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peflluUSAULNU 4, 112 Lag 309 faeinalia site-directed mutagenesis franatafinfiddu LHB tUg
WwaduLlTafu  Huh7 wudnniswandesnvadlusiiu LHB flwuie 39 kDa (Non-glycosylated) wag 42 kDa
= a a & v i ° ' I a
(Glycosylated) uagiiansiaaaumsidadulnaladiadudoioulyyd PNGaseF wudn Tusiunis N309Q laifianas
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| al o w a - ° 1Al v a . . .
protein AdmsdsumaadunsaazdluuI s 4, 112 uag 309 flewmaila site-directed mutagenesis
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The Role of N-glycosylation of Hepatitis B Surface Protein in Autophagy

Sakulrat Boonruab tngorn Kimkong

Department of Microbiology, Faculty of Science, Kasetsart University
email: sakulrat.b@ku.th

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
HBY 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.
ATG9A, 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.

Keywords: Hepatitis B Virus; N-glycosylation; Autophagy
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mshndelasasusnaud (Hepatitis B virus; HBY) iuaumamilsiiddnyuesnisiialsafudniauidoundy
(acute hepatitis) LazTsaRusniEuEas (chronic hepatitis) Uszannsilanuanndn 2000 duauinishndonsed]
Useiamsindelasasusniaut Ussina 90% vasdiidndevevinanlsa daudndsvana 10% Llannsaida
I¥alduasiinmsiauludulsaliasusnaviidess venanitmutlsalifasusnautiFesadaudiiudi
nsialsrRuds (cirhosis) waslspueiSeiu (hepatocellular carcinoma) Futilugmsidedinvesgineyszana 1
duaunel wihilagtuesliiadulesiuhfadudniaududfinnu

20113 (autophagy) %mﬂummumumuuin (innate  immunity) miaaw"[fﬂumsmaﬂwawm
intracellular pathogens LLasmaﬂsmuqumumumumm (adaptive immunity) lunszuiums antigen
processing \fiethiausuauiauso CDA+ T celts hifavarsuialdfinswannalnifefiagyhanessuunisrian
984 autophagy wagldnszuumsiieduasunisiinsuauvesdalayaies (viral replication) fee1aLtu herpes
simplex virus-1 (HSV-1), cytomegalovirus (CMV) wag Kaposi’s sarcoma herpes virus (KSHV) sgalsinmlasa
vnrilalildvianenszuiunisdanan luneassiudrundunsedunssuiunts autophagy wagefe autophagic
vacuoles lunsifins iy 1 poliovirus, coronavirus, dengue virus uag hepatitis C virus (HCV) 13U HBY
deldumaniffinsfinwwuth HBY awnsanszduliiAnnszuiums autophagy Tuwadinzidos wddluiuves
HH‘VIFiﬁEN LLa“NU'}E.I'ﬂﬂﬂI.éB Tae HBY 9sdniin autophagy HuMe HBx protein laan1sduiu PI3KC3 dadu
Lau'l'nu‘ﬂﬂwmy’[un"ritsmu‘umn'i"mums 1M HBx  ¥NIEAUNTTHNINTEY PIKC3 n1snszduliiie
As¥UIUNTS autophagy 484 HBY femddglunmafiusiuniuvesialidaies wenvniflunsfnewes Tang H
(2009) uazAmz WUl HBx protein 993 HBV dninseulunis autophagy Tnoifunsuanioenvesdu Beclin 1
won9n HBY 91y HBx lun1siiuduiuuds nsAnwiwed LiJ (2011) wuin small HBV surface proteins (SHBS)
fidnlumsnsydunszutunisestanhd uasdrnglumsifivdnues HBY Meituriu

lelaiunuaniiisieauntsdnwues Lambert C (2007) uazamig wun1siin N-Glycosylation Tudau
large surface proteins ¥89 HBV (LHBs) msAnwAuALYes Yu D uazane (2014) (Reafuunuinues N-
Glycosylation lu HBV wuinfedastunisetjsonues HBY Ty HBV aunsovaundnglifuduiiasuniangls
ilesaniinisiiu N-glycan Fsenalusununsivreseufived dmiunszumumseslavdedndugidufuiin
wiliaglumsianedelaa HaqUusihifnenunietessening N-glycosylation Twie HBY Funisiin
N38UUNS autophagy ﬁ’aﬁ?umiﬁﬂmﬁﬁnjqﬁ%a%mauwmwmaamslﬁm N-glycosylation Tudelasasusniaud
V31w large surface protein fensiianszuiunseslnwhd nanisdnervzvitlivsuuavidilatnalnvedlaaly
navaundnnsvinaleessy vugiduiunindety feerahluguumidluntsinunlnig wiemurinduis
UszAnSamidlusunan

TnguITasAveaImMsive
o a a & a a & v v e P a
Lifednwunumsasmsifnd ulnalrdaduusnalysauuui westehiadudniguidenisiia
nsrUIuMsDOlAYNI LU aduELS U

1. Cloning LHB gene

usinadSue Tnewmedaufisengnlalnaieisa (Polymerase Chain reaction;PCR) $ne primers i
Sumesiofu LHB uavdeusenansias PCR funmned pGEM-T iteteinenduuuiiiduaiddide Escherichia
coli DH5Ql Fadunnslaaufu PreSi, Pre 52 wax S faddusfiuuuivead slasasusnaud (large HBsAg; LHB)
warmsIvdoulnauiiliseds colony PCR oulwifind imig way¥s sequencing



2. Site-directed mutagenesis

iuuSinaiiBue Tneimaia PCR Tnsfiduediuuuagluguwanaiio (oGEM-T) #iligu LHB uaxld
mutagenic primers MiAsunuasdduiiandlelnduiinm wnladidoenas Wednmmsiin N-glycosylation lu
a2y large surface proteins 481 HBV (LHBs) Ssmsnmassndai) Iduasuuvasdwuinadlelud 3 dumi fely
Fumiansaesaludl 4 (N), 112 (N112) waz 309 (N309) a1 PCR product filsiundadseulssi Dpni il
douALdUOAULUY Wag transform L‘Z'J"]gjl,‘l&la Escherichia coli DH5Q! wagns79@eu mutants lé#e3% sequencing

3. Sub-cloning into mammalian expression vector

wanadfin (PGEM-T) Aififiu LHB wdindaeieulusddadsing wazidousofunanes pcDNA3.1 uazvinnig
fngSneuduuwidiBuiaiirdidlo Escherichia coli DH5O! wazasaaatlaauiiléineds colony PCR ovlusin
FUNE uagds sequencing

4. Transfection of constructs to mammalian cell lines
ihwanalia pcDNA3.1 #ififiu LHB wmaelufusaduzi3ediv HuH-7 cells Tng Lipofectamine 2000 ua
AsRADUMSUaRIDDNUDIlUSAU LHB 1na3 western blotting

5. Detection of Glycosylation

HIMADUMTAA N glycosylationseioulesi peptide-Na-(N- acetyl-u D-glucosaminyl) asparagine
amidase (PNGase F) 910t run polyacrylamide gel electrophoresis i3 sodium dodecyl sulfate (SDS-PAGE)
ha immunoblotting

6. Autophagy detection
Usziliulpgnsigeunisuanioanvalusiuluifeslnvdnieds western blotting ldueufiueinelusiiu
oA o 4 v
LC3 uazslusiupug Mheates

7. Statistical analysis

Fulndaiunuesuanuduinieds sAndsavunnsgiu msiessivnsednlddiiunsineldns
nageufl dwmsudoyai@auiuan (Student’s t-test) wasmanaaoulaauns dmiuduvsidsnaaw (Chisquare
test) fsanAMILANAIeIATodFyMead AT p <0.05

NaNITIY

wanslaaudu Prest, PreS2 wax S laswafin PCR e primers #suwiziefu LHB wawidouns
wansast PCR futianes pGEM-T iilare3rouduuwifiduleiirgifle Escherichia coli DH5Ol wun waweanas
fadenialalluuennsAniiion 2xYT lne3oms spread plate Lialalafidvuusimsfadan 2xyT ﬁﬁmsﬂﬁ'ﬁ'suz
wonfigau wasnansnasulraufilenaeds colony PCR Tneidauunnves PCR product fildlagis electrophoresis
Toeld 1% agarose gel 1w Load PCR product 3 ul/lane wagld marker Quick-Load® Purple 2-Log DNA
Ladder (0.1 - 10.0 kb) wui1 PCR product w1 P2PGEM fwunauszans ¢ kb

nan13dsuudasdsiuindlelndudiasumiduiundansaeedludl 4 (N2), 112 (N112) uaz 309
(N309) Tagldinafia Site-directed mutagenesis w7 transform L‘fJ’ﬁéL‘ﬁa Escherichia coli DH5Q Tsianns
Fadonlalafiuuonsdniden 2T alalaildvn waznansisdeulpauiilésedd colony PCR wudn PCR
product fuLmme3 pGEM-T 83 mutants 108U LHB Tvuiauszuny 4 kb ndwniunsaaeudieioulesidn
F1w1e uards sequencing Weldumstutiuna



nams Sub-cloning L*iJ"lgiL’;ﬂLmai‘wmﬁm’hgﬂqqnﬁwuu (mammalian expression vector) lngunaalia
(pPGEM-TYIEY LHB w30 mutants vesfu LHB #ildendunaurounti sdadetouledifadiing Nhel uas
Hindlll LW@VI’Im'iLiJﬁIEJu vector 910 PGEM-T vector Tutfu mammalian expression vector %Q‘Luﬁﬁﬁ]ﬂ%’
pcDNA3.1 wusn aglduauveswatafin (pGEM-T) #ififiu LHB %30 mutants veadu LHB 2 uau Fausznevlude
dur99Tu DNA insert Suunaussanas 1200 bp wazwuaves PGEM-T vector finunaussanas 3000 bp iy
Fu insert ufeusiofuiinnes pcDNA3L Taavinas ligation uazvimsais3aeuduuwiiidueiig e
Escherichia coli DH5Q TagdmidenialaiiuuamisAniden 2xYT ¢e3dn1s spread plate Winalalaiduivu
a3 ieldlalaiivesineuduuuimdufivesdy LHB udr Avhnisasadeulaauiilidieds colony wesdu LHB
fuLAmes pcDNA3.1 fifinsiudsuuvasdrduinadlelnd nuin uauwdnsast PCR fuiinmed pcONA3.L vos
mutants 1838 LHB fluunauszana 5-6 kb aintiunsaadeulaauiiladeiouleddndimiy uagdd sequencing
\oBusunanisvnaes

wamsthwanafin pcONA3.1 7ififu LHB weheluduradugiSeiu Huh-7 cells Tag Lipofectamine 2000
Tnviingunsnaassniunuie GFP ATGL6L1 (reporter genes) lasldndesainailovigeaisaivusd vdsann
transfection 72 ¥alue nsifiu cell lysate waz supernate LilathluiiasissinisuanseanvesTusiy wuin
Weslwudnsangludasad Huh? 3 70 Westwud antufiuigad ensisaeu L protein (IUsAuvashiady
Fnwaut) ie3s western blotting TaeglduouRued Pres1 nunhimsuansoonvodlUsiu LHB vua 39 kDa (Non-
glycosylated) wav 42 kDa (Glycosylated) dlovnisanely 12-well plate

Nan13An¥IN5IAR N-glycosylation #dsannyiinsnsisdaunisuantesnvadlusiu LHB saaiouleal
peptide-N4-(N-acetyl-u-D-glucosaminyl) asparagine amidase (PNGase F) 1o run  polyacrylamide gel
electrophoresis i sodium dodecyl sulfate (SDS-PAGE) wavihminsaedeuntsuaninenvestsiudnads Tne
38n135 western blotting laglduauRiued Pres (AP2) lunismsavasu wuln nisianeenvedlussiu LHB wuin 39
kDa (Non-glycosylated) way 42 kDa (Glycosylated) fimsiindsuuases N-glycosylation lu plasmid du
wild type (P2) , Mutants fumiia Nd wag N112 Smsidsuudasgiuuuanmsuantesnveddsiuvuin 42 kDa
(Glycosylated) 11JLﬂugﬂLmummamaaﬂmaﬂﬂsﬁu LHB 2u1m 39 kDa (Non-glycosylated) uwazliifinnis
WabuuUaees N-glycosylation Tu Mutants f1uvils N309 Sanaalén 'lw‘hLLwﬂqﬁameﬂuﬁWLtwﬁqﬁﬁﬂﬁmu

HansASI9ERUNMsLanteanvedlUsiuluiieslawidarl49s Western blotting eviamsufiulusiiulaly
RIPA buffer (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) +
protease inhibitor WeUanudestaulssl protease wagvilvisadunniiioldlusdusanuilaeld Sonicator Uszanm
5-10 1t uag meududulusiudaoyn PierceTM BCA protein assay kit Wazamniuijiunuuuien SDS-PAGE 1
fmnadudu 10% 100V a1 90 ufi wazdeluds polyvinylidene fluoride (PVDF) membrane 100 V 131 60
Wil ndenimiinTs blocking #28 5% skimmilk (a1 60 wnil uardnedae TBS-T buffer 3 s pfaaz 10
wiluazld First antibody selusfiufidesnisdnen e LC3, ATG9A , ATG12 , ATG16L1 (Cell signaling) uay
PreS1(AP2) (Santa cruz) foAauidesans 1:1000 uagvimsundiudu s gumgil 4°C ¥inisdnedhe TBS-T
buffer 3 A%4 aeaz 10 Wiluudaly wazvinmsuusesis Second Antibody (Mouse monoclonal antibodies
against GAPDH , Goat anti-mouse horseradish pero><|dase conjugate (GAM-HRP) (Santa cruz) fyaUIBg
919 1:5000 Wua1 60 ur¥ uazdseiag TBS-T buffer 3 A3 afiaz 10 unil w9t develope wagfqy
SuperSignal West Femto Chemiluminescent Substrate Tngldindng Image Quant™ LAS 4000 Wuin lu
Funis NAQ, N112Q, was N309Q lifinisuanseenagaiiteddyvmieada waifiouiu wild type 910533y
tUoadu

duuazdnnsalna

nnstnvuesiTeiunannsaasulii unumeesnisiadulnaladiaduluiinalusivuuiaude
Tasawusniauirensiianszuiuniseslad Taglaauiu LHB uaswdsuuasdrdunsnesiluuiuasumia 4,
112 uag 309 dowaiin site-directed mutagenesis sewanadinfisiiu LHB ihgdwaduyi3eiu Huh? wudinns



wanseanvadUsiu LHB Jvua 39 kDa (Non-glycosylated) wag 42 kDa (Glycosylated) waziilensivaeunisiia
Sulnaladiadudeioules PNGaseF wudn Tusumis N309Q litdansideuntas Janaalddn ludundsiiens
Wusunsieiiddey nan1sdne1#eds immunoblotting lagldusufvedfiduwizselusiu ATGIA, ATG12,
ATG16L1 uaz LC3 wudn Tusuwnds NAQ, N112Q, waz N309Q hifinsuanseenegniidudfymada ooy
u wild type Jnmsideilesiu FeagUlddn maiia N-glycosylation @4 L protein ffinsidsundasdsy
nsmeriluudnasiuvui 4, 112 uay 309 faenafla site-directed mutagenesis lulgad wgl3adu Huh7 la]
Hendeafunszuiumsnisiinestand

Lane 1: Marker

Lane 2: P2 PGEM-T
Lane 3: N4 PGEM-T
Lane 4: N112 PGEM-T
Lane 5: N309 PGEM-T

3.0kb —

A 1 wanendnnug PCR Auliames pGEM-T ¥83 mutants U898y LHB
laa1nA1g run gel electrophoresis

Lane 1: Marker

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

= a @ o s P
NN 3 LLamwamnm% PCR AUNALABT pcDNA3.1 993 mutants 4838 LHB
Alea1nnIs run gel electrophoresis

awil 4 nsdanmguisisuduasms transfection 493 Huh7 cell line Tngld
plasmid ATG16L1 73 GFP Wudusea1uua (reporter genes)
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