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INTRODUCTION 

 

‘Cadaver’ derived word, Cadaverine is a lysine catabolite which is sometimes 
associated with decaying matter (foul odour of putrefying flesh of cadaver) and is 

one of the reasons and a component that gives carrion its distinctive smell. 
Cadaverine is known for its functions in multiple cellular processes critical to 

living organisms. This statement can be justified by following examples: acid 

stress responses in Escherichia coli mediated by cadaverine (Haneburger et al., 

2012), cadaverine’s foul-smelling, unpleasant odour help animals to perform 

behavioural cues (Rolen et al., 2003; Hussain et al., 2013), its contribution in 

growth and development of plant, responses to stress conditions, cell signalling 
and insect defense. It is also involved in numerous activities such as it is a 

precursor of polyamides, its role in water absorption, it ensures the survival of 

cell in acidic conditions, protects cells that are starved of inorganic phosphate, Pi, 
under anaerobic conditions, regulates animal growth (Ma et al., 2017; Moreau et 

al., 2007; Samartzidou et al., 2003; Andersson et al., 1979). Further, tolerance 

to crop salt, improvisation of heavy metal stress regulated by Cad (Rajpal and 

Tomar, 2020). The presence of enzyme LDC in higher plants specifically in 

plants belonging to family leguminoseae, gramineae and Solanaceae, bacteria 

indicate the wide presence of Cadaverine (Incharoensakdi et al., 2010; Bagni et 

al., 1986; Rodrı́guez et al., 2000; Sempruch et al., 2010). Cadaverine is also 

present in the environment; it can be produced by rhizosphere and phyllosphere 

microbes (Jancewicz et al., 2016). 

In order to maintain the healthy conditions either for plant strength or for crop 

production, it is crucial to manage these varied phenomena. Changes in the 

morphological characteristics have been reported in various species like 
Arabidopsis, rice, soybean and Scotspines upon changes in the concentration of 

cadaverine within a plant. the reason of concentration change may be due to 

environmental encouragement of synthesis or through exposure to exogenous 
cadaverine (Gamarnik and Frydman, 1991; Niemi et al., 2002; Cassánetal, 

2009; Campestre et al., 2011; Liu et al., 2014; Strohm et al., 2015). There are 

some previous studies being done indicating cadaverine’s effect on mustard 

seedlings (Brassica juncea) and the response of the seedlings prove to be 

protective for them was recorded. (Tomar et al., 2013a, b)  

Brassica juncea, a good bee plant, whose seeds after cultivation, yielding 
essential oil. It is a plant with intensive flavouring and healing properties 

(Fomina, 1962). In some studies, B. juncea has been known for its biodiesel 
potential also (Jham et al., 2009). The effect of cadaverine has been explored on 

seedlings of Brassica juncea in terms of growth and biochemical parameters 

(Tomar et al., 2013a, b). Here cadaverine has shown its great protective action 
on the seedlings as mentioned above. However, cadaverine’s role in responses to 

stress conditions facing some contradictions due the fact that its presence leads to 

tolerance to stress responses in some plants whereas in others, presence of 
cadaverine leads to sensitivity to the same stress responses. 

In present study, effect of cadaverine is been studied on the callus of Brassica 

juncea and the response of the effects has been recorded and gathered. Therefore, 
this study will provide some insight to understand it’s some regulatory 

mechanism in plants growth and its potential to mitigate the adverse responses 

induced under multiple stresses, generally realized by plants in field condition in 
compare to its response with NH4NO3.  
 

MATERIAL AND METHODS 

 

Growth parameters  

 

Seeds sampling was done base d on uniformity in size and similarity in 

morphology. Selected seeds were sterilized for 1 minute by 70% alcohol 

followed by 5 minutes sterilization by 0.2% mercuric chloride. Sterilized seeds, 
before planting, thoroughly washed 5-6 times by distilled water and cultured in 

MS media as given by Murashige and Skoog, 1962 (Murashige and Skoog, 

1962). The constituents of basal medium were sucrose (3%), agar-agar (0.7%) 
with 100mM NaCl, 1mM Cd/Pb, autoclaved (sterilized) 1mM cadaverine and 

5mM NH4NO3. Nutrient solution’s pH in all conditions of treatments was 

maintained at 5.8 (slightly acidic). Following a week, hypocotyl region of the 
sterilized seedling (explant) was excised and cultured in MS media augmented 

A lysine catabolite named cadaverine, a polyamine is known as plant growth regulating compound. Its precise role as growth regulators 

and/or inducer of nitrogen assimilation positively affects plant growth and productivity under different stress condition. Cad strongly 

maintains the stressed plant growth through maintaining the metabolites and ionic homeostasis. This entry summarizes not only 

cadaverine effect on B. juncea callus in terms of the growth parameters but also on protein content and profiling of these mustard calli. 

The basal medium used for tissue culture was MS media augmented with different stress conditions and treatments (100mM NaCl, 1mM 

Cd or Pb, 1mM cadaverine or 5mM NH4NO3). Better growth was observed in callus grown in media supplemented with cad as 

compared to control and stressed one. Also, callus sub cultured in cad media maintained desired growth of callus over control and even 

with NH4NO3 supplementation. The application of Cad suppressed the accumulation of 66 kDa peptide under salt stress whereas the 

same peptide’s expression remained unaffected by NH4NO3 supplementation. NH4NO3 induced the expression of 54 and 44 kDa 

peptides under NaCl and Pb stress. Sub- cultured callus upon Cad supplementation significantly expressed peptides of 76, 72, 45, 42, 40, 

32, 30, 24, 22 and 21 kDa, where expression of 66 and 34 kDa peptides were prominent. Cad boosted the callus formation and growth 

when grown in stressed conditions and these stress induced proteins in the presence of Cad suggesting their role in the growth of plant 

under various stress conditions. 
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with 2.0 mg/ml BAP and 0.2 mg/ml NAA (growth hormones) and different stress 
treatments, followed by 3 weeks incubation at 25°C ± 2°C and 65% RH resulting 

in callus formation. The subpart of the callus was taken and kept for the 

incubation again, in the conditions mentioned above. The callus thus formed was 
then undergone a protein profiling to determine the protein content and level 

under multiple stress and treatments. 

 

Protein content and profiling 

 

Lowry method was used to estimate the total soluble protein in samples (Lowry 

et al., 1951). The polypeptides profile was examined through SDS-PAGE 

(12.5%) following Laemmli, 1970 (Laemmli, 1970) Standard protein markers 
were used for characterization of molecular weight. The data given are mean 

value of at least three replicates with ± SD. 

 

RESULTS AND DISCUSSION 

 

Growth parameters  
 

Seed germination was done in MS media included with either NaCl or Pb or Cd 

with NH4NO3 or Cad (Plate 1). Varied responses have been shown by cadaverine 
during callus and sub cultured phase of growth (Plate 2,3). MS media augmented 

with BAP and NAA in appropriate concentrations together with cadaverine for 

the desired (better) growth. The two-fold increase in callus was found upon 
inclusion of Cad in MS medium (Plate 1). Low germination was observed under 

salt stressed callus in the presence and absence of Cad. Cd stressed callus showed 

92% same seed germination as in other conditions, however, poor growth of the 
seedlings was observed even after Cad/ NH4NO3 supplementation suggested not 

to execute any further experiments with this in vitro (Plate 1). Sub-cultured callus 

of 4 weeks treated with NH4NO3 and Cad showed maximum growth (Plate 3). 

 
Plate 1 Seedling germination on MS media augmented with stresses (metal and 

salt) and treatments (NH4NO3) 
C0 - Control                                             C5 - Cad (1mM) 

C1 - NH4NO3 (5mM)                               C6 - Cad + NaCl 

C2 - NH4NO3 + NaCl(100mM)              C7 - Cad + Pb 
C3- NH4NO3 + Pb (1mM)                      C8 - Cad + Cd       

C4 - NH4NO3 + Cd (1mM)       

Cd stressed condition resulted in a poor growth of seedling and hence we 
discontinued the further experiments with Cd.           

 
Plate 2 Formation of callus from hypocotyl region of explant following 3 weeks 
incubation (Legend is same as Plate 1) 

 
Plate 3 Callus following sub culturing for 4 weeks 

(Legend is same as Plate 1) 

 

Level of protein in the callus under stress in the presence and absence of 

cadaverine  

 

For the protein level examination, 3 weeks cultured and 4 weeks sub cultured 

callus was taken. Significant increase in protein content was observed upon 
NH4NO3 supplementation as compared to control (Figure 1a). However, the same 

protein level not able to sustain under salt and Pb stressed conditions. 

Augmenting cad in salt stressed callus showed remarkable increase in the protein 
level and quite more under Pb stress as compared to supplementation of NH4NO3. 

Alteration in protein content was observed when protein content was evaluated 

after 21 days of sub- cultured callus (Figure 1b). NH4NO3 that showed inhibitory 
effect on accumulated protein in sub- cultured callus, exhibited the protective 

effect under NaCl or Pb stress on accumulated protein. Protein content was 

induced by cad in NaCl stressed callus and in Pb stressed callus, protein content 
was maintained to the initial level. 

a 

b 

Figure 1 Level of protein in callus supplemented with NH4NO3 and Cad 
(a) Protein level in sub cultured callus 

(b) Protein level in callus obtained from explant of mustard seedlings. 

 
Data are mean value of replicas with (n=3) ± SD. Asterisks indicate the 

significance of difference at p<0.05% (*) probably significant, p<0.01 (**) 

definitely significant, p<0.001 (***) highly significant and No asterisks indicate 
insignificant p> = 0.05. Comparison between two nitrogenous sources were 

indicated by p<0.05% (c) probably significant, p<0.01 (b) definitely significant, 

p<0.001 (a) highly significant and No symbol indicate insignificant p> = 0.05.              
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Callus’ protein profile in presence and absence of Cadaverine under stress 

 

Study of callus’ profile was done for comparison between callus and other plant 

tissues. A total of 11 bands observed (Figure 2, Table 1), some of which varied 
due to treatments. 95 and 88 kDa bands were appeared in all kind of treatments. 

Cad suppressed the expression of the proteins caused by metal stress. No peptide 

of 66 and 76 kDa observed in callus of normal medium and the callus 
supplemented with NH4NO3. However, in stress conditions (not supplemented 

with NH4NO3 and cad), the expression of these peptides noticed. Upon 

application of Cad, expression of 66 kDa peptide was suppressed by NaCl 
whereas the same peptide’s expression remained unaffected by NH4NO3 

supplementation. The NH4NO3 had little more induction of 54 ad 44 kDa under 
salinity/Pb stress (Figure 2, Table 1). NH4NO3 supplementation to salt and lead 

stressed callus downregulated the expression of 20 kDa peptide. The cad under 

saline conditions suppressed the peptide of 27.5 kDa which was present 
consistently in callus. 

 

 
Figure 2 Callus’ protein profile in the presence and absence of Cad under stress 
following 3 weeks (Legend is same as Plate 1) 

 

Table 1 Protein profile of Callus in the presence and absence of Cad under stress 
after 3 weeks 

M C0 C1 C2 C3 C5 C6 C7 

95 + + + + + + + + + 

88 + + + + + + + + + + + 

76 - - + + + + + 

66 - - + + + + + - + + 

54 + + + + + + + + + + + + + + + 

44 + + + + + + + + + + + + + + + 

38 + + + + + + + + + + + + + 

36 + + + + + + + + + + + + 

27.5 + + + + + - + 

25.8 + + + + + + + 

20 + + - - - - + 

M- Marker, C3- NH4NO3 +Pb, C0 –Control, C5 – Cad, C1- NH4NO3, C6-   Cad+ NaCl,  C2- 

NH4NO3 + NaCl, C7-   Cad + Pb 

+: Poor growth,  ++: Average growth, +++: Good growth, -: No growth 

 

Callus’ protein profile following sub culturing in Presence and Absence of 

Cad under Stress Conditions  

 

A total of 16 bands appeared in sub-cultured callus of 4 weeks (Figure 3; Table 

2). Sub- cultured callus supplemented with NH4NO3 induced the expression of 
peptides of 84, 58 and 26 kDa over the callus growing only in MS medium 

(without any nitrogenous source). The expression of 45 and 42 kDa peptides 

were also remarkable upon NH4NO3 supplementation. However, in salt stressed 
conditions, addition of NH4NO3 couldn’t expressed protein of 84, 58 and 26 kDa. 

Also, 58, 54 and 30 kDa protein’s expression was downregulated by salt stressed 

conditions. No change (protective effect) was observed in the expression of 66 
kDa upon supplementation of NH4NO3 in saline conditions. However, NH4NO3 

presence in Pd stressed conditions inhibited the 84, 58 and 45 kDa peptides’ 

expression (lane C3). The 54 kDa peptide whose expression affected under 
salinity, showed controlled expression level with NH4NO3. Under Pb stress, 21 

kDa protein was also expressed little more (Figure 3; Table 2). Sub- cultured 

callus upon Cad supplementation significantly expressed peptides of 76, 72, 45, 
42, 40, 32, 30, 24, 22 and 21 kDa, where expression of 66 and 34 kDa peptides 

were prominent. Presence of Cad couldn’t maintain the expression level of 76, 

72, 66, and 45 kDa peptides that was inhibited due to salt stressed conditions. 
However, under Pb stressed callus, in the presence of Cad, expression of 84, 76, 

72, 66, 58 and 54 kDa peptides were observed. Prominent peptides were found of 
66, 54, 45, 42, 34, 30 and 26 kDa. 

 

 
Figure 3 Sub cultured callus’ protein profile in the presence and absence of Cad 

under stress following 4 weeks    

(Legend is same as Plate 1) 

 

Table 2 Protein profile of sub-cultured callus in the presence and absence of Cad 
under stress after 4 weeks 

M C0 C1 C2 C3 C5 C6 C7 

84 - - - + - - - 

76 - + + + + + + 

72 - - - - - - + 

66 + + + + + + + + + + + 

58 - - - + - - - 

54 - - + + - - + + - 

44 - + + + + - - - 

42 - + + + + - + + 

40 - + + + + + + 

34 ++ ++ + + +++ + + 

32 + + - - - - + 

30 ++ ++ + + ++ ++ ++ 

26 - - - + - - - 

24 - + + + - - - 

22 - - + - - + + 

20.1 - - + + - + + 

M- Marker, C3- NH4NO3 +Pb ,C0 –Control, C5 – Cad, C1- NH4NO3, C6- Cad+ NaCl, C2- 

NH4NO3 + NaCl, C7- Cad + Pb 

+: Poor growth, ++: Average growth,  +++: Good growth, -: No growth 

 

DISCUSSION 

 

For the past decade, immense efforts have been made by researchers in order to 

develop biotechnology related methods for promoting rape breeding (Kott, 1998; 

Burbulis et al., 2004). Though in-depth research in the field of plant cell and 

tissue culture made us understand a lot about plant’s physiology and morphology, 

still many mechanisms underlying the plant morphogenesis (in vitro) is not well 
known (Haibiao and Chong, 2004; Hurkman and Tanaka, 1987). 

Data in tables 1,2 and figures 2 and 3 show the effect of treatments on the growth 

of callus. The diverse responses have been shown by cadaverine during callus 
and sub-cultured phase of growth. MS media augmented with BAP and NAA in 

appropriate concentrations together with cadaverine for the desired (better) 

growth. Small callus was formed in the explant treated with metal stress. Cd 
stressed callus showed 92% same seed germination as in other conditions, 

however, poor growth of the seedlings was observed even after Cad/ NH4NO3 

supplementation suggested not to execute any further experiments with this in 

vitro (Plate 1). Hypocotyl region of the explant showed shoot formation (Plate 1, 

2) in comparison with other studies (Khan et al., 2002). Oscar cultured 

hypocotyl explants of Brassica napus cv. on media supplemented with 2,4-D, 
shoot regeneration was induced sporadically. No shoot formation was observed 

on 2,4-D supplemented media as reported by Klimaszewska and Keller, 1985 

(Klimaszewska and Keller, 1985). The reason being for the differences 
observed in their results and ours may be due to differential genotypes, or may be 

culturing explant (hypocotyls) in the medium free of hormone is critical to shoot 

formation. Zheng and Konzak, 1999 reported that media supplemented with 2,4-
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D showed callus induction in Triticum aestivum (Zheng and Konzak, 1999). 
However, 2,4-D concentration hindered further growth process and plant 

regeneration. The hypocotyls were used for callus generation (Plate 3-5). Callus 

grown from hypocotyl region of explant had better morphogenic ability (Chen et 

al., 1998). Less growth of callus was observed under salt and metal stress as 

compared to the control (Lima et al., 2003). Cad boosted the callus formation 

and growth when grown in stressed conditions by modifying the metabolites. 
Increment in the callus’ protein content was also observed with Cad (Figure 1 a, 

b). Band of 54 kDa protein was appeared in both- callus and sub-cultured callus 

(Figure 2; Table 1; Figure 3; Table 2). The same molecular weight bands of 
proteins (26 and 27 kDa) in salt-stressed barley roots (Hurkman and Tanaka 

1987) have been found here in Brassica (Figure 3; Table 2).  
Under salt stress, high expression of these proteins was found, suggesting the role 

in plant’s survival during stress. Band of 26 kDa protein observed in the cells of 

tobacco plant is salt adaptive/ resistant (Singh et al., 1987). The presence of 
proteins of molecular weight 27 and 26 kDa in the salt adapted cells of tobacco 

and rice; roots of barley indicating their contribution in (Shirata and Takagishi, 

1990). Later stage disappearance of these proteins enables the salt tolerance 
mechanism of plant cells under saline stress by regulating gene expression. 95 

and 88 kDa proteins were highly expressed by Cad. Expression of 76, 72, 66, 45, 

42, 40 and 34 kDa peptides was induced by Cad in sub-cultured callus (Figure 2; 
Table 1; Figure 3; Table 2). 
 

CONCLUSION 

 

The study illustrated the cadaverine’s precise role as growth regulators and/or 

inducer of nitrogen assimilation, hence effect on plant growth and productivity 

under stress condition. Cad strongly maintains the stressed plant growth through 
maintaining the metabolites and ionic homeostasis. This study will help in 

identifying new potentials in agricultural biotechnology considering the current 

scenario of soil infertility where biotic and abiotic stresses are the main cause of 
soil degradation and salinity and heavy metal pollution is a great threat to soil 

fertility. This also may provide some clue to Cadaverine presence other than 

leguminous crop plants, so far not reported. 
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