Acta Biochim Biophys Sin 2010, 42: 585-592 | © The Author 2010. Published by ABBS Editorial Office in association with Oxford University Press on behalf of the
Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. DOI: 10.1093/abbs/gmq056.

Original Article

/"_'\

ABBS

- »

-

Cloning and soluble expression of mature a-luffin from Luffa cylindrica

and its antitumor activities in vitro

Liling Liu 3", Rupeng Wang, Wei He!*, Fengtian He2, and Gang Huang?

"Department of Dermatology, the Second Affiliated Hospital (Xingiao Hospital), Third Military Medical University, Chongqing 400037, China
“Department of Biochemistry and Molecular Biology, Third Military Medical University, Chongqing 400038, China
*Department of Dermatology, Bethune International Peace Hospital, Shijiazhuang 050082, China

T These authors contributed equally to this work.

*Correspondence address. Tel/Fax: +86-23-68755739; E-mail: weiheskin@yahoo.com.cn

Luffin-a, a single-chain Type I ribosome-inactivating
protein, which is known to be the most toxic of the
luffin family and apparently possesses antitumor activity,
was isolated from Luffa cylindrica seeds. In the present
study, mature a-luffin was cloned from L. cylindrica and
it was found that mature o-luffin shared 96% amino
acid similarity with luffin-a. The recombinant mature o-
luffin was successfully expressed in a partly soluble form
in Escherichia coli after optimization of expression con-
ditions. The effects of the recombinant protein on bac-
terial growth and its in vitro protein synthesis inhibition
activity were tested. Then, its antitumor activities against
different human cancer cell lines were evaluated by
CCK-8 assay and flow cytometry. The results indicated
that the recombinant o-luffin was slightly toxic to E.
coli. It could inhibit protein synthesis in the rabbit reti-
culocyte lysate system. At the same time, it inhibited the
growth of the tumor cell lines in a dose- and time-
dependent manner. Additionally, recombinant o-luffin
was able to induce cell death by apoptosis. The cytotox-
icity of a-luffin towards tumor cells makes it a potential
antitumor agent.
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Introduction

Ribosome-inactivating proteins (RIPs), mostly from plants,
are a family of highly potent protein toxins that bring about
inhibition of protein synthesis by directly interacting with
and inactivating the ribosomes or by modification of
factors involved in translation. This irreversible modifi-
cation renders the ribosome unable to bind the elongation

factors, leading to the interruption of protein translation.
Besides, RIPs also possess a broad spectrum of activities
encompassing antiproliferative, antitumor, antiviral, and
antifungal activities. Thus, RIPs, especially single-chain
Type I RIPs, have been extensively investigated in biologi-
cal and biomedical fields, and are primary candidates for
toxic moiety targeting drugs with potential application in
cancer immunotherapy using immunotoxins [1,2].

There exist many inherent problems in the use of native
toxins for cancer therapy, such as limited plant resources,
complicated and multiple steps in the purification pro-
cedures. Therefore, generating the toxin by recombinant
techniques may be of great advantage in terms of practical
applications. Moreover, recombinant RIPs possess
additional advantages for the construction of immunotox-
ins, either by chemical linkage or as recombinant fusion
proteins with monoclonal antibodies or other suitable car-
riers, when compared with natural RIPs [3].

Luffin, a single-chain Type I RIP extracted from the
seeds of the sponge gourd (Luffa cylindrica), is known to
possess multiple biological activities, such as abortifacient,
anti-tumor, and anti-HIV activities [4—7]. Within the luffin
family, luffin-a has been the most extensively studied
protein [8—10]. Moreover, luffin-a is known to be the most
toxic among various types of luffin [11,12], so it was used
to construct an immunotoxin with Ng76, a monoclonal
antibody to human melanoma cells M(21) [13].
Homogeneous RIP generated using the recombinant DNA
technology would be of great benefit for the therapeutic
application of luffin-a. In this study, we cloned the a-luffin
gene encoding mature a-luffin from L. cylindrica and also
described the soluble expression in Escherichia coli. We
further tested the toxicity of the recombinant protein
against the host bacteria and investigated its protein syn-
thesis inhibition activity in cell-free system and anti-tumor
activities in vitro.
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Materials and Methods

Plasmid construction

Total RNA was isolated from fresh immature seeds of
L. cylindrica using Plant RNA Mini Kit (RNeasy Plant
RNA Mini kit, Qiagen, Japan) following the manufac-
turer’s instructions. The purity of the isolated RNA was
checked spectrophotometrically. The isolated RNA was dis-
solved in nuclease-free water and stored at —70°C before
further use for cDNA synthesis. The reverse transcription
was carried out with 2 ng total RNA wusing AMV
First-strand cDNA synthesis Kit (BBI) as per the manufac-
turer’s protocol.

The cDNA sequence data of the signal sequence-deleted
region of «-luffin available in the GenBank (GenBank:
X62371.1, reported by J. Kataoka [14]) were used to
design gene-specific primers for PCR amplification of the
cDNA encoding the mature a-luffin. The forward primer
(5-CCATGGCAGATGTGAGGTTCAGTTTGTCAGGT-3')
and the reverse primer (5-CTCGAGCGCAACATTT
TGTTTGTA-3") contain Ncol and Xholl sites, respectively.
The PCR product was firstly incubated at 94°C for 5 min,
then incubated by a stepped program (94°C, 30 s; 59°C,
30s; 72°C, 305s) for 35 cycles, and by an extension at
72°C for 10 min. The PCR product was separated on 1%
agarose gels and recovered by gel extraction, then cloned
into PTA2 vector (Toyobo), and finally transformed into
competent cells of E. coli strain DH5a. White colonies
were checked by PCR, and the positive colonies were
sequenced by Sangon Biotechnology Company (Shanghai,
China). The constructed plasmid was named as
PTA2-a-luffin.

The confirmed a-luffin sequence was subcloned into the
Ncol and Xholl sites of pET-28a(+) (Novagen) to con-
struct the recombinant plamid pET-28a-a-luffin. The posi-
tive clones were selected and sequenced to ensure the
in-frame insertion.

Expression and purification of recombinant proteins

The «-luffin  protein was expressed in E. coli
BL21(DE3)pLysS strain (Invitrogen) by induction with
isopropyl-B-p-thiogalactopyranoside (IPTG). The E. coli
pLysS strain transformed with expression plasmid was
grown with constant shaking at 220 rpm in Luria-Bertani
(LB) medium supplemented with 50 pwg/ml kanamycin,
until the ODg of the culture reached 0.5. To identify the
optimal conditions, expression was induced by adding IPTG
to a final concentration of 1 mM followed by incubation
with constant shaking at different temperatures (25°C, 30°C,
and 37°C) and at different lengths of time (2, 4, and 6 h). To
study the toxicity of the induced recombinant proteins
against the host bacteria, the cultures were allowed to grow
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for 12 h at 37°C and 25°C with IPTG induction, respect-
ively. Bacterial growth was monitored by absorbance at 600
nm. Bacteria cells were harvested by centrifugation at
1500 g for 10 min. The pellet was resuspended in 0.5 ml of
ice-cold phosphate-buffered saline (PBS), and sonicated
four times in ice-cold water using a Bioruptor (Cosmo Bio,
Tokyo, Japan) at 200 W for 30 s each time, with a 120 s
interval. The soluble and insoluble fractions were separated
by centrifugation at 15,000 rpm for 15 min at 4°C. After
expression, the recombinant was examined by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). The
soluble fraction was purified using Ni-NTA agarose affinity
chromatography according to the manual of QIA expressio-
nist (Qiagen). Western blotting was conducted using
RGS-His primary antibody and rabbit anti-mouse secondary
antibody conjugated with alkaline phosphatase. The purified
protein was dialyzed against TBS buffer (100 mmol L™"
Tris—HCI, 50 mmol L™ NaCl, pH 8.0) at 4°C for 24 h. The
protein concentration was determined by the BCA (bicinch-
oninic acid) method (Pierce).

Cell-free translation-inhibiting activity and anti-tumor
activities of the recombinant protein in vitro

Protein synthesis in rabbit reticulocyte lysate was performed
according to the Rabbit Reticulocyte Lysate System
Technical Manual (Promega Co.) with slight modifications.
Various concentrations of the recombinant protein (10 wl)
were added to 40 .l of radioactive working rabbit reticulo-
cyte lysate mixture containing 1 pl [*H]leucine. The incu-
bation proceeded at 37°C for 30 min before addition of 1 M
NaOH and 2% H,0O,. Further incubation for 10 min allowed
decolorization and tRNA digestion. One volume of the reac-
tion mixture was then added to 40% trichloroacetic acid
with 2% casamino acids in a 96-well plate to precipitate
radioactively labeled protein. The precipitate was collected
on Whatman GF/A filter and [*H]leucine incorporation was
counted in an Beckman liquid scintillation counter.

The purified recombinant protein was tested by the Cell
Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan)
assay for cytotoxicity on JEG-3 (human placental chorio-
carcinoma cell line), HepG2 (human hepatoma cell line),
and MCF-7 (human breast cancer cell line) cells, according
to the recommendations of the supplier. Cells were inocu-
lated to 96-well plates at the density of 5000 cells per well
for 12 h and cultured in the medium with various concen-
trations (0.1, 0.5, 1, 2, 4, and 8 pg/ml, respectively) of
recombinant protein for 24 h. Ten microliters of CCK-8
solutions was added to each well of the plates, and the
plates were incubated for 4 h at 37°C. In addition, cells
were incubated with 2 pwg/ml recombinant protein at differ-
ent periods of time (0, 6, 12, 24, and 36 h). Absorbance
(4) was measured at 450 nm with a microplate reader. All
experiments were performed in triplicate on three separate
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Table 1 Comparison of the deduced amino acid sequence of mature a-luffin with luffin-a

a-Luffin DVRFSLSGSS STSYSKFIGD LRKALPSNGT VYNITLLLSS ASGASRYTLM 50
Luffin-a DVRFSLSGSS STSYSKFIGD LRKALPSNGT VYNLTILLSS ASGASRYTLM
ko
a-Luffin TLSNYDGKAI TVAVDVTNVY IMGYLVNSTS YFFNESDAKL ASQYVFKGST 100
Luffin-a TLSNYDGKAI TVAVDVSQLY IMGYLVNSTS YFFNESDAKL ASQYVFKGST
sksksk
a-Luffin IVTLPYSGNY EKLQTAAGKI REKIPLGFPA LDSAITTLFH YDSTAAAAAF 150
Luffin-a IVTLPYSGNY EKLQTAAGKI REKIPLGFPA LDSALTTIFH YDSTAAAAAF
* %
a-Luffin LVIIQTTAEA SRFKYIEGQI [ERISKNQVP SLATISLENE WSALSKQIQL 200
Luffin-a LVILQTTAEA SRFKYIEGQI [ERISKNQVP SLATISLENSL WSALSKQIQL
% sk
a-Luffin AQTNNGTFKT PVVITDDKGQ RVEITNVTSK VVTKNIQLLL NYKQNVA 247
Luffin-a AQTNNGTFKT PVVITDDKGQ RVEITNVTSK VVTKNIQLLL NYKQNVA
*The different amino acid sites.
occasions. The cell inhibition ratio was calculated as 18 ¢
follows: (1 — test group A/control group A) x 100%. The : I
ICsq calculation software (LOGIT method) was used for § 4o
50% inhibiting concentration (ICsg) calculation. § 1
Apoptosis was assessed using annexin V-FITC/propi- 8 EZ e
dium iodide (PI) staining according to the instructions of o =250 ook
8 . . 4 | —a—25°C a-luffin
the manufacturer (Annexin V- FITC Apoptosis Detection "
Kit; BD Biosciences). In brief, exponentially growing 0 ! 2 . 2 g 4 8 e
ime (h)

JEG-3 cells were exposed to 2 and 4 pwg/ml recombinant
protein for 24 h, respectively. Then, the cells were resus-
pended in binding buffer, and incubated with Annexin
V-FITC and PI at room temperature in the dark.
Subsequently, analysis was performed in a FACSCan flow
cytometer (Becton-Dickinson, USA) using the CellQuest
software. Control cells were treated with the medium only.
The data were obtained from three independent exper-
iments with duplicates.

Statistical analysis

All data are expressed as mean + standard deviation.
Differences between groups were compared using analysis
of variance (ANOVA) for repeated measures. Differences
were considered significant when P value was less than
0.05.

Results

Cloning of mature a-luffin and sequence comparison

Total RNA was isolated from fresh immature seeds of
L. cylindrica and the cDNAs were synthesized by reverse
transcription and a 750 bp ¢cDNA fragment was obtained.
The deduced amino acids are shown in Table 1. There are
10 different amino acids between the mature a-luffin and

Figure 1 Effect of a-luffin on bacterial growth E. coli were grown in
LB media with 1 mM IPTG induction when bacterial absorbance was 0.5
at 600. E. coli (pLysS) without plasmid at 37°C (open squares); E. coli
(pLysS) with pET28a-a-luffin at 37°C (open triangles); E. coli (pLysS)
without plasmid at 25°C (closed squares); E. coli (pLysS) with
pET28a-a-luffin at 25°C (closed triangles).

luffin-a sequence submitted by Islam er al. [15], which
shows 96% identity at amino acid level.

Bacterial growth, expression and purification

of the recombinant protein

o-luffin was labeled with an N-terminal Hise-tag and
expressed in the E. coli pLysS strain by induction with
IPTG. As seen in Fig. 1, bacterial expression of a-luffin
was slightly toxic to E. coli, and the rate of bacterial growth
was reduced as incubation time increased. Absorbance
analysis suggested that prolonged exposure to recombinant
o-luffin may have a negative effect on bacterial growth.

To evaluate the effect of temperature on the expression of
a-luffin, we investigated the distribution of the recombinant
protein expressed at different temperatures as analyzed by
SDS-PAGE [Fig. 2(A)]. The results showed that the
majority or almost all of the recombinant protein induced at
30°C or 37°C formed insoluble inclusion bodies. However,
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A kDa M
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Figure 2 SDS-PAGE analysis of recombinant proteins expressed at
different temperatures and at different times. (A) The distribution of
recombinant proteins expressed at different temperatures: M, molecular
standard marker; 1, control (E. coli/pET28 only at 25°C); 2, the
supernatant at 25°C; 3, the pellet at 25°C; 4, the supernatant at 30°C; 5,
the pellet at 30°C; 6, the supernatant at 37°C; and 7, the pellet at 37°C.
(B) The distribution of recombinant proteins expressed for different time
at 25°C: M, molecular weight markers; 1, control (E£. coli/pET28 only); 2,
the supernatant at 2 h; 3, the pellet at 2 h; 4, the supernatant at 4 h; 5, the
pellet at 4 h; 6, the supernatant at 6 h; and 7, the pellet at 6 h.

the recombinant protein expressed at 25°C was distributed
both in the pellet and in the supernatant. The recombinant
mature a-luffin was produced in a partly soluble form.

To identify an optimal length of the incubation, the bac-
teria were induced at 25°C for 2, 4, and 6 h, respectively.
The distribution of the recombinant proteins was analyzed
on a 12% SDS-PAGE [Fig. 2(B)]. The results indicated that
the maximum level of expression for a-luffin was attained
in a soluble form if the length of the incubation was 4 h.

The size of the induced protein bands was about 28 kDa
by SDS-PAGE, which was slightly larger than the
cDNA-deduced amino acid sequence of the mature a-luffin
(theoretical weight, 26.95 kDa). The difference was in part
due to the presence of the extra N-terminal region contain-
ing six histidine amino acids. After purification (the final
yield of soluble recombinant protein was about 0.45 mg/l
bacterial cell culture), the recombinant protein exhibited a
single band in 12% SDS-PAGE [Fig. 3(A)]. Western blot-
ting analysis showed that the induced samples had a posi-
tive signal at a 28 kDa position, whereas there was no
signal in the uninduced sample [Fig. 3(B)]. This result
further confirmed that the induced E. coil had expressed
the recombinant protein with a 6 x His-tag.

Cell-free translation-inhibiting activity, cytotoxic
activities and apoptosis induction by recombinant
o-luffin

The inhibitory effect of recombinant a-luffin on protein
synthesis in the rabbit reticulocyte lysate translation system
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Figure 3 The soluble fraction of recombinant proteins purified by
Ni-NTA agarose affinity chromatography (A) Protein molecular weight
standard (M), and purified a-luffin (1). (B) Western blot of purified a-luffin.

Protein synthesis ( % )

a-luffin concentration (M )

Figure 4 Inhibitory activity of a-luffin in a cell-free protein synthesis
system from reticulocyte lysate (data represent means + SD, n = 3).

is shown in Fig. 4. The ICs, value of recombinant a-luffin
was determined as 3.41 x 10~ "' M.

To test whether recombinant a-luffin affected the growth
of tumor cells, viability assays were performed in vitro.
When JEG-3, HepG2, and MCF-7 cells were incubated
with a-luffin at concentrations ranging 0.1—8 pg/ml and at
different time points post-treatment, the inhibitory effect on
cell growth was measured by CCK-8 assay. The results
showed that o-luffin inhibited the growth of JEG-3,
HepG2, and MCF-7 cells in a dose-dependent manner at
24 h post-treatment with different concentrations (0.1, 0.5,
1, 2, 4, and 8 pg/ml) of a-luffin [Fig. 5(A)]. The inhibition
of cell viability increased with the increase of a-luffin con-
centration. The ICsq values, determined after 24 h incu-
bation, were 3.65 4+ 0.66, 7.03 +1.03, and 10.42 +
2.72 pg/ml for JEG-3, HepG2, and MCF-7 cells, respect-
ively. The results are shown in Fig. 6. It seemed that the
cytotoxicity of a-luffin to JEG-3 cells was stronger than to
HepG2 cells, but there was no significant difference
between the two groups (P > 0.01). Also, no statistically
significant difference between HepG2 and MCF-7 group
was found. The cytotoxicity of a-luffin to JEG-3 cells was
significantly stronger, as compared with MCF-7 cells (P <
0.01). In general, JEG-3 cells showed higher sensitivity to
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Figure 5 Cytotoxicity analysis of o-luffin to JEG-3, HepG2, and MCF-7 cells by CCK-8 method (A) The cells were treated with different
concentrations of a-luffin for 24 h. (B) The cells were incubated with 2 pg/ml of a-luffin for the indicated periods. The results show means + SD of

triplicate experiments.

14 -
12 +
10 +

ICs values (ug/ml)

JEG-3 HepG2

The type of cells

MCF-7

Figure 6 Comparison of the ICsy values for JEG-3, HepG2, and
MCEF-7 cells Horizontal axis and vertical axis indicate axis relative cell
types and ICsq values, respectively (*P < 0.01, compared with JEG-3).

a-luffin. After treatment with 2 pwg/ml a-luffin over differ-
ent periods of time (6, 12, 24, 36, and 48 h), the results
demonstrated that cell growth was inhibited in a time-
dependent manner [Fig. 5(B)].

To elucidate the possibility that the inhibition of cell
proliferation was associated with the induction of apoptosis
after o-luffin treatment, further experiments were per-
formed using JEG-3 cells to evaluate the effect of a-luffin
on apoptosis using an annexin V/PI double-staining assay.
As shown in Fig. 7, after treatment with 2 and 4 pg/ml
a-luffin for 24 h, the percentage of early apoptotic cells
increased from 3.39 + 0.87% to 6.69 + 1.59% and to
12.65 + 2.23%, respectively. The percentages of late apop-
totic and necrotic cells also increased from 4.39 + 0.56%
to 10.46 + 1.33% and to 20.79 + 1.33%, respectively. The
use of a-luffin at 2 pg/ml significantly increased the
number of cells in late apoptosis (P < 0.01), and at 4 pg/
ml, a-luffin significantly increased the number of apoptotic
cells during both early and late apoptosis (P < 0.01).
These results suggested that o-luffin was able to induce
cell death by apoptosis, especially at a higher

concentration. It is supposed that apoptosis induced by
a-luffin was involved in its antitumor effect.

Discussion

RIPs have been of considerable interest due to their mul-
tiple pharmacological properties and biological activities,
such as their potential use as plant defense factors [16,17]
and immunotoxins [18—20]. Type I RIPs, consisting of a
single polypeptide chain, have great therapeutic importance
in the construction of targeting drugs by coupling the toxin
to cell-specific targeting molecules, such as antibodies,
cytokines, and peptides to form an immunotoxin. Isolating
and characterizing new RIPs or homogeneous recombinant
RIPs will benefit the exploitation of novel agents that
could play important roles in cancer treatment, immu-
notherapy, and treatment of viral diseases. Therefore,
numerous studies have been carried out to search for novel
and/or recombinant Type I RIPs with desirable properties.

In this study, the cDNA sequence encoding the mature
a-luffin was cloned from the fresh seeds of L. cylindrica.
It was found that the deduced amino acid sequence of the
mature o-luffin identified was very similar to that of
luffin-a. There were 10 different amino acids and signifi-
cant homology between mature a-luffin and luffin-a, exhi-
biting 96% amino acids identity. The difference could be
due to errors in protein sequencing as ricin [21], the hetero-
geneity of luffin-a expressed in variants of L. cylindrica, or
to different forms of luffin-a in seeds.

The effect of a-Iuffin on bacterial growth was studied to
understand its toxicity. Our results indicated that the bac-
terial expression of a-luffin was slightly toxic to E. coli
when the incubation time was prolonged. In the past, many
studies on the toxicity of RIPs against the host bacteria
showed that the growth of E. coli harboring the RIP cDNA
was retarded to varying degrees. This growth inhibition
seemed to be due to the result of their partial depurination
of bacterial ribosomes [22—-26]. This depurination may
result in protein synthesis inhibition in E. coli, as it has
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Figure 7 Apoptosis induction by a-luffin in JEG-3 cells JEG-3 cells were treated with 2 and 4 pg/ml a-luffin for 24 h, respectively. Apoptosis was
quantified using Annexin V/PI staining followed by flow cytometric analysis. (A) The representative picture in each experimental group. (B) The
percentage of apoptotic cells (*P < 0.01, compared with corresponding control).

been suggested that A-2660 interacts with the elongation
factors EF-G and EF-Tu [23,27]. However, some other
studies indicated that the RIP recombinant protein had no
toxic effect on bacterial cells [28—30]. Our experimental
results indicated that the expression of a-luffin was barely
toxic to E. coli at 25°C. We proposed that a lowering of
growth temperature brought about a reduction in growth
rate of E. coli, which likely weakened the interaction with
the host E. coli ribosomes.

The expression of RIPs in bacteria as recombinant pro-
teins is complicated because of their cellular toxicity. Most
of the expressed recombinant proteins were insoluble
inclusion bodies [10,31-34]. The most critical problem in
handling inclusion bodies is the solubilization step in
which strong denaturing agents such as urea are used.
Under these conditions, the protein has to be refolded sub-
sequently to regain its native structure. Unfortunately,
during such refolding, the protein might reaggregate or
refold incorrectly. Eventually, this could lead to a very low
recovery of the active product. In this study, different
induction parameters have been modified to improve the
expression levels of soluble proteins: growth temperature
was lowered from 37°C and 30°C to 25°C and incubation
time altered from 2 h and 4 h to 6 h. The results showed
that a maximal yield of soluble proteins was achieved by
induction with 1.0 mM IPTG for 4 h at 25°C. These data
indicated that solubility of the protein increased as the
induction temperature decreased. We suppose that con-
ditions favoring a reduced growth rate could diminish
recombinant protein synthesis to a reasonably low speed,
facilitating the correct folding into a soluble and biologi-
cally active form. This is consistent with the observations
of Balan et al. [35]. Temperature was the main factor that
influenced the growth of E. coli and the expression of
proteins. Moreover, the influence was not due to one
factor alone, but the result of various factors interacting
together [36].

In this study, the recombinant a-luffin displayed a strong
inhibitory activity on protein synthesis in the cell-free
rabbit reticulocyte system. To understand the cytotoxicity
of recombinant a-luffin against tumor cells, we tested the
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inhibitory effect of a-luffin on JEG-3, HepG2, and MCF-7
cells growth. The results showed that recombinant a-luffin
inhibited the proliferation of the three different types of
cancer cell lines in a dose- and time-dependent manner.
The data suggested that a-luffin had antitumor activities in
vitro. Additionally, o-luffin showed various degrees of
cytotoxicity against different cell types. The cytotoxicity of
a-luffin to JEG-3 cells was significantly stronger than that
to MCF-7 cells. Although Type I RIPs were devoid of the
cell-binding B chain, and their capability of being uptaken
into cells was very poor, they can be cytotoxic at high con-
centrations. Initially it was thought that Type I RIPs might
enter cells via passive mechanisms such as fluid phase
uptake [37]. However, different cell types showed a highly
variable sensitivity toward each RIP. Those with normally
high pinocytotic/phagocytic activity, such as macrophages,
are more sensitive to Type I RIPs [38,39]. Further studies
suggested a close correlation between the cytotoxicity and
the intracellular routing of RIP, which may vary among
different cell types depending on: (i) the expression of
different types of binding molecules on the cell surface;
(ii) the sorting of ligands leading to different compart-
ments; and (iii) the availability of various pathways for the
transport of the toxin to the cytosolic target [40]. Some
studies had demonstrated that macrophages-, trophoblasts-,
and choriocarcinoma-derived BeWo cell line, and the
human neuroblastoma-derived NB100 cell line seem to be
the most sensitive cell types to single-chain RIPs [22]. Our
results also indicated that the different cell types varied in
their sensitivities to «o-luffin, and JEG-3 cells showed
higher sensitivity to a-luffin. We supposed that the distinct
inhibition of JEG-3 is possibly the result of more powerful
pinocytosis of JEG-3 to a-luffin as trophoblastic cells and
the ability to take up a wide variety of substances by differ-
ent surface receptors, making a-luffin easier to enter into
the cells and exert its cytotoxicity.

The cytotoxicity of RIPs could be commonly attributed
to the inhibition of protein synthesis as a consequence of
ribosomal damage. However, it was found that the mor-
phology of cells treated with RIPs resembled that of cells
undergoing death by apoptosis [41]. Many studies have
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demonstrated that Type I RIPs are able to bring about cell
death by inducing apoptosis [42—46]. Though many
reports are available on toxin-induced apoptosis, the mech-
anisms involved are still unclear. In the present study, flow
cytometry analysis of a-luffin-treated cells stained using
annexin V-FITC/PI indicated that o-luffin significantly
increased the number of apoptotic cells, especially at
higher concentrations. We concluded that apoptosis induc-
tion by a-luffin was involved in its antitumor effects.
However, the mechanism and pathways of apoptosis induc-
tion are still intriguing issues, which need further efforts
to resolve. The present findings provide an experimental
foundation for future researches.

In conclusion, this study described, for the first time, the
cloning of mature a-luffin from L. cylindrica and its partly
soluble expression in E. coli. The recombinant «-luffin
could inhibit protein synthesis in rabbit reticulocyte lysate
systems. Additionally, it was able to inhibit the growth of
tumor cells and induce apoptosis. The cytotoxicity of
o-luffin towards tumor cells makes it a potential antitumor
agent, especially for developing RIP-based immunotoxin.
This has provided us with much encouragement to con-
tinue studying a-luffin with respect to immunotoxins and
anti-tumor medicine.
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