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Abstract

Membrane-bound fatty acid desaturases perform oxygenated desaturation reactions to insert double bonds within fatty acyl

chains in regioselective and stereoselective manners. The Delta 9-fatty acid desaturase strictly creates the first double bond

between C9 and 10 positions of most saturated substrates. As the three-dimensional structures of the bacterial membrane

fatty acid desaturases are not available, relevant information about the enzymes are derived from their amino acid

sequences, site-directed mutagenesis and domain swapping in similar membrane-bound desaturases. The cold-tolerant

Pseudomonas sp. AMS8 was found to produce high amount of monounsaturated fatty acids at low temperature.

Subsequently, an active Delta 9-fatty acid desaturase was isolated and functionally expressed in Escherichia coli. In this

paper we report homology modeling and docking studies of a Delta 9-fatty acid desaturase from a Cold-tolerant

Pseudomonas sp. AMS8 for the first time to the best of our knowledge. Three dimensional structure of the enzyme was build

using MODELLER version 9.18 using a suitable template. The protein model contained the three conserved-histidine

residues typical for all membrane-bound desaturase catalytic activity. The structure was subjected to energy minimization

and checked for correctness using Ramachandran plots and ERRAT, which showed a good quality model of 91.6 and 65.0%,

respectively. The protein model was used to preform MD simulation and docking of palmitic acid using CHARMM36 force

field in GROMACS Version 5 and Autodock tool Version 4.2, respectively. The docking simulation with the lowest binding

energy, -6.8 kcal/mol had a number of residues in close contact with the docked palmitic acid namely, Ile26, Tyr95, Val179,

Gly180, Pro64, Glu203, His34, His206, His71, Arg182, Thr85, Lys98 and His177. Interestingly, among the binding residues are

His34, His71 and His206 from the first, second, and third conserved histidine motif, respectively, which constitute the active

site of the enzyme. The results obtained are in compliance with the in vivo activity of the Delta 9-fatty acid desaturase on the

membrane phosphohpids.

Keywords

Author Keywords: Cold-tolerant Pseudomonas sp AMS8; Molecular docking; Homology modeling; delta 9-fatty acid

desaturase; Palmitic acid

KeyWords Plus: CARRIER PROTEIN-DESATURASE; STEAROYL-COA DESATURASE; FUNCTIONAL EXPRESSION; DIIRON

PROTEINS; HETEROLOGOUS EXPRESSION; CRYSTAL-STRUCTURE; SOFTWARE NEWS; IDENTIFICATION; EVOLUTION;

HYDROXYLASE

Author Information

Reprint Address: Abd Rahman, RNZR (reprint author)

Univ Putra Malaysia, Fac Biotechnol & Biomol Sci, Enzyme & Microbial Technol Res Ctr, Serdang, Selangor, Malaysia.

Reprint Address: Abd Rahman, RNZR (reprint author)

Univ Putra Malaysia, Fac Biotechnol & Biomol Sci, Dept Microbiol, Serdang, Selangor, Malaysia.

Addresses:

[ 1 ] Univ Putra Malaysia, Fac Biotechnol & Biomol Sci, Enzyme & Microbial Technol Res Ctr, Serdang, Selangor,

Malaysia

[ 2 ] Univ Putra Malaysia, Fac Biotechnol & Biomol Sci, Dept Microbiol, Serdang, Selangor, Malaysia

       [ 3 ] Gombe State Univ, Fac Sci, Dept Microbiol, Gombe, Gombe State, Nigeria

Citation Network

In Web of Science Core Collection

0
Times Cited

Create Citation Alert

39 

Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

8 11 

Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

- Science Citation Index Expanded 

Suggest a correction

If you would like to improve the quality of

the data in this record, please suggest a

correction.

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Sign In  Help  English 

Tools  Searches and alerts  Search History Marked List

Free Full Text from Publisher Look Up Full Text   Add to Marked ListFull Text Options  Save to EndNote online 

 3  of  30 

Learn more

Search Search Results

http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=D2wWEbV61e6VLRTxyPd
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Garba,%20L&dais_id=8261969&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-1')
javascript:sup_focus('addressWOS:000427787500001-2')
javascript:sup_focus('addressWOS:000427787500001-3')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Yussoff,%20MAM&dais_id=24342480&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-4')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Abd%20Halimi,%20KB&dais_id=16575737&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-4')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Ishak,%20SNH&dais_id=8997640&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Ali,%20MSM&dais_id=972278&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Oslan,%20SN&dais_id=3987682&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-1')
javascript:sup_focus('addressWOS:000427787500001-5')
http://apps.webofknowledge.com.ezproxy.um.edu.my/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&author_name=Abd%20Rahman,%20RNZR&dais_id=574008&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:sup_focus('addressWOS:000427787500001-1')
javascript:sup_focus('addressWOS:000427787500001-2')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=Cold-tolerant+Pseudomonas+sp+AMS8&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=Molecular+docking&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=Homology+modeling&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=delta+9-fatty+acid+desaturase&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=Palmitic+acid&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=CARRIER+PROTEIN-DESATURASE&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=STEAROYL-COA+DESATURASE&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=FUNCTIONAL+EXPRESSION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=DIIRON+PROTEINS&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=HETEROLOGOUS+EXPRESSION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=CRYSTAL-STRUCTURE&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=SOFTWARE+NEWS&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=IDENTIFICATION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=EVOLUTION&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&field=TS&value=HYDROXYLASE&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('reprint_pref_org_exp_link_2', 'inline');hide_show('show_reprint_pref_org_exp_link_2', 'none');hide_show('hide_reprint_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=PCTAdd&product=WOS&SID=D2wWEbV61e6VLRTxyPd&component=pct&forwardTo=None&qid=9&doc=3&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d9%26log_event%3dyes%26product%3dWOS%26SID%3dD2wWEbV61e6VLRTxyPd%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000427787500001&search_mode=CitedRefList&SID=D2wWEbV61e6VLRTxyPd&parentProduct=WOS&parentQid=9&parentDoc=3&recid=WOS:000427787500001&PREC_REFCOUNT=39&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d9%26log_event%3dyes%26product%3dWOS%26SID%3dD2wWEbV61e6VLRTxyPd%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000427787500001&parentProduct=WOS&parentQid=9&search_mode=RelatedRecords&SID=D2wWEbV61e6VLRTxyPd&parentDoc=3
javascript:;
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=D2wWEbV61e6VLRTxyPd&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
javascript:void('Links');
http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=9&SID=D2wWEbV61e6VLRTxyPd&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=9&SID=D2wWEbV61e6VLRTxyPd&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=4
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=9&SID=D2wWEbV61e6VLRTxyPd&page=


2/12/2019 Web of Science [v.5.32] - Web of Science Core Collection Full Record

http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=9&SID=D2wWEbV61e6VLRT… 2/4

(from Web of Science Core Collection)

[ 4 ] Int Islamic Univ Malaysia, Kulliyyah Sci, Dept Biotechnol, Kuantan, Pahang Darul Ma, Malaysia

[ 5 ] Univ Putra Malaysia, Fac Biotechnol & Biomol Sci, Dept Biochem, Serdang, Selangor, Malaysia

E-mail Addresses: rnzaliha@upm.edu.my

Funding

Funding Agency Grant Number

Putra grant, Universiti Putra Malaysia 

GP-IPS/2016/9471000 

FRGS2015-207-0448 

FRGS2015-208-0449 

View funding text    

Publisher

PEERJ INC, 341-345 OLD ST, THIRD FLR, LONDON, EC1V 9LL, ENGLAND

Journal Information

Impact Factor: Journal Citation Reports

Categories / Classification

Research Areas: Science & Technology - Other Topics

Web of Science Categories: Multidisciplinary Sciences

See more data fields

  3  of  30 

Cited References: 39

Showing 30 of 39 View All in Cited References page

Evolution of the membrane-bound fatty acid desaturases

By: Alonso, DL; Garcia-Maroto, F; Rodriguez-Ruiz, J; et al.

BIOCHEMICAL SYSTEMATICS AND ECOLOGY  Volume: 31   Issue: 10   Pages: 1111-1124   Published: OCT 2003

Times Cited: 51  

X-ray structure of a mammalian stearoyl-CoA desaturase

By: Bai, Yonghong; McCoy, Jason G.; Levin, Elena J.; et al.

NATURE  Volume: 524   Issue: 7564   Pages: 252-+   Published: AUG 13 2015

Times Cited: 48  

Desaturation and Hydroxylation - Residues 148 and 324 of Arabidopsis FAD2, in addition to substrate chain length, exert a major

influence in partitioning of catalytic specificity

By: Broadwater, JA; Whittle, E; Shanklin, J

JOURNAL OF BIOLOGICAL CHEMISTRY  Volume: 277   Issue: 18   Pages: 15613-15620   Published: MAY 3 2002

Times Cited: 109  

Scalable web services for the PSIPRED Protein Analysis Workbench

By: Buchan, Daniel W. A.; Minneci, Federico; Nugent, Tim C. O.; et al.

NUCLEIC ACIDS RESEARCH  Volume: 41   Issue: W1   Pages: W349-W357   Published: JUL 2013

Times Cited: 606  

The evolutionary history of the stearoyl-CoA desaturase gene family in vertebrates

By: Castro, L. Filipe C.; Wilson, Jonathan M.; Goncalves, Odete; et al.

BMC EVOLUTIONARY BIOLOGY  Volume: 11     Article Number: 132   Published: MAY 19 2011

Times Cited: 45  

Inter-Annual Variations of Methane Emission from an Open Fen on the Qinghai-Tibetan Plateau: A Three-Year Study

By: Chen, Huai; Wu, Ning; Wang, Yanfen; et al.

PLOS ONE  Volume: 8   Issue: 1     Article Number: e53878   Published: JAN 14 2013

Times Cited: 97  

VERIFICATION OF PROTEIN STRUCTURES - PATTERNS OF NONBONDED ATOMIC INTERACTIONS

By: COLOVOS, C; YEATES, TO

PROTEIN SCIENCE  Volume: 2   Issue: 9   Pages: 1511-1519   Published: SEP 1993

Times Cited: 1,206  

1.

2.

3.

4.

5.

6.

7.

javascript:hide_show('research_pref_org_exp_link_4', 'inline');hide_show('show_research_pref_org_exp_link_4', 'none');hide_show('hide_research_pref_org_exp_link_4', 'inline')
javascript:hide_show('research_pref_org_exp_link_5', 'inline');hide_show('show_research_pref_org_exp_link_5', 'none');hide_show('hide_research_pref_org_exp_link_5', 'inline')
mailto:rnzaliha@upm.edu.my
javascript:hide_show('show_fund_blurb', 'inline');hide_show('show_fund_blurb_link', 'none');hide_show('hide_fund_blurb_link', 'inline')
javascript:;
http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=9&SID=D2wWEbV61e6VLRTxyPd&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=9&SID=D2wWEbV61e6VLRTxyPd&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=4
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=9&parentDoc=3&qid=10&SID=D2wWEbV61e6VLRTxyPd&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:000185450900003
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=1&REFID=39511536&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:000359386900039
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=2&REFID=493374502&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:000175510400054
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=3&REFID=361542&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:000323603200055
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=4&REFID=453022269&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:000291475500002
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=5&REFID=450790686&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:000322132100053
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=6&REFID=445079370&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitedFullRecord&isickref=WOS:A1993LU65000016
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=7&REFID=3333273&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=D2wWEbV61e6VLRTxyPd&search_mode=CitingArticles&parentProduct=WOS&parentQid=10&parentDoc=8&REFID=487887579&excludeEventConfig=ExcludeIfFromNonInterProduct

