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Abstract: The low recovery of pertussis toxin (PT) and the low resolving efficiency of chromatography, due to the instability of PT
in low salt condition, are the main challenges for its purification. We aplied 2 mol/L urea to prevent the aggregation and
disassociation of PT during the purification by ion-exchange chromatography (IEC) and gel filtration chromatography (GFC). The
effect of urea on the purification of PT was studied by ELISA assay and non-reduced SDS-PAGE. The activity recoveries of PT and
filamentous hemagglutinin (FHA) in IEC and GFC, the resolution efficiency in GFC and the purities of PT and FHA were improved
obviously by adding 2 mol/L urea in the mobile phase. The results highlight the potential application of urea in the acellular pertussis
vaccine (APV) manufacture procedure.
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PRRRE Z 5, P45 RS [R] (4 TC b 2H BURT 1Y) BE 8 A 3L
PRI R AT 3 700 A 92 1

M 20 tit2d 80 4EARHE, [ MO SE LA SR i
HEATICAN ML 7T H R B2 oy i At oE, BT
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AICRH CM B 2820, FF4H LUBER 2 %
JEATAT S T R EE R R AL 4y PT R FHA, {HJ24%
A TR R A 9% S PR GRS PT AN
FHA #0E HA S KM H, K oA
B, B MREN, ReTEm s Fom B scs &
A 2 mol/L IR A FREE T A Al LAFE @ AE B ARFIE A
AR B A FEE PT A1 FHA Z5H A4 &, e A2
A FEHIA 2 mol/L ik, #F5E 17 WRXT PT #l FHA (3%
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TR 2 A S AR AT XS b, A E H R Y g Al
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Y % 5% B3 (CCS)(fe 2= W TR A PR
Al), HOH R (PT) 22K 10 5 2 (FHA) bR E 5 (3
NIBSC A 7l), BSAALIIRERHEYH ARG R
), SDS-PAGE {Ik 432 HiL 7k Marker(H =R} B I
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S-200(£E GE A H]), A3 [ 7= 43 A 4l
R, Fr A4tk B Q-plus # 4l /K HL 1 £ (Millipore,
E ).

fiti k7% 550(3[E Bio-Rad 2\ #]), Hofer miniVE
HLIKAY (35 [ GE 23 7)), Allegra™ 21R Centrifuge(3%
BACKMAN COULTER /A #]), AKTA Explorer 2
Mrif & (35 E GE A H]), #IEJEZNT PERISTALTIC
PUMP P-1 Fl& & J2 #7 & il 48 SINGLE PATH
MONITOR UV-1([E GE A+l), EHtE(EiFHRtE
BT ).
12 KWAHZE
121 A/EAEIRIE 1 H 7R TR

16 8 45l 0~7 19 1.5 mL 2.0 N2 Sl A
100 uL 3% L, U2 5n A 900, 775,
650, 575, 400, 275, 150 FI 25 pL f4liK, RG5>
BIMMA 0, 125, 250, 375, 500, 625, 750 il 875 uL
WP h 8 mol/L IRV WL, 1RG5, AR IRuk
FEA R0, 1.2, 3, 4.5, 6 H 7 mol/L W4 ks
#* Fib
1.2.2  WIREILWE

BUEiiE CCS, Wi FERI AT S48 in A R4
TR ELE 2 20%(WIV, %)MIZAMRIE, FHiifReL e 2
fi# e, FATIRZRN pHES] 7.0, EH T REEFE 4 h,
B4.0>(10 000 g, 20°C, 30 min)iIiyE, 1 mol/L fy
NaCl 5 T TE 7 7
123 FEHTFXHENr

TSURL TR 45 TV (9 Vs A W IR A T i BT (B T AR A 7
4y} 8 000~10 000, Spectrum Medical Industries
Inc, USA), &My 25 mmol/L PB, pH 8.0, &5
25T pH 3] 6.0, BB EW . CM B T35k
FEFH 50 mmol/L PB, pH 6.0 /2% nh i - i ALk
T8 F 4 2=, Hea ke 50 mmol/L PB, pH 6.0
Y 2% vh bk ok, )5 F 50 mmol/L PB+0.5mol/L
NaCl, pH 8.0 FJ 4z b e it o iR v 2 A 2ok 72 e FH i
80 5 2% vhi 29 05 2 mol/L IR A AH R 22 g
1.2.4  SEHCALIER T

FH 3 SHRAFAY 100 mmol/L PB+0.15 mol/L
NaCl, pH 7.0 (22 vhi~F- 284, 280 nm A< T Wil
SEHMISCAE, BGE T  FACHE TR A AT, AP SE
IR ARSE PRI, WA SR S A XoF 7 R B v, 3k
0.8 mL/min. A2 A AR FHBE R 200 mmol/L
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PB+0.5 mol/L NaCl+2 mol/L Urea, pH 7.0,
1.2.5 PT FIFHA JE1ER I

PT Al FHA I IR R A ELISA 316
1.2.6 &/ 1HEE

SAZE 1k B SR ok B A Bradford BN, AR
FRUE S BSA MIbRHEM LT T B P BB Ao 5.
1.2.7 PT #IFHA Z5/E#0

K1 SDS-PAGE #:il] PT 1 FHA 4l /3B
W Jg 15%(0, SRk g,
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i F PT Ml FHA #REA & & sk, [Rtre
RERIKIE R P AT E, B TEBERER. 5K PT HI
FHA TEmER R FERE, (H2m Wk E NaCl(un
0.5~1.0 mol/L)MA77ENs T BUFRHA TG R FL)
BTSSR AT AT oy B Al A . SCHRAE Rk A
FIRA 5 P8R A TS, HEAE MR E T,
FIRHAT LU PT pRaE e, N, St TR
) e7 S ONEN N AV SR RE N e AT SRR ¥ il
BNk 1 piws.

K1 RREXERG PT 1 FHA F14HH &0

Table 1 Effect of urea concentration on the activity of PT
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TEB T A2 B IA 2 mol/L ik, JH5A
IR 2T BB T . HOH AR A
(NH4),S0,4 JLIE B AL B ] EAEGEF TS T35 e
2. EHrEEAE 1 R, WE 1 ATRUEH, IR
TS IR IEA —3, (AR 2 mol/L RZE viii
i S AH R AR B A PEBE (&) 1-B Fraction B)# U
R o B8 PR 1 DBCR P A e R a2 2 s .

F2 BRMBTFRHRENMIEFHEQNEERKERMY

50
Table 2  Effect of urea on the recoveries of protein and
activity in IEC
Sample Protein PT recovery FHA recovery
P recovery (%)° (%) (%)°
CCSs 100 100 100
1 IE before® 7.0+£09 60.8 3.1 85+09
1 fraction A 1143+3.1 259+12 36.7+1.9
1 fraction B 76+1.0 53.89+3.0 50.2+2.2
2 IE before® 98+1.1 84.3+4.6 51.0+25
2 fraction A 91.3+32 486 +2.7 209+1.1
2 fraction B° 9.6+0.8 717+35 56.0 £ 2.0

and FHA
Sample Urea concentration PT reco;/ery FHA recbovery

(mol/L) (%) (%)
S0 0 100 100
S1 1.0 101.2+6.2 84.1+35
S2 2.0 78.7+5.3 1121+5.2
S3 3.0 81.2+5.7 744+28
S4 4.0 73.0+4.9 843+49
S5 5.0 60.4 +4.6 69.9 + 3.6
S6 6.0 48.1+3.2 66.6 + 3.9
S7 7.0 446+2.1 214+33

a: the average PT recovery was calculated by tri-repeated
experiment; b: the average FHA recovery was calculated by
tri-repeated experiment

HHER 1Rl H, BEE IR B2 B3GR (0~7.0 mol/L), PT
FTE P IR B A N 100%[%AIK 5] 44.6%, 1 FHA 1Y
TEPEN SRR F) 112.1%)5 FE /N E] 21.4%, IRk
JEAE 2 mol/L I}, FHA [RICRR B i =, 4 112%, it
B PT R dde s, h 78%. RILAMFFTEA 2
mol/L (14 kv B 5 25 B Mokt S22 A a8 R s i

a: |E before represents the dialysate (CCS followed by
ammonium sulfate precipitation, dissolution and dialysation) loaded
onto IEC column; b: the samples include 2 mol/L urea; c: the
average protein recovery was calculated by tri-repeated experiment;
d: the average PT recovery was calculated by tri-repeated
experiment; e: the average FHA recovery was calculated by
tri-repeated experiment

3 2 P IE before A /M EUEUE L) CCS WS, %
W1 A BCBUBE LA 1E before B8, Mol LLE H,
B RES, AR, PT 4 40%0197E
PR, FHA B8k 90% A A TG i, FEImA 2
mol/L IREAE AR, PT HAT 15%M 5 P2, FHA fiy
TR B IRARE] 50% L4 . B Fad et f, 2
mol/L HREINAKE: PT 36 PE IR 54%48 = 51|
72%, FHA ()36 P BIISCR A 50048 55 5] 56% . 255 %
R MBS A2 2 M7, 2 mol/L IR A PT Y
TEE TR N 33%32 i 51 60%, FHA A9 TG 1 [ i %
M 5%4E = F 29%.

BT AN i SDS-PAGE 4Bk B 4n &
2 R . WIEIFPRT LU Y, FEA AR IEOL T, PT A1
FHA TR & 4153 1 LK 5547 £ 60~90 kD Z [a] 47 — Lk
A B (2 9 24445 (Lane 5); JTA 2 mol/L JIRf5 &3,
B R AENT S A TR, E AR AR A 2l A
HE— 2 % (Lane 8).
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Fig. 1 Elution profiles of ion-exchange chromatography(A: in the absence of urea, B: in the presence of 2 mol/L urea)
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Fig. 2 SDS-PAGE analysis of PT and FHA eluted from IEC

in the presence and absence of 2 mol/L urea in the elution
buffer

1: CCS; 2: ASP-S; 3: IEb in the absence of 2 mol/L urea; 4: fraction

A in the absence of 2 mol/L urea; 5: fraction B in the absence of
2 mol/L urea; 6: marker; 7: standard PT; 8: fraction B in the
presence of 2 mol/L urea; 9: fraction A in the presence of 2 mol/L
urea; 10: IEb in the presence of 2 mol/L urea

2.3 HRXERR I IR BT A R 00

WS 5t 8 e TR AL AR, TP 92 b
W e L, AR 5 A W ST A XE N A R U, T R
0.8 mL/min, ASANRIZ AT e BE# 4 100 mmol/L
PB+0.15 mol/L NaCl, pH 7.0, Jnfg Y24 72 fr
Yt 100 mmol/L PB+0.5 mol/L NaCl+2 mol/L
urea, pH 7.0, JEMTIEEIWE 3 s MRS A g
2T 1 FAAE ] A 22 5% 0 2 mol/L IR A, 1]
AR T ORI (B 3B) T AR . B T A R (n
Fraction a Fl1 b), &M% % H 1 ) 5 R E) 34,
B EFIEE T A R % 3 R,

2 3 KU E D EEUE LA GF before & ME, M
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HAl AL, 2 mol/L IRASHIA, B3R T BRI 82
AT 1) 26 11 R P T e . 45 I 0 R 1) 2 11 [l
M\ 57.1%32 5 5 94.1%, PT [E1I5 % M 25.3%32 25 5]
90.4%, FHA [ % M 60.6%4 &5 5] 119.2%., it 4h, PT
I FHA B3E P4 B i E o, FHA 8404 7655
— AR BIE (18] 3B, Fraction a), 1 PT 2404 7E
W5 N UM (&) 3B, Fraction b), HUf% T )
%3 RAEEEERTTEGNEAIEEE KRN
AL

Table 3 Effect of urea on the recoveries of protein and
activity in GFC

Sample ProteirzWRO;:covery PT R(;g)%very FHA gz;:eovery
GF before? 100 100 100
1 fraction A 276+22 28+05 202+19
1 fraction B 41+10 59+12 131+11
1 fraction C 16.1+1.2
1 fraction D 0 16.6 +1.0 2713+17
1 fraction E 93+13
2 fraction A° 542+25 32+07 1052 +54
2 fraction B 259+21 84.0+25 76+1.0
2 fraction C° 140+13 32+05 6412

a: GF before represents the sample loaded onto GFC column;
b: the samples include 2 mol/L urea; c: the average protein recovery
was calculated by tri-repeated experiment; d: the average PT
recovery was calculated by tri-repeated experiment; e: the average
FHA recovery was calculated by tri-repeated experiment

BERE 1L U8 2T 4541719 SDS-PAGE 43 Hr44
WE 4 proR. WK 4 AR, AR,
PT 2 HV BEAE 4 e g Hh 34— 19 3 4ii (Lanes
6~9), AFIT PT g [Rliic, T ELAR R 038 M e Hh i 5
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Fig. 3 Elution profiles of gel filtration chromatography(A: in the absence of 2mol/L urea,
B: in the presence of 2mol/L urea)

HLBMRED, AT —-FERE. WA
2 mol/L JiRJm, BEME I ug i) o HEAG 3 E— 2Bt
FA 524 I K PT 4345 F Fraction b H, HA&
H B4 WA PT 434 F Fraction ¢

12 3 4 5 6 7 8 9 10,
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-
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4 REGEIEGEAL4E 55 B9 SDS-PAGE Bk [E
Fig. 4 SDS-PAGE analysis of PT and FHA eluted from
GFC in the presence and absence of 2 mol/L urea in the
elution buffer
1,10: GF before; 2: fraction a in the presence of 2 mol/L urea;
3: fraction b in the presence of 2 mol/L urea; 4: marker; 5: fraction
c in the presence of 2 mol/L urea; 6: fraction a in the absence of
2 mol/L urea; 7: fraction b in the absence of 2 mol/L urea;
8: fraction c in the absence of 2 mol/L urea; 9: fraction e in the
absence of 2 mol/L urea

3 itk

PT 1 FHA & APV e B Z AL 5. PT &
B H AR A A — R 3 NG P A Ay, HAT I B
P, PR g e £, XAl S B, B N R

IS R o ST AAEE 7 L ik i o | R e | s s N 1
B PT 1 5 N (S1-SE)MY A . 4% JE 43+

435k 28 kD, 23kD. 22kD. 11.7kD. 9.3 kD, [
IR 1:1:1:2:1, Hivh S2 55 S4, S3 5 S4 3 BITE L
T TR, PT M43 F 4k 103~117 kDI, FHA &4
T840 220 kKD BT 220 8 A o B i il 5 19 FHA
7 SDS-PAGE H' i /i 3~4 2547, 435I 230, 140,
125 Fi1 98 kD Fifi &5 fiti A7 Hsf ] By AE <, 230 kD 114 4571
221445, BB 75 1 58 kD (i 454 B,

BN H R AR R AR E, BAHER
8, RS oy B AL ERVEXE LURTF, 4l fbBORIRAY
ME, A SCR IR HA FE PT A FHA G544 14 A,
TEHEAS Z A FE A 2 mol/L iR, 5845 5 & B 7E
G P A 2 mol/L IR BE B 3 H = B AT L T4
JEAT RN IS 3 8 R AT O ROR . 2 E R [ R
VX R P (R s, R IR A R B ) 4 A 4
Jm, PT AT [ e 22 A0 BTG, T FHA (93 M [
TSI/, TE 2 mol/L 4k B i 3 3] e KA1
TERAR B IR M B (4 2 mol/L) T, PT 1 FHA Fé & 5E 7
R R, AR T e g0 B Al B i S (A,
kL NN IR K S 2 PT 1 FHA A PRI 2R
FRYESCHRIRIE, 76 5 mol/L IRV P E 4 d, PT ¥
R T Y S-1, S-5 WAk, S-2 i S-4 i 1K, LI S-3
1 S-4 (1 " BAK; 7E 8 mol/L IR 24 T ik ® 16 h,
PT Wi B f k5 kST i, BP S-1.S-2,S-3., S-4
1 S-5 @At AR, T 2 mol/L BRI, e
TEME R SRS PT Ml FHA B9REMTE,
P T AR AT P EDSOR (R 1), B Acad 2
o, 2 mol/L RIS ANA, F82E T PT #1 FHA By 4544,
Hil 7 PT RIS AR A FH R K PT A s
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IR 54%45 w5 F 729%, FHA (05 2 [ 28 A
500F2 = 21| 56%, & T BT A2 T 4 HER A
HARE (B4 . [R5 RE L, 7 %8 e 2oL 38 )2
2 mol/L IREY A, #2817 PT Al FHA B35 [l A
TR UR JE AT I 43 HEAE, PT A1 FHA (36 1 43 A1 B
e, FHA FZ RS — A pelig s, EhfieR
I 100%, PT FE AL AN e, [l
HEJIT 85%., ILAh, SDS-PAGE 434k B, 7645 vh
WA 2 mol/L IR B BE Sl B 2 AT v, il HLAG e
W ILZE R PT FEAER 53 1) PT 45 2] TARLF (1)
Y. TEEEIE L I8 E M & L R B K MR, PT
FHA &SR 151 22 SRR 19 53—tk /NI I L 9
B VR KBV & o 72 2% vP R A 2 mol/L ik 1)
EEIC L U8 )2 BT (K] 3B) Y, ZF— ANV I4 (%] 4 Lane 2)
FE ok FHA #1 PT (1 S4.S5 WAL4H i, 70 TR,
TR FHA S E8AL, FRATHEEE 2 PT WA
A5 5 ANVEI (& 4 Lane 3) 58 B A1
PT, A FRIRZ; =AU (K 4 Lane 5 A ASE
WINPT, s F BN, A5 MR A 55 R i) B
LR JE BT (] 3A) Y, 25—V BLIE (5] 4 Lane 6)°
FHA F PT # 0 5E, b — 28488 1, 40 F i
R, MBI FHA & 8A8, SFEQGEBTE S FHA
WREAR T PT WAL 25 A UEiuE(& 4 Lane 7)%
FHA fil PT AR5g8& W73 S1 s &1k, Bohisa —uk
M, SRR, B AR (A 4 Lane 8)
PT, s Fii/h; S EeBIE(A 4 Lane 9)% PT
ANoE#T A S1. S3, S4, /- Fh/D.

Zi Bk, 2 mol/L IRA AR 425 1 PT F
FHA 87> B AL ROR, SRIBW B Z e 5k, PT 1Y
TG PE B DA 55044 = 5] 50.4%, FHA 76 1 &
] % B 1,094 55 %) 30.5%., 2 mol/L fIRImA, A~
AU B TR I HK S R E A RERS, &
T PT FIBRUNE R B R A0 AR A RO, B i 2 7
TEMTRCR S PR . 38 -, 2 mol/L RGN
A, T RE 2l AT 35 AE 43 P A 3 40 i K 1 2R
105 T A B R o e & D e T i i T e
SEA AR AR, AT 51 R 5 B T aS 2 T TR
FIBE R ik U8 )2 A1 7 R A2 Ak

#AS Al Ak oL FE (B BR & UV I w2 2 AT )

Journals.im.ac.cn

PT & [HISCRN 7.37% (A 25 %) A1 50.77% (% IK); FHA
SR N 1.42% (A 2 IR) A1 28.56% (5 k)
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