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TOM TAT

Ly thuyét phiém ham mat dé (DFT) dugc st dung dé nghién clu co ché hdp phu cac DNA base
(adenine, guanine, cytocine, va thymine) 1&n bé mat vang, st dung cluster Aug lam mo hinh phan
Ung. Cau tridc clia cac phic hgp sinh ra dugc téi uu hda bdi phiém ham PBE két hop véi bod co sé
tuang quan — phu hgp cc-pVTZ-PP cho Au va cc-pVTZ cho céc phi kim. Vj trf va nang lugng lién
két, cing vai mot s6 chi sé lugng t cling dugc khao sat & cing muc ly thuyét. Nang luong lién két
gilra cluster Aug va cac DNA base & trong khodng 14 — 25 kcal/mol trong pha khi, va giam xuéng
con 10 - 20 kcal/mol trong moi trudng nudc. Cytosine co ai luc vai cluster vang manh nhat va giam
dan theo th tu cytosine > adenine & guanine > thymine. Khi st dung dnh sang kha kién véi tan
56 v & 6 x 1014 Hz (500 nm), thdi gian héi phuc clia cluster Aug ti cac phuic thay déi tif 3x108 (d6i
véi thymine) dén 10 gidy (d6i véi cytosine) & 298 K trong dung mdi nudc. Ngoai ra, cau trdc hinh
hoc clia ca cluster vang va cac DNA base hau nhu khong thay d6i sau khi tuong tac véi nhau. Dac
biét, nang lugng viing cdm cla cluster Aug gidm dang ké trong cac phic hop AugeDNA va co thé
dugc chuyén héa thanh tin hiéu dién gitp phat hién chon loc cac DNA base. Cac két qua tinh toan
cung cdp nhing hiéu biét co ban vé co ché hdp phu cédc DNA base trén bé mat hat nano vang &
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GIOI THIEU

Gan day, cong nghé nano da dugc st dung rong rai
trong chin doan va diéu tri bénh !. Cac vét liéu nano
¢ chiia vang dugc quan tam dc biét trong dan truyén
thudc nhd cdc tinh chédt nhu do bén cao, dé dang téng
hop va cé thé dugc diéu ché v6i nhiéu hinh dang va
kich thuéc khac nhau?. Cac hat nano vang c6 kha
néng két hop véi nhiéu phan tu sinh hoc hodc phan
tti thudc va thé hién doc tinh thdp>. Sy hién dién ctia
ching trong thudc gitip nang cao hiéu qua diéu tri cta
thudc?, cho phép dan truyén thudc cé hiéu qua nhs
vao hoat dong ctia chit mang hat nano kim loai, c6 thé
giai phong thudc khi can thiét va tang thdi gian luu
dén diéu tri trong vong tusn hoan>°. Nhiéu nghién
ctiu da dugc tién hanh d€ danh gid vai tro ctia cc hat
nano nay trong diéu tri bénh, dic biét lién quan dén
viém nhiém va khéiu’.

Déi véi cdc ing dung trong dan truyén thudc, sy hip
phu cac DNA base trén bé mit vang rat dugc quan
tdm. hiéu thudc chong ung thu, thudc khang virus
va khang khudn chita khung susn la cic nucleobase®.
Do d6, su tuong tac gitta cic DNA base véi cac hat
nano vang hién 13 moét chtt d€ nghién ctiu rat dugc
quan. Salvatore va cong su® da két hgp phuong phap

CV (cyclic voltammetry), EC-STM (electrochemical
scanning tunneling microscopy) va ly thuyét DFT
(Density Functional Theory) d€ khao sét sy tuong tac
ctia adenine v6i mot s6 cluster vang. Nghién ctiu cho
théy su hdp phu dién ra tai vi tri N7/N10 theo chiéu
théng ding (vertical) trong pha khi, nhung gin nhu
song song (parallel) trong méi trudng pH thép. Tuy
nhién, mot nghién ctu khic nhan théy ring adenine
da hép phu trén bé mit vang thong qua vi tri N3/N9 vi
N7H & dang hé bién (tautomer) trong hau hét cac diéu
kién !0, Farrokhpour va cong su'! da nghién sy hdp
thu adenine (ADE) va cytosine (CYT) lén Au(111),
Au(100) va Au(110) bang DFT. Két qua cho thdy su
dinh hudng ctia base da lya chon trén hat nano phu
thudc vao loai mat phing, dic biét la d6i v6i CYT.
ADE ua thich hinh hoc nghiéng trén Au(111), trong
khi CYT dugc dit thing dling trén mait nay. Au(110)
¢6 ai lyc cao nhat d6i véi su hip phu cta cac base
trong ca pha khi va nu6e. Nhiing hiéu biét sau sic
hon vé sy gan két ctia cic DNA riéng 1€ trén bé mit
nanocluster sé cung c4p nhiéu thong tin gia tri d€ giai
thich cac két qua thuc nghiém lién quan dén sy hip
thu DNA, sg¢i don DNA, RNA va cac oligonucleotide
trén bé mat kim loai. Sy dinh hudng cic base DNA
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trén bé mat vang van la vin dé con gay tranh cai. Hon
nita, nhiing hiéu biét vé€ co ché ma cdc protein nhin
biét cac hat nano va cc yéu t6 quyét dinh dén kha
nang dan truyén thu6c ctia chiing van con rat han ché.
Ngoai ra, kha nang hép phu, giai hdp phu cac phan tu
sinh hoc trén bé mit vang van chua dugc hiéu 16 &
cép d6 nguyén tl, phén td. Do d6, cac nghién ctiu sau
hon vé€ Iy thuyét va thuc nghiém trong linh vic nay la
rét can thiét.

Nghién ctiu nay nhim giai ma ban chét hdp phu/giai
hip phu ctia cic DNA base (adenine, guanine,
thymine, cytosine) 1én bé mat nano vang bing cich
st dung Aug lam mo6 hinh phén ting. Viéc c6 dinh céc
hgp chit hitu co va phén ti sinh hoc trén bé mat kim
loai (ddc biét la vang) la nén tang cta nhiéu ting dung
trong dan truyén thu6c va cam bién sinh hoc. Két qua
nghién ctiu cung cdp nhiing hiéu biét sdu hon vé€ qua
trinh chiic ning hda céc nanocluster vang va du doan
kha nang ting dung ctia chiing trong viéc thiét ké cac
hé dan truyén thu6c nhim muc tiéu, ho trg thiét ké
céac vat liéu nano méi v6i hiéu qua vugt trdi hon.

PHUONG PHAP TiNH TOAN

T4t ca céc tinh toan dugc thuc hién bang chuong
trinh Gaussian 09 2. C4u truc dugc t6i wu hoa hoan
toan, khong c6 bat ky rang budc déi xting hodc hinh
hoc nao, trong khuon khd ly thuyét DFT vé6i phiém
ham PBE. Bo co s cc-pVTZ-PP '3 véi thé ning 16i
hiéu dung (effective core potential) dugc ap dung cho
vang, trong khi b co s¢ ddy du electron cc-pVTZ
dugc st dung cho cac nguyén t6 phi kim. Céu tric
ban d4u ctia phtic hgp DNA base—Aug (AugeDNA)
dugc tao ra bang cich gin phin tli adenine, gua-
nine, thymine, cytosine vao dang bén nhit ctia Aug 14,
thong qua nhiing vi tri giau electron nhu N, O. Tan
s6 dao dong diéu hoa ciing dugc tinh tai cing mtc
ly thuyét d€ xéc dinh cdu triac thu duge l1a nhiing
cuc tiéu dia phuong (local minima) va ning lugng
dao dong diém khong ZPE (zero-point vibrational en-
ergy). Bién thién nang lugng tu do dugc tinh dya vao
biéu thitc:

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

Trong d6 AE la chénh léch ning lugng electron & 0 K;
AZPE la chénh léch nang lugng dao dong; ATCG 1a
su hiéu chinh nang lugng Gibbs tui 0 1én 298 K.
Ning lugng lién két E;, clia cac phtic hgp AuyeDNA
duoc xic dinh nhu sau:

Ep = (Epug +EpNa) — Eaug.DNA (2)

Trong do6 Ey la nang lugng t6i uu cua cdu ti X. Gia
tri E; cang duong, ai luc véi cluster vang cang 16n,
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su tuong tdc cang dé xay ra. Su anh hudng cua
dung méi (nuéc) duge md phong theo mo hinh IEF-
PCM (Integral Equation Formalism-Polarizable Con-
tinuum Model) 1> ¢6 sin trong Gaussian 09. Sy anh
hudng qua lai gitia cdu t hip phu va bi hdp phu dugc
khao sat thong qua cac tinh chét dién ti nhu ning
lugng HOMO, LUMO va ning lugng ving cim.

KET QUA VA THAO LUAN

T6i uu héa cau tric

O trang thai co ban, Aug ¢6 cdu tric phing (Hinh 1),
dugc tao nén tii 4 tam gidc v6i 9 lién két Au—Au 14,
Cluster Aug c6 thé tuong tic v6i adenine, guanine,
thymine, cytosine thong qua cac trung tdm giau dién
ti N, O. Trén cac nguyén tt nay chiia cip electron ty
do sin sang tao lién két v6i céc orbital 54 va 6s clia Au.
Tiéu phin Aug con c6 thé déng vai tro 1a chat nhan
proton d€ hinh thanh cac lién két H phi truyén théng
AueeeH—O. Phan tich dién tich NBO trong Aug cho
théy cac nguyén ti Au ndm & géc phu hgp hon cho
cac tac kich nucleophile vi chung tich dién duong.
Hinh hoc t6i uu va ning lugng tuong di ctia cac phiic
hop AugeDNA dugc thé hién trén Hinh 2 va 3. Theo
qui udc, cac cdu truc duge ky hiéu 1a AugeDNA_X
trong d6 DNA = adenine, guanine, thymine, cytosine;
X =1, 2, 3 ... tuong ting v6i ning lugng tuong doi
tang dan. Trong pha khi, ching t6i xac dinh dugc
3 dong phan bén cho phtic hgp AugeAdenine, dugc
ky hiéu l4n lugt 1a AugeA_1, AugeA_2, Aug ®A_3
(Hinh 2). Adenine c6 thé tuong tic véi Aug tai nhiing
vi tri N7, N3 va N1, trong d6 N7 dugc uu tién nhit.
Tuy nhién, chénh léch ning lugng gitia cac cdu truc
tao ra la khong dang ké, khodng 0,5 kcal/mol tai mtc
ly thuyét PBE/cc-pvTZ/cc-pVTZ-PP. Vi tri N7 ciing la
vi tri tuong téc ua thich ctia adenine v6i cac dan xuét
cisplatin bét d6i xting '°.

Guanine c¢6 3 vi tri c6 thé€ hinh thanh lién két véi Aug
dé6 1a N7, N3 va O6. Sy hinh thanh lién két gitta Aug
v6i guanine tai nhiing vi tri nay 14n lugt dugc ky hiéu
la AugeG_1, AugeG_2 va AugeG_3 (Hinh 2). Tai
mticly thuyét PBE/cc-pVTZ/cc-pVTZ-PP, cdu tric c6
ning lugng thdp nhdt 13 AugeG_1. Cic dong phin
AugeG_2 va AugeG_3 kém bén hon Aug ¢G_1 tu
0,52 dén 1,82 kcal/mol. Nhu vy, trong hai tim giau
electron, Aug thich neo d4u trén nguyén t& N hon O.
Nhiing nghién ctiu gan day cing cho thdy N7 1a vi tri
hoat dong nhdt clia guanine trong tuong tac véi cac
phiic Pt(I1) 1617,

Déi v6i cytosine va thymine, ching toi cing tim
théy 3 cdu truc bén cho méi phitic hgp AugeCytosine
va AugeThymine (Hinh 3). Céc dong phéan cua
AugeCytosine dugc ki hiéu 1a AugeC_1, AugeC_2
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A\ B B d

Aus Adenine Guanine Cytosine Thymine

Hinh 1: Ciu truc t8i uu cia Aug va cdc DNA base (adenine, guanine, thymine, cytosine).

[T & LS

A A &

AugA 1 (0,000 AugA 2 (0,28) AugA 3 (0,51)

BH

¥
B B A

AugG 1 (0,00) AugG 2 (0,52) AusG 3 (1,82)

Hinh 2: CAc dong phan bén ciia AugeAdenine va Au6eGuanine dugc téi uu tai muc ly thuyét PBE/cc-pVTZ/cc-
pVTZ-PP. Gia tri trong ddu ngoac don la nang lugng tuong ddi (kcal/mol) so véi dang bén nhat.
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al
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AugC 1 (0,00)

AugT_1 (0,00)

AN S
gril') d

Aug'C 2 (7.23)

AugT 2 (0,57)

‘——

AugC 3 (7.29)

—\
AugT 3 (2,18)

Hinh 3: Cac déng phan bén clia AugeCytisone va AugeThymine dugc téi uu tai miic Iy thuyét PBE/cc-pVTZ/cc-
pVTZ-PP. Gia tri trong ddu ngoac don la nang lugng tuong déi (kcal/mol) so véi dang bén nhat.

va AugeC_3, theo thu tu tuong doi taing dan. Nhin
chung, xu huéng tuong tic ctia Aug v6i cytosine
thong qua N3 uu tién hon O7. Chénh léch ning
lugng gitia 2 kiéu neo ddu Aug—N va Aug—O trong
AugeCytosine 1én dén 7 kcal/mol. Trong khi do,
thymine tuong tic véi Aug thong qua 2 nhém car-
bonyl, tao ra 3 san phim AugeT_1, AugeT 2 va
AugeT_3. Ning lugng ctia chung gin nhu suy bién
v6i chénh 1éch rdt bé, khoang 0,6 - 2,0 kcal/mol so
v6i dang bén nhét AugeT_1.

Cac tinh chat vé nang lugng, dién tu

Dé dénh gia d6 bén nhiét dong cua cic phiic hgp
AugeDNA, ching t6i khao sat ning lugng lién két,
bién thién enthalpy va nang lugng Gibbs. Su anh
hudéng ctia dung moi nude 1én d6 bén ctia chung ciing
dugc xem xét. K&t qua tinh toan dugc trinh bay trong
Bang 1.

Trong pha khi, ning lugng lién két gitia Aug va cac
DNA base thay d6i tit 14,4 kcal/mol (AugeT_1) dén
25,3 kcal/mol (AugeC_1). Kha ndng tuong tac véi cac
DNA base ctia cluster vang Aug dugc dy doan 1a tang
dan theo tht ty thymine < guanine ~ adenine < cyto-
sine. Bién thién enthalpy (AH?*%) tuong ting & trong
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vung tii -13,4 dén -23,9 kcal/mol. Tuy nhién, ning
lugng Gibbs ctia cac phan ting nay kém 4m hon rét
nhiéu. Phtc tuong tdc manh nhit AugeC_1 c6 gia
tri AG?%8 = _14,4 kcal/mol, so voi gid tri AH?98 tuong
ung la -23,9 kcal/mol. Diéu nay 1a do hiéu tng en-
tropy, cu thé la entropy ctia céc qud trinh hip phu c6
xu hudéng giam.

Trong dung mdi nudc, sy tuong tac tré nén kém hon
nhung céc gia tri Ej, AH?%® va AG?*® nhin chung vin
thé hién xu hudng gidng nhu trong pha khi. Thi du,
néang lugng lién két, bién thién enthalpy va ning lugng
Gibbs ctia AugeC_1 trong nudc la 21,5; -20,0 va -9,48
kcal/mol, so véi cac gia tri tuong ting trong pha khi la
25,3; -23,9 va -14,4 kcal/mol. Trong khi d6, qua trinh
hép phu thymine ctia Aug dugc dy dodn 1a khong thé
dién ra trong nudc vi bién thién nang lugng Gibbs
duong (AG®8 = +0,37 kcal/mol).

Khi ti€p xdc v6i dnh sdng hodc bi kich thich boi nhiét,
cdc DNA base c6 thé trai qua qua trinh giai hdp phu.
Dé€ hiéu sau hon vé€ vin dé nay, chung tdi tinh todn
thoi gian hoi phuc (recovery time) ctia qué trinh hdp
phu céc phan tt DNA base 1én Aug cluster. Theo
thuyét trang thai chuyén tiép (transition-state theory),
ning lugng lién két cang manh thdi gian héi phuc
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Bang 1: Nang lugng lién két E,, bién thién enthalpy AH>*® va niang lugng Gibbs AG>*® (kcal/mol) ctia sy hap phu
cac DNA base Ién Aug cluster, ciing véi dd dai lién két Au-X (A) véiX=N, 0 trong cac phic hop AugceDNA

Chu tit Ep AH2%8 AG2%8
Trong pha khi

AugeA_1 257 -21,8 -13,8

AugeG_1 2157 -20,2 -11,0

AugeC_1 25,3 -23,9 -14,4

AugeT_1 14,4 -13,4 44053

E, AH298 AG298 ra—x (X=N, O)
Trong ni6c

20,1 -19,3 707 2,160

20,4 -19,4 -7,94 2,177

21,5 -20,0 -9,48 2,190

9,97 -8,89 +0,37 2,295

cang dai '8. Theo d6, gitia thoi gian héi phuc 7 va nang
lugng lién két Ej, lién hé véi nhau qua biéu thic:

1 gkr
v

T=

Trong d6, T la nhiét d¢ ctia hé; k1a hang s6 Boltzman;
v la tan s6 thi. Thoi gian hoi phuc tinh cho céac phtic
bén nhit AugeA_1, AugeG_1, AugeC_1, AugeT_1
dugc liét ké trong Bang 2.
V6i nang lugng lién két 16n ( E, ~ 25 kcal/mol),
thoi gian héi phuc ciia AugeC_1 trong pha khi lén
dén 6x 10° gidy néu st dung anh sang c6 budc séng
A =500 nm, tai nhiét d6 T= 298K. Trong khi d9, thoi
gian hoi phuc cia AugeA_1 va AugeG_1 la tuong doi
ngdn, lan luot 1a 174 va 14 gidy véi cing diéu kién
nhiét d9, 4nh sdng. Ngugc lai, AugeT_1 ¢ thdi gian
hoi phuc rit ngin (6x107° gidy) do nédng lugng lién
két qué nho. Trong nudc, thoi gian hoi phuc nhanh
hon trong pha khi rét nhiéu, ngin nhét 1a 3x108 giay
(d6i v6i AugeT_1) va dai nhét la khoang 10 giay (d6i
v6i AugeC_1). Do d6, cluster vang Aug 1a vét liéu rat
tiém ning d€ phat trién thiét bi cim bién trong phat
hién chon loc cdc DNA base.
bé dénh gid 0 nhay cta cluster Aug vdi sy hién dién
ctia cdc DNA base, ching t6i khao sét su thay d6i cua
nang lugng viing cdm (AEg). Chi s6 lugng tii nay dugc
xac dinh nhu sau:
B2~ Eatl 1000,

Eg

AE, =

Trong d6 Egy va Eg 12 nang ligng viing cdm (chénh
léch ning lugng HOMO - LUMO) ctia cluster Aug va
ctia cdc phtic hgp AugeDNA.

Céc mtc ndng lugng bién (Egomo, ELumoe) va ning
lugng viing cim (Eg) tinh tai mtc ly thuyét PBE/cc-
pVTZ [cc-pVTZ-PP dugcliét ké trong Bang 2. Gia tri
E, thuc nghiém clia Aug dugc xac dinh tii phS quang
electron (photoelectron spectroscopy) 1a 2,30 eV 17,
so v6i két qua tinh todn bang phiém ham PBE 1a 2,09
eV trong pha khi va 2,28 eV trong nudc. Nang lugng
ving cdm Eg 1a mot chi s6 quan trong d€xac dinh hoat

tinh dong hoc ctia cac vat liéu??. Sy thay dsi ning
lugng viing cdm (AE,) thé hién do nhay ctia chat hap
phu déi véi chat bi hdp phu. Trong dung moéi nudec, su
hép phu céc phan tit DNA base da lam thay d6i ddng
ké ning lugng viing cdm ctia Aug. Thi dy, khi hdp phu
cytosine, gid tri E; cia Aug gidm tli 2,28 eV con 2,00
eV, tuong tng v6i AEg =~ 12% (Bang 2). Nhing su
thay déi tuong tu (AEg ~ 10 — 11%) cting dugc ghi
nhan cho adenine, guanine va thymine. Sy suy giam
nang lugng viing cdm AE, lam cho kha nang dan dién
clia Aug ting 1én, gay ra tin hiéu dién va nho d6 c6 thé
giup phat hién cdc DNA base.

KET LUAN

Trong nghién ctiu nay, ban chdt clia sy tuong tac gitia
cac DNA base véi cluster vang Aug dugc nghién ctiu
mot cdc chi tiét bing ly thuyét DFT. Su anh hudng
cta dung moéi nudc dugc khao sat bdi moé hinh IEF-
PCM. Nhin chung, cdc phan ti c¢é xu huéng tuong
tac v6i cluster vang thong qua nguyén tt N, ngoai
trti thymine théong qua nhém carbonyl. Piéu nay
hoan toan phit hgp véi thuyét acid-base cling-mém 2!
Theo do, nitrogen c6 i luc manh hon véi cac nguyén
t0 mém nhu vang manh hon oxygen vi nitrogen la
mot base mém hon. Néng lugng lién két vao khoang
14 - 25 kecal/mol trong pha khi va gidm xuéng con
10 - 20 kcal/mol trong mdi trudng nude. Qua trinh
hép phu c6 bién thién ning lugng tu do Gibbs 4m nén
dugc dy dodn 1a 6 thé ty dién bién, ngoai trii thymine
trong dung moi nudc (AG?8 = 0,37 kcal/mol). Kha
néang tuong tac vdi cluster vang tang dan theo thd tu
thymine < guanine ~ adenine < cytosine. Cau truc
nguyén ti cta ca vang cluster va cic DNA base hau
nhu khong thay d6i sau khi tuong tic v6i nhau. Tuy
nhién, nang lugng viing cdm cta Aug gidm dang ké
trong cdc phiic hgp AugeDNA va c6 thé dugc chuyén
héa thanh tin hiéu dién gitp phat hién chon loc cac
DNA base. Céc két qua tinh toan cung cip nhiing
hiéu biét co ban vé co ché hip phu cic DNA base, cic
protein trén bé mit Au & cip dd nguyén tl va phén ti.
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Bang 2: Nang lugng (eV) ctia cac orbital bién (HOMO, LUMO), nang lugng viing cdm E,, su thay déi nang luong

vung cam AE, (%) va thai gian hdi phuc 7 (gidy) ctia Aug

Ciu  Euyowo  Ewmo E AE, T HOMO LUMO E, AE, T
Trong pha khi Trong nuéc

Aug -5,94 -3,86 2,09 - - -5,36 -3,08 2,28 - -

AugeA  -5,16 -3,21 1,95 6,4 174 -5,06 -3,02 2,05 10,2 0,92

AuceG -4,73 -2,85 1,88 9,9 14 -5,02 -3,00 2,02 11,3 1,54

AugeC_ -5,00 -3,13 1,87 10,2 6x10° -5,04 -3,04 2,00 12,2 9,9

AugeT. -5,53 -3,61 1,92 7.9 6x107°  -519  -313 2,06 9,8 3x10~8
LOI CAM ON gold and silver nanoparticles in biodiagnostics, therapy, and

Nghién ctu nay dugc tai trg béi Quy Phat trién khoa
hoc va cong nghé Quéc gia (NAFOSTED) trong dé tai
ma 6 103.01-2019.58. Cam on trung tdm tinh todn
Dai hoc Jackson States, Hoa Ky da cho phép chung toi
st dung stic mdy d€ thuyc hién nhiing tinh toan trong
nghién ctiu nay.

DANH MUC TU VIET TAT

DFT Density functional theory

DNA Deoxyribonucleic Acid

HOMO Highest Occupied Molecular Orbital
IEF-PCM Integral Equation Formalism-Polarizable
Continuum Model

LUMO Lowest Unoccupied Molecular Orbital

RNA Ribonucleic acid

XUNG POT LO1iCH

Céc tac gia khong c6 xung dot lgi ich lién quan dén
viéc xudt ban bai viét nay.

PONG GOP CUA TAC GIA

Pham Vi Nhét, Nguyén Thanh Si va Mai Mat Son
dong gop nhu nhau vao bai viét nay.

TAILIEU THAM KHAO

1. Akhter S, Ahmad I, Ahmad MZ, Ramazan F, Singh A, Rah-
man Z, et al. Nanomedicines as cancer therapeutics: Cur-
rent status. Curr Cancer Drug Targets. 2013;13(4):362-378.
PMID: 23517593.  Available from: https://doi.org/10.2174/
1568009611313040002.

2. Ajnai G, Chiu A, Kan T, Cheng CC, Tsai TH, Chang J. Trends of
gold nanoparticle-based drug delivery system in cancer ther-
apy. J Exp Clin Med. 2014;6(6):172-178. Available from:
https://doi.org/10.1016/j.jecm.2014.10.015.

3. Hainfeld JF, Slatkin DN, Focella TM, Smilowitz HM.  Gold
nanoparticles: A new X-ray contrast agent. Br J Radiol.
2005;79:248-253. PMID: 16498039. Available from: https:
//doi.org/10.1259/bjr/13169882.

4. Demurtas M, Perry CC. Facile one-pot synthesis of amoxicillin-
coated gold nanoparticles and their antimicrobial activity.
Gold Bull. 2014;47:103-107. Available from: https://doi.org/
10.1007/s13404-013-0129-2.

5. Austin LA, Mackey MA, Dreaden EC, El-Sayed MA. The opti-
cal, photothermal, and facile surface chemical properties of

509

12.
13.

. Jordheim LP, Durantel D, Zoulim F, Dumontet C.

. Salvatore P, Nazmutdinov RR, Ulstrup J, Zhang J.

. Farrokhpour H, Abdi S, Jouyandeh H.

drug delivery. Arch Toxicol. 2014;88(7):1391-1417. PMID:
24894431, Available from: https://doi.org/10.1007/s00204-
014-1245-.

. Torchilin VP.  Multifunctional, stimuli-sensitive nanopartic-

ulate systems for drug delivery. Nat Rev Drug Discovery.
2014;13(11):813-827. PMID: 25287120. Available from: https:
//doi.org/10.1038/nrd4333.

. Kalepu S, Nekkanti V. Insoluble drug delivery strategies: Re-

view of recent advances and busines sprospects. Acta Pharm
Sinica B. 2015;5(5):442-453. PMID: 26579474. Available from:
https://doi.org/10.1016/j.apsb.2015.07.003.

Ad-
vances in the development of nucleoside and nucleotide ana-
logues for cancer and viral diseases. Nat Rev Drug Discov.
2013;12(6):446-464. Available from: https://doi.org/10.1038/
nrd4010PMid:23722347.

DNA
bases assembled on the Au(110)/electrolyte interface: A com-
bined experimental and theoretical study. J Phys Chem B.
2015;119(7):3123-3134.  PMID: 25611676. Available from:
https://doi.org/10.1021/jp511909f.

. Harroun SG. The controversial orientation of adenine on

gold and silver. Chem Phys Chem. 2018;19(9):1003-1015.
PMID: 29356330. Available from: https://doi.org/10.1002/cphc.
201701223.

Directional affinity
of a spherical gold nanoparticle for the adsorption of DNA
bases. Colloids and Surfaces B: Biointerfaces. 2019;173:493-
503. PMID: 30336411. Available from: https://doi.org/10.1016/
j.colsurfb.2018.10.001.

Frisch MJ, et al. Gaussian 16 Rev. B.01. 2016;.

Peterson KA, Puzzarini C. Systematically convergent basis
sets for transition metals. Il. Pseudopotential-based correla-
tion consistent basis sets for the group 11 (Cu, Ag, Au) and
12 (Zn, Cd, Hg) elements. Theor Chem Acc. 2005;114(4):283.
Available from: https://doi.org/10.1007/s00214-005-0681-9.

. Nhat PV, Si NT, Leszczynski J, Nguyen MT. Another look

at structure of gold clusters Aun from perspective of phe-
nomenological shell model. Chem Phys. 2017;493:140. Avail-
able from: https://doi.org/10.1016/j.chemphys.2017.06.009.

. Tomasi J, Mennucci B, Cammi R. Quantum mechanical contin-

uum solvation models. Chem Rev. 2005;105(8):2999. PMID:
16092826. Available from: https://doi.org/10.1021/cr9904009.

. Tai TB, Nhat PV. A DFT investigation on interactions between

asymmetric derivatives of cisplatin and nucleobase guanine.
Chem Phys Lett. 2017;680:44-50. Available from: https://doi.
org/10.1016/j.cplett.2017.05.028.

. An NTT, Nhat PV. Nghién ctiu su tuong tac gilra cacboplatin

véi guanine bang phuong phap tinh toan héa hoc lugng td.
Tap chi Hda hoc. 2017;55(3):329-335.

. Peng S, Cho K, Qi P, Dai H. Ab initio study of CNT NO2 gas

sensor. Chem Phys Lett;387(4):271-276. PMID: 2004. Available
from: https://doi.org/10.1016/j.cplett.2004.02.026.


https://www.ncbi.nlm.nih.gov/pubmed/23517593
https://doi.org/10.2174/1568009611313040002
https://doi.org/10.2174/1568009611313040002
https://doi.org/10.1016/j.jecm.2014.10.015
https://www.ncbi.nlm.nih.gov/pubmed/16498039
https://doi.org/10.1259/bjr/13169882
https://doi.org/10.1259/bjr/13169882
https://doi.org/10.1007/s13404-013-0129-2
https://doi.org/10.1007/s13404-013-0129-2
https://www.ncbi.nlm.nih.gov/pubmed/24894431
https://doi.org/10.1007/s00204-014-1245-
https://doi.org/10.1007/s00204-014-1245-
https://www.ncbi.nlm.nih.gov/pubmed/25287120
https://doi.org/10.1038/nrd4333
https://doi.org/10.1038/nrd4333
https://www.ncbi.nlm.nih.gov/pubmed/26579474
https://doi.org/10.1016/j.apsb.2015.07.003
https://doi.org/10.1038/nrd4010 PMid:23722347
https://doi.org/10.1038/nrd4010 PMid:23722347
https://www.ncbi.nlm.nih.gov/pubmed/25611676
https://doi.org/10.1021/jp511909f
https://www.ncbi.nlm.nih.gov/pubmed/29356330
https://doi.org/10.1002/cphc.201701223
https://doi.org/10.1002/cphc.201701223
https://www.ncbi.nlm.nih.gov/pubmed/30336411
https://doi.org/10.1016/j.colsurfb.2018.10.001
https://doi.org/10.1016/j.colsurfb.2018.10.001
https://doi.org/10.1007/s00214-005-0681-9
https://doi.org/10.1016/j.chemphys.2017.06.009
https://www.ncbi.nlm.nih.gov/pubmed/16092826
https://doi.org/10.1021/cr9904009
https://doi.org/10.1016/j.cplett.2017.05.028
https://doi.org/10.1016/j.cplett.2017.05.028
https://www.ncbi.nlm.nih.gov/pubmed/2004
https://doi.org/10.1016/j.cplett.2004.02.026

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 4(2):504-511

19. ZhaiHJ, Kiran B, Dai B, Li J, Wang LS. Unique CO chemisorption ical sensors. J Chem C. 2015;119(11):6398. Available from:
properties of gold hexamer: Au6(CO)n- (n =0—3). JAm Chem https://doi.org/10.1021/jp513019z.
Soc. 2005;127(34):12098. PMID: 16117551. Available from: ~ 21. Pearson RG. Hard and Soft Acids and Bases. J Am Chem.
https://doi.org/10.1021/ja052618k. 1963;85(22):3533.  Available from: https://doi.org/10.1021/
20. Hadipour NL, Ahmadi-Peyghan A, Soleymanabadi H. Theo- ja00905a001.

retical study on the Al-doped ZnO nanoclusters for CO chem-

510


https://www.ncbi.nlm.nih.gov/pubmed/16117551
https://doi.org/10.1021/ja052618k
https://doi.org/10.1021/jp513019z
https://doi.org/10.1021/ja00905a001
https://doi.org/10.1021/ja00905a001

Science & Technology Development Journal - Natural Sciences, 4(2):504-511
@ Open Access Full Text Article Research Article

Quantum chemical studies of interactions between Aug cluster and
DNA bases

Pham Vu Nhat'"*, Nguyen Thanh Si', Mai Mac Son’, Pham Thi Bich Thao?, Nguyen Van Hong3,
Pham Tran Nguyen Nguyen3

ABSTRACT

Density functional theory (DFT) is employed to examine the adsorption machenism of DNA bases
(adenine, guanine, cytocine, and thymine) on the gold surface, using Aug cluster as model reactant.
Use your smartphone to scan this Geometries of resulting complexes are optimized using the PBE functional in conjunction with the
QR code and download this article cc-pVTZ-PP consistent-correlation pseudo potential basis set for gold and the cc-pVTZ basis set for
the non-metals. The binding sites and energies, along with several quantum chemical indicators
are also investigated at the same level of theory. The binding energies between Aug cluster and
DNA bases are computed to be around 14-25 kcal/mol in gas-phase and slightly reduced to 10 -
20 kcal/mol in water environment. Cytosine has the highest affinity with gold cluster, decreasing as
follows cytosine > adenine & guanine > thymine. If a visible light with a frequency of v =~ 6 x 10*
Hz (500 nm) is applied, the time for the recovery of Aug from the complexes will be in the range
of 3x10~8 (for thymine) to 10 (for cytosine) seconds at 298 K in water. In addition, the geometric
structures of both the gold cluster and DNA bases are almost unchanged during the complxation.
The gold cluster is found to benefit from a larger change of energy gap that could be converted to
an electrical signal for detection of these molecules. Current results could provide us with funda-
mentals for understanding the DNA bases absorption on gold nanoparticle surfaces at the atomic
and molecular levels.

Key words: adenine, guanine, cytosine, thymine, gold cluster, DFT calculation
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