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Fig. 1 1-DE map of LCA Chromatographic fractions
from human normal liver tissues
(a) Representative profile of a LCA chromatography of human normal
liver tissues. Peak [ : mainly non al-6-fucosylated proteins; Peak II :
fraction enriched in al-6-fucosylated proteins. (b) 1-DE of a human
normal liver total tissue (lane 3), chromatographic fraction [ (lane 2)
and fraction Il (lane /). a-mm: methyl «-D-mannopyranoside.
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Fig. 2 «l-6-fucosylated glycoprotein 2-DE map of human normal liver tissues and LCA chromatographic Fractions
(a) Representative silver-stained 2D-PAGE of total liver tissues and LCA chromatographic fractions I (mainly non «1-6-fucosylated proteins) and I

(enriched in «1-6-fucosylated proteins). (b) Enlargement of Boxes 2 and 4 from representative 2D-maps of total liver tissues and chromatographic

Fractions [ and II.
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Table 1 Identification of a1-6-fucosylated glycoproteins in human normal liver tissues by MALDI-TOF-MS/MS

PIE R 90 AN % AL, W H MALDI-TOF-MS/MS

BEAT S, W HE R TR R e AR

Ja, JREE 3 MEFRER D). BN EEM T4

Spot(No.) Protein name Accession number Protein score Mr (ku)/pl  Coverage rate(%) Fucosylation
1 Splice isoform beta of tripartite motif protein 5 1P100394972 68 46.01/5.96 22% Not found
2 PREDICTED: CTAGE family, member 6 IP100455073 75 87.85/5.09 13% Not found
3 Zinc finger protein 334 isoform b 1P100399317 66 74.95/9.35 13% Not found
4 Splice isoform 3 of spectrin beta chain, erythrocyte 1P100237806 91 242.58/5.20 13% Not found
5 Peroxiredoxin 1 IP100000874 86 22.10/8.27 37% Not found
6 Cytochrome b-5 isoform 2 1P100182933 102 11.26/5.02 82% Not found
7 Superoxide dismutase 1P100218733 67 16.11/5.87 32% Not found
8 Splice isoform B of zinc finger protein 268 1P100216187 81 89.57/9.17 19% Not found
9  RNA polymerase [I transcription factor STl subunit A2 IP100376867 84 83.90/9.76 18% Not found
10 Ferritin light chain IP100375676 86 28.40/6.00 34% Not found
11 Superoxide dismutase [Mn], mitochondrial precursor 1P100022314 80 24.71/8.35 33% Not found
12 OTTHUMP00000028841 1P100478327 79 22.62/10.43 40% Not found
13 Splice isoform 1 of CCGl-interacting factor B 1P100063827 78 22.33/5.94 35% Not found
14 16 ku protein 1P100477062 61 15.91/10.24 40% Not found
15  PREDICTED: similar to ribosomal protein L7 IP100457083 83 33.79/10.33 31% Not found
16  Similar to triosephosphate isomerase (TIM) 1P100383071 91 26.93/8.21 36% Not found
17 Leucine zipper protein 1 1P100395737 89 120.23/8.78 18% Not found
18  Splice isoform 1 of plectin 1 TP1I00014898 99 531.41/5.73 8% Not found
19  Hypothetical protein FLJ42514 1P100446247 90 22.91/11.39 52% Not found

20  Structural maintenance of chromosome 1-like 1 protein 1P100291939 134 143.14/7.51 19% Not found
21 KIAA0692 protein IP100478953 65 87.40/6.37 13% Not found
22 NG,NG-dimethylarginine dimethylaminohydrolase 1 1P100220342 80 30.97/5.53 31% Not found
23 NPDO14 protein, isoform 2 IP100025342 69 33.52/11.79 22% Not found
24 HP protein IP100431645 117 31.36/8.48 39% Found™

25  Haptoglobin precursor 1P100478493 102 45.18/6.13 29% Found [

26 Aminoacylase-1 1P100009268 126 45.86/5.77 42% Not found
27 Antithrombin Il variant IP100032179 67 52.66/6.11 16% Found M

28  Nebulin 1P100418175 85 348.75/9.14 9% Not found
29  Protein disulfide-isomerase A3 precursor 1P100025252 132 56.75/5.98 34% Not found
30  Aldehyde dehydrogenase, mitochondrial precursor IPI00006663 123 56.35/6.63 27% Not found
31  Carboxylesterase 2 isoform 1 1P100332828 84 68.85/6.03 17% Not found
32 Mitochondrial ribosomal protein L30 isoforM b TP100514005 62 15.18/10.33 35% Not found
33 LAP3 protein 1P100419237 99 56.10/8.03 31% Not found
34  Alphaenolase 1P100465248 237 47.01/6.99 41% Not found
35  Pericentrin 2 1P100479143 95 377.85/5.39 8% Not found
36 Splice isoform DPI of desmoplakin IP100013933 83 331.57/6.44 8% Not found
37 Plectin 7 IP100398776 89 512.29/5.61 7% Not found
38  Splice isoform 1 of calumenin precursor 1P100014537 79 37.08/4.47 16% Not found
39  Reticulocalbin 1 precursor TP1I00015842 104 38.87/4.86 27% Not found
40  Calreticulin precursor 1P100020599 94 48.11/4.29 22% Not found
41  Phosphatidylethanolamine-binding protein 1P100219446 107 20.91/7.42 56% Not found
42 57 ku protein 1P100479902 76 56.53/5.09 17% Not found
43  Fructose-bisphosphate aldolase B 1P100218407 147 39.32/8.06 37% Not found
44  Splice isoform 1 of arginase 1 1P100291560 70 34.71/6.72 25% Not found
45  Serotransferrin precursor 1P100022463 78 77.00/6.81 16% Found™

46 78 ku glucose-regulated protein precursor TP100003362 224 72.29/5.07 40% Not found
47  Catalase IP100465436 89 59.59/6.95 22% Not found
48  Similar to kendrin 1P100412869 109 364.96/5.40 9% Not found
49  Aspartate aminotransferase, mitochondrial precursor IP100018206 60 47.45/9.14 16% Not found
50  3-ketoacyl-CoA thiolase, mitochondrial IPI00001539 86 41.90/8.32 29% Not found
51  mRNA turnover protein 4 homolog 1P100106491 63 27.54/8.34 32% Not found
52 Gamma-taxilin IP100019994 65 60.57/7.21 15% Not found
53 Myosin heavy chain, skeletal muscle, fetal IP100001753 62 222.87/5.67 7% Not found
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Fig. 3 Class analysis for the identified a1-6-fucosylated proteins from human normal liver tissues
(a) Pie map classified as cellular component. (b) Pie map classified as biological process. (¢) Pie map classified as molecular function.
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Fig. 4 Validation of fucosylation of haptoglobin and
alpha enolase in human normal liver tissues
15 g of purified haptoglobin and alpha enolase from four normal liver
tissue samples were electrophoresed on a 10 % acrylamide gel, and
electro-transferred onto the membrane, followed by LCA lectin blotting.
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53 MR A ALK, BN BT T pl 5~9, T
i 10~ 100 ku X IAE, TS5 AL
FE, (RS MM R N R EEAER]. TR
A XL R A R T Rg, ReE A3k 8
K. BN, a5, Rk
FAEETRACHO N, e AT I 1 T RE AR A R A
KFUEAC Py EZ A (4, f45: triosephosphate
isomerase, alpha enolase,
aldolase B, aspartate aminotransferase,
CoA thiolase,  arginase, = LAP3 protein and
aminoacylase-1. It4h, A 255 AL 5 N 1)
Wi, i AL SRR A A B L, e TR
I R4 1 R 7 A R U I 98 I 1 gk 2 LA ) 4
Wit HixkZ2Z 558G RNKEAR, Hhas
AL S, SRR SIEEALS. -
B EEE. AN - AT AR T T A
MW EY R R OCE S, PNV R A e 5 1%
S RO 0 B RIS R AR RN A
it S A SR O RS e RS
1, tripartite motif protein 5, CTAGE family member

6, pericentrin 2, chromosome 1-like 1 protein and

fructose-bisphosphate
3-ketoacyl-

78 ku glucose-regulated protein precursor HJI J& £ I
- BRSSOV . DNA- B H 85 B kAR
TEAZ AT RS, 5 DNA 454 WEEHR
B, W 1 334 F1 268 E L Rk 4 R g

F. OTTHUMPO00000028841 & — />4 RNA &5 &
R A, EES HIEDNREKRE )RR
fh, B SABEALYS S SR TaaS Y
PR A P E T 45 OV, EAIT/E haptoglobin
precursor, serotransferrin precursor reticulocalbin 1
precursor 5%, FRZ: B ACHH S IR G5 A SV 1 2R
FUBAL, I K A TR A 45 H . sk
SN =5 e e R N /v = R N2 G R Rl o e 4
FELORENDIREM R E BT, 45K 5 H (splice isoform
DPI of desmoplakin) 7t 4 5 JH- T 41 Jfd 1 28 45 44 vh &
EEZAER, 1 MEE R 5 Kl7 antithrombin 1T 1F
DN 22 5 IR 1 S 1 32 Wi I e R 11 A

TEPTHEE ) 53 Pz om B St e b, A
8 Bl 1 A7 AE AL S A B S, R TA) B i 1 B AE
2-DE "N 2 AN B E FUR (18] 2a), B AT/ protein
disulfide-isomerase A3 precursor, peroxiredoxin 1,
superoxide dismutase [Mn], structural maintenance
of chromosome 1-like 1 protein, reticulocalbin 1
precursor, fructose-bisphosphate aldolase B, catalase
and aldehyde dehydrogenase. X %25 [ 5 i 1) H B
AT HE A AN [7] R 18 J5 48 15 2 mRINA. i 4326 £ 4 BY
DIGE . sk, FILERRRE R —3, JATiek
BT 5 M A& A, €112 haptoglobin
precursor, antithrombin Il variant A serotransferrin
precursor, reticulocalbin 1 precursor, calumenin
precursor, IMIHT 3 Fh 3 AN %O BRI R
H, IXUESE 7AW R A5 1.

4k 45 B4 [ (haptoglobin precursor) /& — Ff S P
WA, EReS ML EASE, P AaNgrE
R > T H0E . ER 7R 90 ku, S HI
A o FIPIAS B MV FEL B DY SR A4, Sk (a) il it —
BSEAIE. 7R E RIS S RE A A EZ U
&) 2 IR AR AT OB 7038 9191, A JHFJFE 73 Y )
R AU S A IZE AT, AR
ZESPAEAE I BOZ AR F 5O AU 1 TR A R
Wilson 55%& [i] 2-D T BRI I ML P 45 5 2k
HEAAAFEER R, e A A
e BRELRE Silie MR SE IR 2 P T, S A
R F A A S IR, R AR AL
& & IRE A AR — RS Wibr S . AR
B, EAEIE R NI R L P A RO s B AL 1Y
KA, I AR 4).

AT ARTE TEH AL TP 0 BRI
W, B SR R O B A



2008; 35 (5)

REE: AMERFASARCEERENEARMNEEREMERFNH

*561-

DULERS 38T, REFEO AT J U MRI AR s, ks
A3 By IR ELAR R 1 A E AN e

2 % x M

Zheng J J, Gao X, Beretta L, et al. The human liver proteome project
(HLPP) workshop during the 4th HUPO
Proteomics, 2006, 6 (6): 1716~ 1718

Hutchinson W L, Du M Q, Johnson P J, et al. Fucosyltransferases:

world congress.

differential plasma and tissue alterations in hepatocellular carcinoma
and cirrhosis. Hepatology, 1991, 13 (4): 683~ 688
Comunale M A, Lowman M, Long R E, et al. Proteomic analysis of
serum associated fucosylated glycoproteins in the development of
primary hepatocellular carcinoma. J Proteome Res, 2006, 5 (2):
308~315
Noda K, Miyoshi E, Uozumi N, et al. High expression of alpha-1-6
fucosyltransferase during rat hepatocarcinogenesis. Int J Cancer,
1998, 75 (3): 444~ 450

Miyoshi E, Noda K, Yamaguchi Y, et al. The alphal-6-
fucosyltransferase gene and its biological significance. Biochim
Biophys Acta, 1999, 1473 (1): 9~20

AR, XU, RN, A5 T RS A ORI o B S B
JRAGIL TG . A S AL B T, 2005, 32(5): 442~
447
Dai Z, Liu Y K, Cui J F, et al. Prog Biochem Biophys, 2005, 32(5):
442~ 447
AR, H B, 9 b, 45 CK8 SEWIRE LS 1 SR Pk Be 5
Jo AN MO G B AH OGRS B4 5 AR i B 2, 2007, 34(2):
196~ 202

Dai Z, Liu Y K, Guo K, et al. Prog Biochem Biophys, 2007, 34(2):
196~ 202

Miyoshi E, Noda K, Ko J H, et al. Overexpression of alphal-6
fucosyltransferase in hepatoma cells suppresses intrahepatic
metastasis after splenic injection in athymic mice. Cancer Res, 1999,
59(9): 2237~ 2243
Dai Z, Liu Y K, Cui J F, et al. Identification and analysis of altered
alphal, 6-fucosylated glycoproteins associated with hepatocellular
carcinoma metastasis. Proteomics, 2006, 6(21): 5857~ 5867

Ang I L, Poon T C, Lai P B, e al. Study of serum haptoglobin and

its glycoforms in the diagnosis of hepatocellular carcinoma: a

20

21

22

glycoproteomic approach. J Proteome Res, 2006, 5 (10): 2691 ~
2700

Demelbauer U M, Plematl A, Josic D, et al. On the variation of
glycosylation in human plasma derived antithrombin. Chromatogr
A, 2005, 1080(1): 15~21

Satomi Y, Shimonishi Y, Hase T, et al. Site-specific carbohydrate
profiling of human transferrin by nano-flow liquid chromatography/
electrospray ionization mass spectrometry. Rapid Commun Mass
Spectrom, 2004, 18(24): 2983~ 2988

Saitoh A, Aoyagi Y, Asakura H. Structural analysis on the sugar
chains of human alpha 1-antitrypsin: presence of fucosylated
biantennary glycan in hepatocellular carcinoma. Arch Biochem
Biophys, 1993, 303(2): 281~ 287

Yamashita K, Ideo H, Ohkura T, et al. Sugar chains of serum
transferrin from patients with carbohydrate deficient glycoprotein
syndrome. Evidence of asparagine-N-linked oligosaccharide transfer
deficiency. J Biol Chem, 1993, 268(8): 5783~ 5789

Noda K, Miyoshi E, Uozumi N, et al. Gene expression of alphal-6
fucosyltransferase in human hepatoma tissues: a possible
implication for

Hepatology, 1998, 28(4): 944~ 952

increased fucosylation of alpha-fetoprotein.

Papin J, Subramaniam S. Bioinformatics and cellular signaling. Curr

Opin Biotechnol, 2004, 15(1): 78~ 81

Tucker C L, Gera J F, Uetz P. Towards an understanding of complex

protein networks. Trends Cell Biol, 2001, 11(3): 102~ 106

Wang J H. Protein recognition by cell surface receptors: physiological

receptors versus virus interactions. Trends Biochem Sci, 2002, 27

(3): 122~126

Misumi Y, Tanaka Y, lkehara Y. Biosynthesis, intracellular

processing and secretion of haptoglobin in cultured rat hepatocytes.

Biochem Biophys Res Commun, 1983, 114(2): 729~ 736

Wilson N L, Schulz B L, Karlsson N G, et al. Sequential analysis of

N- and O-linked glycosylation of 2D-PAGE separated glycoproteins.

J Proteome Res, 2002, 1(6): 521~ 529

Okuyama N, Ide Y, Nakano M, et al. Fucosylated haptoglobin is a

novel marker for pancreatic cancer: a detailed analysis of the

oligosaccharide structure and a possible mechanism for fucosylation.

Int J Cancer, 2005, 118(11): 2803~ 2808

Thompson S, Turner G A. Elevated levels of abnormally-fucosylated
haptoglobins in cancer sera. Br J Cancer, 1987, 56(5): 605~ 610



e562 ¢ EYUESEYYIRHRE Prog. Biochem. Biophys. 2008; 35 (5)

Characterization of Core-fucosylated Glycoproteins From
Human Normal Liver Tissues®

DAI Zhi", FAN Jia"?", ZHOU Jian", BAI Dou-Sheng", QIU Shuang-Jian”, KANG Xiao-Nan",
CUlI Jie-Feng", GUO Kun", Li Yan", LIU Yin-Kun"?"
(" Liver Cancer Institute, ZhongShan Hospital, Fudan University, Shanghai 200032, China;
Institute of Biomedical Sciences, Fudan University, Shanghai 200032, China)

Abstract In order to establish and analyze core-fucosylated glycoprotein profiles of human normal liver tissues,
which could contribute to the finding of more aberrantly fucosylated glycoproteins related to liver diseases, based
on the approach, “lectin affinity chromatography, 2-DE and MALDI-MS/MS” | the lens culinaris agglutinin
(LCA) affinity glycoprotein profiles from human normal liver tissues were obtained, in which 13043 protein spots
were detected. Altogether, 90 silver-stained spots in the 2-DE map were cut out, destained and subjected to in-gel
tryptic digestion, and 53 proteins were identified by MALDI-TOF MS/MS. These proteins, mainly in the middle
range (p/ 5~9, M 10~ 100 ku), were found to participate in the metabolism and play crucial roles in binding and
catalytic reactions. Putative N-linked glycosylation consensus sequence, i.e., -N-X-S/T-, was applied to evaluate
glycosylation of all the identified proteins. Furthermore, protein immunoprecipitation combined with lectin blot
was used to further validate fucosylation of the identified possible candidate proteins, haptoglobin and alpha
enolase. All the results suggested that lectin affinity chromatography and 2-DE in combination with
MALDI-MS/MS enabled the identification of all the specific subsets of glycoprotein, and the database could give
us a help when searching for some aberrantly core-fucosylated glycoproteins associated with some diseases.

Key words core-fucosylated glycoprotein, lens culinaris agglutin, affinity chromatography, glycoproteomics,

liver
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