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Abstract

Background: Plasma renin can predict future cardiovascular events as well as the
prevalence of chronic renal disease in hypertensive subjects. Ovine angiotensinogen
(0ANG) is a better substrate for measuring renin concentration through activity
assay. Recombinant oANG expressed in Escherichia coli cells can be utilized as
the substrate while measuring plasma renin. We aim to establish an
immunoassay for measuring renin concentration at picomolar level using
recombinant oANG.

Material and methods: Recombinant oANG was expressed in E. coli cells and
purified to homogeneity. Various concentrations (0—1.5 pM) of recombinant

human renin standard were prepared and incubated with recombinant oANG.
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Renin activity was determined by angiotensin-I specific enzyme-linked
immunosorbent assay.

Results: About 4.5 mg of purified recombinant oANG was obtained from 0.5 L of
E. coli culture. The Michaelis constant and turnover number of human renin with
recombinant 0ANG were 0.16 pM and 0.51 s ', respectively. A linear
relationship was obtained when renin activity was plotted as a function of renin
concentration using recombinant oANG as the renin substrate. Picomolar
amounts of renin can be measured from known renin activity using this method.
Conclusion: This study established a novel assay system for measuring renin at

picomolar level using cost effective recombinant oANG.

Keywords: Biochemistry, Biotechnology, Immunology

1. Introduction

Renin is the key enzyme of the renin—angiotensin—aldosterone system (RAAS) that
maintains body fluid and thus, regulates blood pressure [1, 2]. This enzyme cleaves
its substrate, angiotensinogen (ANG) to produce the decapeptide angiotensin I (Ang-
I), followed by the enzymatic generation of octapeptide, angiotensin II that induces
vasoconstriction, vasodilation and release of aldosterone [1, 2]. Dysfunction of
RAAS activity may lead to organ damages leading to cardiovascular diseases [1,
2]. Plasma renin activity (PRA) measurement has gained recognition as a substitute
of RAAS activity evaluation [3, 4, 5]. PRA has been suggested to be a predictor of
the increased risk of cardiovascular diseases [6, 7, 8, 9, 10] and renal dysfunction
[11,12, 13].

A comparative study showed that among several laboratories, the reproducibility of
plasma renin concentration (PRC) is higher than that of PRA [14]. PRC measured by
activity assay (ac-PRC) is defined as Ang-I production by plasma renin enzymatic
activity acting on saturating amounts of exogenous ANG [15]. Ovine ANG
(0ANG) has been utilized for many years as a renin substrate for measuring ac-
PRC [16, 17]. Enzymatic studies showed that human renin has a higher affinity
(lower K,) for and higher reaction velocity (higher k.,) with oANG than human
ANG [18, 19, 20], where K, and k., indicate Michaelis constant and turnover num-
ber, respectively. In other words, 0oANG has been shown to be a better substrate than
human ANG in measuring ac-PRC [15, 21].

The initial rate of enzymatic reaction is proportional to the enzyme concentration
under the saturating concentration of a substrate [22]. Thus, ac-PRC reflects the
renin concentration. Owing to the lower K, of oANG [18, 19, 20], a lower
amount of ANG is needed to reach a saturating concentration of substrate when
0ANG is utilized in ac-PRC measurement. But the prerequisite of its measurement
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is to prepare the enough amount of renin substrate, ANG. Native oANG used for
ac-PRC measurement has been obtained from sheep plasma [16, 17]. Milligram
amounts of oANG can be prepared as a recombinant protein using the Chinese
hamster ovary (CHO) cell line [23]. Increasing the availability of 0oANG would
facilitate the measurement of ac-PRC, which can be a measure of RAAS activity

evaluation.

Recently, we have established an E. coli-based expression system for producing re-
combinant oANG [24], which showed 26-fold more time-effective production effi-
ciency compared to our previously described CHO cell line-based production of
ANG. Also, recombinant oANG produced by E. coli-based method retains a similar
activity and stability to that expressed in CHO cells [24]. Since a large amount of
0ANG is available now, we take a step forward in the development of better ac-

PRC assay system using our cost-effective recombinant oANG.

2. Materials and methods
2.1. Production of 0ANG using E. coli cells

The production of recombinant oANG in E. coli was performed as described pre-
viously [24]. Briefly, E. coli BL21 cells transformed with pTAC-oANG-His
plasmid [24] were pre-cultured in LB medium supplemented with ampicillin.
A preculture aliquot was inoculated into 0.5 L of Terrific Broth medium supple-
mented with a mixture of glucose and lactose, ampicillin, and antifoam. The cells
were grown for 20 h at 30 °C using the culture system [24]. After the lysis of
harvested cells, recombinant oANG was purified using immobilized metal affin-
ity column chromatography followed by ion exchange column chromatography.
The molar concentration of recombinant )ANG was determined using the molec-
ular extinction coefficient at 280 nm (39,165 M cm'l), which was calculated
according to the formula provided by Kuramitsu et al. [25]. oANG (291 uM)
dissolved in 20 mM Tris-HCI (pH 8.0) was diluted to 4 pM using 1x enzyme
solution (ES) [10 mM NaH,PO,, 100 mM NaCl and 0.1% w/v BSA (fraction
V); pH 7.2].

2.2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) analysis

Fractions were pooled from different stages of recombinant oANG preparation and
subjected to SDS-PAGE using SuperSep Ace 12.5% gel, 13 wells (Wako, Tokyo,
Japan). Prior to SDS-PAGE, the protein samples were mixed with 5x loading dye
and denatured at 96 °C for 5 min. Proteins were visualized via Coomassie Brilliant
Blue (CBB) staining.
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2.3. Differential scanning fluorimetry (DSF) analysis

DSF experiments were performed as described previously [26]. Briefly, purified re-
combinant oANG was diluted to 20 uM using phosphate buffer solution [§ mM
Na,HPO,, 137 mM NaCl and 1.5 mM KH,PO, (pH 7.5)]. Diluted recombinant
0ANG (20 uM) was mixed with SYPRO Orange solution [10x, 100 mM HEPES,
150 mM NaCl (pH 7.5)] in a 1:1 ratio. Fluorescence intensity of the mixture was
measured using a StepOnePlus real-time PCR instrument (Applied Biosystems, Fos-
ter City, USA). To estimate the melting temperature (7},), the Boltzmann equation
was used to fit the fluorescence data using GraphPad Prism 7.0 (GraphPad Software,
La Jolla, CA) and the calculation templates [26]. The T, values were expressed as
the mean =+ standard deviation (SD).

2.4. Preparation of recombinant human renin standard

Recombinant human prorenin was expressed in CHO cells as described previously
[20], and purified using ammonium sulfate precipitation followed by ion exchange
column chromatography as previously described [24]. The protein concentration of
human prorenin was determined using a molecular extinction coefficient at 280 nm
of 47,705 M! cm!, which was calculated using the ProtParam tool [27]. The final
concentration of human prorenin was 2.7 uM. Human prorenin was treated with
trypsin to prepare human renin, as described previously [28]. The resulting human
renin preparation was used as a recombinant human renin standard, and its aliquots

were stored at -60 °C until use.

2.5. Enzymatic analysis

Various concentration (0.08—1.5 pM) of recombinant oANG were incubated with
recombinant human renin standard (27 pM) at 37 °C for 30 min in 1x ES. The
rate of Ang-I generation was determined by an enzyme-linked immunosorbent assay
(ELISA) [29]. The K., and maximum velocity (V.x) were estimated by Hanes-
Woolf plot using GraphPad Prism 7.0. The k., of the renin-ANG reaction was calcu-
lated using the following formula:

keat = Vinax /renin concentration

2.6. Establishment of calibration curve of renin concentration
using recombinant 0ANG

Recombinant purified oANG (0.80 uM) and picomolar concentrations of human
renin standard (0.20, 0.40, 0.60, 0.80, 1.0 and 1.5 pM) were reacted to measure
the rate of Ang-I generation. The solution containing renin (5 pL), oANG (40
puL) and the 1x ES (155 uL) was incubated at 37 °C for 2 h. To the final volume
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of 200 pL reaction mixture, 200 pL of ice cold 1x ES was added to stop the re-
action between renin and oANG. Next, 100 pL of the diluted reaction mixture was
added to each well and then an equal volume of Ang-I labelled with horseradish
peroxidase (HRP) was added to the well. Thereafter, incubation for 2 h at 4 °C
was followed by the addition of tetramethylbenzidine and H,O, solution to
develop color at 37 °C [29]. Finally, the HRP reaction was stopped by the addi-
tion of 1 N H,SO,. Absorbance of the ELISA plate was recorded at 450 nm to
measure the amount of Ang-I produced with respect to Ang-I standards
(0.5—25 pg/uL) [29]. The Microplate Manager 6 software (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) was used to calculate the amount of Ang-I produced
from the absorbance. The enzymatic activity of renin (i.e., renin activity) is

defined as follows:
Renin activity = [pg amount of Ang-I/(0.1 mL x 2 h x1000)] ng Ang-ImL "' h™"

Calibration curve for measuring renin activity was plotted using mean + SD values
of six independent experiments (n = 6). Each experiment was performed in

triplicates.

2.7. Statistical analyses

The data represented were expressed as mean + SD where applicable. GraphPad
Prism 7.0 was used to generate the figures where appropriate. Replicates of experi-
ments required to construct each figure have been mentioned within the legends of

respective figures.

3. Results and discussion
3.1. Production of recombinant oANG

Recombinant oANG was expressed in E. coli cells and purified to homogeneity us-
ing two separate steps of column chromatography (Fig. 1A). The final preparation
contained 0ANG protein alone (lane 5, Fig. 1A). About 300 pL of 291 uM recom-
binant oANG was obtained from 0.5 L of E. coli cell culture, with a yield of about 9
mg per liter of culture. About four days were required from starting the cell culture to

obtaining the final preparation.

To examine the quality of the protein, the absorbance of recombinant o ANG (1:20
diluted) was measured with a scan range of 240—340 nm. The absorbance at 340 nm
was almost zero (Fig. 1B), indicating that there was no aggregation in the protein
preparation. The maximum absorbance was 0.562 at 279 nm, and the minimum

absorbance was 0.015 at 340 nm.
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Fig. 1. (A) SDS-PAGE analysis of recombinant oANG. The stages of )oANG production were separated
by SDS-PAGE and stained with CBB. Lane 1, 6: molecular weight markers; Lane 2: cell supernatant
after sonication; Lane 3: after affinity column chromatography; Lane 4: after ion-exchange column chro-
matography; Lane 5: concentrated oANG after purification (5 ng). (B) Spectroscopic analysis of 0ANG.
The absorbance was measured with a scan range of 240—340 nm (10 mm path-length). Intervals at X-
axis are 50 nm. The result was recorded with a thermal paper.

3.2. Protein stability analysis of recombinant 0ANG

DSF was used to examine the stability of recombinant 0oANG. This method mon-
itors the thermal unfolding of proteins in the presence of a hydrophobic fluores-
cent dye and then the fluorescence intensity is plotted as a function of temperature
[26]. The DSF results (Fig. 2) showed that oANG undergoes a two-state transition
during the course of thermal denaturation. The Ty, of recombinant 0ANG was
52.96 + 0.22 °C.

600000

Fluorescence (A.U.)

0 1 1 1 1 1 1 1

25 35 45 55 65 75 8 95

Temperature (°C)

Fig. 2. Stability analysis of recombinant )ANG. Recombinant oANG was analyzed by DSF. DSF data (n
= 14) were measured with 10 uM 0ANG in 5x SYPRO Orange solution containing HEPES, Na,HPO,,
KH,PO, and NaCl (pH 7.5). One representative DSF plot is shown here, which was generated using
GraphPad Prism software.
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3.3. Preparation of recombinant human renin standard

Recombinant human prorenin was expressed in CHO cells and purified to homoge-
neity (Fig. 3). Prorenin is the inactive precursor of renin and contains a prosegment
that masks the active site of renin [2, 15]. Proteolytic cleavage of the prosegment
converts prorenin into renin [15], and thus, the conversion ratio of prorenin into
renin is 1:1. Time course analysis of trypsin treatment showed that Ang-I-
generating activity reached a plateau 7 min after the addition of trypsin (Fig. 4), indi-
cating that all the prorenin was converted into renin. The resulting renin preparation
(2.7 uM) was used as a recombinant human renin standard and further diluted for

measuring renin activity.

3.4. Enzymatic analysis of recombinant o0ANG

A steady-state kinetic analysis was performed using recombinant o ANG. As shown
previously [24], recombinant oANG expressed in E. coli cells showed a typical sub-
strate saturation curve (Fig. 5A). A plateau was obtained with 1.5 uM of recombi-
nant oANG (Fig. 5A). A K, value of 0.16 uM, V.., value of 0.76 nM min”!, and
koo value of 0.51 s~ were obtained from the Hanes-Woolf plot (Fig. 5B).

3.5. Establishing the calibration curve of renin concentration
using recombinant 0ANG

There are two approaches to define PRC [15]. One is PRC measured by immuno-
assay (ir-PRC), which is expressed as mass concentration. The other is ac-PRC,
which is determined by measuring the enzymatic activity of renin with an excess
amount of renin substrate to avoid the influence of variation in plasma ANG

Elution

3 15 23 25 21 29

Fig. 3. SDS-PAGE analysis of recombinant human prorenin. The fractions obtained after Resource S
column chromatography were subjected to SDS-PAGE followed by CBB staining. The migration dis-
tances of the marker proteins as well as their molecular weights are shown on the left. The arrowhead
shown on the right indicates the size of the recombinant human prorenin.
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Fig. 4. Conversion of prorenin into renin by trypsin treatment (n = 3). Stable renin activity was obtained

after 7 min of trypsin treatment. Renin activity decreased after 15 min. Error bars show the SD values

ranging from 0.007-0.06.
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Fig. 5. Determination of K, and V;,,.x. (A) [S]-V plot. Saturation of the reaction rate was indicated by the
plateau at 1.5 uM of substrate concentration. Error bars show the SD values ranging from 0.005-0.025.
GraphPad Prism software was used to plot the graph. (B) Hanes-Woolf plot.

concentration [15]. In this study, we aimed to establish a novel assay system for ac-

PRC using our recombinant 0ANG.

Various concentrations of renin in the pM range were prepared using recombinant

human renin standard. Renin activities were measured at 0.8 pM of 0ANG (5 times
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Table 1. Determination of renin activity (ng Ang-I/mL/h) with varying renin

concentration.

Renin Renin activity (ng Ang-I/mL/h) Mean SD SEM CV (%)
concentration (pM)
Experiments (n = 6)

1 2 3 4 5 6

0 0 0 0 0 0 0 0 0 0 0
0.20 0.414 0433 0417 0271 0321 0411 0.38 0.07 0.03 17.44
0.40 0.897 0.847 0.863 0.908 0.956 0.884  0.89 0.04 0.02 4.28
0.60 1.271 1.239 1.336 1201 1.310 1.323 128 0.05 0.02 4.13
0.80 1.685 1.533 1.595 1.848 1.997 1.888 1.76 0.18 0.07 10.31
1.0 2317 2239 2285 2010 2203 2317 223 0.12 0.05 5.21
1.5 3.179 3.079 3.098 3.059 2933 3.118 3.08 0.08 0.03 2.66

SD, standard deviation; SEM, standard error of mean; CV, coefficient of variation.

higher than K, value), which is comparable with saturating amounts of exogenous
ANG. In each condition, less than 1% of )oANG was consumed, which indicates that
the initial velocities of the renin-ANG reaction were estimated properly. Using the
data (Table 1), a linear calibration curve was generated by plotting the renin activity
versus renin concentration (0.2—1.5 pM), and the value of determination coefficient
(R?) was calculated to be 0.99 (Fig. 6). This result suggests a strong linear relation-
ship between renin activity and renin concentration. An intra-assay coefficient of

variation (CV) of <20% was found in the six repeated experiments (Table 1), which

4.0
3.5
3.0
2.5
2.0r
1.5

O =
0N O
T T

o

Renin activity (ng Ang-lI/mL/h)

.00.2040.6081.01.2141.6 1.8 2.0
Renin concentration (pM)

Fig. 6. Linear calibration curve plotting renin activity versus renin concentration. Calibration curve for
measuring renin activity was plotted using mean + SD values of six independent experiments (n = 6).
Each experiment was performed in triplicates. Linear regression analysis produced a slope of 2.10, a y-
intercept of 0.02, and a R* of 0.99 (n = 6) suggesting a linear relationship between renin concentration
and renin activity. Error bars show the SD values ranging from 0.04-0.18. GraphPad Prism software was

used to generate the graph.
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is comparable with the reported data of functional sensitivity for the ir-PRC assay
[30, 31].

Unknown renin concentration can be determined from known renin activity for any
point on a linear calibration curve plotting renin activity versus renin concentration.
Fig. 6 shows that our method can estimate renin concentrations ranging from 0.2 pM
and above by selecting an appropriate dilution. Given that the molecular weight
calculated from the amino acid sequence of renin is 37 k [27], the measurable range
is 7.4 ng/L or above. The mean value of ir-PRC in healthy individuals is 13.8 ng/L,
whereas that in healthy individuals administrated with aliskiren is 629 ng/L [15]. Un-
ger et al. [32] reported that ir-PRC values (mean £ SD) in cases of essential hyper-
tensives and healthy volunteers were 18.5 4+ 36.5 ng/L and 12.7 4+ 10.4 ng/L,
respectively. Our method with recombinant 0ANG as a human renin substrate is

applicable for measuring active renin concentration in human plasma.

3.6. Comparative studies on enzymatic properties of 0)oANG

Skinner [16] prepared native oANG from nephrectomized sheep plasma, and reported
that the rate of reaction of human renin with oANG is approximately five-times as fast
as with human ANG at the same substrate concentration. This research also showed
that the linear relationship between PRC and reaction rate is observed with oANG
as the renin substrate, and proposed that renin assay systems with the addition of
0ANG is useful for routine determination of ac-PRC [16]. Since the Skinner’s report,
many researchers have used oANG for measuring ac-PRC [17, 20, 30, 33, 34, 35, 36].

The rationale for using oANG as human renin substrate is its higher rate of reaction
with human renin. As a result of enzymatic investigations using native oANG and
native human ANG, the K, value of human renin-oANG reaction was reported to
be 0.3 uM [18, 19] and 0.2 uM [21] whereas that of human renin-human ANG re-
action was 1 pM [18, 19] and 2 uM [21]. When an excess amount of 0ANG is pre-
sent, endogenous human ANG does not significantly affect the measured reaction
rate of plasma renin [21, 37]. These enzymatic properties of 0ANG account for its

advantage of measuring ac-PRC.

As part of understanding how 0ANG reacts with human renin, Nagase ef al. [38]
cloned cDNA of 0ANG and deduced the amino acid sequence. Milligram amounts
of recombinant 0ANG were prepared using a CHO cell line [23]. Assayed with hu-
man renin, the K, and k., values of recombinant oANG were reported to be 0.21
uM and 2.5 s, respectively [20]. oANG shows a 4.4 x lower K, and a 2.1 x higher
kea than human ANG, thereby resulting in a 9x higher catalytic efficiency. Recom-
binant )ANG expressed in CHO cells exhibits the differences in isoelectric points,
and the differences are due to sialic acids attached to recombinant cANG [39].

Among the two potential N-linked glycosylation sites [38], amino acid residue at
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position 271 is the most potential site in oANG [40]. Desialyated and deglycosylated
0ANG retain similar properties while reacting with renin as it was observed using
intact recombinant oANG [39, 40]. These studies [38, 39, 40] indicate that funda-
mental properties of 0ANG are conferred by a polypeptide chain, and suggest the
possibility that a polypeptide chain of 0)ANG can be folded properly even in prokary-
otic cells, where an oligosaccharide is not attached on proteins synthesized.

Recently, we established E. coli-based production of recombinant 0ANG, which al-
lows us to prepare milligram amounts of the protein and is more time-effective than
CHO cells-based one [24]. We carried out enzymatic analysis with recombinant hu-
man renin (25 pM) to show that )ANG produced in E. coli cells is functionally com-
parable to 0ANG produced in CHO cells [24]. With the enhanced availability of
recombinant 0ANG, achieved by the previous work [24], we carried out current
study and established a linear relationship between renin activity and renin concen-
tration (Fig. 6). The relationship is valid in the range of renin concentration from sub-
picomolar to picomolar level (0.2—1.5 pM), which covers the concentration levels
observed in human plasma. In this study, we succeeded in enzymatic analysis for
renin at a lower concentration than the previous study [24], and propose a new assay
system amenable for estimating ac-PRC with recombinant oANG produced in E.
coli cells. Fig. 7 demonstrates comparison of the properties of renin-ANG reaction

between previous studies and current study along with their sources.

Native 0ANG prepared from sheep plasma have been utilized for measuring ac-PRC

using human plasma [16, 17] and mouse plasma [41]. The previous study showed

Comparison of properties of renin-ANG reaction obtained from different sources

ANG Source (ANG) Renin Source (Renin) K,(uM) kg (s") Reference
Sheep Plasma g 0.31 NM

Human Plasma Humar Kidney 1.15 NM (9]

Human  Plasma i 0.91 1:2

Sheep Recombinant (CHO) L Recombinant (CHO) 0.21 2.5 (201

Sheep Recombinant (E. coli) Human Recombinant (CHO)  0.07 0.59 [24]

Sheep Recombinant (E. coli) Human Recombinant (CHO) 0.16 0.51 Current study

NM, not mentioned ‘

Linear calibration curve
(activity vs concentration)

Renin activity

0 0.5 1 1.5
Renin concentration (pM)
Fig. 7. Establishing a novel assay system for measuring renin concentration using cost effective recom-

binant oANG. Yamashita et al. [24] characterized renin at the level of 25 pM while the current study

carried out enzymatic analysis of renin at sub-picomolar to picomolar (0.2—1.5 pM) ranges.
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that oANG can work as a substrate for rat renin [23]. These findings indicate that
0ANG can be used as a universal renin substrate. The new assay system established
in this study can be applicable not only for human plasma but also for mouse and rat

plasma.

4. Conclusions

Renin concentration in plasma has significant prognostic value in patients with car-
diovascular and renal diseases. This study proposes a novel assay system for
measuring renin concentration using cost-effective recombinant oANG, which is
produced in E. coli cells. Picomolar amounts of renin can be measured using this

proposed assay, which can then be utilized in clinical assays and research purposes.

Declarations
Author contribution statement

Jobaida Akther: Performed the experiments; Analyzed and interpreted the data;

Contributed reagents, materials, analysis tools or data; Wrote the paper.

A. H. M. Nurun Nabi, Tsutomu Nakagawa, Fumiaki Suzuki: Conceived and de-
signed the experiments; Analyzed and interpreted the data; Wrote the paper.

Satoshi Ohno, Takashi Yokogawa: Contributed reagents, materials, analysis tools or

data; Wrote the paper.

Akio Ebihara: Conceived and designed the experiments; Performed the experiments;

Analyzed and interpreted the data; Wrote the paper.

Funding statement

This work was supported by the JSPS KAKENHI (Grant No. 15 K01707).

Competing interest statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

Acknowledgements

We thank Prof. Akio Morita (Shizuoka University) for his valuable suggestions. We
are also grateful to Dr. Atsuhiro Shimada, Dr. Misuzu Hashimoto, Dr. Chiharu

12 https://doi.org/10.1016/j.heliyon.2019.e01409
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2019.e01409
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e01409

Nakagawa, Dr. Kazal Boron Biswas and all the members of Biological Chemistry
Laboratory for their continuous supports. We are also thankful to Editage (www.
editage.jp) for English language editing.

References

[1] C.M. Ferrario, Role of angiotensin II in cardiovascular disease — therapeutic
implications of more than a century of research, J. Renin-Angiotensin-
Aldosterone Syst. 7 (2006) 3—14.

[2] A.H.M. Nabi, K.B. Biswas, A. Ebihara, T. Nakagawa, F. Suzuki, Renin angio-
tensin system in the context of renin, prorenin, and the (pro)renin receptor,
Rev. Agric. Sci. 1 (2013) 43—60.

[3] H. Wernze, H.J. Spech, G. Miiller, Studies on the activity of the renin-
angiotensin-aldosterone system (RAAS) in patients with cirrhosis of the liver,
Klin. Wochenschr. 56 (1978) 389—397.

[4] E. Sulyok, M. Németh, 1. Tényi, I. Csaba, E. Gyory, T. Ertl, F. Varga, Post-
antal development of renin-angiotensin- aldosterone system, RAAS, in rela-
tion to electrolyte balance in premature infants, Pediatr. Res. 13 (1979)
817—820.

[5] V.J. Dzau, W.S. Colucci, N.K. Hollenberg, G.H. Williams, Relation of the
renin-angiotensin-aldosterone system to clinical state in congestive heart fail-
ure, Circulation 63 (1981) 645—651.

[6] M.H. Alderman, W.L. Ooi, H. Cohen, S. Madhavan, J.E. Sealey, J.H. Laragh,
Plasma renin activity: a risk factor for myocardial infarction in hypertensive
patients, Am. J. Hypertens. 10 (1997) 1—8.

[71 M.C. Gonzalez, HW. Cohen, J.E. Sealey, J.H. Laragh, M.H. Alderman,
Enduring direct association of baseline plasma renin activity with all-cause
and cardiovascular mortality in hypertensive patients, Am. J. Hypertens. 24
(2011) 1181—1186.

[8] S. Masson, S. Solomon, L. Angelici, R. Latini, I.S. Anand, M. Prescott,
A.P. Maggioni, G. Tognoni, J.N. Cohn, Elevated plasma renin activity pre-
dicts adverse outcome in chronic heart failure, independently of pharmaco-
logic therapy: data from the Valsartan heart failure trial (Val-HeFT), J.
Card. Fail. 16 (2010) 964—970.

[9] S. Verma, M. Gupta, D.T. Holmes, L. Xu, H. Teoh, S. Gupta, S. Yusuf,
E.M. Lonn, Plasma renin activity predicts cardiovascular mortality in the
Heart Outcomes Prevention Evaluation (HOPE) study, Eur. Heart J. 32
(2011) 2135—2142.

13 https://doi.org/10.1016/j.heliyon.2019.e01409
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://www.editage.jp
http://www.editage.jp
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref1
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref1
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref1
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref1
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref1
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref2
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref2
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref2
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref2
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref3
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref3
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref3
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref3
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref3
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref4
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref5
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref5
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref5
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref5
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref6
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref6
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref6
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref6
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref7
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref7
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref7
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref7
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref7
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref8
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref8
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref8
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref8
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref8
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref8
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref9
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref9
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref9
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref9
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref9
https://doi.org/10.1016/j.heliyon.2019.e01409
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e01409

[10] G. Vergaro, M. Emdin, A. lervasi, L. Zyw, A. Gabutti, R. Poletti,
C. Mammini, A. Giannoni, M. Fontana, C. Passino, Prognostic value of
plasma renin activity in heart failure, Am. J. Cardiol. 108 (2011) 246—251.

[11] B. Kehoe, G.R. Keeton, C. Hill, Elevated plasma renin activity associated with
renal dysfunction, Neprhon 44 (1986) 51—57.

[12] C. Catena, G.L. Colussi, E. Nadalini, A. Chiuch, S. Baroselli, R. Lapenna,
L.A. Sechi, Relationships of plasma renin levels with renal function in patients
with primary aldosteronism, Clin. J. Am. Soc. Nephrol. 2 (2007) 722—731.

[13] M. Bajpai, A. Singh, Plasma renin activity: an early marker of progressive
renal disease in posterior urethral valves, J. Indian Assoc. Pediatr. Surg. 18
(2013) 143.

[14] A. Morganti, A comparative study on inter and intralaboratory reproducibility
of renin measurement with a conventional enzymatic method and a new
chemiluminescent assay of immunoreactive renin, J. Hypertens. 28 (2010)
1307—1312.

[15] DJ. Campbell, J. Nussberger, M. Stowasser, A.H.J. Danser, A. Morganti,
E. Frandsen, J. Ménard, Activity assays and immunoassays for plasma renin

and prorenin: information provided and precautions necessary for accurate
measurement, Clin. Chem. 55 (2009) 867—877.

[16] S.L. Skinner, Improved assay methods for renin “concentration” and “activity”
in human plasma. Methods using selective denaturation of renin substrate,
Circ. Res. 20 (1967) 391—402.

[17] F. Persson, P. Rossing, H. Reinhard, T. Juhl, C.D. Stehouwer, C. Schalkwijk,
A.H. Danser, F. Boomsma, E. Frandsen, H.H. Parving, Renal effects of alis-
kiren compared with and in combination with irbesartan in patients with
type 2 diabetes, hypertension, and albuminuria, Diabetes Care 32 (2009)
1873—1879.

[18] W.A. Hsueh, E.J. Carlson, V.J. Dzau, Characterization of inactive renin from
human kidney and plasma. Evidence of a renal source of circulating inactive
renin, J. Clin. Invest. 71 (1983) 506—517.

[19] Y.S. Do, T. Shinagawa, H. Tam, T. Inagami, W.A. Hsueh, Characterization of
pure human renal renin. Evidence for a subunit structure, J. Biol. Chem. 262
(1987) 1037—1043.

[20] U.M. Nasir, K. Takahashi, T. Nagai, T. Nakagawa, F. Suzuki, Y. Nakamura,
Two peaks in pH dependence of renin-angiotensinogen reaction, Biosci. Bio-
technol. Biochem. 62 (1998) 338—340.

14 https://doi.org/10.1016/j.heliyon.2019.e01409
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2405-8440(18)36688-X/sref10
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref10
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref10
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref10
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref11
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref11
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref11
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref12
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref12
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref12
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref12
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref13
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref13
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref13
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref14
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref14
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref14
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref14
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref14
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref15
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref15
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref15
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref15
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref15
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref15
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref16
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref16
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref16
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref16
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref17
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref17
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref17
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref17
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref17
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref17
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref18
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref18
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref18
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref18
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref19
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref19
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref19
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref19
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref20
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref20
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref20
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref20
https://doi.org/10.1016/j.heliyon.2019.e01409
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e01409

[21] T. Goto, N. Imai, S. Hirose, K. Murakami, An improved method for determi-
nation of active and total renin concentration in human plasma using an excess
of sheep substrate, Clin. Chim. Acta 138 (1984) 87—98.

[22] H. Weiner, Enzymes: classification, kinetics, and control, in: T.M. Devlin
(Ed.), Textb. Biochem. With Clin. Correl., sixth ed., John Wiley & Sons,
New York, 2006, pp. 365—412.

[23] M. Nagase, F. Suzuki, Y. Sawai, Y. Inui, T. Nakagawa, Y. Nakamura, Puri-
fication and some properties of recombinant sheep angiotensinogen expressed
in Chinese hamster ovary cells, Biomed. Res. 18 (1997) 439—443.

[24] S. Yamashita, N. Shibata, A. Boku-Ikeda, E. Abe, A. Inayama, T. Yamaguchi,
A. Higuma, K. Inagaki, T. Tsuyuzaki, S. Iwamoto, S. Ohno, T. Yokogawa,
K. Nishikawa, K.B. Biswas, A.H.M.N. Nabi, T. Nakagawa, F. Suzuki,
A. Ebihara, Escherichia coli-based production of recombinant ovine angioten-
sinogen and its characterization as a renin substrate, BMC Biotechnol. 16
(2016) 33.

[25] S. Kuramitsu, H. Hayashi, K. Hiromi, Y. Morino, H. Kagamiyama, Pre-
steady-state kinetics of Escherichia coli aspartate aminotransferase catalyzed

reactions and thermodynamic aspects of its substrate specificity, Biochemistry
29 (1990) 5469—5476.

[26] F.H. Niesen, H. Berglund, M. Vedadi, The use of differential scanning fluo-
rimetry to detect ligand interactions that promote protein stability, Nat. Protoc.
2 (2007) 2212—2221.

[27] E. Gasteiger, C. Hoogland, A. Gattiker, S. Duvaud, M.R. Wilkins, R.D. Appel,
A. Bairoch, Protein identification and analysis tools on the ExPASy server,

The proteomics protocols handbook, Humana Press, 2005, pp. 571—607.

[28] F. Suzuki, T. Nakagawa, H. Kakidachi, K. Murakami, T. Inagami,
Y. Nakamura, The dominant role of the prosegment of prorenin in determining

the rate of activation by acid or trypsin: studies with molecular chimeras, Bio-
chem. Biophys. Res. Commun. 267 (2000) 577—580.

[29] F. Suzuki, S. Yamashita, A. Takahashi, M. Ito, S. Miyazaki, Y. Nagata,
Y. Nakamura, Highly sensitive microplate-ELISA for angiotensin I using
3,3’5,5 tetramethylbenzidine, Clin. Exp. Hypertens. A12 (1990) 83—95.

[30] F.HM. Derkx, R.J.A. De Bruin, J.M.G. Van Gool, M.J. Van Den Hoek,
C.C.M. Beerendonk, F. Rosmalen, P. Haima, M.A.D.H. Schalekamp, Clinical
validation of renin monoclonal antibody-based sandwich assays of renin and

prorenin, and use of renin inhibitor to enhance prorenin immunoreactivity,
Clin. Chem. 42 (1996) 1051—1063.

15

https://doi.org/10.1016/j.heliyon.2019.e01409
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2405-8440(18)36688-X/sref21
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref21
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref21
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref21
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref22
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref22
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref22
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref22
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref23
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref23
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref23
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref23
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref24
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref24
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref24
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref24
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref24
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref24
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref25
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref25
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref25
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref25
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref25
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref26
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref26
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref26
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref26
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref27
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref27
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref27
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref27
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref28
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref28
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref28
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref28
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref28
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref29
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref29
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref29
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref29
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref30
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref30
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref30
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref30
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref30
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref30
https://doi.org/10.1016/j.heliyon.2019.e01409
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e01409

[31] J. Deinum, F.H.M. Derkx, M.A.D.H. Schalekamp, Improved immunoradio-
metric assay for plasma renin, Clin. Chem. 45 (1999) 847—854.

[32] N. Unger, L.L. Schmidt, C. Pitt, M.K. Walz, T. Philipp, K. Mann, S. Petersenn,
Comparison of active renin concentration and plasma renin activity for the

diagnosis of primary hyperaldosteronism in patients with an adrenal mass,
Eur. J. Endocrinol. 150 (2004) 517—523.

[33] T. Inagami, H. Yokosawa, S. Hirose, Definitive evidence for renin in rat brain
by affinity chromatographic separation from protease, Clin. Sci. Mol. Med.
Suppl. 4 (1978) 121s—123s.

[34] J. Higaki, T. Ogihara, N. Imai, Y. Kumahara, S. Hontani, M. Nishiura,
H. Ogawa, S. Hirose, K. Murakami, A new sensitive direct radioimmunoassay

for human plasma renin and its clinical application, J. Lab. Clin. Med. 104
(1984) 947—954.

[35] J.A. Luetscher, F.B. Kraemer, D.M. Wilson, H.C. Schwartz, M. Bryer-Ash,
Increased plasma inactive renin in diabetes mellitus. A marker of microvas-
cular complications, N. Engl. J. Med. 312 (1985) 1412—1417.

[36] UM. Nasir, S. Iwanaga, A.H.M.N. Nabi, O. Urayama, K. Hayashi,
T. Hayashi, K. Kawai, A. Sultana, K. Murakami, F. Suzuki, Laughter therapy
modulates the parameters of renin-angiotensin system in patients with type 2
diabetes, Int. J. Mol. Med. 16 (2005) 1077—1081.

[37] S.L. Skinner, J.R. Dunn, J. Mazzetti, D.J. Campbell, N.H. Fidge, Purification,
properties and kinetics of sheep and human renin substrates, Aust. J. Exp.
Biol. Med. Sci. 53 (1975) 77—88.

[38] M. Nagase, F. Suzuki, A. Fukamizu, N. Takeda, K. Takeuchi, K. Murakami,
Y. Nakamura, Sequencing and expression of sheep angiotensinogen cDNA,
Biosci. Biotechnol. Biochem. 58 (1994) 1884—1885.

[39] A. Ebihara, U.M. Nasir, S. Yoshida, T. Kondou, T. Nakagawa, A. Fukamizu,
F. Suzuki, Y. Nakamura, K. Murakami, Sialic acid residue of ovine angioten-
sinogen does not affect the reactivity to human renin, Biomed. Res. 21 (2000)
105—109.

[40] A. Ebihara, T. Kondou, S. Mizuno, T. Nakagawa, U.M. Nasir, Y. Inui,
A. Fukamizu, F. Suzuki, Y. Nakamura, K. Murakami, Molecular properties
of recombinant ovine angiotensinogen, Biomed. Res. 21 (2000) 247—254.

[41] C. Lum, E.G. Shesely, D.L. Potter, W.H. Beierwaltes, Cardiovascular and
renal phenotype in mice with one or two renin genes, Hypertension 43
(2004) 79—86.

16 https://doi.org/10.1016/j.heliyon.2019.e01409
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2405-8440(18)36688-X/sref31
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref31
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref31
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref32
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref32
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref32
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref32
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref32
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref33
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref33
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref33
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref33
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref34
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref34
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref34
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref34
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref34
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref35
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref35
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref35
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref35
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref36
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref36
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref36
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref36
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref36
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref37
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref37
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref37
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref37
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref38
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref38
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref38
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref38
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref39
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref39
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref39
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref39
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref39
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref40
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref40
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref40
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref40
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref41
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref41
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref41
http://refhub.elsevier.com/S2405-8440(18)36688-X/sref41
https://doi.org/10.1016/j.heliyon.2019.e01409
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Establishing a novel assay system for measuring renin concentration using cost effective recombinant ovine angiotensinogen
	1. Introduction
	2. Materials and methods
	2.1. Production of oANG using E. coli cells
	2.2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) analysis
	2.3. Differential scanning fluorimetry (DSF) analysis
	2.4. Preparation of recombinant human renin standard
	2.5. Enzymatic analysis
	2.6. Establishment of calibration curve of renin concentration using recombinant oANG
	2.7. Statistical analyses

	3. Results and discussion
	3.1. Production of recombinant oANG
	3.2. Protein stability analysis of recombinant oANG
	3.3. Preparation of recombinant human renin standard
	3.4. Enzymatic analysis of recombinant oANG
	3.5. Establishing the calibration curve of renin concentration using recombinant oANG
	3.6. Comparative studies on enzymatic properties of oANG

	4. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


