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INTRODUCTION
Crocus sativus L. (saffron) is a triploid plant cultivated in many countries 
such as Iran, Greece, and Spain.[1,2] C. sativus is a member of the Iridaceae 
family and is propagated by replacement of corms that are subterranean 
storage organs providing nutrients during sprouting. Thus, the survival 
of the corm is of utmost importance for plant.[3] In recent years, C. sativus 
was subjected to several studies from biomedical and biochemical to 
chemistry.[1,4,5]

Polyphenol oxidases [monophenol,3,4,-l-dihydroxyphenylalanine: 
oxygen oxidoreductase, EC 1.14.18.1, PPOs] are copper-containing 
oxidases[6,7] that catalyzes o-diphenols to o-diquinones using molecular 
oxygen.[8-11] This process includes two main reactions, monophenols 
undergo hydroxylation to form orthodiphenols, which, in turn, are 
oxidized to quinones.[12] It has been demonstrated that removal of copper 
as prosthetic groups from PPO enzyme results in an inactive form of 
enzyme that can reinstate its activity in presence of copper.[13] Although 
oxidation of phenolic compounds and melanin formation are main 
physiologic functions of enzyme, but the importance and significance of 

its activity in plant tissues are not completely understood. PPO is a widely 
distributed enzyme in higher plants tissues that is mainly localized in 
thylakoid membrane;[14-17] due to its plastidic localization, it is postulated 
to play a role in photosynthesis.[18] PPO enzyme is implicated to function 
in immunity reactions and defense mechanism against insects and plant 
pathogens,[19] plant components biosynthesis, enzymatic browning 
reactions, and free radical scavenging.[20-22] Also, it has been reported that 
an aurusidin synthase, a PPO homolog, is involved in developmental 

Submitted: 02-06-2016 Revised: 11-07-2016 Published: 11-10-2017

ABSTRACT
Purification and characterization of polyphenol oxidase (PPO) enzyme and 
determination of total phenolic contents during dormancy and sprouting 
stages in Crocus sativus corms were performed. PPO enzyme was purified 
by ammonium sulfate precipitation and ion-exchange chromatography 
using DEAE-Sephadex A25 and two isoenzymes were obtained on the SDS-
PAGE, which corresponded to molecular weights of 70 and 54 kDa. The 
Km values of the enzyme were 4.87 and 2.12 mM for l-DOPA in dormancy 
and waking stages, respectively. Also, enzyme showed higher Vmax values 
of 0.026 (ΔOD.min-1) in dormancy compared with the value of 0.019 (ΔOD.
min-1) in waking corms. Results showed an inverse correlation between 
phenolic contents and PPO activity. Accordingly, it can be concluded that 
as plant progressed through sprouting stage, in contrast to polyphenol 
oxidase activity, there was a significant increase in total amount of phenolic 
compounds, as determined by Folin-Ciocalteu method and water and 
aqueous ethanol extractions.

Keywords: Crocus sativus, DEAE-Sephadex A25, phenolics, 
polyphenol oxidase

SUMMARY
•  Purification of polyphenol oxidase enzyme using DEAE-Sephadex A25 in 

Crocus sativus corms.
•  Characterization of polyphenol oxidase enzyme.
•  Comparison of PPO enzyme characteristics in two different physiologic 

stages of dormancy and sprouting.
•  Determination of phenolic contents.
•  Correlation between phenolic contents and PPO activity during sprouting 

and dormancy.
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processes of flower petal.[23] PPO purification and characterization 
have been performed in different plants and results exhibited multiple 
forms of enzyme and high degree of variability, which likely depends on 
extraction condition, tissue, and physiologic stages.[24,25] Previous studies 
reported a wide range of molecular mass for isoforms of PPO enzyme 
from 32 to 200 kDa, but mostly they fall in the range of 35-70 kDa.[13]

Phenolic compounds are a diverse group of secondary metabolites 
widely distributed in plants derived from shikimate pathway and 
phenylpropanoid metabolism,[10,26,27] which are synthesized in response 
to ecologic and physiologic impacts.[28] Available experimental data 
on phenolic compounds demonstrated an important role of these 
compounds in plant defense and immunity, which is attributed to their 
antioxidant activity.[1,26]

PPO is clearly involved in phenolics oxidation in plants and the 
correlation between enzyme activity and phenolics level has been 
studied. The characterization of polyphenol oxidase and total phenolics 
in medlar fruit during two different ripening stages has been investigated. 
The results showed variations among species in pre- and postharvest 
stages, which can be due to season, maturity, and genotype of cultivars.[6] 
Also, a comparative study has been conducted between pear and peach 
in terms of PPO activity and phenolics levels and reported data present 
a good correlation between PPO activity and polyphenol contents. 
However, PPO activity and phenolics amount are highly affected by 
maturity stage and both internal and external factors.[24] In addition, an 
inverse trend of phenolics was reported in relation to PPO activity in 
watermelon and tomato plants subjected to heat and cold stresses. It has 
been demonstrated that PPO activity was inhibited under stress, which 
consequently accumulates the amount of soluble phenolics in tomato 
and watermelon.[11] The results from a study focused on olive fruit has 
recently reported an inverse trend between PPO levels and a particular 
phenolic compound, oleuroptin, which presents an important role of 
PPO in olive phenolics metabolism.[12]

However, there is no reported data on correlation between PPO enzyme 
and phenolics in C. sativus. The particular aim of this study is to purify 
and characterize PPO and determine the total amount of phenolics from 
saffron corms during dormancy and sprouting stages and elucidate 
whether there is a correlation between PPO activity and phenolic 
contents. The results of this work illustrate two isoforms of PPO enzyme 
in both dormancy and sprouting and demonstrate an inverse correlation 
between PPO activity and content of phenolics.

MATERIALS AND METHODS
Materials
Dormant and waking corms of C. sativus were obtained from the 
University of Tehran farm in August and March, respectively. After 
transferring corms to the laboratory, they were immediately depleted 
from their shooting leaves, rinsed, and stored at-70°C for later usage.

Reagents and chemicals
All chemicals and reagents used were analytical grade. Chemicals for 
enzymatic isolation and activity were obtained from Sigma-Aldrich 
(St. Louis, MO, USA). Folin-Ciocalteu was obtained from Merck 
(Darmstadt, Germany).

PPO extraction and purification
Thirty grams of saffron corm was ground in liquid nitrogen and 
homogenized in 20 mL of cold 0.1 M phosphate buffer (pH 6.5) 
containing 5% polyethylene glycol (PEG 1500) and 10 mM ascorbic 
acid. The crude extract was centrifuged at 10,000g for 45 min at 4°C 
and supernatant was collected.[29] Partial purification of PPO enzyme 

was carried out by 50 and 80% ammonium sulfate fractionation 
and centrifuged at 10,000g for 30 min. The pellet was later collected 
and dissolved in 5 mM phosphate buffer (pH 6.3) and dialyzed in 
the cellulose bag (MW cutoff > 12,000) at 4°C in the same buffer 
overnight.[30,31] The enzyme solution was transferred to DEAE-
Sephadex A25 column, per-equilibrated with 5 mM phosphate buffer 
(pH 8.0). PPO enzyme was eluted with the same buffer containing 0.5 
M NaCl and 3 mL fractions were collected. Then, protein levels of each 
fraction and PPO activity toward l-DOPA were determined.

Determination of protein
Protein level of each collected tube was determined by the method of 
Bradford[32] using bovine serum albumin as standard.

Enzymatic assay
PPO activity was monitored by measuring the increase in absorbance at 
475 nm using 20 mM of l-DOPA in 0.1 M phosphate buffer (pH 6.8) with 
a spectrophotometer (Shimadzu UV-160).[5] The unit of enzyme activity 
was defined as an increase in absorbance of 0.001 min-1.[33]

Polyacrylamide gel electrophoresis
Polyacrylamide gel electrophoresis (SDS-PAGE) was conducted 
according to the method of Laemmli[34] to determine the molecular 
weight of purified enzyme. The purified enzyme was also subjected to 
native PAGE and the activity was localized by incubating the gel in 0.1 
M phosphate buffer (pH 6.8) containing 10 mM l-DOPA for 30 min.[5]

Kinetic parameters
The Michaelis-Menten constant Km and maximum reaction velocity Vmax 
were obtained using l-DOPA as a substrate in the range of 1-35 mM 
under standard conditions by monitoring the absorbance increase at 
475 nm. Data were plotted as 1/V and 1/[S] according to the method of 
Lineweaver and Burk.[35]

Total phenolics content
Total amount of phenolic compounds was determined by Folin-Ciocalteu 
method.[36] Ten grams of fresh corm was homogenized in 50 mL ethanol 
50% v/v and distilled water separately and centrifuged at 10,000g for 
45 min and supernatant was collected. Total phenolics content was 
determined quantitatively at 760 nm after incubating samples in Folin-
Ciocalteu reagent for 45 min.[1]

RESULTS AND DISCUSSION
Purification of the enzyme
In this study, PPO was purified from saffron corm using Sephadex A25 
ion-exchange column chromatography.[30,31] An analytical comparison 
was carried out between dormant and sprouting corms of C. sativus, and 
Figure 1 and Figure 2 demonstrate the typical elution patterns of the PPO 
enzyme in waking and dormant corms, respectively. Fractions showing 
enzyme activity were pooled as purified polyphenol oxidase enzyme. As 
shown in Table 1 and Table 2, PPO enzyme was purified 21.8- and 24.6-
folds in waking and dormant corms, respectively.
The results show a constant decrease in polyphenol oxidase activity in all 
steps of the purification as a result of multiple isoforms of PPO, which 
were lost in this procedure. However, the specific activity of enzyme 
increases in both samples, as it has been progressed through more 
purification. A comparison of specific activity of PPO between waking 
and dormant samples shows around 3.3-fold higher specific activity in 
dormant samples. This result is consistent with the previous study by 
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Marri et al.,[37] which showed relatively higher activity of polyphenol 
oxidase in the early dormancy of potato tubers, which decreased 
significantly in mature tubers in early sprouting stage. These results seem 
to provide more evidence of the key role of PPO in dormancy, suggesting 
that PPO most likely protects plants against infection and disease.[13,37]

Several studies have also reported much higher activity of PPO enzyme 
in early stage of development compared with mature and developed 
plants.[13] It has been also reported that PPO activity is affected by 
experimental conditions and its sensitivity to extraction methods results 
in variations in different preparation procedures.[24]

Molecular mass determination
SDS-PAGE was applied to analyze the molecular weight of protein. The 
purified enzyme migrated on SDS-PAGE under denaturing condition 
showed two distinct bands in both samples corresponding to molecular 
masses of approximately 70 and 54 kDa, which reveals the presence of at 
least two isoforms of PPO enzyme [Figure 3 and Figure 4].
It has been shown that the molecular weight of PPO varies in different 
plant species and multiple forms of PPO have been illustrated in 
different plants such as banana, pineapple, potato, mushroom, lettuce, 
grape, spinach, and strawberry.[13] Although several studies agreed 
on the presence of multiple forms of PPO in plants, but the number 
of molecular forms of enzyme has been always under debate.[13] The 
molecular mass of PPO was reported to be around 65 kDa in mulberry 
plants and Chinese cabbage,[30,38] 69 kDa in potato tubers,[37] and 72 kDa 
in Indian tea leaf.[39] However, a higher molecular weight of 120 kDa 
has been reported in field been seeds.[40] Previous studies on peaches, 
apricots, and cherries demonstrated the synthesis of PPO as a 60-65 kDa 
protein, which can later form a 40-45 kDa protein through proteolysis 
procedure.[20] However, the results obtained from olive have shown two 
distinct bands with molecular weights of 55 and 36 kDa.[41]

Native PAGE also was performed in order to analyze the purified enzyme 
and two bands have been exhibited on the activity stained gel in the 
presence of l-DOPA as a substrate [Figure 5]. The result presented here 
confirms the presence of different isoforms of PPO enzyme in saffron 
corms in both sprouting and dormant corms, which is consistent with 
previous study performed by Saiedian et al.[5] on dormant corms of 
saffron. In general, a wide range of PPO isoforms have been reported in 
different plants. It has been shown that there are at least four isoforms 
of PPO in medlar plants[6,42] and kiwis;[13] however, three forms of 
PPO enzyme have been illustrated in peach[43] and artichoke.[31] Our 
result differs from these, but it is in good agreement with those studies 
demonstrated the presence of two PPO isoforms in cherry laurel,[44] 
eggplant,[45] and Bartlett pears.[46]

The variation in number and size of polyphenol oxidase enzyme forms 
could be due to differences in physiologic and developmental stages, 
subcellular localization, and formation of interfering compounds during 
purification process as a result of native enzyme modification.[13]

Enzyme kinetics
The maximum reaction velocity Vmax, Michaelis-Menten constant Km, 
and the value of Vmax/Km of PPO in both dormant and sprouting saffron 
corms were calculated using Lineweaver and Burk method.[35] In general, 
low values of Km between 1-10 have been shown for PPO suggesting 
the low affinity of enzyme for its substrate.[47] In this study, various 
concentrations of l-DOPA has been used as a substrate and its oxidation 
rate was measured by monitoring the absorbance increase at 475 nm and 
Table 3 shows the kinetic properties of PPO enzyme.
It has been reported that there is a wide variation in the PPO activity 
levels toward DOPA in plant species.[13] As it is shown in Table 3, the 
Vmax and Km values of saffron PPO during dormancy stage are 0.026 
(ΔOD.min-1) and 4.87 mM, respectively. These results are in good 
agreement with those values reported in previous study on polyphenol 

Table 1: Purification of polyphenol oxidase from waking C. sativus corm

Purification step Total 
activity

Total 
protein 

(mg)

Specific 
activity 
(U/mg 

protein)

Purification 
fold

Crude extract 
(NH4)2SO4 
DEAE - Sephadex A25

554.43 
277.77 

20.1

30.74 
1.26 

0.051

18.04 
220.45 
394.12

1.0 
12.22 
21.85

Table 2: Purification of polyphenol oxidase from dormant C. sativus corm

Purification step Total 
activity

Total 
protein 

(mg)

Specific 
activity (U/
mg protein)

Purification 
fold

Crude extract 
(NH4)2SO4 
DEAE - Sephadex A25

1852.36 
1233.3 

5.83

35.15 
3.23 

0.0045

52.7 
381.59 

1295.96

1.0 
7.24 

24.59

Figure 1: Ion-exchange chromatogram (Sephadex A25) of waking C. 
sativus corm. Protein concentration was monitored by UV-absorbance at λ 
= 280 nm (filled diamond connected by red dashed line) and PPO activity 
by absorbance at λ = 320 nm (hollow circle connected by blue line)

Figure 2: Ion-exchange chromatogram (Sephadex A25) of dormant C. 
sativus corm. Protein concentration was monitored by UV-absorbance at λ 
= 280 nm (filled diamond connected by red dashed line) and PPO activity 
by absorbance at λ = 320 nm (hollow circle connected by blue line)
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activity and phenolics content during fruit-ripening stage.[49] However, 
another study on different variety of loquat (cv. Algerie) has demonstrated 
an elevation in PPO activity along with and increased amount of 
phenolics in fully developed fruits.[6] In contrast, the concentration 
of phenolic compounds and PPO activity have illustrated a reduction 
during maturation of 15 different cultivars of peach.[22] The correlation 
study between PPO activity and phenolic contents in organically and 
conventionally grown peach and pear has shown a direct relationship.[24]

In this study, an inverse correlation has been observed between the 
concentration of phenolics and PPO activity in waking and dormancy 
stages of saffron corm. The obtained results are similar to those that have 
been reported in medlar,[6] olive fruits,[41] and red grape.[50] It has been 
also suggested that this inverse relationship between PPO activity and the 
amount of phenolics in medlar fruits during ripening and overripening 
stages is related to higher catalytic efficiency of enzyme in ripen fruits.[6] 
As it is shown in Table 1 and Table 3, the specific activity and catalytic 
efficiency of purified enzyme are 394.12 (U/mg protein) and 185.9 
(units/mg protein/mM) in waking corms, respectively, which are 
drastically smaller than those values of 1295.96 (U/mg protein) and 
266.11 (Units/ mg protein/mM) Table 2 and Table 3 for dormant corms. 
On the other hand, the phenolics content was shown an inverse trend 
with PPO enzyme activity [Table 4]. It is well established that phenolic 
compounds can serve as substrates for PPO, so the reduction of total 
phenolic compounds in dormancy stage is most likely due to the higher 
rate of oxidation by polyphenol oxidase enzyme.[21]

Also, the seasonal effects on phenolics content have been studied widely 
in different plants including apple[51] and acerola,[52] and it has been 
shown that season and developmental stage can affect the formation, 

oxidase enzyme extracted from dormant corms of saffron.[5] However, 
in this study, the kinetic properties of PPO extracted from waking 
corms were also determined, which are smaller than those in dormant 
corms. The exhibited values of Vmax and Km in waking stage are 0.017 
(ΔOD.min-1) and 2.31 mM, respectively.

Phenolics content
In previous study on dormant and sprouting corms of saffron, we have 
extracted total phenolic compounds using distilled water and ethanol 
80% based on method developed by Folin-Ciocalteu.[1,36]

As it has been depicted in Table 4, waking corms have higher amount of 
phenolics compared with dormant corms. These results are consistent 
with those obtained by Cevallos-Casals and Cineros-Zevallos,[48] 
which have shown a significantly higher content of phenolics in 7-day-
old germinated seeds compare with dormancy stage. Also, the higher 
antiradical capacity and radical scavenging activity have been reported 
in sprouting stage in comparison with dormancy in saffron, alfalfa, 
and onion.[1,48] This phenomenon suggests the role of phenolics against 
oxidative reactions during the sprouting stage, which results in protection 
of hypocotyl growth against environmental stresses.[48] Moreover, the 
function of phenolics in plant resistance to biotic and abiotic stresses has 
been declared.[24]

In several studies, the correlation between PPO activity and the amount 
of phenolic compounds has been shown and the effect of pre- and 
postharvesting processes has been determined. The results from a study 
on loquat fruit (cv. Mogi) has shown a significant decrease in both PPO 

Table 3: Total phenolics of dormant and waking corms of C. sativus using 
Folin-Ciocalteu assay[1]

Sample Distilled Water Ethanol 50%
Dormant Corm
Waking Corm

2.22±0.019
5.933±0.033

1.985±0.036
4.983±0.019

Table 4: Enzyme kinetics using l-DOPA as a substrate in both dormant and 
waking corms of C. sativus

Sample Vmax (ΔOD.
min-1)

Km(mM) Vmax/Km Catalytic efficiency
(Units.mg-1 protein 

mM-1)
Dormant Corm
Waking Corm

0.026
0.019

4.87
2.12

0.005
0.009

266.11
185.9

Figure 3: SDS-PAGE of polyphenol oxidase enzyme of waking saffron 
corm. Left to right: Marker (M), crude enzyme (extract), 50% ammonium 
sulfate fractionation (50%), 80% ammonium sulfate fractionation (80%), 
purified enzyme fractions (F18, F24, F25, F29, and F30)

Figure 4: SDS-PAGE of polyphenol oxidase enzyme of dormant saffron 
corm. Left to right: Marker (M), crude enzyme (extract), 50% ammonium 
sulfate fractionation (50%), 80% ammonium sulfate fractionation (80%), 
purified enzyme fractions (F11, F15, and F19)

Figure 5: Native PAGE for PPO activity of crude extract and purified 
enzyme of saffron corms. Crude extract (lane 1); purified enzyme eluted 
from DEAE-Sephadex A25 of waking (lane 2); and dormant (lane 3) corms.
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distribution, and activity of polyphenol oxidase enzyme as well as 
phenolics accumulation in plants.[6] Moreover, it has been shown that a 
group of phenolics, flavonoids, play an important role in development of 
plants due to regulation of auxin transport.[53]

CONCLUSION
The objective of this study was to evaluate the correlation between 
polyphenol oxidase activity and phenolics content in different 
physiologic stages of saffron corm. Despite the importance of polyphenol 
oxidase enzyme in plants, there have been limited studies on saffron 
corm. As described above, polyphenol oxidase has been purified using 
DEAE-Sephadex A25 column and kinetic characteristics of enzyme were 
determined. Also, two distinct isoforms of enzyme have been identified 
in both dormant and waking corms with molecular masses of 70 and 54 
kDa. The findings presented here show an inverse correlation between 
polyphenol oxidase enzyme activity and phenolics content in dormancy 
and waking stages of C. sativus corms. The higher amount of phenols 
in waking stage suggests the importance of phenolics in germination. 
In addition, the lower content of phenolics in dormancy can be due to 
oxidation by polyphenol oxidase enzyme, which showed higher activity 
and catalytic efficiency during dormancy.
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