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Nawasup Pichaisamart. (2011). Structure and energetic analysis for wild type Reverse
Transcriptase Binding Site in the Complex with TMC278. Master’'s Project, M.Ed.
(Chemistry).Bangkok: Graduate School, Srinakharinwirot University. Project Advisor:

Asst. Prof. Dr Mayuso Kuno.

The purpose of this project was to study the structure and energetic analysis for not
having mutant and HIV-1 reverse transcriptase binding site in the complex with TMC 278
inhibitor based on quantum chemical calculation or computational chemistry. Investigation
was made by HF/6-31G(d,p) basis set and B3LYP/6-31G(d,p) basis set for explanation of
binding energies of HIV-1 reverse transcriptase binding site. The results indicate that there
were pushing force which caused from Lys103 of binging energies of HIV-1 reverse
transcriptase binding site in complex with TMC278 inhibitor showed estimated average distanse
of 2.95 ° A . These interactions are attractive interaction which decrease efficiency for
inhibited HIV-1 and attractive interaction Lys101 which are two hydrogen bonding interactions
between the oxygen atom on carbonyl group of Lys101 and the hydrogen atom on amine
group of TMC 278 inhibitor showed estimated average distance of 2.36 A’ . and between
hydrogen atom on amino group of Lys101 Nitrogen atom group of TMC278 inhibitor showed
average distance of 2.62 ° A These interactions are attractive interactions which is efficiency
for inhibited HIV-1 reverse transcriptase and all of interaction energies corrected by Basis
set super position error calculation (BSSE) that the same result. The obtained results can
be used to get more understanding of drug — enzyme interactions which will be helpful for
the development and design of new higher potent inhibitor active against not having mutant

HIV-1 reverse transcriptase.
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Summary of number of people living with HIV and AIDS,annual new AIDS Cases

and cumulative HIV infection,AIDS cases and AIDS-related deaths in the baseline scenario

* Scenarios based on data as of year 2000 ( PMTCT implemented in 2000, Access to ARV in 2003 )

Living with HIV Annual Annual Cumulateive Cumulateive Cumulateive
Year and AIDS new HIV new AIDS HIV AIDS AIDS death
1985 56 56 0 56 0 0
1990 294.144 136,962 1,946 294,840 2,517 697
1995 736,992 60.749 36,183  796.318 101,189 59,326

694.564 54.963 _983.958 358.071 _289.394
2005 540,822 18,172 48,932 1,092,327 611,997 551,505
2010 369,834 11,68 \{8 1,161,694 846,568 791,859

2015 230,878 8,669 1,209,459 1,011,953 978,580
020 157,568 7,919 950 1,112,955 1,092,382

a gl/ 1 a et
@@LTQ?’]UIVWL%QU?%QZ 32 au

ﬁlmz The Thai Working Group on HIV/AIDS Projection, (March 2001, C-3; C-6)
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- Nucleoside Reverse Transcriptase Inhibitors (NRTIs) L% AZT, ddl, ddC, d4T,
3TC az ABC

- Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) Lo% NVP LasEFV

U 1 1 g A(

- Protease Inhibitors (Pls) lauA IDV, RTV, Q4V uaz NFV gninanitiigniiiies
% qq’, QI o % 6 i 1l o [ .:qf v 1 v =
HUEIN TN LTINS I TRLBARULG LRINITAMIaTataaR lwraall  aansemelaiazd
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Cotrimoxazole Dapsone Aerozolized pentamidine 13tasnulsadaauiu

ltraconazole Fluconazole Amphotericin B lfﬂadﬁuiiﬂLﬁaﬁuauaﬂﬁﬂLaU
- Ketoconazole ltraconazole Fluconazole Ifﬂaaﬁm%mﬂummzﬁﬁ'ﬂﬁﬁfﬂ%u
ﬁﬁ@l@ﬁmmmﬂaaﬁ'u%‘%a%’nwﬂsﬂLamﬁ"l,@i”ﬂ'aaglus:%dﬂaﬂWiﬁnwwﬁa‘i’U ananaaglaiag lal
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2. swsacsugilsatand

M3aRIUEIlIRLaad nanat m‘ﬁlﬁ%me:ﬁﬁumlﬁa%q@fﬁm%aaanqwﬁ%u
ASULNEA MSTUEINSINESULaZIT L Tas (Interference with attachment and entry) Gauais
PUAUNTEUDI A9

1. ms{]’usﬂmzmums Reverse Transcription (Inhibition of Reverse Transcription)

2. miﬂ'm%mzmumi Integration (Inhibition of Proviral Integration)

3. ﬂ’]iiﬁ_lﬂ?‘l Transcription

4. M38U89 Post-translation processing

ﬂ’]ﬁmvh%'maméﬁﬁ‘lfmm§ﬁﬂ1uﬂ2ﬁ3ﬁu Alasunmsan=fioulas US FDA Snanue
11 7fla Usznaudioen 3 ngw Aa

1. ﬂéj&l Nucleoside analongues Reverse Transcriptase Inhibitors laun AZT, ddC,
ddl, d4T uaz 37C Junfladusomsnaununiaidfouilad Side chain 189 Nucleosides
(Thymidine, Adenosine L&z Cytidine) ﬂ’]iaaﬂmlfiuadmﬂg;w‘ﬁﬁadN’lumU’Juﬂ’liPhosphorylation
meluwoaslinaioidu mono-, di-, Wae triphosphate compound luﬁq@'ﬁw:aaﬂqwﬂﬁ na'tn
msaanqw%%ﬁm”zy A8 NMIUELIILNL HIV-RT (Inhibitory competitor) u,azquwﬁﬁmsﬁm
GaV0IAALULUEY8Y DNA (Chain terminator) luﬂirﬁﬁlfmﬂajwﬁtﬂumLﬁﬂﬂumﬁ’ﬂm
(Monotherapy) 32@nansnans i wie luwanaunasleiies 0.3-0.7 log10 #aadasnin 10 v
ANGIBENILT mn;jj’ﬂ’; 6 §1199100,000 FdaAL. T, N3NN8 Nucleoside RTI Monontherapy
(Wi AZT w3 ddi) o dezEnSnwgigauasen ;jﬂ’;mwf:ﬁﬂ'amﬁﬁ‘hmm%aagﬂmz@”uﬁ
4NNI1 10,000 @Ta@iaau.Gﬁuu,azﬂi:ﬂauﬁ’uﬂyfymms??amﬁauﬁ@ﬁﬂuﬁ'q@ F9ldaunTnan
gaMIiaeafLazaaae e

2. mj&l Nonnucleoside Reverse Transcriptase Inhibitors laun Nevirapine, LY
Efavirenz mluﬂsjufﬁﬂumﬁﬁimmé“nLLazgmimamﬁﬁLmn@haﬁu wafigniuss (Potent) lu
MIEUSIaENIsINIzRa Reverse transcriptase (RT) va4 HIV-1 winsin M Snasusaewles
284 HIV-2 Hepatitis, Herpes vir LLazLau"LSﬁﬁmaaé'mﬁgmgﬂﬁawmwiashﬂm LRZNA NI
aaﬂqw%il,@m@mwmﬂ’flumjw Nucleoside analogue RT inhibitors (NRTIs) #a1g1U3zn1y 13
NNRTIs L% Active compounds ‘ﬁaaﬂﬂw'ﬂﬁmﬂ laelaidassuay 714n13 Phosphorylation
w38 Metabolism auladn nseangnizas NNRTIs tJuuun Noncompetitive fialafnsues
AUULINU Native nucleotides Ualdun13aL HIV-1 RT @39USIHa198981  (Downsteam)
397N Catalytic site mluﬂﬁju NNRTIs ‘frﬁlzgﬂ Metabolize Lﬁauwgaéuﬁmyu iaﬁmadmlumj‘u
NNRTIs fs'nul%tyﬁqw%rzmmmm%’uﬂi:mmﬁmfua: 12 a3 leidumsée (Favorable
adherence) uddalivdaiianmsaasmasinnlasanaieldifon g %%aimﬁ'umlugmﬁ

daunladumarlumainmunnen ua zillaifialTedanaziinnsaadanaus lunguidas
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ﬁafﬁﬁaamﬂmlunajwftﬁgmﬂmda%“wmaLﬂﬁﬁu@m@mﬁ'uﬁoLL@i@‘hme“?iﬁ]”u(Binding pocket)
Auowlwf RT iWudnumbadonnunuatiuies m'lminaulwaamjuf:uamrma:lﬁﬂumé’mﬁa
lugasniin 3 oila (Triple therapy) I@ﬂquﬂugﬂaUﬁﬂ”&"l,aiﬁmmsmn (Not advanced)
(1N LSy Protease inhibitors 1315 7inad) ug2e1 NNRTIs najuf‘f \i% Nevirapine Waz DMP-226
et awﬁﬂsﬂwﬂugm{ﬂmLLa_lmsz:azu (Short course) lumstlasnunsdaie HIV ann
LL&i"Lﬂ@jgﬂ"L@Tﬁféaﬁaﬁawamsﬁnmﬁﬁwé’wﬁLﬁulmi'mﬂs:mmiavlﬂ

3. Ngx HIV-1 Protease Inhibitors : PTTIRICNG T protease V89 113& bawA Saquinavir
(Hard capsulg Soft gel cepsule), Indinavir, Ritonavir e Nelfinavir HIV-1 protease Inhibitors 1))
Enzyme 2890 HIV-1 G9ilsznaudasldsin 2 sofmdants (Symmetrical isomer )
Usznaudioniaezfili  (Amino acids) 99 @7 ﬁﬁﬁwﬁﬁm@ﬁmﬁ'ﬂﬂﬁéf@ﬂaﬂ Gag-pol
polypeptide precursor L‘ﬁiaﬁﬂﬁ' Immature HIV- 1 nagidy Mature infectious NBWRAINT 3
Urznaugdiehiiauds wanp DA wn I imsnenenuAaduene U gImsuLseIa LT
HIV Tagaangnisuss HIV-1 protease L‘%ﬂnmmjuﬁi'} Protease inhibitors memﬁ'ﬂmmj
Lﬁmﬁ/ﬂm\‘ia{’]\‘l 3 4@ (3-dimensional structure) a4 HIV-1 protease wazNIeanLULlATIRIN
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nanei agnslsienueniuusng damlwgjidu Peptide-based compounds vinlwiigywni3as
ﬂ’li@@%u (Oral absorption), Rapid biliary clearance, poor stability LLazﬁ’ll“fﬁi’mgﬂumiwﬁm
ﬂq%lﬁguvum Protease inhibitors jlwﬁl 2 (Second-generation) uiulassanadu Partially peptidic
w38 Nonpeptidic MafillaLiumIgadu  (Bioavailability) 1ies (nswaIngulsa N3N

SNB1IEY. 2551: aanlaw)

3. NMIPENULUAIENWIBGSUSIlsALOAT
3.1 NM32ONUUULATNAWIYN
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nyztnwmMInInueiiltialasadslszanas 10-12 1 wazldi3unuannndt 200 suasaas
aamslaonilesnenlsale 1 a2 (@55t Anna. 2551)
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athils Alanaiumuiidniald deyadindnaunindnnldingiudayProtein Data Bank

1N www.rcsb.org %%agmﬁaga Gen Bank lu www.ncbi.nlm.nih.gov S1jTY Eﬁdoa’]m‘imf’l
luanaenunldlalas laidadlgae

3.1.1.2 lassgesuifvadiawlssd (Three dimensional structure)
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%3935 IMILULaAIaNTABNAd (Molecular docking) Ludwn
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Pro095 0.19 0.23
Leu100 2.24 4.89
Lys101 -8.12 -6.25
Lys102 0.34 0.72
Lys103 1.71 3.80
Lys104 0.57 0.68
Ser105 -0.34 -0.47
Val106 0.79 1.73
Val179 -0.15 0.18
lle180 -0.56 -0.74
Tyr181 1.08 2.80
Tyr188 -0.69 1.75
Val189 -0.11 0.04
Gly190 -0.28 -0.37
Phe227 2.20 -1.45
Leu228 1.05 1.53
Typ229 -3.11 -2.45
Leu234 1.80 3.19
His235 -2.43 -2.81
Pro236 -1.71 -0.97
Tyr318 -0.01 0.00
Glu138(b) -0.29 0.20
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fUIth HF wae BLYP saiudada 6-31G(d,p) 209lAT&319uULN 1 Uaz 1asIaine

LUUN 2

WRITHAUATNIE (kcal/mol)

Taseas19i 1 Tasaasnon 2

nInezdilu B3LYP HF B3LYS HF
Pro095 0.43 0.53 0.19 0.23
Leu100 -1.66 1.65 2.24 4.89
Lys101 -9.57 -7.52 -8.12 -6.25
Lys102 -4.80 -3.12 0.34 0.72
Lys103 2.84 54 1.71 3.80
Lys104 -0.09 -0.01 0.57 0.68
Ser105 -0.26 -0.26 -0.34 -0.47
Val106 0.27 0.80 0.79 1.73
Val179 0.05 0.29 -0.15 0.18
lle180 -0.19 -0.40 -0.56 -0.74
Tyr181 0.63 2.24 1.08 2.80
Tyr188 -0.91 1.70 -0.69 1.75
Val189 -0.94 -0.44 -0.11 0.04
Gly190 0.05 0.00 -0.28 -0.37
Phe227 -3.16 -2.51 -2.20 -1.45
Leu228 0.90 1.11 1.05 1.53
Typ229 -0.78 0.21 -3.11 -2.45
Leu234 1.32 2.68 1.80 3.19
His235 -0.27 0.59 -2.43 -2.81
Pro236 -4.65 -4.60 -1.71 -0.97
Tyr318 0.09 0.10 -0.01 0.00
Glu138(b) -0.93 -0.44 -0.29 0.20
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WRIIWAWATNIEN (kcal/mol)

Tas9a19 1 Tasasnon 2
nInezdily B3LYP HF B3LYS HF
Pro095 0.61 0.64 0.39 0.35
Leu100 2.04 4.13 5.08 6.90
Lys101 -5.51 -5.05 -4.67 -4.24
Lys102 -1.93 =1.32 0.69 0.95
Lys103 4.85 6.63 3.87 5.40
Lys104 0.27 0.26 0.58 0.69
Ser105 -0.24 -0.24 -0.34 -0.47
Val106 1.27 1.54 1.97 2.58
Val179 0.83 0.90 0.61 0.78
lle180 0.04 -0.21 -0.53 -0.71
Tyr181 3.02 4.26 3.45 4.82
Tyr188 2.49 4.40 2.52 4.38
Val189 0.01 0.29 0.32 0.37
Gly190 0.25 0.15 -0.05 -0.19
Phe227 -0.88 -0.67 0.01 0.35
Leu228 1.24 1.41 1.20 1.66
Typ229 1.40 2.03 -1.00 -0.68
Leu234 3.31 4.25 3.54 4.57
His235 1.51 2.06 -1.31 -1.87
Pro236 -2.63 -3.01 -0.20 0.19
Tyr318 0.45 0.47 0.35 0.37
Glu138(b) 0.07 0.29 0.72 0.95
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