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 õyòÓ õ!hfl˛ Ï̂‹ÒÓ˚ GPS





v˛zÍ¢Ü≈ ≠ !ÓŸª˛ô!Ó˚â˛Î˚

Ó˚* Į̈̂ ôÓ˚ ̂ Ó˚üõ ÎÖò õyÑ%̨ Ï̂ì˛ Ñ˛ÌyÓ˚ ̂ Óv ¸̨ !î Ï̂ì˛ !î Ï̂ì˛ ̨ôÓ˚̂ Ïì˛ ̨ôÓ˚̂ Ïì˛
˛ôy‡˛Ñ˛ õ Ï̂ò Ü“ÈÙÈÑ˛“òyÓ˚ ˛ô%Ó˚& Ó%̂ Ïòy›˛ ˜ì˛!Ó˚ Ñ˛Ó˚̂ Ïì˛ Ìy Ï̂Ñ˛ñ ì˛Öò
ì˛yÓ˚ xhs˛É˛ô%ˆÏÓ˚ Ó˚_´ÈÙÈõIyÓ˚ ˆãˆÏò!¢¢ñ ì˛yÓ˚ Ñ˛y‡˛ÈÙÈ˛ôyÌˆÏÓ˚Ó˚
¢yÏÓ˚̂ Ïö˛¢ ˆ›˛òüò !Ñ˛ä%È£z xyÓ˚ fl ∫̨ì˛s˛f Ìy Ï̂Ñ˛ òy– !õ Ï̂ú!õ Ï̂ü ÎyÎ˚
Ó Ï̂ú£z ì˛y Ó˚¢yÎ˚òÈÈÙÙÙÈÈÖ§y!›˛ Ó˚̂ Ï¢Ó˚ xyv ¸̨ì˛– ~£z xy˛ôyì˛ Ólfl˛!Ó Ï̂Ÿª
SÎyÓ˚ !Ñ˛òy x!ïÑ˛yÇü£z ö§˛yÑ˛yVÈÙÈÓ˚ õ)ˆÏú ˆÎ ≤ÃyíÈÙÈÈ≤ÃŸ¿ñ xyí!ÓÑ˛
v˛yÎ̊ Ï̂õòü Ï̂ò ì˛yÓ̊£z ̂ ¶˛ì˛Ó̊ÈÈÙÈÈÓ̊¢yÎ̊ Ï̂òÓ̊ òî#˛ô Ï̂Ì î%ÈÙÈ~Ñ˛ Ó§yÁ ̂ òÔÑ˛y
ÓyÁÎ̊yÓ̊ ̂ ¢Ô¶˛yÜƒ £ Ï̂Î̊!äÈú ~Ñ˛îy– ̂ ¢£z ãúÎyeyÓ̊ x Ï̂òÑ˛›˛y£z ï%̂ ÏÎ̊
ˆÜˆÏäÈ ¢!úˆÏúÓ˚£z fl˛∫ïˆÏõ≈ñ Óy!Ñ˛ fl˛ø,!ì˛ v˛zk˛yÓ˚˛ôˆÏÓ≈Ó˚ ˆÌˆÏÑ˛ v˛zˆÏ‡˛
xy¢ Ï̂äÈ ~£z î%Û~Ñ˛ Ñ˛úõ xõ,ì Ę̀ÙÈõs įò– =Ó̊& Ñ˛y[˛y!Ó̊ Ï̂Ñ˛ fl˛øÓ̊í !òúyõñ
!ì˛!ò xyõyÓ˚ õyfi›˛yÓ˚õüy£z ~ÓÇ ì˛yÓ˚ ˆâ˛ Ï̂Î˚ !Ñ˛ä%È ˆÓ!ü–
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~Ñ˛!›˛ ˜ãÓÈÙÈxyí!ÓÑ˛ Ó˚*˛ôÑ˛Ìy

üB˛Ó˚ Ó¢%



102

~ì˛ xs˛fÈÙÈÎs˛fÈÙÈÑ˛«˛ÈÙÈÎ«˛ ÌyÑ˛ Ï̂ì˛ £‡˛yÍ ˆ≤Ãy!›˛ò ˆÑ˛ò xyÓ˚ ˆÑ˛ò£z Óy ì˛yÓ˚
ˆö˛y!”˛ÇÈÈÙÙÙÈÈì˛yÓ˚ Öy!òÑ˛›˛y ¶)˛!õÑ˛y ˆîÁÎ˚y îÓ˚Ñ˛yÓ˚– ~Ñ˛Ñ˛ÌyÎ˚ ÓúˆÏì˛ ˆÜˆÏú
˜ãÓÈÙÈÓ̊¢yÎ̊ Ï̂òÓ̊ Ü‡˛ò Á Ñ˛yÎ≈Üì˛ ~Ñ˛Ñ˛ ̂ ≤Ãy!›˛ò £ú ̂ ¢£z xy!î ~Ñ˛ Ï̂Ñ˛yü# xƒy!õÓy
ˆÌ Ï̂Ñ˛ xyï%!òÑ˛ ̂ £y Ï̂õy ̂ ¢!˛ôÎ̊y™ ÈÙÙÙÈÈ̂ Üy›˛y xyí!ÓÑ˛ !ÓÓì≈̨ Ï̂òÓ̊ ̂ fl˛ôQ…y Ï̂õÓ̊ ̂ Ñ˛w!Ó®%
~ÓÇ xyî Ï̂ì˛ñ ÓÇü˛ô!O ÓÓ˚yÓÓ˚ ˆ˛ô Ï̂äÈy Ï̂ì˛ ÌyÑ˛ Ï̂ú ãyòy ÎyÎ˚ ˆÎ xyí!ÓÑ˛ ãÜ Ï̂ì˛
ˆ≤Ãy!›˛ò £ú ¶)̨ ãD Ñ%̨ Ï̂úÓ̊ ̨ô§ƒyâ˛õy!Ó̊ v z̨̨ ôÈÙÈÑ%̨ Ï̂úÓ̊ Üy Ï̂Î̊ò ̂ Üy Ï̂eÓ̊ Ñ%̨ [˛!úì˛ ̃ îì˛ƒÈÙÈxí%
!Ó Ï̂ü°Ï– ̂ õÔ!úÑ˛ Á !ò!Ó≈Ñ˛“– xyÑ˛y Ï̂Ó˚ÈÙÈxyÑ,̨ !ì˛ Ï̂ì˛ñ â˛ú Ï̂òÈÙÈÓú Ï̂ò Üyò Ó§yïy xyÓ˚
Üúy ¢yïy äÈyv ¸̨y ~Ó˚y ˆò£yì˛£z xÑ˛õ≈íƒ– !Ñ˛ls˛ ì˛y Ï̂ì˛ Ñ˛# xy Ï̂¢ ÎyÎ˚Ê !ÓŸªïyì˛yÓ˚
ÎK˛üyúyÎ˚ ~Ó˚y ̂ ˛ô Ï̂Î˚̂ ÏäÈ ì˛yò Ï̂¢òñ ̃ Óã% ÓyÁÓ˚yÓ˚ Öy¢õ£ú !Ñ˛ÇÓy ̂ Îò xy!îÜhs˛
~Ñ˛›˛y xÜ≈y Ï̂ò x!fl įÓ̊ xyà%ú ̂ Óyúy Ï̂òy ̂ õyÍ¢y Ï̂›≈̨ Ó̊ äÈyÎ̊yüÓ̊#Ó̊– ~Ñ˛›˛y !ÓÓ̊y›˛ Ñ˛ƒyò¶˛y¢ñ
~Ñ˛›˛y !Ó˛ô%ú Ñ˛õ≈Î Ï̂K˛Ó˚ £yÓ˚̂ Ïõy!ò– ì˛y ~Öòñ õ)ú î%ÛÓ˚Ñ˛õ ÜyòÓyãòy ~ Ï̂îÓ˚ õ Ï̂ïƒ
ú«˛í#Î˚ñ S1V ï &˛ô!î S2V ¢õ¢yõ!Î˚Ñ˛– ã#Ó Ï̂Ñ˛y Ï̂üÏÓ˚ ≤ÃyÎ˚ ≤Ã!ì˛!›˛ ̃ ãÓ Ó˚y¢yÎ˚!òÑ˛
!Ó!e´Î˚yˆÏì˛ v˛zÍˆÏ¢â˛Ñ˛ £ÛˆÏÎ˚ ~Ó˚y ÎÖò !òÎ˚s˛fˆÏí Ó˚yÖˆÏäÈ !Ó!e´Î˚yÓ˚ ˆÓÜñ ì˛Öò
£ẑ ÏúÑ˛› Δ̨̂ ÏòÓ̊ üy›˛ Ï̂úñ !òv z̨!Ñœ̨ Á!ö˛ Ï̂úÓ̊ ì˛!v˛̧Í«˛#≤Ã fl įyòyhs˛Ñ˛Ó̊ Ï̂í õ%̋ õ%≈̋  ̂ Ó Ï̂ã v z̨‡˛ Ï̂äÈ
ì˛yÓ̊¢Æ Ï̂Ñ˛ o&ì˛ÈÙÈì˛yò Óy õw¢Æ Ï̂Ñ˛ !Óú!¡∫ì˛ xyúy˛ô Sï &˛ô!îV– ̨ôy!Ó̊¶˛y!°ÏÑ˛¶˛y Ï̂Ó
Îy Ï̂Ñ˛ Ó Ï̂ú ÚˆÑ˛!õÑ˛ƒyú Óu˛ ˆÓ !Ñ˛Ç xƒyu˛ ˆõ!Ñ˛ÇÛ– xyÓyÓ˚ ÎÖò ¢%Ñ˛yhs˛ÈÙÈ¢!ú Ï̂úÓ˚
Ó̊yòy Ï̂Ó̊Ó̊ õ Ï̂ì˛y ~Ó̊y !â˛!‡˛ ̂ ˛ôÔ§̂ ÏäÈ !î Ï̂FäÈ my Ï̂Ó̊ my Ï̂Ó̊ñ !Ñ˛ÇÓy ¢%õ Ï̂òÓ̊ !ò!°Ïk˛ £ẑ Ïhfl˛£y Ï̂Ó̊Ó̊
õ Ï̂ì˛y £yì˛ ˆÌ Ï̂Ñ˛ £y Ï̂ì˛ñ Ó%Ñ˛ ˆÌ Ï̂Ñ˛ Ó%̂ ÏÑ˛ !Ó˚̂ Ïú Ñ˛ Ï̂Ó˚ !î Ï̂FäÈ Ó˚y¢yÎ˚!òÑ˛ Óy ì˛!v ¸̨Í Ù
Ó˚y¢yÎ˚!òÑ˛ ¢Ç Ï̂ÓîÈÈÙÙÙÈÈì˛Öò ˆÑ˛yÓ˚y¢ñ £yÓ˚̂ Ïõy!òñ !≤Ã!úv z̨v˛ñ £zr›˛yÓ˚!úv z̨v˛ !õ!ú Ï̂Î˚
˛ôyE˛y Ñ˛ò Ï̂›˛ Ï̂¡ôyÓ̊y!Ó̊ !õv z̨!ãÑ˛– ̨ôy!Ó̊¶˛y!°ÏÑ˛ ¶˛y Ï̂Ó ÎyÓ̊ òyõ Ú!¢Üòƒyú › Δ̨y™v˛yÑ˛üòÛ–

~Öy Ï̂ò ~ Ï̂¢ ̨ô Ï̂v˛̧ xyÓ˚ ~Ñ˛!›˛ ≤Ãy¢!DÑ˛ ≤ÃŸ¿– xy!î≤Ãyí ≤ÃÌõ ̃ ãÓxí%Á !Ñ˛
ˆ≤Ãy!›˛ò⁄ ÓÇüÜ!ì˛Ó˚ ïyÓ˚Ñ˛ Á Óy£Ñ˛ !£ Ï̂¢ Ï̂Ó xyõÓ˚y ¢Ñ˛ Ï̂ú£z ãy!ò !òv z̨!Ñœ̨ Á x¡‘

!v Ę̀ÙÈ~òÈÙÈ~ÛÓ̊ Ñ˛Ìy– !Ñ l̨s˛ xí%ã#Ó!ÓîƒyÓ̊ ̂ Ñ˛w#Î̊ xò%üy¢ò Sˆ¢r› Δ̨yú v˛ÜõyVÈ xò%ÎyÎ̊#
ˆîÖy Îy Ï̂FäÈ ̂ ≤Ãy!›˛ò ̃ ì˛!Ó̊ £Î̊ !v Ę̀ÙÈ~òÈÙÈ~ ̂ Ì Ï̂Ñ˛ î%Ûïy˛ô S› Δ̨y™!e´˛ôüò Á › Δ̨y™ Ï̂úüòV
xò%Óy Ï̂îñ xyÓyÓ˚ !v˛ÈÙÈ~òÈÙÈ~ ˜ì˛!Ó˚ £Û Ï̂ì˛Á úy Ï̂Ü ~Ñ˛îú ˜ãÓÈÙÈxò%á›˛Ñ˛ñ ÎyÓ˚y
!ò Ï̂ãÓ˚yÁ ̂ ≤Ãy!›˛ò Ó£z xyÓ˚ !Ñ˛ä%È òÎ˚– ö˛úì˛ â˛ Ï̂ú xy Ï̂¢ ~Ñ˛ Ú!v˛õ xy Ï̂Ü òy õ%Ó˚!Ü
xy Ï̂ÜÛ xõ#õyÇ¢yÊ xÌ≈yÍ ≤Ã Ï̂Î˚yãò ˛ôv ¸̨ú ~õò ~Ñ˛ fl ∫̨!ò¶≈̨ Ó˚ fl ∫̨Î˚Ç¢¡ô)í≈ ˜ãÓ
xí%ÛÓ̊ñ ÎyÓ̊y xyd≤Ããòò«˛õ Óy ̂ ¢úö Ę̀ÙÈ̂ Ó̊!≤’ Ï̂Ñ˛!›˛¶˛– 80ÛÓ̊ îü Ï̂Ñ˛Ó̊ ̂ Üyv˛̧yÓ̊ !î Ï̂Ñ˛
ÁÎ̊yŒ›˛yÓ̊ !ÜúÓy›≈̨  [1] Óú Ï̂úò ̂ Î ~£z !Ó Ï̂ü°Ï ̃ ãÓ xí%!›˛ xyÓ̊ ̂ Ñ˛v z̨ òyñ !≤ÃÈÙÈÓy Ï̂Î̊y!›˛Ñ˛
!Ì Ï̂Î˚y!Ó˚Ó˚ !≤Ã!õ!›˛¶˛  ¢î¢ƒ xyÓ˚ÈÙÈ~òÈÙÈ~ SRNAVñ ÎyÓ˚ fl ∫̨Î˚ÇÈ¢¡ô)í≈ì˛yÓ˚ ≤ÃbäÈy˛ô
~ÖòÁ ˛ôyÁÎ˚y ÎyÎ˚ ˆÓ˚̂ Ï› Δ̨y¶˛y£zÓ˚y Ï̂¢ !Ñ˛ÇÓy Ó˚y£ẑ ÏÓy Ï̂ãy Ï̂õ– !Ñ˛ls˛ ì˛y Óyî !î Ï̂úñ
˜ãÓÈÙÈÓ˚y¢yÎ˚!òÑ˛ Ñ˛y Ï̂ãÓ˚ Óyãy Ï̂Ó˚ñ ̂ ≤Ãy!›˛ Ï̂òÓ˚ Îy Ï̂Ñ˛ Ó Ï̂ú ~Ñ˛FäÈe xy!ï˛ôì˛ƒ– ÚÜ“
£ Ï̂úÁ ¢!ì˛ƒÛÓ˚ ïòO Ï̂Î˚Ó˚ õ Ï̂ì˛y ~Ó˚y ˆÜy›˛y ˜ãÓ ¢Ç¢y Ï̂Ó˚ xyÓ˚ Ñ˛yÓ˚ÁÓ˚ ãòƒ ≤ÃyÎ˚
ˆÑ˛y Ï̂òy Ñ˛y Ï̂ãÓ˚ xÓÑ˛yü£z äÈy Ï̂v ¸̨!ò– ¢Ó ì%̨ Ï̂ú !ò Ï̂Î˚̂ ÏäÈ !ò Ï̂ã Ï̂îÓ˚ Ñ §̨y Ï̂ï– ì˛y Óy˛ô%
~ì˛ Ñ˛yãñ ~ì˛ Ó˚yã Ï̂cÓ˚ Ñ˛yã ÎÖòñ ì˛Öò üÓ˚#Ó˚›˛y Ï̂Ñ˛ ˆì˛y ¢â˛úñ fl ∫̨y Ï̂fl˛iƒyIμú
Ó˚yÖ Ï̂ì˛ £ Ï̂ÓÈÙÙ xyÓ˚ ˆ¢£z Ñ˛yÓ˚̂ Ïí£z ˆö˛y!”˛Ç– 20 Öyòy ≤ÃÑ,̨ !ì˛ÈÙÈ≤Ãî_ xƒy!õ Ï̂òy
xƒy!¢ Ï̂v˛Ó˚ !Óòƒy¢ Á ¢õÓy Ï̂Î˚Ó˚ ö˛ Ï̂ú ˜ì˛!Ó˚ £ Ï̂FäÈ Öy Ï̂›˛yÈÙÈú¡∫y ~Ñ ˛~Ñ˛›˛y ˛ô%§!ì˛Ó˚
õyúy xyÓ̊ ̂ ≤Ãy!›˛ò ̃ ì˛!Ó̊Ó̊ ̃ ãÓÈÙÈÑ˛yÓ̊Öyòy Ó̊y£ẑ ÏÓy Ï̂ãyõÈÙ~Ó̊ õyì,̨ Ï̂Îy!ò ̂ Ì Ï̂Ñ˛ ̂ Ó Ï̂Ó̊̊y Ï̂ì˛
ˆÓ Ï̂Ó̊y Ï̂ì˛£z ì˛yÓ̊y ̨ôyÑ˛ ̂ Ö Ï̂ì˛ ̂ Ö Ï̂ì˛ ¶§̨ yã ̂ ˛ô Ï̂ì˛ ÌyÑ˛ Ï̂äÈñ ̂ ˛ô Ï̂ì˛ ÌyÑ˛ Ï̂äÈ Ñ˛yãÈÙÈõy!ö˛Ñ˛
¢%!ò!î≈‹T !eõy!eÑ˛ Ü‡˛ò– !eõy!eÑ˛ ¢%°Ïõ ãƒy!õ!ì˛= Ï̂úyÓ̊ õ Ï̂ïƒ ̂ ÜyúÑ˛ ̂ Î Ï̂£ì%̨   ¢Ó Ï̂â˛̂ ÏÎ̊
¢%̂ Ïv˛Ôú S¢Ó Ï̂â˛ Ï̂Î̊ Ñ˛õ ̂ «˛eö˛ Ï̂ú ¢Ó Ï̂â˛ Ï̂Î̊ ̂ Ó!ü xyÎ̊ì˛ò ïyÓ̊ Ï̂í ¢«˛õVñ ì˛y£z Ü¶ ≈̨!FäÈß̈
£ Ï̂Î˚£z ~Ó˚y ~Ñ˛ ~Ñ˛›˛y Úˆ@’y!Óv z̨úÛ Óy xy˛ôyì˛ ̂ Üyú Ï̂Ñ˛Ó˚ ̂ â˛£yÓ˚y ̂ ˛ô Ï̂ì˛ Ìy Ï̂Ñ˛ xyÓ˚
¢§yì˛ Ï̂Ó˚ ˆÓv ¸̨y Ï̂ì˛ Ìy Ï̂Ñ˛ ˆÑ˛y Ï̂üÓ˚ ¢ywÈÙÈ¢ Ï̂Ó˚yÓ Ï̂Ó˚– Óy Ï̂Î˚y Ï̂Ñ˛!õfi›˛ ~ Ï̂Ñ˛£z Ó Ï̂úò
ˆÑ˛yÈÙÈ› Δ̨y™ Ï̂úüyòyú ̂ ö˛y!”˛Ç– xÌ≈yÍ ̨ô%§!ì˛Ó̊ õyúyÓ̊ ~£z Ñ˛yÓ̊&Ó%òò S› Δ̨y™ Ï̂úüòV xyÓ̊
˛ô§ƒyâ˛ ˆîÁÎ˚yÓ˚ ~£z î«˛ÈÙÈÑ˛y!Ó˚Ü!Ó˚ Sˆö˛y!”˛ÇV ~Ñ˛ÈÙÈ~Ó˚ ˆü Ï̂°Ï î%£z ~¶˛y Ï̂Ó òy £Û Ï̂Î˚ñ
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~Ñ˛˛ÈÙÈ~Ó̊ !˛ô Ï̂‡˛ î%£z ÈÙÙÙÈ~¶˛y Ï̂Ó xÌ≈yÍ !˛ô Ï̂‡˛y!˛ô!‡˛ £ Ï̂Î̊ Ìy Ï̂Ñ˛– ~£z !Ì Ï̂Î̊y!Ó̊Ó̊ fl ∫̨̨ ô Ï̂«˛
Î Ï̂Ìy˛ôÎ%_´ Î%!_´ £Ûú ~£z ̂ Îñ ̂ ≤Ãy!›˛òñ ãy!ì˛ Ï̂ì˛ !Ó°ÏõÈÙÈÓ˝ Ï̂õÔú Óy ̂ £ Ï̂›˛ Ï̂Ó̊y˛ô!úõyÓ̊
£ÁÎ˚yÓ˚ ö˛ Ï̂ú ~Ñ˛!›˛ !Ó Ï̂ü°Ï ¢#õyhs˛ ̃ î Ï̂á≈ƒÓ˚ ̂ â˛ÔÑ˛y‡˛ S25ÈÙÈ30ÅV ̂ ˛ô Ï̂Ó˚y Ï̂òyÓ˚ ̨ôÓ˚
ì˛yÓ̊ Á˛ôÓ̊ !e´Î̊yü#ú ̂ ¶˛Ôì˛ Óú=!úÓ̊ Óyïy!Ó˛ôy!_Ó̊ Ñ˛yÓ̊ Ï̂í xyÓ̊ !¢ Ï̂ïñ ¢Ó̊ú Ï̂Ó̊ÖyÎ̊
â˛ú Ï̂ì˛ ̨ ôy Ï̂Ó˚ òy– ö˛úì˛ñ ì˛y Ï̂Ñ˛ Ó§yÑ˛ !ö˛Ó˚̂ Ïì˛ £Î˚ xyÓ˚ ̂ ¢£z £Ûú ì˛yÓ˚ ̂ ö˛y!”˛ÇÈÙÈ~Ó˚
ˆÜyv˛̧y˛ô_ò–

Ólfl˛ì˛ñ ̂ ≤Ãy!›˛ò Ü Ï̂Ó°ÏíyÓ˚ £z!ì˛£y Ï̂¢ !e Ï̂ö˛yò Ï̂¶˛Ó˚ [2] ~£z òì%̨ ò ì _¥!›˛ â˛yÓ˚ îü Ï̂Ñ˛Ó˚
≤ÃÓyîÈ≤Ã!ì˛õ úƒy Ï̂¶˛s˛iyúÛ¢ ˛ôƒyÓ˚yv˛:ÛˆÑ˛ [3] ~Ñ˛≤ÃÑ˛yÓ˚ ï)!ú¢yÍ£z Ñ˛ Ï̂Ó˚ !î Ï̂Î˚̂ Ïä–
úƒy Ï̂¶˛s įyú Üì˛ üì˛y∑#Ó̊ äÈÎ̊ÈÙÈ~Ó̊ îü Ï̂Ñ˛ xB˛ Ñ˛Û Ï̂°Ï ̂ î!Ö Ï̂Î̊!äÈ̂ Ïúò ̂ Î ̨ô%§!ì˛Ó̊ õyúy!›˛
ïÛ Ï̂Ó˚È ~ Ï̂Üy Ï̂ì˛ ~ Ï̂Üy Ï̂ì˛ Î!î ≤Ã!ì˛ î%Û Ï̂›˛y xƒy!õ Ï̂òy xƒy!¢v˛ S˛ô%§!ì˛V ÈÙÈ~Ó˚ £yì˛
ïÓ˚yï!Ó˚̂ Ïì˛ ̂ õy Ï̂›˛ !ì˛ò Ï̂›˛ Ñ˛Û Ï̂Ó˚ òy Ï̂â˛Ó˚ õ%oy S!fi›˛!Ó˚̂ ÏÎ˚y Ñ˛òö≈̨ õyÓ˚VÈÙÈÁ Üíƒ Ñ˛Ó˚y £Î˚
~ÓÇ fl ∫̨y¶˛y!ÓÑ˛ xyí!ÓÑ˛ Ü!ì˛ Ï̂ì˛ Sˆ¢ Ï̂Ñ˛ Ï̂u˛ 1012 !›˛ Ñ˛Û Ï̂Ó˚V ì˛yÓ˚y ~ Ï̂Ñ˛Ó˚ ̨ôÓ˚ ~Ñ˛
S!¢ Ï̂fi›˛ Ï̂õ!›˛Ñ˛ƒy!úV ¢ƒy Ï̂¡ôúv˛ £ Ï̂FäÈ ïÛ Ï̂Ó̊ ̂ òÁÎ̊yÁ ÎyÎ̊ñ ì˛y£ Ï̂úÁ ~Ñ˛!›˛ ̂ ò£yì˛
ˆäÈy Ï̂›˛y 100 xƒy!õ Ï̂òy xƒy!¢v˛ ú¡∫y ̂ ≤Ãy!›˛ Ï̂òÓ˚Á ì˛yÓ˚ !òÓ≈y!â˛ì˛ !eõy!eÑ˛ Ü‡˛ò!›˛
Ö%§̂ Ïã ̂ ˛ô Ï̂ì˛ úyÜ Ï̂Ó 1.63 × 1027 ÓäÈÓ˚ñ Îy !Ñ˛òy õ£y!Ó Ï̂ŸªÓ˚ Ó Ï̂Î˚¢ Ï̂Ñ˛Á äÈy!˛ô Ï̂Î˚
ÎyÎ̊– xÌâ˛ ̂ Ñ˛y Ï̂üÓ̊ ̂ ¶˛ì˛Ó̊ ̂ ≤Ãy!›˛ò ̂ ö˛y”˛ Ñ˛Ó̊ Ï̂ì˛ ̂ òÎ̊ !õ!ú ̂ ¢ Ï̂Ñ˛u˛ ̂ Ì Ï̂Ñ˛ ̂ ¢ Ï̂Ñ˛u˛
Óy ̂ «˛e!Ó Ï̂ü Ï̂°Ï Ó Ï̂v˛̧y Ï̂ãyÓ̊ !õ!ò›˛– ö˛úì˛ xy˛ôyì˛î,!‹T Ï̂ì˛ ~Ñ˛!›˛ Ñ)̨ ›˛ ̂ Ì Ï̂Ñ˛ Îy Ï̂FäÈñ

!Ñ˛ls˛ úƒy Ï̂¶˛s įyú ì§̨ yÓ̊ ≤Ãhfl˛yÓòyÎ̊ ̂ Ñ˛yÈÙÈ› Δ̨y™ Ï̂úüòyú ̂ ö˛y!”˛ÇÈÙÈ~Ó̊ õ Ï̂v˛ú!›˛ Ï̂Ñ˛ Üíƒ
Ñ˛ Ï̂Ó˚ò!ò– Ñ˛Ó˚̂ Ïú ãyò Ï̂ì˛ò ˆÎ Ó˚y£ẑ ÏÓy Ï̂ãyõ ˆÌ Ï̂Ñ˛ ˆÓ Ï̂Ó˚y Ï̂ì˛ ˆÓ Ï̂Ó˚y Ï̂ì˛£z fl˛iyò#Î˚
¶˛y Ï̂Ó ̂ ≤Ãy!›˛ Ï̂òÓ˚ ̂ î£yÇü=!ú £yì˛ÈÙÈ˛ôyÈÙÈõ%̂ ÏÖÓ˚ xyÑ˛yÓ˚ ̂ ˛ô Ï̂ì˛ Ìy Ï̂Ñ˛ ~ÓÇ ̂ ¢ Ï̂«˛ Ï̂e
Óy!Ñ˛ ˆÌ Ï̂Ñ˛ ÎyÎ˚ ÷ï%õye Á£z ›%̨ Ñ˛ Ï̂Ó˚y ›%̨ Ñ˛ Ï̂Ó˚y £yì˛ÈÙÈ˛ôyÈÙÈõ%Ö= Ï̂úy Ï̂Ñ˛ ÎÌyÎÌ¶˛y Ï̂Ó
ã%̂ Ïv ¸̨ ̨ ô%ì%̨ ú Óyòy Ï̂òyÓ˚ ̂ Öúy›%̨ Ñ%̨ – !e Ï̂ö˛yò¶˛ ~õò!Ñ˛ xB˛ Ñ˛Û Ï̂°ÏÁ ̂ î!Ö Ï̂Î˚̂ ÏäÈò ̂ Î
› Δ̨y™ Ï̂úüò Á ̂ ö˛y!”˛Ç !˛ô Ï̂‡˛y!˛ô!‡˛ £Î˚ ïÛ Ï̂Ó˚ !ò Ï̂ú ì˛y Ï̂ì˛ Ñ˛Û Ï̂Ó˚ ¢õ Ï̂Î˚Ó˚ ̨ô!Ó˚õy˛ôÁ
˝Ó˝ !õ!ú ̂ ¢ Ï̂Ñ˛u˛ ̂ Ì Ï̂Ñ˛ ̂ ¢ Ï̂Ñ˛u˛ xv≈̨ y Ï̂Ó˚ â˛ Ï̂ú xy Ï̂¢–

ì˛y ~Öò ≤ÃŸ¿ £Ûúñ ˆÑ˛yò ˛ôyÓ˚¡ô Ï̂Î≈ Á ˆÑ˛yò !Óòƒy Ï̂¢ ¶§̨ yã ˆ˛ô Ï̂ì˛ ÌyÑ˛ Ï̂ú
ˆü°ÏˆÏõü ~£z Ñ˛yãÈÙÈõy!ö˛Ñ˛ Ü‡˛ò ˛ôyÁÎ˚y ÎyˆÏÓ ì˛yÓ˚ £z!ì˛Ó,_ ˆ≤Ãy!›˛ò ãyòˆÏäÈ
ˆÑ˛y Ï̂a Ï̂Ñ˛⁄ xƒyò!ö˛ò¢ò [4] ≤ÃÌõ äÈÎ̊ÈÙÈ~Ó̊ îü Ï̂Ñ˛Ó̊ ̂ Üyv˛̧yÓ̊ !î Ï̂Ñ˛ Ó̊y£ẑ ÏÓy!òv z̨!Ñœ̨ Ï̂Î̊ã
òy Ï̂õÓ̊ ̂ äÈy Ï̂›˛y ~Ñ˛ ïÓ̊ Ï̂òÓ̊ ̂ ≤Ãy!›˛ Ï̂òÓ̊ Á˛ôÓ̊ ̨ôÓ̊#«˛y Ñ˛Û Ï̂Ó̊ ̂ îÖy Ï̂úò ̂ Î ~ Ï̂îÓ̊ ~£z
¢%!ò!î≈‹T Ü‡˛ò ̨ôyÁÎ̊y Á £yÓ̊y Ï̂òy Ólfl˛ì˛ v z̨¶˛õ%Ö# Óy !Ó̊¶˛y!¢≈Óúñ ÎyÓ̊ ̂ ¶˛ì˛ Ï̂Ó̊Ó̊ Ñ˛Ìy
£Ûú ~£z ˆÎñ ˆÜy›˛y ˆö˛y!”˛ÇÙÈˆÑ˛yv˛›˛y£z ˆ≤Ãy!›˛ Ï̂òÓ˚ ~Ñ˛õy!eÑ˛ xƒy!õ Ï̂òy xƒy!¢v˛
˛ôyÓ̊¡ôÎ≈ Óy !¢ Ï̂Ñ˛y Ï̂Î̊™ÈÙÈ~Ó̊ õ Ï̂ïƒ£z ¶)̨ ì˛˛ô)Ó≈ £ Ï̂Î̊ xy Ï̂äÈ– õãyÓ̊ Ñ˛Ìy £Ûú ̂ ≤Ãy!›˛ Ï̂òÓ̊
~£z ˆò!›˛¶˛ Óy ≤ÃyÑ,̨ !ì˛Ñ˛ Ü‡˛ò Sˆö˛y”˛V xyÓyÓ˚ ì˛y˛ôÜ!ì˛!ÓîƒyÓ˚ !ò!Ó˚̂ ÏÖ ¢Ó Ï̂â˛ Ï̂Î˚
Ñ˛õ !hfl į!ì˛ü!_´Ó̊ Ü‡˛òÁ Ó Ï̂›˛– xÌ≈yÍ !ÓÓì≈̨ ò ~õò¶˛y Ï̂Ó Ñ˛yã Ñ˛ Ï̂Ó̊ Ï̂äÈ Îy Ï̂ì˛ ¢y˛ôÁ
õ Ï̂Ó̊ xyÓ̊ úy!‡˛Á òy ¶˛y Ï̂àÈÙÙÙÈˆ≤Ãy!›˛ò ì˛yÓ̊ Ñ˛yãÈÙÈõy!ö˛Ñ˛ ̂ â˛£yÓ̊yÁ ̨ôyÎ̊ñ xyÓyÓ̊ ì˛yÓ̊
¢õyhs˛Ó̊y Ï̂ú !fl į!ì˛ü!_´Ó̊ ¢yõƒyÓfl įy Ï̂ì˛Á ÌyÑ˛ Ï̂ì˛ ̨ôy Ï̂Ó̊– xÌ≈yÍ ≤ÃyÑ,̨ !ì˛Ñ˛¶˛y Ï̂Ó !òÓ≈y!â˛ì˛
!Ó Ï̂ü°Ï !eõy!eÑ˛ Ü‡˛ò ¢Çe´yhs˛ ÎyÓì˛#Î̊ ̨≤Ã Ï̂Î̊yãò#Î̊ Á Î Ï̂Ì‹T ì˛Ìƒ£z !Ñ˛òy ̂ ≤Ãy!›˛ Ï̂òÓ̊
¢Ó˚ú Ï̃Ó˚!ÖÑ˛ S~Ñ˛õy!eÑ˛V xƒy!õ Ï̂òy xƒy!¢v˛ ̨ ôyÓ˚¡ô Ï̂Î≈Ó˚ õ Ï̂ïƒ£z !ò!£ì˛ Ó˚̂ ÏÎ˚̂ ÏäÈ–
¢%ì˛Ó̊yÇ ̂ ≤Ãy!›˛òÈÙÈ̂ ö˛y!”˛Ç ¢õ¢ƒy!›˛Ó̊ õ)ú ≤Ã!ì˛˛ôyîƒ !Ó°ÏÎ̊ £Û Ï̂Î̊ î§yv˛̧yú ~£z ̂ Îñ Ñ˛#¶˛y Ï̂Ó
ˆ≤Ãy!›˛ Ï̂òÓ˚ ~Ñ˛õy!eÑ˛ xƒy!õ Ï̂òy xƒy!¢v˛ ˛ôyÓ˚¡ôÎ≈ ˆÌ Ï̂Ñ˛ ì˛yÓ˚ !Ó Ï̂ü°Ï !eõy!eÑ˛
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Ü‡˛ò!›˛Ó˚ xy®yã ˆîÁÎ˚y  ÎyÎ˚– ~ Ï̂Ñ˛£z Óúy £Ûú ü)òƒ ˆÌ Ï̂Ñ˛ Ü‡˛ò xy®yã Sab-
initio structure predictionVñ Îy !Ñ˛òy xòy!Ó‹,Òì˛ !mì˛#Î˚ ˆã Ï̂ò!›˛Ñ˛ ˆÑ˛yv˛
S£Ó˚̂ ÏÜy!Ó® Ö%Ó˚yòyÓ˚ Î%Üyhs˛Ñ˛yÓ˚# ≤ÃÌõ ˆã Ï̂ò!›˛Ñ˛ !› Δ̨̂ Ï≤’v˛ ˆÑ˛y Ï̂v˛Ó˚ [5] v z̨_Ó˚¢)!Ó˚V
~ÓÇ xï≈üì˛ Ï̂Ñ˛Ó̊Á ̂ Ó!ü ¢õ Ï̂Î̊Ó̊ ~£z xõ#õyÇ!¢ì˛ ¢õ¢ƒy!›˛£z £ú xyã Úxyí!ÓÑ˛
ã#Ó!ÓîƒyÓ̊ xòyá yì˛ ̨ô!Óe ̨ôyò˛ôyeÛ SThe Holy-grail of structural biologyV–

v z̨_Ó̊ ¶˛yÓ̊ì˛#Î̊ õyÜ≈ ¢ÇÜ# Ï̂ì˛Ó̊ õ)ú ö˛õ≈ ̂ ÖÎ̊yúÛ Ï̂Ñ˛ ̂ Ñ˛w Ñ˛Û Ï̂Ó̊ ̂ Îõò e´õyß∫̂ ÏÎ̊
îyîÓ̊yñ ‡%̨ Ç!Ó̊ñ Ü#ì˛ñ Üãú £zì˛ƒy!î ≤ÃyÎ̊ÈÙÈ¢òyì˛ò# ö˛ Ï̂õ≈Ó̊ xÓì˛yÓ̊íyñ ̂ ì˛õò£z Úfl T̨…yÑ˛â˛yÓ̊
ˆ≤Ã!v˛Ñ˛üòÛÈÙÈ~Ó˚ õ)ú ¢õ¢ƒy!›˛ Ï̂Ñ˛ !á Ï̂Ó˚ ̃ ì˛!Ó˚ £Ûú !Ó!¶˛ß¨ üyÖyÈÙÈ≤ÃüyÖy ¢õ¢ƒyÈÙÙÙÈ
ˆÎõòñ õ)úü,C Ï̂úÓ˚ ¢M˛ÈyÓ˚̨ ôÌ !òí≈Î˚ Smain-chain trajectory predictionVñ
ˆö˛y”˛ xò%¢ı˛yò Sfold recognitionVñ !Ó̊¶˛y¢≈ ̂ ≤Ãy!›˛ò ̂ ö˛y!”˛Çñ ̨ôyŸª≈ü,Cú !òí≈Î̊
Sside-chain predictionV £zì˛ƒy!î–

!Ñ˛ls˛ ~£z Ü Ï̂“ ≤Ã Ï̂Óüy!ïÑ˛yÓ˚ ˆ˛ô Ï̂ì˛ £Û Ï̂ú xyõy Ï̂îÓ˚ ~ÓyÓ˚ ~Ñ˛›%̨  ˆ≤Ãy!›˛ò
˜ãÓÈÙÈÓ̊¢yÎ̊ Ï̂òÓ̊ xÈÙÈxyÈÙÈÑ˛ÈÙÈÖ !ü Ï̂Ö !ò Ï̂ì˛ £Î̊– ãòò#ÈÙÈ≤ÃÑ,̨ !ì˛ ̂ Ñ˛ò 20›˛y xƒy!õ Ï̂òy
xƒy!¢v˛ Ï̂Ñ˛£z !òÓ≈y!â˛ì˛ Ñ˛Ó̊ Ï̂úòñ ̂ Ñ˛ò ~£z ¢ÇÖƒy 15 Óy 22 £ú òy ì˛y !ò Ï̂Î̊ òyòyò
˛ôÓ˚fl˛ôÓ˚!Ó Ï̂Ó˚yï# Úfl %̨ÒúÈÙÈxö˛ÈÙÈÌ›˛Û xy Ï̂äÈñ ì˛ Ï̂Ó ~Ñ˛›˛y Ñ˛Ìy ¢Ó ïyÓ˚yÓ˚ ̂ úyÑ˛£z ̂ õ Ï̂ò
!ò Ï̂Î˚̂ ÏäÈò ˆÎ ~ Ï̂îÓ˚ !î Ï̂Î˚ ã#Ó Ï̂Ñ˛y Ï̂üÓ˚ ÎyÓì˛#Î˚ ≤Ã Ï̂Î˚yãò#Î˚ Á Î Ï̂Ì‹T Ó˚yß¨yÓyß¨y
ˆõy›˛yõ%!›˛ fl ∫̨FäÈ Ï̂®£z â˛y!ú Ï̂Î̊ ̂ òÁÎ̊y ÎyÎ̊– xyï%!òÑ˛ !¢ Ï̂s į!›˛Ñ˛ Óy Ï̂Î̊yú!ã Îì˛£z ì˛yÓ̊
Ö§%ì˛ ïÓ̊&Ñ˛ òy ̂ Ñ˛òñ Óy ì˛yÓ̊ Ÿªy¢!ÓÓ̊!ì˛Ó̊ õ Ï̂ì˛y ¢)«̄˛ÈÙÈxhs˛ú≈#ò ̂ ¢Ô® Ï̂Î≈Ó̊ ¢yõyòƒì˛õ
ö§̨ yÑ˛ Ï̂Ñ˛Á ̂ ã Ï̂ò!›˛Ñ˛ ̂ õy!v˛!ö˛ Ï̂Ñ˛ü Ï̂òÓ̊ Ñ,̨ !eõ Ñ˛yîy ̂ ú Į̈̂ ô ¶˛Ó̊y›˛ Ñ˛Ó̊ Ï̂ì˛ v ẑ̨ Ï‡ Ę̀ÙĘ̀ ôÛ Ï̂v˛̧
úy=Ñ˛ òy ˆÑ˛òÈñÈ xyî Ï̂ì˛ õy£ẑ Ïe´y Óy õƒy Ï̂e´y ˆÎÈÙÈˆÑ˛y Ï̂òy hfl˛ Ï̂Ó˚ ≤ÃÑ,̨ !ì˛Ó˚ !Ó!¶˛ß¨
!òÓ≈yâ˛ Ï̂òÓ̊ v z̨îy£Ó̊í= Ï̂úyÓ̊ õ Ï̂ïƒ Î!î ~Ñ˛›%̨  Ö§%!›˛ Ï̂Î̊ ì˛yÓ̊ õ)úîü≈ò Á ì˛y Ï̂Ñ˛ Ó̊*˛ôy!Î̊ì˛

Ñ˛Ó̊yÓ̊ ≤Ãíyú#= Ï̂úy Ï̂Ñ˛ ̂ ÓyG˛yÓ̊ ̂ â˛‹Ty Ñ˛Ó̊y ÎyÎ̊ñ ̂ ì˛y ̂ ÓyG˛y Îy Ï̂Ó ̂ Î £y Ï̂ì˛Ó̊ Ñ˛y Ï̂äÈ  Îy
Ó˚̂ ÏÎ˚̂ ÏäÈ ì˛y Ï̂ì˛£z õ Ï̂òÓ˚ õyï%Ó˚# ˆë˛ Ï̂ú ÎÌy¢Ω˛Ó ¢%â˛yÓ˚& Á !õì˛ÓƒÎ˚# áÓ˚ÈÙÈ¢yãy Ï̂òyÓ˚
Ó%!òÎ̊y!î !ü«˛y Ó̊ Ï̂Î̊ Ï̂äÈ ~Ó̊ õ Ï̂õ≈– Ú~›˛y â˛y£zñ Á›˛y ̂ Ñ˛ò ̂ ò£zÛÈÙÈ¢%ú¶˛ ÓyÎ̊òyÈÙÈx!¶˛ Ï̂Îy Ï̂ÜÓ̊
Óî Ï̂ú Ó̊ Ï̂Î̊ Ï̂äÈ ÚÑ˛õ !Ñ˛ä%È ̂ õyÓ̊ Ìy Ï̂Ñ˛ ̂ £Ìy/˛ô%!Ó̊ Ï̂Î̊ ̂ òÓ ≤Ãyí !î Ï̂Î̊ ì˛yÛ ÈÙÈ~Ó̊ xy«˛!Ó̊Ñ˛
xò%Ó˚íò– ˆÎò ¶˛y£zÛ Ï̂Ñ˛ v ẑ̨ Ïjü Ñ˛Û Ï̂Ó˚ ¶˛y£z v˛yÑ˛ Ï̂äÈ Úõy Ï̂Î˚Ó˚ ˆîÁÎ˚y ˆõy›˛y Ñ˛y˛ôv ¸̨Û
õyÌyÎ̊ ì%̨ Ï̂ú !ò Ï̂ì˛–

Ólfl˛ì˛ Úxƒy!õ Ï̂òy xƒy!¢v˛Û £ú Úxƒy!õ Ï̂òy S– NH2VÛ Á ÚÑ˛yÓ≈!:!úÑ˛ xƒy!¢v˛
S– COOHVÛ ~£z î%!›˛ Ñ˛yÎ≈Ñ˛Ó˚# @˘Ã&˛ôÈÙÈ~Ó˚ ¢õß∫ˆÏÎ˚ ˜ì˛!Ó˚ ~Ñ˛ !ÓˆÏü°Ï ˆ◊!íÓ˚
˜ãÓÈÙÈÓ̊y¢yÎ̊!òÑ˛ ̂ ÎÔÜñ ÎyÓ̊ ̃ Ó!â˛eƒ !òï≈y!Ó̊ì˛ £Î̊ ì˛yÓ̊ ̂ Ñ˛w#Î̊ Ñ˛yÓ≈̂ ÏòÓ̊ â˛ì%̨ Ì≈ Óy˝ Ï̂ì˛
xy›˛Ñ˛y Ï̂òy !¶˛ß̈ !¶˛ß̈ RÈÙÈ@˘Ã& Į̈̂ ôÓ˚ !ò!Ó˚̂ ÏÖ–

ˆ≤Ãy!›˛ò ̃ ì˛!Ó̊Ó̊ ¢õÎ̊ ̨ôyüy˛ôy!ü î§yv˛̧y Ï̂òy ~Ó̊Ñ˛õ î%Û Ï̂›˛y xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó̊ ~Ñ˛›˛yÓ̊
v˛yòÈÙÈ£y Ï̂ì˛Ó̊ xƒy!õ Ï̂òy Á xyÓ̊ ~Ñ˛›˛yÓ̊ Ó§yÈÙÈ£y Ï̂ì˛Ó̊ Ñ˛yÓ≈!:!úÑ˛ xƒy!¢ Ï̂v˛Ó̊ !Ó!e´Î̊yÎ̊
~Ñ˛!›˛ ã Ï̂úÓ˚ xí% ̂ Ó!Ó˚̂ ÏÎ˚ !Ü Ï̂Î˚ ̃ ì˛!Ó˚ £Î˚ ~Ñ˛!›˛ Úxƒyõy£zv˛Û Óy Úˆ˛ô˛ô›˛y£zv˛Û Ú£yì˛
ïÓ̊yï!Ó̊Û Óı˛ò#–
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¢õ Ï̂Îyã# Ó˚¢yÎ˚̂ ÏòÓ˚ !ò!Ó˚̂ ÏÖ Îy ~Ñ˛Óı˛ò# £ÛˆúÁ òy£ẑ Ï› Δ̨y Ï̂ãò Á x!: Ï̂ãòÈÙÈ~Ó˚
ì˛!v ¸̨Í }íydÑ˛ì˛y Ñ˛yäÈyÑ˛y!äÈ £ÁÎ˚yÓ˚ ö˛ Ï̂ú ~£z ïÓ˚̂ ÏòÓ˚ ˆ˛ô˛ô›˛y£zv˛ Óı˛ò# ˛ôyÎ˚
!mÓı˛ò#Ó̊ ̂ ˛ôy_´ SrigidV â˛!Ó̊e–

ö˛úì˛ñ !eõy!eÑ˛ ̂ ≤Ãy!›˛ò fl˛T…yÑ˛â˛y Ï̂Ó̊Ó̊ õ)̂ ÏúÓ̊ ̇ Ñ˛ƒ Ó̊£zú xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó̊ x!¶˛ß̈
ˆî£yÇü Ó%̂ Ïò Ó%̂ Ïò ̃ ì˛!Ó̊ ~Ñ˛!›˛ ̂ ˛ôÔòÉ˛ô%!òÑ˛ ̂ Ñ˛wÈÙÈü,C Ï̂úÓ̊ S-N-Ca-C-V ¢M Ę̀yÓ̊˛ô Ï̂Ì
xyÓ˚ ˛ô!Ó˚!ïÓ˚ ˜Ó!â˛eƒ ˆãyÜy Ï̂úy !Ó!¶˛ß¨ xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó˚ ˆîÁÎ˚y RÈÙÈ@˘Ã&ˆÏ˛ôÓ˚
!¶˛ß¨ !¶˛ß¨ ˛ôyŸª≈ÈÙÈü,C Ï̂úÓ˚ ¢yã¢Iy– xyÓ˚ ~£z ˆ˛ô˛ô›˛y£zv˛ Óı˛ò#= Ï̂úy ~¶˛y Ï̂Ó
˛ôyüy˛ôy!ü ã%̂ Ïv˛̧ ã%̂ Ïv˛̧ ̃ ì˛!Ó˚ £Ûú ~Ñ˛!›˛ Ó˝ÈÙÈˆ˛ô˛ô›˛y£zv˛ Óy ̨ô!ú Į̈̂ ô˛ô›˛y£zv˛ ü,Cú–

~ÓyÓ˚ RÈÙÈ@˘Ã&˛ô= Ï̂úy Ï̂ì˛ ˆâ˛yÖ Ó˚yÖ Ï̂ú ˆîÖy Îy Ï̂Ó ˆÎ ì˛y Ï̂îÓ˚ õ Ï̂ïƒ Ó˚̂ ÏÎ˚̂ ÏäÈ ˆäÈy Ï̂›˛y
SsmallVñ üyÖy!ß∫ì˛ õ%_´ü,Cú Sbranched-chain aliphaticVñ ¢yõì˛!úÑ˛
Ók˛ü,Cú Á Üı˛Î%_´ SaromaticVñ ˆÑ˛wÑ˛y¢_´ SNucleophilicVñ Üı˛Ñ˛ Î%_´
SSulphur containingV !Ó°ÏõyÓì≈̨  £z!õò Sheterocyclic imineVñ xƒyõy£zv˛
SamideVñ ïòydÑ˛ Óy «˛yÓ˚#Î˚ SBasicV Á }íydÑ˛ Óy xy!¡‘Ñ˛ SAcidicVÈÙÈ~Ó˚
!Ó!Óï ̃ Ó!â˛eƒ– ~Ó̊ õ Ï̂ïƒ Ú£z!õòÛ £Ûú ~Ñ˛!›˛ Óƒ!ì˛e´õ# ~Ñ˛ÈÙÈ ¢î Ï̂¢ƒÓ̊ îú S~Ñ˛õye
¢î Ï̂¢ƒÓ˚ òyõ ÈÙÈ ˆ≤Ãy!úòVñ ì˛y Ó Ï̂ú ˆõy Ï̂›˛Á ~Ñ˛á Ï̂Ó˚ òÎ˚– ˛ô§ƒyâ˛ÈÙÈ¶˛yày SHelix
breakingV òy Ï̂õÓ̊ ~Ñ˛!›˛ !Ó Ï̂ü°Ï Ñ˛y Ï̂ãÓ̊ ̨ôyÓ̊î!ü≈ì˛yÓ̊ ãòƒ xyî Ï̂ì˛ £z!õ Ï̂òy xƒy!¢v˛
£Û Ï̂úÁ ~Ó˚y Ó,£_Ó˚ xƒy!õ Ï̂òy xƒy!¢v˛ ̨ô!Ó˚Óy Ï̂Ó˚ ‡˛y§£z Ñ˛Û Ï̂Ó˚ !ò Ï̂Î˚̂ ÏäÈ– ≤Ã¢Dì˛ñ Óúy
Óy˝úƒ ̂ Î ≤Ã Ï̂ì˛ƒ Ï̂Ñ˛£z ~Ó̊Ñ˛õ ~Ñ˛ ~Ñ˛›˛y !Ó Ï̂ü°Ï Á ̂ õÔ!úÑ˛ Ñ˛y Ï̂ãÓ̊ =Ó̊& Ï̂cÓ̊ !ò!Ó̊ Ï̂Ö

!òÓ≈y!â˛ì˛– ~Ó̊ õ Ï̂ïƒ ̂ Î ¢õhfl˛ Ñ˛yã= Ï̂úy ì%̨ úòyÎ̊ !òì˛ƒ!î Ï̂òÓ̊ SHousekeepingV
ˆ¢= Ï̂úyÓ˚ ˆ«˛ Ï̂e ≤ÃÑ,̨ !ì˛ !Ñ˛!M˛ÈÍ Ó˚«˛íydÑ˛ñ ÓƒyÑ˛ÈÙÈxy˛ô ˆÓ˚̂ ÏÖ Ï̂äÈ– xÌ≈yÍ !Ñ˛òy
ˆ¢ Ï̂Ñ˛u˛ úy£zò xö˛ !v˛ˆÏö˛™– ˆÎõò }íydÑ˛ xƒy!õ Ï̂òy xƒy!¢v˛ Ó̊ Ï̂Î̊ Ï̂äÈ î%Û Ï̂›˛y
Sxƒy¢˛ôyÓ̊ Ï̂›˛›˛ñ @’%›˛y Ï̂õ›˛Vñ Ó yM Ę̀v˛ ̂ â˛ò !ì˛ò Ï̂›˛ S¶˛ƒy!úòñ !úv z̨!¢òñ xy£ẑ Ï¢y!úv z̨!¢òV
£zì˛ƒy!î £zì˛ƒy!î– v z̨̨ ôÓ̊hs˛ñ ~£z ̃ ãÓÈÙÈxyí!ÓÑ˛ ≤ÃyÑ,̨ !ì˛Ñ˛ !òÓ≈yâ˛̂ ÏòÓ̊ !v˛ãy£ẑ ÏòÓ̊ ~ Ï̂Ñ˛Óy Ï̂Ó̊
õIyÜì˛ £Ûú ˆÑ˛y Ï̂üÏÓ̊ ¢ywÈÙÈãú#Î̊ õyïƒ Ï̂õ ¶§̨ yã ˛ôyÁÎ̊y ~Ñ˛!›˛ xy˛ôyì˛ ˆÜyúÑ˛ Óy
ˆ@’y!Óv ẑ̨ ÏúÓ̊ !fl įì˛yÓfl įy– ˆ¢!îÑ˛ ˆÌ Ï̂Ñ˛ ˆîÖ Ï̂ú xÌ≈yÍ ïyeÈÙÈoyÓÑ˛ ã Ï̂úÓ̊ ≤Ã!ì˛
xyÑ˛°Ï≈íÈÙÈ!ÓÑ˛°Ï≈̂ ÏíÓ˚ Ñ˛Ìy õyÌyÎ˚ Ó˚yÖ Ï̂ú ~Ó˚y xyÓyÓ˚ î%Û ïÓ˚̂ ÏòÓ˚ñ 1V ãúyì˛B˛#
SHydrophobicV Á 2V ãúyÑ˛°Ï≈# SHydrophilicVó ̂ ü Ï̂°Ïy_´ Ï̂îÓ̊ õ Ï̂ïƒ ̨ôv˛̧̂ ÏäÈ ì˛!v˛̧Í
ˆõÓ̊&cÎ%_´ SPolarV xyÓ̊ ì˛!v˛̧Í xyïyòÎ%_´ SChargedVÈÙÈÓ̊y– ì˛yñ Ñ˛#¶˛y Ï̂Ó ÌyÑ˛ Ï̂äÈ
~£z !fl įì˛yÓfl įy⁄ òy ̂ ö˛y Ï̂”˛v˛ ̂ @’y!Óv ẑ̨ ÏúÓ̊ Óy£ẑ ÏÓ̊ ã Ï̂úÓ̊ ̂ õyÑ˛y!Óúy Ñ˛Ó̊ Ï̂Ó ãúyÑ˛°Ï≈#Ó̊y
xyÓ̊ ̂ ¶˛ì˛ Ï̂Ó̊ õ%Ö ú%̂ ÏÑ˛y Ï̂Ó ãúyì˛B˛#Ó̊y– ì˛ Ï̂Ó ̂ ò£yì˛ õ%Ö ú%!Ñ˛ Ï̂Î̊£z ì˛yÓ̊y ̨ôyÓ̊ ̨ôy Ï̂Ó òy–
ì˛yÓ̊y ¢yõúy Ï̂Ó xhs˛É˛ô%Ó̊– ̂ î Ï̂Ó v z̨̨ ôÎ%_´ ü!_´ Á áòc–

xÌ≈yÍ !Ñ˛òy ˜¢ı˛Ó úÓí ˆÌ Ï̂Ñ˛ ïy!òúB˛yñ ¢ƒyÑ˛y!Ó̊ò ˆÌ Ï̂Ñ˛ ˆ¢yÎ̊y¢¢ ¢Ó£z Ó̊ Ï̂Î̊ Ï̂äÈ–
~Ó̊È˛ôÓ̊ ≤Ã̂ ÏÎ̊yãò õ Ï̂ì˛y ›˛Ñ Ę̀ÙÈ!õ!‹TÓ̊ ãòƒ xyõÈÙÈxyîy Óy!ò Ï̂Î̊  !ò Ï̂ú£z  £Î̊– ̨ôyŸª≈ÈÙÈü,C Ï̂úÓ̊
~£z ̃ Ó!â˛eƒÈÙÈ
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!Ó!Óïì˛y ˆÎò ÓƒOòñ xyÓ˚ fl˛∫Ó˚ £Ûú Á£z ˛ô§ƒyâ˛yˆÏòy ˆÑ˛wÈÙÈü,CˆÏúÓ˚ ¢M˛ÈyÓ˚˛ôÌñ Îy !Ñ˛òy
!òˆÏã ï &ÓÑ˛ ̂ ÌˆÏÑ˛ ~£z ̃ Ó!â˛ˆÏeƒÓ˚ !¶˛!_ SscaffoldV £ˆÏÎ˚ v z̨‡˛úñ xyÓ˚ ̂ ¢ Ñ˛yÓ˚ˆÏí£z ̂ ≤Ãy!›˛ò
£ÛˆÏÎ˚ v˛z‡˛ú Óy-Î˚ñ xÌ≈õÎ˚ Á ̨¢≤Ãyí–

~Öò Ñ%̨ !v ¸̨›˛y xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó˚ ̨ô%§!ì˛ ̂ Óyòy ~£z Ñ%̨ [˛!úì˛ ̃ îì˛ƒÈÙÈxí% ̂ ≤Ãy!›˛ Ï̂òÓ˚
˛ô)í≈ !eõy!eÑ˛ Ü‡˛ò Ï̂Ñ˛ Î!î xyõÓ˚y ̂ ˛ô§Î˚y Ï̂ãÓ˚ ̂ Öy¢y äÈyv ¸̨y Ï̂ì˛ äÈyv ¸̨y Ï̂ì˛ SxÌ≈yÍ Îy Ï̂Ñ˛ Ó Ï̂ú
£yÎ˚yÓ˚yÓ˚!Ñ˛Ñ˛y!úV ̂ î!Öñ ̂ ì˛y ̂ îÖ Ï̂ì˛ ̨ôyÓ ì˛y Ï̂ì˛ ≤ÃÌõñ !mì˛#Î˚ñ ì,̨ ì˛#Î˚ Á â˛ì%̨ Ì≈ ~£z â˛yÓ˚̂ Ï›˛
õ)ú hfl˛Ó˚ Ó˚ˆÏÎ˚ˆÏäÈ– ≤ÃÌõ ïyˆÏ˛ô S≤Ãy£zõy!Ó˚V Óy ¢ÓˆÏâ˛ˆÏÎ˚ ̂ ¶˛ì˛ˆÏÓ˚Ó˚ hfl˛ˆÏÓ˚ Ó˚ˆÏÎ˚ˆÏäÈ ̨ ôyüy˛ôy!ü
£yì˛ ïÓ˚yï!Ó˚ Ñ˛Û Ï̂Ó˚ î§yv˛̧y Ï̂òy xƒy!õ Ï̂òy xƒy!¢v˛= Ï̂úyÓ˚ ¢Ó˚ú Ï̃Ó˚!ÖÑ˛ ̨ôyÓ˚¡ôÎ≈ Óy !ú!òÎ˚yÓ˚
xƒyˆÏÓ˚ SxÌ≈yÍ ÷Ó˚&Ó˚ xƒy!õˆÏòy ›˛y!õ≈òyú ̂ ÌˆÏÑ˛ ̂ üˆÏ°ÏÓ˚ Ñ˛yÓ≈!: ›˛y!õ≈òyú xÓ!ï ̂ Ñ˛ Ñ˛yÓ˚

˛ôˆÏÓ˚ ÷ï%õye ˆ¢£z ~Ñ˛õy!eÑ˛ ì˛ÌƒVñ !mì˛#Î˚ ïyˆÏ˛ô Sˆ¢ˆÏÑ˛u˛y!Ó˚V Ó˚ˆÏÎ˚ˆÏäÈ ì˛yˆÏîÓ˚ fl˛iyò#Î˚
!eõy!eÑ˛ Ü‡˛ò– õ)úì˛ !ì˛ò ïÓ˚ˆÏòÓ˚ fl˛iyò#Î˚ Ü‡˛ò ˆ≤Ãy!›˛ˆÏò ˆîÖy ÎyÎ˚ñ 1V ˆ£!ú: Óy
˛ô§ƒyâ˛y Ï̂òy !¢•!v ¸̨ 2V !ü›˛ Óy â˛yîÓ˚ xyÓ˚ 3V !Ó!¶˛ß¨ ïÓ˚̂ ÏòÓ˚ ¢Ç Ï̂ÎyÜÓ˚«˛yÑ˛yÓ˚# ú%̨ ô Á á)!í≈ Óy
›˛yò≈– ~ ≤Ã¢ˆÏD v˛zˆÏÕ‘Öƒ ˆÎ ì˛!v˛¸Í }íydÑ˛ì˛yÓ˚ !ò!Ó˚ˆÏÖ !Ó!¶˛ß¨ ˆ≤Ãy!›˛ˆÏòÓ˚ Ó˚y¢yÎ˚!òÑ˛
@˘Ã&˛ôˆÏÑ˛ £y£zˆÏv»˛yˆÏãò Óı˛ò# îyì˛y Óy @˘Ã£#ì˛yÈÙÙÙÈ ~£z õ)ú î%Û¶˛yˆÏÜ ¶˛yÜ Ñ˛Ó˚y ÎyÎ˚– xÌ≈yÍñ
ˆÎ¢Ó @˘Ã&˛ô £y£ẑ Ïv»̨ y Ï̂ãò Óı˛ò# !î Ï̂ì˛ ̨ôy Ï̂Ó˚ ì˛yÓ˚y îyì˛y SˆÎõò - NHV xyÓ˚ ÎyÓ˚y ì˛y ̂ òÎ˚
ì˛yÓ̊y @˘Ã£#ì˛y SˆÎõò - NV– ~ ¢õhfl˛ xyúyîy fl įyò#Î̊ Ü‡˛ò= Ï̂úy !ò¶≈̨ Ó̊ Ñ˛ Ï̂Ó̊ ~£z £y£ẑ Ïv»̨ y Ï̂ãò
Óı˛ò#Ó˚ ï§yâ˛ÈÙÈïÓ˚ˆÏòÓ˚ Á˛ôÓ˚– ˆÎõòñ !¢•!v˛¸ ˜ì˛!Ó˚ £Î˚ ˙ !¢§!v˛¸Ó˚£z e´!õÑ˛ ïy˛ô=ˆÏúyÓ˚
Úxhs˛ü,≈CúÛ SIntrachainV £y£zˆÏv»˛yˆÏãò Óı˛ò#Ó˚ Á˛ôÓ˚ xyÓ˚ â˛yîÓ˚ ̃ ì˛!Ó˚ £Î˚ ̨ ôyˆÏ›˛ ̨ ôyˆÏ›˛
Úxyhs˛ü,≈CúÛ SInterchainV £y£zˆÏv»˛yˆÏãò Óı˛ò#Ó˚ Á˛ôÓ˚–
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ì,˛ì˛#Î˚ ïyˆÏ˛ô S›˛y!¢≈Î˚y!Ó˚V Ó˚ˆÏÎ˚ˆÏäÈ ~£z fl˛iyò#Î˚ Ü‡˛ò=ˆÏúyÓ˚ xy!ÓŸª !õÌ!fl˛;˛Î˚yñ Îy
!ò¶≈˛Ó˚ Ñ˛ˆÏÓ˚ õ)úì˛ ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ ˛ôƒy!Ñ˛Ç Óy áòÈÙÈ¢!ß¨ˆÏÓü ~ÓÇ !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ xyÑ≈˛°ÏˆÏíÓ˚
Á˛ôÓ˚– ~¶˛yˆÏÓ ˜ì˛!Ó˚ ~Ñ˛!›˛ ˛ô§ƒyâ˛yˆÏòy ˛ô!úˆÏ˛ô˛ô›˛y£zv˛ ˆâ˛ˆÏòÓ˚ ≤ÃyÌ!õÑ˛ Ü‡˛ò ˜Ó!ü‹Tƒ£z
£Ûú ̂ Îñ ì˛yÓ̊y ~Ñ˛ ~Ñ˛!›˛ xy˛ôyì˛ ̂ ÜyúÑ˛ Óy ̂ @’y!Óv z̨ú– fl ∫̨yï#ò¶˛y Ï̂Ó ̂ ö˛y”˛ Ñ˛Ó̊ Ï̂ì˛ ̨ôy Ï̂Ó̊
ÓÛˆÏú ~ˆÏîÓ˚ˆÏÑ˛ ~Ñ˛ ~Ñ˛!›˛ ˆv˛yˆÏõò Óy Ó˚yãƒÁ Óúy £ˆÏÎ˚ ÌyˆÏÑ˛– ˛ôÓ˚Óì≈˛# xÌ≈yÍ â˛ì%˛Ì≈
SˆÑ˛yÎ̊y›≈̨ yÓ̊òy!Ó̊V ïy Į̈̂ ô Ó̊ Ï̂Î̊ Ï̂äÈ ~£z fl ∫̨yï#ò Ó̊yãƒ=!úÓ̊ õ Ï̂ïƒ £zr›˛yÓ̊ Ï̂v˛y Ï̂õò ̂ ÎyÜ¢õß∫̂ ÏÎ̊Ó̊
õyïƒˆÏõ ~Ñ˛ˆÏîü#Ñ˛Ó˚í– ̂ «˛e !ÓˆÏüˆÏ°Ï ~ˆÏÑ˛£z ÓˆÏú ̂ ≤Ãy!›˛òÈÙÈˆ≤Ãy!›˛ò !õÌ!fl˛;˛Î˚y–

ì˛y ~£z ˆÜú ˆÜyv˛¸¸yÓ˚ Ñ˛Ìy– xyõyˆÏîÓ˚ Îyey ÷Ó˚& £ˆÏÎ˚!äÈú ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ ~£z
˛ôƒy!Ñ˛Ç Óy áò¢!ß¨̂ ÏÓü ̂ Ì Ï̂Ñ˛– ~Ñ˛Ñ˛ÌyÎ˚ Óú Ï̂ì˛ ̂ Ü Ï̂ú ̨ôƒy!Ñ˛Ç £Ûú ̂ ≤Ãy!›˛ò xhs˛É˛ô%̂ ÏÓ˚Ó˚
ˆ¶˛ì˛ˆÏÓ˚Ó˚ ˆÜyäÈÜyäÈñ ÎyˆÏì˛ Ñ˛ÛˆÏÓ˚ ˆ≤Ãy!›˛ò ˆ¶˛ì˛ˆÏÓ˚ ˆ¶˛ì˛ˆÏÓ˚ £ÛˆÏÎ˚ v˛z‡˛ˆÏì˛ ˛ôyˆÏÓ˚ áò Á
}ã%– ~ÓÇ fl˛∫¶˛yÓì˛£z ̨ ôƒy!Ñ˛ÇÈÙÈ~ ≤Ãïyò ¶)˛!õÑ˛y ̂ òÎ˚ xhs˛É˛ô%ˆÏÓ˚ õ%Ö =§ˆÏã ÌyÑ˛y ãúyì˛B˛#
Óy £y£ẑ Ïv»̨ y Ï̂ö˛y!ÓÑ˛ ÈÈÙÈÓ̊y– ~ Ï̂îÓ̊ õ Ï̂ïƒ ̂ Ñ˛y Ï̂òy ̂ ˛ôyúyÓ̊ Óy ì˛!v˛̧ÍÈÙÈ}íydÑ˛ ̨ôÓ̊õyí% Sx!: Ï̂ãò
Óy òy£zˆÏ›˛ΔyˆÏãòV ~Ñ˛≤ÃÑ˛yÓ˚ òy ÌyÑ˛yÎ˚ SÓƒ!ì˛e´õÈÈÙÙÙÈÈ›˛y£zˆÏÓ˚y!¢ˆÏòÓ˚ £y£zv»˛!:ÈÙÈ!ö˛òy£zú

!Ó˚Çñ !›˛ΔˆÏ≤Wzyö˛ƒyˆÏòÓ˚ £zˆÏu˛yú !Ó˚ÇV Óy ÌyÑ˛ˆÏúÁ ì˛yˆÏîÓ˚ ≤Ã¶˛yÓ òÜíƒ £ÁÎ˚yÎ˚ ~Ó˚y ˆÓ˚yˆÏî
ˆÓ Ï̂Ó̊yÎ̊ òyñ xÌ≈yÍ ã Ï̂úÓ̊ !î Ï̂Ñ˛ õ%Ö ̂ ö˛Ó̊y Ï̂ì˛ ̨ôy Ï̂Ó̊ òy– !Ñ˛ls˛ ì˛y Ó Ï̂ú ì˛yÓ̊y !ò‹Òõ≈y ̂ ÓÑ˛yÓ̊
£ˆÏÎ˚ ÓˆÏ¢ ÌyÑ˛ˆÏÓÈÙÙÙÈ≤ÃÑ,˛!ì˛ ~ˆÏ£ò xÑ˛õ≈íƒ xyú¢ƒ ̂ Ñ˛yˆÏòy!îò£z ÓÓ˚îyhfl˛ Ñ˛Ó˚ˆÏÓ òy– ì˛y£z
ãúyì˛B˛#ˆÏîÓ˚ ˆîÁÎ˚y £ú xhs˛É˛ô%ˆÏÓ˚Ó˚ ˆÜyäÈÜyäÈ Óy ˛ôƒy!Ñ˛Ç ÈÙÈ~Ó˚ Ñ˛yã– õãyÓ˚ Ñ˛Ìy £ú
~£z ̂ Îñ xy«˛!Ó̊Ñ˛ x Ï̂Ì≈ ~ Ï̂îÓ̊ õ Ï̂ïƒ ̂ Ñ˛y Ï̂òy ›˛yò›˛yò xyÑ˛°Ï≈í ̂ ò£zñ Îy Ï̂Ñ˛ ̂ Ñ˛y Ï̂òy !e´Î̊yü#ú
ˆ¶˛Ôì˛ Ó Ï̂úÓ̊ myÓ̊y ÓƒyÖƒy Ñ˛Ó̊y ÎyÎ–̊ ̨ôy!Ó̊¶˛y!°ÏÑ˛ ¶˛y Ï̂Ó Óú Ï̂ì˛ ̂ Ü Ï̂ú î§yv˛̧yÎ ̊̂ Î ‘Hydro-
phobic interaction does not have an atomic model’. ì˛ˆÏÓ Ñ˛#ˆÏ¢Ó˚ ˆãyˆÏÓ˚
ì˛yÓ˚y ˛ôÓ˚fl˛ôÓ˚ áò¢!ß¨!Ó‹T⁄ áÓ˚üe´ÈÙÈ!Ó¶˛#°Ïí ÚãúÛ ~Ó˚ Ñ˛yÓ˚ˆÏí– ãˆÏúÓ˚ ≤Ã!ì˛ ~ˆÏîÓ˚
¢ÓyÓ˚ xyì˛B˛ xyÓ˚ ̂ ¢£z ¢)̂ Ïe£z ~Ó˚y ~Ñ˛ äÈyì˛yÓ˚ ì˛úyÎ˚ñ ÎyÓ˚ Óy£ẑ ÏÓ˚ ãúyÑ˛°Ï≈# Ï̂îÓ˚ ̨ôy£yÓ˚y–
xyÓ˚ ~£z ~Ñ˛ ¢ˆÏD ÌyÑ˛yÓ˚ ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ì˛y ˆÌˆÏÑ˛£z áò¢!ß¨ˆÏÓü Óy ˛ôƒy!Ñ˛Ç– xÌ≈yÍ ˛ô%ˆÏÓ˚y
ÓƒÓfl˛iy!›˛Ó˚ ¢yÓ˚ ¢ÇˆÏ«˛˛ô £Ûú ~£z ̂ Îñ ̂ ≤Ãy!›˛ˆÏòÓ˚ ÎyÓì˛#Î˚ Îy Óy£zˆÏÓ˚Ó˚ Ñ˛yã Sv˛zÍˆÏ¢â˛Ñ˛ Óy
v˛yÑ˛£Ó˚Ñ˛Ó˚yÓ˚ ¶)˛!õÑ˛yˆÏì˛ ̂ Î¶˛yˆÏÓ ̂ £yÑ˛Vñ ì˛yÓ˚ ≤ÃyÎ˚ ¢Ó›˛y£z Ñ˛ˆÏÓ˚ ÌyˆÏÑ˛ ãˆÏúÓ˚ !îˆÏÑ˛ õ%Ö
!ö˛!Ó˚ˆÏÎ˚ ÌyÑ˛y ãúyÑ˛°Ï≈# S£y£zˆÏv»˛y!ö˛!úÑ˛VÈÙÈÓ˚y  xyÓ˚ ̂ ¶˛ì˛ˆÏÓ˚ õ%Ö !ö˛!Ó˚ˆÏÎ˚ ÌyÑ˛y ãúyì˛B˛#
S£y£zˆÏv»˛yˆÏö˛y!ÓÑ˛VÈÙÈÓ˚y ˆîÎ˚ áÓ˚ˆÏÑ˛ Ó%!òÎ˚y!î î,ë˛¸ì˛y– ≤Ã¢Dì˛ñ Ñ˛!‡˛ò òy £ÛˆÏúÁ ˆ≤Ãy!›˛ò
xhs˛É˛ô%̂ ÏÓ̊Ó̊ ¢!ß̈ Ï̂ÓüÈÙÈáòc S˛ôƒy!Ñ˛Ç ̂ v˛ò!¢!›˛V !Ü Ï̂Î̊ ̂ õ Ï̂ú ̂ Ñ˛úy!¢ì˛ Ñ˛!‡˛ Ï̂òÓ̊ ̂ Ñ˛y‡˛yÎ̊–

ì˛y ~Öò ≤ÃŸ¿ £ Ï̂FäÈñ Ñ˛#¶˛y Ï̂Óñ ̂ Ñ˛yò ì˛Ó˚!Ñ˛ Ï̂Ó ̂ ≤Ãy!›˛ò xhs˛É˛ô%̂ ÏÓ˚Ó˚ ~£z ãúyì˛B˛#Ó˚y
˛ôÓ˚fl˛ôÓ˚ áò¢!ß¨!Ó‹T £Î˚ñ ÎyˆÏì˛ ~£z ≤ÃyÎ˚ÈÙÈ!ò!ŸäÈo xì˛úÈÙÈáò ˆ¶˛ì˛Ó˚ÈÙÈõ£ú ˜ì˛!Ó˚ £Î˚⁄
xyÓyÓ˚ õˆÏò Ñ˛!Ó˚ˆÏÎ˚ ̂ îÁÎ˚y ¶˛yˆÏúy ÈÙÙÙÈ ‘Hydrophobic interaction does not have
an atomic model’–

Üì˛ üì˛ˆÏÑ˛Ó˚ äÈÎ˚ÈÙÈ~Ó˚ îüˆÏÑ˛ ö ˛y!™¢ !e´Ñ˛ [6] ˆäÈyˆÏ›˛y ˆ£!úÑ˛yú ˆ≤Ãy!›˛ò !òˆÏÎ˚
Ñ˛yã Ñ˛ÛˆÏÓ˚ ≤ÃÌõ ≤Ãhfl˛yÓòy ˆ˛ôü Ñ˛ˆÏÓ˚ò ˆÎ ˆ≤Ãy!›˛ˆÏòÓ˚ ˛ôƒy!Ñ˛Ç ~Ñ˛!›˛  !eõy!eÑ˛
¢Ó˚&ÈÙÈÑ˛Ó˚yì˛ÈÙÈï§yïyÓ˚ Sthree dimensional jigsaw puzzleV õˆÏì˛y ˛ô!Ó˚˛ô)Ó˚í#Î˚ ÖyˆÏ˛ô
Öy˛ô SComplementary InterlockingV Ó̊#!ì˛ ̂ õ Ï̂ò â˛ Ï̂ú– xÌ≈yÍ !Ñ˛òy ̨ôyŸª≈ÈÙÈü,C Ï̂úÓ̊
˛ôyÓ˚fl˛ô!Ó˚Ñ˛ SÓy xyˆÏ˛ô!«˛Ñ˛V !ò!î≈‹T !eõy!eÑ˛ ãƒy!õ!ì˛Ñ˛ Ü‡˛òÈÙÈ!ÓòƒyˆÏ¢Ó˚ £z!Dì˛–
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!Ñ˛ls˛ ˛ôÓ˚Óì≈˛#Ñ˛yˆÏúÓ˚ xyÓ˚Á òyòyò ˆ≤Ãy!›˛ˆÏòÓ˚ Á˛ôÓ˚ ˛ôÓ˚#«˛y ˆîÖyú ˆÎ áòÈÙÈ¢!ß¨ˆÏÓˆÏüÓ˚
õ)ˆÏú ~£z ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ ¢%!ò!î≈‹T ãƒy!õ!ì˛Ñ˛ Ü‡˛òÈÙÈ!ÓòƒyˆÏ¢Ó˚ Ó˚#!ì˛ xyÇ!üÑ˛ ¢ì˛ƒ Ó£z òÎ˚–
ö˛úì˛ xyÓ˚ ~Ñ˛îú ˆ˛ôü Ñ˛Ó˚ú ~Ó˚ !‡˛Ñ˛˛v˛zúˆÏ›˛y ïyÓ˚yÓ˚ õì˛ñ Úòy›˛ÈÙÈÓŒ›%˛Û [7] Ó˚#!ì˛– xÌ≈yÍ
!Ñ˛òy ~Ñ˛!›˛ Ñ˛y Ï̂â˛Ó̊ ÓÎ̊y Ï̂õ !Ñ˛ä%È òy›˛ Á !Ñ˛ä%È ÓŒ›%̨  Î Ï̂ÌFäÈ¶˛y Ï̂Ó Ó̊yÖ Ï̂ú xyÎ̊ì˛ Ï̂òÓ̊ |ïπ≈¢#õyÓ̊
fl˛∫y¶˛y!ÓÑ˛ Ñ˛yÓ˚ˆÏí£z ì˛yÓ˚y ÎˆÏÌ‹T v˛zFâ˛ áòc úy¶˛ Ñ˛Ó˚ˆÏÓñ ì˛yÓ˚ ãòƒ ≤Ã!ì˛!›˛ òy›˛ÛˆÏÑ˛ ≤Ã!ì˛!›˛
ÓŒ›%˛Ó˚ õˆÏïƒ ïˆÏÓ˚ ïˆÏÓ˚ ˆÜ§ˆÏÌ ˆîÓyÓ˚ ≤ÃˆÏÎ˚yãò xyîˆÏ˛ô£z ˆò£z–

Óyhfl˛ˆÏÓ ˆ≤Ãy!›˛ˆÏòÓ˚ ˛ôƒy!Ñ˛Ç ˆîÖy ÎyˆÏFäÈ Úò ˆîÓyÎ˚É ò ïõ≈yÎ˚ÉÛ ˆÜyˆÏeÓ˚ñ xÌ≈yÍ ~£z î%£z

Ó˚#!ì˛Ó˚ õyG˛yõy!G˛ ˆÑ˛yÌyÁ ˛ôˆÏv˛¸–

~Öò ~£z !eõy!eÑ˛ ¢Ó˚&ÈÙÈÑ˛Ó˚yì˛ÈÙÈï§yïy õˆÏv˛ˆÏúÓ˚ ~Ñ˛!›˛ ˜Ó!ü‹Tƒ £Ûú ˆ≤Ãy!›˛ò

xhs˛É˛ô%ˆÏÓ˚ õ%Ö ˆÜ§yãy SburiedV î%Û!›˛ ãúyì˛B˛# xƒy!õˆÏòy xƒy!¢v˛  ˛ôyŸª≈ÈÙÈü,CˆÏúÓ˚

˛ôyÓ˚fl˛ô!Ó˚Ñ˛ ãƒy!õ!ì˛Ñ˛ xƒyúy£zòˆÏõˆÏr›˛Ó˚ ¢%!ò!î≈‹Tì˛y– ˆÓü !Ñ˛ä%È îú òyòyò ¶˛yˆÏÓ

ˆòˆÏv˛¸ÈÙÈˆá§ˆÏ›˛ ˛ôÓ˚#«˛y Ñ˛ÛˆÏÓ˚Á Îy ≤Ã!ì˛¤˛y Ñ˛Ó˚ˆÏì˛ ÓƒÌ≈ £Î˚ [8-10]– ~ˆÏîÓ˚ ˆÜyúõyú £Î˚

ˆ¢ÖyˆÏò£z ÎÖò ì˛yÓ˚y ˛ôyŸª≈ÈÙÈü,CˆÏúÓ˚ ¢ÇˆÏÎyÜÛˆÏÑ˛ ÷ï% õye !Ó®%ÈÙÈ˛ôÓ˚õyí%Ó˚ ˜òÑ˛›˛ƒ Óy

î)Ó̊c SPoint atom proximityV !î Ï̂Î̊£z !Ó Ï̂Ÿ’°Ïí Ñ˛Ó̊ Ï̂ì˛ Ìy Ï̂Ñ˛ò– ÚÑ˛y Ï̂äÈ ̂ Ì Ï̂Ñ˛ î)Ó̊ ̂ Ñ˛ò

ˆÜy Ó˚!â˛ú x§yïyˆÏÓ˚...Û– xÌ≈yÍ ¢£ã ˆ¢yãy Ñ˛ÌyÎ˚ ÷ï% !Ó®% ˛ôÓ˚õyí%Ó˚ ˜òÑ˛›˛ƒ !îˆÏÎ˚

xyÑ˛°Ï≈íÈÙÈ!ÓÑ˛°Ï≈ˆÏíÓ˚ Ö§y!›˛ !£ˆÏ¢Ó !õúˆÏÓ òy– Üíƒ Ñ˛Ó˚ˆÏì˛ £ˆÏÓ î%Û!›˛ !eõy!eÑ˛ xyÑ˛yˆÏÓ˚Ó˚

˛ôyÓ˚fl˛ô!Ó˚Ñ˛ ˛ôà‰!_´!Óòƒy¢ Óy xƒyúy£zòˆÏõr›˛ÛˆÏÑ˛– xyõyˆÏîÓ˚ úƒyÓˆÏÓ˚›˛y!Ó˚ˆÏì˛ ≤ÃÌõ

ÚxyÑ˛yˆ ÏÓ ˚Ó ˚ ˛ô!Ó˚ ˛ô )Ó ˚íÛ SShape ComplementarityV [11] òyˆ ÏõÓ˚ ~Ñ˛!›˛

xyïyÈÙÈxÓˆÏÓ˚y£#ÈÙÈxyïyÈÙÈx!¶˛K˛ì˛yã!òì˛ SSemi-empiricalV ˛ô!Ó˚¢ÇÖƒyòÛÈÙÈˆÑ˛ Ñ˛yˆÏã

úy!ÜˆÏÎ˚ ~Ó˚ !¶˛!_ ≤Ã!ì˛¤˛y Ñ˛Ó˚y ¢Ω˛Ó £Î˚ [12]– ~£z ¢)e ïÛˆÏÓ˚ ~!ÜˆÏÎ˚ ˆîÖy ˆÜú ˆÎñ

ˆ¶˛ì˛Ó̊ÈÙÈõ£ Ï̂úÓ̊ ̂ ÎÈÙÈ¢õhfl˛ ãúyì˛B˛# ̨ôyŸª≈ÈÙÈü,C Ï̂úÓ̊ Î%ÜúÈÙÈ¢!¡øú Ï̂ò xyÑ˛y Ï̂Ó̊Ó̊ ̨ ˛ô!Ó̊˛ô)Ó̊í

Á ¢õ@˘Ãì˛ˆÏúÓ˚ ¢õy˛ôì˛ò SSurface-OverlapV ÎˆÏÌ‹T ˆÓ!üñ ì˛yÓ˚y ˛ôÓ˚fl˛ôˆÏÓ˚Ó˚ !îˆÏÑ˛

¢%!ò!î≈‹T ÈÈº&¶˛DÈÙÈ!ÓòƒyˆÏ¢ ì˛y!Ñ˛ˆÏÎ˚ ÌyˆÏÑ˛ Óy xòƒ¶˛yˆÏÓ ÓúˆÏú ì˛yˆÏîÓ˚ õˆÏïƒ ˆ¢ xˆÏÌ≈

~ˆÏúyˆÏõˆÏúy SRandomV î,!‹T !Ó!òõÎ˚ ≤ÃyÎ˚ £Î˚ òy– ~Ó˚Ñ˛õ ≤Ã!ì˛ ˆãyv˛¸y ˛ôyŸª≈ÈÙÈü,CˆÏúÓ˚

õ)úÈÙÈì˛ˆÏúÓ˚ SResidue Principle planeV õˆÏïƒ !ÓˆÏü°Ï !Ñ˛ä%È xÓfl˛iyò ˆÑ˛yˆÏíÓ˚

SOrientational angelV Ó^˘›˛ Ï̂òÓ˚ ̂ Ó˚Öy!â˛ Ï̂e ~£z Ú!ò!î≈‹Tì˛yÓ˚Û ïyÓ˚y !ò!m≈ïyÎ˚ ïÓ˚y ̨ô Ï̂v ¸̨–
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ôÓ̊Óì≈̨ #Ñ˛y Ï̂ú ~£z !v˛!¢!≤’ Ï̂òÓ̊ ≤ÃÓyî≤Ã!ì˛õ Óƒ!_´c ̂ v˛!¶˛v˛ ̂ ÓÑ˛yÓ̊Á [13] ¢¡ô)í≈ !òÓ̊ Į̈̂ ô«˛
~Ñ˛!›˛ !ÓˆÏŸ’°Ïí Ñ˛ÛˆÏÓ˚ ~£z ì˛ˆÏ_¥Ó˚ ¢ì˛ƒì˛y ≤Ãõyí Ñ˛ˆÏÓ˚ò– ˆÓÑ˛yÓ˚ xyÓ˚Á ~Ñ˛ïy˛ô ~!ÜˆÏÎ˚
~£z Óy£zòy!Ó˚ ãƒy!õ!ì˛=ˆÏúyˆÏÑ˛ ì˛yˆÏîÓ˚ ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ !Óòƒy¢ xò%ÎyÎ˚# TÈÙÈxyÑ,˛!ì˛Ó˚ñ
¢õyhs˛Ó˚yú Ì!úñ ¢õyhs˛Ó˚yú ≤ÃüyÖy £zì˛ƒy!îˆÏì˛ ˆ◊!íÓk˛ Ñ˛Ó˚ˆÏúò–

!Ñ˛ls˛ xyîˆÏì˛ ˆ≤Ãy!›˛òÈÙÈxhs˛É˛ô%ˆÏÓ˚ xƒy!õˆÏòy xƒy!¢v˛ ˛ôyŸª≈ÈÙÈü,CˆÏúÓ˚ Ñ˛ˆÏÌy˛ôÑ˛Ìò ˆì˛y
ˆãyv˛¸yÎ˚ ˆãyv˛¸yÎ˚ £Î˚ òyñ £Î˚ xˆÏòˆÏÑ˛Ó˚ !õ!úì˛ xyU˛yáˆÏÓ˚ ~Ñ˛›˛y ˛ôÓ˚fl˛ôÓ˚ˆÏäÈî# ãyˆÏúÓ˚
SÓy ̂ ò›˛ÁÎ˚yˆÏÑ≈˛Ó˚ V õˆÏì˛y– ̂ ¢ xˆÏÌ≈ ̂ ≤Ãy!›˛ò xhs˛É˛ô%Ó˚ ÷ï% ~Ñ˛yß¨Óì˛#≈£z òÎ˚ñ ̨ ôyì˛ ̂ ˛ôˆÏv˛¸
˛ô!Ó˚ˆÏÓüˆÏòÓ˚ ¢õÎ˚ üyÑ˛ÈÙÈò%ò ˆÌˆÏÑ˛ £z!úü ˛ôyì%˛!Ó˚ Ñ˛yÓ˚ ˛ôyˆÏì˛ Ñ˛ì˛›%˛Ñ%˛ Óy Ñ˛ÛÖyòy Ñ˛ÛˆÏÓ˚
˛ôv˛̧̂ ÏäÈ ì˛yÓ̊ ̂ îÖ¶˛yúÁ ¢Óy£ẑ ÏÑ˛ !õ Ï̂ú!õ Ï̂ü£z Ñ˛Ó̊ Ï̂ì˛ £Î̊– ̂ ¢£z xy!î Á xÑ,̨ !eõ Ú!õ!ú!õ!ü
Ñ˛!Ó˚ Ñ˛yã/£y!Ó˚ !ã!ì˛ òy!£ úyãÈÛÈÙÙÙÈ~Ó˚ ˆÑ˛yÈÙÈx!v˛≈ˆÏòüò–

ì˛y ~Öò ≤ÃŸ¿ £Ûú !ÜˆÏÎ˚ ~£z ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ì˛y ÓãyÎ˚ ˆÓ˚ˆÏÖ Ñ˛#¶˛yˆÏÓ ˆ≤Ãy!›˛ò xhs˛É˛ô%Ó˚ˆÏÑ˛
õˆÏv˛ú Ñ˛Ó˚y ÎyÎ˚Ê xyˆÏÜÓ˚ Ñ˛yˆÏãÓ˚ !Ñ˛ä%È xò%!¢k˛yhs˛ !òˆÏÎ˚ xyõÓ˚y ÷Ó˚& Ñ˛!Ó˚– ̂ ≤Ãy!›˛ò v˛y›˛y
ÓƒyÇÑ˛ SÎy !Ñ˛òy ̂ ≤Ãy!›˛ Ï̂òÓ̊ ̂ Ñ˛úy¢ Ü‡˛ Ï̂òÓ̊ ~Ñ˛!›˛ ¢Ç@˘Ã£üyúyñ http://www.rcsb.org/
pdb/home/home.doV ˆÌˆÏÑ˛ ïÛˆÏÓ˚ ïÛˆÏÓ˚ ˆÜy›˛y ˆ≤Ãy!›˛ˆÏòÓ˚ õ)úü,CˆÏúÓ˚  ¢M˛ÈyÓ˚˛ôÌ
Smain-chain trajectoryV ÓÓ˚yÓÓ˚ ˜ì˛!Ó˚ Ñ˛Ó˚y £Î˚ ì˛yÓ˚ ¶˛ƒyòÈÙÈv˛yÓ˚ÈÙÈÁÎ˚yú Svan der
Wall’sV v˛z˛ô!Ó˚ì˛ú– ˆÎò Ó§yˆÏüÓ˚ ÓyÖy!Ó˚ ˆÓˆÏÎ˚ ˜ì˛!Ó˚ ~Ñ˛ ˆÓv˛¸yÓ˚ Ñ˛y‡˛yˆÏõyÓ˚ Á˛ôÓ˚
˛ôÓ˚yˆÏòy £ˆÏÎ˚ˆÏäÈ õüy!Ó˚Ó˚ |í≈yÈÙÈãyú– !Ñ˛ls˛ ~ ˆì˛y ˆÜú £§y›%˛ãˆÏú î§y!v˛¸ˆÏÎ˚ v˛z˛ô!Ó˚ì˛ˆÏúÓ˚
!îˆÏÑ˛ !ö˛ˆÏÓ˚ ì˛yÑ˛yˆÏòy– Ü¶˛#Ó˚ v%˛Ó !îˆÏú ãyòy ˆÎñ ˆÎyˆÏÜ Óy ˛ôÓ˚yõˆÏòy!ÓîƒyÎ˚ õyò%ˆÏ°ÏÓ˚
fl˛i(úÈÙÈüÓ˚#Ó˚ÛˆÏÑ˛ !áˆÏÓ˚ ˆÎ !Ó!¶˛ß¨ xv˛zÓ˚y Óy ¶˛yfl˛∫Ó˚ !ÓÑ˛#í≈ ü!_´ÈÙÈhfl˛ˆÏÓ˚Ó˚ ïyÓ˚íy Ñ˛Ó˚y £Î˚ñ
Ólfl˛ì˛ñ ì˛yÓ˚£z xyí!ÓÑ˛ !õ!òˆÏÎ˚â˛yÓ˚ £Ûú ¶˛ƒyòÈÙÈv˛yÓ˚ÈÙÈÁÎ˚yú¢ ¢yÓ˚ˆÏö˛¢– xÌ≈yÍ xyˆÏÓˆÏüÓ˚
SInductionV !e´Î̊yÎ̊ ̂ Ñ˛y Ï̂òy Ólfl˛ SÓy !Ó®%ÈÙÈ˛ôÓ̊õyí%VÈÙÈÓ̊ x!hfl˛c ì˛yÓ̊ ̂ ¶˛Ô!ì˛Ñ˛ xÓfl įyòÈÙÈˆÑ˛
SPhysical CoordinateV äÈy!˛ôˆÏÎ˚ Îì˛î)Ó˚ xÓ!ï ÓƒyÆñ ì˛yÓ˚£z ~Ñ˛!›˛ òõò#Î˚ !eõyì,˛Ñ˛
Ó!£Ó˚yÓÎ˚Ó SContourV–
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xì˛É˛ôÓ˚ ˆãyv˛¸yÎ˚ ˆãyv˛¸yÎ˚ Üíòy Ñ˛Ó˚y £Î˚ ì˛yˆÏîÓ˚ ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ xyÑ˛yˆÏÓ˚Ó˚ ˛ô!Ó˚˛ô)Ó˚í
SSurface ComplementarityV Á ¢õ@˘Ãì˛ˆÏúÓ˚ ¢õy˛ôì˛ò SSurface-OverlapV–
xyˆÏÜÓ˚ Ñ˛yã!›˛ˆÏì˛£z ≤Ã!ì˛!¤˛ì˛ £ˆÏÎ˚ˆÏäÈ ~£z ˛ô!Ó˚õy˛ô=ˆÏúyÓ˚ ˆâ˛ÔÑ˛y‡˛ÈÙÈõyò SThreshold
valueVñ Îy ˆ˛ôˆÏÓ˚yˆÏú ~ˆÏîÓ˚ ˛ôyÓ˚fl˛ô!Ó˚Ñ˛ ˛ôà‰!_´!Óòƒy¢ ãƒy!õ!ì˛ ¢%!ò!î≈‹T £Î˚– ~£z
ˆâ˛ÔÑ˛y‡˛ÈÙÈõy Ï̂òÓ̊ |ïπ≈¢#õyÓ̊ !ö˛Œ›˛yÓ̊ ÓƒÓ£yÓ̊ Ñ˛Û Ï̂Ó̊ ̂ äÈ§̂ ÏÑ˛ ̂ òÁÎ̊y !õÌ!fl ;̨̨ Î̊y= Ï̂úy ̂ ¢£ẑ Ï£ì%̨
x!ì˛ xÓüƒ£z ãƒy!õ!ì˛Ñ˛ !ò!î≈‹Tì˛y ÓãyÎ˚ Ó˚yÖˆÏÓ– ~Ó˚˛ôÓ˚ ÷Ó˚& £ú ˆâ˛yÓ˚yˆÏfl˛ÀyˆÏì˛ ˛ôyÌˆÏÓ˚
˛ôy ˆö˛ˆÏú ˆö˛ˆÏú ò%!v˛¸ Ñ%˛ˆÏv˛¸yˆÏòyÓ˚ ˆÖúy Sˆ@˘Ãy!Î˚Ç ˆò›˛ÁÎ˚yÑ≈˛ õˆÏv˛úV– ˜ì˛!Ó˚ £Ûú ~Ñ˛
~Ñ˛!›˛ ¢yÓ˚ˆÏö˛¢ Ñ˛r›˛ƒyQ ˆò›˛ÁÎ˚yÑ≈˛ [14]–

~ÖyˆÏò ~Ñ˛›˛y Ñ˛Ìy fl˛ô‹Tñ ì˛y £úñ ~¶˛yˆÏÓ ˜ì˛!Ó˚ ˆò›˛ÁÎ˚yÑ≈˛ÈÙÈ~ ãƒy!õ!ì˛Ñ˛ !ò!î≈‹Tì˛y
ÌyÑ˛ˆÏÓ£zñ ˆÑ˛òÈÙÈòy ˛≤Ã!ì˛!›˛ !õÌ!fl˛;˛Î˚y£z xyÑ˛yÓ˚ ˛ô!Ó˚˛ô)Ó˚í  Á v˛z˛ô!Ó˚ì˛ˆÏúÓ˚ ¢õy˛ôì˛ˆÏòÓ˚
ˆâ˛ÔÑ˛y‡˛ÈÙÈõyˆÏòÓ˚ Ñ˛!‹T˛ôyÌˆÏÓ˚ Îyâ˛y£z Ñ˛ˆÏÓ˚ ˆòÁÎ˚y– ~Ó˚ ˛ôˆÏÓ˚Ó˚ Ñ˛yã £Ûú ~Ñ˛›˛y ÓˆÏv˛¸y
Ó%Ñ˛ˆÏ¢úˆÏö˛Ó˚ ÌyˆÏÑ˛ ÌyˆÏÑ˛ ~ˆÏîÓ˚ Ó˚yÖyÓ˚ ãòƒ ÎˆÏÌy˛ôÎ%_´ ~Ñ˛!›˛ !Óòƒy¢ÈÙÈ≤Ãíyú# Óy
Ñœ˛ƒy!¢!ö˛ˆÏÑ˛üò !fl˛Òõ ˜ì˛!Ó˚ Ñ˛Ó˚yñ ÎyˆÏì˛ Ñ˛ˆÏÓ˚ !Ñ˛òy ˆ¢£z xyîì˛ ≤ÃŸ¿!›˛Ó˚ v˛z_Ó˚ ˆÖ§yãy ÎyÎ˚
ˆÎñ ˆ≤Ãy!›˛ˆÏòÓ˚ áò¢!ß¨ˆÏÓü ÈÙÈ~Ó˚ xyÑ˛Ó˚ !ÌˆÏÎ˚y!Ó˚!›˛ Ñ˛#⁄

~£z !Ó°ÏÎ˚!›˛ !ò Ï̂Î˚ á§y›˛ Ï̂ì˛ á§y›˛ Ï̂ì˛ xyõÓ˚y ̂ ˛ô Ï̂Î˚ ̂ Üúyõ ~õò ~Ñ˛!›˛ ¢ÇÖƒyì˛y!_¥Ñ˛
≤ÃÑ˛Ó˚í ≤Ãíyú# Óy  !òv˛zˆÏõ!Ó˚Ñ˛yú !fl˛Òõñ ÎyˆÏì˛ Ñ˛ÛˆÏÓ˚ ˆ≤Ãy!›˛ˆÏòÓ˚ ˆäÈyˆÏ›˛yÈÙÈÓˆÏv˛¸y
ˆò›˛ÁÎ˚yÑ≈˛=ˆÏúyˆÏÑ˛ fl˛ô‹Tì˛£z !Ó!¶˛ß¨ !ò!î≈‹T ˆ◊!íˆÏì˛ !Óòƒhfl˛ Ñ˛Ó˚y ¢Ω˛Ó £ÛˆÏÎ˚ v˛z‡˛ú–
~£zˆÏÓúyÎ˚ Ö%Ó ¢ÇˆÏ«˛ˆÏ˛ô ˆ¢›˛yÓ˚ ~Ñ˛›˛y Óí≈òy ˆîÁÎ˚y ÎyÑ˛– ò#ˆÏâ˛Ó˚ äÈ!ÓˆÏì˛ ˆîÖyˆÏòy
£ˆÏÎ˚ˆÏäÈ î%!›˛ î%ÛˆÏ◊!íÓ˚ ˆäÈyˆÏ›˛y S¢Æ¶%˛ãV ˆò›˛ÁÎ˚yÑ≈˛– ~ˆÏ£ò ~Ñ˛!›˛ ˆò›˛ÁÎ˚yˆÏÑ≈˛ ≤Ã!ì˛!›˛
ü#°Ï≈!Ó®% xòƒ ˆÎ Ñ˛Û!›˛ ü#°Ï≈!Ó®%ÛÓ˚ ¢ˆÏD Î%_´ ˆ¢£z ¢ÇÖƒy!›˛ˆÏÑ˛ Óúy  £ˆÏÎ˚ ÌyˆÏÑ˛ Á£z
ü#°Ï≈!Ó®%!›˛Ó˚ õyey Óy !v˛!@˘Ã xyÓ˚ Á£z  Î%_´ ü#°Ï≈!Ó®%=!úˆÏÑ˛ Óúy £Î˚ õ)ú ü#°Ï≈!Ó®%!›˛Ó˚
!òÑ˛›˛ì˛õ xyd#Î˚ Óy !òÎ˚yˆÏÓ˚fi›˛ ˆòÓyÓ˚– ~Öò ˆÑ˛yˆÏòy ~Ñ˛!›˛ ü#°Ï≈!Ó®%ˆÏì˛ î§y!v˛¸ˆÏÎ˚ ì˛yÓ˚
!òÑ˛›˛ì˛õ xyd#Î˚ ü#°Ï≈!Ó®%=ˆÏúyÓ˚ õyeyÛˆÏÑ˛ ¢Ç@˘Ã£ Ñ˛ˆÏÓ˚ ~Ñ˛!›˛ ˛ôà‰!_´ˆÏì˛ Ó!¢ˆÏÎ˚ ÓˆÏv˛¸y
ˆÌˆÏÑ˛ ̂ äÈyˆÏ›˛y !£ˆÏ¢ˆÏÓ S!v˛ˆÏ¢!u˛Ç xv˛≈yˆÏÓ˚V ì˛yˆÏîÓ˚ ¢y!ãˆÏÎ˚ !òˆÏì˛ £ˆÏÓ– xì˛É˛ôÓ˚ñ ã%ˆÏv˛¸
!îˆÏì˛ £ˆÏÓ õ)ú ü#°≈!Ó®%!›˛Ó˚ õyeyÓ˚ ¢ˆÏD– ~£z !òv ẑ̨ Ïõ!Ó˚Ñ˛ Óy Î%_´ ¢ÇÖƒy!›˛ £ú !ÜˆÏÎ˚ Á£z
ü#°Ï≈!Ó®%!›˛Ó˚ ÎyˆÏÑ˛ ÓˆÏú ˆ›˛yˆÏ˛ôyú!ãÑ˛yú x!¶˛ß¨ì˛y– ~¶˛yˆÏÓ ˛≤Ã!ì˛!›˛ ü#°Ï≈!Ó®%Ó˚
ˆ›˛yˆÏ˛ôyú!ãÑ˛yú x!¶˛ß̈ì˛y= Ï̂úy Ï̂Ñ˛ ¢Ç@Ã̆£ Ñ˛̂ ÏÓ̊ ì˛y Ï̂îÓ̊ xyÓyÓ̊ Î!î !v˛̂ Ï¢!u˛Ç xv≈̨ y Ï̂Ó̊ ¢y!ã Ï̂Î̊
£y£ẑ Ïö˛ò Óy ̂ Ñ˛y Ï̂òy !v˛!ú!õ›˛yÓ̊ !î Ï̂Î̊ ã%̂ Ïv˛̧ ̂ îÁÎ̊y ÎyÎ̊ ì˛y£ Ï̂ú£z ̂ Ñ˛Õ‘y ö˛̂ Ïì˛– ~£z !òv ẑ̨ Ïõ!Ó̊Ñ˛!›˛£z
[14] ~Öò ~£z ̂ ò›˛ÁÎ̊yÑ≈̨ !›˛Ó̊ ̂ õÔ!úÑ˛ Á x!¶˛ß̈ Óí≈òy ̂ î Ï̂Ó– !‡˛Ñ˛ ̂ Îõò Ó̊_´Ñ˛Ó̊Ó#Ó̊ 69ÈÙÈà ̂ Ñ˛
v˛yÑ˛̂ Ïú ïÛ Ï̂Ó̊ xyòy £ Ï̂Ó !Ó÷ÈÙÈˆÑ˛–
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ì˛ˆÏÓ ~ ≤Ã¢ˆÏD v˛zˆÏÕ‘Öƒ ˆÎ !Ñ˛ä%È !Ñ˛ä%È v˛zFâ˛ õyeyÓ˚ ïyÓ˚yÓy!£Ñ˛ Óy ˆÓ˚=úyÓ˚ @˘ÃyˆÏö˛Ó˚ ˆ«˛ˆÏe
SˆÎÈÙÈ¢õhfl˛ ̂ ò›˛ÁÎ̊y Ï̂Ñ≈̨  ≤Ã!ì˛!›˛ ü#°Ï≈!Ó®%Ó̊ õyey Óy !v˛!@˘Ã x!¶˛ß̈V ~Ñ˛£z !òv ẑ̨ Ïõ!Ó̊ Ï̂Ñ˛ ~Ñ˛y!ïÑ˛
Óy !¶˛ß¨ !¶˛ß¨ Stopologically non-isomorphicV ˆò›˛ÁÎ˚yÑ≈˛ v˛zˆÏ‡˛ xy¢ˆÏì˛ ˛ôyˆÏÓ˚ñ
ì˛ˆÏÓ fl˛iyò ¢ÇÑ%˛úyòÜì˛ Sˆfi›˛!Ó˚Ñ˛ Ñ˛òˆÏfl˛T…r›˛V Ñ˛yÓ˚ˆÏí ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ ˆ¢ ïÓ˚ˆÏòÓ˚
@˘ÃyˆÏö˛Ó˚ x!hfl˛c !ÓÓ˚úÊ Ólfl˛ì˛ñ ~Ñ˛£z Ñ˛yÓ˚ˆÏí ̂ ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ Ö§%ˆÏã ̨ôyÁÎ˚y ̂ ÎÈÙÈˆÑ˛yˆÏÏòy
xƒy!õˆÏòy xƒy!¢v˛ ̨ôyŸª≈ÈÙÈü,CˆÏúÓ˚ Sˆò›˛ÁÎ˚yˆÏÑ≈˛Ó˚ ü#°Ï≈!Ó®% !£ˆÏ¢ˆÏÓ ÜíƒV õyeyÓ˚Á ~Ñ˛!›˛
xy˛ôyì˛ |ïπ≈¢#õy S8 Óy 9V !òï≈yÓ̊í Ñ˛Óẙ ¢Ω˛Ó– ~£z !òv ẑ̨ Ïõ!Ó̊Ñ˛ !fl˛Òõ ÓƒÓ£yÓ̊ Ñ˛ Ï̂Ó̊ ̨ôyÁÎ̊y
ˆÜú î%!›˛ õ)ú ˛ô!Ó̊ÓyÓ̊ñ ïÓ̊y ÎyÑ˛ñ ˆáy°Ï Á ˆÓy¢– 1V ˆÖyúy ˜Ó̊!ÖÑ˛ ü,Cú S Óy Á Į̈̂ ôò
!ú!òÎ̊yÓ̊ ˆâ˛ò Óy ¢Ç Ï̂«˛ Į̈̂ ô !› Δ̨V ~ÓÇ  2V Ók˛ !e¶%̨ ã ãƒy!õ!ì˛ SÓy ˆÑœ̨ y¢v˛ !› Δ̨̂ Ï≤’›˛ !Ñœ̨ Ñ˛V–
Î!îÁ òÎ̊ òÎ̊ Ñ˛ Ï̂Ó̊ î_ñ =Æñ !õe £zì˛ƒy!î ̂ õy›˛ £zì˛ƒy!î ̂ õy›˛ 13›˛y ̨ô!Ó̊Óy Ï̂Ó̊Ó̊ £!î¢ xyõÓ̊y
˛̂ô Ï̂Î̊!äÈúyõñ ì˛Ìy!˛ô ¢î¢ƒÈÙÈ¢ÇÖƒyÓ̊ õyey!ì˛!Ó̊_´ x¶˛y Ï̂ÓÓ̊ Ñ˛yÓ̊ Ï̂í x˛ôÓ̊y˛ôÓ̊ ̨ô!Ó̊ÓyÓ̊= Ï̂úy Ï̂Ñ˛

ˆáy°ÏÈÙÈ̂ Óy Ï̂¢Ó̊ ¢ Ï̂D ~Ñ˛ ¢y!Ó̊ Ï̂ì˛ ˆÓyï£Î̊ ˆÑ˛y Ï̂òy¶˛y Ï̂Ó£z Ó¢y Ï̂òy â˛ Ï̂ú òy–

Îy£z ̂ £yÑ˛ñ úá%ÈÙÈ=Ó̊& !ò!Ó≈̂ Ïü Ï̂°Ï ÷Ó̊& £ú ̂ ò›˛ÁÎ̊yÑ≈̨ = Ï̂úy Ï̂Ñ˛ Ö!ì˛ Ï̂Î̊ ̂ îÖyÓ̊ ̂ ÖúyÈÙÙÙÈ
ˆÑ˛yˆÏòy Óí≈õyúyÓ˚ £!î¢ !õúˆÏì˛ ˛ôyˆÏÓ˚ !Ñ˛Ê ÓƒyÑ˛Ó˚ˆÏíÓ˚ ˆÑ˛yˆÏòy £ƒyu˛Ó%Ñ˛⁄ xÌ≈Ó£
ÓyÑ˛ƒÜ‡˛ Ï̂òÓ̊ ̂ Ñ˛y Ï̂òy ï§yâ˛ ÈÙÈ ïÓ̊ò ÈÙÈ ≤ÃÑ˛Ó̊í ÈÙÈ ≤Ãíyú#Ó̊ ⁄ ̂ îÖy ̂ Üú !Ñ˛ä%È ̂ äÈy Ï̂›˛y ̂ ò›˛ÁÎ̊yÑ≈̨
ˆ≤Ãy!›˛ˆÏò fl˛∫yï#ò Á ¢Ó≈Óƒy˛ô# xyÓ˚ ì˛yˆÏîÓ˚ ¢õß∫ˆÏÎ˚ ̃ ì˛!Ó˚ ÓˆÏv˛¸y xyÑ,˛!ì˛Ó˚ ̂ ò›˛ÁÎ˚yÑ≈˛=ˆÏúy
£ú ì,˛ì˛#Î˚ ˆ◊!íÓ˚ Ü‡˛ˆÏòÓ˚ ≤Ã¢DÈÙÈ!ò¶≈˛Ó˚ SContext dependentV– ~£z ˆäÈyˆÏ›˛y
ˆò›˛ÁÎ̊yÑ≈̨ = Ï̂úy Ï̂Ñ˛ xyõÓ̊y Ú!mì˛#Î̊ ̂ ◊!íÓ̊ Ü‡˛ò ̂ õy!›˛ö˛ÛÈÙÈ~Ó̊ ïyÓ̊y ̂ õ Ï̂ò Óúúyõ Ú˛ôƒy!Ñ˛Ç
ˆõy!›˛ö˛Û ~ÓÇ ~¶˛y Ï̂Ó ̨ôyÁÎ̊y ̂ Üú ~Ñ˛!›˛ òÓ̊õ˛ôs į# â˛!Ó̊ Ï̂eÓ̊ ̂ Ó!¢¢ ̂ ¢›˛ xö˛ ̂ õy!›˛ö˛¢–
@˘Ãyö˛ !ÌˆÏÎ˚y!Ó˚Ó˚ áò#¶˛ÓˆÏòÓ˚ üì≈˛ÈÙÈõy!ö˛Ñ˛ !ÓˆÏü°Ï v˛z˛ôyˆÏÎ˚ ~ˆÏîÓ˚ˆÏÑ˛ ã%ˆÏv˛¸ ã%ˆÏv˛¸£z ˛ôyÁÎ˚y
ˆÜú ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚Ó˚ ÚÓˆÏv˛¸yÛ ˆò›˛ÁÎ˚yÑ≈˛=ˆÏúy– ¢%ì˛Ó˚yÇñ ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚Ó˚
áò¢!ß¨ˆÏÓˆÏüÓ˚ xyÑ˛Ó˚ !ÌˆÏÎ˚y!Ó˚!›˛ fl˛ô‹Tì˛£z £z!Dì˛ Ñ˛Ó˚ˆÏäÈ ˆÑ˛w#Ñ˛Ó˚í ÈÙÈ áò#¶˛Óò
S!òv z̨!Ñœ̨ ˆÏÎ˚üòÈÙÈÑ˛òˆÏv˛ˆÏ™üòV õˆÏv˛ˆÏúÓ˚ ≤Ã!ì˛–
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¢yïyÓ˚ˆÏíÓ˚ ˆÌˆÏÑ˛ !ÓˆÏüˆÏ°ÏÓ˚ !îˆÏÑ˛ ˛ôy Óyv˛¸yˆÏì˛£z ïyE˛y úyÜú Ók˛ !e¶%˛ã
ãƒy!õ!ì˛=ˆÏúyÎ˚– ~ˆÏ¢ ˆ‡˛Ñ˛úyõ !ì˛òÈÙÈ~– !ì˛òì˛úyñ !eüB%˛ ñ !eˆÏòeñ !e˛ôyî¶)˛!õ– ~ì˛
¢ÇÖƒy ÌyÑ˛ˆÏì˛ ˆÑ˛ò !ì˛ò ⁄ ˆÑ˛Ôì)˛£ú áò £ˆÏì˛ ÌyÑ˛ú– Ú!ì˛òÛ ÈÙÈîü≈ò ˆÌˆÏÑ˛ ¢ÇÖƒyì˛_¥ñ
Ü!íì˛ ̂ Ì Ï̂Ñ˛ !ÓK˛yòñ ïõ≈ ̂ Ì Ï̂Ñ˛ ̨ô%Ó̊yí ¢Ó≈e£z ~Ó̊ !Ó!ü‹Tì˛y– î%Û!›˛ ̨ôÓ̊fl˛ôÓ̊ ÈÙÈ !Ó˛ôÓ̊#ì˛ïõ#≈
ˆõÓ˚&Ó˚ ¢¡∫ı˛ Á ˆÎyÜ¢yãˆÏüÓ˚ õ)ˆÏú Ó˚ˆÏÎ˚ˆÏäÈ ~£z Ú≤ÃÌõ !ÓˆÏãyv˛¸ ˆõÔ!úÑ˛ ¢ÇÖƒy Û !ì˛ò–
ïòydÑ˛ Á }íydˆÏÑ˛Ó˚ ̂ Ñ˛w›˛yˆÏò ü)òƒ ̂ Îõòñ x¡‘ Á «˛yˆÏÓ˚Ó˚ ¢ÇˆÏÎyˆÏÜ Óyö˛yÓ˚ñ ̂ ö˛y¢≈ Á
ˆÓ˚ˆÏfi›˛y!Ó˚Ç ˆö˛yˆÏ¢≈Ó˚ !õÌ!fl˛;˛Î˚yÎ˚ î%úˆÏì˛ ÌyÑ˛y ˆ˛ôu%˛úyˆÏõÓ˚ ¢yõƒ!Ó®%– !˛ôÌyˆÏÜy!Ó˚Î˚yò
fl %̨Òú xò%ÎyÎ̊#ñ Ú!ì˛òÛ Óy Ú› Δ̨yÎ̊yv˛Û £Ûú ¢õhfl˛ x Ï̂B˛Ó̊ õ Ï̂ïƒ ̂ õÔ!úÑ˛ì˛õ– Ú!ì˛òÛÈÙÈ£z £Ûú ̂ ¢£z
~Ñ˛õye ¢ÇÖƒyñ Îy !Ñ˛òy ì˛yÓ˚ ò#ˆÏâ˛Ó˚ ¢õhfl˛ ¢ÇÖƒyÓ˚ ¢õ!‹T S1 + 2V– v˛z˛ôÓ˚ls˛ñ Ú!ì˛òÛÈÙÈ£z
~Ñ˛õye v z̨îy£Ó̊íñ ̂ ÈÎÖy Ï̂ò ~Ñ˛!›˛ ¢ÇÖƒy Á ì˛yÓ̊ ò# Ï̂â˛Ó̊ ¢ÇÖƒy= Ï̂úyÓ̊ ̂ ÎyÜö˛ú Á =íö˛ú
£Ûú !ÜˆÏÎ˚ x!¶˛ß¨ S1+2 + 3 = 1 × 2 × 3V– !e¶%̨ ã ÈÙÈ ¢ÇÖƒy ˆ◊!íÓ˚ ≤ÃÌõ ¢î¢ƒ
SFirst Triangular Number) Á Ú!ì˛ò Ûñ Îy !îˆÏÎ˚ ̃ ì˛!Ó˚ Ñ˛Ó˚y â˛ˆÏú !òˆÏ›˛yú ~Ñ˛ ~Ñ˛!›˛
¢õÓy˝ !e¶%̨ ã–

Ñ˛õ˛ô Ï̂«˛ ̂ Î Ñ˛Û!›˛ xÈÙÈ¢Ó˚ú Ï̃Ó˚!ÖÑ˛ !Ó®% ãß√ ̂ îÎ˚ ¢õì˛ Ï̂úÓ˚ ñ ãß√ ̂ îÎ˚ Ó,̂ Ï_Ó˚ ñ ì˛yÁ £ú
Ú!ì˛òÛ– !Ó¶˛yãƒì˛yÓ̊ ¢)e SDivisibility RuleV xò%ÎyÎ̊# Ú!ì˛òÛ £ú ̂ ¢£z ~Ñ˛õye ¢ÇÖƒyñ
ÎyÓ˚ ˆÎÈÙÈˆÑ˛yˆÏòy =!íì˛ˆÏÑ˛Ó˚ xB˛=ˆÏúyˆÏÑ˛ ˆÎÈÙÈˆÑ˛yˆÏòy ¶˛yˆÏÓ Áú›˛ÈÙÈ˛ôyú›˛ Ñ˛Ó˚ˆÏú ˆ¢£z
¢ÇÖƒy= Ï̂úyÁ !ì˛ò myÓ˚y !Ó¶˛yãƒ £Î˚ S ̂ Îõò 1329ñ 1239ñ 9123ñ 9321 £zì˛ƒy!îV–

¢ÇÖƒy!ú!˛ôÛÓ˚ £Ó˚ö˛ SGlyphV !òõ≈yˆÏí Ú!ì˛òÛ £ú ˆ¢£z ¢ˆÏÓ≈yFâ˛ ¢ÇÖƒyñ ÎyˆÏÑ˛
!úÖˆÏì˛ ̂ ÜˆÏú !‡˛Ñ˛ ì˛ì˛=ˆÏúy£z ̂ Ó˚ÖyÓ˚ ≤ÃˆÏÎ˚yãò ̨ôˆÏv˛¸ SIIIV– ̂ Ó˚yõyò £Ó˚ˆÏö˛ !ì˛ò SIIIV
xyÓyÓ̊ ̂ ÓyG˛yÎ̊ ~Ñ˛!›˛ ̃ îì˛ƒò«˛e Óy Giant Star ÈÙÈˆÑ˛ñ Îy !Ñ˛òy ~Ñ˛£z ì˛y˛ôõyeyÎ̊ ̨ôy!úì˛
ˆÎÈÙÈˆÑ˛yˆÏòy õ)ú ˆ◊!íÓ˚ ò«˛ˆÏeÓ˚ SMain sequence starV ˆâ˛ˆÏÎ˚ Óƒy¢yˆÏï≈ Á xyˆÏúyÑ˛
!Ó!Ñ˛Ó˚ˆÏí õyey!ì˛!Ó˚_´ Ó˚Ñ˛ˆÏõÓ˚ ÓˆÏv˛¸y– ¢ˆÏÓ≈y˛ô!Ó˚ñ !eõy!eÑ˛ xyõyˆÏîÓ˚ õ£y!ÓŸª–

!Ö !fi›˛Î̊y!ò!›˛ Ï̂ì˛ Ú!e!ò!_Ó̊ ë˛yúÛ SShield of TrinityV £Ûú ~Ñ˛!›˛ !Ó Ï̂ü°Ï ¢òyì˛ò#
î,üƒÈÙÈ!â˛£´ñ Îy xƒyˆÏÌˆÏò!üÎ˚yò ïõ≈!ÓŸªyˆÏ¢Ó˚  !ì˛ò õ)ú â˛!Ó˚eñ !˛ôì˛yñ ˛ô%e Á ˛ô%íƒydyÛÓ˚
˛ôyÓ˚fl˛ô!Ó˚Ñ˛ ¢¡∫ı˛ˆÏÑ˛ !ò˛ô%í¶˛yˆÏÓ ~Ñ˛!›˛ ¢õ#Ñ˛Ó˚í¶%˛_´ Ñ˛ˆÏÓ˚–
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ÓLÎyò ̂ ÓÔk˛ì˛ˆÏs˛fÓ˚ !ÓÖƒyì˛ °Ïv˛¸¶%˛ã ̂ õy!›˛ö˛ £z¶˛yõ SEvamV ÈÙÈ~ Á ̨ôyÁÎ˚y ÎyÎ˚
˛ôÓ̊fl˛ôÓ̊ Ï̂äÈî# |ïπ≈ Á x Ï̂ïyõ%Ö# î%!›˛ !e¶%̨ Ï̂ãÓ̊ ¢õß∫Î̊ñ ÎyÓ̊ |ïπ≈õ%Ö# !e¶%̨ ã!›˛ ̨ô%ÇÈÙÈ!úD Á
!ò¡¨õ%Ö#!›˛ fl˛f#ÈÙÈˆÎy!òÓ˚ ≤Ãì˛#Ñ˛–

!ì˛ˆÏòÛÓ˚ Á !e¶%˛ˆÏãÓ˚ õy£ydƒ ì˛y£z òy ˆõˆÏò !òˆÏÎ˚ v˛z˛ôyÎ˚ ˆò£z– ~Ó˚Ñ˛õ ~Ñ˛›˛y
ˆ˛ôy_´ ̂ ≤Ã«˛y˛ô›˛ ÓÓ˚yÓÓ˚ ̂ £§̂ Ï›˛ xyõÓ˚yÁ ̂ ÓyG˛yÓ˚ ̂ â˛‹Ty Ñ˛ Ï̂Ó˚!äÈúyõ áò¢!ß¨̂ ÏÓ Ï̂üÓ˚ !ò!Ó˚̂ ÏÖ
~£z !ÓˆÏü°Ï ˆõy!›˛ö˛È Ók˛ÙÈ!e¶%˛ã ãƒy!õ!ì˛ SClosed triplet cliqueV ÈÙÈÓ˚ fl˛iy!òÑ˛ Á
ãƒy!õ!ì˛Ñ˛ !Ó!ü‹Tì˛y=ˆÏúy– ˆîÖy ÎyˆÏFäÈñ ~£z !ÓˆÏü°Ï Ók˛ÈÙÈ!e¶%̨ ã ˆõy!›˛ö˛=ˆÏúy ˆ≤Ãy!›˛ò
xhs˛É˛ô%ˆÏÓ˚ Îeì˛eÈÙÈ¢Ó≈e !ÓÓ˚yãõyò SUbiquitiously presentV ~ÓÇ Ók˛ ˆõy!›˛ö˛
£ÁÎ˚yÓ˚ Ñ˛yÓ˚ˆÏí xy®yã Ñ˛Ó˚y ÎyÎ˚ ˆÎñ ˆ≤Ãy!›˛òˆÏÑ˛ ì˛yÓ˚ v˛z˛ôÎ%_´ ¢!ß¨ˆÏÓüÈÙÈáòc ˆîÁÎ˚yÓ˚
ˆ«˛ Ï̂e ~ Ï̂îÓ˚ v ẑ̨ ÏÕ‘Ö Ï̂ÎyÜƒ ¶)̨ !õÑ˛y ÌyÑ˛y fl ∫̨y¶˛y!ÓÑ˛ [14]– xyÓ˚Á ~Ñ˛!›˛ ãÓ˚&!Ó˚ ì˛_¥ £ú ~£z
ˆÎñ @˘Ãyö˛ÈÙÈ!ÌˆÏÎ˚y!Ó˚ xò%ÎyÎ˚# SxyÑ˛yÓ˚ÈÙÈ xyÎ˚ì˛ò !ò!Ó≈ˆÏüˆÏ°ÏV ~Ñ˛õye ˆ¢£z ¢õhfl˛
ˆò›˛ÁÎ˚yˆÏÑ≈˛£z ü)ˆÏòƒy_Ó˚ SNon-zeroV Ñœ̨ yfi›˛y!Ó˚Ç ̨ôyÁÎ˚y ¢Ω˛Óñ ÎyˆÏîÓ˚ õˆÏïƒ !òˆÏîò˛ôˆÏ«˛
~Ñ˛!›˛ Ók˛ ÈÙÈ!e¶%̨ ã ãƒy!õ!ì˛ xò%!Ók˛ £Û Ï̂Î˚ Ó˚̂ ÏÎ˚̂ ÏäÈ– xòƒ Ñ˛ÌyÎ˚ñ ̂ Ñœ̨ y¢v˛ !› Δ̨̂ Ï≤’›˛ !Ñœ̨ Ñ˛ £ú
Ñœ̨ yfi›˛y!Ó˚Ç ÈÙÈ ~Ó˚ ~Ñ˛Ñ˛– ¢%ì˛Ó˚yÇ !e¶%ã= Ï̂úy ̂ Î ÷ï% î,!‹Tò®ò ì˛y£z òÎ˚ñ ̂ ≤Ãy!›˛ Ï̂òÓ˚ ̂ ¶˛ì˛Ó˚
õ£ˆÏú ~ˆÏîÓ˚ xyÓ˚Á ãÓ˚&!Ó˚ ¶)˛!õÑ˛y ÌyÑ˛y fl˛∫y¶˛y!ÓÑ˛– Ók˛ÈÙÈ!e¶%˛ã=ˆÏúyÓ˚ xyˆÏ˛ô!«˛Ñ˛
ãƒy!õ!ì˛ !ÓˆÏŸ’°Ïí ˆîÖyú ˆÎñ Ók˛ü,Cú ¢yõì˛!úÑ˛ SxƒyˆÏÓ˚yˆÏõ!›˛Ñ˛V ˛ôyŸª≈ÈÙÈü,Cú=ˆÏúy
!e¶%̨ ã!›˛Ó̊ õ)ú ì˛ Ï̂úÓ̊ ¢ Ï̂D ≤Ãïyòì˛ v z̨Õ‘¡∫¶˛y Ï̂Ó v z̨̨ ôò#ì˛ñ Îy Ï̂ì˛ Ñ˛Û Ï̂Ó̊ !e¶%̨ ã!›˛Ó̊ ̨ô!Ó̊¢#õyÓ̊
ú«˛íˆÏÓ˚Öy ÓÓ˚yÓÓ˚ ˆÓ§ˆÏï ˆîÁÎ˚y xyÎ˚ì˛ˆÏòÓ˚ ¢ÇÓ˚«˛í Ñ˛Ó˚y â˛ˆÏú– Óúy Óy˝úƒñ ~£z
!e¶%̨ ã= Ï̂úy õ)úì˛ ¢õÓy˝– ̂ Ñ˛òÈÙÈòy !ì˛òã Ï̂ò£z !ì˛òã Ï̂òÓ˚ Ñ˛y Ï̂äÈ ¢õyò =Ó˚& Ï̂cÓ˚– ~ÓÇ
xyÓ˚Á ãÓ˚&!Ó˚ ì˛Ìƒ £ú ~£z ˆÎñ ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ ~Ó˚Ñ˛õ Ñ˛í≈Î%_´ Ók˛ Ó˝¶%˛ˆÏãÓ˚
SCliquesV ¢ˆÏÓ≈yFâ˛ Óy˝Ó˚ ¢ÇÖƒy õ)úì˛ Ú!ì˛òÛÈÙÈ ~£z ¢#õyÓk˛ñ ~Ñ˛ÈÙÈ xyïÓyÓ˚ ÓˆÏv˛¸yˆÏãyÓ˚
Úâ˛yÓ˚Û ÈÙÈ~Ó˚ ˆÑ˛y‡˛yÎ˚ !ÜˆÏÎ˚ ˆ‡˛ˆÏÑ˛ S≤Ã!ì˛ 100 !e¶%˛ˆÏã 1!›˛ â˛ì%˛¶≈%˛ãVñ !Ñ˛ls˛ Ñ˛ÖòÁ£z â˛yÓ˚
äÈyv˛̧yÎ̊ òy– ̂ Óü ̂ ì˛yñ ̂ ÓyG˛y ̂ Üú Ó ·˛y Ï̂[˛ Á ̂ î£¶˛y Ï̂[˛ !ì˛ Ï̂òÓ̊ õy£ydƒ– ̂ Ñ˛y Ï̂òy ÓƒÓ£y!Ó̊Ñ˛
≤Ã Ï̂Î̊yÜ⁄ ¢õÎ̊ Á ¢y Ï̂ïƒÓ̊ x¶˛y Ï̂Ó xyõÓ̊y ¢%̂ ÏÎyÜ ̨ôy£z!ò ̂ ì˛õò !òÓ̊#«˛yÓ̊ñ ì˛ Ï̂Óñ xyõy Ï̂îÓ̊
≤Ãhfl˛yÓòy £ú ~£z ̂ Îñ !â˛!Ñ˛Í¢y üy Ï̂fl˛f =Ó˚&c xy Ï̂äÈ ~õò ̂ ≤Ãy!›˛ Ï̂òÓ̊ xhs˛É˛ô%Ó̊Û Ï̂Ñ˛ ̂ Ñ˛v z̨ Î!î
Úxy˛ôò õ Ï̂òÓ̊ õyï%Ó̊# !õüy Ï̂Î̊ Û ̨ô%ò!ò≈õ≈yí S!Ó̊ÈÙÈ!v˛ãy£zòV Ñ˛Ó̊yÓ̊ ¢õÎ̊ v ẑ̨ Ïjüƒ≤Ã Ï̂íy!îì˛ ¶˛y Ï̂Ó
!‡˛Ñ˛‡˛yÑ˛ ãyÎ̊ÜyÎ̊ ~Ó̊Ñ˛õ ~Ñ˛ Óy ~Ñ˛y!ïÑ˛ !› Δ̨̂ Ï≤’›˛ !Ñœ̨ Ñ˛ =§̂ Ïã !î Ï̂ì˛ ̨ôy Ï̂Ó̊òñ ì˛ Ï̂Ó ̂ ¢£z ¢õhfl˛
ˆ≤Ãy!›˛ Ï̂òÓ̊ ì˛y˛ôïyÓ̊í «˛õì˛y Óy Ìyõ≈yú ˆfi›˛!Ó!ú!›˛ Óyv˛̧yÓ̊ ≤Ã¶)̨ ì˛ ¢Ω˛yÓòy Ó̊ Ï̂Î̊ Ï̂äÈ–
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˛ôÓ˚Óì˛#≈ˆÏì˛ xyõÓ˚y ˆîÖyÓ˚ ˆâ˛‹Ty Ñ˛Ó˚úyõ ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚Ó˚ áò¢!ß¨ˆÏÓü Á
!fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ˆÎÔÌì˛yÓ˚ !ò!Ó˚ˆÏÖ î%£z ˆ≤Ãy!›˛ˆÏòÓ˚ !õÌ!fl˛;˛Î˚y xyÓ˚ ˆ≤Ãy!›˛ˆÏòÓ˚
!òãfl˛∫ xyhs˛É!e´Î˚yˆÏÑ˛ ~Ñ˛ ˛ôy›˛yì˛ˆÏò ~ˆÏò xyˆÏúyâ˛òy Ñ˛Ó˚y ¢Ω˛Ó !Ñ˛òy [15]

 – xÌ≈yÍ
ÚWhether binding and folding could be discussed from a common con-
ceptual platform based on Complementarity.Û ~Öò áò¢!ß¨̂ ÏÓü £ú xyÑ˛yÓ˚ ÈÙÈ
˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ö˛¢úñ Îy !Ñ˛òy ̂ äÈyˆÏ›˛y ÈÙÈ ̨ ôyÕ‘yÓ˚ fl˛iyò#Î˚ ̨ ô!Ó˚˛ô)Ó˚í SShort-range, localVñ
˛ô«˛yhs˛ˆÏÓ˚ñ !fl˛iÓ˚ÈÙÈì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚í £Ûú î)Ó˚˛ôyÕ‘yÓ˚ xy!ÓŸª SLong-range, non -
localV ̨ô!Ó˚˛ô)Ó˚í– ̂ ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ õ%Ö ú%Ñ˛yˆÏòy SburiedV xƒy!õˆÏòy xƒy!¢v˛=ˆÏúyÓ˚
xyÑ˛yÓ̊ ̨ô!Ó̊˛ô)Ó̊ Ï̂íÓ̊ ì˛_¥ Á ÜíòyÓ̊ Ñ˛yã›˛y ̂ Î xyõy Ï̂îÓ̊ úƒy Ï̂ÓÓ̊ ~Ñ˛›˛y ̂ õÔ!úÑ˛ Ñ˛yãñ ̂ ¢
Ñ˛Ìy xyˆÏÜ£z ÓˆÏú!äÈ– v˛z˛ôÓ˚hs˛ñ v˛y£z£zˆÏú!Q…Ñ˛ xfl˛ô‹Tì˛yÓ˚ Ñ˛yÓ˚ˆÏí Á£z xƒy!õˆÏòy
xƒy!¢v˛=ˆÏúyÓ˚ !fl˛iÓ˚ ÈÙÈì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚íÈÙÈÁ ~Ó˚ xyˆÏÜ ˆÑ˛v˛z Üíòy Ñ˛ˆÏÓ˚ ˆîˆÏÖò!ò–
Ólfl˛ì˛ñ ˆ≤Ãy!›˛ˆÏòÓ˚ ˆ¶˛ì˛Ó˚Ñ˛yÓ˚ v˛y£z£zˆÏú!Q…Ñ˛ !ò¶≈˛Ó˚ Ñ˛ˆÏÓ˚ ì˛yÓ˚ xyïyò ÈÙÈ!mˆÏõÓ˚&=ˆÏúyÓ˚
á)í≈̂ ÏòÓ̊ Sdipolar reorientationV Á˛ôÓ̊– ~Öò ̂ ¶˛ì˛ Ï̂Ó̊Ó̊ òv˛̧yâ˛v˛̧y ̂ Î Ï̂£ì%̨  ì%̨ úòyõ)úÑ˛
¶˛yˆÏÓ Ñ˛õ ~ÓÇ e´õü ˛ô!Ó˚!ïÓ˚ !îˆÏÑ˛ ì˛y Óyv˛¸ˆÏì˛ ÌyˆÏÑ˛ñ ì˛y£z ~Ñ˛£z xò%˛ôyˆÏì˛ Óyv˛¸ˆÏì˛
Ìy Ï̂Ñ˛ ì˛yÓ̊ v˛y£z£ẑ Ïú!Q…Ñ˛ xyÓ̊ Óƒhfl˛yò%̨ ôy Ï̂ì˛ Ñ˛õ Ï̂ì˛ Ìy Ï̂Ñ˛ ~Ñ˛ ~Ñ˛!›˛ xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó̊
¶˛ƒyòÈÙÈv˛yÓ˚ÈÙÈÁÎ˚yú v˛z˛ô!Ó˚ì˛ˆÏúÓ˚ !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ˆ˛ôyˆÏ›˛ò!üÎ˚yú– !Ñ˛ls˛ñ ˛ô!Ó˚˛ô)Ó˚íÈÙÈ~Ó˚
ˆÑ˛yÎ˚y!r›˛!ö˛ˆÏÑ˛üò õyˆÏe£z ˆÎˆÏ£ì%˛ ì˛y xÓïy!Ó˚ì˛¶˛yˆÏÓ ~Ñ˛!›˛ ˆÑ˛y!Ó˚ˆÏúüò Óy ¢£¢¡∫ı˛

SxÌ≈yÍ ˆfl˛Òú ÈÙÈ!ö ˛Vñì˛y£z !òˆÏÓ˚›˛ x«%˛] ÌyˆÏÑ˛ ~£z =íyB˛!›˛Ó˚ õyò– ˆîÖy ˆÜúñ xyÑ˛yÓ˚ Á
!fl įÓ̊ì˛y!v˛̧!ì˛Ñ˛ ̨ô!Ó̊˛ô)Ó̊í xy Ï̂îÔ xƒy!õ Ï̂òy xƒy!¢v˛= Ï̂úyÓ̊ Ó̊y¢yÎ̊!òÑ˛ â˛!Ó̊ Ï̂eÓ̊ Á˛ôÓ̊ !ò¶≈̨ Ó̊
Ñ˛ˆÏÓ˚ òyñ ÓÓ˚Ç !ò¶≈˛Ó˚ Ñ˛ˆÏÓ˚ oyÓÑ˛ÈÙÈxí% ãˆÏú ì˛yˆÏîÓ˚ xòyÓ,ì˛ £ÁÎ˚yÓ˚ õyeyÓ˚ Á˛ôÓ˚–
¢yïyÓ˚í Ó%!k˛ˆÏì˛ xy®yã Ñ˛Ó˚y ÎyÎ˚ ˆÎñ áò¢!ß¨ˆÏÓˆÏüÓ˚ õ)ˆÏú ˆÎˆÏ£ì%˛ !¢Ç£¶˛yÜ xÓîyò
ãúyì˛B˛#ˆÏîÓ˚ñ ì˛y£z xyÑ˛yÓ˚ ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ õyeyÎ˚ ì˛yÓ˚y £ˆÏÓ x@˘Ãí#ñ v˛zúˆÏ›˛y!îˆÏÑ˛
!fl˛iÓ˚ì˛y!v ¸̨!ì˛Ñ˛ ̨ô!Ó˚̨ ô)Ó˚̂ Ïí ì˛!v ¸̨Í xyïyò Óy ̂ õÓ˚&cÎ%_´ ãúyì˛B˛#Ó˚y ~!Ü Ï̂Î˚ ÌyÑ˛ Ï̂Ó– !Ñ˛ls˛
ˆîÖy ˆÜú xhs˛É˛ô%ˆÏÓ˚ ≤ÃˆÏÓü õye£z ~Ó˚Ñ˛õ ˆÑ˛yˆÏòy ö˛yÓ˚yÑ˛ xyÓ˚ ÌyˆÏÑ˛ òy– ~ÖyˆÏò ¶%˛ú
ˆÓyG˛yÓ%!G˛ ~v˛¸yˆÏì˛ ÓˆÏú Ó˚yÖy ¶˛yˆÏúy ñ Sì˛!v˛¸ÍˆõÓ˚&c Óy xyïyòÎ%_´V ãúyÑ˛°Ï#≈Ó˚yÁ
ˆ«˛e!Ó Ï̂ü Ï̂°Ï ̂ ≤Ãy!›˛ò xhs˛É˛ô%̂ ÏÓ̊ ≤Ã Ï̂Óüy!ïÑ˛yÓ̊ ̨ôyÎ̊– Ñ˛#¶˛y Ï̂Ó ̨ôyÎ̊ÈÙÙÙÈ òy  !Ó˛ôÓ̊#ì˛ ̂ õÓ̊& Ï̂cÓ̊
î%Û£z ãúyÑ˛°Ï#≈Ó˚ ˆÎÔÌ ˆÓyG˛y˛ôv˛¸yÎ˚  ò%ò Óy ˆ¢y!v˛Î˚yõ ˆÑœ˛yÓ˚y£zv˛ SNaClV ÈÙÈ ~Ó˚ õˆÏì˛y
xyïyòÈÙÈxyïyòÈ ì˛!v ¸̨ÍˆÎyã# Óı˛ò# Óy ̂ òyòyÈÙÈˆ¢ì%̨  SSalt - bridgeV Ü‡˛ˆÏòÓ˚ õyïƒˆÏõ–

ì˛y ~£z¶˛y Ï̂Ó ̂ ≤Ãy!›˛òÈÙÈxhs˛É˛ô%̂ ÏÓ̊ ë%̨ Ï̂Ñ˛ ̨ôv˛̧y ¢õhfl˛ ãúyÑ˛°Ï#≈̂ ÏîÓ̊Á !‡˛Ñ˛ ̂ Îõò xyÑ˛yÓ̊
˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ xy˛ôyì˛ ˆâ˛ÔÑ˛y‡˛ÈÙÈõyò ˛ôyÓ˚ Ñ˛Ó˚ˆÏì˛ £Î˚ñ !‡˛Ñ˛ ˆì˛õòñ ãúyì˛B˛#ˆÏîÓ˚Á ˛ôyÓ˚
Ñ˛Ó˚ˆÏì˛ £Î˚ !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ xò%Ó˚*˛ô ~Ñ˛!›˛ xy˛ôyì˛ ˆâ˛ÔÑ˛y‡˛ÈÙÈõyò– ~Öò ñ
Ñ%̨ ú!¡∫Ñ˛ S!fl įÓ̊ì˛y!v˛̧!ì˛Ñ˛ ̨ô!Ó̊˛ô)Ó̊ Ï̂íÓ̊  õ)̂ ÏúV î)Ó̊˛ôyÕ‘yÓ̊ xyÓ̊ ¶˛ƒyòÈÙÈv˛yÓ̊ ÈÙÈÁÎ̊yú¢ !õÌ!fl ;̨̨ Î̊y
SxyÑ˛yÓ̊ ̨ô!Ó̊˛ô)Ó̊ Ï̂íÓ̊ õ)̂ ÏúVñ ̂ äÈy›˛ ̨ôyÕ‘yÓ̊ £ÁÎ̊yÓ̊ ¢%Óy Ï̂î ~ Ï̂îÓ̊ õyòî[˛ Óƒì˛ƒÎ̊ SStandard
DeviationV ÎÌye´ˆÏõ ì%˛úòyõ)úÑ˛¶˛yˆÏÓ ÓˆÏv˛¸y Á ˆäÈyˆÏ›˛y £Î˚–
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˛ôÓ˚Óì˛#≈ ïy Į̈̂ ô !äÈú oyÓ Ï̂Ñ˛ ~: Į̈̂ ôyãy Ï̂Ó˚Ó˚ õyeyÓ˚ !ò!Ó˚̂ ÏÖ xƒy!õ Ï̂òy xƒy!¢v˛ ÙÈ~Ó˚
ïÓ˚ò ïˆÏÓ˚ ïˆÏÓ˚ ~£z fl˛iyò#Î˚ Á xy!ÓŸª ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚  ¢Ω˛yÓòyÓ˚ Ó^˘›˛ò Sprobability
distribution patternV Ö!ì˛ˆÏÎ˚ ̂ îÖy– ≤ÃÌˆÏõ oyÓˆÏÑ˛ ~:ˆÏ˛ôyãyˆÏÓ˚Ó˚ !¶˛!_ˆÏì˛ ̂ ≤Ãy!›˛ò
xhs˛É˛ô%ˆÏÓ˚Ó˚ xƒy!õˆÏòy xƒy!¢v˛=ˆÏúyˆÏÑ˛ !ì˛òˆÏ›˛ ˛ôyˆÏe v˛z˛ô%v˛¸ Ñ˛Ó˚y £ú– ì˛yÓ˚˛ôÓ˚ ≤Ã!ì˛!›˛
˛ôy Ï̂eÓ̊ õ Ï̂ïƒÑ˛yÓ̊ ≤Ã!ì˛ ïÓ̊ Ï̂òÓ̊ xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó̊ xyÑ˛yÓ̊ Á !fl įÓ̊ì˛y!v˛̧!ì˛Ñ˛ ̨ô!Ó̊˛ô)Ó̊íÛ Ï̂Ñ
xyúyîy xyúyîy Ñ˛ÛˆÏÓ˚ ˆäÈ§ˆÏÑ˛ !òˆÏÎ˚ ≤ÃŸ¿ Ñ˛Ó˚y £ú Á£z ˛ôyˆÏeÓ˚ Á£z xƒy!õˆÏòy xƒy!¢v˛!›˛Ó˚
xyÑ˛yÓ˚ Á !fl˛iÓ˚ì˛y!v ¸̨!ì˛Ñ˛ ̨ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚ ~Ñ˛!›˛ !Ó Ï̂ü°Ï ̂ Ñœ̨ yãv˛ÈÙÈ£zr›˛ƒyÓ˚¶˛ƒyú õy Ï̂òÓ˚ ¢ÈÙÈüì≈̨
¢Ω˛yÓòy SConditional probabilityV Ñ˛ì˛⁄ ~¶˛y Ï̂Ó ̨ôyÁÎ˚y ̂ Üú ~Ñ˛ ~Ñ˛!›˛ ¢Ω˛yÓòy
Ó ˘̂›˛ Ï̂òÓ̊ ïÓ̊ò ~ÓÇ ~ Ï̂«˛ Ï̂eÁ ̂ îÖy ̂ Üú ̂ ÈÎñ ~£z Ó ˘̂›˛ Ï̂òÓ̊ ïÓ̊ò= Ï̂úy xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó̊
Ó˚y¢yÎ˚!òÑ˛ â˛!Ó˚ˆÏeÓ˚ Á˛ôÓ˚ xyîˆÏì˛Á !ò¶≈˛Ó˚ Ñ˛ˆÏÓ˚ òy– xyÑ˛yÓ˚ Á !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚í

î%Ûˆ«˛ˆÏe£z ˆîÖy ˆÜú ~£z Ú¢Ω˛yÓòy Ó^˘›˛òÛ ÈÙÈ~Ó˚ â˛!Ó˚e ¢yïyÓ˚í Ó^˘›˛ˆÏòÓ˚ SNormal
DistributionV Ü!íì˛ !îˆÏÎ˚ ÓƒyÖƒy Ñ˛Ó˚y ÎyÎ˚– xyÑ˛yÓ˚ ˛ô!Ó˚˛ô)Ó˚í ¢ÓˆÏâ˛ˆÏÎ˚ ¶˛yˆÏúy ˆõˆÏú
Ú≤Ã!ì˛¢õ Üyv z̨!üÎ˚yòÛ SSymmetric GaussianV Á !fl˛iÓ˚ ì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚í ˆõˆÏú
ÚÓ§y Ï̂Î̊ ̂ úã%Ó̊ÈÙÈÎ%_´ ú Ï̂Ó̊!™Î̊yòÛ SNegatively skewed LorentzianV ö˛yÇüy Ï̂òÓ̊ ¢ Ï̂D–
Ó^˘›˛ò ÈÙÈÓe´ SDistribution PatternV =ˆÏúyÓ˚ ≤Ãfl˛iÈÙÈÁ xyÑ˛yÓ˚ Á !fl˛iÓ˚ ì˛y!v˛¸!ì˛Ñ˛
˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ˆ«˛ˆÏe ÎÌye´ˆÏõ Ñ˛õ Á ˆÓ!ü– á%!Ó˚ˆÏÎ˚ ÓúˆÏì˛ ˆÜˆÏú ñ Ñ˛yÓ˚Ñ˛ Óú S¶˛ƒyò
ÈÙÈv˛yÓ˚ÈÙÈÁÎ˚yú Á Ñ%˛ú!¡∫Ñ˛V ÈÙÈî%Û!›˛Ó˚ ˆäÈyˆÏ›˛y˛ôyÕ‘y Á î)Ó˚˛ôyÕ‘yÓ˚ â˛!Ó˚e £ÁÎ˚yÓ˚ Ñ˛yÓ˚ˆÏíñ
xyÑ˛yÓ˚ ̨ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ̂ Ñ˛yò ¢#õyhs˛ õyˆÏòÓ˚ õˆÏïƒ ̨ôv˛¸ˆÏú ̂ ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ ≤ÃˆÏÓüy!ïÑ˛yÓ˚
!õúˆÏÓÈÙÙÙÈ ˆ¢ Óƒy˛ôyˆÏÓ˚ ≤ÃÑ˛,!ì˛ ¢Çáy!ì˛Ñ˛ Ñ˛RÓ˚ñ ì%˛úòyÎ˚ !fl˛iÓ˚ ì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚
ˆ«˛ˆÏe !Ñ˛!M˛ÈÍ !ë˛ˆÏú–

~£z ¢yïyÓ̊í ̨ôÎ≈̂ ÏÓ«˛í=!ú Ï̂Ñ˛  Ñ˛y Ï̂ã úy!Ü Ï̂Î̊ xyõÓ̊y ¢ö˛ú¶˛y Ï̂Ó ̂ Ñ˛y Ï̂òy ̂ ≤Ãy!›˛ Ï̂òÓ̊
ˆò!›˛¶˛ ¶§˛yã Óy õ)ú ü,CˆÏúÓ˚ !eõy!eÑ˛ ¢M˛ÈyÓ˚˛ôÌ Sˆö˛y”˛ xò%¢ı˛yòV !òí≈Î˚ Ñ˛Ó˚ˆÏì˛
˛ˆ˛ôˆÏÓ˚!äÈúyõ [15]

 ~ÓÇ ~£z ≤Ã!ì˛ˆÏÎy!Üì˛yõ)úÑ˛ ÓƒÓ£y!Ó˚Ñ˛ ≤ÃˆÏÎ˚yˆÏÜ xyõyˆÏîÓ˚ ˛ô!Ó˚˛ô)Ó˚í
ˆfl˛ÒyÓ˚=ˆÏúyÓ˚ ¢yö˛úƒ xòƒyòƒ xyïyÈÙ Èx!¶˛K˛ì˛yã!òì˛ Î%@¬ SPair- wiseVñ
äÈpÈÙÈˆ˛ôyˆÏ›˛ò!üÎ˚yú ö˛yÇüyˆÏòÓ˚ ̂ â˛ˆÏÎ˚ ÎˆÏÌ‹T ÓƒÓïyˆÏò£z ̂ Ó!ü !äÈúñ !Ñ˛ls˛ ̂ ¢ ÜˆÏ“ ÎyÁÎ˚y
~£z ≤ÃÓˆÏı˛Ó˚ v˛zˆÏjüƒ òÎ˚–



116

~£z ≤ÃÓˆÏı˛Ó˚ Ü!ì˛ Ó£zˆÏäÈ ˆ≤Ãy!›˛òÈÙÈÜˆÏÓ°ÏíyÓ˚ õ)ú ö˛úyö˛ú ˆÌˆÏÑ˛ v˛zqy!¢ì˛
£zv˛z!ò¶˛y¢≈yú !Ñ˛ä%È ì˛_¥ñ fl˛∫ì˛É!¢k˛ñ Óy !òˆÏîò˛ôˆÏ«˛ !Ñ˛ä%È ö˛yu˛yˆÏõr›˛yú £z!Dì˛ÈÙÈxy¶˛yˆÏ¢Ó˚
òî#Öy Ï̂ì˛– ~Ó̊Ñ Į̈õ£z xyÓ̊ ~Ñ˛!›˛ xy¶˛y Ï̂¢Ó̊ Ñ˛Ìy ~ Ï̂«˛ Ï̂e Ö%Ó ≤Ãy¢!DÑ˛ £Û Ï̂Î̊ î§yv˛̧y Ï̂FäÈ– ì˛y
£ú Á£z ̨ô)̂ ÏÓ≈y_´ xyÑ˛yÓ˚ ̨ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚ ¢ÈÙÈüì≈̨  ¢Ω˛yÓòy Ó^˘›˛ Ï̂òÓ˚ ̂ «˛ Ï̂e ≤ÃÑ,̨ !ì˛Ó˚ Ñ˛RÓ˚̨ ôs į#
õˆÏòy¶˛yÓ xyÓ˚ ì%˛úòyÎ˚ !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ˆ«˛ˆÏe !ë˛ˆÏú!õÓ˚– ˆ≤Ãy!›˛òÈÙÈˆ≤Ãy!›˛ò
!õÌ!fl ;̨̨ Î̊yÓ̊ õ)ú ≤Ã!ì˛˛ôyîƒ=!úÓ̊ õ Ï̂ïƒ ÚxyÑ˛y Ï̂Ó̊Ó̊ ̨ô!Ó̊˛ô)Ó̊ Ï̂íÓ̊ x!òÓyÎ≈ì˛y Á !fl įÓ̊ ì˛y!v˛̧!ì˛Ñ˛
˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ÎˆÏÌ‹Tì˛yÓ˚ Ñ˛ÌyÛ Ó˝ú ≤Ãâ˛!úì˛– ˆîÖy ÎyˆÏFäÈñ ~£z Ñ˛ò!v˛üòyú ≤ÃÓy!Ó!ú!›˛
!v˛!fl˛T…!Óv z̨üò ̨ôƒy›˛yò≈= Ï̂úy ̂ ≤Ãy!›˛ò xhs˛É˛ô%̂ ÏÓ̊ ̋ Ó˝ ~Ñ˛£z ò#!ì˛Ó̊ ≤Ã!ì˛ïπ!ò ̂ ì˛y Ï̂ú– xÌ≈yÍ
ˆ≤Ãy!›˛ò xhs˛É˛ô%ˆÏÓ˚ ‡§˛y£z Ñ˛ÛˆÏÓ˚ ̂ òÁÎ˚yÓ˚ ̂ «˛ˆÏe xƒy!õˆÏòy xƒy!¢ˆÏv˛Ó˚ ̨ôyv˛¸yÈÙÈ≤Ã!ì˛ˆÏÓü#ˆÏîÓ˚
¢ˆÏD fl˛iyò#Î˚ ˛ô!Ó˚˛ô)Ó˚í Ó˚«˛y Ñ˛Ó˚y £ú xÓüƒΩ˛yÓ# üì≈˛ xyÓ˚ ˛ôyv˛¸y ÈÙÈˆÓ˛ôyv˛¸y ã%ˆÏv˛¸ xy!ÓŸª
˛ô!Ó˚˛ô)Ó˚í £ˆÏú ˆì˛y ˆ¢yòyÎ˚ ˆ¢y£yÜy– ì˛ˆÏÓñ ˆüˆÏ°Ïy_´!›˛ òy £ˆÏúÁ ˆÑ˛v˛z úy!ÌˆÏÎ˚ î)Ó˚
Ñ˛ Ï̂Ó̊ !î Ï̂FäÈ òy– ≤ÃÌõ›˛y Ó̊&!ãÈÙÈÓ̊&!›˛ ñ ̨ô Ï̂Ó̊Ó̊›˛y Óúy ̂ Î Ï̂ì˛ ̨ôy Ï̂Ó̊ fl ∫̨yï#ò !â˛hs˛y– ò# Ï̂â˛Ó̊ ¢!â˛e
!ÓÓÓ˚ˆÏíÓ˚ Óyõ ˛ôƒyˆÏòˆÏú ˆîÖ%ò ˛ôy‡˛Ñ˛ñ v˛z!j‹T ÚÓyˆÏÓ˚v˛Û xƒy!õˆÏòy xƒy!¢v˛!›˛ S!ö˛òy£zú
xƒyúy!òòV Ñ˛#¶˛yˆÏÓ !òˆÏãÓ˚ ¶˛ƒyòÈÙÈv˛yÓ˚ÈÙÈÁÎ˚yú v˛z˛ô!Ó˚ì˛úˆÏÑ˛ ì˛yÓ˚ ≤Ã!ì˛ˆÏÓü# xƒy!õˆÏòy
xƒy!¢v˛=!úÓ˚ ¶˛ƒyòÈÙÈv˛yÓ˚ ÁÎ˚yú v z̨̨ ô!Ó˚ì˛ˆÏúÓ˚ Ö§yˆÏã Ö§yˆÏã Ó!¢ˆÏÎ˚ ÓãyÎ˚ Ó˚yÖˆÏäÈ xyÑ˛yÓ˚
˛ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚ ÎÌyÌ≈ì˛y– ~ÓyÓ˚ õy Ï̂G˛Ó˚ Á v˛yò ̨ôƒy Ï̂ò Ï̂ú ̨ôyüy˛ôy!ü ̂ â˛yÖ ̂ Ó˚̂ ÏÖ ú«˛ Ñ˛Ó˚&ò
~Ó˚Ñ˛õ£z xyÓ˚ ~Ñ˛!›˛ v˛z!j‹T ÚÓyˆÏÓ˚v˛Û xƒy!õˆÏòy xƒy!¢ˆÏv˛Ó˚ Sxƒy¢˛ôyÓ˚!ãòV
¶˛ƒyòÈÙÈv˛yÓ˚ÈÙÈÁÎ˚yú v˛z˛ô!Ó˚ì˛ˆÏú !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ˆ˛ôyˆÏ›˛ò!üÎ˚yˆÏúÓ˚ Súyú Á ò#ú ÎÌye´ˆÏõ
ˆÓyG˛y Ï̂FäÈ }íydÑ˛ Á ïòydÑ˛ñ ¢yÎ̊yò £ú  ≤ÃyÎ̊ ÈÙÈü)òƒ S+0.5 Kcal /molV ̂ ˛ôy Ï̂›˛ò!üÎ̊yú
!Ó˛ôÓ˚#ì˛ ¢£¢¡∫ı˛ SAnti-correlated Surface Electrostatic potentialV– ~ Ï̂«˛ Ï̂e
õyˆÏG˛Ó˚ ˛ôƒyˆÏòˆÏú v˛z!j‹T xƒy!õˆÏòy xƒy!¢v˛!›˛Ó˚ !üÓ˚î§yv˛¸y ÓÓ˚yÓÓ˚ £ú%î ˛ôÓ˚õyí%=ˆÏúy
!fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ̂ ˛ôyˆÏ›˛ò!üÎ˚yú ̃ ì˛!Ó˚Ó˚ ãˆÏòƒ îyÎ˚# S~ÓÇ ̂ ≤Ãy!›˛ˆÏòÓ˚ xòƒ ¢Ó !ÓÓí≈ ¢Ó%ã
˛ôÓ̊õyí%= Ï̂úy xyïyòÈÙÈ!ò!‹;̨ Î̊ ≠ set to zero chargeV xyÓ̊ v˛y Ï̂òÓ̊ ̨ôƒy Ï̂ò Ï̂ú !‡˛Ñ˛ v z̨ú Ï̂›˛y›˛yñ
xÌ≈yÍ xƒy!õ Ï̂òy xƒy!¢v˛!›˛ !ò Ï̂ã xyïyò ÈÙÈ!ò!‹;˛Î˚ xyÓ˚ ì˛y Ï̂Ñ˛ Óƒ!ì˛ Ï̂Ó˚̂ ÏÑ˛ ̂ ≤Ãy!›˛ Ï̂òÓ˚ xòƒ
¢õhfl˛ ̨ ôÓ˚õyí% ãμyúy!ò ¢Ó˚ÓÓ˚y£ Ñ˛Ó˚ˆÏäÈ !fl˛iÓ˚ì˛y!v˛¸!ì˛Ñ˛ ̂ ˛ôyˆÏ›˛ò!üÎ˚yˆÏú– ~£z £ú ̂ ≤Ãy!›˛ò

xhs˛É˛ô%ˆÏÓ˚ ˛ô!Ó˚˛ô)Ó˚ˆÏíÓ˚ ≤ÃˆÏÎ˚yãò#Î˚ì˛y Á ÎˆÏÌ‹Tì˛yÓ˚ fl˛∫Ó˚*˛ô– Ö§yˆÏã Ö§yˆÏã !õˆÏü ÎyÁÎ˚yÓ˚
üyÓ˚#Ó˚Ó,_#Î˚ ̂ ¶˛Ôì˛ ≤ÃÑ˛Ó˚í xyÓ˚ Ó˝î)̂ ÏÓ˚Ó˚ ì˛!v ¸̨Í ¢Ç Ï̂Ó Ï̂îÓ˚ £z!D Ï̂ì˛ !ò Ï̂ã Ï̂Ñ˛ ãy!Ó˚ì˛ Ñ˛ Ï̂Ó˚
~§ˆÏÑ˛ ˆÓ§ˆÏÑ˛ v˛z˛ôÎ%_´ Ñ˛ˆÏÓ˚ ˆòÁÎ˚yÓ˚ Ó˚y¢yÎ˚!òÑ˛ ¢¡ô,!_´ [15]

 –

Î!î ̂ Ñ˛y Ï̂òy xy˛ôyì˛ xÓfl įyÓ̊ Ñ˛“òy Ñ˛Ó̊y ÎyÎ̊ñ ì˛y£ Ï̂ú Óú Ï̂ì˛ £Î̊ ̂ ≤Ãy!›˛ò xhs˛É˛ô%̂ ÏÓ̊
õ%ÖÈÙÈˆÜ§yãy ̂ ÎÈÙÈˆÑ˛y Ï̂òy xƒy!õ Ï̂òy xƒy!¢v˛£z xyÑ˛yÓ˚ Á !fl įÓ˚ ì˛y!v˛̧!ì˛Ñ˛ ̨ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚
!ò!Ó˚̂ ÏÖ x!ì˛v z̨Fâ˛ ¢yÇÖƒõyò Sî%Ûˆ«˛ Ï̂e£z ¢ Ï̂Ó≈yFâ˛ õyò £ú + 1.0V ˆ˛ô Ï̂ì˛ ˛ôyÓ˚ì˛ñ
!Ñ˛ls˛ ˆ¢ Ï̂«˛ Ï̂e ˛ô%̂ ÏÓ˚y !eõy!eÑ˛ Ü‡˛ò›˛y ~Ñ˛›˛y !ò Ï̂Ó˚›˛ !Ó˚!ãv˛ Ÿªy¢Ó˚*k˛ !ò‹±yí
îúy˛ôyÑ˛y Ï̂òy !˛ô Ï̂[˛ ˛ô!Ó˚íì˛ £ì˛– Óyhfl˛ Ï̂Ó ì˛y £Î˚ òy– ˛ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚ õy Ï̂òÓ˚ ~Ñ˛›˛y
ˆÓ˚O Óy ˛ôyÕ‘y Ìy Ï̂Ñ˛– xyÑ˛yÓ˚ ˛ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚ Ñ˛RÓ˚̨ ôs˛iyÎ˚ ì˛yÓ˚ ˜îá≈ƒ ˆäÈy Ï̂›˛y ~ÓÇ
!fl˛iÓ˚ì˛y!v ¸̨!ì˛Ñ˛˛ ˛ô!Ó˚̨ ô)Ó˚̂ ÏíÓ˚ òÓ˚õ˛ôs˛iyÎ˚ ì˛y ˆÓü x Ï̂òÑ˛›˛y£z Ó Ï̂v ¸̨̧y– ~£z ˆÓ˚O Ï̂Ñ˛
ˆÑ˛yÎ̊y!r›˛ö˛y£z Ñ˛Ó̊ Ï̂ì˛ xyõÓ̊y xyõy Ï̂îÓ̊ ̂ v˛›˛y Ï̂Ó Ï̂¢Ó̊ ¢õhfl˛ ÚÓy Ï̂Ó̊v˛Û xƒy!õ Ï̂òy xƒy!¢ Ï̂v˛Ó̊
xyÑ˛yÓ̊ Á !fl įÓ̊ ì˛y!v˛̧!ì˛Ñ˛ ̨ô!Ó̊˛ô)Ó̊ Ï̂íÓ̊ xv≈̨ yv≈̨  ̂ ˛ôÎ̊yÓ̊Û Sx, yV ̂ Ñ˛ Ú≤’›˛Û Ñ˛ Ï̂Ó̊!äÈúyõ
~Ñ˛!›˛ !mõy!eÑ˛ ̂ Ó̊Öy!â˛ Ï̂eñ ÎyÓ̊ òyõ ÚÑ˛õ!≤’ Ï̂õr›˛̨y!Ó̊!›˛ ≤’›˛Û– xò%¶)̨ !õÑ Ę̀ÙÈx Ï̂«˛ xyÑ˛yÓ̊
SSmV Á v z̨ú¡∫ÈÙÈx Ï̂«˛ !fl˛iÓ˚ ì˛y!v ¸̨!ì˛̨Ñ˛ ̨ô!Ó˚̨ ô)Ó˚í SEmV– î%!›˛ ̨ô!Ó˚õy Į̈̂ ôÓ˚£z ̨ ôyÕ‘y  –
1 ̂ Ì Ï̂Ñ˛ + 1 x!∑ [15-17]– õ)ú xy£z!v˛Î˚y!›˛ ~£z !ö˛ Ï̂”˛Ó˚ ≤ÃÓyî≤Ã!ì˛õ ≤Ã Ï̂ö˛¢Ó˚
!ã.~ò. Ó̊yõâ˛w Ï̂òÓ̊ !ÓÖƒyì˛ ö˛y£zÈÙÈüy£z S – xV ≤’ Ï̂›˛Ó̊ ̂ ≤ÃÓ̊íyÎ̊– !¢. !¶˛. Ó̊yõòÈÙÈv z̨_Ó̊



117

¶˛yÓ̊ì˛#Î̊ !ÓK˛y Ï̂òÓ̊ ~£z x!Ó¢ÇÓy!îì˛ ¢¡Ày›˛ äÈ Ï̂Î̊Ó̊ îü Ï̂Ñ˛ =!›˛Ñ˛Î̊ ̂ ˛ô˛ôWzy£zv˛˛˛ xí%Ó̊
Á˛ôÓ˚ ì˛y!_¥Ñ˛ Üíòy  Ñ˛ Ï̂Ó˚ ̂ î!Ö Ï̂Î˚!äÈ Ï̂úò [18] õ)úÈÙÈü,C Ï̂úÓ˚  î%Û!›˛ ̨ ˆ˛ôÔòÉ˛ô%!íÑ˛
!mì˛ú ̂ Ñ˛yí ö˛y£z S V Á üy£z SxV ÈÙÈ~Ó˚ !Ñ˛ä%È !Ó Ï̂ü°Ï xò%Órï£z SCombinationV
ˆò!›˛¶˛ ̂ ≤Ãy!›˛ Ï̂òÓ̊ Ñ%̨ [˛!úì˛ ̂ î Ï̂£ ‡§̨ y£z Ñ˛Û Ï̂Ó̊ !ò Ï̂ì˛ ̨ôy Ï̂Ó̊ xyÓ̊ õ)úü,C Ï̂úÓ̊ ¢M Ę̀yÓ̊˛ôÌ
ÓÓ˚yÓÓ˚ ~£z Î)ÌÓk˛ ›˛y Į̈̂ ô Ï̂úÓ˚ e´!õÑ˛ õyò= Ï̂úyÓ˚ v z̨̨ ô Ï̂Ó˚£z !ò¶≈̨ Ó˚ Ñ˛ Ï̂Ó˚ ˆ≤Ãy!›˛ Ï̂òÓ˚
fl˛iyò#Î˚ Óy !mì˛#Î˚ ˆ◊!íÓ˚ Ü‡˛ò ÈÙÙÙÈ xÌ≈yÍ Ñ˛Öò ˆÑ˛yÌyÎ˚ ˛ô§ƒyâ˛y Ï̂òy !¢•!v ¸̨ Óy ˛ôy Ï̂›˛
˛ôy Ï̂›˛ ¶§̨ yã Ñ˛Ó̊y â˛yîÓ̊ xyÓyÓ̊ Ñ˛Öò ̂ Ñ˛yÌyÎ̊ ú%̨ ô Óy ›˛yò≈– v z̨̨ ôÓ̊ls˛ Ü![˛ ̂ Ñ˛ Ï̂›˛ ̂ îÖyò

£ú ~£z ›˛y Į̈̂ ô Ï̂úÓ˚ ̂ Ñ˛y Ï̂òy ̂ Ñ˛y Ï̂òy xò%Órï Î%Ü Ï̂úÓ˚ õyò ̂ ≤Ãy!›˛ò fl˛T…yÑ˛â˛y Ï̂Ó˚ ÌyÑ˛yÓ˚ñ
ÎÌye´ Ï̂õ 1V x!ïÑ˛yÓ̊# SAllowedVñ 2V xyïyÈÙÈx!ïÑ˛yÓ̊# SPartially AllowedV
Á 3V xò!ïÑ˛yÓ˚# SDisallowedV– xyõÓ˚y ̂ Î ¢õ Ï̂Î˚Ó˚ Ñ˛Ìy Óú!äÈ ì˛Öò ~õò!Ñ˛
≤ÃÌõ Á ~Ñ˛õye ˆ@’y!Óv˛ zúyÓ˚ ˆ≤Ãy!›˛ò SõyˆÏÎ˚yˆ Ï@’y!ÓòVÈÙÈ~Ó˚ ÈÚ~:ÈÙÈˆÓ˚
!e´fi›˛y Ï̂úy@˘Ãy!ö˛Ñ˛ƒy!ú ¢ú¶˛v‰̨ Û !eõy!eÑ˛ Ü‡˛ò!›˛Á !ÓK˛y Ï̂òÓ˚ xyõÈÙÈîÓ˚Óy Ï̂Ó˚ ¢%ú¶˛
!äÈú òy– !äÈú òy ̂ ≤Ãy!›˛ò ̂ v˛›˛y ÓƒyÇÑ˛  ¢%ú¶˛ ̂ Ñ˛y Ï̂òy @˘Ãƒyu˛ !Ó̊ Į̈̂ ôy!ã Ï̂›˛y!Ó̊– Ó̊yõâ˛wò
¶˛!Ó°Ïƒî‰Óyí# Ñ˛ Ï̂Ó̊!äÈ̂ Ïúò ̂ Îñ ̂ Ñ˛y Ï̂òy!îò Î!î ~Ñ˛!›˛ ̂ Üy›˛y ̂ ≤Ãy!›˛ Ï̂òÓ̊ !eõy!eÑ˛ Ü‡˛ò
˛ôÓ˚#«˛yú∏˛ ¶˛y Ï̂Ó !òí≈#ì˛ £Î˚ñ ˛ôyÁÎ˚y ÎyÎ˚ ≤Ã!ì˛!›˛ ¶˛yÓ˚# ˛ôÓ˚õyí%Ó˚ SH Óƒ!ì˛ˆÏÓ˚ˆÏÑ˛V
!eõy!eÑ˛ Ñ˛y Ï̂›≈̨ !üÎ̊yò fl įyòyB˛ñ ̂ ì˛y ì˛y ̂ Ì Ï̂Ñ˛ Üíòyú∏˛ ì˛y Ï̂îÓ̊ ö˛y£z S V Á üy£z SxV
!mì˛ú ˆÑ˛yí= Ï̂úyÓ˚ Ó^˘›˛ò ì§̨ yÓ˚ ≤Ãhfl˛y!Óì˛ ≤’›˛!›˛ Ï̂Ñ˛ ˆõ Ï̂ò â˛ú Ï̂Ó–  xyã ÎÖò ≤ÃyÎ˚
90ñ000 ̂ ≤Ãy!›˛ò fl˛T…yÑ˛â˛yÓ˚ ~ Ï̂¢ ã Ï̂v ¸̨y £ Ï̂Î˚̂ ÏäÈ ̂ ≤Ãy!›˛ò ̂ v˛›˛y ÓƒyÇ Ï̂Ñ˛˛ñ ̂ îÖy ̂ Ü Ï̂äÈ
ì§̨ yÓ˚ ≤’ Ï̂›˛Ó˚ ¢#õy Ï̂Ó˚Öy= Ï̂úy !Ñ˛ä%È ö%̨ Ï̂ú v ẑ̨ Ï‡˛ Ï̂äÈ õye SGeneriously Allowed
regionVñ !Ñ˛ls˛ õ)ú ≤Ã!ì˛˛ôyîƒ!›˛ xyãÁ xõ!úòñ v z̨Iμú ÈÙÙÙÈÈÙÙÙÈ ~£z !äÈú Ó̊yõâ˛w Ï̂òÓ̊
≤ÃK˛y Á !ã!òÎ˚y¢– Üì˛ÓäÈÓ˚˛ñ 2013ÈÙÈˆì˛  £z!u˛Î˚yò £z™!›˛!›˛v˛z›˛ xö˛ ¢yˆÏÎ˚™
SˆÓDyú%Ó̊&VÈÙÈ~ ì§̨ yÓ̊£z ≤Ã!ì˛!¤˛ì˛ Úõ!ú!Ñ˛v z̨úyÓ̊ Óy Ï̂Î̊y!ö˛!ã: £zv z̨!ò›˛ÈÛÙÈ~Ó̊ v ẑ̨ Ïîƒy Ï̂Ü
xy Ï̂Î̊y!ãì˛ ~Ñ˛!›˛ !ÓÓ̊y›˛ xyhs˛ã≈y!ì˛Ñ˛ !ÓK˛yò ¢ Ï̂¡øú Ï̂òÓ̊ [19] õyïƒ Ï̂õ v z̨î‰Îy!˛ôì˛
£Î˚ Ó˚yõâ˛wÏò ≤’ Ï̂›˛Ó˚ ¢%Óí≈ãÎ˚hs˛#– xyõÓ˚y ïyÓ˚íyÜì˛¶˛y Ï̂Ó Ó˚yõâ˛wò Ï̂Ñ˛£z xò%¢Ó˚í
Ñ˛ Ï̂Ó̊ xyõy Ï̂îÓ̊ !mõy!eÑ˛ Ú˛ô!Ó̊˛ô)Ó̊í ≤’›˛Û!›˛ Ï̂Ñ˛ !@˘Ãv Ę̀ÙÈ̂ ≤ÃyÓy!Ó!ú!›˛Ó̊ !ò!Ó̊ Ï̂Ö ~Ñ˛£z¶˛y Ï̂Ó
¢#õyòyÓk˛ Ñ˛Ó̊úyõ Ú¢Ω˛yÓòyõÎ̊ SProbableVñ Ñ˛õ ¢Ω˛yÓòyõÎ̊ SLess ProbableVñ
Á ≤ÃyÎ˚ÈÙÈ¢Ω˛yÓòy£#ò SImprobableVÛ ÈÙÙÙÈ ~£z !ì˛ò!›˛ @˘Ã!s˛i!Ó!FäÈß¨ SdisjointV
xM˛ÈˆÏú– v˛z˛ôˆÏÓ˚Ó˚ äÈ!ÓˆÏì˛ ≤’›˛!›˛Ó˚ ¢ÓˆÏâ˛ˆÏÎ˚ ˆ¶˛ì˛ˆÏÓ˚Ó˚ xM˛Èú SProbableV
!â˛!£´ì˛ £ˆÏÎ˚ˆÏäÈ  ˛ôy˛ô≈ˆÏúñ  õyˆÏG˛Ó˚ xM˛Èú SLess ProbableV õ¶˛ Ó˚ˆÏà Á
Óy£zˆÏÓ˚Ó˚ Ó˚yãƒ SImprobableV £yúÑ˛yÈÙÈò#ˆÏú x§yÑ˛y £ˆÏÎ˚ˆÏäÈ– ̨ôÓ˚Óì≈˛#ˆÏì˛ ̂ ≤Ãy!›˛ò
!eõy!eÑ˛ Ü‡˛ˆÏòÓ˚ fl˛iyò#Î˚ Á xy!ÓŸª Ö§%ì˛ ïÓ˚y SLocal and global error
detectionV Á Îyâ˛y£z Ñ˛Ó˚yÓ˚ Sstructure validationV Ñ˛yˆÏã ̂ îÖyˆÏòy £ˆÏÎ˚ˆÏäÈ
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≤’›˛!›˛Ó ˚ Shttp://www.saha.ac.in/biop/sarama.htmlV [16] !Ó!Óï
Ñ˛yÎ≈Ñ˛y!Ó̊ì˛yñ ÎyÓ̊ õ)̂ Ïú Ó̊ Ï̂Î̊ Ï̂äÈ ̂ ò!›˛¶˛ ̂ ≤Ãy!›˛ Ï̂òÓ̊ õ Ï̂ïƒ ̨ô!Ó̊ú!«˛ì˛ !Ñ˛ä%È !v˛!fl T̨…!Óv z̨üyò
˛ôƒy›˛yò≈– ̂ îÖy Îy Ï̂FäÈ ~õò!Ñ˛ ¢Ó Ï̂â˛ Ï̂Î̊ ¢Ω˛yÓòyõÎ̊ xM Ę̀̂ ÏúÓ̊Á fl˛ô‹T î%!›˛ ̂ Ó̊O Ó̊ Ï̂Î̊ Ï̂äÈñ
Îy Ï̂îÓ̊ ¢yÇÖƒõyò xyÑ˛yÓ̊ ̨ô!Ó̊˛ô)Ó̊ Ï̂í 0.5ÈÙÈ0.7 ~ÓÇ !fl įÓ̊ ì˛y!v˛̧!ì˛Ñ˛ ̨ô!Ó̊˛ô)Ó̊ Ï̂í 
0.2ÈÙÈ0.8 [15] – xÌ≈yÍ ¶˛y Ï̂úyÎ̊ÈÙÈõ Ï̂®ñ xy Ï̂úyÎ̊ÈÙÈÑ˛y Ï̂úyÎ̊ ̂ ¢£z ≤Ãyâ˛#ò ̂ ÎÔÌ Öyõy Ï̂Ó̊Ó̊
≤Ã!ì˛ö˛úò– ÎyÓ̊ ̂ ÎÖy Ï̂ò Öyõ!ì˛ ̂ ¢ ̂ ¢Öy Ï̂ò ¢ Ï̂â˛‹Tñ ÎyÓ̊ ̂ ÎÖy Ï̂ò Óyv˛̧!ì˛ ̂ ¢ ̂ ¢Öy Ï̂ò
òõò#Î˚– ̂ ≤Ãy!›˛ Ï̂òÓ˚ ¶§̨ y Ï̂ãÈÙÈõIyÎ˚ ~£z !òÑ˛›˛ÈÙÈî)̂ ÏÓ˚Ó˚ ¢%̂ ÏÓ˚ ¢%̂ ÏÓ˚ ̂ õúy Ï̂òy fl ∫̨Î˚Ç!e´Î˚
£yÓ̊ Ï̂õy!ò Ï̂ì˛£z !e´Î̊yü#ú ~£z xy!îÈÙÈ≤ÃyíÓƒÓfl įy!›˛Ó̊ ¢yõƒyÓfl įy ÓãyÎ̊ xy Ï̂äÈ– ̂ Ñ˛yÌyÁ
xyîü≈ xÓfl˛iyÓ˚ ̂ Ì Ï̂Ñ˛ úyÜyõÈÙÈˆäÈ§v ¸̨y â%̨ ƒ!ì˛Ó˚ xÓÑ˛yü ̂ ò£zñ  xyÓyÓ˚ !Ó®%Ók˛ !ò Ï̂Ó˚›˛
ãÜjúÁ £ Ï̂Î˚ ÎyÎ˚!ò ≤Ãyíì˛s f̨!›˛–

Ñ˛y Ï̂ã úyÜ Ï̂ì˛ñ ¶§̨ y Ï̂ã ¶ §̨y Ï̂ã ̂ ˛ô§!â˛ Ï̂Î˚ ̂ ˛ô§!â˛ Ï̂Î˚
ˆï Ï̂Î˚ ~ú ÁÓ˚yñ ì˛Ó%ñ òy ä%È§̂ ÏÎ˚ ~ÈÙÈÁ Ï̂Ñ˛
Ÿªy Ï̂¢Ó̊ ̃ òÑ˛›˛ƒÈÙÈˆîyúy ̂ ÖyúyÈÙÈÓ%̂ ÏÑ˛ !ò Ï̂Î̊

xy Ï̂Ó Ï̂Èü xy Ï̂Ó Ï̂ü äÈ§%̂ ÏÎ̊ Ó̊£zú ̂ â˛y Ï̂Ö ̂ â˛y Ï̂Ö
~£z ̂ ¢ ̨ô!Ó˚˛ô)Ó˚íÊ ̨ô)í≈ xy!î≤ÃyˆÏí

õy!›˛ÈÙÈx§yÑ˛ Ï̂v˛̧ Óy!Ñ˛ ãyÎ˚Üy ̂ äÈ Ï̂v˛̧ ̂ îÁÎ˚y
â˛!Ñ˛ Ï̂ì˛ñ Ü!ì˛Ó̊ ü# Ï̂°Ï≈ ̨ôì˛ Ï̂òÈÙÈv z̨ay Ï̂ò

˛ôv ¸̨!üÓ˚ ̨ ôv ¸̨hs˛ ̂ G§̨ yÑ˛ Ó%̂ ÏG˛ñ Î%̂ ÏG˛ ̂ òÁÎ˚y
÷ï% !Ñ˛ Ñ˛y Ï̂äÈÓ˚ ̂ Öúy⁄ £y Ï̂ì˛Ó˚ õ%̂ Ï‡˛yÓ˚⁄

ˆ«˛ Ï̂eÓ̊ ì˛Ó̊&í ›˛y Ï̂ò ≤Ãyhs˛ÈÙÈî)Ó̊ ̂ Ì Ï̂Ñ˛
ö˛íyÎ˚ ö˛íyÎ˚ ̂ ï Ï̂Î˚ ~ú ~§̂ ÏÑ˛ ̂ Ó§̂ ÏÑ˛

î Ï̂ú î Ï̂ú ¢%ì˛yüCñ Ó§y!ü Ï̂ì˛ !Ó Ï̂¶˛yÓ̊...
òy ̂ äÈyÓ Ï̂ú òy â%̨ ¡∫̂ Ïòñ ~õò ̂ ¢ ̂ õy£

÷ï% ̂ ÎÔÌ î%ú%!ò Ï̂ì˛ xï#Ó˚ xy@˘Ã£

Ö§%ì˛ ïÓ̊yÓ̊ Ñ˛y Ï̂ã Ú˛ô!Ó̊˛ô)Ó̊í ≤’ Ï̂›˛ÛÓ̊ Ñ˛yÎ≈Ñ˛y!Ó̊ì˛y Îyâ˛y£z Ñ˛Ó̊ Ï̂ì˛ ~Ó̊˛ôÓ̊ xyõÓ̊y õã%ì˛
ˆò!›˛¶˛ ˆ≤Ãy!›˛ò fi›˛yÑ˛â˛yÓ˚= Ï̂úyÎ˚ v ẑ̨ Ïjüƒ≤Ã Ï̂íy!îì˛ ¶˛y Ï̂Ó !Ñ˛ä%È !¢ Ï̂s˛i!›˛Ñ˛ Üy‡˛!òÑ˛
e&!›˛ ¢Ç Ï̂ÎyÜ Ñ˛Ó˚̂ Ïì˛ úyÜúyõ– v ẑ̨ Ïjüƒ !äÈú ˆîÖyÓ˚ ˆÎ ˛ô!Ó˚̨ ô)Ó˚í ≤’›˛Û!›˛ ˆ¢£z
e%́ !›˛Ü Ï̂úy Ö§%̂ Ïã ˆÓÓ˚ Ñ˛Ó˚̂ Ïì˛ ˛ôy Ï̂Ó˚ !Ñ˛òy– ~£zÖy Ï̂ò ˆÓ!Ó˚̂ ÏÎ˚ ˛ôv ¸̨ú ˆÑ§̨ Ï̂â˛y Ö%v ¸̨̂ Ïì˛
!Ü Ï̂Î˚ ̂ Ñ˛v ẑ̨ Ï›˛Ê xyõÓ˚y ̂ â˛ Ï̂Î˚!äÈúyõ ̂ ≤Ãy!›˛ò fl˛T…yÑ˛â˛yÓ˚= Ï̂úyÓ˚ õ)ú Á ̨ôyŸª≈ÈÙÈü,C Ï̂úÓ˚
xyÜy Ï̂Üyv ¸̨y ̨ ô%ò!ò≈õ≈yí xyÓ˚ ì˛yÓ˚ ö§̨ y Ï̂Ñ˛ ö§̨ y Ï̂Ñ˛ Îî,FäÈ¶˛y Ï̂Ó !Ó!¶˛ß¨ Ñ˛òö˛Ó˚̂ Ïõüòyú
!mì˛ú ˆÑ˛y Ï̂íÓ˚ ˆò!›˛¶˛ õy Ï̂ò úá% ≤ÃyÓ Ï̂úƒÓ˚ SLow-quantumV ˆÑ˛Ô!íÑ˛ e%́ !›˛
¢Ç Ï̂Îyãò– Úâ˛ì%̨Ì≈ ̨ôÓ̊õyí%Ó̊ fl įyòyB˛ !òí≈Î̊ÛÈÙÈòyõÑ˛ !Ó Ï̂ü°Ï ãƒy!õ!ì˛Ñ˛ ̂ ›˛Ñ˛!òÑ˛ e´õyß∫̂ ÏÎ̊
ÓƒÓ£yÓ˚ Ñ˛ˆÏÓ˚ xyõÓ˚y ÜˆÏv˛¸¸ ì%˛úˆÏì˛ â˛y£z!äÈúyõ Üy‡˛!òÑ˛ e&!›˛Î%_´ ~Ñ˛È ~Ñ˛!›˛
Ú~ Ï̂Ó̊y!òÎ̊y¢Û  xƒy›˛!õÑ˛ õ Ï̂v˛ú [17]– xyõy Ï̂îÓ̊ îÓ̊Ñ˛yÓ̊ !äÈúñ õ)úü,C Ï̂úÓ̊ ¢M Ę̀yÓ̊˛ôÌ
ÓÓ̊yÓÓ̊ ¢õ Ï̂Îyã# Óı˛ò# Ï̂ì˛ Î%_´ ≤Ã!ì˛ î%!›˛ e´!õÑ˛ ̨ôÓ̊õyí%Ó̊ õ Ï̂ïƒÓ̊ Óı˛ò# ̃ îá≈ƒñ ≤Ã!ì˛
!ì˛ò!›˛ e´!õÑ˛ ̨ôÓ̊õyí%Ó̊ õ Ï̂ïƒÓ̊ Óı˛ò# ̂ Ñ˛yí ~ÓÇ ≤Ã!ì˛ â˛yÓ̊!›˛ e´!õÑ˛ ̨ôÓ̊õyí%Ó̊ õ Ï̂ïƒ
!mì˛ú ˆÑ˛yí– !mì˛ú ˆÑ˛yí=ˆÏúyˆÏÑ˛ xyõÓ˚y !›˛v˛zˆÏòÓú ˛ôƒyÓ˚y!õ›˛yÓ˚ !£ˆÏ¢ˆÏÓ
ˆÓ Ï̂äÈ!äÈúyõ– xòƒÌyÎ˚ ì˛y Ï̂îÓ˚ ˆò!›˛¶˛ õyò ÓƒÓ£yÓ˚ Ñ˛Ó˚y !äÈú xyÏÓ˚ ~Ñ˛!›˛ v z̨̨ ôyÎ˚–
ˆ¢ Ï̂«˛ Ï̂e ÚÓı˛ò# Ï̃îá≈ƒ Á Óı˛ò# Ï̂Ñ˛yíÛ =!úÓ̊ ãòƒ xyõy Ï̂îÓ̊ !ò Ï̂ì˛ £ì˛ ì˛y Ï̂îÓ̊ ≤Ãhfl˛y!Óì˛
Úxyîü≈ õyòÛ SIdeal ValueV– ~Öò ~£z xyîü≈ õyˆ ÏòÓ˚ xyÓyÓ˚
≤Ãyâ˛#òÈÙÈõïƒÎ%Ü#Î˚ÈÙÈxyï%!òÑ˛ ˆ¶˛îy Ï̂¶˛î xy Ï̂äÈ– xy Ï̂äÈ £zv z̨!ò Ï̂õyv˛yú [20]ñ xy Ï̂äÈ
xÓÎ˚ÓÈÙÈ!ò¶≈̨ Ó˚ SConformation dependentV [21] xyîü≈ õyò– xÌ≈yÍñ ˆÎõò
N-CA-C Óı˛ò# ˆÑ˛yí!›˛Ó˚ £zv z̨!ò Ï̂õyv˛yú xy£z!v˛Î˚yú ¶˛ƒyú% £ú 1050  ~ÓÇ ~£z
xy£z!v˛Î̊yú ¶˛ƒyú% ̂ Ì Ï̂Ñ˛ Óı˛ò# Ï̃îá≈ƒ Á Óı˛ò# Ï̂Ñ˛yí=!úÓ̊ õyòî[˛ Óƒì˛ƒÎ̊ SStandard
DeviationV ¢yïyÓ˚íì˛  0.5 Aº Á  5º ~ Ï̂£ò ̂ äÈy Ï̂›˛y ̨ôyÕ‘yÎ˚ ̂ îyú ÖyÎ˚–
xÌ≈yÍ ̂ Ñ˛y Ï̂òy ̂ ≤Ãy!›˛ Ï̂ò ̂ Ñ˛y Ï̂òy ~Ñ˛!›˛ Óı˛ò# Ï̂Ñ˛yí ï Ï̂Ó̊ ì˛yÓ̊ ¢ÓÑ˛ãò ¢î¢ƒ Ï̂Ñ˛ Î!î
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~Ñ˛yD#¶ )̨ì˛ SSuperposeV Ñ˛Ó˚y ÎyÎ˚ ì˛ Ï̂Ó ~Ñ˛!›˛ ~Ñ˛ ˆõyv˛ÈÙÈ!Ó!ü‹T Ñ˛õ ≤Ã Ï̂fiÌÓ˚
ì˛#«̄˛ ¢yïyÓ̊í Ó ˘̂›˛ò ̨ôyÁÎ̊y v z̨!â˛ì˛– fl ∫̨y¶˛y!ÓÑ˛ ¶˛y Ï̂Ó£z Óyhfl˛Ó Sˆò!›˛¶˛V ̂ Ì Ï̂Ñ˛ xyîü≈
õy Ï̂ò ~ Ï̂îÓ˚ ¢!¡ø!úì˛ ˛ô!Ó˚Óì≈̨ Ï̂òÓ˚ ö˛ Ï̂ú xyÑ˛yüÈÙÈ˛ôyì˛yú ö˛yÓ˚yÑ˛ £ Ï̂ì˛ ˛ôy Ï̂Ó˚ ÈÙÙÙÈ
~õò›˛y ¶˛yÓy ¢!ì˛ƒ£z Ñ˛!‡˛ò !äÈúÊ !Ñ l̨s˛ xyõÓ̊y ̂ ì˛y x Ï̂òÑ˛ !îò ï Ï̂Ó̊£z ãy!ò ̂ Î ÚüB˛y
ˆÎÌyÎ˚ Ñ˛ Ï̂Ó˚ òy ˆÑ˛v z̨ñ ˆ¢£zÖy Ï̂ò £Î˚ ãy£yãv%̨ !Ó ÊÛ £úÁ !‡˛Ñ˛ ì˛y£z– ˆîÖy ˆÜúñ
~¶˛y Ï̂Ó ̨ô%ò!ò≈!õ≈ì˛ ~Ñ˛!›˛ !eõy!eÑ˛ Ü‡˛ Ï̂ò Î!î ̂ ≤Ãy!›˛ò!›˛Ó̊ ¢õhfl˛ !mì˛ú ̂ Ñ˛y Ï̂íÓ̊ S

 V õyò ̂ ò!›˛¶˛ Ó˚yÖy £Î˚ Á ¢õhfl˛ Óı˛ò# Ï̃îá≈ƒ Á Óı˛ò# Ï̂Ñ˛yí=!úÓ˚ õyò ì˛y Ï̂îÓ˚
xyîü≈ õy Ï̂ò ≤Ãì˛ƒyÓ,_ Ñ˛Ó̊y £Î̊ ̂ ì˛y ̂ ¢£z Ü‡˛ò!›˛ ~Ñ˛!›˛ xÌ≈£#ò îúy˛ôyÑ˛y Ï̂òy !˛ô Ï̂[˛
˛ô!Ó̊íì˛ £Î̊– xyúyîy xyúyîy Ñ˛̂ ÏÓ̊ Óı˛ò# Ï̂Ñ˛yí Á Óı˛ò# Ï̃î Ï̂á≈ƒÓ̊ ≤Ã¶˛yÓ ÓƒÓ Ï̂FäÈî Ñ˛Ó̊ Ï̂ì˛
!Ü Ï̂Î̊ ̂ îÖy ̂ Üúñ  Óı˛ò ̃ î Ï̂á≈ƒÓ̊ xyîü≈#Ñ˛Ó̊ Ï̂í ̂ ≤Ãy!›˛ò!›˛Ó̊ xyî Į̈̂ ô£z ≤ÃyÎ̊ úy¶ Ę̀ÙÈ«˛!ì˛ £Î̊
òyñ !Ñ l̨s˛ õ)úü,C Ï̂úÓ̊ ¢M Ę̀yÓ̊˛ôÌ ÓÓ̊yÓÓ̊ N-CA-C, CA-C-N Á SC-N-CAV
Óı˛ò ̂ Ñ˛yí !ì˛ò Ï̂›˛Ó̊ ~õò!Ñ˛ ̂ ÎÈÙÈ̂ Ñ˛y Ï̂òy ~Ñ˛›˛y Ï̂Ñ˛ xy£z!v˛Î̊yúy£zã Ñ˛Ó̊ Ï̂úÁ ̨ô%ò!ò≈!õ≈ì˛
Ü‡˛ò!›˛ ̂ ¢£z îúy˛ôyÑ˛y Ï̂òy Ñ%̨ Ï̂[˛ ̨ô!Ó̊íì˛ £Î̊–

Ú˛ô!Ó˚˛ô)Ó˚í ≤’ˆÏ›˛ÛÁ fl˛ô‹Tì˛£z ïÓ˚y ˛ôv˛¸ú ~Ñ˛!›˛ ˆò!›˛¶˛ ˆ≤Ãy!›˛ò Á ì˛yÓ˚
xy£z!v˛Î˚yúy£zãv˛ xƒyˆÏ›˛y!õÑ˛ õˆÏv˛ˆÏúÓ˚ xhs˛É˛ô%ˆÏÓ˚Ó˚ xƒy!õˆÏòy xƒy!¢v˛=ˆÏúyÓ˚
¢Ç£ì˛ Á !Ó!«˛Æ Ó^˘›˛ò [17]–

Ñ˛# ãyòy Îy Ï̂FäÈ ~Ó˚ ˆÌ Ï̂Ñ˛⁄ ãyòy Îy Ï̂FäÈ ˆÎ ˆ≤Ãy!›˛ Ï̂òÓ˚ ˆò!›˛¶˛ ¢%°Ïõ ˆö˛y Ï̂”˛Ó˚
Ü‡˛ Ï̂òÓ˚ õ)̂ Ïú Ó˚̂ ÏÎ˚̂ ÏäÈ xƒy!õ Ï̂òy xƒy!¢v˛Ü%̂ ÏúyÓ˚ !Ó!¶˛ß¨ ãƒy!õ!ì˛Ñ˛ ˛ôƒyÓ˚y!õ›˛y Ï̂Ó˚Ó˚
xyîü≈ õyò ˆÌ Ï̂Ñ˛ ¢%̂ ÏÑ˛Ôüú# â%̨ ƒ!ì˛ SStrategic DeviationV– ˆÎò Úì%̨ !õ Ñ˛ Ï̂°Ï
ï Ï̂Ó˚y £yú/xy!õ ì%̨ Ï̂ú Ó§y!ï ˛ôyúÛ– ˆÑ˛v z̨ Î!î v˛y Ï̂ò ¢y Ï̂v ¸̨ !ì˛ò ˛ôy ›˛yú ÖyÎ˚ ˆì˛y
«˛!ì˛˛ô)Ó̊í ÓyÓî ì˛y Ï̂Ñ˛ ¶˛yÓ̊¢y Ï̂õƒ xyò Ï̂ì˛ x˛ôÓ̊ãò xyv˛̧y£z ̨ôy Ó§y Ï̂Î̊ õ%̂ Ïv˛̧Üy Ó§y Ï̂Î̊
ˆõyv˛̧– ̂ Ñ˛y Ï̂òy îÎ̊yÈÙÈîy!«˛ Ï̂íƒÓ̊ ≤ÃŸ¿ ̂ ò£zñ Ó̊ Ï̂Î̊ Ï̂äÈ ̨ôyÓ̊fl˛ôy!Ó̊Ñ˛ Á ¢yõ!@˘ÃÑ˛ fl ∫̨ì˛Éfl˛≥)̨ ì≈̨
~Ñ˛›˛y îyÎ˚– ~£z £Ûú ~Ñ˛yß¨Óì≈̨ #ñ xyîü≈ ˆÎÔÌ ˛ô!Ó˚ÓyÓ˚– ˆÎÖy Ï̂ò Óƒ!_´ÈÙÈxyî Ï̂ü≈Ó˚
â%̨ ƒ!ì˛ ̂ ë˛ Ï̂Ñ˛ ̂ îÎ̊ ̨ôyÓ̊fl˛ôy!Ó̊Ñ˛ ̨ô!Ó̊˛ô)Ó̊í– ~£z !òv z̨!Ñœ̨ Î̊yÓ̊ ö˛ƒy!õ!úÓ̊ Î%̂ ÏÜ Îy !òì˛yhs˛£z
≤Ãyâ˛#ò ̨ô,!ÌÓ#Ó̊ á›˛òyÈÈÙÙÙÈ~ò Ï̂v˛OyÓ̊v˛ñ ¢ÇÖƒyúá%ñ xyãÁ xy!î≤Ãyí ̂ ≤Ãy!›˛ Ï̂ò Ó̊ Ï̂Î̊ Ï̂äÈ
Îy Ï̂îÓ̊ ̂ › Δ̨¢–
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ˆì˛yõyÓ˚ Îì˛›˛y Öyõ!ì˛ñ ¶˛Û Ï̂Ó˚ !î!FäÈ xy!õ ̂ ¢£z ̂ Öî
xyõyÓ̊ Îì˛›˛y Óyv˛̧!ì˛ñ ̂ äÈ§̂ Ï›˛ ì%̨ !õ Ñ˛Ó̊ Ï̂äÈy !ò Ï̂õ≈î

xyõy Ï̂Ñ˛ ̂ ¢ !Ó°Ï̂ Ïö˛yv˛̧y ̂ Ì Ï̂Ñ˛ñ !ì˛ Ï̂ú !ì˛ Ï̂úñ !î Ï̂ò !î Ï̂ò
xyò Ï̂® ú!ì˛ Ï̂Î˚ v z̨‡˛!äÈ ~ÈÙÈÁÓ˚ v z̨ãyòÈÙÈ¶§̨ y!›˛ !â˛ Ï̂ò
~Ñ˛ ̂ Ì Ï̂Ñ˛ î%£z ̂ Ì Ï̂Ñ˛ ̂ Ó˚̂ ÏÖ x¢Ç Ï̂ÖƒÓ˚ £y Ï̂ì˛ £yì˛

î%̂ Ïúñ ̂ ò Ï̂â˛ñ xy=!˛ôä%Èñ xyäÈ Ï̂v˛̧ ̨ôv˛̧y ̂ ë˛v ẑ̨ ÏÎ˚Ó˚ xyáyì˛
¢£ƒ Ñ˛Ó˚!äÈñ ˛ôyÓ˚ Ñ˛Ó˚!äÈ ~ Ï̂Ñ˛ ~ Ï̂Ñ˛...~Ñ˛ £Ó Ó Ï̂ú

xy Ï̂úyÓ̊ ̂ õy£òy ›˛y Ï̂ò Îì˛î)Ó̊ xõ,̂ Ïì˛ÈÙÈÜÓ̊ Ï̂ú
ˆ˛ô Ï̂ì˛ !î!FäÈ Ó%Ñ˛ñ xyÓ˚ ̂ õ Ï̂ú !î!FäÈ v˛yòyñ ¶˛yày òy Ï̂Î˚
v˛yà !î!FäÈ ̨ôy Ï̂úñ £yú ̂ äÈ Ï̂v ¸̨ !î!FäÈ £yÁÎ˚yÓ˚ !ã¡øyÎ˚
ˆâ˛y Ï̂ÖÓ˚ xyv ¸̨yú £ Ï̂úñ ö˛íy ì%̨ ú Ï̂äÈ õyÌyÎ˚ Óy¢%Ñ˛#
›§%̨ ÈÙÈü∑ òy Ñ˛Û Ï̂Ó˚ ì˛Ó%ñ òy !î Ï̂Î˚ ̂ £§̂ Ïüúá Ï̂Ó˚ v z̨§!Ñ˛

ˆ£§̂ Ï›˛ Îy!FäÈ ̂ Óúy ÌyÑ˛ Ï̂ì˛ó˛ ô§%›%̨ !ú Ï̂ì˛ ̂ Ó§̂ Ïï !â•̨ Ï̂v˛̧ÈÙÈ=v˛̧
ˆÑ˛yò Ó§y Ï̂Ñ˛ ̂ Ó˚̂ ÏÖ ̂ ÜäÈ Ê !â˛ Ï̂ò !ò Ï̂ì˛ñ Ñ˛yäÈ ̂ Ì Ï̂Ñ˛ î)Ó˚ ...

ˆü°Ïì˛ Óúy îÓ̊Ñ˛yÓ̊ ̂ Ñ˛y Ï̂òy xî)Ó̊ Óy ¢%î)Ó̊ ¶˛!Ó°Ïƒ Ï̂ì˛ Î!î ̂ ≤Ãy!›˛ò ̂ ö˛y!”˛Ç ¢õ¢ƒy!›˛Ó̊
~Ñ˛!›˛ ì˛y!_¥Ñ˛ Á ÓƒÓ£yÓ̊ Ï̂ÎyÜƒ ¢õyïyò ̂ õ Ï̂úñ ì˛ Ï̂Ó xyï%!òÑ˛ !â˛!Ñ˛Í¢y!ÓîƒyÎ̊ ~Ñ˛!›˛
˜Ó≤’!ÓÑ˛ ̨ô!Ó˚Óì≈̨ ò xy¢y ¢Ω˛Ó– ~õò Ó˝ ã#Óyí%á!›˛ì˛ ̂ Ó˚yÜ xy Ï̂äÈñ Îy Ï̂îÓ˚ Ñ˛yÓ˚Ñ˛
ã#Óyí%Ó˚ ãÓ˚&!Ó˚ !Ó˛ôyÑ˛ â˛ Ï̂e´Ó˚ SEssential Metabolic PathwaysV !Ó!¶˛ß¨
x≤Ã!ì˛fl įy˛ôò Ï̂ÎyÜƒ v z̨Í Ï̂¢â˛ Ï̂Ñ˛Ó̊ Sdrug targetV !ÓÓ̊& Ï̂k˛ Î Ï̂Ìy˛ôÎ%_´ v»̨ yÜ !v˛ãy£zò
Ñ˛Ó̊y îÓ̊Ñ˛yÓ̊– ~ ¢õhfl˛ v z̨Í Ï̂¢â˛Ñ˛ Ñ˛yÓ̊Ñ˛ ã#Óyí%!›˛Ó̊ ̂ î Ï̂£ ̂ õÔ!úÑ˛ xÌ≈yÍ ̂ ˛ôy°Ï̂ ÏÑ˛Ó̊
ˆî Ï̂£ xò%̨ ô!fl įì˛ñ ì˛y£z ~ Ï̂îÓ̊ ›˛y Ï̂Ü≈›˛ Ñ˛Ó̊ Ï̂ú ̂ ˛ôy°Ï̂ ÏÑ˛Ó̊ «˛!ì˛ £ÁÎ̊yÓ̊ ¢Ω˛yÓòy Ìy Ï̂Ñ˛
òy– ~Öò v ẑ̨ Ïjüƒ £ú ~õò !Ó Ï̂ü°Ï Ó˚y¢yÎ˚!òÑ˛ ̂ äÈy Ï̂›˛y xí% SSmall molecule/

DrugV !v˛ãy£zò Ñ˛Ó˚yÓ˚ñ Îy v z̨j#‹T ̂ ≤Ãy!›˛ò!›˛Ó˚ ¢ Ï̂D ¢%!ò!î≈‹T Á ̂ ˛ôy_´ ¶˛y Ï̂Ó ̂ Ó§̂ Ïï
ì˛y Ï̂îÓ˚ Ñ˛y Ï̂ãÓ˚ Ó˚y Ï̂ãƒ ~õò Üy‡˛!òÑ˛ !Óá¯ á›˛y Ï̂Óñ Îy ì˛y Ï̂îÓ˚ xâ˛ú x Ï̂Ñ˛ Ï̂ãy Ñ˛ Ï̂Ó˚
ˆö˛ú Ï̂ì˛ ̨ôy Ï̂Ó̊– xyÓ̊ ì˛y£z ≤Ã Ï̂Î̊yãò £ Ï̂Î̊ ̨ô Ï̂v˛̧̧ Á£z ¢õhfl˛ ̂ ≤Ãy!›˛ Ï̂òÓ̊ !eõy!eÑ˛ Ü‡˛ò
¢õyïyò Ñ˛Ó˚yÓ˚– xÌâ˛ x Ï̂òÑ˛ ˆ≤Ãy!›˛ Ï̂òÓ˚ Ü‡˛ò ~:ÈÙÈˆÓ˚ !e´fi›˛y Ï̂úy@˘Ãy!ö˛ÛÓ˚ õyïƒ Ï̂õ
˛ôÓ̊#«˛yú∏˛¶˛y Ï̂Ó !òí≈Î̊ Ñ˛Ó̊y ¢õÎ̊ÈÙÈ¢y Į̈̂ ô«˛ Á ≤ÃÎ%!_´Üì˛¶˛y Ï̂Ó î%Ó̊*£– ~äÈyv˛̧yÁ ̂ ≤Ãy!›˛ò
!v˛ãy£ẑ ÏòÓ˚ õyïƒ Ï̂õ ˆ≤Ãy!›˛òÈÙÈˆÑ˛ ˆîÁÎ˚y £ Ï̂FäÈ !Ó!¶˛ß¨ ˆõÔ!úÑ˛ òì%̨ ò òì%̨ ò Ñ˛yã
Ñ˛Ó̊yÓ̊ ̂ ¶˛Ôì Ę̀ÙÈÓ̊y¢yÎ̊!òÑ˛ «˛õì˛yñ ÎyÓ̊ ö˛ Ï̂ú !â˛!Ñ˛Í¢y!ÓîƒyÎ̊ !ãòÈÙÈ̂ ÌÓ̊y!˛ôÓ̊ ¢õyhs˛Ó̊y Ï̂ú
¢Ó˚y¢!Ó˚ ~ Ï̂îÓ˚ ÓƒÓ£yÓ˚ Ñ˛Ó˚yÁ £Î˚̂ Ïì˛y ¢Ω˛Ó £ Ï̂Î˚ v z̨‡˛ Ï̂Ó x!â˛ Ï̂Ó˚£z–
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