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SUMMARY

STUDY ON APPLICATION OF LUMINESCENT COMPLEX Eu(1II)-OTC
FOR IDENTIFICATION OF ATP

In this paper, we have investigated the application of luminescent complex Eu(Ill)-OTC for
identification of ATP (adenosine disodium triphosphate) in water. The Eu(lll)-OTC complex is
prepared by the mixing of Euw’" ion and OTC ligand (oxytetracycline) with a 1:1 molar ratio. The

luminescent intensity of the complex is at Aew = 616 nm, which is used for quantification of ATP. The

luminescent intensity dereases with ATP concentration according to the Stern-Volmer equation with the
linearity over range of 5,0x107 + 2,5x10°°M (coefficient correlation R* = 0.9925) and LOD of 9,6x1(0r
8M. The Eu(lll)-OTC complex is potential for ATP determination.

Keywords. Luminescent complex, Eu(lll), oxytetracycline, adenosine disodium triphosphate.

1. MO PAU

Adenosine-disodium-triphosphate  (ATP) c¢6
mit trong moi té bao séng c¢6 chirc nang du trix
ning lwong. Viée xac dinh ATP s& cho biét
thong tin vé& s§ lwong vi sinh vat trong mau
kiém tra.

Phuong phap ATP quang sinh hoc dang dugc
ap dung dé kiém tra vé sinh an toan thuc phém
cho cac co so san xuit ché bién thyc pham;
day 1a phuong phap mai, tién tién. Nguyén tic
cua phuong phap ATP quang sinh hoc, ATP
trong té bao dugc giai phong nhd cic tac nhan
cation, dudi tac dung ctia enzym luciferin va sy
c6 mat cua Mg s& tao ra phan Ung phat
quang. Cuong d¢ phat quang ty 1€ thudn véi
lugng ATP c¢6 trong mau [1,2].

Ngoai phuong phap quang sinh hoc, hién nay
dd c6 nhidu cong trinh nghién ciru xac dinh
ATP bang phuong phap phat quang hoa hoc.
Phuong phéap nay co6 do chon loc cao, do nhay
t6t va c6 uu diém 1a stir dung nhitng héa chat
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sin c6, bao quan thudc thar d& dang. Pa co
nhiéu cong trinh nghién ctu xac dinh ATP
bang phuong phéap phat quang héa hoc sir dung
phirc chit phat quang cua nguyén té dit hiém
Eu/Tb hay kim loai chuyén tiép Cu/Zn [3-14].
Phirc chét phat quang cua Eu, Tb, Cu, Zn,...
v6i phdi tir hitu co (imidazole, B-diketonate,
pyridine,...) ¢6 nhitng dic tinh quang 1y ndi
troi nhu: d6 dich chuyén Stokes 16n, thoi gian
phat quang twong ddi “dai” (c& ps) va co cac
dai phat xa hep. B dich chuyén Stokes 16n
nén su phat quang khong bi hip thu boi chinh
khung phéi tir hitu co ciia n6 (hién twong noi
hap thy) do d6 giam nhidu nén. Thoi gian phat
quang “dai” nén loai bo hoan toan nhitng tin
hiéu nén nhiéu gy ra boi cac hién tuong phat
quang ngédn hon. Hon nita, do dai phat quang
hep nén lam tang d6 nhay cta phép do. Do do,
phirc chit phat quang cho dép (g tin hiéu/nén
16n va nhay véi dbi tugng phan tich.
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Hinh 1: Céng thitc cau tao ciia phdn tir OTC, ATP, adenine va adenosine

Trong bai bao nay, chung t6i nghién ciru ing
dung phitc chat phit quang cua Eu(Ill) véi
oxytetracycline (OTC), mot phdi tir loai p-
diketonate (Hinh 1), dé xac dinh anion ATP
(adenosine disodium triphosphate).

2. THUC NGHIEM

2.1. Héa chit va thiét bi

2.1.1. Héa chit

Eu,03 (99,8%), adenosine disodium
triphosphate (ATP, 99,8%), adenosine (99,8%)
va adenine (99,8%) dugc mua tr Sigma
Aldrich.

Céc hoa chét va dung moi khac gdm dém Tris-
HCl 0,0IM pH = 7,5, NaNO;, NayCOs,
Nast4, Na3PO4, NaH2PO4, NazHPO4 (Trung
Qudc); nude cat 2 1an duoc sir dung dé pha ché
dung dich trong cac thi nghiém.

2.1.2. Thiét bj

Ph6 hip thu phan tir ciia cac chit nghién ctru
dugc ghi trén may quang phd UV-Vis 8453
Agilent. Phd huynh quang ciia phtrc chit dwoc
ghi trén may do Brolight 6102 (A = 405 nm).
Tét ca thi nghiém déu dugc thuc hién trong
diéu kién nhiét do phong.

Mot s6 thiét bi khac trong phong thi nghiém
nhu may c6 quay chan khong, may khudy tir va
may do pH Hanna 2215.

2.2. Téng hop phirc phat quang Eu(III)-
OTC

Phitc chat phat quang Eu(IlI)-OTC duogc tong
hop dua theo céc tai liéu tham khao [3,7], gdbm
cac bude nhu sau:

Mubi EuCl; dugc tao thanh béng cach cho
Eu,0s tac dung voi mot lwong HCI 0,1M t6i
thiéu du dé hoa tan hét, sau d6 cd can dung
dich. Tiép theo, thém mdt lugng ethanol gép
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hai 1an luong axit HCI da dung. Khudy 5 phut,
cho tiép 1-2 giot NaOH 2N. Rdi tiép tuc thém
OTC vao hdn hop trén, khudy tron trong 30
phit. Ty 1& s6 mol giita phic Eu** va OTC
duoc lay theo ty 18 1a 1:1. Qua trinh téng hop
phirc phat quang dugc thyuc hién & 60°C.

2.3. Quan hé gitra cwdong do phat quang cia
phitc Eu(IID-OTC va néng do ATP -
Phuong trinh Stern-Volmer

Trong dung dich véi nong do ATP tang dan,
cuong d¢ phat quang cua phtrc Eu(III)-OTC
giam dan. Su phu thudc cua cuong do phat
quang cua phuc Eu(IlT)-OTC vao néng do ATP
dugc biéu dién theo phwong trinh Stern-
Volmer [15]:

[70—1 =K, [ATP] @)

Trong do6:

Iy va I tuong ung la cudng d6 phat quang cia
phtrc Eu(IlT)-OTC trong dung dich nghién ciru
khong c6 va c6 ATP;

[ATP]: ndng d6 ATP trong dung dich;

Ksv: hing s6 Stern-Volmer.
Phuong trinh Stern-Volmer, phuong trinh
tuyén tinh bac nhat biéu dién mdi quan hé giita

I .
dai luong 70 va [ATP], 1a co s& d& xac dinh

ATP theo phuong phap quang phd phat quang.

2.4. Xac dinh gioi phat hién ATP sir dung
phirc Eu(1I)-OTC

Giéi han phat hién (LOD) ATP bing phwong
phap quang phd phat quang st dung phirc
Eu(Ill)-OTC dugc tinh toan theo phuong trinh
2 [16]:



3,3xSD @)
a

Trong do, SD 1a d6 1éch chuén cua miu tréng

thém chuan. a 1a d6 déc cua duong chuan

(phuong trinh Stern-Volmer).

3. KET QUA VA THAO LUAN

3.1. Pho hép thu phén tir va pho phat quang

cia phirc Eu(II)-OTC

LOD =

Phd hép thu UV-Vis ciia phirc Eu(IlI)-OTC
dugc chi ra & Hinh 2. Phirc Eu(Il)-OTC hip
thu ¢ budc song A ~200 + 500 nm, véi cuc dai
hip thu tai Amex ~ 385 nm, tmg véi budc
chuyén doi dién tir -n* ciia OTC. Nhan théy,
trong moi trudng dém Tris-HCl pH = 7,5 va
trong nudc phd hip thu phan tir UV-Vis cua
phirc gan nhu twong dwong. Tuy nhién, do héap
thu cta phtic Eu(IlI)-OTC trong dém Tris-HCl
¢6 16n hon trong nuéec.
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Hinh 2: Phé hap thu UV-Vis ciia phite Eu(III)-
OTC 6,20 mg/L (1) trong dém Tris-HCI pH =
7,5 va (2) trong nudc

Hinh 3 chi ra phd phat quang cuia phirc Eu(IIT)-
OTC trong moi truong dém Tris-HCI pH = 7,5
va trong nudc. Phd phat quang cua phirc
Eu(II)-OTC cho thay di co su chuyén electron
tor OTC sang ion Eu(Ill) tao nén nhiing budc
song phat xa dac trung ctua ion Eu(Ill): Aem =
590; 616 va 695 nm. Cuong dd phat xa cia
phuc trong moi truong dém manh hon trong
nudc ~4,5 lan nén dung dich dém Tris-HCI
duogc dung cho cac nghién ctru tiép theo.
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Hinh 3: Phé phat quang cia phite Eu(II)-OTC
6,20 mg/L (1) trong dém Tris-HCI pH = 7,5 va
(2) trong nuoc

3.2. Nghién ciru irng dung phirc phat quang
Eu(III)-OTC dé xac dinh ATP

3.2.1. Thoi gian phdn irng

Két qua khao sat thoi gian phan tng (Hinh 4)
cho thay, khi thém ATP cudong d6 phat quang
(1) cta phirc Eu(Ill)-OTC 14 manh nhét sau 25
phut 6n dinh miu. Do d6, trong cac nghién ctru
tiép theo mau dwoc dé on dinh trong vong 25
phut trudc khi do.
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Hinh 4: Anh hwéng ciia thoi gian dén cuong
do phat quang cua phirc Eu(1l)-OTC ([ATP]
=5,0x107 M).

3.2.2. Anh huwong ciia pH

Cuong do phat quang cua phuc Eu(IIl)-OTC
khi thém ATP véi pH = 6 - 9 duoc chi ra &
Hinh 5. Két qua khao st cho thiy, trong méoi



truong kiém pH >8 cuong d6 phéat quang cua
phirc giam dan, diéu nay dugc giai thich do su
tao thanh cac phuc canh tranh — phitrc hidroxo
ctia ion Eu’*. Trong méi trudng kiém yéu dén
axit yéu (8>pH>6), cuong d6 phat quang cua
phuc giam dan, tai gia tri pH = 7,5 phtc
Eu(II)-OTC cho cuong d phat xa huynh
quang manh nhét. Do d6, méi truong dém Tris-
HCI pH = 7,5 dugc lya chon cho cac nghién
ctru tiép theo vi khi 6 phép phan tich s& c6 do
nhay cao nhat.
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Hinh 5: Anh hwéng ciia pH dén cieong do phat
quang cua phircc Eu(lll)-OTC ([ATP] =
7.5x107 M).

3.2.3. Dy chon lgpc

Ton Eu?* ¢6 kha ning tuong tic hodc tao lién két
v&i mot sb anion trong dung dich, dong thoi nhitng
phan tir c6 mot phan cdu trac gibng ATP
(adenosine va adenine — Hinh 1) ciing co thé c6
twong tac lam thay d6i cuong do phat quang cta
phirc Eu(IIT)-OTC. Do vay, d6 chon loc cta phirc
Eu(III-OTC dugc khao sat véi mot s anion va
phﬁn tr sau: NO3', CO32', SO42', PO43', HPO42',
H,POy, adenosine va adenin. Két qua khao sat
(Bang 1) cho théy, su ¢cO mat cua cac anion NOs,
CO5%, SO4* va phan tir adenosine, adenine trong
dung dich v&i ndng do <1,0x10*M khéng 1am anh
huong dén cudng do phat quang cia phirc Eu(IIT)-
OTC. Tuy nhién, sy ¢6 mat ctia cac anion khac voi
nong do nho PO (>5x10°M), HPO> (>2,5x10°
M), H,POs (>5x10M) gy anh hudng dén tin
hi¢u phat quang cua phirc. Do do, khong stir dung
phttc Eu(Il)-OTC dé x4c dinh ATP trong dung
dich c6 chira phosphate anion.
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Bdng 1: Anh hwéng ciia mét s6 anion va phdn
tir khac dén cwong do phat quang cua phirc
Eu(lll)-0TC

Anion e A
NOs 1,0x10* + 2,60
SO.> 1,0x10° +1,69
COs> 1,0x10 +2.23
PO 5,0x10%° + 0,92
HPO4> 2,5x1073 +0,17
H,POy4 5,0x10°° - 8,94
Adenine 1,0x10* -1,67
Adenosine 1,0x10* —2,96

3.2.4. Gidi han phat hi¢n ATP

Pho phat quang cuia phtrc Eu(III)-OTC khi ting
dan ndéng d6 ATP dugc biéu dién & Hinh 6a;
tuong quan gitta cuong do phat quang (/) va
néng do ATP tuong tng theo phuong trinh
Stern-Volmer duoc biéu dién & Hinh 6b. Két
qua cho thdy, I giam khi ndng do ATP ting;
khoang tuyén tinh xac dinh ATP duoc lua chon
tir 5,0x107 + 2,5x10°M véi hé s6 twrong quan
R2? =0,9925. Két qua phan tich mau tring thém
chuidn ATP 5,0x107M cho gia tri do léch
chudn SD = 0,07914 (n = 6). Tir d6 tinh toan
duoc gia tri LOD = 9,6x10-*M.
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Hinh 6a: Phé phét quang ciia phirc Eu(III)-
OTC trong dung dich khi tang dan nong d¢
ATP
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Hinh 6b: Puong chudn xdc dinh ATP sit dung
phiec phat quang Eu(11)-OTC

Nhu viy, biang phuong phap quang phd phat
quang, phic Eu(IlI)-OTC c6 thé s dung dé
xac dinh ndng d6 ATP trong nudc.

4. KET LUAN

Phrc phat quang Eu(II)-OTC dugc sir dung dé
xac dinh ATP trong nhimng diéu kién tdi wu
nhu sau: dém Tris-HCI pH = 7,5; thoi gian on
dinh miu 25 phit va dung dich phan tich
khong chira phosphate anion voi ndng do
>5,0x10°M. Cuong dd phat quang cua phirc
dugc ghi tai budc song Aem = 616 nm, khoang
tuyén tinh xac dinh ATP 5,0x107 + 2,5x10-°M
va gidi han phat hién 1x10°° M.

Loi cAm on. Nghién cuu duoc hoan thanh voi
sy tai tro cua dé tai B2019-BKA-06, B¢ Giao
duc va Dao tao.
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