Vol.7 No.3

7 3
2016 9 JOURNAL OF TROPICAL BIOLOGY Sep. 2016
11674 —7054( 2016) 03 — 0402 - 07
( 571101)
) PN - ) ;
1 Q946.1 A DOI: 10. 15886 /j. cnki. rdswxb. 2016. 03. 022
( Post-translational modification PTM)
1
1-3
3
4
4 1) N - o N -
N - °:2)0 - . N -
0- °:3)C - . . 4)
7
N - 0- N - o N -
Gle;Many GleNAc, Man
GleNAc  acetylglucosamine( ) S Asn—X-Ser/
Thr ( NxS/T) X .
N - 3 N - N - N -
o 3
Y. 0- 2 /
0 _ 11
2 N -
: 2015 -10-29
: (31400523)
(1987 -) . E-mail: sunyong_03119308@ 126. com
. E-mail: xchwanghainan@ 163. com

(1977 -)



3 : 403

N - 13 14
N - 15 16 .
1 N -
( Glycomics) ( Glycoproteomics) 2 N
17
18
LC-MS/MS o
1 1 PNGase N - PNGase
PNGase F
: 2 MALDI-TOF/TOF MS LC-MS/MS  CE( ) N -
; 3 N -
; 4 SDS-PAGE ; 5
N - ; 6 SDS-PAGE : 7 Western
N - ; 8 SDS-PAGE LC-MS/MS MALDI-
TOF MS CE-MS/MS ; 9 LC-MS/MS MALDI-TOF MS CE-MS/MS
; 10
N - : 11 LC-MS/MS CE-MS/MS N - ; 12 PNGase
N - : 13 LC-MS/MS 12 N -
o 1-2 10 - 11 N - N -
N N-Glycans |~
- W, . =i Pt - cans
B2 %% Glycomics ' MALDI-TOF MS LC-MS/MS,CE
A (1)
l | ]
3) ) E '
FEZE 1 Glycoproteins | Eﬁgl}?f)':roteins '
[ |
| yao
(1)
H13k PAGE © ) BEJIK Glycopeptides —:—> LC(CE)-MS/MS
9 L}
©) ) l ¢ (12) R
8 gk (13)
® %V,em“ AR Jik Peptides —> | LC-MS/MS 5 A {0 33 — £ 1 i
estern blot

LC(MALDI-TOF,CE)-MS/MS

B2 A 412 Glycoproteomics
BT N-BEREAEE B AT 5 S s

Fig.1 Strategies in N-glycoprotein analysis



404 2016
2 N-
2.1 SDS-PAGE
o ( 1 4 -
7 -38)
N - o Franc 4 -8
/ ( CKO) (Asn) 52 63 134 294 323 338 N -
N - 3~14 Asn323
Asn338 25 " . Picariello 4-8 1-2
B - af ~67 kDa) a( ~71 kDa)  B( ~50 kDa) B -
5 a N215  N489 a N199  N455
B N326 N -
3 20 . Schiarea 4-8 1-2 9 3
v - ( y-Conglutin) N — .
N - y - Asnl31 4
Man, ( Xyl) ( Fuc) -GleNAc, Man, ( Xyl) ( Fuc) -GleNAc, GleNAcMan, ( Xyl) ( Fuc) -GleNAc, Gle-
NAc,Man,( Xyl) ( Fuc) -GlcNAc, p-12- a-13- *' . Franc
( 4-8) ( 5-11)
( PSAO) ( LSAO) PSAO 5 4
Asn558 Asn334 Man4GleNAc Man11GleNAc
GleNAcs- 6 . LSAO 7
Asn558 Man,GlcNAc, Man,GlcNAc, Man,XylGleNAc,  Man,XylGlcNAc, 4
? . Halim Phlpl PhlpS5 ( 4 -8)
Phl p 1 85% 2 ( V27PPGPNITAT YGDKA40) ( 24PKVPPGPNI
TATYGDK40) 2 1~2 1~4 N -
o Phlp5 86% Phl p 5 N- O- HexNAc
A26DLGYGPATP AAPAAGYTPA TPAAPAGAEP AGKS58 0~7 2
Balen 42 KDa ( 4 -8) N -
N - o T™W N -
7 T™W 2 N -
N —
%
o Mathieu-Rivet 3
( 4 -38) 86 135 137
N -
Man, GlcNAc,  Man,GlcNAc, N - 1 2 6-0 -
Man-3 Man-5 ® . Silva-Sanchez
WT ( 4 -8) WT
o 45 20% LCMS/MS



3 : 405

* . Barba-
Espin (
4 -8) 22 a- ; 178
(98 ). (29 ) (11 ) 7.
2.2 N
o 1DE 2-DE
LC-MS/MS MALDI-TOF MS  CE-MS/MS ( 1 3-4-8)
( 1 9)
( ConA) . (WGA) . ( AIL) ( PNA) . ConA
N - o ( WGA)
N - GleNAc 0- o AIL
( PNA) Gal N- O- AIL a-Gal PNA
a-Gal  B-Gal * .
Catala ConA ( 3-5-11)
133 89% ? . Ligatz
ConA LCMS/MS ( 3-9)
189 164 81 N-
* . Zhang ConA . (ConA WGA AIL  PNA)
( 3-4-38) 127 ProT-
erNyc N - *' . Ruiz-May Al
( 3-5-11)
nanoLC-MS/MS A 240
251 210 . 3 68 110
A 95 59
. 448 N - * . Mustafa
2d 2d
nano-LC MS/MS ( 3-4-8),
o 4 d 2d
149 111 51 60 2d
87 69 34 35 o 23
¥ . Kumar ConA
ConA PNGase F/A nano1.C MALDI TOF-TOF ( 3-5-
12 -13) nano1.C MALDI TOF-TOF ( 3541) 334
67 92 N- 106 *
o Melo-Braga
Lobesia botrana iTRAQ
- ( Zwitterionic-hydrophilic interaction liquid chromatography ZIC — HILIC)
PNGase A LC-MS/MS( 5-12-13) . 323 N-
62 N- 53 N-
206 ¥ . Barba-Espin
HILIC PNGase A
LCMS/MS ( 3-9) 65
73 57 36 28 7. Dedvisitsakul

ZICHILIC cotton wool 180 PN-



406 2016
Gase A LC-MS/MS ( 5-12-13) . 67 78
NXS/T/C 180
* . Zhang 10-12-13 6-8
46 47 47 o 46 36
/ / / o MotifX 47 30 NxT 17
NxS. /B a 47 63% 26%
11% * .
2.3 ( 1 10 -12 -
13) .
. N - PNGase
N - o N -
LCMS/MS o
PNGase F o NxS/T
1 Da o
Palmisano HILIC
MALDI TOF MS  LC-MS/MS 28 44
¥ . Song C18
spe PNGase F LC-MS ( 10 - 12 - 13)
170 330 28 TAIR o
SKUS
w0
3
3.1
3.2 PNGase 1 Da( ) 2 Da( 180 )
o (
). |
3.3 PNGase A N - PNGase A
PNGase o
PNGase F -N PNGase A
4
3 1) N
N 1 2)



3 : 407

AN W B~ W

10

11
12

13

14

16

17

18

19

20

21

22

23

Mann M Jensen O N. Proteomic analysis of post-translational modifications J . Nat Biotechnol 2003 21(3): 255 -261.
Seo ] Lee K J. Post-ranslational modifications and their biological functions: Proteomic analysis and systematic approaches
J . J. Biochem Mol. Biol. 2004 37(1): 35-44.
J. 2005 50(11): 1061 -1072.
J . 2006( 1) : 46 —49.

Zhang Y Yin HR Lu HJ. Recent progress in quantitative glycoproteomics J . Glycoconj J. 2012 29(5/6) : 249 —258.
Hofsteenge ] Muller D R Beer T et al. New type of linkage between a carbohydrate and a protein: C—glycosylation of a spe—
cific tryptophan residue in human RNase ] . Biochemistry 1994 33(46): 13524 -13530.

Floyd N Vijayakrishnan B Koeppe J] R et al. Thiyl glycosylation of olefinic proteins: Sdinked glycoconjugate synthesis J .
Angew. Chem. Int. Ed. 2009 48(42): 7798 -7802.
Trombetta E S. The contribution of N-glycans and their processing in the endoplasmic reticulum to glycoprotein biosynthesis
J . Glycobiology 2003 13(9): 77R -91R.
Bause E. Structural requirements of N—glycosylation of proteins. Studies with proline peptides as conformational probes ] .
Biochem J. 1983 209(2): 331 -336.

Zielinska D ' Gnad F  Schropp K et al. Mapping N—glycosylation sites across seven evolutionarily distant species reveals a
divergent substrate proteome despite a common core machinery J . Mol. Cell 2012 46(4): 542 —548.

Fitchette A C Dinh O T Faye L et al. Plant proteomics and glycosylation J . Methods Mol. Biol. 2007 335: 317 —342.
Song W Henquet M G Mentink R A et al. N-glycoproteomics in plants: Perspectives and challenges J . J. Proteomics
2011 74(8): 1463 —1474.

Lige B Ma S Van-huystee R B. The effects of the site-directed removal of N-glycosylation from cationic peanut peroxidase
on its function J . Arch Biochem Biophys 2001 386(1): 17 -24.

CeriotTI A Duranti M Bollini R. Effects of N—glycosylation on the folding and structure of plant proteins J . J. Exp. Bot.
1998 49: 1091 - 1103.

Pattison R ]  Amtmann A. N-glycan production in the endoplasmic reticulum of plants J . Trends Plant Sci. 2009 14
(2):92-99.

Haweker H Rips S Koiwa H et al. Pattern recognition receptors require N-glycosylation to mediate plant immunity J . J.
Biol. Chem. 2010 285(7): 4629 —4636.

Baycinhizal D Wolozny D Colao J et al. Glycoproteomic and glycomic databases J . Clinical Proteomics 2014 11(1):
15 -24.

Nilsson J  Rurtschi U Halim A et al. Enrichment of glycopeptides for glycan structure and attachment site identification

J . Nat Methods 2009 6(11): 809 —811.

Franc V. Sebela M Rehulka P et al. Analysis of N—glycosylation in maize cytokinin oxidase/dehydrogenase 1 using a manu—
al microgradient chromatographic separation coupled offline to MALDI-TOF/TOF mass spectrometry J . J. Proteomics
2012 75(13) : 4027 -4037.

Picariello G Amigo-benavent M Delcastillo M D et al. Structural characterization of the N—glycosylation of individual soy—
bean B-conglycinin subunits J . J. Chromatogr A 2013 1313: 96 -102.

Schiarea S Amoldi L Fanelli R et al. In-depth glycoproteomic characterization of y-conglutin by high—resolution accurate
mass spectrometry J . PLoS One 2013 8(9): €73906.

Franc V. R ehulka P Medda R et al. Analysis of the glycosylation pattern of plant copper amine oxidases by MALDI-TOF/
TOF MS coupled to a manual chromatographic separation of glycans and glycopeptides J . Electrophoresis 2013 34( 16) :
2357 -2367.

Halim A Carlsson M C Madsen C B et al. Glycoproteomic analysis of seven major allergenic proteins reveals novel post—

translational modifications J . Mol. Cell Proteomics 2015 14(1): 191 —204.



408 2016

24 Balen B Krsnik-rasol M Zamfir A D et al. Glycoproteomic survey of Mammillaria gracillis tissues grown in vitro J . J.
Proteome Res. 2006 5(7): 1658 —1666.

25 Mathieu—rivet E Scholz M Arias C et al. Exploring the N-glycosylation pathway in Chlamydomonas reinhardtii unravels no—
vel complex structures J . Mol. Cell Proteomics 2013 12( 11) : 3160 -3183.

26 Silvasanchez C Chen S Li ] et al. A comparative glycoproteome study of developing endosperm in the hexose-deficient
miniaturel ( mnl) seed mutant and its wild type Mnl in maize J . Front Plant Sci. 2014(5): 63.

27 Barba-espin G Dedvisitsakul P Hagglund P et al. Gibberellic acid-induced aleurone layers responding to heat shock or tu—
nicamycin provide insight into the N-glycoproteome protein secretion and endoplasmic reticulum stress J . Plant Physiol
2014 164(2): 951 -965.

28 Budnik B A Lee RS Steen J] A. Global methods for protein glycosylation analysis by mass spectrometry J . Biochim Bio—
phys Acta 2006 1764(12): 1870 - 1880.

29 Catala C Howe KJ Hucko S et al. Towards characterization of the glycoproteome of tomato ( Solanum lycopersicum) fruit using
Concanavalin A lectin affinity chromatography and LC-MALDI-MS/MS analysis J . Proteomics 2011 11(8): 1530 —1544.

30 Ligat L. Lauber E Albenne C et al. Analysis of the xylem sap proteome of Brassica oleracea reveals a high content in secre—
ted proteins J . Proteomics 2011 11(9): 1798 —1813.

31 Zhang Y Giboulot A Zivy M V et al. Combining various strategies to increase the coverage of the plant cell wall glycopro—
teome J . Phytochemistry 2011 72(10): 1109 -1123.

32 Ruiz-may E Hucko S Howe K] etal. A comparative study of lectin affinity based plant N—glycoproteome profiling using to—
mato fruit as a model J . Mol Cell Proteomics 2014 13(2): 566 -579.

33 Mustafa G Komatsu S. Quantitative proteomics reveals the effect of protein glycosylation in soybean root under flooding stress

J . Front Plant Sci. 2014(5): 627.

34 Kumar S Kumar K Pandey P et al. Glycoproteome of elongating cotton fiber Cells J . Mol. Cell Proteomics 2013 12
(12) : 3677 -3689.

35 Melo-braga M N Verano-braga T Leon I R et al. Modulation of protein phosphorylation N-glycosylation and Lys-acetyla—
tion in grape ( Vitis vinifera) mesocarp and exocarp owing to Lobesia botrana infection J . Mol. Cell Proteomics 2012 11
(10) : 945 -956.

36 Dedvisitakul P Jacobsen S Svensson B et al. Glycopeptide enrichment using a combination of ZIC-HILIC and cotton wool
for exploring the glycoproteome of wheat flour albumins J . J. Proteome Res. 2014 13(5): 2696 -2703.

37 Zhang M Chen G X LvD W et al. Ndinked glycoproteome profiling of seedling leaf in Brachypodium distachyon L. ] .
J. Proteome Res. 2015 14(4): 1727 -1738.

38 Tian Y Zhou Y Elliott S et al. Solid-phase extraction of N-inked glycopeptides J . Nat Protoc. 2007 2(2): 334 -339.

39 Palmisano G Antonacci D Larsen M R. Glycoproteomic profile in wine: a ‘sweet’ molecular renaissance J . J. Proteome
Res. 2010 9(12): 6148 -6159.

40 Song W Mentink R A Henquet M G et al. N-glycan occupancy of Arabidopsis N-glycoproteins J . J. Proteomics 2013
93: 343 -355.

The Latest Progress in Plant Glycoproteomics

SUN Yong WANG Dan TONG Zheng CHANG Lili WANG Limin WANG Xuchu
( Institute of Tropical Bioscience and Biotechnology CATASA Haikou Hainan 571101 China)

Abstract: This review summarize the research progress of the research strategies on the plant N—glycosylation and
the research progress of the plant glycoproteomics and it will provided the clue and ideal for the better develop—
ment in the future study on plant glycoprotein.

Keywords: Glycoprotein; Protein glycosylation; N-glycan; Glycoproteomics; Biological mass spectrometry



