTACGTATGACT it
Y VR PR T LR I G A CTTCTCCTGTCGTCCGCCTTACTCCCCCAATTTACTGAGGTCAGAAGARAGACAGCAGGGTITACACTACGTATGACT ey,
Consensus gacttctectgtogtecgecttactoccccaatttactgaggtcagaagaaagacagcagggttacactacgtatgact
mpegl.seq GCTATGATGARACCTACAGTITGCGEETTICTIGGGITITTICCATIGTCATCGTICARGTGICTCA 932
D RV VR Y2 R R CCTATGATGAAACCTACAGT TGCGEGTTTCTTGGGTTITICGATTGTCATCGTCAAGTGIGTCA) 926
Consensus

geratgatgaaacctacaguigcgggritctigggrititcgattgrcatcgucaagiongica

6 mpegl EFF5ILLXTE

Figure 6 mpegl gene sequence alignment.
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Figure 7 Photomicrograph of macrophages at different culture time (200x). A: 6 h of cell plating. B: 12 h of
cell plating. C: 24 h of cell plating. D: 48 h of cell plating. E: 72 h of cell plating.
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Figure 8 Activity of macrophages derived from

head kidney at different culture time determined by
the CCK-8 method.
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Figure 9 Oxygen respiration burst activity of
macrophages at different time periods. *: P<0.05.
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Figure 10 Phagocytosis of macrophages incubated with GFP-Nocardia seriolae at different culture time
(%400). A: Uninfected macrophages. B: Infection for 2 h. C: Infection for 4 h. D: Infection for 6 h. The
orange arrows indicate that GFP-Nocardia seriolae were phagocytosed by macrophages.
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Figure 11  Fluorescence characterization analysis of GFP-Nocardia seriolae-infected macrophages. A: Control.
B:2h.C:4h.D: 6 h.
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Figure 12 Apoptosis and necrosis of macrophages at different time periods after infection. A: Control.
B:2h.C:4h.D: 6 h.
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Figure 13 LDH release at different time periods
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Figure 14 Detection of mitochondrial membrane potential at different time periods. A: Control. B: 2 h.
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RS v B K 1 R A Sk B I 4 i ) 4R e e 2617

3 WREER

30 KOEHLBERMEN S ESHEM
1EF R

ELWR A R A o . ey 25y
ST R IMZ YRS o R E LA LT A 41
LA BN, EAFEDF . A HHS
BRI E R A e B, IR, REL I
RESF L AAfE 2 R By, EWSEiRE
T 2Rt BB R AN Y O3 1 AR SN RE FRO7
2, W A E E RS L .
I fs A A i 20202 A R N R A 1Y
AR, TERE AR T A AR 3 d 2 3 A
SN R A B A i R LS
TR E, W/ E A RAW264.7 |
ANA-1 %5, XSS REAL AR R0, B T P A
fii(Labeo niloticus)™ . WL (Oncorhynchus)™
Je B % Akt (Oreochromis niloticus)!' &~ T H
Wit 20 I A ML 2R A, R 0 £ 2R AR S 2 W 5T
Hh Xl LA W A A S A B A R el A
(7] ol A [] 2H 22 53 2 1) I W 240 PR AR A A A 4
EA—FE, BT IFRIREEmrsE, EACE wEan i
AN IR AL Ry EE

TERE RIS B, AR ARHS e
BRI, & EHASMEAFR IR IE DL 1640 By
FFM L-15 ¥EFRIN 3, W& (Plecoglossus
altivelis)™ 3 G4y B ) | Je B B ARG s 4 8
) . Bt (Ctenopharyngodon idellus)7*V 5y 85 1)
B WA R IS B 7R o 1640 i 5L, i ] Sk 5
(Megalobrama amblycephala)® . F 4 (Paralichthys
olivaceus)* VI K & t4 (Larimichthys crocea)™
S5 O B 0 BV AN I RS B SR A L-15 KRR
oo ARSEEG R, KBRSk B 43 B B 1 I A
Lo BIAE 4 G SR AR SRS, A 1640 B 57
Ferp W BER | AHRRTS PELE . AEISERAG . R

A 1ML A A T AR A M e AR D A A i FEEE SR
TR, e J3E 11 v A 42 5 T 240 PR A D 1T 2
PO [l (175 2 < I N [ S 20 = <
ELRRAN M dA 22 5, e & Rt BRI 2 3k
i (Oreochromis aureus)3xJe % % 4k 1 Q18 IE
43 POV A0 R 461 43 5 POV I A A VA i T
10% FBS F1 5% ity i #8110 385 I A= R fe i, 4
(Carassius auratus)P™ . S 6FRURIK B 40 2255 5
G388 1 ELWE AR ML CE VRN 5% FBS fY L-15 B g7 Jk
rh A Ky, B8 R A (Ietalurus punctatus)®®!
S o3 e ) B AR I U AE 2% FBS B9 L-15 K557
Ferp A Kflf o ASCgR, BN MAEAS I 1%
FBS HJ 1640 15 3= REEUAS AN 5% FBS B9 L-15 $%
IR LU A G SR B R A KA, AT Y
IERER T R 24 1640 BEFRALEL L-15 B3R
LW FE A 10%5K LA s 0 200 e 0 e 45 e i
A, 5T B A i B AN A P 4 SR AR
DL ESSREN], B g iR N 2R 54 r 4 i
A BEXT ILTE 95 T RN SR A g, fa ik
20 LA A S FR T BRI 10% 2247 1) FBSP i
O 2RI B B R0 M 75 2 5% B8 AR
LY o B2 B Al e AL AR 4G o ol T AN [ B 7
B AN —FF, CO, Rl REZ: 2 i B F5 Bk Y pH
{BL, XA A KA AR R s2 ), ABF5E R,
L-15 JE IR BEAETC CO, WY 254 T 400 B A B 47 b 10
BE, A 3 FhEEFREAER CO, M1 T 41
A ROIRAS G o A 35 5 ek ) 5 £ 28 03 AR
KRR 406 A F A, Tk
R SR 3 B 0 L R AR S B PR 3R R
1640 1 2 H-+1% XU +1% FBS . (28+1) °C., 5%
CO,, HMIARSMEAFAT K 72 h, AHRAEFEAE 85%
ey, AR e ISR 5K o

32 KOERWBIEBEERMMNEESENE
Rl

TER g farh, BARMRZMYM P E LB T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2618 (YIS Gk

Microbiol. China

FAAZ/ECWRANM ,  Fh TR A0 RN W A A A
IR RRE, LR el B A% . g aESE
D43 B B A A T R B AN
() B RIS R T2 S i e OB R SRR, A
55 00 0 152 e € R A S M TR T e € SR 00 R
W0 B WG 4 A 3% 77 28 58 G RE RS, F
U e R e, TSR B g A i 2 (R |
WEEDE . AR, (b Oh B, A0 A
EEROEKR AW —0, HREER, SR,
FWE . (Carassius auratus)55 B WAL S04
Fr— 2220 R Y v A0 R ST L4 R
3ANERE: R, R2 A R3 B E M4, R1
R E WM A TR YRR I, HE Bk = ok 4 Ak
Yy AR Ry S rEER B . R2 RYE R ANAE LT
W L3 W) 00 A AL 2 5 I A i, X Sl 4 S T
[ ERY Rl AR S o AN 3 SR O BN i1 1)
HATAE R S BRI e (L R B, BRI ()
oB B PH M S, RS R AR AL, XS
1 200 R %) e £ 2 SR P — S A g
25 b Y €0, vk R E K 1 PR Sk B 4
FLA M BB RS RAE o £S5 B 05 40 i 7 5 [N
K HH S E R g T, BErEgiisR
K I (mpeg BN R 2 A F1/N BB W 40 g A
FFA Y 2 TR 3L PRt i 7 A ey L 2 s 4 )
FBE D11 (Danio rerio)™ ) 5 Wk 4 if 48 & v 4%
FAVEE W40 i i R bRic 2N . T E R AR
WL WA mpegl SEN R TS IY, 76505
SO I Sl I E iR TR 3PS s Sl = I o 2 N
F L 200 A A B 5 A A S A M BEOE R BT
U mpegl 3K R B WS A AR RR A A bR ic v
LR A ST AR R K 1 PR mpegl SR TTHERE
SMEG1Y, il PCR Y3 500 F Xt , %751
5RO mpegl 3EH P HI AL &5 98%,
SR U2 il 757 s 2.0 I -~ N £ N = 12| D B

TH%E.

RIS SR A T Sk BB W AN 1) 3
YESIhRE, ABFSER AT CCK-8 1 PRI A 4R
P 2 2 T M 5 o 8 R 3R A O 1k CCK-8 &
) B A PR AN S L 45 B ORTE RS
F5F% 24 h I AU HLAFIS 2805 w0 L 34 89.91%+3.56%,
20 3G g Bl R SR B R I K S R RS, 72 h
T 29.69%+1.64%, A 5200 45 L 5 5 58 5
ST, 7E 6-24 h B4 M 1 77T R IR &
TRAF1E 80%A5 A, 24—48 h ARMEAETE FIF LT
K, 53] 72 h A R 20% 4. B
Wk 200 FfL A S R T IR A 5 R CCK-8 Rl iy 45
RAK—2, "TRE S ATE 96 FLAA: K45 [i) 2
BEL |t R bR A A 2 R 5 B SR AL A8 N8 A G
IR it CCK-8 a0 1) 240 Jf A7 1% AR T 6% T 1
WLER o I A 2% K L B 17 = ML s ik
T P AR R AU )5 DA P P A7, PR L vl ek A U
Y1 LPS il % 0 240 B J Rz 5 v 240 it S0 o
K, DT T AR AN A R E SR RE
F1o ABRGE 4B B AN ALAE LPS BRI T i
INAS [ ) 32 S0P I 2 % 16, LPS il 12 h
Jo ET R R s R, SR AR
F14) R gy W 4 4T R 2 T A I 5 SR A
L, {HTE 36 h J5SEme ] FIXT I o ip 35 25 57,
ARl 96 FLA G TR A B FRFER, AR
DAAEREE WA MRS EAE, BUEA IR RAET,
NIRRT 125 %6 A M AR A A
33 HEFRKERFEROEYLSERA
pait 32 K 3t 4B A T R E A

ARSI Rt GFP-4 - G 5 41
LEE, FEIE O A R = 4 i AR g
filfii 5 EC A 1R Y B 2 B i e A e
I AR T LS AN B 5 AN 2 B RS S
S 4] T 5 200 L W 200 R R T o I A R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RSSO K 1 SR A Sk I 4 i ) f

buy 2619

B 200 AT G T P TS R . DR AS R 4 T
HIWGEER S MEREE A S, —isH
T 2R A TE LR AR i L5 5 — 0 e Wk 4
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