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Construction of an Escherichia coli System for the Production of N-linked Glycoproteins
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Chapter 1: Introduction

Asparagine-linked (N-linked) protein glycosylation is an abundant protein post-translational modification mechanism by
adding sugar moiety (generally described as glycan) onto designated amino acid sequence on the nascent polypeptide chain.
Glycan structure varies, depend on corresponding hosts. This process is sophisticated; yet shares common mechanisms amongst
eukaryotes and available throughout domains of life. Eukaryotic N-glycosylation was elucidated to possess variety of glycosyl
linkages, glycan branching and complex structures. Numerous implications of protein N-glycosylation are such as for protein
folding, oligomerization, structural stability, cellular trafficking, secretion, protease protection and cell-to-cell adhesion. In
eukaryotes, early stage of N-glycosylation includes the synthesis of lipid-linked oligosaccharide (LLO) donor
GlesMangGleNAc,-PP-Dol (Gle, glucose; Man, mannose; GlcNAc, N-acetylglucosamine; Dol, dolichol) by dolichol pathway
consisted of various glycosyltransferases (GTases). Oligosaccharyltransferase (OST) complex transfers oligosaccharide moiety
from LLO onto N-X-S/T sites of nascent polypeptide chain. Moreover, N-glycosylation could be observed in archaeal organisms
and bacteria. Campylobacter jejuni is a Gram-negative and pathogenic bacterium whose N-glycosylation pathway was most
extensively studied. Previously, the protein glycosylation (pg/) operon of C. jejuni NCTC 81116 (Wacker et al., 2002) could be
functionally transferred into Escherichia coli. Using advantages of the transferred pg/ operon along with native components of E.
coli, glycoengineering of glycosylation pathway, by introduction of corresponding GTases, could be performed. By this manner, a

novel glycan structure could be synthesized in E. coli.

Chapter 2: Cloning and Characterization of Protein Glycosylation Operon from Campylobacter jejuni JCM 2013

C. jejuni JCM 2013 is available in the Japan Collection of Microorganisms (JCM), but there has been no report focusing
on its protein N-glycosylation. In this study, identification of the C. jejuni JCM 2013 pgl operon was performed. CmeA protein
from C. jejuni was chosen as a glycan acceptor protein in this work. To assess the function of the cloned pgl/ operon, it was
co-expressed with CmeA, which possesses 2 prokaryotic N-glycosylation sites (D/E-X1-N-X2-S/T), in the constructed E. coli
BL21 AwaaL mutant. Protein expression was successful, putative protein glycosylation activity was observed using immuno- and
soybean agglutinin lectin-blotting. The detailed glycan structure was analyzed by mass spectrometry (MS) and the
fluorophore-labeling method. Operon minimization and induction conditions were studied. Furthermore, maltose binding protein
(MBP) and DsbA were C-terminally fused with synthetic glycosylation sequon and expressed as alternative glycan acceptor
proteins. In brief, protein glycosylation of pgl/ operon resulted in glycan structure (Hex)-aGalNAcs-GlcNAc, where protein

glycosylation was observed on native glycosylation site of CmeA and on synthetic acceptor sites on MBP and DsbA.

Chapter 3: Biosynthesis of an Initial-Stage Eukaryotic N-Glycan and its Protein Glycosylation in E. coli
To prove the principle of glycoengineering in E. coli, Man;GlcNAc, was chosen as the desired structure to be
synthesized. Because it is the smallest branched glycan unit observed in eukaryotes, and could accommodate further

modifications to obtain complex-type or hybrid-type glycans. Furthermore, Man;GIlcNAc, structure was tested and found




minimally required for clinical efficacy in delivering of therapeutic glycoprotein B-glucocerebrosidase. Some GTases from
Saccharomyces cerevisiae were shown to be solubly expressed in E. coli with in vitro activity. Therefore, S. cerevisiae was
chosen as a source of GTase genes. To synthesize Man;GlcNAc, in E. coli, Algl3, Algl4, Algl and Alg2 are required. The E.
coli endogenous lipid-glycosyltransferase WecA helps establish the GIcNAc-PP-Und, which is required for subsequent catalytic
steps of GTases listed above. Finally, PgIB derived from C. jejuni JCM 2013, identified in Chapter 2, was used as OST. The
glycan acceptor protein was the MBP-GT carrying synthetic prokaryotic glycosylation motif recognized by PglB. This system
was transferred into constructed E. coli BL21 AwaalAgmd mutant, where GDP-Man can be accumulated as a substrate of
mannosyltransferases Algl and Alg2. Protein expression and the LLO biosynthesis in the constructed system was analyzed by
immuno-blotting and HPLC, respectively. Structure of glycan released from MBP-GT was identified. Finally, glycosylation of

Man;GlcNAc, synthesized from the constructed pathway was observed on glycosylation motif of MBP-GT by MS analysis.

Chapter 4: General Conclusions and Perspectives

First, pgl operon of C. jejuni JCM 2013 was reconstituted in the engineered E. coli, resulted in functional prokaryotic
N-glycosylation. Secondly, "Proof of Principle" was conducted that the early-stage eukaryotic N-glycan structure could be
synthesized, and found glycosylated onto model protein in E. coli. For future application, design and engineering of glycan
structure and protein secretion pathway will need to be determined. Following the Man;GlcNAc, core structure, complex glycan
structure could be synthesized by integration to the constructed system of eukaryote- or human-derived GTases. The culmination
of this particular biotechnology research areca will be the E. coli-synthesis of eukaryotic glycoproteins in high yield, and the

engineering of N-glycan structures for applications of benefit to humans.
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FH—ETIL, AWFZEEOYFE ML OB IOV THB L TW5, VFEARMESEMINIEEMIC BT 5 F 8 ¥
VT BEOFRRBIEM D—D>TH DM, W, Campyrobacter ZEDFRAEMIZIB T Y NG ST IR &
ATHIEPHRESNTETNDZ EEZBRRTND, KIS, EEAEDEONFEEADICE T 5 rEARbEE SR
L O DEGHENE, S DICKEYB CRENLHEBEENRKE (B RoTVWE Z 2R LTV, BEEAEYE
L OFRAEMZ RN T, MREATIBESHAABIIIRE S ¥ U 7 — ECHIIRE & L TRV = » 7 ARSI,
AV IFFEEEERIC L VR Y AT F RBICEORE T 0y 7 BN L, FERT T K (Y v X0 E) BEkEh
Do KR, ERAPES X BIZBWT MREEIUESME L OAEFNEMEFICRESHFET D Z LAmbh TV
Do & IC, JURHESH IS 2 B2 20 W RIS . BRAEMTLIS KON Campyrobacter B> NG BUBESHAT INKE
WEBEANTDHZ LICL ), BRI EF T D2 v AERERERETH Z LIEFICERATH S Z &
Zfidv, ARRFFEO B Z IR TW5,

WUEETIX G Jjejuni JCM 2013 KR X 0 FREAEMTLO X 8y BEREEINA R v B s n—=0 7 L, KB
\CTCTHRFEFRBEZITV, EOMREZ R, BERIIFITOMBER, 7 v — b Lic AR~ m i3l 2 OHEERIRS
BRI L O E RS E OB AR RIS T3 X LV EEa— FLTWAZ ERH LN E kot KIT,
AA~a o OB L AT 57201, 2 D OHEFEIFIZAEMRRESH A INEAL (D/E-X,-N-X,-S/T) ZHT5 C
Jejuni HEREX LRI ETHD Cmeh X /NI BERWET 7272 —H L RI7EFEL L THWSAZ & & L7z, CmeA
B URTEERASN D U EHEB S, VR T oy M EITo-E 25, FEEMINZ R TRBEIE DK
Ny R ENT, E5IC, L2 Fr7ay METICE Y, GalNAc BENEENTNDL Z EBRHALMNE -T2,
RUNT, CmeA # U R BEFM L, v R TV f-PARIEIC & 0 SOUERBAAESH 238 L. HPLC I L OVE &4y
i & 0 SR OIS 21T > 72 & 2 A, Hex Wi aH 25 € jejuni HLDo~GalNAc,~ (Hex—) HexNAc, HEEH 23
MMLTHWDZERALNERY, Za—AbLizAXa i ¢ jejuni BURESHMINGERH T 5 Z L AUR LT,
e T, RIBEICRIT D € Jejuni BIFESHA NN LB 2/ NEALO A~ m U AT 2720, HEOBIET
ZHl o To RIPFIA R VB L, BT NS L8 B EIRBLE S| BESREEIT 21T o 72, T ORISR, KB




BB T DRI A BE R G2 RET D 2 LN TE, £72008 Hex OfINCME 2 PHESEESR b [FE
DT LN TER, E72, Hex HIEEHTI L OBSHAENEH AN TE 2 RIGEOMEFIIHI Lz, S50, EHR
PESHOREIERATIC K 0 | BESH OB TR IEZ AWM L FFRD GleNAe TH D Z ENH BN E R o7, L EDORER
K0 RIBEIZIRWTC 2 FEO I AW A L2 o R BOAFEREBET D5 L3 TE T,

BEETCIHEMMAN THOIMRB XV € Jejuni BROPFEBEEER., BXOBHT 772 —& "
B L UTKRIBREBHRSY 7 Td D MBPIHEBN NG 7 S E - & 30 B o KIG#E CHRBL S Wiz,
VEARBEER RS L OWEHT 7 v 7 % — 2 U NV B ORBE BT 272010, FeE—F—0fHE, AXe
REA Y MBI HBETFORE, BEFEREIEyY bomE, B0 FURk#EbEORIEEZRT Lz, £
DR, T RZ T oy METICE T, £@TOZ 7 BORBANHERTE 5B LETRERE RHLEZ, &W»
T, BEH R — L e DRERRE A U, BERREE X 0BRSSy 2 FRKARIC L 0 R . PA (RIEIC K 0 BEERE S oD%
JUARS & AR L. HPLC /9T &2 38 278 o7z, T ORGSR, EZAEWRL O Man,GlcNAc, FESE A E S TV D Z &8
HonErole, IDHIT, HBHEFERROFIET, WHY 787 F2 =2 XV EEZFR L, B NZ UV 0E-PA L
TR &0 SR b BB A R L. HPLC J6 K OVEL BT & AWV CRESHIR I 2 IRHT L. 2 D& 3 ERZ A
Man,G1cNAc, B85 Td % = & &R L7z, #7417 T nanoLC-MS AT &2 7B~ 7' F & X 0 BSR4 % 2 LI &
D, ZOEZAEYM Man,GLeNAc, BESHDSBESHAINZ 75T L T D Z L &G L7z, BLEORER LY . KRG
BT IV CER A L% L R BOEFER A RERT 5 LI LT,
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