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[ Abstract ]Objective : To obtain human neutrophil gelatinase—associated lipocalin(NGAL) recombinant protein and its polyclonal and
monoclonal antibodies,and to provide a powerful experimental basis for further functional research and clinical application of NGAL.
Methods : The coding region of NGAL mature peptide gene was codon—optimized ,chemically synthesized,and then inserted into the
prokaryotic expression vector pW28. Transfected E.coli B834 cells were induced by IPTG to produce thNGAL. The recombinant pro—
tein was was purified by Ni#*~NTA affinity chromatography column. The aggregation in solution was analyzed by Hiload Superdex 75 gel
flittration column. Rabbits and BALB/c mice were immunized with the thNGAL to produce polyclonalant antibodies and high speci—
ficity monoclonal antibodies by hybridoma technology to identify antibody subtypes. After being purified by Protein G affinity column,
the antibodies was detected by Isothermal Titration Calorimetry , non—competitive ELISA and SDS-PAGE analysis. Finally, Western
blot, immunofluorescence and immunohistochemistry were used for antibody identification. Results : NGAL recombinant protein was

successfully expressed with high purity and mainly existed in
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445 H R : hitp://kns.cnki.net/kems/detail/50.1046.R.20180530.1701.018.html 3.06 x 10? and 2.14 x 10°, respectively. The SDS-PAGE analysis
(2018-05-31) showed that the purity was higher than 90%. Excellent immuno—

monomer form. Recombinant procalcitonin was successfully
expressed. Rabbit polyclonal antibody was also produced. Six
hybridoma cell lines stably secreting mAbs were screened,
hereinto the mAb25 was IgG1 subtype,and the others belonged
to IgG2a subtype. The affinity constant of mAb19 and 35 was
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reactivity and specificity of the antibodies was showed by Western blot immunofluorescence and immunohistochemistry analysis.

Conclusion ; Highly purified thNGAL protein, anti-NGAL polyclonal antibodies and specific monoclonal antibodies are obtained in this

study. The findings lay the foundation for the further study on the function of NGAL in pathophysiology and other regions, and

promotes the development of domestic NGAL clinical diagnostic reagents.

[Key words]codon optimization ; neutrophil gelatinase—associated lipocalin ; polyclonal antibody ; monoclonal antibody
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Bio-world 24w, ZEARCHIEDTR 1gG 4T & DAPI 445y
HEI A, IMDM 58 485 42 5 (5 15%I0L7 ) HAT,
HT . 2.29%H FLAF4E R [ Sigma 7], PO RIS 5]
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ChemiDoc™ Touch fb22 %6 ASAN H5 F 5L ik S B f%
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23], PCR X NANOD 1000 {53 66T H Thermo 23
A, ZIRE LB I [ BioTek 2 ) , B I Ab BE 22 45
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1.2.1 pW28-NGAL S BRI ARYE GenBank (NMOO
4012)132] A NGAL ¥ ¢DNA J751, | OptimumGeneTM X
P M AR A S0 T IR E.coli 25 T4 N T4
IR F 3, 4 BIAE 50 F 3 R3S I A BamH 1
Xho 1 BRI PEBEDIO 5, W& 1 Bizs . A RLHY NGAL #5315
cDNA A, F8 0 HEAS [} H i 1) 2 S 17 5 AR ] mT DAl
I A3 DR AR K AT o S it 3k L o H B FERTRT pW28 35
43 5 PR 6 1 Y U0 BamH 1 A Xho 1 BV, ZWEISTTE
AL IS B EEYI Y T4 DNA HEHERGAE 16 CiE% 16 h,
AL 2 E.coli DHSa JG TR AT T 50 me/L RAFEZE 1) LB FAR
137 Cil TR, PRBUR TR TR O E HE TRIT PCR %
SE ., VEHUPAPETR 1% B AR KIEY

GGATCCGAAGATAGCACCTCTGACCTGATTCCGGCACCGCCGCTGAGCAAAGTGCCGCTGCAGCAAAAC
TTTCAGGATAATCAGTTCCAAGGCAAATGGTATGTGGTTGGCCTGGCGGGTAACGCCATTCTGCGTGAAG
ATAAAGACCCGCAAAAAATGTATGCTACCATCTACGAACTGAAAGAAGATAAATCATACAACGTTACGTC
GGTCCTGTTTCGTAAGAAAAAATGCGACTACTGGATTCGCACCTTTGTTCCGGGCTGTCAGCCGGGTGAA
TTCACGCTGGGCAACATCAAAAGCTATCCGGGTCTGACCTCTTACCTGGTCCGTGTCGTGAGTACGAACT
ACAATCAGCATGCCATGGTCTTTTTCAAGAAAGTGTCACAAAACCGTGAATACTTCAAAATCACCCTGTA
CGGTCGCACCAAAGAACTGACGTCCGAACTGAAAGAAAACTTCATCCGCTTCAGTAAATCCCTGGGCCT
GCCGGAAAATCACATCGTGTTCCCGGTTCCGATTGATCAGTGCATCGACGGTCTCGAG

TN RIZTR IS A RETIOL A B SR 53 A iU R AL P 51
1 FRFMHRALFIEITH NGAL EE F5!

1.2.2 NGAL ik Bl 5 sl i R 5L & E.coli
B834 kML IRAR LA T 5 60 mg/L RAFEZE M LB F
M b, 37 CHHERTFE 16 h, PECARE T LB R 52389,
37 °C,200 v/min, ¥EREFFE R Agy oo 20 0.2, JIATE F:57)
PTG (W E ] 1 mmol/L)REEREFE 4 h R B LA B A, H
15% SDS-PAGE & [ FLUK S , BRI H 19 3L H Rk 7t i 5
MR AR TS . T RIB A O T 2ok
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FBEHE 1 100 ARFL EL 3R & LB iR 23 37 C,
200 v/min, $EREFFTEE Ago e 210 0.8 h, IILAE S5 IPTG
(ZHFE 0.3 mmol/L) , T 16 CIEIRSEM FiAESHEIK 16 h,
1.2.3 NGALW4ifk i Binding Buffer(10 mmol/L PBS pH 8.0,
300 mmol/L NaCl) H & P& A, 784318 51, VKoK Hh A7 7 i
B0 °C, 87 4 s, [0} 6 s, PRIE 28% , #E75 R 0] 15 min,
T PRI YRR e TR B0 BT L 6 /i T3 2742 R Binding
Buffer F-fifid () Ni»*-NTA & AZ 4, 5 250 mL Washing
Buffer(30 mmol/L Bk 10 mmol/L PBS pH8.0,300 mmol/L
NaCl) Pl 2% 5T, #5¢5 50 mL Elution Buffer(500 mmol/L
KIS | 10 mmol/L PBS pHS.0,300 mmol/L. NaCl) P H (4925
JT, LA PBS 22 Wi R g G I FIEE I 2 ikt — 2L alifk, 43
BT NGAL 1£ PBS R RGNS . Se FIbREEE 1 5T . T AT
(14.4 kD) , FEFLEE (1S E (25 kD), A IS AR (43 kD),
AR M7 8 1 5 (67 kD) Xt Hiload Superdex 75 ¢ JZ A4
kR, R )G T E NGAL A, MRHEN 1.0 mL/min,
NGAL BBEII T 15% SDS-PAGE Hi Tk , W8 2t B s i 8 43
PEATHEBUE VAR TS I 8 T 15% SDS-PAGE HiJk , Image J
PR IR A B 4B BCA 35T %2 e B | B 43 2 UR AT
F-80 C&EH . Fi5h MRYELEI 2 C R FRERR 5 &% NGAL
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TR KN AT AR T R EIE

124 L NGAL ZriBEhiiimml s Ihl 8 f 5 55k
TR R o8 A R S 7L, s 2 Ry 2 kg TP 22K
F%, 14 d J5 IR RN 2 2 LA B P& s, s
BRI S G EIREE IR 500 ¢, HiAr 250 ¢, 2R 1K
GRUJZE FI R I I 43 B85 I35 1 S [T % R, R AR S8 10 d 5 33
SRR M43 B 03, A& F AN S T -80 CIRAE . FIH
Protein G ZEMZNTIL4fLLHT, SDS-PAGE HLIKAHT4LE
BCA IRIBLAME . FIARAER ELISA J7 kil @ 4ifb mi 5 (1)
et , AP A Y NGAL 1, —Hi M 1:1 000 51
TR 1:1 024 000, FFEEAN R 2 NE AL, 4 HRP ARiCHY
LLAEPTR TG (5 000 F5H R ) , (AR R TMB,

125 i NGAL Hseehiii iyl s FHalifb iy afE %
PENFE/IN B T FL e, U ik , it fege b g/ N
FHERTR TRL G AR S T AN, 21 [ AR 7R 3L R
7%, AR B TR RR R 96 FLIG IR HIE TR SRR ELISA
0%, LA Southern Biotech 23 &) A4V B 72 128 7] & 1k
TTZRYE T 1G 2B/ N AT Ak .
FAIE 5B b 48 & R B s TR IR ZK IR A Protein G
FAFAiML, SDS-PAGE & T HLUK /AT HLA1 1 BCA Lk
BE )42 ELISA J50E ik S HuiAiea o B S50 2 A
(UL H AR Z & i R AR b, R B HrpL R i) S
313 BTG ELISA BB E LR LT,

1.2.6 Pi A NGAL HUiRBISEE 293 4 R FH & B o e oe
FeHE ARSI A O R EBIEE, HepG2 4N B T K
FAJR LI R AT H R e 40 Ak Y €653 FT (immunohistochem—

istry assay,IHC) . X} IPTG i F:Hi/5 pW28-NGAL &
Al 2 AR 1 293 20 AR 2R TR SN B T
L Western blot 7047,

ARG IS K 1 s S 3 3445 6 T IR B R K 22 5256 5
P PR 5L 23 il o (AR 32t

2 & B

2.1 FZakikhsi

AT I HE ) pW28-NGAL F 4 Frki s A E.coli
B834 JFAZ ik, H A& AR LR &G, L Rk
NGAL 43 F 820 23 kD, HLFEE(EmE /N SDS-PAGE F ikl
2 IR, G TR 1) NGAL B M S T AL
FIEFGA (2 60 mg/l LB), 283 Ni2AEsEAI4lfk , 500 mmol/L bk
MR T PRI, TS 2R (1 0T 5 LR A R4 T A
54 s Image J A K EEFIRE HAGEE TR 85% L) I, FH484Fifi
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PSR Ty 30.4 mg/mlL, 43255 J5 A T =80 C45H .
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1 M
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B. 53 Fi4liAkJF SDS-PAGE ikl
2 NGAL @ik 3R
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2.2 NGAL#RERE
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SRR TR A , AR A iR 2ok e B AR RURI 2R AR B 3
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BUAR S TRUAS AAR X AN M3 A 7 W 2R 5 | Fe e #9816 ik
AACIEANMIRR I IR 57 S URAT, Horh 25 450 1gG1 A, 8 |
11,1923 35 54 1gG2a WA, FIEHUASN RS 1Y 2 FR4A
Jf122 /)N BN I 5 2 B R K, P2 Protein G A3:4ii4k , 75 3]
PHE 19 BHE 35, LIRESAL OD {8 5 BHPEXT RFL OD {H 2 [
KF 2.1 MHIWTAR e, AR 2P0 1 280 2 5Bht 19, 541 35
AL RS BT, W3 1, BCA SR 4 b5 () 4 RbpiAuk iz
43501 2.11.,1.98 2.6 Fl 2.03 mg/mL; £ SDS-PAGE HLIKAMT
(4, FARr 2l B T 909% , 1] LA 2 J5 22 e s Bk ; 46
TR 8 I (isothermal titration calorimetry , ITC) M3 NGAL
AVTREGLAR 19 35 WERIE B30 0 3.06 x 10°.2.14 x 10°,
JE35 4 ELISA 2550 2.62 x 10°,1.72 x 10°, i KAk —3,

Kb M1 2 3 4

15 . '
L & .
M: 2 [ marker; 1: 290 1;2: 250 253 551 19;4. 547 35
B 4 ¥ NGAL Hiikdifb 458

2.4  FHANGAL Hih i %2

Maifbfa 24t 1 2480 2 bt 19 R 35 53517
293 AIMUAT e B e gL, AR R 4 HURE AT S 40 b
H) NGAL 2 M 454, RIS SO0 EZ 50 T A b
(B15)o /NRIFmA S e A AR EE 3 T WLl Be AR e /N BB
S ZNY) v S EAE SO, PR FE 40 B P9 A8 oA, 9
RN T A (K 6) , SHIA T NGAL M8 4 2L i —
ES N

R1 HENEE

bk ANy Slifb 5 AN
241 1:32 000 1:64 000
Zt 2 1:128 000 1:1 024 000
i 19 1: 16 000 1:1 024 000
T 35 1:16 000 1:512 000

A. ZH0 1 DAPI B. Z¥i 1 Anti-NGAL C. ZHi 1 Merge

D. £t 2 DAPI E. 24702 Anti-NGAL  F. Z47 2 Merge

H

G. B 19 DAPI  H. BAHT 19 Anti-NGAL L. B4 19 Merge

K L

J. BT 35 DAPL

E 5 #HlNGAL fiff &t R (400 )

K. BAHT 35 Anti—-NGAL L. BT 35 Merge

SAAILLTPTG KSR B E A AL REA |
293 A 24 S /N BRI AL U IE 5T 4, SR fe bt thN-
GAL £ Vi FEhi kst BT thNGAL BT LRy —470 , 4T 0
PELPIE 5347, Western blot 45 4L /R 7E 2 23 kD Ab¥4 4 BRI
BT AT LR 2 (1 7)o AR W], ITI 45 1B NGAL Hitfk
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A] 5] thNGAL f RAK NGAL 5 [ & 35 iRtk e vy . B
SIS AL[RIIESEHT NGAL B4R EAT B U () 4 S e B A e S
N, HEAABT R RS sR T 2 b,

A NI BIMEXTIE B ZHi 1 THC C. Z4 2 IHC

D. ¥t 19 THC E. By 35 THC
E6 BEREENENEZEHANKEE(400x )

g-— Q- -

A. ZHi 1 Western blot B. Z4t 2 Western blot

1 2 3 4 5 1 2 3 4 5

C. HA3{ 10 Western blot D. Hi4T 35 Western blot

M: 2 I marker; 1: AR5 PRE R ;2 : IPTG 75 5 R ;3 4lifb 5 1)
NGAL;4:293 12480 5 5 - /N4 21
7 NGAL fiffsHFHLEE

33 i

NGAL FZAFAE T MR 40 i | A v 40 it
BN, ARG R NGAL FE 1ML R ik
FERAR, B I SAE sl SRR SR e
P53 NGAL Fik i i JEab Fiils IRIFFE AR W
NGAL 5 e ifn 78 2ot B 45403 %% VAR OC | RIZE B I %
Az SRR G NGAL 72 1L PR P B & 0 e 7

175 DA HIE G I %) NGAL H LR/ 2 h, 28775,
LT H A NGAL B97KFErT LA RS, PR, NGAL
ATLME N 2B e Wisbr Z — ., 14
S, KEEAFFE L T NGAL 515 ULEF (Serum cre—
atinine , Scr) | - PEEER & H B 55 C (cystatin C,
Cys C) .ol -fERE H (a~Microglobulin,a1-MG) | bR
TR IE 8 1 (microalbuminuria |, Alb) N-Zi-B-D%,
I 4 755 0 T B (N -acetyl - =D —glucosaminidase ,
NAG ) 555 P8 PR AR B 15005 19 B AV, B A A A
NGALZ2 H i e HAT I A7 5% 89 5305 0545 35
Pyro-el, NGAL ik af IR A i B B4R (B—type—
natriuretic peptide, BNP ) il 2 PEAf O 5 AR J5 B
Th e 3 0 K A AU, T00I A5URREE Sl 909% , 5 BE N
99%1'%, AN A AN E AR LI Il s N A A
RGP AP NGAL H A AR F2 B A 720, 3R
CA 1 NGAL &y R U8 R 7 v 2 1k 22 &0t
(DGR g IR ETIN LS AN AR L2/ = RPN
FUIESR e Lol A, BAES  BUIAR SRR 2 4
HNEWT T HEE AR By B, W SE RS2 RR
M NGAL F 2 — A 5 LB R A, (BATTE N PR
I LR o A 71 | ES e = e [ NN 319
A A9 ) 322 H 0 RIS by s i) iy [ 7 A i
WITAE,

H AT, T 22 42 293 40 i A% Rk alifk
(1) thNGAL ffT i # 1k (19 rhNGAL 285 B 2 AL 12
LTI (E v T 4 (NN [ e [ R e =
Barasch S544 H 1 NGAL JR A kL 78 K B #1
HFEIBEME DT 10 mg/mlL) A K H AR AT
I, B HER RO LB, A WAR R TR, 1
O T RS B o B NGAL 8 Ik B
(LR P 4], A T A 3 A R i K I A T
Wi 2 A TR CRAF SRR PP 9 AR | fif H A BE 1A g
TE R v B RO 3Rk ) H I8 1 NGAL 3R
IR Barasch 25 4RGE ) 10 mg/L KR B 42 5 2]
60 mg/L, ZiALITS M EE 2 NCGAL & AR 2
PLBAIE XAFTE , 5 BRI & 1 e — 2, 7
NPT EAT R R T

AR TR 5T I FH i R0 % i ELAT A 2R T B
4 NGAL 345 T w2 2 PRt 2 se iR fil 2
PN TR, R ITC XL R AL A A
RUAEE = T LA AR ELISA 3%, BOmi bt 19
FIEAGT 35 HYZEANH K30 3.06 x 10°.2.14 x 10,
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BEAh AR ST ALK R0 NGAL BLiARLE 293 41
MG AN, 45 SR 3 BH 1) 25 (0 B A B AR S 1
UM EURZ 40 M P 9 NGAL & 1, ] 1T 40 i Py Yk
Rz B fe A e e AL ARSI NG AL 7E/NR 2
LU eIk 5 R R B IR Al 4 rp B P e (e 2 22
T AR, 555 eas R NGAL 41 A 1
EN—E, NIRRT H NGAL Bk A 55
P A0 KA A PR 293 AR 11 240
BN RIS T Western blot 234, 25 S IH Fr
il 28 AR S JE A% 25 6 thNGAL  ELAZ 40 K/ B
HAUP I RIR NGAL PRI v LU L AR S G
PRI, A5 BT il B Ak o s e S b, 2 5L A
Jz e TS, Hedr il i 2 HURA IR Hoo%
FUT T 5 T BT U A R ik P e S

25 FRTR AL T M NGAL 85 0 HokH JE B
Il PR 1 A2 WT 3697 AN s B E B R R S T 3
M TR NGAL B SR, ARWF5eiil a5
WA A F-AU =8 NGAL 48 (A M i
Z il M ESUAR AR T NCGAL Rk — 2 Dy fig
T F EL I PR S PR A IR 6 %) L =10
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