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Abstract; Due to thé& problems of low mtmgenJ removal efﬁ(lency and'unclear electrén transfer during biglogical denitrification treatment
of ‘an ohgotrophlc «rinking water reservoir, the mtrogen,..remgval characterlstlcs environmental adaptability, and electron transfer during
denitrification were' systematically studied using the aerobie denitrifier Acinetobacter Junit ZMFS, which has efficient nitrogen removal
ability. We results sHowed that; (D Strain ZMF5 exhibited efficient heterotrophic nitrification and aerobic denitrification ability, with
an ammionia removal rate of 0. 211 mg- (L+h) ' and a nitrate removal rate of 0. 236 mg+(L-h) ~', and the nitrification intermediates
were not accumulated during the treatment process. (2) According to analysis of the nitrogen removal efficiency and growth kinetics of
strain ZMFS5 , the strain can effectively utilize different types of carbon source, and show efficient nitrogen removal efficiency under the
conditions of low C/N, low pH, and low temperature. (3)Analysis of nitrogen balance showed that carboxylate compound, compared
with carbohydrate, could promote the process of aerobic denitrification and change the nitrogen removal pathway of strain ZMF5, i. e
38.81% of nitrogen was transformed into gas, higher than the 29. 81% for assimilation. (@ Analysis of carbon balance indicated that
most carbon sources were used as electron donors in the denitrification process, but fewer electrons were used for nitrate reduction, and
with respect to different carbon sources, electron transfer to the nitrate respiratory chain was regulated by different reduction potentials,
electron donor abundance, and molecular weight. Acinetobacter junit ZMFS could be used to control nitrogen pollution in drinking water
Teservoirs.

Key words : oligotrophic drinking water reservoir; nitrogen removal; aerobic denitrification; nitrogen balance; carbon balance
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S AR T AT 58 KRR AR P T TR bR B 0 B M5
J AR A S AL R A IS SR, T
b S B R A2 TR I R L A B 5T A5 BB AE A e Ak
X —J7 T B IEASAAT A S e 48 B i A 4 TR 1 A I
PGB E IR, 3 g R A i A 4 AL B i AT H
5 AEX TSR AR AR TP R Y R AL DGR AN A
Tt — 25T L A, X T R R A K B T 2
FERABHE e SR R RS0 AU Zheng
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Acmt‘tobacter Junii ZMFS A X 42 X% Hiﬂ:
163 FRNA NP4 i FIRESEN 540 450 T el
%%ﬁ%ﬁﬂ%%@fiﬁﬁdﬂ¥ﬁﬁ%¥@
S M2 B R 4 T L P R i B B R AR
TRER AL, AN B RR ZMFS 7634005 Yk i v i)

S iy FH AR A — i B KA.
1 #E5HZ*
1.1 kSR

W E AL B R Acinetobacter junii ZMFS IR
FHA K B DR W b 43 85 24k 45 2, F ¥ R ik
( =80%C) PRAFAESE I % (i HI AT & 355

SEFEAL R FR 3 . CH,COONa 0. 1 g-L~' ,NH,CI
0.02 g-L™",K,HPO, -3H,0 0.02 g-L~", CaCl, 0. 01
g-L~" ,MgCl,-6H,0 0.01 g-L~" ,f{f& L& 2 mL,pH
H7.0~7.5.

U482 il Ak 85 3% £ CH,COONa 0.1 g-L7',
NaNO, 0.02 g-L~', K,HPO, - 3H,0 0.02 g-L°',
CaCl, 0. 01 g-L~", MgCl, -6H,0 0.01 g-L~", fii#&IC
2 mL,pH 57.0~7.5.

¥ & JC £. EDTA 100 mg-L™", ZnS0y- 4.4
,MnCl, -4H,0710. 2 mg-L""' FeSO 7H 010
mg-L™", (NH;) (Mo, 0,, #4H,0 2.2 mg- B 1” -
1.2 %5 SOl S g 14 &

‘Fﬁéﬂﬂﬁﬁléﬂ%ﬁlﬁt /\(Omega,USA’)ﬁg
HUR B (9 DNA B 77 163 rRNA 5. mﬁﬁfaﬂa*ﬁ
@%ﬁxﬁﬁ/mﬁmﬂl PCR Fﬂ% Fﬁ%{w'fﬂai/@%

T O P S e
ﬁmﬁﬁfﬂ% GenBank 12 % 511 168 tRNA JF

B AT R T M L e, 2R U5 P MEGA 5.40 %%
R TR PR 2 0 A AR g S LA S A 1 2 i A
napA ( J& A FR ER A8 I 3L K ) A1 nosZ (B AL TE
R JREESE N ) ) PCR AP 38 3L 1) napA A
nosZ 3[R PCR ¥4 Fir F 5 9 5 F1 S g 2544 n %
1 FRs.

mg-L™

®1 ERYHESIMET

Table 1 ~ Gene amplification primer sequences

2| Elk 7]l BN A

27F AGAGTTTGATCMTGGCTCAG

163 rRNA | 499 R TACGGYTACCTTGTTACGACTT
| napl TCTGGACCATGGGCTTCAACCA
nap nap2 ACGACGACCGGCCAGCGCAG
F0706 GGTAACCTTGACAACACCGA
nosZ

R1757 ATGACGAAGCCGTGAGACA

S 5 min(95°C ) , 481 30 s(95°C ) ,iB K 30 s(56°C ), ZEfH 90 s(72°C) , &
35 WK, ZEfH 10 min(72°C)

TAEME 6 min(95°C ) , 48 30 s(95°C ) ,iB K 30 s(60°C ) , ZEAH 90 s(72°C) , &
PR 35 YR, ZEH 5 min(72°C)

FHAENE 6 min(95°C ) , 281 30 s(95°C ) ,iB 2k 30 s(60°C ) , ZEfH 90 s(72°C) , 1§
R 35 K, LEMf1 5 min(72°C)

1.3 Wtk S IR S I A AR E S i
PG LR B RE ZMFS 19 R IR 3% AR R L 5% e
FHA 150 mL EAREE IR 250 mL AR kAT
A S5, LA TR (29. 89 mg-L™") by ifE—
IR, 53 501K FH A R RS R ARV Ry e — U8, A
SRV AR BE Y Ny 3,31 mg- L~ B 1 35 B A
FR A HEIEIRAE 30°C | 130 r-min = AYTE IR IR 7 15 9%

FETPIEFR 48 h, 2 Sl 3 AT (n=3) I SE
HOB 40 W 8L (total cell counts, TCC) ., Z& %
(NH, -N) A4 (NO; -N) | WA & (NO; -N) | Sl
TN ) F1 & A HL B ( total organic
carbon, TOC) A .
1.4 FREENE AT

HE— 2P T BRRLEAS [R] 2541 T (S S il Ak

(total nitrogen,



53 SCHIRE 508 SR SR A TR B 9 I SR B R 8- 1 2341

e 7, AAERR IR (9257 C/N  pH FNR BE. 76K [R) ik
JRSEAL S50, 43 51 DL KE A B (2R B A
M), RARE LY (B FERR A s R ) , WA
ML) (intracellular organic matter ) IOM ( i 23 13 2% 75
F/INBREE ) BRI 76 C/N HESEEH i AR [A] = A
CFRAMAME E M (3. 31 mg-L™") ARSI ENE C/N
PN 1.5 .3, 5,7, 10 F1 1378 pH 52564 K pH
PHEER S 78,9 FI L TR S B i
8. 15,20, 25, 30 F1 35°C. 7E i A AR R 5L 5
HOBR T e AR B SRR, AR EESE T 130 remin '
30°C M TERLIR 3 5 7248, BE TR R b, e i IRORE T
7E TCC,NO; -N | TN F% i 4 5 A (total dissolved
nitrogen, TDN) [ .
1.5 hJi2emnmr

WFFE 2B , Monod-Contois # 203&E A F R0 LI Al
R-TOC NP AIT B AR 19 A= 1 3l 1 2. 43 R
Monod 7 F2 I Contois J7 2 43 A 280 U5 A1k Pt X B A
ZMFS FEANRREFR 4 A K Bl J1 27 i i

Monod J7 2. C

V.S

V — max "~ n i 1
K +S, @ | ()

n

STV, A5 R e K AR

B K, AR 0t A 8, AR ey
AuikEE. - | V] W 4
~Contois ﬁ%ﬁ i ‘ J ’J
V. AN R Ry

f o 7 W B, xx+3S,
FH VORIV, 4 A T R B b o R K
K% xRy W RE R ; B, S BRI 2 1 N B
B S, AIRHINZR TOC M.

AR,

14

v = VDT x [V(S) ] x e x [V(S) ]

(3)
& H TR PR ZMFS 7E8 A -TOC Z K9 4511 & #k
AR B 1 A
V=V, x Sy S (4)
UK.+ S, B.xx+ S,
1.6 TR BREF SO AL P 0 A
AT B U5 ) e P U IR R R BIL AR A
S B FATR 0 A A P AR LAY T R
SEUSCRE A A TR R U5, HL A T i AN ] S 2 (AR R
s AL A ) B R DRI AR Sk BB A AR
TR HE BRI IR R ZMFS TE4F AR it
P i L A
N TSI HT IR ZMFS e bS8 B A A 7 Y A

A L

ST DB R AT 150 mL VRS IR LY 250
mL HEIEI A, 7E 130 remin ™" 1 30°C A4 1 R B 35 15
FRATIEATHE 5. USRI G CRRAR (B RAL ) A
BT BB K AL 2 9 0 AR 52 ) Sy — BB 53 1)
B9 48 b S i 06 B 2 SR 2 R U TR ARG
SSRUHF RS2 1 19 8 R 25 B . TE BB ZMIFS
PR i e, 48 43 S50 )l A2 P 6 1
B A T A% S5 SRS A VAR R R R T
P A B FEAIL (JY92-IIID , #1 2 AE 4, T ) e,
(TR AR N BB RV . B AR 22 0. 22 pum TSR 2T 4
BRI U, 3ok 15 ) A 8 T 2 AR F TDN
NO; -N NH; -NHINO, -N. £ 2 W T8 7 ik o
j:U%.
HHUVR = HPER A - B - ERSE - AR
(5)
MIEAFA = BA - WRIESE (6)
AR = IR - AR < FIAHA -
FIRER ~FAAPUR - RIAMRENED) +
VI X 10096 ) S ()
L7 wkERRmErE S | C
R A e U A R R (R AT e e [
T VR T A R T O T R
A AR PR A R I R TR A 20
el 5 0 af e B £ ) o
(BRAAL B IR ) I RS 5 15 3% 48 h, W
sE HAUZR A TOC IZE Ak ARG LA 5 st
(1) LABEFAE 6 4 R 5T
B AT
2C,H,0;” +70,——4 CO, + 4HCO; +2H,0
(8)

il

ol

RABAAE
3C,H,0;” + 14NO; =—=8CO0; +
4HCO; + 14NO + 4H,0 (9)
[FAE/E :
2 C,H,0;" + NO; == C,H,NO, +
2C03 + HCO; (10)
(2) LA A HE A e I
Y SR
C,H,0, + 60, =——=6C0, + 6H,0  (11)
SR
CH,0, + 8 NO; +2H,0=—=2CO0; +
4HCO; +8NO (12)
[ fEVE :
7 C4H, 0 + 6 NO; =——
6C;H,NO, + 6HCO; +6CO, + I8H,0 (13)
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oo a1 %

1.8 Tk

NH, -N, NO; -N, NO, -N, TN FI TDN % 5 A
AT GCIEAI 5 (GMA3376, Figdta, hiE).
AR BCR MG HEGEIE , 500 L BYRE A A
5 pL SYBR Green 1 BFRYL A TRA 5 7EBKE & 30°C
A2 B 10 min 5 RIS HT I ( AccuriCo,
BD 2], 5[ il E ™. TOC KA BRI E 1L
ST (TOC-L, BT HAS) . ASER R R I SR 2
T AT 30T (P <0.05) , 2R FH SPSS 25.0 4t
TR TEE1538T, 1 Origin Pro 2019 3k{4:1E1 74

100

0.005
81

50 89

FIFNSN A G . R S A 3 K.
2 FHREIHE

RS S RE AL R 7 3
2532 165 rRNA WU LEXT, 01204 5 W bk ZMFS
RANENFT I ( Acinetobacter junii) . ¥ B ¥k ZMFS5 5 [F]
DR o A AN ST B R A G SR S S AL A TR A T 2R
iR E A (B ), S IR S AR
(Acinetobacter junii) A 100% WAL, K Ly 24

Acinetobacter junii strain ZMFS5.

2.1

| MMN421529.1:59-1382 Acinetobacter junii strain

MH279691.1:39-1362 Acinetobacter sp.
strain ZMF5

NR 148845.1:68-1391 Acinetobacter modestus strain

NR 148847.1:68-1391 Acinetobacter vivianii strain
65 EI——NR 148843.1:68-1391 Acinetobacter courvalinii strain

NR 157606.1:88-1412 Acinetobacter colistiniresistens strain
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NR 028851.1:8-1310 Acinetobacter bouvetii strain

NR 156989.1:95-1419 Acinetobacter defluvii strain
NR 149800.1:57-1383 Acinetobacter halotolerans strain

NR 109507.1:65-1391 Acinetobacter puyangensis strain

NR 116069.1:88-1413 Acinetobacter septicus strain
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Table 2 Kinetic of growth by strain ZMF5 under different environmental conditions
IS Ay Ei VeS¢ Vour/h ™! R B febn/ Bl Vi’ ™! R
LR 0.051 0.987 1.5 0.011 0.956
b 0.047 0.877 3 0.022 0.997
e Eﬁiﬁ@f 0.020 0.887 C/N 5 0.039 0.987
= R 0.024 0.795 7 0.045 0.921
Hik 10M 0.030 0.974 10 0.050 0.876
/NER TOM 0.031 0.923 13 0.044 0.933
5 0.035 0.987 8 0.017 0.876
7 0.037 0.876 15 0.024 0.882
oH 8 0.040 0.992 TR/ 20 0.033 0.987
9 0.047 0.914 25 0.040 0.996
11 0.049 0.934 30 0.048 0.932
— — — 35 0.039 0.999
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Fig. 5 Proportion of nitrogen at 48 h of strain ZMF5 under different carbon sources
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