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Abstract: Glycosphingolipids locate in the bilayer lipid membrane. They are important compositions of the mem-
brane of mammals. Their biological function is very complex. They play important roles in the immune response,
cell growth, cell recognition, differentiation, etc. The abnormal expressions of glycosphingolipids in various tissues
often have obvious associations with diverse diseases. Therefore, structure characterization, QSAR studies, biosyn-
thesis and catabolic pathways of glycosphingolipids have become hot issues in recent years. And the up-to-date stu-
dies have shown that glycosphingolipids play an crucial role in the development and treatment of diseases. The cur-
rent papers about structure, function, biosynthesis and metabolism of glycosphingolipids are summarized.

Key words: glycosphingolipids; separation and characterization; function; diseases; biosynthesis and metabolism

BENGE (glycolipids) i B 28 18 b 13 i A g LUK
BB S IR 2R 45 & AE — kB Ak & P s
PR, T2 An T, mAERAE. R,
BV G Sty K A7/ K N AP R 1 N ESIDNE A O 8
W EEAL R . BRI AR LB 2, R4 A
[F) AR g Ak AN, LA AR R b i A
AN, A AR RN 2 1 o B A I
(glycosphingolipids). ¥T4kK, R YT
AR R, CLRORT Y 3 B O BT BRI BN
BRE NG I 45K DhRe AN T TC IS T AR K i) gk
&, ZIKI/HWU\U\ﬁHﬁWHE’J SEARSEEIL N S HIPS
2, BENRR 73 B9 o3 BT AR DL SR I 1) A= P AR
R ﬁﬁﬁﬁfﬁﬂ%mﬁﬁnﬁﬁﬁﬁééﬁi PSP

1 SRS R EMRE

1.1 $HTERRRYZEH

BRI t— NS WL B S — AN E A B
FEERC R (B 1), B Gk IR DA KSR
IKERPBEGE P53, DA LA ik N 48 R T 002 14 [
I B ) 3 PR A P i ) 40 PRSI 41, NI A
0 M 2 T EAT AR S PR AR A . BB T 1 e 22 A
F 03 FH A 20 B 2 T R R B A, B B 1 40

Yeks HER: 2011-01-28
E®UH: HEARREEEDH (31000370)
*BIE1E&: E-mail: yunsenli@suda.edu.cn



584 TRk $23%
AR R G A B A AR & s 2 A
m}mk»\/\/«vﬁv¢\/\¢Av»\/ i
R—O—C’WW 1.2.1 Pk g

OH R T e Fie AN VR ) R TR, LR
(R %) B B B A AR 2R 1 b WPV 0 S8 T
FEWERE, JF HaZad R A T TR AN I T R R
B EHPERsLEH SRR AT IR o o 22 IR M 2 B I R S I 1 3 [
REGR, J2 6 OB I T S 56 ath,  JLAE py M i rh

Bk, Pro BT D- 4R D- 3. D- 4Bt g iR & 2 o,

FIEM AR D- LWL LI L- 5 &, D-
HERAE SO R (SA) 45 S 400 B 2H B AN ) )
KRR 2> =28« UGS — BRI IR, AN
Ve YA TR ) A 2 P ) o AP S T L 5 A e Y P2
 ELAS B R A B TR A AW T o L v T T o R
MR T R, T 45 R 52 2% R o P 7 P A A1 T e
LA FPREA R . BRI RO AL, SR A oA H
HHLL VML JEm T, eI HE ) gi i i )
T AFAE T AL AR . BEARHE
SER Y S SRS, (RO R IR £
TP A dE AR Fi55, ML H IR
KARGTHEETNF .
1.2 BHERRRIEYIE

R IR O EHIAN, 0 122900 Gala-.
Globo(Gb)-. isoglobo(iGb)-. Ganglio(Gg)-. lacto(Lc)-+
Neolacto(nLc)-+ Arthro(Ar)- BL & Mollu(MI)- %5 8 25,

AT LG, 1E R R IR — R AR
R R M AE R R AT A SN, 2R R B AH
PRI, AR A s B R I G g
1 B4 s i 3 pos U
1.2.2 PRYERSHE AR

i P AR I 4 o — AN B 2 A AR )
g, Ho e 5 (gangliosides) +&: BRI 4 fig b
WEBRR, TEARE T2, S M.
Bl 4 2 DI IR (gangliosides) A AR 1) R M 4

o e F
L- 225 R+EsfMidbconA ——»  3S-TAM KR
T L yT—

B2 MEBERRTE A RN PR

S0O3ll-3Gal-Cer NeuAc a 3 Gal p-Cer
3-sulfotransferase ST3Gal
Gal-Cer

Gal a 3 Gal g Cer

Gala-series .
ceramide

GlcCer synthase\

Glc-cer

Galp 3GIqNAc p 3Gal p 4Glc-cer

GIcNAc p 3Gal p 4Glc-cer
ST3Gal

f4Gal T

Gal B 4GIcNAc B 3Gal B 4Glc-cer
Neo lacto-series (nLc)

Sia a 3Gal p 4Glc-cer

GalCer synthase

GicNAc g 3Man B 4Glc-cer
Arthro-series(Ar)

Man p 4Glc-cer

/

Man o 3 Man p 4Glc-cer

. Mollu-series(Mi)
Lacto-series(Lc) lﬁ 3GalT

a4GalT , Gic a4Gal B 4Glc-cer
B3GalT B 3GalNAc TGIc B 4Glc-cer Globo-series(Gb)

W

Gal a 3Gal p 4Glc-cer
Bf4GalNAc T Isoglobo-series(iGb)

GalNAc p 4Gal P 4Glc-cer

B3 LS RRE



63

T, e RIS *

ceramide
glucosytransferase

GlcCer
lgalactosytransferase
LacCerSTsGal M3 ST8Sia GDBSTSS'a GT3

B 4GaINAch B 4GaINAchB 4GaINAch

GM2 GD2 GT2
B 3GaITl B BGaITl B 3GaITl
GM1 GD1 GT1
ST3Gal l ST3GaIl ST3GaIl
GD1a GT1B GQ1c
ST8Sia l ST8Sia l STSSial
GT1a GQ1B GP1c
a-series b-series c-series

B4 METHEHREEMEBRE

BHNRO WAEA A AR P
1.3 EH¥ERR & Rt
1.3.1  #lg ik

HEPRE AR 00 2 A QU 32 B A A AR ANV il A
o, X ANEPHATIA . ok, W
NREEBIA A VR, HAh V2 RN R &
12, XSS SE R, HeS A VEZ BRI
LM, WAt BRI A A B M N 5 B
RS2SR R]T, R 82 E (LDL)
FRiiRizmB N . £ R B, &fH —FhE
TE 7 20, A A0 MO e AR B AR T R
e IR IR P — 0 20 A0 PR A A B, 1N B
BB ORI AR AR, R L P R A 48 1o i ik
PN RN e AL E RS TiBURANE iRl bes TESIPEN
VA BIEAAS, T — /0N 20 o R P A A AT D) 2 326
VIR I MRS, B NSRRIR 1 £5 ok B
TN 1) il A P SR I ROB B S 20, 2x AR IE itk
R Ui A (B AN K AR R L R . 5 B
BEANTR], B RE K AR AN 2 45 S AR L, HEEATH
ISP g A1 A2 45 5 AE I L1, BT OB B A 7K
il it SR e MR G OS2 ) (SAPs) Sk BBl
ity 55 AT AR R B AT S e IAE S AN AT Tufh
SAPs: saposin-A. -B. -C. -D FI GM2-activator protein,
FERSN I b, IR A HE AR T AT ol 205 7S

TERSBGAR Y, DR R0 28 9t 1 25 1 TR i 1 i g

(GBAL) [ it Ay fif 28 Wk & R 2 0, AR i 4 40 I i
VIR P 1 o 2 TR P T 3 e Ay o 2 B . I 0 07 1R o
PR 2 ] LA 3 PRI A FH 2B i 8 W i
TEA 1- BRI ZRE (S1P) 45 Wi (¥4 5 B S1P.
1.3.2 Rl fiRte

A5 5 il AR 4 A2 (0 EORE IR 20 AR U R S 15
eSS, B RN E S5 T3 HE S
TEEE o H AT, ORE R v e AR AT 1 R T
FEACH RS AN 2 WL B, GBA2 A 4
N T RESs 2 5 AV B AR I A2 1) BB I 2 f A
ZHEF XTI CBE AU, HAEPMELAMLET
HA e iR . 7625 GBA2 140 M £ % W
N 9 CHIE Y, AT LLBLSE 3 18% [H] 1) GBA2
R, X R W] GBA2 W] HE B E 11 41 M R K Ah
55 AR o3 AR IE R AN (R, 5 b i 110 6 8
21 et GBA2 43 fift o 777 A 1) p 48 1 Jrdg L 34t
AT RSB, T AS A2 Ak Sk 3 AR A ph 28 A
S5 e, X ] GBA2 15 SMS2 Al A &7,
Y341, lactasephlorizin hydrolase(LPH, family 1) j&—
Tl CBE HUB IR B- #10H 1718, &0 45 70 40 J e 1)
M, I H R RIE T Ik B b2 4, ik
LPH 1R 1] G2 76 1738 W AL b R i, Xt
B WA Ay SV I A A TR B RE IR 40 i AK . LPH fig
WK AR FLRE PR Wb . LA NZ . Apl b2
B4 , (HEIANBE K GMI .
1.3.3 Sl AR R

BB 16 3 A 5 AT T AT 5 AR K
R, LEERE N 3 A AR Th AT — AN B B 1Y)
S R EUER R R A TR AN S AR AR Y
25 B S AR, XS IR, e
IR o 14N, 0K 2 B0 e i A AR A
NAEAE GBAL HIJERG b, & T 1 8. 72X
Lo N4, GBAL AR IR A I il 2 B AT 1k
PEUER RAEH R E R M AR 8, IX Le R 4 PR A
Gaucher 40 Jifd . K& Gaucher 40 g H ILAE & Fhel 2,
B JE] ] %) A5 Wik 40— A AN BT 70— 2 7K At il R 48 i
K7, i chitotriosidase fll CCL-18, w2 S HUH A
R NIEN AN iy N o (1 R RN = BT E R 17N
FEBR UM H T, VB o A DS /N 43 T
TR 2 AR AR TR Z N, AL
IRTTRE A S T R H

2 FHMEFERYEETNEE
SRR D A AN AT R 2 Ry, LR



586 e

Bl $23%:

W DiReAR T k. ERENE . AREKE. 4
YU S A TR 0 R T AR o K R A 1)
Dheewt o E A AE LU R LA T T « 50 40 B s
AV oS AN A N 3 T N A L P
(R B B RS A5 S T A ) H e B M R R e
I AR (A S T REF 98 20 A — L4

Zhao % " 3 ok 40 i o 1 S 560 R BAT g v
FIE M0 5 BBE SE Ak b 1 #EBH iE 6 NK i filg At LAC
0 1R % b R 4 1 A0 3 PR A B R A A
Zhang %5 " R L ERERE R DL S AT e 40 Pk 2 20
| (Ln) FILFIER A (Fn) MIEEPEAEH 5 A bl ot
A1 P B Tewis” 5 N LIRS RMG-1 41 i &
(1) A A7 A K K B L B 530 20 B 285 P R 2B 402447
Ao B 2R IK I lewis” (2 10t LM 4N il 2R AE A7
AR, HhA Wu S8R I SR B A lewis™ n LA
e s 1 R S5 R U, & DC-SIGN ) /& 5
FJITCAk, Lewis® o] G (2 T 40 a1 Th2 40 i 77
oA VA U Liu 26 U RS R BB,
JLE globo Z 41 [FHHHE JIE (Gb3 A Gb4), nJ LI i
WAk cSre Wil L K FAIC B IR B AR Tl i i
MDRI [k M fe 2E s 4 i 25 . ook, JEAEsk
RIEITFFCR, AR A0S 5 7T LAE A NKT
A0 M AR B Y S RC AR, NKT 40 i gk 5
e % 43 Wh TFN-y. IL-4 F1 IL-13 25 % Fh 48 Jf 5 -,
FEPUMRE . PO R A S SRR 32 A 5 ik
PR R R AR« — R oRIE T AR
20 5 B 10 B IR 2 ) R ——o- 2 FLORE o & Bk i
(a-galactosylceramide, a-GalCer) 2 5 H 4% ¥ %
NKT 41 (19687, S AN NKT 4 i 7051 e 4k,
A I K R sl ) S B HAIESE T o-GalCer ZEHTR 22 i
AT E B e R O BUARYER 5 15K, Zhou
2 PO W BIF R0 3 W B IR 1Gb, 2 NKT 41 i 1)
WIRPERCAR, TR PR R ILZ CD1d 4 14t
25 NKT 41k ) 3% NKT 40077 A4 G e v 2

[FIRE, TR R G 1) A= 4 2 T B AT R AR A3 2
THRNMWTTL, RIS T KEM R, FUT7TiRiE
T P B T 1 A it P 0 1 B R T 8 &4 i 260
& Ln KAt AR 28 2 0 F 2L, iy HL g 4n
FRLZRH B A NI Pk P 2 40 i DA S A S 1 D e
PEFRIE L, A Sle® IR 7E /N R HAA LU AR IR i
R B Py A T 5 R bl o AR Y,
Zhang %5 P i ik B L £ R Sle ¥ FUT7 ZERIN B2
U B Sle™ [lFIA, R I Sle® HATIE SRR FE A
(515 FH . Nakamura %5 9 55 e A6 1 1491 16575 41 i

Z HL60 [ 5 A% 41 Ji 5 ks 40 i o AL (R ik R rp e B T
GM3 Fl NeuAc-nLC [f] R IE 724k, 4 HL60 [ Ht
¥ 41 B o A i, GM3 B 8 i, NeuAc-nLC £ ik
B Y R 4E i 43 4 I, GM3 T NeuAc-
nLC4 ) RIE 5 Z WA &, F W GM3 F1 LC3 W] fg
S YRE N B HE 40 M 23 A% 5 T (1) S5 B R E AR
— o SHTIE IR FEAT A SRS A RO RS 72 A B ganglio
RAH RN, 11 GM3. GMI1. GM2 257 AR fit
T4 M f oAk i 34 9 S iR B

AN, R R b A 2 I I R A A A i
(AR AR AlAAAE, WA Al A, 8. SEr.
T T A A A S0 200 K I T A o 28 Mg i 5 2 i 2
FLHUII IR 245 0 e, R L AT DA a5 kA It
5 R 40 MR T, ) AR TG I ) AR P A
T R A K B,

3 HERESRmRIRER

BRI 2 BT LA 2 Bl g #4208 — E I OCIE2
e IR D Re 2 AL S DRI . B AT A 2
HERE NG B 200 S Fr A A T I, L0 I
A2 R RIS R TP AT AT 2 P BEAE LUT PR BL B IR 7
WA (1) LT IR AL rh B R R RE A5 5 (2)
OB S5 R0 AR 2 23 A A e I AR AR I
BLPE AR PR X LORE G i IR LA 7
A RESS RSB S A R 3, AR nT R R L
KA 51 R BB IR AR 8, (R 2T EiL 2 e
AR WP 0 AR A 5 SR I N AR R
P AZ I PS5l va T7 #8 A B R . Ak, i
SESREEBE NG 5 5 I O RO T — KB R
NIRRT R L A LA ORISR AR 5 |
A PRI T 05 A5 LU A T T 1R J LS9 0 5 00 M ) %
R nEIFIRIR
3.1 EEHERR S ME

H 1968 4 Hakomori 55 T4/ 5 5B IR L Ji e
IR ERFTUG, o B2 1) K BT FU R E 32 2 W i gg 4
Y R T AR I A 2L AT A 2 R AR AR A, T
THT I RBE R BT st B0 T 4 H 1 A B B T
fia] o fb 2 B, TR A, 5 g 1) R A R R LA I R
IR SCHE, AT DLAE R IR bR G e g 21 21
e A I 1) R L R A A B IR e v, e
BHRETHT, MRS . A IR O
JIES D vy 20 3 T 2 o) TR 1) A e A B S R 4 RN AR
AT BT LTl i e B i 1 B, 3t o e (¥ i2
W FYVA T $R At T 2% . 1 Yogeeswaran F1 Salk™" )



63

T, e RIS il

AIF 50 I T P 2 R vy B A s ¥ e A4 L T B8 0 O
R 11 W AR TR A AT 38 vy, D T AT AR B T T
AE 2 (2 130 I R 40 Bl 1) 3 B S A . F 5T IR Sle™ BT
REIE I P27 A 71 I ed 40 M () AR, B LB ik
Sle* f FUT7 J& [, Sle™ & &1 nfE P27 1l A
T 0 3 b 8 A B ) AR K s FUT7 B R i BR )
Sle™ [#) 2 ik BAAR FE T8 1F P27 (1) L 15 sl 5 ik 985 41 Ao
(AR T RE 2, RSz s R 2 i R
EERORIGAE T i A 23 b o bl S A B I 1 = 3
R L S B BERE A LC3 i Rik. 34k,
Jit 988 21 2 Fh B e R i 1 2Rt 5 R 1 e AR AL
HI5o Wi Zhang %5 B9 R I iR AN S AT
JISNC AN = TS N S IS (AN O /R E 1
(globoside) , i B H VLR i 1) globoside 5 B 4127
PIEAR AT R IR KA CE. Bz, TTwddia sy
HRORAEAN T ERE I 0 e R A R, HR T g I Rk
XLLIS B AL T s, BERE T S IR I AR
JECL KBy T H A B VIR R
3.2 EHHERE S WA MTERR

R i 5 o 20 Pk (R0 B A B R &R B
41 Jennemann 25 P ZE N U SZE b, 22 RO L 4
FEMGAH OCHE A, A/ B R G AN e 1E B AU, &
/N 2 I B R ph & P, JFAR ERIZET .
VFZREE R, MR, e RS SR
B 7R % 15 BRI 1R A2 BV 5 R T ) A2 A AT 5 AN AT
RIS FR . Marks 25 BT R LRI IR i I BRI R 11
] 2500 A 22 W i A R GCS ¥E ) BRI, e 4l
ZUN B PR W B KT BT, i R IR B 7KF R B
NI -2 I EPNIUE L ESF 5
3.3 HEAENI R B AT LUE SR 1R R

Kolter F11 Sandhoff™ [{11JF 57 % 1], Tay-sachs 7 .
Fabry % Fll Gaucher Jp3 55545 11 5703 141 7= £ 35 J2 DA A
I i s g A b Bk = A OISR 2 AU TR . X e
Bt RO SCRT LS A 2 T MR A HERL B2, M5
KRB B, Fabry i KOAHUA AN G-D o- 36
FrfE A, FERIL TR IUILE Gb3 (RHERLS [ Y,
DAL It A U 288 Ol ol 2 5 i O LR 2R 8 B 5 it
Gaucher ¥ W) J& 1 T~ B- %1 24 B 1 115 B (B-glucocere-
brosidase) ¥ W45, A7 %] 2% ph 28 Wk NG o B 208 5
R A, e U i I I I i = 2 5k
Krabbe Jijij, LA %8G B = w] LLiE & Sandhoff i Al
Tay-Sachs Ji§ %%, ] LU i, BB IR QMG =0 B
AR ATAE W& IR DG 2R, R R IR 1) il
AU K- 7T e 275 LA e iR a4 VR0 V8 97 vh

KA A .
4 BB BINTENR

KHAH B AR B A TR, R S RRE IR I
GBI IR SRR NG T P BE AR AR,
SRR AN TR N 25 27 D) R S B B0 T &6 ) 22
B AL S P R BT R R R R . TRk,
b A AR TR AR W R e, Je I A itk
ARIGDGE,  FHENR 1 2 25 0 M 7 vEIAS T R 1k
JE, NI E A EEARE L. EEEARA A
3 T JE AP SR A (1) B R AT T BRI 2RI
4.1 EHBEEIBRANELR

B RRLEE AR N IR s /b, DR S B A
JIE 1) B R 4 B A AT W S W % 5 4 oy AT (R i 4
B, I rp R R BRI V2 R R S IR IR
MEE—20,  H ATHIRE R B 2 R A BL Rk
WHRBE S, Miithing™ 525 854 AR 10 S B 32 2
KHEA; / FEE /KRR NEE / 1E ke / KRR
AR, FLE A PSR R DL R R B2 A5 L
IVA:E

156 BURTBE R 40U, 320 10 s S 4 e )
FEA A PP R . 20 2 80 AR LAWY, Y
G 10 23 5 2 2 DL AT €% A v 2 A i R
T, AHBEE D B TER IR E, oA iR
K (HPLC) ¥k je s/ s T Rz
—, [ AR R B F VKBRS AR
BENR & e s k3 E T EEMER . i, R
e S IR 1 23 2 b B B AT e ik (R N R R T
2, LI LA R AR, Portner %5 MR
FHl DEAE-fractogel i #fi £ 15 £ lg EAT T 43 3 R Ak
TAE S IR 3 25, L 28 0 s AN R T 1 20 29 v
W 32 R W 2 ZE M B R (TLC) F1 HPLC 464y 25
HFAR. TLC FZEA LU PR« (1) WA T, HAE
JifE A IR 5 (2) W RASEBLNS 22 AN K D T
I3 S AT, T LR s (3) W LIR FRE AR 5 1
1) 30 R LA S B S EAT 20 o B A, & THE
BRAEBE IR RSP0, SCIUR A DRk
1 30 4E2K TLC 7E5BE IR 4 70 25 vh A3 2 T BN IR
(K A B, HPLC HLAG T ¥ 4> B hE 11, figtig s
IS 2 BRI A 2 b BN BB IR (0 2 B )%, JF HLix
FOARGEAG TSI ool 5 S5 M RAE BRI H], 78
FREAR 2 B o M i Ag 2] T N B AT
AR AR, AR B B R PEA n AR
H.



588 1

Bl $23%:

42 HHEREMRTEFIRHELRE

PRI I 258 0 B — AL B LU JLAN 7T = (1)
HERE G A 1R BB BN ECRI RS 5 (2) R e
JIE Wi (R &5 4 5 (3) BRMH I 1) 32 422 91 RN 3% 2437 A
PIRE 5. Ui (MS) BORFIZ 34 (NMR) £0K
SETE ARG 45 8 3 B R Ok R TR o
MS A5 0 RS, BEAE R 75 5 1) B 0 i ik
FTARGF IR A s MR AE, I HL5 (8 5 Rl (8343
BRI LR, kb B 2 1 o S alif i 72,
S A W) 2 23 53 2 A R R R T 1 DR o AT
HBR T ot B i e =, e R A L S IR A
(1) 48 R HEWT T AR 25 H A A S 4kl . 5 2 A
b, NMR $7AR BUAR R A A, X FF il B 7
RBK (=), HE A RE, 5
HAF 2 4 A% BE B AR BB % SE AR 4k & P R LA
PE, DIRETRE R (0 25 A o T, G 37 A IR i
1 2 A A EARIE -

eIt 2 = AR R, PRI &G (FAB) Jiil .
ML (ED) Ui FmEss f g (ESD) ik, 56
5 B WO AR B 214 (MALDI) Jit i DL K Ay HL i
A 85 F A e YR (FT-ICR) J i 26 &% Fh i e 4 A AE
BB NG A A ARG 3~ ot DN DA B R 45 f R A
SRR T AR Y, R B R R A
or N S ] N A vy R BORE 1Y) ESI-MS A MALDI-MS
SRR Tz N B MR SR R 2 K B
GOV SCANHME I 1 FH T S I (0 25 f R Ak 3= 24
PR o — o S ORI T 0 0 52 2 e A R
(RIS IR M R AT S K 20 A7 B3 5 o — B € i
R A B, i 3 SR AR S R IR T R AU A
[F HEAT X ], I 3E— 20 R FH 2 Gl B R AT
IRANIGERY 3BT o P i i A I R e 6%, R
st PR I A BB SRAH B s 8 T BT R TR A
HEAT HIEAL S b P, Li 25 ™ A% 5 s T R R
AR, FEEEETOREE ) 2 S b A T 2 5 B 1 3
fih b, AR AT F 340 7 V200 K 4128
S 095 A5 R AS TP R R RE IR AT T SR AE 4
BT, ORI T FFE R i s 2 (O RFAE A AR, O L
T abn I IR 0 TR A v, KOR R
T T A 1K) R A R RE A AE AL S
R R AR T A T — @ MRE ). 5 ) it
W TR AAA LY, IR B B A SR R 35
AR (0 1% 5 K 8 AR 23 B 18 N B B AT &5
SIMTREIIANLINZS S A0 —kS, 10 W FE S AR B
PSR AR G, W1 Miisken 25 © i B —Fh HPTLC

A IR-MALDI-TOF-MS Ef #2215 FH (1) 5 A 08 i ik
177 )2 50 55 ) 10 Js N s A 43 A, ARIE T R A
£ (R [RL ISyl 7 R B TRAC RIS TB), £33 T R
P,

MS 7 AR I A Ge At v i A6 00 S8 IR 5 12 1)
T T4y B oAb 15 20 BT VB, 0 B
(PR =, AN AR S TG HE AR M S I HEAf 25 14 i b7
BER S AR A 2 25 B HER IR 450415 1B
BRI, JEAFER, NMR HRTE 88 N5 2 1R AE T
N Al DL IE . 1 Pasciak 25 Y R H NMR £ AR
X423t TLC K HPLC 55 43 2 4l A 43 20 (1) 3= 220 i
BEAT T HER ¥ 2544 43 T 5 Zhang 25 1 U ] NMR
AT o o oy B AR B 1 — AN TR PSR NR EAT T
SERIE . BEERORIED, BRI )
WL IARH AR Z5VF 2 NMR BB AR 397 77 15 A1
I FH R P () S R AT R 1, A R e ) S A 4y
Frs sk T a2 .

43 HHBEEIBERANELR

YR R R IE U SR SL 450 5 T e TR ST )
HEEMGE, WAL RN SRR TS
IR LA D RE IR 2 A0 LA A= ) s A2 (1) 77 A e 4l
AABERR, Kk, 3G &0 0 BRI 4ok
AT B TR . WIRE G B VAR R e 2
MR G 23 125 RSV 14 v, FEBG HPTLC
DA K HPLC & 53 B A IR 20 F1 28 R ' BSR4
(ELSD) LA Jo i35 S5 A0 DU 4 AR (1) 5 e, 03 i e ot
OIAT TAEUEAE RIS T 8k B et 0, okl
NERAL Gt — 2D D RERF R BL 58 T B4l

5 Hit5RE

B B A AR TR 2 D RE AT 1, o4l
SN M AR T B i (A T RE S A L Ak
TS S AR YOG TR A ik I
P BRAL T, IR S TRE . R
[ ¥ 5% AR AT SRR 5| 1 Bt AT PR 58 KRR K
MR BIHACALE, BRI 7HE # s
PR A E kR 45 22 Pl A1 2 Th A AE — R EE I
FEHARIEING, RN T WBE A R 2 )
IR, H 2 B B B i 5 e 0k 2 i) B4R
AR SG AR AW, IR ABIE ST R R I A 5
Lo fARUE AR, X T AR 1R A s IR S5
LB IS W SR G K 5 PR DL L ROA T
EEXER T 7 RS RA R . [, AN
IR TURROBE I A 28O0 AR 0 T LT B el AR I



6]

THE,

B N Uik

589

73 BT BRI R R AL AT

H By B AR AE i

i o€ Pk 5E = 2 32 7 HPLC-MS J¢ HPTLC-MS
SEOCHEBOEOR, B T sent, (Rl e
2 A I 1) R AU 5 R B I i Ak R o 1 e R %
PE, YOE T iR i R B AT RO R R s
Yo BIAUET B BRI R v R R i B
A I A (10 A Ji LK 22 i B B A8 eI VA 1 O F
Ky HORE KR vt B M 1) 8 P R ALK, 2
00 TEE B A R 2R R RIS, (e 0t i P AT DGR
TR E WA ST A I3

(10]

[11]

(& % XX #f]
Kamerling JP. Comprehensive glycoscience. Japan:
Elsevier Science, 2007: 639-41
Hidari KJ, Kawashima I, Tai T, et al. In vitro synthesis of
disialoganglioside (G(D1-a)) from asialo-G(M1) using
sialyltransferases in rat-liver golgi vesicles. Eur J
Biochem, 1994, 221(1): 603-9
Mayor S, Pagano RE. Pathways of clathrin-independent
endocytosis. Nat Rev Mol Cell Biol, 2007, 8(8): 603-12
Singh RD, Puri V, Valiyaveettil JT, et al. Selective
caveolin-1-dependent endocytosis of glycosphingolipids.
Mol Biol Cell, 2003, 14(8): 3254-65
Kolter T, Sandhoff K. Principles of lysosomal membrane
digestion: stimulation of sphingolipid degradation by
sphingolipid activator proteins and anionic lysosomal
lipids. Annu Rev Cell Dev Biol, 2005, 21: 81-103
Schulze H, Kolter T, Sandhoff K. Principles of lysosomal
membrane degradation: cellular topology and biochemistry
of lysosomal lipid degradation. Biochim Biophys Acta,
2009, 1793: 674-83
Trinchera M, Ghidoni R, Sonnino S, et al. Recycling of
glucosylceramide and sphingosine for the biosynthesis of
gangliosides and sphingomyelin in rat liver. Biochem J,
1990, 270: 815-20
Boot RG, Verhoek M, Donker-Koopman W, et al.
Identification of the non-lysosomal glucosylceramidase as
B-glucosidase 2. J Biol Chem, 2007, 282(2): 1305-12
Yildiz Y, Matern H, Thompson B, et al. Mutation of
B-glucosidase 2 causes glycolipid storage disease and
impaired male fertility. J Clin Invest, 2006, 116(11): 2985-
94
Boot RG, Verhoek M, de Fost M, et al. Marked elevation
of the chemokine CCL18/PARC in Gaucher disease: a
novel surrogate marker for assessing therapeutic
intervention. Blood, 2004, 103(1): 33-9
van Breemen MJ, de Fost M, Voerman JS, et al. Increased
plasma macrophage inflammatory protein (MIP)-1o and
MIP-1p levels in type 1 Gaucher disease. Biochim
Biophys Acta, 2007, 1772(7): 788-96
Zhao Y, Zhang JR, Fan SD, et al. Isolation and purification
of hepatoma associated fucosylated neutral glycosp-
hingolipids and its effect on cytotoxicity of NK and LAK

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

cells. WCID, 1998, 6 (11): 948-50

Zhang Y, Zhang XY, Liu F, et al. Relationship between
terminal sialyl and fucosyl residues of glycans on cell
surface and cell biological behaviors. Acta Biol Exp Sin,
2002, 35(4): 271-7

Hao YY, Lin B, Zhao Y, et al. al,2-fucosyltransferase
gene transfection influences on biological behavior of
ovarian carcionma-derived RMG-I cells. J Mol Cell Biol,
2008, 41(6): 435-42

2K, WA, A, SR Lewis yPUiANTal 27 SR
T il 25 R 2 4 I B0 SR8 40 1 ) A SN P T . 4
ATk, 2008, 24(3): 435-42

Wu LH, Hu P, Wu W, et al. Fucosylated glycans associated
with development and metastasis of hepatocellular
carcinoma cells. Prog Biochem Biophys, 2009, 36(1): 33-
41

Steinman RM, Pope M. Exploiting dendritic cells to
improve vaccine efficacy. J Clin Invest, 2002,109(12):
1519-26

Ramakrishna V, Treml JF, Vitale L, et al. Mannose
receptor targeting of tumor antigen pmell7 to human
dendritic cells directs anti-melanoma T cell responses via
multiple HLA molecules. J Immunol, 2004, 172(5): 2845-
52

Liu YY, Gupta V, Patwardhan GA, et al. Glucosylceramide
synthase upregulates MDR1 expression in the regulation
of cancer drug resistance through cSrc and B-catenin
signaling. Mol Cancer, 2010, 9: 145

Zhou D, Mattner J, Cantu C 3rd, et al. Lysosomal
glycosphingolipid recognition by NKT cells. Science,
2004, 306(5702): 1786-9

Zhou D. The immunological function of iGb3. Curr
Protein Pept Sci, 2006, 7(4): 325-33

A, BRUBHL, MR, S5, sLexff /N RUMIHAE A I 7=
W R IR S AR Y. AR S 4, 2007, 27(8): 497-
501

Zhang Y, Liu S, Liu Y, et al. Overexpression of fucosy-
Itransferase VII (FUT7) promotes embryo adhesion and
implantation. Fertil Steril, 2009, 91(3): 908-14

Nakamura M, Tsunoda A, Sakoe K, et al. Total metabolic
flow of glycosphingolipid biosynthesis is regulated by
UDP-GlcNAc:lactosylceramide f —3N-acetylglucosamin
yltransferase and CMP-NeuAc:lactosylceramide o 2—3
sialyltransferase in human hematopoietic cell line HL-60
during differentiation. J Biol Chem, 1992, 267(33): 23507-
14

Liang YJ, Kuo HH, Lin CH, et al. Switching of the core
structures of glycosphingolipids from globo- and lacto- to
ganglio-series upon human embryonic stem cell
differentiation. Proc Natl Acad Sci USA, 2010, 107(52):
22564-9

Kolesnick RN, Kronke M. Regulation of ceramide
production and apoptosis. Annu Rev Physiol, 1998, 60:
643-65

Hannun YA, Obeid LM. Ceramide: an intracellular signal
for apoptosis. Trends Biochem Sci, 1995, 20: 73-7
Tagaram HR, Divittore NA, Barth BM, et al. Nanoliposomal



590

"t

A

=

3%

(30]

(31]

(32]

[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]

[42]

[43]

ceramide prevents in vivo growth of hepatocellular
carcinoma. Gut, 2010, doi: 10.1136

Zhang ZC, Zhang JR, Zhang J. Glycosphingolipids and
tumor therapy. Med Recap, 2000, 8: 368

Radin NS. Chemotherapy by slowing glucosphingolipid
synthesis. Biochem Pharmacol, 1999, 57(6): 589-95
Yogeeswaran G, Salk PL. Metastatic potential is positively
correlated with cell surface sialylation of cultured murine
tumor cell lines. Science, 1981, 212(4502): 1514-6

Wang QY, Guo P, Duan LL, et al. al, 3 Fucosyltransferase
stimulates the growth of hepatocarcinoma cells via cyclin
dependent kinase inhibitor p27Kip1. Cell Mol Life Sci,
2005, 62(2): 171-8

AW, W5 )T, TR, 25 RNATHRD IR al, 355 SR
Pl VIIHE RIRT e 20 LA SR S0, R iR B9, 2010,
37(5): 507-10

skAd, FRBVC, FOT. B & W g IR S b b
JEFIE IO FT. IR, 2000, 20(4): 249-51

Sabourdy F, Kedjouar B, Sorli SC, et al. Functions of
sphingolipid metabolism in mammals--lessons from
genetic defects. Biochim Biophys Acta Mol Cell Biol
Lipids, 2008, 1781: 145-83

Jennemann R, Sandhoff R, Wang S, et al. Cell-specific
deletion of glucosylceramide synthase in brain leads to
severe neural defects after birth. Proc Natl Acad Sci USA,
2005, 102: 12459-64

Marks N, Berg MJ, Saito M. Glucosylceramide synthase
decrease in frontal cortex of Alzheimer brain correlates
with abnormal increase in endogenous ceramides:
consequences to morphology and viability on enzyme
suppression in cultured primary neurons. Brain Res, 2008,
1191: 136- 47

Kolter T, Sandhoff K. Sphingolipid metabolism diseases.
Biochim Biophys Acta Biomembr, 2006, 1758: 2057-79
Ballabio A, Gieselmann V. Lysosomal disorders: from
storage to cellular damage. Biochim Biophys Acta Mol
Cell Res, 2009, 1793: 684-96

Sabourdy F, Kedjouar B, et al. Functions of sphingolipid
metabolism in mammals-lessons from genetic defects.
Biochim Biophys Acta Mol Cell Biol Lipids, 2008, 1781:
145-83

Ohshima, T, Murray GJ, Swaim WD, et al. a-Galactosidase
a deficient mice: a model of fabry disease. Proc Natl Acad
Sci USA, 1997, 94(6): 2540-4

Sweeley C, Klionsky B. Fabry’s disease: classification as
a sphingolipidosis and partial characterization of a novel
glycolipid. J Biol Chem, 1963, 238: 3148-50

Beutler E, Grabowski G. Gaucher disease[M]// Scriber
CR, Beaudet AL, Sly WS, 1t al. The metabolic andmolecular
basis of inherited diseases. 7th ed. New York: McGraw-Hill,
2001: 3635-68

Xu YH, Jia L, Quinn B, et al. Global gene expression
profile progression in Gaucher disease mouse models.
BMC Genomics, 2011, 12: 20

Miithing J. Analysis of glycosphingolipids by high-
performance liquid chromatography. Method Enzymol,
2000, 312: 45-64

[46]

[47]

(48]

[49]

[50]

[51]

[54]

[55]

[56]

[57]

[59]

Portner A, Peter-Katalini¢ J, Brade H, et al. Structural
characterization of gangliosides from resting and
endotoxin-stimulated murine B lymphocytes. Biochem,
1993, 32: 12685-93

Miithing J. TLC instructure and recognition studies of
glycosphingolipids. Methods Mol Biol, 1998, 76: 183-95
Yu RK, ArigaT. Ganglioside analysis by high-performance
thin-layer chromatography. Methods Enzymol, 2000, 312:
115-34

Miithing J, Distler U. Advances on the compositional
analysis of glycosphingolipids combining thin-layer
chromatography with mass spectrometry. Mass Spectrom
Rev, 2010, 29: 425-79

Harvey DJ. Analysis of carbohydrates and glycoconjugates
by matrix-assisted laser desorption/ionization mass
spectrometry: An update covering the period 2001-2002.
Mass Spectrom Rev, 2008, 27: 125-201

Harvey DJ. Analysis of carbohydrates and glycoconjugates
by matrix-assisted laser desorption/ionization mass
spectrometry: An update covering the period 2003-2004.
Mass Spectrom Rev, 2009, 28: 273-361

Levery SB. Glycosphingolipid structural analysis and
glycosphingolipi- domics. Methods Enzymol, 2005, 405:
300-69

Li YS, Teneberg S, Thapa P, et al. Sensitive detection of
isoglobo and globo series tetraglycosylceramides in
human thymus by ion trap mass spectrometry.
Glycobiology, 2008, 18(2): 158-62

Li YS, Arigi E, Eichert H, et al. Mass spectrometry of
fluorocarbon-labeled glycosphingolipids. J Mass
Spectrom, 2010, 45(5): 50419

Zamfir A, Peter-Katalini¢ J. Capillary electrophoresis-
mass spectrometry for glycoscreening in biomedical
research. Electrophoresis, 2004, 25(13): 1949-63

Zamfir AD, Bindila L, Lion N, et al. Chip electrospray
mass spectrometry for carbohydrate analysis. Electrophoresis,
2005, 26: 3650-73

Nakamura K, Suzuki Y, Goto-Inoue N, et al. Structural
characterization of neutral glycosphingolipids by thin-
layer chromatography coupled to matrix-assisted laser
desorption/ionization quadrupole ion trap time-of-flight
MS/MS. Anal Chem, 2006, 78(16): 5736-43

Distler U, Hiilsewig M, Souady J, et al. Matching IR-
MALDI-o-TOF mass spectrometry with the TLC overlay
binding assay and its clinical application for tracing
tumor-associated glycosphingolipids in hepatocellular and
pancreatic cancer. Anal Chem, 2008, 80(6): 1835-46
Karlsson H, Halim A, Teneberg S. Differentiation of
glycosphingolipid-derived glycan structural isomers by
liquid chromatography/mass spectrometry. Glycobiology,
2010, 20(9): 1103-16

Miisken A, Souady J, Dreisewerd K, et al. Application of
thin-layer chromatography/infrared matrix-assisted laser
desorption/ionization orthogonal time-of-flight mass
spectrometry to structural analysis of bacteria-binding
glycosphingolipids selected by affinity detection. Rapid
Commun Mass Spectrom, 2010, 24(7): 1032-8



4 TR,

ST

B N Ui

591

[61]

[62]

[63]

[64]

Pasciak M, Sanchez-Carballo P, Duda-Madej A, et al.
Structural characterization of the major glycolipids from
Arthrobacter globiformis and Arthrobacter scleromae.
Carbohydr Res, 2010, 345(10): 1497-503

Zhang ZC, Zhang JR, Zhang J, et al. Isolation and
structural characterizatino of glob-N from cow brain. Med
J Chin PLA, 2000, 25(1): 28-30

Kato K, Sasakawa H, Kamiya Y, et al. 920 MHz ultra-high
field NMR approaches to structural glycobiology. Biochim
Biophys Acta, 2008, 1780(3): 619-25

Shimizu Y, Nakata M, Matsunuma J, et al. Simultaneous
quantification of components of neoglycolipid-coated

[66]

liposomes using high-performance liquid chromatography
with evaporative light scattering detection. J] Chromtgr B,
2001, 754(1): 127-33

Li YS, Zhou DP, Xia CF, et al. Sensitive quantitation of
isoglobotriaosylceramide in the presence of isobaric
components using electrospray ionization-ion trap mass
spectrometry. Glycobiology, 2008, 18(2): 166-76

Yunoki K, Sato M, Seki K, et al. Simultaneous
quantification of plant glyceroglycolipids including
sulfoquinovosyldiacylglycerol by HPLC-ELSD with
binary gradient elution. Lipids, 2009, 44(1): 77-83



