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Tom tat
Gen Benchwarmer (BNCH) ma héa cho protein xuyén mang thuéc ho protein van
chuyén Major Facilitator Superfamily dwoc tim thay trong lysosome & moi té bao
dong vat. Cac dot bién gen BNCH gay kiéu hinh bat loi nhu thoai hoa than kinh, 1am
ngan vong doi va l4o héa som ¢ nhiéu sinh vat mé hinh. Tuy nhién chirc ning va co
chat cua protein BNCH trén mang lysosome van chua dugc mé ta. Bé tim hiéu chirc
nang cua protein nay, ching t6i da tao dong plasmid mang gen ma hoa BNCH hoang
dai & nguoi va plasmid mang BNCH chtra dot bién mat chic ning E164K. Hai
plasmid trén dugc chuyén nhiém vao céc té bao HEK293 dé tao hai dong té bao ting
cuong biéu hién protein BNCH hoang dai va BNCH dét bién E164K, 1am co s dé
phét trién md hinh nghién ctru xac dinh chirc ning phan tir va co chat van chuyén
cia BNCH. Céac plasmid tai t6 hop dugc dua vao t& bao HEK293 bang ki thuat
chuyén nhiém lipoplex va mirc d biéu hién protein duoc kiém tra bang Western
Blot. Két qua cho thay ca hai bién thé nay ciia BCNH duoc ting cuong biéu hién
thanh cong va c6 muc do biéu hién twong duong nhau trong dong té bao HEK?293.
Pay 1a co s& quan trong dé ching t6i sir dung hai dong té bao nay lam mé hinh
nghién ctu chirc nang ciia BNCH trong tuong lai.
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1 Dat van dé

Protein mang lysosome (lysosomal membrane protein
- LMP) déng vai trd quan trong trong nhiéu hoat dong
cua lysosome, vi du nhu LMP la bom proton v-type
ATPase trong duy tri pH axit va LMP van chuyén cac
san pham thay phan ra khoi lysosome cho té bao tai sir
dung [1]. Mét chtrc ning cac LMP dan dén rat nhiéu
bénh Ii nghiém trong & nguoi, dac biét 1a tré em [2].
Cac LMP van chuyén con tham gia vao chic phat tin
hiéu diéu hoa bién dudng cua lysosome nho kha ning
tuong tac va diéu khién hoat dong cua hai phirc hé
mTORC1 va mTORC2 trong dap tng véi cac nhan tb
kich thich sinh truong [3]. O day, cac LMP vén
chuyén dua ra cac thong tin vé thanh phan va luong
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dudng chat chinh 1a cac san pham thay phan cua
lysosome dé cam twng cho hoat dong cua phirc hé
mMTORC1/2 trong diéu hoa cac con duong bién dudng
cua té bao [4, 5]. Mac du vay, phan 16n cac LMP van
chuyén déu chua dugc xac dinh rd co chit va vai trd
sinh hoc ddi véi té bao va co thé.

BNCH ma héa cho mét protein xuyén mang cung tén
BNCH thuoc ho Major Facilitator Superfamily
(MFS), 1a mot LMP chua 13 chtrc nang [5, 6]. Cac dot
bién mat chirc ning gen BNCH trong d6 c6 dot bién
thay thé glutamic vi tri 164 thanh lysine (E164K) anh
huong nghiém trong dén chirc ning lysosome trong
diéu hoa hoat dong tu thuc cua té bao (autophagy) [7,
8] va tac dong xau dén su phat trién hé than kinh, roi
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loan hanh vi tinh duc, phét trién phdi va stuc song &
cac dong vat mo hinh nhu giun tron va rudi giam [9 -
13]. Bé tim hiéu chirc nang cua protein BNCH, chiing
t6i da tién hanh tao dong gen ma hdéa BNCH kiéu
hoang dai (WT) va bién thé BNCH E164K cua ngudi
trong vector pcDNA 3.1 [14]. Trong nghién cau nay,
hai protein trén dugc ting cudng biéu hién ¢ té bao
HEK293, trong d6 protein BNCH E164K s& dugc st
dung 1am dbi chitng cho céc thir nghiém tim hiéu chic
nang phan to cua protein BNCH WT. Tuy nhién,
protein BCNH E164K can phai duoc chang minh cé
mirc 6 va vi tri biéu hién twong ty nhu véi protein
BNCH WT dé dam bao nhirng két qua quan sat trong
nghién ctiu so sanh gitra hai dong té bao trén chi c6
thé 1a do sy khéc biét & vé chire nang phan tir do dot
bién E164K gay ra. Pé ching minh diéu nay, ching
t6i sir dung phuong phap chuyén nhidm véi lipoplex
dé biéu hién cac protein trong dong té bao HEK?293 va
sir dung khéng thé dac hiéu dé danh gia mic d6 biéu
hién caa hai bién thé protein bang Western Blot.

2 Phuong phéap nghién ctru

2.1 Vit liéu

Vector tai té hop, ching vi sinh vat va dong té bao
Plasmid tai t6 hop pcDNA3.1/BNCH WT va
pcDNA3.1/BNCH E164K duoc tao dong tr mot
nghién ctu trude d6 [14]. Chang nhan dong plasmid
DNA 14 E. coli DH5a. Dong té bao HEK293 duoc
mua tir ATCC va duoc luu trir tai phong thi nghiém té
bao dong vat (Vién Ki thuat Céng nghé cao NTT -
Dai hoc Nguyén Tét Thanh).

Hoa chat

Mbi truong nubi cay vi khuan E. coli DH5a 1a LB
(peptone 10 g/L, cao nAm men: 5 g/L, NaCl: 5 g/L, pH
= 7.0) ¢6 b sung 10 pg/mL ampicillin. Mbi trudng
nubi cdy té bao HEK293 la Dulbecco Modified
Eagle’s medium - DMEM (GE healthcare), bo sung
10 % fetal bovine serum (Gibco), 100 pg/mL
penicillin  (Gibco) va 100 pg/mL streptomycin
(Gibco).

Bo kit GeneJET Plasmid Maxiprep Kit va hoa chat
chuyén nhiém té bao dong vat Lipofectamin 2000
dugc mua tr Thermo Fisher Scientific (USA). Hoa
chat dién di va Western Blot: mang lai nitrocellulose,
TBS (Tris-buffered saline), Tween 20, sira gay duoc
mua tir Sigma. Khang thé khang protein V5 tag
(14440-1-AP), khang thé khang GAPDH (10494-1-
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AP) va khang thé thir cdp HRP-conjugated Affinipure
Goat Anti-Rabbit (SA00001-2) dwgc mua tir
Proteintech (USA).

2.2 Phuong phap nghién cuu

2.2.1 Thu nhan plasmid pcDNA3.1/BNCH va pcDNA
3.1/BNCH*

Chung E. coli DH5a mang plasmid pcDNA3.1/BNCH
va pcDNA 3.1/BNCH E164K duoc nudi ciy trong 10
mL LB (100 mg/mL Amp) & 37 °C qua dém. Sau do,
dich nudi cdy duoc cdy truyén vao 500 mL moi
truong LB-Amp va tiép tuc nudi & 37 °C trong (12 —
14) gio. Sinh khéi té bao vi khuan dugc thu nhan dé
tach chiét DNA plasmid bang GeneJET Plasmid
Maxiprep Kit.

2.2.2 Chuyén nhiém plasmid DNA vao dong té bao
HEK293

Plasmid pcDNA3.1 tai t6 hgp dugc ting cuong biéu
hién trong té bao HEK293 qua phwong phap chuyén
nhiém lipoplexes nho lipofectamin 2000 (Invitrogen)
theo quy trinh cu thé cac budc nhu sau: ngay 0, té bao
HEK293 (0,5 x 10°) dwoc nudi qua dém trong dia 6
giéng (9,5 cm?) trong 2 mL moi truong DMEM. Ngay
1, trudc 30 phat chuyén nhiém, tién hanh thay moi
truong Opti-MEM cho t& bao. Chuan bi mau chuyén
nhiém: chuan bi 2 éng eppendorf 2 mL (ki hiéu A va
B) chira 250 pL méi trudng Opti-MEM, b sung 4 pg
DNA plasmid vao 6ng A va 10 pL lipofectamine 2000
vao ong B rdi dé 5 phat ¢ nhiét ¢ phong. Hon hop A
va B sau d6 duogc tron vao nhau va dé yén trong 20
phut ¢ nhiét do phong. Nho tirng giot dung dich chtra
huyén phi DNA-lipofectamin vao dia nuéi té bao va
dit dia nuéi tré lai ta nudi & 37 °C. Sau (4 - 6) gid
chuyén nhiém, méi truong DMEM duoc thay thé va té
bao duoc tiép tuc nudi qua dém.

2.2.3 Kiém tra mtc d6 biéu hién cua protein BNCH
WT va BNCH E164K bing Western Blot.

Sau (16 - 24) gid chuyén nhidm, té bao duoc thu nhan
bang li tm véi tbe d6 10 000 rpm trong 5 phat ¢ 4 °C
va dugc lam tan trong dém li giai RIPA lanh (10 mM
Tris (pH = 8.0), 150 mM NacCl, 1 % Trition X-100, 1
mM, ¢6 bo sung hdn hop tic ché protease vai thé tich
gap 20 lan thé tich sinh khéi té bao. Té bao duoc lam
tan trong dém RIPA trong 30 phit ¢ 4 °C véi toe do
lic 400 rpm. Sau d6, can té bao dwoc loai bo bang li
tam 12 000 rpm trong 15 phdt va phan dich ndi chira
protein tong sé duoc chuyén vao éng eppendorf 1,5
mL mai.
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Nong do protein duge do bing Pierce BCA Protein
Assay Kit (Thermo Fisher Scientific) va 50 g protein
tong s6 duoc phan tach trén gel acrylamide 12 %
truée khi dwoc chuyén 1én mang lai nitrocellulose
bang phuong phap tham tich ban kho trén thiét bi
Novex™  Semi-Dry  Blotter (Thermo  Fisher
Scientific). Mang lai dwoc phu bang dung dich TBST
(3 % sita giy) trong 1 gio. Mang lai dugc rira 3 lan
bang dém TBST mdi lan 10 phut sau d6 duoc u Véi
khang thé khang V5 (d6 pha lodng 1:5 000) hoic
khang thé khang protein GAPDH (d6 pha lodng 1:20
000) ¢ nhiét do phong. Sau 1 gio, mang duoc rua
bang TBST 3 lan (m&i lan 10 phut) trude khi duoc o
v6i khang thé tha cdp véi do pha lodng 1:10 000 lan.
Sau 1 gio, mang lai dwoc rira lai 3 1an v6i dém TBST
(mdi lan 10 phat). Cudi cung, protein dic hiéu véi
khang thé trén mang lai dugc hién thi nho tac nhan
phéat quang héa hoc (ECL - Thermo Fisher Scientific),
két qua dwoc ghi nhan trén hé théng chup va phan tich
anh Model Gbox (Syngene).

3 Két qua va ban luan

3.1 Két qua

Thu nhén sé liwong lon plasmid pcDNA3.1/BNCH va
pcDNA3.1/BNCH E164K

DPé dat hiéu qua cao trong chuyén nhiém plasmid
DNA vao té bao dong vat, plasmid DNA can phai
dugc tinh sach va néng do cao (ug/pL) [15]. Do do,
chang t6i st dung bo kit GeneJET Plasmid Maxiprep
Kit (Invitrogen, ThermoScientific) dé tach chiét so
luong lon plasmid tir cac dong E. coli mang plasmid
tai t6 hop. San pham tach chiét duoc kiém tra bang
dién di trén gel agarose 0,8 %. Hinh anh két qua dién
di cho thay cac dong plasmid & giéng 1 va 2 1 cac san
pham tach chiét tuong Gng tir ching E. coli mang
plasmid pcDNA3.1/BNCH WT va pcDNA3.1/BNCH
E164K. Ca hai plasmid c6 kich thudc 13 6 978 bp phu
hop vai kich thugc trén anh dién di.

Chat lugng va néng do cua DNA plasmid duoc kiém
tra trén may do OD & budc s6ng (260 va 280) nm. Két
qua duoc trinh bay tai Bang 1. Ti 1€ OD 260/280 > 1,8
cho thdy plasmid thu nhan dugc c6 dé tinh sach va
ndng d6 cao, san sang duoc sir dung cho budc chuyén
nhiém vao té bao dong vat.

8kb
Tkb
6kb

Hinh 1 Dién di két qua tach chiét vector tai to hop trén gel
agarose 0,8 %. Ch thich: giéng (1) — plasmid
pcDNA3.1/BNCH, giéng (2) — plasmid pcDNA3.1/BNCH
E164K, L — thang chuan 1kb (Bioline, UK).

Bang 1 Nong do va thé tich plasmid thu duoc
Thé |Tilg¢ OD

Plasmid Nong dd | o | 2600280
pcDNA3.1/BNCH WT  |558 ng/uL| 2 mL 2,057
0cDNA3.1/BNCH E164K [402 ng/uL| 2mL | 1,954

Mize dg biéu hién protein BNCH WT va dét bién
E164K trong té bao HEK293

Hai plasmid tai t6 hop mang trinh ty ma héa cho
protein BNCH WT va BNCH E164K ¢ nguoi dugc
chuyén nhigm vao té bao HEK293K va mirc do biéu
hién cua hai protein nay dwoc kiém tra bang phuong
phép Western Blot véi khang thé khang peptide V5.
Trén cac plasmid tai to hop, trinh tu ma hoa peptide
V5 gom 14 axit amin (GKPIPNPLLGLDST) tuong
tng véi 1,4 kDa dugc thém vao dau C cua protein
BNCH c6 chiéu dai 528 axit amin twong @ng Vi
50,63 kDa. Két qua Western Blot véi khang thé khang
V5 cho thdy mau té bao chuyén nhiém vector
pcDNA3.1/BNCH va vector pcDNA3.1/BNCH
E164K xuat hién bang protein c6 khdi lugng phan tir
khoang 51 kDa trong khi mau dbi chitg &m MOCK
(t¢ bao chuyén nhidm véi vector pcDNA3.1 khong
mang gen BNCH) di khong xuat hién bing protein
trong ung (Hinh 2). Nhu vay, protein tai té hop quan
sat & két qua Western Blot c6 trong luong phan ti
hoan toan phu hop véi tinh toan i thuyét caa protein
BNCH.

Két qua nay khing dinh hé biéu hién cua vector
pcDNA3.1 mang trinh ty ma hoéa protein BNCH da
hoat dong va biéu hién thanh cong protein BNCH bén
trong té bao HEK293. Két qua Western Blot ciing cho
thidy muc d6 biéu hién protein BNCH WT va BNCH
mang dot bién E164K gan nhu twong duong nhau khi
dugc tang cudng biéu hién & dong té bao HEK?293,
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Diéu nay cho thay, dot bién E164K khdng anh huong
t6i mirc d6 biéu hién cua protein BNCH.
WT E164K Mock  KDa
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Hinh 2 Két qua phan tich mtc d6 biéu hién protein BNCH
kiéu dai va BNCH E164K ¢ dong té bao HEK293
bing Western Blot. WT:
té bao HEK293 duoc chuyén nhidm véi vector
pcDNA3.1/BNCH; E164K - té bao dwoc chuyén nhigm véi
vector pcDNA3.1/BNCH E164K; Mock — té bao duoc
chuyén nhiém véi vector pcDNA3.1; GAPDH — protein
chting ndi. Cac protein mang dugc glycosyl cé kich thuac
I6n hon tao thanh nhiéu bang & phia trén protein BNCH.

BCNH la mot protein mang nén thuong dugc glycosyl
hoa tai nhom nito hodc oxi cua cac axit amin khac
nhau tir d6 anh hudng dén kha ning dinh vi cua
protein tai mang sinh chat. Muc d6 glycosyl hoa dan
dén sy thay doi trong lugng phan tir caa protein trong
dién di phan tach. Két qua Western Blot ciing cho
thdy sy xuit hién cua nhiéu bang protein khi lugng
phan tir 16n hon thuc té 51 kDa (Hinh 2, glycosyl
hoéa). Bang chirng nay cho thiy ca hai bién thé protein
BNCH hoang dai va dot bién E164K da biéu hién déu
dugc luu tra tai cc cau trdc mang sinh hoc bén trong
té bao HEK293.

3.2 Thao luan

Axit glutamic 164 trén protein BNCH cua nguoi la vi
tri duwoc bao ton cao & nhiéu sinh vat mo hinh khac
nhau va dot bién axit amin nay thanh lysine (E164K)
dd dugc ching minh gay ra cac kiéu hinh bat thuong &
muc do té bao va co thé sinh vat so véi BNCH WT.
Chinh vi thé, E164K 1a dot bién gay mét chirc ning
protein BNCH. Tur d6, chung toi lva chon dot bién
nay dé tao md hinh té bao trong d6 BNCH WT va
BNCH E164K dugc ting cuong biéu hién dé tim hiéu
chirc nang phan tir caa protein BNCH. Trong nghién
ctru nay, plasmid tai t6 hop pcDNA3.1 mang trinh tu
ma hoa protein BNCH WT va BNCH E164K da dugc
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biéu hién thanh cong & té bao HEK293 bang phwong
phap chuyén nhiém sir dung hoa chit tao lipoplexes.
Két qua cho thay hai protein ndy c6 muac do biéu hién
tuong duong nhau.

Mic du vay ching t6i van chua chimg minh duoc liu
dot bién E164K c6 lam thay ddi vi tri biéu hién cua
protein BNCH trong té bao HEK293. Khi ting cudng
biéu hién mot protein mang & mé hinh té bao nudi
cdy, vi tri tai mang cua protein dich thuong bi sai
hong do su tac dong bai qua trinh glycosyl hoa protein
xay ra & mang lugi ndi chat [16]. Muc glycosyl héa tir
d6 tac dong dén cau tric bac ba va vi tri cua protein
tai 16p mang té bao. Hinh anh két qua Western Blot &
phan doan glycosyl héa cho thdy lwong BNCH E164K
glycosyl héa cé thé it hon so voi BNCH kiéu dai
glycosyl hoa, trong khi d6 lwong protein khdng
glycosyl héa lai khong c6 nhiéu thay d6i (Hinh 2,
glycosyl hoa). Piéu d6 dan dén viéc BNCH E164K c6
thé di co nhiing tac dong nhat dinh dén muc do
glycosyl héa cua protein BNCH hoic day c6 thé I hé
qua cua sy thay doi vi tri biéu hién cia BNCH E164K.
Dé kiém chimg va dinh lwong nhitng suy luan trén,
ching t6i s& can quan sét vi tri biéu hién cua hai bién
thé protein nay bang phuong phap lai mién dich
huynh quang trong cac nghién ctu tiép theo.

4 Két luan

Nghién ctu di tao dong va biéu hién thanh cong
protein BNCH WT va protein BNCH mang d6t bién
mat chirc ning E164K trong té bao HEK293. Ca hai
bién thé nay cia BNCH c6 mirc biéu hién va thé hién
mic d6 glycosyl héa twong dwong nhau. Vi thé md
hinh t& bao HEK293 duoc ting cuong biéu hién cua
hai bién thé nay sé& 1a céng cu thir nghiém quan trong
dé nghién ciru xac dinh chirc nang phén tir cia BNCH.
Ngoai ra, day con la mét md hinh thém chac nang
(Gain of Function) thich hgp dé tim hiéu tac dong sinh
hoc cua BNCH dbi véi lysosome va té bao.
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Transient overexpression levels of the wild type and the E164K haboring Benchwarmer protein in
HEK293 cell
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Abstract Human Benchwarmer (BNCH) encodes a transmembrane helices protein belonging to the Major
Facilitator Superfamily found in lysosomes. Genetic abrogations of BNCH caused neurodegeneration,
accumulation of substances in lysosomes, shorter lifespan, and early onset of senescence in fruit flies, zebrafish,
and roundworms. However, the molecular function of BNCH protein remains to be identified. To develop a cell
assay to characterize the molecular function of the protein, we have cloned the coding sequences of the wild type
BNCH and the BNCH carrying E164K loss of function mutation in the mammalian expression vector pcDNA 3.1
and expressed both vectors in the HEK293 cell line. The mutant E164 must be proved not to cause apparent
changes in the expression levels and the location of the mutated BNCH thereby it can be used as a counter control
in a cellular assay to assess the function of BNCH. In this study, we used lipoplexes to transfect and transiently
express the WT BNCH and E164K BNCH in HEK293 cell line. The protein expression levels were evaluated by
Western Blot by using the specific antibody. Our results show that both BNCH isoforms were successfully
transfected and equally overexpressed in the HEK293 cells. Therefore, the cell lines will serve as important tool
to investigate the molecular role of BCHN in the further study.

Keywords Benchwarmer, mutation E164K, lysosomal membrane protein, transient expression.
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