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Abstract

Hepatitis B virus (HBV) infection is a major cause of acute and chronic hepatitis. In addition, chronic
HBV infection is associated with the development of cirrhosis and hepatocellular carcinoma. Autophagy
has been implicated in innate and adaptive immune responses to viral infection. HBV has been reported
to enhance the autophagic process to benefit its replication. A recent study found that large surface
protein of HBV (LHB) is modified by N-glycosylation. This modification of the HBV glycosylation pattern
affects not only virion assembly and infectivity, but also immune escape. Currently, there are no any
reports involving with the role of N-glycosylation in HBV proteins and autophagy, which is a process in
HBV immune responses. Therefore, we aim to explore the role of N-glycosylation of hepatitis B surface
protein in autophagy. In this study, we constructed the LHB gene wild type and mutants of N-
glycosylation at amino acid position 4, 112 and 309 by site-directed mutagenesis technique. These
constructs were transfected into Huh7 cells. Western blot analysis was used to detect the LHB protein
with specific antibody showed 39KDa and 42 KDa size. After N-glycosylation detection by PNGsase F found
N309 not converted the profile, therefore N309Q maybe plays an important position in N-glycosylation.
ATGYA, ATG12, ATG16L1 and LC3 protein expression at N4Q, N112Q and N309Q were no significant value
when comparing with wildtype in autophagy detection. This preliminary study were summarized that N-
glycosylation of L protein mutants at amino acid position 4, 112 and 309 by site-directed mutagenesis

technique into Huh7 cells is not involved in autophagy process.
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nsAntehSarusnaud (Hepatitis B virus; HBY) Huanmmuiliiddguesmsiinlsadudniauideundu
(acute hepatitis) warlsasiusniauiaess (chronic hepatitis) Uszwnsilanannndn 2000 druauiinishndendod
UseRnmsindeldasusnaut Ussann 90% vesiiiniteneuinainlsn daudnuszuin 10% liannsamidn
Taalduariimatmurlddulsaldasusnautizess venvniidmuitsalarusnautizesalanuduiusiu
mainlsaduuda (cirthosis) uazlsnuzi3siy (hepatocellular carcinoma) SuhlgnndetinvesiiaeUszanm 1
aunusiel wihiagduesiiindudesiubi¥adusnaududaiinn

90lan"3 (autophagy) dadugfidumiusiuusn (innate  immunity) Moaildlunsmdadonan
intracellular pathogens LLamhsmisﬁugﬁﬁmmwﬁuﬁam (adaptive immunity) Tuns¥UIUNT antigen
processing Hiewnauakeuiauie CD4+ T cells hidanarsadinldiinsiaunalnfiefiaviaeszuunisineu
84 autophagy uarldnszurumsilileduasunisifinsruiuvesialidaes (viral replication) faognaty herpes
simplex virus-1 (HSV-1), cytomegalovirus (CMV) wag Kaposi’s sarcoma herpes virus (KSHV) ag1slsiniulisa
uerialadldvihaenszuiunisaanand Tunemsaiudiundunsedunseuiuns autophagy wavenfe autophagic
vacuoles lunsifinsuu poliovirus, coronavirus, dengue virus kag hepatitis C virus (HCV) @95y HBV
dleldumanifinsfnwmuin HBY aansansyaulitinnszuIuns autophagy Tuwadinziass sauddusues
NYNARDY LL@%EET'J’JEJVII@@L%IEJ Tng HBV 94 autophagy W1uvMe HBx protein Inan1sdufu PI3KC3 dadu
wulssifiddnylunisiFuduvesnszuaunts andu HBx  agnsgdun1sineuves PIBKC3 n1snseduliian
ASYUIUNS autophagy 189 HBV fianuddalunisifiusiviuwesialidaes wenanilunsdneves Tang H
(2009) wazARLE WU HBx protein 983 HBV Fniinszuiunis autophagy Taeifiunisuanseanvesdy Beclin 1
wonan HBV a1de HBx lunisifinsuaunds n1sAnwives LiJ (2011) wudn small HBV surface proteins (SHBs)
fidnlumsnsedunszuiumsealannd uazdshelunsiindnnuves HBY eLduiu

delduuanilfisteaunsdinuives Lambert C (2007) uazamy nunsiia N-Glycosylation ludau
large surface proteins 489 HBY (LHBs) AMsFnWLALANTEY Yu D wazAne (2014) Wigdfuunuimnees N-
Glycosylation Tu HBV muiiadesiunisegsenves HBV Tng HBV anunsavauvdngiiduiufiazuianels
iles1nTinsidy N-glycan Fso1alusunumsduvesiouiived dmsunszuiuniseslaviedadugiiduiuaia
witsiitrelumsvanadol e Hagiudsliifissauauiatesszning N-glycosylation Tude HBV fun1siin
ASLUIUNT autophagy ﬁqﬁumiﬁﬂmﬁﬁqaﬁﬁﬂ3a%ms1‘uwmwummiLﬁm N-glycosylation Tudelsasusniaud
Usad large surface protein siomsiinnsguiunseslanid nansAnwazyinlinsiviazidnlatenalnveshaly
nsnaundnnisiiasvessruugiduiuuindelu Ssonailuguumidlunisinulne wiewmuriaduid
Usgansnnlalusunan
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1. Cloning LHB gene

WnUSunafisule lnawataufjisengnlglndiueisa (Polymerase Chain reaction;PCR) aag primers i
FunnzsieBu LHB uazideusendnsiasi PCR fuipwmes pGEM-T Lﬁaﬁ’ls%'ﬂamﬁLLuuﬁﬁLﬁuLaL%gﬁa Fscherichia
coli DH5Q Faunnslaauiiu Prest, Pre S2 uag S asalusauuuRveat olarusniaud (large HBsAg; LHB)
wazarnaeulaauiilédnegds colony PCR weulwidnd iy wasds sequencing



2. Site-directed mutagenesis

WsSinamidue Taemeada PCR Tnsfiduesuuuveglugunanaiin (pGEM-T) A8 LHB uazld
mutagenic primers AiUasuulasdisuiiandlomausasunidisens dWednwnsiia N-glycosylation Tu
du large surface proteins v83 HBV (LHBs) Zsnsmaaesnssil Idudeundasddiuiondlelng 3 fuva delu
fumtsnsmesSluil 4 (N@), 112 (N112) waz 309 (N309) 91ntiuth PCR product Aildudasaetoulesd Dpnl iite
gonfiBuafiuluy uax transform g% Escherichia coli DH5Q! wagmsIaday mutants Aldaae33 sequencing

3. Sub-cloning into mammalian expression vector
i wanadin (pGEM-T) 78U LHB andasietouluddndinig wazilounaiuiinnos pcDNA3.T wagyinis

dnesnouTunuiAdued1didie Escherichia coli DH5Q uazasivaaulaaudilafieds colony PCR touluisn
U LazId sequencing

4. Transfection of constructs to mammalian cell lines

whwanailn pcDNA3.1 Milu LHB wnangludusaduziSaiu HuH-7 cells 1ag Lipofectamine 2000 wag
M3EUNTSHERNIDaNYBLUTAY LHB 1n8d5 western blotting

5. Detection of Glycosylation

A59dUNTSLAA N-glycosylationseieulasl peptide-Na-(N-acetyl-U-D-glucosaminyl) asparagine
amidase (PNGase F) ﬁnﬂﬁ?u run polyacrylamide gel electrophoresis i sodium dodecyl sulfate (SDS-PAGE)
e immunoblotting

6. Autophagy detection
Usziliulneasiageunsuanieanvesiusiulifioslandmeis western blotting lduouvenselusiu
LC3 wazlusiudue Mneates

7. Statistical analysis

Fudsiwinaazianadudnade sandonvunigiu msinseimeadalddidunsiagling
naaeudl dniutoyaliasina (Student’s t-test) wagmsnageulaaund’ dmsumuwusidannnim (Chi-square
test) AAsANAMUUANANYBIATIE AN 1ERRT p <0.05

NANI3IY

nansiaaudu PreSl, PreS2 uay S laswiafla PCR 8 primers #ismizsiadu LHB wazidouse
nanAa PCR AULIAWDS pGEM-T Lﬁadw%'ﬂauﬁLLuuﬁﬁLSuLaLﬁﬁHq’L%a Escherichia coli DH50 W11 Wav8In1s
dadenlaladuuemsdniden 2xYT 1ng38n3 spread plate inlaladdvmuueivnsdadon 2x/T Aifasuidue
WeURFAY wasnanTnaeulrauiiliae s colony PCR Ineidmuuinues PCR product #ilélaeds electrophoresis
1aeld 1% agarose gel 1aw Load PCR product 3 pl/lane wazld marker Quick-Load® Purple 2-Log DNA
Ladder (0.1 - 10.0 kb) wu31 PCR product Wui1 P2PGEM fivuinuseana 4 kb

Lane 1: Marker

Lane 2: P2 PGEM-T
Lane 3: N4 PGEM-T
3.0kb — Lane 4: N112 PGEM-T

Lane 5: N309 PGEM-T




AT 1 uansandue PCR Auliameas pGEM-T 984 mutants U998U LHB
7lAa1nN13 run gel electrophoresis

N

il 2 wandlaladvesireuduuwifidufivesdu LHB fiegluimmes pcDNA3.1 uuewsAnden 2xYT

nan1sasunUasdduiirdlelndusasmunisluiundansnezdlud 4 (N8), 112 (N112) way 309
(N309) Taglinaiia Site-directed mutagenesis Wa3 transform L‘?J/ngl,‘??a Escherichia coli DH5Q 1inlalafidy1n
wazdl PCR product fuviAwmed pGEM-T woe mutants fvuinuszanas 4 kb wdantiu Sub-cloning Wdhames
ﬁumé’mil,?iymgﬂﬁwum (mammalian expression vector) tnethwanaiin (PGEM-T)iRBW LHB #e mutants vesdu
LHB sndnsasieulsddnsuiniz Nhel waz Hindil Wewdesu vector 910 PGEM-T vector Ty mammatian
expression vector #slufiiazld pcDNA3.1 wuin axlduauvaswanada (pGEM-T) Aifldu LHB 3o mutants vos
fu LHB 2 uau dedsyneulusiodiuuesdu DNA insert Saunauszana 1200 bp uazyuinas PGEM-T vector &
FurAUsENI 3000 bp gy insert undeusefulianes pcDNA3.1 1agvinn1g ligation wazyinn1a1e3s
ponduuwiRiBuaidngide Escherichia coli DH5Q Tasdaidentaladiuuoimsdaidon 2xYT 1838013 spread
plate Tualelaidvnvuemns deldlalafiveSrouduuwiiidudivesdu LHB uds fvinisnsisaeulnaudilise
38 colony 20981 LHB fuiamnes pcDNA3.1 fifinsivasuntasdduiandlolng wuin wouwdndast PCR fu
ALMDS pcDNA3.1 ¥o9 mutants Yosdu LHB fluunuUszana 5-6 kb aintunsavaeulnauiilddetouleisn

U a5 sequencing LNBBUTUNANITNAABDS

Lane 1: Marker

Lane 2: P2 pcDNA3.1
Lane 3: N4 pcDNA3.1
Lane 4: N112 pcDNA3.1
Lane 5: N309 pcDNA3.1

A 3 LansNanduel PCR AuliAmes pcDNA3.1 U89 mutants ¥898u LHB
Alaanns run gel electrophoresis

HansIwanaia pcDNA3.L Aifidu LHB mnaneluusadugisefiu Huh-7 cells Tng Lipofectamine 2000
lngdngun1ImaasiniuAuAe GFP ATG16L1 (reporter genes) lagldndesaimailengosisaigus naiain
transfection 72 F3lue vn1sifiu cell lysate way supernate wietnludiasgsinisuanioanvadlusiu nud
Weswudmsaeludamad Huh? 3 70 wWedisud anduiuvisad wlensiadeu L protein (Usiuvedladasu
dniaud) A5 western blotting Inglduoufusi PreS1 wuinidinisianseanveslusdu LHB vu1m 39 kDa (Non-
slycosylated) uaz 42 kDa (Glycosylated) wlevhnsanglu 12-well plate



amdl & msdanmguasisusivesnis transfection 83 Huh cell line Tagld
plasmid ATG16L1 W13 GFP \JuBusiee1una (reporter genes)

Nan15AN®INISLAA N-glycosylation #a99IniN1sATIvd@aUNITLandaanvaslusiu LHB mAletoulsl
peptide-Nd-(N-acetyl-U-D-glucosaminyl) asparagine amidase (PNGase F) la® run polyacrylamide gel
electrophoresis 3 sodium dodecyl sulfate (SDS-PAGE) uazvinisasiageunisuanseenveslusiudnads Tng
38M15 western blotting lagltueuRved PreS1 (AP2) Tun1sasiageu wuil msuanseanaedlusiu LHB au1n 39
kDa (Non-glycosylated) wag 42 kDa (Glycosylated) finsiinuasundasues N-glycosylation Tu plasmid Fdu
wild type (P2) , Mutants #uiis N4 wag N112 ﬁﬂ’]ilfﬂgEJULLU@QE‘ULL‘U‘UR]WMSLLﬁﬂﬂ@@ﬂ‘UaﬂIUiauﬂJUWW 42 kDa
(Glycosylated) 1‘UL°T]u§1Jqumiuamaaﬂmaﬂﬂsﬁu LHB au1n 39 kDa (Non-glycosylated) uwagluiiinns
\WasuwUawes N-glycosylation Tu Mutants siumis N309 3enanalen Tushumsiloradusumisiidndey

GADPH s s s e s

ocONA P2 N3 Ni12 N309
(a) Lane 1: pcDNA3.1
Lane 3: Wild type P2 (+)
1 2 3 4 5 6 7 8 9 Lane 4: N4Q [-) 0
. -) PNGaseF
pEDNA P2 Né N112 N309 bane > Ne0TH.
2 i " 3 Lane 6:N112Q(-) (4+) PNGase F
) ) i i Lane 7: N112Q.(+)
Lane 8: N303Q.(-)
- | —— g“ P — o ™ - Lane 9: N303Q (+)
(b)

A9 5 () NMsuansoanvedlusiu LHB tneld weufived PreSt (AP2) sinunisangly Huh?
cells M8 plasmid (pcDNA3.1) #Ifigu LHB (Wildtype) ag mutants Y0981 LHB
(b) LARIN1IATIVEBUNSAA N-glycosylation Aasteulesl PNGase F lnglduoufusd PreS1 Ap2

Ao

Tuaauzt39iU HUh7 sae plasmid (pcDNA3.1) M5i8u LHB (Wildtype) Way mutants 9838y LHB

Han1IATIvdeUNTLanseanvaslusAuluiieslan13az1d3% Western blotting Favhnisuiulusiulaly
RIPA buffer (25 mM Tris-HCL pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) +
protease inhibitor tietanUdesiaules protease uazligadunniieldlusiueenunlagld Sonicator Uszunm
5-10 wifl wawIneududulusiudeyn PierceTM BCA protein assay kit uazantuniianiuuuaa SDS-PAGE
fAnududu 10% 100V a1 90 undl wazeluds polyvinylidene fluoride (PVDF) membrane 100 V 1381 60



w7t wdaantiuriinag blocking fae 5% skimmilk {uiaan 60 Wit wazdnssie TBS-T buffer 3 asa adsay 10
wifiuarld First antibody selusiufifesnisAnen fie LC3, ATGIA , ATG12 , ATG16L1 (Cell signaling) wa
PreS1(AP2) (Santa cruz) A38AMMLABI14 1:1000 wayMSUNTINAY 4 gaungdl 40C vnsanadag TBS-T
buffer 3 a¥a a¥aaz 10 wiluTudinly wazvhnsUusedae Second Antibody (Mouse monoclonal antibodies
against GAPDH , Goat anti-mouse horseradish pero><|dase conjugate (GAM-HRP) (Santa cruz)) AIEANNLIBY
919 1:5000 Whuaan 60 Wit wazdesae TBS-T buffer 3 ads adsay 10 wift ndeniuvinnis develope uanay
SuperSignal West Femto Chemiluminescent Substrate Tneldinsos Image Quant™ LAS 4000 wui Tu
fuads NAQ, N1120Q, way N309Q lifinsuanseeneeeiifed dunieadn deleuiu wild type

ATGSA - . .-

ATG12 A
ATG16L1 == == B9 == ==

Relative ATG12 Expresstion
Retative ATGISL] Expresstion

LC3
- - -

Glycosylation site Ghyconylation site

GADPH s s s o s e Apeipe

ocDNA P2 N4 N112 N309
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Relative ATGPA Expression
Retative LCS Expresstion
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Glycosylation site Glycosylation site

ATGOA LC3
(b)
A9 6 HaTBINISLERIEENYBINATBINTLARIRRnYedUsiuluITeelannRlnsld Lo uRivedde
TUsAY ATGOA ATG12 ATG16L1 waxlC3 TuwaduziSadu Huh
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palavd “lummﬁ]aﬂ%’aﬁ%maaﬁmaummmaamsmmLau"LﬂaIﬂ%La%"u‘LuU%nmiﬂﬁﬁuuuﬁu%ah%’a Audniaulsie
nsiAnnsyuIuMsealanid Tnelaaudu LHB (Fu PreSt, du PreS2 wazdus) Insiasundasddunsneyiluusion
fuafl 4, 112 uaz 309 sewalla site-directed mutagenesis ghewanafinfiisy LHB Wndwaduziiadiu Huh?
WUINshantoonveslUsiiu LHB Jawin 39 kDa (Non-glycosylated) waw 42 kDa (Glycosylated) waziile
avndeumainidulnaladiatusieeulesl PNGaseF wuth Tusiuais N309Q Biinnisiudsuudas Seananilédn
Tudundedoraduiumisfiddy wazdlodnwnsiinnszuruniseslnnddaed® iImmunoblotting Taeld
wouAUeATIT N AElUSAL ATGOA, ATG12, ATG16L1 way LC3 wun lusumia NAQ, N112Q, uag N309Q 1aid
nswanseenagilifeddynieadia lngldnisnaaeuil dmfudeyailieusun (Student’s t-test) waznIsNAgDY
laaueas dmsududsidenmnn (Chi-square test) fivrsananuunnsnsesAtuddmsedan p <0.05
nnmMTendedu Faaguledn n13uin N-glycosylation 484 L protein fifinsUdsuslasdridunsnesd
Tuusnasuwniad 4, 112 uway 309 faewadia site-directed mutagenesis luwgad uziSesu Huh? ldiieadesiu
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