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Abstract: Objective To prepare the glycyrrhizic acid (GA) immunoaffinity chromatography column, which could specifically knock
out the GA. Methods An immunoaffinity chromatography (IAC) column was developed by covalently coupling the anti-GA-MAD to
CNBr-activated Sepharose™ 4B. The concentration of GA was detected by HPLC, and the maximum coupling capacity, stability,
precision, and accuracy of the IAC column for GA were studied. Results The maximum capacity of the IAC column for GA was
1.326 11 mg, the precision (RSD) of GA was 0.65%, and the accuracy (RE) was 0.37%. RSD of GA stayed 1.37% during 32 d, which
showed a pretty well stability. Conclusion GA-IAC column could rapidly, effectively, and stably knock out the GA.
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B TR IZA S, HCJREE” PR LA
KPR STE mRBUE A o B it B AR 2
IR A (B AR A LUSEER AR, 3% A vh 2540 S i
(IR AR A T SR AR ) AR SR,

HE R (glycyrrhizic acid, GA) & H HrpiRE
TG E Ry 2 P, B e, Bk, i
PR PUEE. . MRS, RPOIE . SR
17 B ARY PR VAR . ARSEEG R T GA g
W& 4T1& (monoclonal antibodies, mAbs) 2224 T
GA 55 PR o e e o A4 i 4+ (immunoaffinity
chromatography, IAC), #%¢ GA-IAC HA4f L
bR GA WIS E . A S0 T8 I R e 1 s o S 46 56
UEHE RN A GA-TAC BRI WA I I e
GA-IAC FER I K BEFE i, %5 T GA-IAC FHERER
FHF H R R b S 56 s il % %% GA-IAC A
(R 5 A e S5 S48, K05 GA-TAC Mt
R GA iR e e T Sk . BIR S e,
N GA FEFERRBAR AT SRR A AR, ok
A G A GA P2 AP, R H R (14 3
BEnil, s 252 gy TR) AE T I DL R S 5 R G
ML SR HT S B
1 X5

CPA225D iR, FEZ R Rl (AE 50
HHR T Agilent 1260 Infinity LC R iAH 41
1%, f#[E Agilent Technologies; fit#41: Reliasil Cig
(250 mmX 4.6 mm, 5um), #%: 2108055, KM
Orochem A #]; HEAIEF: (20 ecmX2.5 cm), Y
5. 7374521, 25 Bio-rad A7 ; QYC-200 fEIE ik
GiREIR, ARSI BT A F] ;. ELX 800
WA SEEMA A A B A A .

X B GA (1L 13083101, i 43 50=98% )
a7 (IS 110749200714, i /r3=98%),
B A 2 T RE AR W BB A IR A Rl s CNBr & 4L
Sepharose 4B #Ei, fit*5 10223816, ki I- Amersham
Biosciences; i, fit 5 1401-7, 41 4, {8 & Merck;
BCA & WLl A& (5 20510203, dbxt
RHRFRHAA WA KB1K, dbnirhbe ik
RRFHIE: oAb 2R CrbralD B0 Fba
I .

2 HEEHER
2.1 @iy

Agilent 1260 {431, DAD Kyl #%; itk

Reliasil Ci5 (250 mmX 4.6 mm, 5 um); WshHlN

1%EEIRA% K (BER-7K 1299, 0.06 mol/L R
B - RBE 1 mL/min; 19K 254 nm;
HERER 10 uLs AR 30 °Cs BRJEVERE: 0~12 min,
6%~22% M 12~25 min, 22%~25%: 25~
45 min, 25%~40%ZiE; 45~50 min, 40%~6%
LM 50~57 min, 6%
22 HRARAEH

FC ] GA R0 BB D BRI IFRL—E
JER NG T HF A E D AR, HT GA IRl
IR AR M2 e, DLA GA e tE R ses .

FEEFE 10.0 mg GA, £ T/KEM, 5 mL
EEZR, B 2.00 mg/mL % SRR K35 FRE
5.0 mg BT, ZET/KEM, SmL sER,
% 1.00 mg/mL X [ 5 BEA . R GA SO S REIC
#1.75. 1.50. 1.25. 1.00. 0.50. 0.25. 0.10. 0.05
mg/mL GA XMl (LB KRR, & 250
pg/mL A1),
2.3 GA LT

FHRE - AE A E T bR, AR R a1
SR, T Ik U (R0 BRSO T I
DL GA BRI BAAAR (XD, BL GA BRI
BUSHE WA I LA DAk bR (V) #32k
PE[EUH 7R GA Y=445.62 X+55.104, R*=0.999 8,
LR PEVEE 57.5~1 750 pg/mL, {484 1A] 40.47 min,
KB (LOD) A4 57.5 pg/mL. 45 5K GA )il
EHABE NG, HEM KRR
24 BEAENE

ifiid BCA (Bicinchoninine acid) ¥:1HH 2 H
I, £E 96 FLBRH I PBS Rk I 4= I 11 85 1A
(BSAD X FE S Bf BE T AR AR R S s,
AN BCA TAEW, BEFRAY 562 nm 3 KRG (4)
AEL, W€ B 1 BTRIREE , THEPT GA HiE(GA-mAbs)
15 Sepharose 4B™ B ML JABIBE L, T
ORI = (R AT P & — RIS Puid & )BT
iR, AR = (REERT bk 2 — RIS Pk
B)/B IR A
25 GA REFEMEIEFNHEE

FREL 12 g CNBr 34411 Sepharose 4B™ %,
F 100 mL HC1 (1 mol/L, pH 3) #%ifik, #it#F 0.5 ho
Fi 2000 mL ) HC1 (1 mol/mL, pH 3) ¥ vEtE
T FECA S RS AR RAR 253 T AT AE 1 o FREX 400 mg
GA-mAb % TH %% T 1 mL ) 0.1 mol/L NaHCO;
(pH 8.3, %% 0.5 mol/L NaCl) V¥, WHiiissim
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NI BE R, PR B IR i B R HE TS i
37 °C, 120 v/min, FEIRIEGIFE 2 he R fGHMR
HA A 20 em X 2.5 om [ iRy, LU S 54
%4 0.1 mol/L NaHCO5 (pH 8.3, 7% 0.5 mol/L NaCl)
VPR RIS 4 124 0, MERBWEARE,
AR . TR 3 AT AR 25 B 1K P (i AT
B ORI F2 5 0.1 mol/L Tris-HCI (pH 8.0,
AN NaCD %, 37 °C, 50 v/min, ¥R
B 2h, FEURER R AR, D3 AR AT
TP, TR S AAEARRU 0.1 mol/L
NaAc-HAc (pH 4, 75 0.5 mol/L NaCl) ¥ % 5 1%
FEAAFRE 0.1 mol/L Tris-HCI (pH 8.0, 7 NaCl) %
WS MPUEE, A B TP s (A, T
F 0.01 mol/L PBS £f47, 4 CHRAT&A . IIFAHHEL
Ja (REEEOIIPTAE N 100.4 mg, 54T GA-mAbs
BB R bR AR IR 74.9%, BIBELL R 5.99 1 1, %
i Sepharose 4B™ A FT GA-mAbs 15 5 (145
Hhed.
2.6 GA-IAC BH#£E
2.6.1 FEFRUERFREE RS 1| mL SRR
500 pg/mL (%5 250 pg/mL A8 71N K GA
XA, SIS TR RE IR R GA-IAC WY,
¥ 15 min, LSS AN IR, Wtk 5 Ak
FR (250 mL) bR, PLH 2R ShIR 22 il (pH 2.7,
P 0.5 mol/L NaCD) AP, etk 5 5 AR (250
mL) PEB, LB PR GA-IAC, % pH
W, TN 4 CORAF. KRR 1A R Fn
VMR ) FH e 28 R AR 4 . 251, 1 mL 4 F i
ST, IRV, 0.22 pm THAL BB g 5 v
HPLC Wl 5 ra PR 5 BE MG P A 2% o3 b 28 S L
BIEAE Sepharose 4B™ ¥t L (1157 GA-mAbs,
RERF S MER BERE A i ) GA, T el 20 I BE 2
SIAHE AT M3 500 pg/mL (250 pg/mL
Fa 11 AR GA X IR (B 1-AD 4 GA-IAC
FEJ5, HPLC VEMGE bRl (Bl 1-B) HhpE 11 ot
RN 259.0 pg/mL, [ 103.6%, AIF]
GA; Vel (B 1-C) " GA JEREN 312.1
pg/mL, H AR W BIHE 717 85 o w B v 5 5 It i
HPLC &5 5 278 GA-TAC FEXHE T 7 To e PR I
AIEREIAE A A FR) T
2.6.2 FRHMELMREELR  HEHER GA-
IAC M KEHE R, 2 JEFIH GA-IAC #ER GA
(1) ERE R e Ya T . RS 1 mL R AN ]

W Tt GA W TR A
GA
| |
N ,v{\\ NN R W | S S
=N [ZANNy7 =
Vo Ftr R B
I _
Ve GA C
S o N S W S ‘”.\Ww_%
10 20 30 40 50
t/min

E1 GAERUBBRTRER
Fig.1 Specific knock out of GA by HPLC

) GA XA (1.75. 1.50. 1.25 mg/mL, %
250 pg/mL A1 H NHAR), ¥ GA FEf BEFE R GA-IAC
FEW, AEBE AR, DAH 2R 2R 92 il
(pH 2.7, % 0.5 mol/L NaCl) AP, 2 mlMdE 5
FERE AR R S Ve, T 22 B T AP (B
FEZ pH AER 7o FF IS 30 1) R R BRI Jd i 23 ) 26
T, 1 mL 2B, WO, 0.22 pm FEAL
JEREPE I ST, HPLC W5 w0 o0 5 e ot 43
i GA [, I GA-IAC FEXF GA IR S
PR, Ho, MiRERR GA-IAC FEM LRE W
W Bt GA ffe, B GA-TAC FERIEFE & .

i HPLC v 5E GA-TAC FEREFR 3 NN it
HIREN GA XTI, II1F GA-IAC FER K
BB XN R 1 7R GA-TIAC AR 5K 3
P 5= o 37 SR R B30 51 4B X 6 B I
& (12g), WAFHE KRR 110.51 ng/gx 12
g=1.326 12 mg, £ GA-IAC HAF LW GA %4
BUf, GA-mAbs FFEPER
2,63 NEEHUEFMRE % GA-IAC R
B YRR, AF GA-TAC FEA% LR GA 7
WIRNEYE . RSTREEC 1 mL AN FUEIR R GA
X B (1,754 1,50 1.25 mg/mL, % 250 pg/mL
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FE 7, ¥ 3 FIEIRE GA FEMES: 3 d HEFE 2
GA-IAC FEW, FEASTRIREFESEERE 3 K, 200
WO S R I, et 78 AN 6T, 1 mL 2l
WU, MRS WM, 0.22 pm PALIEER 8%
7%, HPLC Rrillichbeit GA &, S HNEH
] GA JREIK 1) 5 RSD AR % (RE), HH]
PLUFAT GA-IAC AERBR GA 1 H A A H ALk %5 520
ERfRE . THA GA s fE 1)\ RSD F1 RE, 45
mk 2 froR, WA GA FUERENR S RSD HN
0.65%, REH N 0.37%, FF&J5ikmEsk,

R 1 GA-IAC HMHHESRIBRE

Table 1 Knock out efficiency and capacity of IAC column
for GA

R/

GA JFUi ik [neH/ bR/ BRI

(mg'mL™") gﬂ/ Felugg) % %  H(ugg )

1.25 bR 0 59.48 100.00 104.17
Ve 743.48

1.50 @M 17775 6555 88.15 11291
VeME 805.54

175 WEBRW 34392 73.81 8035  117.17
Ve 947.73

SEEME 66.28  89.50  110.51

K2 GAIACHEZESEMEELRE
Table 2 Assay accuracy and precision of GA-IAC column
brid eV kR /ug
(mgmL™") 1d 2d 3d P
1.75  1412.071409.821396.351406.08 0.60 0.46
1.50  1307.381317.071342.641322.25 135 0.55
1.25 1250.001250.00 1 250.00 1 250.00 0 0
SPIMH 1323.15 1325.63 1329.66 1326.11 0.65  0.37

2,64 HEEMESREMERE  WE GA-IAC HAEAH
AR bR WEM AR, DAAAH R S0 PR (A0 HRt e
WRAEAE) T, A GA IR S M S 00 R R Bl ][] AR
TR, F8 ik EE M SiRe .

A4 FIESS 1.0 20 44 8. 164 32 KHIA]
R GA-IAC A% GA Mm% . B 1 mL (1.5
mg/mL, 7 250 pg/mL AEF1FNAR) GA ¥, Ui
2 GA-IAC ¥, WCAEREBRE R DE i, 26T ) H i
5%, HPLC WGE m bR S DE i GA ik iz,
457 RSD 18, BiF GA-IAC ¥4 v GA (&
TR E .

TEAES 1.2.4.8. 16,32 KA 1K) GA-IAC

RSD/% RE/%

FERFR GA (1.5 mg/mL, % 250 pg/mL A5 1) Ff
i IR R, TS GA-TAC rffbR 4l B W3 3, 76 32.d
W, GA-IAC F:REFR %A RSD {0 1.37%, K HHH]
#11 GA-IAC #1 R AT B A E M.

£33 GAIAC HEEMSTREMRE
Table 3 Repeatability and stability of GA-IAC column

GA/(ngmL™)

i Al/d R MRE WEE W 5 %
1 1457.03  149.65 1307.38 89.73
2 1450.16  133.08  1317.07 90.82
4 152136 15253 1368.83 89.97
8 156324 14415  1419.08 90.78
16 148449 18644  1298.05 87.44
32 1457.11 14931  1307.80 89.75
SEYYME 148890 15253 1336.37 89.75
RSD/% 3.02 10.76 3.57 137
3 it

HEAE s Hh 2z —, XAy
S BT REC R ORI 43 3B 4], 2l 1
RSB TR GA 5 H R 8 7
FICERRE, ANREBIE GA #EH 2k & 07 R 1 ¢
5 ARSAY V-2 N N PS | | A N i B e o S
MR GA IR R REAE, N GA 2y B
FARALFTIR i

ARSI A T ST 1 GA-IAC A%
WSH. LK 4 RE W GA-IAC HXT GA HA MR
PR e B e 0y, o R RRIA R 1.326 11
mg, BE—WF0AT TR H ARG T Y GA &
9o JILIIHT GA-TAC FE PR % B K HERF i S0 &5
B, KR GA-TAC HFF S PERR GA k2
ARATATIN . AR5 GA-IAC HEIFR e, 5L
46 45 R IR GA-IAC AHE7E 32 d N GA R %11 RSD
B0 1.37%, RYIMBBAEBERE G L Pt GA-
mADb 7EEIN A BN PERLLF . GA-IAC AT GA 11
R B R R4, A R AR ELE S
Rk, bR S 25 AR WA S5 e D il 2% T T H
T4 VRS GA 19 TAC.  HLAERT WIWFST b AU
HAT GA-TAC MR H HEH IR T GA o™,
SIS SE R K, GA-TAC BRI H F R BUR T
GA, it alik3] 100%, £ GA-IAC fEMNH]
FHESLER T GA FIRRIT 5T

HUHARE TP B, A 25 B 1 KA A i B vk
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HREREERE T (pH 3) VERNUEBE, AR
U PR Rl 53k 8 o 2 SR 2OV, I 7 T SRR R e 1y
GA-mADb 1FA—FET 5T, S5 T3R0S HiA

WA T EER S, M GA-IAC FE1R5%

BT BRI o ARSI 43 25 8 1 /K S H 2

PRERIE (pH 3), HATPURTENEF AL/, 1A

(] AR AT R R R AR AN R, HL & B 7oK

VERBRA T T a2 GA 4l M S50 58 ) 25 31

FSR AT, TEAUE IR AT A R R . A

SCHRAREPSR A 5 mmol/L PBS (4 50 mmol/mL

NaCl, pH 7) YE AR, 20 mmol/L PBS (% 30%

FJ%, 500 mmol/L NaCl, pH 7) 1EReli. Hx}

LU ASZG £ (1) GA-TAC A, 764 GA IIRSFRRCE,

AR, (kA AR e MRS T T, ARSI

il ¥ GA-IAC FEHIE & T 3CREE e HACSEEG i

H TSR R E R, oV, WA T

—BHIIT GA BRI RCE S, X AR R WA

55 45 1 GA-TAC AE B A S IAeRs 1) N A 35
1Mt GA ZyHEERHrgss, FH

GA-IAC FRFMEMR GA 70 75 B a1 7

I, Qs A PRI 320, $T GA-mADb 7%

PERIORAE, GA-IAC FEM AR S35 T7 11,

B g T — S R 52
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