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W B AN E ERNARE BRI B S48 (Anemarrhena asphodeloides polysaccharide, AAPs) L7,
HARRARR M EHERRS BB 54, RFH— 5485 (AAPs-1-SG) , FxT g &Mutirkiz, A A
g b, B i MTT 360 2 AAPs-1-SG 3 RAW264.7 @ i i& 7 9%+ ; A A ¥ bk 40 5324 AAPs-1-SG 3F RAW264.7
w06 B E W B R . R A AAPs-1-SG 3 RAW264.7 #a i NO. IL-14. IL-6 #= TNF-a K-F 89 %vh, R %
B, AZE B BUKARIRIL AAPs TEAH A BB ERZ 5K 24% ABF A FE 400 W, TEEARRGHK 45% Aot ik
P 1:20 g/mL, AAPs %&£ % 12.17%+0.25%. % 5h X 24 K 3L AAPs-1-SG & & O A=k ; 4 oh i K
AAPs-1-SG B A A 64 S4B 2o SR Ol AF e, BA o A= pAAE R4, AAPs-1-SG £ 28 Glc. Ara #= Man 4%,
H5F =4 11298 Da; AAPs-1-SG L 43 4428 F /1 B MBI K I AAPs-1-SG Z RAN K KA=FLk M,
98, AAPs-1-SG 7T 2 % 3 5o RAW264.7 8% /1. A% &M A& NO, IL-18. IL-6 #= TNF-a K -F (P<0.05) ,
it —F BT AAPs-1-SC EA BT W LB AT EFR. ARERARRSZESEBRBRREEEZWN I X, CAHRESHE
FRAF ARBEETELE,
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Process Optimization, Structural Characterization, and Immuno-
modulatory Activity of Ultrasound-assisted Aqueous Two-phase
Extraction of Anemarrhena asphodeloides Polysaccharides
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Abstract: This study aimed to optimize the ultrasound-assisted aqueous two-phase extraction (UATPE) process of Anemar-
rhena asphodeloides polysaccharide (AAPs), separate and purify the crude AAPs by different column chromatography
techniques to obtain a uniform polysaccharide fraction (AAPs-1-SG), and characterize its structure. The effect of AAPs-1-
SG on the viability of RAW264.7 cells was determined by the MTT method. The neutral red method was used to evaluate
the effect of AAPs-1-SG on the phagocytic activity of RAW264.7 cells, and the effects of AAPs-1-SG on the levels of NO,
IL-1p, IL-6 and TNF-0 in RAW264.7 cells were investigated. The results showed that the process parameters of UATPE
polysaccharide from Anemarrhena asphodeloides were obtained as follows: Ammonium sulfate mass fraction of 24%,

ultrasonic power of 400 W, ethanol volume fraction of 45%, and solid-to-liquid ratio of 1:20 g/mL, and the yield of AAPs
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was 12.17%+0.25%. Ultraviolet spectral scanning revealed that AAPs-1-SG had no proteins or nucleic acids. FT-IR showed

that AAPs-1-SG exhibited typical infrared absorption characteristics of polysaccharides and possessed o and S types glyco-

sidic bonds. AAPs-1-SG was mainly composed of Glc, Ara, and Man, and its molecular weight was 11298 Da. Scanning

electron microscopy and atomic force microscopy observed that AAPs-1-SG presented irregular sheet-like and porous struc-
tures. In addition, AAPs-1-SG could markedly increase the viability and phagocytic activity of RAW264.7 cells, and signif-
icantly improve the levels of NO, IL-1f, IL-6, and TNF-a (P<0.05), further revealing that AAPs-1-SG had better im-

munomodulatory activity. The findings can provide an important method for the efficient extraction of natural polysaccha-

rides and also offer significant references for the development and utilization of AAPs.

Key words: Anemarrhena asphodeloides polysaccharides; ultrasound-assisted aqueous two-phase extraction; process

optimization; structural characterization; immunomodulatory activity

N+ (Anemarrhena asphodeloides Bunge) "N
GRMZAEA R, AL g b B I RIS kL
2R 2, RN AR 2. B N
LU AE ARk, F B Z W (Anemarrhena asphode-
loides polysaccharide, AAPs) [FH. g 2 1A= Py iG PRI
R A AR A28 52 01 . REEiFoE3R AAPs
HAGPEVNT . Préafh. Polddd . BEmops . P87y i iE
RSP EVE R, HAE s M S 25 FRRE 25 UIAE
KB gRT, HETXT AAPs BN 5T 4 T 25 FENG
Pk, HARBCSCRAIG . S5 BT AN o035 55 [a) R RR ik —
L ESM . Bk, 857 maL . BRI .
5] FF A5 AR, XSl AAPs BUTRE I & FnF) FHE
BEZEZE X,

HET, AAPs MR EUT s A FEHOKIZ TR .
PR BN HR G | Bl Al R LA, #4
K FEIEARAE R B, (B SR IURCRAIL . FERHS . fi
FE i S5 (0] L, HL =57 T BE B B EE A B A IRk
HHENERE: B AR SRR, (HER IR el SR A 5% 2 iR
ZRH BT A, S LA W iE T B SRR
e, (HEFRAS R =, LR~ 2 4, Jasialifh
MERERS, STAESk, A8 A BhHR B AR R 2 A28
AT A SO A Py A B | B i A% e, 9 1z i
F BRI, (B I rp (el PR A e PR AN 2 | 1R
B2 i 22 A n R, FEgidb T, RS ik %
M 2 BRI S & Sevage LR 1, B4 DEAE £F
AEFAEBBEIR (L 53200, SR, LBEDTTETS FIReE
BAK, BHAEVERHRER, A5G 8 0O R RaE;
Sevage B AEA LR LR, (HFF Z IR ELZHAE,
TR AE 2Tk B fbCER AT, (AR EHS, B
A A 7= B A B v o ALK AH $2 B ( Aqueous two-
phase extraction, ATPE)/E —Fgi XMLkt 55 3
AR, 38 S AR AR FR BB A IC, AT SRR Y S AN
=AMl BAEMERE | SRR R A
GPRERBAN T HET, SUKAHIER R AAPs $2H il
Hh 4 8 FH AT IR s 2L, LR AR R FE A4 22 2H 3 i AN BH
ffio PRI, JT &P B AUKARFREER, ftfb T2
S, fRMT AAPs GHRENE, 3% OB XS RTIFSE ) 26
A, B, FEOUGERICT. 2 R, T8 & aL
BERCHERH (3% (High performance gel permeation chro-

matography, HPGPC) . 21 4 5'61% (Fourier transform
infrared, FT-IR) . B ILPREF A 4= HI FRANFE ZHH 45
¥8), FRLE A RS M AR AL PR H A Re P 1T TR, LA
HAAG “ BEE-gE A -1 =38 Z BRI PITEER 2R, X R
G SR SRS P2 i e
ABIFFE LAFIRE A SR, SR FH AR 7S 5 B SUK A 5/
SEEEIL AAPs, i BRI TR0 25 & 1IE Sk
Wi e Jo i A3 A0 . SRR B TR OB L G
SR, FEST AL ARFEAVERER T 25 S — A a4y
A lifb (DEAE-52 £F-4EZ 1 Sephadex G-100 HEEHE
FE) RGP 7> (AAPs-1-S), FFRTHLEE4ME
ji% (Ultraviolet-visible, UV) . FT-IR, HPGPC . <A
1% - Jii 115 B¢ JH ( Gas chromatography-mass spectrome-
try, GC-MS) 255 R FRAF L5, Il it RAW264.7
AR P FL A RE PR Y T M o AS TIPS S5 5 B AE N
AAPs BRBEF A AR IR LR S
1 MRERE%E
1.1 MRS5EE
HEE BRI E5A BR A B DEAE-52 £F
#EZEFIl Sephadex G-100 FjRBEEI A RILREFET
MR A BRAF ;s AR . SEALEN S pral, 22N
TR AL TR BR2S /) SRR . ARy . WRAER
SrPTall, REEARIE A R T 3500 Da i fi4s
Jbm 3 S A YR A BR A Bl RAW264.7 40 i
db 5 W A4l i )2 5 I8 £ HF (Lipopolysaccharides,
LPS) gt ARba B2 Fl; NO(m1059000)
IL-18m1106733),1L-6(m1064292 ), TNF-a(m1059784)
mEilE IR E YR A BRA ]
CP-2 /5 PN BLILET MR 2 B
H]; SNE-3200M =0 Hdss YIRS A
B2 H]; RE-3002 JiEfh 28 &AL FRINHIER AR/
BRZN ] TU-1901 BSEHR LM 6B &k
PALFAL FAT BR AN T3 7230G E4M0600EH |
1A ARSI A RS A KLOSR 25001 Bk
{BALFRIE AT RN T3 VF-600 ELZ5 ¥R THRPL Jb
R RMY 28 FR S 715 SE-2200 135 A4 5E e HERH (0,33
WHTARASL A AT AR A BR 2N H] 5 Flex-Axiom JiLF )
WAEE AR ) R BHE AT BR 2N 5 Heracell
240i CO, K534 FTEBR /R BLHZ 2%\l ; HBS-
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1096A 4= H S EgARAX  FE ol TRk A= Y R A FR A
G
1.2 SEWFHE
1.2.1 AAPs |45 AEFLE AR -, FRELS g
0By R KL S BT 200 mL HEFE I P, SRS A
150 mL XK AHA F]R (TC/K B PR 8% - 7K=3:2:5,
V/W/V), Fosiitt, B & T rs S P e s
FHENERE, $REES S, KR BOR E T o=, 7
PR 58 450y )2 5, WE T 2003 BUR 75 .0
(8000 r/min, 20 min), W& _HiEWR, R/5 & T HEE
HRTIEPLHRHA T, B3R5 AAPs,
1.2.2 AAPs 13ERME AKPE Tan 50 19 77 20
A AAPs 1935, AR 43 51HL 0. 0.1, 0.2, 0.3,
0.4 mL 9 0.1 mg/mL A9 D-JC 7K 3 % B b5 #E 5 T
5 mL 19348, BEJS I 2288 TR HAM S 0.5 mL,
FEAFIRA), FINA 0.5 mL 5% AW 2.5 mL %
WRER, WhKIE W 30 min Ji&, 7TEP K 490 nm AL
FESRR AR o LIRS R R R AR 1 S vk 5 5
T R DAL BRFARE AL AR, R8I E T B Y=0.0082X+
0.1075, R>=0.9998, iZJ7 FE1E 0~100 pg/mL 7% bE
SR VL B N B A i LR e R . B AAPs
(10 mg) BE ] % 0.1 mg/mL [ 13 I AF 5 35 w0, B
0.5 mL AL IIA 0.5 mL 5% ZEBIAERAN 2.5 mL
W AR E KIS . 30 min, & H G I ERE S OGE,
e (D HHEHL AAPs 15K (Y) .
CxV

A (D

o Y AL AAPs 155 (%), C Ry Jii e e &
(ng/mL), V IFEES BARFI(mL), m Ak AAPs Ji
(mg).

1.2.3 PAKIZRSILE  FREL 5.0 g FIEERE AR R $REC
XI5, SRR B T 553 . SRR E . )
RFENE LEXT AAPs 15 R AYFEIH

1.2.3.1 WREREL T 437 50X AAPs 1525210
RE L BTG 8 7 DR FUERR 45 45% .
300 W Il 1:20 g/mL, £ 5% Bt iR 24 5T 12 43 %X 16%.
18%. 20%. 22%. 24% X AAPsTSAFLIA

1.2.3.2 AT ET AAPs A5 R pg5E N [E 8
T TR e o ot A0 B . B 7 B R L4350 2R 20% .
300 W 1 1:20 g/mL, ¥R5% LBEHARTBGTEL 35% . 40%.
45%. 50%. 55% X AAPs 1R

1.2.3.3 IR AAPs 15352 S ETRIREL
SIS LSRRG EORERA L4350 20% . 45%
1 1:20 g/mL, #RFTAE 7 TI=Z 100, 200, 300, 400,
500 W X AAPs f9ZRAYFEIA

1.2.3.4 BHE LLXT AAPs 133852 8 8 i iR £
SR STEL . RS BORUE 75 T3R5 20%.
45% 1 300 W, #RFERHE L 1:10. 1:15, 1:20. 1:25,
1:30 g/mL X AAPs 79515400

Y = x 1000 x 100

1.2.4 EAZEE ST 7R E Se e i Rl B, DA
AAPs 183 MFEFR . XTARBIGE = A F2 R (iR
i 43 SRR RSBSOS D) AR ) AT 3 I ER
3 KOFIEAS RS, A 4l By SOUKFHEE I AAPs T
25, IEAS ISR 1 PR,

# 1 IEIRRRT

Table 1 Orthogonal experimental design
KT i
7 M2
A: BRFRE T ME(%) B ZEEAFRAM(%)  CoA IR (W)
1 20 35 300
2 22 40 400
3 24 45 500

1.2.5 AAPs &tk 1 Sl JH IC oK & Bl ik
AAPs, #X)5iH 14 Sevage ¥ E ML AAPs Y E H
J51, e Ja R BT (R BE 43T 528 3500 Da) i%E4L%
BT 72 h, FEETEE o, 2.0, (8000 r/min, 15 min)
LIRAS W, B o R FH ELZS VR VR TR LR AR T
FEER T BRE S S T T B BE S 20 mg/mL AOAE
W B 1 mL #E 5 Seil i AN B 4T %) DEAE-
52 £ 4EZE A 3EFE (2.6 cmx20 cm), FRJE FHZEME /K S
5 )2 AT A, TR 28 1B /K R0 AS [R] e B2 19 NaCl %K
(0. 0.1, 0.2, 0.4 mol/L NaCl) #4753 2E N0, #% 845
B 5 mL WA R Z W 45, A 1 -6 R 1A 7
P 490 nm LW RE AR S WG RE, 2l TR I Bl 2%,
e ZOW SRS B P AP Z P 53 (AAPs-1 1 AAPs-2) .
W 5K E 2248 5y (AAPs-1) B3l if Sephadex G-100
(1.6 cmx40 cm) i#F—2L4lifk, R FERE 7 =
453 (AAPs-1-SG) FIAGIN H IR G, s Hl el th £k, &%
JE B ARFE TN AAPs-1-SG HATEEMIFRAE

1.2.6 ZEFIFRAE

1.2.6.1 SrFEME SR Xue &M HA BRI =
R BE S HEBH 2 3% (HPSEC) 5 2 AAPs-1-SG 43T
B, IFBSUE R . AT B e A . SRR shAH
SRR EE FITALEH 43BN 40 °CL 20 pL. 0.2 mol/L Na-
C1 F1 0.6 mL/min. #EHL 6 Fh] BRI bR
i, KIArFHE 1,5, 10, 25, 50, 500 kDa il frifE
Ty AR, FF LA B8 B TR] (TR) Ay 8 A A I 43— i X 3
(1gMw ) HZAALFR, 833 Origin ZAFIL-E RS )T J07
o [FIRFZEARIZEE T, ¥ AAPs-1-SG FESM A TAH
[FI5HT, 3RAF Tr, B HACA B [BVH )RR, BT A5
AAPs-1-SG HJ5rT1 .

1.2.6.2 FUBEALIN G R FHSEIRAR (1 vl
AAPs-1-SG H Ay BARHLE B, IFm sl . HARPE
WITF : BEHIARAE T MERAFR BT E (Ara) | 7
ZPBE(Glw) . B (Man) | 2EZLPH(Gal) . ARBE(XyD)
I bl (Fue) bR b, ALK Bo il e — R AL
FE M 0.5, 1. 5. 10, 20 11 30 pg/mL BYIR S AR UEIR
W RESLBTAL R, B iE i AAPs-1-SG BT i+,
I 1 mL %34 2 mol/L 1Y =3 £ (TFA) %K,
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T 121 C fEIEAKWGE P AT 2 h IR IK A SN, 7K fi
TERE I AR TE AL, IR 99.99% FH 7 —
GG PE 7R B8 TFA . &, MUK fERE A
FRE SRR

1.2.6.3 UV IlE B AAPs-1-SG B T EHB T/K
dh, BE TR Y 1.0 mg/mL ISR . LIS ES
FIK A2, 78 200~400 nm P70 B N 3R T 5416
TSI, ST HEE A MR ISR

1.2.6.4 FT-IR ME FEHFRELSTERACERY AAPs-
1-SG ¢ S B T IR PN A T8 S 1, Wil s e B
KBr ¥y K5 AAPs-1-SG £ /54 19 BT & b 300:1(g/g)
SO KBr, il i IR G B ST AR, #1778
Fro B A AU RE A B T LU ANEIE R, 7E 4000~
400 cm™! PEEGIE I N X AAPs-1-SG #f 5 AT 4T 41
SEREFAFE, SF PSRN 4 em’, I 64 YR, ST HUE BE
HIE R

1.2.6.5 F ¥ # 4% ( Scanning electron microscopy,
SEM) 43 HT  #E SEM AE & 5 R 2 ik F
e, BUE E TS 0 AAPs-1-SG RES R BT 5
FE, 3 TR G R IL AR S S, e SR A
VEHERIE BT & HE R IR, RIRAAECR BE 2 4%
SO, B RARE o 2 T IR Vi B R BUREESR . BE, B
AL S AAPs-1-SG A i B T 5125 88 IR b BEA 7k
BH% 440 2 min, DIIESER-S:E BRIy 2 T FR AT
BE, HE FESHE THITIERUE S EBR
1.2.6.6 J& F J1 & 1 8% ( Atomic force microscopy,
AFM) 43 81 % AFM W22 %R T )5 19 AAPs-1-
SG FEMFRIIEZSR . BRI TR R T e
Y] AAPs-1-SG FE il A B Bk B 2 pg/mL FET
W, PR e 0.22 pm R, B fS HX10 pL AAPs-1-
SG FE SR IR S E =B 20, [ SR, AL
Multimode 8 FIHUMEL AAPs-1-SG FEMIER
1.2.7 HpEnhitk

1.2.7.1 40REyS S it MTT %3R4 RAW
264.7 AT J7 . PEETEL RAW264.7 4iii(100 pL/
1L, 2x10° 4~/mL) 3R = 96 fL P, B T37 C. 5%
CO, FEFRFf P, 1597 24 h )&, WeFERE IRt J5 1 4aifL
A 100 pL AR BREEHEEE (0. 5. 10, 20, 40 pg/
mL)AAPs-1-SG 13EFedE, i, 0 pg/mL AAPs-1-
SG MIEFRIFE AR AL, NE& RAW264.7 4L EG 37
Fehas AT, 225 TEED ik, BLLPS(1 pg/
mL) BIEEIRIE K BHMT HE L, B34l 6 N EFLIH TE
ALY, RPEESR 24 h )5, FRIAAS A X REZH RSt g
ZHH A 100 pL MTT ¥, 37 °C #6355 4 h, B
JE A LA 100 uL DMSO, 55405, SR 5§
H 15 min, BEE R4 B M UAEPR S 490 nm &b
M LGRS, ARPEC(2) 158 RAW264.7 ZHiAfd
Witie

YHMLE 11(%) = Awi=Ave 100

X (D
Asip — Assyy

1.2.7.2 AUfEEREREHENE  ASSCIGF P Tk
P RAW264.7 UM A MgETE M. BARSC 5 25 3%
R B R 1.2.7.1 A TaI 4, %5 T
B LIRG 7 i B LPS 77l &, I3 in BHPE X BE 41
(1 pg/mL [ LPS Ab¥E RAW264.7 4Hifl) , 123 4bFgh
WK)E, HENFLP A (100 pL, 0.1%) FP LT L i,
TE 37 C ¥53% 4 h, SR )5 RFHZE sp I PBS ¥alk 3 IR,
B S PR AL A 100 pL BEiR 2R 0E . i 4
H SR RIS 540 nm AL 2 F5FLIN G B, Fi21E
K (3) I RAW264.7 4HAIAMERE M.
Aps — Anp
m x100
A (3)

1.2.7.3 NO FguiEFIE PGS uaEH 450
SE AAPs-1-SG % RAW264.7 41 it /¢ NO F1 4 Jifg K]
T-(IL-18. IL-6. TNF-a) 43 7KF-HI520 .
1.3 iR

AR P HEE FEZ IR EE =R, R
Origin 9.0 K 42: &, I FIH SPSS 20.0 Seit2#5k {4+
XTEIR AT ST 53T, S5 R LB E R 22 310,
P<0.05 2R R,

RAW264. 740 i o 1t 21 4 1 (%) =

2 HER55R
21 BEEIBERS
2.1.1 BRI RSB0 AAPs FRRIGEEI e

Bl TR AT BOAT T BRI AAPs 1538, BRI, ASHIFSE
IRFERIR R T 43800 AAPs 155114 5400, gk 5 an
B 1A s . BB 1A A5, G e & L & 50 I T
22% Bef, P AL 1 4 Jo da 43 RS I A APs 4555 I 25 1
In(P<0.05) . X n]HES TRl AR AR E 0T ik 43 50 i,
ROKAH T AH 7 i Z2 Wi Re 07 B4, 1 4 i HLER
ST BRI, MR R T S B0 22%, P21
N R 42 SO B 43, S T S 3 PR AIR AAPs 15K (P<
0.05) . XTATEEH K T = M EE MR £4 25155 AAPs
SEERE G UIGE, S35 AAPs TEERAA T A o
BEA, R 20 AAPs 1R TR, iZFsR gl 5
Xue 504 1] FHAE A 5 B SUK AHER T & 2 4t

— 3, Z WA R AL RE AT R £ 0T 4y B in 1 e 2
R (P<0.05), FETF_LRIHT, HEE 20%. 22% F1 24%
FABRIREL T S B UK TIE RS I

2.1.2 ZEHATBUSENT AAPs 1R AUFEN  ZEHA
UGB DUK AR 28 28 56 H 22, [R] Bt A — a2
52 AAPs 195, R, ASFST e 2 ARS8
VE NN 2, IR HIT AAPs F9Rag52m, Hig
AE 1B fras. HE 1B A A1, 24 2 BAR B B e
35%~45% VLB, B 2 BAARBU M0 I AAPs 155
SN AR (P<0.05) . X RIS EE
T L BEAARF B A AR A WU T 28T
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A 127 . O TE SR

1 p 213 HIFUIRRT AAPs TR MR

S 0l g S AT A B ALK R AT S W T 1 S B R 25

L ) c . I, ARSI IR AAPs R

£ i, FEEESRANPE 1C . el 1C AT, St

8 TE 100~400 W i [Bl PN, BEAR S DRI AAPs 15%

71 L SRR (P<0.05) o CFPEIS: EEIAH T

6 18 20 22 24 P A NI ) TR s A8, RS B

AR TR M HC (%) (2 P T AT R PR AT R (g BRI, 2

B 12 a 5 AT P 22 W 4 T 1 4% TR BEL 3 3R B, VE T B TS

1t AAPs 193000 4kr WIS T3, AAPs f5 5L i

< 10} RIS (P<0.05) . AT AR T Bl

% Of 2313 | RAR MU ST ) 1 RGN, SR S T

= s BOREIR, I 2L W, ETTT EL AAPs 7RI (R0

® 7L T RAMHT, R 300, 400 % 500 W R Sy T
6 R ZAKOV A TSI IE SR

T T TR 2.1.4 FHRLLXT AAPs 1550052 OBRE b e —

ZEERRUSH (%) SERLEE LSUIH AAPs 1938, ML, ASBFFE Rk L

c 12 VEREZI AAPs 755 10 B B [N 26 E 70 IR 285920, L

N (%)
O

8_
7_
6 1 1 1 1 1
100 200 300 400 500
HEE I (W)
D 12
a a a
il & F
glo-
= 9f p
=
R 8r
C
7_
6 1 1

1:10  1:15 1:20 1:25 1:30
FHE L (g/mL)

Bl 1 SRS AAPs FH3R 1520
Fig.1 Effect of single factor on AAPs yield

e A: BURREL TR G B: CBAABUNMG C: B DR, D: ok
WL AR RN HA B2 P<0.05, 1515, 14 6 [F].

HOTA A B2 S A% S Z K, fe st 2l ] R AR AR, ki
& AAPs 1538 SR, 2 2 P AARCRR 43 B0 3
45% R THE 55% B, BE BB BOE I AAPs
SR LB 28 N a3 (P<0.05) o IX—JF T Al fiE S
T SRR B0 | R IR Bk 2 B HED e
BN G — 5 T i S EHARR S R AT e s AR BT
AV, HEMREAIR AAPs 455001 BLT FaRg#r,
£ 35%. 40% FI 45% — A LEHARUBOKP-HUR 22

ZERANE 1D fias . BHIE 1D 5, 2R e 1:10,
1:15. 1:20 g/mL = I/KFF, BEEHR LG T AAPs
R BN (P<0.05) o X EZ i TRl
FARNK LI AAPs UL PSP I 25400, 1]
i — 2 3E 205 i P9 AR, SRR N AAPs 15
HREU PR LR T 1:20 g/mL B, BE— 48 k)
WLk, AAPs 15370 I F AR (P>0.05) . IZIF5TES R
5 AL SR R B RUK AR ECE & 20500
ZER—8 HT DIRT, SIS 1:20 g/mL
VERSAENR L o
22 EXRIGLERSH

BT R EISUK AHIRE AAPs 1Y 1E 321056045 S 40

2 IEIARETR

Table 2 Results of orthogonal experiment

A B C
S bjﬁ@&;g;,ﬁﬁ aﬁfyn T AAPSTEH(%)

1 1 1 1 10.16+0.28
2 1 2 2 11.28+0.31
3 1 3 3 10.95+0.25
4 2 2 3 10.01+0.29
5 2 3 1 11.42+0.33
6 2 1 2 9.83+0.21
7 3 3 2 11.38+0.19
8 3 1 3 11.24+0.23
9 3 2 1 10.80+0.27

K, 32.39 31.23 32.38

K, 31.26 32.09 32.49

K, 33.42 33.75 32.20

K, 10.797 10.410 10.793

k, 10.420 10.697 10.830

ks 11.140 11.250 10.733

R 0.720 0.840 0.097




- 230 - B Tk B 2026 4 7 H
22 Fan. HER 2 ATANL DR B R R T 5 A
il & EEAAR R 53 B0 25 43531 2 0.097. 0.720 Fi1 0.840,
PRI = AN ZEXT AAPs BUS2I TNy 20
PRG350 (B) > FR 24 0T it 3 0 (A > 7 T 3. (C), £
K4 G0 ALB,C,, BN A: 24%. B: 45%. C: =
400 W FILBH& L 1:20 g/mL Atk ABFFER]
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T SUKFHEEE. AAPSs. iK§ ] (min)
2.3 AAPs gt 4T B 6l ki Gal Gle
AHFSE S5 R DEAE-52 274 2 S % 75 5k il X
P T2 R 3R AAPs HLERIVE T4 Bealifh, ik 3 Man
il 2A . FIED 2A T, AR TG0 i E R B T £ ol
il 45 A~ ZE BB 53 4900l AAPs-1 (/K B8 43) E $[— AAPs-1-SG
Fl AAPs-2(0.1 mol/L NaCl VMBI 4r) . Hirh AAPs- i Gle
A2, & 3EET AAPs-2. FHitk, ATk % [ Ara Man
PEETUR ST (AAPs-1) iHE—25R ] Sephadex-G100 7] 0 =M W
SIREE IR S B4tk FLZE SR UL 2B, 1] 2B T >0 T e P
%1, AAPs-1 £& Sephadex-G100 7 BBHEEI AT 43 85 4l C 20
IS e LRAR P — 1 X BRI, 1 — 25 B AAPs-1-
SG M¥j—ZWEIR Yy, Ja SR AN Ry U0 b A 744
FZRAE
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/g 04} 0.4 %
g 03¢ 03 & o
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Fig.3 Structural characterization of AAPs-1-SG
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Fig.2 Elution curves of different column chromatograms
. A: #l AAPs £4& DEAE-52 4li fb; B: AAPs-1 £ Sephadex-
G100 4lifk.

2.4 AAPs-1-SG ZHIRIE

241 SrFasrtr 2R R PUE IR
S5 aeiE T S . AWFSERFH HPSEC
X AAPs-1-SG #4759 THi A, A5 R anE 3A
PR . EHE 3A AIAL, AR B I ] (Tg) S AL bR, I

LT T X8 (gMw) SAABR, A TERMERLE, TS
TN 1gMw=5.945—0.215T, (R*=0.9926) . # AAPs-
1-SG A i 76 AH [5] €4, 13% 2% /4 '~ #E47 53 M1, AAPs-1-
SG FRAE 4R BE B 6] 4 8.8 min, il i 77 #2345 31
AAPs-1-SG 143 T 5 11298 Da. FREE W™ il i 5>
KMEDUM DEAE-52 AL 24y s alifb kA5 i b=
W 57 (AABP-1B) 94T A 105 kDa, B3 & T
AAPs-1-SG W53 FH . XTHeEH T Z2hialifk =X
FIRIFAS A FIr 34
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2.42 PRBEARSTAT SRS FEIRAS G i
RrMI#R 34T AAPs-1-SG B EABELL A%, H45 R anE 3B
B 7% o H1 & 3B AT H1, AAPs-1-SG 42 i BT 7 (4
(Ara) . # Z5 ¥8 (Gle) Fll H £28 ¥H (Man) 41 Bk, H
Glc 5 FbF ok, Hik & Man Fll Ara. FEHH AAPs-1-
SG &—FPEFLL Gl N FEMLRZHE . XL 5
P 38 T AT FT DEAE-52 A1 )2 8T 45 alifk
PAG A P E BB 5y (AABP-1B) 1 Man, Glc. Gal.
GalA. Ara fil Rha 2 L5 RAFE—E 225, X
AT BBV PN TR 2 A A TR R B 2l Ak AN [ e
A

243 2RAMTHT ASSLECR HESNCIE AR
200~400 nm & B N X) AAPs-1-SG #E4T 264N G1%3H
i, LSRN K 3C Fron . BBl 3 AT AT, AAPs-1-
SG FESHTE 260 nm il 280 nm &b JCFFAE L84 K,
BE—2 3R AAPs-1-SG &G =ZERFIER 1A 5, ik
SHL AAPs 42 DEAE-52 Fil Sephadex G-100 3%
ARSI AT

2.4.4 FT-IR /3HF FT-IR Y e—FhRES A R AT
MRS R BRI S A | MR RE 2 S OBE R
RIS DR . ARFFTER FHIZ B AR 4tk )5 1)
AAPs-1-SG FE B TLLAM GG, 45 R WKl 3D,
A& 3D A, AAPs-1-SG FEALTE 3263 em™! b H L
BER T S I A0, IR R R SR AAPs-1-SG £
fm T O-H ZEE M 4a PR3l 5142, AAPs-1-SG #£
FRTE 2958 cm ' A HY B EA S W0, 3R] BB
F AAPs-1-SG FESBEERGE M H C-H A 245 B0 11 5
YRBNBIA 2T, AL, AAPs-1-SG FE S TE 1414 ecm™!
i1 1625 cm™ Abs H BRRRAE U5, 12208 2 S 2 T
AAPs-1-SG FE i b C=0 XU Y81 45 Y= 3 FIT-COOH
M4 PR sh 5] P, AAPs-1-SG #£ & 7E 828 cm™
871 cm™' 1 964 cm ™' &b 5 H B AR AiE B IR e, % BH
AAPs-1-SG FEfLEEERH o- BT S-RUNHTTERPOT,
2.4.5 SEM 48T ZHHIR ETHOMIESRARAE 5 HAE
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Fig.4 Microstructure of AAPs-1-SG
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ZhEM A 4%, dET A B T R R AEYIE R . A,
AAPs-1-SG I FZESR NIRRT 24T 5.
BOPHLH W S as M S50 45 22 P R 38 2R izt
2.4.6 AFM 2347  HFT, AFM 8% 72 FH T 08
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T2 BAS IR Y . B4k, AAPs-1-SG 19 2D
ME IR B . XA gERE T AAPs-1-SG 43
THE R EHR AL T IR SRR ST N AE BAE
FH 77, (15 S RE AR B IR B 57K 4 F e B8
4546, PRI ATEARNY X Fh2e R FAR VT RE
HHEARM 53T VIAESE, BN A
fHif5 5 FAY R I Sy BB, X 5 AAPs-1-SG 19
SEM 5534, #k—2EES AAPs-1-SG S AKLN )
SV
25 HEEM
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Fig.5 Effects of different concentrations of APS-1-SG on the
viability (A) and phagocytic activity (B) of RAW264.7 cells
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Fig.6 Effects of different concentrations of AAPs-1-SG on the
secretion levels of NO (A), IL-15 (B), IL-6 (C),
and TNF-o (D) in RAW264.7 cells
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