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i E: (B8] ARLAR Zn()REXHFRRFEHE Acinetobacter sp. JR-142 A &M, LA
RRAARBAF R Hom. [ Fk] i —HRIFARAHILE, HILT REFRSEHS, 2477 TR
Zn(1D) iR B3t A& Ky & e B AEAL R 49 B v vd Bt o S e %vh; BAWT T RRE) Zn(l)iR E 41+
T, oA AR E M B A BR 3 AR R B e T AH BR 3L A JR Bl 6 E M RAL R UL, AT T AR E MR KA
89 % A IK B napA F= nirS 93t R A E R G9AAE. [4 R ] FRF—HEH TR AL 6869 Ak
% A JR-142, 2532 A RENHAFE Acinetobacter sp.. EVAIRIABRAN A AR, C/N # 6, pH # 7.0,
MR JE 30 °C, $5i% 4 180 r/min 9 &M T, FARANER R S, £ R KW S Zn(I)KE A 3.25 mg/L
B, xFE AR A A KRBT AR AR FARAAE R S Zn(ID)RE A 52 mg/L vA LRER, B
A KB R A FE 2B H . BaER KX E napd. nirS YT E)HERE T, sTRARK
JR+0.05 4 22 48 64 A BR 35 38 R B NR. J2AHBR 3L 3% R B NiR #1439 5 T JR+0.8 &L #248, f£ 24 h B,
JR+0.05 Zn(IDAL 2228 9 , 2m fieL 6 KAEATF B R FEAL A B napA B nirS 094 R X & R % & T A B4,
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Xt —F LA 3.25 mg/L Zn(I) =T VAR S 4F B R AL IEAZ, e 24 h A 32 h Bf f B4R & JR+0.05
A B KR AT R X FiR G T JRH0.8 R340, 45080 52 mg/L Zn(ID)M 23t K &= & 47 4] .

[48]) KR HEZ%0WT AR Zn(ll)REX R4 B Acinetobacter sp. JR-142 A KE LA R A=
EELBERFAENEALTH AT AR AR ERGHh, HEEMRL-T4 B AT LR
K E M B AR T HAEH T,

KR : HARRAL;, RHFE; Zn(ID)F2; R#ftEFHE;, R-245
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Abstract: [Objective] To study the effects of different concentrations of Zn(II) on the metabolic activities,
especially the denitrification of the aerobic denitrifier Acinetobacter sp. JR-142. [Methods] An aerobic
denitrifier was screened out and its growth conditions were optimized. The growth curve, denitrifying
efficiency, and cell morphology of the strain were measured in the presence of Zn(Il) at different
concentrations. We measured the activities of cell characteristic enzymes (nitrate reductase and nitrite
reductase) exposed to different concentrations of Zn(II), and then analyzed the relationship between nap4 &
nirS expression levels and enzyme activities. [Results] An aerobic denitrifying strain was obtained and
identified as Acinetobacter sp. JR-142. Under the conditions of sodium succinate as carbon source, C/N
ratio of 6, pH 7.0, temperature at 30 °C, shaking speed of 180 r/min, the aerobic denitrifier showed the
highest activity. Zn(I) at the concentration of 3.25 mg/L promoted the cell growth and aerobic
denitrification, while that at the concentration higher than 52 mg/L showed inhibitory effects. The nitrate
reductase and nitrite reductase activities in the control group and JR+0.05 treatment group were higher than
those in the JR+0.8 treatment group. At the time point of 24 h, the relative expression levels of aerobic
denitrifying genes napA and nirS in JR+0.05 treatment group were significantly higher than those in control
group, which further indicated that 3.25 mg/L Zn(II) can promote aerobic denitrification. At the time points
of 24 h and 32 h, the relative expression levels of the two genes in the control group and JR+0.05 treatment
group were much higher than those in the JR+0.8 treatment group, which indicated that 52 mg/L Zn(II) can
inhibit the reaction. [Conclusion] This study systematically analyzed the effects of Zn(II) at different
concentrations on the growth and aerobic denitrification of Acinetobacter sp. JR-142 for the first time. It
provides a data basis for the biological treatment of wastewater with nitrate-heavy metal combined pollution.

Keywords: aerobic denitrification; Acinetobacter sp.; Zn(Il) tolerance; metabolic activity; nitrate-heavy
metal combined pollution
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Bt 4 3 [ T AR PR R R, PR TS Y ]
R R P, KT YR B RN ) R O A A R
15 KA BRI AR A AR EE(NO; -N)
e — N TE UL R K RN A 36 35 7K R B T2 AE AR 1Y
Ry, KR NOs -N AR, X FREE
ARKWEE, WAKKEERMLE, Hiie
ORI LT B (RE | R, P E U A AR
A 3 T R 3 L AR ) V2 B U 1%
HAMRE . ARG &P, X
o, AR R A SR LR AR AR
1M £ 52 K,

B —Jrif, 2G0T & 2K g
IBARME—E Y, REREESED . B4R
ANBERE YRR, — SR E AR (WY Cu
WP R 0.05 mg/L BRI DLAR @ A 9 Ot Ak sk
SRV H e T A S IR AT M S L AR
MRS . Sk s sh Y, xR R
Al R ol T AR K pis . AR, ™
AV HRARER . T ZEEEAPUE, W
YA ALEG 25 B E AL YRR E 4R 5
S AR A AL A B T UTE Ak &
Vg 4 B B ED, RREMEY . ANFE
SR BT UKGRERE, SRBONFE MY
Az BREPEANTH SZ PR BE . Zn SE—Fh) 32 N Y E
&g, WKL T &K P, 375
R ARIRSEZ R T EE W LN, ok
Zn(IDHe 1] & ik 1.5-30.0 mg/L!', BRIk 4h,
FENRATE = A B B B . AT Kl
HFAEE Zn(IDF NO; -N R/, W55 Zn(1D)
Xof B 42 S il A B A R P 1 5 i LA R Y
RIEFE L,

W5 A1 F S i A Tl ) 1 2 B HL L PR e ik
Xif B 4 5 ) A Ak A BILERAE 5T 22 B0 T IR 4R
R Agfb AR R AR AR R, SR
WL Zn(11), W] LA B IRZER nirk 9K R, H

2 Zn(ID)iLF 10 mg/L Ji7, Fis Bt
W T4 | S AL IR B e B el g,
IS AL S A 4w T e i AR L ) i AN B
Wi. HRTCRMABZE, 48R id i # i im SC H
fif 2 fild R &L 36 JiL [ (nitrate reductase, NR,
NO; -N—NO, -N) fl . fi§ fig £ if J5t [i§§ (nitrite
reductases, NiR, NO, -N—NO), & H ffRh
BRI napA FOAEERER A IR L nirS
Gyt e RS A R L Zn(ID WA 52
M sl 2 00 400 1) A S AR A0 LA BORH DG T g 35k PR 5
ISNE LA R

AR B EHT Zn(ADMREXTS Acinetobacter
sp. JR-142 {4 gLt FE Ry g m . Ak,
9% TANIE Zn(ID)He FEXT (1) 4 B A= 1 Ol Al
NO;-N EBRFCEAYZM 5 (2) 4HEIE S B 520 5
(3) T T 340 T T AR NIV il PR 26 0 it It 9% P 1Y)
s (4) REEIER napA. nirS WIFIXTF IR R W)

A

1 #H57%

1.1 EFRE

TR 5 5 B AT AR ok KA Ab P, F2 %2
it A 15 35 2 0 hp S R A AR 3G 92 55 1 (aerobic
denitrification, AD1)®!, B{43-41F : 4 1 000 mL
ZE17K H i CH;COONa 2.6 g. KNO; 0.722 g
1.113 g FERbEE FRIL AR TR 2 mL. i
SAEAEEFRAL 2P LAk 5 R 4514, A5 1 000 mL
ZEMK R n: CH;COONa 2.6 g, NaNO, 0.25 g,
1.113 g FEARE TR AR ICR AW 2 mL; 75
Ak RE R F Ok R 4444, 45 1000 mL 7%
K H . (NH,),S040.472 g, CH;COONa 2.6 g
1.113 g JERb G SRR TR W 2 mL. R H
RE B Wy i 5% 75 3 (bromothymol blue, BTB)X}
IR R AL A TR O, SRR AR AR
1 000 mL ZEi@/Kn A CH;COONa 1.3 g,
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KNO; 1 g. KH,PO, 1 g, FeCl,-6H,0 0.05 g
CaCl,2H,0 0.02 g. MgSO47H,0 1 g. 1% BTB
5mL, 445 pH 7E 7.0-7.2 JEREIAEL

TR IC R W (/L) EDTA 50.0, ZnSOy
2.2, CaCl, 5.5, MnCl,-4H,0 5.06. FeSO,7H,0
5.0, (NH4)¢Mo070,4-4H,0 1.1, CuSO4-5H,0 1.57,
CoCly'6H,0 1.61, Jir A 1[4 3% 75 BB 2 7E K
PR B 5 3L R i 6 A B, AR (15 /L)l
IO
1.2 E#HRBIIRIS

ARAL T A 3 35 Ui Hp O B2 ) — AR T
Wk, RELT I ARSI A R BR K H NOs =N,
e R AR K iE MR R U, IR T
BC B OF IR E BB iR SR, BT 30 °C £ 5%,
PRI S BHPE R bR, B Rl RS F A i 8, 3R
NG R AYERE . R TR A R R A
FFe 1R, 30 °C. 120 v/min &4 N R
Big% 48 h, EHU R LPERERAERBAR, T
& 32.5 mgL Zn(ID)AY AD1 Kiz¥edh, BF
30 °C. 120 r/min 55 PR FF 48 h, mZ&
VEH Zn(1)ifit 52 6 J7 fe - HL R Al fb 14 B8 fe A 1)
R R A T 5 8 IR A -
1.3 EHRBIETE

{7 F 40 7 25 40 DNA 2 BGR ] & (R 2R
R A BR A F IR EUA MR AL 40 DNA, JFLL
Z ik, R AE A 519 27F (5-AGAGTTTGA
TCCTGGCTCAG-3")Hl 1492R (5-AAGGAGGT
GATCCAGCCCGCA-3")ilf7 PCR ¥4, ¥4 7~4)
% B ERVEYRH A RAEIT . KRS 2R
16S rRNA J¥51], M NCBI _E#Ef 7[RI L%,
YE IR AL TR Rl E , IR R MEGA X
P AL A . PCR K 2R (50 uL)°A : Mix 25 pL,
27F 2 uL, 1492R 2 pL, #&Ax DNA 2 uL, ddH,O
19 uL,
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14 MUEKEFREZHE

SR FH B DR 2R (R R 52 360 ) S 3 1 Jr vk, DR R
TR A, 58 T ARIERIE . C/N. pH. i
JE o B AR TR R SR AL R e . 43 ] DA
CTREN . TEEEME . T RN . RN . WEE N
1781 S S R 2 L O N A By 3K ) K S
5 o LA CTRENABRIR , 43 AIHRFE T ASIA] pH (6.5
7.0, 7.5, 8.0, 85), C/N(5. 6. 7. 8. 9). i
JE(25. 30, 35, 40 °C). #%# (0. 80, 120, 180,
240 r/min) X AR SCAE AL ERE RS R, FERE SR
T o ] B PR A A Ak S5 R 8 28, pH Oy 7,
C/N 6, ¥ 120 r/min, FP52K 3 AF
15, A BIHRSF 48 h B ODgpo. NH,-N
NO; -N fl NO, -N [k JE
1.5 Zn(ID)R & X E R RS20

gy & B Zo(l) W A 325 mg/L
(0.05 mmol/L), 6.5 mg/L (0.1 mmol/L), 13 mg/L
(0.2 mmol/L), 26 mg/L (0.4 mmol/L), 39 mg/L
(0.6 mmol/L), 52 mg/L (0.8 mmol/L), 65 mg/L
(1.0 mmol/L), #J#f NO; -N ¥ FEAR], FEFh &
BN 1% (Vvy, WA 3 AT, fEmfEs
% 48 h BF, W ODg, NO;-N Al
NO, -N BYHeE . WL Zon(ID)HE E A FR), Hik
JR-142 A NE Bl K SRS A%

VB BUG ¥ JF (3.25 mg/L) Zn(ID) F 55 W &
(52 mg/L) Zn(I)#AT#E—25500%, 430K B bk
B ADI BigRs . ADI 553:3£+0.05. ADI
FRgRd+0.8 =R BESRI A, R EYN 1%
vy, BASEEAE 34T, R R
F% 60 h, 4 4 h F 600 nm Kb EW L, KRG
Ll 8 000 r/min B.C> 3 min, B 3, Ml %E NO5 -N
FINO, -N B BE . & ODgoo ff 4B BT
2, D& NOy -N RIS A 8039 Fid ik, il
£ NO, -N R 7 8507 mA bk, &3
PR L BRR, AT FTRPL
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FBRBCR(%)=[(C 5—C)/C 1]x100

E R H (mg/L-h)=(C 4—C,)/t

Cw: WIRHREE; Ci: TE ¢ BEZIMHREE; ¢
PR PR B 7R ) 1]
1.6 AR

i R B A R AT S, 4 3
MR HRE . R TR E . SRR . IR
ST e R IRD, RSy,
#5885 (Hitachi HT7700, H A7 W5%
1.7 BgENE

SR FEVRR 12 38 5 I (ONR )00 325 4 A0 1. il R 38 it
Tl (NAR ) 38 & (3 1 b 48 A A A B il ) i
i A B IV Y R R A R A v R Bk
FAEAT : WERIR, A 1 mL Z 0, TRAT;
VKR P AR A M S T 5.0 ML, 8 000 r/min,
4 °C B0 10 min, HCEIE; DAl R R4 b il
T PR IR A BT PR oI NR S I 2 7
30 min; FIIA R AR 20 min, T 540 nm
A0 5 WO A IV TR AR R S o A
NiR #6052 1% 60 min, & @711 4), T 540 nm
Ab I 7E RO

£ 1 qPCR3I¥F7

1.8 WFERHEUEERNT SR SN

MR35 16S rDNA S T4, 7E NCBI
Bl PErR AT HOXT, SRAS R & TPk Acinetobacter
Jjohnsonii XBB1 A LA ¥4, A Primer3 i%
TH N it PCR TR 514, P AN 1 iR o

a3 R B S5 A0 /A0 TR 2. RNA $2HU R
£ F FastKing cDNA 5 —#% A& Bt & CR R A=
B A PR v PE B TR & RNA 4 HA -
i cDNA . F| ] Applied Biosystems™[¥J SYBR™
Select Master Mix i jfll & 1 79¢ 't & 1 PCR Jx
No SN SR 2,

2 BERXR504

21 HHEE

PEHUZR T FL N 4] DNA JE9 3 H 16S rRNA
B, W R SRR AT Y S, RSB
5115 NCBI U 72 H i 16S rRNA JE [R5 k4 7
FEXT, JFREE T RARM RS R BN, WE 1 T
TN AE RN THE R AY JR-142 5 Acinetobacter
Jjohnsonii YH16108 (GenBank % 5% 5}y KY767497)
ALEER 99.79%, J& T AT & (Acinetobacter).

Table 1 Primer sequences of qPCR

Primers F (5'>3") R (5§'—3")

nirS1-2 CTTGGCTTATGACCGCGTAC CACCATGATTCGTCGTCACC
napA1-2 ACGGTACAGTCTTAGAGGCG CCACGGCGTAAATACTTGGG
16S rRNA ACAATGGGCGAAAGCCTGAT GATTAACGCTCGCACCCTCT

%2 qPCR RN E (%R SYBR™ Select Master
Mix X FI &5t B B 1R1E R I2)
Table 2 Reaction conditions of qPCR

Steps 7/°C Duration  Cycles
UDG activation 50 2 min

Ampli Tag® Fast DNA 95 2 min

Polymerase

Denature 95 15 s 40
Anneal/Extend 60 1 min

22 mEEKEZEHRERRMKL
2.2.1 iR

HE 2A ATEH, ST AR5 5T 40 i )
B AL TG R S B 2 . LABRFARR AN AN £ BR Al Sk sk
P, BHRAT NO;-N, NH,-N #l NO, -N iy %
BRI N 98.3% ., 87.7%. 99.0%F1 89.8% .
82.5%. 99.2%, Al LA HHBEHIMR NN L PR AN
S TR Yy A0 I O A, D Y D DR
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100 | Acinetobacter johnsonii strain P37 (MT323125.1)
JR-142

Acinetobacter septicus strain AKOO1 (NR 116071.1)

Acinetobacter tandoii strain DSM 14970 (NR 117630.1)
Acinetobacter calcoaceticus strain ATCC 23055 (NR 114958.1)
Acinetobacter pittii strain LMG 1035 (NR 117930.1)

47
. —— Acinetobacter oleivorans strain DR1 (NR 116039.1)
Acinetobacter baylyi strain B2 (NR 115042.2)
45] 66 Acinetobacter vivianii strain NIPH 2168 (NR 148847.1)
47@62@[)001‘61’ baumannii strain ATCC 19606 (NR 117620.1)
35 Acinetobacter populi strain PBJ7 (NR 145864.1)
Acinetobacter variabilis strain NIPH 2171 (NR 134685.1)
Acinetobacter pragensis strain ANC 4149 (NR 152069.1)
WE Acinetobacter kookii strain 11-0202 (NR 135727.1)
Escherichia coli 111
0010
B 1 YK ENITE Acinetobacter johnsonii JR-142 B R 5 & B 1
Figure 1 Phylogenetic tree of Acinetobacter johnsonii JR-142. GenBank accession numbers are given in

parentheses; numbers at branch points are percentage bootstrap values (based on 1 000 replicates); the scale

bar represents 0.01 changes per nucleotide.
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Y Ry e ARk R 1 Féﬂ*ﬁﬁﬁ
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TELRIE R IR AL /Y H/RT IR Z , C/N

WE, AT A E R R, g B
RS K TR R (E R E 2B R E
B C/N B3, X NOs -N. NH, -N #l
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NO, -N W EFRRCR A I 24, [ 40 i ik
JEPERE C/N T A7 e B R, B BTEIX A
I, B EL KT T 200 B %) B0 3 T B S

Yang S WS H kK Bacillus subtilis A1 R B,

5/
2 Hn

C/N H 6 Fl 12 B}, X} NH,-N Fl TN f) Lg%
SR, ULIHTE X — Bk Z R L BIVE Rl Z

Tl R A AR 07 A ARG FE & B A RO SRR B 2Bk
PR AL FAE AT, s, KEa&

RIEKE CNARE, 1845 8 ZmP21, )\
2 0 B A R A NO, -N iR JF IR PEAA S & £ B,

EHE C/N 6 VNP IR fE C/N,

223 A[E pH RALIER

H & 2C AT AT, pH M 7.0 & 8.5 i, NO; -N

ROk E] 97.8% . 97.5% . 97.0% . 96.5%,
pHJEFEIN, 2 A LRGN & .

/N 5
7

x
TEX—
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(A) [INO,-N HEl NH,-N (B) [CINO,-N BENH/-N
0ol EENO:N = 0D, 15 ol [CINO,-N —*— 0Dy, '
- —,
H * — 11.2
sol 11,0 100 - -
c\c <
P 108 S 80 E o i
Z 60t g ©E g
(] —
E g 1068 E 60 S
&E) 40+ 5
10.4 &2 40
20 B %| * i 02 20
1 . 1 . |I . 1 L 1 0.0 0 1 1 1 1
e - nale ) ] e ’ 6 7 8 9
Geo® Sﬂcc\“r“ N\o\asse pce? ,“em\os o
Carbon source
© [INO,-N Il NH,/-N ;20 (D) CINO,-N BENH/N |
120 ] Nioz’-N - ODqyy 113 120 F [CINO,-N —+- 0Dy, '
*
] —F
100 - - e - 100 \E 110
S | X
S sof S 80 1 0.8
= [ s
— =] N
S 60r S o 06 §
E =
&2 40t 2 40 0.4
20+ 20 0.2
1 1 1 O 1
0 7.0 7.5 8.0 25 a0 00
pH 7/°C
(E) CINO,-N I NH,-N 1
[CINO,~-N —* 0D, |-
120 — > 1
11.0
100 | 109
S 10.8
g 80 i lo7 _
= & 106 &
> 60F Q
e 105 ©
Q
2 40l 104
103
20 102
10.1
0 ' ' ' 100
80 120 180 240
Shaking speed/(r/min)

2 FREBEZENAHMTE JR-142 IFE R AH L RER M
Figure 2 Effects of different factors on aerobic denitrification efficiency by Acinetobacter sp. JR-142. A:
carbon sources; B: C/N; C: pH; D: temperature; E: shaking speed.
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24 pH H 6.5 I, NO5™-N Y = BR80R B BRI,
K 71.8%, 24 pH A 5.0 B, BkkZ 3 ™ &=
i, WREEE 5 RAEA AN 05 24 pH KT 9.0
W, AR EA TG, ORI R R TR
[, NO; -N ZBRECR N 56.8%, (A s ik
HORM 58%, 24 pH Ny 12.0 B}, HMREILAK,
AR HE R NOy-N EERECRYY 0, X 16
PR IR-142 BN 32 G 25 0, 00 o 45 57 0k
R 2R, ek T SRR AR,
BUA SCHk H RS o T B R W il pH A
7.0-8.0%, L PLEA Tk — 5. LA % IR EE A
HHSLISE R, RAHE pH 7.0 N FEkE JR-142
M EAEIE VSR, T IR 2.
224 ARIBEMLIER

Kl 2D AT AN ] IR P AR A A R
RIELBRFB R, £ 25-35 °C, WX}
NH4'-N Fil NO, -N M LK FRECRAA Y, BRediss
15 90%L) |3 7E 25-30 °C B %f NOy -N Z[54%
AL 35-40 °C . YRR 30 °C BF, BERER
B B R B, NO3 -N | NH, =N 1 NO, -N
)2 BR 210N 78.2% . 99.8%F11 99.9%, ik
JEh 40 °C B, 4Lk 2 & NO;s-N, NH4'-N Fll
NO, -N B EBRBCRAR B AL, NOy-N [
BRFBALN 12.2%, TEPEA LI mim R 16%,
UL MR Kb R b, &SN T AR
15 L R Z 50 55 25-35 °C,
225 AEBFEMULEFER

] 2F JR I T AN [) i SO0 TR AR 9 52 i, R
P ) e TP O VR SRR AR IR o ey
0. 80. 120. 180 r/min i, A% S9N
0.28. 0.47. 3.47. 8.21 mg/L, Bl VA E A,
PRRR I SR AL R 2R 8 i, %3405k 180 t/min
i, Bk JR-142 19 NH,-N, NO; -N Fl1 NO, -N
MR, 498 100.0%. 72.0%. 99.9%.
WE AL YE T NOs -N NH,-N A1 NO, -N
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2Bk, ULBH BRI AP RN, Rk iV A
IR R RS I NOs™-N HAg B g 4 4 H -
{H 24555 32 TF 2 240 r/min B, Y% N 8.56%,
B EBRFEERA T, NOs-N, NH,/-N #l
NO, -N HILBRRA I FHE, 25k 57.8%.
87.6%. 99.4%, P hid s iin ik a8 E
G HIBEAK, JF AREE R Thm, B AR,
A AT BEAZ 2 T ML 7 o 45 2 R NOy -N &
BRACEMEATH NH,S-N BB, B if R
NO; -N H. 26 NH, N 75 28I (0 ik e

LA BSOS AT, S BRIARR AN R TR
C/N A 6,pH /7.0, {4 30 °C, 3 4 180 t/min
F, PR JR-142 BYAE K BRI NO;s -N i 5t
Rk, JEELSK P8R F X BB 55 45 1 o
2.3 AELRE® Zn(ID3 JR-142 F & R AE
AT EA
2.3.1 JR-142 EAR[E Zn()RE FHTHEK
&5

PRIE T AN Zn(I0) ¥R B X 47 U i Ak 1
M, 7ER AL REFRIE R A 0.65, 3.25,
6.50. 13.00. 26.00. 39.00. 52.00. 65.00 mg/L
) Zn(ID). M 3 PR LIE H, Zo(ID)Hk /N T
26.00 mg/L B, X4 RS AL RCR 2 A K,
NO; -N ERRRFHFLE 76% LU E o H H. Zn(ID)Hk
k1 0.65 mg/L 1 3.25 mg/L i}, %48 Sl Ak e 7
WHIEHVER . M 39.00 mg/L I, Zn(IN)X}
PRI EIAE 2 #5811 65.00 mg/L Zn(ID)
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