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SUMMARY

SIMULTANEOUS DETERMINATION OF TYROSINE AND TRYPTOPHAN
BY FLUORESCENCE KINETICS OF RUTHENIUM(II) POLYPYRIDYL
COMPLEX

A fluorescence-kinetic method has been developed and validated for simultaneous
dertemination of tyrosine (Tyr) and tryptophan (Trp) in protein based on their
photoredox reactions with rutheni(ll) polypyridine complexes. The proposed method
is simple and accurate with a recovery of 99 — 104 %. The detection limit is 2.91 x 10
° M with a RSD < 3 % (n=6). The results of Tyr and Trp analyses in protein samples
using the proposed method and HPLC are identical. Therefore, the fluorescence-
kinetic method is applicable to determine Tyr and Trp.

1. MO PAU

Tryptophan 1a mot trong 8 amino axit
thiét yéu. N6 1a tién chét cta serotonin,
mot chit din truyén thin kinh trong
ndo, gitp xur ly thong tin khi ngu, co vai
tro diéu hoa gidc ngu, giup co thé co
cam gidc thu gidn. DPong  thoi,
tryptophan dwgc gan chuyén hoa thanh
niacin (vitamin B3) dé tao thanh cac
coenzym tham gia vao qué trinh giai
phong ning luong tir thue pham [1,2].
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Tyrosin la mdt trong 12 amino axit
khong thiét yéu nhung rat can thiét cho
co thé. N6 1a nguyén liéu cho qua trinh
tong hop mot s6 chit dan truyén thin
kinh (adrenalin, dopamin,...) trong nao
bd, giup cho qua trinh truyén thong tin
lién lac giita cac té bao than kinh tac
dong dén tam trang cia con ngudi
[1,2,6,7]. DPong thoi Tyrosin anh huong
dén cac hoat dong cua tuyen thuong
than, tuyén giap va tuyén yén, giir



nhiém vu san xuét va diéu chinh cac ndi
tiét t5. Tryptophan va tyrosin thuong
dugc bd sung vao co thé tir nhirng loai
thuc pham nhu sita, phd mai, trimg, ddu
nanh [2]...

Dinh lugng axit amin rit quan trong
trong cac nghién ctru phan tich danh gia
thanh phan dinh dudng cta thuc pham.
Pinh luong mot s6 axit amin nhu
Tyrosin, Tryptophan,... ciing rat quan
trong trong y sinh hoc khi nghién ctu
anh huong cia ham luong cac tién chat
tham gia trong qua trinh sinh tong hop
va trong qua trinh trao d6i chit ¢ co thé
song. Tryptophan va tyrosin c6 thé
dugc xac dinh bang phuong phap quang
phé do quang [8,9] va pho bién hon 1a
phuong phap sac ky long hi¢u nang cao
voi detecto huynh quang (HPLC/FLD)
[3,10,11]. Tuy nhién, moi phuong phap
déu c6 nhirng han ché riéng. Chang han
nhu voi HPLC/FLD, thuong phai tao
dAn xuét axit amin dé ting do nhay cua
phép phan tich. Viéc tao dan xuit phai
trai qua nhidu buéc dé cho hop chat
huynh quang 6n dinh, tach tot va co do
lap lai cao. Noi chung, phuong phap
truyén thong trén c6 nhuge diém 1a ton
thoi gian dé chuan bj miu va doi hoi
trang thiét bj dat tién.

Trong bai bao nay, chung téi nghién
cru phuong phap dong hoc huynh
quang dé dinh lugng dong thoi amino
axit tyrosin va tryptophan dya trén phan
ung voi1 phuac rutheni(Il) polypyridin.
Phuong phap phén tich ndy c6 wu diém
1a don gian, chinh x4c va tiét kiém thoi
gian. Phirc chat nhay sang rutheni(Il)
polypyridin duoc dung lam dau do
huynh quang xéac dinh tyrosin va
tryptophan do kha nang tuong tac chon
loc cia né6 véi amino axit thong qua
phan rng cho — nhén electron (phan ting
quang oxi hoa — khtr) [4,12,13].

2. THUC NGHIEM

2.1. Héa chét va thiét bj

Héa chdt: tyrosin, tryptophan, casein,

albumin tr huyét thanh bo (BSA),
NaOH, NaCl (Sigma-Aldrich). Phuc
rutheni(IT) polypyridin gom:
Ru[(bpy)3]Cl, (Sigma-Aldrich)  va
[Ru(dpq).bxbg]CL  [4]; voi bpy =
bipyridin, dpq = dipyrido[3,2-d:2,3-
flquinoxalin, bxbg =
bis(o—xylene)bipyridin glycoluril.

Thiét bi: May quang phé UV-Vis
Agilent 8453. Hé thiét bi huynh quang
phan tr phan giai thoi gian — Truong
Pai hoc Bach Khoa Ha Noi.
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Hinh 1: Céng thitc cdu tao ciia phirc
rutheni(ll) polypyridin va amino axit

2.2. Thuc nghiém

Mau do duoc chudn bi tir cac dung dich
gbc twong tmg. Dung dich mau sau do
dugc chuyén sang cuvet huynh quang
va tién hanh suc khi Ar trong vong 10
min dé dudi hét O, hoa tan. Toc do suc
khi 10 ml/min. Dung dich pH 12 vé6i luc
ion I = 0,05 M dugc pha tir NaOH tinh
thé va thém NaCl.

2.3. Xac dinh thoi gian ton tai cia
phirc chat & trang thai kich thich
Phic ¢ trang thai kich thich phan huy
theo phuong trinh dong hoc bac nhat:

I, = foe_t’k (1)
Trong do:
Iyva I, la cuong do phat xa huynh

quang cia phic chat ¢ trang thai kich
thich thoi diém t = 0 va sau thoi gian t.
7: thoi gian ton tai hay thoi gian “séng”
(lifetime) cua phtic chit & trang thai
kich thich trong dung dich nghién ctru.
Tt dit liéu thuc nghiém ghi phd phat xa
phan tr phén giai thoi gian cua phuc
chat va phuong trinh (1), str dung phan
mém xtr 1y sd lidu Origin 9© dé xac
dinh .

2.4. Xac dinh hing sé téc d6 phan
ng quang oxi héa-khwr (k) giira
phirc chat va axit amin
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Hing s6 tbc d6 phan ung quang oxi
hoa-khtr (ky) duoc xac dinh theo
phuong trinh Stern-Volmer [14]:

(2)
Trong do:

Tg va T tuong Ung la thoi gian song cia
phuc chat ¢ trang thai kich thich trong
dung dich nghién ctru khong c6 va co
amino axit;

[AA]: ndng do axit amin trong dung
dich.

Gia tri kqv duoc j:inh t~1‘J: hé §6 gbéc cua
duong thing biéu dien moi quan hé
gitta dai lugng 7/t — 1 va [AA].

2.5. Tinh toan nong dd Tyrosin va
Tryptophan

2.5.1. Tinh néng dé Tyrosin

[Tyr] trong mau nghién ciru duoc xéac
dinh dya trén phan Urng cua tyrosin voi
phuc [Ru(bpy);]Cl, theo phuong trinh
3).

f — 1 =lky X 19y X [Tyr] 3)
Trong do,
o1, 71 thoi gian sbng cua phuc

[Ru(bpy)s]CL, trong dung dich mau
tring va dung dich mau nghién ctu
tuong ung;

kqi: hing sb tbc d6 phan ung cua
tyrosin voi phire [Ru(bpy);]Cls.

2.5.2. Tinh néng dé Tryptophan

Phure [Ru(dpq)2(bxbg)]Cl, phan img voi
cd tyrosin va tryptophan trong mau
nghién ciru. Tur phuong trinh (4) va voi
[Tyr] da biét, tinh dugc [Trp].

Tn2

. —-1= Kqs X Ty, X [Tyr] + kgy X 74, X [Trp] 4)
Trong do,
o3, To. thoi gian sbéng cua phirc

[Ru(dpq)2(bxbg)]Cl, trong dung dich



mau tring va dung dich mau nghién
curu;

kga: hing sb tbc d6 phan ung cua
tyrosin voi phl’J:c [Ru(dpq).(bxbg)]Cly;
ks hing sb tbc d6 phan ung cua
tryptophan phue
[Ru(dpq)>(bxbg)]Cl,.

3. KET QUA VA THAO LUAN

3.1. Thim dinh phwong phap phan
tich

Gia tri st dung cta phuong phap dugc
danh gid qua phan rng quang oxi hoa —
khur gitra phtrc [Ru(bpy);]Cl, va tyrosin.
Phd phat xa phan tir phan giai thoi gian
cua phire [Ru(bpy);]Cl, trong dung dich
v6i ndng do tyrosin ting dan va biéu
dién Stern-Volmer duoc chi ra ¢ hinh 2.
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Hinh 2: (a) Phé phat xa phdn tir phdn
giai thoi gian cua phirc [Ru(bpy);]Cl;
trong dung dich véi nong do tyrosin
tang dan, Aee = 460 nm, Aoy = 605 nm;
(b) biéu dién Stern-Volmer.

T
0.0

Két qua xac dinh giéi han phat hién
(LOD), gi¢i han dinh lugng (LOQ) va
khoang ndng do tuyén tinh phan tich
Tyr theo phuong phap dong hoc huynh
quang dugc trinh_bay & bang 2.

Bang 2: Phuong trinh dwong chudn,
LOD, LOQ va khoang tuyen tinh phan
tich Tyr dva trén phan vng voi phirc

[Ru(bpy)s] Cl
Phuong trinh duong Y = 659,63X +
chuén 0,024
Heé s tuong quan (R?) 0,997
LOD (M) 2,91x107
LOQ (M) 9,71x10°
Khoang tuyén tinh (M) 31,04><10'4 - 2,65x10°

aY_

13 X: [Tyr] (M)

Két qua danh gia do lap lai cua phuong
phap phan tich - bang 3 cho thdy, tai cac
néng do khao sat, do lap lai cua phép
ther t6t véi d6 léch chuan twong dbi
RSD <3 % (n=6).

Bang 3: Do lap lai (n=6) cua phuong
phap phan tich Tyr dwa trén phan ung
voi phiee [Ru(bpy)s;]Cl,

Nong d khao sat {2,10x10* | 1,06x107 | 1,72x107

M)

Do léch chuan (M) | 5,89x10° | 1,75x107 | 4,09x107

bo légh chuan
tuong doi (%)

2,8 1,7 24
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Do dang cua phuong phap phan tich
dugc danh gia thong qua d6 thu hdi (R
%). Két qua thu dugc chi ra ¢ bang 4
voi R dat 99,1 % — 103,6 %. Nhu vay,
két qua danh gia do lap lai va do ding
ctia phuwong phap cho thiy rang phuong
phap phan tich c6 d6 chinh xac cao theo
quy dinh cia AOAC (hoi phan tich hoa
hoc) [5].




Bang 4: B¢ dung cua phuwong phap
phan tich Tyr dua trén phan ung voi
phuee [Ru(bpy);]ClL (n = 6)

Nong d9 khao 4 3 3
<0 331x10% | 1,06x10° | 1,99x10
35)1) loch chudn| o 00106 | 1.75%10° | 2.88x10°
Do thu hdi (%) | 103,6 9.1 1002

Bang 5 chi ra két qua xac dinh cac gia
tri kg cua phan Ung gilta phic
rutheni(I) polypyridin va axit amin
tuong ung.

Bdng 5: Hang sé toc dg phan img
quang oxi hoa — khwr

Phtrc va amino axit 107 x ky (M°
Il
s7)
[Ru(bpy);]Cl, + Tyr kg1 1,10 £0.02
[Ru(dpq),(bxbg)]CL, + kg 1.99 £0.07
Tyr
[Ru(dpqa(bxbe)lCL, + ky  0.54£0.02
Trp

3.2. Phan tich dinh lwgng tyrosin va
tryptophan trong mau protein

3.2.1. Xir Iy mdu

Sau khi khao sat thé tich NaOH can
dung, nhiét d§ va thoi gian thuy phan,
mAu protein phan tich duoc chuan bi
theo quy trinh nhu sau: can ~ 10 mg
mAu trén can phan tich, chuyén mau vao
binh thay phan. Thém 3 ml dung dich
NaOH 4N va tién hanh suc khi Ar trong
3 phut véi téc d6 10 ml/phit. Mau dugc
thuy phan ¢ 120°C trong 18 gio. Sau do
14y mau va thuc hién cac budc tiép theo
nhu so d6 & hinh 3.

‘ Cin 10 mg mAu/bng ly tam ‘

Thém 3 ml NaOH 4N
Suc khi Ar 3 phat

‘ Thiiy phan (120°C, 18 h) ‘

Lam lanh 4°C

=

‘ Axit héa (pH=6,5)

Ly tim (10 phut)

o—I«—

Loc vao binh 25ml, dinh mirc béng dung
dich NaOH 0,01N

1

Loc qua mang

syringe 0.45um

Hinh 3: So do6 quy trinh xit [y mau
protein phan tich tyrosin va tryptophan

3.2.2. Két qud phan tich

Két qua phan tich ham luong tyrosin va
tryptophan trong mau protein theo
phuong phap dong hoc huynh quang va
phuong phap so sanh HPLC duoc trinh
bay ¢ bang 6. Nhan thdy, hai phuong
phap phén tich cho két qua twong dong.
Nhu vay, quy trinh phan tich déng thoi
tyrosin va tryptophan bang phuong
phap dong hoc huynh quang la dang tin
cay.

Bang 6: Két qud phan tich Tyrosin va Tryptophan trong mdu protein

Protein Chi tiéu Phuong phap phan tich
bong hoc huynh quang HPLC?
(mg/100ml) (mg/100ml)
Casein Tyr 2,05+0.11 2,00
Trp 0,22 +0.08 0,22
Albumin huyét thanh bo Tyr 3,40 +0.63 3,47
(BSA) Trp 0,46 +0.14 0,40

*Vién Kiém nghiém An toan V& sinh Thuc phan Quoc Gia
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4. KET LUAN

ba xay dung thanh cong quy trinh phan
tich dong thoi tryrosin va tryptophan
diwa trén phan ung voi phiic chat
rutheni(IT) polypyridin theo phuong
phap dong hoc huynh quang. Phuong
phap phan tich ¢6 d6 chinh xac cao véi
hiéu suat thu hdi dat ~ 99 — 104 %. Gibi
han phat hién cua phuong phap 1a 2,91
x 10° M voi d6 léch chuan tuwong dbi
RSD <3 % (n = 6). Phuong phap phan
tich cho két qua tuong ddng voi phuong
phap dbi chiéu HPLC. Nhu vay cung
voi phuong phap HPLC truyén thong,
hoan toan c6 thé su dung phuong phap
dong hoc huynh quang dé dinh luong
tyrosm va tryptophan.

Loi cam on: Nghién ciru dugc hé tro
kinh phi boi dé tai 13/2014/HP-NDT —
B¢ Khoa hoc va Cong nghé.

TAI LIEU THAM KHAO

[1] Pham Thi Tran Chau, Tran Thi Ang
(2007), Hoa sinh hoc, NXB Giao duc,
Ha Noi.

[2] Lé Ngoc Tu, Bui buc Hoi, Luu
Duan, Ng6 Hitu hop (1994), Hoa hoc
thiee phdam, NXB Khoa hoc va K thuat,
Ha Noi.

[3] Lé Thi Hong Hao, Pham Luin,
Nguyén Xuan Trung (2006), Ung dung
ky thudt sdc ky long hiéu nang cao voi
dan xudt truée cét AQC dé tach va xdc
dinh déong thoi 17 axit amin trong cd,
Tap chi Phan tich Hoa, Ly va Sinh hoc,
tap 11, s 4, trang 15-23.

[4] Hoang Thi Thuan, Tran Quang
Tung, Nguyén Xuan Truong (2016),
Tong hop phwc chat ruthenium(Il)
polypyridyl umg dung lam ddu do huynh
quang phdt hién mét sé6 phdan tir sinh
hoc, Tap chi Phan tich Héa-Ly va Sinh
hoc, 21 (2), 112-119.

[5] Tran Cao Son (2010), Thdm dinh
phwong phap trong phdn tich hoa hoc
va vi sinh vdt, Nha xuit ban Khoa hoc
va KV thuat, Ha Noi.

[6] Lieberman HR, Corkin S, Spring
BJ, Wurtman RJ, Growdon JH (1985),
The effects of dietary neurotransmitter

111

precursors on human behavior". Am J
Clin Nutr. 42 (2): 366-370.

[71 Magill RA, Waters WF, Bray GA,
Volaufova J, Smith SR, Lieberman HR,
McNevin N, Ryan DH (2003), Effects
of tyrosine, phentermine, caffeine D-
amphetamine, and placebo on cognitive
and motor performance deficits during
sleep deprivation, Nutritional
Neuroscience, 6 (4): 237-46.

[8] Luigi Servillo, Giovanni
Colonna, Ciro Balestrieri, Raffaele
Ragone, Gaetano Irace (1982),
Simultaneous determination of tyrosine
and tryptophan residues in proteins by
second-derivative spectroscopy,
Analytical Biochemistry, 126, 251-257.

[9] J. Chrastil (1986),
Spectrophotometric  determination of
Tryptophan and Tyrosine in peptides
and proteins based on new color
reactions, Analytical Biochemistry,
158, 443-446.

[10] Susana Maria Halpine (2006),
Amino acids analysis by HPLC,
Encyclopedia of Chromatography.

[11] Rita Steed (2010), Analysis of
Amino acids by HPLC, Agilent
Technologies, Inc.

[12] Truong X. Nguyen, Stephan
Landgraf, Guenter Grampp (2017),
Kinetics of photoinduced electron

transfer reactions of ruthenium(Il)
complexes and phenols, tyrosine, N-
acetyl-tyrosine and  tryptophan in
aqueous  solutions measured  with
modulated fluorescence spectroscopy, J
Photochem Photobiol B., 116, 28-34.
[13] Lo, KK.-W., AW.-T. Choi, and
W.H.-T. Law (2012), Applications of
luminescent inorganic and organometallic
transition metal complexes as
biomolecular and cellular probes, Dalton
Trans., 41, p. 6021-6047.

[14] Joseph R. Lakowicz (2006),
Principle of Fluorescence Spectroscopy,
Third Edition, Springer.





