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ABSTRACT

Protein immobilized silica (SiO,) particles are promising materials in the
fields of biomedicine or biosensors. Through previous studies, it was
found that the Escherichia coli ribosomal protein L2 strongly binds to
silica particles. In addition, protein A which is derived from
Staphylococcus aureus bacteria, is a highly stable surface receptor. The
interaction between protein A and antibodies is considered one of the
classical protein-protein interactions. This study created a fusion protein
A subunit with recombinant L2 protein by constructing the vector
PET22b-proAx1-L2. The Protein A-L2 was expressed in E. coli
BL21(DE3) system and analyzed using SDS-PAGE. Based on the specific
binding to silica particles, Protein A-L2 was purified by unmodified bare
silica particles and a high concentration of MgCl, solution. With the
purification method by silica beads, high efficiencies were achieved, such
as rapid purification, cost savings, and comparative purity.

TOM TAT

Cdc hat silica (SiO2) dwege ¢é dinh protein la vét liéu day trién vong trong
cdc linh vue y sinh hay cam bién sinh hoc. Nhitng nghién ciru truée cho
thdy protein ribosome L2 ciia vi khudn Escherichia coli lién két manh voi
cdc hat silica. Ngoai ra, protein A la thu thé bé mdt ¢6 tinh on dinh cao,
¢6 nguon goc tir vi khudn Staphylococcus aureus, s lién két giita protein
A va khang thé dwoc xem la mot trong nhitng tuong tac protein- proteln
kinh dién dwoc nghién ciru nhiéu nhat hién nay. Nghién ciru nay duoc tién
hanh nham tao tiéu phan protein A dung hop véi protein L2 tdi té hop
bang cdch cdu triic vector pET22b-proAx1-L2. Protein duwoc biéu hién
théng qua hé thong E. coli BL21(DE3) va duwoc kiém tra bang SDS-PAGE.
Dua vao su lién két dac hiéu véi hat silica, Protein A-L2 duoc tinh sach
bang cdc hat silica tran khéng bién tinh va sir dung dung dich MgCla nong
dé cao dé dung ly protein muc tiéu. Phirong phdp tinh sach bang hat silica
s€ mang lai hiéu qua nhu tinh sach nhanh chong, tiét kiém chi phi va do
tinh sach twong doi.

1. GIOI THIEU

Kha ning protein ¢6 thé gin dinh hudng trén cac
vt liéu sinh hoc 1a mot chu dé dang dugc cac nha

nghién ctru quan tim. Qua trinh ¢ dinh dinh hudng
protein 1&n vat liéu silica (SiO,) dong vai trd quan
trong trong cac ung dung thuc tién, tir cac qua trinh
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cam bién nham phat hién, theo d&i, chan doan cac
bénh cho dén viéc tao nén hé théng phan phdi thube
nhim triing dich. Sy ¢ dinh protein co thé hiéu la
qué trinh gan protein 1én bé mat vat li¢u thong qua
cac tuong tac, nham tao nén mot phic hop thong
nhat. Céc protein dugc ¢b dinh c6 thé 1a enzyme,
khang thé hay protein chirc ning, dong vai tro nhét
dinh trong sinh hoc.

Protein A la mot thu thé bé mit 6 tinh én dinh
cao, ning khoang 42 kDa, c6 ngudn gdc tir thanh té
bao vi khudn Staphylococcus aureus (Graille et al.,
2000). Protein A c6 thé duoc san xuat thong qua
Staphylococcus aureus hoac bang cong ngh¢ protein
tai t6 hop. Protein A bao gdom nim tiéu phan twong
dong 1a E, D, A, B, va C theo thi ty tir dau N. Mdi
tiéu phan chua khoéng 59 amino acid va c6 trinh tu
amino acid tuong dong tir 65 dén 90%. MJdi tiéu
phan déu c6 kha niang bam vai g (immunoglobulin)
va ¢6 4i lyc cao chu yéu véi ving Fe ctia nhiéu 16p
khang thé cuia nhiéu loai dong vat c6 vi, trong d6 co
con ngudi, tiéu biéu 1a IgG (Rahman et al., 2014).
Su bam gilra protein A va IgG dugc xem 1a mot
trong nhitng twong tic protein-protein kinh dién
duoc nghién ctru nhidu nhit.

Dé cb dinh duoc protein ¢6 dinh hudng trén bé
mit silica, Cha et al. (2005) da c¢6 dinh protein bang
cach gin dudi poly-His théng qua lién két ion bé mit
silica. Tuy nhién, phuong phap nay can nhing bién
dbi trén bé ‘mat silica. Ngoai ra, protein bd sung
thém chin gdc arginine (poly-Arg) di duoc st dung
dé lién két tryc tiép trén bat mat silica ma khong 1am
mét hoat tinh ctia protein va khong can bién doi bé
mat silica, nhung protein dung hgp véi poly-Arg
duoc dung ly cham khoi bé mat silica (Fuchs &
Raines, 2005). Nghién ctru cua Koji Taniguchi va
cac cong su, da thir nghiém va phat hién cac protein
noi bao cua vi khuan co lién két silica khong can su
bién d6i nao v& mat hoa hoc hay tién xir Iy bé mat
silica (Taniguchi et al., 2007). Protein L2 cua tiéu
phan 50S ribosome cua vi khuan Escherichia coli co
trong lugng phan tr khoang 30 kDa, 6 tinh bao ton
va on dinh cao. Nghién ctru nay da nhan thay vung
lién két véi silica cua protein L2 tai hai mién amino
acid (1-60) va (203-273) mang nhiéu gc amino acid
tich dién duong (Taniguchi et al., 2007). Ngoai ra,
nghién ctru ciing chiing minh dugc protein L2 c6
lién két v6i bé mat silica manh hon tir 20 dén 100
1dn so véi cac protein poly-Arg (Tanlguchl et al.,
2007). Vi thé, lra chon protein L2 dé gin cac protein
muc tiéu 1én bé mit silica bang cach tron hat silica
vé6i dich tong protein ngay ca khi trong diéu kién
mudi cao va cac chat tay rira manh (Taniguchi et al.,
2007).
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Déi véi nghién ctru nay, viéc dung hop tiéu phan
E cua protein A véi protein L2 dugc tién hanh tao
thanh phtc hop Protein A-L2 va dugc biéu hién
thong qua hé thong E. coli véi nhiéu wu diém nhu
tdc do tang truong nhanh, mat do cao, ky thuat don
gian va chi phi ré (Rosano and Ceccarelli, 2014).
Dua vao kha ning lién két dac hiéu véi silica,
Protein A-L2 duoc tinh sach bang céc hat SiO, tran
khong bién tinh va dung ly protein muc tiéu bang
dung dich mudi MgCl, ndng d6 cao (Ikeda et al.,
2010). Phuwong phap nay mong mu6n mang lai mot
s6 hiéu qua nhu tinh sach nhanh chong, tiét kiém chi
phi, d6 tinh sach cao dé nhim téi cac wng dung vé
cam bién sinh hoc, va tao hé théng van chuyén thuc
nhim trang dich.

2. PHUONG PHAP NGHIEN CUU

2.1. Chiing chi va plasmid

Chung E. coli DHSa [F- end Al hsdR17 (rk-
/mk-) supE44 thi A- recAl gyrA96 AlacU169 (¢80
lacZ AM15)] dugc str dung lam chung chu dé nhan
ban vector tai tb hop. Chung E. coli BL21(DE3) (F+
ompT hsdSB (rB-mB-) gal dcm (DE3) su dung lam
chang cha biéu hién protein tai to hop. Gen L2 duoc
thu nhan tir DNA b6 gen cua E. coli BL21(DE3).
Plasmid pET22b-proAx1 duoc st dung lam vector
dong héa, ddng thoi 1a vector biéu hién protein tai t
hop nho vao promoter T7 ¢6 trén plasmid gitp kiém
soat sy biéu hién gen thong qua chat cam img IPTG.
Céc chang vi sinh vat va plasmid dugc cung cap boi
nhoém nghién cau Y sinh hoc GMIF, Phong thi
nghiém cam bién sinh hoc, truong Dai hoc Khoa hoc
Tu nhién, Pai hoc Québc gia Thanh phd HS Chi
Minh.

2.2. CAu tric plasmid tai t6 hop pET22b-

proAx1-L2

Gen L2 dugc thu nhan tir DNA b6 gen caa E. coli
BL21(DE3) bang ky thuat PCR (Miy PCR
Mastercycler, Eppendorf, Puc) véi chu trinh ludn
nhiét: 95°C trong 5 phut, tiép theo do6 1a 30 chu ky:
95°C trong 30 gidy, 55°C trong 30 gidy, 72°C trong
30 gidy, 72°C trong 10 phut, 25°C trong 5 phut, véi
cap mdi  dac  hieu  (373Fhind:  5°-
aagcttgcagttgttaaatgtaaaccg-3° va 374Rxho: 5°-
ctcgagtttgctacggcgacgtacg-3’) (PHUSA Biochem,
Viét Nam). Gen L2 va plasmid pET22b-proAx1
dugc ndi véi nhau bang enzyme T4 DNA ligase
(Thermo Scientific, M) sau khi dugc xir 1y tao dau
dinh véi hai enzyme cit han ché HindIII va Xhol
(Thermo Scientific, My) (Mai et al., 2022). San
pham néi duoc bién nap vao chung E. coli DHSa
kha nap bang phuong phép sbc nhiét, sau dé san
pham bién nap duogc trai trén dia LB chira khang
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sinh Ampicillin dat nong cudi 100 pg/mL va dugc
tiép tuc sang loc bang ky thuat PCR véi cap moi gen
va plasmid (373FHind/T7Ter).
2.3. Tao dong E. coli BL21(DE3) mang
vector tai to hop pET22b-proAx1-L2

Sau khi dé c4u trac thanh cong plasmid tai t6 hop
PET22b-proAx1-L2, tién hanh thu nhan plasmid
bang phuong phap SDS- kiém. Plasmid sau khi thu
nhan dugc bién nap vao chung biéu hién E. coli
BL21(DE3) kha nap bang phuong phéap sdc nhiét va
san pham bién nap dugc trai trén dia LB chira khang
sinh Ampicillin dat nong cudi 100 pg/mL. Cac dong
E. coli BL21(DE3)/pET22b-proAx1-L2 dugc sang
loc théng qua ki thuat PCR khuan lac véi cap moi
trén plasmid (T7Pro/T7Ter) (PHUSA Biochem,
Viét Nam).

2.4. Cam irng biéu hién Protein A-L2 tai t6

hop

Chung E. coli BL21(DE3)/pET22b-proAx1-L2
dugc nudi cay lac ¢ 37°C trong méi truong LB chira
khang sinh Ampicillin (100 pg/mL). Sau 16 gi6 nu6i
cay, vi khuan duoc cay chuyén vai ti 16 1:10 (v/v)
va tiép tuc nudi cdy lic & 37°C. Bén khi ODgy clia
dich vi khuan dat gia tri 0,8-1,0, chat cam ung IPTG
duoc bo sung vao ong dich vi khuan sao cho ndng
d6 cudi dat 0,5 mM, tiép tuc lic mau & 16°C. Sau 16
gio cam ¢ng, tién hanh thu sinh khdi té bao va pha
mang té bao bang séng siéu am dé thu dwoc protein
& chc pha tong, tan va tua (Manat et al., 2016)
(Nguyen et al., 2021). Su biéu hién cua protein tai
t6 hop duoc klem tra bang phuong phap dién di
SDS-PAGE. Thuc hi¢n ddng thoi véi mau dbi
ching am 1a miu dich pha téng cua E. coli
BL21(DE3)/pET22b-proAx1-L2 khéng c6 cam ung
IPTG.

2.5. Tinh sach dong thoi d4anh gia kha ning

twong tic cia Protein A-L2 bang hat
SiO2

Dich protein tong dugc thu nhan sau khi chiing
E. coli BL21(DE3)/pET22b-proAx1-L2 da cam ung
biéu hién va ly giai bang song siéu am, dugcC su dung
lam ngudn nguyén liéu dé tinh sach. Muoi mg hat
SiO; (Honeywell-FLuka) duoc tron véi 1 mL dich
pha té bao trong Binding Buffer (Tris-HCI 25 mM;
Tween 20 0,5% (v/v); pH 8,0), dao déu trong 30
phut & 4°C. HAn hop ly tam 5000 rpm trong 2 phiit,
thu tia va loai bo dich ndi. Hon hop dugc rira bang
1 mL Wash Buffer (Tris-HCI 25 mM; Tween 20
0,5%(v/v); NaCl 0,5 M; pH 8,0) dao déu trong 10
phat ¢ 4°C, ly tdm 5000 rpm trong 2 phut, loai bo
dich néi va thu tua, 13p lai khoang ba lan. Ly giai
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protein bang Elute Buffer (MgCl, 2 M; Tween 20
0,5% (v/v)), dao déu trong 10 phat & 4°C, ly tim
5000 rpm trong 2 phut, loai bo dich ni va thu tua
(Ikeda et al., 2010). Sau d6, hdn hop dugc hoa tia
véi PBS (Phosphate-buffered saline) 1X va phan
tich thanh phan protein bang SDS-PAGE két hop
nhudém bac.
3. KET QUA VA THAO LUAN

3.1. Tao dong E. coli DHSa mang vector tai
to hop pET22b-proAx1-L2

Nham muc dich dong hoa vector tai to hop, gen
L2 duoc thu nhan bang phuong phap PCR véi cap
mdi dac hiéu (373FHind/374RXho). Két qua dién di
san pham PCR trén ban gel agarose cho thiy vach
gen thu dugc nam dudi 1000 bp cta thang phan tir
luong (Hinh 1, giéng 2), phi hop véi kich thudc du
doan ban dau cua gen L2 1a 816 bp. Bén canh do,
ching 4m ctia phan tng PCR duoc thiét 1ap vai day
du cac thanh phan nhu phan ung thu gen ngoai trir
khuon 1a bo gen cua E. coli BL21(DE3) nham kiém
soat sur ngoai nhiém cua phan wng PCR. Khi dién di
chimg 4m, khong ghi nhan bt ky vach DNA nao
trén ban gel (Hinh 1, giéng 1), diéu nay chung to
phan wng PCR thu gen L2 khong bi ngoai nhiém.

M 1 2

bp

1000

Hinh 1. Két qua PCR thu nhan gen L2 va phan
tich bang dién di trén gel agarose 1,5%

M, thang DNA 1 kb; 1, chitng dm, 2, san pham PCR thu
gen L2

Vector pET22b-proAx1 duoc thu nhan tir chiing
E. coli DH5a bang phuong phap SDS-kiém. Tién
hanh xir li mau plasmid va gen L2 da thu dugc véi
cap enzyme cét gisi han HindIII va Xhol. So sanh
véi két qua dién di plasmid ban dau ton tai & ba dang
c4u hinh (Hinh 2, giéng 1), plasmid da cit con mot
dang c4u hinh dang thing do da cit mo vong, vach
plasmid c6 kich thudc phu hop va gen L2 c6 kich
thudc khoang 816 bp (Hinh 2, giéng 2).
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Hinh 2. Két qua thu nhan, xir Iy plasmid
pPET22b-proAx1 va gen L2 véi cap enzyme
Hind111/Xhol va phén tich bing dién di trén gel
agarose 1,5%

M, thang DNA 1 kb; 1, plasmid chwa xir [y véi enzyme;
2, plasmid va gen da xir Iy véi cap enzyme Hindll1/Xhol

San pham ndi dwoc bién nap vao ching E. coli
DH5a kha nap bang phwong phap séc nhiét, sau do
san pham bién nap dwoc trai trén dia LB Amp100.
Céc khuan lac phat trién trén dia bién nap duoc chon
ngau nhién dé thuc hién PCR khuan lac véi moi trén
plasmid va moi trén gen (373FHind/T7Ter). Ching
4m bao gdm cac thanh phan cia phan ung PCR
nhung khong bo sung khuoén nham dam bao két qua
dwong tinh ciia PCR khuan lac khong phai duong
tinh gia. Hinh anh ban gel dién di san pham PCR
khuan lac xuét hién vach DNA & giéng 4, 5, 7,
Hinh 3 cho két qua xap xi vach 1300 bp cua thang
phan tir lugng, phu hop véi kich thude dy doan khi
PCR khuén plasmid pET22b-proAx1-L2. Két qua
cho thdy c6 3 trong 5 khudn lac dy tuyén mang
plasmid tai t6 hop muc tiéu pET22b-proAx1-L2.

M 1 2 3 4 5 6 7

bp

500

Hinh 3. Két qua PCR sang loc thé bién nap E.
coli DH5a/pET-proAx1-L2 bing cip moi
373FHind/T7Ter va phan tich bing dién di trén
gel agarose 1,5%

M, thang DNA 1 kb; l’, ching dm; 2 plasmid pET-
proAx1; 3-7, cac khuan lac du tuyén sang loc
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3.2. Tao dong E. coli BL21(DE3) mang
plasmid pET22b-proAx1-L2 tai td
hop

Plasmid sau khi thu nhan dugc bién nap vao
chang biéu hién E. coli BL21(DE3) kha nap bang
phuong phép sb¢ nhiét va san pham bién nap duoc
trai trén dia LB Amp100. Nhitng khuan lac E. coli
BL21(DE3) moc trén dia moi truong dugc chon
ngau nhién dé thuc hién PCR khuan lac vai cap moi
trén plasmid (T7Pro/T7Ter). Ban gel dién di Hinh 4
cho thdy, san phim PCR khuan lac cua tt ca cac
khuan lac E. coli BL21(DE3) duy tuyén déu xuat hién
vach DNA ¢ vi tri xap xi vach 1440 bp cua thang
phan tir lrgng, phu hop kich thuéc du dodn khi dong
té bao du tuyén mang plasmid PET22b-proAx1-L2;
dong thoi, ching am 1a san pham phan ung PCR
khong bd sung khudn khong thay xuat hién vach.
Nhu vy, c6 thé két luan plasmid tai to hop pET22b-
proAx1-L2 di dwoc bién nap thanh cong vao chung
biéu hién E. coli BL21(DE3), sin sang dé dugc cam
g biéu hién Protein A-L2 tai t6 hop.

M 1 2 3 4 5 6 7

bp

500—

Hinh 4. Két qua PCR sang loc thé bién nap E.

coli BL21(DE3)/pET-proAx1-L2 biang cip mdi

T7Pro/T7ter va phan tich bing dién di trén gel
agarose 1,5%

M, thang DNA 1 kb; 1’, ching dm; 2 plasmid pET22b-
proAxl; 3-7, cdc khudn lac du tuyén sang loc

3.3. Kiém tra sy biéu hién ciia Protein A-L2
tai t6 hop

Protein A-L2 tai t& hop dwoc cam &ng biéu hién
tr chung E. coli BL21(DE3)/pET22b-proAx1-L2
nhu mé ta & phan phuong phap. Cac mau protein
pha téng, tan va tia dugc thu nhan va phan tich su
biéu hién bang phuong phap SDS-PAGE két hop
nhuém Coomasie (Hinh 5). So véi mau déi chimg
E. coli BL21(DE3)/pET22b-proAx1-L2 (-IPTG)
khong xuit hién protein biéu hién vuot muc, ching
t6 khong co su rd ri biéu hién. Tai giéng 2, 3, 4, Hinh
5 thay duoc vach biéu hién vuot mic véi kich thudc
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Xap xi vach 38 kDa trén thang phén tir luong, phu
hop véi kich thudc du doan. Quan sat pha tan va pha
tua (Hinh 5, giéng 3, 4), c6 thé d& dang thdy duoc
protein biéu hién vuot muc trong pha tan (Hinh 5,
giéng 3) so voi pha tia 14 twong dwong nhau (Hinh
5, giéng 4).

KDa

97,0 , =
66,0 _—

Hinh 5. Két qua kiém tra biéu hién bing dién di
SDS-PAGE trén gel 15% nhugm Coomassie

M, thang protein; 1, E. coli BL21(DE3)/pET22b-proAx1-
L2 (-IPTG); 2-4, E. coli BL21(DE3)/pET22b-proAx1-L2
(+IPTG); 2, pha téng; 3, pha tan; 4, pha tua

3.4. Tinh sach ddng thoi danh gia kha ning
twong tic cia Protein A-L2 bing hat
silica

Protein A-L2 duoc biéu hién trong vi khuan E.

coli dudi sy kiém soat ciia T7 promoter. Protein tai
t6 hop duogc ton tai & pha tan, tién hanh tinh sach
Protein A-L2 bang hat SiO,. Két qua phan tich cho
thay, sir dung SiO; nhu 1a chit hap thu Protein A-
L2. Khi tron SiO, véi dich tong protein trong dém
Binding Buffer c6 mit NaCl va Tween dé giam thiéu
su bam khong dic hiéu cua cac protein khéac. Tiép
theo, dung dich Wash Buffer dwoc dung dé rira va
loai b6 cac thanh phan tap nhidm c6 trong mau.
Protein muc tiéu mang nhiéu nhém chirc khac nhau
thudc cac nhanh bén ctia amino acid nhu carboxyl,
amine, hydroxyl, va sulthydryl. Nho vao cac nhom
chtc nay, protein c6 thé tich dién duong va hinh
thanh twong tac ion vai bé mit silica tich dién am.
Vi thé, khi tién hanh dung ly Protein A-L2 di sir
dung dung dich MgCl, 2 M nham tao lyc ion manh
cia Mg?* dé canh tranh va tir d6 giai phong protein
muc tiéu ra khoi SiO; (Taniguchi et al., 2007). Cac
phan doan protein dugc phén tich bing ky thuat
SDS-PAGE két hop vé6i nhuém bac. Két qua tinh
sach thé hién trén ban gel acrylamide cho thiy co
vach dam véi kich thudce khoang 38 kDa cuia protein
muc tiéu hién dién ¢ dich tong protein (Hinh 6,
giéng 1). Sau khi bam SiO, (Hinh 6, giéng 2), mau

12
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dich néi van thay xuét hién protein muc tiéu. Piéu
nay c6 thé giai thich do b& mit hat SiO, c6 gi6i han
nén lugng protein muc tiéu cho bam van con thtra &
dich ndi. Ngoai ra, dich néi & cac 1an rira chira nhitng
protein tap khac cho thay da co su loai bo cac protein
khong bam hozc bam khong dic hi¢u (Hinh 6, giéng
3). Mau chua protein muc tiéu bam véi SiO, sau khi
dung ly bang MgCl, hién dién mot vach caa protein
muc tiéu va khong xuét hién vach protein tap khac
(Hinh 6, giéng 5), két luan duoc rang da tinh sach
thanh cong Protein A-L2 bang hat SiO,. Dbi véi
giéng 6, vach protein myc tiéu xuat hién dam hon
so vaéi giéng 5, chang to su dung ly protein chua toi
wu, hiéu suat tinh sach chua cao, thé ion chua da Ion
dé tao luc ion manh dé c6 thé giai phong protein muyc
tiéu ra khoi SiO, hoan toan. Nhu vay, muén tach
protein muc tiéu ra khoi SiO; hoan toan thi can chat
c6 hoat tinh dung ly manh nhu HC1 1N (lkeda et al.,
2010) nhung s& lam anh huong dén hoat tinh cua
protein sau khi tinh sach, nén d6i véi phuong phap
nay, luong protein thu & mirc twong d6i, nhung van
dam bao protein c6 do tinh khiét cao. Diéu nay ciing
cho thay 15 kha ning bam rat manh cua Protein A-
L2 véi hat SiO; trong diéu kién nong d6 mudi cao
va chét ty rira manh (Taniguchi et al., 2007: Ikeda
etal., 2010)

So v6i phuong phap tinh sach bang cot HisTrap
HP, phuong phép tinh sach bang hat SiO; don gian
hon, nha}nh chong va do tinh sach protein tuong doi
khong lan cac protein tap khac (lkeda et al., 2010).
Nghién ctru ndy so voi phuong phap da thuc hién
trudce day, thi Protein A-L2 thu dugc sau dung ly van
dam bao vé do tinh sach, nhung lugng protein thu
duoc con bi han ché (Ikeda et al., 2010).

KDa M 1 2 3 4 5 6

97,0
66,0
45,0

30,0

20,1

144

Hinh 6. Két qua danh gi4 dd tinh sach Protein
A-L2 tii td hop bing SDS-PAGE két hop
nhudm bac

M, thang protein; 1, dich protein téng; 2, dich ndi
protein sau khi bam hat SiO2; 3, dich néi sau khi ria; 4,
hat SiOz trudc khi dung ly; 5, Protein A-L2 sau khi dung
ly; 6, hat SiO2 sau khi dung ly
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4. KET LUAN

Céu tric thanh cong vector tai t6 hop pET22b-
proAx1-L2 ma hoéa cho Protein A-L2; tao thanh
cong dong té bao E. coli BL21(DE3) mang plasmid
PET22b-proAx1-L2 c¢6 kha ning biéu hién Protein
A-L2 tai t6 hgp & pha tan va thu nhan dugc Protein
A-L2 bang hat SiO,. Tuy nhién, budc dung ly
protein bang MgCl, chua dugc t6i uru nén higu suat
thu hdi chwa cao, do d6, can tién hanh thém thi
nghiém dé xac dinh ndng d6 ion dung ly hop 1y,
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