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Introduction

Nitric oxide synthase (NOS) catalyzes the five electrons transfer of argi-
nine to produce arginine and nitric oxide (NO) which is considered to be the
main source of endogenous NO in postmortem muscles [1]. This reaction
requires a range of cofactors, including oxygen molecules, reduced coen-
zyme |l (nicotinamide adenine dinucleotide phosphate), flavin mononucle-
otide, flavin adenine dinucleotide, calmodulin, tetrahydrobiopterin and heme
[2]. The endogenous generated NO can modify the sulfhydryl sites of protein
cysteine resulting in protein S-nitrosylation [3]. NO and NO-mediated Pro-
tein S-nitrosylation are possibly involved in postmortem aging by regulating
energy metabolism, calpain system, calcium release and apoptosis [2]. In
order to further study the contribution of NO and protein S-nitrosylation to
the fresh beef quality, it is necessary to study the biochemical changes of
NOS in postmortem beef. The activity of NOS has been detected in various
animals including chicken, turkey, trout, and pork [4]. However, studies on
NOS changes in postmortem beef have not been reported. Therefore, this
study aimed to investigate the activity, the expression and the location of
NOS in bovine semimembranosus muscle (SM) during postmortem aging.
Methods

Five bovine SM muscles were obtained from the right side of carcasses with-
in 45 min post-slaughter and aged for 14 d at 4 °C under vacuum packaging.
At O (45 minutes post-slaughter), 1, 3, 7 and 14 d, the myofibrillar proteins
were extracted to determine the activity and expression of NOS. The activity
of NOS in bovine SM was measured according to the procedure of NOS
activity assay kit (Nanjing Jiancheng Company, Nanjing, China). Then the
protein concentration of myofibrillar proteins was determined and adjusted
to 8 mg/ml with the buffer (01 M NaCl, 01% CHAPS, and 5 mM HEPES, pH
6.5). Western blotting was employed in the measurement of neuronal NOS
(nNOS) content following the report of Liu et al. [5]. In addition, five SM sam-
ples (0.5 cmx0.5 cmx1cm) were cut parallel to the muscle fiber and immedi-
ately frozen in liquid nitrogen. The 8 um slices were obtained perpendicular
to the myofiber and fixed by 4% paraformaldehyde for 4 h. Then SABC-Cy3
immunohistochemical staining kit (SA1074, Wuhan Boster Company, Wuhan,
China) was used to assay the distribution of nNOS. The data analysis was
conducted by One-way analysis of variance (ANOVA) and Duncan's multi-
ple-range test (P<0.05).

Results

The activity of NOS in bovine SM myofibrillar protein is presented in Table 1.

The results showed that bovine SM muscle retained NOS activity through-
out the 14 d of postmortem storage. The activity of NOS at O d was 0.8 nmol/
mg protein and then decreased significantly at 1, 3 and 7 d (P<0.05). No
significant differences were observed between 7 d and 14 d (P>0.05). This
finding differed from the earlier reports that NOS activity in pork, chicken
and trout was only detected at the early period of storage [4]. Differences
in animal species were possibly responsible for the inconsistent results. In
addition, it is inferred that the differences in NOS activity might result in the
varied NO production which potentially affects postmortem biochemistry to
regulate fresh meat quality.

The nNOS is regarded as the major isoform of NOS in skeletal muscle [6]. As
shown in Figure 1, a 160 kDa band of nNOS was detected in bovine SM mus-
cle. Compared to 0 d, the relative content of nNOS in SM muscle decreased
significantly at 1, 3, and 7 d (P<0.05). Especially at 7 d, the content of NNOS
decreased by approximately 64% compared to O d. There were no significant
differences in nNOS content between 7 d and 14 d (P>0.05).
Immunofluorescence results showed that relatively strong and uniform
nNOS fluorescence was observed along with the cell membrane of bovine
SM (Figure 2). A recent study indicated that the distribution of NNOS with
the sarcolemma was essential for functional nNOS signaling in dystrophic
muscles [7]. Mislocalization of nNOS in skeletal muscle could lead to fibro-
sis and muscular dystrophy [1]. Very few fluorescent spots were observed
in the cytoplasm of bovine SM. This cytoplasmic distribution promotes the
interaction of NO with S-nitrosylation-related proteins [8]. In addition, higher
fluorescence intensity was observed in the cell membrane at 1d of postmor-
tem storage (Figure 2A) compared to the negative control (Figure 2D). The
fluorescence intensity decreased at 3 d (Figure 2B) and almost disappeared
at 7 d (Figure 2C). These results indicate that nNOS in bovine SM is degrad-
ed gradually during postmortem aging.

Conclusion

The current study demonstrated for the first time that bovine SM muscle
retained NOS activity during 14 d of postmortem storage. NOS activity and
nNOS content decreased gradually within 7 d of storage. In addition, the dis-
tribution of NNOS in the sarcolemma and cytoplasm suggests that NO may
be involved in muscle metabolism and play a potential role in the regulation
of meat quality.

Notes

ICOMST 65" International

2019

Congress of Meat Science
and Technology

728



References

[1] Stamler, J. S, & Meissner, G. (2001). Physiology of nitric oxide in skeletal
muscle. Physiological Reviews, 81, 209-237.

[2] Liu, R, Warner, R. D., Zhou, G., & Zhang, W. G. (2018). Contribution of ni-
tric oxide and protein S-nitrosylation to variation in fresh meat quality. Meat
Science, 144, 135-148.

[3] Hess, D. T, Matsumoto, A, Kim, S. O, Marshall, H. E,, & Stamler, J. S.
(2005). Protein S-nitrosylation: Purview and parameters. Nature Reviews
Molecular Cell Biology, 6, 150-166.

[4] Brannan, R. G,, & Decker, E. A. (2002). Nitric oxide synthase activity in
muscle foods. Meat Science, 62, 229-235.

[5] Liu, R, Li, Y. P, Zhang, W. G, Fu, Q. Q, Liu, N,, & Zhou, G. H. (2015). Ac-

Table 1 Nitric oxide synthase (NOS) activity in beef semimembranosus
muscle during postmortem aging

Note: Values are expressed as mean * standard error. Different let-
ters indicate significant difference at P<0.05 (n=5).

tivity and expression of nitric oxide synthase in pork skeletal muscles. Meat
Science, 99, 25-31.

[6] Kaminski, H.,, & Andrade, F. H. (2001). Nitric oxide: Biologic effects on
muscle and role in muscle diseases. Neuromuscular Disorders, 11, 517-524.
[7] Kobayashi, Y. M., Rader, E. P, Crawford, R. W.,, lyengar, N. K,, Thedens, D.
R., Faulkner, J. A, Parikh, S. V., Weiss, R. M., Chamberlain, J. S., Moore, S. A, &
Campbell, K. P. (2008). Sarcolemma-localized nNOS is required to maintain
activity after mild exercise. Nature, 456, 511-515.

[8] Liu, R, Zhang, C. Y, Xing, L. J, Zhang, L. L., Zhou, G. H,, & Zhang, W. G.
(2019). A bioinformatics study on characteristics, metabolic pathways, and
cellular functions of the identified S-nitrosylated proteins in postmortem
pork muscle. Food Chemistry, 274, 407-414,

Notes

ICOMST 65" International

2019

Congress of Meat Science
and Technology

729



Figure 2 Localization of nNOS in beef semimembranosus muscle

during postmortem aging
Note: “A-C” shows immunostaining of nNOS at 1, 3, and 7 d of stor-
age while “D” is the negative control; The magnification of images is

400x.

Figure 1 Representative graph of western blot of nNOS and its relative

content in postmortem beef
Note: Values are expressed as mean + standard error. Different let-

ters indicate significant difference at P<0.05 (n=5).
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