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Isolation and degradation effect of two ammonifying bacteria
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Abstract: Background, aim, and scope In recent years, with the rapid development of economy, a large number
of nutrients such as nitrogen, phosphorus and other organic substances enter the water, causing eutrophication
of the water, and water resources problems are serious. Nitrogen removal in eutrophic water has always been
a research hotspot. Up to now, there have been a lot of studies on the removal of inorganic nitrogen such as
ammonia nitrogen, nitrate nitrogen and nitrite nitrogen in water, among which the research on the ammoniation
process of organic nitrogen is relatively less. In order to further understand the nitrogen cycle process of lake,
the paper took ammoniated functional bacteria as the research object to explore the ammoniated functional
bacteria in lake and sediments, and hopes to screen out high efficiency ammoniated bacteria, which can
play a role in the treatment of nitrogen pollution in Taihu Lake. Materials and methods In this experiment,
samples were collected from the bottom sediments of Taihu Lake. After repeated screening, two strains of
ammoniated bacteria were isolated, and named AB-1 and AB-2 respectively. The strains were identified by

the morphological features observation, physiological and biochemical characteristics analysis, 16S rDNA
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molecular identification and homology analysis. In addition, the growth characteristics and degradation effects
of two strains of ammoniated bacteria were compared. (1) The OD value was measured at 600 nm wavelength
every 2 hours after incubation in constant temperature and dark oscillation at 28°C for 120 r-min ', and the
growth characteristics were determined. (2) Inoculate 1% of the inoculated amount into organic nitrogen,
incubate continuously for 70 hours under the same conditions, and measure the changes of p(NH,-N) and
p(TN) to compare the degradation effects of the two strains. Peptone was used as the sole organic nitrogen
source in the experiment, so the content of organic nitrogen could be expressed by the difference between TN
and NH,-N in the initial culture medium, and the degradation rate of organic nitrogen could be expressed by
the increase of NH;-N. Results Through morphological analysis and 16S rDNA molecular identification,
strains AB-1 and AB-2 were identified as Pseudomonas migulae and Arthrobacter sp., respectively. Under
the same culture conditions, the growth potential of strain AB-2 was greater than that of strain AB-1, and the
maximum ODg,, was 1.063 and 0.851, respectively. Besides, two strains of ammoniating bacteria had strong
ammoniation ability. Among them, the removal efficiency of organic nitrogen by strain AB-2 was higher than
that of ammoniating bacteria AB-1, the removal rate was 83.15%, and that of strain AB-1 was only 67.33%.
Discussion Compared with other studies on the degradation of organic nitrogen by ammoniating bacteria, it was
found that the degradation rate of organic nitrogen by the two strains was slightly higher. This may be because
the ammoniating ability of the two strains was improved by multiple screening in the process of selecting
strains. Furthermore, the initial concentration of organic nitrogen in this study was lower, which indicated that
the strains screened were indeed effective in degrading organic nitrogen. In addition, by monitoring the growth
of two strains of ammoniating bacteria and the change of NH;-N content, it was found that strain AB-2 could
degrade organic nitrogen for a long time, which indicated that the strain could be used as a candidate strain for
high-efficiency degradation of organic nitrogen, and it was feasible to apply it to lake eutrophication treatment
to improve water quality and environment. However, the conditions, mechanism, enzymatic activity and
application methods of ammonia nitrogen degradation need to be further explored and studied. Conclusions In
the study, two strains of ammonifying bacteria AB-1 and AB-2 were isolated from sediment of Taihu Lake.
Both of them had strong ammoniating ability. Among them, strain AB-2 had higher removal efficiency of
organic nitrogen than strain AB-1, with removal rate of 83.15% and strain AB-1 67.33%. Compared with
other studies, the initial concentration of organic nitrogen in this study is lower, which indicates that the
strains selected are indeed effective in degrading organic nitrogen. Recommendations and perspectives The
removal rate of organic nitrogen of AB-2 strain isolated in this study can reach more than 83%, which provides a
scientific basis for solving the problem of nitrogen pollution in Taihu Lake and improving the water quality and
environment of Taihu Lake. At the same time, it has certain application value to lake eutrophication management.

Key words: organic nitrogen; ammonifying bacteria; isolation and identification; degradation effect
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PRE . FEERR . M0 A — RO E 1k 2 1k 4 T A
FHITHEA TR A

I A SR SCHR ik T 1Y) 2= Ak A TR A R R D
M & ( Brevundinonas dininuta ) , 7= 5 W H &
( Enterobacter aerogenes ) . 2571 ( Alcanligen
Saecalis) , ZFFFEE (Bacillus ) . B F IR TH &
( Psesudanonas ) . k& )& ( Micrococcus ) . 7%
JEFFH#JE (Proteus Cohn ) 55 (5K R4S, 2007;
EWESE, 2008; SRICZEAE, 2011) o ARAE 2017 4F
T IR L2 Hi, RIS 2 8 SR8 50K 61.6,
Jrh R E SRR, AAEAE R KRR A SR
Girh i R EIRERE AL — o A SCLLI IR
PR GRSV U A i RN S o B i 1
T, ErHEE M 16S rDNA S T2E 9 T
Bt %, I H A LA f s R 5
FBRE 1 00T, R b R A A i R R TS e )
B R K BT R SR AR AR
1 #M#ERFZ
1.1 #HmkiE

K F RGN, IGURHE S XM SR A7
FERICERFESRAE, TS HLS DR IRE S 1% 53
EIEEETRAET, RO AT 17 525602 7 o
1.2 iRXF S5 A*

B EEAMSeL ', NaCl025g L,
FeSO,-7H,00.16 g'L ', K,HPO,3H,00.655g"L",
MgSO, 7H,0 0.5 g'L", Billg 16—18 g' L', Z&1H
JK 1L, pH=7.2,

DON §370: H 0.1 g-L", K,HPO, 3H,0
04gL"', MgSO, 7TH,00.05gL", NaCl0.5¢g-L",
FeSO,-7H,0 0.005 g-L™', CaCl,"H,0 0.01 g-L',
WKL, pH=7.5, HFEE T R2ICT KK
30 min,

S5 v T B R0 28 Sy [ 7 A A ki
PR A 3R 0 6 BE 1T E ODgyo TH, Z A
i p(NH,-N) F1EL A F i p(TN) 295k J A5 ik
ME
1.3 FENFESEE

Ezup FEUAN L 20 DNA $hiid7H & ( Fifg
A= T.) . PCR R4 #4{¥ (Bio-Radl100, 3% E 1A
SR EE A RATR ) A W
(UV-5100, EiEooHr) . [HIRRG R F4 (HZ-
2010KAG, KEGREIBLEREEAHRAR) © &

JEZE IR K HHS (KT-30S, HA ALP A#]) | G A
s A (K850, FfE Quorum ) | BTk AHY
( HA LXRF) , ##iHF 25 (Su3s500, H
STk A H L RIVERT )
14 HFHRMISBEHAEL

FREL 1 g JICUERE M T25 99 mL AEFRER /K ()4
L, FAPRGIRAT, HAL 107 MR, SRS
1 mL FRRERIEA T 2—4 D RRER RS, B KRB AL
1X10°, 23S BUASBR EAR T 200 pL VA 7E 53 -
M b, 28CRMT, TrEESFRA BT 2—3d
AT , e th TR VE IS, TN 1 —2 A8 G
FTFHEE L, mEREE SRS G, RV &
NH,, FIRIEHE AL . BRIk B Y5 6 7
T “HEELSRIL” KR, WMEREAKEN, &
BRNZSr 5—6 IR, HEFrid B i as FIx IR,
1.5 HEHREE
151 AR B e

W 05 326 1B R 1) TR AR 2R AT R A B A B AR AL S
FE, ARALEE IR S IR O WA R G
T (CRFBBRMEEL T, 2001) . FHRIEEN
SRR, SBRNT: PkBUERE L
MRV, THA 0.8% AR K, o5k
W, TR ATALER, IR IR 1, B
B B RRAE S PR TR, TR S
TGS, S5 5 O B 7 4 7 B s

pUE 98

R BRI (HEY, 2013)
Tab.1 Procedure of SEM Sample preparation
(Xiao et al, 2013)

AT el

Additional reagents Operation

2.5% IR & 2—4h
2.5% glutaraldehyde solution Fixed for2—4 h
1% PBS ZZ i (pH=7.4) TPk 3 K

1% PBS buffer (pH=7.4)
1% FRIRT I
1% osmic acid solution
1% PBS &0l (pH=7.4)
1% PBS buffer (pH=7.4)
LERREEIK (30%. 50%. 70%.
85%. 95% 45 11K, 100% L2 1K)
Ethanol gradient dehydration (30%, 50%,
70%, 85%, 95% once each,100% ethanol
twice)
SR 5 IR B 2 IR

Isoamyl acetate displacement twice

Washing 3 times
4—5h
THUE 3 K

Washing 3 times

£FIK 20— 30 min
20—30 min per time

HHK 20 min
20 min per time
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1.5.2  16S rDNA 4T %58

XoF 1 22 A5 1 ) TR R AE AT P ZH DNA £ 5,
iz B8 1 2E T Ezup A2 X 40 B I K 41 DNA Hl 32
RA &AL BIEHDNA J5, HAMEEHSY (H
i TA R ) A1 Tag PCR Master Mix ( 2X,
without Dye ) # 47 PCR ¥ 3%, [z Wiz 17 #2 ¢ UL
F2, Hp, WEm g 27F, Hok LT 5 .
( 5-AGAGTTTGATCCTGGCTCAG-3') , 5]
¥ 1492R (5'-GGTTACCTTGTTACGACTT-3")
(Lane, 1991) . PCR ¥k Z=AEY T (_LifF)
ety A BR2S 7 64T 16S tDNA I, 16S rDNA JF
H) BE 4245 5 b 1% 2 NCBI | BLAST 15 3| [© %} 2%
o PRI &R 5w R B w1 T8 R 8
L FASTA # X A7, FIH MEGA 7.0.14 5 /FH 1
Neighbour-Joining BRGE I B HE RGBT

#2 16S1DNA HJ PCR [ iEfTHEFF
Tab.2 The program of 16S rDNA PCR reaction

IR & Hif ] PEHEL
Procedure Temperature/ °C Time  Cycle number
iAsPE  Predegeneration 94 5 min
A5PE Degeneration 94 45s -
iBK  Anneal 46 45
JEMf Extend 72 2 min
JEfH Extend 72 5 min 1

1.6 FERRIERIFENE

PR —IF R &, R B2 100 mL & A RES
FEWAHEIZI T, T 28°C . 120 r-min ' fH i 2R S
Pi7¥E S, URBEFMBIE TS AR, B2 h
IURE, £ 600 nm Y3 H OD f, £l
MRARK M Z N (g%, 2011) o
1.7 HEHRFERRBE IR
171 BEHRAAFE SR B e 71

PP R P RR T AR, 4 R 1% A4 FD
HOP R TR R A, Hiorp, B R A
HEM. R, IRRS 05 gL, 'REAN
TR RS 25 3 R 2s A IR, KR 9R 2 d s BOREAS
p(NH,-N) Fll p(TN) ¥4t
1.7.2 XA LA RS2

Fi& 1% 142 i o R 422 A SRR ke 5 R0 U
ER SR, IR EEE N 005 gL', [EE
(2012) TEKIRZ AN T 1Y 73 25 55 0 SR PRI 5%
H, RERELEEMRE N 0.5 gL, KT EEE
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FRAKMARA R IR, RIS IR IR RS 750
YER2s AXTIE, T 28°C, 120 r-min ' fH IR 3% K B
MEdE SR, W p(NH,-N) Fl p(TN) AR il 55
55 (o FH 8 A RV e — A DL, oA P S
A UHBIER S IR0 1 TN 5 NH-N &2 25 0%
7, BHLEMREER L NH,-N B3I %R
2 ER5HMH
2.1 HEHRES B

2t 2—3 d A RBUE FARE 5, PR B
WA TREG, A6, &80, &6, K
o, FHE OIS NET . SR PREUATRTE , R
BETC R R I T GRS iR 3—4 K,
YR 6 BRI, R4S AB-1—AB-6. A (IR
i AB-1 5 AB-2 BRI ZS R, TR
KR AB-1 5 AB-2 55370 NH, (7= A% B
KIRG IR IR, DL e A VLR
b NH,, 2R T A 2 0B
22 FHHREE
22.1 BB E

(1) WHRIEASRHE

TEEREEIRIE I, WAL R AB-1 HVESMILIE
BREERIY . BEH . A, HZEw . W\
R, HAAN 3—S5 mm. HEk AB-2 EiE/NILE
BRHFAAGEIE . AEH ., A, H%EW . W
WK, HA N 3—4 mm. PIFEMRAER BT 5
TBAOE IR a1, 2 s, Hdr, Bk AB-1
BEFER, AEREER ., R, RGOS, g0
HIAARFRA/NH (0.43—0.52) pm X (0.77—1.18) pm;
Pk AB-2 SERIR, WATE R, Wi, &
S TCRE A, AR KN (0.51—0.59) pm X
(0.65—0.72) um,

(2) AFEAALERIE

Ik AB-1 15 AB-2 A= AR AL 45 AE A ] 5
o SRR I A BHA T . IR AT L K V-P RIS TC B
Ak, IR PR bR Re A w AN A R,
RS0 H 4 CAM NI A K, REZ b Wtk
AB-1 2% [QUL A, JEMKARE . SALl . JIREG
SEG | MS|WESEEG R PHE ROV, B RR AB-1 B2 QYL
o FEE R B RYE, HAR LIS A I, 456
WIBE R IE S22 RE, w125 FIB B iR AB-1 5 =it
BN ( Pseudomonas migulae ) , HFiff AB-2 5
W IEJE (Arthrobacter sp. ) FHRIPER R
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SU3500 15.0kV 5.6mm x12.0k SE 07/19/2018 10:50 4.00pm

A 1
Fig.1

SU3500 15.0kV 5.5mm x11.0k SE 07/19/2018 12:55

5.00pm

SU3500 15.0kV 5.4mm x17.0k SE 07/18/2018 14:12

Ik AB-1 4
SEM photos of strain AB-1

SU3500 15.0kV 5.5mm x12.0k SE 07/19/2018 12:58 4.00pm

K2 Bk AB-2 R BEIA
Fig.2 SEM photos of strain AB-2

222 16S tDNA 7T %5%E

2200 5, AB-1 Y AB-2 Td F 19 16S rDNA &
A BRIV 50 1445 bp F111424 bp., Kf AB-1 5
AB-2 FRRIIF2554E NCBI |3/£4T BLAST 4347,
tE R, W RE AB-1 5 Pseudomonas migulae J¥
AR, N 98%; AB-2 5 Arthrobacter sp. #
APEIL 99%. — eIk, JEIN 4 DNA FHUME:AE
99%—100% Y 41w, 52 g [ — A Bl ARRIE
97%—99% # [f] —~J& ( Drancourt et al, 2008;
Janda and Abbott, 2002) . A ilF— 5 EIE Y I #k
153 A, 398 B TR) PR 5 5 1 7 A A e R e
AR 3, # 4 iR, Wk AB-1 5 AB-2 3
=BT T AT R A TR R S AE R — A
I3, ABERERKY, 458 PTHERIIE S5
HEL AR AL TRy TR SRR, AT A
FEHFE AB-1 5 AB-2 435 Pseudomonas migulae .
Arthrobacter sp. .

23 FEREKEENE

R AB-1 5 AB-2 (A=K i 200 25 5 an 4]
5w, TEAHRIMRE TR AT, Ftk AB-2 K#K
T AB-1, ODgy S KME4 514 1.063, 0.851; PIIA
WRIEFG A 4 h EIE N BT, Ab T, 4h G
TH HE AT B K3, ODg, fH M 0.330, 0.235 it
] 20 h 9 1,012, 0.849, 20 h J5 B A H AR
MBIk B F- 7, TH K AB-1 5 AB-2 435l
M 28 h, 34 h WRSET R m I AT,
ATLLE H K AB-2 oo A K, R R AR
FHmF ) . EIE%5 (2010) TR zjc05 BRRLE
Shtik Bl KA K&, AMIEMERN AB-15
AB-2 FR BT oA K EE, HAEKEMN8hE
TCAE = Y Zjc05 B Ak -
24 FHHKRMEBENEXKER
2.4.1  BMIHRRE TR B IcRE

AHLVE IS DON, a2 IRE
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SRS, ARURSER SR T =R WA HLA R B, EABAARRR, FRFRZ, RE&/D (E
GEORRW: WFRFIMMEIT, HHkAB-1 5EH 6) o SUA RS, Hik AB2 MIHAHLAR AT
AB-2 FIIA R LR A Bk s 5, Ho, BER AB-1, X ATRES RARAYA KRR

AB-1
Pseudomonas migulae INR 024927.1|

100

Pseudomonas migulae INR 114223.1|

Pseudomonas migulae |[KP762559.1|
— Ochrobactrum sp. IMF991910.1|
100 L— ochrobactrum sp. [MG835335.1]
99 ,_—Rhodococcus sp. |[U27579.1|
Rhodococcus sp. [IMG946225.1|
51 Arthrobacter sp. MH198275.1|
Arthrobacter humicola |AB279890.1|

100 Arthrobacter sp. [IMG569788.1]|
100L grthrobacter sp. |[KY038212.1|

100

0.020
K3 Witk AB-1 RS L B
Fig.3 Phylogenetic tree of strain AB-1

Arthrobacter sp.JHQ331126.1|

ﬂ{ Arthrobacter sp. MG757515.1|
AB-2
28 Arthrobacter sp.|EU661379.1|
Ochrobactrum grignonense INR 028901.1|
67 Ochrobactrum sp. ] MH777101.1|
o1 91|, Ochrobactrum ciceri INR 115819.1|
88 Ochrobactrum intermedium|U70978.1|
87 Pseudomonas sp.|[KY927415.1]
?' Pseudomonas sp.|KY927413.1|
Novel Rhodococcus sp.|DI433134.1|
Pseudomonas amygdali NZ LIPY01000355.1|
Pseudomonas fragi INZ BDAB01000047.1|
43 Rhodococcus imtechensis [NZ AJTHO1000108.1|
459|— Rhadococcus sp|DT6438.1]
0.20
K4 Witk AB2 ARG KT
Fig.4 Phylogenetic tree of strain AB-2
242 FHATHURIMERERE S HEE FRFS N 1%, 13%, BEEHEFMT RO,

Ptk E AL A LR PR SCR R 7, 8 LRI, Wkk AB-1 7655 30 h if LR %
FroR, WIEARER A PLE R B p(TN) I 35 5] 67% DL b, AB-2 78 % 35 h B, 25 FR R ik
SN, 4EFEE 95 mg L Zify, NH-NREARWT  83% LU b, G MR AL X A HLA B Bt T
T, RUA LA B L R W o R, BRWONEIE, Witk AB-1 5 AB-2 2 HITE
NH;-N. 5hff, ZfbE AB-1 5 AB2 WANLAM 5545 h 5 50 h 5 2P RS, XATREH TRk
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FET-Fmit K TARKR, HARAZ#HE % (Gotas
et al, 2008) . ZALTE AB-2 XA LA L ECR
mTE LR AB-1, L% N 83.15%.,

12

1.0p

0.81

ODsUO

0.6

0.4

0.2

0 5 10 15 20 25 30 35
fF1E  Time/h

K5 Ptk AR R

Fig.5 Growth curves of two ammonifying bacteria

330 4:AE Beefextract

O Ak Petone
300F = JRE  Urea

2501

2001

p(NH,-N)/(mg-L™)

150F

100 -
AB-2
Number of strain
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PRI

K6 PITEZAE A R B RE
Fig.6 The utilization of different substances by two
ammonifying bacteria

F/NIE S (2014) X —RR AT 1 53 B8 45 78
KA FRERR G, Tk i — bk Sl e,
A MR ECE R 30% Lh by 52, ARk
i e 1 2 Ak R A LA L BRRImm & i, B iRk
FERAG, 33X 1T RE 2 R Ay v v B AT AL AT X
YA MEIER, BARHRE T HEE A K TS
& (Fork and Heffernan, 2014 )

3 e
AMFFE LA IR O ME— 2R, RIS i
Yh B 2 BRE L AB-1 5 AB-2, #R¥EH

LA B 2R G056 5 TR 16S tDNA 4r %52, 4]
A R R AR AB-1 8 = BRI ( Pseudomonas
migulae ) , AB-2 T & (Arthrobacter sp.)
X L AB-1. AB-2 #E AR thZeiiile , 78
FHFE AR TR 45T, WPk AB-2 K3 KT AB-1,
ODygo e KAH 53 31 24 1,063, 0.851., 2 2 1k 14 5
AEOGRM AR, Hh@Ek AB-2 XPEHLAM £
BRACH T2 AB-1, KBR¥% N 83.15%, Mtk
AB-1 LR 67.33%.

100

180 o
~ 80} Mgcg
i % E g
. | )
£ oo v %é £
= ﬂ‘ v =
z 140 =222
= 4of =EE
z g
S 20t H'20 -

0 0 20 30 40 350 60 70 ©
A1) Time/h
~TN = NH,-N

. ANED R

Decomposition rate of organic nitrogen/%

K7 Wbk AB-1 XA DA FEARECR
Fig.7 Degradation of organic nitrogen by strain AB-1

100
100
180 = .
80F S
o 8 g
£ 601 S
= &g =
z 140 =2 g;
2 1
< 20 2
= 20r
0 Ll IL 1o
10 20 30 40 50 60 70
fF 18] Time/h
TN = NH,-N
. FWRIRZE

Decomposition rate of organic nitrogen/%

K8 Fikk AB-2 XA HUARFEAACE
Fig.8 Degradation of organic nitrogen by strain AB-8

Z A (2008 ) X AT M b 42 Ak 40 T 22 R
AHLAEMSCRIEAT THF5E, Wikt 5 #ka b
e, HAPAbamE -1, A -2 528k
T -5 XA PR ALR 308 5] 46.2% . 49.4% .
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52.6%; EFEFPEFE (2013 ) fE—BRAKIAE LA
T 153 B SR HERRFE T, DL 10% #ERh i A
AW 5 ¢ L SN sk iR 23, HANLAM
R i 2 B 1 M 44.82% o & BRI 35k P9 TR T A X6 A L
TR 5 A R R g ) — 2 B AR HIE 5 v T O 3
AL TE AB-1 F1 AB-2 XMk A HL A A IR I 1Y
EEARRICR

TEASRG, EEAISAZNEEE, &
fRanes . WAEILAn R . fEfean i E R (%
RKHEE, 2017) o ASSCIE I X P AR 2040 18 AR K i
K NH-N &t (A8 fb Wi, &3t AB-2 I 7F
BRI Y R FEA MLA RS R, Ul B A R ]
DIAE Ay v 55 R A A LSRR e B e, o0 L 10 31
WA s 8 AR B P GE K B 2 AT, 3
SN OEEN G R Rl A S LA T N R
PR 7 VR SR — 2 T 55

4 #hig

X 2 MREAL S AR R R SR AR R
RAFgE, MIHLITFE e, (1) BELR AB-1 8
=R NEEE ( Pseudomonas migulae ) , AB-2 A
KT (Arthrobacter sp.) o (2) XF 2 tR &AL &
AT A PR FE RO TS, KRR AB-2 X4
LA 25 BR8CR & T 2 A6 TA AB-1, W R A L
AR H 0 M 83.15% 1 67.33%, 1 AB-2
R T LAAE S v A% A LR e e T bk . KT
AR it DR A K A v 3R s G [m) i, e R 7K
FiIAEE R AR A & S SR #rh B — o ny i
HirfE.
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