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Abstract: To express macrophage migration inhibitory factor ( NecMIF ) of Neospora canium by prokaryotic
expression system and identify the enzyme activities of NcMIF, the NcMIF complete open reading frame ( ORF)
sequence was obtained based on sequences reported in the GenBank. And one pair of specific primers was
designed to amplify the NcMIF gene from ¢cDNA by using polymerase chain reaction (PCR) and the NeMIF ORF
was sequenced and subcloned into pET28a( +). The recombinant plasmid was transformed into E.coli BL.21 and
induced by IPTG. The recombinant protein was expressed in soluble way and purified by HPLC and endotoxin was
removed from the recombinant protein and native proteins. Results showed that NeMIF had no effect to counter—

regulate glucocorticoid activity in macrophages or to regulate TNF~a and nitric oxide production by macrophages.
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It will establish the foundation to explore the biological function of NcMIF and its role in host immune regulation of

MIF.
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BT B ( Neosporiasis ) & — 1 5 A4 g 9 11
P JEFE M RSE BN T AT . R R
( Neospora canium ) NLREW FEH L4 F R 5F
ZRE UL LG 58 iR A5 7 HE SR AR | i
SEAF LB SR R G FLAFIEIR, X IR
S SN EZ20 15 N 1 1 B 28 NG 19 R
ARG A0 B R R PR IR R A
WATRE R NI A AR g, (HEIZ4 Mk, R
AR R R -t i) 245 ) A R 7 R R AL
YT .

KB UG R RAR e RGEh AR
22 IO REURT , AN LA B S R 200 i 55 ok B
TG A A 2 B AN TL-2  TNF -« 45— 2R 51 41 Jifd
K WL 24 ) e 4 A % B 410 i P (- macro-
phage migration inhibitory factor , MIF ) 1 A 4 i X -+
(g —Fh, SHLAR R MO MR e A 2 AR E
W3 40 A R0 L A0 B I 255 K A I B gL B
ANBEA ] B A% 1 W5k 4 i 17 Biti AL E B8 FHOBE Kz o
PR BPTARAERCR , M ELRE 8% 410 1% 16 75 19 p53
AR T . MIF RS 118 S 40 TLR4 32
L SAE A A 1 1 235, 4 TNF-o IL-B | IL-6
IL-8 Fl IL-12 45, LKA 7E NO §940 " . MIF fig
U E Z PP SR 40 v 3R, B SRR A A R
W2 | PN AN RN e e 40 MIF i i
RERS S AR CD74 AR & [FBT L #4
AT CXC SZPRAE RIVR AR

W52 & B, MIF 57 1 CXXC 51 A Lis J
B/ I B EH BB T N B 555 Ao 1) il 22 R )2 A%
SRR G R A OB RS MIF 2R A
TEPE S EY A I REZ B O RIE AR IRIE A (B2
T MIF () 5% S AL A ] B % AR LPS K E
Wik 210 )0 7 A 4 TN B9, B2 e DAL AE A 78 Bl ) )
MR

AR P2 1 37 A5 B MIF [/ R Y9k o 25 31,

X H: o 4 35 Strongyloides MIF | Trichinella spiralis
MIF %% Brugia malayi MIF 45 - H X 46 MIF [/ &4
BA AT FL 3 1E AR A= 27 D s A fie
PEFTTVERUCS . ARWFSEIERE T NeMIF &, |
FH K 3545 T 8 A7 3 38 1 X612 25 1A A9 4 88 R 15 £
FHHEAT AT, IBFSE NeMIF 7515 & S isJ8 35 vh 4
FHBEE FEfilh

1 #R5FE

1.1

1.1.1 &4 @4 E. coli DH5a BL21(DE3)
pMD-18T # &kl B RiEE4Y LEARA A,
pET28a(+) #Aly A 3w,

1.1.2 &K A FREEAN DI Nde T F1 Hind TIT |
T4 DNA 3£ J PCR i) | e i) &
R PR BGR ) £ &% DNA Marker D12000 | AR % 2%
( Kanamycin) ¥ H E4AY) T8 (KE) B RAF™
fiy M - MuLV &2 %% 5% 050 & W H NEB 2 Al
BATEKE RNA & B30 &0 A A 2w AP A
Western blot & YGJEEYIIE B Thermo 23 F] 5 SZ 56 FH 4
i AR TN B PO BRI B B ) o5 5 HoAh
FHF YR 3 pr

1.2 NeMIF #FE 5w % 5l 7 3T NC1 NeMIF
mRNA 551 (NCLIV_042400 , previously known as NC_
LIV_113040, www. genedb. org) , Fl| F 43 F 4 ¥ 5K
4 PRIMER 5.0 ¥&it i —XFRE 551497, # it PCR
TrEEY G NeMIF JEK B g 9P 50 R 57 -
ATACATATGCCAAAGTGCATGATCTAC-3", Hirf 7
5% A Nde 1 B V1AL, TS| F 5 5 -
TAAAGCTTTTAGCCAAAGGTGCGGTC-3", Hih 7ES”
WA Hind T BEVI0Z A5, SR H] BATEKE RNA £
BT A AR B A i SR IBCE RNA L2 pg &
RNA FI ] M=MuLV [z 5150 &5 i cDNA,, L)
Z cDNA MAEHGE S PCR J7 LY 38 ) NeMIF 58 4%
[ [ SEHE , PCR SRV 254N 295 C AR 4 5 min;
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95 CAEM: 30 5,55 CiB 2k 30 5,72 CHEAH 40 s, I
30 MEI, Je 5 72 CIEfH 10 min, PCR =14
PCR glifbik G 2lifb)5 , % 45] pMD-18T A, %
S BHPE e R 3% E A T I X0 P 45 SR 2047 43
BrEbAs,
1.3 NeMIF & g Wk H& 70 &R A4
B 45 S IR A N R B s # pET28a( +)
i F 20 JFORL pET28a+NeMIF , Jf-5% A K 1 3% A T
BL21(DE3) , AW E 1 mmol/L IPTG 37 C #4715
FHRIK 8 ho FIFEF W 4 C AT 4000 xg B Ly
20 min, U I35, A 24 % 2% op W (50 mmol/L
NaH,PO,, 300 mmol/L NaCl, PMSF 1 mmol/L,
pH8.0) T &A1 4, -80 °C/37 C & ifh =k, &
JE FHZHE 10 we/mL ) DNase/RNase 37 °C ik
30 min, 2R 4 °C 15 F 20000 xg B5.0> 20 min U
W, T s R PR i,

B A Triton X-114 4b3 DI LN TR,
T 56 Triton X-114 IE| E—22 53 B 8109 135 )R
T 1% AR E  IRIE 10 s, SRIGHCE VK L 5 min,
WIEZ T 37 CWEH 10 min, i J5 20000 xg,38 C &
02 min W B, R FARADER 7 K, HEIN R
REWHEMT 50 EU/mg, B41HE I fNeMIF 2245 F
i ven s Y AH £ 3% 5 ( SECHPLC ) 43 55 4l 4k, 3 i
BCA J7 0 & #lifb J5 ) 85 (W, JF 38 i SDS -
PAGE X8 [ 46 B Fl oy i il 47500 o
1.4 RILEE M NeMIF KR 5L 240 B 5 786 5
Z1F T 12% SDS-PAGE & #EA7 00 8, SR e f 2R
4% PVDV B E | F 3% i RS W58 £ 4 PVDV
WIS TEFHUAHE T TR (1 < 200) IR T 9
H 1 h, RJGH & 0.05% Tween20 ) PBS 5
5 W, AR S min, K PVDV IEAE 1 2 5000 A9FEH0%
IsG-HRP —Hih ERAMTHEE | h, ARG &H
0.05% Tween20 1) PBS PEE 5 W, BEK 5 min, H
162 % G ) ( SuperSignal® West Dura Exrended
Duration Substrate ) #1783 H S AFA A

1.5 NcMIF i3 KA # R #l sh it S 2
500 pL RZAEAH 1.5%10° > RAW264.7 5 W41 i
() DMEM 4 i 35 5% 8 -1 T 48 fL 40 M % T2,
1637 °C,5% CO, H3ifh 595 20~24 h, NHIE
NcMIFs X8 52 J5t 28 14 B ) 9 15 4, 1l 3 A7 5%
AN HUZER A (DEX) By 15 35 56 v 73 ) in A 3gk 3 e
JERY tNeMIF , ¥ 40 505 5% 1 h, SRS AR 2 6%
BLHRE 10 ng/mL, ARLL 5% 16 h, SCE AN B 57
T 7,4 °C 20000 xg B5.0> 20 min, 3 TNF-
o I NO 435 Kl Fi ELISA X7 £ ( eBioscience Inc,
San Diego, CA ) Fil A% HL I 5 0 J7 bk i A7 Al 55 43
Mro A% HL I SIS 40 B B0 Straccia 251 BF A, RIS
150 L A A 96 FL AR 1, 53 AR A 20 plL
1 wmol/ LAY i R Mk Jie i 1B W — 4% 2 ( Sigma, St.
Louis, MO ) Fl 30 wL % % % B¥ ( Sigma, St. Louis,
MO ) 525 B R M6 U ( Sigma , St. Louis , MO) I
PR IR TR AW . FEFLHIR A /N SR 5 430
JIA 20 WL 1% AYBERE AT 20 WL 0.1%N-( 1-253%)
TR 2 i (Sigma, St. Louis, MO) , ¥ & 5 min
J& , f# F W #% AX ( Molecular Devices SpectraMax-
Plus384, Ramsey, MN ) 437 7E 550 nm #1 650 nm &b
LA, AR ER 0k B P AN R AN AR oE I 2
1.6 NcMIF # TNF-a 78 NO #y %72 8 ¥ 15 fl & &
J T PEAE NeMIF XF TNF -« F1 NO f4 %05 4 5 1
H L, RAW264.7 W5 24 Jifd A [5] 46 2 1) vNeMIF 4k
ARSI RG Ak SE 537 16 h WML B,
URFET —80 °C #5 H, [F] B 152 Jig 22 W 25 10 2 B 1k ot
W EI R TNF-a F1 NO S A6 7 | 1.5,

2 % R

2.1 NeMIF ®F w7 & FIH X451,
it PCR WA 1 81— %24 348 bp 1977, 1%
PR LIRSS AN I 1 Fros . K% IE A 9 NeMIF 3
FiRE | pET28a 3R ik 48 4, #4 @ 5 20 3R 3k JiT A
pET28a~NcMIF, - ] Nde T 1 Hind TIT X 1] %
FE LTRSS SN A 155 2.3 Fi 4 JKE TR
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bp

bp

1500 1500
1000 1000
900 900
800 800
700 700
600 600
500 500
400 400
00 300
309 200
100 100

M

2z 3

M :DNA marker;1:NeMIF PCR 74 ;2 pET28a AW 724 ;3 : NeMIF PCR XUEGY) 240 54 . T 41 F35 Bk pET28—NeMIF XU =4

M: DNA marker; 1: PCR product of NeMIF; 2. double digested production of pET28a; 3. double digested production of NcMIF;

4. double digested production of recombinant pET28—-NcMIF
El1 NcMIF PCR ¥ R EHRIHENE LE

Fig 1 Amplification of NcMIF by PCR and construction and identification of recombinant expression vector

2.2 E4 NeMIF Wy &£ 54/ NeMIF A R
B 7514 BL21(DE3) 7E 37 °CFH 1 mmol/L IPTG #47
PRIk, Zrt SDS-PAGE HLIK KL, & HTE> T
it 11 kDa 2034 5, B s Ml te s, &
418 1 A SECHPLC #E4T 24k, 4ifb )5 ) 1 &
SDS-PAGE MK %5 (B 2) . KBRNEEE T Ne-
MIF W#EER S EKT 0.5 EU/mL,

2.3 NcMIF Hy %, 07 38 2 #7  NeMIF 42 Bl 245
WRFRWTE 11 kDa 2247 LI B A 4571 (11 3) , i
rNeMIF RE8% 5 Rl 5% B I35 B0

2.4 INcMIF i E XM R ZE W e b8 &
RAW264.7 E W4 g 1 30 3iF rNeMIF $i Hh JE€ KA
PEPI ] 52 35 25 R BT, R [R) MR BE (Y tNeMIF ¥
I BHORE K BBCR S 0 AR F R R B v
Jifl TNF-o F11 NO 7= &2 Y ZIHE (8] 4A B) .

2.5 NcMIF xf TNF-a 2 NO #7 % % 8 ¥ & A
RAW264.7 EL W 20 il FHAS [V 1 xNeMIF Zb3 4%
JENA LPS 4k Z: 1537 16 h, W45 4 i L35, K6
TNF-a Fl NO (7 481k, 25 EW] tNeMIF [A]Ff
WA bR E W40 TNF - F1 NO 182235 (50
RERfL) .

20

15

1851 Marker; 2 RS AR S RYTTHE ; 3. IR LA Y ;
4. IR RS 5 2 h I9ZER;6. 5% 6 h AR
7.5 8 h SR
1:protein marker; 2:precipitation of expression products after ultrasonication;
3.supernatants of expression products after ultrasonication; 4:negative control;
5:expression products induced within 2 h; 6:expression products induced
within 6 h; 7:expression products induced within 8 h;
2 EZ NMIF ERERGERFE PRI
Fig 2 Expression of recombinant NcMIF protein
by E.coli BL21 (DE3)
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kDa
220 —

100 —

60 —
45—

30—

12—
8 —

1 F40 NeMIF 21952 BAHE R RE
1: recombinant NcMIF protein; 2: negative control
3 NcMIF %% NS R
Fig 3 Western blot analysis of NcMIF

K & B 5

IR A 4 ORI A MIF (BmMIF-1)
5N MIF —FE | BA B vk dn & ik iz gh i 2h
RE; FEAAR A1, BmMIF - 1 RE % 3 i1 W 41 il TNF -«
5 1L-8 MR35 RN, BmMIF -1 3Gl i 175 3 3%
NS 21 e s e sl N T N 1 o X
fdi 75 327 A Th2 SRfie i 2, B 2 il 42 4 A 4 it PR
T A SR AT B 2 Lk gk A 3 B e N B Y
FEFR ) XA E AR T RS MIF
(18 S i il o 7L S il R i ) I RE A O

ARWEFE T WARGE T KRBT 2 MIF [7 R0,
I AT & B, NeMIF EAT IR FLSIY MIF & BEAR S
O LR HR L | W] NeMIF 7] fig B S5 L sh iy
MIF AL AE 22 G v, it — 2D BE5E NeMIF (1
FASETREFNAE 2R, AR 28 R A% 3238 R 58
ENEEIR T AR TNeMIF , 358 1 HPLC R 40x}
FEHIAT T alifl, X oNeMIF 5T ZE KA G s
MR SHBEFIXS TNF-o F1 NO 55 8 45 4 647
W5, KB NeMIF %A _FR i ape i ohae, i
NeMIF (5087 DEe 5 MIF /9 48 Ak ik 5t il A B
AR SR T TG PR B VA OC , IF LA — 24X NeMIF (1)
B HEA TS E o

KT NeMIF Ay HoAth A= 22 15 P, LA S NeMIF

TNF-o (pg/ml)
w 5
(=] (=] [=]
(=] (=] L=
I | S——

[ S—
a++ |—————1
o+ + %

o+ +

NeMIF - - 2a b ¢ d e abcde - -

10 1

00 10]

NO (LM)

0
Dex - + - + + + + +
LPs - - + + + + + 3

NcMIF - a b 8 d — - = a b c d

Dex; HLZEKAN | 10 nmol/L FIF TNF-a #:31, 100 nmol/L JH T+—4
LA, LPS 824,200 pg/mL T TNF-a K0, 10 ng/mL FI T
—FALERN, a 2 e 4b NeMIF #EES35124 0.01,0.1.,1,10 F1 100 ng/mL
Dex, dexamethasone at 10 nmol/L for TNFa assay and 100 nmol/L
for nitric oxide assay; LPS, lipopolysaccharide at 200 pg/mL for
TNFa assay and 10 ng/mL for nitric oxide assay; a through e, Ne MIF
at 0.01. 0.1, 1, 10, and 100 ng/mL, respectively
B4 NcMIF Z£A T LPS 1 DEX FAEE 4 T3 RERK
AREZARE Z RAW264.7 B TNF-a( A) 71 NO (B) 2RI
Fig 4 Effects of NcMIF in the presence or absence of LPS
and DEX on TNF-« (A) and nitric oxide (B) production
by the mouse macrophage cell line, RAW264.7.
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