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Apoptosis, also known as programmed cell death, is an

essential mechanism for selectively removing unwanted or

damaged cells during development and normal tissue

homeostasis [1, 2, 7, 10, 14]. Apoptotic signals are typically

accompanied by the activation of caspases, which are

cysteine proteases that show specificity toward aspartic

acid residues of proteins. Abnormalities in apoptosis have

been linked to a variety of diseases, including cancer,

neurodegeneration, and autoimmune disorders. It has been

widely accepted that inactivation of apoptosis by blocking

upstream death signals or inhibition of caspase activity is

central to cancer development and the resistance of cells to

anticancer agents [4, 5, 11]. Therefore, the catalytic

activities of caspases—both inhibition and activation—are

of particular interest in developing therapeutic strategies

for various diseases. A major requirement for the

development of novel therapies targeting caspases is the

availability of caspases in sufficient quantities. Caspases

are produced as single-chain inactive zymogens, termed

procaspases, which consist of a pro-domain, a large 20 kDa

subdomain, and a small 10 kDa subdomain. Formation of

active caspase requires the precise cleavage of the

precursor and the subsequent accurate assembly into an

active tetramer composed of two small and two large

subdomains [6, 12]. The pro-domain of the initiator caspases

contain domains such as a CARD domain or a death

effector domain (DED) that enables the caspases to interact

with other molecules that regulate their activation. The

pro-domain of effector caspases is relatively short and can

bind with other proteins regulating their activation [15].

Certain caspases seem to be auto-processed in recombinant

hosts, resulting in marginal expression; this could be due to

the cytotoxicity of the recombinant proteins [9]. Furthermore,

the purified recombinant caspases can undergo spontaneous

auto-cleavage(s) during storage. Therefore, efficient expression

of either the precursor or the active caspase(s) in E. coli is
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Caspases are a family of cysteine proteases that play an important role in the apoptotic

pathway. Caspase-6 is an apoptosis effector that cleaves a variety of cellular substrates. The

active form of the enzyme is required for use in research. However, it has been difficult to

obtain sufficient quantities of active caspase-6 from Escherichia coli. In the present study, we

constructed a caspase-6 with a 23-amino-acid deletion in the pro-domain. This engineered

enzyme was expressed as a soluble protein in E. coli and was purified using affinity resin. In

vitro enzyme assay and cleavage analysis revealed that the engineered active caspase-6 protein

had characteristics similar to those of wild-type caspase-6. This novel method can be a

valuable tool for obtaining active caspase-6 that can be used for screening caspase-6–specific

substrates, which in turn can be used to elucidate the function of caspase-6 in apoptosis.
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difficult. To date, several strategies for the expression of

caspases in E. coli have been reported [8, 13]. Based on the

report that the pro-domain of caspase-3 can regulate

activation of precursor caspase-3, we tried expressing the

pro-domain-deleted form of caspase-6 in E. coli [15]. 

Caspase-3 and caspase-7 are the major apoptosis

mediators in cells and are closely related in sequence. These

two caspases also have overlapping substrate specificities,

with special preference for the DEVD motif. However, they

localize to different subcellular locations during apoptosis,

and mice deficient in either of these caspases show distinct

phenotypes, implying the two caspases are markedly

different [3]. Caspase-6 is similar to caspase-3 and -7;

however, very little is known about this enzyme. Caspase-6

is an apoptosis effector that cleaves a variety of cellular

substrates. The active form of the enzyme is required for

use in research. However, it has been difficult to obtain

sufficient quantities of the active caspase-6 from Escherichia

coli. In the present study, we developed an efficient in vitro

method for the expression of the active form of caspase-6 in

E. coli and confirmed its activity.

For the expression of active caspase-6 (GenBank Accession

No. NM_001226) in E. coli, a mutant caspase with a 23-

amino-acid deletion at the N-terminal was constructed

using PCR and was subcloned into the pET21a(+) vector

using BamHI and XhoI. For comparison of enzyme activity

Fig. 1. Expression analysis of ∆caspase-6 in E. coli. 

(A) Analysis of full-length caspase-6 expression in E. coli. (B) Pro-domain–deleted caspase-6 expression. (C) Domain structure of full-length

caspase-6 and pro-domain–deleted caspase-6. The expressed band in the IPTG-treated lane was detected only with the pro-domain-deleted

mutant. 
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and substrate specificity, an inactive mutant of caspase-6

was constructed by substituting an active-site cysteine

residue with a serine using the QuikChange Site-Directed

Mutagenesis Kit (Stratagene, USA) according to the

manufacturer’s instructions. The oligonucleotides used for

this mutation were Caspase-6 Forward C163S 5’-TTT ATC

ATT CAG GCA AGT CGG GGA AAC CAG CAC-3’, and

Caspase-6 Reverse C163S 5’-GTG CTG GTT TCC CCG ACT

TGC CTG AAT GAT AAA-3’. The constructs were confirmed

by sequencing at Solgent (Korea).

Recombinant ∆caspase-6 and the inactive mutant with a

C-terminal His-tag were expressed in E. coli BL21 Codon

Plus (DE3) RIL (Stratagene). In brief, the cells were lysed in

the lysis buffer (50 mM NaH2PO4, 500 mM NaCl, pH 8.0)

with 0.5% sarcosine and EDTA-free protease inhibitor

(Roche, Germany). The lysate was clarified by centrifugation

at 13,000 rpm and 4°C for 15 min, and the supernatant was

incubated with Ni-NTA agarose beads (Qiagen, USA.).

After washing, the proteins bound to the agarose beads

were eluted with lysis buffer containing 250 mM imidazole.

The protein concentration was determined using the

Bradford (Bio-Rad, USA) protein assay. Fig. 1 shows that

the deletion mutant was induced well, whereas the wild-

type caspase-6 was not induced. Fig. 2 shows the results of

the protein analysis (SDS-PAGE) at each step of the

purification process.

Fig. 2. SDS-PAGE analysis at each step of purification. 

(A) Purification of ∆caspase-6 expressed in E. coli, using Ni-NTA agarose beads. (B) Purification of the inactive form caspase-6 from of E. coli. The

cells were lysed in the lysis buffer and the lysate was clarified by centrifugation. The supernatant (sup) was used for caspase-6 purification. These

samples including precipitate (ppt) were detected using western blotting with an anti-His antibody. The arrow indicates caspase-6.
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After purification, the activity of purified ∆caspase-6 and

inactive ∆caspase-6 were tested using the substrate Ac-

VEID-pNA (200 µM) and the inhibitor z-VEID-FMK (100 µM).

Ac-VEID-pNA induced ∆caspase-6 activity, but did not

induce the inactive mutant. The activity of caspase-6 was

saturated at the amount of 1 µg of caspase-6. The activity of

∆caspase-6 was blocked by z-VEID-FMK (Fig. 3). These

results clearly indicated that the active form of ∆caspase-6

had been expressed in E. coli and that the inactive mutant

had no activity.

For confirmation of ∆caspase-6 activity, we conducted an

in vitro digestion test using cell lysates. HeLa and KM12SM

cells were lysed using NP40 lysis buffer (137 mM NaCl; 20

mM Tris-HCl, pH 8.0; 2 mM EDTA; 10% glycerol; 1%

NP40) containing a protease inhibitor (Roche). The cell

lysates were incubated with either recombinant ∆caspase-6

or the inactive variant at 37°C for 1 h. The reaction was

stopped by the addition of Laemmli buffer, and the lysates

were boiled at 100°C for 5 min. Two known substrates of

caspase-6, lamin A and tubulin, were detected by western

blotting. Lamin A and tubulin were cleaved only by

∆caspase-6 and not by the inactive mutant (Fig. 4). 

In this study, we successfully expressed the active form

of caspase-6 without the pro-domain in E. coli. This

recombinant enzyme can be a useful tool for studying the

mechanism and interactome of caspase in vitro, as well as

for screening for novel caspase substrates.
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