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BNP His-tag
Ssp dnaB Ni-Sepharose CM-
CM- pH Ssp dnaB
His-DnaB C4 2.8mg
97 % ECs, 1.94x
107 mg/mL
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Abstract Human brain natriuretic peptide hBNP  was used clinically for the treatment of acute decompensated congestive
heart failure. In this paper hBNP was expressed as a fusion protein with a histidine tag and Ssp dnaB mini-intein which was
capable of self-cleavage. After affinity chromatography with Ni-Sepharose and renaturation the fusion protein was enriched with
CM-cellulose. Ssp dnaB mini-intein mediated peptide-bond hydrolysis was triggered by shifting the pH and temperature in the
CM-cellulose column which let to the release of hBNP from the fusion protein and the separation of hBNP from His-DnaB. The
hBNP sample was further purified by C4 reverse phase HPLC and 2.8mg of the peptide with homogeneity of 97 % was obtained
from one liter of culture medium. The biological activity was assayed in vitro which indicated that hBNP had a potent

vasodilatory effect on rabbit aortic strips with an ECs, of 1.94 x 10~ °mg/mL.
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> BNP 34
intein
’ intein
6
7 8 9
intein
N- C- pH
10
610
hBNP
His-tag Synechocystis sp. PCC6803
dnaB Ssp dnaB
His-DnaB-hBNP  Ni-
Sepharose CM-
CM- pH
6.5 25C 16h Ssp dnaB
hBNP
His-tag ~ Ssp dnaB
His-DnaB
1
1.1
pTWIN1 New England Biolabs T4 DNA
TaKaRa
pET28b E. coli BI21 DE3
Novagen BNP American
Peptide Company DNA
Qiagen Ni-Sepharose Pharmacia
Biotech C4 HPLC 300mm X
20mm Waters
IPTG Fisher Scientific
hBNP PCR
Invitrogen

5’-GGTGGTGCTCTTCCAACTCCCCG

AAAATGGTTCAGGGTTCTG-3' GCTCTTC
Sap 1

GGTGGTCTGCAGTTAGTGACGGCGCA
GTACTTTACAAG-3’ CTGCAG  Pst 1

hBNP TCC CCG AAA ATG GTIT
CAG GGT TCT GGC TGC TTC GGT CGT AAG ATG
GAC CGT ATC TCC TCT AGC TCC GGC CTG GGT TGT
AAA GTA CTG CGC CGT CAC TAA
1.2
1.2.1 pET28/his-dnaB-hBNP
hBNP PCR hBNP

DNA PCR 0.01pmol hBNP
50pmol 2.0mmol/L. ANTP
0.25utaq  94C 2min 26
94°C 45s 52°C 1min 72°C 45s PCR
2% hBNP
120bp PCR hBNP

Sap 1 Pst 1
2% 1%

pTWINI

hBNP
pTWINI T4 DNA
16°C 20h DH5a
PCR hBNP

pTWIN1/dnaB-hBNP

pTWIN1
DNA
Nde 1 /BamH 1 pTWIN1/dnaB-hBNP
dnaB-hBNP
Nde 1 / BamH |
pET28b DH5a
Nde 1 /BamH 1 pET28/his-dnaB-
hBNP pET28/his-dnaB-hBNP
hBNP 1
1.2.2 His-DnaB-hBNP
pET28/his-dnaB-hBNP BL21 DE3
50pg/mL LB
LB 37°C
2%
25pg/ml LB 37°C 200r/min
OD gy 0.6
IPTG 3.5h

SDS-PAGE

1.0mmol/L 4°C 5000r/min

lg 30mL 50mmol/L. NaAc-HAc
pH5.0 4°C
20000r/min 25min
SDS-PAGE
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a Ps T Bami11 8mol/L 10mmol/L §3- pH7.9

Sap 1 - AT N 25mmol/L Tris-HCI 0.5mol/L
MNP emplate o fona nvein \ NaCl 300mmol/L 8mol/L 10mmol/L B-

T promater : pH7.9 His-DnaB-hBNP
l"‘”‘ oplioaton [Tiuﬂ 13%  SDS-PAGE
Sapl Pl | 1.2.4 His-DnaB-hBNP Ni-
- Nl

Sap |/ Par 1 digestion

T4 DNA lipase

Bl | sy
v -
ﬁrsNP \ ﬁffrul-:l_l__..- m
on Nife 15 i rap ™,

Nede 1. 4 Dnab imtein
TT" promaotar =TT pramoler |
| pET-2¥

pTwinl-rhBNP 2
.7 Skl
+

Ar Tk

Mefe | 7 BamH | digestion

T4 DNA ligase
lusion profein sxpressian

is-tag
= ]
Dmab hBNDP

HHHHHH AIS
His-tagz dna B mini-intein

lcleava;__'_e ipHG.- T A 2310

hBNI {32aa)

[FHHHHH [ATS = VHN
His-lug

hIINP (32a4)

dna b rmini-mi-ingsin

1 His-DnaB-hBNP dna B
mini-intein
Fig. 1 His-DnaB-hBNP fusion protein construct design
and dna B mini-intein induced splicing
A Construction of plasmid pET28/his-dnaB-hBNP B the cleavage of
Asn-Ser peptide bond between dnaB and hBNP led to the release of hBNP

from the His-DnaB-hBNP fusion protein.

1.2.3 His-DnaB-hBNP

50ml. 25mmol/L. Tris-HCl  0.5mol/L
NaCl 6mol/L 10mmol/L. 3- pH7.9
6g
4°C 200001/ min 25min

25mmol/L Tris-HCI
10mmol/L. 3-
Ni-Sepharose

0.5mol/L. NaCl 6mol/L
Smmol/L pH7.9
2.0ecm x 5.0cem 20
25mmol/L Tris-HCl 0.5mol/L. NaCl 20mmol/L

His-DnaB-hBNP 1:50
50mmol/L Tris-HCl 2mmol/L
0.5mol/L 0.25mmol/L
Immol/L pH8.5
4°C 20h 25mmol/L
NaAc-HAc pHS5.0

Sepharose

EDTA 1mol/L

4°C 15 000r/min 20min
0Dy
0D

1.2.5 His-DnaB-hBNP CM-
2.5 x 8cm
CM- 50mL
25mmol/L. NaAc-HAc pHS5.0 His-
DnaB-hBNP 0.5ml/min
20mmol/L,

10mL

100mL

NaH, PO, 1mmol/L. EDTA pH6.5
10mL
PMSF  25C 16h
20mmol/L. NaH, PO, 100mmol/L
NaCl pH6.5 CM- 0Dy,
0.02 50mlL. 20mmol/L
NaH, PO, 300mmol/L NaCl pH6.5 His-DnaB-
hBNP
hBNP

1mmol/L

hBNP
Smmol/l.  NH,HCO,

16 % Tricine SDS-PAGE
hBNP "
1.2.6 hBNP
hBNP

RP-HPLC
4.0mL A 0.1%
Cc4 300 x
10ml./min A
C4 A
B 0.1% 90%
40min B 0
215nm hBNP

20mm

40%

© b NaOH: o b pr By 2 Smmol/L , NHLHGO,,
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BNP 16%
Tricine SDS-PAGE C18
hBNP hBNP C18
25min B 15%
35% 1.0mL/min
215nm
1.2.7 hBNP hBNP
Baumanis
2 3em
20mL 8.0g NaCl 0.2¢

KCl 0.26g MgSO,
Glucose 0.2¢g CaCl,
37°C

1h 20min

7H2 O O . O65g NaH2 PO4
1000mL.  pH 7.4
1.0¢g

1.0g

0.15pg/mL
10min
20mL
hBNP
5x 1077 mg/mL 1.5x 10 mg/mL 3.0 x 10" *mg/mL 5
x 10" mg/mL 1 x 107" mg/mL 2 x 107" mg/ml. 3.5 x
10 mg/mL 5.5 x 10™° mg/mL

hBNP ECs
2
2.1 pET28/his-dnaB-hBNP
hBNP PCR
hBNP DNA 2 PCR Sap 1 /Pst 1
pIWIN1  Ssp dnaB
hBNP
pTTWIN1 Sap 1
PCR hBNP
2
pTWIN1/hBNP hBNP
Nde 1 /BamH 1 pTWIN1/
hBNP dnaB-hBNP
3 pET28b His-tag
3 pET28/his-dnaB-hBNP

hBNP
His-DnaB-hBNP

His-tag dnaB

Ni-Sepharose

by
100 —

2 hBNP
PCR

pTWIN1/hBNP

Fig.2  Agarose electrophoresis of PCR products using
synthesized hBNP gene lane 1 and pTWIN1/hBNP
plasmid lane 2 as templates

M L 2

bp

10—
70—

3 pTWIN1/dnaB-hBNP
Nde 1 /BamH 1
Fig.3  Agarose electrophoresis of plasmid pTWIN1/dnaB-hBNP
lane 1 and pET28/his-dnaB-hBNP lane 2
digested with Nde | / BamH |

pET28/his-dnaB-hBNP

2.2 His-DnaB-hBNP

pET28/his-dnaB-hBNP E. coli
BL21 DE3 LB 37°C
IPTG His-DnaB-hBNP
24% 4 His-DnaB-hBNP
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Fig.4 Analysis of the expression and purification of
His-DnaB-hBNP fusion protein by SDS-PAGE
1 molecular weight marker 2 total lysate of non-induced cells 3  total
lysate of induced cells 4 soluble fraction of the lysate from induced

cells 5 insoluble fraction of the lysate from induced cells.

2.3 His-DnaB-hBNP

His-DnaB-hBNP

25mmol/L Tris-HClI 6mol/L 10mmol/L B3-
0.5mol/L. NaCl pH7.9
Ni-
Sepharose 20mmol/L
0.5mol/L. NaCl
His-DnaB-hBNP
62mg 83% 5
2.4 His-DnaB-hBNP
dnaB
hBNP
His-DnaB-hBNP
63 %
2.5 His-DnaB-hBNP
BNP 10.9 CM-
CM-
pH6.5
CM- dnaB
25C 16h
dnaB
His-DnaB CM-

_/rH.is—L)mLB—h.BN I

Y — ' —_— '

_\‘-] Tis-Dinal3

14, ——

-

5 tricine SDS- hBNP
Fig.5 Analysis of hBNP purification by tricine SDS-PAGE
1 molecular weight marker 2 His-DnaB-hBNP fusion protein purified
with Ni-Sepharose 3 hBNP purified with CM-cellulose after released
from His-DnaB-hBNP fusion protein. 4 His-DnaB eluted from CM-
cellulose 5 hBNP purified with C4 reverse phase HPLC 6 hBNP
standard .

2.6 hBNP RP-HPLC
CM- hBNP
Cc4 6
hBNP  29.5% hBNP
Tricine SDS-PAGE 5
C18 97 %
7 1L hBNP
2.8mg
2.504 LBNP
2.00
1.504
?C 1.004
0.504
0.00 e
0.00 500 10.00 1500 20.00 25.00 30.00 3500 40.00
t/min
6 Cc4 HPLC hBNP
Fig.6  hBNP purification with C4 reverse phase HPLC
2.7 hBNP
hBNP BNP Tricine SDS-
PAGE 5 hBNP
C18 20.8min
BNP 7
hBNP BNP
ECs, 1.94
x 10 °mg/mL  2.12x 10 *mg/mL
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0.244 @
0.224 024 b hBNP sample
0.207 022
0.184
0.167 020
0.144 0.184
0.124
0.104 0.16
0.084 hBNP standard ) 14]
0.06
0.04] 0.124
2 0.02 2 0.10]
0.004
20.024 0.08+ o
-0.044 0.06
-0.064
-0.08 0.04
-0.104 0.024
-0.121 0.004
_0. l47 T T T T T T T T T T T T 4 T T T T T T T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
t/min t/min
7 C18 HPLC hBNP
Fig.7 Analysis of hBNP with C18 reverse phase HPLC
a hBNP standard b hBNP purified by C4 reverse phase HPLC.
hBNP BNP C-
pH 25°C pH6.0~7.5
3
hBNP DnaB-hBNP
hBNP
hBNP
Ni-Sepharose
B His-DnaB-hBNP Ssp dnaB
CM-
pH 6.5 16h
His-DnaB  pl 6.6
hBNP pl 10.9 CM-
14
hBNP
e DNA
25
- Trx hBNP Trx-
hBNP 7
Zn-sepharose hBNP Ssp dnaB
N hBNP
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