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Abstract In order to study the effect of human deoxyribonuclease I ( DNase I) on neutrophil extracellular traps
(NETs) degradation, genetic engineering bacteria E. coli Rosetta ( DE3)/pET32a-His-DNase I was construc-
ted. The fusion protein His-DNase 1 was induced by lactose, and purified by Ni-affinity chromatography. Mouse
neutrophils were extracted and stimulated with phorbol-12-myristate-13-acetate (PMA) to form NETs. The degra-
dation activity of the fusion protein on NETs was detected by SytoxGreen and fluorescence microscopy. The
results showed that the purified His-DNase I had high nuclease activity. This study provided the research founda-
tion for further exploration of the clinical application of DNase 1.
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200 Y R0 T ok R B 0 L ) e 5 B T S 3 AR R
T, I 7 /0 UL 988 L 1B Mt 9 5 01570 454
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Figure 1 Schematic diagram of the plasmid pET32a-His-DNase I
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Figure 2 0.8% Agarose electrophoresis analysis of the vector plasmid pGEM:DNase I (A) ,PCR products (B) and restriction enzyme digestion of
plasmid pET-32a( +) (C)

(A)Lane 1:DNA molecular weight standards; Lane 2 : Plasmid pGEM: DNase 1; (B) Lane 1:PCR product of DNA fragment amplified by Pl and P2
primers ; Lane 2 : DNA molecular weight standards; ( C) Lane 1:Complete plasmid of pET-32a( + ) ;Lane 2:DNA molecular weight standards; Lane 3.
pET-32a( + ) single digested by Ncol;Lane 4 ; pET32a-His-DNase I single digested by Xhol;Lane 5;pET-32a( + ) double digested by Ncol and Xhol
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His-DNase 1 4
(A) Lane 1; DNA molecular weight standards; Lane 2 Recombinant
plasmid pET32a-His-DNase I; ( B) Lane 1: DNA molecular weight
standards ; Lane 2 : Recombinant plasmid pET32a-His-DNase I;Lane 3 : 3r
pET32a-His-DNase I single digested by Ncol; Lane 4: pET32a-His- _
DNase I single digested by Xhol; Lane 5 :pET32a-His-DNase 1 double wqg 2r
digested by Neol and Xhol
1 -
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Figure 5 12% SDS-PAGE analysis of the fusion protein His-DNase 1

(A)12% SDS-PAGE analysis of the expression levels of fusion protein His-DNase I induced by lactose for different time; Lane 1-7 ; Total protein of
E. coli Rosetta( DE3) transformed with His-DNase I induced with lactose for 0,1,2,3,4,5,6 h,respectively; Lane 8 ; Protein marker; (B) 12% SDS-
PAGE analysis of expression pattern of His-DNase I; Lane 1 : Protein Marker; Lane 2 ; Supernatant of the lysate of E. coli Rosetta( DE3 ) transformed with
pET32a-His-DNase 1;Lane 3 ; Precipitate of the lysate of E. coli Rosetta( DE3) transformed with pET32a-His-DNase 1;(C)12% SDS-PAGE analysis
of the expression of recombiant protein His-DNase I purification with different concentration of imidazole; Lane 1 : Protein marker; Lane 2-3 ; Proteins
flow through from Ni Sepharose ; Lane 4-5 ; Gradient elution with 30,300mmol/L of imidazole, respectively; (D) 12% SDS-PAGE analysis of the renat-
uration of recombiant protein His-DNase I;Lane 1 ;Protein marker;Lane 2 : Renaturation renaturation of recombiant protein His-DNase 1
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R o] DL 3 DNA 5658 B R A NETs 7K .
PRI/ N B A i 0t v 1 A 40 i, Ao B L4 B oy
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Figure 6 Degradation activity of His-DNase I on neutrophil extracellu-
lar traps ( NETs) in vitro detected by SytoxGreen

PMA ; Phorbol-12-myristate-13-acetate ; DMSO ; Dimethyl sulfoxide
*P<0.05,"* P<0.01 vs PMA;* P <0.001 vs DMSO group
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Figure 7 Degradation activity of His-DNase I on NETs in vitro detec-

ted with fluorescence microscopy

4 1t i

NETs AH¢ A B S B PEE I 1 A BEAT 522
TE AL RSN U NETs KF-FHs ™ DNA
J& NETs 1) 2450 i 71, H NETs H1#) DNA fig A
e B OR B A T RS A I b, RPN
cf-DNA/NETs ( neutrophil-derived circulating free
DNA) o FEA G B2 WSS 2] NETs 5 1 3¢
LT 25 VR Y of-DNA JKF HAT AR 2
Pk, of-DNA ] HIff: NETs f#8:fChRiC 4, i DNA
KB E R AT Bl T M B 0 Sl AP AL R 97 R
W 94 Mo Margraf 5 g7 7 i of-DNA/
NETs R # & & B9 % 9 77 7% ( Quant-iT PicoGreen

dsDNA assay ) , BESE 7 5Pk HAS I I 2 ok A bk
R of-DNA/NETs, Cf-DNA Gl Z R Ll
IS JE WP H AT B DNase [, % T
NETs 7 2 Flt 6 35 95 05 19 & s ML oh A 8 4E
DNase I fE25 NETs i 6 P98 5 [, A5 B &
e M 1 LA AL | 0 B B RE % 4% 1 A 4
ZURIRPER PR TR L

FH T R AR B Rt oA 5L 1 BRI A B i
JoT Rt ) 22 S A, PR A P AR T B LR S A )
Ui = 2R3k hDNase 1 AR KA H. KimiR
WRRBRGEEA AL B SG Rk &
T I P 43 B Al AL R fRT BRSO ARz
Bk ARG BRAWRIE RS @t T AW ik
BT AR 5 A DNase T LR 13353k {& pET32a-
His-DNase I, 233 25 S, flA & E DA AR 1
B FIR , FIR B o AU SE g 3o 78 0 2H =R
W& TR, TR THARRE RS
AR o B el A [A) B o kG A L RRUE PR R A
P GBM Rk i b )E , ml A 8 0 gl
B o

A FVERY) DNase T 7ERE R FE 40 M 1) G 4 507
TS CHAE A . B H)E DNase 1(5 mg/mL) AJ
PASE 4 B fift NETs, H X A~ ik B e 3 = F A= Bk
DNase T #J3 (20 ng/mL) "™ A B 53 128 43 B /N
FRAI ] i o PR R 20 B 7E A S0 SROE B NETs, i A
DNase T J5 #5032 25 DNA 7K - [ 7 5 0 DL 3%
5 RW FilA 25 DNase 1 7£ 15 T 20 pg/mL ¥
JE ) i d 3 b 7E 1R R B i NETs (1) DNA 48, 3%
PR A G 1 o AT DL AR ZE BRIRBE T DNase 1
TE A I o #b FE AR JEYE Y DNase T B —3E
AATYE . B H T R85 A TR 2 8 1 2 1 R A
FIr), AR ELAG A 6 1, (LR A BH A W A S0
PEZI R OC R, MO, AR R B & DRI
RRRRRE ] B 23 S B H A im0 DN )
BTN 35 UE AR 25X DNase T {EPE 200

ARG Ryt —2PARSY DNase 1 1T NETs AH5¢
H B e i 98 B8 T e

S % X

[1] Borregaard N. Neutrophils, from marrow to microbes[ J]. Immu-
nity,2010,33(5) :657 -670.

[2] Brinkmann V. Neutrophil extracellular traps kill bacteria[ J].



55 50 55 1]

2N, %5 - N DNase 123K alifl JeFf# NETs 35 PEBTSE 99

(6]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Science ,2004,303(5663) :1532 - 1535.

Brinkmann V,Zychlinsky A. Beneficial suicide; why neutrophils
die to make NETs[ J . Nat Rev Microbiol ,2007 ,5:577 —582.
Jorch SK,Kubes P. An emerging role for neutrophil extracellular
traps in noninfectious disease[ J]. Nat Med,2017,23(3) :279
-287.

Merza M, Hartman H, Rahman M, et al. Neutrophil extracellular
traps induce trypsin activation, inflammation , andtissue damage in
mice with severe acute pancreatitis[ J]. Gastroenterology,2015 ,
149(7) :1920 - 1931.

Gould TJ, Lysov Z, Liaw PC. Extracellular DNA and histones
double-edged swords in immunothrombosis [ J ]. J Thromb
Haemost ,2015,13(S1) :S82 — S91.

Clark S R, Ma AC, Tavener SA, et al. Platelet TLR4 activates
neutrophil extracellular traps to ensnare bacteria in septic blood
[J]. Nat Med ,2007,13(4) :463 -469
Lood C,Blanco LP,Purmalek MM, et al. Neutrophil extracellular
traps enriched in oxidized mitochondrial DNA are interferogenic
and contribute to lupus-like disease[ J]. Nat Med ,2016,22(2) ;
146 - 153.

Wong SL, Demers M, Martinod K, et al. Diabetes primes neutro-
phils to undergo NETosis, which impairs wound healing[ J]. Nat
Med ,2015,21(7) :815 -819.

Fuchs TA,Brill A, Duerschmied D, et al. Extracellular DNA traps
promote thrombosis [ J ]. Proc Natl Acad Sci,2010,107 (36) :
15880 - 15885.

Caudrillier A ,Kessenbrock K, Gilliss BM, et al. Platelets induce
neutrophil extracellular traps in transfusion-related acute lung
injury[ J]. J Clin Invest,2012,122(7) ;2661 —2671.

Sangaletti S, Tripodo C, Chiodoni C, et al. Neutrophil extracellu-
lar traps mediate transfer of cytoplasmic neutrophil antigens to
myeloid dendritic cells toward ANCA induction and associated
autoimmunity[ J ]. Blood. 2012 ,120(15) ;3007 -3018.

Simon D, Simon HU, Yousefi S. Extracellular DNA traps in aller-
gic, infectious, and autoimmune diseases [ J |. Allergy, 2013, 68
(4) :409 -416.

Zhou Z,7Zhu C,Ren J,et al. A graphene-based real-time fluores-
cent assay of deoxyribonuclease I activity and inhibition[ J]. Anal
Chim Acta ,2012,740 .88 -92.

Park J, Wysocki RW, Amoozgar Z, et al. Cancer cells induce
metastasis-supporting neutrophil extracellular DNA traps[ J]. Se
Transl Med ,2016,8(361) :361ral38.

Wen F,Shen A, Choi A, et al. Extracellular DNA in pancreatic
cancer promotes cell invasion and metastasis [ J]. Cancer Res,
2013,73(14) 4256 —4266.

Cedervall J, Zhang Y, Huang H, et al. Neutrophil extracellular

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

traps accumulate in peripheral blood vessels and compromise
organ function in tumor-bearing animals[ J |. Cancer Res,2015,
75(13) ;2653 -2662.

Sayah DM, Mallavia B, Liu F et al. Neutrophil extracellular traps
are pathogenic in primary graft dysfunction after lung transplanta-
tion[ J]. Am J Respir Crit Care Med ,2015,191(4) :455 —463.
Macanovic M, Sinicropi D,Shak S, et al. The treatment of systemic
lupus erythematosus ( SLE) in NZB/W F1 hybrid mice; studies
with recombinant murine DNase and with dexamethasone [ J].
Clin Exp Immunol ,1996,106(2) :243 —252.

Stavros G,Sinuhe H,Paul H. “The NET outcome” : are neutro-
phil extracellular traps of any relevance to the pathophysiology of
autoimmune disorders in childhood [ J 17 Front Pediatr,2016,
4.97.

Chowdhury CS, Giaglis S, Walker UA ,et al. Enhanced neutrophil
extracellular trap generation in rheumatoid arthritis: analysis of
underlying signal transduction pathways and potential diagnostic
utility[ J]. Arthritis Res Ther,2014,16(3) ;R122.

Chanchal SC, Hahn S, Hasler P, et al. Elevated levels of total
cell-free DNA in maternal serum samples arise from the genera-
tion of neutrophil extracellular traps[ J]. Fetal Diagn Ther 2016,
40(4) :263 -267.

Wang Y, Xiao Y, Zhong L, et al. Increased neutrophil elastase
and proteinase 3 and augmented NETosis are closely associated
with B-cell autoimmunity in patients with type 1 diabetes[ J].
Diabetes 2014 ,63(12) ;4239 —4248.

Margraf S, Logters T, Reipen ], et al. Neutrophil-derived circulat-
ing free DNA ( CF-DNA/NETSs) : a potential prognostic marker
for posttraumatic development of inflammatory second hit and
sepsis[ J]. Shock,2008 ,30(4) :352 - 358.

Dwivedi DJ, Toltl LJ, Swystun LL, et al. Prognostic utility and
characterization of cell-free DNA in patients with severe sepsis
[J]. Crit Care,2012,16(4) :R151.

Lebendiker M, Danieli T. Production of prone-to-aggregate pro-
teins[ J]. Febs Lett,2016 ,588(2) :236 - 246.

Vogel B, Shinagawa H, Hofmann U, et al. Acute DNase 1 treat-
ment improves left ventricular remodeling after myocardial infarc-
tion by disruption of free chromatin[ J]. Basic Res Cardiol ;2015 ,
110(2) .1 - 15.

Farrera C, Fadeel B. Macrophage clearance of neutrophil extra-
cellular traps is a silent process[ J]. J Immunol ,2013,191 (5) .
2647 -2656.

Horchani H, Ouertani S, Gargouri Y, et al. The N-terminal His-
tag and the recombination process affect the biochemical proper-
ties of Staphylococcus aureus lipase produced in Escherichia coli

[J].J Mole Catal B Enzymatic,2009,61(3/4) :194 —201.





