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Abstract:  Antithrombin III (AT III) is the most important anti-clotting substance. Recombinant human antithrombin [II
(thAT III) expressed in transgenic goat milk attracts more and more attention. Develop an effective purification route for thAT [II
is vital to its industrial production. An efficient purification method was developed for the rapid purification of thAT III by
isoelectric precipitation and heparin affinity chromatography. First, casein was effectively removed by isoelectric precipitation.
rhAT III was further purified by heparin affinity chromatography. In the process of heparin affinity chromatography, the effects
of pH and temperature on the stability of thAT III were studied, and the effects of operating conditions, elution gradient, flow
rate and sample loaded, on the purification efficiency were also studied. Under the optimized conditions, the protein recovery of
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thAT I was about 90% with purity over 99%, while its activity recovery was about 50%. Such a purification process is very
simple and effective, and it would provide a valuable reference for the further scaling-up of industrial production.

Keywords: mammary gland bioreactor, reconstruction human antithrombin III, heparin affinity chromatography, purification

BUEEIMAEIL (Antithrombin 111, AT IIT) J2& 1
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PV o - PR AR P, AT R4 F ek
58—64 kDa, 55 5.1, HAT, AT ARSI,
IS Atk 3N TR A =R IR AR
YR A A0 LR AR R N S RE A et HAT
IERE IR IR 5T, BEE T RIS &1,
EAHRAEYENE, BRIk Ts, RES @i
FRENDI B SAS CR EE AT, Hik, FIF
FLRA R N A P rh AT TILELA T Rl PR 5%

T SRR I AT PR R IF R T I A L 1L =
FLIRAE Y R A il 2% 245 AR RIS T4, Ny 15
AW I A T 10, e R LR A
N e rhAT TITE 2k BB =2k, e
FERl I R — S s o s AliAL T 2K A B Tk i
AR . CA N B 2 2 Hrh AT T
Atk T2 FEA S VIR uE . T2 Mm2T . #
U8 BTS2 BUKENT RS, BEACE
HJ53%5 T A ANAEYUR, B T ER ik
JERAK , A7 b DR | BSEA iil A A AR 4 1]

FWrh R EA FENRED, ST 70%,
A5 E SE3E 1 U AT R BUAL BT, RBRAE
Wy B RS A i B, P A R R FZ AT
thAT TS5 HAR S (150 I, PLalif ot thAT TIT42
Bk, b ERE LB, SEeR, AR
BRI 2 RIS 5 R0 .

1A

1.1 Zhdm. AT S5EE

HEHAEY) (B BRI ARA ) ; 1K
BrEE I BEITFRHE S (Chromogenix, ITA); Heparin
QZT 6FF SEAA it ([ Z A AL TR ARBISE L,
Jt5T). DEAE Sepharose FF BH & 1 32 e 47 Ji Al
Phenyl Sepharose FF §i/K//fi (GE, USA); Hifb
R Ry o3 Al

B0 L H-2050R (HXEEIT); JZHT R4 AKTA

purifier (GE, USA); H Jk {¢ Mini-Protein III
(Bio-Rad, USA); 43ttt Ultrospec 2100-pro
(GE,USA);450 BUFGIX S 2z kil {2 (Bio-Rad,USA).
1.2 FH&E

1.2.1 HEFFEPHAE

B R A AE 20 CHYEE LR L4, 4 CRb
fBJE B0 (10 000xg, 4 °C, 30 min), EFRITHEF
ELERWE, MRS

G TS . R W P A SRR L
FIK, SR 1 mol/L R 1H pH = 4.6, #ET
¥E 1 h 8.0 (10 000xg, 4 °C, 30 min), FiFH
0.45 um YFEREILUE, 4 pH & .

LWV Z R (EDTA) UiiEd: 4581 (Ca™h) UL
VEDRVEEES T (Zn”") VITED:: /B B P ImASE
AFH 20 mmol/L EDTA ., 40 mmol/L CaCl, Fi1 40 mmol/L
InClLIEWK, HEDE 1 h 5B (10 000xg, 4 °C,
30 min), FiEH 0.45 um PUERLTYE, 4 pH 4.
1.2.2 BWEMRT rhAT 115 E M AR

3% %5h AT TII#EAIFIpH (4.6, 6.2, 7.2, 8.2
F19.2) FIHREE (4 ‘CHI25 °C) FHTEHEASALIE L
1.2.3  rhAT 4 & 44k
1) A2 A b RO % 58

DEAE ] & 2240t )Z2 17 . DEAERH & 38 et
(637 cm x 1.0 cm I.D., CV = 5.0 mL) JHF-72% Ml
Buffer A (20 mmol/L PB, pH 7.2) “FfiG ekl 10 mL
I, RS RAMGE I, PR LM
B (0-100% ZE i B (20 mmol/L PB+1 mol/L
NaCl, pH 7.2), 60 min) ¥/

Phenyl Bi/K)JZ#1: Phenyl Hi/KH: (6.37 cm x
1.0 cm I.D., CV = 5.0 mL) JiF£74% #hik Buffer C
(20 mmol/L PB+1.5 mol/L (NH,4),SO,, pH 7.2) F
H G HERE 10 mL R3S, 4RSS i C kR
L, FORMALMERE (0-100% 2% vh ¥ D
(20 mmol/L PB, pH 7.2), 60 min) #E17VEN .

Heparin %= FZAT: Heparin 351k (6.37 cm x
10 cm ID., CV = 50 mL) @2 & E

cjb@im.ac.cn



1636 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  October 25,2014 Vol.30 No.10

(50 mmol/L Tris, pH 7.2) ¥ /5 7ERF 10 mL 15,
AL M E WU R I, PR LM
(0-100%Z% & F (50 mmol/L Tris+ 0.5 mol/L NaCl,
pH 7.2), 60 min) FFTHEM .
2) SEAZENT R

£ Heparin £ FZHr kB, 4390075 %8 1 B
BRRE (LML BE AT ERER ) . pH (6.2-8.2). itk
(0.5-2.0 mL/min) Ml FAf (1-4 mL BRE/mL it
E IO Iy e Sik-A TR
1.3 SWAZE
1.3.1 FEAWRELN

K i Bradfordik d047 2 vk B s

rhAT T BE RGN . R SCHR I () Jr vk k1 7
FCARAE AT, MR ch AT TLTI 28 e w25 A A v
RT3 A AR B R A th AT TR
1.3.2  rhAT IIIiE PR

KA 2B 0 S IR G 1 2 RO & £6 ki
thAT I A3 4
1.3.3 HpEm

%% Laemmlilk #47SDS-PAGEHL k!, R
T R/ N AL
2 #R5it#
2.1 ERIFALE

i B P12 S 4.6, TR RS L DT ie ek T
VEHR . IEAL, R IRl S BRI R
JEHAAE, 1 EDTA RERSESGHERAES, Ca®" | Zn' 't
RERRICAIRES, 15 AURE SR ISR AR, NIMUTTE
deo 4 FRUTRE T RRCRINGE 1 PR, Herp S ST
VEF Zn® TTEPIRIOT 0 thAT TR S ANE M TG
KT, (HE Zo® PSRRI AE, RABELE
A REH BB E 1) I SRS IIER, 2R,
iR BEA R 50%A 7, FEAFE thAT TTE
WCRITEOL T, BRCEBREY P B A

x1 MEBMEAERRER
Table 1 Results of casein precipitation methods

Precipitation methods ~ pl EDTA Ca¥t  7Zn®
Protein recovery in .

supernatant (%) 48.9 No precipitation 40.7 674
Activity recovery in

supernatant (%) 99.3  Undetected 303 985
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BRI, pH . LR FIBSTR] X rh AT TS P A 4 5 i
WE TR, B, pHA R E MR B2,
pH 7. 20 Z5 A JEUR A R AE e A ), R s ) i 2
(24 h), thAT TS PSR AR /N ISR ARTR (4 °C)
FL=E i (25 °C) BAFITHE S HehAT A E MR
Fio B, RIS STTERS L BRI R R 2R R
fERESpHIR R R, & T4 Coksa, IR AT RE
Pk T TR S A SC T, DURIETEHIeR

2.3 BrERI rhAT M4 LAY SR

B TSI Z TR ZNT A B R . AR
AR, MR FERZT AR RS o8
AALRURIT IR, FIR3F T AR TG 3
K24 hrh AT TG4y B aliAk™ .k T i fkrh AT TTRY
YA, ARSOGIFE CRAE M
Ve AT AL, AR A AR TR

TEB FASHAGAKZHH, BREEEE (PO) A,
A A BEBLIE (P1, KNG 1fi7E I R AZ T
H, REZENHIESEE (P0), BEBIET BRI~
BRYVENIE (P1, P2), JEHAEBIFMEE (KN,
XFJEAT AR A S E T RLUK AT (B12), B30 4e)2
B RIEE K 24T R REAR 47 Mt ch AT TR H At 2%
I TF, B RZNT PB4 P] (Lane 3) 5%
55 SCER[ 13 HRGE BIrhAT T3 THE60 kDaki4s,
i BAREFIrhAT I, 4EEERRI85%LL |-, #E—2AL
AR A EE A B T G () 43 B AR
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S ol

el

2
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Fig. 1 Effect of pH on rhAT III stability.
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24 BAREZHEERABRFEXNPFEEMERDG
LR B9 22 M
241 YEREEER

T2 MR VI B SRR b, 435 SN [ By
R (1. 0-20%—30%—50%—60%—100% ;
2: 0-50%-100%) HIPEMERR . SRR 1,
5 VRN BE T S BER 0, (R IK AT A5 SR,
20% 30% 71 50% e 5 A 22 XeF 17 {49 1 Hd g I B S DX 531)
(Elms), H R aiBE () thAT 11, BT LA RO Sy
FREE MG TRE A ; B 0-50%—100% % PE M
FERTUAASF RN VeMigE (& 3), e 50%H6 X
PIVERIE P12k Bdavkal (K 4, JKiE S), &k
PLARAERRT A, ] P R AT 75 2 i 4 Y th AT 10,

kbDa 1 2 3 4 5 6

97.2 —

66.4 — - = el L T
- v W e

43—

29.0 —

20.1 — T

143 —u

2 FRIEHEXSHMA SDS-PAGE HikE
Fig. 2 SDS-PAGE analysis of thAT III eluted from different
chromatography patterns. 1: marker; 2—4: PO, P1 and P2 of heparin

affinity chromatography; 5: P1 of DEAE anion chromatography; 6:

P1 of phenyl hydrophobic interaction chromatography.
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Fig. 3 Chromatogram of heparin affinity chromatography.
kDa 1 2 3 4 5 6

4 FEFRATHEME) SDS-PAGE RIk[E
Fig. 4 SDS-PAGE analysis of thAT IIl eluted from
heparin affinity chromatography. 1: marker; 2: goat milk;
3: supernatant of pH 7.2; 4: PO; 5: P1; 6: P2.

2.42 pH KM

ZEAE pH A (pH 6.2, 7.2, 8.2) X} rhAT III
A BRI CRIH 0—50%—100%3E R EELERT)
M pH K 6.2 i), HARGEMLNE P1 Sk, (HHZM o5
WikEr; 24 pH o 7.2 F1 8.2 B, FIFASALN A4l i
o, B2 AN pH 250F T BARdLsr (P1IE)
thAT TG TEBCEST AR 20.6% (pH 6.2). 49.7%
(pH 7.2). 13.9% (pH 8.2), Uil pH A{UHIIERH
thAT HIAHHEARRE (B 1), 32N thAT 111
PN TEISCR AT B . 2555 RIS IR 4l
FE, pH 7.2 (&5 A T thAT T 53 2 4lidk.
2.4.3 FEKIE

ANFEFH (0.5, 1.0, 1.5, 2.0 mL/min) XHZH13L
RSN (pH 7.2, R 0-50%—100%F KRS EEBERE) 4n
%2 FiR, WK (0.5 mL/ min) B, FEFIZERE 15
BRI , TEPESCRAIR SRR (2.0 mL/min) B,
AFITFE A A RORSE, WEHEICRRAE; 1.0-1.5 mL/min
B AT R A TS TECE., 285 IEE AR
FHEMCR, PERE 1.0 mL/min AR/
244 FHEEREW

M3 ATLIE N, 12 mL RR&/mL AR
FEREARCRIEAAR Y s BEE AR p i —20 3 m,
thAT TG ISR RIS MECRERE Rk, X £
BUR S BREER A, T ARG, SRR
HnEA B, Ga% B0 PHE | & AR
YRR, BEFE 2 mL RHR/mL A ERERE
245 BEWdE (WH-B%) XEAEERZmN

B S0%BAEEVERG AT P11 WP 2% nh i i
Mr G FRREET T Heparin S5 FZEAT. 2553 thAT 111
B FIBCRIRE] 95% LA I, (HTEEIRCR HAT 68%,
FEER] I TE BRI G: . D BTl SR,
thAT TR TIPSR RZNT R, Ham RIS
MR 338.6 nm F#{IRE] 334.2 nm, KAET#HHK.
UG AT L, J2 A R A A R O - A R i R 1 AR
thAT TTTZ5R AR AL RIS PESCRAR Y 3222 S5 A
£z 2 ANEREEZMHEH rhAT MY ER

Table 2 Recovery of rhAT III with different flow rate
Flow rate (mL/min)  Protein recovery (%)  Activity yield (%)

0.5 90.3 32.6
1.0 88.3 47.8
1.5 85.3 46.2
2.0 82.3 423
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%3 AR LHZH rhAT MK E
Table 3 Recovery of rhAT III with different sample loaded

(Isﬁjﬂiﬁaeﬁ:) Protein recovery (%)  Activity yield (%)
1.0 99.5 48.2
2.0 94.3 49.5
3.0 70.1 36.0
4.0 63.6 31.4

2.5 rhAT [ME&#SH

Jralifb ¥ rhAT TIZ RS ARG DTT FEffa
VTR A AT LR IR Y 41, A5 FRIH thAT T
23 BEMR 7 35 R IA 3 82.6% (5 MAE Sk IF K AT 11IAH
F): TREE SRR thAT TTHRAEALE 3 46
HEALE , 2 HlJE Cys21-Cys95 . Cys8-Cys128 .
Cys247-Cys430, SRR AT MI—2; Hiskib
A7 A3 HTES FeFe W] thAT TR AEALE 4 RN A5,
I35 Asn96. Asnl35. Asnl55 Fil Asn192, 5ifi¢
URAY AT TH—3LU10, ko b 4 S e W alifb i
thAT IR £E R 5 I SRR A AT TIT—2K, Z5F1EH .
3 &

AT R T —4FF S S e R A2
Mralifk thAT I T2, FEASEE TR ESS
X thAT TR FISCRANEHEBCRREm, ik 7o
EMTIHEESAT (pH 7.2, VERBEEEN 0-50%-100%
Buffer F it 1.0 mL/min ., _FA¥4E2 mLERE/mL Heparin
AR, SCEL T thAT T Rskatifl, sERER %] 9% |,
R 90%, 1EHISCRAR 50%. SE5F3cAil
BiKIZNTHEL, FFZ SRR AR s R |
P IR S R . ST . R o8
SOGHESMT, Ak thAT 1115 M8 AT 1114544
—H ZT AT thAT 5 Esalifbitti g,
ARNT 2P S A i
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