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Human protease inhibitor nexin-I (NX-I) cDNA (1.2 Kb) was isolated from human lung cDNA li-
brary and expressed under the control of T7 promoter as a fused protein in Escherichia coli BL
21 and E. coli GJ1158 by addition of IPTG and NaCl as inducers. For GJ1158, 300 mM NaCl was
added for induction after the cell reached Ag=0.6. As a result, E. coli GJ1158 showed higher ex-
pression level than BL21 with lesser extent of inclusion bodies. The optimum concentration of
NaCl exerting no induction effect but shortening the time to reach Ago=0.6 was 50 mM. All the
results suggested that E. coli GJ1158 was a useful host for efficient expression of NX-I using
NaCl as an inducer. The expressed NX-1 showed an inhibitory effect on thrombin activity. The
expressed protein was purified by immobilized metal affinity column chromatography (IMAC)
and characterized by digestion with enterokinase (EK).
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Human nexin-I (NX-1) is a 40 kDa serine prote-
ase inhibitor (serpin) which is expressed and secret-
ed by human fibroblasts, astrocytes, glial cells, and
other extravascular cells (2, 4, 7, 8, 10). It has been
known that the NX-I inhibits plasmin, plasminogen
activators, urokinase (14), and especially thrombin
(5, 6) at physiological concentration by forming a
SDS-stable covalent complex (14). Because the throm-
bin serves as the major component in the regula-
tory events of blood coagulation, proliferation, and
differentiation and especially in preventing neurite
outgrowth activity (19), inhibition of the thrombin
by NX-1 may stimulate neurite outgrowth. The pos-
sibility of the neurite outgrowth by NX-1 was in-
directly demonstrated by the fact that the nucleo-
tide and amino acid sequences of rat glial-derived
neurite outgrowth factor (GDN, glial derived nexin)
is identical to those of NX-1 (15). Another possible
role of NX-1 is the involvement in the development
of the Alzheimer disease (AD). Wagner et al. (19) re-
ported that the NX-1 activity in the brains of in-
dividuals with AD shows a dramatic decrease com-

* To whom correspondence should be addressed.
(Tel) 0335-330-4280; (Fax) 0335-333-1696
(E-mail) hyunelee@san.hufs.ac.kr

pared to that of healthy controls. They found that
the NX-1 mRNA levels were almost same in AD
and control brains. These results indicated that the
decrease in NX-1 is possibly due to the formation of
NX-1-protease complex.

During the study of effects of NX-1 on the growth
of nerve cells and reproductive cells, it was neces-
sary to overexpress the NX-1. In this study, we re-
port the expression of the NX-1 cDNA in E. coli GJ
1158 by induction with NaCl under the control of T
7 promoter. The expression level was compared to
that of IPTG, especially in the formation of in-
clusion body. The expressed NX-1 was characteri-
zed by immunological detection and partially puri-
fied by immobilized-metal affinity column chroma-
tography (IMAC).

Materials and Methods

Bacterial strains, plasmids, and growth condi-
tions

E.coli TB1IF", ara, (lac”, proAB), rpsL, hsdR17),
rv , my'l, BL2ZI(DE3) (F", hsdS, lacUV5-T7 gene 1)
(17), and GJ1158 (3) were used as hosts for protein
expression. Plasmid pGEM-T was purchased from
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Promega Co. pMAL-P2, pMAL-C2 (New England
Biolabs), and pRSET-B (Invitrogen Co.} were used
as vectors for cloning and expression of NX-I cDNA.
E.coli TB1 and BL21(DE3) were grown in LB me-
dia, and GJ1158 were grown in the LB-ON medi-
um containing 10 g of tryptone and 5 g of yeast ex-
tract per 1 litre.

Materials

Restriction enzymes and DNA modification en-
zymes were purchased from Promega. Oligonucleo-
tides were synthesized by Bioneer Co., Korea. Rab-
bit Anti-MBP was purchased from NEB, and mouse
Anti-Xpress antibody which binds to the Enterok-
inase (EK) moiety were purchasd from Invitrogen
Co. Thrombin and thrombin substrate (N-p-Tosyl-
Gly-Pro-Arg-p-Nitroanilide) were purchased from Sig-
ma. PMSF (Phenyl-methyl-sulfonyl fluoride) was pur-
chased from Boehringer mannheim Co.

DNA manipulation

Plasmid DNA and chromosomal DNA preparation,
DNA ligation, bacterial transformation, agarose gel
electrophoresis, and Southern blotting were carried
out by the standard techniques as described else-
where (13).

Construction of recombinant plasmids

The NX-I ¢DNA was cloned by PCR from human
lung ¢DNA library (Clontech. Co.). The two oligonu-
cleotides are S1: 5-AGC TAG GAA TTC CAC TTC
AAT CCT CTG-3' and S2: 5-AGC TAG GAA TTC
TCT TCA GGG TTT GTT TAT-3'. The amplified
DNA fragment containing 1.2 Kb NX-I ¢cDNA was
cloned into pGEM-T vector to construct pGNX-1.
The full length ¢cDNA from pGNX-1 was isolated
by EcoRl digestion and subcloned into the same
site of expression vectors, pMAL-P,/C. and pRSET-
B, to generate the pMNX-1/pMCNX-1 and pRBNX-
1, respectively.

Expression of NX-1 ¢DNA in E. coli

The recombinant plasmids pMNX-1 and pMCNX-1
were transformed into E. coli TB1, and the plasmid
pRBNX-1 was transformed into E. coli BL21 or GJ
1158. To express NX-1 in E. coli TB1 and BL21, cells
were grown overnight and reinoculated into fresh me-
dia followed by growth until Aw=0.6. 1 mM IPTG
was added to the culture to induce expression (16, 17).
To express NX-1 in E. coli GJ1158, cells were grown
in LB-ON media until Ag=0.6. 300 mM NaCl was
added to induce expression. Total induced cells were
continously grown for 2~3 hours, harvested, and lysed
to analyze the expressed NX-1 by SDS-PAGE and
Western blotting.
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Western blot analysis

Western blot analysis was carried out by the pro-
cedure of Sambrook et al. (13) using the Express-blot
system (Promega). Crude extract or purified NX-1
was separated in 12.5% SDS-PAGE followed by elec-
tro-transfer to PVDF membrane (Amersham). The
blotted membrane was incubated with the rabbit an-
ti-MBP (for pMNX-1 or pMCNX-1) or mouse anti-
Xpress (for pRBNX-1) (1:10,000 dilution) and then in-
cubated with alkaline phosphatase-conjugated anti-
rabbit IgG or anti-mouse IgG (1: 5000). The detec-
tion was carried out by the colorization reaction us-
ing the 4-nitro blue tetrazolium chloride (NBT) as su-
bstrate.

Immobilized metal affinity column chromato-
graphy (IMAC)

The expressed EK::NX-1 fused protein from E.
coli (pRBNX-1) was partially purified by Ni""-IMAC
(12) using the Xpress'" protein purification system
(Invitrogen Co). The mature form of NX-1 was ob-
tained by EK cleavage as outlined in manuals of In-
vitrogen.

Biochemical assay of NX-1

Biochemical activity of NX-1 was measured by de-
tecting the inhibitory effects on the thrombin. Pro-
tease thrombin assay was carried out by the me-
thod of Lottenberg et al. (9) with minor modifica-
tions. Briefly, 10 ug of substrate for thrombin was
incubated with 0.15 U of thrombin for 3 min at
25°C in a 1 ml of reaction mixture containing 50
mM sodium phosphate buffer (pH 8.0) and 0.1%
PEG 8000. The reaction was terminated by addition
of IN HCIL To measure the inhibitory effect of NX-1
on thrombin activity, 6 pug of NX-1 from soluble frac-
tions of crude extracts was added to the reaction
mixture. The inhibitory activity of NX-1 was det-
ermined by the decrease in optical density at 405
nm. Control assay was conducted by the addition of
IN HCI before enzyme addition. The inhibition of
thrombin activity by PMSF (1 mM) was used as a
positive control.

Results and Discussion

Molecular cloning and characterization of the
NX-1 cDNA.

To clone the full-length ¢cDNA of NX-1, the DNA
was amplified by polymerase chain reaction (94°C, 1
min for denaturation, 55°C, 2min for annealing
and 72°C, 1 min for elongation, 30 cycles) from hu-
man lung cDNA library. The amplified NX-1 ¢cDNA
was 1.2 Kb long and cloned into EcoRI site of
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Fig. 1. Construction of expression plasmids, pMNX-1, pMCX-1, and pRBNX-1.

pGEM-T vector to construct the pGNX-1. The nu-
cleotide sequence analysis of the cloned ¢cDNA iden-
tified it as aNX-1 ¢DNA (11) (data not shown). To
generate the expression plasmids, the cDNA frag-
ment was subcloned into expression vector pMAL-
P,/C, and pRSET-B by digestion with EcoRI as
shown in Fig. 1. The resultant plasmids pMNX-1
and pMCNX-1 contained the NX-1 ¢DNA fused to
malE DNA. Another plasmid pRBNX-1 consisted of
NX-1 cDNA fused to EK moiety attached to (His)-
tag (Fig. 1).

Expression of NX-1 in E. coli by IPTG induc-
tion

To compare the expression level, the recombin-
ant plasmids pMNX-1, pMCNX-1, and pRBNX-1
were transformed into E. coli. The former two
plasmids were transformed into E. coli TB1, and
the latter plasmid was transformed into E. coli
BL21 (DE3) or E. coli GJ1158. Although all the
cells harboring the plasmids expressed NX-1 in
fused form (Fig. 2 and 3), the cells containing the
plasmid pMCNX-1 expressed more of MBP:: NX-1
fused protein than pMNX-1 by forming a large
amount of inclusion bodies. The relative propor-
tion of the fused protein in the cells was deter-

mined following gel electrophoresis. The distrib-

ution ratio between pMCNX-1 and pMNX-1 ana-
lysed by densitometric assay was around 3:1 (Fig.
2, compare lane 5 and 9 for 86KDa protein). Al-
though the plasmid pMNX-1 was made for secre-
tion of expressed protein to the periplasmic space,
the cells harboring the plasmid showed more of
MBP::NX-1 in the intracellular fraction than in
the periplasmic fraction (data not shown). The re-
sults suggested that the MBP::NX-1 fused prote-
in could not be secreted efficiently because of its
large size (86KDa). The expression of NX-1 from
the E. coli BL21(DE3) harboring pRBNX-1 was
carried out by IPTG induction. The NX-1 was ex-
pressed in fused form with EK moiety (EK::NX-1)
which was attached to (His)--tag. The resultant
45KDa protein band was detected by SDS-PAGE
and Western blotting (Fig. 3). About 20% of the to-
tal protein was NX-1 fused prorein.

Expression of pRBNX-1 by NaCl induction

The expression by induction with IPTG has sev-
eral disadvantages such as toxicity of IPTG, high
cost, and large amount of inclusion bodies. To avo-
id the problems, the expression of NX-1 cDNA
was conducted by NaCl as inducer using the host
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Fig. 2. Expression of human protease nexin-1. E. coli TB1
cells harboring each plasmid were lysed after induction by
IPTG and analysed by SDS-PAGE (A) and Western blotting
(B). The MBP ::NX-1 fused proteins (86KDa) are shown in
the figure. Lane C shows the lysate of host cells and lane M
shows the protein size marker.

strain E. coli GJ1158. E. coli GJ1158 has the pro-
Up:: T7RNAP operon fusion in the chromosome,
so that the T7 RNP can be induced by addition of
NaCl into the culture medium (3). E. coli GJ1158
harboring the recombinant plasmid pRBNX-1 was
grown overnight and reinoculated in LB-ON me-
dia until Ag=0.6, and 300 mM of NaCl was add-
ed to the culture medium for induction. After 2-3
hours, cells were lysed, and the crude extracts
were analysed by SDS-PAGE and Western blot-
ting (Fig. 4). The results showed that the expres-
sion was successful and furthermore, that lesser
amount of inclusion bodies had formed compared
to that of IPTG induction (Fig. 5). Densitometric
analysis revealed that the ratio of NX-1 fused pro-
teins between insoluble and soluble fractions (com-
pare lane 3 to 4 and lane 7 to 8 in Fig. 5) following
IPTG and NaCl induction was about 8.2:1 and 1.8:
1, respectively. And approximately 4.5 times less
amount of inclusion bodies formed. One disadvan-
tage of using the system of induction by NaCl is
that the cells should be grown in the medium wi-
thout NaCl to prevent the induction before addition
of inducer. Hence, it took relatively long time to

J. Microbiol.

Fig. 3. Expression of human protease inhibitor nexin-1.
The expression of nexin-1 in E. coli BL21 (pRBNX-1) was
induced by IPTG. The expressed EK::NX-1 fused proteins
(45 KDa) were analysed by SDS-PAGE (A) and Western
blotting (B). Induction was carried out after TPTG addition
for 1 hr (lane 5), 2 hrs (lane 6), and 3 hrs (lane 7). Lane C
shows the lysate of host cells and lane M shows the protein
size marker.

reach to As0=0.6 (about 2.5 hrs in case of LB-ON
media but 1 hr in case of LB media). To overcome
this problem, 0, 50, and 100 mM NaCl were added
to the medium to find the optimum concentration
for reducing growth time until A4,=0.6. The resul-
tant expression data showed that the optimum con-
centration of NaCl which shorten the growth time
without exerting induction effect in the cells was
50mM (Fig. 6). This data was supported by den-
sitometric analysis of the expressed NX-1 following
induction and SDS-PAGE. Although slight increase
in the portion of expressed NX-1 was detected (38%
and 30% of the total protein was NX-1 in 50 mM
and without NaCl, respectively), no induction ef-
fects were observed in that concentration. Above
the concentration, cells were induced at the be-
ginning of the growth, so that it gave negative ef-
fects on the production of NX-1 (data not shown).
These results showed that E. coli GJ1158 is a use-
ful host for the production of NX-1 with less
amount of inclusion bodies when 50 mM of NaCl is
added to the medium for efficient cell growth.
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Fig. 4. Expression of nexin-1 in E. coli GJ1158. Cells har-
boring the plasmid pRBNX-1 were induced by 300 mM NaCl.
The expressed EK:NX-1 fused proteins (45 KDa) were a-
nalysed by SDS-PAGE (A) and Western blotting (B). The in-
duction was carried out for 1 hr (lane 5), 2 hrs (lane 6), and 3
hrs (lane 7) after NaCl addition. Lane C shows the lysate of
host cells and lane M shows the protein size marker.
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Fig. 5. Comparison of inclusion body formation after IPTG
induction in E. coli BL21 (lane 1-4) and NaCl induction in
E. coli GJ1158 (lane 5-8). Each cell harboring plasmid
pRBNX-1 was cultured and induced at As,=0.6 by addition
of 1 mM IPTG or 300 mM NaCl as inducers. The lysate of
the cells were separated into pellet (containing inclusion bo-
dies) and supernatant (containing soluble proteins) frac-
tions. Proteins were analysed by SDS-PAGE and visualized
by Coomassie blue staining. Lane: 1 and 5, total lysate
(unfractionated) of uninduced culture; 2 and 6, total lysate
of induced culture; 3 and 7, pellet fractions of induced
lysate; 4 and 8, supernatant fractions of induced lysate. Ar-
row indicates the expressed EK::NX-1 fused proteins. Lane
M is protein size marker.
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Fig. 6. Determination of NaCl concentration for efficient
growth of E. coli GJ1158 before induction. 0, 50, and 100
mM NaCl were added to the medium. After the cell reached
As0=0.6, 300 mM NaCl was added for induction. Arrow in-
dicates the EK::NX-1 fused band.

Partial purification and characterization of re-
combinant NX-1

NX-1 from E. coli GJ1158 was partially purified
by one step Ni"-IMAC. The purified NX-1:EK was
identified and characterized by SDS-PAGE and Wes-
tern blot analysis. The expressed protein was iden-
tified as 456KDa by SDS-PAGE. The purified protein
was digested with EK. The resulting mature NX-1
showed an almost single band in SDS-PAGE with a
molecular weight of 40 KDa (data not shown). The
mature form disappeared in the Western blot with
the anti-Xpress antibody due to the loss of EK mo-
iety. (Fig. 7). The expressed NX-1 protein showed in-
hibitory activity on the thrombin by decreasing opt-
ical density (Fig. 8). The inhibitory activity would be
due to the binding of recombinant NX-1 to thrombin
as reported by Scott et al.(14). This result suggested
that the NX-1 expressed in E. coli would have a bio-
logical activity regardless of glycosylation. For furth-

Fig. 7. Partial purification and characterization of EK::NX-1.
The proteins were analysed by SDS-PAGE (A) and Western
blotting (B). Lane: 1, partially purified EK::NX-1; 2, Detec-
tion of EK::NX-1 by anti-Xpress antibody.
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Fig. 8. The inhibitory effects of recombinant NX-1 on throm-
bin activity. 150 ml of cultured cells were harvested, resolv-
ed in 15ml of thrombin assay buffer, and lysed by French
Press followed by centrifugation for preparing crude extracts.

The soluble fractions containing NX-1 were used for assay.

er charactorization of the recombinant NX-1, other
biochemical and biological studies will need to be
carried out with the expressed protein after proper
folding steps.
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