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LOI CAM POAN
T6i xin cam doan dé tai nghién ciru trong luan vin nay 13 coéng trinh
nghién ctru clia t6i dua trén nhitng tai lidu, sb liéu do chinh t6i ty tim hiéu va
nghién ctru. Chinh vi vay, cac két qua nghién ciru dam bao trung thuc va khach
quan nhét. Pong thoi, két qua nay chua timg xuét hién trong bét ctr mot nghién
ctru ndo. Céc sb lidu, két qua néu trong luén vin 14 trung thuc néu sai t6i hoan

chiu trach nhiém trudc phap luat.

Téac gia luan vin ky va ghi rd ho tén

NGUYEN LE KIM THUY
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LOI CAM ON

L&i dau tién, t6i xin chan thanh cam on TS. Nguyén Thanh Danh — Vién
Cong nghé Ho6a hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam, da tan
tinh huéng dan, dinh huéng va truyén dat nhiéu kién thirc chuyén mén, kinh
nghiém quy bau, ciing nhu sy ddng hanh cuia Thiy da gitp t6i nang cao nhiing
k¥ nang va kién thirc, tir d6 c6 thé hoan thanh luan vin thac s mot cach thuan
loi nhat.

T6i xin trdn trong cam on ban Lanh dao Vién Cong nghé Hoéa hoc va
phong Cong nghé Hoa dugc da dong hanh va cung cip co s& vat chét, giap toi
hoan thanh dé tai luan vin thac si hoan thién nhét.

Téi xin trdn trong cdm on ban Lanh dao va phong Pao tao ctia Hoc vién
Khoa hoc va Cong nghé, da tao moi diéu kién thuan loi dé t6i c6 thé hoan thanh

luan van.

T6i xin chan thanh cam on toan thé quy Thay, C6 khoa Héa hoc — Hoc
vién Khoa hoc va Cong nghé — Vién Han 14m Khoa hoc va Céng nghé Viét
Nam d4 lu6n nhiét tinh, an can giang day gitp t6i tiép thu nhiéu kién thirc méi,
nhitng k§ néng hiru ich va kinh nghiém séng quy bau.

Téi xin chan thanh cam on hai ban sinh vién Nguyén Thi Qué Tran va Lé
Thi Thanh Quyén sinh vién truong Pai hoc Tai nguyén va Mbi trudng Thanh
phd H6 Chi Minh khoa 08 — DPH — QLTN d4 nhiét tinh h trg toi hoan thanh d&
tai nay.

Téi xin guri 161 cAm on sdu sic dén gia dinh, cac anh, chi va déng nghiép
da ludn hd trg, gitip d&, dong vién tinh than, ting hd va cho t6i dong luc dé hoan
thanh t6t chwong trinh hoc tap va qua trinh nghién ctru.

T6i xin chéan thanh cam on!

Tac gia luan vin

O{H ”7%

Nguyén Lé Kim Thiy
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MO PAU
1. Ly do chon dé tai

Trong xu thé cong nghiép hoa, hién dai hoa nén kinh té, cing véi su phat
trién nhanh dan s da anh huong tiéu cuc dén méi trudng séng ciing nhu st
khoe con nguoi. Hién nay, vé sinh thyc phém dang la van dé dic biét quan
trong trén thé gi6i cling nhu nudc ta. Theo théng ké cua t6 chiic y té thé gidi
(WHO) uéc tinh c6 khoang 600 triéu (10% dan sb thé gii) bi mac bénh sau
khi str dung thuc phém 6 nhiém. O Viét Nam sb vu ngd doc thuc phém ngay
cang tang cao chu yéu do thuc pham nhiém héa chat nhu: thude bao vé thuc vat
va khang sinh [1]. Du lugng héa chat khong nhiing gy ra cac bénh cap tinh ma
con 13 nguyén nhan ctia nhiéu bénh man tinh va nan y nhu ung thu, tiéu dudng,
v.v... Vi thé, du luong hoa chat, dic biét 1a khang sinh trong thuc phém dang
1a van dé hét stirc nghiém trong giy ra 6 nhiém méi trudng va anh huéng dén

stc khoe con nguoi [2].

Kiém soat ham luong khang sinh 13 nhu cdu cip bach dé giai quyét tinh
trang thyc pham ban va 6 nhiém ngudn nudc hién nay. Trén thi truong hién
nay, mot $6 bo test nhanh khang sinh st dung sac ky mién dich canh tranh da
duoc phét trién, tuy nhién nhuoc diém cta phuong phap nay 1a gia thanh cao
va chi sir dung dé dinh tinh, khong c6 chuc nang dinh lugng [3]. Pé dinh lugng
duoc khang sinh, qua trinh phan tich thudng can c6 phong thi nghiém voi cac
trang thiét bi hién dai, dat tién nhu thiét bi sic ky 16ng cao ap, ky thuat enzyme
— linked immunosorbent assay (ELISA). Cac phuong phap thay thé c6 thé 1am
giam chi phi phan tich nhu st dung phuong phap quang hoc (UV — Vis va
huynh quang) dya trén vat liéu nano kim loai plasmonic két hop véi aptamer
dé dinh lugng khang sinh. Tuy nhién, gan day céc thiét bi so mau di dong c6
thé danh gia ham luong khang sinh mot cach nhanh chéng va chinh xac, tuong
duong voi cac thiét bi trong phong thi nghiém.

Dua trén nhitng co s¢ khoa hoc va ly do da néu trén, chung t6i tién hanh
thuc hién dé tai “Nghién ciru ché tao cam bién nano vang — aptamer va vng
dung trong xdc dinh ham luong khang sinh”. Vat li¢u nano kim loai vang —
aptamer dugc ing dung vao viéc phat hién ham lugng khang sinh dugc nghién
ctru nham muyc dich dinh luong duoc ham lugng khang sinh trong thuc phém,

khong nhitng gidam nguy co bénh tat cho nguoi ti€u dung ma con ddm bao duogc
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gia tri hang héa, nang cao uy tin san pham. Thém nita, cac thiét bi di dong co
thé giup dénh gia nhanh chéng ham luong khang sinh tai hién truong ma khong

can céc chuyén gia c6 trinh do chuyén mén cao.
2. Muc dich nghién ciru
<> Muc dich tong qudat
- Ché tao thanh cong hé cam bién nano vang — aptamer

- Binh lugng dugc ham lugng khang sinh c6 trong thuc phém vo1do chon

loc va do chinh x4c thich hop.
< Muc dich cu thé
- Tong hop thanh cong nano vang véi kich thude 10 — 20 nm.

- Che tao va phat trién thanh cong h¢ cdm bi€n nano vang — aptamer 6n

dinh, toi vu va c6 kha ning tuong tac voi khang sinh tot nhat.

- H¢ cam bién c6 kha nang phan tich chon lgc khang sinh va xac dinh dugc

ham lugng khang sinh trong mau that.

- Nghién ctru so sénh cam bién khang sinh str dung thiét bi so méau di dong

va cam bién so mau st dung thiét bi do UV — Vis.
3. Noi dung nghién ciru
Pé tai nghién ctru gdm 4 ndi dung chinh:
- Téng hop va danh gia cau tric vat liéu nano vang (AuNPs).
-Khao sat cac diéu kién tong hop hé cam bién nano vang — aptamer
(AuNPs/Apt) va danh gia ciu trac vat liéu.
- Xay dung duong chuan dinh luong khang sinh va xac dinh gia tri gidi
han phan tich trén thiét bi so mau di dong va thiét bj UV — Vis.
- Nghién ctru dinh lugng khang sinh trén mau that trén thiét bj so mau di
dong va thiét bj UV — Vis.
4. Co so khoa hoc va tinh thuec tién ciia dé tai
Tinh trang du lugng khang sinh trong san pham nhu sita, thit, hai san trong
nudce va xuat khau cia nudc ta dang trong tinh trang bao dong. Du luong khang

sinh anh huong nghiém trong dén cudc song, dén strc khde con ngudi. La ngudn



cOi ctia can bénh khang khang sinh, 1a mét trong nhitng van dé cap thiét cua thé
gidi néi chung va Viét Nam noi riéng. Du luong khang sinh trong thuc pham
khong chi gay anh huong dén stc khoe con giy thiét hai vé kinh té, nhiéu 16
hang thay hai san xuat khau ctia nude ta bi tra vé do phat hién du luong khang
sinh vugt qua muc tiéu chuan cho phép, giy thiét hai 16n vé mit kinh té.

Trong nhimg thap k¥ qua, rt nhiéu phuong phap phat hién du luong
khang sinh da phat trién: sic ky 1ong hiéu ning cao, sic ky khi va xét nghiém
mién dich,...Tuy nhién, nhitng phuong phap trén doi hoi phai c6 chuyén vién
k¥ thuat, str dung cac thiét bi phirc tap, chi phi cao va mat nhiéu thoi gian. Do
d6, viéc phat trién phuong phap phét hién du lwong khéng sinh trong thuc pham

va moi1 truong hiéu qua, don gian va nhanh chong la mdt di€u can thiét.

Su két hop gitra céc hat nano vang va aptamer tao ra mdt h¢ cam bién so
mau nhan dang khang sinh bang quang hoc d3 duoc phat trién rong rai. Su thay
ddi mau sic ciia hé cam bién duge xac dinh bﬁng cach thu thap céc tin hi¢u phat
xa va dinh luong bang phuong phap sir dung méay do quang phé UV — Vis. Bén
canh d6 phuong phap phuong phap phan tich mau c6 thé sir dung céc thiét bi
so mau di dong dugc phat trién dé phan tich cac chi s6 mau red, green, blue. Vi
thé ma loai aptasensor ndy phi hop hon cho céc thi nghiém c6 tinh ung dyung
tai chd, cling nhu hd tro cho viée kiém tra dinh ky don gian va nhanh chong.

5. Nhirng dong gop cua luin van

Két qua ctia luan van di dong gop vao cac cong trinh nghién ctru phat hién
ham lugng khang sinh. H¢ cam bién so mau dua trén vat liu nano vang —
aptamer c6 kha ning tuong tac tot véi khang sinh ampicillin.

Hé cam bién nano vang — aptamer dugc phan tich day da cac tinh chat hoa
Iy, 46 bén cua hé. Két qua cho thiy nghién ctru c6 dd tin cay cao.

Két qua cua nghién ciu cho thiy kha ning dinh lugng khang sinh
ampicillin trong thyc pham.

Pong thoi, phuong phap so mau dugce thiét ké trén thiét bi so mau di dong
dugc ing dung va mang lai tiém nang phat trién cam bién di dong, thuan tién

cho vi¢c phat hién khang sinh nhanh chéng.
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CHUONG 1. TONG QUAN NGHIEN CUU

1.1. TINH TRANG DU LUQNG KHANG SINH HIEN NAY
1.1.1. Khai niém khang sinh

Khang sinh (antibiotics) con duoc goi 1a tru sinh, 1a nhitng chat khang vi
sinh vat nhu vi khuén, xa khuan va ndm, c6 kha nang e ché su phat trién va
sinh truong ctia cac vi sinh vat khac [4]. Ngay nay, khang sinh khong chi c6 thé
chiét xuét tir cac vi sinh vt va ndm ma con c6 thé tong hop hodc san xuat bang
phuong phap hoa hoc.

Sy xuat hién cua khang sinh dd mé ra mot thoi ky méi trong linh vuc y
hoc dbi voi viée diéu tri cac bénh nhidm khuan. Khang sinh khong chi dugc ap
dung trong y hoc dé chira tri bénh cho con ngudi ma con duge str dung rong rai
trong néng nghiép, chin nudi gia stc, gia cam va thiy san,...[4]

1.1.2. Phan loai khang sinh

Vao nam 1928, Alexander Fleming da phat hién khang sinh penicilline va
dén nay co rat nhiéu loai khac sinh, thudc tuong tu dugc phat minh va dua vao
su dung [5].

Cac nhoém khang sinh dugc sap xép theo ciu triic hoa hoc va duge chia

thanh cac nhém nhu (Bang 1.1).

Bing 1.1. Phan loai khang sinh theo céu triic héa hoc
STT Tén nhém Phian nhom

Céc penicilin

Cac cephalosporin
Cac beta — lactam khac

Carbapenem

1 Beta — lactam

Monobactam

Céc chat trc ché beta — lactamase

2 | Aminoglycosid

3 Macrolid

4 | Lincosamid

5 Phenicol

6 | Tetracyclin Thé hé 1




Thé hé 2

Glycopeptid

7 | Peptid Polypetid

Lipopeptid

Thé h¢ 1

Céc fluoroquinolon: thé hé 2, 3, 4

8 | Quinolon

Céc nhom khang sinh khac

Sulfonamid

Oxazolidinon

5 — nitroimidazol

1.1.3. Cac ngudn phat thai

Trong nhitng nam qua, vi¢c st dung khang sinh trong thu y va y hoc cua
con ngudi rat pho bién, do d6 kha ning giy 6 nhiém khang sinh ngay cang tang
1én. Mot trong nhimg nguyén nhan 1a do sy 6 nhiém céc chit c6 hoat tinh khang
khuan bt nguén tu: sinh hoat, bénh vién, chan nudi gia suc, nudi tré)ng thuy

san va tréng trot [6].

Khang sinh cho ngudi Khang sinh thia y
(Gia dinh, cong nghi¢p, bénh vién, dich vy) (Nudi thuy san, vt nuéi, gia cam)
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Hinh 1.1. Con dwong gdy 6 nhiém ciia cdc hop chit khdng sinh
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<> Tinh trang du lwong khang sinh va tdac hai

Theo to chitc WHO, tinh trang khang khang sinh van 1a mot trong nhiing
mdi de doa stc khoe cong déng toan ciu ma nhan loai dang phai dbi mat. Viét
Nam dang nam trong cac nudc c6 ty 16 khang thude cao do viée st dung khong
hop 1y, lam dung thudc khang sinh trong diéu tri, ngan ngira hodc kiém soat

nhiém trung & nguoi, dong vat va ca thuc vat [7].

Theo bao cio cta hé théng giam sat sir dung va khang khang sinh toan cau
(GLASS) nam 2022 da théng ké ty 18 khang thudc dang bao dong: 42 % vi
khuan Escherichia coli (E. coli) khang cephalosporin thé hé thir ba va 35 % ddi
v6i vi khuan Staphylococcus aureus khang methicillin. Déi voi nhiém tring
duong tiét niéu do vi khuan E. coli gdy ra, ¢t 5 truong hop thi c6 mot truong
hop cho thdy giam tinh nhay cam véi cic loai khang sinh tiéu chuan nhu
ampicillin, co — trimoxazole va fluoroquinolones vao nim 2020. Diéu nay dang
lam cho viéc diéu tri hiéu qua cac bénh nhiém tring thong thuong trd nén kho
khan hon [7]. Nam 2019, c6 khoang 4.95 triéu ca tir vong lién quan dén khang
khang sinh (Hinh 1.2) [8].

Resistance
[ Associated with resistance
B Attributable to resistance

500000

600000 {85 ‘

300000 ~

Pathogen

Hinh 1.2. S6 ca tiv vong trén toan cdu lién quan dén tinh trang khding
khdng sinh do vi khudn gdy bénh nam 2019 [8]
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1.2. KHANG SINH AMPICILLIN

Ampicillin 12 mot trong nhiing loai khang sinh thuoc nhom
aminopenicillins, ho penicillin, 1a mot khang sinh beta — lactam. Khang sinh
ampicillin dugc str dung trong diéu tri méot sé bénh nhiém trung do vi khuan
nhay cam nhu: nhiém khuan hé hép, viém hong, cam cum, cam lanh,... dung dé
ngin ngira cac loai bénh nhiém tring, dugc phat trién dé khic phuc van dé
khang thubc va mo rong pham vi khang sinh ctia penicillin. La mot hoat chat
c6 hoat tinh chong lai mot s6 bénh nhiém tring giy ra béi vi khuan gram duong

(+), gram 4m () cling nhu mét s6 vi khuan ky khi.

Vi du: vi khuan Escherichia coli (E. coli), Staphylococcus aureus (S.

cureus), Streptococcus pneumoniae (S. pneumoniae), Haemophilus influenzae
(H. influenzae), ... [9].

Ho—/°
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H H/ZS/Q
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Hinh 1.3. Céu triic héa hoc ampicillin
> Tinh chat Iy héa
Ampicillin 14 hop chat mau trang hoic khong mau, & dang ran.

La mot hop chét it tan trong nudc, tan trong acid hodc bazo loang, khong

tan trong ruou, ether.

Ampicillin c¢6 cong thirc phan tir 13 Ci¢H1o0N304S v6i khéi luong phén tir
349.40. Tan chay va phan huy tai 202 °C — 215 °C.

Khang sinh ampicillin ¢6 hoat phd rong v6i nhiéu ching vi khuan gram
am (—) va vi khuan gram duong (+).

Khang sinh ampicillin ¢6 thé duoc tim thay trong thuc pham, do dugc st
dung dé phong ngira hodc diéu tri cac bénh do vi khuan gay ra trong qua trinh

chdn nuoi. Tuy nhién, viéc stt dung khong hgp ly va lam dung khang sinh trong



qua trinh chin nudi, c6 thé c6 mot lwong nho khang sinh ton dong lai trong thirc

an, dac biét la thit, tring va sira.

1.3. GIOI THIEU VE NANO
1.3.1. Cong nghé¢ nano

Cong ngh¢ nano (nanotechnology) dugc dinh nghia la mgt phan nhanh cua
khoa hoc vat liéu nghién ctru vé cac hién tuong va cac phuong phap tuong tac
voi1 vt ligu ¢ kich thude phan tir va nguyén tir, tai do cac tinh chit nhu: co hoc,
nhiét dong luc hoc co6 sy khac biét hoan toan vdi cac vat liéu & kich thude 16n
hon [10]. Sau d6, mot khai niém khac duoc thiét 1ap bai thé gidi dua trén cac
tmg dung thyc tién cta cong nghé nano. Trong dé, cong nghé nano dugc dinh
nghia 13 nganh khoa hoc nghién ctru vé hién tugng, tinh chat va cac phuong
phép tuong tac véi cac vat lidu ¢ kich thudce tir 1 dén 100 nanometer [11]. Vi
dinh nghia ndy, viéc hoach dinh ra mot gii han vé kich thudc giup khoa hoc
vat liéu dinh hudng nghién ctru vé tinh chat va phuong phap tong hop tao ra
cac vat li¢u nano hiru ich c6 tng dung tiém nang trong thuc phém, duoc phém,
dién — dién tir, y hoc va cd moi truong.

Hat nano 1a nhitng vat li¢u ¢6 kich thude nhé dudi 100 nm, can dén 80.000
hat dé béng chiéu rong ciia mot s¢1 toc con nguoi. Kich thudc cua cac vat dugce
thé hién nhu (Hinh 1.4) [12].

Glucose Protein DNA Virus Cell Salt Grain Tennis Ball

107 108

.
Nanometers

Dendrimer Gold Nanoshell Quantum Dot Polymers

Hinh 1.4. Kich thwoc cac vat [12]

Ngay nay, cong nghé nano ngay cang dong goép nhiéu hon vao cac hoat
dong cua doi séng, thong qua cac san pham tmg dung trong thyc tién cong
nghiép. Vi du, cong nghé nano dugc ing dung vao nganh xay dung nhu: son

nano gitp bao vé cac két cau thép xay dung khoi sy an mon, hoac cac hat nano



9

kim loai dugc bd sung vao thanh phan cta thép giup ting cudong do cing va
mo rong gidi han bién dang co hoc [13]. Trong cac tng dung vé xir 1y moi
truong, vi ¢o kich thudc nanometer, dién tich bé mat 16n, cac hop chét hitu co,
kim loai nidng va vi sinh vat trong nudc thai duoc loai bo dé dang, giup xur 1y
nude hiéu qua ma khong can dau tu cac cong trinh xur 1y phirc tap nhu trong

cac phuong phap truyén thong [14].
1.3.2. Vat li€u nano

Vat liéu nano (nano materials) la vat li€u trong do c¢ it nhat mét chiéu co
kich thuéc nanometer va dugce Lién minh Chau Au xac dinh 1a hat nano trong

vat liéu c6 mot hay nhiéu chiéu co kich thuéc nho hon 100 nm [15].

Vat liéu kim loai nano d3 nhan dugc nhiéu sy quan tam dac bi¢t tir cdc nha
khoa hoc trong va ngoai nudc do cd nhimg tinh chat wu viét nhu: quang, dién,
tir, dén cac tinh chat co, xtc tac, ... Cac tinh chat doc dao va ndi trdi ma vat
liu nano ¢ dugc do sy thu nho kich thude va ting dién tich bé mat tiép xuic
[16].

Céc vat liéu nano dugc thiét ké véi cac thanh phén, kich thudc va hinh
dang khac nhau (Hinh 1.5).

eee
We @ s 4
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Nanosphere Nanosphere Nanosphere Nanorod Nanocapsule
solid, gold polymeric hydrogel ~mesoporous  (carbon nanotube) (SPION)

silica

Nano

- Antigen
Phospho- Apo-ferritin Albumine
Phospho- qq\?\ﬁ’?fo/ lipid I .~ shell

e\ WY 0 .

e  Z=d §§ FeO,. "=

o r S %‘jb core

NN = N
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Selfassembled NP Selfassembled NP Nanoshell, natural Nanoshell, engineered Synthetic
(micelle) (liposome) ferritin albumine + drug virus-like NP

Hinh 1.5. Hinh dang cac vt liéu nano [17]
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1.3.3. Cac phwong phap tong hop vat liéu nano

Trai qua nhiing thap ky nghién ciru vé vat liéu nano, nhiéu bao céo vé
cac phuong phép tong hop véi kich thude ddng nhét va phan tan tét duoc cong
bb. Nhung nhin chung, tong hop vit liéu nano c6 thé duoc chia thanh hai
phuong phap: bottom — up (tir dudi 18n) véi tién chat 1a cac phan tir hodc nguyén
tir [18] va phuong phap top — down (tir trén xudng) trong d6 tién chat 1a vat licu
khéi (Hinh 1.6).

Vat liéu khoi ~

> Phuong phap
top — down

/
~ Hat nano

Pry
3 3

P opg s g s¥ar onpnd :
s e 5% 2.« »  Nucleic

Phuong phap 2 Py e, Plaa on Y
bottom — up s ® 0 ’

- Phan ti/ nguyén tr

Hinh 1.6. Phwong phdp tong hop vit liéu nano
1.3.3.1. Phwong phap bottom — up
Phuong phap bottom — up 1a phuong phap bao ham sy hinh thanh vt li¢u

nano tir cic nguyén tir hodc ion, dugc phat trién manh mé vi tinh linh dong va
chat luong ctia san pham cudi (Hink 1.7). Phan 10n céac vat lidu nano tmg dung
trong néng nghiép dugc ché tao tir phwong phap nay.

Phuong phap tong hop pho bién duoc phan loai vao bottom — up vi du
nhu: phuong phap ling dong hoi héa hoc (CVD), sol — gel, phwong phap khir

téng hop nano kim loai, ngung tu plasma héa hoc ...
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Nanoparticles

Q 9
OOO
Q

Clusters

Hinh 1.7. So' d6 mé ti phwong phdp bottom — up
<> Phwong phap CVD

Phuong phép lang dong hoi hoa hoc (CVD — Chemical Vapor Deposition)

12 mot phuong phap hién dai giup tong hop nano kim loai dua trén su hinh céc

nguyén tir kim loai tir tién chat & dang hoi théng qua viéc cung cap electron cho

cac phan tir khi trong ludng hoi tién chat d6 (thong thudng dugc thue hién bang

plasma hodc nhiét 46 cao) [18]. Trong phuong phap CVD, nano kim loai tong

hop dugc chu yéu ¢ dang mang mong duge phu 1én mot dé nén bén hoa hoc.

Vi du, phuong phap CVD duoc ap dung trong qua trinh phét trién vat liéu

hai chiéu molybdenum nitride va MoSi,Ny4 v6i 16p kép Cu/Mo 1am chét nén va

khi NH; 1am nguén nito (Hinh 1.8) [19].

Y e e

NH, gas .. .‘ — .’ -
Cu/Mo substrate — -—-_______.______
—-_-_—_-_—'-‘_——-

Non-layered Mo,N Thicker islands

CvD
o \* Si
—_— 1080°C Monolayer MoSi,N, Polycrystalline film
4 ¥
> :

—_—

Hinh 1.8. Qud trinh phdt trién vit ligu hai chiéu bing phwong phdp CVD

[19]
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X/

<> Phuwong phap sol — gel

Phuong phap sol — gel 1a mot quy trinh udt dugc st dung rong rai cho sy
phat trién ctia nhidu vat liéu nano, thuong sir dung trong téng hop cac hat nano
oxide kim loai. Tién chat thuong sir dung 13 cac kim loai gdc hitu co hay con

goi la alkoxide kim loai.

Phuong phap dugc goi 1a sol — gel vi trong sudt qué trinh hinh thanh hat
nano, tién chat ¢ dang 16ng s& duoc chuyén hoa thanh sol (trang théi cac giot
long phan tan trong moi trudng 16ng) va sau do sol nay sé& lién két thanh cau

tric mang ludi goi 1a gel (Hinh 1.9) [18].

Coating - L4 Heating  \'§
Xerogel film Dense film s :
= — f e
—— /
- Gelati Evaporatipn® == i Sty
f’.':_.. __H:: érq- —j’} H % # ‘! i:j Sphere
e —— - -;" . \
Hydrolysis & ° 7 i \\
polycondensation : "':'D,.r(_
b =N Uy, T, Xerogel L%
i — Wﬁ’/ & -
S— — Precipitation ; Rod
Metal Alkoxide \
Sol
Solution
Uniform powder Acrogel
Spinning —— .'\_,
ﬁ =

Fibers

Hinh 1.9. Sin phdm ciia tieng quy trinh dwoc thwe hién bang phwong phdp
sol — gel [20]

X/

<> Phwong phdp khir tong hop nano kim loai

T6ng hop nano kim loai dya trén phan tmg khir 1a phan ung dung chét khir
manh, khir ion kim loai tr mudi cta chling tao thanh nguyén tr kim loai, cac

nguyén tir ndy két hop lai véi nhau tao thanh hat nano kim loai.

Khi céac hat nano dugc tao thanh tir phuong phap nay, chung c6 kha nang
két tu khi chét khir khong c6 kha ning bao vé. Pé ngin qua trinh ndy xay ra,
can bd sung thém chit 1am bén gitip cac hat phan tan déu trong dung dich va
tranh két tu, hodc chét khir sir dung phai 13 nhitng chat hitu co vira c6 tinh khir

vua cO tinh lam bén.
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Hinh 1.10. Téng hop nano ving bang phwong phdp khir

Pién hinh, nano vang duoc tong hop bang phuong phap khir voi trisodium
citrate ¢ nhiét do cao, da duoc (mg dung nhiéu trong cic nghién ctru v6i phuong
phap tong hop don gian, dong déu kich thudc hat va phan tan tét trong dung
dich. Trong phuong phép nay, cac ion Au’*" trong phan tir HAuCl, sé duoc khtr
béi cac gbe acid (— COOH) ¢6 trong phan tir cia trisodium citrate. Theo xu
hudng tu nhién, khi Au® hinh thanh chung s€ tu hgp lai hat nano vang. Sau phan
tmg khtr, gbc acid — COOH cua trisodium citrate chuyén thanh goc ketone (—
C=0), c6 kha niang hip phu 1én bé mit cia kim loai, nho i lyc manh cia
nguyén td oxi (O) voi kim loai, tao thanh mdt 16p dién tich trén bé mit AuNPs
gitp cac hat nano vang day nhau trong dung dich, phan tan tot, khong bi két tu
(Hinh 1.10) [21].

1.3.3.2. Phwong phap top — down

Phuong phap top — down la phuong phap st dung céc nguyén li¢u kich
thude 16n, duoc pha v& cdu tric dé tao thanh vat liéu c6 kich thude nano. Nhin
chung, cac phuong phap top — down sir dung trong téng hop nano thuong 1a
cac phuong phap vat ly.

<> Phwong phdp nghién co hoc

Nghién co hoc 1a mot phuwong phap cd dién dé tao ra vat lidu kich thudc
nho hon tir vat lidu c¢6 kich thuéc 16n. La mot phuong phéap hiéu quéa dé tong
hop vat liéu nanocomposite. Phuong phap chi yéu trong nghién co hoc 1a
phuong phéap nghién bi, vat liu khdi dugc tron véi bi nghién trong may nghién
(Hinh 1.10). Nho lyc va dap ma vat licu khéi s& bi dap vo thanh cac hat co kich

thudc nano.
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Hinh 1.11. Tong hop vit ligu nano bang phwong phdp nghién co hoc [22]
<> Phwrong phap bao mon laser

Bao mon laser 1a mot phuong phap hién dai dé tong hop vét liéu nano.
Trong phuong phap nay, mot ngudn laser ning luong cao s& va cham voi vt
lidu khoi [18]. Trong qua trinh bao mon laser, vat liéu 14 tién chét s& boc hoi
trong chan khong, két qua 13 hinh thanh hat nano (Hinh 1.12). Nho kha niang
bao mon cua tia laser, cac hat nano kim loai quy dugc hinh thanh ma khong can
phai st dung dén cac loai hoa chit hodc chit lam bén, co thé xem day 1a mét

phuong phap xanh cho tong hop nano kim loai.

E — anm.

Plasma plume
Condensation of plasma

and formation of cluster
Target
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g Nanoparticles
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Hinh 1.12. Quy trinh tong hop nano bing phwong phdp bao mon laser
trong dung dich [23]
1.4. NANO VANG

Dua trén cac tap chi khoa hoc va su dung database pubmed (gold
nanoparticles - Search Results - PubMed (nih.gov)) — mét trong nhiing hé thdng
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index cong b6 khoa hoc uy tin, vat liéu nano vang da va dang nhan dugc rat
nhiéu sy quan tim nghién ctru trong nganh khoa hoc vt liéu, s6 luong cac cong
b6 khoa hoc lién quan dén nano vang ting dang ké & cac nam tré lai dy.
Nano vang mang hau hét cac tinh chét cua vat liéu vang, nhung khi & kich
thudc nanometer, cc tinh chat nay dugc khuéch dai va vuot tréi hon. Thé nén,
cac hat AuNPs dugc phat hién c6 nhitng img dung dot pha trong céac linh vuc

duoc pham, dién tir, m41 trudong va nhiéu linh vuc khéc.

Nam 1857, Michael Faraday di tao ra cac hat nano vang va nhan thay vang
6 cau trac nano phat ra mau do. Faraday da chirng minh cc hat nano vang c6
kich thudc khac nhau tao ra dung dich c6 mau sic khac nhau (Hinh 1.14) [24)].

pppgaaq

30 nm 40 nm 50 nm 60 nm 70 nm 80 nm I

12-‘ —— 3J0nm

Normalized Abs.

400 500 600 00 800
Aax (NM)
Hinh 1.13. Mau séic va pho UV — Vis ciia cdc hat nano vang & cdc kich
thwoc khac nhau [25]

Mau sac ctia dung dich nano vang c6 su thay doi theo hinh dang, kich
thudc va ca sy phan tan cac hat nano trong dung dich tao ra mét dac tinh quang
hoc dac biét dugc goi la cdng hudéng plasmon bé mat (surface plasmon
resonance — SPR).

Vi cac hat nano vang nho, hién tuong cong hudng plasmon bé mit gay

ra sy hap thy anh sang xanh (blue — green) trong diy quang phd (450 nm) trong
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khi 4nh sang d6 (700 nm) s& bi phan chiéu, tao ra mau d6 cho dung dich nano
vang. Véi kich thudc nano vang 16n hon, budc soéng hap thu sé& dich chuyén vé
vung dai hon, do hon, vi vay kich nano vang 16n hon gay ra mau tim khi quan
sat bang mat thuong [25].

<> Mot s6 nghién cuu trong va ngoai nuoc
Trong nuoc:

- Nam 2018, tac gia Nguyén Thi Thanh Ngan cing cic cong su di tong
hop thanh céng nano vang, bac tir chiét xuat ré cdy Nguu bang (Arctium
Lappa). Cac hat nano vang, bac tao ra c6 dang hinh cau véi kich thude chua
dong déu, c6 kich thude trung binh lan luot 1a 24.7 nm va 21.3 nm [26].

- Nam 2018, tac gia Nguyén Ngoc Khanh Anh cing cong sy dd nghién
ctru tong hop nano vang tir dich chiét cia 14 tra img dung trong my pham. Nano
vang tao ra c6 dang hinh cau kich thudc trung binh 13.78 nm. Két qua nghién
ctru cho thay khi cho nano vang vao kem nén khong gay kich tng da véi ham
lugng nano vang 7.55 ppm [27].

- Vao niam 2019, tac gia Nguyén Thanh Danh cting cdng su di tong hop
nano vang véi chiét xuat caa 14 Trinh nit hoang cung (Crinum latifolium). Céc
hat nano thu dugc c6 dang hinh cau, tam giac, bat giac c6 duong kinh trung
binh 14 17.6 nm. Khao sat kha nang khang khuan va xuc tac trong cic phan Gmg
phan hay cac chat 6 nhiém cho két qua kha quan (Hinh 1.15) [29].

/
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Hinh 1.14. Tong hop nano vang tiv ld Trinh niv hoang cung [29]

Téc gia Vii Puc Chinh va nhoém nghién ctru di tong hop thanh cong cac

hat nano vang lién két voi cac dng nano cacbon nhiéu 16p (Au — MWCNTSs)



17

bang cach st dung cysteaminium chloride théng qua sy hinh thanh lién két

Zwitterionic acide-base [28].

Niam 2023, Nguyén Anh Thu va cong su di thanh cong tong hop c6 kiém
soat cac hat nano vang va tich hop vdi titanium dioxide (AuNPs/Ti0,) dé ting
cudng hoat dong chdng oxi hoa, bang cach giam cac goc tu do 2,2-diphenyl-1-
picrylhydrazyl (DPPH) ¢ cic ndng d6 khac nhau. Két qua mdi la nay cua
AuNPs/TiO, c6 thé tao diéu kién cho cac hat nano da chirc trong cac ung dung
my pham. [30]

Thé gidi:

Nhém nghién ctru Polte, J. et al d tong hop nano vang bang phuong phap
khtr véi trisodium citrate ¢ nhiét do 75 °C. Va sur dung SAXS (small-angle X-
ray scattering) va XANES (X-ray absorption nearedge spectroscopy) dé quan

sat qua trinh khir va su hinh thanh hat nano vang, qua d6 dé xuat co ché cho

phan img [31].

Nam 2019, tac gia Thangamani va Bhuvaneshwari da tong hop nano vang
tir dich chiét 14 Simarouba glauca, tmg dung khang khuan. Két qua khao sat cho
thy, kha nang khang khuan ddi vdi mot sé loai vi khuan nhu: Staphylococcus
aureus, Streptococcus mutans, Escherichia coli, Bacillus subtilis, Proteus
Vulgaris [32].

Niam 2023, nhém nghién ciru ciia Perouza Parsamian dé tong hop va kiém
soat, ¢b dinh kich thude cac hat nano vang dudi 10 nm trén bé mit thiol bién

d6i hoa hoc trén hat gidng virus QP [33].
<> Nano vang vrng dung trong cam bién

Nano vang la vat liéu duoc nghién ctru va img dung tur rat 1au boi céac tinh

chit dic biét, dugc tao ra boi 16p plasmon bé mat kim loai.

Hi¢n tuong cdng hudng plasmon bé mit (SPR) 1a sy dao dong cua dién
tich ton tai gitra hai méi truong c6 hang s6 dién mdi trai dau dudi tac dung cua
truong dién tir (anh sang) gay ra sy kich thich. Dién hinh, khi anh sang chiéu
vao cac hat nano vang, cac electron trén bé mit nano vang dao dong, tao ra dién
tir truong dao dong cung tan s6 v4i anh sang. Nhitng dao dong ndy tao ra mot
hiéu img mau sac dic biét, vi cuong d va bude song cua SPR phu thudc vao

cac yéu t6 anh huong dén mat do dién tich electron trén bé mat hat nhu loai
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kim loai, kich c& hat, hinh dang, cau truc,. .. [34]. Chinh 1a 1y do tai sao cac hat

nano vang co su thay doi mau sac tir dé6 dén xanh lam.

Hién tugng plasmon bé mat duge ung dung trong nhiéu linh vuc khac
nhau nhu: cam bién quang hoc, xtc tac phan Gmg hoa hoc, tmg dung cua cac

hat nano vang vao dan thuoc, chup chi€u sinh hoc hay chan doan,...

Cam bién quang hoc str dung hién tuong cong hudng plasmon bé mit cta
cac hat AuNPs dé dinh luong cac phan tir sinh hoa hoc, co thé dap ung kha
nang cam bién tai chd voi do nhay va dd chinh x4c cao. Tinh chat quang hoc
ctia cac hat AuNPs co thé duoc ung dung cho cam bién so mau dé so sanh su
thay d6i mau ctia dung dich khi ¢ sy tuong tic véi cac chat muc tiéu thong
qua qua trinh ngung tu hodc lién két véi cac chat trén bé mat vat liéu. Qua trinh
nay thuong dugc ghi nhin bang phuong phap do quang phdé UV — Vis. Nhiing
cam bién quang hoc dua trén vat li¢u AuNPs co thé duoc st dung dé xac dinh
nhiéu chat héa hoc khac nhau nhu: kim loai nang, khang sinh trong thuc phém

hoac nudc, ...

1.5. APTAMER

Aptamer (Apt) 1a cac doan deoxyribonucleic acid (DNA) hodc ribonucleic
acid (RNA) chudi don, ngan c6 chiéu dai khoang tir 10 — 100 nucleotide, duoc
phat trién trong dng nghiém bang mot quy trinh 1ap di lap lai rt rd rang, thong
qua mot qua trinh tong hop twong ty nhu qua trinh chon loc ty nhién trong tién

hoa (systematic evolution of ligands by exponential enrichment (SELEX)) [35].

Aptamer dugc phat hién tr khi phat minh ra quy trinh SELEX nam 1990
boi1 hai phong thi nghiém doc lap Ellington & Szostak va Tuerk & Gold [36,
37]. Aptamer c6 thé lién két voi cac muc tiéu khac nhau nhu: khang sinh, kim

loai, hop chét hoa hoc, protein, té bao va vi sinh vat, ...

Khac v6i khang thé (antibody), cac aptamer c6 mot sb loi thé hon nhu:
thoi gian sir dung dai, d& dang tong hop trong phong thi nghiém, qua trinh tong
hop cho phép tao ra cac aptamer véi thoi gian ngin, chi phi san xuat thap, khong
bi bién d6i theo 16, kha ning stra d6i cao hon, 6n dinh nhiét tét hon va tiém

nang muc tiéu cao hon [38].
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1.6. CAM BIEN APTAMER

Gan day, aptamer da thu hat sy cht ¥ trong linh vire cam bién sinh hoc
nhu cac yéu t6 nhan dang tin hiéu, vi 4i luc lién két cao cia ching ddi véi cac
muc tiéu cu thé nhu protein, té bao, phan tir nho va tham chi ca ion kim loai,
khang thé khé thu duoc. Ngoai i luc lién két cao, aptamer c6 thé dé dang chirc
nang héa va thiét ké, cung cap mot s6 ché do tin hiéu nhu do mau, huynh quang

va dién hoa, dugc goi chung la aptasensor [39].
> Cdm bién aptamer huynh quang

Cam bién aptasensor dua trén huynh quang dugc dic trung boi do nhay
cao, pham vi phat hi¢n 16n, kha nang ghép kénh, xét nghi¢ém nhanh va kha nang
chon loc cao ctuia aptamer cho mdt s6 muc tiéu, dua trén sy tich hop cua ca vat
liéu huynh quang (thudc nhudm fluorophore va cac hat nano huynh quang nhu
hat nano chuyén d6i). Aptamer huynh quang duogc thuc hién thong qua cac giao
thirc thtr nghiém "tin hi¢u bat" hoac "tat tin hiéu". Cac hoat dong nay dya trén
su chénh Iéch trong phan ing huynh quang [39].

Agaregation F.1 Rch\*cred
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Hinh 1.15. Cam bién aptamer hupnh quang dwa trén vit ligu
PAA@Arg@ATT-AuNCs NPs [40]

Nim 2020, Byunghwa Kang va cong su dd nghién ctru cam bién sinh hoc
phat hién trichothecene mycotoxin (trichothecenes A, T —2) bang cach sir dung
PAA@Arg@ATT-AuNCs NPs lam dau do tin hiéu, aptamer T — 2 lam yéu t6
nhan dang. Trong truong hop khong c6 muc ti€u, tuong tac tinh di¢n cua phuc
hop aptamer — poly (diallyldimethylammonium chloride) (PDDA) ngéan chén
su két hop ctia AuNPs. Cac AuNPs tan xa (d0 hap thy ¢ 520 nm) lam giam
cuong do huynh quang (fluorescence intensity, F.I) cia NP PAA@Arg@ATT-
AuNCs (phat xa & 530 nm). Viéc bd sung muc tiéu dan dén céc t6 hop doc td —



20

aptamer va PDDA lam cac hat nano AuNPs bi két tu (do hép thu & 665 nm), tir
d6 F.I ciia hé¢ PAA@Arg@ATT-AuNCs NPs duogc thu héi. [40].

<> Cam bién aptamer dién hoa

Aptasensor di¢n hda duoc ché tao béng cach sur dung aptamer lam thu thé
sinh hoc va dau do dién hoa, ai luc muc tiéu — aptamer dugc bién doi thanh tin
hiéu dién hoéa, c6 thé do duoc thong qua bién trd chia ap (chiét ap), von ké,

ampe ké, tré khang hodc dién hoa phat quang.

Céc cam bién aptasensor di¢n héa dugc stra ddi vai cac vat liéu nano khac
nhau nhu: vat liéu nano dya trén carbon, khung hitu co kim loai (MOFs), ...
Aptamer dugc ¢ dinh trén bé mat dién cuc thong qua tuong tac m — m, tuong
tac biotin — avidin, tu lap rap thiol — vang va phan tmg cdng hoa tri carboxyl —

amin, ... [39].

Aptasensor dién hoa chu yéu phu thudce vao cac tuong tac xay ra trén bé
mit dau do, do phan tng cam tng giita muyc tiéu va aptamer cu thé ctia n cung
cap tin hiéu dién hoa. Mot s aptasensor dién héa di dugc cung cap dé phat
hién mot s6 muc tiéu chéng han nhu: ampicillin, virus cam gia cam (H5N1),
Pb**, Hg?", insulin, ... [39].

<> Cam bién aptamer do mau

Trong sb céac tin hiéu nhan dang xét nghiém c6 san, cac phuwong phap do
mau duoc coi 1a don gian va hidu qua voi tiém ning 16n trong chan doan tai
chd, vi cac phan ung phat hién c6 thé phan biét don gian bang mat thuong qua
cac k¥ thuat dung cu don gian, chi phi thap va hiéu qua. Cam bién sinh hoc do
mau dya trén aptamer da ching minh d6 nhay va tinh chon lgc ctia chiing, ngoai
tiém ning hiéu qua dé chuan doan nhanh tai chd ma khéng can thiét bj phirc

tap.

Vit liéu nano kim loai, dac biét la AuNPs va nano bac (AgNPs) la nhiing
dau do tin hiéu tuyét voi dé phan tich mau do tinh chat quang hoc quan trong
ctia ching lién quan dén kich thudc hat, phan b kich thuée va hinh dang. Cac
dic tinh cong huong plasmon bé mit ciia AuNPs va AgNPs gop phan déng ké

vao viéc tao tin hiéu do mau [39].
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Hinh 1.16. Cim bién AuNPs — aptamer nhén biét vi khudn Escherichia coli
[41]

Ritika Gupta va cong su, vao nam 2021 da dé xuat phat hi¢n nhanh chong,
dé dang va hiéu qua vé chi phi bang mat thuong dbi v6i xét nghiém vi khuan
E. coli dua trén tong hop ctia AuNPs. Trong thir nghiém nay, cac AuNPs dugc
bao phu boi graphene oxide (GO) va lién két véi mot aptamer cu thé cho vi
khuan E. coli, thiét 1ap mot bé mit 6n dinh xung quanh AuNPs. Véi sy hién
dién cua muc ti€u E. coli, su twong tac canh tranh aptamer — E. coli vé1 AuNPs
xay ra, gy ra su két tu cia AuNPs, din dén thay doi mau sic rd rét tir do sang
xanh lam (Hinh 1.16) [41].

1.7. CAM BIEN NANO VANG - APTAMER

Trong nhitng nam qua, viéc tich hgp cac aptamer chirc nang vao vt liéu
nano da tr¢ thanh mot linh vuc 1ién nganh mai, nham muc dich cung cép cac
hé thong cam bién lai (cam bién) méi dé nhan dang phan tir cu thé. Su tich hop
moi la nay da mang lai nhiéu loai cam bién khac nhau, dé phat hién nhanh
chéng va co6 chon loc vai nhiéu loai chét phan tich nhu: adenosine, cocaine, ion
thily ngén va trombin. Trong sd cic cam bién nano dua trén aptamer di phat
trién, cac nano kim loai nhu nano vang va nano bac dugc st dung phé) bién
nhat.

Céc hat nano vang thuong duoc st dung dé phat hién cac muc ti€u cu thé,
dua trén su thay ddi mau sic. Trong d6, AuNPs dugc st dung dé cb dinh voi
aptamer, xay dung aptasensor do mau vi cic tinh ning doc dao bao gébm: tong

hop don gian, tinh chit quang hoc, hi¢u ting plasmon bé mat, dan nhiét va dién
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tor doc dao. Cung véi do, dién tich bé mat riéng 16n tao diéu kién cho nhiéu su
hap phu cua cac dai phan tir sinh hoc 1én bé mit AuNPs thong qua tuong tac
tinh dién, bao vé ching chdng lai sy két tu va tré thanh mot dau do tin hiéu tot

dé xay dung aptasensor.

Dua trén kha ning do mau doc dao ciia cong hudng plasmon bé mit phu
thudc khoang cach ciia cic hat AuNPs, rat nhiéu chién lugc xét nghiém sinh
hoc do mau khong nhin da dugc phat trién. Sy thay d6i mau sic cia AuNPs
cuc ky nhay véi sy phan tan va két ty cua ching trong dung dich, bao gdbm su

thay d6i hiéu ing plasmon giita cac hat [42].

Trong hé cam bién nano vang — aptamer (AuNPs/Apt), AuNPs duoc sir
dung nhu mot chat danh déu dua trén do nhay cua 16p dién tir plasmon va Apt
nhu mot chat 1am bén. AuNPs/Apt hoat dong dua trén su két tu trong dung dich
ctia cac hat nano vang. Khi khong cé chat muc tiéu, AuNPs /Apt phan tan trong
dung dich va c¢6 mau dé (mau cta nano vang hinh cau), khi c6 chat muc tiéu,
cac aptamer cing voi AuNPs lién két, trai qua mot sy thay do6i cdu tric.
Aptamer lién két véi chat muc tiéu, AuNPs duoc giai hap ra cic chudi Apt va
tiép xtic truc tiép voi tic nhan lam ngung tu, tir d6 thay d6i mau dung dich tir
d6 sang xanh lam/tim. Sy thay d6i cudng do mau c6 thé duoc quan sat thong

qua phd UV — Vis _ mot thiét bi pho bién trong phong thi nghiém.

Trong nhiéu nam tr lai day, h¢ cam bién nay dugc su dung rong rai trén
thé gidi cling nhu ¢ Viét Nam dé dinh luong nhiéu chat héa hoc khac nhau nhu
kim loai nang, thude bao vé thuc vét, khéang sinh, ...

/7

> Mot s6 nghién cuu trong va ngoai nuoc
Trong nuoc:

Néam 2016, nhém nghién ctru cia Pong Huy Gidi va cOng su da nghién
ctru thanh cong cam bién tr nano vang va aptamer chirc nang dé phat hién

nhanh ion thuy ngan trong nudce [43].

TAac gia Nguyén Hoang Diing cing cac cong sy ctia minh vao nim 2018,
& Vién Ki thuat Cong nghé cao Nguyén Tat Thanh, Dai hoc Nguyén Tat Thanh
d3 nghién ctru thanh cong phuong phap phat hién nhanh streptomycin bang
aptamer va hat nano vang. Gi6i han phat hién nong d6 khang sinh 13 0.25 pM
[44].
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Nim 2023, v6i sy huong dan cua TS. Nguyén Thanh Danh, hoc vién cao
hoc Huynh Pham Qudc Duy Trudng Pai hoc Tén Pirc Thang va nhém nghién
clru d3 thanh cong trong viéc phét trién cam bién quang hoc voi dé tai thac si:
“Tong hop diéu khién kich thudc nano vang hinh sao va nghién ctru phat trién
cam bién quang hoc d6i véi iodobenzene”. Bai luan vin di nghién ciru mot
phuong phap tong hop AuNS mdi trong nude voi sy hd tro cta chat hoat dong
bé mat tween 80 dugc phat trién dya trén quy trinh nudi mam. Cudi cung, thi
nghiém cho thay rang AuNS t6ng hop c6 kha ning phéan tng thay doi hinh dang
v6i iodobenzene tir dang sao sang dang cau gitp phat trién mot cam bién quang
hoc dinh lugng iodobenzene bang phuong phap UV-Vis, gigi han phat hién
LOD =21 uM [45].

Thé gidi:
Nam 2011, nhom nghién ctru ciia Kyung — Mi Song da thanh cong trong

viéc st dung nano vang umg dung vao phét trién cam bién so mau phat hién
kanamycin dudi 25 nM st dung aptamer [46].

Nam 2020, Matthew D. Simmons va cdng su da nghién ctru thanh cong
hé cam bién aptamer phat hién ampicillin trong nudc tiéu. Nhém nghién ciru
d3 st dung chudi aptamer c6 nhom phét quang. Véi két qua phat hién khang
sinh thap nhét 14 20.6 nM (Hinh 1.17) [47].

Fluorescently
tagged Aptamer

Hinh 1.17. Cim bién ampicillin bang AuNPs va aptamer phdt quang [47]
Mot nghién ctru ciia Tarun Kumar Sharma va cong sy ciing di phat trién
cam bién trén cac hat nano vang va aptamer phat hién kanamycin. Nghién ctu

dua trén qua trinh oxi hoa hop chét khong mau 3,3°,5,5” — tetramethylbenzidine
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(TMB) bang céac hat nano vang thanh hop chét ¢6 mau (ox — TMB). Khi khong
co sy hién dién cua kanamycin trong h¢ cam bién, viéc ngan chan bé mit nano
vang thong qua aptamer dan dén viéc trc ché qua trinh oxi hoa TMB, do d6
khong gay ra su thay ddi mau sic. Nguoc lai khi ¢6 su hién dién kanamycin,
cic chudi aptamer tach ra khoi bé mit cac hat nano vang va gan két véi
kanamycin. Sau do, bat lai hoat dong xtc tdc ciia nano vang cho qué trinh oxi
héa TMB thanh san pham mau [48].

Ying Gana va céc cdng su da thiét 1ap thanh cong hé théng dinh luong
nhanh noéng d6 cadmium bang smartphone (mot ion kim loai dc tinh cao trong
nuéce) dua trén nén tang nano vang bién tinh bé mat v6i aptamer (aptamer —
AuNPs) [49].

Nam 2022, tac gid Ane Amundarain cung cac cong sy cua minh & Trung
tam Nghién ctru Y hoc Ung dung (CIMA), IDISNA, Dai hoc Navarra, Tay Ban
Nha da nghién ctru thanh cong mot co hoi tri liéu méi trong diéu trj da tuy tu
aptamer (Hinh 1.18) [50].

{ )
[— 8
[/’?/\5 Signaling/
. s binding inhibition
OBL/BM stromal cell ® @ cxcLi2 . Ligandireceptor
interaction
. o . Intracellular
. . o -~ delivery

Hinh 1.18. Cdc loai aptamer lién két dic hiéu vdi cdc thu thé bénh da tiy
[50]

Ciing vao nam 2022, nhom nghién ciru Weidao Yu da dé xuat hé cam bién
aptasensor huynh quang dé phat hién ampicillin dya trén cac cham luong tir
CdTe va cac hat nano vang. Pham vi x4c dinh néng dd khang sinh tir 0.04 — 20
uM, gidi han phat hién la 18 nM [51].
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Mohammed Alhindawi va cdc cdng su, nam 2024, da nghién ctru va xay
dung cam bién sinh hoc dién hoa dé phat hién Giardia intestinalis trophozoite
protein véi gi6i han phat hién 0.35 pg/mL. Khoang ndng d6 dugc xac dinh tir
0.1 pg/mL dén 100 ng/mL [52].

Nhom nghién clru cua tac gid Mingwei Qin vao ndm 2024 da nghién ctru
hé cam bién v&i aptamer stra d6i, str dung phuong phap phan tich trén gidy dé

phat hién cac chat doc c6 trong thuc pham [53].

Nam 2024, Masoomeh Esmaelpourfarkhani cung cong su da nghién ctru
va tong hop thanh cong hé cam bién phat hién khang sinh ampicillin trén nén
vat liéu nano MnO; hinh hoa, AuNPs, aptamer va hgp chit khong mau 3,3°,5,5’
— tetramethylbenzidine (TMB) . Két qua cho thay hé cam bién phat hién duoc
ndng d6 ampicillin tir 70 pM dén 10 nM . Nong d6 thap nhat hé c6 thé phat hién
duoc khang sinh ampicillin 1a 21.7 pM [54].

Qua céc nghién ctru cho thay, cam bién nano vang va aptamer dang 1a mot
giai phap hiéu qua cho cac cong cu chuan doan va cam bién do mau. Pic biét,
viéc ing dung hé cam bién AuNPs/Apt dé dinh lugng nhiéu chit hoa hoc khac
nhau bao gf‘)m kim loai ndng, thudc bao vé thuc vat, khang sinh, ... Cung vdi
doé 1a tinh trang khadng khang sinh dang & mirc bdo dong, anh hudng nghiém
trong dén chat luong cudc sdng. Nguyén nhan chil yéu dén tir ham lugng du
lwong khang sinh trong thye pham ndng nghiép va chin nudi. Vi vy, viéc phat
hién va kiém soat ham luong khang sinh trong thuc pham 13 nhu cau cap bach
dé giai quyét tinh trang khang khang sinh & con nguoi va dong vat. Cac phuong
phap phat hién ham luong khang sinh hién nay c6 gia thanh cao, can chuyén
vién k¥ thuat, hodc cac b test chi c6 kha nang dinh tinh. Véi tat ca cac nguyén
nhan, yéu td trén, ching t61 tién hanh thyc hién dé tai: “Nghién cuu ché tao cam
bién nano vang — aptamer va vng dung trong xdc dinh ham lrong khding sinh”,

nham déng gop vao cac cong trinh nghién ctru phat hién khang sinh.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
<> Doi twong nghién citu

Dung dich tetrachloroauric (IIT) acid duoc st dung 1am tién chat tong hop
nano vang. Aptamer va khang sinh ampicillin.

<> Pham vi nghién ciru
- Tong hop nano vang.

- Cheé tao hé cam bi€n nano vang — aptamer.

- Khao sat cac diéu kién tong hop hé cam bién nano vang — aptamer
(AuNPs/Apt).

- Nghién ctru tinh chét 1y hoa ctia hé nano vang — aptamer.

- Xay dung duong chuan dinh luong ham lugng khang sinh va xac dinh
gia tri gidi han phan tich st dung thiét bi cam bién UV — Vis trong phong thi

nghi¢m va thiét bi so mau di dong.

- Nghién ctru dinh lugng khang sinh trén mau tht.

2.2. DUNG CU, HOA CHAT VA THIET BI
2.2.1. Dung cu
Bang 2.1. Dung cu

Tén Quy cach
Chai thuy tinh chira mau 3mL, 10 mL, 20 mL
Binh dinh muc 5SmL, 100 mL
Pipet vach SmL, 10 mL

2-20puL, 10-100 pL,
Micropipette
20 — 200 pL, 100 — 1000 pL

Catur 1-1.5cm




2.2.2. Héa chat
Bang 2.2. Héa chat
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STT Hoa chat Cong thirc phan tir Xuit xir

Tetrachloroauric

1 L HAuCls.3H,0 Acros
(ITD) acid trihydrate
Trisodium citrate

2 ) Na3;CsHs07.2H,0O Acros
dihyhate

3 Aptamer 5’GCGGGCGGTTGTATAGCGC’3 | Viét Nam

4 | Ampicillin Ci6H19N304S Acros

5 Sodium chloride NaCl Viét Nam

6 Nudc cat 2 1an H,O Viét Nam

2.2.3. Thiét bi

Céc thiét bi duoc s dung trong qué trinh nghién ctru c6 san & phong thi

nghiém Cong nghé Hoa dugc — Méi truong — Vién Cong nghé Hoa hoc.

Bing 2.3. Thiét bi

Vis/NIR)

STT Thiét bi Model Xuit xir
Can phan tich k¥ ,
1 . Practum224-18S, Sartorius buc
thuat
5 May khudy tir gia | Heating Magnetic Stirrer — Ttal
a
nhiét VELP Scientifica Y
3 | Tasay UNB 160, Memmert Puc
MDF - U33V, PHC -
4 | Talanh ) Nhat Ban
Corrporation
Quang phé hap thu
5 | hong ngoai (UV —| UV—Vis/NIR, V-770, JASCO | Nhat Ban
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May ly tam lanh téc
6 A 732 HK, Hermle Duc
do cao

May so mau di dong dugc nghién ctru va ché tao tai khoa Tri tué nhéan tao

va Khoa hoc dit li€u, Phan hiéu Truong Pai hoc Thuy Loi, Viét Nam.

Kinh hién vi dién t truyén qua (TEM), HRTEM — SAED, STEM —
Mapping dugc do trén thiét bi JEOL JEM 1400 (Nhat Ban), Vién Khoa hoc Vat
lidu — Vién Han 1am Khoa hoc va Cong nghé Viét Nam, sé 18, Hoang Qudc
Viét, Cau Gidy, Ha Noi.

Pho hong ngoai bién d6i fourier (FT — IR) dugc do trén may Bruker Tensor
27 (buc), Vién Cong nghé Hoa hoc — Vién Han 1am Khoa hoc va Cong ngh¢
Viét Nam.

Kich thuéc hat DLS va thé zeta duoc do trén thiét bi SZ — 100 HORIBA,
Vién Cong nghé Hoa hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Phwong phap quang pho UV — Vis
Quang phd UV — Vis (ultraviolet — visible spectroscopy) la phuong phép

phan tich quang hoc st dung dé do d6 hip thu 4nh sang trong ving tia tir ngoai
va anh sang nhin thiy ¢ dang dung dich, ran hoic mang. Mtrc d6 hip thu anh
sang cua mau phu thudc vao thudc tinh cau tric héa hoc va néng do cua nod.
Quang phd UV — Vis thudng dugc str dung trong cac phan tich thudc linh vuc
duoc phém, moi truong, nudce thai, thic an, diau moé va hoa chit, ..[55].

2.3.2. Phuwong phap so mau di dong

May so mau (colorimeter) di dong 1a mot loai thiét bi so cuong d6 mau
sac, st dung 1y thuyét tam sic dé danh gia mot cach khach quan vé dic diém
mau sac khi anh sang trang di qua, bo loc ctia 3 mau: do (red — R), luc (green —
G) va lam (blue — B).
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Hinh 2.1. Nguyén Iy hoat dpng thiét bi so mau di dpng

Nguyén 1y hoat dong cta thiét bi so mau (Hinh 2.1) dugc dé xuat. Dung
dich trong cuvet dugc chiéu sang bang dén LED (anh sang trang). Str dung bd
chuyén d6i ky thuat sé Light — To — Digital (TCS34725) v&i bd loc hong ngoai
cho phép cam bién anh sang va mau sic chinh xac ctia dung dich miu, cung
cap két qua k¥ thuét s cua cac gid tri cam bién anh sang do, luc, lam (red — R,
green — G, blue — B). Bd chuyén d6i TCS3472 két nbi truc tiép véi diéu khién
NodeMCU32 va giao tiép qua giao thirc 12C. Piéu khién NodeMCU32 14 mo —
dun trung tdm diéu khién, nhan dau vao tir cdm bién mau va cung cip dau ra
hién thi gia tri RGB trén thiét bi OLED (Hinh 2.2) hodc thé hién trén phan mém

tuong tmg (Microsoft Excel cai tién) (Hinh 2.3) [56].

DYE ANR

= ] Pl 0
3 cut Arial 10 AN === »- BwapTet General B [ e
Ba Copy w” j==] ‘ [ Fill ~ .
. BIU D B-A-E== =55 ElMegeaCenter - $ % 9 |50 09 mmatas Cell Insert Delete Format , . Sort& Find &
~ Format Painter A-EE =% Bvey $ 30 | Eomatting© Table~ Stylesv| - SR cle Filter - Select ~
Clipboard Fon ~ Alignment Number Styles Cells Editing
A3
A | B C D E F G H I J K L M N o P Q R S i u v
|
4 " Data Red  Green Bl lear  colorTemp  Lux Datalogger
5 Reading 13890 14782 5144 32888 2719 15056 o e
6
7 30000
8
9 Datalogger 25000
10 Date Time Index Red reen Blue Clear  colorTemp X 000
1] 20 223531 0 15911 2328 28113 G514 8309 10004 trang
12 2/312023 22:35:43 1 15917 23041 28128 65180 8310 10612, 15000 1380 42
13 21312023 22:35:51 2 15922 23047 28135 65197 8309 10615,
14 23/2023 22:36:15 3 15915 23030 28123 65162 8309 10599 10000
15 2/3/2023 22:36:32 4 15921 23050 28135 65203 8309, 10620 5144
16 232023 22:37:05 5 13891 14786 5147 32895 2719 15060 vang 5000 2719
; = =
18 2/3/2023 22:37:51 7 13890 14782 5144 32888 2719 15056 o
19 2312023 22:38.06 8 14048 14964 5222 33281 2723 15235, Rec Green Blue. Clear. colorTemp
20 21312023 22:38:27 9 14048 14965 5224 33283 27123 15235 Data.
21 21312023 22:38:40 10 14049 14969 5229 33295 27125 15238
22 213/2023 22:39:10 1 445 2215 1065 3503 12273 2572 xanh
23 om0 223929 12 48 2279 100 359 12200 2650
24 2/3/2023 22:39:36 13 465 229% 1105 3635 12167 2664,
25 21312023 22:39:47 14 460 2282 1093 3613 12111 2652
26 2/3/2023 22:39:55 15 464 2291 1101 3633 12076 2659

Hinh 2.3. Cac gia tri RGB hién thi trén Microsoft Excel

Ay O

15056




30

May so mau di dong duoc thiét ké nho gon, gia thanh hop 1y, tiéu thu ning
luong thap, ... Thao tac st dung may don gian, tiét kiém thoi gian hudng dan
va thuc hién.

2.4. PHUONG PHAP TONG HQP NANO VANG HINH CAU

Nano vang hinh cau 14 hinh dang co ban ctia nano vang, duoc tong hop
bang phuong phap khir Au** thanh Au®. Qua cac nghién ctru, phuong phap khir
Au*" tir dung dich trisodium citrate 1 % mang dén hiéu suét cao, kich thuéc hat
d6ng déu va on dinh voi do lap lai cao [21]. Vi vy, phuong phap nay duogc lya

chon trong tong hop hat nano vang hinh cau.

0.1027 gram
Na,C Hs0,.2H,0 LOmLELO

Khuay 1200 vong/phit
75 phut

|

Dung dich
trisodium citrate
1%

Hinh 2.4. Quy trinh chudn bi dung dich trisodium citrate 1%

Dung dich trisodium citrate 1% duogc chuan bi nhu sau: can chinh xac
0.1027 gram trisodium citrate dihydrate dang ran va 10 mL nudc cat khudy véi
tbc do 1200 rpm trong 1 gioy 15 phut (Hinh 2.4).
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100 uL Au’

400 uL

A

Khuéy 60 phit,

. } o
trisodium citrate 1% t°=80°C, 500 vong/phut

Po UV — Vis

AuNPs

Hinh 2.5. Quy trinh tong hop nano vang hinh ciu

Dung dich tetrachloroauric (III) acid trihydrate (HAuCls.3H,0) 25 mM
dugc su dung trong tong hop nano vang hinh cau. 100 pL dung dich
HAuCly.3H,0 25 mM va 5 mL nudc cat duoc khudy tai 80 °C. Sau 4o, thém
400 pL dung dich trisodium citrate 1 %, khudy 500 vong/phit trong 60 phut va
phan tung duoc thuc hién tranh anh sang [21]. Két qua thu duoc dung dich
AuNPs c6 mau d6 ruou va duoc kiém tra bang phuong phap quang phd UV —
Vis (Hinh 2.5).

2.5. QUY TRINH NGHIEN CUU HE CAM BIEN AuNPs - APTAMER
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200 uL
AuNPs

400 uL
Aptamer (Cyy)

Tron déu
(thot gian 1 aptamer)

200 pLL Ampicillin (Cy)

hodc 200 pL. dém acetate S
Tron déu

(pH, Cy) (thoi gian u ampicillin)
200 pL NaCl (Cyy)

Tron déu
(thot gian u NaCl)

Do UV — Vis va may
so mau di dong

Hinh 2.6. Quy trinh ché tao hé cam bién AuNPs/Apt
Hé cam bién nano vang — aptamer phat hién khang sinh ché tao theo quy
trinh dugc nghién ciru nhu (Hinh 2.6)
2.5.1. Khao sat nong d6 dung dich dém acetate
Viéc kiém soat nong d6 dung dich dém acetate gitp on dinh cau tric
aptamer va bao v¢ khang sinh ampicillin hién dién trong hé cam bién.
Dung dich dém acetate sir dung trong thi nghi€ém khao sat dugc chuan bj

& cac nong do khac nhau, 1an luot 1a: 0.02 M, 0.025 M, 0.033 M, 0.05 M, 0.1
M va 0.2 M véi gia tri pH 1a 5.

Aptamer 2 uM, khang sinh ampicillin 0.5 mg/mL va dung dich sodium
chloride (NaCl) 0.35 M duoc st dung trong qué trinh khao sat nong do.



33

Ampicillin 0.5 mg/mL dugc chuan bi trong cac dung dich dém acetate c6 nong
do khac nhau.

Thi nghiém 1: Khdo st nong dé dung dich dém acetate khéng ampicillin

Quy trinh thyc hi¢n: 200pL dung dich AuNPs va 400 puLL aptamer 2 uM
duoc thém vao chai thity tinh 3 mL, dung dich duge tron 1an trong 15 phut.
Tiép tuc, 200 pL dung dich dém acetate vi cac néng do khac nhau dugc thém
vao hon hop trén va hoa tron 15 phut. Sau d6, 200 pL dung dich NaCl 0.35 M
duoc thém vao (Bdng 2.4). Sau 15 phut cac mau khao sat dugce do bang phuong
phap quang phd UV — Vis va may so mau di dong.

Bing 2.4. Khao sit nong d0 dung dich dém acetate khong cé

ampicillin

Dung dich dém acetate
Thé tich Thé tich Thé tich

AuNPs aptamer 2 pM | NaCl10.35 M
Thétich | (ur) (L) (L)
(nL)

pH=S5

Nong do (M)

0.020

0.025

0.033

200 200 400 200
0.050

0.100

0.200

Thi nghiém 2: Khao sat néng do dung dich dém acetate co ampicillin

Quy trinh thyc hién nhu sau: Pau tién, 200 uL dung dich AuNPs va 400
uL aptamer 2 pM duoc két hop trong chai thay tinh chira mau 3 mL trong 15
phut. Tiép theo, 200 uL dung dich ampicillin 0.5 mg/mL di dugc chuan bi
trong cac hé dém acetate co né)ng d6 khac nhau dugc thém vao hon hop va hoa
tron trong 15 phat. Sau d6, 200 pL dung dich NaCl 0.35 M tiép tuc dugc bd
sung va tuong tac véi hé cam bién 15 phut (Bdng 2.5). Cudi cing, cac miu
khao sat dugc kiém tra bang phuong phap quang phd UV — Vis va may so mau
di dong.
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Bing 2.5. Khio sat nong do dung dich dém acetate c6 ampicillin

Ampicillin 0.5 mg/mL Thé tich Thé tich Thé tich
. Thé tich AuNPs aptamer 2 pM | NaCl 0.35 M
Nong do (M
ongdo M) (uL) (uL) (uL)
0.020
0.025
0.033
200 200 400 200
0.050
0.100
0.200

2.5.2. Khio sat gia tri pH dung dich dém acetate

Gia tr1 pH 1a thang do giap xac dinh dd acid hoac bazo ciia mot dung dich.
Gia tri pH cua dung dich dém acetate co trong hé cam bién tac dong dang ké
dén hoat dong ctia ampicillin va aptamer. Vi vay, viéc duy tri mot gia trj pH 6n

dinh 14 quan trong khi tién hanh cac thi nghiém lién quan hé cam bién aptamer.

Dung dich dém acetate dugc chuin bi & cac gia tri pH khac nhau, lan luot
la: 2,3,4,5,6,va7voi néng do thich hop da duogc khao sat ¢ (2.4.1)

Khang sinh ampicillin 0.5 mg/mL, aptamer 2 uM va dung dich natri
chloride 0.35 M duoc st dung trong qua trinh khao sat, tim kiém gia trj pH
thich hop cho hé cam bién nano vang — aptamer. Chuan bi dung dich ampicillin
0.5 mg/mL trong cac hé dém acetate voi nong do thich hop va cac gia tri pH

khac nhau.

Thi nghiém 3: Khao sat gia tri pH cua dung dich dém acetate khi hé cam
bién khéng c6 ampicillin

Quy trinh thuc hién: 200uL AuNPs va 400 pL aptamer 2 uM lan luot dugc
thém vao chai thuy tinh dung tich 3 mL, trén déu trong 15 phat. Tiép theo, 200
uL dung dich dém acetate véi cac gia tri pH khac nhau c6 ndng do thich hop
duogc phdi vao. Sau khi tron déu hdn hop AuNPs/Apt va dung dich dém acetate
trong 15 phat, 200 pL dung dich NaCl 0.35 M dugc bd sung va tuong tac 15
phut v6i hdn hop trén (Bdng 2.6). Cudi cing, tién hanh do quang phd UV — Vis
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va may so mau di dong ctiia cac mau khdo sat, so sdnh sy anh huong gia tri pH
cua dung dich dém acetate dén hé cam bi€n va xac dinh gia tri pH thich hop

cho céc thi nghiém tiép theo.

Bing 2.6. Khio sat gia tri pH dung dich dém acetate khi hé cam bién
khong c6 ampicillin

Dung dich dém acetate véi X . .
ndng dp thich hep Thé tich Thé tich Thé tich
- AuNPs | aptamer 2 pM | NaCl1 0.35 M
The tich
Gia tri pH (nL) (nL) (uL)

(nL)

2.0

3.0

4.0
200 200 400 200

5.0

6.0

7.0

Thi nghiém 4: Khao sat gia tri pH dung dich dém acetate khi hé cam bién
co ampicillin

Quy trinh thue hién: Pau tién, 200uL AuNPs va 400 puL aptamer 2 pM
tuan ty dugc dua vao chai thuy tinh 3 mL, hdn hop dugc trdn 1an trong 15 phut.
Sau d6, 200 pL dung dich ampicillin 0.5 mg/mL d& dugc chuan bi trong cc hé
dém acetate voi cac gia tri pH: 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 va 7.0 duoc két hop
va hoa tron trong 15 phut. Tiép tuc, 200 pL dung dich NaCl 0.35 M dugc thém
vao va tuong tac 15 phat voi hdn hop trén (Bdng 2.7). Cudi cling, stt dung may
do quang phd UV — Vis va may so mau di dong cho lan luot cac mau dé tién

hanh so sanh va xac dinh gia tri pH thich hop.
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Bing 2.7. Khio sat gia tri pH dung dich dém acetate khi hé cam bién

c6 ampicillin

Ampicillin 0.5 mg/mL Thé tich Thé tich Thé tich
Thé tich AuNPs aptamer 2 pM | NaCl1 0.35 M
Gia tri pH
e (L) (nL) (uL) (L)
2.0
3.0
4.0
200 200 400 200
5.0
6.0
7.0

2.5.3. Khao sat nong do NaCl

Dung dich natri chloride c6 thé anh huéng dén dung dich nano vang. Viéc
tang, giam nong d6 NaCl co thé thay doi mau sac ciia dung dich nano vang tir
do sang xanh lam hodc tim do co6 sy tac dong dén qua trinh hop tu cta cac hat

nano vang.

Dung dich sodium chloride dugc chuan bi & cac néng d6 khac nhau tur
thap dén cao, 1an luot 13: 0.1 M, 0.2 M, 0.3 M, 0.35 M, 0.45 M, 0.6 M va 1 M.

Khang sinh ampicillin 0.5 mg/mL, aptamer 2 uM dugc str dung trong qua
trinh khao sat ndng do NaCl thich hop cho hé cam bién. Dung dich ampicillin
0.5 mg/mL dugc chuén bi trong hé¢ dém acetate véi néng do va gia tri pH thich
hop da dugce khao sat & (2.4.1) va (2.4.2).

Thi nghiém 5: Khdo sat nong dé NaCl khi hé cam bién khdong c6 ampicillin

Quy trinh thyuc hién: 200pL AuNPs va 400 puL aptamer 2 pM lan luot dugc
thém vao chai thily tinh chira mau 3 mL, hon hgp duoc hoa trén trong 15 phut.
Sau d6, 200 uL dung dich dém acetate v6i gia tri pH va ndng do thich hop duoc
thém vao. Hn hop duoc trén 1an trong 15 phat. Tiép tuc, 200 uL dung dich
NaCl véi cac ndng do khac nhau tir: 0.1 M dén 1 M da chuan bi duoc thém vao
hé cam bién. Qua trinh twong tic giita cic thanh phan trong hé dugc quan sat

trong 15 phut (Bdng 2.8). Sau d6, thuc hién phép do quang phd UV — Vis va
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may so mau di dong cho lan lugt cdc mau, tién hanh so sdnh két qua va xac

dinh ndng d6 NaCl thich hop cho hé cam bién.
Bang 2.8. Khio sat ndong dd NaCl khi hé cam bién khong cé ampicillin

Dung dich NaCl Thé tich Thé tich Thé tich
Thé tich AuNPs | aptamer 2 pM | dung dich
(uL) (nL) (nL) dém (uL)

Nong do (M)

0.10

0.20

0.30

0.35 200 200 400 200

0.45

0.60

1.00

Thi nghiém 6: Khdo sat nong dé NaCl khi hé cam bién c¢é ampicillin
Quy trinh thuc hién nhu sau: Thém lan lugt 200l AuNPs va 400 pL

aptamer 2 pM vao chai thiy tinh chira mau 3 mL, hon hop duoc hoa tron trong
15 phat. Sau d6, 200 puL dung dich ampicillin 0.5 mg/mL dugc chudn bi trong
hé dém acetate voi gia tri pH va nong do thich hop duoc thém vao. Hon hop
duoc tron 14n trong 15 phat. Tiép tuc, 200 pL dung dich NaCl véi cac nong do
khac nhau tir: 0.1 M dén 1 M dugc bo sung, tron 1an trong 15 phit (Bdng 2.9).
Sau d6, thyc hién phép do quang phd UV — Vis va may so mau di dong cho lan
lugt cac mau khao sat, so sanh két qua thu dugc va xac dinh n6ng do NaCl thich

hop cho hé cam bién.
Bing 2.9. Khio sat nong d9 NaCl khi hé cam bién c6 ampicillin
Dung dich NaCl . . Thé tich
The tich The tich L.
i ampicillin
. Thé tich AuNPs | aptamer 2 puM
Nong do (M) L) (L) (L) 0.5 mg/mL
" (L)
0.10 200 200 400 200
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0.20

0.30

0.35

0.45

0.60

1.00

2.5.4. Khao sat nong do aptamer

Nong d6 aptamer c6 thé anh hudng dang ké dén hiéu qua phat hién chat
muc tiéu ctia hé cam bién nano vang — aptamer. Nong d6 aptamer lién quan mat
thiét dén do nhay, kha nang bao v¢ cac hat nano vang, chi phi va hi¢u qua cua
mot hé cam bién.

Dung dich aptamer dugc chuén bj va bao quan ¢ nhiét do 4 °C — 10 °C v6i
cac nong do khac nhau 1an lugt 13: 0.05 pM, 0.1 pM, 0.2 uM, 0.3 uM, 0.4 uM,
0.5uM, 1 uM, 1.5 uM, 2 uM va 3 uM.

Khang sinh ampicillin 0.5 mg/mL duoc chuan bi trong hé dém acetate voi
ndng do va gia tri pH thich hop da duoc khao sat & (2.4.1) va (2.4.2). Dung dich
mudi natri chloride dugc chuén bj véi néng do thich hop duoc lua chon qua thi
nghiém khao sat ¢ (2.4.3).

Thi nghiém 7: Khdo sdat néng do aptamer khi hé cam bién khéng co
ampicillin

Quy trinh thuc hién: 200uL AuNPs va 400 pL aptamer véi cac nong do
khac nhau nhu: 0.05 uM, 0.1 uM, 0.2 uM, 0.3 uM, 0.4 uM, 0.5 uM, 1 uM, 1.5
uM, 2 uM va 3 pM dugc thém vao chai thuy tinh 3 mL, hdn hop duoc tron 1an
trong 15 phut. Sau do, 200 uLL dung dich dém acetate voi gia tri pH va n6ng do
thich hop dugc thém vao va hoa trén trong 15 phut. Tiép tuc, thém 200 uL dung
dich NaCl voi néng do thich hop da dugc chuén bi vao hdn hop va tron déu
trong 15 phat (Bdng 2.10). Cubi cung, thyc hién phép do quang phd UV — Vis
va may so mau di dong cho 1an luot cac mau khao sat, so sanh két qua va xac

dinh néng d6 aptamer thich hop cho hé cam bién nano vang — aptamer.
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Bing 2.10. Khio sat nong dd aptamer khi hé cam bién khong cé

ampicillin

Aptamer Thé tich | Thé tich dung
Nong dd Thé tich AuNPs dich dém
(uM) (nL) (nL) acetate (uL)

Thé tich
NaCl (uL)

0.05

0.10

0.20

0.30

0.40

400 200 200 200
0.50

1.00

1.50

2.00

3.00

Thi nghiém 8: Khdo sdat nong dé aptamer khi hé cam bién c6 ampicillin

Quy trinh thuc hién: Pau tién, 200uL AuNPs va 400 pL aptamer vdi cac
ndéng d6 khac nhau nhu: 0.05 uM, 0.1 pM, 0.2 pM, 0.3 uM, 0.4 uM, 0.5 uM,
1 uM, 1.5 uM, 2 pM va 3 uM duge thém vao chai thily tinh chua mau 3 mL,
hén hop duoc hoa trén trong 15 phit. Tiép tuc, hdn hop duoc thém 200 pL
dung dich ampicillin 0.5 mg/mL duoc chuan bi trong hé dém acetate véi gia tri
pH va ndng d¢ thich hop va tron 1an trong 15 phut. Sau d6, 200 uL dung dich
NaCl véi néng do thich hop dugce chuan bi thém vao hdn hop trén va U trong
15 phat (Bdng 2.11). Cudi cung, thuc hién phép do quang pho UV — Vis va may
so mau di dong cho lan luot cac mau, so sanh va xac dinh né)ng do aptamer

thich hop cho hé cam bién.
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Bing 2.11. Khio sat ndng d§ aptamer khi hé cam bién c6 ampicillin

Aptamer Thé tich Thé tich
Nong do Thé tich AuNPs | ampicillin 0.5
(M) (nL) (nL) mg/mL (uL)

Thé tich
NaCl (uL)

0.05

0.10

0.20

0.30

0.40

400 200 200 200
0.50

1.00

1.50

2.00

3.00

2.5.5. Thoi gian u aptamer

Thoi gian & (thoi gian twong tic) clia aptamer trong mot hé cam bién ¢
vai tro quan trong trong qua trinh lién két v6i bé mit nano vang hinh thanh 16p
phil, gitip ting do on dinh trén bé mat nano vang, khong dé bi dt, giy lién két

hodc bi loai bo trong qua trinh sir dung.

Aptamer v6i nong do thich hop duoc xac dinh & (2.4.4). Khang sinh
ampicillin 0.5 mg/mL dugc chuén bi trong dung dich dém acetate véi néng do
va gia tri pH thich hop da duoc khao sat & (2.4.7) va (2.4.2). Dung dich NaCl
dugc chuan bi vai néng dd thich hop dugc lya chon thong qua khao sat (2.4.3).

Thi nghiém 9: Khdo sat thoi gian v aptamer khi hé cam bién khéng cé
ampicillin

Quy trinh thyc hién: 200pL AuNPs va 400 uL aptamer v6i nong do thich
hop duge thém vao chai thity tinh dung tich 3 mL, hon hop duoc tron 1an trong
cac khoang thoi gian khac nhau tir 1 — 15 phat. Sau d6, 200 pL. dung dich dém
acetate v4i gia tri pH, nong do thich hop dugc thém vao va hoa tron 15 phut.
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Tiép theo, thém 200 pL dung dich NaCl véi nong d6 thich hop d3 dugc chuan
bi vao hdn hop trén va u 15 phat (Bdng 2.12). Cubi cung, thuc hién phép do

quang phd UV — Vis va mdy so mau di dong cho 1an luot cac miu khao sét, so

sanh va xac dinh thoi gian G aptamer thich hop cho hé cam bién nano vang —

aptamer.

Bang 2.12. Khao st thoi gian @ aptamer khi hé cam bién khong c6

ampicillin

Thoi gian u
aptamer
(phut)

Thé tich
aptamer
(nL)

Thé tich
AuNPs (uL)

Thé tich dung
dich dém
acetate (uL)

Thé tich
NaCl (uL)

1

I G VSR )

()}

O [0 | 2 | D

10

11

12

13

14

15

400

200

200

200

Thi nghiém 10: Khdo sdt thoi gian it aptamer khi hé cam bién c6 ampicillin

Quy trinh thyc hién: 200pL AuNPs va 400 uL aptamer v6i nong do thich

hop dugc thém vao chai thuy tinh 3 mL, hon hop dugc tron 1an trong céc



khoang thoi gian khac nhau tir 1 — 15 phat. Sau do, 200 uL. dung dich ampicillin
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0.5 mg/mL dugc chuan bi trong hé¢ dém acetate vo1 gia tri pH, néng do thich

hop dugc thém vao va hoa tron trong 15 phut. Tiép theo, 200 uL dung dich

NaCl véi nong do da xac dinh duoc thém vao hdn hop trén va G trong 15 phat

(Bang 2.13). Cubi cing, sir dung may quang phé UV — Vis va mdy so mau di

dong cho 1an luot cac mau khao sat, tir cac két qua thu duoc xac dinh thoi gian

0 aptamer thich hop cho hé cam bién.

Bing 2.13. Khio sat thoi gian i aptamer khi hé cam bién c6 ampicillin

15

] Thé tich
Thoi gian u The tich 2 o 2
Thé tich ampicillin The tich
aptamer aptamer
) AulNPs (uL) | 0.5 mg/mL NaCl (pL)
(phut) (uL)
(nL)
1
2
3
4
5
6
7
8 400 200 200 200
9
10
11
12
13
14
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2.5.6. Thoi gian u ampicillin

Thoi gian 0 khing sinh ampicillin trong hon hop AuNPs va aptamer c6
anh huong 16n dén hiéu qua cam bién.

Aptamer v6i néng do thich hop duoc xac dinh & (2.4.4). Khang sinh
ampicillin 0.5 mg/mL duoc chuan bi trong dung dich dém acetate v6i ndng va
gia tri pH thich hop da dugc khdo sat & (2.4.7) va (2.4.2). Dung dich NaCl dugc
chuan bi voi ndong d6 thich hop duogc lua chon thong qua khao sat (2.4.3). Thoi
gian U aptamer thich hop ap dung cho khdo sat dugc lya chon qua cac thi
nghiém & muc (2.4.5).

Thi nghiém 11: Khao sat thoi gian u ampicillin

Quy trinh thyc hién: Lan luot thém 200puL AuNPs va 400 pL aptamer voi
ndng do thich hop vao chai thiy tinh 3 mL, hdn hop dugc tron 13n véi thoi gian
thich hop dugc xac dinh & muc (2.4.5). Sau do, 200 pL dung dich ampicillin
0.5 mg/mL dugc chuan bi trong hé¢ dém acetate vo1 gia tri pH, néng do thich
hop dugc thém vao va hoa tron ¢ cac khodng thoi gian khac nhau tur 1 — 25
phut. Tiép theo, 200 uL dung dich NaCl v&i nong d6 di xac dinh duoc thém
vao hon hop trén va u trong 15 phut (Bdng 2.14). Cudi ciing, may quang phd
UV — Vis va may so mau di dong dugc stir dung lan luot cac mau khao sat, tir

két qua thu dugc xac dinh thoi gian 0 aptamer thich hop cho hé cam bién.

Bang 2.14. Khao sat thoi gian u ampicillin

Thé tich

Thoigianu | Thé tich . o .
The tich ampicillin The tich

ampicillin aptamer
] AuNPs (uL) | 0.5 mg/mL NaCl (pL)
(phut) (uL)
(nL)
1
400 200 200 200

AN | DN | B W
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10

11

12

13

14

15

16

17

18

29

20

21

22

23

24

25

2.5.7. Thoi gian u NaCl

Thoi gian 0 dung dich NaCl c6 anh hudng quan trong dén qua trinh phat
hién chit muc tiéu cua hé cam bién nano vang — aptamer. Anh huong dén su
tuong tac gitta NaCl va dung dich nano vang trong hé cam bién AuNPs/Apt khi
c6 sy hién dién cua chat muc tiéu (khang sinh).

Khang sinh ampicillin 0.5 mg/mL dugc chuan bi trong dung dich dém
acetate voi nong do va gia tri pH thich hop di dugc khao sat & (2.4.1) va (2.4.2).
Dung dich NaCl dugc chuan bi vai néng d6 thich hop duogc lya chon thong qua
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khao sat (2.4.3). Dung dich aptamer v&i nong do thich hop dugc xac dinh &
muc (2.4.4). Thot gian U aptamer va ampicillin thich hgp 4p dung cho khao sat
duogc lya chon qua cac thi nghiém & muc (2.4.5) va (2.4.6).

Thi nghiém 13: Khdo sat thoi gian u NaCl

Quy trinh thyc hién: Pau tién, 200uL AuNPs va 400 pL aptamer v6i nong
d6 thich hop duoc tron 1an véi thoi gian thich hop dugc xac dinh & muyc (2.4.5)
trong chai thuy tinh chra mau 3 mL. Sau d6, 200 uL dung dich ampicillin 0.5
mg/mL dugc chuén bi trong h¢ dém acetate voi gia tri pH, néng do thich hop
duogc thém vao va hoa tron ¢ khoang thoi gian thoi gian thich hop dugc xac
dinh ¢ muc (2.4.6). Tiép theo, 200 pL dung dich NaCl véi nong d6 da xac dinh
duoc thém vao hon hop trén va 1 trong cic khoang thoi gian khic nhau tir 1 —
20 pht (Bdng 2.15). Thuc hién khao sat tir 1 — 20 pht, tién hanh do quang phd
UV — Vis va may so mau di dong. Két qua thu duoc, xac dinh thoi gian i NaCl
thich hop cho hé cam bién nano vang — aptamer.

Bang 2.15. Khao sat thoi gian u NaCl

. Thé tich
The tich 2 z
Thoi gian u The tich ampicillin The tich
, aptamer
NaCl (phut) AulNPs (uL) | 0.5 mg/mL | NaCl (nL)
(nL)
(nL)
1
2
3
4
5
400 200 200 200
6
7
8
9
10
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11

12

13

14

15

16

17

18

29

20

2.5.8. Xay dung dwong chuan ampicillin

Puong chuan 12 mot cong cu khong thé thiéu khi danh gia do nhay cua
mot hé cam bién, bao gém ca cam bién aptamer. Cting voi d6, xay dung duong
chuan khang sinh cho mét hé cam bién aptamer s& giup xac dinh ndong do cua
khang sinh trong mau chua xac dinh. Pong thoi, xac dinh ngudng phat hién toi
thiéu — néng do thép nhat ma hé cam bién van c6 thé phat hién duoc chat muc
ticu.

Nong d6 ampicillin sitr dung xac dinh khoang tuyén tinh va xay dung
duong chuan, duoc chuan bi tir dung dich gbc (ban dau) pha lodng thanh cac
dung dich c6 néng d6 chinh xac khac nhau lan luot 1a: 0 mg/mL, 0.005 mg/mL,
0.01 mg/mL, 0.02 mg/mL, 0.03 mg/mL, 0.04 mg/mL, 0.05 mg/mL, 0.06
mg/mL, 0.07 mg/mL, 0.08 mg/mL, 0.09 mg/mL, 0.1 mg/mL, 0.2 mg/mL va 0.5
mg/mL. Cac dung dich khang sinh ampicillin duoc chuan bj trong hé dém
acetate voi nong do va gia tri pH thich hop di dugc khao sat ¢ (2.4.1) va (2.4.2).

Dung dich NaCl dugc chuan bi véi ndng do thich hop dugc lua chon thong
qua khao sat (2.4.3). Aptamer v6i nong do thich hop duoc xac dinh ¢ muc
(2.4.4). Thoi gian 1 aptamer, ampicillin va sodium chloride thich hop ap dung
cho khao sat dugc lua chon qua cac thi nghiém ¢ muc (2.4.5), (2.4.6) va (2.4.7)
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Thi nghiém 14: Xdc dinh khodng tuyén tinh va xdy dung dwong chudn
ampicillin

Quy trinh thyc hién: Pau tién, 200uL AuNPs va 400 pL aptamer v6i nong
d6 thich hop duoc tron 1an véi thoi gian duoc xac dinh & muc (2.4.5) trong chai
thuy tinh 3 mL. Sau d6, thém 200 pL dung dich ampicillin & cac ndng do khac
nhau di duoc chuan bi vao hdn hop trén va hoa tron trong khoang thoi gian
thoi gian thich hop dugc xac dinh & muc (2.4.6). Tiép theo, 200 uL dung dich
NaCl véi nong do da xac dinh duoc ¢ muc (2.4.3) thém vao hén hop trén va o
trong thoi gian duoc lya chon ¢ muc (2.4.7) (Bdng 2.16). Két thuc phan tng,
tién hanh do quang phdé UV — Vis va may so mau di dong, sau d6 xac dinh
khoang tuyén tinh va dudng chuan ampicillin cho hé cam bién nano vang —

aptamer.

Bing 2.16. X4c dinh khoang tuyén tinh va xay dung dwong chuin

ampicillin

Ampicillin ,, Thé tich ’
Thé tich Thé tich

A A R s aptamer
Nong dg Thetich |\ Nps uLy | P NaCl (uL)

(mg/mL) (nL) (nL)

0.000

0.005

0.010

0.020

0.030

0.040

200 200 400 200
0.050

0.060

0.070

0.080

0.090

0.100
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0.200

0.500

% Xdc dinh dwong chudan khdng sinh ampicillin
Phuong phép xdy dung duong chuan khang sinh duoc xac dinh qua cac
gia tri do cua y theo ndng d6 x (1ap lai 3 lan lay gid trj trung binh). Khi x va y
c6 su tuyén tinh va phuong trinh & dang:
y=ax+b 2-1)
Trong do:
y: Ty 18 d6 hap thu giita 2 budc song 650 nm va 520 nm (Asbissoss20) hodc
cac ty 1¢ mau duoc tao thanh tir ba mau dé, luc, lam
x: Nong d6 ampicillin
a: Gid tri 6 déc slope (hé s6 goc)
b: Gia trj hé sd chin intercept
Piéu kién dau tién dé danh gia mot duong chudn dat, khi hé sé twong quan
héi quy tuyén tinh (R) giita x va y ¢6 hé sd R =~ +1. Va do 1éch nong do cia cac
diém chuan cling dugc xem la gia tri danh gia dg chinh xac va tin cdy ctia mot

duong chuan.

2.6. THAM PINH PHUONG PHAP

Tham dinh phuong phép phan tich trong hoa hoc 1a qua trinh danh gia va
x4c minh phuong phép, két qua cia mot phép phén tich, dé dam bao rang két
qua phan tich la dang tin va chinh xac.

Céc thong sb quan trong can duoc danh gia trong qua trinh tham dinh
phuong phap phan tich bao gom: gidi han phat hién, giéi han dinh luong, do
chinh xac, d6 1dp va tai lap ctia phuong phap, do chon loc,...

2.6.1. Gidi han phat hién va giéi han dinh lwong

2.6.1.1. Gidi han phat hién

G161 han phat hién (limit of detection — LOD) 1a luong hodc néng do nho
nhat ctia chat phan tich co thé phat hién dugc, nhung khong nhét thiét phai do
luong, dinh lwgng mdt cach chinh xac.
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Phuong phap xac dinh gia tri gidi han phat hién dugc tinh todn dua trén

duong chuan khang sinh ¢ cong thuc (2 — 2):
SD
LOD = 3.3 x; (2-2)

Trong do:

SD: d6 1éch chuan ctia duong thang tuyén tinh

a: hé sb goc (slope)

2.6.1.2. Gidi han dinh lugng

Gi6i han dinh lugng (limit of quantitation — LOQ) 13 luong hoic nong dd
thap nhat ctia mot chat can phan tich ma & d6 khong chi c6 thé phat hién ma
con c6 thé dinh lwgng, do luong madt cach chinh xac, mure do tin cay cao voi sai
sb ¢6 thé chép nhan duoc.

Phuong phap xéac dinh giéi han dinh lugng duogc thuc hién tuong tu nhu
xac dinh gid1 han phat hién. Gi61 han dinh lugng dugce tinh toan véi cong thire
2-3):

SD
LOQ =10 X? (2-3)

Véi:

SD: d6 1éch chuan ctia duong thang tuyén tinh

a: hé sd goc (slope)

2.6.2. B¢ dung

Po ding 1a khai niém biéu dién khoang cich gin nhau giita cac gid tri
trung binh cua két qua thir nghiém va gia trj thuc hodc gia tri duoc xem 1a ding
(W).

Pé xac dinh d6 ding phai co gia tri dung, c6 nhiéu phuong phap khac nhau
dé x4c dinh do dung cua phuong phap. Hai cach pho bién thuong dugce st dung
bao gébm so sanh két qua thu duogc tir thir nghiém véi két qua tir mot phuong
phap d6i chiéu hay st dung mau chuan (mau kiém tra) da biét truéc luong,

ndéng d6. Phuong phap xac dinh d6 dung dugc danh gia thong qua do thu hdi
(do tim lai) [57].



b§ dung cia phuong phap xac dinh va dinh luong khang sinh ampicillin

duogc tinh thong qua d6 thu hdi. Do thu hdi thyc hién bang cach thém chuan
ampicillin & ba ndng d6 khac nhau 1a 0.02 mg/mL, 0.035 mg/mL, 0.07 mg/mL
va duogc thyc hién lip lai bon lan & mdi nong do (Bdng 2.17).

Bang 2.17. Thi nghiém danh gia d¢ ding cia phwong phap phan tich

Trong do:
R%: Do thu hoi, %
Cue: NONg d6 chat phan tich trong mau thém chuan

Cnm: Nong d6 chit phan tich trong mau thir

Ampicillin Thé tich | Thé tich < <
- . AuNP ¢ The tich So thi
A & & ti uNPs aptamer
Nong do The tich Y NaCl (uL) | nghiém
(mg/mL) (uL) (nL) (uL)
0.02
0.035 200 200 400 200 4
0.070
Tur do, danh gid lai d6 dung theo dd 1éch (bias).
X —
A="2 "R 100 (2 —4)
I
Trong do:
A: D§ 1&ch (bias), %
Xi: Gia tri trung binh cta két qua thir nghiém
u: Gia tri thuc hodac gia tri dugc chép nhan la ding
Déi v6i mau thir:
C —-C
R% =X ™ % 100 (2-75)
Ce
Déi voi mau tring;
. Cet
R% = —x 100 (2-06)



51

C.: Nong d6 chuan thém (Iy thuyét)
Cy: Nong d6 chit phan tich trong miu tring thém chuan
2.6.3. D) lp va tai lip

Do lap va tai lap trong tham dinh phuong phap phan tich hoa hoc lién quan
dén viéc 1ap lai cac thr nghiém nhiéu 1an dé dam bao tinh nhét quan va do tin
cay cta két qua. Do lap va tai ldp, ca hai déu 1a dai lugng danh gia tinh lap lai

cua mdt phuong phap nhung chiing lai ¢6 sy khac bi¢t rd rang.

D4 1ap lién quan dén viéc thir nghiém trén cing mot mau, trong cing mot
phong thi nghiém, ciing mot diéu kién va trong mot ngay dugc lap lai nhiéu lan.
Dé danh gia tinh dong nhat ciia két qua, mirc d tin cdy va 6n dinh cta phuong
phap.

Tai 1ap lién quan dén viée 1ap lai thi nghiém nhiéu lan trén cung mQt mau,
nhung trong cac diéu kién khac nhau. D¢ tai lap mo ta mic do ma phuong phap

phan tich c6 thé thyc hién va 6n dinh & céac diéu kién khac nhau.

Do lap va tai lip duoc danh gia thong qua hai thong sé do 1ap lai (RSDy)
va duogc so sanh voi gia tr1 HorRat (PRSD(R)). Pugc tinh toan theo cac cong

thirc sau:
2(x —X)?
SD = /—n_l (2-7)
SD
RSD % = CV % = — x 100 (2-18)
PRSD (R) =2 C P (2-9)
Trong do:

SD: P léch chuén

PRSD (R): B6 1éch chuan twong dbi du doan
RSD: Do 1éch chuan tuong ddi

C: Phan tram khdi luong.

x: Gia tri trung binh cac 1an thi nghiém

2.5.3.1. Dé lip
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Panh gia do ldp cua phuong phap (HorRat (r) — RSDy), cac mau duoc tién
hanh thém chuin & ba muc néng do 0.03, 0.045 va 0.06 mg/mL, 1dp lai sau lan

trong cung mot ngay (Bang 2.18).

Bang 2.18. Thi nghiém do 1ap cia phwong phap trong cung 1 ngay

Ampicillin Thé tich | Thé tich < <
: . AuNP ¢ The tich So thi
0 0 e t1 u S aptamer
Nong do The tich Y NaCl (uL) | nghiém
(mg/mL) (nL) (nL) (nL)
0.030
0.045 200 200 400 200 6
0.060

Do lip cua phuong phap dugc chap nhan khi 0.3 < HorRat (r) < 1.3 [58].

Va dugc tinh toan theo cac cong thurc sau:

Trong do:

HorRat (r) =

RSD,
PRSD (R)

PRSD (R): P 1éch chuan twong dbi du doan

RSD: D léch chuan tuong ddi

2.6.3.2. D tadi lap

(2 —10)

Xac dinh do tai 1ip RSDg, cac mau duoc tién hanh thém chuén & ba mirc

nong d6 0.03, 0.045 va 0.06 mg/mL. Thir nghiém dugc l3p lai ba 1an trong cliing

mot ngay va thuc hi¢én trong ba ngay khac nhau (Bang 2.19).

Béang 2.19. Thi nghiém do tai 1ap trong 3 ngay khac nhau

Ampicillin Thé tich | Thétich | Thé tich Sé thi
0 1ni
Nong dd | Thé tich | AuNPs aptamer NaCl "
: nghi¢m
(mg/mL) (nL) (nL) (nL) (nL)
0.03
0.045 200 200 400 200 9
0.06
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Do tai lap caa phuong phap duge chdp nhan khi 0.5 <HorRat (R) <2 [57].
Va dugc tinh toan theo cac cong thure sau:

RSDg

HorRat (R) = W(R)

(2-11)

Trong do:

PRSD (R): B6 1éch chuan twong dbi du doan
RSD: D 1éch chuan tuong ddi

2.6.4. D chon loc

D3 chon loc (dac hig¢u) 1a mot yéu tb quan trong can duogc xem xét, kiém
tra khi nghién ctru ché tao mot hé cam bién. PO chon loc cang cao, hé¢ cam bién
cang c6 kha nang phét hién chinh xac phan tir hodc hop chat myc tiéu, loai bo
kha ning nham 13n giita cac phan tir dich va nhitng chat khac. Mot hé cam bién

c6 do chon loc cao c6 thé 1am cho két qua nghién ctru dang tin cay hon.

Do chon loc ciia hé cam bién nano vang — aptamer phat hién khang sinh
ampicillin duoc danh gia thong qua viéc st dung hé cam bién nay phat hién lan

luot voi céc loai khang sinh, protein, cac ion kim loai,... khac.

Céc loai khang sinh, protein, cac ion kim loai (Bdng 2.20) dugc chuin bi
v6i ndng do 0.05 mg/mL trong dung dich dém acetate voi nong do va gia tri
pH thich hop da duoc khao sat & (2.4.1) va (2.4.2). Dung dich NaCl dugc chuan
bi v6i ndéng do thich hop duoc lwa chon thong qua khao sat (2.4.3). Dung dich
aptamer v&i nong do thich hop duoc xac dinh & muc (2.4.4). Thoi gian 0
aptamer, ampicillin va NaCl thich hop &p dung danh gié tinh dac hiéu cua hé
cam bién duoc lwa chon qua cac thi nghiém & (2.4.5) va (2.4.6).

Bang 2.20. Danh sach khang sinh, protein, ion kim loai

STT Tén Ham lwong/ Nong do
(mg/mL)
1 Ampicillin
Chloramphenicol

3 Enrofloxacin

Ciprofloxacin 0.05
: z, | Danofloxacin

4 Quinolone 18 chat Difloxacin

Enoxacine
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Enrofloxacin

Flumequin

Norfloxacin,

Nalidixic acid

Marbofloxacin

Moxifloxacin

Lomefloxacin

Levofloxacin

Gatifloxacin

Sparfloxacin

Sarafloxacin

Perfloxacin

Oxolinic acid

Ofloxacin

Bovine Serum Albumin (BSA)

Ion Ca*"

Ion Mg?*

Glucoso

O |0 | [N

Fructoso

[

0 Lactose

Quy trinh thue hién: Pau tién, 200puL AuNPs va 400 puL aptamer v6i nong

chon loc cho hé cam bién.

d6 thich hop duoc tron 1an véi thoi gian duoc xac dinh & muc (2.4.5) trong chai
thuy tinh 3 mL. Sau d6, thém 200 pL dung dich khang sinh, protein, cac ion
kim loai 0.05 mg/mL vao hdn hop trén va hoa tron trong khoang thoi gian thoi
gian thich hop duogc xac dinh & muc (2.4.6). Tiép theo, 200 puL dung dich NaCl
v6i ndng do da xac dinh duge & muc (2.4.3) thém vao hdn hop trén va U trong
thoi gian dugc lya chon ¢ muc (2.4.7) (Bdng 2.21). Két thiic phan tng, tién
hanh do quang phé UV — Vis va may so mau di dong, danh gia va két luan do

Bing 2.21. Khio sat d9 chon loc hé cam bién nano vang — aptamer

Khang sinh, protein, ion kim i
. X Thé tich 2
loai 0.05 mg/mL Thé tich Thé tich
N aptamer
Thé tich | AuNPs (uL) NaCl (uL)

Tén (nL)

(nL)
Mau ddi chimg
200 200 400 200
Ampicillin
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Chloramphenicol

Enrofloxacin

Quinolone 18 chat

Bovine Serum
Albumin (BSA)

Ion Ca*"

Ton Mg>*

Glucoso

Fructoso

Lactose

2.7. PHAN TiCH MAU THUC

Viéc phan tich mau thuc c6 y nghia quan trong trong cac nghién ctru ting
dung, cung cép cac thong tin co ich cho két qua nghién ciru ¢ diéu kién thuc té,
danh gia, kiém tra hiéu suat va tinh kha thi khi ap dung vao thé giéi thuc. Qua

do, cling co6 thé thay dugc cac uu nhuge di€m cia nghién cuu.

Ap dung nghién ctru trén mau thyc, hé cam bién nano vang — aptamer

duoc tng dung trong viéc phat hién khang sinh ampicillin cé trong sira.
2.7.1. Chuén bi miu

Cac mau phan tich (sita) dugc thu thap trong siéu thi (sita twoi vinamilk
tiét triung it duong) va xir 1y dé loai bo cac thanh phan khong can thiét theo quy
trinh nhu sau: Mau sau khi thu thap, duoc thém mot lugng khang sinh
ampicillin, tao cac mau thém vao véi cac ndng d6 0.02, 0.035 va 0.05 mg/mL.
Sau d6, 4 mL mau thém vao & cac né)ng dd khac nhau dugc hoa tan cung 20
mL acetonitrile 75 % va khudy 5 phit, tiép tuc ly tAm 10 phut gitp loai bo
protein. Mau sau khi ly tim duoc loc bang dau loc 0.22 um va duoc sir dung
dé phan tich.

2.7.2. Phan tich mau

Quy trinh thuc hién phan tich mau thém vao duoc thyc hién nhu sau: Dau

tién, 200pL AuNPs va 400 puL aptamer voi néng d6 thich hop dugc tron 1an véi
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200 uL mau thém vio & cac ndng do khac nhau da dugc xir 1y vao hdn hop trén

va hoa tron trong khoang thoi gian thoi gian thich hgp duge xac dinh ¢ muc
(2.4.6). Tiép theo, 200 uL dung dich NaCl véi ndng do da xac dinh duoc ¢ muc
(2.4.3) thém vao hon hop trén va U trong thoi gian duogc lya chon ¢ muc (2.4.7)

(Bang 2.22) . Két thuc phan tmg, tién hanh do quang phd UV — Vis va may so

mau di dong.

Pé danh gia d6 ding cua phuong phap, két qua miu dugc ddi chiéu voi
két qua phan tich HPLC.

Bing 2.22. Phin tich miu thue

MAiu thue i

; 2, Theé tich <

Nong do ] The tich The tich
) Thé tich aptamer
thém vao AuNPs (uL) NaCl (uL)
(nL) (nL)

(mg/mL)

0.020

0.035 200 200 400 200

0.050
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Chwong 3. KET QUA VA BAN LUAN

3.1. TONG HQP AuNPs HINH CAU

Phuong phap khtr Au** sir dung dung dich trisodium citrate & nhiét do cao
(phuong phap Turkevich) da thé hién mot quy trinh tong hop hiéu qua nano
vang hinh cu véi kich thudc hat déng nhét. Trisodium citrate khong chi 1a chat
khtr hiu qua ma con doéng vai trd bao vé va 1am 6n dinh hat nano vang trong
dung dich. Céc phan tir citrate hap thu 1én bé mit vang thong qua cac nhom
chirc chira oxi trai dau, tao ra mot 16p dién tich bé mat trén hat nano vang giup

ching khong bi két tu.
3.1.1. Quang phé UV - Vis

AuNPs sau khi duoc tong hop c6 mau do ruou, ddy 1a mau sac dic trung
ctia hat nano vang. Dung dich AuNPs hép thu trén quang phé UV — Vis ¢ budc
song 520 nm, v61 do rong peak hep (Hinh 3.1).

P 12 [——Aunry
=
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Hinh 3.1: Quang pho UV — Vis dung dich nano vang hinh ciu
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3.1.2. TEM va sy phén bo kich thwéc hat

18
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Kich thudc hat (nm)

Hinh 3.2. Anh TEM (A) va sw phéin bé kich thuwéc (B) ciia AuNPs

Hinh thai hoc cua cac hat nano vang duoc xac dinh thong qua kinh hién vi
dién tir truyén qua (TEM). Quan sat bang anh TEM, nano vang ton tai & dang
hinh cau (Hinh 3.2 A). Kich thudc hat nano vang phan b6 tir 12 — 24 nm, voi
kich thudc trung binh 14 15 nm (Hink 3.2 B). Hé nano vang ddng nhat vé kich
thude, phan tan tot trong dung dich va khong bj két tu.

3.1.3. Nhiéu xa electron viing chon loc (SEAD)

CAu trtc tinh thé cua vat liéu AuNPs duoc danh gia thong qua phuong
phép nhiéu xa electron viing chon loc (SAED). Két qua SAED cho thay sur hinh
thanh cac hudng tinh thé dic trung cho cu triic hat nano vang voi mat phang
lién quan dén hudng tinh thé (111), (200), (220) va (311) (Hinh 3.3).

Hinh 3.3. Anh nhiéu xa electron viing chon loc (SEAD) nano vang
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3.1.4. Két qua DLS — Zeta

.
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Hinh 3.4. Két qui DLS (A) va Zeta (B) ciia AuNPs

Phuong phap phd tan xa anh sang (DLS — dynamic light scattering) 1a mot
cong cu dung dé do kich thudc va phan bd kich thudce cua cac hat nano. Thé
zeta 1a mot théng sd quan trong lién quan dén sy 6n dinh cila cac hé nano, do
muc do tuong tac gitra cadc hat nano va moi truong xung quanh dua vao lugng
dién tich trén bé mat nano. Ca hai phuong phap nay thuong duogc sir dung dé
danh gia su 6n dinh cua cac hé nano. Trong mdt h¢ nano 6n dinh, kich thudc
hat nén duy tri 6n dinh qua thoi gian va thé zeta duy tri & mot mie d6 cao cho
thdy luc day giira cac hat nano manh, gitp chdng lai sy tu hop hoic két tua cta

hat nano.

Kich thudc hat trong dung dich h¢ nano vang hinh cau duoc xé4c dinh bﬁng
phuong phép phé tan xa anh sang (DLS). Dir liéu kich thudc hat chi ra mau
nano vang véi kich thudc trung binh 1a 10 — 100 nm, kich thudc thu duge nhiéu
nhat 14 20.3 nm (Hinh 3.4 A).

Do bén cua hé nano duoe xac dinh dua trén thé zeta. Két qua phan tich chi
ra gia tri thé zeta 1a — 26.5 mV (Hinh 3.4 B), cho thdy su 6n dinh tuong d6i cia
hé nano.

Tir d6, chimg minh rang dung dich nano vang hinh cau tong hop bang
phuong phap va quy trinh duoc ap dung co do bén tét véi lyc ddy manh giita
cac hat, ngan chan cac hat nano két tu voi nhau.

3.1.5. STEM — Mapping

STEM — mapping duogc st dung dé danh gia su phan bd cic nguyén to
cacbon, oxi, nito va ca photpho trén bé mat nano vang (Hinh 3.5). Két qua cho
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thiy rang, cac nguyén td cacbon (C), oxi (O) ¢6 su phan bd dong déu trén toan
hé nano. Con ddi véi nguyén té photpho (P) va nito (N) xudt hién rat it trong
hé, su phan b khong rd rang.

Au Lal _ CKal 2 O Kal

N Kal_2

S0nm ! ™ 50nm !

Hinh 3.5. Anh STEM — Mapping hé nano AuNPs

3.2. KHAO SAT NGHIEN CU'U HE CAM BIEN AuNPs — APTAMER

NaCl

DS VS
- XY By

L@,l"\
éé + o%oo*@@%%

- O ML 28 X5

é DNA - Aptamer Q Nano Vang (AuNPs) ‘) Khang sinh

Hinh 3.6. Co ché xdc dinh khdng sinh ciia hé cam bién AuNPs — aptamer

Trong nhimg nim gan day, hé cam bién nano vang — aptamer (AuNPs/

Apt) duoc st dung rong rai trén thé giéi cling nhu Viét Nam, dugc st dung
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trong dinh lwong nhiéu chat hoa hoc khac nhau trong d6 c6 ca khang sinh. Véi
nhiéu phuong phap ché tao cam bién AuNPs/Apt khac nhau di dugc phat trién
va cai tién. Trong bai nghién ctru ndy, phuong phap duoc sir dung 1 qué trinh
héap phu aptamer 1én AuNPs bang cach tron 1an cac hat nano vang véi aptamer.
Tu d6, AuNPs duoc sur dung nhu mot chat danh dau dya trén do nhay cua 16p
dién tr plasmon va aptamer nhu mot chét lam bén. Khi khong c6 sy hién dién
cltia chit muc tiéu, aptamer c6 nhiém vu bdo v¢ cic hat nano vang, ngan chan
su két tu do mudi gy ra. Khi c6 sy hién dién cta chat muc tiéu (khang sinh)
trong hé cam bién, cac lién két ciia AuNPs va aptamer trai qua qua trinh giai
hép. Sau d6, mudi dugc thém vao, tao ra su ngung tu cua AuNPs, h¢ cam bién
thay ddi tir mau dé sang xanh lam hodc tim (Hinh 3.6). Nhiing dich chuyén cuc
dai1 do hép thu nay duogc xac dinh b.':ing cach thu thap céc tin hi¢u phan xa va
sau d6 dinh luong bang cach str dung may quang pho UV — Vis va may so mau
di dong. Su thay d6i mau sic ctia hé cam bién rat rd rang nén c6 thé dé dang
quan sat bang mat thuong. Vi thé, aptasensor nay phu hop cho cac img dung
tai chd, co thé hd trg nhiéu trong viéc kiém tra dinh ky véi thao tac don gian va

nhanh chéng.
3.2.1. Khio sat nong do dung dich dém acetate

Nong d6 dung dich dém c6 thé anh hudng dén cu triic va chirc ning cia
ca aptamer va ampicillin. Di voi aptamer, nong do dung dich dém anh hudng
dén ndéng do proton trong dung dich aptamer, do d6 c6 thé thay d6i cu tric ctia
chung. Piéu nay anh hudng dén kha ning aptamer nhan dang va lién két véi
cac hop chit muc tiéu cu thé. Véi ampicillin, néng ddé dung dich dém tang co

thé gay ra sy phan hiy va giam hiéu qua khang khuén.

Két qua nghién ctru sy anh huong ctiia ndng d6 dung dich dém acetate str
dung phuong phap UV — Vis dugc thé hién trong (Hinh 3.7).

Qua két qua tir phép do quang phd UV — Vis (Hinh 3.7) & cac nong d6 pH
khac nhau tai ving budc séng 450 nm — 800 nm cho thay: hé cam bién khi
khoéng c6 su hién dién ctia ampicillin (Hinh 3.7 A) peak hap thu ctia hé hau nhu
khong c6 su thay doi khi ndng do dung dich dém acetate thay doi tir 0.02 M —
0.1 M. Tuy nhién, & nong do 0.2 M, peak hap thu ctia hé ¢6 sy dich chuyén
peak tir budc song 520 nm dén ving bude séng 630 nm — 650 nm. Cho thay c6

su két tu cua cac hat nano vang khi st dung dung dich dém acetate co néng do
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0.2 M. Do néng dd dung dich dém acetate c6 anh hudng dén cAu trac, hinh dang
va chtrc ning cua aptamer thong qua nhimng anh huong 1én cac lién két hydro
va lién két ion gifra cac cip co s& nucleotide, dan dén qua trinh hip phu, bao
boc cac hat nano vang cua aptamer giam, khi d6 dung dich NaCl dugc thém

vao tac dong dén AuNPs, tao ra su ngung tu va thay ddi mau sic dung dich hé

cam bién.
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Hinh 3.7. Anh hwéng nong dp hé dém acetate khi khong cé (A), cé (B)
ampicillin, ti I¢ dp hip thu ciia peak Asbassos/Asbaszo khi khéng c6 va co
ampicillin (C)

Pong thoi, khi chat muc tiéu (ampicillin) xuat hién trong hé cam bién
AuNPs/Apt (Hinh 3.7 B), & cac ndng do dung dich dém acetate déu co su xuat
hién peak hap thu & ving 650 nm. Tuy nhién, peak hap thu nay khong c6 su
thay doi rd rang & cac ndng d6 dung dich dém acetate tir 0.02 M —0.05 M. Cing
v6i d0, khi sir dung dung dich dém acetate c6 ndong do 0.1 M va 0.2 M, cho thay
duoc sy thay doi va dich chuyén peak hip thu rd hon so véi cac ndng do dung
dich dém thap, chimg to cac chudi aptamer bat dau lién két voi cac phan tir

khang sinh ampicillin.
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Ty 1& d6 hap thuy giita hai peak hap thu ¢ budc séng 650 nm va 520 nm
(Asbieso s520) duoc sir dung 1am thong sé tinh toan so sanh cac két qua khao sat
va lap dudng chuan khang sinh cho hé cam bién nano vang — aptamer [59, 60,
o1].

Theo két qua thu duoc (Hinh 3.7 C), nong d6 dung dich dém acetate tir
0.02 M- 0.05 M, trong hai truong hop khong c6 va c6 ampicillin trong hé cam
bién, ty 18 Asbisso 1520 thay doi khong dang ké, cho thiy & cac nong do dém
acetate ndy hé cam bién hoat dong khong hiéu qua. Nhung khi nong d6 dung
dich dém acetate dugc tang 1én 0.1 M va 0.2 M, ty 1€ Asbiesosas20 khi chit muc
tiéu tham gia vao hé cam bién ¢6 su chénh 1éch 3 so véi khi Véng mit chit muc
tiéu. Tuy nhién, & néng d6 0.2 M, ampicillin khong xuét hién trong hé cam
bién, aptamer chua lam tdt va on dinh vai trd bao vé cac hat nano vang khoi su
tan cong cua dung dich NaCl. Va kha ning nhéan biét ampicillin cta hé cam
bién & néng do dung dich dém acetate nay cling khong 6n dinh. Nguoc lai, két
qua o néng do dung dich dém acetate 1a 0.1 M, aptamer bao v¢ tdt AuNPs, déng
thoi ¢ twong tac tot voi ampicillin mot cach 6n dinh, hiéu qua cam bién it bi
thay doi.
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Hinh 3.8. Ty 1é mau thé hi¢n anh huéng néng dp dung dich dém dén h¢
cdm bién
Dua vao két qua ctia phuong phap so mau di dong (Hinh 3.8), cho thay ty
1¢ mau luc va lam (green/blue — G/B) hau nhu khong thay doi & tat ca cac nong
do dung dich dém acetate va ca khi khong c6 hay c6 ampicillin. Hai h¢ cam
bién (khong c6 va c6 ampicillin) ¢6 sy chénh 1éch & cac ty 1& mau: luc/do
(green/red — G/R) va lam/do (blue/red — B/R). Ty 1€ mau G/R va B/R & cac
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noéng d6 dung dich dém acetate tir 0.02 M — 0.1 M hau nhu khong thay doi,
nhung ting 1én & ndng d6 0.2 M khi cam bién khong hién dién ampicillin. Su
c6 mit ctia ampicillin trong hé cam bién gan nhu khong thay d6i hai ty 1¢ mau
sac ndy khi ting nong 6 dung dich dém tir 0.02 M — 0.05 M. Ty 1¢ mau c6 su
thay doi & va chénh léch cao so voi mau khong ampicillin & nong do dém
acetate 12 0.1 M va 0.2 M. Quan sat mau sic ctia cic mau khi khéng c6 va co
su hién dién cua ampicillin (Hink 3.9) cho thay hé cam bién phat hién khang
sinh c6 thé quan sat bang mat thudng.

Khong ampicillin Ampicillin

0.02M 0.025M 0.033M 0.05M 0.IM 0.2M (0.02M 0.025M 0.033M 0.05M 0.1IM 0.2M

Hinh 3.9. Méu khdo sdt néng dé dung dich dém acetate

So sanh hai két qua gitta phwong phap do quang phoé UV — Vis va so mau
di dong, cho thay ca hai phuong phap dugc sir dung c6 su tuong dong. Qua do,
néng do hé dém acetate thich hgp dugc lua chon, st dung trong hé cam bién
AuNPs/Apt d¢é tién hanh cac khao sat ké tiép, dem lai hiéu qua va 6n dinh cho

cam bién 12 0.1 M.
3.2.2. Khao sat gia tri pH dung dich dém acetate

Gia tr1 pH co thé tac dong dang ké dén hoat dong cua h¢ cam bién nano
vang — aptamer. Ngoai tac dong ctia nong d6 , gia tri pH cua dung dich dém
cling ¢ thé thay ddi cdu triic, kha ning nhan dién phan tir muyc tiéu ciia aptamer.
Ddi v6i cac hat nano vang, moi trudng acid hay bazo qua manh c6 thé thay doi
kich thude, su phan tan va két ty 1am thay d6i mau sic anh huong dén kha ning
tmg dung cam bién. Ngoai ra, ampicillin c6 thé phan hity trong méi truong c6
pH cao, do gia tang toc dd hydrolysis (qua trinh ampicillin bi phan hay) [62].

Két qua khao sat sy anh huong gia tri pH dén hé cam bién duoc thé hién
trong (Hinh 3.10).
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Dua vao quang ph6é UV — Vis (Hinh 3.10) trong ving budc séng 450 nm
— 800 nm, két qua khao sat gia trj pH khi hé cam bién khong co sy tham gia cua
ampicillin (Hinh 3.10 A) cho thiy: su dich chuyén peak hap thu tir budc song
520 nm sang 550 nm khi gia tri pH = 2, peak hap thu gan nhu khong c6 dich
chuyén va thay d6i nhiéu khi gia tri pH ting tir 3 — 7.
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Hinh 3.10. Anh huwéng gid tri pH khi khong c6 (A) va cé (B) ampicillin, ti 1¢
dp hdp thu ciia peak Asb;sso;s520 khi khéng c6 va cé ampicillin (C)

Déng thoi, khi xuit hién chat muc tiéu trong hé cam bién AuNPs/Apt
(Hinh 3.10 B), & mau khéo sat gia tri pH = 2 ¢6 sy dich chuyén peak sang ving
600 nm, thé hién su két tu cac hat nano vang. Pho hép thu ciia mau pH = 3 va
4 cho thay peak hap thu dich chuyén tir bude séng 520 nm sang 650 nm, diéu
nay chung to, & hai gia tri pH nay hé cam bién hoat dong c6 hiéu qua cao,
aptamer lién két tot v4i khang sinh, cac hat nano vang duoc giai hap ra khoi
céc chudi aptamer nhiéu nhét, tiép xuc véi dung dich NaCl gay tu hat, thay doi
budc song hap thu va mau sic hé cam bién. Nhung khi tang 1én pH = 5 peak
hép thu xuét hién hai vi tri 1an luot tai: bude song 530 nm voi cuong do cao va

viing 630 nm voi cudng do thap, ching to aptamer chi lién két vai mot sd it
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khang sinh c6 mit trong hé. Va su dich chuyén peak hap thu khong xay ra khi

dung dich dém acetate sir dung trong hé cam bién c6 gia trj pH =6 va 7.

Ty 1& d6 héap thy giita hai peak hap thy ¢ budc song 650 nm va 520 nm
(Asbisso 1s20) (Hinh 3.10 C) cho thay: hé cam bién st dung dung dich dém
acetate pH = 2 khi khong c6 ampicillin, aptamer khong bdo vé cac hat nano
vang t6t so v6i cac gia tri pH 10n, ¢6 thé thdy dugc aptamer khong hoat dong
hiéu qua & pH nay. Quan sat két qua cho thay, khi ting dan gia tri pH tir 3 dén
7, ty 1& Asbygsoras20 thap va hau nhu khong thay d6i, chimg to aptamer da thuc
hién t6t kha ning bao phu va bao vé cac hat nano vang khoi tic nhan gay tu hat.
bac biét, ¢ gia tri pH = 3 su bao phu cac hat AuNPs ctia aptamer dugc thé hién
hiéu qua nhat. Khi c6 ampicillin, ty 18 Asbygsoas20 thay d6i dang ké, su chénh
léch khoang cach gitta ty 16 Asbissos rs20 khi 6 va khong c6 ampicillin cao nhat
& hai gid tri pH = 3 va 4. Khoang cach chénh 1éch giira hai hé cam bién (khong
co va co ampicillin) gidm khi pH = 5. Khi h¢ cam bién sir dung dung dich dém
acetate pH = 6, 7 va chat muc tiéu tham gia, ty 18 Asbyeso rs20 gidm thap hon ty
16 Asbygsos 1520 khi khong c¢6 chat muyc tidu. Do aptamer khong lién két voi
ampicillin trong hé cam bién, khong trai qua qua trinh giai hap cac hat AuNPs.
Luong ampicillin co trong hé tiép tuc dong vai trd bao vé cac hat nano vang.
Vi vay, AuNPs cang kho tiép xtic voi tac nhan gay ngung tu hat (NaCl).

¥ i
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Hinh 3.11. Méu khdo sdt gid tri pH

Quan sat mau sic clia cac mau khao sat gia tri pH anh huong dén hé cam
bién (Hinh 3.11) va két qua tir phuong phap so mau di dong (Hinh 3.12), cho
thdy ty 1&6 mau green/blue hau nhu khong thay ddi ¢ tat ca cac gia tri pH ¢ ca
hai hé cam bién (khong c6 va c¢6 ampicillin). Hai hé cam bién nay c6 su chénh
léch 18 & cac ty 16 mau: green/red va blue/red va gan giong nhau. Ty 1& mau

G/R va B/R ¢ pH =2 c6 khoang cach chénh 1éch gitta hai hé cam bién thay 10,
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nhung sy chénh 1éch ndy van thap hon khi str dung pH = 3 va 4. Két qua hai ty
1¢ mau G/R va B/R ¢ pH =5 thé hién su chénh léch khoang céach giit hai hé
cam bién khi khong co6 va co6 su hién dién cua ampicillin ¢6 sy gidm manh va

tiép tuc giam & cac pH =6 va 7.

B Khong ampicillin|

@ Co ampicillin
Green/Blue

O Green/Red

A

20{ 4 a4 a

: A A Blue/Red
, A A A 2
16, 4 5 *
Q- [ (]
; ° ® ) 3 2
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2 3 4 5 6 7
Gia tr1 pH

Hinh 3.12. Ty 1¢ mau thé hién anh hwong gid tri pH dén hé cam bién
Ttr hai két qua phén tich: phuong phap quang phdé UV — Vis va so mau di

dong, nhan thy c6 su twong dong vé hiéu qua cam bién & cdc mau khao sat gia
tri pH. Cé hai phuong phép déu thé hién khi sir dung dung dich dém acetate c6
n6ng do déml1a 0.1 M, gia tri pH =3 va 4 hi€u qua cam bién duoc cai tién. Tuy
nhién, khi hé cam bién st dung dung dich dém acetate c6 pH =3 va khong Xuét
hién chit muc tiéu, cac chudi aptamer thuc hién nhiém vy lam bén va bao vé
cac hat AuNPs tot hon so véi khi sir dung h¢ dém acetate pH = 4. Do do, dung
dich dém acetate thich hop cho hé cam bién nano vang — aptamer c6 gia tri pH
=3 va ndng d6 13 0.1 M.

3.2.3. Khio sat ndng do NaCl

Dung dich sodium chloride 13 chat dién ly manh c6 kha ning lam giam
16p vo dién tich bén ngoai, anh huong dén kha niang két tu ctia cac hat nano
vang.

Két qua nghién ctru cho thdy sy anh huong ctia ndng do dung dich mubi
dén hé cam bién sir dung phuong phap do quang phdé UV — Vis dugc thé hién
trong (Hinh 3.13).
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Hinh 3.13. Anh hwéng nong dp NaCl khi khéong c6 (A)va cé (B) ampicillin,
ti I¢ d hdp thu ciia peak Asbsso/Asbaszo khi khong cé va cé ampicillin (C)

Dua vao két qua quang phd UV — Vis (Hinh 3.13) trong ving budc song
450 nm — 800 nm, cho thdy nong d6 NaCl c6 anh hudng khi hé cam bién khong
c6 su tham gia ctia ampicillin (Hink 3.13 A), peak hap thu gan nhu khong dich
chuyén khi ndong d6 NaCl ting tir 0.1 M — 0.35 M. Nhung khi nong d6 NaCl
duogc tang 1én 0.45 M su dich chuyén peak hap thy bat dau xay ra va c6 thé thay
& & ndng d6 13 1 M. Chimg t6 rang, ndng d6 NaCl 1 M ¢6 tac dong manh mé
dén hé cam bién, gy ra hi¢n tuong ngung tu hoan toan cac hat nano vang, dich
chuyén peak hap thy sang ving budc séong 650 nm.

Khi chat muc tiéu dugc thém vao hé cam bién AuNPs/Apt (Hinh 3.13 B),
su dich chuyén dan peak hap thu sang ving 650 nm bat dau dién ra khi ting
noéng d6 mudi NaCl tir 0.1 M — 0.3 M va gan nhu khong thay d6i khi ting dan
n6ng do 1én 1 M. Cho théy, o néng dd NaCl 0.3 M, hé cam bién d3 thuc hién
hiéu qua chirc ndng phat hién khang sinh.

Ty 1& d6 hap thy giita hai peak hap thu ¢ budc séng 650 nm va 520 nm
(Asbisso as20) (Hinh 3.13 C), cho thay kha nang két tu cua cac hat nano vang
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trong hé cam bién khong c6 sy tham gia cta ampicillin, nong d6 dung dich
mudi NaCl tang tir 0.1 M — 0.35 M khong anh huéng dang ké, voi sy thay doi
rat it trén ty 18 Asbagso ss20. KEt qua ndy chtrng minh rang, aptamer bao vé cac
hat nano vang t6t va 6n dinh ¢ cac nong d6 NaCl ndy. Trong khi d6, khi ting
dan ndng d6 NaCl, ty 16 Asbieso/as20 tang 1én. Dac biét, & ndng dd NaCl=1M
peak hap thu chuyén héa hoan toan, cho thiy aptamer khong thé bao vé cac hat

AuNPs trude su tn cong cia tic nhan NaCl.

Khi c¢6 ampicillin, ty 18 Asbyeso is20 thay d6i déang ké, su chénh léch khoang
cach giita ty 18 Asbiesos 1520 khi ¢6 va khong co ampicillin bat dau ¢ nong do
NaCl=0.1 M, ting dan & 0.2 M va dat cuc dai & 0.3 M. Khoang cach nay gan
nhu khong thay doi khi nong d6 dung dich mubi 1a 0.35 M. Sy chénh léch
khoang céach hai ty 1& Asbseso/as20 ciia hai hé nano khi khong c6 va c6 ampicillin
bat dau giam dan o cac nong d6 0.45 M va 0.6 M. Khi hé cam bién str dung
ndéng do NaCl = 1M, hai ty 1& Asbieso/ 1520 khi khong co va co su hién dién chat

muc tiéu la bang nhau.

Quan sat mau sac clia cac mau khao sat nong d6 NaCl (Hinh 3.14) va két
qua phan tich thuc hién bang phuong phap so mau di dong (Hinh 3.15) cho
thay: & ca hai hé cam bién (khong c6 va c6 ampicillin) ty 1é mau G/B hau nhu
khong c6 su thay d6i & cac gia tri ndng dd NaCl. Su chénh 1éch c6 thé thay trén
hai hé cam bién ndy xay ra & cac ty 16 mau: G/R va B/R. Hai ty 1 mau G/R va
B/R ¢ cac nong dd NaCl khac nhau c6 khoang cach chénh léch giita hai hé gan
nhu giéng nhau. Su chénh léch khoang cach ty 1& mau sic giita hé cam bién c6
ampicillin va khong c6 ampicillin cao nhat & nong 6 NaCl=0.2 M —0.3 M va
giam dan ¢ cac nong d6 0.35 M va 0.45 M. Khoang cach su chénh léch ty 1¢
mau sic cta ca hai hé cam bién nay gan nhu bang khong ¢ nong do mudi NaCl
la0.6Mval M.
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Hinh 3.14. Méu khdo sdt néng dp NaCl
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Hinh 3.15. Ty Ié mau thé hién anh hwéng nong dp NaCl dén hé cam bién

So sanh két qua gitra hai phuong phap quang phé UV — Vis va so mau di
dong, cho thiy ca hai phuong phap phan tich c6 sy twong déng. Qua két qua
quang phd UV — Vis ¢6 thé thiy ¢ nong d6 NaCl = 0.3 M hé cam bién da thyc
hién dting trach nhiém phat hién khang sinh, sy on dinh ctia chudi aptamer, céc
lién két chit ché cua aptamer va ampicillin duoc thé hién qua tac dong ctiia NaCl
1én cac hat AuNPs. O phuong phap so mau di dong, v6i su thay doi ty 16 mau
sdc, ta c6 thé théy o néng dd NaCl= 0.2 M va 0.3 M hé cam bién cling da thuc
hién hiéu qua kha ning cua né. Két hop cac nhan dinh trén cho thiy, ndng do
dung dich NaCl thich hgp dugc lga chon sir dung nham nang cao hi¢u qua,
giam thiéu chi phi cho hé cam bién AuNPs/Apt duoc lyra chon 13 0.3 M va ap
dung cho ca hai phuong phap phan tich.

3.2.4. Khio sat ndng d aptamer

Nong d6 aptamer ciing dong vai trd quan trong doi voi két qua do nhay,
chi phi va hiéu suit cam bién. Viéc sir dung nong d6 aptamer qua thap hay qua
cao déu co tac dong manh dén hé cam bién.

Vi vay, dé dam bao ring hé cam bién c6 thé dat hiéu qua cam bién tdi da,
can ¢ mot néng dd aptamer thich hop cho hé. Cho nén, viéc khao sat néng do
aptamer 1a diéu can thiét va quan trong.

Két qua phd hap thu UV — Vis va thiét bi so mau di dong danh gia anh
huong ctia ndng d6 aptamer dén hé cam bién duoc thé hién trong (Hinh 3.16)
va (Hinh 3.18).
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Hinh 3.16. Anh hwéng néng dé aptamer khi khéng cé (A), c¢é (B)
ampicillin, ti 1¢ d¢ hép thu ciia peak Asb;ss0,520 khi khong c6 va cé

ampicillin (C)

Quan sat két qua quang phd UV — Vis (Hinh 3.16) & ving budc song 450
nm — 800 nm cho thdy rang: ndng do aptamer anh huéng khong dang ké khi hé
cam bién khong c6 su tham gia ctia ampicillin (Hinh 3.16 A). Cu thé, & ndng
d6 0.05 uM, aptamer xuat hién hai peak hap thu ¢ ving budc song 530 nm va
630 nm, cho théy mot sb luong nhé cac hat nano vang trong hé cam bién két
tu. Va su xuit hién peak hép thu ¢ vung budc song 630 nm mét dan khi néng
d6 aptamer duogc ting dan tir 0.1 — 0.2 pM. Ching t6 rang, nong do aptamer
thap khong di bao phil va bao vé cac hat nano vang dudi tac nhan NaCl. Khi
ndng do aptamer ting 1én 0.3 — 3 pM peak hap thu 630 nm gan nhu khong xuat
hién, dinh hap thu cuc dai & ving budc song 520 nm, diéu d6 da khang dinh
lai, khi ndng do aptamer ting, kha ning bao vé cac hat nano boi cac chudi
aptamer ciing ting 1én, ngin can su tiép xuc gita cac hat nano vang véi dung
dich NaCl.
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Tuy nhién, khi chit muc tiéu duoc thém vao hé cam bién AuNPs/Apt
(Hinh 3.16 B), su dich chuyén dan peak hap thy sang ving budc song 650 nm
& tat ca cac nong do aptamer khac nhau tir 0.05 — 3 uM déu xay ra.

Ty 1& d6 hap thuy giita hai peak hap thu ¢ budc séng 650 nm va 520 nm
(Asbigsons2o) (Hinh 3.16 C), cho thiy ndong do aptamer c¢6 anh hudng quan trong
dén hiéu qua hé cam bién. Khi khong co su tham gia cia ampicillin, ndng do
aptamer tang dan tir 0.05 — 0.04 uM, ty 18 Asbaesonszo giam dan, thé hién trang
thai cac hat nano vang trong hé cam bién & nong d6 aptamer 0.05 uM co su
thay d6i nhiéu nhat so v6i ban dau va sy thay d6i giita hai trang thai trudc va
sau phan ung cta cac hat AuNPs giam dan khi ting ndng d6 aptamer. Sau khi
ndng do aptamer tang 1én 0.5 — 3 uM, ty 18 Asbyssons2o hdu nhu khong thay doi,

kha ning bao phu, bao vé AuNPs clia aptamer tot va 6n dinh.

Khi c6 ampicillin, ty 1& Asbagsonszo thay doi khong dang ké giira cac miu
aptamer c6 nong do khic nhau. Nhung khi xét vé su chénh 1éch khoang céch
gita ty 16 Asbyssons2o khi ¢6 va khong c6 ampicillin & nong d aptamer 1a 0.05
uM va ting dan 1én 0.4 uM, c6 thé thay sy chénh l1éch vé khoang cach giira cac
mau khao sat cling ting dan va cao nhat & nong do aptamer 0.5 — 1 pM. Sau do,
su chénh léch khoang céach gitra hai ti 1€ Asbassonszo cua hai hé cam bién khong
¢6 va c¢6 ampicillin giam dan & cac nong do 1.5 pM dén 3 pM. Chung minh
rang, khi str dung néng d6 aptamer qua cao, du lugng aptamer khong hap phu
1én bé mit nano vang van ton tai trong h¢ cam bién, nén khi ampicillin duoc
thém vao sé lién két trudc voi cac chudi aptamer du lugng, sau d6 méi lién két
voi cac aptamer trén nano vang. Vi viy, mot lugng cac hat nano vang van duoc

bao vé boi aptamer chua lién két véi phan tir ampicillin.
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Hinh 3.17. Mdu khdo sdt néng dp aptamer

1

Khong'amqlcﬂlm '

Qua mau sac cua cac mau khdo sat nong do aptamer anh huong dén hé

cam bién (Hinh 3.17) va két qua khao sat bang phuong phap so mau di dong



73

(Hinh 3.18), cho thiy khoang cach cta ty 16 mau G/B & c4 hai hé cam bién
(khong c6 va c6 ampicillin) gan bang nhau va hau nhu khong c6 sy thay doi ¢
cac gia tri nong d6 aptamer. Su chénh 1éch ¢6 thé thiy 16 trén hai hé cam bién
nay xay ra ¢ cac ty 16 mau: G/R va B/R. Ty 1é G/R va B/R & céc néng do
aptamer khac nhau co su chénh 1éch giira hai hé gan nhu giéng nhau vé chiéu
hudng tang giam khoang cach. Sy chénh léch khoang cach ty 1€ mau gitra hé
cam bién c6 ampicillin va khong cé ampicillin nho nhat & ndng d6 aptamer 14
0.05 uM va ting dan khi ndng do aptamer ting. Khoang cach chénh léch nay
dat gia tri cao nhat khi nong d6 aptamer 0.5 pM va hau nhu khong thay doi khi

tang dan ndng d6 aptamer 1én 3 uM.
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Hinh 3.18. Ty Ié mau thé hién anh hwéng nong dp aptamer dén hé cam
bién
So sanh két qua hai phuong phap duoc ap dung 1a: quang phd UV — Vis
va so mau di dong, cho thay su twong dong vé két qua ctia nong do aptamer anh
huong dén hé cam bién. O ca hai phuong phap phan tich cho thay, ndng do
aptamer 0.5 uM thich hop duogc Iira chon str dung cho hé cam bién AuNPs/Apt

nham dem lai hiéu qua va su 6n dinh.
3.2.5. Khao sat thoi gian i aptamer

Thoi gian U aptamer voi cac hat nano vang dong vai tro quan trong trong
hé cam bién. Aptamer can thoi gian dé c6 thé bao phu va lién két véi cac hat
nano vang. Su lién két nay dong vai tro quan trong trong viéc tao tin hiéu cam
bién. Thong thuong, thoi gian 0 aptamer lién két véi cac hat nano vang trong
khoang tir vai phut dén vai gio tuy thudc vao ndng do aptamer, kich thudc hat

nano vang, diéu kién va moi1 truong thuc hién.
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Vi vay, khao sat thoi gian cho qué trinh lién két gitip cac chudi aptamer
bao phil, bao vé tot AuNPs duoc thuc hién va két qua str dung phuong phap
UV — Vis duogc thé hién ¢ (Hinh 3.19).
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Hinh 3.19. Anh hwéng thoi gian i aptamer khi khong c6 (A) va cé (B)
ampicillin, ti 1¢ d¢ hdp thu ciia peak Asb ;550,520 khi khéng c6 va cé

ampicillin (C)

Két qua phép do quang phdé UV — Vis (Hinh 3.19) danh gia anh huong
thoi gian G aptamer dugc thé hién ving budc song 450 nm — 800 nm cho thy:
hé cam bién khong c6 ampicillin (Hinkh 3.19 A) peak hap thu cta hé hau nhu
khong thay d6i khi thoi gian 0 aptamer tang dan tir 1 — 15 phat va dinh hap thy
¢ khoang budc song 520 nm.

Pong thoi, thoi gian G aptamer con duoc danh gia dbi véi hé cam bién co
ampicillin (Hinh 3.19 B). Két qua cho thay, khi ting thoi gian 0 aptamer peak
hap thu & thoi gian @ 1 phat va 15 phat khong thay d6i nhiéu. Peak hap thy &
vung budc song 650 nm, do hé cam bién co6 ampicllin, aptamer lién két v6i cac

phan tir ampicillin gy ra hién twong giai hip cac hat nano vang. Khi d6, AuNPs
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gip tac nhan gy NaCl gy tu hat, dung dich hé cam bién chuyén tr mau do

sang mau xanh/tim.

Két qua ty 1& do hap thu gitra hai peak hap thu & budc song 650 nm va 520
nm (Asbyssor 1s20) (Hink 3.19 C) cho thay: thoi gian 0 aptamer trong hai truong
hop hé cam bién co va khong c6 ampicillin ting tir 1 phut dén 15 phat, ty 18
Asbieso 1520 thay d6i khong dang ké. Khoang cach chénh 1éch Asbieso 520 gitta
hai hé cam bién c6 va khong c6 khang sinh dong déu nhau ¢ céac thoi gian khao
sat. Qua do co thé thiy rang, thoi gian U aptamer khong anh huéng dén kha
nang phat hién khang sinh cta hé cam bién AuNPs/Apt va kha ning bao phu
bao v€ cac hat nano vang tranh khoi tdc nhan gay tu hat cua aptamer. Chung to
réng, chudi aptamer st dung dang dugc thuc hién trong diéu kién va moi truong
hoan toan thich hop, gitp chung t6i wu kha ning, thue hién tt nhiém vu trong
hé cam bién.

Phuong phap so mau di dong duogc sir dung va két qua phan tich mau séc
dua trén ty 1€ mau cia ba mau do, luc, lam khéao sat anh hudng thoi gian u

aptamer dén hé cam bién duoc thé hién trong (Hinh 3.20).
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Hinh 3.20. Ty Ié mau thé hién anh hwéng thoi gian i aptamer

Dua vao két qua cua phuong phap so mau di dong (Hinh 3.20), cho thay
ty 16 mau G/B hau nhu khong thay d6i ¢ tat ca cac thoi gian G aptamer duoc
khao sat ca khi khong c6 hay c6 ampicillin. Hai hé cam bién (khong c6 va c6
ampicillin) ¢6 su chénh 1éch ¢ céc ty 1€ mau: G/R va B/R. Su chénh 1éch khoang
cach giira ty 16 mau cta hai hé danh gia hiéu qua hé cam bién. Tuy nhién, két
qua khao sat bang phuwong phap so mau di dong cho thay, ty 16 mau G/R, B/R
va ampicillin c6 hay khong c6 trong hé cam bién gan nhu khong thay doi khi
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thoi gian U aptamer ting tir 1 phut d&én 15 phat. Chtng to rang, thoi gian u
aptamer khong anh huong dén hiéu qua hé cam bién.

Mau sic mau khao sat thoi gian G aptamer c6 va khong c6 ampicillin trong
hé cam bién (Hinh 3.21) cho thay: hé cam bién khong bi anh huong béi thoi
gian U aptamer. Khi khong c6 ampicillin, hé cam bién c6 mau hong (mau sac
ctia dung dich nano vang) & cac thoi gian khao sat. Nguoc lai, dung dich chuyén
sang mau xanh khi hé cam bién c6 ampicillin.

Hinh 3.21. Méu khdo sdt thoi gian i aptamer

Tir cac két qua trén, c6 thé két luan rang thoi gian 0 aptamer khong anh
huong dén kha niang cam bién. Tuy nhién, viéc duy tri, téi wu hiéu qua gan két
1€n cac hat nano vang va hoat dong 6n dinh cta hé cam bién, thoi gian U aptamer
thich hgp dugc lya chon 1a 10 phut.

3.2.6. Khao sat thoi gian i ampicillin

Thoi gian G ampicillin trong hé cam bién dong mot vai tro quan trong, vi
n6 kiém soat qua trinh lién két giita ampicillin va aptamer. Thoi gian quéa ngan
hodc qua dai c6 thé anh huong dén hiéu nang phat hién ctia hé cam bién. Thoi
gian U qua ngin, ampicillin c6 thé s& khong du thoi gian dé tao ra mot lién két
chic chan. Nguoc lai, khi thoi gian u nay qua dai c6 thé din dén su phan giai
ctia ampicillin, 1am anh huong dén két qua phan tich. Vi véy, thoi gian G can
dugc can nhic dé dam bao hé cam bién hoat dong hiéu qua nhat.



77

Két qua pho hap thu UV — Vis khao sat thoi gian u ampicillin dugc thé

hién trong (Hinh 3.22).
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Hinh 3.22. Anh hwéng thoi gian i ampicillin (A), i 1¢ dé hép thu ciia peak
Asb ;6504520 khi co ampicillin (B)

Két qua phép do quang phd UV — Vis (Hinh 3.22) dédnh gia anh hudng
thoi gian 1 ampicillin dugc thé hién ving budc song 450 — 800 nm cho thay:
hé cam bién c6 ampicillin (Hinh 3.22 A) peak hap thu caa hé hau nhu khong
thay d6i khi thoi gian 0 aptamer ting dan tir 1 — 25 phat va dinh hip thu 6
khoang budc séng 650 nm, do aptamer lién két v6i cac phan tir ampicillin gy
ra hién tuong giai hap cac hat nano vang. Khi d6, AuNPs gip tic nhan gay

NaCl gy tu hat, dung dich hé cam bién chuyén tir mau d6 sang mau xanh/tim.

Két qua ty 18 d6 hap thu giira hai peak hap thu ¢ budc song 650 nm va 520
nm (Asb;gso as520) (Hinh 3.22 B) cho théy: thot gian u ampicillin khi tdng tur 1
phut dén 25 phit, ty 1& Asbissoaszo thay d6i khong dang ké. Qua d6 co thé thay
rang, thoi gian 0 ampicillin khong anh huéng dén kha niang phat hién khang
sinh ctia hé cam bién AuNPs/Apt.
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Hinh 3.23. Ty 1é mau thé hi¢n anh hwong thoi gian i ampicillin
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Tir két qua ctua phuong phap so mau di dong (Hinh 3.23) va mau sic hé
cam bién (Hinh 3.24), cho théiy ca ba ty 1€ mau G/B, G/R, B/R va mau sic cla
hé cam bién sau phan mg hau nhu khong thay d6i khi ting thoi gian
ampicillin. Chung to rang, thoi gian u ampicillin khéng anh huong dén kha
nang lién két giﬁ:a aptamer va khang sinh.
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Hinh 3.24. Méu khdo sdt thoi gian i ampicillin
So sanh két qua hai phuong phap duoc ap dung 1a do quang phd UV — Vis

va so mau di dong, cho thiy su twong dong vé két qua ctia sy anh huong thoi
gian ¢ ampicillin dén cam bién 1a khong dang ké. Nhung dé dam bao c6 mot hé
cam bién 6n dinh vé két qua, hiéu qua, thi phai dam bao cac lién két dugc tao
ra phai manh, chit ch& va bén. Vi vay, khoang thoi gian thich hop dé cac phan

tir ampicillin lién két bén chit voi aptamer nén dugce lya chon 1a 15 phit.
3.2.7. Khao sat thoi gian i NaCl

Thoi gian 1 NaCl 1a khoang thoi gian cudi cung ké tir khi dung dich NaCl
duoc thém vao hé cam bién dén khi thyc hién phép do quang phd UV — Vis va

so mau di dong.

Thoi gian i NaCl ¢6 thé anh huong dén hiéu qua phét hién khang sinh cua
hé. Néu thoi gian 0 qua ngan, dung dich NaCl chua thé tiép xtac hoan toan véi
cac hat nano vang duoc giai hip ra khoi cac chudi aptamer, nén qu4 trinh ngung
tu cac hat nano chua xdy ra hoan toan, dan dén hé cam bién khong hoat dong
6n dinh va hiéu qua gitta cac 1an thir nghiém.

Két qua phan tich UV — Vis thoi gian & NaCl trong hé cam bién nano vang
— aptamer duoc thé hién nhu (Hinh 3.25).
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Hinh 2.25. Anh hwéng thoi gian it NaCl (A), ti 1¢ dé hép thu Asb ;6502520 (B)
khi co ampicillin

Két qua phép do quang phd UV — Vis (Hinh 3.25) danh gia anh huong
thoi gian G NaCl dugc thé hién ving budc song 450 nm — 800 nm cho thay: hé
cam bién c6 ampicillin (Hinh 3.25 A) & thoi gian 1 phuat G dung dich NaCl trong
hé cam bién c6 dinh hép thy ¢ ving 580 nm — 600 nm. Khi thoi gian 1 NaCl
tang 1én 2 — 10 phut, peak hap thu c6 xu hudng dich chuyén dan sang ving 650
nm. Chutng t6 rang, khi thdi gian u NaCl ting dan cac hat nano vang bi két tu
nhiéu hon, hé cam bién hoat dong tot hon. Nhung khi tiép tuc ting thoi gian u
NaCl, su dich chuyén peak van con xdy ra nhung rat it.

Két qua ty 1¢ d6 hap thu giita hai peak hap thu & 650 nm va 520 nm
(Asbisso as20) (Hink 3.25 B) cho thay: thoi gian u NaCl ¢ phit thir nhat va phut
thr hai, ty 18 Asbussoas20 €0 su chénh 1éch cao nhét. Khi ting dan thoi gian u
tir 3 — 15 phut, ty 1& Asbyssoraszo tiép tuc ting va van co thé thay rd. Nhung khi
khoéang thoi gian nay tiép tuc ting 1én dén 20 phut, ty 1& Asbgsoszs20 c6 thay doi
nhung khong dang ké. Chimg to rang, hé cam bién c6 su thay d6i mau sic, peak
héap thu dich chuyén dién ra nhanh nhat trong 2 phat dau tién ké tir khi thém
dung dich NaCl, rat nhiéu céc hat nano vang bi kéttu & giai doan nay. Tu 3 dén
15 phat, qua trinh két tu cac hat nano vang dién ra chAm hon. Sau khoang thoi
gian 15 — 20 phut u NaCl trong hé, qué trinh ngung tu AuNPs va phat hi¢n

khang sinh ampicillin xay ra rat it.

Dua vao két qua thu dugc tir phuong phap so mau di dong (Hinh 3.26),
cho thay ty 16 mau G/B hau nhu khong thay d6i & tat ca cac thoi gian u NaCl.
Su chénh I¢ch ¢ cac ty 1¢ mau: G/R va B/R dugc théy 0 0 khao sat nay. Cu thé,
& phut dau tién, ty 16 G/R va B/R thap hon rat nhiéu so voi phut thtr hai. Tur
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phut thtr 3 dén phut thtr 5 ty 16 G/R va B/R thay d6i khéng dang ké theo thoi
gian. Sau d0, cac ty 16 mau nay gan nhu khong thay doi khi thoi gian @ kéo dai
dén 20 phat. Chung t6 rang, thoi gian G NaCl c6 anh huong dén hé cam bién,

va thay r0 nhat ¢ cac khoang thoi gian dau tién.
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Hinh 3.26. Ty 1¢ mau thé hi¢n anh hwéng thoi gian i NaCl

Tir két qua ciia cac phuong phéap phéan tich UV — Vis va so mau di dong,
cho thay su tuong dong cua ca hai két qua. Thoi gian u NaCl ¢6 anh huong dén
hiéu qua cua hé cam bién 65— 10 phut dau. Tuy nhién, dé c6 thé tao hé cam
bién ¢6 hiéu qua, ¢ on dinh cao va c6 thé ing dung ca hai phuwong phap phan

tich, thot gian u NaCl thich hop dugc lya chon 1a 15 phut.

3.3. PAC TINH LY HOA CUA HE CAM BIEN NANO VANG -
APTAMER

3.3.1. DLS — Zeta

Kich thudce hat trong dung dich ciia hé AuNPs/Apt va AuNPs/Apt + NaCl
dugc xac dinh boi phd tan xa anh sang (DLS). Dit liéu DLS ¢6 thé xac dinh
kich thudc trung binh cua hat ciing nhu sy phan bd kich thuée trong dung dich.
Két qua DLS cho thay rang, hé cam bién AuNPs/Apt véi kich thudc trung binh
tir 70 — 120 nm, kich thudc thu dugc nhiéu nhat & khoang 100 nm (Hinh 3.27
A).

Két qua DLS cua hé AuNPs/Apt + NaCl (Hinh 3.27 B) cung cap kich
thudc ctia hé phan bd tir 10 — 140 nm, kich thuée tap trung & 120 nm. Ching
t6 rang, cac chudi aptamer c6 lién két voi cac hat nano vang, nén kich thudc

cua hé cam bién tang.



81

16 8
A _ B
124 i 3 6-
< AL <
~— =
¢ ~C
5 s 541
o H - W N N
0 HH Hm 0 HH HHHHHHH | | HHH
10 100 1000 10 100 1000
Puong kinh (nm) Puong kinh (nm)
o~ 1.0 C AuNPs/Apt
ﬁ. AuNPs/Apt + NaCl
< 0.81
N’
2 0.6
)
5 04
S o2
0.0 . : :
-400  -200 0 200 400

Thé Zeta (mV)

Hinh 3.27. Két qui DLS hé AuNPs/Apt (A) va AuNPs/Apt + NaCl (B), thé
Zeta (C)

Két qua phan tich gia tri thé zeta ciia hé AuNPs/Apt 1a —21.7 mV (Hinh
3.27 C), cho thay su 6n dinh twong d6i ctia hé nano. Tir d6, chirmg minh rang
hé nano vang — aptamer c6 do bén kha tét. Theo d6, hé cam bién AuNPs/Apt
khi ¢6 tac nhan NaCl (AuNPs/Apt + NaCl) tham gia cho két qua thé zeta & 1.9
mV. Chung té réng, khi ¢6 su tham gia cia tdc nhan NaCl, luc déy tinh dién
cua cac hat nano vang giam, dé bi két tu khi cac chudi aptamer tuong tac voi
chat muc tiéu va c6 thém tac nhan NaCl.

3.3.2. STEM — Mapping

Pé quan sat duoc su lién két giita cic hat nano va aptamer, cong nghé
STEM — Mapping duoc sit dung (Hinh 3.28). Két qua cho thy rang, cac nguyén
t6 cacbon (C), oxi (O) duoc phan bb dong déu trén toan hé. Nguyén té photpho
(P) va nito (N) ¢6 sy phan bd rd rang trén bé mit nano vang, Két hop véi su
phan bd céc nguyén t6 trén bé mat hé AuNPs (Hinh 3.5), cang ching minh
duoc sy hién dién cua cac chudi aptamer lién két xung quanh cac hat nano vang
ctia hé cam bién AuNPs/Apt.
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Hinh 3.29. Phé FT — IR ciia AuNPs (A) va AuNPs/Apt (B)
Pho hong ngoai (FT — IR) duoc tmg dung trong xac dinh cic nhém chirc
trong thanh phén hitu co cua h¢ nano vang — aptamer, sy hién dién cua cac lién
két hoa hoc khi aptamer lién két véi cac hat nano vang (Phu luc 1, 2). Két qua

phan tich cho thiy, ¢ ca hai mau c6 cac diy hap thy la twong tu nhau, diéu nay
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chira r.’?mg hé cam bién co sy hién dién ciia AuNPs va aptamer lién két véi nhau
(Hinh 3.29).

Két qua phd FT — IR cta nano vang (Hinh 3.29 A) xuat hién tin hiéu tai
vung 3425 cm! ddc trung dao dong gidn cua nhom O — H ctia nhom OH cua
trisodium citrate va H,O. Tin hiéu tai 1591 cm™ chi ra dao dong ctia nhom C
= 0. Su hién dién ciia nhom carboxylate (— COO —) c6 trong hop chét trisodium
citrate duoc thé hién & céac tin hiéu 1397 cm! va 1258 cm'. Tin hiéu & vi tri
1078 cm! thé hién cho su dao dong cia nhom C — O, dic trung cho cAu tric
hop chat trisodium citrate, cho thay trisodium citrate dong vai trd nhu chat lam

bén cho mau AuNPs sau tong hop.

Hé cam bién nano vang — aptamer (AuNPs/Apt) qua két qua phd hong
ngoai (Hinh 3.29 B) cho thay céc tin hiéu & vi tri 3424 cm™', 1592 cm™, 1399
cm’’, 1258 cm™', 1078 cm™! xuét hién tuong tu nhu ¢ miu nano vang. Pic biét,
tin hiéu xut hién & vung 1172 cm™ 1a tin hiéu dao dong lién quan cua lién két
phosphodiester (PO? ) ¢6 trong cau trac aptamer. O cac vi tri 614 cm™ va 844
cm’! cho thy su xuét hién ctua dudng deoxyribose hop chét quan trong trong

cAu truc aptamer (DNA).
3.3.4. SAED, TEM va HR - TEM

CAu trac tinh thé ctia vat liéu AuNPs/Apt duoc danh gia thong qua phuong
phép nhiéu xa electron viing chon loc (SAED). Két qua SAED cho thay su hinh
thanh cac hudng tinh thé dic trung cho cau tric hat nano vang voi mit phang
lién quan dén hudng tinh thé (111), (200), (220) va (311) (Hinh 3.30 A).

Quan sét tir anh TEM (Hinh 3.30 B) ctia hé cam bién AuNPs/Apt cho thy
cac hat nano vang khong co6 su thay doi vé kich thudc hat. Sy hién dién cua cac
chudi aptamer khong anh huong dén su phan b, kha nang phan tan cila cac hat
nano vang. Chiing minh ré“mg, khi chua c6 su hién dién cua ampicillin va tac

nhan NaCl, céac hat nano vang khong c6 su két tu va c6 mau do.
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Hinh 3.30. Anh SAED (A), TEM (B) va HR — TEM (C) ciia hé cdm bién
AuNPs/Apt, TEM (D) cua hé AuNPs/Apt@ampicillin + NaCl

Két qua quan sat dugc tir phuwong phap hién vi dién tir truyén qua d6 phan
giai cao (HR — TEM) ctia hé cam bién AuNPs/Apt (Hink 3.30 C), cho thay
khoang cach gifra cac van (mit phing tinh thé cta nano) 12 0.24 nm ~ 2.4 A.
Gia tri khoang cach nay phu hop vé6i khoang cach giira cic mit phang (111)
trong hat nano vang FCC tinh khiét (2.35 A). Tur d6, co thé thdy cac hat nano
trong hé AuNPs/Apt 14 cac hat nano vang c6 cau trac tinh thé FCC va tip trung
chu yéu & cac mat phang (111).

Tinh chit bé mit ciia hé AuNPs/Apt@ampicillin + NaCl duoc quan sat
qua anh TEM cua hé (Hinh 3.30 D) cho thdy: cac hat nano vang van ton tai 6
dang hinh ciu, nhung bi két ty, tap hop lai khi sy twong tac, lién két ctia Apt va
khang sinh xay ra. Do d6, hé cam bién da c6 su thay dbi tir mau doé sang mau

xanh/tim do su thay doi tinh chat bé mat cua vat liéu AuNPs.

3.4.XAY DUNG PUONG CHUAN AMPICILLIN
Ttr cac két qua khao sat diéu kién thich hop va cac tinh chit hoa Iy cia hé
cam bién nano vang — aptamer. Viéc xac dinh khoang tuyén tinh ndng do va

xdy dung dudng chuan ampicillin c6 ¥ nghia quan trong trong viéc phat trién
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va str dung hé cam bién. Xay dung dudng chuan cho phép dinh luong nhanh
chong va chinh xac ndng do khang sinh c6 trong mau.
3.4.1. Phuong phap quang phé UV — Vis

Két qua phan tich va xdy dung dudng chuan ampicillin cho hé cam bién
nano vang — aptamer st dung phuong phap do quang phd UV — Vis dugc thé
hién trong (Hinh 3.31).
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Hinh 3.31. Khodng tuyén tinh (A) va dwong chudn ampicillin tir 0.02 — 0.07

mg/mL (B) ciia h¢ cam bién nano vang — aptamer

D) thi biéu dién khoang tuyén tinh ctia ampicillin tir 0 dén 0.5 mg/mL
(Hinh 3.31 A), cho thay su gia ting cta gia trj ty 16 46 hap thu gitta hai budc
song 650 nm va 520 nm tir 0 dén 0.1 mg/mL. Nhung & ndong d6 ampicillin 1a
0.2 mg/mL va 0.5 mg/mL, ty 1& Asbagsons2o thay doi rat it, chimg to rang hé cam

bién di dat dén gidi han phat hién.

Két qua xay dung duong chuan khang sinh cho hé cam bién (Hinh 3.31
B), cho thay khi ting nong d6 ampicillin tir 0.02 mg/mL dén 0.07 mg/mL, hé
cam bién c6 su tuyén tinh v6i hé sb twong quan R? = 0.9884 va phuong trinh

ctia duong thang tuyén tinh la:
y = 15.5529 x — 0.0414 3-1)

P 1éch cua cac diém nong d6 khang sinh trong dudng chuan 13 mot phan
quan trong dé danh gia do tin cdy va chat lugng cua duong tuyén tinh da xay
dung. Va dugc kiém tra béng cach tinh lai néng do cua cac diém chuan thyc té

SO VOl néng do ly thuyét, tur do tinh ra gia tri dg 1€ch.
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A= x 100 (3-2)

Trong do:

Ai: D6 1éch ciia cac diém chuéan (%)

Cc: Nong do ly thuyét

Cr: Nong d6 tinh tir duong chuan

Két qua tinh toan d¢ 1énh cua cac néng do duoc thé hién qua bang 3.1.

Bing 3.1. P léch nong dé ciia dwong chuan sir dung phwong phap
UV - Vis

Nong dj Iy thuyét | Nong dp tinh tir dwong chuin | DO 1éch (%)

(mg/mL) (Cc) (mg/mL) (Cr) (A)
0.02 0.0209 4.13
0.03 0.0265 -13.25
0.04 0.0419 4.64
0.05 0.0495 -1.06
0.06 0.0623 3.66
0.07 0.0693 -0.98

Duya trén tiéu chudn cua cac t6 chic cia My va Chau Au gia tri A; nam
trong khoang -15 % < A; <15 % [57].

Qua bang két qua tinh toan do 1éch cac nong d6 cua duong chuan (Bdng
3.1), cho thay cac gia tri A; déu nam trong khoang gia tri cho phép. Ching to
rang, dudng chuan ampicillin 4p dung cho hé cam bién nano vang - aptamer
bang phuong phap quang pho UV — Vis dat yéu cau.

3.4.2. Phuwong phap so mau di dong

Ngoai phuong phép quang phd UV — Vis, phuong phap so mau di dong
duoc ng dung trong xic dinh khoang tuyén tinh va xay dung dudng chuan
ampicillin cho hé cam bién nano vang — aptamer. Két qua phan tich va xay

dung dudng chuan duogc thé hién trong (Hinh 3.32).
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Nong d6 ampicillin (mg/mL) Nong d6 ampicillin (mg/mL)

Hinh 3.32. Khodng tuyén tinh (A) va dwong chudn 6 cdc ty 1é mau G/B (B),
G/R (C) (D) va B/R (E)(F) 0 cdac khodng tuyén tinh khac nhau cua hé cam

bién nano vang — aptamer

D) thi thé hién két qua khoang tuyén tinh cta ampicillin tir 0 dén 0.5
mg/mL bang phuong phap so mau di dong (Hinh 3.32 A), cho thay & céc ty 1¢
mau G/R va B/R co gia tri ting dan khi nong d¢ ampicillin tang tir 0 — 0.07
mg/mL. Gi4 tri cta hai ty 1¢ mau G/R va B/R hau nhu khong thay d6i so véi
ndéng d6 ampicillin 0.07 mg/mL khi ting ndng d6 tir 0.08 mg/mL — 0.5 mg/mL.
Pong thoi, cac ndng do ampicillin tir 0 — 0.5 mg/mL, ty 16 mau G/B thay d6i

rat it.
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Két qua dudng chuin khang sinh cho hé cam bién st dung phuong phap
so mau di dong dugc xay dung bdi ba ty 1€ mau G/B, G/R va B/R (Hinh 3.32
B, C, D, E va F). Ty 1¢ mau G/B c6 & cac ndng do ampicillin c6 sy thay doi rat
nh6 (Hinh 3.32 B), nhung c6 thé thdy rang khi néng do ampicillin ting tir 0
mg/mL dén 0.03 mg/mL, ty 16 mau G/B giam dan va ghi nhan dugc su tuyén
tinh v6i hé sb tuong quang R2 = 0.9770 va phuong trinh duong chuan nhan
duoc la:
y = —0.5015x + 0.7917 (3-3)
Cung vé6i 4o, ty 16 mau G/R ap dung cho két qua kha quan, sy thay doi gia
tri ty 1 mau & cac nong do ampicillin tir 0 mg/mL dén 0.07 mg/mL c6 thé thay
10 (Hinh 3.32 C). Két qua cho biét hé s6 twong quan & khoang nong d6 0 — 0.07
mg/mL 13 R? = 0.9844 va phuong trinh dudng chuan nhan duoc 1a:
y = 3.6346x + 1.3021 (3—-4)
Ngoai ra, khoang noéng d6 ampicillin khac ciing dugc ap dung trong danh
gia kha niang tuyén tinh, xdy dung duong chuan cho ty 1& mau G/R 1a 0.02
mg/mL dén 0.07 mg/mL (Hinh 3.32 D). Két qua nhan dugc véi hé sb tuong
quan R?=0.9915 va phuong trinh tuyén tinh 1a:
y = 4.3835x + 1.2621 (3-5)
Tuong tu ty 16 mau G/R, & ty 1é B/R su thay doi gia tri ndy cling ting dan
khi tang cac nong d6 ampicillin trong khoang 0 — 0.07 mg/mL, thé hién sy tuyén
tinh gitra nong d6 khang sinh va ty 1é mau B/R (Hinh 3.32 E). O khoang tuyén
tinh ndy cho két qiia v6i hé sd R? = 0.9860 voi phuong trinh dudng chuan 1a:
y = 5.4100x + 1.6354 (3-06)
Péng thoi, ty 1¢ B/R con dugc sir dung xdy dung duong chuan trong
khoang nong d6 ampicillin tir 0.02 mg/ml — 0.07 mg/ml (Hink 3.32 F) véi hé
s6 tuong quan R2 = 0.9912 va phuong trinh duong chuan:

y =5.9910x + 1.6073 (3-7)

K¢ét qua phan tich va tinh toan do 1€ch nong d0 cua cac duong chuan s

dung phuong phap so mau dugc trinh bay ¢ bang 3.2.
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Bing 3.2. D) 1éch nong a6 dwong chuin sir dung phwong phap so mau

di dong
Tén phwong trinh Nong do ly Nong dé tinh tir | P9 chéch
dwong chuan theo | thuyét (mg/mL) | dwong chuin (%)
ty 1€ mau (Co) (mg/mL) (Cr) (A)
0.000 -0.0014 0.00
0.005 0.0037 -25.66
Green/Blue 0.010 0.0114 14.26
0.020 0.0198 -0.69
0.030 0.0276 -7.96
0.000 -0.0061 0.00
0.005 0.0050 0.37
0.010 0.0103 2.82
0.020 0.0125 -37.56
0.030 0.0246 -17.85
0.040 0.0393 -1.75
0.050 0.0553 10.59
Green/Red 0.060 0.0654 9.01
0.070 0.0713 1.91
0.020 0.0195 -2.60
0.030 0.0296 -1.46
0.040 0.0417 4.28
0.050 0.0550 9.95
0.060 0.0634 5.59
0.070 0.0683 -2.47
Blue/Red 0.000 -0.0037 0.00
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0.005 0.0067 34.31
0.010 0.0128 27.54
0.020 0.0164 -18.11
0.030 0.0285 -5.00
0.040 0.0389 -2.67
0.050 0.0560 11.93
0.060 0.0626 4.27
0.070 0.0676 -3.38
0.020 0.0195 -2.60
0.030 0.0304 1.42
0.040 0.0398 -0.38
0.050 0.0552 10.46
0.060 0.0612 1.97
0.070 0.0658 -6.05

Tt cac két qua tinh todn do léch cua cac nong dd chuan tir dudng chuan
thu dugc ¢ cac ti 1€ mau va khodng nong do ampicillin tuyén tinh. Va can cu

trén ti€u chuan cua céc to6 chuc cua My va Chau Au gid tri A; nam trong khoang

15%< A <15 % [57].

Hai ti 16 mau G/R va B/R trong khoang nong do tuyén tinh 13 0.02 — 0.07
mg/mL, cho théy do léch néng dd chuén déu dat yéu cau cua mot duong chuin
duogc danh gia 1a dang tin cay va chinh xac.

Chung to rang, hai dudng chuan c6 khoang ndng do tuyén tinh tir 0.02 —
0.07 mg/ml véi ti 1€ mau G/R va B/R ((3—-35), (3 — 7)) dugc st dung trong xac
dinh va dinh luong khang sinh st dung phuong phap so mau di dong trén nén

vat liéu nano vang — aptamer.
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3.5. THAM PINH PHUONG PHAP PHAN TiCH
3.5.1. Gi&i han phat hién va gidi han dinh lwong

Phuong phap xéac dinh gid tri gio1 han phat hién (LOD) va gidi han dinh
lwong (LOQ) duogc tinh toan dua trén duong chuan khang sinh di dugc xay
dung v6i hai thiét bi phan tich: UV — Vis va may so mau di dong. Gia tr1 LOD,
LOQ dugc tinh theo cong thirc (2 —2) va (2 — 3), két qua nhu sau:

<o Phwong phdp quang phé UV — Vis

Tt phuong trinh dudng chudn ( 3 — 1) duoc xay dung bang phuong phép
quang phd UV — Vis, ta co:

Hé s6 goc a = 15.5529

Hé s6 chin intercept b=—-0.0414

D¢ 1¢ch chuan SD = 0.03

Str dung cong thure tinh gia tri LOD (2 -2) va LOQ (2 — 3) dva trén phuong

trinh duong chuin:

LOD—33><SD—33>< 0.03 —00064mg
o a 15.5529 mL

LOQ =10 X SD _ 10 % 008 _ 00193mg
Q= a 15.5529 mL

X/

<> Phuwong phap may so mau di dong
Ty l¢ Green/Red

Tt phuong trinh dudng chuan (3 — 5) dugc xay dung bang phuwong phap
may so mau di dong voi ty 1& Green/Red va khoang ndng d6 tuyén tinh tir 0.02

—0.07 mg/mL, ta c6 cac hé s6 sau:
Hé s6 goc a =4.3835
H¢ ) chan intercept b = 1.2621
D¢ 1éch chuan SD = 0.009

Str dung cong thure tinh gia tri LOD (2 -2) vaLOQ (2 — 3) dua trén phuong
trinh hoi quy tuyén tinh:



92

SD 0.009 mg
LOD =33 X == =33 X = = 00068~
100 =10 x 22 = 10 x 299 _ 4 0205™4
a 4.3835 mL

Ty l¢ Blue/Red

Tuong ty v&i cong thic tinh todn gia tri LOD va LOQ cia duong chuan
thé hién mdi quan hé gitra nong do ampicillin va ty 1¢ mau G/R, gia tri LOD va
LOQ cua phuong trinh dudng chuan dugc xay dung giira ty 16 B/R va nong do

khang sinh véi cac h¢ so lan luot la:

a=5.9910
b=1.6073
SD=0.011

Puoc xac dinh nhu sau:

SD 0.011 mg
LOD =33 X — =33 X 7o = 0.0061—
SD 0.011 mg
L0Q =10 X — =10 X g5o0s=0.0184—

Két luan: Tu cac két qua gia tr1 LOD va LOQ tinh toan dugc qua céc
phuong trinh dudng chuén cta hai phuong phap phan tich cho thay, gidi han
phat hién cua ca hai phuong phap gan bang nhau. O phuong phap quang phd
UV — Vis, gia tri LOD = 0.0064 mg/mL, LOQ = 0.0193 mg/mL. Pong thoi,
phuong phap sir dung may so mau di dong, phuong trinh duong tiép tuyén cua
hai ty 1€ mau G/R, B/R c6 gidi han phat hi¢n LOD = 0.0068 mg/mL va 0.0061
mg/mL, giéi han dinh lugong LOQ = 0.0205 mg/mL va 0.0184 mg/mL.

Ttr d6 c6 thé két luan rang, & phuong phap so mau khi str dung ty 1& mau
B/R c6 thé phat hién va dinh luong dugc nong do khang sinh thap hon khi sir
dung quang phé UV — Vis. Bic biét, voi sy tién loi, nho gon, gia thanh thép,
phat hién nhanh, khong can thu thap mau vé phong thi nghiém, cung véi gidi
han phat hién va dinh luong khang sinh thip hon phuong phap UV — Vis, cho
thay phuong phap sir dung méy so mau di dong c6 loi thé hon.
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3.5.2. D¢ dung

Tham dinh phuong phap phan tich trong hoa hoc qua viéc danh gia do
dung va duoc tinh thong qua do thu hoi. Do thu hdi duge thyc hién bang viée

1ap lai cac mAu thir nghiém bang khang sinh chuén.

Va két qua tham dinh phuong phap qua d6 dung thuc hién bang phuong

phap UV — Vis (Phu luc 3) duogc thé hién & (Bang 3.3).

Bing 3.3. Két qua khao sat dd ding biang phwong phap UV - Vis

Ham lwong | Nong do phat hién | Do thu hoi
. . HorRat (r)
spike (mg/mL) | trung binh (mg/mL) (%)
0.02 0.0209 104.58 0.5
0.035 0.0344 98.14 1.1
0.07 0.0693 98.94 0.3

Két qua tham dinh phuong phap qua d6 ding thuc hién bang phuong phap

so mau (Phu luc 4, 5) duoc thé hién ¢ bang 3.4 va 3.5.

Bang 3.4. Két qua khao sat d9 ding & ty 1¢ G/R

Ham lwong | Nong do phat hién | Do thu hoi
. . HorRat (r)
spike (mg/mL) | trung binh (mg/mL) (%)
0.020 0.0202 101.24 1.12
0.035 0.0354 101.17 1.01
0.070 0.0702 100.22 0.40
Bing 3.5. Két qua khao sat do ding & ty 1¢ B/R
Ham lwong | Nong @6 phat hién | Do thu hoi
. . HorRat (r)
spike (mg/mL) | trung binh (mg/mL) (%)
0.020 0.0204 102.13 1.21
0.035 0.0356 101.68 0.53
0.070 0.0698 99.75 0.40




94

Do 1éch chuan tuong ddi & ca ba ham luong dugc danh gia theo gia tri
HorRat(r). B dung cua phuong phap dang tin cdy khi 0.3 < HorRat(r) < 1.3.
Két qua cho thiy ca ba gia tri déu co d6 léch chuan tuong déi & trong khoang
cho phép (1.21, 0.53 va 0.4).

Hiéu suat thu hdi trung binh ca hai phwong phap st dung cé gia tri trong
khoang 99.75 % dén 102.13 %. Ching t6 rang, d6 thu hdi cao, va dat trong yéu
cau cho phép tir 95 % dén 105 %.

3.5.3. Do lap va tai lap

» D¢ lap

D4 1ap cua phuong phap duoc thuc hién tai ba néng do khac nhau: 0.03,
0.045 va 0.06 mg/mL, 13p lai 6 1an trong cling mdt ngay, & cing mot diéu kién.
Két qua thu dugc bang phuong phap quang phd UV — Vis (Phu luc 6) dugc thé
hién & bang 3.6.

Bing 3.6. Két qua dd Lip biang phwong phap UV — Vis

Ham lwgng Nong @6 phat hién
. . RSD: % HorRat (r)
spike (mg/mL) | trung binh (mg/mL)
0.030 0.0298 1.5566 0.98
0.045 0.0454 0.9063 0.82
0.060 0.0608 1.0767 1.07

Két qua thAm dinh phuong phap qua yéu t6 do lap, st dung may so mau
di dong (Phy Iuc 7, 8) duoc thé hién & (Bdng 3.7 va 3.8).

Bing 3.7. Két qua danh gia do 1ip & ty 16 mau G/R

Ham lugng Nong dd phat hién

. . RSD: % HorRat (r)
spike (mg/mL) | trung binh (mg/mL)
0.030 0.0300 2.8672 1.158
0.045 0.0451 0.8644 0.70

0.060 0.0601 0.8609 0.78
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Bing 3.8. Két qua danh gia do 1ip & ty 16 mau B/R

Ham lugng Nong do phat hién
. . RSD: % HorRat (r)
spike (mg/mL) | trung binh (mg/mL)
0.030 0.0302 1.8315 0.98
0.045 0.0451 1.0986 0.77
0.060 0.0604 0.8138 0.67

Pé danh gia d6 1ap cua phuong phap & ca ba ham luong dat yéu cau va
dang tin cdy, gia tri HorRat(r) dugc st dung dé so sanh. Do lap cua phuong
phap dang tin cay khi 0.3 < HorRat(r) < 1.3. Két qua cho thay cé ba gia trj déu
c6 d6 1éch chuan tuong ddi cua do lap trong khoang cho phép (1.21, 0.53 va
0.4).

% D¢ tai lap

Tuong tu d6 lap, 46 tai 1ap duoc thuc hién dé danh gia, tham dinh phuong
phéap. Do tai ldp cua phuong phap duogc thuc hién tai ba néng do khac nhau:
0.03, 0.045 va 0.06 mg/mL, 13p lai 3 lan cho mdi néng dd va thuc hi¢n trong
ba ngay. Két qua thu duoc bang phuong phap quang phd UV — Vis (Phu luc 9)
duogc thé hién & (Bdng 3.9).

Bing 3.9. Két qua dd tai lip bang phwong phap UV — Vis

Ham lwgng Nong @6 phat hién
. . RSD: % HorRat (r)
spike (mg/mL) | trung binh (mg/mL)
0.030 0.0299 0.6911 0.53
0.045 0.0452 0.8098 0.46
0.060 0.0604 0.8635 0.42

Két qua tham dinh phuong phap qua yéu t6 do tai lap, sir dung may so
mau di dong (Phu luc 10, 11) két qua duoc thé hién & (Bdng 3.10 va 3.11) nhu

Sau:
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Bing 3.10. Két qua dé tai lip & ty 1é G/R

Ham lugng Nong do phat hién
. . RSD: % HorRat (r)
spike (mg/mL) | trung binh (mg/mL)
0.030 0.0301 2.8621 1.1
0.045 0.0452 1.4042 0.96
0.060 0.0603 1.1369 0.82
Bing 3.11. Két qua dé tai lip & ty 1¢ B/R
Ham lwgng Nong @6 phat hién
. . RSD: % HorRat (r)
spike (mg/mL) | trung binh (mg/mL)
0.030 0.0301 2.8621 1.07
0.045 0.0452 1.4042 0.96
0.060 0.0603 1.1369 0.71

Do tai 1ap ctia phuong phap ¢ ca ba ham luong dugc danh gia dat yéu cau
va dang tin cay thong qua gia tr1 HorRat(r). Do tai 1ap ctia phuong phap dang
tin cay khi 0.5 < HorRat(r) < 2. Két qua cho thiy ca ba gia tri déu c6 do léch

chuan twong d6i cua do tai lap trong khoang cho phép (1.21, 0.53 va 0.4).

3.5.4. D chon lgc

Do chon loc cua hé cam bién khang sinh duoc danh gia br?mg cach st dung

hé cam bién dé phat hién mot s6 tac nhan khac. Két qua do dac hiéu duoc thé

hién qua (Hinh 3.33).
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Hinh 3.33. Anh hwéng ciia cdc tic nhin khdc dén hé cim bién

Quan sat két qua khao sat do chon loc ciia hé cam bién nano vang —
aptamer (Hinh 3.33) c6 thé thdy rang, voi cac tic nhan nhu: chloramphenicol,
enrofloxacin, hop chat quinolone 18 chat, bovine serum albumin (BSA), ion
Ca**, Mg?", glucose, fructose va lactose déu ¢ anh huong dén hé cam bién, cac
ty 1& Asbagsoraszo & gid tri gan hodc thap hon 0.2. Tuy nhién, so vi miu doi
chtng (khéng c6 ampicillin) thi cac tac nhan nay hau nhu khéng lam anh hudng
dén hé. Su c6 mit khéng sinh ampicillin, h¢ cam bién co ty 1€ Asbasso/aszo tang
cao. Ching t6 rang, hé cam bién nano vang — aptamer phat hién khang sinh

ampicillin c6 d§ chon lgc tot véi cac tac nhan khao sat.

3.6. PHAN TiCH MAU THUC

Cac mau thém vao duoc xir Iy va phan tich bang cac phuong phap khac
nhau: UV — Vis, so mau di dong va sic ky 1ong hiéu nang cao (HPLC). Két qua
duogc thé hién ¢ (Bdng 3.12).

Két qua duoc thuc hién khi cho néng d6 (thém vao) ampicillin vao trong
stta v6i 3 nong d6 khac nhau. Sau qua trinh xtr Iy mau bang phuong phap ly
tam loai béo, cac mau dugc danh gia néng d6 ampicillin bang vat liéu
AuNPs/Apt qua hai phuong phap phan tich UV — Vis va so mau di dong (Phu
luc 12), dong thoi cac mau cling duoc giri xac dinh ham luong ctia ampicillin
trong sira, thong qua phuong phap HPLC tai Trung tdm dich vu phan tich thi
nghiém Thanh phd H6 Chi Minh — CASE.
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Két qua phan tich st dung vat liéu nano vang — aptamer véi phuong phap
do quang phd UV — Vis, voi ham luong khang sinh trung binh cta ba mau phat
hién dugc so voi cac ndng do thém vao 0.02, 0.035, 0.05 mg/mL lan luot 13
0.0151, 0.0245, 0.0403 mg/mL. Khi st dung phuong phap so mau di dong & ty
1¢ mau G/R, ham luwong ampicillin trung binh ¢6 thé dinh lwong duoc 1an luot
la: 0.0165, 0.0250 va 0.0413 mg/mL. Tuong tu, voi ty 1€ mau B/R cac ham
lwgng khang sinh trung binh dinh luong trong mau 13 0.0163, 0.0245 va 0.0417
mg/mL. V&1 phuong phap HPLC, ham lugng khang sinh dinh luong dugc trong
cac mau thém vao 0.02, 0.035 va 0.05 mg/mL lan luot 14 0.0138 mg/mL (Phu
luc 15), 0.0227 mg/mL (Phu luc 14) va 0.0290 mg/mL (Phu luc 13) (Bdng
3.12).

Bing 3.12. Két qua phan tich mau thyc

Tén phwong phép Nong do phat | Nong do mau
phan tich hién trung thém vao Do 1éch (%)
binh (mg/mL) (mg/mL)

0.0138 0.020 69.00

HPLC 0.0227 0.035 64.86

0.0290 0.050 58.00

0.0151 0.020 75.50

UV - Vis 0.0245 0.035 70.00

0.0403 0.050 80.06

0.0165 0.020 82.50

G/R 0.0250 0.035 71.43

So miu 0.0413 0.050 82.60

0.0163 0.020 81.50

B/R 0.0245 0.035 70.00

0.0417 0.050 83.40

So sanh cac két qua dinh lwong ham luong khang sinh phat hién duoc véi
ham luong khang sinh ¢6 trong mau thém vao bang cac phuong phap phan tich
khac nhau (Bdng 3.12) da chi ra rang, phuong phap phan tich HPLC dbi véi
cac mau sira, da chi ra ham lugng ampicillin phat hién dugc c6 d6 sai léch voi
noéng do cac mau thém vao voi ty 18 tir 58 — 69%.

V61 phuong phéap tuong tu, ching t61 da xac dinh ham lugng ampicillin
str dung phuong phap UV — Vis cho thdy ham luwong khang sinh dinh luong
duoc véi cac mau thém vao co do 1éch trong khoang 70 — 80%.
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Trong khi d6, phuong phap so mau di dong duoc xac dinh, cho thiy ty 16
ampicillin c6 d6 sai léch véi mau thém vao trong ving 71 — 82%.

Két qua da chi ra rang, phuong phap so mau di dong c6 thé duoc thay thé
cho cac phuong phap trong phong thi nghi¢m trong xac dinh ham lugng khéng
sinh ampicilin sit dung h¢ cam bién duoc ché tao, téng hop trén vat li€éu nano

vang — aptamer.
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KET LUAN VA KIEN NGHI

Két lun

Ttr cac két qua nghién ctru trén hé AuNPs/Apt tng dung trong phan tich
khang sinh ampicillin dyua trén thiét bi so mau UV — Vis va thiét bi so mau di

dong, chung t61 rat ra:
Nano vang duoc tong hop véi quy trinh 6n dinh, c6 kich thude 15 nm.

H¢ cam bién nano vang — aptamer da xac dinh duogc cac dicu kién thich

hop dé nang cao hiéu qua cam bién khang sinh ampicillin.
Vit liéu cam bién AuNPs/Apt c6 do chon loc tdt & mot sb tac nhan khac.

Xay dung duoc dudng chuan dinh lwong khang sinh bang hai phuong
phéap: quang phd UV — Vis va so mau voi khoang tuyén tinh tir 0.02 mg/mL
dén 0.07 mg/mL.

Gi6i han phat hién, dinh luong cta hai phuong phap lan luot 1a:
- UV-Vis

LOD = 0.0064 mg/mL
LOQ =0.0193 mg/mL
- So mau di dong
G/R

LOD = 0.0068 mg/mL
LOQ =0.0205 mg/mL
B/R

LOD =0.0061 mg/mL
LOQ =0.0184 mg/mL

Phan tich ham lugng khang sinh ampicillin trén mau sita di duoc thuc
hién cho thdy phuong phéap phan tich sir dung may so mau di dong két hop véi
kit test AuNPs /Apt, c6 thé ap dung dé thay thé cac thiét bi phan tich trong
phong thi nghiém.
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Kién nghi

Ap dung hé cam bién AuNPs- Apt dé danh gia ham luong khang sinh trén
cac mau thuc khac nhu thit, ca, ...

Ap dung phuong phap so mau di dong dé danh gia ham luong khang sinh
tai hién truong.

Xay dung va kiém tra phuong phap phan tich mau thuc. Thdng nhat cach

xtr Iy mau trude khi giri mau di kiém tra, phan tich.
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PHU LUC

Phu luc 1. Két qua phan tich FT — IR cho hé nano AuNPs
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Phu luc 2. Két qua phén tich FT — IR cho hé cam bién nano AuNPs/Apt
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Phu luc 3. Bang két qua khao sat do ding bang phwong phap UV — Vis

Ham S6 | Ham Do
N Trung
lwgng lan | luwgng . thu RSD; | HorRat
binh 5 SD
spike lap thu hoi % (r)
: (mg/mL)
(mg/mL) | lai dugc (%)
1 0.0210
2 0.0209
0.02 0.0209 | 104.58 | 0.0001 | 0.2983 0.5
3 0.0209
4 0.0208
1 0.0342
2 0.0341
0.035 0.0344 | 98.14 | 0.0003 | 1.0637 1.1
3 0.0349
4 0.0342
1 0.0694
2 0.0693
0.07 0.0693 | 98.94 | 0.0001 | 0.1379 0.3
3 0.0691
4 0.0692
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Phu luc 4. Két qua khao sat do dang bang phuong phap so mau di dong
su dung ty 1€ G/R

Ham S6 | Ham Po
N Trung
luwgng lan | luwong thu RSD; | HorRat
binh X SD
spike l1ap thu hoi % (r)
. (mg/mL)
(mg/mL) | lai duogc (%)
1 0.0206
2 0.0198
0.02 0.0202 | 101.24 | 0.0004 | 2.1539 | 1.12
3 0.0207
4 0.0200
1 0.0353
2 0.0363
0.035 0.0354 | 101.17 | 0.0007 | 2.2184 | 1.01
3 0.0357
4 0.0344
1 0.0703
2 0.0699
0.07 0.0702 | 100.22 | 0.0002 | 0.3450 0.4
3 0.0704
4 0.0701
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Phu luc 5. Két qua khao sat do dang dung bang phuong phap so mau di

dong str dung ty 1€ B/R

Ham S6 | Ham Po
N Trung

luwgng lan | luwong thu RSD; | HorRat

binh X SD

spike l1ap thu hoi % (r)
. (mg/mL)

(mg/mL) | lai duogc (%)
1 0.0214
2 0.0198

0.02 0.0204 | 102.13 | 0.0006 | 3.2021 1.21
3 0.0203
4 0.0203
1 0.0355
2 0.0359

0.035 0.0356 | 101.68 | 0.0002 | 0.6990 | 0.53
3 0.0357
4 0.0353
1 0.0703
2 0.0699

0.07 0.0698 | 99.75 |0.0002 | 0.3969 0.4
3 0.0704
4 0.0701
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Phu luc 6. Két qua do lap bang phuong phap UV — Vis

Ham Ham
lwong | S614an | lwong | Trung binh D RSD: | HorRat
spike | l1ap lai thu (mg/mL) % (r)
(mg/mL) dwugc
1 0.0296
2 0.0296
3 0.0295
0.03 0.0298 0.0004 | 1.5566 0.98
4 0.0302
5 0.0306
6 0.0295
1 0.0453
2 0.0455
3 0.0447
0.045 0.0454 0.0004 | 0.9063 0.82
4 0.0460
5 0.0454
6 0.0456
1 0.060966
2 0.061526
3 0.061146
0.06 0.0608 0.0006 | 1.0767 1.07
4 0.061324
5 0.059817
6 0.060305
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Phu luc 7. Két qua danh gia do lip ding bang phuong phap so mau di

dong st dung ty 1€ mau G/R
Ham
lwgng Ham
mau S6 lan lwgng | Trung binh SD RSD: HorRat
thém | lap lai thu (mg/mL) % (r)
vao dwgc
(mg/mL)
1 0.0295
2 0.0309
3 0.0309
0.03 0.0300 0.0008 | 2.8672 1.158
4 0.0292
5 0.0306
6 0.02915
1 0.0458
2 0.0450
3 0.0451
0.045 0.0451 0.0004 | 0.8644 0.70
4 0.0450
5 0.0449
6 0.0446
1 0.0598
2 0.0603
3 0.0604
0.06 0.0601 0.0005 | 0.8609 0.78
4 0.0597
5 0.0596
6 0.0609
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Phu luc 8. Két qua danh gia do lip ding bang phuong phap so mau di

dong st dung ty 1€ mau B/R
. Ham
Ham
£ x| luwong .
lwgng | So lan Trung binh RSD: | HorRat
) . thu SD
spike | 1ap lai (mg/mL) % (r)
(mg/mL) duge
5 (mg/mL)
1 0.0304
2 0.0297
3 0.0303
0.03 0.0302 0.0005 | 1.8315 0.98
4 0.0310
5 0.0294
6 0.0301
1 0.0446
2 0.0456
3 0.0456
0.045 0.0451 0.0005 | 1.0986 0.77
4 0.0449
5 0.0445
6 0.0454
1 0.0608
2 0.0604
3 0.0595
0.06 0.0604 0.0004 | 0.8138 0.67
4 0.0609
5 0.0606
6 0.0603
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Phu luc 9. Két qua do tai lap bang phuong phap UV — Vis

Ham lwgng thu dwgc

Ham | S6 Trung
lwong | lin (mg/mL) binh SD RSD., | HorRat
spike | lip (mg/ % (r)
(mg/mL)| lai | Ngay 1| Ngay 2| Ngay 3| mL)
1 10.0301 | 0.0297 | 0.0298
0.03 2 10.0296 | 0.0300 | 0.0297 | 0.0299 | 0.0002 [0.6911| 0.53
3 10.0298 | 0.0298 | 0.0302
1 ]0.0458 | 0.0450 | 0.0451
0.045 2 10.0451 | 0.0454 | 0.0457 | 0.0452 | 0.0003 [0.8098| 0.46
3 10.0449 | 0.0448 | 0.0449
1 ]0.0609 | 0.0607 | 0.0607
0.06 2 10.0604 | 0.0609 | 0.0599 | 0.0604 | 0.0005 [0.8635| 0.42
3 |0.0606 | 0.0593 | 0.0602
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Phu luc 10. Két qua d¢ tai lip ding bang phuong phap so mau di dong str
dung ty 1€ G/R

Ham luwgng thu dugc

Ham | S6 Trung

X (mg/mL) .
lwgng | lan binh SD RSD; | HorRat
spike | Lip (mg/ % (r)

(mg/mL)| lai | Ngay 1| Ngay 2| Ngay 3| mL)

1 0.0292 | 0.0299 | 0.0292

0.03 2 10.0311]0.0293|0.0309 | 0.0301 | 0.0008 |2.8621| 1.1
3 10.0310 [ 0.0311 | 0.0296
1 |0.0458 | 0.0445 | 0.0457

0.045 0.0464 | 0.0453 | 0.0449 | 0.0452 | 0.0006 [1.4042| 0.96

W | DN

0.0444 | 0.0450 | 0.0451

1 10.0602 | 0.0608 | 0.0592

0.06 2 10.0592 | 0.0607 | 0.0601 | 0.0603 | 0.0006 [1.1369| 0.82

3 10.0609 | 0.0610 | 0.0606
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Phu luc 11. Két qua d¢ tai lip ding bang phuong phap so mau di dong str

dung ty 1€ B/R
, Ham luwgng thu dugc
Ham | S6 Trung
. (mg/mL) .
lwgng | lan binh SD RSD; | HorRat
spike | Lip (mg/ % ()
(mg/mL)| lai | Ngay 1| Ngay 2| Ngay 3| mL)
1 ]0.0296 | 0.0303 | 0.0294
0.03 2 10.0308 | 0.0301 | 0.0308 | 0.0301 | 0.0008 2.8621| 1.07
3 10.0306|0.0292 | 0.0315
1 ]0.0450 | 0.0445 | 0.0454
0.045 2 10.0448 | 0.0449 | 0.0443 | 0.0452 | 0.0006 {1.4042| 0.83
3 10.0454 | 0.0458 | 0.0452
1 ]0.0609 | 0.0606 | 0.0592
0.06 2 10.0598 | 0.0604 | 0.0606 | 0.0603 | 0.0006 |1.1369| 0.71
3 10.0605 | 0.0610 | 0.0610




Phu luc 12. Két qua phan tich mau qua cic phuong phép

120

Nong d9 | vy _ i S0 mau HPLC
mau spike (mg/mL) (mg/mL) (mg/mL)
(mg/mL) G/R B/R
0.020 0.0152 0.0165 0.0164
0.035 0.0149 0.0164 0.0162 0.0138
0.050 0.0151 0.0167 0.0164
0.020 0.0245 0.0249 0.0247
0.035 0.0244 0.0252 0.0243 0.0227
0.050 0.0247 0.0248 0.0245
0.020 0.0405 0.0412 0.0417
0.035 0.0402 0.0415 0.0418 0.0290
0.050 0.0402 0.0413 0.0415
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Phu luc 13. Két qua phan tich HPLC mau spike ndng do 0.05 mg/mL
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") Phuong phap duge VILAS cdng nhan/ Method is accreditated by VILAS.

Phu triach phong thir nghiém/
Officer in charge of laboratory

Ny Koy Diing

1/ KET QUA NAY CHI CO GIA TR TREN MA
2/Théng tin vé mau dugc ghi theo yéu ca
3/ Khong dugc sao chép toan b hodc mé

TUQ. GIAM POC / PER PRO. DIRECTOR
TRUGNG PHONG/ HEAD OF DIVISION

Nguyén Quc Hing

THIS RESULT IS ONLY VALID ON TESTED SAMPLE.
1a khach hang/The sample information is written as customer’s request.
két qua nay du6i bat ky hinh thic nao néu khong duoc sy déng ¥ bang van ban clia CASE/
in any form without prior permission in writing from CASE.

No fully or partial of this result may be repr:

91021 k Dak 9
L] 18001105 (8
®] (84.28) 39 -
=)

P. Phu Thi, Q. Cai Rang, TP. Can Tho & Héng Phong II, PPhudc Hai, Nha Trang, Khanh Hoa

ongmientrung@casevn

@ WWw.Case.vn
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Phu luc 14. Két qua phan tich HPLC mau spike nong d6 0.035 mg/mL

A . . P 1/1 - MM12405.031114462
S KHOA HOC VA CONG NGHE TPHO CHI MINH

C A S E DEPARTMENT OF SCIENCE AND TECHNOLOGY
‘ ‘ TRUNG TAM DICH VU PHAN TICH THI NGHIEM TP. HG CHI MINH
CENTER OF ANALYTICAL SERVICES AND EXPER/MENTAT/ON HCMC

VIMCERTS
147

afag

’ ‘ ~ . g 2 L)
Mii s6 mau/ Sample code KET QUA THU NGHIEM BMKD 03/1 - LBH 01

VINI 124050311 14462 TEST REPORT Neay/ Date: 1310572024
I'én khach hang/ Customer : INSTITUTE OF CHEMICAL TECHNOLOGY
Dia chi/ Address : 01A, THANH LOC 29 STREET, THANH LOC WARD, DISTRICT 12,

HO CHI MINH CITY, VIET NAM
Tén maw/ Name of sample : MILK - M2
S6 luong/ Quantity B
Mo t4 maw/ Sample description : Liquid.
Ngay nhan mau/ Date of receiving : May 03, 2024
Ngay hen tra KH/ Date of issue : May 10, 2024
STT/  Chi tiéu kiém nghiém/ | Pon vi tinh/ Két qua/ Phwong phap/
No | Parameters Unit Result Test method
l Ampicillin mg/L 22.7 CASE.SK.0010 (2023)

(*) Phuong phap dugc VILAS cdng nhan/ Method is accreditated by VILAS.

TUQ. GIAM BOC / PER PRO. DIRECTOR

Phu trach phong thir nghiém/
TRU HONG/ HEAD OF DIVISION

Officer in charge of laboratory

8, PHAN TicH THING
T\ THANHPHO

Nuyon Huy Diing Nguyén Quée Hing

J/THIS RESULT IS ONLY VALID ON TESTED SAMPLE.
hach hang/The sample information is written as customer’s request.

3/ Khong dugc sao chép toan bd hodc &t qua nay du6i bét ky hinh thifc nao néu khéng duoc sy déng y béng van ban clia CASE/
No ful!y or partial of this re: ull may bL eproduced in any form without prior permission in writing from CASE.
N Tk VP B {MIEN T

P. P! AThu Q. Caw Rang, TP.Can Tho (9] STH27. TL ¥

1/ KET QUA NAY CHI CO GIA TR| TRE!
2/Théng tin vé méu dugc ghi theo yé

8, aucng 8& KDT Lé Héng Phong II, PPhudc Ha\ \Ih Trang, Khanh Hoa

01021 . n Tk Dak 2 Ol
118001105 (8 [¢] (84.258) 246 5255
®) (842 9 o@casevn [®] (84.258) 246 5355

=] caset (@] vanphongmientrung@casevn

@ Www.Casevn
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Phu luc 15. Két qua phan tich HPLC mau spike ndng d6 0.02 mg/mL

P 1/1 - MM12405.031114463
SO KHOA HOC VA CONG NGHE TPHO CHI MINH

A S E DEPARTMENT OF SCIENCE AND TECHNOLOGY

“‘ TRUNG TAM DICH VU PHAN TICH THI NGHIEM TP. HO CHI MINH

VIMCERTS
147

' A x - et ’
Mai s6 mau/ Sample code KET QUA THU NGHIEM BMKD 03/1 - LBH 01

| 12405031 1446 TEST REPORT Naiy/ Date: 130512024
Tén khach hang/ Customer : INSTITUTE OF CHEMICAL TECHNOLOGY
Dia chi/ Address : 01A, THANH LOC 29 STREET, THANH LOC WARD, DISTRICT 12,
HO CHI MINH CITY, VIET NAM
Tén maw/ Name of sample : MILK - M3
S6 luong/ Quantity 2l
Mo ta maw/ Sample description : Liquid.
Ngay nhan maw/ Date of receiving : May 03, 2024
Ngay hen tra KH/ Date of issue : May 10, 2024
STT/  Chi tiéu kiém nghiém/ | Pon vi tinh/ Két qua/ Phwong phap/
No | Parameters Unit Result Test method
1 Ampicillin mg/L 13.8 CASE.SK.0010 (2023)

(*) Phuong phap dugc VILAS cong nhan/ Method is accreditated by VILAS.

TUQ. GIAM POC / PER PRO. DIRECTOR

Phu triach phong thir nghiém/ > )
TRUONG PHONG/ HEAD OF DIVISION

Officer in charge of laboratory

r u
P

x ahz,
gl Koy Ding Nguyén Quoc Hing

1/ KET QUA NAY CHi CO GIA TR TREN MAU THU/THIS RESULT IS ONLY VALID ON TESTED SAMPLE.

2/Théng tin vé mau dugc ghi theo yé hach hang/The sample information is written as customer’s request.
3/ Khéng duge sao chép toan bé hodc an két qua nay dudi bat ky hinh thic nao néu khéng dugc sy déng y bang van ban ctia CASE/
No fully or partial of this result may be reproduced in any form without prior permission in writing from CASE.

. = VP DAIDIENMIENTRUNG = S s - _—_ -
9] 0 d P. Bakao, Q 9] F2-67, F2-68, Budng s6 6, P. Phu Thit, Q. Céi Rang, TP.Can The (0] S , Dudng 8E, KDT Lé Héng Phong II, PPhudc Hai, Nha Trang, Khanh Hoa
/18001105 (8 ! 3 3918 218 6 5255
®) (842 ) - Dcasevn ; (@] (84.258) 246 5355
@] casehcm@ca: [®] vanphongmientrung@casevn

@ wWww.casevn




VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Péc lap - Ty do - Hanh phic
HQC VIEN KHOA HQC VA CONG NGHE

Ha Néi, ngay Ao thdng E nam 2024
sé: A39 /IQD-HVKHCN

QUYET DINH
V& viée thanh lap Hi dong danh gi ludn vin thac si

GIAM POC
HOQC VIEN KHOA HQC VA CONG NGHE

Cén cir Quyét dinh sé 303/QD-VHL ngay 01/3/2023 cua Chu tich Vién Han lam
Khoa hoc va Cong nghé Viét Nam vé viéc ban hanh Quy ché to chirc va hoat dong cua
Hoc vién Khoa hoc va Céng nghé;

Cdn etk Théng tie s6 23/2021/TT-BGDDT ngay 30/8/2021 cua B¢ truong B¢ Gido
duc va Pao tao vé viéc ban hanh Quy ché dao tao trinh do thac si;

Can cir Quyét dinh so 1966/QD-HVKHCN ngay 28/1 2/2021 cua Gidm déc Hoc
vién Khoa hoc va Cong nghé vé viéc ban hanh Quy ché dao tao trinh do thac si;

Can cir Quyét dinh s6 896/QD-HVKHCN ngay 25/5/2022 cua Gidm doc Hoc vign
Khoa hoc va Céng nghé vé viéc cong nhdn hoc vién cao hoc tring tuyén dot 1 ndm
2022;

Cain cir Quyét dinh 56 1100/QD-HVKHCN ngay 02/10/2023 cua Gidm doc Hoc vién
Khoa hoc va Cong nghé vé viéc cong nhdn dé tai va ci nguoi hudng dan luan van thac si;

Xét dé nghi cia Trieomg khoa Khoa Héa hoc, Truong phong Dao tao.

QUYET PINH:

Diéu 1. Thanh lap Hoi dbng danh gia lusn vin thac si cho hoc vién Nguyén Lé
Kim Thay véi dé tai: “Nghién ciru ché tao cam bién nano vang — aptamer va g
dung trong xic dinh ham lwgng khing sinh”

Nganh: Hoéa hitu co Mi s6: 844 01 14

Danh sach fénh vién Hoi ddng danh gia luan van kém theo Quyét dinh nay.

Pidu 2. Hoi ddng o6 tréch nhiém danh gia luan van thac s theo dung quy ché
hién hanh ctia B$ Gi4c duc va Bao tao, Hoc vién Khoa h9c va Cong nghé. Quyét dinh
nay c6 hidu lyc trons, théi fian 07 da 60 ngay lam viée ke tr ngay ky va phai dam bao
thoi han dao tao then ¢y dinh cua Hoc vién.

Héi ddng tu giai thé sau khi hoan thanh nhi¢m vy.

Piéu 3. Truéng phong T6 chirc — Hanh chinh va Truyén thong, Trudng phong
Déo tao, Trudng phong Ké toan, Trudng khoa Khoa Héa hoc, céc thanh vién c6 tén
trong danl} sach Hoi dong va hoc vién cao hoc ¢6 tén tai Diéu 1 chiu trach nhi¢m thi
hanh Quyét dinh nay./. W
Noi nhn: GIAM POC
- Nhu Diéu 3;
- Luu hd so hoc vién;
- Lwu: VT, BT, TN.14.




mﬂ SACH HOI DPONG PANH GIA LUAN VAN THAC SI
4,

eo Quyet dinh s6 438 /QD-HVKHCN ngay Ao /5 /2024
HOC EN o\
' Kmon HOC VA | ciia Gidm déc Hoc vién Khoa hoc va Cong nghé)

\
\% \ CONG NGHE

X %
\ ;‘,',1

an ciia hoc vién: Nguyén Lé Kim Thiy

trong xac dinh ham lugng khang sinh”.
Nganh: Hda hiru co
Ma sb: 8 44 01 14

Nguai huéng dan: TS. Nguyén Thanh Danh - Vign Cong nghé hoa hoc
Vién Han 1dam Khoa hoc va Cong nghé Viét Nam

tai: “Nghién ciru ché tao cam bién nano vang — aptamer va img dung

Trach
TT Hyva tix;;l:g:c — (fll;‘gl é:]n Co quan céng tic trzzigéllgéi
) dong
2. | PGS.TS. Trin Quang Hiéu Héfi é’;‘ﬁ“ Tr““’“nggiggcduCﬁ% g%‘ftzsi GOn, | phanbien 1
3 ;c;;th:n Trin Nguyén Héahiw oo | TUONE Dai Qgcc%ﬁ’;%iﬂegp TP.HCM, | ppan bign 2
4. | PGS.TS. Dang C_Pnﬂen | Héahtu co &Z‘r‘l g‘;ﬁ% :rﬁhzﬁgm Uy vién
5. | TS. Phan Nidt Mish %2 hiku co :’/‘IZE E‘;ggl ;rﬁhég%m UT:’I’I:S

thann vien./ . i
B

Héi déng gém 03
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VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
Pic lap - Ty do - Hanh phic

KHOA HOC VA CONG NGHE VN

HQC VIEN KHOA HQC VA CONG NGHE

TP. HCM, ngay 20 thang 5 ndm 2024

BIEN BAN HQP HQI PONG PANH GIA LUAN VAN THAC Si

Thyc hién Quyét dinh sb: 439/QD-HVKHCN ngay 10/5/2024 cua Giam
ddc Hoc vién Khoa hoc va Cong nghé vé vigc thanh lap Hoi dong danh gia ludn

vin thac si ctia hoc vién Nguyén Lé Kim Thiy

Tén dé tai: Nghién ciru ché tao cam bién nano vang — aptamer va img dyng

trong xdc dinh ham lrgng khang sinh
Nganh: Hoa hiru co
Ma sb: 8 44 01 14

Hoém nay, ngay 20/5/2024 Hoi dong da hop tai phong ting 4 Vién Cong
nghé Hoa hoc vao lac 9h00, Hoi ddng gom 05 thanh vién:

TT Ho va tén Chirc danh
1. | PGS.TS. Hoang Thi Kim Dung Chu tich
2. | PGS.TS. Trin Quang Hiéu Phan bién 1
3. | PGS.TS. Trin Nguyén Minh An Phan bién 2
4. | PGS.TS. Ding Chi Hién Uy vién
5. | TS. Phan Nhit Minh UT{R‘;‘I‘?;

Thanh vién ving mat: 0

NOQI DUNG LAM VIEC

Chu tich Hoi ddng, diéu khién phién hop

Hoc vién trinh bay lun vin truéc Hoi dong

N

Cau hoi;
Céc hinh anh kha mo, dé nghi tang do phén giai.

Céc hinh 4nh vé dung cu nén loai bd, chi néu tén, xuét xir.
Céc bang danh gia d9 lap lai, d¢ tai lap, LOD, LOQ nén chon lgc céc ban chinh,

con lai nén dua vao phu luc.

Pai dién co s& dao tao doc quyét dinh thanh 1ap Hoi ddng dénh gi ludn vén
Thu ky HD, doc li lich khoa hoc va bang diém cua hoc vién

. PGS.TS. Trin Quang Hiéu, phan bién 1, doc ban nhan xét ludn vin, dit cau héi.




Phin két ludn tap trung vao ba y chinh: dc tinh vat liéu, phét trién phuong phép
phan tich dinh tinh va dinh hrong.

Hoc vién tra loi:
Hoc vién chinh sira va b sung luén véin theo nhén xét ciia thay phan bién.

6. PGS.TS. Trin Nguyén Minh An, phan bién 2, doc ban nhén xét luéin van, dat ciu
hoi

Cau hoi:
_ Giai thich vé két qué nano vang ving dao dgng COO" khdng c6 thiy miii hép thu
hoéng ngoai.

B& sung tai liéu tham khao diéu ché nano vzlng, cdp nhat thém tai li¢u tham khao
trong linh vire, tai liéu tham khao dang web phai c6 ngay tham chiéu. Piéu chinh kich
thudce cac hinh anh.

Hoc vién tra 101
C6 nhém CO vung 1600 cm™ dic trung cua nhém carbonyl. Pdng thoi luong
citrate thp, vi thé cudng do peak COO" & viing 1700 thép.
Hoc vién chinh stra va b sung luin vin theo nhén xét cia théy phan bién.
7. Céc thanh vién HP va nhimg ngudi tham dyr néu cdu hoi
e Y kién cia PGS.TS. Hoang Thj Kim Dung:

Mot s cau van chua hoan chinh, con 18i chinh ta, trinh bay quy trinh. Bb sung cac
nghién ciru trudc ddy ctia nhom vé hudng nghién ciru ndy da cong b qua céc bai bao,
ludn van. Cac phuong phép str dung can néu tai liéu tham khéo.

e Y kién ciia PGS.TS. Ping Chi Hién:
Luan vin con 18i chinh ta, mdt s diém vé ndi dung cén trinh bay rd rang hon.
o Y'kié'n cta TS. Phan Nhit Minh:
Théng nhét cach viét tai li¢u tham khao. Ra soat, chinh stra céc 15i chinh ta ¢6 trong
luén van.
Hoc vién tra loi
Hoc vién chinh sira va b6 sung luan vin theo nhéan xét cua Hoi df“mg.
8. Hoi ddng hop kin va cho diém
- Hoi ddng bau ban kiém phiéu gbm 3 thanh vién:
Trudng ban: TS. Phan Nhat Minh
Uy vién: PGS.TS. Trin Nguyén Minh An
Uy vién: PGS.TS. Tran Quang Hiéu
- Két qua kiém phiéu nhu sau:
S6 phiéu phat ra: 05 phiéu
S6 phiéu thu vé: 05 phiéu
Téng sb diém: 43

K‘,\ 20w joy



Piém trung binh: 8,6

Piém thuong cong trinh cong bb: 0

Téng diém danh gid luan vin va thuéng cong trinh cong bé: 8,6
- Két luan cia Hoi dong: Luan vin dat yéu clu.
- Tinh khong tring 13p ndi dung va tén d& tai v6i céc cong bd: Noi dung va tén dé
tai khong trung 13p cac cong bo

8. Chu tich Hoi dong, cong bb két qua, yéu ciu hoc vién chinh sira lugn vin vdi cic
ndi dung sau:

Luan viin dat yéu ciu ludn van thac si Héa hoc chuyén nganh Hoa Hiru co.
Yéu ciu hoc vién chinh sira luan vin véi cac ndi dung sau:

- Diéu chinh c4c bang, hinh anh; chinh sira cac 16i chinh ta.

- Chon loc bang danh gia d¢ lap lai, d9 tai 1ap, LOD, LOQ.

- Tai liéu tham khao: Cap nhat, bd sung va théng nhét cach viét tai liéu tham khao

- Nbi dung cén trinh bay rd rang hon, phén két luan tap trung vao ba y chinh: déc
tinh vat liéu, phat trién phuong phép phan tich dinh tinh va dinh luong.

Budi hop da két thiic vao 11 gio 00 phat ngay 20/5/2024

TP. HCM, ngay 20 thang 5 nam 2024

THU KY HOI PONG CHU TICH HQI PONG e
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Shing G Him Dung

XAC NHAN CUA CO SO PAQ TAO
KT GIAM bOC

Nguyén Thi Trung



CONG HOA XA HOI CHU NGHIA VIET NAM
béc lap — Ty do — Hanh phtc

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén nguoi phan biégn:  TRAN QUANG HIEU

Chirc danh: PGS.TS
Chuyén nganh: HOA HOQC
Co quan cong tac: TRUGNG PAI HOC CONG NGHE SAI GON

Ho va tén hoc vién: Nguyén Lé Kim Thiy
Tén d& tai: NGHIEN CU'U CHE TAO CAM BIEN NANO VANG -APTAMER
VA UNG DUNG TRONG XAC PINH HAM LUQNG KHANG SINH

Chuyén nganh: Hoa hitu co

Ma sb: 8440114
NOI DUNG NHAN XET

1. Tinh cép thiét. tinh thoi sy, y nghia khoa hoc va thyc tién cia dé tai luan van:

Trong xu thé cong nghiép héa, hién dai hoa nén kinh té, cung v&i su phat trién nhanh
dan s6 da anh hudng tiéu cuc dén moi trudng sbng cling nhu strc khoe con ngudi. Hién
nay, vé sinh thuc phim dang la vén dé dic biét quan trong trén thé gidi cling nhu nude
ta. Theo théng ké cia td chire y té thé giéi (WHO) uée tinh c6 khoang 600 triéu (10%
dén sb thé gidi) bi méc bénh sau khi sir dung thye phim 6 nhiém. G Viét Nam s6 vu ngd
doc thuc pham ngay cang ting cao chu yéu do thuc phidm nhiém hoa chit nhu: thude
bao vé thuc vat va khang sinh. Du lugng hoa chét khong nhitng gdy ra cac bénh cép tinh
ma con 1 nguyén nhan ctia nhiéu bénh man tinh va nan y nhu ung thu, tiéu duong, v.v...
Vi thé, du lugng hoa chét, dac biét 1a khang sinh trong thyuc phém dang la vén dé hét suc
nghiém trong gay ra 6 nhiém méi trurdng va anh hudng dén stc khde con ngudi. Kiém
soat ham luong khang sinh 1a nhu ciu cép bach dé giai quyét tinh trang thuc phdm bén
va 6 nhiém ngudn nudce hién nay. Trén thi truong hién nay, mot s6 bd test nhanh khang
sinh st dung séc ky mién dich canh tranh da dugc phat trién, tuy nhién nhugc diém cia
phuong phép nay 1a gia thanh cao va chi sir dung dé dinh tinh, khong c6 chire niang dinh

q}/



lugng [3]. DE dinh lugng dugc khang sinh, qua trinh phén tich thwémg cn ¢6 phong thi
nghi¢ém vai céc trang thiét bj hién dai, dét tién nhu thiét b séc ky long cao 4p, k¥ thuét
enzyme — linked immunosorbent assay (ELISA). Cac phuong phap thay thé c6 thé lam
giam chi phi phén tich nhur sir dung phuong phép quang hoc (UV - Vis va huynh quang)
dyra trén vt li¢u nano kim loai plasmonic két hgp véi aptamer dé dinh lugng khéng sinh.
Tuy nhién, gin day céc thiét bi so mau di dong co6 thé danh gia ham lugng khang sinh
mét cach nhanh chéng va chinh x4c, twong dwong véi cac thiét bj trong phong thi
nghiém.

Vi thé @ tai “Nghién ciru ché tao cam bién nano vang — aptamer va rng dungtrong xac
dinh ham lugng khang sinh” c6 y nghia khoa hoc va thuc tién.

2. Su khong tring l3p ciia dé tai nghién ctru so véi cac cong trinh khoa hoc, luan van da
cong bd & trong va ngoai nudce; tinh trung thue, rd rang va diy du trong trich din tai liéu
tham khao:

Dé tai "Nghién ctru ché tao cam bién nano vang — aptamer va tng dung trong xdc dinh
ham lugng khang sinh" c6 tinh tinh doc ddo va khong trung 1dp so vai cac céng trinh
nghién ciru, luan vin da cong bé trong va ngoai nudce. Trong qua trinh thuc hién, téc gia
da thyuc hién t6 viéc trich dan céc tai li¢u tham khao, dam bao ngudn gbc va xac thuc
cua thong tin dugce sur dung. Diéu nay khong chi gép phén vao su phat trién cia linh vuc
nghién ciru ma con dam béo tinh minh bach va chinh xéac cta dir liéu khoa hoc, qua d6
hd trg hiéu qua cho viéc dura ra cdc phat hién va két ludn ¢6 gia trj trong dé tai.

3. Su phu hop giita tén dé tai véi ndi dung nghién ctru cting nhu v6i chuyén nganh va
mi sb dao tao:

Tén dé tai, noi dung dé tai va chuyén nganh ciing nhu ma sb chuyén nganh phu hop vai
quy dinh chung.

4. D§ tin cdy va tinh hién dai ctia phwong phap nghién ctru da sir dung @ hoan thanh
luin vin:

Phuong phap nghién ciru dugc xay dung hop 1y, logic ¢6 sur tham khao tir céc cong bd
quéc té uy tin. Do do, s6 lidu thu duge ¢o do tin cdy va chinh xac cao.

5. Két qua nghién ciru cua luan vin:

Luén van da c6 nhitng két qua dang chu y nhu sau:

- Nano vang dugc tong hop véi quy trinh én dinh, ¢6 kich thude 15 nm.

Hé cam bién nano vang — aptamer da x4c dinh dugc cac diéu kién thich hgp dé ning cao
hiéu qua cam bién khang sinh ampicillin.

Vit liéu cam bién AuNPs/Apt ¢6 do chon loc tot & mot sb tac nhan khéc.

Ne—



-ba xdy dung dugc phuong phap phén tich dinh lugng x4c dinh khang sinh bﬁng hai
phuong phap: quang phd UV — Vis va so mau véi khoang tuyén tinh tir 0.02 mg/mL dén
0.07 mg/mL, giéi han phét hién ctia phuong phap so mau & hai ty 1& G/R va B/R lan
lurot 13 0.0068 mg/mL va 0.0061 mg/mL. Tuong tu, gi6i han phat hién sir dung phuong
phép quang phd UV — Vis 12 0.0064 mg/mL. Giéi han dinh lugng sir dung phuong phap
so mau di dong & hai ty 16 G/R va B/R lan lugt 14 0.0205 mg/mL va 0.0184 mg/mL. Va
gid tri gi6i han dinh lugng ctia phuong phap UV — Vis 12 0.0193 mg/mL.

Phén tich ham luong khang sinh ampicillin trén mau sira da dugc thyc hién cho thay
phuong phap phén tich sir dung may so mau di dong két hop véi kit test AuNPs /Apt co
thé ap dung dé thay thé cac thiét bi phan tich trong phong thi nghi¢m.

6. Dong gop mdai cia ludn van:

Két qua cua ludn van da dong gop vao cac cong trinh nghién ctru phat hién ham lugng
khang sinh. Hé cam bién so mau dua trén vat liéu nano vang — aptamer c6 kha nang
tuong téc tot véi khang sinh ampicillin.

Hé cam bién nano vang — aptamer dugc phén tich ddy dii cac tinh chét héa Iy, do bén
cua hé. Két qua cho thiy hé nghién ciru ¢6 d¢ tin cdy cao.Két qua ciia nghién ctru cho
thay kha ning dinh lugng khang sinh ampicillin trong thyuc phim. Pdng thoi, phuong
phap so mau dugc thiét ké trén thiét bi so mau di dong duge img dung va mang lai
tiém nang phat trién cam bién di dong, thuan tién cho viéc phat hién khang sinh nhanh

chong.

7. Nhitng han ché. thiéu s6t ctia luan van vé& ndi dung va hinh thir:

- Chuong tong quan: cac hinh dnh ldy tir céc bai bao kha md, dé nghi ting do phan giai
hinh anh.

- Chuong 2. Cac hinh anh vé dung cy nhu can phén tich...nén loai bé, chi néu tén, xuat
Xir.

-Chuong 3. Cac bang danh gia d¢ 1ap lai, d¢ tai lip, LOD, LOQ nén chon loc cdc bang
chinh, con lai tac gia nén dua vao phﬁn phu luc.

- Hinh 3.11 kha mo, dé nghi ting d6 phan giai.

-Phén két luan nén dugc viét lai, tap trung vao 3 y chinh: dic tinh vt liéu, phat trién
phuong phép phén tich dinh tinh va dinh luong.

8. Néu tac gia chwa viét bai bao khoa hoc thi ndi dung ciia luén vin cé thé dugc viét
thanh cac bai bao dé giri dang trén trén tap chi khoa hoc, sach chuyén nganh hoédc tuyén
tap cong trinh hoi nghi khoa hoc cép qudc gia, quc té hay khong?

Ty




Céac sb liéu trong lufin vin hoan toan c6 thé viét dugc bai béo khoa hoc ding trén cac
tap chi khoa hoc uy tin.
9 . Két luan chung (khing dinh mirc do dép img céc yéu chu dbi v6i mot ludn vin Thac
sT; ludn vin c6 thé dua ra bao vé dé nhéan hoc vi Thac si dugc hay khong?):
Ban thao ludn vin da dap ang day di céc tiéu chuén va yéu cAu can thiét cho mét ludn
van Thac si va déng y cho hoc vién duge bao vé trudce hoi déng va nhén hoc vi Thac si
Tp.HCM, ngay 16§ théng 05 ndm 2024
Nguwoi phéin bién
(Ky, ghi rd ho tén)

PGS.TS. Trin Quang Hiéu

- Nhdn xét dweoc lam thanh 02 ban, ¢é chit ky cia ngudi nhdn xét va giri vé phong Dao tao
02 ngay trude budi bdo vé.

- Dia chi lién hé: Nguyé~n Thi Thanh Ngén phong Dao tao, Hoc vién Khoa hoc va Cong
nghé, Vién Ham lém Khoa hoc va Cong nghé Viét Nam. 18 Hoang Qudc Viét, Cdu Gidy,
Ha Néi. PT: 0989322368
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Ho va tén nguoi phan bién: Trin Nguyén Minh An
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Chuyén nganh: Hoa hiru co

Co quan céng tac: Truong DPai hoe Cong nghiép TP. HCM

Ho va tén hoc vién: Nguyén L& Kim Thuy

Tén dé tai: NGHIEN CUU CHE TAO CAM BIEN NANO VANG - APTAMER
VA UNG DUNG TRONG XAC PINH HAM LUQNG KHANG SINH

Chuyén nganh: Héa hiru co
Ma s6: 8440114

NOI DUNG NHAN XET

1. Tinh cap thiét, tinh théi sy, ¥ nghia khoa hoc va thue tién cua dé tai luin vin:
Kiém soat ham lugng khéng sinh 1a nhu cAu cdp bach dé giai quyét tinh trang thyc pham
ban va 6 nhiém nguon nudce hién nay. Trén thi truong hién nay, mot s0 bo test nhanh
khéng sinh su dung sac ky mién dich canh tranh dd dugc phat trién, tuy nhién nhuge
diém cta phuong phép nay la gid thanh cao va chi sir dung dé dinh tinh, khéng c6 chie
ning dinh luong [3]. Pé dinh lugng dugc khang sinh, qua trinh phén tich thuong cin c6
phong thi nghiém véi cac trang thiét bi hién dai, dit tién nhu thiét bi sic ky long cao ap,
ky thuat enzyme — linked immunosorbent assay (ELISA). Cac phuong phap thay thé c6
thé 1am giam chi phi phan tich nhu sir dung phuong phap quang hoc (UV — Vis va huynh
quang) dua trén vt liéu nano kim loai plasmonic két hop véi aptamer dé dinh luong
khang sinh. Tuy nhién, gin day cac thiét bi so mau di dong c6 thé danh gia ham leong
khang sinh mdt cach nhanh chéng va chinh x4c, tuong duong véi cac thiét bj trong
phong thi nghiém.
2. S khiong trung lip ciia dé tai nghién ciru so véi cic cong trinh khoa hoc, ludn
vin di cong bd & trong va ngodi nuéc; tinh trung thwe, ré rang va diy da trong
trich dan tai li¢u tham khio:
Dj‘: tai hoan toan khong tring lip véi cidc NC trude day, trung thuc rd rang trong trich
dan
3. Sw phii hop giira tén dé thi véi ndi dung nghién ciru ciing nhwr véi chuyén nganh
va mi so dao tao:
N6i dung NC cua dé tai hoan toan phu hgp véi chuyén nganh ma chuyén nganh va ma
s6 dao tao
4. Py tin cdy va tinh hi¢n dai ciia phwong phap nghién ciru da si dung dé hoan
thanh luan van:
Téc gia stir dung cac phuong phap phan tich vat ly va hoa ly: UV-vis, SEM, TEM, EDX,
thé dién dong hoc zeta va cac phép phén tich c6 danh gia d§ ding, d¢ chinh xac, d¢ tin
cdy cua mé hinh phan tich.
5. Két qua nghién ciru ciia lufin vin:

- Hé AuNPs/Apt ting dung trong phén tich khang sinh ampicillin dya trén thiét bj

so mau UV — Vis va thiét bi so mau di déng d4anh gia sur hinh thanh nano dua trén
cac phép phén tich hinh anh va héa hoc;

N



- Nano vang dugc téng hogp véi quy trinh n dinh, c6 kich thuéc 15 nm. )

- Hé cam bién nano vang — aptamer da x4c dinh dugc cac diéu kién thich hop dé
néng cao hi¢u qua cam bién khang sinh ampicillin.

- Vit liéu cam bién AuNPs/Apt c6 do chon loc t6t & mot s6 tac nhan khac.

- Xay dyng duge duong chuén dinh lugng khang sinh bing hai phuong phép:
quang phd UV — Vis va so mau véi khoang tuyén tinh tir 0.02 mg/mL dén 0.07
mg/mL.

- Gi6i han phat hién cta phuong phép so mau & hai ty 16 G/R va B/R lan luet 1a
0.0068 mg/mL va 0.0061 mg/mL. Tuong ty, gioi han phat hi¢n sir dung phuong
phap quang phb UV — Vis la 0.0064 mg/mL.

- Gi6i han dinh luong sir dung phuong phép so mau di dong & hai ty 1€ G/R va B/R
14n luot 1a 0.0205 mg/mL va 0.0184 mg/mL. Va gia trj gicoi han dinh lugng cua
phuong phap UV — Vis 1a 0.0193 mg/mL.

- Phan tich ham luong khang sinh ampicillin trén méu sita da duge thyc hién cho
théy phwong phap phén tich st dung may so mau di dong ket hop véi kit test
AuNPs /Apt c6 thé ap dung dé thay thé cac thiét bi phén tich trong phong thi
nghi¢m.

Kién nghj .

- Giai thich vé két qua nano vang viing dao dong ciia nhém COO" khong co thay
miii hip thu héng ngoai; Khong thiy tai li¢u tham khao & myc 2.3.1. di¢u ché
nano vang; Tai liéu tham khao dang web phai c6 ngay tham chiéu;

- Hinh anh kich thudc qué to nén didu chinh; B6 sung thém tai li¢u tham khao cap
nhat trong linh vuc;

6. Péng gép méi cia luin vin:

- Hé cam bién c6 kha niing phan tich chon loc khéng sinh va xéac dinh dugc

- ham lugng khang sinh trong mau that.

- Nghién ciru so sanh cam bién khang sinh sir dung thiét bi so mau di dong
va cam bién so mau sir dung thiét bi do UV — Vis.

7. Nhiing han ché, thiéu s6t ciia ludn viin vé ndi dung va hinh thirc:

- Giai thich vé két qua nano vang vang dao dong ctia nhom COO" khdng ¢ thay
miii hip thu héng ngoai; Khong thdy tai li¢u tham khao & mye 2.3.1. didu ché
nano vang; Tai liéu tham khao dang web phai c6 ngay tham chiéu; Hinh anh kich
thuée qua to nén diéu chinh; B sung thém tai li¢u tham khao cdp nhit trong linh
vuc.

8. Néu tic gia chua viét bai bio khoa hgc thi ngi dung ciia luin vin ¢6 thé duge
viét thanh cdc bai bdo dé giri ding trén trén tap chi khoa hoc, sich chuyén nganh
hodc tuyén tip cong trinh hdi nghi khoa hoc cap quoc gia, quoc té hay khong?

Noi dung ciia ludn vén c6 thé bién tap va dang trén tap chi khoa hoc quéc té dugc.

9 . Két lugn chung (khing dinh mirc d dip img cdc yéu cdu ddi véi mot luin vin
Thac si; ludn viin c6 thé dwa ra bio v¢ dé nhéan hoc vi Thac si dwgc hay khong?):
Ban ludn vin dap (mg t6t voi mot ludn vin thac si va co thé dua ra bao vé dé nhan hoc
vi thac si.

TP.HCM, ngay 16 thang 05 nam 2024
Nguoi phan bién
(Ky, ghi rd ho tén)

s

PGS.TS. Trin Nguyén Minh An
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. BAN GIAI TRINH CHINH SUA LUAN VAN i
THEO KET LUAN CUA HQI PONG PANH GIA LUAN VAN THAC Si

Lop: Héa Hiru co — 2022A

Tén d tai luan vin: Nghién ciru ché tao cam bién nano vang — aptamer va img
dung trong xdc dinh ham luong khdng sinh

Nganh: Héa hiru co
Ma s6: 8440114
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Can cu bién ban hop hoi d(“)ng danh gia luan van thac si, hoc vién dé chinh
stra luan vin nhu sau:

As A e A
STT N (‘i,e ngly HOSUNE;: Noi dung di bo sung, chinh sira
chinh sira ’

i L4i chinh ta (Trang 16, 72, | Da chinh sira 16i chinh ta (Trang 16, 72,
74, 76, 84) . 74, 76, 84)

Tang do phan giai, diéu . x R — T .

2 chinh kich thudc cho cac gi;nfhgocgzﬁ ngl:z’lgleu chinh kich
hinh anh

3 Thém nghién clru cia nhém | Da thém nghlen clru cua nhém chung
chung huéng ciadétai | hudng véi dé tai (Trang 23)

4 Thém mét s6 nghién ctru gén | Pa thém mot s6 nghlen ctru gén day
day chung hudng vdi dé tai | chung huéng véi dé tai (Trang 24, 25)

5 i];hg;’ﬂ::zybé;;gﬂnﬁ ggzé ) DE} thém t%net })g str dung (may ly tam,
(Trang 27, 28) may so mau di dong) (Trang 27, 28) .

¢ | Loai bo hinh anh cua cic D4 loai bd hinh anh cua céc thiét bi sir
thiét bi sir dung (Trang 27) | dung (Trang 27)

7 T:eTi;a;l ltgl t}}:am 111(5}1]:(()) e Dai thém tai liéu tham khao cho quy trinh
quy & & iep tong hgp nano vang (Trang 30, 31)
vang (Trang 30, 31)

p Thém quy trinh ché tao hé D3 thém quy trinh ché tao hé cam bién
cam bién AuNPs/Apt AuNPs/Apt (Trang 32)

" g;‘-’l’;il‘-:‘;ﬁaé‘;gfgg %jg‘g—’ Pa chon loc bang danh gia do lap, tai lip,

= il Y LOD, LOQ (Trang 93,94,95,96)
(Trang 93,94,95,96)




Trinh bay lai phan két luan
(Trang 100)

Thdng nhat cach viét tai liéu
tham khéo, thém ngay tham
11 | chiéu cho céc tai liéu tham

10 P4 trinh bay lai phan két ludn (Trang 100)

P4 chinh stra, thong nhét cach viét tai liéu
tham khao, thém ngay tham chiéu cho cac
tai liéu tham khao dang trang wed (Trang

khao dang trang wed (Trang
102 - 108) il
Ha N6i, ngay 31 thang § ndm 2024
CHU TICH HOI PONG TAP THE HUONG DAN HOQC VIEN
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