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polysaccharide from Nostoc sphaeroides Kutzing extractive

I

ZHOU Xi'

E
WANG Xi'
B

WANG Zong-cheng®*
(L. RN & S 25 SR 30 BT . 0 Bk i

LIU Shui-ping'

4120005 2. P R A BE o 5 A ) AR A e L TP K M
3. MRS AR TARA R A F L WE AR

x| A 7w

LUO Cheng'
b 2
ZHUANG Rui-hua®

425199;
412007)

(1. Zhuzhou Institute for Food and Drug Control, Zhuzhou, Hunan 412000, China; 2. College of

Chemical and Biological Engineering , Hunan University of Science and Engineering , Yongzhou .

Hunan 425199, China; 3. Hunan Yandi Bioengineering Co.,Ltd.,Zhuzhou, Hunan 412007, China)

FEE AT AW PMPATA SR GAMEL E 5 BN 6 A
T2 AEERA L ARG TR A RT AR
(TFA) K % %6 B ) BB R = AL S BR B 5t % MoK R
B F R R RANE R E A B AR S AERIY P oy R
Ao BREAN . HER.DIABBRR.NIB.LAEF M
P E R h 81.08% ~102.10% ., ME FHF &, %
FEREBTE ABERXRZRF . ELBAE BT, T AR
R R E MR S BRI P A SRR TN,

KB BN S RMEE R ENITAN; S48 L4
o i

Abstract: A simple and sensitive high performance liquid chromato-
graphic method for simultaneous determination of eight kinds of neu-
tral monosaccharides, two kinds of uronic acid and one kinds of gly-
cosamine by precolumn derivatization with 1-phenyl-3-methyl-5-
pyrazolone (PMP) has been developed. The polysaccharides hydro-
lyzed effects of hydrolysis time, temperature and trifluoroacetic acid
(TFA) concentration were investigated. HPLC were established for
analyzing the monosaccharide composition and the content of polysac-
charide from Nostoc sphaeroides Kiitzing extractive. The results

showed that the recoveries of nine kinds of monosaccharides, such as

Man, GlcUA, Gle, Xyl, were 81.08% ~102.1%. Compared with
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the chemical method. The established method is accurate, goodlineal
relation, reproducible and specific, which could be used for the deter-
mination of qualitative and quantitative analysis in Nostoc sphaero-
ides Kiitzing extractive.

Keywords: Nostoc sphaeroides Kiitzing extractive; HPLC; pre-column

derivatization; Polysaccharides; Monosaccharide; content analysis
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H AT A B ALK 228 09 4k 27 25 A BF 58 420 2 0
WA AR BF 5 22 B AR W TR P R SEREDOTY L 1R k-3
Fe-5-1k mk bk B (1-phenyl-3-methyl-5-pyrazolone, PMP) #: {ij
A Ak e OR300l S i g vk HAT R ) iz T
Al 2 B BB 20 43 4G DU BIF ZEE . SO i ik R T
T S4BT 22 R I AL D iR — RO N 2 W R K A B B
il P LA 26 0 AR I L4 % VT L M Bk 2 kL B ik
R N TR R M AT W] T L 0 204 I A 4 R
framl (R T 2R 00 25 0 b T 4, FOK AR Al A By ik
ZHE KBRS A A B I 2 3R B0 R e Y R Ab B
B S AR E 22 0 O SR AT X LY R B X% T VR R 2
B EE UPE L R R M IR TR ICR AT B L R ALK 2
W HR IR v 2 O A U S R AR
IR T
1.1 AW E#H

B Z BRI W R AR TRRARA A . K
Y15 Y2 B A AR . Y3~Y6 73 i S R E KA 4 DAY
MRS AR R E R LR 1.

x1 B
Table 1  Sample
%5 kW SR 6]
Y1 b S ite B A= 2017 47 A
Y2 il A e S e 2017 4 7 A
Y3 N T 35 2017 4E 7 A
Y4 N T35 2017 4E 12 J
Y5 N L34 2017 4E 9 A
Y6 N L34 2018 4E 3 A

1.2 (us5ig&

HLF R : MS205DU B, #5 + Mg 45 B -40 F £ [ bR 51 5
HIRA A

W AH 8 3% 1% : Thermo U3000 #1, 35 [ 58 % ¢ 1 /8 B

NG

pH i+ :FE-20 B, By LR -4 R 2 H R R 5 A R A F .
1.3 HPLC ZMEBWUXSHERRYHNZELE

Bk 22 R B B 1Y T A B K R A% R 0 0 R IR B R
B - 52 MG SCRR RT3 B2 4K gt 1 B 0 I I 1]
A LA R = 9 2 TR %o 7K fife A J3E 19 5 T 5 3 2ok B R 3R 0 25 4
TE S AR K AR A
1.3.1  ARyESMRA W MBS LA A 2 R % R T R A
Wl ABE KA SRR ME Y 100 mg T 10 mL 2 &I A K
R 2 BT A5 9 Rl SOl A AR A% A V. TG B B
53529 0.1,0.5,1.0,1.5, 2.0 mg/mL {5 R & R HE I T
G350 L B M B VR B A [a] e BE 66 B Y TR 5 A ME A
W45 IM 0.6 mol/L i NaOH % 50 pL, B F 5 mL B H2EiK
B EIRTE A BN 0.5 mol/L #g PMP(0.435 5 g/5 mL) H
B 100 pL iR TR 21 . E 70 °C 1 HEAR Pk St S bz 80 min,
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HCH R H Z Z 5 0 0.3 mol/L i HCL #3100 L A A,
K ZE 2 mL, fR0 45 (R B U 07 . e s TR & . W 8 7 L AT
AHL NG ZEH 3 WK, K /KAHI0.45 pm BFL I 3 38 5 i HPLC
HEAT YT AR A s e AR

1.3.2 BACKZAFS B KA R 0.1 mL BTRE43 50N
5 mg/mL B ZHERESE T 2 mL (9 VMO A A BE
3 mol/L i =98 Z & (trifluoroacetic acid, TFA) ¥ 100 pL,
o N, B8 AE 110 CRyHLAR dhoK i 4 s ¥ 205 B K i 8 5%
BZE S mL WE.OE T, IR 0.2 mL L gk B 88 A K R
W 0.2 mL HEEJE A NG T, 40 e = & R s O T N IR
T3 K, Bk TEA K B AR & o IBUA &K A 1 B i L Jm A
50 gL A KU AR AR IR L T B3, 05 s BEAT AT AR L PR L AR
B, JH 0,45 pm AL R AT 8 5 L 88 A IR #E 4T HPLC K
AR

1.3.3 k& %M Welch Xtimate (4.6 mm X
250 mm,5 pm) s FEIAH: L 0.1 mol/L MR £h 28 wh i W T
3 mol/L AA AT pHEZE 6.7) N shAH A, Z I i
ShAH BB EE VR (R 20 5 R P 4K 2 260 nm AR 30 °C 5
1.0 mL/min; #FAE 10 pl,

R2 BERBER

Table 2 Gradient elution program

B i) /min WEIAR A/ WA B/ %
0 82.2 17.8
25 82.2 17.8
26 80.0 20.0
36 80.0 20.0
37 82.2 17.8
45 82.2 17.8

14 FBH-—HREZNEEUASERIYNEESS
LAl FRMTECE KA E 2L 25.0 g, KA iR )5
HH R 500 mL A ERA . MR R Z B IR, 15 B B i
WERE N 500 MR T VW 4 AR AR AE 4 Corp s . AR A 4
U B R R BCTE K A 4G B 10.0 mg T 100 mL 2% &
I FE AR K 2 2 BE A R ST T SR 2 R T TR B
0.10 mg/mL, # A",

142 Al A2l v o R IR 4 B AR VR IR 0.00,0.10,
0.20,0.40,0.60,0.80,1.00 mL & F 25 mL Ay ES.OF f, #bn
KE 2.0 mL, A 5% ZEE R 1.0 mL IR & BI5T )5 . 4k 4k
JMAEGER 10 mL R 55, ¥k KA 2 min, R HE =R/, 17
485 nm WK AL LI 2 RS . 1 em B LI E OO
BEAEE LR 2 R Ok B A A L TR O B (R A R 4
iz N I

L4.3 K BRI E  FRER 0.1 g I B ALK 2R Y
EK PR ERE 100 mL(V), HEFHRI 2 mL(VO R
Mk 2 MR BB WS T 25 mL M08 P A 10 mL
JToKEE WA, F 4 CokFah i E 4 h, 5.0 (5 000 r/min,
5 min),FE FIEWRRE 2 mL 80X ZEE Ve . VR 3 i,
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Figure 1 Standard curve of glucose

BRIV IR BT 25 mL(V,OU YA 0 BBCRT Ak B0 A 5 AL
KZREFRICY 1.0 mL(V,) #MIK E 2.0 mL, SR 5 fE*1.4.27
7 1% 0 R W S A o AR A A Ak 2 4R U Y
BE 3 (DM R S '

x— my XV, XV,

my XV, XV, X1 000

A

X— BER. %
FE i v ) 26 B A2 & mg;
FE G 0 g

Vi— B S AR ORI 2 B, mL;

Vo, —— UL Ve ML 22 45 97 FH V6 W ) AR B, mL

V,—— M 2 AR, mL;

Vo A b 7 VAR mL,
2 RS0
2.1 BEPMPITAYMNBIEEREEXER

OB PMP A7 25 90 A0 bR P DL B A 3 3 o B A7 A4 [
VL 2. %3 FR W] BE M A A A B L B M LA R A A
WETR 4 9 Fh MM A A I AE 0.1 ~2.0 mg/mL B £8Pk % &
R4f,
2.2 BlXsHEkEERRIRR
2.2.1 KRS NE] R B He“ 1.3V K MR AT A R RE S 40 )
HEKMR 2.3,4,5,.6 h KRR . a4 Rk 4 i
TR 8 2 K A B TR) 9 SiE 4 BAOBE A B 06 1f AU L K % 4 hoet

X100% , @D

m

my

K3 BYERIIRE L

Table 3 The monosaccharide of lineal relation

(mg * mL™1) 3 R?
H R Al y=40.21x 0.107 0~2.140 0 0.999 6
WIA AP v=26.3442—0.384 5 0.169 6~3.3920 1.000 0
L2 y=24.8082—0.432 5 0.107 4~2.1480  0.999 7
WA R vy =26.527x—1.032 9 0.104 2~2.084 0 0.999 1
HAMEREER y=16.872x—0.630 3  0.124 6~2.492 0  0.998 4
i % B y=47.19520—0.781 0.165 8~3.316 0 1.000 0
SN y=43.5112—0.23 0.125 0~2.500 0 1.000 0
A y=148.36x—0.121 5  0.099 6~1.992 0  1.000 0
B y=32.7450—0.434 3 0.085 4~1.708 0 0.999 8
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Figure 2 Separation of polysaccharide hydrolysate and
standards derivatives by HPLC

RS BEE U . UL TT L, KA 4 h B
2.2.2 TFAWBEMFEE  MU137I0, KA A Z WM 47
B AW E TFA(2,3,4,5,6 mol/L) Xt 2 b K fift 1 &
W, 4% 5 s, B TEA (VR 1935 0 . 505 1 i 0 i AR
BRI AKX TFA e B 3 mol/L B /K fif 75 2E 45
Itk
2.2.3 KB L U137, KRR Z R,
) 2 52 AN [ YR EE (100,110,120 °C) XoF 22 15 K it 14 5% ) , 4n 32
6 JIF 7 » AR Ffe 0 1 B R RN B A 110 C Bk
2.3 REEAMKR

BR13 170 1. 3.27 (Y % HE R 3 BRI R T VTR, 1.3,
37 O S AR HEAT A3 AT LI i A B L e R AR AL 9 R
HOE A8 B B AR R 5 000K 2)
2.4 FHEFER
2.4.1 AUESKE R RCL3IUT A IR A AR MR TR
JR1.3.37 00T (0 3% S5 {1 HE 4 L S S R A 6 4, 1T 5 L RSD,
FERR NI T, SRR R
2.4.2 NEEBEEREE A BIURE A G IR — X BT R 50 pL,
B 15 mL B0 L3 6 40 3131 R A AR A AR B
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RG> L3370 () (38 A PF AT 20 A 31 H B b L A
T2 B LA R A B IR S O i BB AT A 4y 1Y e i AR
PAJ RSD fH 245 5 W25 8, A REWMARBEFRER
ﬁi‘,'ﬁ‘éﬁﬂﬁ:ﬂﬂkﬁ%ﬁiﬂﬁﬁiﬂﬁ%ﬂﬁo

2.4.3 FEMERE ORE — X B I 50 pLL BT
15 mL B0 . #2713, 1”IﬁTﬁ/TtF§>FFLIE HCE AR = ]

ST 8T 0,1,2,4,8,16,24,48 h, 45 B“1.3.37 1Y {2, 33%

x4

7K % B 18] Xof B2 4 U TED

FAFHEAT BT THE 9 Rl EOBE AT A P 05 TR R 19 RSD H L 45 2R
9. ZEREBUIMTEIG 9 PR K 24 h ISR E
2,44 BEEMRKE WIS mg/mL 1B ALK 2 B4R IV
FRVETR 0.1 mL,3E°1.3.27 I 560 5 42 BURE 6 103 K i A7 A Ak
PR S R 13,37 M 4% SR A AT A3 BT L T R L o
5 Fl Bl RSD, &5 58 0L 3% 10, H5E & Pk v nl, 2 4 0 iR
VLR AR BB RSD i 5 - AT 2 /K A5 i R MR 22

o

E; m‘]

Table 4 The analysis of hydrolysis time (n=5)

W AL/ (mAU » min)

A HE I E] /b

R AR WATRERERR AR SRk A U T R A
2 18.177 1.969 3.699 22.337 8.641 13.531 68.354
3 18.581 2.421 5.667 27.214 12.963 16.857 83.703
4 26.931 3.805 18.975 59.375 30.466 24.164 163.698
5 15.000 272 7.930 29.953 16.296 13.633 85.084
6 9.102 1.340 5.086 16.296 9.949 7.589 85.084
F 5 TEA IR EE X & 1% T FR Y 22
Table 5 The analysis of TFA concentration (n=6)

TFA ¥/ H A/ (mAU « min)

(mol « LD el AW AR AR 7Lk AWk U T LA
2 27.890 4.138 11.448 48.768 24.760 25.648 142.652
3 32.787 4.794 18.032 66.109 34.224 30.395 184.341
4 33.196 1.550 15.634 60.734 31.956 30.929 176.999
5 28.027 4.041 11.207 57.130 27.746 23.964 152.115
6 23.025 3.102 12.075 45.838 24.093 21.004 129.137

R 6 KERREX BEE sk
Table 6 The analysis of hydrolysis temperature (n=3)
K IR/ i A/ (mAU » min)
C HEem  EEWAR AR WA SR N U T R A
100 27.226 3.704 11.103 47.673 24.152 25.811 139.669
110 32.453 4.586 22.337 74.264 37.649 27.013 198.302
120 21.630 3.571 12.782 52.283 25.318 11.887 127.471
®RT NERBETE
Table 7 The precision of instrument
Ak I 15 fL/ (mAU « min) RSD/ %
H & b 36.031 36.060 35.920 35.785 35.702 35.649 0.56
B Ak 2 B 53.686 53.853 53.544 53.810 53.826 53.789 0.25
L2 35.578 35.545 35.301 35.154 35.004 34.898 0.92
] 25 B R 35.261 35.238 35.056 34.909 34.772 34.680 0.80
e A T R 40.676 40.687 40.521 40.405 40.303 40.205 0.57
i 2% 56.084 56.079 55.820 55.613 55.474 55.399 0.62
BN 48.771 48.896 48.629 48.666 48.627 48.604 0.27
AN 43.423 43.368 42.765 42.977 42.849 42.819 0.78
PR 34.656 34.760 34.659 34.594 34.545 34.541 0.28
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2.4.5 [FWCRIKE W 5 me/mL Ay Bl ok 2 LB RE
AR 0.05 mL [ B A3 G3 F IA 0.05 mL IR 4 b o ¥
Wi (L mg/L), #2°1.3. 27 By ik 06 05 52, HORE 6 00y /K it 15 2E Ak
TGRSR 1337 0 € 0 2R 3IE 17 40 07 o 15T B o 5
O iU 19 [ 25 I 11, IR AE 80% ~110%4 0

2.4.6 ArHBRIAE RS R ICL3.270 N IR A bR A
(1 mg/L) 0.25 mL & F 100 mL & o, KW B2 25,
FEA) . L3I AR L. SRS L IECLL3.3T I Bl &
PEBEAT S0 BT, AR MR L (S/ND Ry 3 315 9 Rl bl i 46 H BR
4.27~8.48 pg/mL, ki BRIFSE 4R % 12, 5% %M

5 B 5 H 8 B G Tl iR AR A

L HPLC J7 3 By A6t BR B AIR

*x8 BEERR
Table 8 The precision test (n=56)
ok W TE AL/ (mAU + min) RSD/%
H % b 15.733  15.743  15.742  15.705 15.704  15.703 0.13
S KL A 24.159 24,174  24.223  24.214  24.208  24.207 0.10
L2 14.744 14,722 14.730  14.712  14.689  14.692 0.15
4 B R 14.679  14.650  14.634  14.587  14.556  14.538 0.38
e 7| W R 23.416  23.349  23.334  23.287  23.271  23.233 0.28
A 21.027  21.027  21.022  20.989  20.989  21.026 0.09
2| 17.888  17.883  17.889  17.861  17.843  18.043 0.40
PN 13.553  13.585 13.576  13.564  13.563  13.559 0.09
PR 15.733  15.743  15.742  15.705 15.704  15.703 0.13
x99 BEMHKRE
Table 9 The stability test (n=7)
T AL/ (mAU « min)
S RSD/ %
0h 4h 8h 12 h 16 h 24 h 48 h
R 33.924  34.240 34117  34.198  34.317  33.888  30.371 4.24
PAE kb 50.147  50.346  50.318  50.271  50.367  49.889  49.831 0.44
Bz 32.528  33.010  32.806  32.917  33.097  32.803  28.002 5.74
] 2 T TR 33.958  33.578  33.067 32.741  33.354  30.167  30.696 4.54
o 7 K R 38.504  37.865 37.471 37.129  37.688  34.869  35.499 3.58
7 7 W 52.835  53.245 53.022 53.183  53.217  52.953  49.610 2.51
A 2| 46.307  46.472  46.404  46.451  46.532  46.202  44.370 1.68
A 41.266  41.649  41.395 41.764 41.616  41.064  38.031 3.22
ey 31.994 32,303  32.376  32.460 32.392  31.821  30.624 2.03
"""" WIETIB  361.463 362708 360.976 361114 362.580 353.656 337.034 262
*F10 ESHAE
Table 10 The reproducibility test (n=6)
W AL/ (mAU » min)
Rk RSD/ %
Y1 Y2 Y3 Y4 Y5 Y6
H b 31.764  28.909  29.351  28.932  30.525  33.837 6.38
S L A 4.717  4.258  4.310  3.999  4.073  4.807 7.63
] A T TR 19.767  20.046  20.471 18.377  16.115  14.343 13.53
] 4 64.837  66.328  66.880  64.971  58.846  57.241 6.47
7 36.494  33.624  33.856  32.977  32.240  29.328 7.07
N 28.410  23.593  23.421  23.134  31.072  29.951 13.63
N 185,989 176.758 178.289 172.390 172.871 169.507  5.84
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Table 11  The recovery test (n=6)
I A/ (mAU » min)
LS RSD/ %
Y1 Y2 Y3 Y4 Y5 Y6
2 81.88  82.69  85.25  84.28  82.12  81.08 1.90
S A 103.60  103.80  102.90 101.20  100.90  102.10 1.19
B2 99.90  99.5 99.40  100.90  98.90  100.20 0.70
R 2 R T TR 88.02 86.92 87.50 87.35 88.67 87.22 0.72
A FLRE T R 89.11 91.90 91.61 90.92 89.59 89.72 1.28
i 2 81.21 79.86 80.66 81.05 80.15 80.09 0.69
I 87.96  85.07 866.02  85.00  86.46  85.33 1.31
A 89.96  90.13  88.39  88.12  89.21  89.10 0.91
Eer Y 90.19  93.50  91.71  92.22  91.30  91.81 1.19
F12 KHR 2.4.7  FESINE  $U2.27 /9 7 1 A ) R U ORI
Table 12 The detection limit (n=9)  pg/mL yeyy (46 6 HRE S 12,1719 (30 A R HEAT M52 . L3
ks i BLES i ARERG 5 R VTR R R S L VR 6 R AR B B
Eew o i i BRS040 0 A B A LB BB
B2 27 A 25 9 P BUBE S BT A R WL AR 13,14, WA 6 HEYRAE b
78 8 W TR 2.6 B 2.1 VRN A W S5 R LR 15, AT LR R Ak D A
LB RE 3.1 R 85 77 IR B0 45 R 2 K
% 13 HPLC EHEmMUESER
Table 13 The content determination of samples by HPLC (n=6)
W1 AL/ (mAU « min)
i
Y-1 Y-2 Y-3 Y-4 Y-5 Y-6
H 8 31.004  30.556  27.636 21.248  25.622  24.047
LR 4.619  4.625  4.203  3.552  4.282  3.642
L2 0.000  0.874  0.469  0.000  0.000  0.000
] 2 M T TR 14.117
A FLBEEE R 0.000
] 2 62.065
ki 32.338
N 25.959
M 1.300
"""" WERLMA 171402 1 117.273  151.767

# 14 HPLCERBEESEMITELER

Table 14 The content determination of monosaccharide by HPLC (n=6) mg/mL
JIES Y-1 Y-2 Y-3 Y-4 Y-5 Y-6

H & 0.771 0 0.759 9 0.687 3 0.528 4 0.637 2 0.598 0
L A 0.160 7 0.161 0 0.144 9 0.120 2 0.147 9 0.123 7
i 7 M T TR 0.571 1 0.571 1 0.571 1 0.571 1 0.571 1 0.571 1
i 4 1.331 0 1.344 0 1.191 0 1.007 0 1.258 0 1.261 0
Sk 0.748 5 0.786 5 0.702 8 0.503 2 0.659 1 0.600 1
N 0.539 3 0.588 6 0.476 8 0.274 6 0.403 7 0.407 2
FAOE 4.121 6 4.211 1 3.773 9 3.004 5 3.677 0 3.561 1
FE 5 e B 5.134 5 5.156 9 4.985 9 1.876 4 5.030 1 5.045 9

CRME R CUERA R M) 80.27%  81.66%  75.60%  6L.61%  73.10%  70.57%
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Table 15 The content determination of polysaccharides

by chemical method (n=6)

g LICES VAN S U FESWE  ZREREQL FHE/

7 . SN
g WOLE  Biht/mg A/ % %
0.1035 0.370 51  0.077 43 93.52

Y-1 90.23
0.104 9 0.347 73 0.072 97 86.95
0.104 2 0.377 43  0.078 79 94.52

Y-2 91.67
0.106 6 0.361 95  0.075 76 88.83
0.102 6 0.348 15  0.073 05 89.00

Y-3 85.30
0.100 7 0.310 81 0.065 74 81.60
0.1134 0.30129  0.063 87 70.40

Y-4 72.41
0.110 2 0.310 16 0.065 61 74.42
0.108 8 0.319 15  0.067 37 77.40

Y-5 79.35
0.110 1 0.340 81 0.071 61 81.31
0.109 3 0.300 92 0.063 80 72.96

Y-6 78.12
0.106 9 0.338 83  0.071 23 83.99

2.5 BBESBERSW

RERT PMD AT AR 5 20000 AH €315 32 00 22 4 . DL SO B T
B AT AR TR B A O 9 1 P R, fH AR 2
TSR T TR T A AR R LA A R A
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