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TOM TAT

Cac phép tinh ly thuyét ham mat d6 (DFT) duoc thuc hién d€ khao sat ban chat cua
su twong tac gitra cac phan tt DNA base, cu thé la adenine (ADE) va guanine (GUA),
véi hat nano vang, st dung Aux cluster lam m6 hinh phan ¢ng. Phiém ham TPSS
két hop véi bo ham co s¢ cc-pVDZ-PP cho kim loai va cc-pVTZ cho cac phi kim duoc
stt dung d€ khao sat cau truc hinh hoc, cac thong sd nhiét ddong va tinh chat dién t
cta cac hé nghién cttu. Sy anh hwéng cua dung moi nudc dwoc danh gia béi mo
hinh TEF-PCM. Cac két qua tinh toan khing dinh xu huéng gan két 1én bé mit vang
thong qua nguyén tir N. Nang lugng tuong tac nam trong khoang 17 — 21 kcal/mol
trong pha khi va giam xuéng con 15 — 18 kcal/mol trong dung moéi nude. Qud trinh
hap phu nhin chung c6 thé tu dién bién vi bién thién ning lwong tw do Gibbs am.
Ngoai ra, hién twgng tan xa Raman tang cuong bé mét (SERS) ctia chung trén bé mat

kim loai Au cling duoc lam sang to.

Tt khoa: Adenine, DFT, gold cluster, guanine, SERS.

1. MO PAU

Cong nghé nano da va dang duwoc tng dung rong rai trong nhiéu linh vuc doi
song hién nay. Trong linh vuc y sinh, tng dung cta cac vat liéu cau tric nano ngay cang
trd nén quan trong nham ting do nhay ctia chan doan va diéu tri hudéng dich. Mot trong
nhting loai vat liéu nano mang lai nhiéu tiém nang cho hai huwéng ting dung trén do la
vat liéu nano kim loai qui, ddc biét 1a nano vang. Ddc tinh vuot trdi nhat cua hat nano
vang 1a tinh 6n dinh bé mét ctia ching. Diéu nay cho phép chiic nang héa bé mat dé
dang v6i cac phan tt sinh hoc va cac chat hitu co khac nhau [1]. Trai ngwgc véi tinh bén
viing cao ¢ dang khoi, ¢ kich thudc nano, hat nano vang thé hién nhiéu tinh chat rat doc
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ddo [2, 3]. Vi kich thudc nanometer (nm), hat nano vang c6 kha nang thdm qua mang
t€ bao va tuong tac vdi cac phan ti sinh hoc quan trong hodc lién két nhiéu phan tk
thuGc, nang cao hiéu luc cua thudc, ciing nhw kha nang kiém soat su giai phéng thudc.
Thuec t&, cac hat nano vang cé nhiéu tng dung quan trong trong dan truyén thudc, phat
hién ung thw, cdm bién sinh hoc ciing nhu danh dau va dung nap té bao [1, 4-10].

Cécnucleobase DNA (deoxyribonucleic acid) dong vai tro quan trong trong viéc
hinh thanh cac hé théng sinh hoc va gitt vai tro nén tang trong DNA va RNA (ribonucleic
acid). Cac base purine nhu adenine (ADE) va guanine (GUA) la nén tang trong cac cau
truc chuyén hoa tht cdp nhw adenosine monophosphate mach vong va guanosine
monophosphate vong. Ngoai ra, ching 1a muc tiéu sinh hoc wa thich cua cac loai thuée
dua trén kim loai quy [11]. D&i véi tng dung dan truyén thudc, s¢ hap phu cta cac
nucleobase purine v6i cac hat nano kim loai rat dwgc quan tam.

Cac hat nano kim loai gén két DNA dugc ghi nhan la ¢ kha nang phat xa dac
biét trong ving kha kién [12, 13] nén rat tiém ndng cho cac ting dung nhu danh ddu sinh
hoc, sinh hda, phan tich va cam bién sinh hoc [14]. Mot phat hién quan trong khac d6 la
kich thudc va c&u tric ctia cac hat nano c6 thé duoc diéu chinh bang cach st dung céac
chudi DNA véi trinh tw nhat dinh [15]. Thong qua d6 1am thay d6i budc séng phét xa
kha kién ctia ching [16, 17]. Bén canh cac nghién cttu thuc nghiém, nhiéu nhém nghién
ctu ly thuyét cling da st dung cac phuong phép tinh toan dé khao sat s anh hudng
cua cac DNA base 1én cdu truc, cac tinh chat nang lugng, dién t& va quang pho cta cac
hat nano kim loai [18-20].

Trong nghién cttu nay, cac phép tinh DFT dugc thuc hién dé€ khao sat ban chat
cua sy tuong tac va co ché tang ceong hda hoc phd Raman (SERS) cua cac phan tt DNA
base (adenine, guanine) 1én bé mit nano vang bing cach stt dung Au cluster lam md
hinh phan ting. Két qua nghién ctru cung cap nhiing hiéu biét sau hon vé vat liéu nano
vang ting dung cho cam bién sinh hoc.

2. PHUONG PHAP NGHIEN CcUU

TAt ca cac tinh toan dwoc thuc hién véi sy hd tro cua gdi chuong trinh Gaussian
16 [21]. Cau trtic ctia hé nghién cttu dugc t8i wu héa bang phuwong phap TPSS. B6 ham
co so cc-pVDZ-PP [22] v6i thé nang 16i hiéu dung ECP (effective core potential) duoc ap
dung cho kim loai, trong khi bd co so day du electron cc-pVTZ dugc sit dung cho phi
kim. C4u trtc ban dau ctia phttc hgp DNA base-Auz (Au2—ADE va Au—-GUA) dugc
xay dung bang cach gén phan tir adenine, guanine vao dang bén nhat ctia Aux , théng
qua nhitng vi tri giau electron nhu nguyén ti N, O. Tan s6 dao ddng diéu hoa cling dwgc
tinh tai cung murc ly thuyét TPSS/cc-pVDZ-PP/cc-pVTZ dé€ xac dinh hinh hoc thu duoc
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la cyc tiéu dia phuong hay trang thai chuyén tiép trén bé mat thé ning, cling nhw dé
hiéu chinh céc gi4 tri nhiét dong.

Kha nang lién két gitra cluster Auzo véi ADE va GUA duoc danh gia thong qua
nang lueong lién két (Ev) dugc tinh theo biéu thitc sau:

Ep = Epuyg-x — EAuZO — Ex (1)

trong d6 Egy,,—x, Eau,,, Ex 1a tong nang luong electron (bao gom nang liong dao dong
diém khong) twong ting voi phitc Auz-X, Aux va X (X 1a ADE va GUA). Nang luong Es
cang am, phtic tao thanh cang bén.

Bién thién enthalpy (4H), bién thién ning luwong tw do Gibbs (4G) ctia qua trinh
tao phtrc duoc tinh theo cac biéu thic sau:

AH = E» + ATCH )
AG = Ev + ATCG 3)

trong d6 AH va AG la enthalpy phan ting va bién thién nang lwong tw do Gibbs ¢ 298 K
ctia qua trinh twong tac gitta Aux voi adenine va guanine; ATCH, ATCG twong tng voi
nhiét hiéu chinh lén enthalpy va nhiét hiéu chinh 1én ndng luong tu do Gibbs tit 0 lén
298 K. Co chélién két dugc danh gia tri dua trén nang luwong cac orbital bién (HOMO va
LUMO), chénh 1éch nang lwong HOMO-LUMO va sy phu hgp vé kiéu déi xting cac
orbital bién gitra cluster Auz v6i adenine va guanine.

3. KET QUA VA THAO LUAN
3.1. Cau tric t6i vu

O trang thai co ban, Auz c6 ciu tric t dién déu (Hinh 1), dugc tao nén tir 4 tam
giac v6i 10 nguyén tir Au [23]. Cluster Auzoco thé twong tac voi ADE va GUA thong qua
cac tam phan tng giau electron nhw nguyeén tit N va O. Trén cadc nguyén ti nay chita
cdp electron tu do san sang tao lién két véi cac orbital 5d va 6s ctia Au. Tiéu phan Auz
con c6 thé déng vai tro 1a chat nhan proton d€ hinh thanh cac lién két hydrogen
Au--H-N, trong d6 ¢6 su dich chuyén dién tich tir kim loai sang orbital phan lién két
0'(NH) [24]. Phan tich dién tich NBO trong Auz cho thdy nguyén tit Au ¢ dinh c6 dién
tich NBO duong hon cac vi tri khac nén dong vai tro nhan electron (chat than dién t)
ttr cac tac kich than hach (nucleophile).

Céc nguyén tir hydrogen (H) gan trén nguyén ti nitrogen (N) ctia vong purine
c6 thé tao thanh nhiéu dang hd bién (tautomer) khac nhau. D6i véi adenine (ADE), hai
dong phan ADE-N9 va ADE-N7 (Hinh 2) duoc xac dinh 1a bén nhat [11]. Tuong tu,
guanine (GUA) ciing c6 hai dong phéan bén nhat la GUA-N7 va GUA-N9 (Hinh 2) [25].
Sy chénh léch ndng lugng gitta cac dong phan nay khong dang ké.
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ADE-N9 (0,0) ADE-N7 (7,5) GUA-N7 (0,0) GUA-N9 (0,5)

Hinh 2. Cac dang ho bién ctia adenine (ADE) va guanine (GUA). Gia tri trong ddu ngodc don la

nang luwong tuong doi (kcal/mol) cta ching trong pha khi.

Cac cdu trac bén nhat va nang luong twong d6i ctia cac phirc hop Au-DNA
duoc thé hién trén cac Hinh 3 va 4. Cac cdu triac nay dwoc ky hiéu la Au2-DNA_X trong
d6 DNA = A (adenine), G (guanine); X=1, 2, 3 ... tuong ting voi nang luong tuwong doi
tang dan. Trong pha khi, c6 4 dé6ng phan bén duoc xac dinh dwgc cho phiic hop Auz-A
(Hinh 3). Theo d¢, vi tri lién két wa thich la nguyén ti N1, N3 ctia vong pyrimidine va
N7, N9 ctia vong imidazole, tao ra 2 cdu trac bén nhat Auze-A_1 va Auz-A_2. Chénh léch
nang luong ctia chung chi khoang 0,7 kcal/mol tai mtc ly thuyét TPSS/cc-pVTZ/cc-
pVDZ-PP. Céc dong phan bén tiép theo, Auz-A_3 va AuzrA_4, c6 ning luwong cao hon
Auz-A_1 tir 0,9 dén 1,9 kcal/mol. Ngoai ra, adenine con c¢6 thé tuong tac voi Auz thong
qua N trong nhém NH>, nhung san phdm sinh ra twong d6i kém bén, c6 nang luong cao
hon Auz-A_1 ~12 kcal/mol.
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Hinh 3. Cac cdu trac c6 nang luong thap cia phitc Auzo-A duoc tdi vu tai mice ly thuyét
TPSS/cc-pVTZ/cc-pVDZ-PP. Gia tri trong ddu ngodc don la ndng luong tuong ddi (kcal/mol) so

v6i dang bén nhat.

Twong tw, c6 5 cdu tric dugce tim thay cho phitc hop Auzo-G sinh ra tit su tuong
tac gitta Auzo va guanine (Hinh 4). Theo d6, vi tri lién két ua thich la nguyén tie N3 va
N9 cua vong imidazole, tao ra 2 cdu truc bén nhat AuG_1 va Auz-G_2. Chénh léch ndng
lwgng cta chung chi khoang 0,3 kcal/mol tai mte ly thuyét TPSS/cc-pVTZ/cc-pVDZ-PP.
Cac dong phan bén tiép theo, Auz0-G_3 va Auzo-G_4, c6 nang luwgng cao hon Auz-G_1 tir
0,7 dén 2,8 kcal/mol. Khi Au lién két véi nguyén ti O tao ra cdu triic Auzo-G_5 c6 nang
lwgng cao hon Auz-G_1 khoang 4,8 kcal/mol. Nhin chung, bén canh lién két cong hda
tri Au-N, lién két hydrogen Au--H-N cling goép phan on dinh cac phtic bén thu duoc.
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AuxG_3 (0,7)

Auo-G_5 (4,8

Hinh 4. Cac cdu truc ¢6 nang luong thap cua phirc Auzo-G duoc t6i vu tai mue ly thuyét
TPSS/cc-pVTZ/cc-pVDZ-PP. Gia tri trong ddu ngodc don 1a nang luong twong d6i (kcal/mol) so

véi dang bén nhat.
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3.2. Tinh chat dién ti&, ning lugng

Do bén ctia cac phitc hop AuzDNA duoc danh gia thong qua cac thong s6 nhiét
dong nhue nang lieong lién két, bién thién enthalpy va ning luong Gibbs duoc tém tat
trong Bang 1. Bén canh do6, sy anh huong ciia dung moi nuede cting dweoc xem xét. Trong
pha khi, nang luong twong tac gitta Au2ovéi adenine va guanine thay d6i tir 17 kcal/mol
dén 21 kcal/mol.

Duéi sy anh huong cua dung moi nude, lién két gitta Auzo véi cac DNA base tro
nén kém bén vitng hon. Tuy nhién, xu huwdéng bién thién ctia cac gia tri Ej,, AH*® va AG**
nhin chung van tuong te nhu trong pha khi.

Bang 1. Nang luong lién két Es, bién thién enthalpy AH va nang luong tw do Gibbs AG

(kcal/mol) ctia qua trinh hdp phu adenine va guanine 1én Auz

Eb AH298 AGZ98 Eb AH298 AG298

Cédu tke
Trong pha khi Trong nudc

Aux-A_1 20,5 -19,1 -10,8 15,0 -146 2,92
Aux-A_2 19,8 -18,5 -10,2 16,2 -154  -2,40
Aux-A_3 19,6 -18,3  -10,0 16,0 =152  -2,03
Aux-A_4 18,6 -17,6 -7,5 16,3 -14,6  -3,57
Auz-G_1 20,2 -19,0 -109 16,1 -14,7  -3,03
Auz-G_2 19,9 -183 -11,0 17,0 -16,1 -3,37
Auz-G_3 19,5 -18,6 -8,4 17,1 -16,1 -3,36
Au-G_4 17,4 -16,3 -8,6 15,4 -139 2,28
Auz-G_5 15.4 -14,2 -5,5 14,2 -12,8 -1,15

Dé danh gia dd nhay ctia Auzo v6i su hién dién ctia cac phan t nucleobase, chung
toi tién hanh phan tich sy thay d6i ndng luwong vung cdm. Chi s6 luong tir nay duoc xac
dinh qua biéu thtrc sau:

E, —E
AE, = [Eg, — Eg,| X 100% (4)

g Eg 1

trong do Eg, la chénh l1éch nang lwong gitra cac orbital bien (HOMO - LUMO) hay nang
luong ving cdm ctia Auz va ctia cac phirc hop Auz-DNA.
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Bang 2. Nang luong (eV) ctia cac orbital bién (HOMO, LUMO), néng lwong viing cdm E,, su
thay doi nang luong vung cdm AE; (%) cia Auz-DNA

Ewovo Ewmo E;,  AE;  Enowo Eumo E; AE,

Céu twr Trong pha khi Trong nudc
Auz =562 382 1,79 - =503 -308 1,95 -

Aux-A_1l =513 3,56 1,57 -1229 4,79 -3,08 1,71 -12,31
Auz-A_2 -508 -350 1,68 -11,73 -480 -3,08 1,72 -11,79
Aux-A_3 -516 3,57 160 -10,61 -481 -3,08 1,73 -11,28
Aux-A_4 -491 -331 160 -10,61 -479 -3,06 1,73 -11,28
Aun-G_1 -507 -348 160 -10,61 -480 -3,07 1,73 -11,28
Au-G_2 -492 -333 1,59 -11,17 478 -3,06 1,72 -11,79
Aun-G_3 -483 323 160 -1061 4,78 -3,05 1,73 -11,28
Aun-G_4 -530 370 1,59 -11,17 -480 -3,07 1,73 -11,28
Au-G_5 -526 361 165 -782 486 -3,07 1,79 -821

Bang 2 liét ké két qua tinh toan cho cac mtc nang luong bién (Enomo, ELumo) va
nang luong vung cam (E,) tiong tng. Quan sat ttr pho quang dién tit (photoelectron
spectroscopy — PES) trén anion Auz~ cho thdy cluster Aux c6 E; = 1,77 eV. Gia tri nay
6 thé so sanh véi két qua tinh toan tai mirc TPSS/cc-pVDZ-PP 1a 1,79 eV trong pha khi
va 1,95 eV trong nueéc. Nang lieong viing cdm E,; 1a mot chi s6 quan trong dé€ xac dinh

hoat tinh dong hoc ctia cac vat liéu.

Su thay do6i nang luwong viing cam (AE;) thé hién d6 nhay ctia chat hdp phu d6i
v6i chat bi hap phu. Trong dung moi nude, sie hdp phu cac phan t DNA base da lam
thay doi dang ké nang luwong viing cdm ctia Auz. Vi dy, khi hap phu adenine, gia tri E
cua Aux giam ttr 1,79 eV con 1,57 eV, tuwong ung voi AE, ~ 12% (Bang 2). Su thay doi
tuong tue (AE; = 11%) cling duwgc ghi nhan cho qua trinh hap phu guanine. Sy suy giam
nang luong vung cdm E; lam cho kha nang dan dién ctia Aux ting 1én, gay ra tin hiéu
dién co thé giap phat hién cac DNA base.

3.3. Hién twong tan xa Raman ting cwdng bé mat (SERS)

Tan xa Raman dwoc biét dén voi nhitng tng dung quan trong, nhu mot cong cu
cuc ky hiéu qua trong viéc nghién ctru, tim hiéu cdu trtc vat chat. Tuy nhién, so vdi cac
qua trinh tan xa dan hoi thi xac suat xay ra tan xa Raman la rat nho. Diéu nay da lam
han ché rat 16n nhitng ting dung cta phd Raman. Vi vay, ky thuat tdn xa Raman tang
cuong bé mat (SERS) thuong duoc stt dung dé€ khuéch dai cuong d6 dao dong. Nham
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hd tro giai thich cac két qua thuc nghiém, ching toi tién hanh phan tich phd SERS cua

cac DNA base hap phu 1én bé madt Auzo.
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Hinh 5. Pho Raman ctia ADE-N9 va GUA-NY (trén) va pho SERS ctuia phtic bén nhat Auz-A_1

va Auz-G_1 trong moéi treong nuwdce

Phd Raman cua cac nucleobase ty do va phtrc hop bén nhat Auz'DNA_1 trong
vung 400 dén 4000 cm™ dugc trinh bay ¢ Hinh 5 va Hinh 6. Trén phd SERS cua adenine
trong vung 400 — 1600 cm™ (Hinh 5) ching ta c6 thé quan sat thdy it nhat 5 maii kha dac
trung. Dang luu y la sy tding ceong bat thuwong cua cac dao dong lién quan dén suw co
gian vong tai 717 cm™ va dao dong quat X-H (X =C, N) tai 1242 cm™'. Thuc nghiém ghi
nhén cac dao dong nay xudt hién tai 732 va 1264 cm™ [26]. Bén canh d6, ching t6i con
phat hién mét miii ¢6 cuong dd thap hon gan 3500 cm™ ting v6i dao dong co gian N-H
hwdng tryc ti€p vao bé mat Auz. Cac tin hiéu nay hau nhw khong dwgc quan séat thay
trén phd Raman thuong cua adenine. Doi véi guanine, nhiing sy thay doi bat thuong
trén pho SERS tng vdi dao dong co giadn vong, bén canh cac dao dong quat va co gian
NHo.. Trong d9, kiéu co gian vong (pyrimidine) dwoc du doan la xuat hién tai 659 cm™,
0 voi gia tri 656 cm™ thu duogc tir thue nghiém [26]. Trong Auzo-G_1, nhém NHo c6 kiéu
dao dong udn cong géc lién két nam trong viing nang luong tir 1515 — 1565 cm™! va kiéu
dao ddng co gian lién két tai 3471 cm™.
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4. KET LUAN

Cac phép tinh DFT duoc thuc hién dé€ khao sat ban chat cua sy twong tac gita
adenine va guanine voi cac hat nano vang st dung cluster Auz lam mo hinh phan tng.
Két qua chi ra adenine va guanine c6 xu hudng gan két 1én bé mat vang thong qua
nguyén t& N. Nang luong twong tdc nam trong khoang 17 - 21 kcal/mol trong pha khi
va giam xudng con 15 — 18 kcal/mol trong dung méi nuwdce. Qua trinh hdp phu nhin chung
c6 thé ti dién bién vi bién thién nang luong tu do Gibbs am. Hinh hoc ctia ca nucleobase
va cluster vang thay d6i khong dang ké sau khi twong tac v6i nhau. Tuy nhién, gia tri
nang luwgng vung cdm E; cua cluster giam dang ké trong cac phirc hgp Auzo-DNA va c6
thé duoc chuyén hda thanh tin hiéu dién giup phat hién chon loc cac nucleobase. Trong
khi phd Raman thuong ctia nucleobase duoc déc trung boi cac kiéu dao dong co gian
C-H, co gian C-X va uén cong XHz (X =N, C, O), mét sd thay d6i bat thuong trén phd
SERS twong tng vdi su co gian vong, co gian X-C (X =N, C) uén cong va co gian N-H.
Céc két qua tinh toan cung cap cho ching ta nhiing hiéu biét co ban vé co ché hdp phu
cac DNA base, cac protein trén bé mat Au ¢ cap do nguyén tir va phan ti.
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GOLD CLUSTER AUz BINDING WITH DNA BASES: STRUCTURES,
ENERGIES AND SERS CHEMICAL ENHANCEMENT MECHANISM

Huynh Thi Thuy Hang!, Banh Phuoc Trong!, Nguyen Thanh Si?,
Pham Vu Nhat'*, Nguyen Thi Ai Nhung?

Department of Natural Sciences, Can Tho University
2Chemistry Faculty, University of Sciences, Hue Universiry
*Email: nhat@ctu.edu.vn
ABSTRACT

The density functional theory (DFT) calculations are employed to elucidate the
adsorption behaviours of DNA basses, i.e. adenine (ADE) and guanine (GUA), on
the gold surface, using Aux cluster as a model reactant. The TPSS functional
combined with the effective core potential cc-pVDZ-PP basis set for Au atoms and
cc-pVTZ basis set for nonmetals are used to investigate geometric structures,
thermodynamic parameters and electronic properties of the resulting complexes.
The IEF-PCM model with water solvent is applied to include the effect of biological
environment on the interactions. The computed results show that the binding is
dominated by a covalent bond Au-N and in part by electrostatic effects, namely a
hydrogen bond contribution NH--Au. The gas-phase binding energies are in the
range of 17 — 21 kcal/mol and significantly reduced to 15 — 18 kcal/mol in water.
Moreover, the interactions which are reversible processes as the Gibbs energies are
negative. In particular, the surface-enhanced Raman scattering (SERS) phenomenon

of these molecules adsorbed on the Au surfaces are also elucidated.

Keyword: Adenine, DFT, gold cluster, guanine, SERS.
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