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A disintegrin echistatin mutant, R24K-echistatin, was obtained by overlap extension polymerase chain
reaction. It was efficiently expressed as a soluble and fusion protein in Escherichia coli at optimized
fermentation conditions. The recombinant bacteria had the highest wet weight of 120 g/l in 2xYT
medium with IPTG induction. The R24K-echistatin was purified by chitin affinity chromatography and
had a yield of 13 mg/l with DTT-cleavage. The purified R24K-echistatin inhibited the aggregation of
platelet in vitro with IC5, of 21 nM which is better efficient than echistatin. This work lays the foundation
for further research on specific anti-thrombus disintegrin agents.
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INTRODUCTION

Echistatin is a disintegrin isolated from the venom of the
viper Echis carinatus. It is 49 amino acids long with an
RGD motif spanning residues 24 to 26 (Gan et al., 1989).
One interesting feature of echistatin is the ability to bind
to multiple integrins including alphallbbeta3, alphaVbeta-
3, and alphabbetal, which demonstrates the significant
role of this disintegrin in cell adhesion, platelet aggrega-
tion, cell migration, cell proliferation and differentiation
(Wierzbicka-Patynowski et al., 1999; Berman et al,
2003). Based on this feature, echistatin has become a re-
search focus to study and develop disintegrin-derived
drugs to block various integrin-mediated physiological
and pathological reactions (Belisario et al., 2000; Lu et
al., 2003).

However, the RGD motif of echistatin has a pan-
inhibitory effect on integrins alphallbbeta3, alphaVbetag3,
and alphaSbetai (Foster et al., 1993). The lack of selec-
tivity to a specific hailment greatly limits the application of
echistatin as a drug, although theoretically it has anti-
thrombosis, anti-tumor metastasis and anti-osteoporosis
effects (Meyer et al., 2006).

Recent studies showed that the disintegrins containing
the KGD loop showed preferential binding to alphallb-
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beta3 (Hantgan et al., 2006; Minoux et al., 2000). Further
study revealed that the mutant KGD disintegrin posses-
ses a much higher anti-platelet aggregative activity than
the wild type RGD (Scarborough et al.,, 1993). Mean-
while, the mutant KGD disintegrin has no effect in res-
training new vessel formation (Suehiro et al., 1996).
These studies indicate that KGD disintegrins are unique
for the development of anti-thrombotic agents.

In a previous study, we performed the optimization of
fermentation and purification conditions of echistatin
(Yang et al., 2006). In order to improve the specificity of
echistatin, we mutated the 24™ amino acid Argenine (R)
to Lysine (K) (named R24K-echistatin) and compared
platelet aggregation inhibition of echistatin and R24K-
echistatin. Herein we report the construction of
BL21/pTXB1-R24K-echistatin fusion expression system,
to achieve high-efficient expression of R24K-echistatin.
We subsequently optimized the conditions required for
high-density fermentation of the recombinant bacteria in
addition to performing purification and biological activity
studies to optimize the procedures for large scale pro-
duction of R24K-echistatin.

MATERIALS AND METHODS
Chemicals and reagents

The expression vector pTXB1, restriction enzymes, and chitin
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beads for chromatography were purchased from New England Bio-
labs (Ipswich, MA, USA). The vector pMD-18T, T4 DNA ligase and
Tag DNA polymerase were obtained from TaKaRa (Otsu, Shiga,
Japan). Echistatin was purified in our laboratory as described pre-
viously (Yang et al., 2006). The Biostat 5 L fermentor was pur-
chased from B. Braun Biotech International (Melsungen, Germany),
and the PACKS-4 platelet aggregometry from Helena (Beaumont,
TX, USA).

PCR amplification of R24K-echistatin gene

Six gene fragments were designed according to the amino-acid se-
quence of echistatin in the GenBank (AAB33186.1). Their se-
quences were as follows: F1: atg gaa tgc gaa tcc ggt ccg tge tge cgt
aac tgc aaa ttc ctg aaa gaa; F2: ttg acg ttt aag gac ttt ctt cca tga tag
acg TTT GCA CGA TTC CCA CTG CTG; F3: AAA CGT GCT AAG
GGT GAC GAC atg gac gac tac tgc aac ggt aaa act tgc gac; F4:
acg ttg cca it tga acg ctg acg ggc gca ttg ggc gtg ttt cca ggc cga
tga; F5: ag cat atg gaa tgc gaa tcc ggt ccg tgc; F6 : ta gaa gag c tta
agt agc cgg acc tit gtg cgg. Fragments F1, F2, F3, and F4 consisted
of the full-length se-quence of mutant echistatin. F1 and F2
contained a complementary sequence of 21 bp in size (shown in
italic) and so did F2 and F3 (shown in capital). The 15" codon in F2
was mutated from gca to ttc, which encodes lysine (K). The
complementary sequence bet-ween F3 and F4 was also 21 bp in
size (shown as italic). Fragment 5 was a 5-terminal specific primer,
including a Nde | restriction site and an initiation codon ATG;
fragment 6 was a 3-terminal specific primer, including a Sap |
restriction site and a termination codon TAA. The R24K-echistatin
gene was amplified by overlap extension PCR (94°C for 3 min;
94°C for 30 s, 55°C for 30 s, and 72°C for 15 s, 35 cycles; 72°C for
25min).

Construction of recombinant

bacteria

R24K-echistatin-expressing

The amplified DNA was cloned into the plasmid pMD-18T and used
to transform Escherichia coli JM109. The transformants were
selected by blue/white screening and cultured in the presence of
100 ug ampicillin/ml. The plasmid containing the R24K-echistatin
was recovered and digested with Nde | and Sap |. The DNA frag-
ment containing the R24K-echistatin was purified by gel electro-
phoresis and inserted into the plasmid pTXB1. The resultant
plasmid was transformed into E. coli BL 21(DE3). The transfor-
mants were selected using medium containing 100 pug ampicillin/ml.
Positive clones were identified by PCR analysis and DNA sequen-
cing. E. coli cells harboring expression vector pTXB1-R24K-echis-
tatin were grown in LB medium at 37°C, 250 rpm overnight. The
resultant preculture (200 ml) was inoculated into 4 L of 2xYT fer-
mentation medium.

High-density fermentation and expression of the R24K-
echistatin fusion Protein

E. coli cells were grown in 2xYT medium at 37°C, 400 rpm and fed-
batch fermentation was carried out in a 5 L jar fermentor. The ex-
pression of R24K-echistatin fusion protein gene was induced by
adding 0.08 mM IPTG. The optimized culture time and induction
time were determined according to expression level of the target
protein.

Purification of the R24K-echistatin

Cells were collected by centrifugation, re-suspended in TE buffer

(10 mM Tris-HCI, 1 mM EDTA, pH 7.4), and disrupted by sonication.
Lysate was centrifugated at 18,000 g, for 25 min and the super-
natant was filtered through a 0.45 um membrane. The filtrate was
10-fold diluted with balancing buffer (20 mM Tris-HCI, 0.5 M NaCl, 1
mM EDTA, pH 8.0) and applied to a chitin bead column. The flow-
through fractions were collected and analyzed by 18% SDS-PAGE.
The column was washed with 3 ml of balancing buffer containing 1
M NaCl and also with 3 ml of 3 column volumes of balancing buffer
containing 50 mM of DTT for a minute each. The column was
capped and placed at 4°C for 20-40 h. After washing with balancing
buffer on the following day, fractions were collected and analyzed
with 18% SDS-PAGE. The chitin column was eluted and regene-
rated with 3 ml of 3 column volumes of 0.3 M NaOH for a minute.

In vitro platelet aggregation analysis of R24K-echistatin

Aspirin-free blood was collected from healthy donors in 3.8% (w/v)
sodium citrate (1:9 ratio) and used to obtain platelet-rich plasma
(Foster et al., 1993). A 0.9% NaCl solution containing 400 ul of
platelet-rich plasma and 50 pl of purified R24K-echistatin or
echistatin was incubated at 37 °C for 2 min while stirring. Then, 50 pl
of 20 uM adenosine diphosphate (ADP) was added to each
reaction, platelet aggregation was monitored for 5 min, and aggre-
gation curves were recorded with 0.9% NaCl as negative control.

RESULTS AND DISCUSSION
Construction of R24K-echistatin expression plasmid

R24K-echistatin showed a band of ~ 170 bp on DNA
agarose gel upon PCR amplification and digestion by
Nde 1/Sap | (data not shown). These observations indi-
cated that the R24K-echistatin was inserted into pTXB1
vector. PCR studies and DNA sequencing confirmed that
pTXB1-R24K-echistatin contained the identical sequen-
ces as reported by Gan (1989) with point mutation at the
24" amino acid (R—K).

Optimization of the fermentation conditions and
expression of the R24K-echistatin fusion protein

Induction of fusion protein was initiated at 1 h interval of
cultivation time and the best results with (ODggo = 15 * 2)
were obtained when expression was induced after 7 h
(Figure 1). In Figure 2, expression of R24K-echistatin
fusion protein stabilized after 4 h of IPTG induction. Pre-
vious study has demonstrated that in addition to proper
culture medium, optimized culture conditions, and
induction time changes in the parameters in fermentation
process also should be carefully monitored (de Maré et
al., 2005). According to our results, one drop of 10%
ammonia water increases the pH by 0.01. Under optimal
conditions, a cell density of about 120 g wet cell weight/|
was obtained. The expected target protein bands with
molecular weights of 32 kDa appeared clearly in lanes, as
indicated by the arrows (Figure 3).

DTT-mediated cleavage and purification of R24K-
echistatin

R24K-echistatin protein was cleaved from the fusion pro-
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Figure 1. Profile of expression level of R24K-echistatin fusion protein by a fed-
batch fermentation of Escherichia coli BL21(DE3). The composition of the initial
fermentation 2xYT medium was: 16 g Tryptone/l, 10 g yeast extract/l, 5 g NaCl/l;
and that of the feeding solution was: 200 g yeast extract/l, 10 g MgSQO47H.0/I, 20 g
NaCl/l, 50% glycerol (v/v), 10% ammonia water (v/v), antifoam 289. The time
courses of biomass ODeggo is shown by square line graph (o), expression level of
fusion protein are shown by delta (V). Aeration and pH were controlled at 60-80%
and 7.2-7.4, respectively. The time of IPTG addition is indicated by the arrow.
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Figure 2. Effects of different durations of induction time on R24K-echistatin
fusion protein expression. Following 7 h cultivation (ODgg=15 £ 2), 0.08 mM
IPTG was added and cultured for various periods of time. The fusion protein
expression stabilized after 4 h of induction.

tein by DTT treatment on the chitin column to give a
molecular weight of 5.4 kDa, as shown in Figure 4. The
yield of R24K-echistatin was 13 mg/l. Here we used the
IMPACT (Intein Mediated Purification with an Affinity
Chitin-binding Tag) system, which incorporates an intein
element and a chitin binding domain (CBD) for affinity
purification (Szweda et al., 2001). The method of intein
fusion and chitin affinity purification facilitates a high level
of expression as well as one-step purification of R24K-

echistatin.

Anti-aggregation effect of R24K-echistatin

As shown in Figure 5, both R24K-echistatin and echis-
tatin inhibited the platelet aggression in a dose-depen-
dent manner. The ICs, of R24K-echistatin was 21 nM,
which was much lower than that of echistatin 320 nM.
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Figure 3. SDS-PAGE analysis of the fermentation lysates of
the R24K-echistatin bacterial strain. Lane 1, the lysates of
BL21/pTXB1-R24K-echistatin before induction; lanes 2-4, the
lysates of BL21/pTXB1-R24K-echistatin after induction; lane
5, protein marker. The arrowhead indicates the band with a
molecular weight of 32 kDa. The production accounted for
40% of the total cell protein as determined by an electro-
phoresis imaging system.
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Figure 4. SDS-PAGE and coomassie blue staining of
fractions following purification of the R24K-echistatin fusion
protein. Lane 1, elution fraction with DTT-cleavage; lane 2,
protein marker; lane 3, NaOH elution fraction; lane 4, flow-
through fraction; lane 5, input lysate for chitin affinity
purification. The R24K-Echistatin protein was cleaved from
fusion protein by DTT on chitin column, to give a molecular
weight of 5.4 kD, as indicated with an arrow.
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Figure 5. Platelet aggregation analysis for treatments with
R24K-echistatinand wild-type echistatin. The inhibition rate is
[(Ao—A)/Ao] x 100%, in which A is the maximum aggregation
of negative control and A is the maximum aggregation of the
experiment groups treated with R24K-echistatin and wild-type
echistatin (Osende et al. 2001).

This indicates that the inhibitory effect of R24K-echistatin
was more efficient than that of echistatin. These results
suggest that the KGD motif in R24K-echistatin may be
more effective in binding to ay,B3 integrin and have im-
plications in medicinal research as it may be used to effi-
ciently inhibit thrombosis of multiple pathological origins.

Conclusion

A more efficient E. coli expression system of echistatin
mutant (R24K-echistatin) was established and optimized
fermentation conditions for the high wet weight recom-
binant bacteria (120 g/l) were established. The echistatin
mutant was affinity purified with chitin column and DTT-
cleavage to yield 13 mg/l, which shows higher activity of
inhibition of platelet aggregation compared to echistatin.
This study provides a foundation for further biological and
structural studies of R24K-echistatin.
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