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ABSTRACT

Objective: To optimize the size-exclusion chromatography (SEC) process for extracting
and purifying proteins from high-salt solutions, in order to accurately quantify proteins in
complex biological samples.

Methods: Experimental studies were conducted using BSA standard samples (30-120
mg/L) and real samples. The investigated parameters included column type, phosphate
bufferconcentration, flow rate, and sample loading volume. Protein and salt were detected
by UV (280 nm) and conductivity detectors, respectively. Protein recovery efficiency and
purity were evaluated by total nitrogen analysis and SDS-PAGE.

Results: The optimal conditions were determined to be the Sephadex G-25 column, 150
mM phosphate buffer (pH 7), flow rate of 3 mL/min, and injection volume of 2 mL. Under
these conditions, proteins were completely separated from salts with recovery efficiency
above 95%. The calibration curve showed high linearity (R* = 0.9998). The results were
consistent with the Kjeldahl method, while being faster and simpler.

Conclusion: Size-exclusion chromatography with the optimized parameters is an
effective and reliable tool for desalting, purifying, and quantifying proteins in complex
biological matrices with high salt concentrations.
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TOM TAT

Muc tiéu: T6i vu hda quy trinh sac ky loc gel dé tach chiét va tinh sach protein tif céc dung
dich c6 néng dé mudi cao, nham dinh lugng chinh xac protein trong mau sinh hoc phic
tap.

Phuong phap: Nghién ctu thuc nghiém s dung mau chuan Bovine Serum Albumin(BSA)
(30-120 mg/L) va mau thuc té. Cac didu kién duoc khao sat bao gom loai cot, ndng dd dém
phosphate, t6c d6 dong va thé tich bdm mau. Protein va mudi dugc theo dbi lan lugt bang
detector UV (280 nm) va detector dd dan dién. Hiéu suat thu hoi va dé tinh sach dugc
danh gia thong qua dinh luong nito tdng s8 va dién di SDS-PAGE.

Két qua: Piéu kién t6i uvu dugc xac dinh la cot Sephadex G-25, dém phosphate 150 mM
(pH 7), t8c dod dong 3 mL/phut, thé tich tiém mau 2 mL. O diéu kién nay, protein dugc tach
hoan toan khdi mudi vdi hiéu suét thu hdi >95%. Dudng chuén dinh lugng cho thay tinh
tuyén tinh cao (R* = 0,9998). Phuong phap nay cho két qua tuong duong vdi phuong phép
Kjeldahl nhung nhanh hon va don gidn hon.

K&t luan: Phuong phap séc ky loc gel v6i cac thong sé téi wu la mot cong cu hiéu qua va
dang tin cay dé kh&r muédi, tinh sach va dinh lugng protein trong cdc mau sinh hoc phirc
tap c6 ndbng dd mudi cao.

Tir khéa: Sac ky loc gel, t6i uu hoa, protein, BSA.

1. DAT VAN DE 2. DOI TUONG VA PHUONG PHAP NGHIEN CU'U

Sé&c ky loc gel (SEC) la mét ky thuat quan trong trong
tach chiét va lam sach protein, dua trén su khac
biét vé kich thudc va trong luong phan tir [1-2]. Uu

2.1. Thiét k& nghién cu

Thuc hién trong phong thi nghiém vdi thiét k&€ mo

diém ndi bat clia phuong phap nay la cé thé thuc
hién trong cac diéu kién dung moi da dang va dac
biét hiéu qua trong viéc khi* muéi, thay d6i dém cho
mau sinh hoc. Trong thuyc t&, nhiéu quy trinh tach
chiét protein tlr cac nguodn visinh vat hoac dungdich
c6 nong dé mudi cao (DD BQ), dan dén mau thanh
phdm chla lugng mudi du thira gay trc ché cac
phuong phap phan tich tiép theo nhu dién di, sac ky
trao déi ion, sic ky kh&i phé. Hon nira, cdc mau nay
thudng cé nén phirc tap véi sy hién dién cia cac hop
chat gay nhiéu. Viéc t8i wu héa céac diéu kién phan
tich sac ky loc gel la can thiét dé dat dugc hiéu suét
thu hoi protein t6i da va hiéu quéa khir mudi toi vu.
Nghién cltu nay dugc thuc hién nhdm xac dinh bo
théng sé t6i wu cho quy trinh tach chiét protein bang
sac ky loc gel tir dung dich néng d6 mudi cao va nén
mau phc tap.

*Tac gia lién hé

t4, nham t&i wu hoa quy trinh tach chiét va danh gia
hiéu qua cla phuong phap séc ky loc gel dé tinh
sach protein tir cac dung dich cé néng dd mudi cao.

2.2. Dia diém va thdi gian nghién ciru: Khoa Sinh
hoéa -Vién 69; thuc hién tur 10/2024-9/2025.

2.3. Dai tugng nghién clru

- M3u chuén: 18 mau dung dich bao quan (DDBQ)
mdipha, dugc bé sung protein chuan BSA dbanéng
d6 khac nhau (30 mg/L, 60 mg/L va 120 mg/L). M3i
noéng dé dugc chuan bj véi 6 lan Lap lai.

- M4u thuc nghiém: 6 mau dung dich thyc nghiém
daquastrdungtaiVién 69, bao gdm: 3 mau ngamda
conguyén khéi (ky hiéu TN1, TN2, TN3); 3 mau ngam
mo co tach rai (ky hiéu TN4, TN5, TN6).
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2.4. Phuong phap nghién clru

2.4.1. Quy trinh tach chiét va tinh sach bang sac
ky loc gel

- Chuan bj mau: Mau DDBQ dugc loc so bd qua
mang loc 0,45 um dé loai bé tap chat trudc khi phan
tich.

- Khao sat diéu kién t6i wu: Tién hanh chay sac ky loc
gel dé danh gia anh hudng clia céc yéu t6: Loai cot:
Sephadex G-20, G-25, LH-20; Nong dd dung méi rira
giai (dém phosphate): 10 mM, 50 mM, 150 mM (pH
7.0); Té¢c dd dong: 0,2 mL/phut; 1 mL/phat; 2 mL/
phat.

- Lam gidu mau: Cac phan doan protein thu dugc
tr sac ky loc gel duoc lam gidu bang phuong phap
déng khd, sau do hoa tan lai trong 2 mL dung dich
dém dé chuén bi cho céc phan tich ti€p theo [3].

2.4.2. Banh gia hiéu qua phuong phap

- Khé nang loai muéi: Panh gia dinh tinh thong qua
sac ky do, dua trén su'tach biét hoan toan gitra peak
hap thu & budc séng 280 nm (dac trung cho protein)
va peak do dan dién (d&c trung cho mudi).

- Hiéu suét thu hoi protein: Dinh lugng protein trong
cac phan doan thu dugc bang phuong phap Nito
téng s6 (Kjeldahl), sau dé so sanh véi ndng do pro-
tein ban dau dé tinh phan tram thu hoi.

- D6 tinh sach: Phén tich va so sanh ho sa protein
clia mau trudc va sau khi tinh sach bang ky thuat
dién di SDS-PAGE.

- Xay dung dudng chuén va dinh lugng: Xay dung
dudng chuan thé hién mai tuong quan gilra dién tich
peaksackyvandngddé BSAchuéan (30, 60,120 mg/L).
Pudng chuén nay dugc s dung dé dinh lugng ham
lwgng protein trong cac mau thuc nghiém.

2.4.3. Phén tich sé liéu

S8 liéu duge xr ly va phan tich bang phan mém
Microsoft Excel. K&t qua dinh lugng dugc biéu dién
dudi dang gia tri trung binh = do léch chuan (SD).
Pudng chudn dugc xay dung dua trén phuong phép
ho6i quy tuyén tinh.

2.5. Dao durc nghién cttu

Nghién clru dugc thuc hién tuan thd cac quy dinh vé
antoan phongthinghiém va cic nguyén tac dao dic
trong nghién ctu khoa hoc.

3. KET QUA NGHIEN cUU

3.1. Khao sat mot sé diéu kién tinh sach protein tir
DDBQ.

3.1.1. Anh hudng ctia nén mau DDBQ dén kha nang
dinh lwgng protein bang phuong phap quang phé
(bradford).

Chuan bij dung dich thuc nghiém (trAng) v&i ndng
dé khac nhau: Pha dung dich trdng trong nudc, dat
cac nong do: 0%, 5%, 10%, 15%, 20%, 25%, 30%
theo néng d& mudi ctia dung dich. L&y 0,1 ml cac
dungdich c6 ndng dé nhu'trén, thém 3 mldung dich
coomassie brilliant bule G -250, ldc nhe déu, dé 5
phut va tién hanh do quang & 595 nm, mbi mau do
céch nhau 40 gidy. K&t qua thu duogc.
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R2=0,9934
0,02 /}.
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Hinh 1. D6 thi tuyén tinh gitra néng dd %
cua DD BQ véi mat dé quang.

Nhan xét: Cac thanh phan trong nén mau nhu CCB2
c6é phan (ng tao phic véi thudc thlr coomassie
brilliant bule G -250. Mat khac ham lugng protein
trong mau dung dich (a rat thap, sé bj che &p khi
phan (ng véi thudc thir coomassie brilliant bule G
-2, néu chung ta dinh lugng truc ti€p protein trong
dung dich. Do d6 can ti€n hanh loai cac thanh phan
CCB1, CCB2 khoi dung dich dé tinh sach protein, tir
dé gitip chung ta dé dang dinh lugng protein sau khi
da tinh sach.

3.1.2. K&t qua khao sat trong cac diéu kién sac ky
loc gel khac nhau

- Khao sat cot phan tich

Protein
chuan
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C

Hinh 2. Sac db tinh sach protein chuan trong dung
dich thuc nghiém trén cac c6t loc gel khac nhau:
a) cot sephadex G-25, b) C6t G-20, c) C6t LH20

Qua khao sat vdi 3 loai cot khac nhau cho thay cot
sephadex G-25 cho phép tach t6t cac thanh phan
protein trong dung dich, loai bd t6t mudi véi nong
do cao.

- Khao sat cac hé dung méi dém
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Hinh 3. Sdc dd phan tich protein chuén trong
DDBQ bang sac ky loc gel véi cac hé dém
phosphat & cac néng dé: a) dém phosphat 10 mM,
pH7; b) dém phosphat 50 mM, pH7; ¢c) dém
phosphat 150 mM, pH7.

Nhan xét: Hé dém phosphat 150 mM, pH7 cho phép
tach tét cac thanh phan protein trong dung dich, loai
bo hoan toan dugc mudi & cac phan doan sau.

Khéo sat vé téc dd dong pha dong lan lugt la 1; 2; 3
va 4 ml/phat két qua thu dugc vdi toc do dong 4 ml/
phut, cac peak protein bi chong lan véi peak mudi,
khong thé loai hoan toan mudi khoi dung dich, vdi
toc dé dong 1; 2; 3 ml/phat déu cho phép tach tét
protein va muéi, tuy nhién dé rut ngan thai gian phan
tich hiéu qua chang t6i chon van téc dong la 3 mU/
phut cho céc phén tich tiép theo

Khao sat thé tich bom mau l&én cot 0,5 va 2 ml déu
cho két qua tach tét protein, vdi thé tich 5 ml mau
lén c6t, gay qua tai cot co hién tuong kéo doi peak,
cac protein khéng dugc tach hoan toan khédi dung
dich muéi.

Qua do, chang toi lva chon duge céc diéu kién tinh
sach protein trong DDBQ nhu sau: C6t sephadex
G-25, kich thudc cot 2,6/10 cm, dém phosphat 150
mM, pH 7, t6¢c d6 dong 3 ml/phut, thé tich bom mau
lén cotla2ml.

- Panh gia do tinh sach ciia mau protein bang so
sanh két qua dién di SDS-PAGE clia mau trudc va
sau khi xtr ly bang sac ky loc gel
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Hinh 4. Két qua phéan tich dién di SDS-PAGE cla
mau protein BSA trong dung dich: 1 mau truéc loc
gel; 2: mau sau loc gel; C mAu chuén protein toan

giai

Mau protein (1) trong DDBQ khi phan tich truc tiép
trén két qua dién di hdu nhu khéng phat hién tin hiéu
protein BSA, trong khi mau (2) dugc x{r ly qua cét loc
gel dé loai bd mudi va thu phan doan protein sau
cot dé phan tich bang k¥ thuat dién di, cho két qua
1 bang ré nét c6 khéi lugng khoang 66-67 kDa, phu
hgp vdi kich thude phan tir ciia BSA chuén.

- Hiéu suét thu hoi protein

K&t qua dinh lugng nito téng s trén mau BSA sau
khi tach bang sac ky loc gel cho thay hiéu suét thu
hoi cao (Bang 2).

Bang 2. Hiéu suat thu hoi protein BSA bang
phuong phap sac ky loc gel

Néng dé Noéng dé protein Hiéu
TT | BSAchuén | theo nito sauloc | suatthu
(mg/) gel (mg/l) hoi (%)
1 30 28,95 = 3,65 96,5
2 60 58,32+ 9,85 97,2
3 120 116,40 = 15,66 97,0

3.2. Xay dwng dudng chuén va dinh lwgng protein
trong thuc nghiém

Pudng chuén va dinh luong mau thuc dugc xay
dung dua trén ndng do protein chudn BSA va dién
tich peak ctia BSA chuén, do thi cho thdy maéi tuong
quan tuyén tinh rat cao, v&i hé s6 tuong quan (R?)
dat 0,9998, Phuong trinh dudng chuén:y = 0,1466x
- 0,5573; ching td phuong phap phéan tich dang
ap dung cé do chinh xac va tin cay rat tot. Ap dung
dudng chuén nay dé dinh lugng protein trong cac
mau dung dich thuc nghiém da st dung tai Vién 69
cho két qua nhu sau.

Bang 3. K&t qua dinh lugng
protein trong cac mau thuc nghiém

x Ham lugng protein
STT Mau (mg/l), (X = SD, n=3)
DungdichTN 1, TN
1 2 TN 3 46,95 = 8,75
Dung dich TN4, TN
2 5.TN 6 148,84 + 32,73
4. BAN LUAN

4.1. Khdo sat mét s diéu kién tinh sach protein
khéi DDBQ

Pinh lugng tryc tiép protein trong DDBQ bang
phuong phap Bradford la khéng kha thido anh hudng
clia cac thanh phan trong nén mau. Két qua khao
sat cho thay dung dich nén (khéng chira protein) tao
tin hiéu quang ty L& thuén v&i ndng do khi phan tng
véi thudc thir Bradford, gay duong tinh gia, trong do
CCB2 la tdc nhan gay nhiéu chinh. Hién tuong nay
dac biét nghiém trong khi ham lugng protein thuc
t& trong mau rat thap, dan dén tin hiéu dac hiéu cua
protein bi che khuat hoan toan bdi tin hiéu nén. Két
qua nay phu hgp vdi nghién clru ctia Walker (2005)
[3] khi chi ra moét sé polyol va hgp chat chira nhom
hydroxyl (nhu CCB2) c6 thé lam thay d&i méi truding
vi mé, anh hudng dén sy hinh thanh phirc chéat pro-
tein-thuéc nhudm. Bén canh do, nong dé mudi cao
(CCB1) trong dung dich cling dugc ghi nhan bdi Jan-
son (2012) [2] c6 thé lam gidm dé nhay va dé 6n dinh
cuia phép do quang do canh tranh ion va thay déi luc
ion méi trudng phan &ng. Do dé, viéc ap dung sac ky
loc gel nhu mot budc tién x¥ ly & can thiét dé loai
bd déng thdi ca mudi va cac chat gy nhiéu hitu co
truée khi dinh lwgng, ddm bao do chinh xac va do tin
céay clia két qua phan tich.

KétquakhaosatbaloaicotlocgelchothidySephadex
G-25 c6 hiéu suat tach va loai mudi vugt troi nho
khoang phantach ly tudng (1000-5000 Da) cho phép
tach hiéu qua phan t& mudi nho khoi protein [4].
Trong khi do, cac cét G-20 va LH-20 c6 kich thudc
16 x6p L&n hon dan dén su trung lap peak protein va
mudi[2-4]. V& thanh phan dém, dém phosphate 150
mM, pH 7 cho két qua t6i wu nhd luc ion da cao dé
loai bd cac tuang tac tinh dién khong mong muodn,
trong khi ndng do dém thap hon lam gidm hiéu qua
tach [4]. Toc d6 dong 3 mL/phut duge chon lam sy
can bang gilra hiéu qua tach va thdi gian phan tich,
tranh hién tugng chong lan peak & téc dé cao hay
kéo dai thoi gian & t6c do thap [2-4]. Thé tich mau
nap 2 mL dugc xac dinh la t6i uu, tranh hién tuong
qua tai cot xay ra & thé tich 5 mL lam giam kha nang
tach biét protein va mugi [2-4]. Thé tich 2 mL dugc
chon nham dat sy can bang thuc té gilra hiéu suat
tach va lugng mau can cho phan tich tiép theo. Du
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thé tich 0,5 mL c6 thé’Ncho do phan giai cao haon, 2
mL van ddm bao du mau cho phat hién, dinh lugng
va duy tri hiéu qua tach t6i vu clia cot.

K&t qua dién di SDS-PAGE (Hinh 4) cho thay su khac
biét rd rét gitra mau protein BSA trudc va sau khi xr ly
bang sic ky loc gel. O mau chua xU ly, bang protein
gan nhu khéng xuét hién, chirng té sy ('c ché manh
tir nén mau phuc tap. Nguoc lai, mau sau khi qua
cot loc gel Sephadex G-25 xuat hién mét bang sac
nét &vi tri 66-67 kDa, tuwong i'ng véi BSA chuén. Diéu
nay khang dinh phuong phap loc gel da loai bd hiéu
qua mudi va cac chat gay nhiéu, déng thdi lam giau
protein, tao diéu kién t6i uu cho phan tich dién di.
K&t qua nay nhdn manh tam quan trong clia budc
tién x&r ly mau bang séc ky loc gel dé thu duoc két
gua phéan tich chinh xac va dang tin cay.

K&t qua danh gia hiéu suat thu hdi protein BSA bang
sac ky loc gel (Bang 2) cho thay hiéu suét dat 96,5-
97,2% & céa ba nong do khao séat (30-60-120 mg/L),
dugc danh gia la cao theo thang danh gia (>95%).
Hiéu suét thu hoi gan 100% nay chirng td phuong
phap séc ky loc gel str dung cot Sephadex G-25 v{i
céac diéu kién t6i wu co hiéu qua rat tot trong viéc thu
hoi protein [2-4]. Su hao hut khoang 3% la phu hgp
vdi thuc t&€ phong thi nghiém, cé thé do cac nguyén
nhan nhu: hap phu khéng dac hiéu lén bé mat cot,
tén that trong qua trinh thu mau phan doan, hoac
sai s6 trong dinh lugng nito tdng s6, khang dinh do
tin cay clia phuong phap cho muc dich tach chiétva
dinh lvgng protein ti cac dung dich phuc tap.

Trén ca s& céc két quéa khao sat toan dién, bod thong
s6 t8i uu cho quy trinh tach va lam sach protein tir
dung dich thuc nghiém bang séc ky loc gel da duoc
xac dinh nhu sau: C6t sephadex G-25, kich thudc
2,6 x 10 cm; Hé dém: Phosphate 150 mM, pH 7.0;
Téc do dong: 3 ml/phut; Thé tich tiém mau: 2 ml.

4.2. Xay dung dudng chuan va dinh lugng protein
trong dung dich ngdm mau thuc nghiém

Pudng chuén dinh lugng protein bang sac ky loc gel
dugc thiét lap thanh céng v6i cdc mau chuan BSA
(30-120 mg/L). Thai gian lvu 6n dinh (~5,5 phut)
va su tach biét r6 rang gira peak protein va peak
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mudi, chirng minh hiéu qua clia c6t Sephadex G-25
trong viéc loai bé muéi khéi mau. Pudng chuén dat
twong quan tuyén tinh cao (y = 0.1466x - 0.5573; R®
= 0.9998), khang dinh dé chinh xac va tin cay cla
phuong phép, khac phuc han ché ctia phan tich truc
tiép, cung cap dit lieu dinh lwong chinh x4dc cho mau
phirc tap va c6 gia tri cao trong kiém soat chéat lugng
clng nhu danh gia hiéu qua thuc nghiém.

5. KET LUAN

DPa xay dung thanh céng quy trinh dong bd dé tach
chiét va dinh lugng protein tif cdc mau DDBQ. Quy
trinh t6i wu s dung cét Sephadex G-25 vdi cac
théng s6: dém phosphate 150 mM (pH 7), t6c d6
dong 3 mL/phut, thé tich tiém mau 2 mL, cho phép
tach loai hoan toan mudi va thu hodi protein vdi hiéu
suat >95%. Phuong phap séc ky loc gel dugc phat
trién co6 do tin cay cao véi dudng chuédn c6 hé sd
tuwong quan R*=0,9998, thé hién mé&i quan hé tuyén
tinh chat ché gitra dién tich peak va néng do protein.
Ung dung phuong phédp nay trén cac mau thuc ng-
hiém da cho phép xac dinh chinh xac su khac biétvé
ham lugng protein gitra cac loai mau. Quy trinh hoan
chinh tirtach chiét, lam sach dén dinh lugng nay cé
gia tri i'ng dung cao trong kiém soat chéat lugng va
phan tich protein trong cdc mau DDBQ.
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