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1.1 BB

1.1.1 SEERSYRERE: B BIABS REE 0 )
B A sk Lo thric . MR A i Lt bR
WL AT (corola: dsred; lyz: gfp) ' H#ITL
REFREEY PR ERA, RAER D AR T
HIEKTERR R G, WIRIRERIZ M ( Zebra fish
Book ) ", £ 5 I/ ISR E] LE 9 14/10, 2574
P = N E 28 °C. BRI R SR 2% 1A
WREGDe I AL B ARAT o mpl MepleBEE 2 ik
AR S 2 AR TR A

1.1.2  BEFEE. ORI # 5 (Brain heart
infusion, BHDIW A L5 Bl BeR A FR A ], 37 g BHI

WA, BT1000 mLZMEKY, BpHET.4, M
5 mLorEEiRAE F, 120 °C B K E20 min, B
FE F i K 5. A (Trypticase soy broth, TSB)1: 5%
B B R ARARAF, 30 g TSBH
K, WTF1000 mLZEWAK, HpHET.4,
SmLar3e R g T, 120 °Cim K #20 min, Ifil
e A : 100 g, 4HNFE30g, NaCls0 g,
HE15 g, KT 1000 mLZEWKF, #pHET .4,
120 °CHJE K20 min, RFRHIES0 °CAEAT N
A100 mLIRZFAEZR =1, #8550 1A .
1.1.3 X388 : TCHEEFRMRE RE0 A R TG S
SR SRR A IR 5 RS AR H T
BT L AR AR AR BRSO KIEH RGN
Hab s 2 BB R IRABR A . 9t S PCRIY
NBIO-RAD iCycler iQ5, Wy H & E1A Ak A WAL 28
NS
1.1.4  BEFRW: HDAMIGE I (egg water)
218 ( Zebrafish Book ) ""#5iE: 137.00 mmol/L
NaCl., 5.40 mmol/L KCI1, 0.25 mmol/L Na,HPO,.
0.44 mmol/L K,HPO,. 1.30 mmol/L CaCl,. 1.00
mmol/L MgSO,. 4.20 mmol/L NaHCO;, %1 L%
FRWAN 2000 VAW . TOTRI B E fa iR i 45
TR 3 B A R AR TR NI Y L 1
W), TR RB (LU N250 ng/mL) . RAR%E:
RAWRIENS ng/mL)FE N HFEHER U100
pg/mL), 0.22 umPEREITIERRET, 4 °CIRAF
1.2 KRR

TCrREBE S R ia s SR AR W LR o BUSAFR
BE L0 120 A SS LT, INA0.22 pmE R U
Je PRI R GeHT K, FH 375 B I A ol 25 A £ 5 B
i, YR H 48 3¢ BU T ST i gk, fhds s,
PEAT A SRT=O0 . 32K Je 37 BV — U B U A
ZAGIR R B FR L, IR B SR M Uk
HOI3IR, EJEINAIE EICH IR, A TCH S
FrbREIAY, B2 MR IR TCWE IR . ZAH)58 h,
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7 —Day —1 Fresh sterile fish water stimulation.
+
)
l Day 0 Natural breed, harvest eggs;
Wash with sterile egg water;

= Treat with 0.1% PVP-I for 1 min;
s Wash wﬁh sterile egg water;
l Treat with bleach for 10 min;

Wash with sterile egg water;

%) Transfer to aseptic isolator;

l —Day 1-5 Remove unfertilized eggs;
) Change antibiotic sterile egg water every 12 h

Collect samples for sterile test.

1. TERD & RERIETT RS
Figure 1. Procedure for generation of germ-free zebrafish embryos.
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Figure 2. Schematic diagram of the isolator equipped
for germ-free zebrafish embryos. 1: Delivery window;
2: Disinfectant spray hole; 3: Aseptic isolator; 4: Air
inlet; 5: Air outlet; 6: Digital temperature measuring &
controling apparatus; 7: UV Sterilizer; 8: Light; 9:
Gloves; 10: Operation area; 11: Petri dishes; 12: sterile
egg water; 13: Disposal bottle; 14: Disposable sterile
pipette.
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AGEAKREGDeEAZ 2, FIFH A IR 4y it
mpl B pleBEERIRRNE, 5351644 A mplFl ApleB,
1.6 FDARGAL

BEGs : FH—U PR A IS dpf (days post
fertilization)B&E thff1, HZHA 1055, HA96FLAR,
WAL, WEEZRIEIRM, A BIHE10° CFU/mL
0 T 1) VR T 45 5 VR B TG TR VR TG B 55 WA T 15 5
24 WG RIEFRW, B i J0 B R IG 35 55 W b ik
B JE AT G928 JE PRSI B3 2R 0 P %

P kR . BX26 hpf (hours post fertilization)
ALY, 1 mLa S 24t S /N 3 2 B
75, BUBIRRG, £:0.02% = (MS-222) #FE)5 ,
U B S0 R O M0 A S A S 2 I R T R
AZ Rk Ampl A pleBR HEAFHKEGDe (10°
CFU/mLER), 44 ) 3 S0 S KMl e S
FHA 1 nL (EMEAMAR100 CFU), SN Byar

F 7 700 45 4iE [R10 L3 F0 06 4, YL 412 h
WMEL R, e AEE g, 22 Kaplan-meierf?
TR
1.7 ¢PCRIZL

Sy BTG R 5 72 B S R iG . F LR SR A B
Tty JY ity B B 2 MR DR R U SRR 1) T P B ) £
MG 105%, DHESJSHHELERNA . RNAKE 4
DNAF AL B FBRIE N AIDNAJG , IRIM T 5 R
cDNA, 2 AN Toll BEAZ 145> FTLR1, TLR2,
TLR3. TLR4bM& TLRSbIWHE K-, DLk Wil
TCE Bt R iR e R e RGEBOGTE I . OE
w5 P Vector NTHFT, IR K IE R
BHEARAFAR, FHME2HR, 56E Rk
Z HSYBR Green 110 puL, | FiiE514(10 umol/L)
#0.5 uL, cDNAMIHR2 uL, KFZEMWKT ul, i
PRFUA20 uLo ZOE T 95 °C 1 min, 95 °C
5s, 55°C10s, 72°C 15, [A]MF7E e Y 4E5¢
Hef5S, LHIT40MEA . 1 B-actinh NS 3
, 2 ARG BEAR Y H A SRR e 1k 22 Sk
FTRERTE fE 53T

R REMEERSIMFT

Table 1. Primer sequences for deletion strain construnction

Primers Sequence (5'—3") Length/bp
mpl-1 GCGTCGACTTACGCTAAAGAATGCACTGGTTTA

459
mpl-2 TTAAGCCACCTACAACTAATCTGAC
mpl-3 GTCAGATTAGTTGTAGGTGGCTTAATAATTCTC CAAGTGATATTCTTAAA

470
mpl-4 CGGGGTACCTTCTTTCAACATTGCTATTAGGTCT
pleB-1 GCGTCGACCCTGTAAAGACCGCACCAAAGCTAG

382
plcB-2 CCTAAAGAGAACACGCCAATAGCT
plcB-3 AGCTATTGGCGTGTTCTCTTTAGGATATTTAGGA ATACATTCTTATCCA

507
pleB-4 CGGGGTACCATTCAAGACTACCTAACAAACCGCA

*: the underline shows restriction enzyme sites in primer sequences.
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w2 A EESIMFT

Table 2. Primer sequences for real time quantitative PCR

Primers Sequence (5'—3') Length/bp
TLRI1-F AATCAAGGCAGGTGTTTCTGGCCT 126
TLR1-R TCGGTTGTGCCGAAGGTTTAGGA

TLR2-F GGTGAAGGAAGGTGGCACTAAGAGC 134
TLR2-R CAACAAATTGTATATCTTCAAGTCCAATAAAAGAC

TLR3-F TGAAGAACTTGCTGACACAGCCTTG 154
TLR3-R GGCACCATCTACAATCTTTGAAATTCTG

TLR4b-F GAGGATTTGAAGGACTTGATTCGCTTG 180
TLR4b-R GAACATTAAGACTGCTGAGTCCAAGAAAGC

TLR5b-F TCTTGACAAACTTGAGGTGCTCGATT 146
TLR5b-R TTGGTAAGGCAGCAAATGTATGGACTG

B-actin-F GTGCCCATCTATGAGGGTTACGCT 147
B-actin-R GTCACGGACAATTTCTCTTTCGGC

2 HRAGH

21 EHEKRK
JCHE B 5 (Germ-free, GF)Fl% 38 K & fa
(Conventionally raised, CR)E i ¥R35% K £ {4 TG i 1
DLIE LS R W3 . MR EFRGB/T 14926.41-2001
CTCHE B A G IR R SEPRA R L), B
Y 0 1 B L £ I i B AR T PR AR AT RO A

R3. TEBED &R M e Ee
Table 3. Sterility testing of germ-free zebrafish
embryos

Blood
BHI TSB agar

GF CR GF CR GF CR

Samples

Constant temperature

incubator - -t - *
Air inlet - / - / - /
Delivery window - / - / - /
Operation area - / - / - /
Embryos -+ - + - +
Egg water -+ - o+ — +

+: positive; —: negative; /: not detected.

actamicro@im.ac.cn

A, TEBHI. TSBIRASEF7HE B il ~F-Al A7 35
F5, GERYINOIME; R R A BE T A IR G R O
GEREB S A = o NI < B U Y ) VA OB A R E A |
B A
2.2 SERBFAEEE KM

PEFEB-actins h NS HE N, 2 2203k T H
BE I £ JYOR R B 5% B B I £ PR AR B S K s
FHOCTE D AT 238 25 S AR A s 40 Ar . 830l
SR A 7ETJC R BE D R iR (GF)REA
TLRA R EIMAL, CAAHITA0, He ki
TRR s AR RLES FR ) BE S AR (CR)FEA H
TLRAFF3Rx KGR, LATLR2: 00 i
i 2 (EI3), U SE R e R G C A P A
RN 53 TG 5 7R K BB 2 0 R TR R AR
EGDefF by i 2 93 [ 52 160 J2% s TG o BE 5 fa R i
TLR1. TLR2. TLR4¥A & i,
2.3 TR R AN

430 FH B 2R R T AR EAREGDe, 5 Bk
AmplFIApleBZE bk b St S 8% G4 26 hp 1 G i BiE



BRI | EEYIZER, 2016, 56(11)

1771

1A

0.1- = l I

TLRI1 TLR2  TLR3

ICR
10000 |i . - = GF
1 *_l ELm
~ 1 1
1000{ = i
o ,ij = =
= = ] H
S E s =
s 04| H ||| B =
= = = =

I

—
—
[

—
-
~
~
o
—~
—
=
W
o

3. REHDEK. EMNDERERIARERIES
RN RN D & R drl-tr57 T RIKKFLL R

Figure 3. Compariosn of transcriptional level of #/r1-
tlr5 of germ-free, conventionally raised, and Listeria

monocytogene infected germ-free zebrafish embryos. *:
P<0.05; **: P<0.01.
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Figure 4. Kaplan-meier curve of germ-free zebrafish
embryos after Listeria monocytogenes EGDe, Ampl
and AplcB intravenous infection.
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Figure 5. Confocal imaging of macrophages and neutrophils in germ-free zebrafish embryos after Listeria
monocytogenes EGDe, Ampl and ApleB immersion infection.
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A simplified system for generation of germ-free zebrafish embryos
and its application in Listeria monocytogenes infection

Ying Shan, Yikai Zhang, Changyong Cheng, Chun Fang, Jinrong Peng, Weihuan Fang

Institute of Preventive Veterinary Medicine, College of Animal Science, Zhejiang University, Hangzhou 310058, Zhejiang

Province, China

Abstract: [Objective] Under conventional cultivation conditions zebrafish harbors numerous microbes from the
environment, leading to activation of its innate immune systems and interfering the results of relevant studies. We
aimed to establish a germ-free zebrafish embryo model suitable for studies of host immune responses to infections.
[Methods] A germ-free cultivation process including simple disinfection of the fertilized eggs and growth in a
positive-pressured thermostatic isolator. Sterility testing of germ-free zebrafish embryos and water samples was done
according to the national standards. The transcriptional level of TLRs, the mark genes indicating activation of the
innate immune system, was detected by qPCR. Listeria monocytogenes was used as an infection model. [Results] The
cultivation system and disinfection process could ensure germ-free status as shown by absence of microbes in
zebrafish embryos and egg water. TLRs were barely detectable in zebrafish raised in the germ-free system, but highly
induced in conventionally raised zebrafish or in germ-free zebrafish immersion-infected with pathogenic Listeria
monocytogenes. The germ-free fish was sensitive to infection by L. monocytogene EGDe at a 100-CFU dose with
100% mortality in one week, while its isogenic mutants Ampl and AplcB exhibited reduced death (70% and 40%,
respectively). Macrophages were recruited around the intestine in EGDe immersion infected fish, but not in Ampl and
ApleB infected fish. [Conclusion] Zebrafish embryos produced by this simple process were free of microbes and

could be used to study the innate immune responses and the pathogenesis of microbial pathogens.
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