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Optimization of extraction technology of two immune active proteins from
Astragalus membranaceus var. mongholicus
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Abstract: Objective To optimize the extraction technology of immune active glycoproteins AmPR10-16kD and HQGP-2 from
Astragalus membranaceus var. mongholicus (AMM). Methods The optimized extraction temperature conditions were investigated
by circular dichroism of water-soluble protein involving in AmPR10-16kD and HQGP-2 with secondary structure from AMM. The
optimized extraction technology was investigated using single factor test and orthogonal test with gray value of water-soluble protein
AmPR10-16kD and HQGP-2 as the index which was determined by Image of gel graphical analysis software. In this study, the
effects of temperature, solid-liquid ratio, time, solvent, granularity, and times on gray value were investigated, for which the
inhibitory effect of water-soluble protein was determined as an evidence by CCK-8 method, and the content of water-soluble protein
is determined as an evidence by BCA method. Results The optimized extraction technique for proteins AmPR10-16kD and
HQGP-2 in AMM was established, that was 5.0 g powder of AMM over the No.4 sieve, olvent Tris-HCI, solid-liquid ratio 1:16 and
60 min for extraction at the temperature of 40 ‘C and being mixed under 100 r/min. The water-soluble protein extract rate in the
orthogonal test analysis was 65 mg/g, of which inhibitory effect was 90.90% at a concentration of 90 pg/mL. Conclusion The
optimal extraction conditions could accurately reflect the relative amounts of AmPR10-16kD and HQGP-2 maximum extraction rate,
providing a stable, reasonable, and feasible extraction process for further study of the bioactive substance of AMM.
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2.1 JFURMIALEE R R R, 50 CHET, i
FwE, 0, B 1. 20 3. 4. 5. 6 SRR
2.1.2 W&t =i 18~25 C, AR
45%~75%. CD {H#llIXEK: kil 1~100
mg/L, IBER 1 mm, ZHPHK 190 nm, &L
£ 250nm, K 1nm, EE 1K, KRERI s,
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Pegg v R 2.0 nm.

2.1.3 ANFEFRBOREMFES FRELAMBA 3 5
i) L7 4, R 5.0g, HWEFNER GRS AL,
#INAJH PBS (pH 7.4) 50 mL, FR:E, 7Hl7E 4.
25, 40, 55. 70. 85. 100 CH/KIEHLE 60 min,
4 CTUKFIHEAE 60 min, WHHEE, BEFR,
FRE, T PBS ¥ EFTE, K ORI E 110 [CN
ShfhpEREE A fhgE, SRS 0.45 pm BERE, FTA30E
WA NI, R 250 pL ARl s 1 1
mm A gE b, e CD A, w153 7 4
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Fig. 1 CD spectra of soluble protein at different extraction

temperatures
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Fig. 2 CD spectra of soluble protein using different

extraction solvents
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Fig. 3 SDS-PAGE Electrophoresis of AmPR10-16kDa and

HQGP-2 at different extraction temperatures
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2.2.5  BHELEXT BAR B E ORI FRE 2
MHRAR (3 501 Ik 6 1, B4 5.0 g, 735l A PBS
30, 40. 50. 60. 70. 80 mL, FxiE, 55 ‘CHK
WL, AR “2.2.47 15, L AmPR10-16kDa
H1HQGP-2 7t SDS-PAGE it I8l 1 1) 25 11 45 AR FEAH.
MR Ky miabs, SUBIHE S, PR L
XFHFREE IR0 . W 4 R 1 PR, BE
B L2k, AmPR10-16kDa & 115 455 1)
IRFEAEMRIR T i 5 BeA%, HQGP-2 H 4 I K
FEMAK R ARG T, Al B R, WoRhE L
AOPIEFE T 2120 1114, 11 16,

2.2.6  SEMUR I H AR RCE ISR A5 FRE

1 ZFHEKH AmPRI10-16kDa #1 HQGP-2 EARRMEHERRREESH (X £s,n=3)
Table 1 Single factor test analysis of gray value of extraction conditions of AmPR10-16kDa and HQGP-2 in AMM ( X +s, n = 3)

. IKJEAE
#H51 W ; — - . N -
PRI B RLE L PRI i) PRI iy PEIIEL
payist — 1131974350 143 1464550 129160380 111899+£280 743624138 123 2554490
AmPR10-16 kDa 1 14 5434250 152284210 11436+138" 691+129" 7669+128"  112344328"
2 131494255 182284222" 11141142 35384109 9139+£107"  23024289"
3 125944259 23474+189" 127711457 4556119 11 663+122" 1180+207"
4 98644205 244024138 9705+151" 47961217 17 781+129" —
5 465712687 27675+144" 92701180  4978+149" 13 414+157" —
6 260941477 2374741677 6800155 — 13 060+161" —
7 9494159" — 5894+127" — — —
HQGP-2 1 15075+£138" 160194201 104642117 45954186 7392+£129"  9669+211"
2 12753+146" 156861189 992241717 76611257 7738+157"  1485+189"
3 112024199 15646177 10956209 10 026+172" 8080182 7524189"
4 8383172 17924+187"  8034+210" 12672+159™ 15026+2017" —
5 5701£155" 195724197 8319169 947241077 10804209 —
6 48091677 19982+156" 4467+152" — 11157+189" —

7 1668+177" —

3997+111" — — —

x4t " P<0.01

P <0.01 vs control group

MR (3 500 3 7 4y, B4 5.0 g, S A PBS
50 mL, T 55 C/AK#HHH 30, 40, 50, 60, 70.

80+ 90 min, JHABSAFF “2.2.4” i, L AmPR10-
16kDa F1 HQGP-2 {£ SDS-PAGE JI% &I [ 2K 11 4% 7
IRFEAE QAR A SE48bs, BFFORRELLXS H bR
BARMENT, WS R 1 PR, BEEFEUT
] ZEK:, AmPR10-16kDa F1 HQGP-2 & [ )5 (1.7
IR G, IR FEAESE T i g BeA%, AHs 2 PP

WP (] K FIE R 404 504 60 min.

2.2.7 IR HART R S R I R
ikt R G 3500 54y, B 5.0g, AN
#BEA 10 mmol/L NaCl [1) 0.02 mol/L I -1 i e
2P (pH 5.0), 25 mmol/L MES 22 (pH 6.0),
25 mmol/L HEPES ZZ " (pH 7.0), PBS ZZ i (pH
7.4), 25 mmol/L Tris-HC1 ZZ % (pH 8.0) 4% 50 mL,
PR 55 °C, HAhAAER “2.2.47 1, g
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Fig. 4 SDS-PAGE Electrophoresis of AmPR10-16kDa and
HQGP-2 at different solid-liquid ratios
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Fig. 5 SDS-PAGE Electrophoresis of AmPR10-16kDa and
HQGP-2 at different extraction time
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ARG J L 2 M R R ) T B R, A
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AmPR10-16kDa [ £ it 4% 47 (1) K FEARMK O
WA PR IONER, K BEE MR K, HQGP-2
(WA TH i Ja B, PR 1| KIEEMEESE 2
o CD (EE %A R, WA 714 +% HEPES. PBS.
Tris-HCl.

2.2.8  ZPPRLEEN H bR R AR FROE
1~6 SR K RS 5.0 g, &I PBS 50 mL, $2
WO RE 55 °C, HAhZc AR “2.2.4” 1, LA AmPR10-
16kDa Fil HQGP-2 # SDS-PAGE Ji [l H [ 25 [ 4
KPR CUETIARD R sEdehs, WHFT2kki EExt B
PRER IR . Wil 7 FI3R 1 Pos, BEER R

1.16 X 10°
6.62%X10*
4.50%x10*
3.50x10*
3.10x10*
2.50%x10*
1.84%x10*
1.60X10*
1.44%x10*

|
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B 1

gl
Kl
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SDS-PAGE Hjk &
Fig. 6 SDS-PAGE Electrophoresis of AmPR10-16kDa and

HQGP-2 using different extraction solvents
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i
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Fig. 7 SDS-PAGE Electrophoresis of AmPR10-16kDa and
HQGP-2 by different powder particle sizes

BLEE /N, AmPR10-16kDa #1 HQGP-2 & [ i fh,
WOIRG I, KRG, 4 SR
IKEEAEION, MOE 4 STk A .

229 $REKEL FOEZIMEIK (i 4 505D 5.0 g,
FEHGRE 55 °C, HAh&AER “2.2.47 T, $RHC 3
U, BRRIER A, LA AmPR10-16kDa F1 HQGP-2
7t SDS-PAGE JIZ | vh () 8 [ 4%l AKFEAE B TRIRRD
h i FEARAR, WFCHREOREON H bR iR 115 2R 1500 .
i 8 Fgk 1 iR, B PRI ALTI3E 2, AmPR10-
16kDa #1 HQGP-2 & H ity tHIR 29k, K H
KA/, FRIC T RRIADRER Ay e R IR,
TERUBAE = rh, $RE 2 BRI,

23 FHERMHEEERNIZHMRL

2.3.1  ERRWRE BT 7R Bk D E R ) S
b, LA WEMERRBGRE (A, BRELE (B).
BRI (C) FMHEHUAT (D) AFRNE, Wit
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=
-

TERLIE

Marker 1 2 3
8 FEHREUREE AmPR10-16kDa ¥1 HQGP-2 A4 SDS-
PAGE k&
Fig. 8 SDS-PAGE Electrophoresis of AmPR10-16kDa and
HQGP-2 for different extraction times

4 HZFE 3 KPMIEASRE, L AmPR10-16kDa Fil
HQGP-2 7£ SDS-PAGE HLyk | Hh 1 85 11 4% iy K TS
(TR b & f5 bR, M AmPR10-16kDa il
HQGP-2 #[IfFR KA Mgk, X s n
PR T ERATAL .

232 KA EAMB R (345
i) 94, 75 5.0g, 2l IRy AR 5 NP 71

o D B SR, FRE, Rl A ISR
JKGHEE C min, 4 10 min $idE 1 Ik, #E H 4,
AR, FoE, MR R . Bl EEREGE,
[F] “2.2.47 WJ7EAMIE, P IEmAE R R A -
233 nFE nFE14.0 L, [N Marker 7.0 pL.
234 T AmPR10-16kDa Al HQGP-2 i fE
R 2HE IEACRE e g R W3k 2 FiEl 9,
T 257 BT WK 3.

FHEE 2 W10 9 AHikE 40 & ' AmPR10-16kDa Fll
HQGP-2 K2 [ de A5 Ik SER S AR5 A
AB;C;3Ds; LU AT15 - £ K 254 AmPR10-16kDa
A HQGP-2 REUZWIMFLEZ KN A>D>B>
C; AmPR10-16kDa [f] A [N ZEH K, >K,>K;3, D
=1 K:>K>K,, BRREY K3>K>K,, CHZEYT
K3;>K,>K,; HQGP-2 [f] A H&EY K, >K,>K3, D
K#EH K3 >K >K,, BHRZEYT K3>K,>K,, CHZE
HOK>K > Ky R s EAREA SR
AB;C3Ds.

H# 3 nI %0, DI ZE R/ NI 3 C i 22 ik
TTT7 255507, iR RN 2 AL D A B2 5,
K2 B, C WL R EMRm, %07 2 il £,

%2 FHHEEH AmPR10-16kDa 71 HQGP-2 EAFRIEMEHEX IR A7
Table 2 Orthogonal test analysis of extraction conditions of AmPR10-16kDa and HQGP-2 in AMM

[Eoa=) A/C B C/min D JIR mﬁﬁ*ﬁ%?
AmPR10-16kDa  HQGP-2  #2Il#/(mgg ")
1 40 (1) 1:12(1) 40 (1) HEPES Zzrhif (1) 429 464.724 106 617.560 56+1
2 40 (1) 1:14(2) 50 (2) PBS Zl (2) 468 670.529 105 919.183 61+1
3 40 (1) 1:16(3) 60 (3) Tris-HCl 201 (3) 776 509.848 154 194.798 63+1
4 55 (2) 1:12(1) 50 (2) Tris-HCl &1 (3) 574 881.345 85017.140 56+1
5 55 (2) 1:14(2) 60 (3) HEPES 221 (1) 346 246.395 37 987.883 5342
6 55 (2) 1:16(3) 40 (1) PBS &M (2) 368 923.721 70 215.441 53+1
7 70 (3) 1:12(1) 60 (3) PBS Zl (2) 113 741.295 16 749.084 47+1
8 70 (3) 1:14(2) 40 (1) Tris-HCl ZE319 (3) 436 618.203 75 190.819 50+1
9 70 (3) 1:16(3) 50 (2) HEPES 2200 (1) 110 531.627 48 364.498 48+1
K, 558215.034 372695.788 411 668.883 295 414.249 — — —
122243.847 69461261 84 007.940 64 323.314 — — —
K,  430017.154 417 178.376 384 694.500 317 111.848 — — —
64 406.821 73 032.628 79 766.940 64 294.569 — — —
Ky 220297.042 418 655.065 412 165.846 596 003.132 — — —
46768.134  90924.912 69 643.922 104 800.919 — — —
R 337917.992  45959.277 27 471.346 300 588.883 — — —
75475713 21463.651  14364.018 40 506.350 — — —
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1.16X10° Table 4 Validation test
sexi0 - o SRR AL T
350%10° " AmPRIO-16kDa  HQGP-2  #HU%/(mgg )
310X 100 = - -' . ] y
5.50% 10° - - Y1 796 666.006 166 204.456 66
1.84x10° ™ Y2 789 236.556 159 227.331 65
ﬁi igi T me-- - Y3 771220079 156 224.007 64
RSD/% 1.67 3.19 1.54

Marker 1 2 3 4 5 6 7 8 9
RE
9 EXRIRIPZHmA SDS-PAGE HK[E
SDS-PAGE Electrophoresis of each sample in

Fig. 9
orthogonal test

%3 AmPR10-16kDa 1 HQGP-2 EH RIZBN &4 A E ST
Table 3 ANOVA on extraction conditions of AmPR10-
16kDa and HQGP-2

TiZERWE WmZEEOAM BAmE FE BE
A 1.75% 10" 2 11778  P<0.01
9.35X10° 2 28.62 P<0.05
B 4.09%x10° 2 2.76
7.94%x10° 2 2.43
C(R%E) 1.48%10° 2 1.00
3.27%X10° 2 1.00
D 1.69% 10" 2 11373 P<0.01
3.28X10° 2 10.04

F0_05(2, 2) =19.00 F0_01(2, 2) =99.00

SUTENT A S35 5 ) DR 30 B dm Kk, i At o)
TR 25 AR NI R 35, TR 4 S i B R I
BRI AR T &40 AB;C3D;, B
MR G 4 55 A pH {E4 8.00 )
Tris-HC1 220135 16 15, (EMLEE 40 CA&AF T H KK
HHEER 60 min, WAHEHE (100 r/min).

235 WAL a3 MR Y1 Y2, Y3
(Gt 4 501 % 5.0g, &MA 16 {5 Tris-HCl, 7
T 40 CHAF MEEFLE 60 min, BEHFE (100
r/min). UL EARHOGE, [F] “2.2.47 W7 EhE,
PSR AE A A . XT3 B FERL AR R
i 73 IVE SDS-PAGE BRI, InFelE “2.3.3” Wiy
%, JRE TR ARG . gE LR 4, 4R
WP IZ R T SR v R AT

24 FHERHEEENEINERANEIE N E
241 FEAAEEE EEHEOFEMAE 4 CRIENT

GENTS AR IR 750 3.5X10°) 18, &
K 90%~95%, £ SDS-PAGE My I35 11 4 B
KA WA, Aifb B (LN 2 0.94,
2.4.2  REEEREENE R CCK-8 ¥l 1E
ZEARIEH 9 2B B AR AN RS, 1E
AESER R 9 A TR EA 10 pg/mL & AFE
i ALY AN 10, 304 500 704 90 pg/mL 5 &
JREER PR o H RN BT R L g Y, i
Y R VB S 3X10°/L, I H] & Wi e ok
ML ) >99%. T 96 FLAN s IR0k HH REAL DAl
AP AN IR 100 uL &2 ConA 5 uL (2 ik JE
5 ug/mL), KB TR AE R TR TP s 7% 24 h(37 C,
5% COy)» M 5E A7 B RBERE i AN [F) o iR
FEALIIAN 8 pL BIR USRS R G R R 2%
R, FAAMANE AR5, BT
WIS A AN RE IR, B R AL IS R
P (GA) L JTEIKERN 30 ng/mL, FA4M4 6
MEEAL, FAREEFHCET 37 C. 5% CO, HiJt
FEWEE 48 ho B0 fuRs -G 5, LI 10
uL CCK-8 ¥, I E THIFFAANITE 4h, HN
BRI EAE 450 nm ARG (4D i

MBS MEZ: KI5 BB WA il
RIS . 453 W% 5 B, HiIE
ARIEI 9 AL I HAE Tk, AT 3 IR
e, HOUCHIEASIRS: 4 241, RS0 SD K EUAT ICR
/I ST At R RS s FH ZE B AN R, IEAT IS 3
HRE OGS TR T2 2 0% 490 1) 5 A A T 388 o i
o, RIH R ENOCR, e TERE 90
ng/mL IR A 90.90%, 5 BH X [ B R b b %
R 2R AR

76 RSzt b, BT TCR /)N BRIk B 40 e fr
P26 g ey WORE P 2 RORH B B U 1) ICR /S
B 4 AT TS 2SR, o EER B I AEAN )
FEWE (100 30, 50, 70, 90 ug/mL) 4t F %}
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*5 FHEKMAZBAX SD KRS ICR/NRMEHKEHMEL
IEMER (X £s,n=3)

Table 5 Inhibitory effect of crude protein from AMM on
lymphocyte in spleen of SD rats and ICR mice ( X s, n = 3)

s JRER I, TR A A 3 %
(ugmL™")  SD KM ICR /MR

Uik vsicea:l 0 — —
BHE: %o 21 30 93.96%1.03 96.2311.38

(B B )

IEASRY: 1 10 35714£0.79 37.79+1.67
2 10 48.09%1.09 51.70+1.60
3 10 59354276 64.10+2.94
4 10 57274189 62.62+0.12
5 10 35984223 39.90+1.08
6 10 46.88%+1.07 49.50+1.47
7 10 39.01£0.99 40.73+0.14
8 10 3489+1.78 37.24+2.02
9 10 32.11%201 34.05+1.69
IEATRE 3 90  88.71%2.77° 90.90+4.84"

Gl 2 = A6 70 78.78+2.61" 82.0441.22°
50  70.56+2.65" 7532%+1.77
30 652243617 70.18+3.41"
10 57.2243.017 62.07+2.52"
EASIRE 3CRIEHT) 10 60.33+3.417 66.03+£2.07"

Hxmaltss: "P<0.05 TP<0.01
"P<0.05 ""P<0.01 vs control group

AN NN OR RS- AU A UK D B eA s E] i N
MITEA TR R Z, PP A (BERRES
D) F190 pg/mL [Pk T 40 i S s> . Al )
SERENERZ BIBIR I S AN e B R A £ 2R
G, ML) SRR B S R FE A AR OGS
3 e

16 B 5 9% M RS B A IUHE S N 7R
Jrp, SNSRI EROC, R KR
PRI EERIE R, TRy sk g2 . diE
YERVN AL, WTORAMEGZE AN, JEH T
W rEHE: . B etiini. Hiur, EA
IS AT T 2 S B I L TR A 2R, [
A H AW R )4 U B US> - FTY
720700, S H R 2 G B AR (T R IR K

ARSI A DA B AT i I S A A T
fitg b U272 e o5 B DR H bR R A
AmPR10-16kDa A1 HQGP-2 fRH#EHUE J AR H 4tk

MERE N H bR, XHEHGRE. BHEE . $REUR . 42
WO, 2R R, $eixE 6 N RiEATH %L, L
B PR B AOE ARG . b, SRR f IR,
KH CD it T%%%, 534l AmPR10-16kDa
A HQGP-2 (S 40>95%) IIER )5 &5 H
HEAT LRI, 0S4l i AmPR10-16kDa F1 HQGP-2 [
AR REEMITUE T o-1205E, WHRIGEE <40 C
HEE, RZM>40 CHAH; LL&KFZ= SDS-
PAGE Lk I 1R 8 1 4% i K FE AR A b izt H S 35k
PRI 3BT IE A RS B A ) AR 1 4Ry AR FEAE AT R
TV B 10 IR L PR S e PR PR S5 S, A
DL H A F B g Fe bR It A R R I A SR
A,
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