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Abstract of Thesis
Chapter 1 General Introduction

Glycosylation is one of the most dominant post translational modifications known. In fact, majority of the
proteins in eukaryotic organisms are glycosylated (Agard and Bertozzi, 2009; Grobe et al., 2002). In the fungal
kingdom, ascomycetous yeasts, e.g. Saccharomyces cerevisiae and Candida albicans to name a few, are known
to produce larger hypermannosylated glycans. On the other hand, Ustilaginomycotina is a subphylum under the
basidiomycetous yeasts phylum. Some of its members are considered to be important in biotechnology and
medicine. Sympodiomycopsis paphiopedili, Pseudozyma antarctica and Malassezia furfur are examples of
ustilaginomycetous yeasts belonging to three different classes and whose N-linked glycans have never been
intensively studied. With the void in knowledge on the glycosylation of these yeasts vis-a-vis their
biotechnological and medical importance, it is warranted and at the same time interesting to elucidate the
N-linked glycan structures of these yeasts. This dissertation comprises the first reports on the N-linked glycans
of these ustilaginomycetous yeasts.

Chapter 2 The Neutral N-linked Glycans of the Ustilaginomycete Yeast Sympodiomycopsis paphiopedili
The glycoprotein from S. paphiopedili was prepared firstly by extraction using citrate buffer followed by
release using hydrazine and then 2-aminopyridine (PA) tagging. The prepared PA-glycans were analyzed using
high-performance liquid chromatography (HPLC) and mass spectrometry (MS). Glycan linkages were verified
using glycosidase digestion analyses. Neutral N-linked glycans ranging from Man3GIlcNAc,-PA to
MangGIcNAcy-PA in length were detected using HPLC and MS analyses. The most abundant neutral N-linked
glycan structure in this species was found to be the
Manal-2Manal-6(Manal-3)Manal—-6(Manal-2Manol-2Manoa1-3)ManB1-4GIcNAcf1-4GIcNAc  (M8A).
Furthermore,
Mana1-2Manal-6(Mano1-2Mana1-3)Manal—-6(Manal-2Manal-2Mano1-3)Manf1-4GIcNAcpfl 4GIcNAc
(M9A) and the Manal-6(Manal-3)Manf1-4GlcNAcB1-4GIcNAc (M3B) were the second and third most
abundant neutral N-linked glycans, respectively. On the other hand, the effect of the combination of
glycoprotein extraction methods and the subsequent glycan release methods on the detection of N-linked glycan
peaks was also examined to avoid underrepresentation of N-linked glycan structures. It was also determined
that the citrate buffer extraction—hydrazinolysis method gave the highest peak yields as compared with the other
methods. Here we report the first account of the structural analysis of the neutral N-linked glycan of S.
paphiopedili and the comparison of the effect of combinations of glycoprotein extraction methods and glycan
release methods in glycan analysis.

Chapter 3  The Neutral N-linked Glycans of the Ustilaginomycete Yeasts Pseudozyma antarctica and
Malassezia furfur

N-linked glycans of P. antarctica and M. furfur were prepared, digested with glycosidase, and structurally

analyzed using high performance liquid chromatography (HPLC) and mass spectrometry (MS) as in chapter 2.




Analyses revealed the presence of neutral N-linked glycans ranging in length from Man3GIcNAc2-PA to
Man9GlIcNAc2-PA. The two species shared the M8A structure as the most abundant neutral N-linked glycan.
The second and third most abundant neutral N-linked glycans for P. antarctica were M9A and MS5A,
respectively. In the case of M. furfur, Mano1-2Mano1-6(Mana1-3)Manal—6
(Manoal-2Mana1-3)Manf1-4GlcNAcB1-4GIcNAc (M7A) was the second most abundant, while both M8A
and M9A were tied for the third most abundant. The presence of putative galactose (Gal) residues in the
hypermannosylated neutral N-linked glycans.

Chapter 4  Prospects

The elucidation of the structures of predominant neutral N-linked glycans opened up an avenue for the
appreciation of the vastness of this major post-translational modification. N-linked glycan information of the
representative Ustilaginomycetous yeasts opens up a range of potential use and interest in the biological roles of
these glycans. The detected high mannose glycans ranging from Man3.oGlcNAc,-PA is very interesting in light
of diversity since other yeasts such as the Ascomycetous yeasts are known to produce larger glycans. This also
opens up an opportunity to further investigate the roles of these smaller-sized N-linked glycans in the biology
of the Ustilaginomycete yeasts studied. The discovery of novel N-linked glycan structures raises the possibility
that there are enzymes that can be discovered which may be used for biotechnological and industrial purposes.
The detection of galactose residues in the N-linked glycans of M. furfur is a breakthrough and may be a target
of future work on their role in pathogenicity and as therapeutic targets.

Chapter 5  Conclusion

The N-linked glycans of S. paphiopedili, P. antarctica and M. furfur are of the high mannose type ranging from
Man3GIcNAc,-PA to MangGlcNAc,-PA in size and comprises the first ever glycan structural elucidation in the
three yeasts with the M8A as the common most dominant structure. Various novel structures were also
discovered in the three yeasts. The combination of citrate buffer extraction and hydrazine release was proven to
not cause underrepresentation but also yields the highest as compared to other methods. Gal was also detected
as part of the N-linked glycan of M. furfur. Lastly, the structural elucidation of N-glycans can serve as a
jumping off point for future studies in biotechnology, biology and classification.
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FEGIEARIX, BEAMOR BRI RFIRBZEMO 1| D Thb, FHE, L OEZEEHOZ 7 BITHEHIEN S
TV % (Agard and Bertozzi, 2009; Grobe et al, 2002), HE UV T, FFEREERE, B 21X Saccharomyces cerevisiae
& Candida albicans % DHlL LTHEIF D L, L0 K& g =~ ) I MUHEHZER T2 Z ERMBNTWD,
—5 T, Ustilaginomycotina (27 mARF Vi) FHEFEBRPIOTOIHMTH D, ZDA L N—=DND0E, AN
AFT 7 /)P —LEZIBWTEHEETHILI EEZLNTWD, Sympodiomycopsis paphiopedili. Pseudozyma
antarctica 3 X O\ Malassezia furfur (3NFM 27 0 RE VMR T, 3 SORZMIBLTHEN, ZRHDON
FEATEHIE AR SN TV, ZUHOERIEINA 47 7 /7 n v —B L OEPHERHICIB N TEE TS 253,
T PEBERICET 2 AN KT TV A T2, D OO NSREATPESELE XM S 2 & TH 5 L [FIRFIC
BLERZR VN, AGRSCE, b7 vl i FEERE D N SR BT 2 B0 WmE Th 5,

W=y aR o HPaEERE: Sympodiomycopsis paphiopedili O N fE A HUEESY

F9°. S, paphiopedili h b 7 = L FEEMHE Z VTR A E 2RI L, S L7272 A< B b e KT

DUNIRIZ L D B A TR LR L -T2 v Y Ur (PA) EAWVZHOBER ATV, PALEEE AR L2,
U7 PAMBRESH A BlIRIA 7 v~ N9 7 0 — (HPLC) EE&EGHT (MS) ZAWTHHr Lz, FEHOMERAIL, 7
U a3 v X =BT & 0 R L7z, HPLC 36 K TOVMS 734 DfE AR, Man3-9G1eNAc2—PA OIS 4 4572 i Nt & Ui 8
PRHEENT, EARIIZ VLD S Mana 1-2Man o 1-6 (Man o 1-3)Man « 1-6 (Man o 1-2Man o 1-2Man o 1-3) Man 8 1-
4G1ceNAc B 1-4G1cNAc (MS8A) . Mana 1-2Man ¢ 1-6(Man @ 1-2Man o 1-3)Man o 1-6 (Man o 1-2Man o 1-2Man o 1-3)Man B 1-
4G1cNAc B 1-4G1cNAc (M9A) . Man o 1-6 (Man o 1-3)Man 8 1-4G1eNAc B 1-4G1cNAc (M3B) DIETH - 7=, — 7. HEX L /32
BoOMEEL, FEHERHEOM AT O NBEREHOINRICKETRERE Lz, TOMBE, 7 = U BEiEmRhhH-
E R VUGMRIEOMAEEN, MOFELHKRL TRbEWVWINEL 52D LE R L, REOKRIZ, S
paphiopedili OHVE N fEGTUBEGASEMENT O BANOWETH 0 . FESHMNTIZIT DHE X v 37 BiliHE & FEgHbERE L
MAETODRICEL THELTWD,

B8 7 aR U HEPEERE Pseudozyma antarctica & Malassezia furfur O WPEN fiSHUFES

P. antarctica 3 X ONM. furfur O NAEGRPEHZRM L, 7V a v X —ECHL L, % & FERIC HPLC & MS &
BrikZ i U O gHA% IS 2 AT L 72, Man3-9G1cNAc2-PA O itk N fESFEBH N FET 2 2 L &R LTz, 5 OEERHZ R
T, MBA &N b BB RN A Th o712, P antarctica DAL, MBA IZT-OWT MIA & MBA DEH RIS
Molzy M furfur OEFETE MSA DIKIT, Mana 1-2Man o 1-6 (Man « 1-3) Manal-6 (Man @ 1-2Man o 1-3)Man 8 1-4G1cNAc
1-4GlcNAc (MTA) DOEFENZ L, MIA & M5A PIZIERZEOEREZRL, 3FHICZWHHHBEE CTH-T-, SBIT,
M. furfur \IZRWTNA N=< 2 ) AL SNIZHYE N FEERESIC T Z 7 b — R (Gal) FRIENIAHAET 5 Z L 3 HEE S
i,
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— R, FEE R T E NS BESH ORSE 2 RIS 5 2 &, BRI SR O A BSRE OB A N B Z L idie D, AR
ST, RFEWZR T v AR IR OB e N-RE ARSI A 15D 2 E M TE, 2D DRSO FEREIS O R
REME & AW PRI OfRIA O FARIE W & 72 o7z, TREEMER R EOMOBERHI L ) REREHAAEST D Z & RMb
NTNBDOT, ABFE TR SH7z Man3-9G1cNAc2-PA DOAIEEFFD, RIS 22 A XDmi~ v /) — A EHIZ, %
BEMEOBLEN D IFFICHBRIELS | 7 a AR ¥ USRSV T, R A FOEBINEIRE S, FERICEBRR,
ABFTE TR R SIVIHHL N RSB EE I E, B T b R ICEARBEROFEL "B L C\W\D, I furfur|l
BT, NFEGIBESH RIS L7720 T 7 b —AFEEZ RN TE 2 Z LIXEHNR DO TH Y | JREME~DB 5 DO
BIOZoMAZLHBE LGB & L TORSRM O X — 7y 72 H 5,

BHE

KWFFEZIB T S, paphiopedili, P. antarctica B XN M. furfur O N FEEHEEE A H) O THEMT S L. Mans-
9G1cNAc2-PA DIEIE ZFF O~ > /) — ARG 720 | IRBEAEOLVHIE LS L TMA 2l L TR Z L 3 bk
ole, THHOBERNZBWT, ZOMIC b HHZRMSEBES Rl Shiz, 7 =V BEEIRE © T 2 U aRoME
B, MO FEE AT NHESREHORBE L LT, ZRbAEWINEELEX D Z RO LTz, Gal FRIED M
furfur O N FEERESH O E L TR SNz, KBS, NFEARBESEORBERITIZ., A 4T 7/ ud— £,
ZLTHHEICB T 25%OMEDT-OO, EEITARRY —LTHDEE LD,

PlEo X Hic, Rz, T E THEREA TW o B TFHEBERONA 477 7 v —8B X OEZN AL
ICBWTHETH D NSRS OV TIRAT L7z, FIEREBERE L 135722 0 | Man3-9G1cNAc2—PA D HIHE N 5 & B8 03 17
1EL. X7 5H5E2 MansGleNAc2-PA(MSA) TH ¥ | Gal FRIEN Malassezia furfur O NFESRPEEO— L L CTHEET
D &AL, RO SIS BT 28 R AL L TV D,
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