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Abstract

The study was conducted to investigate the physiological outcome of interactions of Phaseolus vulgaris L. with Telfairia mosaic 
virus (TeMV). Seeds of P. vulgaris used in this study were obtained from a farm where the plants were monitored on the field for 
virus symptoms expression. The seeds were sown, on germination inoculated with the virus at the two leaf stage and allowed to 
stay for symptom expression. Relative water content, leaf nitrogen content, photosynthetic pigments and enzymes activities were 
determined at different stages of growth to quantify host virus interactions physiologically. Due to virus infection, some physiologi-
cal parameters like photosynthetic pigments (chlorophyll a, b and carotenoids), relative water content (RWC), leaf nitrogen content 
were drastically reduced while all enzymes activity increased significantly. Interaction of P. vulgaris with TeMV led to decrease in RWC 
and leaf nitrogen content. Percentage decrease in RWC of 40.1% at 12 weeks after inoculation (WAI)and 57.6% for leaf nitrogen at 
2 WAI was found. Telfairia mosaic virus interaction caused reduction in leaf chlorophyll a content of 53.6%, chlorophyll b (32.9%), 
chlorophyll a + b (46.6%), ratio of chlorophyll a/b (30.8%) and carotenoids (50.0%). The virus interactions engendered increase in 
the activities of peroxidase (POD), polyphenol oxidase (PPO), glucose-6-phosphate dehydrogenase (G6PdH), 6-phosphogluconate 
dehydrogenase (6PGdH) enzymes of 57.0%, 64.9%, 90.4%, 99.1% respectively at 8 WAI. Interactions brought about changes in host 
physiology with variations in quantity of physiological components affecting whole plant functioning.
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Introduction 
Plant-virus interaction cause significant alterations in host cel-

lular metabolism. These physiological changes are crucial in sus-
taining plant life and health essential in plant performance and 
productivity which are of benefit to man. Human population in-
crease has placed a huge demand on food production. To accom-
plish this, among other things, crop growers constantly monitor 
the crop’s health in the field since stress conditions affect photo-
synthetic activity, which is closely related to yield. There are sev-

eral variables related to crop health, but our interest is on virus 
effect. This is due to the high correlation found between chloro-
phyll content and health of plants [1]. Basic physiological processes 
commonly affected in host-virus interactions included photosyn-
thesis, respiration, growth etc. [2]. A decrease in photosynthesis is 
manifested by reduction in chlorophyll and other plant pigments. 
Measurement of photosynthetic pigments, relative water content 
and enzyme activities which are essential indicators of physiologi-
cal status of the plant will provide the basis to understand the fate 
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of existing physiological changes in P. vulgaris upon interaction 
with TeMV. The present study investigated the impact of P. vulgaris 
interaction with TeMV on basic physiological parameters linked to 
plant health and performance.

Materials and Methods
Relative water content determination

The relative water content of TeMV-inoculated and control 
leaves of P. vulgaris were determined by the method of [3]. Ten leaf 
pieces (2 cm diameter) were cut from these leaves and weighed 
immediately to obtain their fresh weight (FW). Turgid weight (TW) 
was determined by weighing the leaf segments after 24h of immer-
sion in distilled water in a sealed flask at room temperature. Dry 
weight (DW) was determined by weighing leaf segments after 48h 
at 70oC in an oven. The relative water content of leaves was calcu-
lated and expressed as a percentage.

Leaf-N-status estimation 

Nitrogen is inherent molecule in chlorophyll pigment. Leaf sam-
ples were obtained at 2, 4, 6, 8, 10 and 12 WAI from TeMV-inoculat-
ed and healthy P. vulgaris. Leaf sample of 20 g each was oven-dried, 
pulverized and analyzed for percentage leaf N content determina-
tion using standard Kjeldahl techniques. 

Chlorophyll and carotenoids estimation

Chlorophyll a, chlorophyll b and carotenoids were estimated by 
obtaining 25 mg leaf samples from TeMV-infected and healthy P. 
vulgaris based on the method of [4] at various stages of growth. 
The leaf samples were homogenized using mortar and pestle in 
the dark with 2 ml of aqueous acetone (80%) and centrifuged at 
5000 rpm for 10 minutes at 5oC. Pigments were estimation by tak-
ing absorbance readings at specific absorption coefficients with a 
spectrophotometer (Model 722S, England). The leaf chlorophyll a, 
b and carotenoids were expressed in mg g-1 FW.

Enzyme extraction

Enzyme extraction buffer comprised of 50 mM mixed monoba-
sic potassium phosphate salt (KH2PO4), 50 nM dibasic potassium 
phosphate (K2HPO4), to this was added 4 g of polyvinyl polypyr-
rolidone (PVPP) a phenol absorbent. The mixture was thoroughly 
mixed with the aid of a magnetic stirrer and adjusted to final pH 
7.0. Enzyme extraction was carried out at 4oC with 0.2 g of TeMV 
inoculated and control leaf tissues of P. vulgaris harvested ran-

domly from experimental plots at different periods of growth and 
homogenized in pre-chilled mortar and pestle in 10 ml extraction 
buffer. The homogenate filtered through cheese cloth and the fil-
trate centrifuged at 4,000 rpm for 4 minutes. The supernatants for 
inoculated and control samples were stored in an ice chamber and 
used as crude enzyme sources in assaying POD and PPO.

Enzyme assay

Enzyme assay was carried out using a mixture of 50 mM mixed 
monobasic potassium phosphate salt (KH2PO4), 50 nM dibasic 
potassium phosphate (K2HPO4) and pH adjusted to 7.0. Readings 
were obtained at appropriate wavelength for each enzyme with the 
aid of a spectrophotometer (Model 722S, England).

Peroxidase assay (EC.1.11.17.7)

In a cuvette containing 2 ml assay buffer was added 0.1 ml of 10 
ml guaiacol and 0.1 ml enzyme preparation. The reaction was initi-
ated with the addition of 0.1 ml of 10 mM H2O2, making up the final 
assay volume of 2.3 ml. Absorbance readings were taken at 436 nm 
at 1 minute spectrophotometrically using the assay buffer as blank. 
The expressed POD activity was calculated using an extinction co-
efficient 6.39 mMcm-1 for guaiacol dehydrogenation product.

Polyphenol oxidase assay (EC.1.14.18.1)

To 2 ml of assay buffer in a cuvette was added 0.1 ml of 10 mM 
dihydroxyphenylalamine (DOPA) and 0.1 ml enzyme preparation. 
The reaction was started by adding 0.1 ml of 10 mM H2O2 in a final 
volume of 2.3 ml. The absorbance was taken at 1 minute spectro-
photometrically at 470 nm [5]. The activity of PPO expressed was 
calculated using an extinction coefficient of 1433 nMcm-1.

Glucose 6 phosphate dehydrogenase (G6PdH: EC1.1.1.44) and 
6 phosphogluconic acid dehydrogenase (6PGdH: EC 1.1.1.49) 
assay

These enzymes activities were conducted spectrophotometri-
cally at 3oC following the reduction of NADP at 340 nm. The as-
say mixtures consisted of 100 ml triethanolamine hydrochloride-
NaOH, 10 ml MgCl2, 10 ml NADP, 10 ml 6-phophogluconate or 
glucose 6-phosphate and 5 ml of crude enzyme extract at pH 7.5. 
To 2 ml assay buffer contained in a cuvette was added 0.1 ml of 0.8 
mM 6PGdH or 0.1 ml of 0.83 mM MgCl2, NADP and 0.1 ml crude 
enzyme extract added to start the reaction in a final volume of 2.4 
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ml and readings taken spectrophotometrically at 430 nm for inocu-
lated and healthy leaves samples of P. vulgaris in Ug-1 fresh weight 
for 4 min. All G6PdH activities were corrected for the possible com-
plicating effect of 6PGdH on the G6PdH assay [6].

Statistical analysis

The independent t-Test statistics was used to analyze the signifi-
cant difference between inoculated and control plants. Data were 
also expressed as percentage difference and differences between 
mean values were determined at 5% probability.

Results
Relative water content and leaf nitrogen content of P. vulgaris 

were severely altered by TeMV infection. Infection led to decrease 
in RWC and leaf nitrogen contents of inoculated plants when com-
pared to the controls. At 10 WAI, mean decrease in RWC of 48.13 
± 0.03 as against 80.43 ± 0.10. Results revealed highest mean de-
crease in leaf nitrogen of 25.51 ± 0.02 and lowest of 23.07 ± 0.03 for 
infected plants compared to the control values of 60.35 ± 0.03 and 
40.38 ± 0.01 at 2 WAI and at 12 WAI. Leaf nitrogen decreased with 
prolonged period of growth (Figure 1A and 1B).

Figure 1: Interaction of TeMV on Relative water (1A) content 
and leaf nitrogen (1B) of Phaseolus vulgaris.

Interaction of TeMV with photosynthetic pigments of P. vulgaris 
resulted in drastic reduction in contents at all periods of growth 
compared to control plants (Figure 2A-2E). Photosynthetic pig-
ments of both inoculated and control plants showed a trend of 
increase with progressive periods of growth. Statistically, results 
revealed decrease in chlorophyll a, b, chlorophyll a + b, ratio of 
chlorophyll a/b and carotenoids at 12 WAI of 2.12 ± 0.01, 1.55 ± 
0.02, 3.67 ± 0.01, 1.37 ± 0.01 and 0.53 ± 0.00 mg/g FW compared 

to the control plants 4.57 ± 0.01, 1.78 ± 0.01 mg/g FW. Correspond-
ing values for the control were 4.57 ± 0.01, 2.31 ± 0.02, 6.88 ± 0.01, 
1.98 ± 0.01 and 1.06 ± 0.01 mg/g FW. 

Figure 2: Interaction of Telfairia mosaic virus with  
photosynthetic pigments of Phaseolus vulgaris.

Activity of enzymes of the glycolytic and the pentose phosphate 
pathways were significantly altered by TeMV. Interaction of the vi-
rus with all enzymes revealed significant (P=0.05) increase in activ-
ity at all periods of growth compared to the control. In all enzymes, 
interactions depicted significant increase from initial period of 2 
WAI to 12 WAI. Increase in POD, PPO, G6PdH and 6PGdH activity in 
inoculated plants when compared to control plants at 8 WAI were 
4895.15 ± 0.02 and 3117.06 ± 0.00 u/min/mg of protein, 21.12 ± 
0.02 and 12.81 ± 0.01 u/min/mg of protein, 3.39 ± 0.01 and 1.78 
± 0.01 µmol. NADPH formed/min of protein, 3.80 ± 0.01 and 1.89 
± 0.02 µmol. NADPH formed/min of protein respectively (Figure 
3A-3D).
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Figure 3: Interaction of Telfairia mosaic virus with peroxidase 
(A), polyphenol oxidase (B), glucose-6-phosphate  

dehydrogenase (C) and 6-phosphogluconic acid dehydrogenase 
(D) activity of Phaseolus vulgaris.

Discussion 
The study elucidated interactions of P. vulgaris with TeMV in 

order to ascertain its effects on host plant physiology. Reduction 
in RWC in leaves of P. vulgaris due to interaction with TeMV in this 
study is in agreement with previous report of lower water content 
in virus-infected leaves than in corresponding healthy tissues [2]. 
Relative water content in leaves of pepper plants infected by TMV 
decreased significantly [7], pepper-tobamo virus interaction led 
to loss of turgidity in infected leaves [8]. When leaves lose water, 
physiological processes are altered. Physiological processes are 
powered by water and water reduction decreased their efficien-
cies. Photosynthesis is highly sensitive to water, thus, even slight 
loss of water content in leaf decreased the efficiency of the process. 
Relative water content is an indicator of water status of plants im-
portant in maintaining cell turgidity, structure and growth, trans-
porting nutrients and organic compounds throughout the plant, 
serving as a raw material for various chemical processes, photo-
synthesis, respiration, transpiration, buffering the plant against 
wide temperature fluctuations. Relative water content is a sensi-
tive indicator to plant growth and yield. Reduction in RWC may be 
due to abrasive or damage to leaves tissues during virus inocula-
tion with alterations in physiological processes.

Leaf nitrogen content was significantly lower at all stages of 
growth in P. vulgaris as a result of interaction with TeMV. Nitrogen 
is a basic component of protein, enzymes, nucleic acids, amino ac-
ids and chlorophyll. Nitrogen is required for the synthesis of en-
ergy compounds; NADH, ATP, carbohydrates and lipids. Nitrogen 
is a vital determinant of growth and has the potential of improving 
the quality and yield of crops. Reduction in leaf N may affect pho-
tosynthetic capacity of inoculated plants since leaf N is an integral 
part of the chlorophyll molecule with grave effects on growth and 
yield. Nitrogen is an imperative factor in plant growth and governs 
a major constituent of chlorophyll and photosynthetic activity [9]. 

Some physiological changes were observed due to interaction 
of P. vulgaris with TeMV. Reduction in chlorophyll a, b, total chlo-
rophyll and the ratio of chlorophyll a/b which occurred as a result 
of TeMV interaction are injurious to the physiological status of P. 
vulgaris. Reduction in chlorophyll contents have occurred in other 
host-virus interactions; [10] found lesser amount of chlorophyll a, 
chlorophyll b, total chlorophyll and carotenoids in susceptible cul-
tivars of Tungro infected rice plant. [11] reported decrease in total 
chlorophyll, chlorophyll a and b in virus infected sunflower leaves. 
Chlorophyll is the green photosynthetic pigment in plants that has 
the capacity to transfer the radiant energy of sunlight into chemical 
energy of food in the process called photosynthesis which is basic 
for the physiological mechanisms of plants and for life on earth. 
Aside food production, chlorophylls are of immense importance to 
plants: Leaf chlorophyll concentration is an indicator of chloroplast 
content, photosynthetic mechanism and plant metabolism. Chloro-
phylls are the primary metabolites that give colour to leaves and 
fruits, specially, in the unripe stage. This green pigment can be used 
as indicators of plant health stress and nutritional deficiencies. 
Chlorophyll pigments are an indicator of O2 production and car-
bon sequestration. Decrease in chlorophyll orchestrated by TeMV 
interaction is an indication of altered physiological characteristic 
of P. vulgaris. This decrease is threatening because food production 
by plants remains its major function to meet the food needs of the 
populace worldwide. Plants achieve this fit with the aid of photo-
synthetic pigments. It provides the energy that drives virtually all 
ecosystems. Decrease in chlorophyll a and b in this study may be 
due to severe mosaic symptoms of TeMV, it may also be attributed 
to the fact that chlorophyll is synthesized in the chloroplast which 
is the site of replication for several viruses. When viruses replicate 
in chloroplasts, photosynthesis, a basic physiological process of 
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plant is inhibited. There had been a strong drive on the commercial 
production of chlorophyll as a natural pigment used as indispens-
able components in the food industries, in pharmaceuticals, and in 
cosmetics [12,13], necessitating control of TeMV to maintain nor-
mal levels of chlorophyll. 

Carotenoids content suffered reduction due to P. vulgaris-TeMV 
interactions. Reports of virus infection on plant pigments are 
found: [14] found decrease in chlorophyll b and a in cowpea (Vigna 
unguiculata) susceptible to Cowpea severe mosaic virus infection. 
[15] reported a reduction in total chlorophyll, chlorophyll a, b and 
β-carotene in chilli plants infected with Cucumber mosaic virus. 
Multiplication of virus particles in the infected cells altered the bio-
chemical compounds of cells that disrupt physiological processes 
which affect the growth and yield of infected plants. In plants, ca-
rotenoids play important roles in light harvesting, photosynthesis, 
photoprotection, pollinator attraction and phytohormone produc-
tion, strigolactone synthesis, shoot branching and signaling [16]. 
Carotenoids signal the production of abscisic acid, which regulates 
plant growth, seed dormancy, embryo maturation and germina-
tion, cell division and elongation, floral growth, and stress respons-
es [17]. Carotenoids reduction in this study may be linked to severe 
mosaic symptom characteristic of TeMV.

Peroxidase activity was higher in P. vulgaris interaction with 
TeMV in comparison to the control. Physiologically, interactions of 
P. vulgaris with TeMV led to the production of reactive oxygen spe-
cies which has a damaging effect on the plant. To stay alive, cells 
of P. vulgaris evolved mechanisms for the synthesis of antioxidant 
among others, to ameliorate the danger posed by cellular oxidants. 
The enzymatic antioxidants studied were POD and PPO. Telfairia 
mosaic virus induced an increased oxidative stress, as the activity 
of antioxidant enzymes was higher in the inoculated samples than 
in the control. Increase in these enzymes corresponds to increase 
in rates of respiration. In many host virus combination where 
necrosis does not occur, there is a rise in respiration rate, which 
begin before symptoms appear and continue for a time as disease 
develops [2]. Peroxidase is the first enzyme to show changes in its 
activity under virus infection and is actively involved in the ROS 
mechanisms, and accumulation of which causes oxidative damage. 
Peroxidase catalyzes the final polymerization step of lignin synthe-
sis. Therefore, higher activity of POD leads to lignification process 
which is considered as a resistance mechanism against pathogen 

attack. By way of oxidation of indole-3-acetic acid, upregulated 
peroxidases might also be responsible for growth reductions and 
malformations in virus-infected plants [18]. 

Polyphenol oxidase play a role in plant immunity, might also 
be involved in many physiological processes. Polyphenol oxidase 
might have a role in photosynthesis as an oxygen buffer or interact-
ing with the Mehler-peroxidase reaction [19]. Elevated PPO activity 
was found in P. vulgaris interaction with TeMV. Polyphenol oxidase 
is an important enzyme in the initial stage of plant defense where 
membrane damage caused release of phenols. The enzyme cata-
lyzes the oxidation of phenolics to free radicals that can react with 
biological molecules, creating an unfavourable environment for 
pathogen development [20]. Enzymes control biochemical reac-
tions in cells. Any change in the activity of an enzyme would reflect 
the pattern of expression and corresponding metabolic events. Bio-
chemically enzymes are tools used to study the induced responses 
of infected plants showing disease symptoms. Peroxidase and PPO 
are phenol oxidizing enzymes associated with diseases. Increased 
POD and PPO enzymes activity in this study was due to the high 
energy demand placed on P. vulgaris by TeMV, it may also be an in-
dication of their participation in scavenging ROS. It was also found 
that increase in enzymes activity correlated with symptom sever-
ity thus, the higher the severity of symptoms, the higher enzymes 
activity. 

Interaction of TeMV with enzymes of P. vulgaris led to enhanced 
activity of G6PdH and 6PGdH. Glucose-6-phosphate dehydroge-
nase and 6-phosphogluconate dehydrogenase are two important 
enzymes of the pentose phosphate pathway (PPP) involved in the 
production of NADPH and play an important role in plant devel-
opment and stress responses. The PPP is a pathway of glucose 
metabolism in plants, and its main physiological function is in the 
generation of NADPH. This pathway also converts G6P into ribu-
lose-5-phosphate (Ru5P), a precursor for the synthesis of nucleo-
tides. The PPP meets the energy need of all organisms and it is an 
alternative respiratory pathway for energy production. Increase in 
the activities of G6PdH and 6PGdH in P. vulgaris - TeMV interaction 
suggest increase in respiration. Reduction in photosynthetic pig-
ments correlated with increased G6PdH and 6PGdH activity. This 
finding agrees with earlier report of enhanced enzymes activity 
of G6PdH and 6PGdH in TeMV-infected A. viridis [21], accumula-
tion of glucose-6-phosphate in Pepper mild mottle virus infected 
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pepper [22]. Increase in respiration occasioned by increase in en-
zymes activities by P. vulgaris-TeMV interaction may be ascribed to 
increased metabolism, increased activation of the PPP [23]. Virus 
infection places a high energy demand to enable the infected plant 
cope with viral genome replication and coat protein synthesis and 
to compensate for the decrease in photosynthesis. Energy required 
for the plant metabolic processes is derived from ATP. The more 
ATP is utilized the more ADP is produced inciting respiration. In-
teraction with TeMV should be prevented to promote P. vulgaris 
performance for maximum productivity to meet the food need of 
the people.

Conclusion
The study revealed that physiological interactions of P. vulgaris 

with TeMV led to decrease in relative water content, percentage 
leaf nitrogen, chlorophyll a, Chlorophyll b and carotenoids. Inter-
actions however, enhanced POD, PPO, G6PdH and 6PGdH enzyme 
activities. Chlorophyll pigments are important indicators for mea-
suring plant growth and yield. Decrease in its content directly af-
fects plant health culminating in yield loses. The study revealed a 
gradual decrease in some physiological parameters with increase 
in others plant parameters occasioned by TeMV at different stages 
of P. vulgaris growth. Increase in enzyme activities was to comple-
ment low energy production due to decrease in chlorophyll. 
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