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Tom tat

Su tao phirc vé6i cac ion kim loai Fe**/Fe?* va Cu?*/Cu* va nguy co oxy hoa ctia amino acid isoleucine (Ile) khoi mao tir
phan tng khir dang Fenton duge nghién ciru bang phuong phap 1y thuyét phiém ham mat do (DFT). Céc thong s nhiét
dong hoc phan trng (ArGO AH?), cic hang s6 can bang (K) va pKs cuia phan tng tao phtrc da dugce tinh toan trong dung
moi nudc 0 mirc 1y thuyét MOS 2X/6-31 l++G(d,p) Két qua cho thiy, trong mdi trudng co thé, amino acid Ile tu do ton
tai chu yéu dudi dang mudi ludng cuc va phan 16n twong tac véi cac ion kim loai tai cac nhém —COO/COOH va
—NH3*/NH.. Déi véi phirc Fe®*, dang bén nhét 1a phirc mot cang tai vi tri O1, Ol-salt (A,G° = -9,5 kcal/mol), va phirc
Fe2* bén nhét 1a phirc hai cang tai vi tri Site2, Site2-salt (A;G° = -8,8 kcal/mol). Ngoai ra, Ile c6 thé tao phirc bén nhét
v&i ion Cu?* tai vi tri O1 va 02, O1-salt, O2-salt, va vdi ion Cu™ tai vi tri Sitel va Site2, Sitel-salt, Site2-salt. Bén canh
d6, khi c6 mit ctia cac tic nhan khir Asc™ va O2*", cac phtc cta Ile v6i ion Fe®* tiém 4n nguy co “tién oxy héa” cao, dac
biét 1a cac phuc chat O2-neu, O2-salt, Sitel-neu va Site2-salt. Trai lai, sy tao phuc cua Ile véi cac ion Cu?* hau nhu
khong gay ra nguy co tién oxy hoa niao. Nghién ciru ndy hi vong gop phéan hiéu sau sic hon hoat tinh chéng oxy hoa cua
Ile dwa vao phan Gmg quét cac ion kim loai chuyén tiép, ma con goi mé cai nhin nhiéu chidu vé nguy co tién oxy hoa
khoi mao tir cic phan ung dang Fenton ciia Ile. Cac thong tin nay co thé quan trong cho cac tmg dung trong nganh
duogc.

Tir khéa: Sét; déng; phuc chét; chat chéng oxy hoéa; amino acid; tién oxy hoa; Fenton.

Abstract

Complexation of isoleucine amino acid (Ile) with Fe3*/Fe?* and Cu?*/Cu* metal ions and pro-oxidant risks initiated by
Fenton-type reduction reactions were investigated using the density functional theory (DFT) approach. The standard
enthalpies (A/H?), Gibbs free energies (A;GP), and reaction rate constants (Kr) and pK; for the complexation reactions
were calculated in water at the M05-2X/6-311++G(d,p) level of theory. In the biological environment, the results show
that free amino acid lle exists mainly in dipole salt form, and most of it interacts with metal ions at -COO/COOH and
—~NH3*/NH groups. Regarding Fe* complex, the monodentate complex at 01 atom, O1-salt is the most stable form (A/G° = -9,5
kcal/mol), while the most stable of Fe?* complex is the bidentate one at Site2, Site2-salt (A/G° = -8,8 kcal/mol). Besides,
the amino acid Ile prefers to coordinate with Cu2+ ions at O1 and O2 atoms, O1-salt, O2-salt, and Cu+ ion at the Sitel
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and Site2 positions, Sitel-salt, Site2-salt sites. In addition, in the presence of some reducing agents like ascorbate anion
Asc— and superoxide anion radical O2e—, the lle-Fe3+ complexes have high pro-oxidant potential, especially the
complexes O2-neu, O2-salt, Sitel-neu, and Site2-salt. In contrast, the complexation of lle with Cu2+ ions does not tend
pro-oxidant. This study allows a better understanding of Ile’s transition metal chelating-based secondary antioxidant
properties, suggesting a multi-facet view of the potential pro-oxidant risks initiated by Fenton-like reactions, which may

be important for further medicinal applications.

Keywords: Iron; copper; complexes; antioxidant; amino acid; pro-oxidant; Fenton.

1. Gioi thiéu

L(+) Isoleucine (lle), (2S,3S)-2-amino-3-
methylpentanoic acid, 1a mdt trong nhiing
amino acid thiét yéu c¢6 ciu tric phan nhanh
(Hinh 1). Pdi v6i con nguoi va dong vat, Ile
tham gia vao cac hoat dong churc nang sinh ly
cia co thé, bao gém hd trg chita lanh vét
thuong, kich thich chirc niang mién dich, thiic
day bai tiét mot sd6 hormone, tong hop
hemoglobin, diéu chinh lugng dudng trong mau
va mtrc nang lugng [4, 8]. Trong tu nhién, Ile
c6 nhiéu trong trimg, protein ddu nanh, rong
bién, thit ga, c4...[9, 2]. Bén trong co thé sinh
vat, ngoai dang “don vi co s§” cla cac protein
va peptide, Ile con ton tai & dang tu do & 2
trang thai trung hoa va mubi ludng cuc (Hinh
1A va 1B). Ngoai ra, Ile cling dugc chirmg minh
la c6 kha nang tao phtrc véi cac ion kim loai
ton tai trong co thé sinh vat, dic biét 1a cac ion
kim loai chuyén tiép. Brij va cong su (2015) [2]
dd khao sat kha ning tao phirc cua Ile dbi véi
cac ion Zn?*, Cd?* va Fe?* bang phuong phap
dién di trén gidy ¢ 35°C. Két qua cho thiy céc
phttc chtta mot phdi tir Ile c6 d6 bén cao véi
pK1 c6 gia tri tir 6.50 dén 7.24. Trong khi do,
cac gia tri pKz ctia cac phtrc chira 2 phdi tir Ile
chi tir 2.97 dén 3.48. Két qua cua nghién ctru
nay ciing chi ra rang kha ning tao phirc d6i véi
Ile giam dan theo chiéu Zn?* > Cd** > Fe?*.

Trong co thé nguoi, cac kim loai chuyén tiép
nhu dong (Cu) hodc sit (Fe) ton tai & ham
luong rat thap & muc vi lwong [12]. Céc kim
loai nay ton tai cha yéu ¢ dang ion va tao phtc
v6i cac hop chit khac trong méi truong, thuong
1a cac protein, acid nucleic, amino acid... dé
tao thanh céc hop chét sinh hoc quan trong, bao

gdm cac enzyme, co-enzyme va cac protein
chira kim loai [12]. Do céc ion kim loai chuyén
tiép c6 nhiéu s6 oxy hoa khac nhau, chung co
kha nang tham gia vao cac phan tng oxy hoda
khtr c6 kha ning dan dén viéc tao thanh cac goc
tu do gdy hai d6i v6i co thé. Mot trong nhiing
phan tmg nay 1a chudi phan ung Haber — Weiss
[10]. Vi du chudi phan tng Harber-Weiss khi
o su ¢6 mat cia cac ion Fe?*/Fe* va tac nhan
khtr superoxide (O2™) xdy ra theo cac phan ing
dudi day:

H20; + Fe** — Fe®* + HO + HO'

Fe¥* + 0, — Fe?* + 0,

(R1)
(R2)

Phan ung Fenton hoa (R1) va cac phan tng
“kiéu Fenton™ xay ra giita hydroperoxide va cac
ion kim loai 14 nguyén nhan chinh tao ra gbc tu
do hydroxyl — HO". Trong qué trinh nay, cac
ion kim loai tham gia nhu mdt chét xtc tac,
thiic ddy qua trinh chuyén H20; tao thanh gbc
HO' [1]. Géc HO" tao thanh thuong c6 xu
huéng tan cong vao cac hop chit mang thong
tin di truyén ciia co thé (DNA, RNA) hodc cac
phan tir cdu trac nén co thé (lipid, protein...)
[13]. Piéu nay din dén sy ton thuong ddi véi té
bao; néu kéo dai c6 thé giy viém nhiém, ldo
héa, thodi hoa than kinh; dan dén mot s6 cin
bénh nghiém trong nhu Alzhemer [21], ung thu
[11] va bénh tim [16]. Khi céac ion kim loai
chuyén tiép tao phirc véi cac hop chat khac co
trong moi truong, kha nang tham gia vao phan
ung Fenton hda cua ching dugc du doan sé
thay d6i dang ké [19]. Trong mot sd nghién
ctru, phtc chit tao thanh véi ion kim loai nhu
Fe3* va Cu?* dé dang phan mg véi cac tac nhan
khir ¢6 trong moi truong dé chuyén vé dang
oxy hoa thip hon nhu Fe** hodc Cu* [3]. Cac
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ion nay lai tham gia vao phan ung véi H20:
(R1) dé tao ra gbc HO". Diéu nay da khién cho
phan tng Fenton hoéa c6 thé dugc ting cuong.
Su ting cudng ndy dan dén mot loai nguy co
goi 14 “tién oxy hoa” — pro-oxidant. Mot s6 hop
chit ty nhién di duoc xéac dinh 13 ¢6 kha nang
tang cuong phan ng Fenton hoa nhu ascorbic
acid, dihydroxybenzenes (DHBs) [18, 20], cac
polyphenol c6 trong tra [15].

Trong nghién clru nay, chiung t6i khao sat
kha nang tao phtc cua isoleucine vdi cac ion
kim loai chuyén tiép, géom Fe**/Fe?* va
Cu?*/Cu*, va sau d6 danh gia nguy co tién oxy
hoa théng qua sy thuc ddy phan ung khu
Fenton. Ly thuyét phiém ham mat do (Density
functional theory — DFT) duoc st dung dé tdi

OH

RV

)

Site 1

-
B S—

ru héa céu trac va tinh toan cac gia tri thong sb
hoa luong tir cia Ile trong cac dang ton tai cta
n6 va cac dang phirc chit dbi véi ion kim loai.
Céc gia tri enthalpy tiéu chuin — A/HC va ning
lwong tu do Gibbs tiéu chuan — A/G® cua céc
phan tng tao thanh phuc Ile-kim loai sé duogc
sir dung dé danh gid do bén nhiét dong va kha
nang ton tai ctia cac phirc hop cua Ile trong moi
truong co thé. Bén canh do, cac gia tri nhiét
dong hoc (AH® va A/G?) cua céc phin tng oxy
hoa khir xay ra giita cac hop chat phic cua
Fe* va Cu®* véi cac tac nhan khir, gém
superoxide anion (O.") va ascorbate anion
(Asc™), s& duoc s dung dé danh gia nguy co
tién oxy hoa cua Ile.

,> Site 2

H;

Hinh 1: Cu trac phén tir isoleucine dang trung hoa (A) va dang mudi ludng cuc (B).
Céc vi tri tao phtrc cling dugc gidi thiu trén cau truc.

2. Phuong phap nghién ciru

Ly thuyét phiém ham mat do (Density
Functional Theory — DFT) da duoc sir dung dé
t6i wu hoa cau trac xac dinh cac thong s hoa
nhi¢t dong dac trung ctia amino acid Ile va cac
phtic chét cua Ile va cac ion kim loai. Cac tinh
toan dugc thuc hi¢én & muc ly thuyét MO5-
2X/6-311++G(d,p) bang chwong trinh Gaussian

L + [Fe(H20)s]** — [FeL(H20)6-n]** + nH20,
[CuL(H20)4n]** + nH20,

L + [Cu(H20)4]"*

Trong d6, n = 1 hodc 2 tuong ung voi phuc
tao thanh la phirc mgt cang hoac phuc 2 cang. L
1a dang ton tai chinh cua Ile trong dung dich
(trung hoa hoac mubi ludng cuc). X = 3 hoac 2
lan luot 13 dién tich ctia cac ion phirc Fe®* hoic

2* 'y =2 hodc 1 lan luot 13 dién tich cac ion
phitc Cu?* hoic Cu*. Dya trén phan ung (R1)

09 Rev. A.03 package [5] va duoc tién hanh
trong dung moi nude tai 298.15 K.

Khé nang phtrc cua L-isoleucine véi cac ion
kim loai trong nghién ctru nay duge tién hanh
véi cac ion Fe**/Fe?* va Cu?*/Cu’. Sy tao phurc
gitra [le va cac ion kim loai nay xay ra theo cac
phan tng (R1) va (R2):

(R3)
(R4)

va (R2), cac gia tri thong sd hoa nhiét dong cua
phan tmg, bao gdm enthalpy tiéu chuan — AH°
va ning luong tu do Gibbs tiéu chuan — AG°,
du:gc xac dinh dya trén cac cong thuc duoi day:
Doi véi su tao phirc cua cac phuc Fe-lle:
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AH® = H([FeL(H20)sn]*) + nH(H20) — H(L) — H([Fe(H20)]*").
AG? = G([FeL(H20)s n]**) + nG(H20) — G(L) — G([Fe(H20)]*").

Doi véi sy tao phirc cua cac phire Cu-lle:

AH® = H([CUL(H20)4-n]’*) + nH(H20) — H(L) — H([Cu(H20)4]"").
AG® = G([CUL(H20)4-]*) + NG(H20) — G(L) — G([Cu(H20)6]**).

Nguy co tién oxy hoa cta Ile duoc danh gia
dua cac phan ng oxy héa khir chuyén Fe®*
thanh Fe?* va Cu?* thanh Cu*. Céac phdn tng
nay tao thanh cac ion Fe** va Cu*, 12 nhan t6
lién quan dén sy tao thanh gbc tu do hydroxyl
HO" — mot gbc tu do c6 hoat tinh rat cao. Trong
nghién ctru nay, chung toi sr dung cac tac nhan

[FeL(H20)6n]** + Asc
[FeL(H20)6]** + 02"

- [FeL(H20)6.n]*" + AsC’,
- [FeL(HZO)s,n]” + Oy,
[CUuL(H20)6.n]*" + Asc- — [CuL(H20)s.n]" + Asc’,
[CUL(H20)4n]*" + O — [CuL(H20)s-n]" + O,

(eq.1)
(eq.2)

(eq9.3)
(eq.4)

khir 1a ascorbate anion (Asc™) va superoxide
anion radical (O.™). bay la cac tac nhan dugc
sir dung trong mot sb cac nghién ciru khac [3,
19]. Céc phan mg oxy hoa - khur xay ra gitta
cac ion Fe** va Cu?" ddi véi hai tac nhan khi
nay xay ra theo cac phan trng (R5)—(R8):

(R5)
(R6)
(R7)
(R8)

Tuong ty, cac phan Gng dbi véi dang hydrat hoa cua hai ion kim loai Fe®* va Cu?* xay ra theo

cac phan ung (R9)—(R12):

(R10)

[Fe(H20)6]*" + Asc- — [Fe(H20)6]?* + Asc’, (R9)
[Fe(H20)e]** + O~ —  [Fe(H20)6]** + O2,
[Cu(H20)6]?* + Asc — [Cu(H20)]* + Asc”, (R11)
[Cu(H20)a]** + O~ = [Cu(H20)4]* + O,

Gié tri nang lugng tu do Gibbs tiéu chuan —
A/G? cua cac phian mg oxy héa khir (RS)-
(R12) duogc xéac dinh dya trén sy chénh 1éch
nang luong ty do Gibbs (G) giira san pham so
v&i cdc ion phan Ung.

Dbi v6i phan g giita phuc Fe®* cua Ile va
Asc” — (R3), gia tri AG° dugc xac dinh theo céac
cong thuc (eq.5).

AG® = G([FeL(H20)6-n]*") + G(AsC) —
G([FeL(H20)6-1]*") — G(Asc). (eq.5)

D6i véi cac phan tmg oxy hoa khir (R6)-
(R12), cac gia tri A/G® ciling duoc x4c dinh
tuong tu.

(R12)

Hing s6 can bang phan tng (Kr) 1a mot
trong nhitng gia tri dugc sir dung dé khao sat
ndng do cua cac chit ¢ trang thai can bang [7,
14, 17]. Gia tri cua Krf dugc xac dinh dua trén
A:G® ctia phan tig theo cong thirc (eq.6) [6].

467
Kfi=e &AT

(eq.6)
3. Két qua va thao luin
3.1. Ciu triic hinh hoc va dién ti ciia
isoleucine

Hinh 3.1 biéu dién cAu tric ti wu hoa, ciu
trac cac orbital bien HOMO - LUMO va gian
d6 bé mit thé ning tinh dién (ESP) cua Ile dang
mudi trung hoa (A) va dang mudi ludng cuc
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(B) trong pha nudc & mirc 1y thuyét M05-2X/6-
311++G(d,p).

CAu trac phan tir cua hai dang trung hoa (A)
va mubi ludng cuc (B) dd duoc t6i uu hoa va
dugc trinh bay trong Hinh 3.1 Trong ciu tric
cta hai dang ndy, nguyén tr C5 lién két voi hai
nhom chirc -NH; va—-COOH ¢ dang trung hoa
(A), va voi hai nhém chirc -NHs* va -COO™ &
dang mubi ludng cuc (B). Su khac nhau ¢ hai
nhém chirc nay khién cho céu trac cia 2 dang

STRUCTURE HOMO
> 1&*143 loljl [ .
= T
QP —D
- s
" (6.1/6.0) /
X L@ ) ¢ ‘\’
¢ 1.25
B B d H| 25 q y
s @
~ N,
4,‘ 2 W —
(0.0/0.0) )

ton tai A, B cua Ile ciing khac nhau. Ngoai ra,
dang mubi ludng cuc cua lle co gia tri AH® va
AG? thap hon dang trung hoa lan luot 6.1 va 6.0
kcal/mol. Vi vay, dang mubi ludng cuc B Ia
dang ton tai chinh cua lle trong dung dich.
Trong nghién cuu nay, gia tri nhiét dong cua
dang B s€¢ dugc su dung dé xac dinh thuc hién
cho céc tinh toan tiép theo.

.5
lt’%

J

Hinh 3.1: Cau tric t6i wu, phan b orbital HOMO, va LUMO, va gian d6 bé mat thé ning tinh dién ESP cua isoleucine
(Ile) dang trung hoa (A) va dang mudi ludng cuc (B) trong dung méi nude. Gia tri trong dau ngodc don 1a enthalpy va
nang luong tu do Gibbs tuong doi ctia hai dang ton tai (don vi: kcal/mol).

Su phan b6 HOMO, LUMO tap trung chi
yéu tai vi tri O1, 02, C9, C5, N3. Nguoc lai, tai
mach R, cdu trac cac orbital bién tap trung
khong dang ké. Nhu vy, c¢6 thé du doan phan
tr Ile chu yéu tuong tac vai ion kim loai tai cac
vi tri O1, 02, C9, C5 va N3. Gian d6 bé mit thé
nang tinh dién thé hién sy phan bd dién tich va
cac tinh chat lién quan dén dién tich ciia phan
tir. Mau do biéu dién cac ving c6 dién tich am
nhat, mau xanh duong dai dién cho céc ving co
tinh di¢n duong nhét. Dya vao gian dd ESP, ¢6
thé nhan théy réng ddi véi cAu tric B, mat do
dién tich duong tap trung rat 16n & nhom —NHs*
trong khi & cAu trac A, mat d6 dién tich duong
tai —~NH, kha 1a thap. Twong ty, muc tip trung
dién tich am tai nhom —COO~ ¢ dang B la cao
hon rét nhiéu so v6i nhém —COOH cia dang A.
Vi vay, cdu tric B duoc du doan 1a ¢6 kha ning
phan cuc cao hon so voi cdu tric A.

Nhu viy, trong mdi trudng co thé, mubi
ludng cuc 1a dang ton tai chinh cua isoleucine
tu do. Khi tuong tac véi céc ion kim loai, cac
nhém —COO /COOH va —NHs3*/NH2 dugc du
doan la cac nhém tao phuc chinh.

3.2. Sw tgo phirc cua isoleucine doi voi cdc ion
kim loai chuyén tiep

3.2.1.8u tgo phirc cua isoleucine doi véi cdc
ion Fe®* va Fe?*

CAu truc t6i vu cta cac phirc Ile voi cac ion
Fe?* va Fe®" hydrate hoa khio st trong dung
moéi nuéc & muc ly thuyét MO05-2X/6-
311++G(d,p) duogc trinh bay trong Hinh 3.2.
Trong d06, cac phuc O2-neu, Ol-salt va O2-salt
1a cac phirc ma Ile dong vai tro 1a phdi tir don
cang (monodentate). Ile dong vai tro 1a phéi tur
hai cang (bidentate) trong cac phtc Sitel-neu
va Site2-salt. Cac gia tri nhiét dong ctua phan
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g tao thanh cac phirc chat Ile-Fe & 298,15K
dugc xac dinh trong Bang 3.1. Nang luong tu
do Gibbs tiéu chuan — AG® dugc st dung dé
danh gia can bang ciia cac phan g,

Duya vao cac gia tri nhiét dong cua cac phan
g tao phirc, c6 thé thiy ring cac phirc cua
dang B déu c6 do bén cao va thuan loi vé mat
ning luong. That vy, thong s6 A/G® cua céac
phtic Ol-salt, O2-salt va Site2-salt cua ion Fe?*

va Fe® lan luot co gia tri tir -4,5 dén -9,5
kcal/mol va -5,7 dén -8,8 kcal/mol. Nguoc lai,
hau nhu céc phirc Fe cua Ile dang A déu kém
bén vdi cac gia tri AG® duong, trir phirc Fe®* tai
vi tri Sitel-neu c6 A/G® = -1,2 kcal/mol. Ngoai
ra, dira vao cic gia tri nhiét dong, phirc Fe®* bén
nhét 1a phitc mot cang tai vi tri O1-salt (A/G° = -
9,5 keal/mol) va phirc Fe?* bén nhét 1a phirc hai
cang tai vi tri Site2-salt (A/G° = -8,8 kcal/mol).

Bang 3.1: Enthalpy phan tng (AHC, kcal/mol) va niang luong tu do Gibbs tiéu chuan (AG°,
kcal/mol) ¢ nhiét d§ 298,15 K cta phan tng tao phtrc gitra isoleucine (Ile) dang trung hoa va dang
mudi ludng cuc vai cac ion [Fe(H20)s]**/[Fe(H20)s]?* va [Cu(H20)4]?*/[Cu(H20)4]".

Phurc chét [Fe(H20)e]** [Fe(H20)s]* [Cu(H20)4]** [Cu(H20)4]"
Vi tri AHO AGP AH° AG° AH° AG° AH° AG°
0O2-neu 3,8 7,4 0,9 6,0 3,7 5,6 3,2 8,7
O1-salt -14,0 -9,5 -9,2 -6,4 -11,4 -9,3 -4,3 0,2
02-salt -6,8 -4,5 -8,6 -5,7 -11,0 -9,1 -3,5 0,8

Sitel-neu 7,0 0,7 5,3 -1,2 1,0 -6,5 2,2 -2,7

Site2-salt 2,2 -5,9 -0,1 -8,8 0,6 -75 -3,1 -7,6
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Hinh 3.2: Cu tric phan tir ctia cac phirc chat mot cang va hai cang cia isoleucine dang trung hoa (neu) va dang mubi
ludng cuc (salt) voi cic ion (A) [Fe(H20)6]** va (B) [Fe(H20)6]?*. D6 dai mot so lién két dic trung ciing duge ghi chi

trén hinh.
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3.2.2. Su tgo phuc cua isoleucine doi véi cdc
ion Cu?* va Cu*

CAu tric tdi uu cua cac phuc giira Ile voi cac
ion Cu?* va Cu* trong dung moi nudc ¢ mic 1y
thuyét M05-2X/6-311++G(d,p) duoc thé hién
trong Hinh 3.3. Cac gia tri enthalpy va nang
luong tuw do Gibbs tiéu chudn cta phan tng tao
phuc giita Ile dang trung hoa va dang mudi
ludng cuc v6i cac  ion [Cu(H20)4]*,
[Cu(H20)4]" dugc gidi thiéu trong Bang 3.1.

Tuong tu dbi v6i cac ion Fe, Ile ciing co thé
tao voi ion Cu thanh cac phic don cang ¢ vi tri
O1 va 02, gbm O2-neu, Ol-salt va O2-salt, va
tao thanh cac phtc hai cang ¢ vi tri sitel va
site2, bao gom Sitel-neu va Site2-salt. Vé kha
nang tao phirc v6i cac ion Cu, hau hét cac phirc
Cu?* dbi voi Ile déu c¢6 do bén nhiét dong cao
voi cac gia tri A/G® am, trir phtrc don cang tai

’

(A)

02-neu v6i AG° = 5,6 kcal/mol. Cac phuc Ile
coO gia tri tor -6,5 dén -9,3
kcal/mol. Ngoai ra, su tao thanh phitc don cang
tao thanh tai hai vi tri Ol va O2 cta nhom —
COQO™ cua dang mubi ludng cuc c6 do bén cao
va rat thuan loi v& mat nhiét dong (AG° tir -9,1
dén -9,3 kcal/mol) va vé mit ning luong (déu
1a cac qua trinh téa nhiét véi AHC bién thién tir
-11,0 dén -11,4 kcal/mol). Nguoc lai, dbi véi
cac phirc Cu*, chi ¢6 cac phie hai cang l1a ¢ do

bén cua Cu?*

bén nhiét dong cao, voi gia tri AGP cua cac
phan ung tao thanh phurc Sitel-neu va Site2-salt
lan luot 12 -2,7 va -7,6 keal/mol. Nguoc lai, cac
phirc Ile mot cang ctia Cu* déu kém bén véi gia
tri A/G® duong, tir 0,2 dén 8,7 kcal/mol. Nhur
vy, amino acid Ile c6 thé tao phtc bén nhat
v6i ion Cu tai vi tri Ol-salt, O2-salt, ddi véi
Cu®* va tai vj tri Sitel, Site2-salt, d6i voi Cu*.

4 ~ .
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Hinh 3.3: C4u tric phan tir ctia phirc chat mot cang va hai cang ciia isoleucine dang trung hoa (neu) va dang mubi
ludng cyc (salt) voi céc ion (A) [Cu(H20)4]** va (B) [Cu(H20)4]*. D6 dai mot so lién két ddc trung cling duge ghi chu
trén hinh.
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3.3. Nguy co tién oxy héa ciia isoleucine
Trong mdi truong co thé ludn chira cac tac
nhan khir nhu ascorbate anion hay superoxide
anion radical, cac ion Fe3* hodc Cu?* du da tao
phtic v6i Ile van c6 nguy co tham gia phan tng
khir & chuyén vé ion Fe?* hodc Cu'. Nhu di
gidi thi¢u & phén trén, cac ion kim loai & trang
thai oxy hoa thip c6 kha ning tham gia cac
phan tng Fenton tao ra gbc hydroxyl (HO") ¢6
hoat tinh cao. Nhu vay, phan ung khur cac ion
kim loai chuyén tiép tir s oxy hoa cao vé sb
oxy hoa thdp chinh 1a giai doan khoi mao cho
qua trinh tao ra géc HO". Vi vay viéc khdo sat
phan g khtr ciia cac phuc tao thanh tir amino

acid Tle v&i Fe** hodc Cu®* vdi cac tic nhan
khtr s& gitp khao sat nguy co tién oxy hoa (pro-
oxidant) c6 thé c6 tir viéc tao phirc. Qua trinh
trén c6 thé duoc danh gia dya trén tinh toan cac
gi4 tri nhiét dong phan tmg (A:G®) va cac hang
s6 can bang (Kr) cta phan Gmg chuyén phtc Ile-
Fe®* thanh phirc Ile-Fe?* va phirc Ile-Cu?* thanh
phtc Ile-Cu* khi c6 mit 2 tac nhan khir, gdm
ascorbate anion (Asc”) va superoxide anion
radical (O2*"). Cac gia tri A/G® va K cua cac
phan ng chuyén phuc Ile-Fe®* thanh lle-Fe?*
khi c¢6 mat cac tdc nhan khir Asc™ va O2"~ duoc
trinh bay ¢ Bang 3.2.

Bang 3.2: Ning lugng Gibbs tu do tiéu chuan (A:G°, kcal/mol) va hiang s6 can bang phan tng
(Kf) cua cac phan tng chuyén phitc chat Ile-Fe®* thanh lle-Fe?* khi c6 mat cac tac nhan khir
ascorbate anion (Asc) va superoxide anion radical (O2*") trong dung moéi nude ¢ 298,15K.

Phanwng | AGY | Ki | pKs AGY | Ki | pKs
[Fe(H20)6]3+ + Asc — [Fe(HZO)e]Z“ + Asc’; (R7) [Fe(H20)6]3++02'7—’ [Fe(H20)5]2++Oz; (R8)

-144 | 3,48x10° | -105 411 | 145x10° | -30,2

[FeL(H20)s o] +Asc —[FeL(H20)s n]**+Asc”; (R3) | [FeL(H20)s n]*"+02 —[FeL(H20)s n]*"+O2; (R4)
0O2-neu -15,8 3.97x10! -11,6 -42.6 1.65%x10%! -31,2
Ol-salt 11,3 1.80x10°8 -8,3 -38,0 7.48x10%" 27,9
02-salt -15,5 2.49x10t | -114 42,3 1.03x103! -31,0
Sitel-neu -16,3 8.51x10%! -11,9 -43,0 3.53x10°% -31,5
Site2-salt 17,3 4.65x102 | -12,7 -44.0 1.93x10% -32,3

Nhin chung, cac gia tri AG® ctia hai phan
g nay déu thap hon so v6i phan (mg khir cia
chinh ban than ion [Fe(H20)s]%*, ngoai trir phirc
Ol-salt. That vay, gia tri A/G® ciia phan ung
khir gitta Asc” vd O2" vé6i cac phic chat don
cang O2-neu, O2-salt 1an luot 1a -15,8 / -42,6
kcal/mol; -15,5 / -42,3 kcal/mol, va véi phirc
chét hai cang Sitel-neu, Site2-salt lan luot 1a -
16,3 / -43,0 kcal/mol; va -17,3 / -44,0 kcal/mol.
Nhitng gia tri ndy thap hon so véi phan tng
khir ciia chinh ban than ion [Fe(H20)s]** (lan
luot 14 -14,4 / -41,1 kcal/mol). Ngoai ra, hing
sO toc do phan ung (Kr) ctia cac phic chét nay
véi tac nhan khir Asc™ va O2™, ngoai trir phiic
chat tai Ol-salt, déu cao hon so véi phan tng
ctia ion [Fe(H20)6]**. Piéu nay c6 nghia 1a cac
phtc chat O2-neu, O2-salt, Sitel-neu, Site2-salt

dugc du doan c6 nguy co cao thiuc ddy phan
tng dang Fenton. Do khi ion Fe®* tao phirc véi
Ile s& 1am ting cuong cac phan tmg khir chuyén
ion Fe3* vé dang oxy hoa thap hon 1a Fe?*. lon
Fe?* lai tham gia vao phan Gng véi H202 dé tao
ra gbc HO', tiém 4n nguy co “tién oxy héa” nhu
da noi dén & trén.

Céc gia tri nhiét dong cua cac phan ing khi
giita phtc chat Ile-Cu?* v6i hai tic nhan khir
duoc trinh bay trong Bang 3.3. Trai nguoc dbi
v6i ion Fe, phan ung khir ciia cac phuc Ile-Cu?*
v6i cac tac nhan khir déu c6 gia tri AGP cao
hon so voi phan ung cua chinh ban than ion
[Cu(H20)4]?*, ngoai trir phan tmg khir ctia phirc
Site2-salt. That vay, gia tri A/G® gifta tac nhan
khir Asc™ / O véi phirc don cang O2-neu, O1-
salt, O2 salt va véi phirc chat hai cang Sitel-
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neu lan lugt 1a 3,2 / 3,1 kecal/mol; 9,5 / 9,4
kcal/mol; va 9,9/ 8,9 kcal/mol; va 3,8 / 3,8
kcal/mol déu cao hon phan Gng cua ion
[Cu(H20)4]?*(1an luot 13 17,3 / -9,4 kcal/mol).
Do d6, phan tmg khir ctia phtc chat Site 2-salt
1a dién ra thuan loi nhat, nhung phan {ng
khong thuan 1¢i véi phie O2-neu, Ol-salt, O2
salt, Sitel-neu. Ngoai ra, hing sb toc do phan
tmg (Kr) cua phan tmg khir cia hau hét cac
phirc chat nay déu thip hon so vé6i phan tmg
khir ctia ion [Cu(H20)4]%*. Piéu nay cd nghia

rang su tao thanh phurc voi ion Cu khong gay ra
nguy co tién oxy hoa nhu véi truong hop tao
phtc v6i ion Fe. Tom lai, sy tao phuc cua
amino acid Ile v6i ion Fe** trong moi trudong
nude tiém an nguy co “tién oxy hoa” néu trong
co thé ¢ mit hai tic nhan khir 1a Asc™ va Oz,
dic biét 1a cac phirc chit O2-neu, O2-salt ,
Sitel-neu va Site2-salt. Trong khi d6, su tao
phirc cua Ile v6i ion Cu gan nhu khong gy ra
nguy co tién oxy hoa nao.

Bang 3.3: Ning lugng Gibbs tu do tiéu chuan (A:G°, kcal/mol) va hiang sd can bang phan tng
(Kf) cua cac phan tng chuyén phitc chat Ile-Cu?* thanh lle-Cu* khi ¢6 mat cac tac nhan khir
ascorbate anion (Asc) va superoxide anion radical (O2™) trong dung moéi nude ¢ 298,15K.

Phanting | AG | Kr pKs AGY | Kr | pKs
[Cu(H20)6]**+Asc —[Cu(H20)s] " +Asc”; (R9) [Cu(H20)4]?*+0, —=[Cu(H20)4]*+Oz;
(R10)
| 17,3 | 2,00x108 | 127 -9,4 829x10° | 69
[CUL(H20)6 n]**+Asc —[CuL(H20)s.n] *+Asc”; (R5) | [CUL(H20)a n]**+02 —[CuL(H20)4n]*+O;
(R6)
02-neu 20,5 1,01x10°% 15,0 -6,3 4,20x10* -4,6
Ol-salt 26,8 2,35x10%0 19,6 0,0 9,75x10! 0,0
02-salt 27,2 1,06x10%° 20,0 0,5 4,41x10" 0,4
Sitel-neu 21,1 3,31x10716 15,5 -5,6 1,37x10* -4,1
Site2-salt 17,2 2,54x101 12,6 -9,6 1,05%10’ -7,0

Theo nhiéu nghién ciru trong 1y thuyét, oxy
hoa cac protein va cac amino acid ty do bai goc
tu do la mét trong nhirng thu pham gay ra cac
bénh cho co thé, dang ké nhat 1a 130 hod, bénh
xo vira dong mach, ung thu va Alzheimer [22,
23]. That vay, su oxy hoa protein c6 thé dan
dén sy dut giy cac mach polypeptide, su thay
ddi cac mach nhanh trén amino acid, va bién
d6i protein thanh cac dan xuit nhay cam hon
v6i sy phan hity. Va nguoi ta cling thdy rang
mirc do oxi hoa protein ting cao cling véi tudi
tac con ngudi [22]. Ngoai ra, nhiéu nghién ctru
khac ciing dd chi ra rang qua trinh oxy hoa
protein c6 lién quan dén cin nguyén, sy tién
trién hodc biéu hién ctia mot sb bénh [23]. Su
tang cao cac cacbonyl protein, mdt trong céc
san pham cua oxy hoa protein, ¢6 lién quan dén

bénh viém khép dang thap, ching loan dudng
co, bénh xo cling teo co mot bén, bénh
Alzheimer, duc thuy tinh thé, bénh amyloidosis
hé thdéng, hoi chimg suy hd hap, progeria, va
hoi chimg Werner.

Vi vay, vi¢c nghién ctu co ché cua qua trinh
oxy hoéa cac amino acid, don vi cAu tric tao nén
protein, va cac yéu to anh huong nhu cac phan
ung Fenton do su tao phtic véi cac ion kim loai
chuyén tiép c6 sin trong co thé (ion Fe, Cu)
dong mot ¥ nghia quan trong trong viéc hiéu rd
ngudn gbc cac loai bénh néu trén. Tur d6, nd
lam nén tang cho cic nghién ctru xa hon lién
quan dén tim kiém, thiét ké cac hop chat chdng
oxi hoa (dé quét gbc tu do) hay thude dic tri
nham diéu trj cic loai bénh lién quan.
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4. Két luan

Trong nghién ciru nay, sy tao phic cua
amino acid L-isoleucine (Ile) vdi cac ion
Fe3*/Fe?* va Cu?*/Cu* duoc khao sat bang 1y
thuyét phiém ham mat do (DFT). Cac gia tri
thong s6 nhiét dong cta phan tng tao phirc bao
gbm enthalpy tiéu chuin — AH® va ning luong
tu do Gibbs tiéu chuan — A/GP, céc héng sb can
bang (Ks) va pKs dd duogc tinh toan ¢ mirc 1y
thuyét M05-2X/6-311++G(d,p) trong dung mdi
nude. Két qua cho thay, amino acid Ile tao phirc
bén nhat véi ion Fe** theo dang phirc mot cang
tai vi tri O1, Ol-salt (A/G° = -9,5 kcal/mol) va
voi ion Fe?* theo dang hai cang tai vi tri site2,
Site2-salt (A:G° = -8,8 kcal/mol). Ngoai ra, lle
¢6 thé tao phirc bén nhat véi ion Cu?* tai vi tri
01 va 02, O1-salt, O2-salt, va voi ion Cu® tai
vi tri sitel va site2, Sitel-salt, Site2-salt. Cac
phan tng khir chuyén phtic Fe®*-thanh-Fe?* va
Cu?*-thanh-Cu* khi c6 mit cia cac tac nhan
khtr nhu Asc™ va O™ ciing dugc khao sat nhu la
qué trinh khoi mao cho phan tmg dang Fenton.
Két qua cho thiy cac phtc ciia amino acid Ile
v6i ion Fe®* tiém 4n nguy co “tién oxy hoa” rat
cao, dic biét 1a cac phirc chat O2-neu, O2-salt,
Sitel-neu va Site2-salt. Tuy nhién, su tao phuc
cta Ile v6i cac ion Cu?* hau nhu khong giy ra
nguy co tién oxy héa nao.
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