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Abstract of Thesis
Chapter 1 General introduction

Plant cell cultures have emerged as an alternative platform for producing biopharmaceuticals due to their
low cost, safety, and ability to control the cultivation and secrete products into culture medium. These
features, however, are limited by the low production yield and nonhuman A-glycan structures, including
B1,2-xylose (Xyl) and «1,3-fucose (Fuc), which may induce allergic reaction. Therefore, it is necessary
to engineer the plant cells to produce high yield and generate Mglycans similar to humans

Arabidopsis a/g3 plant, lacking asparagine—linked glycosylation 3 (ALG3) activity, was shown previously
to generate predominantly Man3GlcNAc2 (M3 or paucimannose; Man, mannose; GlcNAc, Macetylglucosamine) with
lower plant-specific Mglycans (S 1,2-Xyl and «1,3-Fuc). In this study, a suspension cell culture was
developed from the a/g3plant and used for producing human recombinant acid-alpha glucosidase (GAA). The effects
of chemical additives to increase GAA production were also examined
Chapter 2 Analysis of Arabidopsis alg3 cell culture for producing glycoproteins with predominantly
paucimannose and lacking plant-specific Nglycans

Intra— and extracellular Mglycans of Arabidopsis a/g3 cell culture were characterized. The intracellular
M-glycans consisted of M3 (46.5%), GnM3 (37.7%), and Gn2M3 (15. 8%), while the extracellular Aglycans comprised
mainly M3 (24.5-62.0%) and GnM3 (24.3-70.7%). No plant specific A-glycans were detected. In contrast, the
Arabidopsis wild-type cells carried mostly plant-specific Mglycans (41.6-100%).

The Mglycan profile of Arabidopsis al/g3 cell culture is advantageous for producing biopharmaceuticals
by offering cellular uptake through M3 interaction with Man receptor (MR) in humans and safety over potential
immunogenicity induced by the plant—specific Mglycans
Chapter 3 Production of recombinant human acid-alpha glucosidase (GAA) in Arabidopsis alg3 cell culture

Recombinant human GAA is a costly enzyme for the therapy of people with Pompe disease. The therapy, however,
is hampered by insufficient delivery of the enzyme to smooth and skeletal muscle cells due to low numbers
of mannose—6-phosphate receptor on these cells. In this study, the Arabidopsis a/g3 cell culture was used
to produce GAA with M3 Mglycan in order to mediate enzyme delivery through MR, known to be expressed on skeletal
and smooth muscle cells. GAA was produced as 110 kDa precursor, 95 kDa intermediate, and 76 kDa mature forms.
The 95 kDa and 76 kDa forms were secreted to the culture medium. GAA was purified from the culture medium
using two-step chromatographies with a productivity of 60.9 * 12.4 pg/l. MGlycans on 95 kDa GAA (390
M70, and A882) and 76 kDa GAA (A390 and M70) were characterized and contained mainly M3 structure (51. 1-80. 1%),
without plant—specific structures. Supplementing the culture with NaCl at a final concentration of 50 mM
increased GAA production by 3.8-fold (228 # 21.1 ng/1). GAA from NaCl-supplemented culture showed similar
Mglycan composition, indicating that the NaCl supplementation did not affect GAA Mglycosylation.
Chapter 4 Conclusions and Perspectives

Arabidopsis a/g3 cell culture produced mostly M3 A-glycan, known to enable delivery of glycoproteins via
MR in humans, and lacked the plant-specific Aglycans. These Mglycan profile could be passed down to a
recombinant human GAA produced in the cell culture. The GAA production was increased 3.8-fold in the presence
of 50 mM NaCl. These findings highlight the feasibility of using Arabidopsis a/g3 cell culture for producing
glycoproteins with cellular delivery through MR, and that NaCl addition could be an easy and economical way

to increase the production yield
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51 EORKW I, EMIaREE Z AW X & 2 BOREE R TV D, BRI R I, T ORWAERE
AR, RAeME BEEAHE USSR A2 W TE L D N FERGOFLERAEET T v b7+ — 5 LTHI
RENTWD, LaL, ZHDOREIE, IRWAEEIRE 7 LAF—SE5 BT ReEndH D 1, 2-F v n—
A (Xyl) & «l,3-7a—2 (Fuc) 72L& @I MY NVERESREE I LV HIREND, L7ohio T, WWimia s 4
ELT, mINEZFEBLL, b b EFEKRO VEBEHZ AT 2 0ERH D,

vaA XFRXF (Adrabidopsis thaliana) alg3ZEEFMRIL, T AT X U FESBUREGHATN 3 (ALG3) BERTGMEICE
BV, I Man36leNAc2 (M3; Man, >/ —Z; GleNAe, N-7 & F A7 a4 I ) LA L, MEE R
TRERHE B 12Xyl BEW a1, 3-Fuc #HiD0 NEUEH D702 L BRI RSN TV e (Kajiura e al., 2010), Z
DOWFFETIL, alg3 E RAEMIR X 0 BRI Z B L, & hOIBRAMRE CHIMIET VT 7 Fva v X —E (GAA)
DAEPEIZHNTN D, GAA ZE ORI L. £ VEBEHZ T L T D, GAA EREEZ NS 5 72D OALZERIN
MOHREHTEL T D,

F2RETIE, ERMEL L TIAUF~ ) — 22 b L, R RE NV BBEHEZ RS WX o RO B R EAT D
DT RF AT algd ERIERMBOAERZBRNT VD, vaA XFXT) algd ZERMMIA X 0 BRI %
fEsr L, MifaN s L OWIRRSE VRUBESHO R Z Bl H M LTV b, v A X T X) alg3 28 SRR MO MmN VL
BHIX, M3 (46.5%). GnM3 (37.7%). BL U Gn2M3 (15.8%) TR IND, —FH., vuA XFTXTF DO algl3 B RELH
Ml OMIE s VERESRIZ, EIC M3 (24.5-62.0%) & GnM3 (24.3-70.7%) THER SN D, algd ZRELEMADTIL, L
Wl B 72 NRUBESEIZA &/ 70y P TIRE TR TE 225, BESIT 2 MO0 T TE 20, IR,
A XF RS OEATEIIL, FICEY R R 2 NRBEE (41.6-100%) AT D, v RA X T X) algd 7 By
Ml NELBESE 7 1 7 7 A JUiE, & RO Man Z&E (MR) & M3 f#5& & OMAIERIC X 2 MIE 0 AZ SR T | F
o5 B N BDBEBHIC & o CTRRE SN D IBER 2 SRR IS+ B Rt B It S LD 72, o A ER GO REICH

FThsb,
FIEWTIL, vaA X T AT alg3 BREEFMIBICB T 22 v M- -7/ a v —1F (GAA) OFEEZIR~T
l/\}_:)o

A Z B R GAA VR, R YFHEE ORIV 2 @iz R Th 5, Lo L, FilfhE L OVE#HHIC T 2 /o




Y JAZZ S92 Man—6-Y U ERSZZEK (M6PR) DR D722l 2 B ~DOEERE OBEN R+ L7220 | IR
PICKIENET D, ZOFRTIE, FiRfHMid THRET D MR ICKDREMEOBELMASIHLLE2E1, vudf
RFAF algd B HAMAAEER AN L T M3 HED NVAFESH A £ GAA DA A A TN D, GAA 13X 95kD DIk L
76kD DRV L U TR S IV, W& bEFHIC IS D, GAA ZEEHING 2B/ n~ N7 T 7 4 —2 AL TH
BL, ZOILEIT60.9+12.4 pg/ 1 THhD, 95 kD GAA (N390, N470, 351 TIN882) 351176 kD GAA (N390 35 &
U NATO) DFESHAHIRAL D N ADEEGIRERS 2 fpdr L. OMEEIZ IS M3 #§3E (51.1-80. 1%) TH D, MMM NV
BUBESIE, EOEMITH RSNV, BT 50 nM NaCl ZBI09 5 &, GAAPEAEMN 3.8 (¥ L., 228%21.1 png/
1 &72%, NaCl Z3B00 L 728538 CAER Sz GAA IXFIEED VEURESHREE 2 /R L, NaCl Z3B8003 5 2 &2 & 5 GAA Ak
OWIMET 5 Z L%, GAA O VEUESH M I EEZ 5 X W2 L &R LTW5,

HAFETIE, B BEEBRRITND, vuA XFT X0 algd BRIFHRAIZT, € FTMR 20 LTHEX 28

AHBIZ T D 2 &R LD M3 HED VRS A FICFEAE L THR Y | WA RN VIBEHA K, 2 b D

NS DT 1 7 7 A VT, BRI TARSNAMIEZ & b GAA THHERTE 5, 50 mM NaCl OTFE(ET T GAA iR
. VEIBEGHHAR D LT 5 Z L7 <L 38 fBICHIML T\ D, T b D3I, MR 24 Lo Mlafsste ) & FeohE &
VR E R A X TR algd ERIEEMINTAFET D Z ENEBFEETH Y | NaCl OFRINIAEENEE T 720
OFECREN R ETH D Z LT, R -YalaE I 3BmET VICEIT 5 GAA MIlREZEARIET 5720, 56
ROMRBLIETH D, IDIT, gnt-[BInt& /) v 77U NZXULT %I ETGleNAe DS M3 HEEITAINT 5 Z
EERMA, alg3 BRIGFRMMO NS OY) — A2 mb D Z LN TE D,

PLED XS, Kisld, v uA XFR) algd BRGFMILC LV | Mz b MgtE-o -7 Va7 —8 (GA) %
STUWPELET DREMELL TV D, GAA ZRFH HRER L | BESAIINERAL D VRUBESRE % 133212 M3 #83E (51, 1-80. 1%)
T, WHR A 72 VRS IR TE RV, BEIRIZ 50 mM NaCl Z3BA09-% & GAA PEAEAN 3. 8 {5 L, NRDRESH
ML B2 RN EER LTS, YA X RT algd 8 REFHRMIIE M3 i D VEURESREE 2 RO R &
VN B ERJUWEAT DREREL TV,

F o TR LR E LTliEH 2 b D LD D,




