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Abstract

Many raw vegetables, such as tomatoes, peppers, onions, lettuce, arugula, spinach, and cilantro, are included in fresh
dishes including ready-to-eat salads and sauces. E-coil consumption of these foods provides high nutritional value to
the human diet. However, there are increasing numbers of foodborne outbreaks involving fresh produce, with
Escherichia coli being the most common pathogen associated with them. In humans, pathogenic E. coli strains cause
diarrhea, hemorrhagic colitis, hemolytic uremic syndrome, and other signs. Vegetables are contaminated with E. coli
at any time from pre-harvest to post-harvest, a bacterium that is able to survive in many environmental conditions
due to a variety of mechanisms, such as adhesion to surfaces and fresh Internalization in products, thereby limiting
its usefulness. Traditional processing and chemical cleaning methods used by the food industry E. coli in ready-to-
eat vegetable dishes, this information will contribute to the development of effective control measures to enhance
food safety.
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Introduction

Dr. Helge Karch of the University Hospital Minster in Germany has tried to identify the secret behind the spread of
this bacteria. They think that it is a 'hybrid bacteria' with antibiotic resistance, which has become more dangerous
than its parent bacterial 'parent’. His revelation has raised questions about all the systems being used in organic
farming. It is a bitter truth of agricultural science that organic food is often infected with E-coli bacteria or there is
always a possibility of them getting infected. Now such incidents of E-coli spread have again alerted us to this fact.
Organic food or organic food usually provides fertility with animal manure and E-coli also thrives in these places.
According to the European Center above, such bacteria are found in the lower intestines of mammals. E-coli bacteria
are mainly spread in Germany through fertilizers in organic farms or sewerage leakage in irrigation supplies or by
the hands of workers who use those products/fertilizers.

Dr. Jonathan Fletcher, Professor of Microbiology at the University of Bedford, England, explains that if cow dung is
used as a fertilizer, then there is every possibility that vegetables will also be infected with harmful bacteria.
Therefore, there must be a strict provision of cleaning those vegetables i.e. washing them.

It is noteworthy that many studies have revealed the fact that organic vegetables have higher levels of E-coli than
others. This is indeed an alarm bell. The World Health Organization has advised that everyone must wash their
hands thoroughly after going to the toilet and before eating. Especially it is important to wash raw vegetables, fruits
and salads with clean and fresh water before eating. It is advisable to eat well cooked or roasted vegetables.

E-coli is more prone to spread in a country like India, because most of the Indian farmers use only organic manures
of non-composted animals such as cow dung. Apart from this, water for irrigation is also often supplied from
polluted rivers.

According to the Central Pollution Control Board, the number of harmful bacteria in Yamuna is very high.
According to the World Health Organization, the maximum possible number of bacteria in irrigation water is 500
mpn per 100 ml. Should not be more than Whereas the reality is that this number of harmful germs in Yamuna is
2,300,000,000 (MPN) per 100 ml. Is. This polluted water is used without treatment in the fields of Yamuna banks of
Delhi. But not only Delhi, the entire agricultural system of India is on the verge of getting infected with E-coli
bacteria.
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E. coli and related bacteria constitute about 0.1% of the gut flora,[4] and fecal-oral trans mission is the major route
through which pathogenic strains of the bacterium cause disease. Cells are able to survive outside the body for a
limited amount of time, which makes them ideal for testing environmental samples for indicator organisms for fecal
contamination.[5][6] The bacterium can be easily and inexpensively grown in a laboratory setting, and has been
extensively investigated for over 60 years. E. coli is the most widely used prokaryotic model organism, and an
important species in the fields of biotechnology and microbiology, where it has served as the host organism for the
majority of work with recombinant DNA. German pediatrician and bacteriologist Theodor Escherich discovered E.
coli in 1885,[5] and is now classified as part of the gamma-proteobacteria family Enterobacteriaceae.[7]

Gastrointestinal Infections

E. coli, such as O157:H7, 0104:H4, 0121, 026, 0103, 0111, 0145, and 0104:H21, produce potentially lethal
toxins. E. coli can be caused by food poisoning by eating uncooked vegetables or poorly chopped and undercooked
meats. O157:H7 is also notorious for causing serious and even life-threatening complications such as hemolytic
uremic syndrome. This particular strain has been linked to the 2006 United States E. coli outbreak caused by fresh
spinach. The 0104:H4 strain is equally virulent. Antibiotic and adjuvant treatment protocols for this are not as well
developed (it has the potential to be very enterohemorrhagic, like O157:H7, causing bloody diarrhea, but is also
more enteroaggregative, meaning it adheres well to and collides with the intestinal membrane). This is the strain
behind the deadly June 2011 AD. coli outbreak in Europe. The severity of the disease varies greatly; It can be fatal,
especially for young children, the elderly or the immunocompromised, but is more often mild. Before that, seven
people had died in 1996 of E. coli poisoning, and left hundreds more infected, due to poor healthful methods of
preparing meat in Scotland. E. coli can harbor both heat-retaining and heat-labile enterotoxins. The latter, called LT,
consists of one A subunit and five B subunits organized into a holotoxin, and is similar in structure and function to
cholera toxins. The B subunits aid in the penetration and penetration of the toxin into intestinal cells, while the A
subunit is cleaved and prevents the cells from absorbing water, causing diarrhea. LT is secreted through the type 2
secretion pathway. [11]

If E. coli bacteria escape the intestinal tract through a perforation (for example froman ulcer, a ruptured appendix,
or due to a surgical error) and enter the abdomen, they usually cause peritonitis. This prompt treatment. can be fatal
without However, E. coli are extremely sensitive to such antibiotics as streptomycin or gentamicin. Recent research
suggests treatment of enteropathogenic E. coli with antibiotics may not improve disease outcome,[citation needed]
as it may significantly increase the likelihood of developing haemolytic-uremic syndrome.[ 12]

E. coli is observed in increased numbers in intestinal mucosal inflammation of the large intestine with inflammatory
bowel disease, Crohn's disease and canker.[13] Invasive strains of E. coli are present in high numbers in inflamed
tissue,and the number of bacteria in the inflamed areas is related to the severity of bowel inflammation. [14]
Gastrointestinal infections can cause the body to develop memory T cells to attack the intestinal microbes that cause
intestinal stones. Food poisoning can trigger an immune response to microbial gut bacteria. Some researchers
suggest that this may lead to inflammatory bowel disease.[15]

Epidemiology of gastrointestinal infections

Transmission of the pathogen E. coli is often by fecal-oral transmission.[19][20][21] Common routes of
transmission include: unhygienic food preparation, [20] field contamination due to manure fertilization, [22]
irrigating contaminated crops with gray water or raw sewage, [23] wild boar on cropland, [24] or sewage- Direct
consumption of contaminated water. [25] Dairy and beef cattle are the primary reservoirs of E. coli O157:H7,[26]
and they can carry it heterogeneously and excrete it in their feces. [26] Food associated with Products E. coli
outbreaks include cucumbers, [27] raw ground beef, [28] raw seed sprouts or spinach, [22] raw milk, unpasteurized
juice, unsweetened cheese by food workers infected via the fecal-oral route and contaminated foods. [20]

The U.S. Food and Drug Administration recommends preventing the fecal-oral cycle of transmission by properly
cooking food, preventing cross-contamination, creating barriers such as gloves for food workers, and establishing
health care policies so that the food industry’s Seek treatment when workers are sick, pasteurization of juice or dairy
products and proper hand-washing requirements.[20]

Shiga toxin-producing E. coli (STEC), specifically serotype O157:H7, has also been transmitted by flies, [29] [30]
[31] as well as direct contact with farm animals, [32] [33] ] Peat zoo animals, [34] and animal mites are found in
animal husbandry environments. [35]

Survival conditions and persistence mechanisms

Some E. coli strains have been isolated from various plants used for human consumption, and these plants, such as
spinach, lettuce, alfalfa, cress, bean, arugula, tomato and radish, are considered secondary hosts. These plants have
physical barriers such as wax, cuticle, cell wall, trichomes and stomata (natural pores). It has been shown that some
bacteria use stomata as entrances to the interior of the leaf. Many human pathogenic bacteria can survive and enter
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the plant interior in the apoplast; They can live in this environment with low metabolic activity, and they are able to
survive drastic changes in temperature, pH, osmolality and nutrient deficiencies. Escherichia coli is a spontaneous
member of the human and warm-blooded animal gut microbiota; However, pathogenic strains can cause intestinal
and extra-intestinal infections.

These primary hosts can acquire E. coli from food contaminated with water and feces; Therefore, the presence of E.
coli is used as an indicator of faecal contamination. Some E. coli strains have been isolated from various plants used
for human consumption, and these plants, such as spinach, lettuce, alfalfa, cress, bean, arugula, tomato and radish,
are considered secondary hosts. These plants have physical barriers such as wax, cuticle, cell wall, trichomes and
stomata (natural pores). It has been shown that some bacteria use stomata as entrances to the interior of the leaf.
Many human pathogenic bacteria can survive and enter the plant interior in the apoplast; They can live in this
environment with low metabolic activity, and they are able to survive drastic changes in temperature, pH, osmo lality
and nutrient deficiencies.

Contamination factors in fresh vegetables

There are three types of factors affecting the microbiota present in fresh products: physical, chemical and biological.
Physical factors, such as pH, temperature and humidity, influence the growth of the microbiota and certain
metabolic activities. Chemical factors include availability in vegetables and nutrients that can be used by
microorganisms. Finally, biotic factors include the presence of competitive microbiota and bacteria—plant
interactions [24]. Fresh produce can be contaminated at any point in the production chain between farm and table. It
has been shown that production contamination is high during three periods: in the field, during initial processing,
and in the kitchen [25]. Agricultural factors (organic fertilizers, irrigation water, soil, and spraying of pesticides and
insecticides) and post-harvest practices (handling, collection, washing, processing, transportation, and packaging)
that can lead to contamination of raw vegetables by various pathogens Huh.

Microorganisms including E. coli. In addition, Lynch et al. found that intensive farming practices forced crop fields
to be too close to animal production areas. The ecological consequences of this proximity have increased the
potential for contamination by E. coli O157:H7 in wildlife: the percentage tested positive in unspecified ducks in
Washington, USA was 5% (1/20 total samples); In large mammals including deer, such as the black-tailed deer
(Odocoileus hemionus columbianus), it was 11.1% (1/9 of the total samples); In California, United States, in
unspecified deer, it was 25% (1/4 of the total sample); In Ireland, in the wild pig (Sus scrofa), it was 14.9% (13/87
total samples); In California and in England in small mammals, such as the rabbit (Oryctolagus cuniculus), it was
48.8% (20/41 specimens in total). All sample types were feces, rectal and cloacal swabs, or gastrointestinal material
from individual animals, unless otherwise noted. Weather is another important environmental condition that affects
the spread of E. coli in vegetables. For example, E. coli contamination increased significantly in cilantro and parsley
compared to that found in spring and winter. The discovery of E. coli in irrigation water has been linked to the
presence of cattle and other animal feces, especially during heavy rainfall. There are current reports on outbreaks
from consumption of lettuce irrigated with water contaminated with E. coli O157:H7. Another study suggests that
well water used for irrigation may be contaminated with the feces of cattle or other animals with E. coli O157:H7,
which can be seen especially during heavy rainfall.

Pre-harvest and post-harvest prewentive measures for fresh produce

During pre-harvest, some pathogens can be transferred into the environment by the use of insufficiently prepared
animal manure [10]. Therefore, it is necessary to use fertilizers that are properly "stable”. One way to stabilize them
is through the use of composting, in which organic matter is decomposed by the action of microorganisms at a
specified temperature (131 °F) for a specified period of time (eg, 3 or 15 days), followed by A stage of treatment in
cold conditions. These conditions reduce the levels of pathogenic microorganisms, promote the decomposition of
cellulose and lignin, and stabilize their structure. Untreated human excreta should not be used to fertilize vegetables
and crops for human consumption [27] unless it complies with the Specifications for the Use of Biosolids in
accordance with the Regulation.

Water associated with irrigation systems is at risk of microbial contamination because of the relationship between
the amount of water retained on the crop surface, the amount of food consumed, and the timing of harvest. Similarly,
there is a recognized need to establish GAPs (Good Agricultural Practices) based on product safety standard
protocols for irrigating fresh produce. After harvesting, wash water can be a transmission vehicle for pathogens,
especially when this water is reused [28]. In addition, E. coli can survive in tap water for a relatively long time,
which can have serious consequences for the health of consumers. This was revealed in incidents in the water supply
system of Walkerton, Canada, which were caused by E. coli O157: H7; Seven people died, and more than 2,300
people became ill. In addition, exposure to reclaimed water can be reduced through treatment and disinfection
systems such as activated charcoal, reverse osmosis, membrane filtration, chlorination, ozonation, and UV
irradiation; However, some systems are often expensive, especially in developing countries. As mentioned in the
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previous section, the food processing industry is using chemical decontamination (hypochlorite, peroxyacetic acid,
organic acids, hydrogen peroxide, trisodiumphosphate, and ozone) and physical decontamination (gamma radiation)
of fresh produce ready to eat. . However, it has recently been reported that the nonthermal method of pulsed
ultraviolet (PUV) light is a more effective method for reducing EHEC biofilms on fresh produce and packaging
materials. A different strategy focuses on the use of plant commensal microbiota to compete with pathogens for
dispersal factors or carbon sources in vegetative leaves and roots.

Recent studies are focusing on improving the efficacy of antimicrobial agents by exerting lethal activity on
pathogenic microorganisms such as E. coli, especially focusing on the toxicity of reactive oxygen species (ROS)
such as superoxide, hydrogen peroxide and hydroxyl radicals. These agents usually accumulate after exposing the
bacteria to a stress agent, such as an antimicrobial. According to Hong et al., blocking ROS accumulation by
exogenous suppressor agents in E. coli poststressor death, and they concluded that the lethal action of the agents
depends in part on anamplified accumulation of ROS that exceeds primary damage repair.

Conclusion

The presence of enteropathogenic bacteria in fresh produce plays an important role in the emergence of foodborne
outbreaks. There are many potential sources of contamination on fresh produce due to exposure to many different
environments and handling. More studies are necessary to better understand how to prevent the occurrence of E. coli
on fresh produce. Attachment to plant surfaces is the first step in the colonization process and subseguent
transmission of pathogens through the edible parts of plants. However, each enteropathogen has its own molecular
mechanisms of adherence and fitness to the vegetative biosphere; Many are similar to the mechanisms used to
colonize the primary host. All enteropathogens survive in fresh produce for commercially relevant periods, despite
the use of multiple disinfection systems. The future of food security lies in the adoption of strategies for different
categories of E. coli pathogens. The presence of enteropathogenic bacteria in fresh produce plays an important role
in the emergence of foodborne outbreaks. There are many potential sources of contamination on fresh produce due
to exposure to many different environ ments and handling. More studies are necessary to better understand how to
prevent the occurrence of E. coli on fresh produce. Attachment to plant surfaces is the first step in the colonization
process and subsequent transmission of pathogens through the edible parts of plants. However, each enteropathogen
has its own molecular mechanisms of adherence and fitness to the vegetative biosphere; Many are similar to the
mechanisms used to colonize the primary host. All enteropathogens survive in fresh produce for commercially
relevant periods, despite the use of multiple disinfection systems. The future of food security lies in the adoption of
strategies for different categories of E. coli pathogens. These measures will help prevent bacterial transmission and
benefit human health. Finally, producers, producers, packers and food consumers need to calibrate their processes
and incorporate strategies to maintain food safety.

References

[1]. GRCh38: Ensembl release 89: ENSG00000089685 - Ensemble, May 2017

[2]. GRCm38: Ensembl release 89: ENSMUSG00000017716 - Ensemble, May 2017

[3]. "Human Published Reference:". National Center for Biotechnology Information, US National Library of
Medicine.

[4]. "Mouse Published Reference:". National Center for Biotechnology Information, US National Library of
Medicine.

[5]. Altieri DC (February 1994). "Molecular cloning of effector cell protease receptor-1, a novel cell surface
receptor for the protease factor Xa". J. Biol. Chem. 269(5): 3139-42. PMID 8106347.

[6]. Altieri DC (November 1994). "Splicing of effector cell protease receptor-1 mRNA is modulated by an
unusualretained intron". Biochemistry. 33 (46): 13848-55. d0i:10.1021/bi00250a039. PMID 7947793.

[7]. Sah NK, Khan Z, Khan GJ, Bisen PS (December 2006). "Structural, functional and therapeutic biology of
survivin™. Crab. 244(2): 164-71. doi:10.1016/j.canlet.2006.03.007. PMID 16621243.

[8]. Olie RA, Simbes-Wist AP, Baumann B, Leech SH, Fabbro D, Stahel RA, Zangemeister-Wittke U (June
2000). "A novel antisense oligonucleotide targeting survivin expression induces apoptosis and sensitizes lung
cancer cells to chemotherapy". Cancer Res. 60(11): 2805-9. PMID 10850418.

9] JkImnhepaqgrrontu Tam I, Wang Y, Sousville E, Scudeiro DA, Vignha N, Altersdorf T, Reid JC
(December 1998). "IAP family protein survivin-caspase activity and apoptosis induced by Fas (CD95), Bax,
caspases, and anticancerdrugs”. Cancer Res. 58(23):5315-20. PMID 9850056.

[10]. JK L, Caldas H, Jiang Y, Holloway MP, Fangusaro J, Mahotka C, Conway EM, Altura RA (March 2005).
"Survivin splice variants regulate the balance between proliferation and cell death™. oncogene. 24(12): 1994
2007. doi:10.1038/sj.0nc.1208350. PMID 15688031.

17486 ijariie.com 5280



Vol-8

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].
[23].

[24].

[25].
[26].

[27].

[28].
[29].
[30].
[31].

[32].

17486

Issue-3 2022 IJARIIE-1SSN(0)-2395-4396

Verdecia MA, Huang H, Dutil E, Kaiser DA, Hunter T, Noel JP (July 2000). "Structure of the human anti-
apoptotic protein surviving reveals a dimeric arrangement". Nut. structure. Bye. 7(7):602-8.
doi:10.1038/76838. PMID 10876248. S2CID 30730657.

Chantalat L, Skoufias DA, Kleman JP, Jung B, Dideberg O, Margolis RL (July 2000). " Crystal structure of
human survivin reveals a bow tie-shaped dimer with two unusual alpha-helical extensions". Measure. Cell.
6(1): 183-9. doi:10.1016/s1097-2765(00)00019-8. PMID 10949039.

Altieri DC (January 2003). " Validating survival as a cancer therapeutic target". Nut. Rev Cancer. 3(1): 46—
54. d0i:10.1038/nrc968. PMID 12509766. S2CID 8567453.

Shin S, Sung BJ, Cho YS, Kim HJ, Ha NC, Hwang JI, Chung CW, Jung YK, Oh BH (January 2001). "Anti-
apoptotic protein human survivin is a direct inhibitor of caspases-3 and -7". Biochemistry. 40(4): 1117-23.
do0i:10.1021/bi001603g. PMID 11170436.

Ambrosini G, Adida C, Altieri DC (1997). "A novel anti-apoptotic gene, survivin, expressed in cancer and
lymphoma™. Nut. Made. 3(8): 917-21. do0i:10.1038/nm0897-917. PMID 9256286. S2CID 3062648.

16. Castedo M, Perfettini JL, Roumier T, Andreau K, Medema R, Kroemer G (April 2004). "Cell death by
mitotic catastrophe: a molecular definition”. oncogene. 23(16):2825—-37. doi:10.1038/sj.0nc.1207528. PMID
15077146.

JKL, N O Mirza A, McGuirk M, Hockenberry TN, Wu Q, Ashar H, Black S, Wen SF, Wang L, Kirschmeier
P, Bishop WR, Nielsen LL, Pickett CB, Liu S (April 2002) . "Human survivin is negatively regulated by
wild-type p53 and participates in the p53-dependent apoptotic pathway". oncogene. 21(17): 2613-22.
do0i:10.1038/sj.0nc.1205353. PMID 11965534.

Wagner M, Schmelz K, Ddrken B, Tamm | (July 2008). "Epigenetic and genetic analysis of the survivin
promoter in acute myeloid leukemia™. Luke. Race. 32(7): 1054—60. doi:10.1016/j.leukres.2007.11.013. PMID
18206228.

De Carvalho DD, Sharma S, You JS, Su SF, Taberlay PC, Kelly TK, Yang X, Liang G, Jones PA (May
2012). "DNA methylation screening identifies driver epigenetic events of cancer cell survival”. cancer cell.
21(5):655-67. doi:10.1016/j.ccr.2012.03.045. PMC 3395886. PMID 22624715.

De Boer H J, Kool A, Broberg A, Mziray WR, Hedberg | & Levenfors J J, Antifungal and Antibacterial
Activity of some herbal remedies from Tanzania, J Ethnopharmacol, 96 (2005) 461-469.

Kareem S O, Akpan | & Ojo O P, Antimicrobial activities of Calotropis procera on selected Pathogenic
Microorganisms, Afr, J Biomed Res. 11 (2008) 105-110.
Kuta FA, Antifungal effect of Calotropis procera stem bark on Epidermophyton flocosum & Trichophyton
gypseum, African Journal of Biotechnology, 7 (13) (2008) 2116-2118.

Varahalorao V & Chandrashekar N, In vitro Bioactivity of Indian Medicinal Plant Calotropis procera (Ait),
JGPT, 2 (2) (2010) 43-45.

Elumalai E K, Chandrasekaran N, Thirumalai T, Sivakumar C, Viviyan Therasa S & Dav id E, Achyranthes
aspera Leaf extracts Inhibited Fungal Growth, Int J Pharm Tech, 1 (4) (2009) 1576-1579.

Agarwal P, Nagesh L & Murlikrishnan, Evaluation of the antimicrobial activity of various concentrations of
Tulsi (Ocimumsanctum) extract against Streptococcus mutans, An in vitro study, Indian J Dent Res, 21 (3)
(2010) 357-359.

Burt S, Essential oils, their antibacterial properties and potential applications in foods -A review, International
Journal of Food Microbiology, 94 (2004).

Portolano, N., et al. Recombinant protein expression for structural biology in HEK 293F suspension cells: A
novel and accessible approach. Journal of Visualized BExperiments: JOVE. (92), e51897 (2014).

Subedi, G. P., Johnson, R. W., Moniz, H. A., Moremen, K. W., Barb, A. High yield expression of
recombinant human proteins with the transient transfection of HEK293 cells in suspension. Journal of
Visualized Bxperiments: JoVE. (106), 53568 (2015).

Nilvebrant, J., Alm, T., Hober, S. Orthogonal protein purification facilitated by a small bispecific affinity
tag. Journal of Visualized BExperiments: JoVE. (59), 3370 (2012).

Yang, Z., et al. Highly efficient production of soluble proteins from insoluble inclusion bodies by a two -step-
denaturing and refolding method. PLoS One. 6, (7), 22981 (2011).

Hu, X., Beeton, C. Detection of functional matrix metalloproteinases by zymography. Journal of Visualized
BExperiments: JoVE. (45), e2445 (2010).

Radisky, E. S., Raeeszadeh-Sarmazdeh, M., Radisky, D. C. Therapeutic potential of matrix metalloproteinase
inhibition in breast cancer. Journal of Cellular Biochemistry. 118, (11), 3531-3548 (2017).
Raeeszadeh-Sarmazdeh, M., Do, L. D., Hritz, B. G. Metalloproteinases and their inhibitors: Potential for the
development of new therapeutics. Cells. 9, (5), 1313 (2020).

ijariie.com 5281


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Recombinant+protein+expression+for+structural+biology+in+HEK+293F+suspension+cells%3A+A+novel+and+accessible+approach
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Recombinant+protein+expression+for+structural+biology+in+HEK+293F+suspension+cells%3A+A+novel+and+accessible+approach
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=High+yield+expression+of+recombinant+human+proteins+with+the+transient+transfection+of+HEK293+cells+in+suspension
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=High+yield+expression+of+recombinant+human+proteins+with+the+transient+transfection+of+HEK293+cells+in+suspension
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Orthogonal+protein+purification+facilitated+by+a+small+bispecific+affinity+tag
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Orthogonal+protein+purification+facilitated+by+a+small+bispecific+affinity+tag
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Highly+efficient+production+of+soluble+proteins+from+insoluble+inclusion+bodies+by+a+two-step-denaturing+and+refolding+method
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Highly+efficient+production+of+soluble+proteins+from+insoluble+inclusion+bodies+by+a+two-step-denaturing+and+refolding+method
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Detection+of+functional+matrix+metalloproteinases+by+zymography
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Therapeutic+potential+of+matrix+metalloproteinase+inhibition+in+breast+cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Therapeutic+potential+of+matrix+metalloproteinase+inhibition+in+breast+cancer
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Metalloproteinases+and+their+inhibitors%3A+Potential+for+the+development+of+new+therapeutics
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Metalloproteinases+and+their+inhibitors%3A+Potential+for+the+development+of+new+therapeutics

Vol-8

[33].

[34].

[35].

17486

Issue-3 2022 IJARIIE-ISSN(O)-2395-4396

Nagase, H., Visse, R., Murphy, G.Structure and function of matrix metalloproteinases and
TIMPs. Cardiovascular Research. 69, (3), 562-573 (2006).

Huang R., de Vries D., Chen H. Strategies to enhance fresh produce decontamination using combined
treatments  of  ultraviolet, washing and  disinfectants. International ~ Journal of  Food
Microbiology. 2018;283:37-44. doi: 10.1016/j.ijfood micro.2018.06.014.

Whipps J. M., Hand P., Pink D. A. C., Bending G. D. Chapter 7 human pathogens and the
phyllosphere. Advancesin Applied Microbiology. 2008;64:183-221. doi: 10.1016/s0065-2164(08)00407-3.

ijariie.com 5282


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Structure+and+function+of+matrix+metalloproteinases+and+TIMPs
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Structure+and+function+of+matrix+metalloproteinases+and+TIMPs

