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Study on Content Determination and Chromatographic Fingerprints of Sugars in Intracellular
Glycopeptide of Coriolus Versicolor

ZHANG Yuanl, SUN Yudi 2, LIU Xuanl, SHI Beijial, LU Yihongl*(l..]iangsu Institute for Food and Drug Control,
Nanjing 210019, China; 2.School of Pharmacy, China Pharmaceutical University, Nanjing 210000, China)

ABSTRACT: OBJECTIVE To establish a detection method for fingerprints and content determination of free sugar and
hydrolyzed monosaccharide of intracellular glycopeptides in Coriolus versicolor. METHODS PMP derivatization after
ultrasonic extraction with water as solvent was determined for free sugars, and PMP derivatization after acid hydrolysis was
determined for hydrolyzed monosaccharides. The free sugars and hydrolyzed monosaccharides of raw materials and
intermediates of intracellular glycopeptides from different manufacturers were analyzed by HPLC qualitatively and quantitatively.
The fingerprints were analyzed by chemometrics analysis, and the differences between intracellular glycopeptides produced by
different manufacturers were discussed. RESULTS Both two methods were validated by methodology. The samples from
different manufacturers were clustered separately, and three free sugars and two hydrolyzed monosaccharides contributed greatly
to the quality difference of intracellular glycopeptides of Coriolus versicolor. CONCLUSION The established analytical
method can be effectively used for the determination of free sugars and hydrolyzed monosaccharides in the intracellular
glycopeptide of Coriolus versicolor and the study of fingerprints. The adopted chemometrics research method provides guidance
for the quality control of the intracellular glycopeptide of Coriolus versicolor.

KEYWORDS: intracellular glycopeptide of Coriolus versicolor; free sugars; hydrolyzed monosaccharides; content
determination; chromatographic fingerprints; chemometrics analysis
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Fig. 1 Extract ion chromatograms(TICs) of TOF-MS
A-TICs of mixed standards of glucose, maltooligosaccharides; B-TICs of
free sugar sample from enterprise A; C—TICs of free sugar sample from
enterprise Q. 1-maltoundecaose; 2—maltodecaose; 3—maltononaose;
4-maltooctaose; S—maltoheptaose; 6—maltohexaose; 7—maltopentaose;
8—maltotetraose; 9—maltotriose; 10—maltose; 11—glucose.
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Tab.1 TOF/MS identification results of free sugar peaks in free sugar samples of enterprise A

BRAAT SRR PN SGF PR B EROMP SR s, TR,

min (m/z) (m/z) fitEAb)E) (m/z) (J5UE)

33.46 509.203 6 509.203 6 Ca6H30N4O7 509.204 17 1.119 4 CsH 1206 Cikatii
29.92 671.2577 509.204 1 C32H4oN4O12 671.257 00 -1.042 8 C12H201 EX i
27.35 833.3103 509.203 7 C33Hs50N4O17 833.309 82 -0.576 0 CisH32016 X
24.89 995.362 4 509.203 9 C44HgoN4O22 995.362 64 0.2411 C24H4202, 22 ZF DU
21.86 11574115 509.204 0 CsoH70N4O27 1157.41547 34301 C30Hs52026 A 2K
19.95 1319.466 2 509.203 6 CseHgoN4O32 1319.468 29 1.584 0 C36Hg2031 E% AN
18.78 1481.523 0 509.203 8 Cs2HooN4O37 1481.521 11 -1.2757 C42H7,036 E i
17.87 1643.570 3 509.203 9 CosH100N4O12 1 643.573 94 22147 CasHs2041 e AN
17.12 1 805.630 1 509.203 7 C74H110N4O047 1 805.626 76 —-1.849 8 Cs4H92046 &I
16.17 1967.678 0 509.203 8 CsoH120N4O0s2 1967.679 59 0.808 1 CsoH1020s1 E
15.36 2129.7324 509.204 0 Cs6Hi30N4O0s7 2129.732 41 0.469 5 Co6Hi112056 A W

A
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Tab. 2 Precision, repeatability and stability of fingerprinting

S—PFLERERG ; 6-MAIHE; TN 8—ARE; 9-BHIfrEE; 104
Fig. 2 HPLC fingerprint of Coriolus versicolor intracellular
glycopeptide

a—Mixed standards; b—enterprise A raw materials; c—enterprise Q raw
d-mycelium A-HPLC
chromatogram of free sugar sample. 1-maltoundecaose; 2—maltodecaose;
3—maltononaose; 4—maltooctaose; S—maltoheptaose; 6—maltohexaose;
7-maltopentaose; 8—maltotetraose; 9—maltotriose; 10—maltose; 11-glucose.
B-HPLC chromatogram of hydrolyzed monosaccharide sample.
1-mannose; 2-ribose; 3—glucuronic acid; 4-rhamnose; S5—galacturonic
acid; 6—glucose; 7—galactose; 8—xylose; 9—arabinose; 10—fucose.

3.2 UFEBERK i SRR B R B A b

RH HPLC-UV., ARifEfhEikxt 11 FhiiE e bl
F 7 FloK g BB AT SR E . K. EE
PR, 24 h RS PSSR LR 20 INRERIIRCR | el
Ml . KM BR (limit of detection, LOD)FIE PR (limit
of quantitation, LOQ)Z5MULE 3, 11 FhiiF =5 H A

R E BN F 2527 2023 4F 11 A4S 40 #5521 )

materials; extract; e—-medium filtrate.

chromatograms %
==

HPLC AR W#En=6)  EEIE@=6) *f ri(oﬁhf '
SR RRT  RPA RRT RPA RRT RPA
RSD RSD RSD RSD RSD RSD

T 1 073 1.63 126 159 092 115
FE i 2 025 1.46 1.03 245 046  2.03
3026 182 080 296 062 162

4 011 0.78 194 277 099 136

5 0.09 080 201 284 018  1.02

6 1.01 223 097 347 053 176

7 016 0.76 115 316 085  0.62

8  0.07 1.22 1.04 117 106  0.67

9 023 1.46 198 102 1.08 098

10 0.17 089 087 196 0.19 0.73

11 1.55 1.36 132 226 051 049

K 1 0.09 029 021 432 025 239
FE 2 028 026 039 445 069 248
3095 026 0.6 320 058 240

4 067 0.41 0.66 482 1.17 210

5 033 0.22 1.14 278 029  0.90

6 1.04 1.25 129 471 063  3.49

7 084 090 006 351 084 392

: RRT-AAXPREZI )5 RPA—AHX I IR (4 LA A Wlie o 2 L i)
Note: RRT-relative retention time; RPA—relative retention area(glucose
as the reference peak).
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Tab.3 Method validation results of free sugars and hydrolyzed monosaccharides

[ R (n=6)

ESSIA L&Y W IE M2k EHRE RS APEiF/ugmL™  LOD/mgmL™ LOQ/mg-mL™ “EEm RSDe

Ui B b FHE+T—H Y=1 813.7X-11 659 0.993 7 5.45~109.00 481.59 1 605.30 90.26 4.89
F Y=2 023.6X-10 165 0.995 2 5.85~117.00 436.78 1455.95 89.79 3.72

FEIUbE Y=1 891.6X-11 042 0.999 0 5.05~101.00 412.13 1373.78 94.73 4.42

&\ Y=3 881X-16 514 0.997 6 10.75~215.00 227.55 758.48 98.68 5.58

L Y=4 474.5X-16 240 0.998 9 10.10~202.00 189.93 633.11 107.70 3.09

NN Y=4 678.5X-5 532.8 0.999 7 9.85~197.00 170.56 568.54 111.77 3.41

AN Y=7210.5X-5 970.5 0.999 6 10.60~212.00 132.14 440.46 107.91 5.44

2 ZE D0k Y=8 874.4X+55 854 0.999 6 10.30~206.00 97.51 325.04 100.94 3.54

F Y=10 819X+4 551.9 0.999 7 10.55~211.00 86.20 287.32 95.82 456

Eas Y=18 790X—6 184.5 0.999 8 10.15~203.00 47.83 159.42 98.17 5.72

B Y=35 248X-5 849.5 0.999 7 10.08~201.60 234.82 782.73 86.31 5.59

AR R Y=43 410X+390.86 0.999 3 1.02~50.87 10.55 35.16 96.88 4.45
bk Y=47 523X-9 802.7 0.999 6 1.06~52.80 10.47 34.91 94.74 422

M B Y=35 717X+140 866 0.999 5 10.12~505.90 7.04 23.46 101.35 3.57

ESR Y=41 128X-23 258 0.999 4 1.01~50.69 13.03 43.42 91.01 3.68

N Y=45 961X-56 055 0.999 5 1.03~51.50 17.13 57.09 98.52 235

[IENRIERiE Y=51 845X-81 079 0.999 4 1.10~54.76 16.40 54.65 106.05 4.44

R ¥=39 189.X+19 000 0.999 5 1.02~51.00 18.68 62.27 102.67 291

R4 TEMABERBERFTHEBESENEER
Tab. 4 Free sugar content determination results in Coriolus versicolor intracellular glycopeptide samples %
R ID M EIPME IR OB EZFDURE RIFTORE EZFOORE EIFDWE SRR ESPIUl AR R0

Q1 0.23 1.64 1.33 / / / / / / / /
Q2 0.36 1.90 1.49 / / / / / / / /
Q3 0.35 1.82 1.53 / / / / / / / /
Q4 0.38 1.59 1.44 / / / / / / / /
Al 0.48 2.13 438 2.59 2.59 5.96 5.55 2.72 2.75 1.83 1.46
A2 0.47 2.00 4.20 232 2.26 5.66 5.58 2.70 1.60 0.87 2.70
A3 0.38 2.02 4.21 2.40 2.27 5.77 5.43 2.49 1.51 1.26 2.49
A4 0.36 1.94 4.01 2.30 2.30 5.49 523 2.44 1.26 0.84 2.44
A5 0.38 1.99 4.09 234 2.34 5.60 5.33 2.53 1.59 1.41 2.53
A6 0.37 1.95 4.01 2.29 2.19 5.48 5.24 2.51 1.55 1.38 2.51
A7 0.44 2.03 4.20 231 2.28 5.60 5.56 2.79 1.69 1.19 2.79
A8 0.47 2.55 4.57 2.04 2.57 6.36 6.34 2.16 2.02 1.63 2.16
Pl / / / / / / / / / / /
P2 1.07 6.54 7.47 3.83 1.09 5.74 243 0.71 3.09 0.27 0.54

RS ZZHABEMRESEFAREREGENZER

Tab. 5 Hydrolyzed monosaccharides content determination results in Coriolus versicolor intracellular glycopeptide

samples %

K ID HEEbE i A i i [EnRIEE R
Ql 0.877 0.452 16.82 0.956 0.307 0.586 0.835
Q2 1.084 0.733 11.95 1.397 0.701 0.286 0.712
Q3 1.003 0.643 13.75 1.029 0.741 0.299 0.932
Q4 0.905 0.792 12.28 1.701 0.670 0.280 0.817
Al 0.874 0.185 17.72 0.827 0.261 0.119 0.156
A2 0.519 0.255 22.36 0.678 0.079 0.071 0.138
A3 1.020 0.266 28.21 0.712 0.332 0.094 0.287
A4 0.998 0.225 30.01 0.676 0.289 0.087 0.290
AS 0.611 0.315 26.08 0.620 0.192 0.081 0.194
A6 0.642 0.330 27.38 0.651 0.202 0.085 0.204
A7 0.826 0.251 22.76 0.910 0.238 0.121 0.156
A8 0.903 0.239 25.47 0.748 0.247 0.084 0.296
P1 2.170 0.360 11.38 2.370 / / 1.640
P2 2.356 / 28.62 1.390 0.776 0.148 0.498
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Fig.3 HPLC fingerprinting chromatograms

A—fingerprinting chromatograms of free sugar samples; B—fingerprinting chromatograms of hydrolyzed monosaccharide samples.
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Tab. 6 HPLC fingerprinting chromatograms similarity
analysis
FEih 1D Uie BOHERE T K SEHERE:
AR 1.000 0 1.000 0
Q1 0.970 6 0.998 2
Q2 0.9713 0.994 1
Q3 0.983 1 0.998 0
Q4 0.972 8 0.998 3
Al 0.967 2 0.999 9
A2 0.956 1 0.999 9
A3 0.951 8 0.973 4
A4 0.9537 0.998 9
A5 0.9575 0.993 2
A6 0.954 7 0.999 9
A7 0.956 9 0.999 1
A8 0.946 0 0.999 5
P1 0.000 0 0.874 3
P2 0.488 4 0.998 2

SVARYL, RS, A A RIEAEE
ity RS I 1 855 37 980 A 22 20455 A 4 B S T
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Fig. 4 PCA of Coriolus versicolor intracellular glycopeptide samples
A-scatter plot of PCA score of free sugar samples; B—scatter plot of PCA scores of hydrolyzed monosaccharide samples.
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Tab. 7 Cumulative interpretation variance of PCA independent variables of free sugar samples
A4S PC1 PC2 PC3 PC4 PC5 PCo PC7 PC8 PC9 PC10

ZH—hE 0.007 3 0.1197 0.132 6 0.2710 0.661 6 0.769 2 0.9659 0.999 2 0.999 9 1.000 0
A HE 0.244 8 09219 0.944 7 09450 09555 0.979 1 0.996 1 0.996 6 0.998 5 1.000 0
IR 0.055 4 0.941 8 0.960 3 0.962 3 0.965 8 0.996 7 0.9993 0.999 6 0.999 6 1.000 0
EZ N 0.013 8 0.768 4 0.9257 0.996 7 0.999 4 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
EX = 0.054 2 0.9890 0.995 4 0.996 1 0.999 3 0.999 7 0.999 8 1.000 0 1.000 0 1.000 0
EX oAy 0.049 8 0.989 2 0.998 0 0.999 0 0.999 8 0.999 8 1.000 0 1.000 0 1.000 0 1.000 0
EX SN 0.627 4 0.992 1 0.997 7 0.998 3 0.999 6 0.999 7 0.999 7 0.999 7 1.000 0 1.000 0
V0N 0.102 1 0.988 2 0.996 4 0.997 5 0.999 8 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
FHIE = 0.123 7 09857 0.999 6 0.999 7 0.999 8 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
Ea 0.993 2 0.999 1 0.999 9 0.9999 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
b 0.936 3 0.9873 0.998 1 0.998 4 0.9999 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0

-2942 - Chin J Mod Appl Pharm, 2023 November, Vol.40 No.21 AN 2425 2023 4F 11 H 4 40 555 21 1)




T8 KMEBEELPCAEHLEPCARRMEEF£X

R9 BEEEHERR/DZFEH R M VIP E

Tab. 8 Cumulative interpretation variance of PCA Tab. 9 VIP value of free sugar samples by partial least
independent variables of hydrolyzed monosaccharide samples squares discriminant analysis
H7ask  PClI PC2 PC3 PC4 PC5 PC6 PC7 A5 I VIP {8 IEAZ VIP {8 B VIP fH
H&EHE 09801 09839 0.9897 0.998 0.9997 1.0000 1.000 0 ZH—hE 0.018 3 0.097 1 0.069 8
[ 0.1622 0.2382 0.8748 0.898 1.0000 1.0000 1.000 0 A HE 0.074 2 0.129 0 0.1053
WEWE 05898 0.9712 0.9871 0.9886 0.9988 0.9995 1.000 0 IR 0.168 5 0.1955 0.1825
EZUBE 09905 0.9905 0.9919 0.9973 0.9998 1.0000 1.000 0 2\ BE 0.341 6 0.356 8 0.349 3
N 0.0007 0.7233 0.8356 0.9334 0.9816 0.9999 1.000 0 FELHE 0.753 5 0.5129 0.644 5
FIRIABE 0.0063 0.6748 0.9269 0.9783 0.999 5 1.0000 1.000 0 FEENHE 0.938 8 0.703 0 0.829 3
SO 0.0198 0.8711 0.9274 0.9917 0.9986 1.0000 1.000 0 TN 02162 0.516 8 0.396 1
A 2 ZED0HE 0.709 3 0.605 6 0.659 5
075 @ FHIEHE 1.2133 0.947 4 1.088 5
REFRALIEW (P2) I
e 1.5359 24789 2.062 0
050
_ i 1.009 5 12728 1.148 7
S o2sh RIS @)
g ’ 9 e 1 . &l
a F 10 AKHE AR & AR N Z R A A A VIP A
o o ° Q il Jikt Tab. 10 VIP value of hydrolytic monosaccharide samples
2 onsh j?A A by partial least squares discriminant analysis
5 ’ 19 45 i VIP {f iEAZ VIP JVIP
—0.50F H g wE 1.776 5 2.6202 22385
Tk 0.0142 0.916 1 0.6479
—0.75[, . . r . . L A 0.461 4 0.823 1 0.667 2
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Fig. 5 PLS-DA result of Coriolus versicolor intracellular
glycopeptide samples

A-Scatter plot of PLS-DA score of free sugar samples; B—scatter plot of
PLS-DA score of hydrolyzed monosaccharide samples.
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