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LREREI, FEPT LTS TRIEZIK, & m IR E SR
HAT, Setefeas i ny s = S i ok 45 i o0
HAREAE, pamiREET . pHO i B s ML R
firf A, R R Z b2 e A AN G sl nift
JEFN pH &%, — H /K PEBsi E J5 AR 5
B, I HAE S P A R B I FE R s e S
[F) R
ML G K SRR R A A AT LR BN, e
gt B, AR 0 98 AU A A 2 e
b, Zid WAEIRER " R HIRER . S Abd R
WA IR R T AR IR ES , TR — R ANk
JF YRR AL A AR A, U 4
il 25 Fh A5 P S B RIS AL IR L, H %
H SV PR R 3 i AR R AR AR GE AN AL - S
o RS AL AR i R rp AR ER ER B FE Ak Ty 1]
BOCEE, WA IR ER N — AL S k-
A R, i T O — A A R (NO)E I i
N, W& TR A fe, Rt , Seat e fian ik
) S FHEAE T T A B R A 1] o
VA BR ER A6 I (Nitrite reductase, NIR)S&SZ
fifd A 3o A R A S R R 5 Ak O S R (NO) Y i
(EC 1.7.1.2)0 KB W AHBRER I S A AL AR ] )
FORE(N K 1), FEA B AN 40 a8 iz 4 At
NO, +if JF S 4 il (4, % +2H > NO T+
FALS NI AR +H0M R (1
WA E T 3RE NIR, (AR
;T NO MEALZ T S AL,
ot 58 R 2R 1) A AR AL A0 7 ) AT, B BN TE K
RAERE B HHET, w0 Wl o oo i bk
PR AL O HOE . A SO R A RXT NIR
AT TR RGE, FFAG I T 4 TR A A PR R 1A
RS, R AR S A A 1Y SR -

LT Acinetobacter sp. YF14!" a5 4bF 57K E
HRG, Al T EH WA KA P RER, A
SO AW GE T ¥ A0 T A R B R Y
Wiy, i B A] LA E i A i s il e AR Ak S A
Al IR SRR

1 AR

1.1 R, 2dEIERE

HIVE E.coli BL21(DE3)7E LB 3555t 37 °C
Hi3%, Acinetobacter sp. YF14 [F & {# /) LB 1
Frdk, BEASEFRILAE S SR [14]. T2 Y
4 [ Sigma Aldrich 23 /], Mordral. & 2 &K
4 pH 7.0 # 100 mmol/L HEPES 25 i VA i i 44,
fE5£(1.0-1.5 mmol/L), AEi& V5 /K FIi& M5 Je I B
B BT V5 K AR BE)
1.2 EAREME

FI AR & (OMEGA, USA)EL Pseudomonas
aeruginosa PAO1 WJFEEIZH, KM Phusion & HE
B4 W (Life technology, USA), FJH PCR By 7 ¥
AT H IR PaNir, JEH PaNir T 851908 -
Fl: 5'-CACACAGGAAACAGCTATGCCATTTGG
CAAG-3';R1:5-TTCCATTCGCCATTCATCAGTA
CACGTCGTGC-3', Herp R85 0 5 ki 2 A AR
HEAERT R S, BUREA pBBRIMCS2 Y4k
PEfLiE S PCR 3115, 51914 F2: 5-TGAATGGCGA
ATGGAAATTGTAAG-3'; R2: 5'-AGCTGTTTCCT
GTGTGAAATTGTTATC-3'. #f H 3L [N 52 M1k
() JFRLE L In-fusion B iEEF TS, FHEEILE
E. coli BL21(DE3)H, #1% HEAFE Pk BL21
(PaNIR). [R]F B #2465 Bk pBBRIMCS?2 #44kiE A
BL21(DE3), #kf3Xf HE R BL21(C), Rk H &
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A2 HFRL,
1.3 EHERNERLE YRR 2T

FIFH LB 55l dmA mpRIE R, i
1% RN ORISR 100 mL, 44 KF] ODgoo N
0.6 Z£47, MIA 0.5 mmol/L IPTG iS5, # 30 °C
T kL8555 4 h, B5.0(5000 r/min, 5 min)EEH
&, FIH pH 7.0 & 100 mmol/L HEPES & Mg i
B 2 W), FHHMRZ P REFEIAZE ODe
2.0, FHXRER TR RN AT, A —E ik
BEREACE, 76— BRI, #5.02(13000 r/min,
2 min) LA, K R EAE Y.
14 REFFHEBFNREABRLR

SR PPA EE A R BT K R AR A AR VR
SR 2 Ak P EC: (1) I E SaE R 57
fitifb-F A Acinetobacter sp. YF14" iR
PR, OMACKRFE LB LB (2) A Z A
(Op7RN L (B ) N 4 AT TR O 1  E2
WA AL R A A 1 5 KA Rk, S B =it
TS, FMOKAE TSR LA 100:25 A9 EL)
PEATHC L BRI 41, A ODeoo=1.0 9 4
BL21(PaNIR), VIASHIEZH A AORE L EH BL21(C)
R EH MRS T AL, DL b 2 FhibEE =X
(I IAE 100 mL = fR s, VKRN
25 mL, 7E25°C. 100 r/min $FEARIRHIESE, HER
[ R R AL B Y& & . BRAH] IPTG 355
Hh, Witk YF14 i )y 8 5 B wAHE (0 1.3).

VAL SRR T H A R B R E T R s . 7R
100-mL =AM AL E 25 mL A9 ODgoo=2.0 T Pk
YF14 a5 K] 15 (Z A & &4 1.5 mmol/L /2
£7), I ODgpo=2.0 2 IPTG 35 W B4 K
FH BL21(PaNIR), AKX 5 min DL EFREA,
T 25 °C RS, @I AR H (50, 100,
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200 r/min) >k $5 il 7 A (52 PR DO AE 23 5 N
4.540.6, 6.4+0.7. 7.840.9 mg/L), PRZHEFH 2h /)5,
HORERGHI 2 (N, -N), THRTHAE A AR F 7 .
1.5 KBTIk

FRF B W/ O WARRE R
HAEAMEE O E; MIRERR T 54Nt
JE U NO BRI A PR A2 B NO il AK H
i o H &AL R NO, J&, R Griess ik
(Sigma, USA)KGI ODs4, 118 H NO, BYUCEE,
FIARAE NO 5 NO, & 1:1 (LB T4 NO Bk .
% SA(DO)YFIFH 57 Jz RDO ##3k (Thermo Scientific,
USA)#FATH:I
1.6 VG KAEYFERF

Bt S it Ad FH] GraphPad Prism 5.0 #/4F . FF

G H %t A NCBI %4 & P A9 BlastP 2 7

(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM
=blastp&PAGE_TYPE=BlastSearch& LINK LOC=b

lasthome), PCR RAGIEFE (07 i Ll AE T A

ATIBI

2 ERFHH

2.1 WAHIREE AR N R K E T RS

FE KW FF B BL21(DE3) Wy S 4L, I H
Pseudomonas aeruginosa )V fil§ BR Eh 14 It il 1) 2=
FEBERFEA (PaNIR: NP _249210.1)#EA 1) 1z Fukt, #&
ARBA S, SRR A S A S H S
P. aeruginosa 2SI NIR [ifi . 4 PaNIR f¥) g fith 5E
KIFIH] PCR 473, P KA DN A, 0 45 21
BN RAL (G RAREIR) o FiZ AN 5 AL
ki pBBRIMCS2 #Hi# 5, % 1b A KW #F
BL21(DE3)H #4723 , FI FHE HA I 5 2 e ik i
FiFRELE BL21(DE3)HHIEH %354 1).
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Figure 1.
(o): NO
concentration  of

Recombinant E. coli reduce nitrite to NO.
concentration of BL21(C); (o): NO
BL21(PaNIR); (m):  Nitrite
concentration of BL21(C); (e): Nitrite concentration of
BL21(PaNIR). Data represent the average of three
independent experiments. Error bars indicate standard
deviations.

2.2 EHKGITEEREELTHEEE: N NO

W E AW RIBFFE BL21(PaNIR) AT R 3% 3F
B, WEHFEBRE R OD«e=2.0, IMARIFE
W AH IR ER A TG 7R . S5 R BoR(E 1), XA
AETE 30 min K 50% LA B ASERER 54 1L NO,
2 h LUSREKZ 1 mmol/L AV i BREL W 54 1.,
A 4 NO [0.64+0.70 mmol/(L-h)] 5 I#E A2
££[0.720.10 mmol/(L-h) L4 . XF & BL21(C)
HA DRI A ERETHFER NO A pL, FIRekIA
T RIAFF B A B HA B Al R R A S5

g Bl A RWMIFE BL21(PaNIR)BEM
FEIRA TIRE A VBl R £ 18 Bl
2.3 EHRBHFEHBIEK YF14 SLIUERHEL

Ik YF14 J&—bk S g fb- i m fh s pkt,
T IR R F 4 E BL21(PaNIR)E 75 AEAS AT
HEFE YF14 R EBRECE, Ll ODgoo (4 2.0 1)
PR YF14 SN 3EhtE, WS INAS[E EL i) BL21(PaNIR)

(WA BL2I(COWE XS BT, AP0 G R A R
Ko EmiAbae g1 . mRES A RE T PR AR A
J5 N 3 R RS 1) 114 STV i R £ R 2 R R L
L2di DI RS & AR U ) e S = I AL
HR RN Ak e T g

GER R, E4IE BL21(PaNIR) Al LA I B
Pk YF14 TR AEYIA (A 2-a, b, ©), H
BEAE AT %, Gl BB SR R I
DL 12 h B8 i, I ODgoo 4 1.0 (18] 2-a)
2.0 (K 2-b)F1 4.0 (F 2-c)BYFH L H FLAL & A H bk
YF14 092 R 5 B2 0585 T (24.0£3.5)%,
(36.0£7.4)%F1(42.0+£8.3)%. Ik, HASHIx A
BL21(C)J, X} FHkk YF14 L HA — & m%T Bk
R(# 2-a, b, c), XULHAKXHIFEA S HBEA L
JEOW AR AT BE, ST AHRIE 25 R,
Ze3d i, KPR B BL21(C)H SR mE,
HZ A BL21(PaNIR) ™ Ak (1l Bl It A &% il
NIR 3 387 A R LU A B, BT ODgoo
1.0, 2.0 A1 4.0 FELIE , X AR LBRECE
IR E T 11.9%. 22.3%F1 28.8%, HREZCK
AR AT R TR YF14 A E
ORIRTEI RN ) €l

TN, AR R A R R S R AR B d
W (E 2-d, e, ©), LA 4hBdENHE, FH ODgoo
9 1.0 (B 2-d), 2.0 (K] 2-e)F1 4.0 (K 2-HHFELH #
BL21(PaNIR)H, #5 S AR SR BB S AH b A
Bk YF14 BE50080 T 18.5% ., 37.0%F1 56.9%, 1%
E— LU A E S S FR - SO AL YF14 41
5, BERSHS Whisi A 7E I Ui A rp A R A L A R
e, DT AR I S A R AR RE o SRR
S AR SRR ARSI 2-g, h, 1),
WINT EHWG, HRERFRAED, (HEE /N
TR, X ATREA AR (1) RIXWAKRR
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2. EHKBHEBEEK YFI4 ZBRER
Figure 2. Recombinant E. coli contribute to the denitrification of the YF14. The figures (a), (d), (g), (j) and (m)
showed the several changes of the mixture of ODgy of 1.0 BL21(C) or BL21(PaNIR) and ODgg of 2.0 YF14; The
figures (b), (e), (h), (k) and (n) showed the mixture of ODgyy of 2.0 BL21(C) or BL21(PaNIR) and ODg of 2.0 YF14;
And the figures (c), (), (I), (1) and (o) showed the mixture of ODggo of 4.0 BL21(C) or BL21(PaNIR) and ODg of 2.0
YF14; o: YF14 alone; A:YF14 and BL21(C); o: YF14 and BL21(PaNIR). Error bars represents the standard deviations.
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A U A T PR T W R L, ARG
GERTEAL - R AL AR, A R 0 A R R )7
FES AR ER 1 HEFEAIN; (2) WEAHARER Y T FEH
I HE T R Ak 28 3k S A0 TR IV A R 5k 1) S B
2B THAE TR R T A RS IR S

[l A T FE 35 3R B IR R ODgoo E AR
FEREBL(E 24, k, 1), WEESRATLIE Y, ZEAGI )
12 h i1 729, IRZRBY ODgoo 1A K1 KR,
SR Py TS UN e b | A R )
(1, P RE - PR A 1 A K B A DY, 3 [ s
UL, ERA T, BT EA A S AR
TTHAER BT & B BIR R . U DO 7
A R 2-m, n, o), FEALREE
FEREBLRUIRES, R BLUKIR B AR R RS I
Tt I 4R BB A TG A T2 R VL K
24 BEHKRGITEHBITE KOG

FIIFE L BL21(PaNIR)Z: 75 GEAE 3 52 b
1K A A T RS AL, R AL S E
PEVG R Ak i R P AR A, TEPETS R
AR, A5 HA—ENRERCE,
A B ANAG AT RE AL b P A R R PR S5
NO, FEs i

MEETRE (B 3-A), SxIEMEL, T4 K
FFI BL21(PaNIR)AE i 35 52 = 15 7K 2 A L BR
. LL12 h oA, A AR H S K RS TR B
RRCRIEE T (31.0£5.7)%, B Inxf B A4 & BL21(C)
5 R MECRMZEA R, X UL B 415 BL21
(PaNIR )2k 14 Al iR 18 14 J i & 44 T -

FEARSIZIG R, A I 38 SV P 0 P 1) AR
REERARIIR), BbJok e Ul NIR f7EFR
BEo S 2 SEIRARMIR R, SONARR B DO fE 1
AR KA, UL A R EER (K 3-B).
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Figure 3. Recombinant E. coli contribute to the

denitrification of sludge. The amino nitrogen (A) and
dissolved oxygen (B) were showed. o: Sludge alone; A:
Sludge and BL21(C); o: Sludge and BL21(PaNIR).
Error bars represents the standard deviations.

2.5 BEXTEAEDIRERNE W

o A Ao R v 5 e 1) S R R AR R AL
N, ARFFELL ODgoo=2.0 B F A KIHAT B A 5],
8 T HAE BL21(PaNIR)4H B 5 K i &K & P 4R
SRR . NESFORE (K 4), TGie 2 EHE
E Pk YF14 IR A (A 4-A), 2547515 KH
HA (& 4-B), ¥R THEN—BZEER, BIES
RN 5 1) A8 A0 B 5 e i A D A R B AICR, IR L
WS4AN 6.420.7 mg/L B, 2 A MIRERACR IS, 2h
R R EBRRD I 19%H 28% 4. 1wERY
HHA(7.840.9 mg/L)IF A HF— 4R = 2 A BB
ROR S
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Figure 4. Effect of oxygen supply for the function of

recombinant E. coli. The amino nitrogen removal rate
(%) were showed in the mixture of YF14 and
BL21(PaNIR) (A) or sludge and BL21(PaNIR) (B).
Error bars represents the standard deviations.

3 itib

R AL UL AL R 2 25% 0 BE
W, IF BRERRARTS Ve R ARGl R A AL
(75 5 i P B, PN i P pH L IR
A, (B —Se AR Rk LIS BR P h], H B
SR M AESE PRk A B AR R, 2B AT B BEAL A
F AR, HAbn pH R KR
1 LA R 2 o R A LA S B ) P A s
LK RS, Rah G Y G KA B
F% A TR T 8 B A 52 SO, e a0 25 53 SR i

(O CE 71 R NN =K~ =R 27 1) e PR
SRS AARZE 2245 238 o A P s ) 1 5 e
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FEmfe ) BN

T 2o 2 T Aok 3R 35 S A PR R 3 Jirt il DA T 5 B I3
AR R P E A SRR AL, RUER A 2
FRB R, 1, EARMITEEERT
Ptk YF14 7E5 At A2 AR 82 00 A R h A s iR
H, REERACRE 2); Hik, EHARBTE
AL S5 KGR R, IR L AR
( 3-A); fiole, EA R BES IHFER R
WASERER(E 1), HH=4: NO, NO fEh/Ny+7f
DLA kAR AR, ATTE AT — 25 i B AU
N, 2B N,

AT AR Y 0 AR B b A% G ) de R A Ak
IR, A G5 R AL — PR 8 38 i AL T B A4
il AT 2R, B v S Ak T 1 A K R A
A E R R RS R AR R, AR R R E B
2 A S U R R T AR BE 9 v A e AR AL
D 230 Aok A A A R R v 7 A ) I 2 R
FE AR R NO, DA S A 2 R st /0 btk AR S L
BB, fEit ik R Pt A SRR R R . A
I, W E AR, R AR S AR A Ak Y iR A
Jitk EAART R

Sk, RAEEMA KA AR = Bk YF14
SAIE TSV I IR AR, (R IEPR IR HERCR ok
BHAK, HEWATREA LA Bk, BAk
RO IE PR YF14 30278 V15 ) i e 3 iAo
MR R Eh Y AR OCHE, RN AR ER R TR K
JAFERR RIS, BEECRBICRIENRE, N4
FokBEE 2, B 3), XANRATREAKGE YF14
ez 2 (0 S fig FR Eh AR B8 D, AR TS TS Ve AL S
KIS RIS B RRER ), PRI 2N LA A
F TR R RR R 1 ok, SRR
WAEFRER I RCEA R, WL E, AT
FHRATEE X TR YF14 7240 R RRE:
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YERBA b tlifl, Tt RE T AR R4 )5
Mg, (AR PR WA AR R #ESL e, T
A NO By, AT T A BT
R AE ) FL A ) REIE AT SR kR AR Ak, fl TR
Ui Wy R AT R i) T REAMA R, R EUR AL
RAEPEAK

I B 2H K A T 2 8 I il TR 3 30 It il i
R, TR A S R 52 40 NO, (K RifkA T
ARAEAL, HOR— WA o R W gk
RLZWE, HABfFAEEARZL . H,
A AR BT K A8 5 A VAN I ) A7 R TR AR 75
5 FRAREMRVE Y, BEBE AR UE S 0 B AR 4 1
WAKMBEN A, NAZTHEAKSHW
il 2 R RIA R R, X R T AR L
F RIS S ERAE R TE A, R, AR AR
B R Y vk S AR P B4 A= O Y R i A 3 AR
b L AR S AREEEXS T A b A e AT
Hk, KRR RTFEEWHS, TR
IPTG #5% NIR fy2ik, XFERRE N 17477 liAs
IRANFFG RAVAE = 122K, DRI A R 2
AU IR AH TR B B 5 K A R A, DL A FRES
rh i — 2 R B T S I R AR AR T B B
ABE g A TR Oy X, X 5 HA SR
SBR Sy AR, HEUREE IR A A A BER AN AN
SBR S ##ERf , AR LART A HE , 15K A
UR b AN I S S e R Y T L (AR N T
R 3k — A A BT 14 S A A 5 s Rk (1
2, W 3), W EHAERITS KB ARCR, ]
ek —anyiRzE, Wik, oty s
HAHARMEN b2,

i, EE VR ALITR 3 A

Fo (1) SRIASERCEY R FERIPLEHETT, A
FEIGKAL B R P A, Rl T R
IK R BRI A A 4 A B A Rt AR AR 5 (2) T
ST AV A S KR AE B 25 S5, R
oAV TR, s — SO AR W N
AR ZR 11 35 To AR R AR B AU 5 1) b Ao fildn e A
AL 3] S R A D 60 Bl A R R R D i i R i
JERERIVERT , I iss AR £h S AL B VE T (3)
SRTG K AN B E— 2B, A4S IR A iR
Yy b LA RS S Al T2y I A
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Shortcut nitrification of sludge by recombinant Escherichia coli
overexpressing nitrite reductase

L% . *
Yufeng Xin , Xiaohua Qu
College of Life Sciences, Qufu Normal University, Qufu 273165, Shandong Province, China

Abstract: [Objective] To highlight the significance of nitrite reductase in wastewater denitrification and shortcut
nitrification, we studied wastewater denitrification by Escherichia coli expressing nitrite reductase. [Methods]
Nitrite reductase was overexpressed by transformed a recombinant plasmid with nir gene in E. coli. Expression of
nitrite reductase and metabolism of nitrite were studied by detecting the products in the whole cell of recombinant
E. coli. To evaluate the function of recombinant E. coli used for shortcut nitrification, we measured the
denitrification efficiency of the mixture consisting of the recombinant E. coli and YF14 that was a nitrifying and
denitrifying bacterium. [Results] The recombinant E. coli could express nitrite reductase, reduced about 1 mmol/L
nitrite within 2 hours and produced almost equal amounts of nitric oxide (ODgy=2.0 bacterial suspension). When
the recombinant E. coli and YF14 were mixed in equal proportions, the ammonia nitrogen removal efficiency
increased by about (36.0+7.4)% within 12 hours, and the maximum accumulated amount of nitrite decreased by
about 37%. Recombinant E. coli (ODgy=1.0) significantly improved the ammonia nitrogen removal efficiency of
activated sludge by about (31.045.7)% within 12 hours, and no nitrite and nitrate were detected. Oxygen supply
affected ammonia nitrogen removal with optimal DO of (6.4+0.7) mg/L. [Conclusion] Recombinant E. coli with

nitrite reductase can contribute to the shortcut nitrification capacity of wastewater.

Keywords: nitrite reductase, E. coli, recombinant, shortcut nitrification, sewage, sludge, denitrification
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