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Abstract: [Background] Although a variety of human and murine cell lines have been utilized
as models for Brucella infection in vitro, there remains a lack of large animal cell models that
can accurately simulate the infection process. [Objective] To obtain a stable passable goat
alveolar macrophage line with single cloning characteristics and optimize the goat cell infection
model of Brucella infection. [Methods] Goat alveolar macrophages were isolated by perfusing
goat lungs with PBS under sterile conditions. An immortalized goat alveolar macrophage cell
line was established by transfection with SV40 large T antigen (SV40LT) and puromycin
resistance screening. The characteristic surface marker of mononuclear macrophages, CD14, was
detected by immunofluorescence and flow cytometry. The phagocytic ability of the established
cell line was assessed with chicken red blood cells. Subsequently, the cell line was infected with
Brucella vaccine strain M5, and the intracellular bacteria were counted at different time points.
[Results] The alveolar macrophage cell line of goat was successfully isolated and constructed, and
it had typical macrophage morphological characteristics, showing an irregular shape, pseudopodium
protruding, large cells, and strong phagocytosis. After 10 d of cultivation, 95.40% of the primary
cells specifically expressed CDi4, and 92.4% of the cells specifically expressed CDis after
immortalization. Compared with the other three cell lines, the immortalized alveolar macrophage
cells were sensitive to Brucella, with the sensitivity similar to that of RAW264.7 cells and higher
than that of sheep testicular interstitial cell (STIC). [Conclusion] An immortalized goat alveolar
macrophage cell line was successfully established, providing an in vitro experimental object for
studying the pathogenicity and immune escape mechanism of Brucella.

Keywords: SV40LT; lentivirus; Brucella; cell challenge model; flow cytometry

5 %% 41 fifd (macrophages )42 56 K 9 % ) B 5 fever), J&—FPeERE WA EE A F I BAL YR,
Wz M, T A TR &AL, PRI I A G (Brucella), 2974 T
FE B AR A ) A AR S T R A WRELZHAE . SAX AN . E RN . FRERE IR
1 & FQ B 9% (brucellosis) X FR & B Al #4 (Malta 0 S 8 2R 2R AL N 11, BEAS I GL A RN Z2 Fh i
fever) . M H i 5K 9h #4 (Mediterranean remittent — FLAhWy, HPEFEAE . L 4L B D%
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TENBE WK ES, SRMVE N L EZ W KR E
ECORNITE S E X)L e il R 721 iU S
I, Mg KA L R B R AN I R I — 2P %
A& REIR SN RSP A M iRy, X TIRA
PRAFAT & IS AR B A R It 51 2 1y
B I  AE FA AL LA s X

AN FH R B g 40 i AE D RE S 450 ERI
H AR ST G B 3 2 DX W A iR S
PERYFRIE SIGN-R1,  MITFE G S H A 5
BIVE AT i 76 5 A4t % 1T U 2 o i A Q2 1
TEPEFR 10T MR T A B g A MR, B E
Wik 2 5 PR L R, R e R s R
L3 93 SRS P ) A i 2 — U1 iy e 4
JtL BE A8 35 B i A MUK B S 0 F B AR, [R]Bs Ay
R M B B A AN, IR IR R AR S
BILAAR T 45 T i 0 28 SO E o 248 T 5 23 )
it 96 5 W5 24 %) R AEG Jsz y A {67 L g 6 7 201
BUNFFLAETEFUERE 1O G5A% 09 38 & —Fh
It ER e , 3 L 0 Bl R R AL R
A B TR AE i WA N B 3 BB AL g R A 25 22
Tk P R R AR e U A R ) B )
F[ 8 Z i (lipopolysaccharide, LPS)., T4SS 43
F4.. BviR/BvrS REGHISMNEE ], AL TE
F AR EAEN, TR R A I/
& (Brucella containing vacuole, BCV), M4 S
Ok S ys R UG AR R I NE B et ek g
P BB, Tl v 20 2 9 20 D R 1Y
R a0

ST KA AR IR AR Z N, TR
B fb2E R kR BN 2 0k
SV40 K T HTJ5(SV40 large T antigen, SV40LT)¥%
Y g L A £k V. JE (human  telomerase reverse
transcriptase, hTERT)¥4 Je Wi b 7 . [*2, hTERT
FA) LI RE A2 70 40 i b 4 2 08 B sk R,
L Z2 31 7 Jieh 98 4t i HLA e Rk R R 10,

A FEAE 53 B Ak L A it 3 v 2 £
fifi b, FIH SVAOLT 1855 BEAe i # Y iy 7 kAT
— MK A A B 1L B R AR, DU O A
PR 55 A LR AL e JEUEE R B AR S T
BIF5E P BRb 2 Bk

1 #HRE5rZE

1.1 Bk, iR FRN

NERAZEWEATE RAW264.7 . A BARZAN
JfL P I A0 AR THP-1 . 45 2F 18] ot 52 3L 40 i
(sheep testicular interstitial cell, STIC), AHNR'Ef
M HEK 293T FIEAP A & [C M5 2 pi AR 58
5% (%17 ; pBABE-puro SV40LT ki Zk A A
W FIEAEYBEABR A ; pMD2.G BURLFI
psPAX2 JFUkr AR S0 % (-1 -

SRS R VA LS, INAREF 42
it MRS BT A SR K,
Bl Al Bk 2 B b T B B B 5 il S 56 s ) A
S ZE 53 25 A HE (B L4 5o TAS2024-84)
1.2 EFEMEERF . X

TSB 5333 . TSA 3323, Oxoid 23F;
DMEM 52455 75 KL 1640 201853555, Gibeo
AWl TSA BRFRILECT . BRI 15 g, K
SHEMRS5.0g, AN 5.0g, BUEHK 15 g.

Jifi 4 IfiL 35 (fetal bovine serum, FBS), NSERA
25l 0.25% trypsin-EDTA . PBS ., A0 & (i 5
¥ A0 B WO 6 4% AL I CE ) . B
R-HWEEE AP . 2R EE(PFA). TC 4
FRAHMIIE 524 fLARH , BAR 14 mm), HEEHR
RAW(100x) . JRARFR . ERE R . Triton
X-100, Solarbio 2A#]; T25. T75 4R F#MH,
Corning 23 ; MERITEM, Marienfeld 23] ;
YR IR LA, RN AR YR A TR A
RILN T R ZERPUIE PR L 14 (cluster of

differentiation antigen 14, CD4), Bioss OS]
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Fluorescein (FITC)-conjugated AffiniPure Goat
Anti-Rabbit IgG (H+L)%%Jt _Hi, Proteintech 2

F]; Goat Anti-Rabbit IgG H&L (Cy5®) preadsorbed
Ab6564 It HT, abcam A H ; Fluoromount-G
2 6H F 7, SouthernBiotech 23 7] ; jetPRIME®
Jet Prime Buffer, PolyPlus-transfection 23 A .

Y AtE, B & N PR A PR A
Al CO iMUsEFR40, il RSl A A A
DG E BB, Nikon Aw]; e RO
HL, Thermo Fisher 2],
1.3 WFEMBERMBRN S BIERE

W I EAN AL IS FRAR MR , 25408, BO B
i U PR e % 2R S & AR ) AR AT
A&, 50 mL JCET PBS W VEMENER, 5
BRYR RN, i B A B R, A 45 IR,
Wk BRI R, IS A s s T, K
HE AP i iS4 240 i 73 12 V05 G 10 A DA v e
Hh g3 B LA EL R A A . BE S H BE 1% 10°4~/mL
F18) 2 L 2% 2 R T 5 A 10% FBS il 1% P/S (1)
DMEM Se4x kg dkrp, M40 e T 37 °C.
5% CO, ¥ 7746 , ## B 1557 2 h J5 4t DMEM
SERIESRAE, ZBRAR MG EE A 4H 1
14 MHEGERALLERE

He 210 > I AN 3 P e ks A A B
PR3 i 24 FLARR AR, 37 cCANMLR: IR 48
HEFE SIS 12-15 h, QIR RS, W 15 7 A
FH PBS & 13, A 4% PFA, 4 °C[# %€ 30 min,
PBS ¥t 3 W, BRZKI:, HU 50 pL A P
BRI L, K3 EAm—mes -, 5
FRAATPHRE 2 ho BEBEEIASS, B S0 pL fbii
B R AP T B AR b, W 3% A 4 e — 1o
b4 CHRMTIFE SR, [ PBS P 3 KU,
WG N INA cy5 2E6hRC =40, BIRPER 2 h,
PBS ¥ti% 3 . H DAPI EifiYt 5 min 5 PBS
PE 3 W, TER A B 13 Fluoromount-G, #f

AHER—mE b, FUOREE B I,
1.5 ARG RAERE

BUY B G R FE 10 d A9 JEAR L2l 5 g4
M sk AR AR A, FEdERE SRS T PBS TRl
L, A 0.25% trypsin-EDTA K 4ifiuiigfb, fF
Y HORTE, LAk ROV IR, 300xg B0
5 min, 32 F3F, B S mL PBS &, HRE
OFF R, BER 2, &AM 0.1 mL PBS (%
2% FBS)H A, (R AA 10 pL Fedi
WNEERZAPUIRIRS], FHEOLHEE 30 min,
PBS PR PG4 2 i, Fifif5 A 0.1 mL PBS &
AN, A FITC 2¢6ric —HuiR 2], HOLig
# 30 min, PBS PR PEM, 3+ L%, 0.1 mL PBS
TR AN, %F B A 28 A ] A 2 1 it BT A4 20
K 24 S T CD 14 FiiR F IR K .
1.6 AR B Mk 4 A 75 0 38 2T 40 Al it 3

B oy B3 10 d A s A4 =i AR AL 20 i
FERE 1310 AN AEET T 6 FLAR, 4%MIAS L 40
JHl DMEM 5S¢435 33 Jpt % 2 W, 0.5 mL
FBE TR R, A B I A B ) B R AR
5% CO,. 37 °CIEFHAHIFH - 1 h JFRERAT,
WCHE AR, K A MBI R, BT o8 P 3 -
UL A a A, s BT B
T SR AN A R
1.7 BREMPEAMESEK
171 EREBEZRHEBERERIL

W EAC AN M 42 BEAE L 5x10* AV 21 24 FLAR
o, 37 CCHILIGFRAR SRS 12 h, 55 2 RERRIH
Bk, BRI IER R R (1. 2. 3. 4. 5,
6. 7 pg/mL)AHTE RIS BB 4 Y
24 Lk, B 2 d R R TR SR . R
WLECAN ML LB, LA 4 d AR BE A 40 i 4 5%
RV B R e LB T ARV . S E & 3 I,
1.7.2 BREER

MR A HC HEK 293T 405 0, RAH
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FE G AT R SL A . AN, 6 FLARIEMN
FER 7x10° 4 /FL, K53% 24-36 h )5, BEE I
GEEN 70%-80%. FeULniFeLIndisim, Hik
% 2% FBS BYJLHT DMEM, BfiJa FRS G
B2 200 pL Jet Prime Buffer & 1.5 mL .04,
W TR R 1:2:3 LA PMD2.G . psPAX2
KRR RE AR TR, R E RN 3.3 pg, Bl
Je #ic B jetPRIME 16 B A3 E A 718 95 B4 25
1.7.3 ‘HARIBREBE L

W o 25 0 SR B W A e B 1< 100 /AL
)% BERERN T 24 LR, 2k R0 BE J5 o 4 hT
fit DMEM 56 @35 3% 5, FfiJ5 iIn A 500 pL SV40
o FRIREIEE LU, BESRIRS), 12 h MR
YIRS, e 2 e a3 BE AR AL 5% 10 A
24 fLtk, [AIIHE ACRFE L A MOAE S xf B, k2
AR, B 2 RERR 24 fLARHPIHBEERE, A
SIS 2 (2 ng/mL)AY DMEM S8R gi 5L, %
B WM 2 d BT EE R IR SR, RIS
YHLAFTE LA, A R — B ) A5 (4 d)FETE AR,
RISk 5 e L) 1) A L
1.7.4 4RI 12

X I B AR B AT, R R R
MRS FRAR P G, FREIHRE SR AL, A
3 mL PBS TN, fiA 2 mL 0.25% trypsin-EDTA
8 3-5 min KEAHARIE AL, FRAE RO HUSIE
INAFA R AT DMEM 56 42 85 57 B4 E SO, I
MM, 1000 r/min 2.0 5 min, HE FHR,
P 3 mL 58 4 15 5 B0k 4 8 F 358 41 il
P 20 MR T R 2235 5% o ik 5 i 4 A
P1Y, EEYHE P12 10, kA ka4
SR 7K AR AR LA il o W5 40 i (immortalized  goat
alveolar macrophages, GAMs),
1.8 HEREREKE CHEIEEE
1.8.1 AEIEF

WHC 3 mL TSB £ 15 mL .08 %, B

AEEFR 1 d BXEAERBIR M5 i€ G, ##
B 1%AYFER R IR 2 TSA Bigedbh, B
WEF, 37°C, 220 r/min ¥R FRZ 20 h, BEAT
ODsoo 2974 0.8, HL 100 L B IR B i B IA A,
M5 CFU, Il B BRI ORAFTE 4 °COkFE . LA
JAYL A2 B (multiplicity of infection, MOI)=100 5%
R4 T 240 PR e S B
1.8.2 HEREREERWE

Fi2 B 2.5%10° 4~/fL, ¥ RAW264.7 . THP-1 .
STICs. GAMs i+ 24 fLANAEM, LA 2% FBS.
JCH DMEM R ##3E7E 37 °C. 5% CO, R F 46 b
B35 15 h, I MOI=100 H& # & CFU, A
RS I ATEH , 400xg B0 10 min, #F 1 h,
YL SERE , S b, PBS YEM 3, A
50 pg/mL KK XK 2% FBS () DMEM £ 5%
B, 37°CHRI 1 he AWREME, PR L,
PBS {HUt 1 i, B4 25 png/mL IRKFE R |
2% FBS i DMEM 1532 4k 3 35

1E M5 JBYLE 5 T56 24, 48, 72, 96 h
WO MO i, BRI BN AA TS TR . B HRAE
Sy G A PBS W4T ANAE, A
500 uL 0.1% Triton X-100 37 °CZH# ML 10 min,
BRPMRAT, HU 100 pL MRS, AT TSA
FAREE TR b, 37 cCHEFRA IG5, 48h e
AT IR, B 3 AT

2 ERS594

21 WEERMAEEMERSFEIE
3 B 1A DA 200 Bl A A SR T SR
AT DL AN R A B, RN — (& 1A). 21
MR 6 d I, AHBESEEA T, A
i Ph 2, AR FRAR AL AR, WiRERE ) 1 5t
(K 1B). 4kLedE3R 2 10 d, 4005 B ot — s
D A DR B L G 5 RS A A i A
FEANFRIN 5432 M A R A 2 (181 1C)
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100 200x

B 1 ASMES R EE R E B 28 Aa A [E) B
RS Ax IRSNERSR 1 d, IR ASRE; B.
WINESR 6 d, AN s C: RSN SR
10d, 4B E T AR,

Figure 1 Morphology of primary alveolar macrophages
from goats cultured in vitro at different periods. A:
After 1 d of culture in vitro, cell morphology was
round; B: After 6 d of culture in vitro, some cells

extended pseudopods; C: After 10 d of culture in
vitro, cell morphology tended to be irregular.

22 WFEEFERMBERMAMEREINIE
CDuu RBRNAEELER

WA EA L E I B AN, S53H02E CDu
PRI E , 295 cys %6t hi . FITC %
BRI T R O K KAk
AT FEDOCRIEE TS, 5 R K 2
7N, FEAH A BBl K AT s e B, CDyg
SEPEYE R . A — M S e
L2 AR AR CDyy B35 LB 3
95.40%, T AE A X BE ) il B 2T 24 41 g 22 7] CD 14
B35 ELBIUN 0.73% (1 3), X 5556k
W20 CDy B TEOUAHTT , FRIIAS LI 70 55
1)y 20 B 1 L2 i v 4

B2 =R R E Mk A 5 R o e
Figure 2 Immunofluorescence of primary goat
alveolar macrophages (100x). A: DAPI; B:
Fluorescence; C: Immunological fluorescence assay
(IFA) merge.

2.3 WEF R Bl R B A 20 Al A IR R
¥

RSMEFR 10 d BONGIELE WRAAf, Stk , n
AASLTYNMEE 1 h, WEMNE, RAEG K-
W Ay g, TEMEE Mgt WiE 4
Fin, A R i BRI DA Sk B S ) RS 21 24
FEL, SRR A MR R IR, RS
ANXG L0 M MR AR AR B 5 5 A SE RS 21 4H g
IEFER B WAt , MBSk, AL
290 60 6 3 A W 0 L SR R, AT R B I A
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2001 (. 50
" n 1 " O 0 N N 1
0 200 400 600 800 1000 10" 10 100 100 10 10 100 100 100 10°
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3 WFEFRKMBERMMRE CDLRIEER  A: WAEIERE, B EESC), Ml
HIHOESSC)s B i A i EL MR A0 CD 1w B93RIE s C: WU U 4T 4E 4 CDyg AR IX
Figure 3 CDis expression on the surface of goat primary alveolar macrophages. A: Flow cytometric

collection of scatter plots, forward scattered (FSC), side scattered (SSC); B: Flow assay for alveolar
macrophage CD14 expression; C: Flow assay for lung fibroblast CD14 expression.

4 WEERAAEEMAEECIMB00x) A HHOEEAEAEGAI-; B: HHE
e 75 X 2 0 F - M 9 e (e
Figure 4 Goat primary alveolar macrophages phagocytose chicken erythrocytes (100x). A: Alveolar

macrophage phagocytosis of chicken erythrocytes-bright field; B: Alveolar macrophage phagocytosis of
chicken erythrocytes- Giemsa staining.

. SPREV AR MO ERANE  JEOTET, S d Rk E A 1 AL
HAMREMAIRRE S, (AUVA R Oh 2y F7, 9= P12AC, HUOMRAEIRANNE . Frisdn

R C 283k T AR RAE ) . e e PSS, ANl 5 P, kA Ak it
24 WFEOEMMMKENMESLR FBEAUN, ZH0RE, WEEAER, JHEAH
B4 18 WK, RESTRELIN.

PRGN b A B A AR M R S5 2.5 sk Ak W03 B e B W 20 Bl & 7 O
B I W B N 2 pg/mL A SVAOLT U EERANEMER
AR R YL AN, 7E 2 pg/mL BRRE R W A AT 9 4 5 S AR e i A
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CDy FURILIF T, 2 5 T S8 0 % S
KAEAR 1. & 6 Fron, FEZOCRMEET ,
T BT AT DAL 200 0 T 2 2,9 0 o e it At
ARoHr, WE 7 Fos, diEREREERR S
CDua FHPER Ry 92.40%, #5422 4554, JRACHn
MR R AEPEAR AR Y CDus FHPEZN 95.40%,
i — 25 UE S A A0 20 R Sy v 24 1) LS
E W% 41 ffg & (goat alveolar macrophage, GAM).,
2.6 MEREREKENMEEREE
KM 4 FhAS R S R B9 4 e, W]
MOI=100 A & R R YL 1 h, XS 24,

48. 72, 96 h AT M AAAIE THEUT LA LB AT 6
FRTETEA [F] 20 22 P O AE s R 00 . 25 RAnfEl 8
B, fERYE 24 h 5, THP-1 oA R i
W2 ; FEE I IAHERS , 24-48 h ifF AL i B
42 [ IR B U (repetitive brucella-containing vacuole,
BCV) ], RAW264.7, STIC. GAM ZiJiufifg
NI BT s 72 b Ja oy A REAH DGR & R
1 (autophagic-like Brucella-containing vacuole,
aBCV)IE LA, I N 80 24 frs b
T GAM LN A7 2k 5 RAW264.7 AT ),
I HAUENE S T STIC 41

5 kHEALLLEEAEE B YR R L S E (100%)
MBI

A: P4 RRATEEWEARIESKE; B: P12 fCAiE B Kl

Figure 5 Morphology of alveolar macrophages in immortalized goats (100x). A: Morphology of alveolar
macrophages of P4 generation; B: Morphology of alveolar macrophages of P12 generation.

6 kA 1KLL Bl Rk 40 B 5 i O S B

Figure 6 Immunofluorescence of immortalized goat alveolar macrophages (100x). A: DAPI; B: Fluorescence;

C: IFA merge.
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A B G
1000+
o 3001 FITC
0.24
| S ———
., 600} = 200
) ! 8
400t <
100
200
0 200 400 600 800 1000 10 10° 100 10°  10° 100 100 10°
FSC FITC FITC

7 KENLFEERMAARE CDis RIEER A WCERBUS KL, [ EEHEESC), Ml
[ HE(SSC); B WA AT E AN CDyy B IR; C: T IR 4E40 CD 1 YA
Figure 7 CDj4 expression on the surface of immortalized goat alveolar macrophages. A: Flow cytometric

collection of scatter plots, forward scattered (FSC), side scattered (SSC); B: Flow assay for alveolar
macrophage CD14 expression; C: Flow assay for lung fibroblast CD14 expression.

7~ GAMs
THP-1
RAW264.7
> STICs
=] -
E 6
]
|45
©]
&0
25
a4 | : : ‘
0 24 48 72 96

Hours post infection (h)

8 HEREE4IMARRFBAFTERL
Figure 8 Intracellular survival of Brucella abortus
in four cell lines.

3 it

Jiti 0 5 5% 240 JH A7 A T R Y R RO B
R CFOUARE A B X il 9 s A i Y R TR L o
RE M 5% 09V 2 7 AR A BRI 2 24 S 4F
>k, AN G 2R o 2 0 2 e B A
M R AE AR AN 56, (H I R UE AT 40 B A A= 1B 1)
Hy 12025

CDyy J&— P T FRAZ 410 B 0 1k 40 i % T

Y ig Z Kl (lipopolysaccharide, LPS) 244, #) 7z
FRRAE A % 78 B W A i X s i 2280, AR
F5E 53 2545 2 1 S A 76 5 I 24 i 426 fie 938 ¢ e
Y8 T A AR T, CD BRYERIRE] T 95%
DL by KAEARSS , CDua BHPEZRATIRTE 90% L) |,
IE W32 K A Ak 40 L 2R Sy v 2 R B M 9 L I 2
Ml TRl , XSLT40ME AR Sc s R, ZA MR
HA RPN R IEY A VERE ST, XX T4 6 [
PR IMZ 280 B B .

TECHT B BF ST E B A A B RS
(B. melitensis) 2% Ju A5 8 1% Bff 5% 41 2 2k T 241 il 3R
RAW264.7 g, THP-1%9 fii 6 QR R Je il g %
W1, GAM X i & [QIE HABERM 2 8PE, BT
[ RZRANNL R STIC, 5 2 A 6 [ TR = YL 20 A
B RAW264.7 Gy IPEAHY . DL SEge g IR0
LU= it L s 20 Bl B P i 2B Ak, A 3R T bR s
i, FRrEsine RAF, & R 0A0 & RS
R YA AR %7k A AL A 2R B ST R oS A
B IQTE | PRI EE A5 LA i 90 i B 1 3
S ML B2 G g k3 AL AL T A

SR, AW FEAAEERBR T : (1) BEARILFE
i 76 5 200 L 2R R B i AR Ak, RGN 3 240 it
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