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Abstract Fluorophore-assisted carbohydrate electrophoresis (FACE) was used to analyse pectic oligosac-
charides. The influence of different factors on the separation of oligosaccharides by FACE was investigated.
The condition including the type and the content of fluorescent reagent, labelling time and temperature, salt,
acid and the concentration of resolving gel was optimized as follows: 1.2 mg of salty-free and acid-free pec-
tic oligosaccharides were labeled by 3.75 uL of 0.2 mol/L ANTS solution and 5 pL of 1.0 mol/L NaBH3;CN
solution. The derivative reaction was accomplished at 40 C after 16 h, and the concentration of resolving
gel was 38%. In this condition, a pectic oligosaccharide mixture was obtained with the range of DP 2~16.
The FACE result was accordant with that of MS analysis. So the FACE procedure described is useful for the
rapid monitoring of pectic polysaccharide depolymerization and acdic oligosaccharide analysis.
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1.1 EERXFIFLES

B (From Citrus Fruits). —§% LSk B3¢ (Tris) «
H & (glycine) WML (acrylamide) X XA 45 15k
Jt (bisacrylamide) « P H J& & — Ji% (N,N,N,'N'-tetrame-
thylethylenediamine, TEMED) . i i #2 %% (ammonium
persulfate) . A 7 & 4L 81 (NaBH;CN) o 2- 2 FE HY g il
(AMAC)FI 8-Z 25-1,3,6- = H#R(ANTS), L Eiky
W1 Sigma 2w]. He A o b2, B /K ksl
K.

DYC-28C 7Y Wi Pk # O db 5N — Mk AL A
AXIMA CFR 24 J5uili B WO g A v 28 54Nk B A
A AP
1.2 RIRBESE

FREL 0.6 g FIRZHE, i1 0.5 mol/L [f] TFA /KM
60 mL, T80 CylI P HiFER N 5 h. S5 /e
N o =, o — i InzUK R, Wi 4 10
mL, WAFEM 15 S K 2k, RE 2RI
LR TFA, K455 10 mL, id WFES 2, S = EH#%

Wi %S 10 mL, W NFEN 3. DLE=AMRESE T 4 Cik
FrP R AR H.
1.3 RATENRN

ANTS FiAAk S NP BURSERE 60 uL, A 0.2
mol/L ANTS ] HAc-H,O (3 : 17, VIV)% ¥ 3.75 L, 1.0
mol/L NaBH;CN [1] DMSO ¥ 5 uL, 8%, B4, 40 C
KN 16 h, BT —20 CokFaH & H.

AMAC A W BRI 5285 60 uL, A 0.2
mol/L AMAC ] HAc-DMSO (3 : 37, VIV)# Wi 3.75 uL,
1.0 mol/L ) NaBH;CN /K¥#¥i 5 uL, W%, 34, 40 C
IR 16 h, B T-—20 CUKA -7 %,

1.4 B

O3 B IS T A B (032 g/mL) ORI A 44 B
(0.024 g/mL)# Tris (0.0509 g/mL)41 i, £F 10 mL 73 B ik
I 10% 13 i 2 ¥ /K K 214 ul, TEMED 21.4 pL.
TR IS H A 912 (008 g/mL)  FY SR PN 445 1 420006
g/mL) Tris (0.0076 g/mL)ZH . 4 3 mL 43 & oA
10%F1 i iR % /K ¥ 25 pL, TEMED 2.5 pL. HiHK 2%
MR Tris (0.6057 g/L)FIH & #R(2.8827 g/L)4Li¥%, pH
=8.4. 15 mA fH & HLji ~HLUk 5~8 h.

15 R&

1.6 MALDI-TOF MS |

BB FARLIN J7 28, Ny OB KN 337 nm, s &
Jy 80 keV, N 2,5- FRRLIK FER /K (DHB, 10
mg/mL), HARHER G A E SR IE.

2 FHR5IHE

2.1 FACE &R

2.1.1 AEEM K ANTS/AMAC 7 A AL R B
ANTS/AMAC [MZ5#unE 1 Jros. ANTS [RTA4A4L

B AA A BE 73 A4t T 9, e it T 3 AN

Ao, A R S L PR RO 4 1 T AAE— 8 pHL EIMZZ T

W, e e Refg e AR HIT .

° NH, S04 H'
N O
| "H'058 S04 H*
H
AMAC ANTS

B 1 AMAC Fil ANTS &if
Figure 1 Structural formulas of AMAC and ANTS
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HEAT, mOE s N T S AT A AR, s e 1 4k
PEAR S N RTISEIA] . SR . pH ORIV FAAE L R N S8 4

OR OH
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Bl 2 ANTS/AMAC X ¥ GEHEAT hric it s B
Figure 2 Principle of ANTS/AMAC-label to saccharide-chain

2,12 FRATHEAKF Wit
AT AMAC 5 ANTS SF BB SERECRE A 1)
IRTAEROR, 45 LI 3.

B3 ANEZOERG RS T A4 2
Figure 3  Analysis of different fluorescent reagents-labeled
pectic oligosaccharides
A—AMAC-label; B—ANTS-label

SRR, B AR A L4, U]
ANTS X R TERE AT AR L AMAC AT AEBUR BT,
HROASIZEG Pz I ANTS A 4 SRESSERE I AT AR A .
2.1.3 ANTS A Z8ttk

7t FACE 1, 56871 FH BT A RO %

W, R, SHRATEAE S, R AKZ, SR
HLPK A B ROR, 1 HIR PR R]. AL 7 A&
) ANTS X BB SERE R DIIRTAERCR, 451 ILE 4.

B4 AFEJHE R ANTS 0 R ESERE AT A 20
Figure 4 Analysis of different content of ANTS-labeled pectic
oligosaccharides
A—1.88 uL of ANTS solution, 2.5 pL of NaBH3;CN solution; B—3.75 uL of
ANTS solution, 5 uL. of NaBH3CN solution; C—7.5 uLL of ANTS solution, 10
pL of NaBH;CN solution

SR, BEE ANTS HIE MBI, 74 r=2m)oe
JEIRJE BT, 1.2 mg RIS, A 0.2 mol/L 1)
ANTS ¥ 3.75 uL, 1.0 mol/L f) NaBH;CN ¥ 5 uL (B
S 4% 7 ) HEAT b ac I 5% ' o FE Ik B d o, 4k 2 1
ANTS &, J&6 B oK WA B o, WAL,
1.2 mg FRFEREF, A 0.2 mol/L [f] ANTS ¥ 3.75
uL, 1.0 mol/L ) NaBH;CN ¥ 5 uL %t H AT A7 4
2.1.4  FTAACKR LR $HRAL

53 IAE 30, 40, 50 “C KA HO R SERERE S DT
TSR, SRS EAT FK iy, 45 R 5.

iR, BEEAT AL T, TR 9
JGIRFEEHTIE TR, 40 C N NS PO IE BRI, 50
C I AR AT B W . WOE AT A R N i 40 C.
2.1.5 #3t FACE #9 %

o SCHRIRE ™), HLGKRE o 25 Bk 25 LR i HL Tk
R.ORIIGFEGE T ER0T AR SR RIAT A SN S KRR
52, F ANTS 23 D6 FE S 1 RRE S 2 AT 26 e EA T v
UKo, AR 6.

GERLEIR, CURES TN BRI, KA T RS
AHAR 2% SR LB M, 1 75 B Sl LUK 45ty SR BRAR,
M) FEL RO B8 (0 23 0 20 M 2R 5 DRSS P B 4 11 s DT vl g
ST, RGN TR B R, BRI T T ik s,
JIT ARG W LUK IR 73 B 8UR, #if: FACE i, R whdh AT
JId 5 A I AR (1.
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BS  ANTS fEAN AR T o0 A SRR (K AT E A 20
Figure 5 Analysis of ANTS-labeled (at different temperatures)
pectic oligosaccharides

A—30°C;B—40C;C—50C

Bl 6 ANTS X5 SRR T Eh BRI SERE AT B AL 70 BT
Figure 6 Analysis of ANTS-labeled salty and salty-free pectic
oligosaccharides

A—salty-free pectic oligosaccharides; B—salty pectic oligosaccharides

2.1.6 BT FACE #9%7h

7t FACE v, 998 ¥ 54 R T 47 440 /e B o
NaBH;CN 0] o 8] 7= ) I R IR0 S, AR (1 R VR PR
BEnTREAR AT RN R IEAT. ARSI 58 T IR0 IR
WS TERE AT A A SN, B H ik SR R e, A ANTS 43931
XPRE 2 FRE AL 3 AT 2R R AT K AT, SR K 7.

S5 R WIR, ANTS SEASERIFE il it 4 J5 1 586 EL
X E R AR AT AR JE (2o, 5 DRI R I A 1) J5 A AT
Aeit, aRMERIEFAEE S R NaBH,CN [RIIE i ), A
MPFEAE ANTS XPBEIIATARCR, BTEL, {5 FACE H, W
S RE AT AL S BRI AE A
2.1.7 AT AACRRL B A) 69440

FIHEAL N I R) J& 50 FACE ORI £ 2 —. 2
SN )RR, SONANTE AR, I TR, T2 ROt

B 7 ANTS XF & BRANAN SR 1 RSBl i A AL 7
Figure 7 Analysis of ANTS-labeled acidiferous and acidifer-
ous-free pectic oligosaccharides
A—acidiferous pectic oligosaccharides; B—acidiferous-free pectic oligosac-
charides

SEEGHERE. ARSI R TR RS 2) 0 BIRTAE 12, 16,
20, 24 h JG AT HLIK AT, 4RI 8.

Bl 8  ANTS X SRIETEHERT A AR 18] i f) Dk 23 #7
Figure 8 Analysis of ANTS-labeled (for different times) pectic
oligosaccharides

A—I12h; B—16h; C—20h; D—24h

SRR, BEERT AL 3K, AR 98
JERREBHIETE. T4 16 h B4 O IA B, 4k
SRIERAT AT TA], SR DA B o, SOk PR AR
SISFIR] R 16 h.

2.1.8 »BBUKE AL

AT ER AR DNA XSS Tl 5, SRR
ZINTR 53, R PRE R K11 R T A I e vt e ) A B L B R
s, T DAAT R S B SRR ARSI 5% T R SRR (FE
it 20T AE AR AN R P oy B I L IR 43 B R, 4 R L
K 9.
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B9  ANTS Xf R SERERT AL Ja AEAN R BE 0 B 1K 70 5
Figure 9 Separation of ANTS-labeled pectic oligosaccharides
on polyacrylamide gel of different concentration

The concentration of resolving gel: A—28%; B—32%; C—38%

SRR, Bl o B RO B R K, o B AR
B, IHREE Ky 38%I11 4 126 11 v LA SRR S 143 B4R i
(1535, R HR I by 38% )4 188 Jie ok SR M BB AT T A 400
HEAT 53 HT.

gra UL b g R, JAIE R FACE 44t
H: 1.2 mg LR HAE HI RIS S, A 0.2
mol/L ANTS [¥] HAc-H,O (3 : 17, V & V) 3.75 uL, 1.0
mol/L NaBH;CN [f] DMSO ¥ 5 uL, 40 ‘C/K# RV 16
h G, RN 38%I1 4 B EREAT Wik o i, W&l 10.

R AT 16 A5, ARURAN AR & K AR RSB

B 10 DLAL A PE N AURIERE ) FACE 234
Figure 10 FACE analysis on pectic oligosaccharides at opti-
mum condition

2.2 MALDI-TOF MS 4#f7

K5 T4 B O g B B T-AT I 1) 5 1% (MALDI-
TOF MS) & il 4 K e K (1) —Fiowt 2 240 50 TR S AT
PR EFE TR VS, ORI TR R I 45
ForHr. X RA R TERE(RE i 2)12E1T MALDI-TOF MS
SR, SR LE 11
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B 11 RSERE ) MALDI-TOF MS 4347
Figure 11 MALDI-TOF MS analysis of pectic oligosaccharides
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M MALDI-TOF MS EIt ] LAE th, RS G
Y E A 2~16 NMEEEMSENE. LIS FACE 5087
SR (WE 10)5 MALDI-TOF MS 43 b7 4 A5,
VLA FACE A] AAER Mk SR EA T 0 A

fERARAL S FACE A0 SR S0 22 Y 52 )
5T, GEREILPE R AF, R A, ] DA R
J0 22 B V1 R At RE AT AT R MR, A IR SR 1) 4 8
R HTHAL TSI s, BUARASAR RS WA (s,
TR B4 135 55 AR 8 R R 23 BT B 2R T, (HL G 2
DR FRAE B MR AR N B3, 1 B v SR 1 o
WrBA—E MR M. FACE 7] LA % AN th PR F0 R
PESERERE AT R B, gt R ORI 0 R I 00 8
BT, T HARAE TR A, H kT DU 00 8 1 SR
VKB RIE R RO EHE DU SDS 44 50D,
Uk, FACE W] DL Ay SI2 56 5 AF 50 I S 11 8 5 3.

References

1 Perez, S.; Mazeau, K.; Penhoat, C. H. Plant Physiol. Bio-

chem. 2000, 38, 37.

Ni, H.; Yang, Y.-Y.; Yan, D.-Z. J. Hubei Univ. (Nat. Sci.
Ed.) 2003, 25, 148 (in Chinese).

(fRer, wmHadie, faIEY, #db K ZF FM(H RFFIR),
2003, 25, 148.)

Jackon, P. Biochem. J. 1990, 270, 705.

Kbckow, A.; Amado, R.; Widmer, H. M; Paulus, A. J.
Chromatogr. 1995, 716, 241.

Yoji, O.; Yuko, Y.; Yasuo, U.; Akira, A. Anal. Biochem.
2005, 343, 212.

Huang, G.-L.; Mei, X.-Y.; Zhang, H.-C.; Wang, P. Fine
Chemicals 2006, 23, 636 (in Chinese).

W, MEdTaE, &R, T, Hmi, 2006, 23,
636.)

Goubet, F.; Morriswood, B.; Dupree, P. Anal. Biochem.
2003, 321, 174.

Shu, Q.-F.; Zhao, L.; Li, W.-B.; Zhang, L.-M.; Sun, Y.-R.
Chin. Bull. Botany 1998, 15, 73 (in Chinese).

(RPRESS, BABR, 230, JRFIEE, PhNEE 0, Hidh 58 4R,
1998, 15,73.)

(A0806271 Lu, Y; Lu, Z)



