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Study on the Enzymatic Deproteinization Technology, Composition Analysis and Immunomodulatory Activity of Isatidis Ra-
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ABSTRACT : OBJECTIVE To optimize the deproteinization process of Isatidis Radix polysaccharides and further explore its immu-
nomodulatory activity, and to provide a scientific basis for the development and utilization of it. METHODS The optimum conditions
of enzymatic deproteinization were optimized by a single factor combined with the Box-Behnken response surface method. The chemical
composition and structural characteristics of deproteinized Isatidis Radix polysaccharides were analyzed by UV-visible spectrum, Fourier
transform-infrared spectroscopy, high-performance gel permeation chromatography, high-performance liquid chromatography and scan-
ning electron microscopy. The effects of deproteinized Isatidis Radix Polysaccharide on neutrophils, macrophages, IL-1B and IL-6 in
zebrafish were investigated by using a zebrafish immunocompromised model. RESULTS  The optimal enzymatic deproteinization
process was as follows: trypsin 500 U - mL™", pH 8.0, enzymatic hydrolysis time 5 h, enzymatic hydrolysis temperature 37 °C. The
deproteinization rate was (86.39+0.07) %, and the comprehensive score was (91. 15+0. 37)%. Ultraviolet, infrared spectroscopy
scanning and scanning electron microscopy showed that the protein contained in the crude polysaccharide could be removed by enzymat-
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ic method. The relative molecular weight of the polysaccharides were between 5. 82 and 60. 26 kDa. The monosaccharide mole compo-

sition was mannose :

rhamnose : galacturonic acid : glucose : galactose : arabinose=2.17 : 0.96 : 2.90 : 83.25 : 4.88 : 5.84. The

results of immune activity evaluation showed that when the concentration of deproteinized Radix Isatidis polysaccharides was 50 ~

300 wg - mL™", it could significantly increase the density of zebrafish immune cells, increase the number of macrophages, and reduce
the content of IL-1B and IL-6 in immunocompromised zebrafish, thus exerting immunomodulatory effects. CONCLUAION  The enzy-
matic method can effectively remove the proteins contained in the crude polysaccharides of Isatidis Radix, and the deproteinized Isatidis

Radix polysaccharides have certain immunomodulatory effects.

KEYWORDS:: Isatidis Radix polysaccharide; protein removal by enzymatic method ; polysaccharide structure ; immune regulation ; ze-
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Table 1 Box-Behnken experimental design

K-
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A(HHE/U) 400 500 600
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C(pH) 7.5 8.0 8.5
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62.5.125.250 5001 000 g - mL™", 444 B 41 i%
B3 AEAL, 2 24 h 5 EELh 0 B8 T RURIBRTE
W
2.6.2 BEDfap A2 BHNLIERERE & 3 dpf
(R EERRE &)y, 15 s A, A A BE PR 2 40 2% 50,
100,200,300 pg - mL™" A9 IRPS 452540 F 12 FLA#R,
BALECA 10 &%hfn, 25 FAXTHRAA AL T 4 mL iR
JAREFE K, BERIZH 25 T 150 pg - mL WA &
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Fig.1 The results of single factor test
% 2 Box-Behnken iz 3236 45 5
Table 2 Box-Behnken response surface experiment result
JT ACEEIE/U - mL™) B(WHE/h) C(pH) EFIEBRR/ % ZHEIRE R % LERITAY
1 400 5 8.0 82. 44 76.72 80. 15
2 500 5 8.5 67. 41 83.15 64. 68
3 500 4 8.0 96.79 87.44 93.05
4 500 4 8.0 89.20 81.59 86. 15
5 400 4 8.5 34.02 72.34 49.35
6 500 4 8.0 85.82 93.77 89.00
7 500 4 8.0 80. 18 93.57 85.54
8 600 4 8.5 44.18 73.02 55.71
9 600 3 8.0 49.95 85.10 78.92
10 600 3 8.0 32.92 79.55 70.95
11 400 4 7.5 62.36 83.83 51.57
12 500 3 7.5 75.13 81.79 77.79
13 600 4 7.5 66.59 97.42 64.01
14 500 3 8.5 76.53 93.18 59.79
15 500 5 7.5 45.58 81.10 83.19
16 600 5 8.0 55.68 78.18 73.71
17 500 4 8.0 87.51 98.54 91.92
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13.70 51 P=0. 001 2<0. 05, F 75 [ A4 Fr 151
TR LR I P=0. 116 7>0. 05, FR
RANTIE A b 2 22 5, SEPRE 5 T AL A &
HEHERAR, RS, = 0. 877 2, 2 W IZ A0 1T L fiff ¢
87. 72% el N AE [ 254k, , {5 M 1L = 10. 763 (>4) , K]
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AR W5 R 22 W 0 A8 1 7 v R B B N 4 S g A
FREAT AT, L Rl LU F kR, K
i C BAW B EN(P<0.05),4> . C* B B &
(P<0.01) , MR4E F K, 5200, By LU i R
ZHF N C(pH) >A(BEE) >B(HHE]) . A HAEHE
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R3I AESWER

Table 3 Variance analysis results

AR SR 05 B F1H PiA B
TEEAY 3021.91 9 335.77 13.70 0.001 2 significant
A(HEE) 51.66 1 51.66 2.11 0.1899
B(HFE]) 25.49 1 25.49 1.04 0.341 8
C(pH) 276. 48 1 276. 48 11.28 0.012 1
AB 51.91 1 51.91 2.12 0.1890
AC 9.24 1 0.38 0.558 7
BC 0. 065 1 0. 065 0.002 6 0. 960 4
A? 909. 98 1 909. 98 37.12 0.000 5
B’ 9.49 1 0.39 0.5535
c 1 563. 67 1 1563. 67 63.78 <0.000 1
5k 171.61 7 24.52
05 5 126. 68 3 42.23 3.76 0.1167 not significant
alitR2E 44.94 4 11.23
Jeviil 3193.52 16
Std. Dev. 4.92 0.946 3
Mean 73.85 Adj R? 0.877 2
C.V.% 6.70 Pred R* 0.343 3
PRESS 2 097.06 {5 10.763 0

. " P<0.05, " P<0.01,

Design-Expert V 8. 0. 6 {2 il Jilg 1 | Tl fige it
(1] pH. XA i AR 22 W 58 5 0552 e i) w7 T €] 7R — 4
SErm R LI 2, JE gt T 3D RIS R T RE A
W S e A4 PR A2 BAE FH A2, 7E =4 b il
AT R BE R BR300 255 V140 B 52 el K, B =z 0]
RUPZMEN A 2 B o o 2 BRI 26 B
RS HAEA R, A A RE 0 2 W1 22 B4R
W23 o pH RN 4 0 107 TR 2B BEW , X 2R G 1T
SRV, T R T ) X5 255 PF 0 OS2 M /8
3.2.2 EAET AWM AKE 1T Design-Expert
V 8.0. 6 AT BN EEAR MR F R AE T2

k08 B2 g, B TG 497. 14 U - mL' | i i
pH=7.92 [l fg ik (] 5 b, FUM 25 & 48 b5 0T 3k 2
92.90%,, Mz A ZEHES . C(pH) >A (i) >B
(BFIE)) 256 PRk B i G 0L Z A B IE N . B
T A EERETS M 500 U - mL™'  pH=7.9.8.0.8. 1, [iff
fi# B A] A 5 b, BEARIELRE 37 °C , AN S 3 IRSE
By, SEEGEE AN 3,24 pH N 8. 0 A, B AR Pk R it
U3 ISR LR AHEHR N (91. 1520. 37) %, 5 FN{E
FHEZIE , R R0 A5 8 v S | oA 92 BR iy
M E.
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Fig.2 Response surface and contour maps of the effects of various factors on protein removal
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Fig.7 Molecular weight map of Isatidis Radix polysaccharides before and after deproteinization
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