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Abstract
utilization pathway. [ Method] The H,O-producing NADH oxidase gene (noxE) was cloned by PCR from Lactococcus lactis genome, ligated into
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[ Objective | To compare the lactate oxidation activity of lactate dehydrogenase (LDH) in the presence and absence of another NADH

the expression vector and expressed in E. coli. After affinity purification, the recombinant protein was analyzed by SDS-PAGE, UV-vis absorp-
tion spectrum and determination of enzyme activity. 2 ,4-Dinitrophenylhydrazine was used to evaluate the effect of NoxE addition on the lactate
oxidation activity of LDH. [ Result]NoxE was purified as a flavin protein with significant activity. When NoxE was added, the lactate oxidation
activity of LDH was increased 3. 84-fold. [ Conclusion ] The lactate oxidation capacity of LDH will be significantly increased under physical condi-

tions where NADH can be consumed via respiration chain.
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1. 1. 1 Kk F1 & ki, Lactococcus lactis subsp. cremoris
MG1363, 175 22 k8 T M K2 J. Kok 22 Bme" ; L. lactis
MG1363 1 LDH Ay 3 35k B # E. coli Transetta ( DE3)
(pRARE, pEASYLDH4 ) S ARAU Al 27 3L it B2 B B A
PO IS AR AT W Bk FIAE AR E. coli Transetta ( DE3)
(pRARE) FIZIAEAR pEASY — E2 Iy [ Jb it 425X 75 E.
coli IM109 852 240N A FEEEEY) 22 Al o
1.1.2 FFRXH], Ex Tag DNA B4 . DNA ligation kit Fl
DNA Marker i [ TaKaRa 2\ 5] ; 5% % (Amresco) ; 2~ B &
% (Sigma) ;Ni — nitrilotriacetic acid agarose resin ( QIAGEN) ;
2,4 - ZAHEEAE(DNPH) Sy [ 7 s PCR 5 |01 EHF SR EY)
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GenBank (5 5% %5 : AM406671. 1) v (1% 5 A 5 51 {75 &, ffE ]
Primer Premier % i+ 51 ¥ JH T-97 3% noxE K., DA L. lactis
MG1363 %t [H 2 DNA H R4z, 43 5 L 5'-AAAATCGTAGT-
TATCGGTACAAACCAC-3' 1 5'-TTTGGCATTCAAAGCTGCA-
ACTG-3"h BRI T #5194 T PCR 4735, PCR 4544 0:95
C AP 5 min;95 CZ8M: 1 min,60 °CiE k 30 s,72 °C fEfdi
70 s, 330 MEFF ;72 CHLE 5 min,
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OX) 73 HIHATRE G IR . 2 OD g1k 0.5 ~0.7 5}, %5/ IPTG
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B ORI, BT -20 CR R,
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AFEEFER, RINEEEE 1.5 mg/ml, £ EE TEH 20
min, SR J5 2R AL P, B0 R BR AR I A AR A A . % 20
mmol/ L BKME[Y buffer A SPAf Ni - NTA S Fl (A 3541, 415 2]
1 LI R AT, I 20 mmol/L WKMERY buffer A BEIBE
ERERPELS A AR 1, A S 1 mol/L BRI buffer A
XAt A AR bR 2 H IR R TR
1.2.3  HAABEEMSE SAEY G, Xalifkry#EZ LDH
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1.2.4  FEEMEAIE . e NADH SRR P 520K 3R
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JIWAE 30 °C TR FEAT , 38 2k W0 74 0 e VRS S W TE 340
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A U P R PR AR, DA T 353 Bl )95 42 o

10 5E TR NoxE #4188 A LDH LR S AL TG P 52
MaH , Fe) 1 0. 33 ml KW AR R 75 A I Nox 29k 1
pamol/ (ml-min ), AR 1A,

1B (U) S 5 SO AE BRI 25T, B0
PEALTHAE 1 wmol IRWIBAE AL 1 wmol 7y il 1R i
2 #ERE5H5H
2.1 noxE EEKPCRER £ PCR P, L lactis MG1363
t noxE KLY PCR =RV 1338 bp, 5 F R/ IS

M P(R1 P(R2

1489 bp

925 bp

7 :M:\-EcoT14 Marker; PCR1 F11 PCR2 ;L. lactis MG1363 noxE %
B PCR 74
E 1 noxE EFE PCR F=#)HEER HE ik BliE

2.2 EEBENMPAMEERATFEE ¥ L lacis MG1363 noxE
FEH) PCR 77 5 3R BUARE R IS Ak Transl - T1 J&EZ 3
ML, DAV A 1 2 M P Al BE L PRI 6 AN TR 5, FH B TR
PCR sl AT MIERIRE A T (F 2) , L BE 4 N EE
P AR A9 4505, KM T Marker A9 1 489 F11925 bp 2
(], 55 T I/ MAHAT

1882 bp
1489 bp

925 bp

T : M. \-EcoT14 Marker; 1 ~ 6. JHBEHL Bk 2L 09 T8 V& 2E47 19 T 7%
PCR 555,
E2 BEBBAFEDHEEEAFHEELER

2.3 NoxE Zift = RiEENE R BAFNE 2L NoxE
AR RESEAE A, TE 300 ~ 500 nm 40X} 8 20 25 AT
g, 25 R AN 3 fis, NoxE 4 25 178 370 1440 nm
Qb W A P I WS, e I S B R A Ay, X 5 SCHRAGE 1Y
gEFARRE

300 320 340 360 380 400 420 440 460 480 500
Wavelength f/ nm
B3 =48 NoxE ByRitias R
(F#% 1927 )



41 %5 M RHEME

F B A 0 5 AE R AR R 1927

[17] BNOUHAM M,MERHFOUR F Z,ZIYYAT A,et al. Antihyperglycemic
activity of the aqueous extract of Urtica dioica[]]. Fitoterapia,2003,74
(7/8) .677 —681.

[18] RAU O,WURGLICS M,DINGERMANN T, et al. Screening of herbal ex-
tracts for activation of the human peroxisome proliferators-activated recep-
tor[ J ]. Pharmazie ,2006,61 (11) :952 —956.

[19] GOLALIPOUR M J,KHORI V. The protective activity of Urtica dioica
leaves on blood glucose concentration and beta-cells in streptozotocin —
diabetic rats[ J ]. Pakistan Journal of Biological Sciences,2007,10(8):
1200 - 1204.

[20] NAMAZI N, TARIQHAT A,BAHRAMI A. The effect of hydro alcoholic
nettle (Urtica dioica) extract on oxidative stress in patients with type 2
diabetes ;a randomized double-blind clinical trial[ J ]. Pakistan Journal of
Biological Sciences,2012,15(2) .98 —102.

[21] SAID O,FULDER S,KHALIL K, et al. Maintaining a physiological blood
glucose level with ‘ glucolevel’ ,a combination of four anti-diabetes plants
used in the traditional arab herbal medicine[J]. Evid Based Complement

Alternar Med ,2008,5(4) :421 -428.

[22] BNOUHAM M,MERHFOUR F Z,ZIYYAR A et al. Antidiabetic effect of
some medicinal plants of Oriental Morocco in neonatal non-insulin-de-
pendent diabetes mellitus rats[ J ]. Human & Experimental Toxicology,
2010,29(10) :865 - 871.

[23] ZME, TR, E5550, 5. MRS IR PR U R
FELHRER T PRAP IR SCOMEZ [ ]. mhikz,2011,33(5) -882 - 884.

[24] JAHANAHSHI M,GOLALIPOUR M J,AFSHAR M. The effect of Urtica
dioica extract on the number of astrocytes in the dentate gyrus of diabetic
rats[ J ]. Folia Morohol ,2009,68(2) :93 -97.

[25] OZKOL H,MUSA D,TULUCE Y et al. Ameliorative influence of Urtica
dioica L. against cisplatin-induced toxicity in mice bearing Ehrlich ascites
carcinoma[ J ]. Drug and Chemical Toxicology,2011,34.1 -7.

[26] GOLALIPOUR M J, GHAFARI S, AFSHAR M. Protective role of Urtica
dioica L. (Urticaceae) extract on heoatocytes changes in STZ diabetic
Wistar rats[J ]. Turkish Journal of Gastroenterol ,2010,21(3) :262 —269.

(4% 1919 W)

2.4 SDS-PAGE ##TEZHEHR X LDH F1 NoxE S &M
47 SDS/PAGE 4341, 455 4n &l 4 7R, LDH ()R 5 F &
A1 37.24 kD, 5S4 F18 37. 15 kD AB4F ; NoxE IR WAF
o 48.10 kD, 5HERE 48. 71 kD 5 h—5,

M IDH NoxE M
97.2 kKD —
66. 4 kD —— -—
—
443D —— 0 —
R — —
29.0 KD —— s
— | —
201 kD —
-
14.3 kD ——
® -

E:M S H Marker,
E 4 3t LDH 1 NoxE B4 E H ) SDS-PAGE 447

2.5 LDH#1 NoxE EHERFMESTT NoxE i1k NADH
SAALIETE D (35.88 £0.82) U/mg, XUESLIZIXE 1 NoxE
FALEE F IR, BAT B WA Y% . A DNPH 3%
DNRE A B N B R 5, % B LDH 7E 9547 S NADH %4k
BT BFLRR AL TE TR (9. 54 + 1.72) U/mg, MHS N T
NoxE 48 fb il Ji7 , FL 3L R 4 10 1 P 42 i 31 (36. 67 + 1. 85)
U/mg , AT NoxE I GE TG PERY 3. 84 £, X UL 7E NADH
AT R DL T, LDH LU RS AL Ts ] AR v
3 HAig5itig

Je ) LDH HEAERY BN : NADH + N R > NAD + ¥
2o 38 H AT FR LDH 3= 2 A P IR R4 N S 07 T A
TR, PR Rk 26 LDH 2L A NAD (13 A
AR T T SRR (1 S R AR A AR A
JL A HARA) F NADH )42 4R % 4 FR, LDH X e A4 79 i
FRIB ISV o SRTIT , AR — AN (4 PR I 5 T I R % i
H AN A R T R AN ALY, AR AN R AR A
£, PR AR S MA R A5 21 25 SR IF AN 6 AR ECSE B RN H B AR A
WEISEPRE . TEA PR AEIE T PO EERY NADH i <0

nfiEfk NADH + 0, —>NAD + H,0 J i, iX 23 fe il LDH 1k
R SN R 2l fd B ) A T LR A AR R 7 e 24 T
ANERLANIEE , TR IR R AT Shy JH AU R P 645 - T A 0

fit, kb 2 xf LDH AL FL IR A A A iE— 20 i S AR HT .

o AT LDH 5 b 4 P L R AL R i 7 8

RERARIINIGE o ZWFFE BT BETE AL YA AV IS it

T B, W BESE LDH 1E L. lactis 40 AL FLIR B AL Y

S STBISEa S T

S 30k

[1] DUWAT P,SOURICE S,CESSELIN B, et al. Respiration capacity of the
fermenting bacterium Lactococcus lactis and its positive effects on growth
and survival[ J ].J Bacteriol ,2001,183(15) :4509 -4516.

[2] SIJPESTEIJN A K. Induction of cytochrome formation and stimulation of
oxidative dissimilation by hemin in Streptococcus lactis and Leuconostoc
mesenteroides| ] ]. Antonie Leeuwenhoek ,1970,36(1) ;335 —348.

[3] KOEBMANN B,BLANK L. M,SOLEM C,et al. Increased biomass yield of
Lactococcus lactis during energetically limited growth and respiratory condi-
tions[ J]. Biotechnol Appl Biochem,2008,50(1) ;25 —33.

[4] LAN C Q,ODDONE G,MILLS D A, et al. Kinetics of Lactococcus lactis
growth and metabolite formation under aerobic and anaerobic conditions in
the presence or absence of hemin [ J]. Biotechnol Bioeng,2006,95(6) :
1070 - 1080.

[5] CHAO G,TIANYI J,PEIPEI D, et al. NAD - Independent L — Lactate De-
hydrogenase Is Required for L — Lactate Utilization in Pseudomonas stutzeri
SDM[ J]. PLoS One,2012,7:36519.

[6] SEKI M,IIDA K,SAITO M, et al. Hydrogen peroxide production in Strepto-

coccus pyogenes ; involvement of lactate oxidase and coupling with aerobic

utilization of lactate[ J . J Bacteriol ,2004,186(7) :2046 —2051.

PINCHUK G E,RODIONOV D A,YANG C,et al. Genomic reconstruction

of Shewanella oneidensis MR — 1 metabolism reveals a previously uncharac-

terized machinery for lactate utilization[ J ]. Proc Natl Acad Sci USA,2009,

106(8) :2874 —2879.

GOFFIN P,LORQUET F,KLEEREBEZEM M, et al. Major role of NAD —

dependent lactate dehydrogenases in aerobic lactate utilization in Lactoba-

[7

[

(8

[

cillus plantarum during early stationary phase[J]. J Bacteriol 2004, 186
(19) :6661 —6666.

[9] WEGMANN U, O’ CONNELL-MOTHERWAY M,ZOMER A, et al. Com-
plete genome sequence of the prototype lactic acid bacterium Lactococcus
lactis subsp. cremoris MG1363[ J]. ] Bacteriol ,2007,189(8) :3256 —3270.

[10] TACHON S,CHAMBELLON E,YVON M. Identification of a Conserved

Sequence in Flavoproteins Essential for the Correct Conformation and Ac-
tivity of the NADH Oxidase NoxE of Lactococcus lactis[ J]. J Bacteriol
2011,193(12) :3000 —3008.

[11] VANNIEL E W J,PALMFELDT J,MARTIN R,et al. Reappraisal of the

regulation of Lactococcal L —lactate dehydrogenase[J]. Appl Environ Mi-
crobiol ,2004,70(3) ;1843 — 1846.



