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Abstract, Intermoleailar inberaction or noa-covalmi miemction. plevs an important role om the chemical pricesses.
lntermoleular intaoctson also mvelies seviesl pheiomens thet corresponding 16 molecular sd mocromoleobir soicsces.
Intzrmalecular mivraction phesomena becoss s importan subgevt o b leamed becmase they s explain the imporand process
s the humsan body. Oee of the mest imporios) processes tat can be leamed 15 peplide-ssas] o inenciion. Peplidc-awetal con
migactzon phiys the imperiml rode for the biclogical prsazss om the human body, Cne of ke peptide-metal som mbcacion that
conl B lesmimal pa culbein prephde silemctum with o omesal oo i Bload-heams barmer (BHH) Sevessl seetsods were deae hie
mvgslgating peptade-matal wm migashon . ey, r:pll-:la-ml:-lil 1o inderlion can b inveshgaied sspenmsninliy mad
thevretieally The parps: of This IRTRRL Iy ol the stsuckine of A8 PIH: PEaTeme-Alnane) aeed Au-
WL H {VakneCvstese | peptides by aly instio compuiotionsl spprosch with a sinimum esergy. the mierction siabiliny of Ace
E.'.-NHB:.:I Ae-NC-WMH, wath potaanuss mnd ssdinm joms, respoctivey: and o underdtand the conlribuben of gaebel charge asd
Ibghest Oooepsed Molecolor Chbatsl (HOBCK) ~ Lowest Unocospied bolocular Crbisad{ LU energy on Ao-CaA-HIE mnd Ao
WO-MHy paplide interaizan with polassiom and sodivm jons. The calsulatons waw coried oof am HES-30G%* maoeding
geninely opbmizalEn ol pephdes, gemnelry cpBimzeti ol peplule-ss mlosihon, and plvaesl and chesapeal prespreriies
dkelyrmmmatim sich ox martisl cheege and HOMOSLUMO margy. Tha reailis shon that the mosa sable strociume of Ae-Ci-RH;
and fee-Y C-PHy gk Were acipived wille mianinm ciesgy' -8 254 Hartree andd =BG 321 Hamtree, sespachvely, peoies by
their optmization convergemces. The intessctsm energy ol Ac-CA-MH; with sodim and potassium on indicating the most stable
configarateans1 with itemadtion cneegy = [ H0.7H2 kel for sodinm e and =140 280 kVmol Sor polasanm eon, Meanwhile, die
inlemcbon energy of AcYC-NW: peptide with sodimm and polessiom sms has the most sighle configembion-1 wath inleaction
enigy -FERIGT KR mal ol -181 922 Klmeal, respectiveby. The partinl shane aml HOMO-LITWE mergy em b ossl fir
imferalnsdhing The slabaliny of peplidi- aoeial wn rter o and also ot lirming e reachsiry of the peplde ofler s iismg with
4 mclsl win

Rorvinad: Ab-bnitle, alkalier mmotal s, g @ beractios, e jlde, Dam-oovalenl Do b

1. Iniraduction

btermolecular nteraction o non-covalent mlerscton plays an importanl rele on chermial
process.  Imtermoelecular chemistry also anvolbved ot phesomena that reladed 10 melecular and
macromelecilor fields[1] These phenomenn tecome essenbiel because it con explun the process thal
ogeimed on the body. An important process such as o interacteon with peptides con be learned because
it lsas an poportand e in biclogion] proeess on the hamas body 2], Peptide-ion imleractions can be ussd
ot dheseribe some properiies like increasing e inding affimty of he peptade, explamang the selectivity of
goch protem or pepide 10 metal 1on and ds bending charactertaation, 100 regulation from protem and
peptades. and figunng ol the pephides or prolein stabaliy due do the prescnce of colactor st protein
tolding reaction] 3-G]. One process example regarding the peptide-won internction that can be learned 1=
cadherin peptides-metal ion isteraction which s ocewrred i bloed-brain bamer (BBE )

Ao dverwrnoviod Seavmer vo Démndvier
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HHG 15 Wologscal wall that varefully regulntes the arrvvironment. near central mervous system|T)
The reseRe ol caleaurm don thal shown ||I'|'u|.'|i:|.&|, strichime of E-Cadherin m RHFL]H BER can be
mesdulated using cadherm pephide fo ierease ts porosity. Codherin peptides are derivatived compound
froim E-codherin thot vsefull for moedobating  proten-poobein iveraction i BREE[D]. A few cadhenn
peptides Like ADT-CH {Ac-CADTFPYVC-RH) and ADT-C50Ac-CADTPPYVC-NH) can e wed bo
meslulale prodein-pratein mleractions i BRE[ 1] Those cadlerm peplides have an active sequence af
Ac<CANH, (CysteinesA lumine) for ADT-C1 and Ac-VC-NH, [Volme-Cysteine) for ADT-CS[11, 12

AT I:El'l[in:ll.‘ﬂ wre cdeliversd 10 BEE ||1ﬂ'\l-lltl,h ke pu:ul.:ul]u[ur |':.'|||11.'-:|._1.-H."|-i. In the '|;m.ruu-|.'|.||.1|.'|r
pathway, codhenm pephides wall mleroet wath & ught junction 1o mesdulise pretens i BEE] 4] Tight
Juiekion Berves as o galevway fod subatanees swhich going anoor ool aa parscelbular pathway] 15], Several
substances lke metallic jons such as sediom and potassiam are through the fght pamctionf 1G] Metallic
oy onn Bight pumction sl inleraet wath peptides that pass through parcellubr pathaay | 17] ATT-C1 thn
inlersetimg with metallee won wiall change the conformanon of the peptides, so that the method s needed o
knowy how the peptide and wons nleracting in BEB] 12].

several methods were wed fo invesiigating how peplide nlermcting Generally, peplde-metal om
imleractisn can he :n-m-m:gumd by the r.':-l;|'||.':ri:r|.'r|:t'|1n|. ardd thaorctical IIF!IFHTH‘I.!I’.".‘!E.'G. In ::-;pnritn:mnl u.rqm:-.qn.'h.
nuclear megnetc resonanee (M) and infrared muliple photon dissecianon (IRMPLY can be used o
explain peplide-metal jon nferacton]]19]. NME can be used to determare a conformatsn change by
secing the shape and positien changing of the chemical shift on carbon or hydrogen macles. Moreover,
AR com be used o detenmane the d’l.'..l.r!il.n! i ]:Eplid.u glruickure and ir|I.-E|:ar_'I'in|:| siles{ 0] In additpon,
MME, TRMPD con be used o determing the complex struclure conformunbion between the peplide and
metal ion|21]. However, imvestigating peplade-metal ion meraction wsing an experimantal appesach is
quite difficult because of complex environmental from peptide and o, solvent. and impuarities en
|11|:||1:|.'1.|.1|:_| 22| (ki wiher hond, the theorelcal :l.ppl'-:mh can be wsed In\'EHIIquE milermobecilar
mnberscton wang the ab iniio methed b get the mieracbon energy of peplide<on nkeretion

Acordang o the fact above, the complitatonal approach can be waed o avsestigate pephide-metal
e mberachion. Ab et eomputationnl method quele effcent 0 mvestegale the  mdermolecular
interacton| 23] Tn this research, Ac-CA-WH; and Ac-VO-NH: that part of the sequence of ADTCT amd
ADTCS wall be interaching with K and Ma alkaling metzl 1on to know the inberaction that eccorred omd
rlh_'_;'x'p;.'nl el |.'|.'1|.:n1.1|.':|| Tm:-|'u.'|:'liux ol |1£|;‘||.i|l|.: ﬂll,!l'.l_l..ll.'l'll.‘ﬂh

L Computational method
n 1 Gﬂ,l-nuh} ﬂpﬂmi‘ulhl
AL gemetry modeciles swere optonizel wang the HF method sith 63 1G** basis set m the gos phase] 24-
2], Al calculations were performed by WWOHEM for imput file Xonw contaimed Z-mairx| 27] smd
outpul file X oot visundmeed by chemernft [28] The cokuokatnons were done using commond “task sef
optimaze’ i get the stable structure and sommand “property dipoke” and “task scf peoperdy™ o get dipole
moment data
2.2 Imteruction Encrgy
There are twe kind of conhgaration bebween pephice asd metal was colealabed are called configuration- |
ard configuratien-2. The inferaction energy, By was oblaimed by calenlafing the energy differences
of peplide-ion moleaule, Epn g, with the peptide, B and metal son, e a5 following, Eqg 1]29)
Eivea # = Eopra & — Bopra — Egopen il
Inferaction energy could be visualized n distence varistion betveen pephide and oo by using ~Sean”
directive calculation from LA to 94 with the increasing of D034
L3 HOMO- LUMO amaly sis
All optimized geometry of molecules was recalculated wing the HF method with 6-31G%* basas set. All
culeulatesn [or this .:m.ul}'xie-: Wwis rrcrf-:rnnm.’l and vl |:|:ri|.'|g CiAMES S rnusapnti3 ] 30)] and
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whemerall[ 28], mspestovely . Using checkpoant, 8P and pop=reg drective, mulecular ovbital diagram, and
orbita] coelTicient can be generated. Several properties can be obfamed using  THOMO and LM from
the molegulor orbatal dhaprom such s energy gap, wneeation potenbial(F). electron affinibv(EAS. ond
electronegativitviy) as per Eq. 2-3[31]

Egap = Evvmo — Eyome (2

1P = —Eyawn 3]

BEA = _Er_hl“u {q.:'

= ={IPF+ EA)/2 (3
3. Result and Discussion

31 Geonwiry Oplimication

The goemetry oplimization of Ac-CANH; and Ac-VO-NH; are perfosmed wath HE&-3 1GY . All
caleulatons were conlimmed by geometry convergence Lo validated the struclure with minamam energy

The Ac-CANH; and Ac-WC-MH; pephides have optimized energy ot 263,254 Hartree and - 1043320
Hartres, respectively, Pephide bond of Ac=CA-MNH; and Ac-VC-NH, con be detemmmasd asmg compmutation
miethod with the distance are 1.338 ANG-CE) and 1374 A(CO9-NE), respectively. The conformation of the
peplade can b ssen om the dihedial of the poptide bond. The stable struciune of Ao-CA-RNH, mmd Ac-VC-
MH: peplude have the trans conlommabion Based on the dibedral TRCINBCRCD) and DRCINBCOC 10 ane
170.324" amd 1771727, respectively. HOMO and LUMO con be generated to kpow the electon
distritartion of the molecule. As ywe ean soe the hlie sphere fepresent the positive of acbatal eeelficsent and
the red sphere represend the negative value of the orbital cocfficient which changed and reduced by
mberactim with metal 1on o mdeate decreazang and :hunginﬂ,ul':lﬂl:l.mn clensity om peplicds| 32)

i

a) Ac-CA-NH. Pepide inferaction
with Ma' 108 configuration |
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wrth K jon confisuration |
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FIGURE 1. 111-: mbCrat bnl.wmn Aug-Ca-bH, peptide 1.1.rli1 Mi  on u} configuration-1 and b}
configuration-2 and with K bon ¢}, configurstion-1 and d). configuraiion-2
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FIGURE 2. The mieraction between Ac-VO-MH; peptide with Ma  bon a), configuration-1 and b).
confipuratwa-2 and with B aom o) configumation- 1 and df. configuration-2

3.2 Imteraction Energy

“spure 1 and Figore 2 show the intersetion peplide and metal jons were on the —CO0H [17]. Metal ions
like Ma and K con afect the stability ond folding of peptide [33] Lower meraction energy means that
the imberaction is meare prefesable and more stable. Table | shows the intersstion energy between Ac-CaA-
MH pephicks with Mo’ and K 10ns are more preferable ond stable om confiygumbion=1. Interaciion betwesn
MW ru,:pl:i-l.!-l: with Mo amd B sons more ]’.q'cﬁ':ﬂhh’: i m-.'mﬂg,ur.ﬂlum-!. The interaction CTeErgy
with sedivm 1on 15 Fower than podessiom won becouse of songe radi of the son I ionle mdan size 1= large.
then the potential eneegy of the interaction iz low, The potential energy of e interaction will affect the
inberaction energy. The interacton elso affecting the conformation of the Ac-CA-NLL; peplide inlarecting
with Ma' and K sons a5 we can see i the change of dibedral of peptide bond afler the inleraction al
164 408" gnd 164.723" on configuration-1 and al 173.249% and 1709367 on configuration-2, respoctively.
The dihedial of Ac-VCOMNH; peptide chage st -ET7 0% and -172367 for woafipuration-1 and at
ET5 404" amd 1762827 for configuration-2 after interacting with Na'and K wons, reapectively

TABLE 1. Interacteon energy between pepbde amd metal wons

Pepiade-lon Interaction Energy (kVmol)

. Conlguratacn- | Conligurition-2
AU A-MHz M 185 THL L4 556
Au-Ch-WH, K 141 28 -27.682
Ae=NC-MHa Mo 248561 <1464 14
Ac-VC-INH. K -1R] A2 -0, 564
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The mieraction energy can be visualoosd by ploting the encrgy with the distance vamabon botween te
Ac-UA-NHy amd Ac-VO-NHy peptide and wn, Fagure 3, 11 the distanceof the interaction 13 shorter, then
repulzion Foree wall dominste from atmetng and resalting i the matabihty (hat cases positive energy
imlerssinm. The add&lition oF mmlenechion <hisfanee can medoee the i"l-'[!'I-IL'eii':M e s beier and stabnhige
interseting molesules. The stobality of complex peptide<ion wall be acheeved 1 the potental enerpy
reaches e deepeat point on dwe graph. The addition of distance feom the point of stability will make the
attraction foree domanate o the mtermedton, If the longer distapce from the interachion even bécome
infanily, the interaction energy will reduce until zens. As we can see on Figire 3, the interaction botveen
Ae-CA-MH; and Ac-VO-WH; peplide with sodivmm and potassum son reach the deepest of well i
conlusateon- 1. 1 means tsat configuration-1 has the most stable stroctune of interaction.

—— i Pt g e | | L ——
i Hy e g e | - :-': :u-.--::-\.-
3 E B Wy Dol sl ] i s '-F:--r
= . AR W Lesligaavon | |
= L I
r |
!. IlI |
3 i —— i |
= e —— e
" 'Illll g — ' i —F
L " -
\ - W
b
vk
Lal ikl

FIGURE 3§ Variation of misraction encrgy: (a) Ac-CA-MH. Na', Ac-CA-MH: K ; b Ae-¥C-
MNH;... Ha” Ae-WC-MWH;. K

The partial atomie charge can be oblained from caleulation. Valwe of partial atomae charge chamged
during tse mtesaction. These can be explained by wing the electionegativity parmeter. Metal jon which
has o positive chorge temds (o sitract the e@leoton end the atom that buss negative charge tends o share the
clectron. Data of parbial atoonse charge on Table 2 and Table 3 can exploon the reason why configuration-1
more prefernble than configaration-2. There was more atoomie charmetenste thot interacting wath son on
1,:|.'-1:|r|,1|.1.:|'.a!':-.|r1-| thim ;cutﬁplﬁ.ﬁnml. Stere effect alaos be the aother Factor that plllFr\-rmnl TIHITe pn:ﬁ.'r.;hh:
on configuration-1 than configuration-1,

TABLE 2. The partl atomac chorge of ieractomn between Ac-C AN pephide with sodium ond
PSS 1005

Al Hafure Alter Interaction
Interacison Sealaam lon Potassiurm lon
Confguratiem Coofigurston . Configusatien Configurnion
| 2 1 2

4 =6 4.7 L] 3 GR RG]

¥4 =154 G2 £L51 L «[p 52

M - 72 4573 4173 .72 {74

- 14 -Leid] QLA (1413 0,02 B LEAE]
i = A} TE AlfT A1 T «p 6%
P12 o[k T {175 <1 K1 L3 TS A1
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TABLE 3. The pantml atomme charge of meractzon between A=Y O-MH peplide with sodiem and
potassim ioh

Adiorm Hafore Aller Inferachion
[nteraiction Seadivm lon Potassiem Ion
Coafiguration Cordigoeation Conbgurateen Confipuruteen
i 2 1 )
8 <} 35 <164 {153 A <1 53
o7 16l 134 164 4134 e
NE 1,73 1. 73 [} TH £ T3 1. 76
012 0.63 .72 150 L0 72 i
M3 (k71 {175 LI &1 L. T5 5 TH
514 .02 0.01 003 (.00 -DOK
3.3 HOMO- LUNO amalysis

Oiher properises thal can be observed n this indersction are clectronic properties and  chermical
reactivity] 34]. Electrome properties that can be observed is the energy gap Encrgy gap represents the
stability of the molecolar system. Higher energy gap means tat molecules peed higher effon to exeite to
the exciation sate, Chemacal r|,5a:|L-1.1'|.|l;_'r that can be ohserved m this milemcton ae womzadon Energy
clectron affinety, and electropegativity. HOMO = desenbed ps ioneation enerpy . and LU 5 descrthed
a5 eleetron offoty, The electmnegstiaty 15 u otn] of ionssation enerpy and alectron affimity doaded by 2,
Table 4 and Table 3 show that the stability of Ac-CA-NH; asd Ac-VOC-NH; pepade were changed
become mwove umstable because of decressang of the energy pap. This decreasing of siakality was
supprorted I the inereasing of vlectomegativity,

TABLE 4. Electrome Properties apd Chemmes] Eepetraty of iplerschon between Ac-CA-Nl ;. peptide

with sodaim and pelassium ions

Mdter nteraction

- T—— Befone Sodium [oa Potassiurm [on
Imtenctven Configaration  Ceanfiguation Configuration Confipuratom
1 2 | 2
RO 89452 -12.6%] -12.455 -12. 466 -12.24
L1TK401 4250 -3.029 -1 2,718 -5 A8
Encrgy Crap 14,242 6652 BG4 5 0337 BE
_ Electronegativity 1871 7.8 B 1325 75578 7 8%

TABLE 5. Electrons Mroperty and Clempesl Bractraty of mteracton between Ac-YO-MIH peptede with

5.I.'I1I'JI-|JI'II ill:llil FHH.ﬂﬁHiI..I.I.'I'I Han

Adter Interaction

Parameter E-einr!: Sodivm lon Fuassivm Ton
Interactiom  Conligurabon  Configuration  Comfiguration  Configumtion
1 2 1 .
HOML) ELT] -12. 381 -13 538 -12.262 13281
LLIA 4552 =533 <3320 =4 4 3074
Emergy Gap 14 1066 GRAT 218 QH02 16207
Elecironegativity 2501 T 457 H42H T.501 H1TR

The properties of ineracton between Ac-CA-NH: and Ac-VO-MNH, peptides with sodaum amd polassiam
ons which were obtained n this research are expected a5 2 spplementary data Tor explamng the
research of E<adbenm ond ADT pephde mtermetions winch were dome by molesular mechame and
milecular docking [11. 35] and other peptidef33]. Furthenmore, the result of thas resecarch can be used too
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a5 @ predicion toe fed U actrve side thal bave o conformational change. Molymer like dubin and chilesn
akmg wath ther denvalmes can Be dsed 1o protect the pephdes, thus the peptides sall ned have o
comformationn] change i structure that can damage the stabihiey of drogs that wsed for enhancing (he
PereEaly o BBERLF36-4 1] This ressanch cun be sed 5a umlurﬁiul:['nu_l. the anmen @lTec! on airmo acics ancd
pephides conformation| 22, 42)

4. Cenclusion

The obtomed interoctren energy of Ac-CANH: peptide wath sodnam and petessiom 1ons have medicated
thit configaration=1 wis the most stoble with mterachon energy of =189 782 Elmed for sodiom won amd
configuration- 1 with ileraction energy -14 1280 Klmol for potasaum ion. Meanwhile, the interaction of
PN C-MH; pepticks wath sodum a’ polassiian wms have the most stabde comliguration m conlygurabon-
I wath interaction energy -248,562 Elimaol and -18 1,022 Elinel, espectively. Tlse contribation of partal
charge aid HOMO-LUMO can be used for understanding the stability of peptide-metal boa interaetioq
ard also conficmang the seactivity of the peplide after imteracied with a metal 1on.
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