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 مطالعه نظری برهمکنش بين بازدارنده های گليکوزيل کومارين 

 XIIو  IIدراز و آنزيم کربونيک آنهي
 

 مينا سيفی ،+مينا غياثی
 تهران، ايران ،دانشگاه الزهرا گروه شيمی، ،دانشکده فيزيک و شيمی

 

اکسيد  دیکربن تبديل گاز پذير باشد که واکنش برگشت( آنزيم دارای فلز روی میCAکربونيک آنهيدراز ) :چكيده
 ژوهشپ انسان بسيار مهم است. در اين های زيستی و از جمله بدنسامانهکند. اين آنزيم برای کربنات را کاتاليز میبه بی

 IIو  XIIبا آنزيم کربونيک آنهيدراز  قندی کومارين هایزدارنده کومارين و برخی از مشتقبه بررسی مکانيسم عملکرد با 
 همه د.شها با اين دو آنزيم بررسی کنش آنانتخاب شد و برهم هها برای محاسب. پايدارترين کنفورمر اين بازدارندهدپرداخته ش

 M06و با استفاده از تابع مينسوتا   *31G-6با سری پايه  B3LYPدر سطح  DFTبا استفاده از نظريه تابعی چگالیها همحاسب
   ∆rxnG°و   ∆rxnS∆, °rxnH° مانندادامه کليه متغيرهای ترموديناميکی واکنش  درانجام شده است.  G*-6+31با سری پايه 

دهد که واکنش بين اين خانواده از بازدارنده ها و آنزيم کربنيک آنهيدراز از نوع مستقيم نشان می هاهنتيج شداند.محاسبه 
 .دشوباشد بلکه آنزيم با اثر فضايی، غيرفعال میو اتصالی نمی

 
 .ابعی چگالینظريه ت ؛متغيرهای ترموديناميکی ؛قندی کومارين هایمشتق ؛کومارين ؛: کربونيک آنهيدرازکليدی هایواژه

 
KEYWORDS: Carbonic Anhydrase; Sugar derivatives coumarin; Thermodynamic variables; 

Density Functional Theory (DFT). 
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 ترموديناميکي هایتابعمحاسبه 
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H(X) =  E0 + ZPE + Etrans + Erot + Evib + RT           (1)  
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EtransErotEvib 
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( )                                    ]    reactant[H° –] product= [H°r Hº∆ 

( )                                   ]       reactant[S° –] product= [S°r Sº∆

(1)  Zero point energy 
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 .قندی کومارين هایبرخي مشتق -1شکل

G=ΔH-TΔSΔ

(ΔG°rxn)

 

 ها و بحثنتيجه
 XII  و II ک آنهيدراز ينوبهينه سازی ساختارهای هندسي آنزيم  کرب

 رفعالفعال و غي شکلدر دو 
XII )-E(OH 

) 2E(OH

Leu198Thr199His96  His119  His94

B3lyp/6-31G*M06/6-31+G*

PDB ,1jcz

XII

II

His96  His119  His94

II

XII

XII

X-ray

B3LYP و M06  1.97 

 

B3LYP/6-31G*

 ها ها و ايزومرهای سيس و ترانس آنسازی بازدارندهبهينه

(φ= H1'–C1'–O–C7) 

(θ = C5'–C6'–O6'–H) ω = O5'–C5'–C6'–O6')

 
kcal/mol  
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 CAXIIفعال آنزيم  شکل                                                     CAXII غيرفعال آنزيم شکل

 مي باشد. Å، فاصله ها برحسب  *B3lyp/6-31Gدر سطح  XIIدرازغيرفعال آنزيم کربنيک آنهي شکلو فعال   شکلی شدهنه ساختار بهي -2شکل
 

 CAII غيرفعال آنزيم شکل                                                                   CAII فعال آنزيم شکل
 

 مي باشد. Å، فاصله ها برحسب  *B3lyp/6-31Gدر سطح  IIدرازغيرفعال آنزيم کربنيک آنهي شکلفعال  و  شکلی هشدنه ساختار بهي -3شکل
 

 .پرتو ايکس اطلاعات ساختار در دو سطح محاسباتي در مقايسه با CAXIIغيرفعال آنزيم  شکلبرخي اطلاعات ساختاری  -1 جدول
(Å) طول پيوندی X-Ray M06/6-31+G* B3LYP/6-31G* 

Zn-N1 1/2 97/1 98/1 

Zn-N2 0/2 96/1 97/1 

Zn-N3 1/2 97/1 98/1 

Zn-OH2 1/2 05/2 08/2 

Zn-O1 3/2 28/2 32/2 

O2-N4 9/2 08/3 9/2 

O2-OH2 7/2 6/2 69/2 

OH2-O3 6/2 46/2 67/2 
داردانحراف استان  111/0 067/0 



 1398، 3، شماره 38دوره  . . . بازدارنده های گليکوزيل مطالعه نظری برهمکنش بين نشريه شيمي و مهندسي شيمي ايران

 

 191                                                                                                                                                                                       علمي ـ پژوهشي

X-ray 

                
B3LYP/6-31G*                                                                             M06/6-31+G* 

 

 مي باشد. Å، فاصله ها برحسب   XIIدرازغيرفعال آنزيم کربنيک آنهي شکلی شدهبهينه و ساختار   X-Rayساختار  -4شکل

 
 .در دو سطح محاسباتي CAIIو  CAXIIم فعال آنزي شکلخي اطلاعات ساختاری بر -2 جدول

های متصل شدهاتم  M06/6-31+G* B3LYP/6-31G* 

پيوندیطول  (Å) 

Zn-N1 

CAXII CAII CAXII CAII 

05/2  07/2  05/2  07/2  

Zn-N2 03/2  01/2  03/2  02/2  

Zn-N3 05/2  04/2  05/2  05/2  

Zn-OH 84/1  85/1  85/1  84/1  

پيوندی  ) ° ) زاويه
C-N1-C 

    

70/106  72/106  52/106  66/106  

C-N2-C 52/106  17/106  37/106  04/106  

C-N3-C 28/107  22/107  08/107  19/107  

 ) ° ) زاويه دو وجهي
N1-Zn-O-H 

    

21/124  - 59/100  36/130  - 29/99  

N2-Zn-O-H 26/5  20/16  01/12  24/17  

N3-Zn-O-H - 40/123  90/143  - 54/114  31/142  
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 .موقعيت کربن آنومريک-5شکل

 

 مانوزکومارين                                                                            گالاکتوزکومارين

 ريبوزکومارين                                                                           گلوکزکومارين

 .*B3lyp/6-31Gی چهار مشتق قندی کومارين در سطح نه شدهبهيساختارهای  -6شکل

B3LYP/6-31G*  و

M06/6-31+G*

B3LYP/6-31G* 

 

 

 ها و بازدارنده XII  و II کربونيک آنهيدراز کنش کلي آنزيم برهم 

O2H
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 قندی کومارين در دو سطح محاسباتي. هایشتقبرخي اطلاعات ساختاری م -3 جدول
های متصل شدهاتم  گالاکتوزکومارين گلوکزگومارين ريبوزکومارين مانوزکومارين 

 (Å) طول پيوندی

C5'-C6' 

B3LYP 
52/1  

M06 
51/1  

B3lYP 
- 

M06 
- 

B3LYP 
52/1  

M06 
51/1  

B3LYP 
52/1  

M06 
51/1  

C6'-O6' 43/1  42/1  - - 41/1  41/1  42/1  41/1  

C1'-O1' 40/1  39/1  37/1  39/1  41/1  39/1  39/1  39/1  

C1'-O5' 42/1  40/1  41/1  40/1  41/1  39/1  42/1  41/1  

C2-C3 45/1  45/1  45/1  45/1  45/1  45/1  45/1  45/1  

 (º) زاويه پيوندی
H1'-C1'-O1' 

57/110  47/110  30/011  33/110  63/109  68/109  11/110  14/110  

C4'-O4'-H 51/106  16/108  92/108  26/108  89/105  58/107  81/107  32/109  

C1'-O5'-C5' 81/112  98/112  26/112  14/112  56/113  87/112  69/113  84/112  

C5'-C6'-O6' 64/107  86/107  - - 13/109  79/108  59/109  59/109  

O5'-C1'-O1' 33/108  70/071  36/108  38/108  04/109  08/109  87/107  05/108  

 (º) زاويه دو وجهی
H1'-C1'-O1'-C7 

83/42  20/45  39/42  50/43  71/41  04/44  65/38  39/41  

C5'-C6'-O6'-H 69/168  87/175  - - 01/168-  99/175-  46/175-  07/170  

O5'-C5'-C6'-O6' 43/178  53/179-  - - 14/65-  35/67-  66/69-  04/71-  

O5'-C5'-C4'-O4' 92/170-  47/170-  34/173-  60/174-  22/175-  60/175-  91/62  83/61  

O1'-C1'-O5'-C5' 42/178  89/179-  44/177-  16/178-  07/178-  02/179  62/177-  82/179  

 

 .درازها بر روی آنزيم کربونيک آنهيهم کنش دسته جديدی از بازدارندهنمايش کلي از بر -7شکل
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2-3 Å 

 

 -

  

 CAXII 

 

CAXII

CAII

ن و ياکنش گالاکتوزکوماره ويی مواد اولب شدهيساختار ترک -8شکل 
 .XIIدراز يک آنهيکربن

 

∆E = (Eint.+EICA) – ( EACA + E inh)                   
 

intEICAE ACAE inhE

CAXII

CAII 

 CAXII 

(ΔErxn)

(ΔH ° rxn)(ΔG ° rxn

B3LYP / 6-31G*M06 / 6- 31 + G*
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 XII. درازو کربنيک آنهيها کنش بازدارندهي برهمهای ترموشيميايداده-4 جدول

M06/6-31+G* B3LYP/6-31G* 

rxnG°∆ rxnH°∆     ΔErxn
tot  ΔS°rxn rxnG°∆ rxnH°∆ ΔErxn

tot  

 

 

 

 

 
 

 .IIآنهيدراز  و کربنيکها کنش بازدارندهي برهمهای ترموشيميايداده-5 جدول

M06/6-31+G* B3LYP/6-31G* بازدارنده ايزومر 

rxnG°∆ rxn°H∆     ΔErxn
tot  ΔS°rxn rxnG°∆ rxnH°∆ ΔErxn

tot    

 گالاکتوزکومارين

 
 گلوکزکومارين

 
 بوزکومارينير

 
 مانوزکومارين

 

 
 کومارين

 

CAXIICAII

J/K.molkcal/mol

 

 گالاکتوزکومارين <مارينگلوکزکو < ريبوزکومارين <مانوزکومارين

M06 / 6- 31 + G* B3LYP / 6-31G*
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hCA XII

 CA II

 

 حلال هایهسبامح
(PCM)

CA XII

B3LYP / 6-31G*

B3LYP / 6-311+ G** 

M06 / 6-311+ G**

PCM

 CAXII CAII

 ي واکنش در حضور شش مولکول آب ترموشيمياي هایـ تابع 6جدول 
 kcal/mol.بر حسب 

∆G°rxn ∆H°rxn 𝚫𝐄𝐫𝐱𝐧
𝐭𝐨𝐭  آنزيم 

99/19-  89/28-  31/28-  CAII 

25/40- 03/48- 45/47- CAXII 

 گيرینتيجه

 XII  

II 

B3lyp/6-31G* M06 6-31+G*

CA XII 

XII  II 

CA XII 

 CAII

 CAXII

CAXII
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CAXIICAII

CAII

CAXII

 
7139/ 11/4 پذيرش : تاريخ   ؛   8/12/1396 دريافت : تاريخ

 

 مراجع
[1] Sahebjamee H., Yaghmaei P., Abdolmaleki P., Foroumadi A. R., Quantitative Structure - Activity 

Relationships Study of Carbonic Anhydrase Inhibitors Using Logistic Regression Model, 

Iranian Journal of Chemistry and Chemical Engineering (IJCCE), 32(2): 19-29 (2013). 

[2] Supuran C.T., Carbonic Anhydrase Inhibition with Natural Products: Novel Chemotypes and 

Inhibition Mechanisms, Molecular Diversity, 15(2): 305-316 (2011). 

[3] Supuran C.T., Carbonic Anhydrases: Novel Therapeutic Applications for Inhibitors and 

Activators, Nature Reviews Drug Discovery, 7(2): 168-181 (2008). 

[4] Moya A., Tambutté S., Bertucci A., Tambutté E., Lotto S., Vullo D., Supuran C.T., Allemand D., 

Zoccola D., Carbonic Anhydrase in the Scleractinian Coral Stylophora Pistillata 

Characterization, Localization, and Role in Biomineralization, Journal of Biological Chemistry, 

283(37): 25475-25484 (2008). 

[5] Elleuche S., Pöggeler S., Carbonic Anhydrases in Fungi, Microbiology, 156(1): 23-29 (2010). 

[6] Nishimori I., Onishi S., Takeuchi H., Supuran C.T., The α and β Classes Carbonic Anhydrases 

from Helicobacter Pylori as Novel Drug Targets, Current pharmaceutical design, 14(7): 622-

630 (2008). 

[7] Švastová E., Hulı́ková A., Rafajová M., Zat'ovičová M., Gibadulinová A., Casini A., Cecchi A., 

Scozzafava A., Supuran C.T., Pastorek J., Pastoreková S., Hypoxia Activates the Capacity of 

Tumor‐Associated Carbonic Anhydrase IX to Acidify Extracellular pH, FEBS Letters, 577(3): 

439-445 (2004). 

[8] Ebbesen P., Pettersen E.O., Gorr T.A., Jobst G., Williams K., Kieninger J., Wenger R.H., 

Pastorekova S., Dubois L., Lambin P., Wouters B.G., Taking Advantage of Tumor Cell 

Adaptations to Hypoxia for Developing New Tumor Markers and Treatment Strategies, Journal 

of Enzyme Inhibition and Medicinal Chemistry, 24(sup1): 1-39 (2009). 

[9] Supuran C.T., Scozzafava A., Casini A., Carbonic Anhydrase Inhibitors, Medicinal Research 

Reviews, 23(2): 146-189 (2003). 

[10] Supuran C.T., Carbonic Anhydrases-An Overview, Current Pharmaceutical Design, 14(7): 603-

614 (2008). 

[11] Erdemir F., Celepci D.B., Aktaş A., Taslimi P., Gök Y., Karabıyık H., Gülçin I., 2-Hydroxyethyl 

Substituted NHC Precursors: Synthesis, Characterization, Crystal Structure and Carbonic 

Anhydrase, Α-Glycosidase, Butyrylcholinesterase, and Acetylcholinesterase Inhibitory 

Properties, Journal of Molecular Structure, 1155: 797-806 (2018). 

http://www.ijcce.ac.ir/article_5864_435196c58da6216947cb33e2c3a95785.pdf
http://www.ijcce.ac.ir/article_5864_435196c58da6216947cb33e2c3a95785.pdf
https://link.springer.com/article/10.1007/s11030-010-9271-4
https://link.springer.com/article/10.1007/s11030-010-9271-4
https://www.ncbi.nlm.nih.gov/pubmed/18167490
https://www.ncbi.nlm.nih.gov/pubmed/18167490
https://www.ncbi.nlm.nih.gov/pubmed/18617510
https://www.ncbi.nlm.nih.gov/pubmed/18617510
http://mic.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.032581-0
https://www.ncbi.nlm.nih.gov/pubmed/18336307
https://www.ncbi.nlm.nih.gov/pubmed/18336307
https://www.ncbi.nlm.nih.gov/pubmed/15556624
https://www.ncbi.nlm.nih.gov/pubmed/15556624
https://www.ncbi.nlm.nih.gov/pubmed/19330638
https://www.ncbi.nlm.nih.gov/pubmed/19330638
https://www.ncbi.nlm.nih.gov/pubmed/12500287
https://www.ncbi.nlm.nih.gov/pubmed/18336305
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://www.sciencedirect.com/science/article/abs/pii/S0022286017315673#!
https://doi.org/10.1016/j.molstruc.2017.11.079
https://doi.org/10.1016/j.molstruc.2017.11.079
https://doi.org/10.1016/j.molstruc.2017.11.079
https://doi.org/10.1016/j.molstruc.2017.11.079


 1398، 3، شماره 38دوره  مينا غياثي و مينا سيفي نشريه شيمي و مهندسي شيمي ايران

 

 علمي ـ پژوهشي                                                                                                                                                                                       198

[12] Sarı Y., Aktaş A., Taslimi P., Gök Y.,Gulçin I., Novel N‐Propylphthalimide‐ and 4‐Vinylbenzyl‐

Substituted Benzimidazole Salts: Synthesis, Characterization, and Determination of Their Metal 

Chelating Effects and Inhibition Profiles Against Acetylcholinesterase and Carbonic Anhydrase 

Enzymes, Journal of Biochemical and Molecular Toxicology, 32(1): e22009 (2018).  

[13] Xu Y., Feng L., Jeffrey P.D., Shi Y., Morel F.M., Structure and Metal Exchange in the Cadmium 

Carbonic Anhydrase of Marine Diatoms, Nature, 452(7183): 56-61 (2008). 

[14] Rowlett R.S., Structure and Catalytic Mechanism of the β-Carbonic Anhydrases, Biochimica  

et Biophysica Acta (BBA)-Proteins and Proteomics, 1804(2): 362-373 (2010). 

[15] Zimmerman S.A., Ferry J.G., Supuran C.T., Inhibition of the Archaeal β-Class (Cab) and γ-Class 

(Cam) Carbonic Anhydrases, Current Topics in Medicinal Chemistry, 7(9): 901-908 (2007). 

[16] Monti S.M., Supuran C.T., De Simone G., Anticancer Carbonic Anhydrase Inhibitors: a Patent 

Review (2008–2013), Expert Opinion on Therapeutic Patents, 23(6): 737-749 (2013). 

[17] Khalifah R.G., The Carbon Dioxide Hydration Activity of Carbonic Anhydrase I. Stop-Flow Kinetic Studies 

on the Native Human Isoenzymes B and C, Journal of Biological Chemistry, 246(8): 2561-2573 (1971). 

[18] Forsman C., Behravan G., Osterman A., Jonsson B.H., Production of Active Human Carbonic 

Anhydrase ll in E. Coli, Acta Chemica Scandinavica, 42: 314-318 (1988). 

[19] Sly W.S., Hu P.Y., Human Carbonic Anhydrases and Carbonic Anhydrase Deficiencies, Annual 

Review of Biochemistry, 64(1): 375-401 (1995). 

[20] Venters R.A., Farmer II B.T., Fierke C.A., Spicer L.D., Characterizing the Use of Perdeuteration 

in NMR Studies of Large Proteins: 13 C, 15 N and 1 H Assignments of Human Carbonic 

Anhydrase II, Journal of Molecular Biology, 264(5): 1101-1116 (1996). 

[21]  Supuran C.T., Carbonic Anhydrase Inhibitors: an Editorial, Expert Opinion on Therapeutic 

Patents, 23(6): 677-679 (2013).  

[22]  Supuran C.T., Maresca A., Gregáň F., Three New Aromatic Sulfonamide Inhibitors of Carbonic Anhydrases 

I, II, IV and XII, Journal of Enzyme Inhibition and Medicinal Chemistry, 28(2): 289-293 (2013). 

[23] Supuran C.T., Carbonic Anhydrase Inhibitors and Activators for Novel Therapeutic 

Applications, Future Medicinal Chemistry, 3(9): 1165-1180 (2011). 

[24]   Scozzafava A., Supuran C.T., Conway J., "Development of Sulfonamide Carbonic Anhydrase 

Inhibitors", CRC Press, Florida, (2004). 

[25]  (a) Thiry A., Dogne J., Masereel B., Supuran C.T., Targeting Tumor-Associated Carbonic 

Anhydrase IX in Cancer Therapy, Trends in Pharmacological Sciences,  27(11): 566-573 (2006).  

        (b) Kumar R., Bua S., Ram S., Del Prete S., Benzenesulfonamide Bearing Imidazothiadiazole 

and Thiazolotriazole Scaffolds as Potent Tumor Associated Human Carbonic Anhydrase IX  

and XII Inhibitors, Bioorganic & Medicinal Chemistry, 25(3): 1286-1293 (2017).  

        (c) Chandak N., Ceruso M., Supuran C.T., Sharma P.K., Novel Sulfonamide Bearing Coumarin 

Scaffolds as Selective Inhibitors of Tumor Associated Carbonic Anhydrase Isoforms IX and XII, 

Bioorganic & Medicinal Chemistry, 24(13): 2882–2886 (2016).     

doi:%2010.1002/jbt.22009
doi:%2010.1002/jbt.22009
doi:%2010.1002/jbt.22009
doi:%2010.1002/jbt.22009
https://www.ncbi.nlm.nih.gov/pubmed/18322527
https://www.ncbi.nlm.nih.gov/pubmed/18322527
https://www.ncbi.nlm.nih.gov/pubmed/19679201
https://www.ncbi.nlm.nih.gov/pubmed/19679201
http://www.ingentaconnect.com/content/ben/ctmc/2007/00000007/00000009/art00010
http://www.ingentaconnect.com/content/ben/ctmc/2007/00000007/00000009/art00010
http://www.tandfonline.com/doi/abs/10.1517/13543776.2013.798648
http://www.tandfonline.com/doi/abs/10.1517/13543776.2013.798648
http://www.jbc.org/content/246/8/2561.short
http://www.jbc.org/content/246/8/2561.short
http://actachemscand.org/pdf/acta_vol_42b_p0314-0318.pdf
http://actachemscand.org/pdf/acta_vol_42b_p0314-0318.pdf
http://www.annualreviews.org/doi/abs/10.1146/annurev.bi.64.070195.002111?journalCode=biochem
http://www.annualreviews.org/doi/abs/10.1146/annurev.bi.64.070195.002111?journalCode=biochem
http://www.sciencedirect.com/science/article/pii/S0022283696906993
http://www.sciencedirect.com/science/article/pii/S0022283696906993
http://www.sciencedirect.com/science/article/pii/S0022283696906993
http://www.tandfonline.com/doi/abs/10.1517/13543776.2013.778246
http://www.tandfonline.com/doi/abs/10.3109/14756366.2011.649269
http://www.tandfonline.com/doi/abs/10.3109/14756366.2011.649269
https://www.future-science.com/doi/abs/10.4155/fmc.11.69
https://www.future-science.com/doi/abs/10.4155/fmc.11.69
https://books.google.com/books?hl=en&lr=&id=34I3cuKHiKkC&oi=fnd&pg=PP1&dq=A.+Scozzafava,+C.T.+Supuran,+J.+Conway,+Development+of+Sulfonamide+Carbonic+Anhydrase+Inhibitors,+CRC+Press,+Florida,+2004&ots=DIMKquyzD7&sig=5BITfr-DhEYXXLDz4o13zcAWLcE#v=onepage&q&f=false
https://books.google.com/books?hl=en&lr=&id=34I3cuKHiKkC&oi=fnd&pg=PP1&dq=A.+Scozzafava,+C.T.+Supuran,+J.+Conway,+Development+of+Sulfonamide+Carbonic+Anhydrase+Inhibitors,+CRC+Press,+Florida,+2004&ots=DIMKquyzD7&sig=5BITfr-DhEYXXLDz4o13zcAWLcE#v=onepage&q&f=false
https://en.wikipedia.org/wiki/Florida
http://www.sciencedirect.com/science/article/pii/S0165614706002203
http://www.sciencedirect.com/science/article/pii/S0165614706002203
http://www.sciencedirect.com/science/article/pii/S0968089616312974
http://www.sciencedirect.com/science/article/pii/S0968089616312974
http://www.sciencedirect.com/science/article/pii/S0968089616312974
http://www.sciencedirect.com/science/article/pii/S0968089616302954
http://www.sciencedirect.com/science/article/pii/S0968089616302954


 1398، 3، شماره 38دوره  . . . بازدارنده های گليکوزيل مطالعه نظری برهمکنش بين راننشريه شيمي و مهندسي شيمي اي

 

 199                                                                                                                                                                                       علمي ـ پژوهشي

[26]  Ghiasi M., Kamalinahad S., Arabieh M., Zahedi M., Carbonic Anhydrase Inhibitors: a Quantum 

Mechanical Study of Interaction Between Some Antiepileptic Drugs with Active Center of 

Carbonic Anhydrase Enzyme, Computational and Theoretical Chemistry, 992: 59-69 (2012). 

[27]  Ghiasi M., Kamalinahad S., Conformational Analysis of Topiramate and Related Anion  

in the Solution and Interaction Between the Most Stable Conformer of Topiramate with Active Center 

of Carbonic Anhydrase Enzyme, Journal of Carbohydrate Chemistry, 34(2): 80-102 (2015).  

[28]   Ghiasi M., Oskouie A., Saeidian H., Dynamic Stereochemistry of Topiramate (Anticonvulsant 

Drug) in Solution: Theoretical Approaches and Experimental Validation, Carbohydrate 

Research, 348: 47-54 (2012).  

[29] Temperini C., Innocenti A., Scozzafava A., Parkkila S., Supuran C.T., The Coumarin-Binding 

Site in Carbonic Anhydrase Accommodates Structurally Diverse Inhibitors: the Antiepileptic 

Lacosamide as an Example and Lead Molecule for Novel Classes of Carbonic Anhydrase 

Inhibitors, Journal of Medicinal Chemistry, 53(2): 850-854 (2009). 

[30] Bonneau A., Maresca A., Winum J.Y., Supuran C.T., Metronidazole-Coumarin Conjugates and 

3-Cyano-7-Hydroxy-Coumarin Act as Isoform-Selective Carbonic Anhydrase Inhibitors, 

Journal of Enzyme Inhibition and Medicinal Chemistry, 28(2): 397-401 (2013). 

[31] Touisni N., Maresca A., McDonald P.C., Lou Y., Scozzafava A., Dedhar S., Winum J.Y., Supuran C.T., 

Glycosyl Coumarin Carbonic Anhydrase IX and XII Inhibitors Strongly Attenuate the Growth of 

Primary Breast Tumors, Journal of Medicinal Chemistry, 54(24): 8271-8277 (2011). 

[32] Frisch M.J., Trucks G.W., Schlegel H.B., Scuseria G.E., Robb M.A., Cheeseman J.R., Scalmani G., 

Barone V., Mennucci B., Petersson G.A., Nakatsuji H., Caricato M., Li X., Hratchian H.P.,  

Izmaylov A.F., Bloino J., Zheng G., Sonnenberg J.L., Hada M., Ehara M., Toyota K., Fukuda R., 

Hasegawa J.,  Ishida M., Nakajima T., Honda Y., Kitao O., Nakai H., Vreven T., Montgomery J.A., 

Peralta J.E., Ogliaro F., Bearpark M., Heyd J.J., Brothers E., Kudin K.N., Staroverov V.N., 

Kobayashi R., Normand J., Raghavachari K., Rendell A., Burant J.C., Iyengar S.S., Tomasi J., 

Cossi M., Rega N., Millam J.M., Klene M., Knox J.E., Cross J.B., Bakken V., Adamo C., 

Jaramillo J., Gomperts R., Stratmann R.E., Yazyev O., Austin A.J., Cammi R., Pomelli C., 

Ochterski J.W., Martin R.L., Morokuma K., Zakrzewski V.G., Voth G.A., Salvador P., 

Dannenberg J.J., Dapprich S., Daniels A.D., Farkas O., Foresman J.B., Ortiz J.V., Cioslowski J., 

Fox D.J., Gaussian, Inc., Wallingford CT. (2009). 

[33] Ghiasi M., Hemati S., Zahedi M., Activation Modeling of  β-and γ-Class of Carbonic Anhydrase 

with Amines and Amino Acids: Proton Transfer Process Within the Active Site  

from Thermodynamic Point of View, Computational and Theoretical Chemistry, 1109: 42-57 

(2017). 

[34] Ghiasi M., Taheri M., Zahedi M., Thermodynamic Study of Proton Transfer in Carbonic 

Anhydrase/Activator Omplex:A Quantum Mechanical Approach, Computational and 

Theoretical Chemistry, 1022: 121-129 (2013). 

http://www.sciencedirect.com/science/article/pii/S2210271X12002459
http://www.sciencedirect.com/science/article/pii/S2210271X12002459
http://www.sciencedirect.com/science/article/pii/S2210271X12002459
http://www.tandfonline.com/doi/abs/10.1080/07328303.2015.1009090
http://www.tandfonline.com/doi/abs/10.1080/07328303.2015.1009090
http://www.tandfonline.com/doi/abs/10.1080/07328303.2015.1009090
http://www.sciencedirect.com/science/article/pii/S000862151100557X
http://www.sciencedirect.com/science/article/pii/S000862151100557X
http://pubs.acs.org/doi/abs/10.1021/jm901524f
http://pubs.acs.org/doi/abs/10.1021/jm901524f
http://pubs.acs.org/doi/abs/10.1021/jm901524f
http://pubs.acs.org/doi/abs/10.1021/jm901524f
http://www.tandfonline.com/doi/abs/10.3109/14756366.2011.650692
http://www.tandfonline.com/doi/abs/10.3109/14756366.2011.650692
http://pubs.acs.org/doi/abs/10.1021/jm200983e
http://pubs.acs.org/doi/abs/10.1021/jm200983e
http://www.sciencedirect.com/science/article/pii/S2210271X17301639
http://www.sciencedirect.com/science/article/pii/S2210271X17301639
http://www.sciencedirect.com/science/article/pii/S2210271X17301639
http://www.sciencedirect.com/science/article/pii/S2210271X13003083
http://www.sciencedirect.com/science/article/pii/S2210271X13003083


 1398، 3، شماره 38دوره  مينا غياثي و مينا سيفي نشريه شيمي و مهندسي شيمي ايران

 

 علمي ـ پژوهشي                                                                                                                                                                                       200

[35] Ghiasi M., Kamalinahad S., Zahedi M., Complexation of Nanoscale Enzyme Inhibitor with 

Carbonic Anhydrase Active Center: A Quantum Mechanical Approach, Journal of Structural 

Chemistry, 55(8): 1574–1586 (2014). 

[36]   Navarrete M., Rangel C., Corchado J.C., Espinosa-Garcia J., Trapping of the OH Radical  

by α-Tocopherol: A Theoretical Study, The Journal of Physical Chemistry A, 109(21): 4777-4784 

(2005).  

[37]   Chandra A.K., Uchimaru T., The OH Bond Dissociation Energies of Substituted Phenols  

and Proton Affinities of Substituted Phenoxide Ions: A DFT Study, International Journal of 

Molecular Sciences, 3(4): 407-422 (2002).  

[38]   Zhang H.Y., Ji H.F., S-H Proton Dissociation Enthalpies of Thiophenolic Cation Radicals:  

A DFT Study, Journal of Molecular Structure: Theochem., 663(1-3): 167–174 (2003).  

[39] Whittington D.A., Waheed A., Ulmasov B., Shah G.N., Grubb J.H., Sly W.S., Christianson D.W., 

Crystal Structure of the Dimeric Extracellular Domain of Human Carbonic Anhydrase XII,  

a Bitopic Membrane Protein Overexpressed in Certain Cancer Tumor Cells, Proceedings  

of the National Academy of Sciences, 98(17): 9545-9550 (2001). 

[40] Tafazzoli M., Ghiasi M., New Karplus Equations for 2JHH, 3JHH, 2JCH, 3JCH, 3JCOCH, 3JCSCH  

and 3JCCCH in Some Aldohexopyranoside Derivatives, as Determind Using NMR Spectroscopy 

and Density Functional Theory Calculations, Carbohydrate Research, 342(14): 2086-2096 (2007). 

[41] Tafazzoli M., Ghiasi M., Conformational Study of Anomeric Center in Some Carbohydrate 

Derivatives, Computational and Theoretical Chemistry, 814(1-3): 127-130 (2007).  

[42] Barone V., Cossi M., Tomasi J., Geometry Optimization of Molecular Structures in Solution  

by the Polarizable Continuum Model, Journal of Computational Chemistry, 19(4): 404–417 (1998). 

https://link.springer.com/article/10.1134/S0022476614080277
https://link.springer.com/article/10.1134/S0022476614080277
http://pubs.acs.org/doi/abs/10.1021/jp050717e
http://pubs.acs.org/doi/abs/10.1021/jp050717e
http://www.mdpi.com/1422-0067/3/4/407/htm
http://www.mdpi.com/1422-0067/3/4/407/htm
http://www.sciencedirect.com/science/article/pii/S0166128003007589
http://www.sciencedirect.com/science/article/pii/S0166128003007589
http://www.pnas.org/content/98/17/9545.short
http://www.pnas.org/content/98/17/9545.short
https://www.ncbi.nlm.nih.gov/pubmed/17583685
https://www.ncbi.nlm.nih.gov/pubmed/17583685
https://www.ncbi.nlm.nih.gov/pubmed/17583685
http://www.sciencedirect.com/science/article/pii/S0166128007001820
http://www.sciencedirect.com/science/article/pii/S0166128007001820
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1096-987X(199803)19:4%3C404::AID-JCC3%3E3.0.CO;2-W/full
http://onlinelibrary.wiley.com/doi/10.1002/(SICI)1096-987X(199803)19:4%3C404::AID-JCC3%3E3.0.CO;2-W/full

