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Micropropagation of Capsicum annuum L. in vitro 

*
 Mahmoud Otroshy, Kosar Moradi and Mojtaba Khayam Nekouei 

Agricultural Biotechnology Research Institute, Center of Iran (ABRII), Isfahan, Iran 

Abstract

The effects of activated charcoal and different combinations of plant growth regulators for 

micropropagation of using nodal culture were investigated. Adding activated charcoal improved 

growth and root system of plantlets; on the other hand, on the bottom of explants, no callus was 

formed. The best response was observed on medium containing 2 mg/l BAP and 0.5 mg/l IBA, with 

respect to the number of buds per explant and percentage of rooting. The explants grown on the 

medium containing IBA 0.5 mg/l were rooted. 70-90% of transferred plantlets to the greenhouse 

were survived and grown. 

Key words: Plant Growth Regulators, Micropropagation, Activated charcoal, Nodal cutting,

Capsicum annuum L. 

* Corresponding Author: otroshy@abrii.ac.ir 
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Isolation and cloning of cDNA manganese peroxidase gene (mnp) from white 

button Mushroom (Agaricus bisporus), introduction to genetic manipulation 

*
Javad Hassan Janpoor and 

1
 Mohammad Farsi 

1 Department of Biotechnology and Plant breeding, Faculty of Agriculture, Ferdowsi University of Mashhad, 
Iran

Abstract

Mushrooms, in addition to their nutritional values, are currently considered as useful tools for 

biological of agricultural wastes to useful food products. In the button mushroom (Agaricus

bisporus), there are several enzymes which catalyze lignin compounds of the compost during the 

mycelia growth and the fructification phases. Manganese Peroxidase (MnP), as one of the most 

important lignin-degrading enzymes, plays a key role in degradation of lignin compounds in the 

button mushroom. To achieve a high yield of MnP in the A. bisporus, the gene encoding MnP was 

isolated, characterized and cloned. The total RNA was extracted from the mycelium growing on the 

liquid compost extract medium, followed by construction of its cDNA by reverse transcriptase. The 

PCR products were then inserted into the pTZ57R/T cloning vector, and transferred into E. coli (the 

DH5  strain). Finally, the plasmid was extracted from the transgenic bacteria, followed by 

enzymatic digestion and nucleotide sequencing. The BLAST analysis revealed two different 

nucleotides (657 and 850) between the cloned fragment (generated in this research) and the mnp1

(available in the gene bank of NCBI). The difference in the nucleotide positions of 657 and 850 

subsequently changed Isoleucine to Valine and Serin to Alanine, respectively. 

Key words: Reverse transcriptase enzyme, Agriculture wastes, pTZ57R/T vector, Molecular 

cloning
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1-M. spicata)Zn(

) :RT :KI:RI(

Zinc concentration in treatmentsRetention 
Index

(DB5 column)
Compound

40 µM20 µM10 µM5 µM0 µM

0.2150±0.00250b0.0025±0.00250a0.0075±0.00479a0.5025±0.00250c0.0025±0.00250a859HEXENOL<3Z->

0.2100±0.00010b0.5025±0.00629e0.3775±0.00629c0.3925±0.00250d0.0075±0.00479a939PINENE<ALPHA->

0.2600±0.00010b0.4450±0.00289e0.4275±0.00479d0.4125±0.00250c0.0025±0.00250a975SABINENE

0.4125±0.00250b0.7325±0.00479d0.6475±0.00479c0.6425±0.00250e0.0025±0.00250a979PINENE<BETA->

0.8025±0.00250b1.1600±0.00577c1.1700±0.00577d1.1775±0.00250d0.2150±0.00500a991MYRCENE

10.1375±0.00250b17.1700±0.0001d16.7750±0.00500c17.5075±0.00250e3.9375±0.00250a1029LIMONENE

1.9875±0.00250b2.5475±0.04922c2.7225±0.00479e2.6875±0.00250d0.7075±0.00250a1031CINEOLE <1,8->

0.2575±0.00250c0.2125±0.00408a0.2625±0.00629c0.2675±0.00250d0.2475±0.00250b1097LINALOOL

0.3125±0.00250c0.2800±0.00408a0.3175±0.00629d0.3125±0.00250c0.3025±0.00250b1169BORNEOL

1.4525±0.00250e0.5200±0.00408a0.5975±0.00479b0.9925±0.00250c1.4325±0.00250d1194
DIHYDROCARVEOL<N
EO->

1.2325±0.00250d0.6025±0.00250c0.5775±0.00408b0.2625±0.00250a1.7825±0.00250e1217CARVEOL <TRANS->

0.2225±0.00250b0.2825±0.00250c0.0075±0.00479a1.0325±0.00250d0.0025±0.00250a1229CARVEOL <CIS->

75.2150±0.00500d69.21500±0.0050b70.7225±0.00479c67.4075±0.00250a82.7075±0.00250e1243CARVONE

0.4000±0.0001c0.4000±0.0001c0.3325±0.00629a0.3875±0.00250b0.4275±0.00250e1343PIPERITENONE

0.3875±0.00250d0.2675±0.00250a0.2925±0.00479c0.2875±0.00250b0.4775±0.00250e1391ELEMENE<BETA->

0.9525±0.00250d0.7575±0.00250b0.6725±0.00629a0.7975±0.00250c1.0875±0.00250e1419CARYOPHYLLENE<E->

0.4025±0.00250d0.3325±0.00250b0.2675±0.00629a0.3725±0.00250c0.5725±0.00250e1433
FARNESENE<(Z)-BETA-
>

0.4125±0.00250c0.4225±0.00250d0.3675±0.00479a0.3725±0.00250b0.4625±0.00250e1450
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MURROLA-4(14),5-
DIENE<CIS->

3.3925±0.00250d3.0500±0.0500b2.4650±0.00289a3.0125±0.00250c3.9725±0.00250e1485GERMACRENE D

0.3050±0.00500d0.2525±0.00500b0.2325±0.00479a0.2875±0.00250c0.3775±0.00250e1500
BICYCLOGERMACREN
E

0.1775±0.00250c0.1075±0.00250a0.1600±0.00408b0.1625±0.00250b0.2375±0.00250d1576GERMACRENE D-4-OL

0.2125±0.00750d0.1475±0.00250a0.1600±0.00707b0.1850±0.00500c0.2750±0.00289e1619CUBENOL<1,10-DI-EPI->

0.2100±0.00010c0.1825±0.00250b0.1400±0.00408a0.1750±0.00500b0.2475±0.00250d1654CADINOL<ALPHA->
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2-)(

Zinc concentration in treatments
Compounds of essential oil

40 µM20 µM10 µM5 µM0 µM

20.01 11.55 19.39 20.13 4.14Hydrocarbonate Monoterpenes 

74.11 81.08 75.54 73.85 87.61Oxygenate Monoterpenes 

94.12 92.63 94.93 93.98 91.75 Total Monoterpenes 

2.18 2.58 1.9 2.19 3.11 Hydrocarbonate Sesquiterpenes 

3.7 4.31 3.17 3.83 5.12Oxygenate Sesquiterpenes 

5.88 6.89 5.076.02 8.23Total Sesquiterpenes 

2-GC-Mass)M. spicata ()1(5)2(
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Biochemical changes in terpenoid compounds of Mentha spicata essential oils in

response to excess zinc supply 
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Abstract

Zinc plays an important role in many structural and biochemical functions in plants. However, 

excess amount of this element as heavy metal is one of the limiting factors for plants. Spearmints 

were grown in green house at nutrient solution containing different concentration of zinc until the 

flowering stage. The essential oils from fresh spearmint samples were isolated by water distillation 

(clevenger) and analyzed by gas chromatograph-mass spectrophotometer (GC-Mass). In this 

research, results indicated that, monoterpenes were major parts of essential oils in M. spicata and 

low percent of these compounds were sesquiterpenes. In comparative investigation, content of 

oxygenate monoterpenes decreased with employing zinc in nutrient solution but, hydrocarbonate 

monoterpene contents of essence were increased. Total monoterpene contents of essence increased 

significantly by zinc treatment. However, with increasing Zn concentration, sesquiterpene contents 

such as hydocarbonates and oxygenates reduced gradually. It was concluded that, total oxygenate 

monoterpenes were more affected by Zn treatment and its reduction was remarkable. This could be 

due to bioenergetical changes in plant cells in response to heavy metal stress. 

Key words: Essential oil, Monoterpenes, Sesquiterpenes, Mentha spicata, Zinc 

* Corresponding Author: bioscholar_85@yahoo.com



)3(138948-35

 :13/10/1388

:24/02/1389

 :22/03/1389

*::soroosh@modares.ac.ir :09123905485

(Zn)(IBA)

*23

1

2

3

) (8

3.

 .

.

:

 .

 .

)Malakoti and Tehrani, 2001 .(

)Marschner, 1995 .(



36                                                                                                                               )3(1389

 .

DNA

(Chen et al., 2000)

(Jiang and Huang, 2001)

(ROS)

(SOD)(CAT)

)(Agarwal et al., 2005 .

(ROS)

)Dat et al., 2009 (

(CAT)

(POD)(SOD)

ROSROS

 :

(Dat

et al., 2009).

 .

.

)Sen, 2000(

)Marschner, 1995(

.

(IAA)

IAA– .

(IBA)

)Epstein et al., 1980.(

(IBA)

:

1-

(Weisman et al., 1988)



(Zn)(IBA)                                                                              37

2-

.(Blazich, 1988, 

Hartmann et al., 1990).

(Gaspar et al., 1997).

) (

) (

81

3.

1-

5/3(Hanway, 1971)

2 .

5 )5

 (10

 .

24

 .

205/0

 .

 .2

 +)IBA( +Tween 20

 +Tween 20

+)IBA( +Tween 20

 +Tween 20

Tween 20 +(IBA)

)Tween 20 (

1

2

3

4

5

6

7

8



38                                                                                                                               )3(1389

3

 .

80-

.

)200(3

1/0)5/7pH= (

12000 ×20)4

 .(

 .

(Cakmak and Horst, 1991)

(CAT)(SOD)

240560

 .(POD)

)(Morita et al., 2006

470 .

(PPO))Khan, 1975(

410.-

(IAA-Oxidase))Beffa et al., 1990 (

535.

2-

S.O.Vd.f

(MS)

(CAT)(POD)(SOD)(PPO)(Aux-Oxi)

(% CV)

2

7

14

2

14

4

-

ns
0301/0

**575/0

014/0

**02/3

**475/0

029/0

51/19

ns
17/0

**72/4

285/0

**43/6

**08/2

36/0

09/13

ns
37/24

**67/35

32/6

**54/1042

**10/22

57/7

16/7

ns
0000002/0

**000008/0

0000006/0

**000004/0

**000004/0

000001/0

27/39

ns
32/0

**83/1

1963/0

**20/31

**244/1

099/0

87/8

 **ns1 %



(Zn)(IBA)                                                                              39

3-

(Aux-Oxi)

Abs /mg protein

(PPO)

 Abs 410/mg 

protein 

(SOD)

 Abs 560/mg 

protein

(POD)

Abs 470/mg

Protein

(CAT)

Abs 240/mg 

protein
spraying treatments no.

e85/3

a95/4

ab90/4

e75/3

cde11/4

abc59/4

abc58/4

bcd37/4

c0009/0

a0032/0

a003/0

c0013/0

a003/0

ab0024/0

bc0015/0

c0006/0

c95/20

ab08/24

ab38/24

ab85/23

ab97/23

c74/19

a96/25

b35/23

a802/4

a239/5

a819/4

a704/4

a180/5

b530/3

b700/3

b560/3

a921/0

b676/0

a106/1

bc544/0

bc490/0

bc580/0

a950/0

c402/0

++20

 +20

 ++20

 +20

 +20

20

F.

4-

(CAT)

Abs 240/mg protein 
(Aux-Oxi)

 Abs /mg protein

(SOD)

Abs 560/mg protein

(POD)

Abs 470/mg proteinspraying times

c44/0

b57/0

a11/1

b00/4

c49/3

a67/5

b54/19

b42/19

a90/30

b02/4

b29/4

a02/5

1

2

3

F.

(Zn)

(IBA)

 .

 .

.

.

.



40                                                                                                                               )3(1389

5-

( AUX-OXI )
Abs /mg 
protein 

(PPO)
Abs 410/mg 

protein

(SOD)
Abs 560/mg 

protein

(POD)
Abs 470/mg 

protein

(CAT)
Abs 240/mg 

protein
spraying 

times

spraying treatments

ef87/3a005/0f66/17Cde37/4cde87/01 + +20

f29/3b..g002/0F91/17Cdef04/4cd98/02 + +20

cde40/4fg0004/0cd28/27ab99/5cd91/03 + +20

ef90/3b.g002/0F92/17Cde44/4h28/01 +20

ef58/3b.g002/0ef96/20abc26/5cde86/02 +20

a38/7b.g002/0B37/33ab02/5cde89/03 +20

ef94/3b..e003/0Ef47/21bcd88/4gh43/01 + +20

ef61/3b.g002/0ef64/19cde42/4fgh51/02 + +20

a14/7b004/0b03/32bcd16/5a37/23 + +20

ef70/3b..f0024/0Ef37/20defg96/3h22/01 +20

ef39/3d..g0013/0Ef03/20bcd90/4gh36/02 +20

ef17/4fg0004/0bc14/31abc26/5c06/13 +20

ef87/3efg0011/0f65/18cdefg99/3fgh46/01 +20

f30/3b..e003/0Ef18/19abcd10/5h31/02 +20

bcd15/5bc0035/0ab08/34a44/6defg69/03 +20

ef08/4bcd0032/0f47/17fg78/2fgh48/0120

ef62/3d.g0012/0F63/17cdef08/4fgh46/0220

b05/6b..e003/0De13/24defg75/3cdef80/0320

def28/4c..g0016/0Ef97/20fg80/2fgh52/01

ef72/3fg0006/0f50/18efg35/3efgh56/02

b76/5b.g002/0A40/38bcd94/4b76/13

cde39/4fg0007/0ef80/21bcd93/4h27/01

ef41/3fg0009/0ef52/21efg17/3fgh53/02

bc31/5g0002/0cd74/26g59/2gh41/03

F.

3

(IBA)

 + +20)3(

)7 ( + +20

)1 (

Jung)2006 (CAT



(Zn)(IBA)                                                                              41

CATSOD

.(Feng et al., 2004)

JiangHuang)2001(

(ABA)(AOS)

ABA

ABA

 .3

(CAT)

 .CAT

H2O2

)

 (ABA

.

 + +20)

( +20)( +

 +20)( +20

) ( +20) (

 .

 .

.

(Matters

and Scandalios, 1987) .

)Dat et al., 2000.(

(H2O2)

.

H2O2

(Kawano,

2003) .

 .ROS

ROS

CATPOD

H2O2.

POD

POD

POD

 .



42                                                                                                                               )3(1389

(IBA)(Quddoury and Amssa, 2004).

POD

 .

(IBA)

(Aux. Oxi.)

POD

(PPO)(Basak et al., 2000)

 .

)Liu et al., 1996.(

.

SOD

SOD-1)(SOD-2SOD-4

SOD-3

(Matters and 

Scandalios, 1987).

2

(PPO)

 + +20

 .

 .

) (

.

)Yilmaz et al., 2003 (

.

)Huystee and Cairns, 1982.(

Basak)2000(

5

PPO

 .

IAA

(IAA-Oxidase)

PODPPO

.

23



(Zn)(IBA)                                                                              43

 + +20

)( +20) (

 +20) (

 .

IAA

IAA

 .

 + +

20

IAA .

IAA

 .

QuddouryAmssa)2004 (

AUO

IBAPOD

AUO

 .

)Gaspar et al., 1997 .(AUO

(Lukatkin,

2002).

)4 (

PPO

CATPODSODAUO

)3 (

 .

AUO

123

.

25

.



44                                                                                                                               )3(1389

.

5

 + +20)3

 (

CAT

 .

.

. +

20)4 (

CAT

 .

.

POD

 +20)5 (

POD.

SOD

 +20

SOD.

PPO

 +20

)2 (

.

 + +20

)3 (

 +20)2

 (

IAA

IAAAUO

.

CATPOD

)Sanita and Gabbrieli, 1999(

 .



(Zn)(IBA)                                                                              45

(Zn)

)Hassan et al., 2005.(

SOD

CATPOD

H2O2(Tewari, 2005)

SOD

SOD .

.

SOD(Cu/ZnSOD)

 .

(Zn)

ROS

.

CATPODSODPPO

.

(Kumawat et al., 2006; Sitbone and Parrot, 1997).

.

Agarwal, S., Sairam, R. K., Srivatava, G. C. and 
Meena, R. C. (2005) Changes in antioxidant 
enzymes activity and oxidative stress by 
abscisic acid and salicylic acid in wheat 
genotypes. Biologia Plantarum 49 (4): 541-550. 

Basak, U. C., Das, A. B. and Das P. (2000) 
Rooting response in stem cuttings from five 
species of mangrove trees: effect of auxins and 
enzyme activities. Marine Biology 136: 185-
189.

Beffa, R. Martin, H. V. and Pilet. P. E. (1990) In
vitro oxidation of indoleacetic acid by soluble 

auxin-oxidases and peroxidases from maize 
roots. Plant Physiology 94: 485-491. 

Cakmak, I. and Horst, W. J. (1991) Effect of 
aluminium on lipid peroxidation, superoxide 
dismuatse, catalase, and peroxidase activities in 
root tips of soybean (Glycine max) Plant 
Physiology 83: 463-468. 

Chen, W. P., Li, P. H. and Chen, T. H. H. (2000) 
Glycinebetaine increases chilling tolerance and 
reduces chilling induced lipid peroxidation in 
Zea mays L. Plant Cell Environment 23: 609-
618.



46                                                                                                                               )3(1389

Dat, J., Vandenabeele, S., Vranová, E., Van 
Montagu, M., Inzé, D., Van Breusegem, F. 
(2000) Dual action of active oxygen species 
during plant stress responses. Cellular and 
Molecular Life Science 57: 779-795 

Fecht-Christoffers M. M., Braun H. P, Lemaitre-
Guiller C., Van Dorsslaer A., Horst, W. J. 
(2003) Effect of mangamese toxicity on the 
proteom of leaf apoplast in cowpea. Plant 
Physiology 133: 1935-1946. 

Feng, Z., Jin-Kui, G., Ying-Li, Y., Wen-Liang, H. 
and Li-in, Z. (2004) Changes in the pattern of 
antioxidant exzymes in wheat exposed to water 
deficit and rewatering. Acta Physiologiae 
Plantarum 3: 345-352. 

Gaspar, T., Kevers, C. and Hausman, J. F. (1997) 
Indissociale chief factors in the in ductive phase 
of adventitious rooting. In: Biology of Root 
Formation and Development (eds. Altman A. 
and waisel, Y.) 55-63. Plenum Press, New York. 

Giannopolitis, C. N., Ries, S. K. (1977) 
Superoxide dismutase I. Occurrence in higher 
plants. Plant Physiology 59: 309-314. 

Hanway, J. J. (1971) How a corn plant develops. 
Iowa State University Coop. Extension Service 
Special Report 48. 

Hassan , M. J., Zhang, G., WU, F., Wei, K., and 
Chen, Z. (2005) Zinc alleviates growth 
inhibition and oxidative stress caused by 
cadmium in rice. Journal of Plant Nutrition Soil 
Science 168: 255-261.

Huystee, R. B. and Cairns, W. L. (1982) Progreno 
and prospects in the use of peroxidase to study 
cell development. Phytochemistry 21:1843-
1847.

Jiang, Y. and Huang, B. (2001) Drought and heat 
stress injury to two coll-season turfgrasses in 
relation to antioxidant metabolism and lipid 
peroxidation. Crop Science 41: 436-442. 

Jung, S., Chon, S. U. and Kuk, Y. I. (2006) 
Differential antioxidant responses in catalase 
deficient maize mutants exposed to norflurazon. 
Biologia Plantarum 50 (3): 383-388. 

Kawano, T. (2003) Roles of the reactive oxygen 
species-generating peroxidase reactions in plant 
defense and growth in duction. Plant Cell 
Reproduction 21: 829-837. 

Khan, V. (1975) Polyphenol oxide activity and 
browning of three Avocado varieties. Journal of 
Food Agriculture 26: 1319-1324.

Kumawat, R. N., Rathore, P. S., Nathawat, N. S. 
and Mahata, M. (2006) Effect of sulfur and iron 
on enzymatic activity chlorophyll content of 
Mungbean. Journal of Plant Nutrition 29: 1451-
1467.

Liu, Z. H., Hsiao, I. C. and Pan, Y. W. (1996) 
Effect of naphthalene-acetic acid on endogenous 
indole-3-acetic acid, peroxidase and auxin 
oxidase in hypocotyls cuttings of soyean during 
root formation. Botanical Bulletin of Academia 
Sinia 37: 247-253. 

Lukatkin, A. S. (2002) Contribution of Oxidative 
stress to the Development of cold-Induced 
Damage to leaves of chilling-sensitive plants: 2. 
the Activity of Antioxidant Enzymes during 
plant chilling. Russian Journal of Plant 
Physiology 6: 782-788. 

Malakoti, M. J. and Tehrani, M. M. (2001) Effects 
of micronutrients on the yield and quality of 
agricultural products. Micro- nutrients with 
macro- nutrients. 2nd Ed, Tarbiat Modarres 
University Press, Tehran. 

Marschner, H. (1995) Mineral Nutrition of Higher 
Plants. 2nd Ed, Academic Press, London. 

Matters, G. L. and Scandalios, J. G. (1987) 
Synthesis of isozymes of superoxide dismutase 
in maize leaves in response to O3SO2 and 
elevated O 2. Journal Experimental Botany 38: 
842-852.

Mika, A., and Luthje, S. (2003) Properties of 
guaiacol peroxidas activities isolated from corn 
root plasma membranes. Plant Physiology 132: 
1489-1498.

Minibayeva F., Mika, A. and Luthje, S. (2003) 
Salicylic acid changes the properties of 
extrucellular peroxidase activity secreted from 
wounded wheat (Triticum aestivum) roots. 
Protoplasma 22: 67-72. 

Quddoury, A. and Amssa, M. (2004) Effect of 
exogenous indole butyric acid on root formation 
and peroxidase and indole-3-acetic acid oxidase 
activities and phenolic contents in date palm 
offshoots. Botanical Bulletin Academic Sinia 
45: 127-131. 

Roy, B. N. Basu, R. N, Bose, T. K. (1972) 
Interaction of auxins with growth-retarding, 
inhibiting and ethylene-producing chemicals in 
rooting of cuttings PI. Cell Physiology 13: 
1123-1127.



(Zn)(IBA)                                                                              47

Sanita di toppi, L. and Gabbrieli, R. (1999) 
Response to cadmium in higher plants. 
Environmental and Experimental Botany 41: 
105-130.

Sen Raychaudhuri, S. (2000) The role of 
superoxide dismutase in combating oxidative 
stress in higher plants, Botany Review 66: 89-
98.

Sitbone, F. and Parrot-Rechenmann, C. (1997) 
Expression of auxin-regulated genes. 
Physiologia Plantarum 100: 443-455. 

Tiwari, R. K., Kumar, P., Neetu, and Sharma, P. 
N. (2005) Sign of oxidative stress in the 
chlorotic leaves of iron starved plants. Plant 
Science 169: 1037-1045. 

Yilmaz, H. Taskin, T. and otludil, B. (2003) 
Polyphenol oxidase activity during rooting in 
cuttings of grape (Vitis vinifera L.) varieties. 
Turkish Journal of Botany 27: 495-498. 



48                                                                                                                               )3(1389

Effect of zinc and auxin foliar application on some anti-oxidant enzymes activity 
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Abstract  

An experiment (under controlled condition) was implemented applying randomized complete block 

design in three replications and eight spraying compound treatments at the agricultural experiment 

center of Tehran located in Varamin region, in order to investigate the effects of zinc and auxin 

(IBA) foliar on some anti-oxidant activity, consisting of catalase, super oxide dismutase, 

peroxidase, poly phenol oxidase and auxin oxidase. Results showed that, of various compounds of 

zinc (Zinc Sulphate and Zn EDTA) and auxin foliar application were increased level of anti-oxidant 

enzymatic activities, so it seems that foliar application of zinc and auxin enhance corn tolerance 

against drought stress via promoting of root growth. 

Key words: Enzyme, Anti-oxidant, Auxin, Corn, Zinc, Spraying 
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Abstract

Formation of brownish yellow pigments in damaged fruits and vegetables by tyrosinase enzyme is 

one of the main causes of their quality loss. Tyrosinase is a metaloprotein and is used in researches, 

regarding food, pharmacology and cosmetics. Peanut is one of the most important strategic 

agricultural products of northern Iran. In a general survey from the local farmers and producers, it 

was found that many of older peanuts lose their market and are reduced in quality and price when 

the new crop product is entered into the market. Considering the experience and the experties within 

our group on tyrosinase extraction and characterization, the aim of this research was focused on 

peanut tyrosinase. Peanut was grounded in liquid nitrogen, followed by precipitation by ammonium 

sulphate and dialysis. Electrophoresis showed the presence of two possible isozymes. Enzyme 

activity was determined during various stages of purification. Some important physical properties of 

the enzymes were also measured. It was shown that the optimum pH for peanut tyrosinase was 5.2 

and that optimum temperature was 40 ºC. Kinetics studies determined the Michaelis-Menton 

constants, i.e. Km= 257.5 mmol and Vmax= 0.00421 mmol/min. The ultimate goal of this research 

was to investigate the possibility of replacing peanut tyrosinase for mushroom tyrosinase in various 

industrial and research applications. 

Key words: Extraction, Purification, Tyrosinase, Michaelis constants 
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(Dechaux et al., 2005; Palazon et al., 2003).
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Comparative study of tropane alkaloids production in hairy roots and plantlet 

cultures of Atropa belladonna L. by salicylic acid treatments 

Najmeh Ahmadian Chashmi, 
1*

 Mozafar Sharifi, 
2
 Farah Karimi and 

3
 Hasan Rahnama 

1* Department of Plant Biology, Faculty of Biological Sciences, Tarbiat Modares University of Tehran, Iran 
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Abstract

Most Solanaceae plants produce a range of biologically important alkaloids including nicotine and 

tropane alkaloids, such as hyoscyamine (atropine) and scopolamine. These alkaloids are used for 

their medicinal properties. Atropa belladonna is a medicinally important herbaceous plant that 

produces high amount of tropane alkaloids in roots. In this research, Atropa belladonna explants 

were obtained from sterilized seedlings in the modified Murashige and Skoog (MS) solid medium. 

The seeds were collected from Vaz and Garmestan regions of Mazandaran Province, Iran. Explants 

were cultured for four weeks on a modified MS solid medium, containing different concentrations 

of salicylic acid (0, 0.01, 0.1 and 1 mM). In addition, hairy roots of Atropa belladonna that was 

established by transformation with Agrobacterium rhizogenes, were cultured in MS medium for two 

weeks. Then the production of two tropane alkaloids, atropine and scopolamine, in different parts of 

neoformed plants were assayed by HPLC method. Generally, tropan alkaloids content in hairy roots 

was considerably higher compared to those contents in plants. Although Garmestan population was 

better than Vaz group, the amount of atropine in hairy roots was influenced by salicylic acid as high 

as 5 to 35 times of produced atropine in different parts of plants. The scopolamine content in the 

hairy roots was 2-30 times higher than in plant organs. In conclusion, it is suggested that, hairy root 

lines can be used as a replacement of plants in further studies and for tropane alkaloids production 

in economical and commercial scales.  

Key words: Tropane alkaloids, Hairy roots, Salicylic acid, Atropa belladonna 
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1- :1-.Cullenvar. fugax .PoirP. fugax

2-Boiss. & Hausskn.P. glaucum3-Poir. var. platydiscus Cullen.P. fugax4- P. dubium L.5- P. orientale L.

6- P. gaubae Cullen. & Rech.5/1.
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2- :1-P. dubium L.2-P. orientale L.3-fugax Poir. var. platydiscus Cullen.P.

4-P. gaubae Cullen. & Rech.5-P. glaucum Boiss. & Hausskn.6-. var. fugax Cullen.PoirP. fugax

3–

(µm)
(µm)

(µm)(µm)
(µm)

(µm)
(µm)

Papaver dubium L.811/0±57/23017/1±43/16204/0±14/7194/3±27/33270/0±29/4955/0±25/2594/0±23/1704/0±24/0

Papaver orientale L.907/0±64/10753/0±31/7198/0±25/3572/1±63/16135/0±20/2263/0±96/1091/0±06/1704/0±24/0

Papaver fugax Poir. 
var. platydiscus Cullen.

647/0±54/7525/0±49/5235/0±04/2034/2±19/15103/0±75/1145/0±42/1082/0±79/07-

Papaver gaubae

Cullen. & Rech.
046/1±98/15889/0±28/11256/0±69/4112/1±57/19811/0±44/2343/0±10/3068/0±42/14-

Papaver glaucum

Boiss. & Hausskn. 
119/1±20/8575/0±62/5436/1±34/3977/1±54/9158/0±23/1316/0±39/2093/0±81/04-

Papaver fugax Poir. 
var. fugax Cullen. 

847/0±58/10778/0±78/7231/0±80/2490/2±45/20170/0±87/1939/0±66/1137/0±15/1702/0±19/0
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4–

(µm)(µm)
(µm)

(µm)

Papaver dubium L.
1m +13Sm910/0±32/11122/0±36/3886/1±36/30894/1±28/9A2

Papaver orientale L.
2m +4Sm+1St535/0±08/10192/0±52/1088/2±66/30770/0±12/4A2

Papaver fugax Poir. 
var. platydiscus

Cullen.

2m +4Sm+1T210/0±24/8939/0±07/1238/2±12/27487/0±45/3A3

Papaver gaubae 

Cullen. & Rech.

2m+5Sm+1St759/1±37/12542/0±99/3347/1±43/29785/0±58/6B2

Papaver glaucum

Boiss. & Hausskn.

3Sm+1St164/0±9/10281/0±04/2878/18±00/41100/0±83/2A2

Papaver fugax Poir. 
var. fugax Cullen.

3Sm+4St+1B595/0±86/10119/0±51/1313/2±5360/26775/0±9840/4B2

5-

)Sig( F
(df )23= (df )6=

000/0  85/0  83/153 949/180 **

000/0  62/0  73/73 737/117 **

000/0  09/0  00/15 194/165 **

000/0 43/4  86/264 751/59 **

000/0 02/0  69/4 275/184 **

000/0 05/0  47/1 319/26 **

000/0 007/0  190/0 704/25 **

000/0 65/0  92/24 364/38 **

000/0 03/0 56/0 726/15 **

000/0 36/4 22/349 071/80 **

000/0 61/0 74/23 508/38 **
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Abstract

Five species of Papaver L. genus, belonging to the Papaveraceae family, namely Papaver dubium 

L., Papaver orientale L., Papaver fugax Poir. (with two subspecies), Papaver glaucum Boiss & 

Hausskn. and Papaver gaubae Cullen. & Rech. were collected from rangelands across Ardabil 

province. Several karyotypic characteristics such as long arm, short arm and satellite length were

studied then, total length of the chromosomes, long arm to short arm and others characteristics were 

estimated. Result showed that, there were two types of basic chromosomes numbers, x=4 and x=7. 

This is the first record of basic chromosome numbers of x=4 observed on Papaver glaucum Boiss 

& Hausskn. and Papaver gaubae Cullen. & Rech.. The species Papaver fugax Poir. var. fugax

Cullen. contained B-chromosome. From evolution point of view, Papaver fugax Poir. var.

platydiscus Cullen. was considered as the most asymmetric and thus the most evolved species. The 

range of total chromosome length was 23.57±0.81 to 7.53±0.64 µm. Analysis of variance showed 

highly significant differences between the studied species for all of the traits at (a= 0.01). Based on 

these characteristics, cluster analysis classified the species in four distinct groups. 

Key word: Ardabil, Papaveraceae, Papaver, Karyotype, Chromosome 
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