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- ( RPIP-UPLC) - - ( ESI-Q-TOF-
MS) 20 mmol/L (pH 4) 25%
(A)  25% (B) p BEH C,
. - 3~45 k- BEH C,
27
. - - —
1
( Carrageenan) ( N N ) !
138D 1 4-a-D
7 K= M= t—
0— A— - v— k+{ A-G4S) 1 A2S-G4S) A D2S6S-G2S) >
3~7
8
22 g 9~11
o ( ESI-MS)
( MALDI) HSO, . NaSO;
NaHSO, . Aristotelis " IP-RPLC/ESIMS
K- K- 4 ~18 ESI-
MS . IP-RPLC-ESIMS "
K- - - - ( RPIP-
UPLC-Q-TOF-MS) 3~45 k-
3~27 o
2
2.1
ACQUITY ~Q-TOF Premier VACQU-
ITY UPLC BEH C,, (100mm x2. Ilmm 1.7 um) MassLynx 4. 1 ( Waters
) ; BGPower 600 +BG-verMINI ( ) ; WD-9405B (
) ; R215 ( Biichi ) ; FD5508 ( SIM ); W0 S212
( ); ( Millipore ) o
20000403 ;20090643

( No. IRT0734) . ( No. 30800860)
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K— (80 ) ; Sephadex G10( Pharmacia ) k- .
N N ( Sigma-Aldrich ); o
2.2 k-
K— 0.2 mol/L HCI 1% 60 °C 30 min
400 ~500 r/min 1mol/L NaOH pH7.0. Sephadex G10
2.3
ACQUITY UPLC BEH C 5 uL 45 C o 20 mmol/L (pH 4
0.283 mL 0.745 mL 250 mL) 25% (A)  25%
(B) 0.35 mL/min B 1 min 25% 50% 3 min
65% 12 min 80% 0.5 min 100% 3. 5min 0.5 min 25% 4.5 min,
( ESI) 120 C 250 C 400 L/h o
m/z 300 ~4000, TOF \% o
o 2.5kV 40V 5V;
2.8 kV 45 eV 5¢eVe
2.4 (PAGE)
Tris— £DTA 15 25% 20 mA
180 min. o
3
3.1 k-
K= BEH C,, ( 2)
o 3 (k3).
27 («27) ; 45  (k45) o

537394143
L3

L 1 1 1 1 1 1 L 1 1 1 1 1 1 ]

2.0 4.0 6.0 8.0 10.0 12.0 14.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

t/min t/min
S (A) (B)
Fig.1 Total ion current chromatogram of oligo—«-carrageenan with positive model( A) and negative model( B)
* ( Numbers above the peaks represent oligo-«-carrageenan of the monosaccharide unit) .
16
(k- )
C,s .
. ( UPLC)

k18 " ; k12 7,
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3.2
( ESI) o N
k3 k27 K- ( 1D,
1 k-
Tabla 1 lons identified for the oligo-«x-carrageenans in the positive and negative ion-mode ESIMS
O“(g(fﬁhs%ﬁde Positive model m/z Negative model m/z
( A-G4S) G4S + 505 + ( C;H sNH3) , - H,0 + 1168  ( A-G4S) G4S +50; + ( C;H,sNH3) , —H,0 - 936
Trisaccharide (4 G4s) 645 + (¢, HyNHy) 5 * 992
“ ( A-G4S) G4S-80; + ( C;H sNH;) , + H,0 + 797 ( A-G4S) G4S-80; +H,0 - 565
( A-G4S) ,G4S + 805 + ( C;H sNH;) 5 —H,0 + 1669  ( A-G4S) ,G4S +S0; + ( C;H sNH;) 3 —H,0 - 1437
Pentas’ziigharide (AG4S) ,G4S +( C;H sNH3) , * 1493 (A-G4S) ,G4S +( C7H sNH;3) , - 1261
( A-G4S) ,G4S +( C;H sNH;) 3 +Na * 1400
( AG4S) ,G4S + ( C,H sNH;) , +2Na * 1307
( A-G4S) ,G4S-505 + ( C;H,sNH5) 1066
( A-G4S) ,G4S + ( C;H sNH;) —H,0 2- 563
(A-G43) ,G45-80, 2- 475
( A-G4S) 5G4S + 505 + ( C;H sNH;3) ¢ ~H,0 + 2171 ( A-G4S) 5G4S + 50 + ( C;H sNH;) , —H,0 - 1938
Heplasszcharide ( A-G4S) 5G4S + ( CyH5NITy) 5 * 1994 (A-G4S) 5648 + ( C;H sNHy) 5 - 1762
( A-G4S) 5G4S +( C7H sNH;) 4 +Na + 1901
( A-G4S) 5G4S +( C;H,sNH;) ¢ 2+ 1056
( A-G4S) 5G4S +505 + ( C,H sNH;) ; - H,0 2+ 1144
( A-G43) 5G4S - S0 + ( C,H sNH3) 2~ 725
( A-G4S) ;G4S -2805 2~ 628
( A-G4S) 5G45-80; + Na - H,0 2- 668
( A-G4S) 4G4S + 505 + ( C,H sNH;) ; -H,0 + 2673 (A-G4S) 4G4S +S0; + ( C;H sNH3) s - H,0 - 2440
Nonasi‘ghaﬁde ( A-G4S) 4G4S +( C;H sNH3) ¢ * 2497 (A-64S) 4G4S +(C7HysNH3) 4 ~ 2264
( A-G4S) 4G4S +( C;H sNH;) 5 + Na + 2403
( A-G4S) ,G4S + 505 + ( C,H sNH;) s - H,0 2+ 1394
( A-G4S) ,G4S +( C;H sNH;) ; 2+ 1306
( A-G4S) 4G4S-805 + ( C;H sNH3) , 2~ 976
( A-G4S) ,G4S2S0, +( C,H sNH;) 2+ 878
( A-G4S) 5G4S + 805 + ( CyH sNH;) g - H,0 2+ 1645  (A-G4S) 5G4S +S0; + ( C;H,5NH;) 5 — H,0 2~ 1412
He“des‘ilc?hmde (A-G4S) 5G4S +( CyH sNHy) ¢ 2+ 1557 (A-G4S) 5648 + (C7H sNH3) 4 2- 1324
“ ( A-G4S) 5G4S +( G;H sNH;) ; + Na 2+ 1511
( A-G4S) 56452505 + ( C;H sNH3) , 2~ 1129
( A=G4S) ¢G4S +S0; + ( C;H,sNH3) o - H,0 2+ 1896  (A-G4S) 4G4S +S0; + ( C;H,5NH;) 4 — H,0 2~ 1664
Tﬁdesa_“i%harid" ( A-G4S) ¢GA4S +( C;H sNH3) 4 2+ 1808 (A-G4S) ¢G4S +( C7HsNHy) 5 27 1576
“ ( A-G4S) ¢G4S +( G;H sNH;) g + Na 2+ 1761
( A-G43) 4G4S-505 + ( C;H,sNH3) , 2~ 1477
(A-G4S) 7645 +S0;3 +( C;HsNH3) 1 ~H,0 2+ 2147 (A-G4S) 5G4S +S0; + ( C;H sNH;) 7 - H0 2+ 1914
Pentadis_all%charide (A-G4S) 7648 +( CyH sNHy) 1o 2* 2058 (A-G4S) ;648 +( C;H,sNHy) ¢ 2~ 1826
( A-G4S) ;,G4S + ( C;H sNH3) g + Na 2+ 2012
( A-G4S) ,G4S + ( C;H sNH;) 5 +2Na + H,0 3~ 1123
(A-G4S) 4G4S +80; + ( C;H sNH3) 1, ~H,0 2+ 2398 ((A-G4S) ¢G4S +S0; + ( C;H sNH;) g - H,0 2~ 2165
Hepladzsj(;(?har'ide ( A-G4S) 4GA4S + ( C;H|sNH;) 4, 2+ 2309 (A-G4S) 4G4S +( C7HsNH3) 5 2~ 2077
( A-G48) ¢G4S + ( C;H sNH;) o+ Na 2+ 2263
( A-G4S) 4G4S + ( C;H sNH;) 4 +2Na + H,0 3- 1290
(A-GAS) 9G4S + 805 + ( C;H sNH3) 3 —H,0 2+ 2648 ( A-G4S) oG4S +S0; + ( C7H,sNH;) g — H,0 2~ 2416
N““adisjg“hmde (AG4S) 4G4S + ( CyH sNHS) 1, 2 2560 (A-GAS) oG4S +(CoH sNH) ¢ 2- 2328
( A-G4S) ¢G4S + ( C;H sNH;) 3 3+ 1745
( A-G4S) 9G4S +( C;H5sNH3) g +Na 3~ 1484
( AG4S) 9G4S +S05 + ( C;H sNH;) 14 - H,0 3+ 1804
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1( Continued to Table 1)
Olifg(;:?gz}%ziride Positive model m/z Negative model m/z
Heneicosaccharide (A-G4S) 10G43 + 505+ (C7H sNH3) 1y ~H,0 2% 2899 (A-G48) 9G4S +803 + ( C7HsNH3) 1o —H,0 2~ 2667
x21 ( A-G4S) 1oG4S + ( C;H 5NH3) 13 2+ 2811  (A-G4S) ,G4S +( C,H;sNH,) , - 2578
( A-G4S) 0G4S + ( C;H sNH3) , +Na 2+ 2764
( A-G4S) 9G4S + S04 + ( C;H sNH;) 5 —H,0 3+ 1971
( A-G4S) 0G4S +( C;HsNH3) 14 3 1912
( A-G48) |,G4S +S05 + ( C;H sNH;) |5 - H,0 2+ 3149
Tricosaseeharide  (4-G48) 1,645 +( Gy sNHs) 14 2 3061
(A-G4S) 1G4S + (C7H sNH;3) 3 +Na 2+ 3015
( A-G4S) 1G4S +( C;HsNH;) 45 3+ 2080 ( A-G4S) |,G4S + ( C;HsNH;) o 3~ 1848
( A-G4S) 1G4S + 505 + ( C;H sNH;) s —-H,0 3+ 2138 ( A-G4S) |,G4S + 505 + ( C;H sNH3) 19— H,0 3~ 1906
( A-G4S) ,G4S +S05 +( C;HsNH;) 16— H,0 2+ 3400
Pe“‘a‘:";gg“ha“de ( A-G4S) 1,G4S + ( C;H sNH;) 45 2+ 3313
(A-G4S) 1,648 + ( C;H sNH3) 4 3+ 2247 (A-G4S) 1,648 +( C7H sNH3) 49 3~ 2014
( A-G4S) 1,G4S +S05 + ( C;H sNH3) 1, -H,0 3+ 2306 ( A-G4S) 1,G4S +S05 +( C;H sNH3) 1, —H,0 3~ 2073
( A-G4S) 3648 +S05 + ( C;H sNH3) ;g —H,0 3+ 2473 ( A-G4S) 3G4S +S05 + ( C;H sNH3) 1, —H,0 3~ 2241
Heptacosasccharide
k27 ( A-G4S) 15G4S + ( C;H sNH;) 45 3+ 2414 ( A-G4S) 13G4S + ( C;HsNH3) ¢; 3~ 2182
* ( Heptylamine( C;H;sNH;) * 116.14) .
. K3 kD ( 2)
k= k9 k7
( 3) k49 k21 k27 ( 4
o K>S k17
Na*
o 45  (k45)
(1 k27 o
( 3 4)
A [(A-G4S),G4S+(C7H sNH;)4]" B [(A-G4S),G4S+(C7H1sNH5),]
1493.6881 > 1261.4081
[A-G49)G45-505] 462705
D132 547.0953
(6 15)234§g§cl7£'5NH3)'H20]2_ [(A-G4S),GHS+SO3+(C7H sNH3)3-H,01[
= 1437.4839
[A-G4$],G4S+SO5+(C7H sNH3)s=H,0]
N 1669.7599 [(A-G4S),G4S-S05+(C7H sNH3) >
[(A-G4S),G4S+(C7H,sNH;3);+Na] 1066.312
1400.5326
[(A-G48),G4S+(C7H,5NH3)+2Na] "
1307.3788
1 1. I‘. IJ. 1. - ““Lll ll 1 | L Il IIll l: 1 1 l‘I L 1 . l Il 1 1 1 ]
1000 1200 1400 1600 1800 400 600 800 1000 1200 1400 1600
m/z m/z
2 (x-5) (A) (B)
Fig.2 ESIMS spectra of pentasaccharide ( k-5) with positive model( A) and negative model( B)
3.3 k- ( PAGE)
K— 13 o
PAGE K- ( k-CO)
K- 8 (k8) 12 (kd2) ( 5) . k12
K-8 k9 kdl k43 k45 k47 k19
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A [(A-G4S)sG4S+(C7H sNHz) 1 B
2309.9873 1290.3540

2309.48902309.9873
2310.4875

[(A-GH#S)sG4S+SO3+(C7H sNH;3),-H,01>*
2398.0288

N

2309 2310 2311
mz

[(A-G4S)sG4S+(C7H sNH3)7 ]
20772437

1578,4176 21652764 N
[(A-G48)3G4S+SO5+(C7H sNH3)3-H0]

[(A-G48)5G4S+(C7H}sNH;) o+ Na]™~
2263.4021

1637.3805 190/5,8364\

1000 1400 1800 2200 2600

1400 2000 2600
m/z m/z
3 (x47) (A) (B)
Fig.3 ESIMS spectra of heptadesaccharide ( k-17) with Positive model( A) and negative model( B)
2g00m 415021 [ (A-G4S)13G4S+(C7H1sNH3)17*
i 2414.6826 [(A-G4S)13G4S+SO5+(C7H sNHz)15-H0 " 2191.8777

2473.0452
B

\

A

2414 2415
[(A-G4S)|3G4S+(C7H|5NH3)11]3+ .
[(A-G4S)13G4S+S05+(C7H,sNH3) 1-H,OT*"

2182.4126
2241.6038

2442.1482

2349.12452382.9163

2200 2250 2300 2350

2250 2300 2350 2400 2450 2500 2550 2150
m/z m/z
4 (k27) (A) (B)
Fig.4 ESIMS spectra of heptacosasccharide ( k27) with positie model( A) and negative model( B)
. k-8 x-12 k-CO
3.4
5 k- PAGE
Fig.5 PAGE analysis of oligo«—
carrageenan
K= o 13
K- (k3 «k=27)
/ (2 .
2

Table 2 Fragmentations rule of carrageenan for ESIMS
Characteristic fragmentation pattern

Quality difference
75 116 -23 - 18 Na* C,HsNH;" do not replace Na*™ and lose H,0
93 116 -23 Na* C;H;sNH;" do not replace Na*
SO, - C;H,sNH, H,0 2H*
176 16+80-18-2 \11 SO, -C,HNH, lose H,0 and 2H*
195 116 +80 - 1 SO, - C;H,sNH, H* Lose SO;-C,HNH, and add H*
H,0

SO; - C;H 5NH; H*
213 195 +18 Lose SO; —C,;H;sNH; add H* then lose H,0
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Analysis of Oligo-«-carrageenan by Reversed Phase
Ion—pair Ultra-Performance Liquid Chromatography Coupled
with Electrospray Ionization-Time of Flight-Mass Spectrometry

GAO Yang CHEN Hai-Min XU Li-Lin CHEN De-Ying YAN Xiao-Jun"
( Key Laboratory of Applied Marine Biotechnology Ministry of Education Ningbo University Ningbo 315211)

Abstract A method was developed to elucidate the structures of sulfated oligosaccharides through establish—
ment of an effective reversed phase ion pair ultra-performance liquid chromatography coupled with electrospray
ionization time of flight mass spectrometry( RPIP-UPLCESI-TOF-MS) . Heptylamine (20 mmol /L. pH 4) has
been selected as the ion-pairing agent. k-Carrageenan oligosaccharides have been separated on BEH Cjq
column using MeOH/H, 0 with 25% heptylammonium formate as eluent in linear gradient mode. Mass spectra
were obtained by ESI-Q-TOF-MS in both positive and negative modes. k-Carrageenan oligosaccharides were
well separated up to pentatetrasaccharide and ESIMS analysis for k-carrageenan oligosaccharides up to hepta—
cosasccharide. The results showed that all acid hydrolyzed k-carrageenan oligosaccharides were odd sugars
which was further confirmed by polyacrylamide gel electrophoresis ( PAGE) . The characteristic fragmentation
pattern of ion—pair oligosaccharides in mass spectra can be applied for rapid structure identification.
Keywords x-Carrageenan reversed phased ion-pair chromatography ultra performance liquid chromatogra—

phy time of flight-mass spectrometry polyacrylamide gel electrophoresis
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