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Abstract: [Objective] Paracoccus denitrificans is an environment-friendly strain of a-Proteobacteria.
It can also perform denitrification under aerobic conditions and has good denitrification ability. This
study intended to use P. denitrificans DYTN-1 as the chassis cell to screen nitrogen inducible
promoters for strengthening the nitrification and denitrification pathways, thus achieving the purpose of
enhancing the removal of nitrogen pollutants by metabolic engineering. [Methods] Recombinant
plasmids overexpressing amoA, amoB, hao and nirS genes were introduced into P. denitrificans
DYTN-1 cells by conjugation. The gene elements and nitrogen removal ability of P. denitrificans
DYTN-1 were characterized by fluorescence quantitative detection and nitrogen quantitative detection.
[Results] Six promoters induced by NO,”, NO;~ and NH," were obtained at 2 to 26-fold induction. The
residual amount of NO; in the medium of the nirS overexpressed strain was 67% of that of the
wild-type strain after treatment with 2 g/L. KNOj; for 24 h. The strains overexpressing both hao and nirS
had only 50% of the residual NO; of the wild-type strain after treatment with 1 g/L NH4Cl and 2 g/L
KNO; for 12 h. Furthermore, the final degradation efficiency of total nitrogen reached 79.5% and the
residual total nitrogen was only half of that of the wild-type strain. [Conclusion] It is feasible to carry
out metabolic engineering with the aboved screened promoters to enhance the removal of nitrogen
pollutants in P. denitrificans DYTN-1.

Keywords: inducible promoter; nitrification Paracoccus

denitrificans DYTN-1

pathway; denitrification pathway;
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*1 HRERER R
Table 1  Strains and plasmids used in this study

Name Properties Sources
Strains
P. denitrificans DYTN-1 Wild type, for gene expression Lab preserved
E. coli IM109 Wild type, for plasmid construction Lab preserved
E. coli S17-1\pir Wild type, plasmid transfer helper strain Lab preserved
Plasmids
pIND, ColE1 ori, oriT, repA, Kan® Lab preserved

pIND,.sfgfp
pKCE-P,psu-sfofp
pKCE-Poggs-sfgfp
pKCE-P1746-sfgfp
pKCE-P1g45-sfgfp
pKCE-Pg51-sfgfp
pKCE-P4130-sfgfp
PKCE-P1g5:-amoA
pKCE-P1gs;-amoB
pKCE-Pgs:-hao
pKCE-P1746-nir'S

pIND, carrying the gene sfgfp, Kan®

pIND, backbone, P,pq controlling the expression of sfgfp, Kan®
pIND, backbone, Poggz controlling the expression of sfgfp, Kan®
pIND, backbone, P17 controlling the expression of sfgfp, Kan®
pIND, backbone, Pyg45 controlling the expression of sfgfp, Kan®
pIND, backbone, Pygs; controlling the expression of sfgfp, Kan®
pIND, backbone, P339 controlling the expression of sfgfp, Kan®
pIND, backbone, P1gs; controlling the expression of amoA, Kan®
pIND, backbone, Pg5; controlling the expression of amoB, Kan®
pIND, backbone, P1gs; controlling the expression of hao, Kan®

pIND, backbone, P174¢ controlling the expression of nirS Kan®

PKCE-P1gs1-hao-P1746-nirS pIND, backbone, Pigs; controlling the expression of hao, P1746

controlling the expression of nirS Kan®

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

*2 WMIREMAMSY

Table 2 Primers used in this study

Primers Sequences (5'—3") Restriction sites
sfgfp-F CCATGGTGCGTATAGGTGAAGAACTG Nco I
sfgfp-R AAGCTTAGAACTGGCATGCATC Hind III
rpsu-F GAGCTTCATTTCACGGAACACCCC

rpsu-R GGCACTCTCCTCATTCTTCATGCC

0893-F GATTTCCTCGGCCGCAGGC

0893-R GACCGGCAGAGCGGACAG

1746-F GTCCAGCGACAGCTCGCC

1746-R GTCGGTCGTCCTTTTCCTTGTTCC

1851-F CATCCTCGAGCTGCTGGG

1851-R ACTGCTATCCTGCCGCGG

4130-F TGGCGCAGATCGCGCATG

4130-R GAAGGCACCTCGGTCGCC

nirS-F ATGAGACAAAGGACCCCATTCG

nirS-R TCAATAGGTGTCGGTCATAGTGTTG

1746nirS-F GTCCAGCGACAGCTCGCC

1746nirS-R TCAATAGGTGTCGGTCATAGTGTTG
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5'-E B3 X (5" untranslated region, 5'-UTRs)MI{%
WA ZE -G 07 15 (ribosome bind site, RBS)X 4, A
BRI AL CDS K 7k .

1 P. denitrificans DYTN-1 §1, F|F NH, .
NO, il NO; fE Wi RAIES 6 FashFIash
sfGFP EFMKIE, HEEAMMERPEXTRE,
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Figure I KEGG pathway enrichment analysis for the Paracoccus denitrificans DYTN-1 genes. A total of
3 765 genes were assigned to 6 major KEGG pathways and 40 sub-pathways.

FETIERZ XA RMEFIERE. ZBERK  500-750 mg/L (Kl 2A). NOy i 4 15 £ 1)
WA T dhRY sfGFP H FIRIKK RS RikZESR, I HAE NOy WJE M SR Z M) 3R
fiK, MAETCHLAAFAE T sfGFP RIXK-PA R . B BURZPESC R SRR NOs FIl NH, HY S B AH XS
KM, Posea X NO, . NOs Fl NH BUARMAN, 2K, Pigsy XF NOs Hl NHy H4 R0 1 7 [y
T 435K 250-2 000 mg/L, 750-2 000 mg/L F1  250-2 000 mg/L 1 500-2 000 mg/L, Z3%/=4:
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k2R, NOs Ml NH, iE S04 T 19 £5
H 16 K2 5F, NO; H B AE G0 2 [A]

FEAERME R R (K] 2C)o Paszo ¥ NO, . NO; Al
NH, 9 400 W 78 433 50-2 000 mg/L

50-2 000 mg/L Fl 75-2 000 mg/L. ', NH,'
WeFETE 750-2 000 mg/L 2 [ [ 25 1k 22 5 W 8 41

AR

KZER 1115 2D). Piass

) B
§ 3200 Peptone B2 000 —— Peptone
— NaNO _ - NaNO,
o 2400F ——KNO, 2 gis00 KNO,
S NH,CI S NHCI .
8 3 -
5 1600 § 1000 i
g s ] 5 g e
5 soof _—3 = 500 -
i = % 5 -5 = o _
0 700 1 400 2 100 0 700 1 400 2 100
Concentration/(mg/L) Concentration/(mg/L)
©) (D)
_ 2400
4200 Peptone —— Peptone =
_ NaNO, P g — NaNO, 3
Cic 2 400 F KNO3 //_/” g 1 800 F N KNO:‘
S NELE i 3 NH,CI :
8 s ] =
g |
5 1600f 3 2 1200
7] L O = e
Z so0f = w600} —_——
= + - o ol
1 R —
Concentration/(mg/L) Concentration/(mg/L)
(E) (F)
2000 Peptone 3200 p —— Peptone
—— NaNQO, - NaNOQ,
E — . sl E KNO,
¥ 1500 KNO, st o S 2400 2
S NH,CI LI ) § NH,CI
5} ™ o
2 s 2
g 1000¢ e g 1600 {
§ . E ) E § s
g L L] ,/’// - =& ¥ - =} 3
2 500 P T 2 L . — -
= e Z 800 R I
% = = s N
g = - Ix - 1 - ] g"‘:_i_
0 s A =100 0 700 1400 2100
Concentration/(mg/L) Concentration/(mg/L)
2 AREBHFE NO, . NO; #1 NH, SR 7 £ thsk
Figure 2 Induction dose curves of different promoters induced by NO, , NO; and NH,". A-F: induction

dose curves for Pogoz (A), Pigsi (B), P17ss (C), Paizo (D), Pigss (E), and Prpsy (F) using different nitrogen
induction sources. Peptone did not induce promoter expression and was used as a control. The inducer
concentration range that could generate 1.5-fold to highest of induction fold change was defined as the
effective response range. Data represents the mean and standard deviation for three replicates.
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Figure 3  Testing P. denitrificans DYTN-1 conjugation feasibility. A: P. denitrificans DYTN-1 growth on
different antibiotic plates. B: growth of E. coli S17-1Apir in media containing different concentrations of
spectinomycin. Data represents the mean and standard deviation for three replicates. C: growth of
P. denitrificans DYTN-1 in media containing different concentrations of spectinomycin. Data represents
the mean and standard deviation for three replicates. D: the conjugative transformation efficiency of
P. denitrificans DYTN-1. Empty and pIND, containing E. coli S17-1Apir cells were used for conjugative
transformation. The dense colonies on the agar plate (right) show a high conjugation efficiency. a:
P. denitrificans DYTN-1 growth on double antibiotic antibacterial plates (spectinomycin 30 pg/mL and
kanamycin 50 pg/mL), b: P. denitrificans-pIND,4 growth on double antibiotic antibacterial plates. P. denitrificans-
pIND4: P. denitrificans DYTN-1 strain carrying plasmid pIND4. E: assessment the positive rate of
conjugation transformation by colony PCR. M: marker. C1: negative control. C2: positive control. Target
band is 2 485 bp. After colony PCR, we found 7 positive colonies in 10 candidates, thus indicating the
positive rate is 70% (7/10).
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Figure 4  Stability analysis of heterogeneous
plasmids. The coefficient of dispersion (c) was the
ratio of the standard deviation (o) of a set of data to
its corresponding mean (p). This is a relative
indicator for measuring the degree of data
dispersion. It is mainly used to compare the degree
of dispersion of different groups of data. c=c/p.
Each violin plot contains 10 parallel data.
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Figure 5

Metabolic engineering enhances nitrification and denitrification pathway gene expression in

P. denitrificans DYTN-1. A: metabolic engineering enhances the nitrogen metabolism pathway. NOR: nitric oxide
reductase; NOS: nitrous oxide reductase; Cyt bcl: cytochrome bcl. Red arrows represent overexpressed genes. B:
changes in NH," during treatment. Data represents the mean and standard deviation for three replicates. C: NO5~
changes during treatment. Data represents the mean and standard deviation for three replicates.
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Figure 6 Simultaneous overexpression of hao and nirS genes enhanced the nitrogen removal ability of P.
denitrificans DYTN-1. A: changes in NH;" during treatment. B: NO;~ changes during treatment. C: residual
total nitrogen levels at 60 h of treatment in the hao and nirS overexpressed strain. Data represents the mean
and standard deviation for three replicates. pKCE-Pgs1-hao-Pi746-nirS: P. denitrificans DYTN-1 carrying

plasmid pKCE—P1851—haO—P1746—ni rs
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