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Abstract: Nitrate reductase can be used to detect nitrate content in food, vegetables and environment. Membrane-bound enzyme nitrate reductase (NR) was prepared from Escherichia coli JM105 and properties of NR were analyzed. E. coli strain was anaerobically cultured in the media containing nitrate to induce NR in cells. The cells were crashed by ultrasonic and cell membrane fragments with NR were collected as NR preparation by centrifuging the suspension at different speeds. To remove nitrite reductase activity both cells and NR preparation were washed with the phosphate buffer and then frozen and thawed. NR activity was measured with an assay system to which FMN was introduced to improve the NR activity. Influence of temperature and metals on the NR preparation activity was determined to test stability of the preparation. The results indicated that NR could be largely induced from E. coli JM105; the NR preparation possessed extremely high NR activity and could almost completely convert NO3- to NO2-, and did not possess nitrite reductase activity after being washed with the phosphate buffer and frozen and thawed; activity of the NR preparation could be increased by 64% by addition of FMN and consequently specific activity of the NR preparation reached to 0.42 U·mg-1 protein; NR activity did not change under 40 ℃ for 24 h and with 1 mmol·L-1 of Cu2+, Fe3+, Ca2+, Zn2+, Mg2+ or Mo6+. Therefore, NR from E. coli JM105 can be used for quick detect of nitrate.
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Nitrate (NO3-) and nitrite (NO2-) pollution in food and environment has recently raised numerous concerns [1,2]. The excess NO3- can be reduced by anaerobes in intestine to NO2- that is harmful to human beings. Consequently, a simple, rapid and safety method for NO3- and NO2- detection is needed that is suitable to a wide range of materials [3-5].

The concentration of NO3- plus NO2- in samples is conveniently measured by a two-step procedure: NO3- is first converted to NO2- followed by measurement of the total NO2- using the Griess reagent and then the NO3- concentration can be measured by the difference between the total and the original NO2- [6]. Thus the key procedure is the conversion of NO3- to NO2-. NO3- is converted to NO2- usually by using either enzyme (nitrate reductase) or metallic cadmium as catalysts to reduce it [7,8]. The enzyme method is better than the metallic cadmium, which avoids the problems of exposure of the workers to highly toxic cadmium and the difficulties in disposing of cadmium waste [6].

Nitrate reductase (NR) can be prepared from corn and squash, Aspergillus species and Escherichia coli [4]. However, NR from E. coli has several advantages that is easily and inexpensively prepared and does not interfere with the Griess reaction [6,9-11].

NR in E. coli is a membrane-bound enzyme that can be induced in large amounts by growing the organism anaerobically in the presence of NO3- [6,12]. Practically there are two enzymes to take part in the reaction system in which the supplementary electron carrier flavin mononucleotide (FMN) is reduced by the formate-dehydrogenase (formate: ferricytochrome b1 oxidoreductase) to FMNH2 and then the FMNH2 is used to reduce NO3- to NO2- by NR (ferrocytochrome: nitrate oxidoreductase) [6,13]. Both enzymes are anchored in the cell membrane [6,14,15] and therefore the cell membrane fractions isolated from E. coli containing rich NR can be used to determine the nitrate.

In the present study, E. coli strain JM105 was screened out from many strains. This paper describes the culture and use of JM105 that lacks of nitrite reductase but NR-enriched, and describes preparation and some properties of NR from the strain. The results indicate that NR from E. coli JM105 can be used for NO3- determination. 

1  Materials and Methods

1.1  Cell growth

E. coli strain JM105 [16] was grown anaerobically to mid-exponential phase at 37 ℃ at 130 rpm for ca. 8 h in the Lennox L Broth media [6]. The media contained following ingredients per liter: 10 g peptone, 5 g yeast extract, 5 g NaCl, 10 g KNO3, 10 g of sodium formate, 1 g K2HPO4 and 734 μL of glycerol. The media was adjusted to pH 7.2 with KOH and autoclaved at 15 psi for 20 min at 121 ℃. 

1.2  Cell harvesting 

Cultures were centrifuged at 2000 g for 20 min at 4 ℃. Nitrite content in the supernatant was determined by addition (1∶1) of the Griess reagent (0.1% N-1-naphthylethylenediamine dihydrochloride and 1% sulfanilamide in 5% orthophosphoric acid). The absorbance was measured after 15 min on the spectrophotometer (Techcomp VIS 7200) at 540 nm. The cells were resuspended with 0.1 mol·L-1 pH 7.2 potassium phosphate buffer and washed by centrifugation at 2000 g for 20 min at 4 ℃ and then the nitrite in supernatant was detected by the Griess reagent. The procedure was repeated (ca. 5 times) until any nitrate or nitrite was removed from the cell pellet (the absorbance was below 0.05). The cell pellet was frozen at -20 ℃ overnight to destroy any nitrite reductase activity. NR activity of the cells was checked as described by lowe and Gillespie [6] with a little bit modification: 50 μL of the cell suspension was added to a tube containing 850 μL of 0.1 mol·L-1 sodium formate and 100 μL of 0.1 mol·L-1 KNO3, anaerobically incubated for 10 min at 37 ℃, 200 μL from the reaction mixture was withdrawn to 1.0 mL of the Griess agent and the absorbance at 540 nm was read after 15 min. To be sure that it was NR reaction the curves of response-time (0~120 min with excessive cell suspension) and response-quantity (0~40 μL cell suspension in the assay system for 60 minutes) were made. Nitrite reductase activity was checked by using the same system as that for NR but the KNO3 was replaced with KNO2 [6]. 

1.3  NR Preparation 

5 g of the microbial cells were thawed and resuspended in 25 mL ice water and then crashed by supersonic cell crasher (JY92II) in ice bath. The suspension was first centrifugated at 1000 g at 4 ℃ for 20 minutes to remove the intact cells and then the supernatant was centrifugated at 13300 g at 4 ℃ for 30 minutes to collect the cell membrane. The sediment (fragments of cell membrane) was used as NR preparation.

1.4  Enzyme assay

Measurement of NR activity and check of nitrite reductase activity were conducted by the formate-NR assay [6]. Conversion of NO3- to NO2- by NR was determined by comparing the standard curve (0~100 μmol·L-1) of NO2- converted from the NO3- added to the NR assay system with those of NO2- added to the NR assay system and to the assay system without NR. The NR assay system consisted of 30 μL of conversion buffer (0.5 mol·L-1 phosphate buffer, 0.8 mol·L-1 sodium formate, 0.4 m mol·L-1 FMN, pH 6.0), 20 μL of the diluted NR, 0~100 μL of 200 μmol·L-1 NaNO3 (for NO3- standard curve) or 200 μmol·L-1 NaNO2 (for NO2- standard curves) and double distilled water for making up to final volume of 200 μL. The assay system was incubated at 37 ℃ for 60 minutes to convert NO3- to NO2- and then 1.0 mL of the Griess reagent was added. After 15 minutes absorbance was measured at 540 nm. Graphs of absorbance against concentration of NO3- or NO2- were made. To measure the time-response of NR activity, 0.3 mL of the conversion buffer, 0.1 mL of the diluted NR, 0.2 ml of 100 mmol·L-1 KNO3 and 1.4 mL of double distilled water were added into a test tube and incubated at 37 ℃. 200 μL of the reaction mixture was withdrawn into 1.0 mL of the Griess reagent with 10 min interval during the incubation and then absorbance was measured at 540 nm. To measure the concentration-response of NR activity, change NR quantity in the assay system. Protein concentration of the NR preparation was determined by Bradford method [17], with bovine serum albumin as standard. 

1.5  Influence of temperature and metals on NR activity 

The NR preparation was exposed to 30, 40, 50 and 60 ℃ and interval samples were taken to reveal the effects of temperature on NR activity. In presence of different concentration of various metal ions, NR activity of the preparation was measured to assess the influence of metals on the NR activity[18,19]. 
2  Results and discussion

2.1  Screening of E. coli strains 
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Fig. 2  Standard curves of NO2- (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) of the intact cell suspension
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Fig. 1  Curves of response-time (a: y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b: y = 0.0237x + 0.0328, R2 = 0.9951) 
of NR basic activity of intact cell suspension. Protein concentration of the intact cell suspension was 0.32 μg·μL-1
Many E. coli strains were screened and then DH5( [20], K12 [21] and JM105 were chosen for further screening. The growth of 8 h anaerobic incubation of JM105 (mean of A540nm = 1.3, n = 2) was faster than those of DH5( (mean of A540nm = 0.6, n = 2) and K12 (mean of A540nm = 0.5, n = 2), and the NR activity of JM105 intact cell suspension (mean of A540nm = 2.0, n = 2) was higher than those of DH5( (mean of A540nm = 0.2, n = 2) and K12 (mean of A540nm = 0.4, n = 2). Therefore, JM105 was screen out and used for the preparation of NR.

2.2  Properties of NR from JM105 intact cell suspension
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Fig. 3  Comparison of NR activity of the intact cell suspension between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
Conversion of NO3- to NO2- by JM105 intact cell suspension increased with lasting of incubation time and rising of the suspension volume, and curves of the response-time (Fig. 1 a) and the response-quantity (Fig. 1 b) of the cells were linear. These indicated that the conversion reaction was catalyzed by NR from the cells. NO3- and NO2- standard curves of the cell suspension were overlapped each other (Fig. 2), suggesting that there was no nitrite reductase in the cell suspension. The NR activity was increased by 64% by addition of FMN (Fig. 3). Because FMN is reduced by the formate-dehydrogenase to FMNH2 that supplies electron to NR and formate is the substrate of the formate-dehydrogenase, excess FMN and formate were available for the NR assay system (see below). 

2.3  Activity of the NR preparation
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Fig. 4  Curves of response-time (a: y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b: y = 0.0459x + 0.0094, R2 = 0.9849)
of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg·μL-1.
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Fig. 5  NO3- standard curve of the NR preparation (y = 0.006x + 0.0078, R2 = 0.9992). Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in the NR assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) in the system without the NR preparation
The NR preparation was made as fragments of cell membrane. As the intact cells, conversion of NO3- to NO2- by the NR preparation increased with lasting of incubation time (Fig. 4a) and rising of the NR preparation amount (Fig. 4b). Both curves of the response-time and the response-concentration of the NR preparation were linear. Activity of the NR preparation was measured as specific activity. One NR unit (U) was defined to reduce 1.0 μmol NO3- to NO2- per minute at pH 6.0 at 37 ℃ in formate-dehydrogenase system and one specific activity was one U per mg protein. According to standard curve of conversion of NO3- to NO2- by the NR preparation (fig. 5) and NR protein content, specific activity of the NR preparation was calculated out: 0.42 U·mg-1 protein. 

2.4  Conversion ratio of NO3- to NO2- by the NR preparation
Both standard curves of NO2- converted from NO3- and NO2- added to the NR assay system were overlapped with standard curve of NO2- added to the assay system without the NR preparation (fig. 6, F = 0.023, P= 0.977). This indicated that the NR preparation did not contain nitrite reductase and could almost completely convert NO3- to NO2-.

2.5  Kinetic study 

The reaction was kinetically analyzed by the double-reciprocal plot (fig. 7). The Michaelis constant (Km = 105 μmol•L-1) calculated from the intercept versus the concentration of the NR preparation and the maxium velocity (Vmax = 85.4 (mol·mg-1·min-1) were estimated from the Lineweaver-Burk plot 
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Fig. 7  Lineweaver-Burk plot of the NR preparation reaction as a function of concentration of the NO3- (y(1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
2.6  Effects of temperature and metals on the NR preparation activity 

Table 1  Activity (A540 nm) of the NR preparation exposed to different temperature (30 ~ 60 ℃) for different period (0 ~ 168 h)
	Time

（h）
	30 ℃
	
	40 ℃
	
	50 ℃
	
	60 ℃

	
	rep1
	rep2
	rep1
	rep2
	rep1
	rep2
	rep1
	rep2

	0
	0.15
	0.30
	0.23
	0.10
	0.17
	0.13
	0.17
	0.17

	0.5
	0.09
	0.09
	n.d.
	0.20
	0.09
	0.09
	0.06
	0.04

	1
	0.20
	0.30
	n.d.
	0.23
	0.09
	0.08
	0
	0

	1.5
	0.23
	0.30
	0.32
	0.18
	0.09
	0.09
	0
	0

	2
	0.29
	0.30
	0.37
	0.08
	0.08
	0.08
	0
	0

	3
	0.46
	0.15
	0.19
	0.15
	0.05
	0.04
	0
	0

	5
	0.43
	0.36
	0.24
	0.14
	0.05
	0.05
	0
	0

	24
	0.55
	0.71
	0.06
	0.04
	0
	0
	0
	0

	48
	0.36
	0.46
	0.35
	0.35
	0
	0
	0
	0

	96
	0.06
	0.17
	0
	0
	0
	0
	0
	0

	168
	0
	0
	0
	0
	0
	0
	0
	0


* rep: replicate 
High temperature and metals are common inhibitors to enzyme activity in natural environment, so the stability of the NR preparation to temperature and common metals with normal concentrations in natural environment was measured. The results indicated that NR activity of the preparation did not change under 30 ℃ and 40 ℃ but was reduced nearly by 50% at 50 ℃ after 24 h incubation (table 1). However after 5 h incubation at 60 ℃ the NR activity almost completely lost. There was no impact of Cu2+, Fe3+, Ca2+, Zn2+, Mg2+ and Mo6+ on the NR activity of the preparation below concentration of 1mmol·L-1 (table 2). Mo6+ was included because it was considered to improve NR activity [18, 19]. These results suggest that the NR preparation is quite stable under natural condition. 
Table 2  Activity (A540nnm) of the NR preparation treated with metals
 of different concentration (10-3~10-6 mol·L-1)
	Metals
	10-3
	
	10-4
	
	10-5
	
	10-6
	
	Cont

	
	rep 1
	rep 2
	rep 1
	rep 2
	rep 1
	rep 2
	rep 1
	rep 2
	rep 1
	rep 2

	Cu2+
	0.48
	0.54
	0.49
	0.46
	0.55
	0.59
	0.52
	0.53
	0.51
	0.48

	Fe3+
	0.42
	0.55
	0.53
	0.54
	0.52
	0.55
	0.53
	0.58
	0.51
	0.48

	Ca2+
	0.55
	0.46
	0.43
	0.39
	0.51
	0.40
	0.48
	0.48
	0.39
	0.50

	Zn2+
	0.34
	0.33
	0.59
	0.51
	0.59
	0.48
	0.45
	0.44
	0.39
	0.50

	Mg2+
	0.53
	n.d.
	0.42
	0.58
	0.56
	0.38
	0.58
	0.56
	0.39
	0.50

	Mo6+
	0.22
	0.31
	0.28
	0.30
	0.35
	0.30
	0.23
	0.30
	0.25
	0.24


3  Conclusion
Nitrate reductase could be largely induced from E. coli JM105. The preparation of nitrate reductase from E. coli JM105 possessed extremely high nitrate reductase activity and the specific activity could be strongly increased (+64%) by addition of FMN to 0.42 U·mg-1 protein. The preparation of nitrate reductase did not have nitrite reductase activity after being washed with the phosphate buffer and frozen and thawed, and quite stable to high temperature (up to 40 ℃) and common metals (Cu2+, Fe3+, Ca2+, Zn2+, Mg2+ or Mo6+) at usual concentration in environment (below 1 mmol·L-1). Therefore, the preparation of nitrate reductase from E. coli JM105 can be used for quick detect of nitrate in food, vegetables and environment.
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大肠杆菌JM105中硝酸盐还原酶的制备及其性质
柯  欣*，吴  虹，姚连生

中国科学院上海生命科学研究院植物生理生态研究所，上海 200032

摘要：近年来，硝酸盐和亚硝酸盐的污染已引起普遍关注。目前，蔬菜和粮食的NO3-含量过高主要由于农药和化肥的使用、工业废水或生活污水灌溉等，食品类主要来自腌制食品和食品添加剂或防腐剂等。另外，向乳制品或食品中参碱、食盐、化肥、脏水、碱性水等也是硝酸盐污染的来源之一。因此，迫切需要快速、简便、可用于现场的硝酸盐检测方法。这就需仰赖生物酶方法，而生物酶方法的关键是酶制剂的制备和检测方法的建立。本研究通过筛选、厌氧和硝酸盐诱导培养、超声波细胞破碎和差速离心提取等方法，从大肠杆菌（Escherichia coli）JM105细胞膜中制备了硝酸盐还原酶并对其性质进行了研究。结果表明：从大肠杆菌JM105中制得的酶制剂活力很高，且在酶过量的情况下可将NO3-完全转化为NO2-，在用磷酸缓冲液清洗并冷冻保藏过夜后不含有亚硝酸盐还原酶。在加入黄素单核苷酸辅酶（FMN）后，该酶的活力可提高64%，比活力达0.42 U·mg-1蛋白。该酶十分稳定，在40 ℃下24 h活力无影响，在浓度为1 mmol·L-1 的Cu2+、Fe3+、Ca2+、Zn2+、Mg2+ 和 Mo6+存在下，其活力亦不改变。因此，该酶可用于测定食品、蔬菜和环境中硝酸盐的含量。

关键词：大肠杆菌，JM105，硝酸盐还原酶，硝酸盐检测，酶制剂
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg/μl.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg•μL-1.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg/μl.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg•μL-1.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg/μl.

(a)

(a)

`

A540

Absorbance at 540 nm

0

10

20

40

60

120

0

0.051

0.145

0.281

0.449

0.98

Incubation time (min)



fig7

		0		0		0

		10		0.028169132		0.028169132

		20		0.015681996		0.015681996

		40		0.0176143881		0.0176143881

		60		0.0249339126		0.0249339126

		80		0.0202105583		0.0202105583

		100		0.0118180653		0.0118180653



Mean

NO3- Concentration (μM)

Absorbance at 540 nm

0

0.077

0.1244

0.2441666667

0.373

0.4838333333

0.6011666667



		



Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg/μl.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg/μl.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).


_1241242542.xls
Chart4

		0		0		0

		10		0.028169132		0.028169132

		20		0.015681996		0.015681996

		40		0.0176143881		0.0176143881

		60		0.0249339126		0.0249339126

		80		0.0202105583		0.0202105583

		100		0.0118180653		0.0118180653



Mean

NO3- Concentration (μmol•L-1)

Absorbance at 540 nm

0

0.077

0.1244

0.2441666667

0.373

0.4838333333

0.6011666667



fig1

		





fig1

		0

		10

		20

		40

		60

		120



(a)

`

A540

Absorbance at 540 nm

0

0.051

0.145

0.281

0.449

0.98



fig2

		0

		10

		20

		30

		40



(b)

Quantity of the NR (μL)

Absorbance at 540 nm

0

0.307

0.518

0.738

0.968



fig3

		



Incubation time (min)

Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg•μL-1.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).
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Fig. 1  Curves of response-time (a, y = 0.0082x - 0.0256, R2 = 0.9971) and response-quantity (b, y = 0.0237x + 0.0328, R2 = 0.9951) of the NR basic activity of the cell solution . The protein concentration of the intact cell sollution was 0.32 μg/μl
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Fig. 2  Standard curves of NO2-  (NO2- as substrate, y = 0.0061x - 0.0083, R2 = 0.999) and NO3- (NO3- as substrate, y = 0.0062x - 0.0175, R2 = 0.9923) in present of the intact cell solution
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Fig. 3  Comparison of the NR activity of the intact cell solution between with (y = 0.0145x + 0.0089, R2 = 0.9987) and without (y = 0.0087x + 0.0168, R2 = 0.9987) the FMN-conversion buffer
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Fig. 4  Curves of response-time (a, y = 0.0212x - 0.0614, R2 = 0.9947) and response-concentration (b, y = 0.0459x + 0.0094, R2 = 0.9849) of the basic activity of the NR preparation (fragments of the cell membrane). The protein concentration of the NR preparation was 0.13 μg/μl.
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Fig. 5  NO3- standard curve (y = 0.006x + 0.0078, R2 = 0.9992) determined by the NR. Bars are standard deviation (mean, n=7)
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Fig. 6  Standard curves of NO2- (y = 0.0057x - 0.0112, R2 = 0.9935) and NO3- (y = 0.0053x - 0.0169, R2 = 0.9864) in nitrate reductase (NR) assay system and of NO2- (y = 0.0055x - 0.0051, R2 = 0.9997) without the NR to detect nitrite reductase and the ratio of NO3- reduced to NO2-
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Fig. 7  Lineweaver-Burk plot of the enzyme reaction as a function of concentration of the NO3- (y (1/v) = 0.2004x (1/s) + 1.8899, R2 = 0.9995).


