
22b(þ) vector (Novagen, Darmstadt, Germany). The pET-22b vector
contains the pelB leader sequence upstream of the multiple cloning
site. After translation, the signal peptidewill direct the export of the
recombinant proteins to the oxidative E. coli periplasm, favoring
folding and disulfide bonds formation in the expressed toxins. The
vector also determines the addition of a 6xHis-tag at the carboxy-
terminus of the expressed proteins, allowing for fast and straight-
forward purification of the desired product and finally TGA stop
codon as signal for termination of translation. The final construc-
tion based on the pET-22 vector was named pET-Thio-EK-Cll1 (see
Fig. 2B). This plasmid was subsequently used for subcloning each of
the sequences from the other toxins trough the BamHI and XhoI
restriction sites. The correct plasmid constructions were verified by
sequencing in both strands directions.

2.4. Expression and purification of recombinant hybrid proteins

Electrocompetent BL21 (DE3) E. coli cells (Agilent Technologies
Co., Santa Clara, CA, USA) were transformedwith the corresponding
plasmid (pET-Thio-EK-Toxin) and grown overnight on LB agar
plates with 100 mg/mL ampicillin at 37 "C.

An isolated colony was inoculated into 5 mL of 2xYT broth
supplemented with 200 mg/mL ampicillin and grown overnight at
37 "C in a shaking incubator at 200 rpm. The overnight culture was

added to 750mL of LB broth supplementedwith ampicillin (200 mg/
mL). The culturewas grown at 37 "C with agitation at 200 rpm until
the optical density reached 1.0 units of absorbance at 600 nm
(OD600) and induced with isopropyl-b-D-thiogalactopyranoside
(IPTG, Promega, Madison, USA) to a final concentration of 1 mM.
The culture was kept thereafter for 12 h at 30 "C and the cells were
harvested by centrifugation at 5000g, 10 min, 4 "C. An osmotic
shock was performed to obtain the periplasmic extract. Briefly, the
harvested cells were resuspended in 20 mL of buffer PPB (200 mg/
mL sucrose, 30 mM Tris-HCl, pH 8.0), kept at 4 "C for 30 min, and
recovered by centrifugation at 5000g, 20min, 4 "C. The supernatant
was reserved and the cell pellet was resuspended in 20 mL distilled
H2O, incubated at 4 "C for 20min. The supernatant was collected by
centrifugation at 8000g, 1 h, 4 "C. The soluble fractions recovered
after PPB and water treatments represent the periplasmic extract,
which contains the periplasm-exported hybrid protein. The prod-
uct was purified by immobilized metal ion affinity chromatography
using the Ni-NTA-agarose resin (following the procedure described
by manufacturer; QIAGEN, USA) and thereafter by RP-HPLC with a
C18 semi preparative column (Vydac, W.R. Grace &Co.-Conn, USA),
using as buffer A 0.12% trifluoroacetic acid (TFA) inwater and buffer
B 0.1% TFA in acetonitrile (ACN), with a linear gradient ranging from
10% to 70% buffer B over 60 min (see Fig. 3B). The fraction eluting
with a 45 min retention time (c. 56% of buffer B) was repurified by
RP-HPLC on a C18 analytical column (Vydac, W.R. Grace&Co.-Conn,
USA) using a linear gradient from 20% to 60% of buffer B over
40 min, with the hybrid protein eluting at c. 58% of buffer B (see
Fig. 3C). The presence of the recombinant proteinwas monitored at
every step of the expression and purification processes by SDS
polyacrylamide gel electrophoresis in reducing conditions (12% gel;
Laemmli, 1970; see Fig. 3A). The molecular weight of the purified
product was confirmed by mass spectrometry analysis (see Fig. 3D)
using an LCQ Fleet apparatus from Thermo Fisher Scientific Inc.
(San Jose, CA, USA). The amino-terminal sequence of the

Fig. 2. Gene assembly, cloning and construction of the expression vectors. A. Scheme for the assembly, amplification and cloning of the gene corresponding to Cll1. The BamHI/
EcoRI amplification product was cloned into pThioHisC to generate the Thio-EK-Cll1 cassette. B. Scheme of the subcloning of the Thio-EK-Cll1 construction into pET-22b for the
generation of the pThio-EK-Cll1 expression vector.

Table 1
Results of the direct challenge of immunized mice with the corresponding soluble
whole venoms.

Venom LD50/mg/20 g mouse Protected/Injected mice

C. suffusus 3/30.9 10/10
C. noxius 3/75 9/10
C. limpidus 3/45 4/4
C. limpidus 1/15 5/6
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