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PN A 2 BRI % L il e SR
oo M B N T

ChE R RH AR AL B R AT, S8 IR E X E sk %, JEat 100193)

i ARG B A & e 2 B RRR S A LR R B 2 e R LR, D e I e B A
ke it 2 gy AR AR AL S A R AL B A SR ARG R 1 4 R EERTE 2 KA R, A
WRPEALRE A 4 FG#AT ISR %5, 8 2 JFss e 1 IR, fFIEEBIHRanE, X
HEAT OISR A4 B3GR AR IR AR O A WIRAEILPUA, T+ heHEmn En- 2%
PRI Tt e Bk (SDS-PAGE) 4% ENIZE (Western-blot) 1243 il F T4 s 4lifk. f5 B vy
Al RERVRE Sk o M8 AL S FUAAR RN, IRl Bui b th 2 . 585 R A B s Bukon i s
3. WEFURA LS I Wk kS AR E AT e A . 25 RN, AR &
bt AUk 1 2 Se B TR Al BE R R S RO, BUARIREE Y 11.02 mg/mL, SiA ) 1:128
0005 K FHZPU RN e (1) FLIRZH SR b o LR B TR BEN 16.13 pg/g, AW EET 0 ng/g,
Wk 5.28 ng/g. M2, ARER AL ERRIREEMEA A WG 2 SabEE2 T
2l R e R PR W S R LBk A 2 SRR S, FTRLA TSR B AR A S E .
Kb ABREA: ZrEPUE: buikgit

KT S852.2

AR, NATTRE Ak 5 ) ZESROBOR By, 3L AR PN T B 9L o 1 EE B4R b, S i
BRI C BN E RN U A R . FUBKEEE (lactoferrin, L) WMARNFLIZEEH,
R EEAYNE YR —, BARTTER, TR ST A B E A F U2, W DU
PR B N, I BA PR PO PURTSERBL FLBE AL PR R, A
FLAIREEN 6~8 mg/mL; WiFHIFLAREE Y 1~2 mg/mL; A AL AIREEIC, NHE LK
JEN 1~2 mg/mL, @34 AR N 0.02~0.35 mg/mL. HT A KRIEG R, Kba4g5E0ag
NAATRECFLER & A i BGOSR VRl 2955 FL i FLBR R IR, A7 A/ )
TN A s e A5k, 7 B ST — Pl R L YRR 1 g V0 5 A e 7L R L ot LAk B Y
WL

P I B % W B 52 - Cenzyme-link immunosorbent assay, ELISA) J7 75 & A6 4s .8 2 F
WA RTTE, BAPGE. RE. W68, SA S TAREEEI S . ELISA Jrikas &+ e ki
TR 4 - 5 VA O 9% g 8t Ji2 BB 9K (sodium dodecyl sulfate-polyacrylamide gel electrophoresis ,
SDS-PAGE) AJ I #1500 5 5 471 i ) 58 P AT A I o R FH st o 7 ks i A= g 2L e 7L o o o

ks H#H: 2017-06-12

FEEUH: EXRELAGRIT (2016YFD0500507);  H B R RL Bkl f# T#2 (ASTIP-IAS07); HEZ
=1 B IR N AR SRR

fEF A £ & (1990-), L, WREH N, MEHRE, NFERAIE TN I . E-mail:
wangjian_1884@163.com

SEEEE: N WS, BIEFA A, WA 500, E-mail:  sunpeng02@caas.cn
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(1 LAk B A B T P A R LR B A, T Sigma 23 ) H B R AL BUABAN AR B B
ANE A RICEFE ST . B, AR50 I S8 577G =2 K A skl & bt AL B 2 b
ik, BERTRYIA AR A S BOR R A BRI R ARG R R
BRI P, I R BR VA A R A W IR UL AT ALY, A S A5 B B
ELISA 75Vl & F R PA K 5 FUBK A 1 i %, LU A s Al 2 473 v DL K 93 24 L i b
1 FL R R SR O SRR

1 MEHSTk

1.1 Ik

I F R G LR B A brvE iy (5 Sigma AR, 40E>85%). IBKELeER (EH
Sigma A A I RATELEFA (£HE Sigma A7) A AME (£E Genscript A7)
P S AR o AL D B AR D ) 2 Bk H G (immunoglobulin G-horseradish peroxides ,
IgG-HRP) G LAY TRRARARD . FURHLIFE R B b E ROV R B & 50
GEWFFUI B P IR s S WIRE S A T B S R KA s WOR R T & R B Wy
1.2 X5z J e 7R i

PG IEHL 4 R RRATMOR TS =K A %R, SRIETR, A HARWRBTRLRDRL (DRl AN B g 2R
D, BHHEREMYOK. WFRIDN R T ARE AN S, fFRaNmsEmss 1 5, §
Srig kR AL, WIE g — A S5 A BRE A RS, i 5 AUERE A TR BAER &R T 4% %
PERR P AT S0
1.3 SRR KBt ML iR &

FUREE APLIMIE KH] %2 You W7k, WIGH 1 B, Kk km S A8%EA
WA B 40, R 2 B, 8 R RS 1| mL AR (& 500 pg ALk
FD, 4 G, FRETNEEEE N2 miEs 2 RA g e f f b 22 msL sk E E (& 250 pg
FLBREH), LUat2 MES 1K, FRAEERE 7T REGENCRIL, ELISA J7 &kl
MIERBAM o 5 4 RBPESTIEE 7 RIFATOIER M. F5ILAEREL S, T 940xg £5.0 20 min,
B R3EW %% f5 B -80 CLRAF#H .

1.4 MOFNRR IR B L AL BTG

VLR R # A4k 228 [l 2 e S I VA RC ], B 500 pL LIS AN AR 1 B IR 6 22 e
¥ (phosphate-buffered saline, PBS) (0.01 mol/L, pH 7.4), VK& NN 250 uL HAIH
FRERVET, BEiRIRS], 4 CHE 30min, 4 ‘C. 1550xg B0 15 min, B EEWR. £ EIER
HOZETE I 1000 uL MIFNER R BV, BEimiRS], 4 CHE 30 min, F.O7 HIEW. U
] 500 uL PBS VA fi#, 7EIAMRTZBMINN 250 uL AR BRI, A iaiisE, 4 CEE 30
min, 4 CE.L, REVIE. VUELEEH PBS Wfil, WIMBABRREAR, HE, S50, &*
BUTIE. KUTiEid T PBS tf, RANZENTEET 4 CErid K.

1.5 HE A FARAL BT MIH
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SHE P RELTE, RAED A FIRAMEHIG . AR inN 1 mL 456 /88 5%
G, K 1 mL ARSI A BRI, B IIN 5 mL 856 /B 28 i LA i
P, WS | mL/mine H445 G /Bl G2 MM R 5 K ML FEAC I, ORIEIR HH s 24
4 1 mL/min. FH 30 mL £5-& /BB 2 il Bkt - 48 2 i Hh B 29 2 mL/min, A 15 mL
Vel bR e ik, AR R BRATE L) | mL/min. 455 PO e s 5 215 P 2%
PR RREAE b DL AR IR pH 28 7.4 BRI SR BT VAR BT A8 4 CIEHTIE AL
1.6 SDS-PAGE %5 7€ 24t J5 fii iR 4l &

BC ] 12%01 53 B REF 5% M4, B 80 pL HLMFEf 5 20 uL 5x BRI S, 18
WKW 5 mine L EFE 12 L, HKEJY 80 V IFARRIK (PowerPac 3000 A R KAX,
[ Bio-Rad AH]), HF/RGRIHEN D BIRE, HHEERZE 120V, 482 d K H 2GR
WBER B IR T4 1 om AbFF IRk, e E, BB, e e, EE%
WG I T 9E,  FEER SR R g 52
1.7 ELISA J7 A I 24k = i i 25 i

PR BRI R ) ELISA J5 910, R 3Lk 8 B AR i BB AG BE 22 0.31 pg/mL,
fL 100 pL CLHEEEFRIR, 4 CiER, FHH PBS X IE, R H 3 LFLAHUE, BFLIIA 200
uL B PHR[1%EE AR A (OVA) 1, B 37 CHEEM 1 h, BiEmdE, SR RZm
7 (phosphate-buffered saline tween, PBST) ik 4 X, FHXEHE 3 min /5 HGE M E PG,
AT o BUASFIRRRE B (I 4liA J5 Hi4A (1:2 000 1:4 000+ 1:8 000, 1:16 000, 1:32 000+ 1:64 000
F11:128 0000, AFREEZE 3 ANEKE, 37 CHEA 1h, R/EWIELMBA, PBST vk, MEK
&, . BEALI0 100 uL 4% 1:5 000 # % 1 Hi %k [gG-HRP Fitik, 37 CIiE 1 h, PBST ¥
e, MEWAE, T REFLIIN 100 WL i e ) PO RS OR  (TMB) IR VA VR = IR0 &
20 min. BEFLAIA 50 pL 28153 (2 mol/L Aif%), 5 min J& 7EBGARX Il 450 nm I
& (ODasonm) fHo # 5 IFL ODasonm KT AT BITEXS FEFLIY 2.1 £, B ZBAVEAR,
NIIEGEEARENIDEY G
1.8 FLEREE A1 e TAE 28

F 5641 ELISA W58 oA 5 FL Bk 2 8] (R Al 200 BT /R IE R BERRRE i, DA
SRR A 5 R A R R LB EE T (40 000~ 20 000+ 10 000+ 5000+ 2 500+ 1250+ 625
312.5 ng/mL) R4 G, XM 15 min. 285002 O A A M B R . HARPERE 1.7,
R4 ODuso [HLHIFRAEIZE, THE DU S FLERE A R30S 2.

1.9 FUMRAHZL R L b b 7Lk A AR B 1A

W & =2 7 RAR I W2 FUIR AL SR il IR NIRRT o W8 B, 4 LR R it B
JG, BINWERATITE, FRE—& BANMALHRES, ROEMT 5 B PBS i, [FII
TRNTEC S BT TE I € 4@ (radio immunoprecipitation assay, RIPA) I [ B0 51 71,
12 000xg #.0» 10 min, B EJEW, FHZSFn[BR (BCA) 8 5k FE I e il 7 A Il e A A
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an U R . B 1 mL S, N ZEKEEAT RS, 3 000xg B5.0 10 min, 23
B FJEREM . TN 1 mol/L i i BRI pH 4.6, ERMEEN, HRFEAHS. W3g
PR, IZKEZRE 100 mL, BORBRARII B E A5, 7530 7L80E CofL . R Sk
BEME TAEMZ, KIFUARALLS AT L ks b FLAR B RO
1.10 4 yZENiEik (Western-blot) 45 %€ 24k, f HiAAHr 57 M S e W 4

KA E A4 AT PBS o, WhZR AR, A RIYRY A A B 5 U 1.9, DLEZR
FURIKE(E N SDS-PAGE _FHEEARYE, Bof 12%7> B AN 5%k 4afe, XLk & gl 1
RFUNRELA L WA WA G R AT BTK R K A RS AR RS B T PR B A T SR
i 5 CH i (polyvinylidene difluoride,PVDF) L, FIF 0.5%39 i #4735 ], H3L ek
B2 s BEHUATE I 1:6 000 FikE S5, =S A 2 h, PBST Bt/EMMAEH GBI )
FEpric 1gG Pk (1:5000 FiFE), PBST Pil, —ZIEBKNE (DAB) a5 5 )5 F 45
x,
2 SR 55
2.1 FUERE A 2 o B A Al

SDS-PAGE 45 Uil 1 fioR, SR eakME [ A R 2 BaibfE 19 200 7.2
B2 T BB E R T L, R IE I A B T Al A v LR AR AR

180 kDa wer
135 kDa g

100 kDa e

e

63 kDa w—
4skna-'-

35 kDa “—

s |

17 kDa -
11 KDa

1. EARGTREME: 2. AERZ A,

1: protein molecular weight standard; 2: purified polyclonal antibodies.
Bl 1 4l )5 2 s B ik B

Fig.1 Electrophoresis of purified polyclonal antibodies

22 FLBREHZ DA
HI BCA & 5 5 Il 7 k1) & 15 7Lk R A 2 SO BEHUMOR I 11.02 mg/mL. &2 0y
ZIRETUARIN ML, PiiALdaifb UG, ELISA J7 iRl ik iy 2t 79 1:128 000,
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Fig.2 The curve of rabbit anti-bovine lactoferrin polyclonal antibody titer

2.3 Huik 5IERE AR HH

Uik 5 LB B ] 2 L 3, HIPE S BUIR S & 50%0 TR E IKEE (ICso)
N 24.55 ng/mL. WASHI BRI, FLREE A8 10 MKRFERSEE, M 1000 ng/mL 245 2 17555 L
FEF 1.95 pg/mL, FFMKEWR 6 NEE, VG 11~40 pg/mL, KPRy 11.48 pg/mL.

70—
60 I
50 i/

40 H /}

30

% (%)

£l

20 1 %

T T y T L T T T : T T T
4.0 41 42 43 44 45 46

AREAWSE (ng/mL) , X

3 Puik S ERE AR HER
Inhibition rate of antibody and lactoferrin
2.4 FLARALZ R L it LR R IR I 52
M A st 20 5 LR SR i B L) o b LR SR R EE, AT 5 4 LR 23R b L

Fig.3
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BB ARG HETE 14.72~18.64 pg/g, “FIMEHN 16.13 pg/g, FHXARHEI 24 11.05%, WA
Pyrh LR IR R T 0 pg/g, Wik T ALk IR BEVE BN 4.91~5.73 pg/g, “THIME N 5.28
ng/g, AEXFRAENR ZEN 6.42%.
2.5 FUBRE APk L

Western-blot 25 U1l 4 Fivs, Ak J5 Ptk aets 58 E Ak f & — 145 &, Ry
R RPUA RS R S IR RN PR .

M: EAFDTIERE; 1~2: F%KEA.
M: protein molecular weight standard; 1 to 2: lactoferrin.

B4  Western-blot 7245 € L4k B A Pk =k

Fig.4 Identification of lactoferrin antibody specificity by Western-blot method

B 5 SR, AiA0)E PTIR S WA FUBRAL 2 rh SR B ALk B P A OB, RIS ok
LR R A AR SN R A AR PR VR LA R R FLBR R - AR
(R T #7120 S A i PR BR ORI I 2257, I AT AR 9k P LR R IR v T 3L
R S WO i o

M: EAFD TRERAE; 1 BETRER; 2~3: FUBRASIRE R 4. Uokes.
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M: protein molecular weight standard; 1: liquid milk sample; 2 to 3: breast tissue sample; 4: milk powder
sample.
'S Western-blot 1% 5t 5/ FLIRELL K JLA i b R 1) L 2R 11 S v S i
Fig.5 Identification of the reactivity between lactoferrin extracted from mammary gland tissues and milk
products of dairy cows and antibodies by Western-blot method
3 i

RS 2R AEYNETEYT, 91 Q0BT EE 2R L PUAn AU B AR S RGP Y
Hor, FLERE AR —MEZ DR A, BA ST RGS SR, AT BRI,
FIN SR . PR DU BUAIE. PUELA G #5506 FIB79), Habing 25010
WEFE RN, ALk S B AT DRI 90 AT Vs B A0 T3 . H AT AR U8k B A B I 7 v
B e OB (R VRN U S T BOE 2L B ELISA T35,

o OB 8RR (B AR R A L TR BRI 2 e B R A i, O E 25 R R AT
5B, W%, EEML, (AOOEE T @S2l EREmIIE, WRFE o b 2Lk PR BERARET,
T A EA S H MR E A Tl EAAHT, EEk R E R e A, 1R MK 5 2H 5y
X o3 FF, sz e e R0, H s RORoH il iE R EREs BN e v, 28 TERIA
JBUR S e HOEA TN 22 ) ) LS T7 Wk vh R FLER B, R FH PR B4 S N2 JE BT e 1) Ji B v
BILRER R, HERIYERS2E. 1T ELISA J7 VR4 VE ARG RI(E, MERRIELE, ST 3L K L &
R AR AR LR R AT 5, %O RS s, FLXNTRE A BER AN, A PR,
WEE TR A RIS R, UK A B PUAE B RTAIN A A g A 2R R S B AL
PRI . 5 EPUnEH L, Fr R PR A R BTG AT A,
Hl & IR N A, HPURIIRUN AT B S PR i 2 AR s R A, A1 2
TAERPUFB-BEEN. o s-BEEEM « B E A DR ISR O S WPLEISs, B
SCEEUOVH] YLk B 1 A X A B AP IS R0 XN 1:10 000, 25 USR] Y L8k 88 1 S0 508
PO =2 R E e lE = 2 S XS, 153 PTILIE RN 1:48 000, 5 ALt e S VE SR I 2%
PrZEHT .

DL B 9 Bt i ik I v 2 0 B — gk 73, 8 ILIOAT hfrids. B T A e 2 ik
HISERNZ ARG o ShATT R FH R 1 0T A e VA SRV VR T BT 1) R B 2y B A B 5T, 5
TR E MR B A8 38 G 5 R o PR SRR 45 5 1T 23 B8 B 15T, T SR AN E AR U2 )
MEARS A P RN A S aifE A )i BT LB E AR AT E, Hal
AU I 0 B A 250322 491, 308 etV A B P e S W A3 B R LA A B — R 75% 2 4
M0 ) S A JE BT 24 5 O HTAR 40 BE T IE 90% LA B ARES Ao e 43 B Lh s 1w A BT v
(OEER b, 55 A BB IR AN R 1 A BT 2 Rl IL 44 T Hifk, £ SDS-PAGE Hijk
JE T BIPR NI, HAlERAT, PORIKIE N 11.02 mg/mL.

PoiAm S, BIPTIARUY, HITARRMBRE SRR, RIEE—PIREmBEER ShRE &
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F E I AT L S L ) e v i R A 50 B R AR R LA AT B A0 R RO 2 A 2 R T 2.0 i
RIGTUARRREE . AR P 2 se EfT AR MG R B 4 R ALK ER B A B rsivt =2 A S 7E ML
TRAREAE RN 128 000 B, 3SR NBETE SN, R B 22 MO FLAR 2 A 24 1:128 000, Western
blot I UE I A1 i 2 (K 2 S B A 5 FLBR R 1 At il rTRS S Pk 4l i, HORT R A I
FUBRL LA DL R Wk 0 2LBR R 1 o AN h 9578 FLBRALER L AR ES ) S WR A o R 7L
BRE AR IS RASHE, UEBIAS R S iz SR A B 22 5. TR, FLBREE E HAL
AP WA RR 0l EHEAFAET I, RN ZETER . MRV, IR JEV . JRRVBURIE o A 4
b A AR AL IR B v, W LR, T ARG P G B FLAE Wb e ot rh AR JEE
Fi e, UERIHORY R BE S A AN NI LR H . T AR AR Z MY ThEE, A
TR IC R EIE A, H AT o e VA2 4Ly Wik DL B i R s I R 22—
(20, A8 TS W FLAR R IR R A AR RT e -5 N A A5 2 9% o 3 IR Y AR 3 v il
Hr HIPUARACIIAS R it LR R IR R 1) 22 57 5 SRR, A% PR T A 28U AR it P PL R R
RIS o
4 4 #®

AR B 1 G BTV 25K A R D & T AR R R R BRI et A LR R A 2
BEfUiR, HUARIKEE 11.02 mg/mL, AMIEF] 1:128 000, 1%% swbedi ikl LU A8 E AR 57
VeSS &, T MRS s AE S A I A= b AR PR LR & I PLER B 1, R SR LBk
A A R R AR T R BE5E 1 24l
EEPUE
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WANG Jian HAO Liyuan WEI Jingya SUN Peng”

(State Key Laboratory of Animal Nutrition, Institute of Animal Science, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)
Abstract: This study aimed at preparing polyclonal antibody against lactoferrin in milk with high
purity and specificity to provide experimental materials for the identification and quantification of
lactoferrin synthesized in milk and mammary gland. Four healthy New Zealand white rabbits were
immunized with bovine lactoferrin and challenged again after 4 weeks. Thereafter, the rabbits
were immunized once every 2 weeks until antibody titer was desirable. Then the blood was
collected from the heart and the serum was obtained. The antibody was purified by the saturated
ammonium sulfate method and protein A resin. The sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blotting were used to identify the purity and specificity
of the purified antibody. Antibody titer was determined and the curve of antibody inhibition was
obtained. Finally, we used the obtained antibody to quantitatively determine lactoferrin in
commercial liquid milk, milk powder and the homogenate of mammary gland tissue of dairy cows.
The results showed that the obtained rabbit anti-bovine lactoferrin polyclonal antibody had high
purity and specificity, the antibody concentration was 11.02 mg/mL, and the titer was 1:128 000;
lactoferrin concentration in mammary gland tissue of dairy cows was 16.13 pg/g, that in
commercial liquid milk was close to 0, and that in milk powder was 5.28 pg/g. In conclusion,
lactoferrin polyclonal antibody with high purity and specificity was prepared by saturated
ammonium sulfate method and protein A resin in the present study, which can be used to identify
lactoferrin in products like milk.

Key words: lactoferrin; polyclonal antibody; purification of antibody
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