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SUMMARY
CEED S

Many higher eukaryotic glycoproteins have glycans with terminal sialic acids, which directly
or indirectly influence their functions. Recombinant mammalian glycoproteins produced by
the baculovirus-insect cell expression system usually do not have structurally authenitic
glycans. One reason for this limitation is the virtual absence in insect cells of certain
glycosyltransferases, which are required for the biosynthesis of complex, terminally
sialylated glycoproteins by mammalian cells. In this study, we genetically transformed insect
cells with mammalian mannosyl (alpha-1,3-)-glycoprotein
beta-1,2-N-acetylglucosaminyltransferase =~ (MGAT 1), mannosyl (alpha-1,6-)-glycoprotein
beta-1,2-N-acetylglucosaminyltransferase (MGAT 1II), Beta-4-Galactosyltransferase (GalT1),
beta-galactoside alpha-2,3-sialyltransferase (ST3), and beta-galactoside
alpha-2,6-sialyltransferase (ST6) genes. This produced a new silkworm cell line that can
express 5 glycosyltransferase genes, serve as hosts for baculovirus infection and produced
hEN, hEPO, hEGF glycoproteins with terminally modified N-glycans.

Our system can be applied to varous combinations of baculovirus-insect cells to produce

recombinant glycoproteins with mammalianized N-glycans.
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1. M)

‘Fol 9] BmN# Bmb M= 25Tl A 5%<2] A el¥ fetal boine serum(GIBCO)<
FE3Fetk= TNM-FHol A Al viksdeh A8 | A JA] 22 wfA] o A
mFE ek B2 FolAEE 25 o F4~A(SPL)l 2.0 x 100/mle] 2ER
FAEJ o™ 58 FHA 80%= Ahulg 3T

MGAT 1(1,338 bp, AAA7T5523), MGAT 1I(1,344 bp, NP_002399), GalT1(1,197 bp,
NP_00148R), ST3(990 bp, CAA52662)2} ST6(1,221 bp, & Table 18] *Zglo]w HFo u}
2} National research Institute for Child Health and Development®] 32 cDNA
libraryoll A Z%3to] pENTRI11 ¥ E (Invitorgen)o] ZEYHAct thAl7He cDNAE
PCRoll 9a F=Z50o] Neolo & A eldte] pENTRI119] Ncol-EcoRVel A BE 2= A}
pBac UAS Glys Z#}~u|=3= PCRo| 7] %3} mega—priming H<S At-&3le] F=351t}
(Thoma et al., 1998; Hong et al., 2010). Mega Zglo|H =S wt=7] 98 F W PCRS
stttk A HA PCROIA 262 bpe UAS mini TERE attR1S FZ31ch F WA
PCROl A 126 bpdml attR2-SV40polyAE <33t th o] F+ PCR A& pYES-DEST52
=2 templateZ ©| &3] attR1-DEST-attR2polyA 7HAEES wr=i=t] o] 8% Att. Mega
priming PCR 4F&2 pBac UAS DEST-3xP3 DsRed WHZE wH57] 98] pBac 3xP3
DsRedW el EcoRI Ale]Eo] A=t} pBac UAS DEST-3xP3 DsRed®} 5%¢ pENTR
Glysi= LR ¥Fg9 93] pBac UAS MGATI GlyTI-3xP3 DsRed¥ pBac UAS MGATII
ST3 ST6-3xP3 DsRed #E 7} vhE0] At}

24 well =822 (SPL)ol 20 x 10%mle "UE2 wjgd FoAEE  lipofection
reagent(Promega)S ©]83t] 1ug pBac UAS Glys ¥ 1lpg pBac Gad¥EHE
cotransfection 3}$1t}. Transfection 3 39 F DsRed &S gQlstal F1A7F =Y
A ¢ke M EE puromycine 5-10 pg/mle =2 AW T. A H AEE 6 wellZ2 A
% 25 af Egk2=A (SPL)AA A 8 31

3. A WER vfoly 2o F53
o17F-2 9] Fibronectin(FN, 1,251 bp, 48 kDa), erythropoietin(EPO, 565 bp, 24 kDa),

Bone morphogenetic protein (BMP4, 1,114 bp, 42 kDa), Epidermal Growth factor
like-7(EGFL-7, 821 bp, 30 kDa) cDNA+ MegaMan Human Transcriptome®} National
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research Institute for Child Health and Development®] <17FF2 cDNA #}o] H 2 g ol A
Aol At W F=Znlol#] A transfer Zet~n == pl0Z polyhedrin ZEZREE X 3el=
pFastBac dual Al 2=¥l(Invitorgen)S AF&31A A2 At UASQ activation AFe]EQI
GalANfkBp65E FE=3dl= DNAWHLS his-tagE 7FA &= pDESTI109] =243k 2+
HAAE= LR whE3 o] wlEFE transfer Zgt2~1n| =3 BmDHI10Bacel &2 d3st¥ A} E.
coli AJE WA W3 IIHEE Tn7 transposease®] & bacmid ol =< % At (Park et
al., 2007). A %% bacmid DNAE= Fo AEWBmN, Bmbdol 2z HFH1Ae] Az
baculovirusE 57| 9@ lipofection reagent(Promega)2 AM-&3iA st 7 3
d & wgduA = BolAa, 7 It titer vlolElA §AS A7) &l 29 WHESHA
=3

4. AxG WEZbole 2 P Bud wE

Z]

i

Fol Al ¥E+= 5-10 Pfue]l Multiplicity Of Infection(MOD = 25 cr Z2t2~=(SPL)°] 2.0 x
105mi2] wjF=E NS w Zdsdnt. 29 359 F widuixel AEZE A E2(3,000
rpm) O = Tttt #H Y delEs 9s] wduiAet AEd ddE NEE 78
o Zyzb A SEE T MAEY lysatew MEE FEFWIH(50mM CH3CO2Na, 0.3M NaCl, 1%
NP40, 10% glycoerol, 10 mM 2-mercaptoethanol, 1 mM PMSF, 10% complete, ph 7.0)
oA TAsFete]  AAFE(20,000g, 30l & AELAES AASIAT. FH A 2
H & (Milipore)3F¢] 7}-8 9 (soluble faraction) & XLt}

5. FAAE Als

F

5 @A 24 welldlol A a8ttt 79 2-3Y F, DsRed 23 o2 A= 9 UAS9
Gald¢] AsrS el & 5-10pg/ml puromycines A @ 3ste] n = AEE AEEATH Al
¥ ot E A& AR HiRAE WS & 6 well, 25 onf ZEFAA R A AW 8 gE)
ATE Al el wE FHar dde] g2l RT-PCRE 433k th

6. 3tk o3k GlcNAcase?] A

BmNA| 32| #f#]9] ImM 2-acetamido-1,2-dideoxynojirimycin(2-ADN, Tront Research
Chemical, North Yo7}, Ontario, Canada)e] ta|l#|al A¥x&= 1-2¢9 vlYg= At 2-ADNo]
ezl Alxze] FN# EPO upol] 2~ &As st 3-49 5 7 oA dgda
GlcNAcase?] &A4S  #Qlsdth.  GleNAcase A 42 1000 x goll Al b5 LAl
= BHAE EANER AH-&-3F AT BAaNE 50ulell 7] A} (Img/ml
p—nitrophenyl-B-dN-acetylglucosaminide, 0.2M citrate phosphate buffer pH4.0)S &% 3
T 37TColA 1AZF Al ghrh, ¥ 1M NaCO3 2] 2ml H-7Fell 93] A=A ska 420 nme]

Fr=E FATH. ol A A& p-nitrophenolS ARE-8FAT

ool
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7. RT-PCR +4]

ZF Ao ouko Al7] o] A EA total RANZF Trizol(Invitorgen)S ©] &3] 2]ttt}
cDNAT 1xg9 total RNAE template® 3}o] ReverTra Ace oligo (dT)E °o]&3] 3§43
A tHToyobo). 5F9] glycosyltransferase®t GaldNfkBp65¢] &S helslr] &) z+
primer® #2135} tH(Table 1). PCRS WA 95T 5% 9% denature 3+ %, 95C 15%, 57T
15%, 72C 1¥AE 27 AolE ¥rE3E & 72T 5% Fo 1% agarose gelol A #2]3fo] &
o1kt Foll 9] actin 35 control2 A&}t

8. Az E7] 9} endoglycosidase # 2

Az A Ni affinity Z 9 (Protino®t HisTrap FF)& Al&3te] 2 2ntE 1y 3
Ao o8] Fglstdtt. Cell lysater 2819 binding buffer(20mM sodium phosphate, pH
74, 150mM NaCl, 10% glyceroD)® 3]A1¥ i vjx]= 2= A &3ttt His7lt &
A7 Az ddLe 100- 250mM imidazoledl A &ZFF At 74 £EF AL 10-12% SDS
PAGE®l A &8 % 3. His probe( )ell o3 &<l st
Had g ES PNGase FINEB)E 37ColA 1-3A13F *&]8te] N-glycang western
bloto & gels}gltt.

9. SDS-PAGE ¥ immunoblot &4

719952 10-12% SDS-PAGEE AF8-3F% 3 PVDF membrane(Millipore)ell & 71 %1 Th.
Membrane< 1% skim milk®} 0.1% Tween 20¢] ¥3¥ TBS(20mM Tris-HCl, 150mM
NaCl, pH 75)°| 4 bloking 3}%ith. Blockin ¥ membrane< HisProbe HRP (Pierce)l
5000:1fh A ste] 1417 A F sk tl. o]oJ 4] AP-conjugated anti-rabbit IgG 22} 3HA)]
(Amersham)® 1A]7F A 2lste] Mol & ECL(Amersham) AlZ~®l8 AF&3lo] 321319
o @A 22 9HE A8 98 biotin® ZAFE -ConA(Canavalia ensiformis
Agglutinin), ~-WGA (Wheat Germ, Triticum aestivum Agglutinin), ~-RCA120 (Ricinus
Communis Agglutinin-120), -LTL (Lotus tetragonolobus Agglutinin) S5< ©]&3}¢]
lectin blot< st tH(Table 2). 9% & ZAF ® membranes HRP-conjugated streptavidin
(EN-N100; Thermo)® 1A]3F &8st TBST=Z AAe 34 % 0.03 DAB H3 =2 &2ls}
ATt
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Table 1. Primers used in this study

N N

UAS cassette

Expressionvecotr

Baculotransvector

Full-length Glys

Exogennous Glys

Notl-UAS (forward)
UAS-attR1 (reverse)
‘attR2-8SV40 (forward)
Notl-SV40 (reverse)
AS-GALANTKBpG5({ forward)
AS-GALANTKBpGS( reverse)
ie2-Puromycin {forward)
ie2-Puromycin (reverse)
GALANTKBp65{ forward)
GALANTKBpGS( reverse)
MGAT [ (forward)

MGAT | (reverse)

GalT | (forward)

GalT | (reverse)

MGAT Il {forward)
MGAT llfreverse)

ST3 (forward)
ST3(reverse)

STG (forward)

STG (reverse}

MGAT [ {reverse)

GalT | (reverse)

MGAT lifreverse)
ST3(reverse)

STG{reverse)

GOGGCEGCCGCCCGCTAGACGGAGTACTGTC
GCTTTTTTGTACAAACTTGTATTTTGAATATTAATCACTG
AGCTTTCTTGTACAAAGTGGTTIGTITATTGCAGCTTATAA
GGGGCGGCCGCAGACATGATAAGATACATTIGATGA
AGATATCAAGCTTATCGATACCG
TAGATCTTTGGGTACCGGGC
GTTCATGATGATAAACAATGTA
ACGCGCTTGAAAGGAGTGTGTAAATGGACA
ATGAAGCTACTGTCTTCTATCGAA
GACCCAGATCATGTTCGAAACATTCA
ATGCTGAAGAAGCAGTCTGCA
ATTCCAGCTAGGATCATAGCC
ATGAGGCTTCGGGAGCCGLTC
GCTCGGTGTCCCGATGTCCAC
ATGAGGTTCCGCATCTACAAA
CTGCAGTCTTCTATAACTTTT
ATGGTCAGCAAGTCCCGCTGG
GAAGGACGTGAGGTTCTTGAT
ATGATTCACACCAACCTGAAG
GCAGTGAATGGTCCGGAAGCC
TGTAGTAGCCCTGGAACTT
TGGAATGATGATGGCCAC
ACAACTGAATGCTGAAAGG
CGAGGAGTGTGTCTGGGTT
ACCTGCCCCAAGGCCCAGC
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Table 2. Major N- and O-linked carbohydrate binding specificities of the different lectins used in this study.

Lectin Name Family Major Specificity Control

ConA (Canavalia ensiformis) L-type lectin o-linked Man (N-glycans) Fetuin
Transferrin

WGA ( Triticum aestivum) C-type lectin GlecNAcBE1-4GIcMNAC B1-4GlcNAc (M-glycans) Fetuin

PHA-E (Erythroagglutinating) L-type lectin Gal o 1-3GalNAc (N-glycans)

LTL {Lotus tetragonolobus) L-type lectin c-linked Fue (N-glycans)

LCA (Lens culinars) L-type lectin o-linked Man or Gle (M-glycans)

PNA (Arachis hypogaea) L-type lectin Galg 1-3GalNAc (O-glycan) Asialofetuin

RCA 120 (Ricinus communis) R-type lectin Galg 1-3GalNAc (N or O-glycan)

DBA (Diolichos biflorus agglutinin) C-type lectin GAa1-3GA (O-glycan)

UEA-1 (Ulex europaeus agglutinin) R-type lectin Fa1-2GpR1-4GL (O-glycan)

SSA (Sambucus sieboldiana) R-type lectin NeuAc (N-glycans) Transferrin
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A2 d A2
1. Glycosyltransferases =% HX ¢

Fol M oA N-glycan A9 +d4 =4S & 552 A7 glycosyltransferase ©Hal 2
“MGAT I, GalTl, MGAT II, ST3, ST6- & @ ikl A A2+ I 7715 f18] A9
At MGAT 19} GalTl =& MGAT II, ST3¢ ST6E ZE=ste AlAX2E X3S Dual
ol d Wy Zgan== pBac UAS-MGATIGalTl] E+ pBac UAS-MGATIIST36S. 2
piggyback @A s WM& Al&sto] A4 st ohFig 1).

5719 A A= UAS-hsp mini-promoter?] ZH & AALEE=Z fzpely At A7k 559
FHAFAATE st FAAEFE 5517 s A4 HE Es T e HEHE S
activation W E ¢l ie2-puro/A3-GaldNfkBp65 Zet~wn] =9} 37 transfection 3t THFig 2).
Transfection 39 ¥ DsRed e we} HdHEE #AFS puromycin A 2] 3te] E 9] = A
22 AXe ZejAA TEAETS AdES stAach A& " AEZFE MGATL-GalT1(2%),
MGATII-ST3-ST6(3F) 3 MGATL-GalTl-MGATII- -ST3-ST6(5%)¢] 2ds+= BmNI} Bmb
AEF7h Fagdn. d248 5@ AFEs BmNWTL BmNYSE  ByNMIZTISH  ppsMITL
Bm5Y#% BmaMA %o 2 el e AN AZF =] B AR dAARA

TR FARE F oAl BF wdo] Fel

Hodv 5Fc] =dd AEFANAE= MGATIH GalTl Aol Ede] ofglen MGATII

0
)%
»
0
)
(@]
Lo
2
~
>
N
oy
ol
_O|L
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O
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pBacUASMGAT1B4

‘—~3&(P3 D=Red |D4H5;:TIEHIH MGATT EET\:SHIH GEI:ILT1

piggyBacR piggyBacl
pBacUASMGAT25T38
FR— Exmini Bxmin G Bxmi 2 i
o3| Dered |od] has B oAtz Beellne By STP Bl SO ST Ees
e i3 GALT e GAL1
piggyBacR piggyBaclL

Fig 1. Schema of pBac UAS-MGATIGalT1 and pBac UAS MGATIIST36 constructs for the piggyback-mediated transformatio
n.A, The MGAT1 (1,338 bp), GalT1(1,197 bp) c DNAs underthe confrol of UASmini promoters were inserted into Bglll and
EcoRlsites of pBac3xP3 DsRed vector, respectively, to produce pBac UAS MGATIGalT1 . B, the USMGAT II(1 344 bp), ST3
(990 bp), and ST6(1.221 bp) c DNAs under the control of UASmini promoters were inserted into Bglll and EcoRlI sites of pBa
c3xP3 DsRed vector, respectively, to produce pBac UAS MGATIIST36. The DsRed gen under the control of 3xP3 promoter

was used as a selection marker gene.
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A pBacPurc-Gald

— polyh —» SolyA
puro | DsRed I A3

piggyBac L piggyBac R

B BmN BmNMIT! BmNM2538 BmNM12T1538
M14 2 3 6 GA M 4 2 36 GA M1 42 36GAM1T 4 23 6GA

--—= kb}

Bm5 Bm5sMT1 Bm5M2536 Bm5M12T1538
M14 2 3 6 G A 423EGAM14235GAM142SEGAM(RB}

Fig 2. Identification of stable cell lines transfected with 5 glycosyltransferase. A, Structure of a plasmid expressing a GaldNfk

Bp65 transactivator and puromycin-resistant gene fused to DsRed underthe control of silkworm actin A3 or viral ie2 promot
er, respectively. B, RT-PCR analysis of 5 glycosyltransferase expression in the BmN, Bm5, and TG cells. RT-PCR anlaysis
was performed usingtotal RNA extracted form parental BmN and Bm5 cells and transgenic BmNWIT! BmNV2538 BmNW12T1S
2EBmSYWT! Bm5M2%3E and BmbMW12T152% cells. The DNA fragments for coding region of MGATI(1, 550 bp), B4GalT(4, 550 bp)
MGATII{Z2, 550 bp), ST3(3, 550 bp), ST6 (6, 550 bp), Gal4 (G, 441 bp) actin3 (A, 420 bp) were amplified by PCR using spe

cifically designed primers.
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2. Stable ¥ A A A F A Fibronectin® od 2L FH+=x 34

AR =0E FolAEoA SRV B3-S 2] 98] hFEN2  pl0 Z=ZRES
9] GaldNfkBp65< X 33l= transfer WE]ol| polyhedirin ©}2fol 44 = A th(Fig 3A). A+
o]

& fibronectin(hFN)2 370 ] N-glycosylation AFO]EE E3Hal= 42870 ofw|=4ke] Fokulz
tH(Fig 3B, BmNPV11DA-FN1).
A %% BmNPVI1DA-FN1-2 BmN, BmN'/?HS% BmMeTs®e) -2}

N

reg ek, Az gukol e
79 %, BmN3} Bms AEe Fehd wshs Az FAABATA A MwH n2d

A

2]
B2 3P0 WA BmN A Eo} BmNYSHZE 70h Fof vz ZHE EHlE Fejol 58
kDa T3-S AATHFig 4). 58kDd2] T A2 hFN T3 48 kDa¥ HisE X §3st= F7F

A71H<E 3 kDags £33 Ao]ZETE 6 - 7 kDa9] O & ZA2o=Z 32l HAUD ol ©d 3
d 3 EHlE a@do] Fart Bt Aom AZEAT old gk §7FE N-glycosylation
9} O-glycosylationo] s Lolx7] 3] PNGase F (N-glycosidase)®t Endo-a
- N-Acetylgalactosaminidase (O-glycosidase)& A& &3tk N-glycosidase’} *2]¥ hFN ©
WF L 52 kDa AEol A SHelElon O-glycosidased] Aol disiAe wl=e] o] 7k §19d
t} (Fig 4A). & o2 $gl&= ConA, WGA, LTL, RCal207} SSA #HEIFA S ALgsle] Bt
= FHE BA3YTE hFN @2 o] A9 AAAZo AASA T ErleE = 2
FE& BP9t 7 ME EF mannose, GlcNAc, Fucose, Galactose$} NeuAc(A &4 &
7]‘ Q‘?_]ﬂ M‘jr.

O 2 Bm5 M EZ} BmsMH S0 72h Fof] WA ZEE BmN AHE9} 22 e 2
Fej2] 58 kDa TS AATh(Fig 5). 58kDd 2] wul A2 hFN T & 48 kDa¥ HisE
3t F7FE7IAE 3 kDas XS Alo]2HTH 6 - 7 kDad] O & Zo& &2l HAUrh
auE Y = JHlE EEe Gy BotE Zew AZEJY. BmbY AT
N-glycosylation®] 4] A3} BmN¥} ZJdth(Holg A=), tgo 2 $8= ConA, WGA,
LTL, RCA1203} SSA HARFAE AEste Fr7td FHE 245tk hEN @ d e 39 4
AAEZel FAAZA X BIlE Gl 22 S BYT F AlX EF mannose, GIcNAc,
Fucose, Galactose®} NeuAc(A€4h 59 237t g5 <31‘3]'(1315; 5A). A EZE MEAA, wl
EEZutolg 2 4, 3 Axgdeid Aas EoaeE Ao §71Qt FBSE ujAoll #7}s}
o] wj = A THWu et al 1989). A HAZA £} HAx ]zoﬂfﬁ gl = g7t FBSol ol Hak
B ZRJAAE FAstr] 98l FBSE A &3k wi Ao A Al HOO*S}Oj hFN A zgor g g aks)
A h(Fig 5B). FBS7} A< ® wlA| o)A LTLZ} RCA1209] tigt Agte] FBS7EF Wa|xl ul = ol A
AL B Az dol Hls] ofstA HolAu A HA Fkth THy BAAEe FEAS
M EZEL] Zpol= AAE A ekttt

OO]:

m

o
T
3

o
i

l:I[o

(o}

M =

o rr mot i

ol
O
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BmNPVDI11A-FN1
>

-~

olyA

Tn7R

polH

Tn7L
GxHis

FN1 (48 kDa)

LETOGNEKOML
SCTTEGRQDG
PELYNNHNYT
NEGVMYRIGD
ITYNVNDTFH
GDEWERYVHG
PNSHPIQWLD

YIGERCOYRD

CTCLGNGVSC
HLWCSTTSNY
DCTSEGERRDN
QWDEQHDMGH
KRHEECGHMLN
VRYQCYCYGER
DDDENSDSEC

LEWWELRSSE

VYQPQFHEQP
QETAVTATYG
EQDORYSFECT
MEWCGTTONY
MMRCOTCVGNG
CTCEGQGRCGR
GIGEWHCOQPL
PLSHDEYCLH

CETVRFOGE

PEYGHCVTDS
GNSNGEPCVL
DHTVLVQTRG
DADOQEFGFCP
RGEWTCIAYS
WECDPVDQCO
OTYPSSSGEV

DEVCMYIEAT

GVVYSVGMOW
PETYNGRTEY
GNSNGALCHFE
MAARHEEICTT
QLRDOQCIVDD
DEETGTFYOT
EVFITETPSO

DEYACNCVVG

B K = =
[ R 4 IR =
[ T e TR e R

Pt

[T B L)
i
(=

=]

Fig. 3 Recombinat baculovirus vector and amino acid sequences of the hFN expressed
intransgenic cell line A, Structure of His-tagged hFN expression casseftes on
recombinant BmNPVs. B, amino acid sequences of hFN; green letters is indicated bip

sigmal peptides: red letters is indicated N-glycosylation sites.
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A BN BmNWizrss B ws cBB His ConA WGA LTL PNA RCA SSA
ND Mg Og ND Mg Og

(kD)

58 52

Fig 4 Expression ofhFNin BmN and BmN"12T15% The supematants of baculovirus —infected BmN and BmNW12T12
¥ separated by SDS-PAGE and stained with Coomassie Birlliant Blue (CBB). A, Glycosidase analysis of hRFN._hFN w
as freated No Digestion (ND), PNGaseF (N-glycosidase, Ng) and Endo-  -N-Acetylgalactosaminidase (O-glycosidas
e, 0g). B, The secreted hFN proteins were analyzed with anti-HA and by lectin blotting with ConA, WGA, LTL, RCA1

20, and SSA; Molecular weight markers are indicated in kDa.
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WHB- CBB His ConA WGEA EFLY FMNA RCA SSA
MW TG W TG W TG W IG W16 W I1G W I1G WG

A +FBS  (kDa)
100

88

55

« 58

a7

B.-Fes (kDa)
100
66
55

37

Fig 5 Expression of hFNin Bm5 and Bm5YW12T13% The supematants of baculovirus —
infected BmN and BmNM12T1538 separated by SDS-PAGE and stained with Coomassie
Birlliant Blue (CBB) The secreted hFN proteins were analyzed with anti-His and by lectin bl
ofting with ConA, WGA, LTL, PNA, RCA120, and SSA: Molecular weight markers are indica
ted in kDa; Cells were cultured in antibiotic —free TNM-FH medium supplemented with (A)
and without (B) heat-inactivated FBS.
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3. Stable FHAAFAMENA Erythropoietin®] &&d L a7 34

FHEINFRAAT =JE Foll A EolA PRI EFE By] 98 hEPOS pl0 ZZEH
ob2 GaldNfkBp65< E3+3t= transfer W E o polyhedirin o} ol A= ATHFig 6A). <Azt
frefl erythropoietin(hEPO)2 371¢] N-glycosylation Ate]EE E3HetH 18671 ofr|=4ke] ©ot
HZ o]t} (Fig 6B, BmNPV11DA-EPO). AtE2] EPO+= A <3 erythrocyte #3192} 52l bone
marrow erythroid ATAHZE AF3l7] 93 growth factoro] H(gOLDWASSER AND kung
1968).

A %% BmNPV11DA-EPOE= BmN, BmNMPZTIS6  BmsMiZTiShe) 247k 2-d gtk WA BmN Al
F o} BmNMTSH7ked 700 Fof] wiA|ZRE Eul® el 27 kDa @¥lE S A thFig 7).

27kDd 2] Tl d -2 hEOP ©¥d 20 kDa¥ HisE X&sl= 79714 <€ 3 kDas X383k A
O|ZHT} 4 kDa®] B 2 Ao =E &2l HIAUG ol ©id A4 T FuHjE @ T}
Bt Aoz AZEAY. oo thek F-7tE N-glycosylation®t O-glycosylation®l] thsl] <o}
B7] 98 PNGase F (N—glyc051dase)9‘r Endo-a-N-Acetylgalactosaminidase (O-glycosidase)
2 Ayt N-glycosidase’} A #¥ hFEN w@@d e 23 kDa AEolA Fexglon
O-glycosidase®ll A zlel tiafjrl= M=ol o7k gt (Fig 7A). T2& $-g+= ConA,
LCA, RCA1203} SSA HERIFAE AH&ste] H7te ZHE 483t hEPO &gl A5
AME] FAXASME FrtE e 22 FFE Bt 7 AEX EF mannose,
Fucose, Galactose®} NeuAc(Al¥4H 59 E3l7F 1= Atk RCA9F SSAY 75 & X $hA
ZoA Zw o g WMErt &1 Hlow oo iyt Ade FF AU 28Y AR A
0202 Bms ME9} BmaM ] 72h Fofl HiAZRE BmN AlE9} 22 e Euld
FEN ] 27 kDa ¥ E S AAtH(Fig 8). 27kDde] @ &> hEPO @3 20 kDa¥® HisE 32
Fate F7IE71M4E 3 kDags XSG Ato]ZHTE 4 kDa®l ¥ 2 2102 <l HIUT o=
aed A8 5 Eejd e vt Frte Ao AZEHSIIY Bmbe EPO S
N-glycosylation®] 4 ZA¥= BmN¥ Zdoh(do]g A=), 522 S8+ ConA, WGA,
LTL, PNA, RCA1203} SSA HE A S A-&ste] Hrtd & 2418k th hEPO & 9]
745 AGAEe} FHEAZA L FErtE = B2 S BT F AME EF mannose,
GlcNAc, Fucose®t NeuAc(A &4t 59 &7 SJ1EAT. 218y Gal 1—3GalNAc°ﬂ A3tst
+ PNA®}F RCAI120014 W=7 g1y %] eFkom ol AAJMES} PJAHdSAE o] 2
2 o]l th NeuAc(A| &ab)o ZAdtsl= SSAS 749, BmbAMI2ET7F BmN A 2o H|u s}
of gk werE gl Hov ol gk F5 A7t dasith AR glycosylation &49]
4 7
N

o
Fg O

of

e A, Hiolet  AEFAA  TE ASR HIHG  FFAETFAA ]
-glycosyaltion®] 7153 542 o}z & gslrh(Koles et al. 2004).
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BmNPVD11A-EPC
=5

olyA
—Hl B =
Tn7R Tn7L
polH GxHis

EPO (20 kDa)
MELCILLEVYV EFVELSLERS APPRLICDSRE VLERYLLEAE EAENITTGCA 50
EHCSLNENIT VPDTEVNEYZ WERMEVGOQA VEVWOGLALL SEAVLRGQAL 100

LVNSSQPWEF LOLHVDEAVS GLRESLTTLLE ALGRQKEATIS PEPDAASALPL 150

RTITADTFREK LFRVYSNELR GELELYTGEAR CRTGDR 18¢

Fig 6 Recombinatbaculovirus vector and amino acid sequences of the hEPO expressed
intransgenic cell line A, Structure of His-tagged hEPO expression casseties on
recombinant BmNPVs. B amino acid sequences of hREPO; green letters is indicated bip

sigmal peptides: red lefters is indicated N-glycosylation sites.
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A Ry E WB:  His ConA LCA RCA SSA CBB
BmN  BmhWiaTisE = L -
N NTE N NTG N NTE N NTG

ND Ng Qg ND N

(kDa)

100
66
55

(kDa)

27 37

Fig 7 Expression of hnFNin BmN and BmN"12T153% The supernatants of baculovirus —infected BmN and BmNW1271536
separated by SDS-PAGE and stained with Coomassie Birlliant Blue (CBE). ). A, Glycosidase analysis of hEPO. hEPO
was treated No Digestion (ND), PNGaseF (N-glycosidase, Ng)and Endo-  -N-Acetylgalactosaminidase (O-glycosidase
,0g). B, The secreted hFN proteins were analyzed with anti-HA and by lectin blofting with ConA, WGA, LTL, RCA120

,and SSA; Molecularweight markers are indicated inkDa.
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WB-  His ConA WIGA LTL PNA RCA S5A
W TG W TG WTG WTG WTG

(kDa, = =i
-
2? ' |

Fig & Expression of hREPOin Bmb and Bm5"12T13% The supernatants of baculovirus —
infected BmN and BmN"W12T123 separated by SDS-PAGE and stained with Coomassie
Birlliant Blue (CBB). The secreted hEPO proteins were analyzed with anti-His and by lectin
blotting with ConA, WGA, LTL, PNA, RCA120 and SSA; Molecularweight markers are indi
cated in kDa; Cells were cultured in antibiotic —free TNM-FH medium supplemented with (A)
and without (B) heat-inactivated FBS.




4, AAAAZ FAAZAEZANA EEHA FN, EPOS EGFL7 ©¥ A o] A7+F W3}

A AAS 3P71 A, 14 BmN¥ Bmb A%
% BmN¥ Bmb Al XEFo Ao o

Wl A Ao 5} 4] © —?—7} luciferase &4 o] =4 e
o A F T2AIel TP =2 ghe BT 72A13F o] foll= whiiE Aibwo] HAdhs

FAFIE AR 2 ® FAASA Eol| Ao vl A ko] A|7HH W EE ELISAE 4
A9t BmN, BmNMT BmNM2S% JJr BmNMIZTIS6 o o] 37]¢] whel A (hFN, hEPO,
hEGFL7) AAe A7bd oz B Ax FJAAIAAFES} HGAETRS] Zol= AAE A &k

(Fig 10). o] A 9] luciferase &AJolAl &3t A} o] 72A7F o] Fo= vl do] ZA4she=
Aoz Yetyth 3719 9wl A F hEGFL79] 79+ 48A1:7kA] 1 b =fo] uvigkow il
As FES A BHPor A& 5 gdon v B &L oz Rl HA o) F
PNGase F (N-glycosidase)* 2] st o1} @l d W= Zfo]7p QA WA ettt o] % = EldA|
Con A, LCA, WGAE o] &3te] Fl5AS el o Ane e Ana doHhFig 113

%, Bmb¢} 22 23}

Ueo® -7 Bmbo AEF] Wi FAF7E A =9 ® R AA oA o] T
A Askel AbA wWsks ELISAS &3 #4359tk Bmb, Bms™", Bm5"™ 2 BmsMs®
ol Aol 371 @uld (hFN, hEPO, hEGFL7) A4H& AlzbHom 2 Axt JAddAxe 44
AIEZRS] Aol A H A Skt (Fig 11). o] A9 luciferase &/del A g1g 37 o] 724
7k o]F o= @l Aoe] 7HadlE Ao e Bmbe A 9% BmN M EZF9} o] 37]9wh
M2 % hEGFL79 A% 48AX7hA L W wfo] stgton dwds Fed 49 BHF 2
2 4 o jldey Gk 24 &2 Aoz gl HJv(volE A=), BaNI Bmbe] )
A

ALkl w2 A|7Re] W= Afol 7 A EA gont FAJ AS MEAZFe] == Bmb7t
Ao Aow HAGHT o]F PNGase F (N-glycosidase) ] &3] oy @iz wl= x}o]7} <l
It} . o] FHEFAE o] &l TS Il 3 Ar T2 Az Aot
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A

Luciferase activity

B

RLU/ug cell protein (x10¢) " RLU/ug cell protein (x10?)
—&—Bm5 —a—Bm5
ik —= BmN .= E 4 | ~=BmN .
i I
']
3 S/ * |82
£
o
2 - i S
2 1
1 =
0 —B— . 0

12 24 46 @ H 96 12 24 4 72 96
Fimepost Infection {h) Time post-infection (h)

Fig 9 Time-course of luciferase exrpessed in cell line. Time-course of luciferase expression in fwo B. mori
denved cell lines infected with recombinant BmNPV polH Luc {A) and BmNPY polH Hgf Luc (B). Left, luciferase
Activity in Bm cell ling; right, HGF-luciferase actitity in Bm cell line.
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Fig. 10 Time-course of recombinant proteins exrpessed in parently and fransgenic BmN cell fines. Infection
dose was m.o.i 0.05. Cells were havested at the indicate hours post infection, and assayed for recombinant
pricein acitivity. &, time-course of hEPO protein expressed in BmM cells; B, time-course of hFMN protesin
expressad in BmM cells; C, time-course of hREGFLT protein expressed in BmM cells. D, Expression of
hEGFLY in BmM and BmMMIZTIE
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Fig. 11 Time-course of recombinant proteins exrpessed in parently and transgenic BmE ines. Infection dose was m.o.d
0.05. Cells were havested at the indicate hours post infection, and assayed for recombinant protein acitivity. A, fime-
course of hEPO protein expressed in BmS cells; B, time-course of hFM protein expressed in Bmb cells; C, time-course
of hREGFLY protein expressed in BmS cell. O, Identification of glycosylaation of hEGFLT in Bm& and BmEMIZTi5E
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5. AAGAE Aol EdrAze dd A3}

A7 AFEF GALAUAS A=dle 244840 B4e] 58 488 Foon Ag
A 2e] on/off Aol go]slth(Kleg et al. 2002). UAS T2 FEFY] ZA 3o A FEH

5% 9] glycosyltransferas A2 1 &A1 22 Galdd A9t &7 transfection 3]
A S A STk ol gk Al ago] AEA e wekA AlLH o R FA A=l g el
¢l passage o WE £ FdA @HdS RT-PCRZ ¢34t (Fig 12).

2
= v

BmN AXF9] A$ 4-58A9 A4 = Fdx7F 23 He Aoz 2 HA
BmNMlTlS"J 75]% 1 6& ] g]': ]_ ] L}E]— E]— BmNMZSSG 3ﬂr BmNMlZTlSSG 94 7(:)]% MGATH,
ST3, ST69] WHL 7Z3stg ot BmNMETSH gz FoAx MGAT 13 B4GalT19 A $+= ¢k
shA YERS T Galdel 9= 3719 AlEZFAA Adlel mE WEgle]l AskA ddstE Ao

3
%= MGAT I3 B4GalT1¢] A3 A1 etz Azt o] X
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A BmN BmNMT! BmNM2s36 BmNM2T1536

M14 2 3 6GA M1 4 2 36GA M1 42 36GAM1 4 23 6¢GCA

B Bm5 Bm5WiT Bm5M2536 Bm5M12T1536
M14 2 3 6GA 1 4 236GAM14 23 6GAMI14 2 3 6 GAM

(kb)
0.5

0.5

Fig 12 Transcriptional Expression of glycosyltransferase genes according to succeeding a generation in engineered silk
worm cell lines. A, RT-PCR analysis of 5 glycosyltransferase expression in the BmN and BmNY1T! BmNY2=%8 BmNM12T1=38
cells. B, RT-PCR analysis of 5 glycosyltransferase expression in the BmS. and BmS"1™ Bm5¥25%¢ and Bm5'W1eT15% P1_ P4
isindicated passage number.
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6. 3t o 9% GlcNAcase JA ol thd N-glycan *+F9 &3

=253 EFFel FA AA-e Aol glycosyltransferase®] =3} B
-N-acetylglucosaminidase(GlcNAcase) 2] A=A EAolt.  Ef/fFe GlcNAcasesms
lysosomes®] 7F-&4 Fo At Jom FagAolAx GleNAc 9 =S 7183 st
(Conzelmann et al 1987). Wkl 2 %9] GlcNAcase & 7F8A HFE3 Axute] #dAE i
oA HAEM a-1,3-mannosyl NAT B-12 o] JdAE GIcNAcE ZEtAth(Altmann eta al
1995). o] o #HE GlcNAcase & A Aol HAst= Aoz &elx Atk(Marchal et al
1999). 7ol o] Eol3t o A H GlcNAcase’} galactosylations WalstA Y w3 e Gk
Aol NgdstsE e S Aolgta Azt GleNAcase Al tigh @ F7HE Ao Rk
tF. BmN¥ BmNMETISS A o) 0, 5, 10mMe] F%E2 2-ADNS A 2lstal Azgamde] A
At BLE PHE B4t o5 M ¥+ 2-ADNQ Fojof wel GlcNAcaseo] &4 7H4 3
Atk BmNMZSH Al 270 A= GlcNAcase?] a7k AdA el wvla] 2-ADN9| 9S4
W= Zlo g HATHFig 13A, B). a-2,6-linked sialic acidsE <12 3Fi= SNAE o] &3} rhFN

¥ rhEPO w@iid o] el 74 Azl A2 9]r FHAAZA Z A ] Apo]= HolA]
ol Ay PHEHET AEoA 2-ADNO| F3F2 AA| FRom oo FAdAxzer JFAA
A oA A4 ® rhENY rhEPO %‘ﬂ.@ﬂ] A= a-2,6-linked sialylation’} 25 ¢l ¥

nt
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Fig. 13 Effect of 20acetamido-1,2-dideoxynojirimycin on to expression of sialylated hFN and hEPO. A, inhibition of p-ni
trophenol formation of BmN and BmNM12T1238 (BmN™S) GlcNAcase by 2-AND in cell incorporated BmNPV11D hFN. B, in
hibition of p-nitrophenel formation of BmN and BmN"2T1538(EmN'™) GlcNAcase by 2-AND in cell incorporated BmNP
V11D hEPQ. C and D, detection of sialic acids on hFN and hEPO by lectin blot analysis with SNA, respectively.
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7. A FRAASAEN A Fibronectin & L 37234
UAS ZE2RELe] ZAS A FE2H 5% 9] glycosyltransferas F+dA= 2 A A Al
Gald-AAFe} &7 transfection 3t F A H = Al oz o] Aol A :rL—v’}r H stable A|XE
Fol A AakE FN3 EPO A2 @hld o] o3 29 gt xpol7p 1A H A &kt o]+
AEW el A HEA s = glycotransferase x2Fe] W& o] Gald Hdel < %k% Rnoz g7t
o 5% 9] glycosyltransferase®] &3 7} 2SS Aol Jaste] G IS Ay R
2 3t
HA 5709l pBacUAS-MI1B4, pBacUAS-M2S3S6% E| £ transfection 3+ & 3, 24, 48*A]3F %
Al transfectiondle] LA A WdE ANZFE FH3 S (BmNMZTSH BmsMIETISH) 7 A 719
BmNPV11C-p10GAL4-polHFN1 ZFstivh. 9 49 5 el ah Al zolA zF dAA o v
A& gt o] WS BmN¥ BmbollA EF sz on dAlA] #de F A E 25
A ZR1E A oHFig 14A).
BmN AlZe} BmNt"?11507ked 72h Fof] vix 258 Euld el 58 kDa TS AUk
(Fig 4). 58 kDa2] T 22 hFN @4 48 kDa¥} HisE Zgshs H71E7|AE 3 kDas X
Clgt AbO]ZETE 6 - 7 kDa®] © & A2 &2l HIUTh ol dwld A4 $ Exld oz
of B7} Bk Aoz AZEH 7 A dwAdS vwsteS W 24h 48hel A
transfectiondt & @ojxl whido] HAFAEoA Aol Ao B3] gt =& Alo]lz=m &<l
At oo thak B-7}E N-glycosylatione] thal <olr 7] $& PNGase F (N-glycosidase)
2 Ayt N-glycosidase7} A& hFEN @@l d & 52 kDa AEolA 225t Fig
14B). PNGase F A gleto] dojxl Ao A 24, 481 (ko] Aozl ez el Afo

OJ.u

Hl=
—

)

_1

O

T,

] =
o7 FolEglor} oo thst AEe A= MS/MS HPLC 59 3o dg 3 Aotk ot
S 07 $#%E ConA, LCA, RCA, WGA, PHA-E9} PNA dE3A S AL&3te Rrld g
A8t hFPN S o] dlel iAo M x e} JAHZA 2o Frre ) ddee 2
2 FE HYom @A MEAto]zef zto|gto] I HATE AAMEL} AZE FAASAE
EF mannose, GIcNAc, Fucose, Galactose 52 B3l|7F SRIE AT Bmb AlXoA= 22 2
W& AAk(E ol E A ).
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Fig. 14 Expression of hFN in BmN transiently expressed 5 glycotransferase . A, RT-PCR analysis of 5 glycosyitran

(kDa)

sferase expression in the BmNt"12T15% cells B Glycosidase analysis of hFN hFNwastreated No Digestion (ND), P
NGaseF (N-glycosidase, Ng) and Endo-  -N-Acetylgalactosaminidase (O-glycosidase Og) The secreted hFN protel
nswere analyzed with anti-HA and by lectin blatting with ConA WGA LTL, RCA120 and SSA, Molecularweight mar
kers are indicated in kDa



8. UAA ¥ AAZANENA Y Bone Morphogenic Protein 23 2 33 +=x 34

A2 FHAHASA F A E]'% 22l Bome Morphogenic Protein 4(BMP4)9] AJ4h-&
AFstAT. FHAFIHRFAAE E4E FolAlzeA FHFEIE aFRE BE7] $d] hBMP4S
pl0 ZE2XE o}#] GaldNfkBp65< X3 transfer HE polyhedirin oF2foll A Y= ATt
(Fig 15A). <IXHr@ Bone Morphogenetic Protein 4(hBMP4)-2 37] 2] N-glycosylation Alo]E
£ E&stH 37171 ofv|imate] B do|th(Fig 15B, BnNPV11DA-BMP4).

BMP49] 4% o] A 9] FNF’J- 7o "o g WA 57019 pBacUAS-MI1B4, pBacUAS-M2S3S6

W EE transfection 3 & 3, 24, 48A17F & A transfectionslte] AA A #H& MYEFE S
T (BmNMETSH, Brn5tM“TMG) Z} A)7tell BmNPV11C-p10GAL4-polHBMP4E 748ttt 2+4
49 5 WA Azel A ZF AAbA e A S Felskelth o] WHS BmN# BmbolAl &
T g on AAbA EE 7 AE EFoA gl AT (Fig 16A).

BmN A Z9} BmNM 567143 720h Fof] wjx| =5 E] EulE Fejol 53 kDa @2 S Ayt
(Fig 16B). 53 kDa2] T2 hBMP4 @12 42 kDa¥ HisE X3l F7FE714<E 3 kDa
< ZH% Ate]z2EY 8 kDa®l o & AS=E 2l HUG o= @i 44 F Evd o
Aol a7t BrkE Ao AZbE vk BMPA9] 2, FN3b 22 W=o) shifti= AFEA &
Skttt o] thsk H-71¥E N-glycosylationo] s <ol 7] $3] PNGase F (N-glycosidase)&
A 23R ok N-glycosidase’} A 2]¥ hBMP4 @9 d-& 42 kDa F =4 &2l Ach(Fig 14B).
PNGase F g alo] dojzl Ao A% 24, 484 tol] Aozl @z o] Afo]=7t & Aog g}
Aot ol oigt J&st Adat= MS/MS HPLC G¢ 3ol 28 & Aot} thgo=
$-2]& ConA, LCA, RCA, WGA, PHA-E®} PNA HRIFAE A&3le] Hrtd 23E 43
ATH hBMP4 Tl o] dARl i e G xzel JAASA L Rrte ) Al 22
FES BHom ©A] WlEAto]= o] Zpo|gto] QIA AT BAAZ} AZE FEAASAE &
F mannose, GIcNAc, Fucose, Galactose 52 B3|7F A=At Bmb Al XM= 2 A}
& dATH(H ol A ).
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BmNPVD11lA-EMP4
—_—

olyA
_. Il BMP4
Tn7R Tn7L
polH 6xHis

BMP4 (42 kDa —BMPZ)

MEFLVNVALYV FMVVYISYIY ADPAAVYQPQ PHPCPPEYGH CVTDSGVVYS 50

VGMOWLETCS NECMLCTCLG NGVSCQETAV TCTYGGNESNG EECVLEPETYN 100
GRTFYSCTTE GRODGHLWCS TTSNYECDOE ¥YSFCTDHTVI VOTRGGNSNG 150
ALCEFPFLYN NENYTDCTSE GREDNMEWCG TTCNYDADOR FGFCPMRAZHE 200
EICTTNEGVM YRIGDOWDEQ HOMGHMMRCT CVGNGRGEWT CIAYSQLRVD 25350
DDDERSERHE SCRARKENEN CRREHSLYVDF SDVGWNDWIV REEGYQRFYC 300
HGDCPFPLAD HLNSTNHAIV QTLVNSVNSS IPRACCVETE LSAISMLYLD 350
EYDEVVLENY QEMVVEGCGC R 371

Fig. 15 Recombinat baculovirus vector and amino acid sequences of the hBMP4
expressed intransgenic cell line. A, Structure of Histagged hBMP4 expression cassettes
onrecombinant BmNPVs. B, amino acid sequences of hBMP4, green letters is indicated

bip sigmal peptides; red letters is indicated N-glycosylation sites.
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Fig. 16 Expression of hBMP4 in BmN transiently expressed 5 glycotransferase . A, RT-PCR analysis of 5 glycosyltr

ansferase expression in the BmN{W12T15% cells B, Glycosidase analysis of hFN. hFN was treated No Digestion (ND)
PNGaseF (N-glycosidase, Ng) and Endo-  -N-Acetylgalactosaminidase (O-glycosidase, Og). The secreted hFN pr
oteins were analyzed with anti-HA and by lectin blofting with ConA WGA, LTL, RCA120, and S5A, Molecular weight

markers are indicated in kDa
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9. Fol M XA M ZE Glycosyltransferases?] &< 2 F=2Y4

=

A A vasfy FHAFS ZFAEANA N-glycanZF Aol £k
BEo H=Ezow el tHTomiya et al. 2004). i o] n| & L=o] <3
= N-glycan 2 4F¥ S 2  paucimannosidic-#} oligomannose-type<]
N—glycanmii TAHEY o]8 3 N-glycane %7]9] N-glycan }482 /7 2L 845
T 7)ol ERFOl EAlete Eav gl AoE 4#A dtHAltmann et al
1999; Marcha et al 2001; Hemmer et al., 2001). Fol A ¥ 2] N-glycan 4o #3t+= &4
271 98 ol AwS ZAFsEA T SGP(http://sgp.dna.affrc.go.ijp/)E ©] €3k in silico &
Foll AssolA o}# WxHA Ze N-glycan #HEAE0] J5S WAtHFig 17). 11
SRl Ao FFAFAAM dojub= N-glycan IS EA =3}t 3 Aojr, &
gl ¥F7F ol N-glycan FAHSZ in silcoo] & 37019 w&ExE FdA
-1,2-mannosidase, O-linked N-acetylglycosaminyltransferase®} UDP-GalNAc transferase”}
el Q?iﬁ]r
37M el FH A= partial FEI = Z+2ZF 723 bp, 521 bp, 638 bp® &<l T o] xglo]lHE Al 5o
Aot FolHEzA A BdS FAstAthFig 18). Fol Al BmN# Bmb 2 Fol itz
o] A a—1,2-mannosidase(d] o] 5 1] ¥+ 3% ), O-linked N-acetylglycosaminyltransferase 2}
UDP-GalNAc transferase’} #21% %131 BmN¥} BmbAl ZFo| A= 5olstAl ST6 FARA 4 o]
gRls]o] =l Folth
o] & UDP-GalNAc transferase A= 500 a.a9 1.5 kb9l full-length FAxS &2l&9)t}
(Fig 17). &541]2) Danaus plexippus(D. plexippus)® n-acetylgalactosaminyltransferase%}
86%9] identityE E. AT HAH (Tribolium castaneum), 7lv](Harpegnathos saltator) = (

o

Nasonia vitripennis) 3} 2] (Drosophila melanogaster) 59
n-acetylgalactosaminyltransferasedhk 71%9] 454 S 7FAth Un) & 94 H Y& shH] &
, & 29 n-acetylgalactosaminyltransferase & A d-S 8B w3 tHFig 18). AFA ‘/]r‘j]

5= xﬂ;?—(ﬂ sf9, sf21, Tn5B1-4° A GalT9| 24 ¢] W]Eloulﬂ? FAE HE FEolY
ol &2 o] FHArE Fkd Aatel A GalNAc FAHdA T3 55l A2 olF
A7 de T Aotk
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Fig 17 Possible processing pathway of silkworm N-glycan or O-glycan Blue letters is genes submitted in NCBI Red letter

sis genes not submitted in NCBI
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Ovary Bm5 BmN

M Glc Gal ST6 A3 M Glc Gal ST6 A3 M Gic Gal ST6 A3

(Kb)

2.0

0.5

Fig 18 Identification of noble glycosytransferase in ovary and cell line of silkworm
M, marker, Glc, O-linked N-acetylglucosaminyltransferase; Gal, UDP-GalNAc
transferase, ST6, beta-galactoside alpha-2 6-sialyltransferase; A3, actin 2 of silkworm;

actin 3 is control gene.
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Fig. 19 Nucleotide and aminoacid sequences of UDP-GalNAc transferase (GalNAc).
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Fig. 20 Clustal-W comparison of the GalNAc: This figure shows a Clustal-W multiple sequence a

lignment between silkworm and known other species putative UDP-GalNAc transferase,
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M 4dg SrEd: A ZHEZOHOQ 7|0

5= [ B7rR = 3 7} 2ol A =S
A FAHFTIES Z2Y fFARF AR 100%
A 28 2 F2Y
A7t < Frlas g2 1= oln 0
e TR T AT G5 o5 10096
1Ad = o17F e ¥ HF
gho] ¥ o] 2] £ F-E L= = o1l
(2012) saaaq Ba w AWy a5 of B 100%
= )
& B OF gy | TEEE &S R AN 100%
34 54 B4 o ’
A 23 EREAAE 9@ IAHEHIY 7%
E AFdAE 25HAXEY Fdx = 2 wWEZnfolya Az A 7|ES o] 838}
o A7t FHAFI/IEAE =Y FAAS AxXF F5& X2 Sk 9 FoA Y
ElL} wle} o] H AFHA AAH HxSAY AU FAFNoH FHE FAE A ETo
A 3F9 A7 @wAS Aikste] F FAS A ST o] de EEAMEA A AAEE
A Z g A o] paucimannosidic =% oligomannose B E] 2] glycano] b= XML} 28] ol A
AL H A Fg g A S galactose =3 N-acetylneuraminic acid(NeuAc)] E37F dhel= 9l

ot 5% glycosyltransferas 32 =9 FEAHAE FoMEFo Qg d AL sials; #
N-glycan® &4 SEHL s, ol wWFEZulo]g|AnE o] &3 ol Al Lo A2
human-like N-glycan®] Yot a AAbA] ~wlof] &8= 4 9l& Flo|rf, ¥k ofyel  FojA]
Fol AMEFEA &2l ¥ UDP-GalNAc transferase A= Foll S W33 YH| S AAEA] 2~ H]
9] N-glycosylation A= s|AddTFo] 7] & oz 7@t} Stable A|FEoAE ALE3
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1) =AM ZAY =83 (5AH)  Expression of Viscum album coloratum B-chain in
the Silkworm, Bombyxmori and Antioxidant Activities of the Recombinant Protein
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o & ©o]&3 Classical Swine Fever Virus(CSFV E2) &9 Aj4le] Oigh A H o] o]
of W} BaculovirusE ©]&3%F ‘Foll A2®S &8s dFYNE JHsstrta AlAskaL
2% +. [Dong-A University, Korea, Production of Classical Swine Fever Virus Envelope
Glycoprotein E2 as Recombinant polyhedra in Baculovirus-infected Silkworm Larvae
(Mol Biotechnol, 2012)]

Foll "7l A A4k A=Al Bovine Tissue Factor(BTF)2 3-§iLA|E AL-8-5
+ Wafarin EUHY dAFlA prothrombin time(PT)# Owren PT(OPT)%} ®H-&-3to] &
SuA Aol BEF AFE Xt 5. [Sysmesx Corporation, Japan, Properties of
a recombinant bovine tissue factor expresed by silkworm pupae and its performance as

an Owre-type prothrombin time reagent for warfarin monitoring(Thrombosis Research,
2012)]

s 2 Eo dFA Tributyltin-binding protein(TBT)oll ZA33t= TBT-bpl T A& o
& ol @ol AAAN ol FAW TETO e ANVE AN
[Kyushu University, Japan, Tributyltin-binding protein type 1, a lipocalin, prevents
inhibition of osteoblastic activity by tributyltin in fish scales (Aquatic Toxicology, 2012)]

DNA repair$} replication®] #<3}+= DNA polymerase 6(human)*‘§ Foll el A A4k
sto] Aol g AW B3Vt S BEIEHAS. [Jiangsu University, China,
Production of Recombinant Human DNA Polymerase Delta in a Bombyx mori
Bioreactor (PLOSone, 2012)]

Fo|E o] &3 g9AQ] dwE AAS 213 BmNPV Al 2" 7ol th3t AF7} B 5
=. [NanYan University, China, Construction of a Baculovirus Silkworm multigene
expression system and its application on producing virus like particles (PLOSone 2012),
Zhejiang Sci-Tech University, China, The screening and functional study of proteins
binding with the BmNPV polyhedrin promoter (Virology Journal, 2012)]
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