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Isolation, identification, and deamination characterization of a
strain of Alcaligenes aquatilis

WANG Ziyu', WANG Jiali', TANG Defu', SUN Xuchun®, HAN Xiangmin', SUN Likun"'

1 College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China
2 Animal Husbandry Technology Extension Station of Linxia Hui Autonomous Prefecture, Linxia 731100,
Gansu, China

Abstract: [Background] With the rapid development of animal husbandry, it becomes a
challenging task to utilize animal manure and reduce the pollution caused by it. Aerobic
composting, as an effective way to utilize manure, has become the focus of research.
[Objective] By screening microorganisms with efficient nitrogen conversion capabilities for use
in reducing nitrogen losses in aerobic composting, thus improving fertility and reducing
pollution. [Methods] We isolated and identified the strain NS-1 with strong ammonia-oxidizing
capacity from the heterotrophic nitrifying bacteria in cow dung. Furthermore, we cultured the
strain NS-1 under different conditions to investigate its ammonia-oxidizing capacity. [Results]
The strain NS-1 was identified as Alcaligenes aquatilis based on morphological characteristics
and 16S rRNA sequence. When being cultured in the medium with sodium succinate as the
carbon source, the C/N ratio of 15, and pH 7.0 at 35 °C, strain NS-1 demonstrated significantly
improved ammonia-oxidizing capacity. The validation experiment showed that strain NS-1
completely removed 1 230.694 7 mg/L ammonia nitrogen within 32 h, with the removal
efficiency of 100% and the removal rate of 38.46 mg/(L-h). [Conclusion] The strain NS-1 with
excellent ammonia-oxidizing capacity is of great significance for reducing nitrogen loss in the
composting process. This study provides microbial materials and technical support for the
production of high-quality bio-organic fertilizer.

Keywords: nitrifying bacteria; nitrogen transformation; heterotrophic nitrification; A/caligenes
aquatilis
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pH 7.05 B HiFREE(e/L): HlEky 18.00, HiAth
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1 16S rRNA JE[H .PCR JZ WA F(25 uL): 2xPCR
Tag Master Mix 12.5 pL, 45 DNA (35 ng/uL)
1 puL, k. F¥#H5I¥(10 pmol/L)4 0.8 uL,
ddH,0 9.9 pL. PCR W 45fF: 95 °C 10 min;
94°C30s, 57°C30s, 72°C90s, 35 MEH;
72 °C 10 min, PCR ¥ 1%ZX N b &E e v vk
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5500 r/min &5.0> 5 min, B EEWRIME ODgoo M
NH;-N. NO, -N, NO; -N ¥R, ARz i
3 ANEE, PRFPRF AN, 5SS IR A
¥ 5 IAR R
1.5.2 A C/N B% 0
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JEREEEIE NO, -N AU IE s RAMM L6
IE NOy -N kB .
1.6 HFESH

W15 2] 19 B9 Fl IBM SPSS Statistics 25 3F
75007, SR8 2 ANOVA #2)F Duncan [G 3
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Figure 1 Scanning electron microscope of strain
NS-1.
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i e TR A 0 2 i 15 Sl I 1A SR S M RE
ORI, 8 H A TN A HLER S 57 97 4 A

100

0.020

B3 HE#ENS-1ETF 16S rRNA EEFIHMENRZLER
TR EANEHRALEAR 0.02 M5, #5559 )F 5 N GenBank & 5¢5
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Figure 2  Electrophoretic diagram of strain NS-1.

(P2 RN AT X 32k P i B 5 v & B
w LA BIR A BESE  ThIE . A HLER RN T
&, MTFMAEDENI AR ZES, AN
PR B A 4 el ) A e Ut AN [

i 4 s, KA PR B NS-1 XA [ ik
DRI R A B 25 57, U hy 4 26 4 R

Alcaligenes aguatilis strain AZHF-1 (MF170812.1)
Alcaligenes agquatilis strain NS-1 (OP976029)
Alcaligenes aquatis strain BUN33 (MG515168.1)
Alcaligenes aquatilis strain AKB3-KU (MN880101.1)
Alcaligenes aquatlis strain LSH-3 (MT228980.1)

Vibrio parahaemolyticus strain ATCC 17802 (NR_041838.1)

Staphylococcus aureus strain ATCC 12600 (MN508958.1)

BT S EUE LR bootstrap fH; &

Figure 3 Phylogenetic tree of strain NS-1 based on 16S rRNA gene sequences. Numbers at nodes in the
phylogenetic tree represent bootstrap percentages; Bar is 0.02, representing 0.02 substitutions per nucleotide
position; The numbers in brackets are representative of GenBank accession numbers.
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Figure 4 Growth of NS-1 at 0—96 h under the influence of different carbon sources. A: ODgpo. B: NH,"-N.

C: NO; -N. D: NO; -N.

THE A AR A A KGR % HOR BE X S Rk AT A K
2Bk o o YR IEN T RN . Fr R AN
2 R AN B TR NS-1 /9 ODgoo ¥ AT LLIKE] 1.9
DLk, HERM T EBRERDHN 5.4,
57. 52 mg/(L-h); EBRESHIN 96.6% .
98.6%. 91.7%, T H M 1 7] LI H # Pk NS-1
ANVETE WA S 8] B2 PN S [R] Ak 3 ] 245 B B 25 5
(P<0.05). XUt BH/INV Tk I B A 1] F NS-1 i
TR FEmith (B 4A . 4B). 4F7rEE IR 8Ny Bk I
m, AW EH 0 h 9 0 mg/L FJ1E] 96 h

1 311.09 mg/L (& 4C), RHAMIMEEH 0 h K
496.498 5 mg/L I F+ 2% 36 h 1 937.477 0 mg/L,
ZIEIFR TR, F 96 h FFEZE 622.339 4 mg/L
(Kl 4D). ZZE&UWEHES &, Wk NS-1 7ELL
FEBERR N J B IR, A L BRAETE 96 h I 35 F
1 98.6%, HA R EIRE
222 A[E C/N B0

AIF] C/N Xt Alcaligenes aquatilis strain NS-1

BN 5 Ui, 7ERT 16 h, A C/N B4
KB RMA A ELBRRY LB MIEZ, 16 h J5
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F1 FRBEZNTEKNS-1 E£& B RS
RIRE
Table 1 Ammonia nitrogen concentration of strain

NS-1 in different time periods under the influence
of different carbon sources (mg/L)

WP HA0E  FEIREN REME TR R
Time Glucose Sodium  Sucrose Succinic Sodium
(h) citrate acid sodium acetate
0 559.85a 553.89b  534.81e 538.09d 547.78¢
12 545.54a 525.12d 511.1le 536.60c 540.03b
24 519.75¢ 709.68a  527.95d 617.99b 531.53¢
36 523.48c 694.17a  499.78e 655.11b 511.55d
48 540.77a 480.84d  506.63b 501.27¢ 452.67¢
60 352.49d 189.40e  525.27a 372.02c 442.68b
72 545.99a 74.02¢ 530.64b 79.23d 352.94¢
84 489.64b 45.39¢ 507.98a 49.72d 175.39¢
96 483.23b 7.53¢ 495.45a 18.56d 45.39¢

NR/NG FHFRIR 2257 1.3 (P<0.05). T
Different lowercase letters mean significant difference,
similarly for the following tables (P<0.05). The same below.

A 25¢ C/N
—— 5

20} 15
—v—20

0 8 16 24 32 40 48 56
Time (h)

&
)
=

C/N

120 |

NO,~N (mg/L)

0 8 1 2I4 3‘2 4b 4l8 5I6
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B 5 A[FE C/N&MNT NS-17E 0-48 h BYE KR

B, D: Y AHE L

FIFE NS-1 7E C/N & 5 F1 10 HAE R IF IR IR,
16 24 h G HE KA I, UL IR Bk JEAS 12
IF 20 ) AR R 2 2 BN BRI, AT B SR A Ak
RORARSES; M2 C/N K 15, 20, 25 B ODgoo
e 16 h ZJa4ks BT, AR T 1.9 L
b XA LR 3 AR Z AR 22 0
JU, ¥7E 48 h WA A MRIERER 0, A LR
BRI 7.95. 7.89. 7.81 mg/(L-h), &
YR 100% (Bl 5A. 5B), HzZMmJGzERME
(P>0.05) (# 2), MK 5C.5D rfLIFEH, & C/N
Fo A BT B R A A AU R
223 A[E pH HIS200

Bl 6A AJLIA Y, 5 pH 1E 5.0-9.0 X4~
WHEN P NS-1 MAKIFRZBE KM%
M, FEAKR NS-1 764 pH 250 T 3G 5k 22

B 500,

C/N
+5
—— 10

400 ¢
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200
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100
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200t
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Figure 5 Growth of NS-1 at 0—48 h under the influence of different C/N. A: ODgg. B: NH,"-N. C: NO, -N.

D: NO;3 -N.
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2 FECNEMTEHNS1ESHEBRNE R, MM Y8 3 H LAz — R
TR ity pH JERINIEI KD 3R 3 aLUEH,

Table 2 Ammonia nitrogen concentration of strain N S AL -
- 7 N <0).
NS-1 in different periods under different C/N ratios NS-1 AR ALHE T SR 225 B3 (P<0.05), A

(mg/L) K 6B nLIEH, pH X FTRAMWELEAE —E
Time 5 10 15 20 25 ¥, X4 pH 7.0 B, AAE 48 h B FEE
E)h) 377.53b  375.89c 381.41a 378.88b 374.70 0.521 8 mg/L, FLRBRHAN 7.89 mefLh), =
. .69¢C 4la . AU 0 %7 0 H b 2 F /\‘%; SANH]
8 332.66e 372.61b 375.89a 367.55¢ 357.11d I%sz\j 99.9%. JLARALAE 24 E/Jj&[%l‘%ﬂ\fj
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Figure 6 Growth of NS-1 at 0—48 h under the influence of different pH. A: ODgg. B: NH,"-N. C: NO, -N.
D: NO37-N.
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Table 3 Ammonia nitrogen concentration of strain
NS-1 in different time periods under different pH

(mg/L)
Time 5.0 6.0 7.0 8.0 9.0
(h)
0 410.63a 371.27¢ 379.17b 358.90d 350.70¢
8 389.76a 388.42b 381.26¢c 366.06d 355.62¢
16 435.38a 393.04b 384.09c 357.26d 358.60¢
24 368.59b 311.94c 257.68¢ 310.15d 374.70a
32 273.33¢  316.71b 285.26¢c 384.54a 259.32¢
40 227.27¢ 262.45b 116.50e 276.31a 213.10d
48 141.70d 173.60b 0.52¢ 192.83a  167.19¢c
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16 35 °CH}, ZAEAE 48 h A 379.174 1 mg/L &=
0 mg/L, EBRFEN 100%, HAEE T @AM
23 TR, R R 62.4% . 95.2%.
99.7%. 6.3%; MIE 7C FIE 7D AILAE H, FHEL
TR, R A A AR A R A i iR R
K 4 WJLIEH, IR 35 °CHI 40 °CH Ik
NS-1 7£ 48 h Iy KRB 22 7 A8 B35 (P>0.05)
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Figure 7 Growth of NS-1 at 0—48 h under the influence of different temperatures. A: ODgg. B: NH,"-N. C:

NOzi-N. D: NO37-N.
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225 BRMMIZSHEIELRE

WK 8 s, HkkNS-11E& S5t m
Z0F 32 h INELRENS 1 230.694 7 mg/L 1A
SEAR LR, RBRHEAIAF] T 38.46 mg/(L-h),

R4 TREIREFNE T EHKNS-1 £ ERAR
AR

Table 4 Ammonia nitrogen concentration of strain
NS-1 in different time periods was affected by
different temperatures (mg/L)

Time 25 30 35 40 45 EBRFEIBE T 100%. 2 AR KT H
h V. N 2 N 4 —-
() HTRIF S 19 K43 5 R R AL A
0 371.72d 371.27d 379.17a 377.39b 375.75c
8 34533¢  388.42a 381.26b 375.15¢ 352.79d 3 ‘Ij"ff'}
16  443.57a 365.31b 235.76e 344.89d 362.03c
24 418.53a 311.93¢ 257.68¢ 274.22d 365.91b T A W B A AT B B AN TR IR B B, A
32 369.04a 233.38c 144.68¢ 224.14d 365.01b ) 4% A ) ok B YL g ) PR Bt 4% S TRD . FEAS
40  238.30b 180.61d 91.16e  189.25c 366.35a I MR AR R R T R AN . T
48 140.50b 17.96c 0.00d  0.97d  352.19a . i s e v v e
PR NS-1 Toit 2 L bR 5ah & L br R i im i =
A 20¢ B
o 1400
/—_3/ 1 200
1.5
~ 1000 F
s 2 800
QE 1.0+ ;
3 . 600
I .
05} “ 4007 \=\
200 ¢ \
0.0 L 1 L “l 1 L ] 0 1 1 1 - - J
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Z
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Figure 8 Growth of NS-1 under optimal conditions for all parameters. A: ODgg. B: NH,"-N. C: NO, -N. D:
NO; -N.
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HAthgseilit, FLR N ERHMEDHE G
(a2 . E A BAIIR R Ak R BNy A
MLYIES = RGP L B B R (a7 4, RS B
BT A A O, SR B R 2R B R
e R s FASH R, STAEY
2 41 /N A ML E M ik TR 25T
FAFF o T H RO 7K AR 7 B B8 %) 0t 5 i
Wb, Tl Hp BA 2 A RCR k. B
Wi, Cao ZE I KB A. aquatilis AS1 1EBE
R . LIRSTBEIREE LA Re R ir A, T
T RE S REAE S BE SRR A0 2 TS e
Bk Pseudomonas aeruginosa YL BB 155
TAARIRYZE R, Btk NS-1 fE—E&M it A
AR EHRRER N IIRE, X 5 RS 5 IR A k4
EA AL RE T IR A R — 3. BR TR,
HiE IR A W E R A KB . RS
il A TR HE A 7 60 5 A 1 B e 28 LU 38 6 FE 1015
Z 18] 4 Kundu 25438 i Chryseobacterium sp.
R31PUZE C/N A 10 B AR, Yang %545
B Acinetobacter junii YBYE C/N iy 15 Wi}
flE R R . TER SRR R, & C/N 8
W3 ARy B R T RO AT, (B E R C/N
FE A S A A O R 2 BR Y S AR
SCE PR NS-1 RN AR : X4 C/N
915 B NS-1 X2 A1 LBRRIEF] T 100%, 1
TE C/N ARZL3G K RFFFRE AL, BT & Y
C/N F I ARXS NS-1 WL &N = A5 . A
g, MK 5C, sD LA, & CN A
W THEEBERTMHEAMMA, MX—4585
2 IR A A R 45 R P — 3., (1R O/N Head
R RIR T, LA IRIB TR R
ZPFREE, WEE R NS-1 BAMESE R C/N
FEh 15,

— SR PR P Rl 25 B 22 B/ i A A R R A
KZFN R, HhsgmERih pH FIRE

AR, P R A Y R AR
AN B R 2 4 20 b 3 0 S 7 el A A R
A LATERRTE 26 N AT M e IR Ak, anTaE ik
A. faecalis C16%"", Acinetobacter sp. JR1 (pH
4.5)858 1 A 43 B, FRATT AT LUE H T R
NS-1 75 55 B A 55 Tl PR PR B T AR A —E 1Y
MRARE ST, FWIBEME NS-1 BN HYE R Ry
2o L BIrR, HIREE pH 7.0 I TR AR YR 2 e
JIIRco o U FE X S5 5% i Ak A TR A TE — O Y
Wi, PR Ry S o A A o R s el 22 i e A [ 1
(0, TRLEE 206 X SR il 1 15 T A s e P R
Thim B A E Y B P, A D RE R B
FEHET, LW BORPY . LR A
&, BRE NS-1 By RN R Ry 35 °C, 14k
E SR SENIPNES €2 (R R AN OE S ZE 1 Y: S
(30-37 °C)—BP, i BRI, TR NS-111
Rd AR IR 35 °C.

TEfR A HATR B IE SE 30 P A AR NS-1 3
T OC R AR, I T AR R B 2 RCR A
TRE F IR E , W Cao FFLEM IR K
MW, HARAVBWEIE MR 1 300 mg/L B,
A. aquatilis AS1 AbFE 60 h J5 X 2 A 1Y 2 5K A
$] 95.1%"" PR 2 G A I HEVS I b Ay B
TE B = A R SR AL TR Bk Alcaligenes faecalis
Ni3-1 7€ 48 h Al JBiFk 93.2%A A, A%
S5 MOV A 06 15 7K HETS 1 43 2 2l Ak i) — ik TR
Alcaligenes sp. S3, TEZ@AWKIEN 400 mg/L
i, i 192 h R, ARMERRREE
88%! >, T L AR AE MK U /K P I AR v O 32 ¢
— R B A B B R R 1 S S i A - i ARUSR
fL T Delftia sp. SF9, #£ SND1 1 SND2 15575
R EBRE DA 81%H1 74%09, £ ERT LA
A, AWFIE R R NS-1 iR LR
T A. aquatilis AS1 . Alcaligenes faecalis Ni3-1 .
Alcaligenes sp. S3 I Delftia sp. SF9.
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R FRE], RPE NS-1 Xk . C/N,
pH HA BTSN R AL RE T 7E
HERE T3 A R AT Ak R S, Ok B A b R
Pk NS-1 Wi ad a2 G5 eie Jy, FATE N % TE
SEBRHENE b AT 2 AR P RE A B iE, X HE AT
o7 FF3E P A F 9

4 HZib

il EEYME . B, ditk. Wi, 4
FERE A PR H—RRAS AL AN BT NS-1, #IES
2 TN 53 A2 2 0 W25 1 LR K AR 7 AT
W (Alcaligenes aquatilis), HEaiiE N T R
oy, SRR ARGE T 3808 CON 15, pH
7.0, W 35 °C, TERESZIRHT, TRtk NS-1 78
32 h I 1 230.694 7 mg/L AR ER, *=
BRAIREN T 100%, KBR#E%H 38.46 mg/(L-h).

AR SCHFFE I e I BRI R NS-1 FE 15 FE 3 xf
RAEBRFREL 100%, R EKITFH S
A fE, T A AR IE 0 557 AR D 10
SEAR . BERR NS-1 EEH A R E R
AeJ1, F&E SR T/ 5 IR0 A 6 24
AMENE SRS, HBRBROLTGE . 8
Y5 YRR R SR AL B ARG . A5 I TAE R
PR ST — A . 5835 DL S SR
P E NS i R W W B S 2 (R et
PRAE T AR BRI Z R
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