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In this study, we describe the development of a simple and efficient method for cell lysis via the insertion
of a bacteriophage lambda lysis gene cluster into the pET22b expression vector in the following order; the
T7 promoter, a gene for a target protein intended for production, Sam7 and R. This insertion of R and
Sam?7 into pET22b exerted no detrimental effects on cellular growth or the production of a target protein.
The induction of the T7 promoter did not in itself result in the autolysis of cells in culture but the harvested
cells were readily broken by freezing and thawing, We compared the efficiency of the cell lysis technique
by freezing and thawing to that observed with sonication, and determined.that both methods completely dis-
integrated the cells and released proteins into the solution. With our modification of pET22b, the lysis of
cells became quite simple, efficient, and reliable. This strategy may prove useful for a broad variety of
applications, particularly in experiments requiring extensive cell breakage, including library screening and
culture condition exploration, in addition to protein purification.
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Proteins, regardless of their origins, are currently almost al-
ways purified from E. coli after the cloning of the genes into
expression vectors (Studier, 2005). In these cases, it is often
necessary to screen culture conditions in order to maximize
the soluble expression of a particular protein. Sometimes a
large library of genetic variants is generated in vitro and
screened for proteins with improved properties in a directed
genetic evolution technique (Lutz and Patrick, 2004). These
processes require small-scale disruptions of cells from many
different samples. Consequently, a quick and efficient method
of cell lysis, which could be used to deal with large numbers
of samples, would be quite useful. In order to cope with
these requirements, several companies have introduced de-
tergent-based lysis methods. Basically, these methods employ
non-ionic detergents to disrupt the membrane after the cell
wall has been broken by lysozyme treatment. However, these
methods do have some disadvantages, including the possi-
bility of protein denaturation, reproducibility and costs. With
this in mind, we developed a simple and very efficient autol-
ysis system by utilizing bacteriophage lambda lysis genes.
Three genes of phage Lambda, S, R, and Rz, form a lysis
cluster located on the lambda genome (Young, 1992; Wang
et al., 2000; Oppenheim et al., 2005). The R gene encodes
for transglycosylase, or endolysin, which hydrolyzes glyco-
sidic linkages within the peptidoglycan of cell walls (Imada
and Tsugita, 1971; Bienkowska-Szewczyk er al., 1981). The
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Rz gene is conserved among lambdoid phages, but its func-
tion remains unclear (Zhang and Young, 1999). The S gene
product, holin, somehow renders the plasma membrane
permeable, and allows the endolysin in the cytoplasm to
reach its substrate outside of the plasma membrane (Smith
et al., 1998a). Without functional holins, such as are detected
in the amber mutant of the S gene (Sam?7), endolysin is ac-
cumulated in the cytoplasm and the cell is not ordinarily
lysed (Smith er al., 1998b). In these cases, cell lysis would
be achieved by treatments with membrane-perturbing chem-
icals, including chloroform (Garrett et al., 1981).

In this report we describe the development of a simple
and efficient method for cell lysis by the insertion of a bac-
teriophage lambda lysis gene cluster into the expression
vector pET22b. As it was deemed desirable to break the cells
and release proteins into a small volume of physiological
buffer and not into the culture medium, we utilized lambda
with an amber mutation on the S gene (Sam7 mutant) as
DNA source. The 1.85 kb fragment of lambda CI857 Sam7
DNA from EcoRI to Sspl (positions from 44,972 to 46,822)
containing Sam7, R, and Rz, (in that order) was cloned into
the pUCIS, forming plasmid pUC18-SR. In this construct,
the Sam7 and R genes were under the control of the lac
promoter. E. coli IM109 harboring the pUC18-SR plasmid
did not burst after induction by IPTG, but was completely
broken after the addition of a few drops of chloroform, as
judged by an observed sharp drop in optical density (data
not shown). It is known that cells which express intact R
and Sam7 are broken as the result of chloroform treatment,
and the extent of cell lysis can be readily measured by the
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decrease in optical density (Young, 1992).

In the next experiment, the DNA fragment containing R
and Sam7 was transferred into the pET22b derivative pET22b-
ESYP30 producing pET22b-ESYP30-SR, the structure of which
is provided in Fig. 1. The ESYP30 portion of pET22b-
ESYP30-SR encodes for the GroES-human dermcidin fusion
protein (Schittek et al., 2001; Porter et al., 2003). The optical
density of two cultures harboring the plasmid with or with-
out the lysis gene (pET22b-ESYP30-SR or pET22b-ESYP30)
were recorded every 30 min. As is shown in Fig. 2A, the
growth of E. coli BL21 harboring pET22b-ESYP30 was ham-
pered to some degree after the addition of IPTG. After full
induction, the optical density reached approximately 1.4
(O.D.sw=1.4), which was 70% of the value observed without
induction. The optical density was only marginally affected
with the addition of chloroform to the culture (Fig. 2A).
This was in sharp contrast to what was observed with the
cells that harbored a plasmid with lysis genes. Figure 2B
showed the results from similar experiments conducted with
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Fig. 1. Schematic drawing of plasmid pET22b-ESYP30-SR. The
plasmid backbone was from pET22b. The GroES and ESYP30 in-
dicated the genes for E. coli GroES and human dermcidin, which
were translationally fused to generate the ESYP30 fusion protein.
The Sam7-R-Rz region indicated the 1.85 kb fragment of lambda
DNA containing Sam7, R, and Rz. MCS, multiple cloning site,
contained restriction enzyme sites of EcoRI, BamH, SstI, and Sa/l.

BL21 harboring the pET22b-ESYP30-SR plasmid. It is in-
teresting to note that in cultures with or without induction,
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the growth rate and the final density of the cells harboring
pET22b-ESYP30-SR were quite similar to those of the cell
harboring pET22b-ESYP30, thereby indicating that the in-
sertion of lysis genes under the control of the T7 promoter
exerted no effects on the growth of cells even after induction.
Importantly, the addition of chloroform gave rise to a sharp
drop in the optical density of cells harboring pET22b-ESYP30-
SR. As early as 30 min after induction, the addition of
chloroform resulted in a dramatic reduction of the optical
density, from 0.9 to approximately 0.2 (Fig. 2B). After 4 h of
induction, the cell density reached about 1.4, but dropped
to approximately 0.4 after the addition of a few drops of
chloroform. Therefore, we can conclusively state that the
insertion of the R and Sam?7 genes downstream of the target
gene induced cell lysis when chloroform was added after
induction.

From the results shown in Fig. 2, we were convinced that
the lambda lysis genes under the T7 promoter worked as
we had desired, with no effect on cell growth. In the next
experiment, we attempted to ascertain whether or not the
addition of the lysis gene exerted any effect on the express-
ion of the target gene. In an effort to address this question,
E. coli BL21 harboring the pET22b-ESYP30 plasmid and
E. coli BL21 containing pET22b-ESYP30-SR were cultivated,
and IPTG was added when the optical density reached to
approximately 0.5. The cells were then incubated for an addi-
tional 4 h. During the incubation, a portion of each culture
was taken every 30 min and their proteins analyzed by
SDS-PAGE. As is shown in Fig. 3, a new protein band of
approximately 35 kDa, the expected size of our target GroES-
YP30 fusion protein, was noted in samples from both cul-
tures as early as 30 min after the beginning of induction.
The quantity of this protein accumulated continuously up
to approximately 3 h. Induction kinetics or the final amount
quantity of the induced protein was quite similar in both
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Fig. 2. Measurement of growth and lysis of cells harboring a plasmid with or without the lambda lysis region. E. coli BL21 harboring the
pET22b-ESYP30 (A) or pET22b-ESYP30-SR (B) plasmid was cultivated in LB media at 30°C and IPTG was added to two cultures of each
strain at time 0. The symbols m, e, and 4 indicated the culture of no induction, induction with IPTG and induction and addition of chloro-

form, respectively.
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Fig. 3. Comparison of protein production in the cells containing pET22b derivative with or without lysis genes. E. coli BL21 harboring the
pET22b-ESYP30 (A) or pET22b-ESYP30-SR (B) plasmid was cultivated in LB media at 30°C and IPTG was added at an O.D.s0 of approx-
imately 0.5. Samples were taken after the addition of IPTG at the time indicated in hours at the top of each gel. Samples with approx-

imately equivalent amounts of cells were loaded into each lane.
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Fig. 4. Comparison of lysis by freezing and thawing to sonication. (A) Samples from E. coli BL21 (pET22b-ESYP30-SR) were taken after
the addition of IPTG at the time indicated in hours at the top of gel and subjected to freezing and thawing. Supernatants were separated
from pellets and analyzed via SDS-PAGE. The lanes indicated with ‘-SR” were samples from E. coli BL21 (pET22b-ESYP30) after 4 h of
induction. S and P, supernatant and pellet after centrifugation. (B) Comparison of lysis by freezing and thawing to sonication. The cells
were subjected to freezing and thawing (E. coli BL21 harboring pET22b-ESYP30-SR) or sonication (E. coli BL21 harboring pET22b-
ESYP30) and centrifuged. T, S, and P indicate total, supernatant, and pellet, respectively. Samples with (+) were from E. coli BL21 (pET22b-
ESYP30-SR) and samples with (-) were from E. coli BL21 (pET22b-ESYP30).

cultures, thereby indicating that the addition of the lysis
gene had no effect on the expression of our target gene.
Based on the information displayed in Fig. 2B, we knew
that as early as 30 min after the beginning of induction, the
endolysin sufficient for the cell lysis was generated. However,
a band corresponding to the calculated molecular weight of
endolysin (17.8 kDa) could not be identified, even after full
induction.

As it is known that the cells containing lambda with R
and Sam7 can be readily broken by freezing and thawing
(Young, 1992), we attempted to determine whether or not the

induced cells were lysed by freezing and thawing. E. coli
BL21 (pET22b-ESYP30-SR) was cultivated and 20 ml of
culture was taken every hour after induction. The cells were
then harvested by centrifugation. Following, they were fro-
zen at -20°C for 1 h, and thawed at room temperature. The
cells were resuspended in phosphate-buffered saline and
centrifuged in order to separate the soluble fraction from
the pellet. Both fractions were analyzed via SDS-PAGE.
Figure 4A shows that, although a large quantity of ESYP30
was generated after 1 h of induction, a very small quantity
of proteins were released into the supernatant, indicating
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that only a small portion of cells was broken by freezing
and thawing. After 2 h of induction, however, we observed
more proteins in the supernatant than in the pellet, thereby
indicating that more than half of the cells were now broken.
It appeared that 4 h of induction was required for complete
lysis by freezing and thawing (Fig. 4A). This result was in
sharp contrast to the earlier observation that cells were
completely broken as early as 30 min of induction by the
addition of chloroform to the culture (Fig. 3). Even after
four hours of induction, the cells harboring pET22b-ESYP30
gave rise to only approximately 10% lysis after freezing and
thawing (Fig. 4, lane -SR), indicating the. positive role of
endolysin in cell lysis.

Finally, we compared the efficiency of cell breakage by
our freezing and thawing to that achieved by the traditional
sonication method. Two cultures harboring either pET22b-
ESYP30-SR or pET22b-ESYP30 were grown and induced
fully for 4 h. The harvested cells were treated with either
freezing and thawing (cells with pET22b-ESYP30-SR) or
sonication (cells with pET22b-ESYP30). The insoluble frac-
tions were separated via centrifugation and the supernatant
and pellet were analyzed by SDS-PAGE. As shown in Fig.
4B, both methods were equally effective with regard to cell
disruption, releasing the majority of proteins into the solution.
Importantly, almost all ESYP30 proteins were found in the
supernatants of both samples. Therefore, it was clear that sim-
ply freezing and thawing caused the complete disintegration
of cell structure, thus releasing proteins into the solution.

Several attempts have been made previously to develop
an autolysis system based on phage lysis genes (Jain and
Mekalanos, 2000; Xu et al., 2006; Li et al., 2007). In these
cases, lambda lysis cluster was inserted into an extra plasmid,
and an extra antibiotic and an inducer was added for the
maintenance of the plasmid and for the induction of lysis
system. Since wild type lysis genes were used, cells were au-
tomatically broken shortly after induction (Xu ez al., 2006;
Li et al., 2007). In this study, we have described the devel-
opment of a simple and very efficient lysis system by the
insertion of a lambda lysis gene cluster into the popular ex-
pression vector pET22b. We used mutant (Sam?7) rather
than wild type S gene. With this construction, the induction
of the T7 promoter did not in itself result in the autolysis
of cells, rendering a target protein fully accumulating in cells
(Fig. 3). Simple freezing and thawing of cells harvested after
induction caused complete disintegration, and released tar-
get protein into the solution. We conclude that cell lysis by
freezing and thawing is as efficient as that by sonication.

A few aspects are worth noting for practical purposes.
We observed no difference in the growth of cells harboring
a plasmid with or without the lysis gene cloned downstream
of the target protein gene (Fig. 2). This was true under a
variety of culture conditions, including growth temperature
(30°C or 20°C) or induction point (O.D.s=0.5 or 1.0). The
cells were not lysed in itself by the four hour-induction at
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30°C or by overnight induction at 20°C. However, overnight
induction at 30°C occasionally resulted in cell lysis.

This work was supported by the Soongsil University Research
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