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Response of an atrazine-degrading bacterium strain Acinetobacter sp.
DNS32 to inorganic nitrogen source
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Abstract: [Objective] The objective was to study the response relationship between the growth,
degradation ability and gene expression of Acinetobacter sp. DNS32 and inorganic nitrogen source,
and to provide guidance and theoretical foundation for engineering application of strain DNS32.
[Methods] Taked Acinetobacter sp. DNS32 for research object, the effect of inorganic nitrogen
source were studied on the growth and degradation ability of strain DNS32 by the bottle shaking
method, and the influence of inorganic nitrogen on the expression of the degrading genes was studied
by RT-qPCR. [Results] The results showed that the inorganic nitrogen in culture medium could
promote the growth and the ability to degrade atrazine of DNS32 strain. The inorganic nitrogen could
increase the expression of the trzN, atzB and atzC. Compared with the control treatment, the
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expression of trzN gene in the treatments with inorganic nitrogen could be 11.25+2.40-folds. It was
inferred that the atrazine-degrading enzyme coded by the three degrading genes may be
constitutively in strain DNS32. [Conclusion] The degradation of atrazine in the strain DNS32 is not
controlled by the induction mechanism of “nitrogen starvation”. The inorganic nitrogen can promote
growth and degradation ability of strain DNS32. Therefore, strain DNS32 has broad application

prospects in soil remediation practice.
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Table 1 The quantitative real-time PCR primers used in this study

Genes Primers Sequences (5'—3") Fragment sizes (bp)
trzN TrzNF GTCCTCCTCCAGTCGCTCC 178
TrzNR AGAAGCCACCTTCGCTCTTG
atzB AtzBF CCCATCACCATTTTTTTCAGG 149
AtzBR CATGGACACCACTGTGCTGTG
atzC AtzCF GGGCAAGACGATTTATCGAA 165
AtzCR TGGGCTGTGATTTAGTTGGG
16S rRNA F341 CCTACGGGAGGCAGCAG 250
R518 ATTACCGCGGCTGCTGG

http://journals.im.ac.cn/wswxtbcn



1544 WA 430 4 Microbiol. China 2014, Vol.41, No.8

A B
1.8- —e—AT-CK —=— (0.1 g/L 1.8 - —&—AT-CK —a— (.1 g/L
16k —A—10gL —x—2.0¢g/L 16l —a—10gL —x—2.0¢g/L
1.4 1.4+
2 1.2 P 1.2+
S 1.0 S 1.0}
0.8 208}
Q Q
C o6 S o6l
0.4 0.4
0.2 0.2}
1 1 1 1 1 1 1 1 1 1 0 ¢ 1 1 1 1 1 1 1 1 1
6 12 18 24 30 36 44 52 60 68 72 6 12 18 24 30 36 44 52 60 68 72
t (h) t (h)
Bl1 #ESRA)MESRB) EHE DNS32 £ KA E
Figure 1 The effect of nitrate (A) and ammonia (B) on growth of strain DNS32
A B
100 e AT-CK —=—0.1g/L 100 - —e— AT-CK —=—0.1g/L
~ 0F —a—10gL —%—20gL _%0r —a—10gL —%—20gL
S 80 S 801
g g
o 70 o 70
g g
g 60 S 60
< S0 < 50t
& 40f £ 40t
g, s
2 30 2 30r
3 3
g 20 g 20r
Q @]
10 - 10 -
| 1 | | 1 1 1 1 1
6 12 18 24 30 36 44 52 60 68 72 0 6 12 18 24 30 36 44 52 60 68 72
t(h) t(h)
2 FHBRA)MERSE(B)M B DNS32 BERERE N IS
Figure 2 The effect of nitrate (A) and ammonia (B) on degradability of strain DNS32
DNS32 DNS32
12h RNA PCR
trzZN atzB atzC mRNA
PCR 3A
DNS32 12 h trzN atzB  atzC
trzN
22 EHREBERERKEREEXNIINRIR 0.1 g/L
B Al Jiz 6.361+1.355 1.0 gL 2.0 gL
12 h 10.323+£2.205

http://journals.im.ac.cn/wswxtbcn



Acinetobacter sp. DNS32 1545
5 16 atzC
i OAT-CK O0.1g/L ml.0g/L m2.0gL 0.1 gL
12 - DNS32
g
210+
&gl 4
E 3
2,1 trzN
ol 6.060+1.300
0 . . 6.659+1.449
trzN atzB atzC
Gene
B e
OAT-CK @0.1g/L ml1.0g/L m20gL 3 4
14
trzN atzB  atzC
g t2r trzN  atzB
g10r DNS32 “
% 8 L 9
2 trzN
% 6L [22-24]
&
4 trzN DNS32 s
2 Singh p.
0 . . FI—‘{E Acinetobacter A6
trzN atzB atzC
Gene 4 DNS32
B3 ERFERRE R RIS R(A)FERZSRU(B) R NE AL
Figure 3 The response of degradation gene transcription
to nitrate (A) and ammonia (B)
11.252+2.408 atzB atzC
9 —
ol OAT-CK  ENO-N M NH-N
DNS32
57[
S 6l
trzN atzB a5t
atzC § ar
( 3B) 0.1 g/L trzN 3 2 I
6.803+1.458 1.0 g/L 1k
2. L
0 ¢ 0 trzN atzB atzC
3.183+0.683 3.535+0.751 atzB Gene
atzC B4 FTR4FHEMERERERENE

trzN atzB

Figure 4 The relative amount of gene transcription
without atrazine

http://journals.im.ac.cn/wswxtbcn



1546 TEY 24 E 4R Microbiol. China 2014, Vol.41, No.8
3 %iﬁ [10] ADX10
[D]. : ,
€8 DNS32 2007.
12 h [11] Sagarkara S, Mukherjeea S, Nousiainenb A, et al.
Monitoring bioremediation of atrazine in soil microcosms
using molecular tools[J]. Environmental Pollution, 2013,
172: 108-115.
36 h 3 [12] , , , DNS32
18 h 44 h [J1.
,2012,39(9): 1234-1241.
[13] Garcés RAG, Hansen AM, van Afferden M. Mineralization
8h of atrazine in agricultural soil: inhibition by nitrogen[J].
Enviromental Toxicology and Chemistry, 2007, 26(5):
844-850.
2) [14] Sims GK. Nitrogen starvation promotes biodegradation of
N-heterocyclic compounds in soil[J]. Soil Biology and
trzN  atzB  atzC Biochemistry, 2006(38): 2478-2480.
trzN DNS32 [15] Indesta KJ, Hancocka DE, Junga CM, et al. Role of nitrogen
limitation in transformation of RDX (Hexahydro-1,3,5-
“ ” Trinitro-1,3,5-Triazine) by Gordonia sp. strain KTRI[J].
Applied and Environmental Microbiology, 2013, 79(5):
1746-1750.
[16] , , . [M].
. : ,2006.
% % b4 rﬁk [17] Zhang Y, Jiang Z, Cao B, et al. Metabolic ability and gene
. . . characteristics of Arthrobacter sp. strain DNS10, the sole

(1] Slrlpattapakul S, W1r0)anaqu W, McEvoy J, et.al. Afrazine atrazine-degrading strain in a consortium isolated from black
degradatlon b?/ stable ‘mlxed cul.ture.s enriched  from soil[J]. International Biodeterioration and Biodegradation,
agricultural soil and their characterization[J] Journal of 2011, 65(8): 1140-1144.

Applied Microbiology, 2009, 106(3): 986-992 [18] Lee ES, Park JY, Yeom SH, et al. Effects of nitrogen sources

[2] Khan JA, He XX, Khan HM, et al. Oxidative degradation of on toluene degradation by Pseudomonas putida BZ918[J].
atrazine in  aqueous solution by UV/HZOZ/Fe%, Korean Journal of Chemical Engineering, 2008, 25(1):
UV/SZOgZ’/Fe2+ and UV/HSO{/Fe2+ processes: A 139-143.
comparative study[J]. Chemical Engineering Journal, 2013: [19] Sauer J, Gorl M, Forchhammer K. Nitrogen starvation in
218:376-383. Synechococcus PCC  7942: involvement of glutamine

[3] Anderson PC, Georgeson M  Herbicide-tolerantmutants of synthetase and NtcA in phycobiliprotein degradation and
corn[J]. Genome, 1989, 31(2): 994-999. survival[J]. Archives of Microbiology, 1999, 172(4): 247-255.

[4] Mandelbaum RT, Allan DL, WackettL P. Isolation and [20] Gebendinger N, Radosevich M. Inhibition of atrazine
characterization of a Pseudomonas sp. that mineralizes the degradation by cyanazine and exogenous nitrogen in
s-triazine herbicide atrazine[J]. Applied Environmental bacterial isolate M91-3[J]. Appllied Microbiology and
Microbiology, 1995, 61(4): 1451-1457. Biotechnology, 1999, 51(3): 375-381.

[S] Cooper RL, Storker TE, Tyrey L. Atrazine disputes the [21] ) > s -
hypothalamic  control of pubertal development[J]. pH []. , 2004, 20(1):
Toxicology Science, 2000, 53(2): 297-307. 63-64.

[6] Laws SC, Ferrell JM, Storker TE..The effects of Atrazine on [22] Arbeli Z, Fuentes C. Prevalence of the gene trzN and
female? Wwiset rats: an evaluation ~of the. protocc?l for biogeographic patterns among atrazine-degrading bacteria
assessinig pubertal development and thyroid function[J]. isolated from 13 Colombian agricultural soils[J]]. FEMS
Toxicology Science, 2000, 58(2): 366-376. ;S/I(? bioloos Eeolomy 2010, 73 ? 11623

[7]1 Swain J, Lessey A, Mirczuk S, et al. Effects of the endocrine ICTODIIOBY SCOT08Y, > 73(3): 611-623. L

. . o . . [23] Topp E, Mulbry WM, Zhu H, et al. Characterization of
disrupting herbicide, Atrazine, on pituitary development, s-triazine herbicide metabolism by a Nocardioides sp
gene expression and signalling pathways in Zebrafish . . : . ;
(Danio rerio) and mouse pituitary cell lines[J]. Endocrine ‘S"k?ted from . aggcultural soils[J].  Applied  and
Abstracts, 2013(31): 147. Environmental Microbiology, 2000, 66(8): 3134-3141.

[8] Gammon DW, Aldous CN, Carr WCJ, et al. A risk [24] Strong LC, Rosendahl C, J ohnson. G et al. Art.h robac_ter
assessment of atrazine use in California: human health and aurescens  TCl metabollzes §1verse s—tr1?121ne. rng
ecological aspects[J]. Pest Management Science, 2005, compounds(J]. Applied and Environmental Microbiology,
61(4): 331-355. 2902, 68(12):.5973-5980. .

[25] Singh P, Suri CR, Cameotr SS. Isolation of a member of

(9]

s s s

. , 2009,
36(7): 1099-1104.

http://journals.im.ac.cn/wswxtbcn

Acinetobacter species involved in atrazine degradation[J].
Biochemical and Biophysical Research Communications,
2004, 317(3): 697-702.



