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ABSTRACT

Density functional theory (DFT) was employed to clarify the
adsorption/desorption behaviors of the rotigotine (ROT) drug on the gold
surface using the small Aue gold cluster as a model reactant. Geometries
of resulting complexes are optimized using the PBE functional in
conjunction with the cc-pVTZ-PP basis set for gold and the cc-pVTZ basis
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Title: L set for the non-metals. The binding sites and energies, along with several
A DFT study of Rotigotine quantum chemical indicators are also investigated at the same level of
binding to Aue cluster theory. Computed results show that the drug molecules tend to anchor on

the gold cluster at the N atom with binding energies around —18.6
T khoa: kcal/mol (in vacuum) and —18.9 kcallmol (in aqueous solution). If a
Cluster vang, cysteine, Iy visible light with a wavenumber of v ~ 700 nm is applied, the time for the
thuyet DFT, rotigotine recovery of Aus from the complex will be around 0.1 to 0.2 seconds at 298

K. In addition, the gold cluster is found to benefit from a larger change of
Keywords: energy gap that could be converted to an electrical signal for selective
Cysteine, DFT calculations, detection of ROT. Noticeably, the interaction between the drug and gold
gold cluster, rotigotine cluster is a reversible process and a drug release mechanism was also

proposed. Accordingly, the drug is able to separate from the gold surface
due to either a slight change of pH in tumor cells, or a presence of cysteine
residues in protein matrices.

TOM TAT

Ly thuyét phiém ham mdt do (DFT) dwoc sir dung dé khao sdt co ché hap
phu phén tir rotigotine (ROT) l1én bé mat vang, sir dung cluster vang Aus
lam mé hinh phan vmg. Cdu triic ciia cdc phirc hop sinh ra dwoc t0i wu
héa boi phiém ham PBE két hop véi bo co sé cc-pNTZ-PP cho Au va ce-
pVTZ cho cdc phi kim. Vi tri, nang lwong lién két va mét sé chi s6 heong
tir ciing duwoc khdo sdt tai cung mire 1y thuyét. Két quda tinh todn cho thdy
cdc phan tir thude cé xu huéng neo ddu trén cluster vang théng qua nguyén
tie N véi nang lwong lién két khoang —18,6 kcal/mol trong pha khi va —18,9
keal/mol trong nwée. Khi sie dung dnh sang kha kién véi buwée séng v =
700 nm, thoi gian héi phuc ciia Aus tir 0,1 d@én 0,2 gidy ¢ 298 K. Ngodi ra,
ndng hrong ving cam cua Aus giam dang ké trong cdc phitc hop Aug-ROT
va c6 thé dwge chuyén héa thanh tin hiéu dién giip phdt hién chon loc
ROT. Dang leu y, twong tac gitta ROT va cluster vang la quda trinh thudn
nghich, va co ché giai phong ROT ciing da duoc dé xudt. Theo do6, ROT
dé dang tach khéi bé mdat vang do sw thay déi nhé ciia pH trong té bdo
khéi u hodc su hién dién ciia du luong cysteine trong cac protein.
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1. GIOI THIEU

Gan day, cac cluster kim loai qui 1a chu dé cua
vO s nghién ctru xuit phat tir tinh chat quang hoc
v6 cung doc déo cua chung (Fenwick et al., 2016;
Xavier et al., 2012). Chung dugc xem la nhitng chat
huynh quang (fluorophore) cao cip so0 véi cac thube
nhudém hiru co hién tai, ddng thdi nho hon va it doc
hon cac chdm lwong tir (Choi et al., 2012; Gwinn et
al., 2015; Obliosca et al., 2013). Cac cluster kim loai
qui c6 kha nang tuong thich sinh hoc tét, c¢6 ai luc
kha manh véi nhiéu phan tir sinh hoc khac nhau, va
tuong di d& tong hop (Chah et al., 2005; Jain et al.,
2006; Wang et al., 2005) nén rat thich hop cho céac
ng dung trong phat trién cac thiét bi do tim, cam
bién sinh hoc va nhing wng dung khéc trong y hoc
(Mani et al., 2009; Thaxton et al., 2006). Vi cac
{rng dung trén, truéc hét ching ta can 1am sang to co
ché twong tic va cac tinh chét Iy hoa lién quan.
Nhiéu ky thuat thuc nghiém da duoc sir dung dé
khao sat kich thudc va cu trac caa hat, hinh thai bé
mit va sy ton tai céu truc dang keo. Cac phuong
phap sir dung kinh hién vi nhu kinh hién vi dién tu
truyén qua (transmission electron microscopy), kinh
hién vi dién tir quét (scanning electron microscopy)
va kinh hién vi luc nguyén tir (atomic force
microscopy) c6 thé duoc sir dung dé do kich thudc
hat ciing nhu sy phan b kich thudc, hinh dang va
hinh thai bé mat (Veronese & Pasut, 2005). Kich
thudc hat ciing c6 thé dugce quan sat bang cach sir
dung cac k¥ thuat tan xa 4nh sang nhu nhiéu xa laser
(laser diffraction) va tan xa anh sang dong (dynamic
light scattering) (Brar & Verma, 2011). Pho UV-Vis
cling da duoc sir dung dé xac nhan su hién dién cua
lién két disulfide (Kam et al., 2005), theo ddi ving
chuyén dich dién tich tir kim loai sang phdi tir
(Achar & Puddephatt, 1994). Ngoai ra, ky thuat
NMR coé the cung cap nhiéu thong tin vé trat tu
nguyén tur sap xép trong phan tr va trong thuc té co
thé duoc st dung dé xac dinh cac lién két hoa hoc
va khoang cach giita cic nguyén tir cu thé (Sun et
al., 2012).

Bén canh nhitng phuong phép thuc nghiém, céc
kg thuat tinh toan ngay cang duoc s dung rong rai
dé nghién cttu sdu hon céc tinh chat cua cac hat
nanocluster va sy twong tac ctia chung vai cac phan
tu sinh hoc (Petty et al., 2014; Sharma et al., 2012).
Nhin chung, nhitng nghién ctru nay c6 thé dugc thuc
hién o nhiéu muc ly thuyet khac nhau. Néu chiing ta
can thong tin chinh xac ve cau tric, nang lugng va
quang phd thi tinh toan hoa hoc luong tir s& 14 su lya
chon thich hop nhat. Trong truedng hop khong c6 su
pha v& lién két cii va hinh thanh lién két méi,
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phuong phap AA (All Atom) c6 thé dugc sir dung.
Néu tuong tac tinh dién 1a dong gop chu yéu ta c6
thé dwa vao mo hinh CG (coarse grain models). Cac
mutc md phong thap hon (nhu mé hinh lién tuc) s&
phut hop ddi vai cac hé co kich thudc 16n, thoi gian
tinh toan dai. Trong nghién ciru nay, cac phép tinh
DFT (density functional theory — Ly thuyét phiém
ham mat d6) s& duoc sir dung dé khao sat cac dic
tinh hap phu/giai hap phu va phan ung dién ti cta
qué trinh gin két rotigotine (ROT) 1én bé mat
nanocluster vang, sit dung Aus lam m6 hinh phan
ung.

Hinh 1. Céu tric héa hoc va hinh hgc t6i wu ciia
rotigotine (ROT)

Rotigotine (Hinh 1), con cé tén thuong mai
Neupro, 1a mot chat chu van dopamine thudc nhom
thudc khong chira ergoline thuong dugc ding dé
diéu tri bénh Parkinson va hoi chimg chan khong
yén (Chen et al., 2009). Tuy nhién, viéc su dung
rotigotine c6 thé gy ra nh1eu tac dung phu khong
mong mudn nhu tio bon, rdi loan van dong, budn
nén, chong miat, mit nga, ao gide (Kulisevsky &
Pagonabarraga, 2010). Cac bién chirg nghiém
trong hon bao gém réi loan tam than va réi loan
kiém soat xung dong (Wingo et al., 2009). Vi thé,
nhiéu nghién ciru di dwoc thyc hién dé tim ra
phuong phap thich hop nham giam liéu thuéc sir
dung va tir d6 c6 thé han ché cac phan tng phu cua
thudc (Bi et al., 2016). Ngoai ra, viéc phat trién cac
thiét bi cam blen don gian dé phat hién nhanh chéng,
chon loc loai thuéc nay ciing la chu dé rat dang dwoc
quan tdm. Viéc ¢b dinh cac hop Chat hitu co va phan
tir sinh hoc trén bé mat vang 1a nén tang caa nhiéu
g dung trong dan truyén thude va cam bién sinh
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hoc. Két qua nghién ciru cung cip nhiing hiéu biét
sau hon vé qua trinh chirc nang hoa cac nanocluster
kim loai va dy doan kha nang ung dung cta ching
trong viéc thiét ké cac hé dan truyén thudc nham
muc tiéu, hd trg thiét ké cac vat lieu nano mai véi
hiéu qua vuot troi hon.

2. PHUONG PHAP TINH TOAN

Tt ca céc tinh toan duoc thuc hién bang chuong
trinh Gaussian 09 (Frisch et al., 2016). CAu tric
dugc t6i wu hoa hoan toan, khong c¢6 bat ky rang
budc ddi xing hodc hinh hoc nao, trong khudn kho
1y thuyét DFT véi phiém ham PBE. Bo co s cc-
pVTZ-PP (Peterson & Puzzarini, 2005) véi thé ning
161 hiéu dung (effective core potential) duge ap dung
cho nguyén t6 vang, trong khi bo co so day du
electron cc-pVTZ duoc sir dung cho cac nguyén t6
phi kim. Céu trac ban dau cua phac hop
Rotigotine—Aus (AugROT) dwoc xdy dung bing
cach gin phan tir thube vao dang bén nhit cua Aus
(Nhat et al., 2017), thong qua nhitng vi tri giau
electron, cu thé 1a S, N va O. Tan s6 dao dong diéu
hoa ciing dugc tinh tai cing muc 1y thuyét dé xac
dinh céu triic thu dugc 14 nhitng cyc tiéu dia phuong
(local minima) trén bé mit thé ning va ning luong
dao dong diém khong ZPE (zero-point vibrational
energy). Bién thién nang luong tu do duoc tinh dya
vao biéu thirc:

AGP (298 K) = AE + AZPE + ATCG (1)

Trong d6 AE la chénh I1éch nang lugng electron
6 0 K; AZPE 1a chénh 1éch nang lugng dao dong;
ATCG la sy hiéu chinh nang luong Gibbs tir 0 1én
298 K.

Ning lugng lién két E, cua cac phic hop
Aun‘ROT duogce xac dinh nhu sau:

Ep = (Eau, + Eror) — EaugroT 2

Trong d6 Ey 1 nang luong téi wu cua ciu tir X.
Gia tri Ey, cang duong, ai lyc vdi cluster vang cang
16N, su tuong tac cang dé xay ra. Su anh huong ciaa
dung mdi (nude) duwge mo phong theo mo hinh IEF-
PCM (Integral Equation Formalism-Polarizable
Continuum Model) (Tomasi et al., 2005) c6 san
trong chuong trinh Gaussian 09. Sy anh huong
qua lai gitra cAu tir hap phu va bi hap phu
duoc khao sat thong qua cac tinh chét dién
tir nhu nang lugng HOMO, LUMO va nang
luong ving cam.
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3. KET QUA VA THAO LUAN
3.1. T6i wu hoa chu tric

O trang thai co ban, Aus ¢6 cdu tric phiang (Hinh
2), duoc tao nén tir 4 tam giac voi 9 lién két Au—Au
(Nhat et al., 2017). Rotigotine co thé tuong tic voi
Aug thong qua céc trung tdm giau dién tir S, N, hoac
0. Cac nguyén tir nay chira cap electron ty do san
sang tao lién két vai cac orbital 5d va 6s cua Au.
Tiéu phan Aus con co thé dong vai tro 1a chat nhan
proton dé hinh thanh cac lién két H phi truyén thong
Au~H-0, trong d6 dién tich dugc dich chuyén tir
cap khong lién két cua vang va orbital phan lién két
o"(NH) (Pakiari & Jamshidi, 2007). Nhiing tuwong
tac nay 1a nhitng yéu t6 bd sung gitip 6n dinh phic
hop AugROT duogc tao ra. Phan tich dién tich NBO
trong Aus cho thay cac nguyén tir Au nam & goc phu
hgp hon cho céc tac kich nucleophile vi ching tich
dién duong.

Trong pha khi, c6 tat ca 3 cau triic bén dugc tim
thdy cho AusROT. Hinh dang va ning lugng twong
dbi cua ching duoc thé hién trén Hinh 2. Cac cdu
trac nay duoc ky hiéu la AugROT_X Vi X=1,2...
tuong ng voi ning lugng twong dbi tang dan. Vi tri
lién két wa thich nhét cia ROT dugc xac dinh 1a
nguyén tir N, tao ra dang bén nhat AusROT _1 voi
ning luong lién két 1a —18,6 kcal/mol. AusROT_1
con duoc 6n dinh nho lién két bd sung cua vong
thiophene vdi cac nguyén tir Au. Hon nita, phu hop
v6i phan tich NBO duge dé cap & trén, sy phdi tri
thong qua nguyén tir Au & goc, tich dién duong co
loi hon vé mat nang luong cho su hap phy ROT.
DPdng phan tiép theo, Aus'ROT 2 trén Hinh 2, thu
dugc bang cach gin két ROT voi Aus thong qua
nguyén tr S cua vong thiophene. Tai mirc ly thuyét
PBE/cc-pVTZ/cc-pVTZ-PP, AugROT 2 cb ning
lwong cao hon AugROT_1 ~2,5 kcal/mol. Céu tric
con lai AugROT 3 duogc xdy dung bang cach gan
truc tiép nguyén tir O vao Aus, duoc xéc dinh nam
trén Aug'ROT 1 ~21 kcal/mol. Luu ¥ rang tat ca cac
két qua duoc d& cap ¢ trén dugc tinh trong pha khi.
Dé khao sat sy anh huong cua méi trudng sinh hoc
dén hoat tinh ctia cac phtic hop, chung t6i thuc hién
cac tinh toan trong dung dich nudc su dung mé hinh
IEF-PCM. Nhin chung, san pham voi lién két
N—Aug Van 1 dang 6n dinh nhat trong dung moi
nudc.
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AusROT 2 (2,53)

Hinh 2. Céu tric t6i wu cia Aus va cac phirc Aus-ROT sinh ra tir sw gz“'m,két Aug voi rotigotine. Gia tri

trong ngodc don 1a ning lwgng twong doi (kcal/mol) so véi dang ben nhat AusROT_1, tinh tai mirc ly
thuyét PBE/cc-pVTZ/cc-pVTZ-PP

3.2. Cac tinh chit vé ning lwong, dién tir

Dé danh gia do bén nhiét dong cua cac phirc hop
AugROT, ching t6i khao sat ning lugng lién két,
bién thién enthalpy va ning lwong Gibbs. Su anh
huéng cia dung moi nude 1én @6 bén cua chung
cling dugc xem xét. K&t qua tinh toan duoc trinh bay
trong Bang 1.

Trong pha khi, nang lwong lién két (Ep) giira Aus
va ROT thay d6i tir —18,6 (AugROT_1) dén —7,70
kcal/mol (AugROT_3). Bién thién enthalpy
(AH?°8) tuong wng nam trong khoang tir 17,5 dén
—6,69 kcal/mol. Tuy nhién, bién thién nang luong

AusROT_3 (20,8)

Gibbs cua cac phan tmg nay kém am hon rat nhiéu.
Phirc bén nhat Aus'ROT _1 ¢6 gié trj AG??® = —2,33
kcal/mol, so véi gia tri AH?%® twong (mg 1a 17,5
kcal/mol. Biéu nay dwoc giai thich 1 do entropy cua
cac quéa trinh hap phy c6 xu huéng giam. Trong
dung méi nude, céac gia tri Ey, AH?® va AG?*® nhin
chung van thé hién xu huéng giéng nhu trong pha
khi. Vi du, nang luong lién két, bién thién enthalpy
va nang lugng Gibbs ctia AugROT _1 trong nudc la
-18,9; —17,0 va —4,18 kcal/mol, so véi cac gia tri
tuong ung trong pha khi 1a -18,6; —-17,5 va —2,33
kcal/mol.

Bang 1. Ning lwgng lién két Ey, bién thién enthalpy AH?® va niing lwgng Gibbs AG?*® (kcal/mol) ciia sw
hap phu ROT Ién Aus cluster, cung véi do dai lién két Au-X (A) trong AueROT

Céu tir Eb AH298 AG298 Eb AH298 AG298 T Au—x

Trong pha khi Trong nuéc (X=N,S, 0)
AugROT_1 -18,6 =175 -2,33 -18,9 -17,0 -4,18 2,33
AugROT_2 -16,0 -14,9 —4,86 -14,3 -13,4 -2,05 2,47
AugROT_3 —7,70 —6,69 4,64 —5,75 -4,70 5,48 2,50

Khi tiép xuc voi anh sang hoic bi kich thich bai
nhiét, ROT c6 thé trai qua qua trinh giai hap phu. Dé
hiéu sau hon vé van dé nay, chung toi tinh toan thoi
gian hdi phuc (recovery time) cta qua trinh hap phu
cac phan tir ROT 1én bé mat Aus. Theo thuyét trang
thai chuyén tiép (transition-state theory), ning
luong lién két cang manh thoi gian hdi phyc cang
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dai (Peng et al., 2004). Theo do, gira thoi gian hoi
phuc 7 va ndng lugng lién ket Ey, lién h¢ véi nhau
qua biéu thuc:

1
T = = eEb/kT
v
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Trong d6, T 1a nhiét do cua hé; k 1a hang sb cluster Aug va ctia cac phirc hop Aus'ROT. Cac mirc
Boltzman; v 1a tan s6 thir. Vi ning luong lién két nang luong bién (Enomo, Erumo) va ning luwong
E, ~ -18,6 kcal/mol, thoi gian hoi _phuc cua viing cim (Eg) tinh tai muc 1y thuyét PBE/cc-pVTZ
Aug-ROT_1 trong pha khi 1a 0,1 gidy néu sur dung lcc-pVTZ-PP duoc liét ké trong Bang 2. Gia trj Eg
anh sang c6 budc song A = 700 nm, tai nhi¢tdo T = thuc nghiém cua Aus duoc xac dinh tir phd quang
298 K. Trong nudc, nang luong lién ket E, ~ -18,9 electron (photoelectron spectroscopy) 1a 2,30 eV
kcal/mol va thoi gian hoi phuc 1a khoang 0,2 gidy (Zhai et al., 2005), so v&i két qua tinh toan bang
(doi véi AugROT_1). Do do, cluster vang Aus 1a vat phiém ham PBE 12 2,09 eV trong pha khi va 2,28 eV
liéu rat tiém nang dé phat trién thiét bi cam bién trong nude. Nang luong ving cam Eg 1a mot chi 56
trong phat hign Fhon loc ROT. quan trong dé x4c dinh hoat tinh dong hoc cua cac

Ngoai ra, dé danh gia d6 nhay cta Aus Vi su vat lieu (Hadipour et al., 2015). Sy thay ddi ning
hién dién cta cic phan tir ROT, chiing t6i khao sat lugng ving cm (AE,) thé hién do nhay cua chéat hap

su thay doi ciia ndng luong ving cam (AEg). Chi s6 phu ddi vai chat bi hap phy. Trong dung méi nudc,
lwong tir nay dugc xéac dinh nhu sau: sw hap phu cac phan tor ROT d4 lam thay d6i dang
By, —E | ké nang luong ving cim cua Aus. Vi duy, khi hinh

AR, = Bl 1009 thanh AugROT _1, gia tri Eg ciia Aus giam tir 2,28

Eg, eV con 1,77 eV, tuong tng Vi AE, ~ 22,4% (Bang

Trong d6 Eg, va Eg, 1a ndng lugng ving cam 2). Sy suy giam ndng luong vung cam Eg lam gia

(chénh léch nang lugng HOMO — LUMO) cia  tang kha nang dan dién cua Aus, gy ra tin hi¢u dién
va nho d6 co thé giup phat hién ROT.
Bing 2. Niing lwgng (eV) ciia c4c orbital bién (HOMO, LUMO), ning lwgng vung cAm E,, sy thay doi
niing lrgng ving cim AE, (%) va thoi gian hoi phuc T (gidy) ciia Aus

Chu tir Enomo Eiumo  E,4 AE, HOMO LUMO E, AE,
Trong pha khi Trong nuéc
Aug -5,94 -3,86 2,09 - -5,36 -3,08 228 -
AugROT_1 —4,59 -2,88 171 178 —4,73 -2,96 1,77 224
3.3. Sw phéng thich thuéc chét ciia twong téc dugc quyét dinh béi béi lién két

) i H nhu trong Hinh 3, thay vi cong hoa tri nhu trong

Qua trinh phong thich thudc tir chat mang trong Aug-ROT. Ning luong lién két cia ROT vai Aug
cac t€ bao dich la mét giai doan quan trong trong giam dang ké, chi con —2,3 kcal/mol so véi cac gia
dan truyén thuoc. Thuoe c6 thé duoc gidi phong tir tri —19 kcal/mol trong mdi trudng trung tinh. Do do,
chat mang boi kich thich bén ngpél nhu anh §é1ng Vvoi su hlén d|én cua ion H+' su gén két g|ﬁva ROT
hodc kich thich bén trong dugc kiém soat boi yéu to v6i chit mang d& dang bi pha v& va nhanh chong

sinh hoc nhu pH hogc glutathione (Ghosh et al.,  gugc phong thich khoi bé mit vang.
2008). Do acid lactic dugc san xuat qua nhieu, cic . T
té bao khéi u thuong c6 do pH thip hon (dudi 6) so Mot yeu t6 quan trong khac c6 thé gdy ra sy

Vi méu (pH ~ 7,35-7,45) (Swietach et al., 2014),  Phong thich thuoc 1a sy kich thich bén trong lién
Chinh vi vy, nghién ciru xem xét do bén ciia cac quan deg céc amino acid trong cdc protein. Cac hop
phirc hop Aus'ROT véi sy hién dién va ving matcaa ~ Phan chira S nhu cysteine va methionine dugC dy
proton. Trong mdi truong acid, cic trung tim & d_oan la.nhu"ng vi tri lién ket duoge uva thlt{h doi voi
nhén cia thube déu co thé bi tin cong bai cac proton, Kim loai quy (Eckhardtetal., 2013; Le Guével etal.,
nhung ching it anh hudng dén qua trinh phong thich 2011). "!3“9 so acid cua Cysfeme la pK} B 1A ’7_Va pK2
thuéc (Hazrati et al., 2017). Do d6, ching toi chi = &3 (O'Neil, 2013). Nhu vay, trong cdc hé sinh hoc
khao sat sy anh huong cia cac ion hydrogen 1én d6 hO@}(.: trong d‘{”g dich n.lfO'C,_(::ySteAlne (‘:hu yeu Eon,tal
bén lién két do su proton héa nguyén tir N va thuc dudi dang anion nhu biéu dicn trén Hinh 3. Dé danh
hien t6i wu hoa cho phic hgp twong tng gid kha nang phéng thich thuoc tir _be mét vang,
AugROTH". ching t6i xem xét qué trinh trao doi phoi tir theo
phuong trinh sau:

AusROT(eg) + Cys(-H")@p — AugCys(-H")@g

Trong mdi truong acid, twong tac gitra ROT va
cluster vang trd nén mong manh hon rat nhiéu. Ban
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Cys(-H") 1 (0.0)

Aue-Cys(-H")

Céu trac bén nhét cua Aus véi cysteine bi tach
proton, Cys(-H*), duoc thé hién trén Hinh 3. Nghién
ctru gan déy vé sy tuong tac cua Aus VGi cystein cho
thiy cysteine lién két vé6i cluster vang thong qua
nguyén tir S cua nhom thiol trong pha khi va nhom
thiolate trong nudc (Nhat et al., 2020). Trong dung
dich acid, ning luong lién két cysteine-Aus duoc
xac dinh 1a khoang —20 kcal/mol. Gia tri nay ting
1én rat nhiéu trong moi trudng trung tinh, cy thé 1a
-39 kecal/mol. Trong nuéc, niang lugng lién két cua
rotigitine véi Aus 12 —19 kcal/mol. Vi thé, c6 thé du
do4n rang Aus tuong tic vGi Cystein manh hon nhiéu
S0 Vi rotigitine. Nhu vay, sy phong thich thudc tir
bé mat vang trong cac té bao dich chic chan s& xay
ra do su tuong tac vdi cac protein. That vy, nang
luong Gibbs cho phan tng trao ddi phdi tir dwoc tinh
la khoang —10 kcal/mol ddi véi rotigotine. Bién
thién ning lugng ty do 4m cho thay ddy 1a qua trinh
tu dién bién.

4. KET LUAN

Trong nghién ctru ndy, co ché hap phu/giai hap
phu cia phan tir thudc rotigitine trén bé mat Aug
dugc mo ta mot cach hé thdng bang 1y thuyét phiém
ham méat d6 DFT. Phiém ham GGA thuan tay (PBE)
dugc st dung két véi véi bo co s cc-pVTZ-PP cho
vang va cc-pVTZ cho céc phi kim. Cau trac, cac
tham sé nhiét dong va tinh chét dién tir cua phuc hop
tao thanh duoc xac dinh va phan tich chi tiét. Su anh
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¢

o

Cys(-H") 2 (2.0)

%

A5
‘\*
AusROTH*

Hinh 3. Céu tric téi wu ciia cysteine trong nwéc, phirc hop ciia né véi Aus va cdu tric toi wu cia
AusROTH?*

huong cua nude 1€n kha nang tuong tac duoc khao
sat bang mo hinh IEF-PCM.

Két qua tinh toan cho thay nguyén tir Au chu yéu
lién két voi rotigotine thong qua nguyén tir N. Niang
lwong lién két vao khoang —18,6 kcal/mol trong pha
khi va —18,9 kcal/mol trong moi trudong nude. Qua
trinh hip phu co bién thién nang lugng ty do Gibbs
am nén duoc du doan 1a c6 thé tu dién bién. Nhin
chung, cdu trac nguyén tir cua ca cluster vang va
phan tir thudc déu thay d6i khong dang ké do sy tao
phtrc. Tuy nhién, ning luong ving cdm cua Aug
giam dang ké trong phic hop Aug-ROT. So véi Aug
ty do, nang lugng ving cdm E4 cia AugROT giam
dén 18% trong pha khi va 22% va trong nuéc. Su
thay d6i nay c6 thé duoc chuyén hoa thanh tin higu
dién giup phat hi¢n chon loc ROT. Céc két qua tinh
todn nay cung cap cho chung ta nhiing hiéu biét sau
sic hon vé cac yéu t6 thuc day sy gén két cac phan
tr thube/phan tir sinh hoc 1én bé mat cac hat nano
vang va kha nang tng dung cua cac vat liéu nano
vang dé thiét ké hé théng dan truyén thudc nham
muc tiéu, cam bién sinh hoc chon loc cuc nhé voi
hiéu qua vuot troi.
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