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INTRODUCTION
Matr ixmeta l loprote inases  (MMPs)  are  z inc  dependant 
endopeptidases[1-5]. It is present in diverse organisms from bacteria to 
multicellular vertebrates and invertebrates[6, 7]. They are reported to 
degrade the ECM proteins[8-12]. It is synthesised by connective tissues 
and has important functions in tissue degradation[13]. Gelatinases 
is one of the groups of MMPs. The important members of this 
gelatinase family are Gelatinase-A (72 Kd) and Gelatinase-B (92 
Kd), also called MMP-2 and MMP-9[14-17]. MMPs (specially 2, 9) 
have special roles in cancer biology, metastasis and angiogenesis[18-21]. 
MMPs role in the cell migration, cytoarchitecture, remodeling of 
connective tissues and wound healing and cancer biology have 
been reported[22-38]. MMP-2 in several cancers has been reported to 
be associated with poor prognosis[25-30]. Increased MMP-9 activity 
has been observed in several cancer cases compare to noninvasive 
counterpart[39]. As per literatures MMP-2 and MMP-9 have potential 
to be cancer markers. In a very recent report[20] the activated MMP-2 
from breast cancer patients’ saliva has been reported to be a potential 
marker for breast cancer using non-invasive method[20]. There are 
25-28 different types of MMPs[21] reported so far. Studies on MMP 
biology was done mostly in vertebrates. In plants[40-47] studies on 
MMP are very scanty and numbered. This study was to observe 
whether different parts of plants have MMP/gelatinase type of 
enzyme proteins. 
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ABSTRACT
MMP-2 (activated) and MMP-9 like molecules which has similarity 
with vertebrate MMP-2 and 9 were identified in aqueous (PBS) 
extract of Nasturtium flowers, matured Bambusa balcooa leaves and 
Nayantara flowers Aims- To search (MMP-2/MMP-9) Gelatinases 
like molecules from plant source. Methods- Zymography, 
Immunoblot, ELISA. Conclusion-The presence of activated MMP-
2 and MMP-9 like molecules in plant source having similarity with 
vertebrate MMP-2 and MMP-9 may have academic and business 
potential.
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    In the present communication, we report that activated MMP-2 
and MMP-9 like molecules which have appreciable similarity with 
vertebrate MMP-2 and MMP-9 are present in the plant source. This 
may have interesting academic and business potential.

MATERIALS AND METHODS
Nasturtium flowers, leaves from matured Bambusa balcooa and 
Nayatara flowers were collected and extracted for 2 hrs at 40C in 
phosphate buffered saline (PBSX1, pH 7.4), centrifuged at 10,000x 
rpm for 30 mins at 40C. Clear supernatants were saved. Proteins were 
estimated by Lowery’s method. Acrylamide, Tris, SDS, Glycine, 
Gelatin etc were purchased from Sigma, USA. MMP-2, MMP-9, 
TIMP-1 and 2 monoclonal antibodies were purchased from Santa 
Cruz, USA.

Substrate Gel Electrophoresis (Zymography)
Equal amount (200 µg) of proteins from Nasturtium, Bambusa 
balcooa and Nayantara flowers PBS extracts were run in 8% SDS-
PAGE impregnated with 0.1% Gelatin. The gel was run at 20 mA 
using Tris/Glycine/SDS buffer (pH 8.3). The gel was washed in 2.5% 
Triton-X for 1 hr and then incubated in buffer A (NaCl 0.2M, CaCl2 
4.5 mM, Tris 50mM, pH 7.4) overnight at 37°C. The gel was stained 
with Coommassie Brilliant Blue to develop the zymogram[20].

ELISA
To assay MMP-2, MMP-9, TIMP-1 & 2, 50 µg of proteins ( from 
flowers and leaves PBS extract) were used to develop ELISA using 
respective monoclonal antibodies (MMP-2, MMP-9, TIMP- 1 & 2) 
followed by 2nd antibody coupled to horseradish peroxidase (HRP). 
TMB was used as substrate. O.D was taken at 450 nM[20].

Immunoblot Development
200 µg of proteins were run on 8% SDS-PAGE. Proteins were 
transferred onto nitrocellulose membrane and immunoblots were 
developed using monoclonal antibodies against MMP-2 and MMP-
9 (Santa Cruz, USA) followed by alkaline phosphatase coupled 2nd 
antibody. The color was developed using NBT/BCIP[20].

RESULTS
Figure 1 shows the zymogram of activated MMP-2 like molecule 
(72 KD) in the PBS extract of Nasturtium (Tropaeolum majus) 
flowers (1) and matured Bambusa Balcooa leaves (2) respectively. 
Figure 1-(3) shows the MMP-9 expression at 92 KD regions from 
the PBS extract of Nayantara flowers. When developed Immunoblots 
(Figure-2) with the monoclonal antibody of vertebrate MMP-2 and 
MMP-9 the Immunoblot of Nasturtium (1) and Bambusabalcua 
(2) and Nayantara extract (3) (with vertebrate MMP-9 monoclonal 
antibody) very positive results indicate the similarities of MMP-2 and 
MMP-9 like molecules extracted from flowers and leaves showing 
band at 72 KD (MMP-2) and 92 KD (MMP-9) regions. The ELISA 
(Figure-3- 1, 2 & 3) were also positive reacted with vertebrate MMP-
2 (1&2) and MMP-9 (3) antibodies. Figure-4 shows the ELISA result 
of Nasturtium and Bambusa balcooa PBS extracts using vertebrate 
TIMP-2 (1 & 2) and Nayantara flower extract with vertebrate TIMP-
1 (3) monoclonal antibody (Santa Cruz, USA).

DISCUSSION
MMPs especially MMP-2 and MMP-9 have important roles in 
development, cytoarchitecture, wound healing etc. Most of the 
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Figure 1 Zymography of PBS extract of (1) Nasturtium (2) Bambusa 
balcooa (3) Nayantara flowers extract 200 ug of prteins extract was run 
on 8% Acrylamide gel imprignated with 0.1% gelatin in Tris-Glycine-SDS 
buffer, pH 8.3 at 20 mA. The gel was washed in 2.5% Triton-X-100 for 1 
hr and kept at 37ºC in reaction buffer overnight in a 37C incubator. Next 
morning gel was stained with 0.3% Coommasie Blue. 
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Figure 2 Immuoblot of PBS extract of 
(1) Nasturtium (2) Bambusa balcooa 
(3) Nayantara flowers extract. 200 ug 
of proteins were run in acrylamide 
gels . Prote ins were t ransferred 
onto a nitrocellulose membrane. 
The membrane was reacted with 
v e r t e b r a t e M M P -2 a n d M M P -
9 (Human/ mouse) monoclonal 
antibodies fol lowed by alkaline 
phosphatase coupled 2nd antibody. 
The colour was developed with NBT/
BCIP substrate.

KD

Figure 3 ELISA of PBS extract of (1) Nasturtium (2) Bambusa balcooa 
(3) Nayantara flower extract. 50ug proteins were used to develop ELISA 
using respective monoclonal antibodies (MMP-2 or MMP-9). Followed by 
HRP coupled 2nd antibody was used. Colour was developed using TMB 
as substrate and read at 450 nm.
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Figure 4 TIMP-2 ELISA of PBS extract of (1) Nasturtium (2) Bambusa 
balcua. TIMP-1 ELISA of PBS extract of Nayatara flower extract using 
TIMP-2 and TIMP-1 monoclonal antibodies respectively followed by 2nd 
antibody coupled to HRP. TMB was used as substrate. Colour was taken 
at 450 nm.

1 2 3

known MMPs have been studied in vertebrates. The role of MMP-
2 and 9 like gelatinases in cancer biology is well referred[22-36]. The 
studies on MMP like molecules are scanty in the plant world[40-47]. 
To understand whether MMPs/gelatinase like enzyme protein 
express in plant world we extracted several flowers and leaves of 
different plants in Phosphate buffered saline X1, pH 7.4. In three of 
them (Nasturtium, matured Bambusa balcooa and Nayantara) we 
observed that the MMP-2 (in Nasturtium flowers and Bamboosa 
balcooa leaves) and MMP-9 (in Nayatara flowers) expression is 
very strong in zymogram. To identify the species we cross reacted 
the plant extracts (Nasturtium, Bambusa balcooa and Nayantara 
flowers) with the monoclonal antibodies against human/ mouse 
MMP-2 and MMP-9 (Santa Cruz, USA) developing ELISA and 
Immunoblots. The results show very positive reactions indicating 
that the PBS extracts of flowers & leaves (Nasturtium & matured 
Bambusa balcooa) and Nayantara (flowers) are cross reacting with 
vertebrate (Human/Mouse) MMP-2 (Nusturtium and Bambusa 
balcooa) and MMP-9 (Nayantara). The observation may indicate 
that MMP-2 and MMP-9 like molecules are conserved in nature. 
One of the important observations is that this plant derived MMP-
2 is in activated form showing 3-4 activated bands (72, 64, 55 KD) 
in Nasturtium flower extract and 2 bands in matured Bambusa 
balcooa (72, 64 KD) leaves extracts. Observing the presence 
of MMP-2 (activated) like molecule in plant extracts we were 
interested to see whether the same extracts have presence of TIMP-
2 like molecule which is natural inhibitor of MMP-2. From our 
ELISA results we observed that TIMP-2 like molecule is present 
in Nasturtium and Bambusa balcooa extracts. These observations 
strongly indicate the presence and role of this vertebrate MMP-
2 like molecule in flowers (Nasturtium) and leaves (Bambusa 
balcooa) aqueous extracts. Similarly Nayatara flower extract shows 
very strong band at 92 KD regions (Figure-1-3) in the zymogram 
and gives ELISA and blot positive results with vertebrate human/
mouse MMP-9 monoclonal antibody. The Nasturtium and matured 
Bamboosa balcooa extracts were also positive in immunoblots with 
MMP-2 antibody and Nayantara with MMP-9 antibody. It may 
also strongly indicate that this vertebrate MMP-2 (activated) and 
MMP-9 like molecules may have some important roles in the plant 
morphology, cytoarchitecture and developemnt. It may also have 
strong academic and industrial potential. More characterization of 
the molecules are in progress.

CONCLUSION
Aqueous (PBS) extracts of Nasturtium flowers, Bambusa balcooa 
leaves and Nayantara flowers show the presence of activated MMP-2 
and MMP-9 like molecules having similarity with vertebrate (Human/ 
mouse) activated MMP-2 and MMP-9. The observations may have 
academic and industrial potential.

ACKNOWLEDGEMENT
We are grateful to Vice Chancellor Maharaj of Ramakrishna Mission 
Vivekananda Educational & Research Institute, Narendrapur, 
Kolkata, India for allowing us to use the laboratory and other 
facilities.

REFERENCES
1.	 Nagase H, Woessner JF Jr. Matrix metalloproteinases. J Biol 

Chem 1999; 274: 21491-4. [DOI: 10.1074/jbc.274.31.21491]
2.	 Shapiro SD. Matrix metalloproteinase degradation of extracellular 

matrix: biological consequences. CurrOpin Cell Biol 1998; 10: 
602-8. [DOI: 10.1016/S0955-0674(98)80035-5]

3.	 Wes te rmarck  J ,  K¨ah ¨a r i  VM.  Regu la t ion  o f  ma t r ix 
metalloproteinase expression in tumour invasion. FASEB J 1999; 
13: 781-92.

4.	 Seiki M. Membrane-type matrix metalloproteinases. APMIS 1999; 
107: 137- 43. [DOI: 10.1111/j.1699-0463.1999.tb01536.x]

5.	 Okada A, Bellocq JP, Rouyer N, Chenard MP, Rio MC, Chambon 
P,Basset P. Membrane-type matrix metalloproteinase (MT-MMP) 
gene is expressed in stromal cells of human colon, breast and head 
and neck carcinomas. Proc Natl Acad Sci USA 1995; 92: 2730-4.

6.	 Brew K, Dinakarpandian D, Nagase H. Tissue inhibitors of 
metalloproteinases: evolution, structure and function. Biochim 
Biophys Acta 2000; 1477: 267-83. [DOI: 10.1016/S0167-
4838(99)00279-4]

7.	 K¨ah¨ari VM, Saarialho-Kere U. Matrix metalloproteinases and 
their inhibitors in tumour growth and invasion. Ann Med 1999; 31: 
34-45. 

8.	 Itoh T, Tanioka M, Yoshida H, Yoshioka T, Nishimoto H, Itohara 
S. Reduced angiogenesis and tumorprogression in gelatinase 
A-deficient mice. Cancer Res 1998; 58: 1048-51.

9.	 Gojhi K, Fujimoto N, Komiyama T, Fujii A, Ohkawa J, 
Kamidono S, Nakajima M. Elevation of serum levels of matrix 
metalloproteinase-2 and -3 as new predictors of recurrence in 
patients with urothelial carcinoma. Cancer 1996; 78: 2379-87. 
[DOI: 10.1002/(SICI)1097-0142(19961201)78:11<2379::AID-
CNCR17>3.0.CO;2-Y]

10.	 Koshiba T, Hosotani R, Wada M, Miyamoto Y, Fujimoto 
K, Lee JU, Doi R,Arii  S,  Imamura M. Involvement of 
matrixmetalloproteinase-2 activity in invasion and metastasis of 
pancreaticcarcinoma. Cancer 1998; 15: 642-50. [DOI: 10.1002/
(SICI)1097-0142(19980215)82:4<642::AID-CNCR5>3.0.CO;2-N

11.	 Yamamoto H, Itoh F, Adachi Y, Fukushima H, Itoh H, Sasaki 
S,Hinoda Y, Imai K. Messenger RNA expression of matrix 
metalloproteinases and tissue inhibitors of metalloproteinasesin 
human hepatocellular cancer. Jpn J Clin Oncol 1999; 29: 58-62. 
[DOI: 10.1093/jjco/29.2.58]

12.	 Hara  I ,  Miyake H,  Hara  S ,  Arakawa S,  Kamidono S. 
Significance of matrix metalloproteinases and tissue inhibitors 
of metalloproteinase expression in therecurrence of superficial 
transitional cell carcinoma of the bladder. J Urol 2001; 165: 1769 
-72. [DOI: 10.1016/S0022-5347(05)66411-7]

13.	 Yamashita K, Azumano I, Mai M, Okada Y. Expression and tissue 
localizationof matrix metalloproteinase 7 (matrilysin) in human 
gastriccarcinomas. Implications for vessel invasion and metastasis. 
Int JCancer 1998; 17: 187-94. [DOI: 10.1002/(SICI)1097-



543

Mondal S et al.  Vertebrate MMP-2 and MMP-9 like Molecules in the Aqueous Extract of Nasturtium

0215(19980417)79:2<187::AID-IJC15>3.0.CO;2-7]
14.	 Gokaslan ZL, Chintala SK, York JE, Boyapati V, Jasti S, Sawaya R, 

Fuller G, Wildrick DM, Nicolson GL, Rao JS. Expression and role 
ofmatrix metalloproteinases MMP-2 and MMP-9 in human spinal 
columntumours. Clin Exp Metastasis 1998; 16: 721-8.

15.	 Pepper MS. Role of  the matrix metal loproteinase and 
plasminogenactivator-plasmin systems in angiogenesis. 
Arterioscler Thromb Vasc Biol 2001; 21: 1104 -17.

16.	 Riedel F, Gotte K, Schwalb J, Bergler W, Hörmann K. Expression 
of 92-kDa type IVcollagenase correlates with angiogenic markers 
and poor survival inhead and neck squamous cell carcinoma. Int J 
Oncol 2000; 17: 1099-105. [DOI: 10.3892/ijo.17.6.1099]

17.	 Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, 
Tanzawa K, Thorpe P, Itohara S, Werb Z, Hanahan D. Matrix 
metalloproteinase-9triggers the angiogenic switch during 
carcinogenesis. Nat Cell Biol 2000; 2: 737-44.

18.	 Oberg A, H¨oyhty¨a M, Tavelin B, Stenling R, Lindmark 
G. Limited value of preoperativeserum analyses of matrix 
metalloproteinases (MMP-2, MMP-9) andtissue inhibitors of 
matrix metalloproteinases (TIMP-1, TIMP-2) incolorectal cancer. 
Anticancer Res 2000; 20: 1085-91.

19.	 Zucker S, Hymowitz M, Conner C, Zarrabi HM, Hurewitz AN, 
Matrisian L, Boyd D, Nicolson G, Montana S. Measurement 
of  mat r ixmeta l lopro te inases  and  t i s sue  inh ib i tors  of 
metalloproteinases in bloodand tissues. Clinical and experimental 
applications. Ann NY Acad Sci 1999; 30: 212-27. [DOI: 10.1111/
j.1749-6632.1999.tb07687.x]

20.	 Bhattacharyya, N, Mondal, S, Ali MN, Mukherjee R, Adhikari 
A, Chatterjee A. Activated Salivary MMP-2-A Potential 
Breast Cancer Marker. In The Open Conference Proceedings 
Journal 2017; 8(1): 8-22. [DOI:  10.2174/2210289201708010022]

21.	 Cao J, Zucker S. (n.d.). Introduction to the MMP and TIMP 
families (structures, substrates) and an overview of diseases where 
MMPs have been incriminated. Biology and chemistry of matrix 
metalloproteinases (MMPs).

22.	 Cur ran  S ,  Mur ray  GI .  Ma t r ix  me ta l lop ro te inases  in 
tumour invasion and metastasis.  The Journal of pathology 
1999 ;  189(3 ) :  300 -308 .  [DOI :  10 .1002 / (S ICI )1096-
9896(199911)189:3<300::AID-PATH456>3.0.CO;2-C]

23.	 Strongin AY, Marmer BL, Grant GA, Goldberg GI. Plasma 
membrane-dependent activation of the 72-kDa type IV collagenase 
is prevented by complex formation with TIMP-2. Journal of 
Biological Chemistry 1993; 268(19): 14033-14039.

24.	 Strongin AY, Collier I, Bannikov G, Marmer BL, Grant GA, 
Goldberg GI. Mechanism of cell surface activation of 72-kDa type 
IV collagenase isolation of the activated form of the membrane 
metalloprotease. Journal of Biological Chemistry 1995; 270(10): 
5331-5338.

25.	 Sato H, Takino T, Okada Y, Cao J, Shinagawa A, Yamamoto E, 
Seiki M. A matrix metalloproteinase expressed on the surface of 
invasive tumour cells. Nature 1994; 370(6484): 61.

26.	 Ueno H, Nakamura H, Inoue M, Imai K, Noguchi M, Sato 
H, Seiki M, Okada Y. Expression and tissue localization of 
membrane-types 1, 2, and 3 matrix metalloproteinases in human 
invasive breast carcinomas.Cancer research 1997; 57(10): 2055-
2060.

27.	 Saito T, Mizumoto H, Tanaka R, Satohisa S, Adachi K, Horie 
M, Kudo R. Overexpressed progesterone receptor form B inhibit 
invasive activity suppressing matrix metalloproteinases in 
endometrial carcinoma cells. Cancer letters 2004; 209(2): 237-
243. [DOI: 10.1016/j.canlet.2003.12.017]

28.	 Das S, Banerji A, Frei E, Chatterjee A. Rapid expression and 
activation of MMP-2 and MMP-9 upon exposure of human 
breast cancer cells (MCF-7) to fibronectin in serum free 
medium. Life sciences 2008; 82(9-10): 467-476. [DOI: 10.1016/
j.lfs.2007.12.013]

29.	 Chambers AF, Matrisian LM. Changing views of the role of 

matrix metalloproteinases in metastasis. Journal of the National 
Cancer Institute 1997; 89(17): 1260-1270. [DOI: 10.1093/
jnci/89.17.1260]

30.	 Benaud C, Dickson RB, Thompson EW. Roles of the matrix 
metalloproteinases in mammary gland development and 
cancer. Breast cancer research and treatment 1998; 50(2): 97-116.

31.	 Nelson AR, Fingleton B, Rothenberg ML, Matrisian LM. 
Matrix metalloproteinases: biologic activity and clinical 
implications. Journal of clinical oncology 2000; 18(5): 1135-1135. 
[DOI: 10.1200/JCO.2000.18.5.1135]

32.	 Fridman R, Toth M, Peña D, Mobashery S. Activation of 
progelatinase B (MMP-9) by gelatinase A (MMP-2). Cancer 
research 1995; 55(12): 2548-2555.

33.	 Brown PD, Bloxidge RE, Stuart NS, Galler KC, Carmichael 
J. Association between expression of activated 72-kilodalton 
ge la t inase  and  tumor  sp read  in  non- sma l l - ce l l  l ung 
carcinoma.  JNCI: Journal of the National Cancer Institute 
1993; 85(7): 574-578. [DOI: 10.1093/jnci/85.7.574]

34.	 Quaranta M, Daniele A, Coviello M, Venneri MT, Abbate I, 
Caringella ME, Di Tardo S, Divella R, Trerotoli P, Di Gennaro 
M, Schittulli F, Fransvea E, Giannelli G. MMP-2, MMP-9, VEGF 
and CA 15.3 in breast cancer. Anticancer research 2007; 27(5B): 
3593-3600.

35.	 Patani MR, Jain J ,  Marya BH, Patel  MB. Role matrix 
metalloproteinases 2 in glioma patient specific in age, gender 
& menopausal status. Journal of Global Pharma Technology 
2011; 3(3): 38-44.

36.	 Maity G, Choudhury PR, Sen T, Ganguly KK, Sil H, Chatterjee 
A. Culture of human breast cancer cell line (MDA-MB-231) on 
fibronectin-coated surface induces pro-matrix metalloproteinase-9 
expression and activity. Tumor Biology 2011; 32(1): 129-138.

37.	 Sil H, Moulik S, Singha I, Mandal SS, Biswas J, Chatterjee A. 
Activation of Matrix Metalloproteinase 2 (MMP-2) in Breast 
Cancer Progression. Journal of Tumor 2015; 3(1): 292-299. [DOI: 
10.6051/j.issn.1819-6187.2015.03.62]

38.	 Nanda DP, Sil H, Moulik S, Biswas J, Mandal S, Chatterjee 
A. Matrix metalloproteinase-9 as a potential tumor marker 
in breast cancer.   Journal of Environmental Pathology, 
Toxicology and Oncology  2013;  32(2) .  [DOI:  10.1615/
JEnvironPatholToxicolOncol.201300816]

39.	 Murphy G, Murphy G, Reynolds J. The origin of matrix 
metalloproteinases and their familial relationships. Federation 
of European Biochemical Societies 1991; 289 (1): 4-7.  [DOI: 
10.1016/0014-5793(91)80895-A]

40.	 Flinn B. Review: Plant extracellular matrix metalloproteinases. 
Functional Plant Biology 2008; 35: 1183-1193. [DOI: 10.1071/
FP08182]

41.	 McGeehan G, Burkhart W, Anderegg R, Becherer JD, Gillikin JW, 
Graham JS. Sequencing and Characterization of the Soybean Leaf 
Metalloproteinase. Plant Physiol. 1992; 99: 1179-1183. [DOI: 
[DOI: 10.1104/pp.99.3.1179]

42.	 Carrilho D, Duarte I, Francisco R, Ricardo C, Duque-Magalhaes 
M. Discovery of Novel Plant Peptides as Strong Inhibitors of 
Metalloproteinases. Protein & Peptide Letters 2009; 16: 543-551. 
[DOI: 10.2174/092986609788167789]

43.	 Combier J, Vernie T, Billy F, Yahyaoui F, Mathis R, Gamas P. 
The MtMMPL1 Early Nodulin is a novel member of the matrix 
metalloproteinase family with a role in Medicago truncatula 
infection by Sinorhizobium meliloti. Plan Physiology 2007; 144: 
703-716. [DOI: [DOI: 10.1104/pp.106.092585]

44.	 Golldack D, Popova O, Dietz K. Mutation of the Matrix 
Metalloproteinase At2-MMP Inhibits Growth and Causes Late 
Flowering and Early Senescence in Arabidopsis. The Journal of 
Biological Chemistry 2002; 277 (7): 5541-5547. [DOI:  10.1074/
jbc.M106197200]

45.	 Graham JS, Xiong J, Gillikin JW. Purification and Developmental 
Analysis of a Metalloendoproteinase from the Leaves of Glycine 



544

Mondal S et al.  Vertebrate MMP-2 and MMP-9 like Molecules in the Aqueous Extract of Nasturtium

max. Plant Physiol. 1991; 97: 786-792. [DOI: [DOI: 10.1104/
pp.97.2.786]

46.	 Ao C, Li A, Elzaawely AA, Tawata S. MMP-13 inhibitory activity 

of thirteen selected plant species from Okinawa. Int J of Pharm 
2008; 4(3): 202-7. [DOI:  10.3923/ijp.2008.202.207 ]

47.	 Plant matrixmetalloproteinases, Wikipedia, 2018.


