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Abstract 

Background: The majority of immunotoxins studied to date incorporate toxins that act in the cytosol and thus need 
to be endocytosed by the target cell. An alternative strategy for immunotoxin development is the use of membrane 
active toxins, such as the pore-forming proteins. Melittin, a 26 amino acid cytolytic peptide from bee venom, is such 
a protein. Objectives: We report here the construction, production and functional analysis of a recombinant 
immunotoxin obtained by fusion of genes which encode an antibody fragment (scFv) with an oligonucleotide 
encoding melittin. Study design: The antibody fragment was derived from a murine monoclonal antibody, K121, 
which recognises a specific epitope (KMA) expressed on the surface of human lc myeloma and lymphoma cells, and 
on human free K Bence Jones protein (BJP). Melittin is a 26-amino acid, membrane-lytic peptide which is a major 
component of bee venom. The scFv of K121 was constructed by PCR to link V, and V, genes via an oligonucleotide 
which encodes a flexible, hydrophilic peptide. An oligonucleotide encoding melittin and the peptide marker sequence 
FLAG was fused to the scFv construct using a similar linker peptide. The gene construct (scFv-mel) was inserted into 
the secretion vector pPOW and expressed in Escherichia coli (TOPP2). Results: Expression of the recombinant 
scFv-me1 gene and purification of the protein product was monitored by Western blot analysis. Following purification 
by anti-FLAG affinity chromatography, the recombinant immunotoxin (scFv-mel) was assessed for antigen binding 
and for cytotoxic activity by flow cytometry using antigen-expressing and non-expressing cell targets. The scFv-me1 
was found to exhibit binding and killing properties consistent with the specificity of the original K121 antibody. 
Moreover, the cytolytic activity of the scFv-me1 was significantly greater on a molar basis than that of native melittin 
alone. Conclusion: The data presented here constitute the first report of a melittin-based recombinant immunotoxin 
and demonstrate that such a membrane active immunotoxin can be synthesised in a bacterial expression. 

Abbreviations: BJP, Bence Jones protein; DT, diphtheria toxin; Mel, melittin; PE, pseudomonas exotoxin; ScFv, single-chain Fv. 
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Linking of melittin to an antibody fragment overcame the non-specific toxicity of melittin as the recombinant 
immunotoxin exhibited specific toxicity towards antigen-bearing target cells. The observation that the immunotoxin 
exhibited enhanced cytotoxic activity over the free toxin indicates the potential of this approach for the development 
of an effective therapeutic agent. 
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1. Introdnction 

An immunotoxin is a hybrid molecule com- 
posed of a toxic component linked to a targeting 
molecule [l]. The targeting region is most com- 
monly an antibody or antibody fragment which 
recognises a specific cell surface antigen, or it may 
be a ligand which binds to a cell surface receptor. 
Lymphoid malignancies may be particularly 
suited to immunotoxin therapy as they can be 
targeted through lineage specific antigens which 
are present on mature and malignant cells but are 
absent from haematopoietic stem cells. This strat- 
egy enables the normal population of lymphocytes 
to regenerate from stem cells after treatment [2]. 
Several chemically conjugated ricin-based im- 
munotoxins have been used in phase 1 trials to 
treat patients with B-chronic lymphocytic 
leukemia, pro-lymphocytic leukemia, acute 
lymphocytic leukemia, cutaneous T-cell leukemia 
and non-Hodgkin’s lymphoma. The results of 
these trials are promising and have recently been 
reviewed by [3] and [l]. In other cases im- 
munotoxins have been generated using murine 
monoclonal antibody fragments which recognise 
specific tumour antigens such as B3 [4], erb-B2 [5] 
and Lewis-Y antigen [6]. 

The most common toxins used in the produc- 
tion of these conjugates are enzymes of bacterial 
or plant origin and include ricin toxin A chain 
(RTA),Pseudomonas exotoxin (FE) and diphtheria 
toxin (DT). Cloning of the genes for both PE and 
DT has facilitated the construction and expression 
of single-chain recombinant immunotoxins of di- 
verse specificity [7,8]. In addition, these toxic 
proteins have been genetically manipulated to 
produce toxins with improved specificity and in- 
creased cytotoxicity [9,4,10]. However there are 

some limitations associated with the use of these 
toxins. They all require internalisation and 
translocation to the cytoplasm in order to inhibit 
protein synthesis and have therefore been targeted 
to cell surface molecules capable of endocytosis. 
Furthermore, they are large molecules which ap- 
pear to be highly immunogenic when adminis- 
tered to humans [II]. The use of small peptide 
toxins such as the pore-forming proteins (PFP; 
[12]) offers an alternative approach to im- 
munotoxin development. One example of such a 
molecule is the membrane lytic peptide, melittin, 
which is the major protein constituent of venom 
obtained from the European honey bee, Apis mel- 
lifera. Melittin is a basic peptide which forms an 
amphipathic helix and consists of 26 amino acids 
with a molecular mass of 2840 Da [13]. It acts by 
disruption of the lipid membrane leading to leak- 
age of intracellular contents and ultimately cell 
death [14,15]. As melittin acts at the cell surface it 
does not need to be endocytosed to exert its 
effects. In addition, it is a small non-glycosylated 
peptide and therefore lends itself to production 
and manipulation by genetic engineering tech- 
niques. 

In this study we describe the construction and 
expression of a recombinant immunotoxin consist- 
ing of melittin linked to a single-chain Fv (scFv) 
fragment derived from a murine monoclonal anti- 
body (K121). This mAb binds to the K myeloma 
antigen (KMA) expressed on the surface of tu- 
mour cells from some patients with IC lymphoma 
and myeloma [16], and on the human lymphoblas- 
toid cell line LICR LON/HMy2 [ 171. K121 does 
not bind to normal B cells nor malignant B cells 
which express the 1 isotype. It also binds to 
human free K light chains (Bence Jones protein; 
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BJP) but does not bind to light chain associated 
with heavy chain [18]. An important feature of 
this antigen is that crosslinking of KMA with 
K121 does not result in internalisation of the 
antigen [17] and therefore a membrane-lytic toxin, 
such as melittin, would be a necessary component 
of any immunotoxin targeting this antigen. The 
K121 (scFv)-melittin recombinant immunotoxin 
was expressed in a proven Escherichia coli secre- 
tion system [19] and was shown to specifically 
bind to and kill target cells bearing the KMA 
determinant. Furthermore, on a molar basis the 
recombinant immunotoxin was found to be ap- 
proximately 100 times more cytolytic than the 
peptide toxin alone. 

2. Materials and methods 

2.1. Hybridoma cell line (K121) 

The hybridoma cell line K121 which secretes an 
IgG, K monoclonal antibody was produced [16] 
by the fusion of spleen cells from a BALB/c 
mouse, hyperimmunised with purified human IC 
Bence Jones protein (BJP), and mouse myeloma 
cells, P3-NS I- 1 -Ag4- 1. 

2.2. Construction of the scFv-melittin gene 

Total RNA was extracted from K121 cells [20] 
and polyA RNA isolated with paramagnetic par- 
ticles conjugated with polythymidine (PolyA- 
Tract, Promega, Madison, USA). First strand 
cDNA was synthesised from purified mRNA by 
reverse transcription using the cDNA CYCLE kit 
(InVitrogen, San Diego, USA) and the variable 
region genes were isolated using the PCR strategy 
of [21]. The K121 V, gene was amplified by PCR 
from cDNA (lo- 14 ng) using primers VHfor and 
VHftag, which contained the restriction enzyme 
sites 7’haI and EcoRI respectively (Table 1). Nu- 
cleotides encoding the octapeptide FLAG [22], 
which is recognised by the monoclonal antibody 
anti-FLAG M2, were included at the 5’ end of 
VHflag [23]. In addition, a BstEII site was incor- 
porated in the primer VHflag to allow cloning of 
the linker-V, DNA fragment and subsequent cre- 

ation of the scFv construct. Amplified DNA was 
purified then digested with Thai and EcoRI and 
ligated into the expression vector pPOW [23] 
which was restricted with MscI and EcoRI. To 
amplify the V, gene from cDNA a degenerative 
PCR primer (VLfor) was designed based on the 
first four amino acids at the amino terminal of the 
K121 light chain. The reverse primer, VLback, 
was complementary to codons 109-l 17 of the 
murine Vk light chain gene and included the 
restriction enzyme site EcoRI [24]. Amplified V, 
DNA was purified and ligated into T-tailed Blue- 
script vector [25].The scFv gene construct was 
created by addition of an oligonucleotide which 
encoded the peptide linker, 3(S, G4), originally 
described by [26]. This was performed by primer 
extension using consecutive PCR steps with 
purified V, DNA as template and PCR primers 
VLLKlfor and VLLK2for (Table 1) according to 
the procedure described by Lilley et al. (1994). A 
BstEII site was included in the forward primer 

Table 1 
PCR primers 

VHfor 
VHfag 

VLfor 

VLback 

VLLKlfor 

VLLK2for 

MEL 

TATDCAGGTGCAGCTGCAG 
ATGATGGAATTCTTAT-TATTTATCAT- 
CATCATCTTTATAATCTGAGGAGAC- 
GGTGACCGTGGTCCC-ITGGCCCCA 
CCCGCCAGACGT/,GAT/,ATTI’,GTG/ 
.ATG 
CCGAATTCGATGGATACAGTTGGT- 
GCAGCATCAGCCCG 
TCAGGAGGAGGAGGTTCGGGTGGTG- 
GTGGTTCGGACATCGTCATG 
CCCACGGTCACCGTCGCCTCCGGTG- 
GTGGTGGTTCAGGAGGAGGAGGT 
GGCATTGGAGCTGTGCTAAAAGTCCT- 
CACCACAGGTCTTCCAGCATT- 
GATATCCTGGATCAAGCGTAAACGGCA 
GCAG 

MELLKfor ATGATGGAATTCTCCGGAGGCGGTG- 
GCTCGGGCGGTGGCGGCTCGGGTG- 
GCGGCGGCTCTGGCATTGGAGCTGTG 

MELJag ATGATGGTCGACTTATTATATCAT- 
CATCATCTTTATAATCTGAGGAGAC- 
CTGCTGCCG 

The primers listed above were used for the construction of the 
gene encoding the K121 scFv-me1 recombinant immunotoxin. 
Restriction enzyme sites incorporated in the primers have been 
underlined. Base positions represented by x/x indicate ambigu- 
ity for that position. 
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pPOW scfv-mel 

stop codon I 

Eco RI 

Fig. 1. A map of the immunotoxin gene K121 scFv-me1 in the 
plasmid pPOW. 

VLLK2for to allow subsequent cloning of the 
linker-V, DNA fragment into the recombinant 
plasmid pPOW V,. Purified DNA was digested 
with BstEII and EcoRI then cloned into pPOW 
V, to create the scFv gene construct. The syn- 
thetic oligonucleotide which coded for melittin 
was derived from the known amino acid sequence 
[28]. The oligonucleotide (MEL, Table 1) was 
extended by PCR at the 5’ end using a comple- 
mentary primer, MELLKfor, which also encoded 
the linker peptide 3(S, G4) and contained an 
EcoRI site. A reverse primer, MELJug, (comple- 
mentary to the last 3 codons at the 3’ end of 
MEL) included the FLAG sequence followed by a 
Sal1 site. Amplified DNA which represented the 
linker-mel-flag gene was purified, digested with 
both EcoRI and S&I, and cloned into pPOW 
scFv to produce the recombinant plasmid pPOW 
scFv-me1 (Fig. 1). In order to confirm that the 
immunotoxin gene construct (scFv-mel) was in 
the correct reading frame the nucleotide sequence 
of the insert in the recombinant plasmid was 
determined 1291. 

2.3. Expression of K121 (scFv)-me1 

Expression of the recombinant immunotoxin 
gene was carried out in the TOPP2 strain of E. 
coli. Initially, an overnight culture was grown in 
superbroth (SB; [23]) at 28°C and this was used to 
inoculate 500 ml of SB in flat bottomed flasks to 

give an Acotirn of 0.5. Cultures were grown at 
28°C for a further 4-5 h until an A600nm of 
approximately 4.0 was reached (culture was di- 
luted 1 in 10 to determine absorbance). Protein 
production was initiated by destruction of the 
heat sensitive c/857 repressor. Cultures were 
placed at 42°C for 15 min and then returned to 
30°C for a further 3 h. Isolation of the periplas- 
mic, soluble whole cell and insoluble membrane 
fractions was then carried out. The culture was 
divided into 100 ml aliquots and centrifuged at 
5000 x g for 10 min at 10°C. Half the culture was 
used to isolate periplasmic proteins and the other 
half was used to extract whole cell soluble and 
insoluble proteins. The cell pellets were treated as 
follows: (a) Preparation of periplasmic fraction: 
The cell pellet was resuspended in 0.5 M Tris, 1 
mM EDTA, pH 8.0 at a final concentration of 40 
ml/g of cells. The cell suspension was centrifuged 
at 3500 x g for 10 min at 10°C and pelleted cells 
subjected to osmotic shock by resuspension in 
ice-cold, sterile water (25 ml/g of cells). This was 
followed by centrifugation at 3500 x g for IO min 
at 4°C after which the supernatant, which con- 
tained the periplasmic proteins, was collected. (b) 
Preparation of soluble and insoluble whole cell 
fractions. The cell pellet was resuspended in 5 ml 
of extraction buffer A (50 mM Tris, 5 mM 
EDTA, 0.25 mg/ml lysozyme and 50 pgg/ml NaN,, 
pH 8.0). The solution was incubated at room 
temperature until it became viscous ( N 5 min). At 
this stage 0.5 ml of extraction buffer B (1.5 M 
NaCl, 0.1 M CaCl,, 0.1 M MgCl,, 0.02 mg/ml 
DNAasel, 2 pg/ml aprotinin and 10 pgg/ml 
AEBSF) was added and the solution was incu- 
bated for a further 5 min. Samples were cen- 
trifuged at 18 000 x g for 1 h at 4°C. Thereafter 
the supernatant which contained the whole cell 
soluble fraction was collected. Insoluble whole cell 
material remained in the pellet and was resus- 
pended in 5 ml of extraction buffer A. 

Protein from soluble whole cell fractions was 
fractionated using an affinity column of anti- 
FLAG M2 IgG covalently linked to agarose (IBI, 
New Haven, CA). Fractions which contained ex- 
pressed scFv-me1 were pooled and washed three 
times in phosphate buffered saline (PBS) which 
contained 0.02% NaN, (PBS-az) by centrifugation 
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through Centricon 10 000 membranes. Selected 
samples were concentrated to a final volume of 
500 pL. Prior to use, the Centricon membrane 
was blocked with 1% bovine serum albumin 
(BSA) in PBS-az to prevent protein loss through 
adsorption of the expressed scFv-mel. The con- 
centration of scFv-me1 was determined by mea- 
surement of the density and the area of the 
stained protein band on a Western blot using a 
desktop scanning densitometer (Daintree Indus- 
tries, Victoria, Australia) and by comparison with 
a standard curve of the positive control protein, 
FLAG-BAP (IBI, New Haven, CT). 

2.4. Analysis of cell binding 

The human lymphoblastoid cell line, LICR 
LON/HMy2 (HMy2; [30]), which expresses the 
surface antigen, KMA, was used to assess the 
binding properties of the K121-derived im- 
munotoxin. The non-KMA expressing line, K562, 
was used as a specificity control. Cells were sus- 
pended in cold 0.1% BSA in PBS-az, pH 7.4 
(PBS/BSA) at a cell density of lO’/ml. Aliquots of 
lo5 cells were pelleted by centrifugation in mi- 
crofuge tubes and incubated with 30 ~1 of either 
K121 (50 nM), scFv-me1 (50 nM) or PBS at 4°C 
for 30 min. After a single wash with 0.5 ml cold 
PBS/BSA samples containing scFv-me1 were incu- 
bated with 30 PL of anti-FLAG M2 (2 pg/ml) at 
4°C for 30 min. These cells were washed once with 
0.5 ml cold PBS/BSA and then all samples were 
resuspended in 25 PL of 100 pg/ml FITC-labelled 
sheep-anti-mouse lg before incubation at 4°C for 
30 min. After three washes with 0.5 ml PBS/BSA, 
the cells were fixed with 0.5 ml 1% paraformalde- 
hyde in PBS-az and analyzed by flow cytometry 
(FACScan, Becton Dickinson, Mountain View, 
CA). FITC was excited at a wavelength of 488 nm 
and fluorescent emissions were collected at 511 
nm. A total of lo4 cells were analyzed per sample 
and fluorescence was measured on a logarithmic 
scale. The ability of soluble antigen to block the 
binding of scFv-me1 and K121 to target cells was 
determined by pre-incubation of the antibody or 
recombinant product (50 nM) with a lo3 fold 
molar excess of BJP (50 PM) at 37°C for 30 min. 
Immunofluorescence staining and analysis was 

carried out as described above and the mean 
fluorescence intensity (MFI) determined. The 
MFI is an arbitrary fluorescence channel number 
directly related to the number of fluorescent 
molecules attached to the cell surface. The MFI 
was obtained by analysis of the flow cytometry 
data using the CellQuest software (Becton Dickin- 
son, Mountain View, CA, USA). The percent 
inhibition was calculated using the formula: 

[(MFI,,, - MFI,,,)/(MFI,,, - MFI,,)I 

= %inhibition 

where: 
MFI,, is the MFI of cells incubated with 
scFv-me1 (i.e. maximum fluorescence) 
MFI,,, is the MFI of cells incubated with 
scFv-me1 preincubated with BJP 
MFI,, is the MFI of cells incubated with FITC- 
labelled second antibody alone (i.e. background 
level of fluorescence) 

2.5. Cytotoxicity assay 

HMy2 and K562 cells were suspended in sterile 
1% BSA/PBS at a cell density of lO’/ml and 
aliquots of lo5 cells were incubated with 30 ~1 
scFv-mel(50 nM) for 18 h at 37°C in a humidified 
incubator and in an atmosphere of 5% CO,. At 
the same time, cells were incubated with increas- 
ing concentrations of melittin (Sigma, St. Louis, 
MO) in sterile 1% BSAjPBS using the same condi- 
tions. After incubation, cell viability was deter- 
mined by the addition of ethidium bromide to the 
cell suspension (10 p g/ml final concentration) and 
analysis by flow cytometry as described by [15]. 

3. Results 

3.1. Construction of the scFv-me1 gene 

The nucleotide sequences of the K121 V, and 
V, genes were analyzed and identified as rear- 
ranged Ig genes by comparison with sequences in 
the GenbankTM data base. The V, gene exhibited 
92% sequence similarity with V, genes from two 
murine antibodies, G8Ca1.7 [31] and C16-15F6 



234 R.D. Dunn et al. 1 Immunotechnology 2 (1996) 229-240 

[32], which are derived from the Vu 5558 family 
germ-line gene HlO. Analysis of the V,_ gene 
showed 90% similarity with a rearranged Vk gene 
from an anti-haloperidol monoclonal antibody 
mAbA [33] and is derived from the Jk,, germ-line 
gene. 

A scFv-me1 gene construct was prepared from 
the cloned K121 variable region genes with the 
recombinant plasmid pPOW as described in the 
methods section. A map of the K121 scFv-me1 
gene in pPOW is shown in Fig. 1 and the nucle- 
otide sequence is shown in Fig. 2. Nucleotide 
sequence analysis of the construct confirmed that 
the gene insert was in the correct reading frame 
for production of the recombinant immunotoxin. 

HMy2 cells is shown in Fig. 4. The scFv- 
me1 fragment exhibited significant binding to 
HMy2 cells (Fig. 4b) although the shift in mean 
fluorescence intensity for scFv-me1 was approxi- 
mately two fold lower than that observed for 
K121 IgG (Fig. 4a). There was no detectable 
binding of scFv-me1 to the non-K121 reactive cell 
line K562 above background levels (Fig. 4~). Spe- 
cificity of the binding of scFv-me1 to HMy2 cells 
was further demonstrated by inhibition with solu- 
ble antigen (BJP) (Table 2). Pre-incubation of the 
native antibody and the recombinant im- 
munotoxin with a lo3 fold molar excess of BJP 
(50 ,uM) inhibited the binding of both prepara- 
tions to HMy2 cells. 

3.2. Production and isolation of scFv-me1 3.4. Specific cytotoxicity of scFv-me1 

The recombinant immunotoxin gene in the vec- 
tor pPOW was expressed in E. coli following 
induction at 42°C. The scFv-me1 protein was de- 
tected in the periplasmic, whole cell soluble and 
whole cell insoluble fractions by immunoblotting 
with antiFLAG (Fig. 3a). The soluble fractions 
were pooled and scFv-me1 isolated by affinity 
chromatography using an anti-FLAG M2 affinity 
column. SDS-PAGE analysis of the concentrated 
eluate from the affinity column revealed a number 
of polypeptides upon silver staining (Fig. 3b). The 
major component migrating with an Mr w 68kDa 
is BSA which was added during the concentration 
step to minimise loss of the immunotoxin. West- 
ern blot analysis of a duplicate sample using 
anti-FLAG indicated that the immunotoxin was 
present as a component migrating with an Mr 
N 36kDa. None of the other protein bands ob- 
served in the silver-stained gel were identified by 
anti-FLAG. 

3.3. Cell binding properties 

Binding of scFv-me1 and native K121 IgG to 

Incubation of HMy2 and K562 cells with in- 
creasing concentrations of melittin demonstrated 
that both cell lines were equally susceptible to 
lysis by melittin (Fig. 5) with approximately 
75% cell death occurring at a concentration of 
5 PM melittin. When the cell lines were incu- 
bated with scFv-me1 under the same conditions, 
67% of HMy2 cells were killed at an im- 
munotoxin concentration of 50 nM (Fig. 6A) 
while the same concentration of scFv-me1 failed 
to induce lysis of K562 cells above background 
levels. The specific cytotoxic activity of the im- 
munotoxin was not evident when tested at a 
significantly lower concentration (5 nM). Fi- 
nally, the dependence of the cytotoxic activity 
of the immunotoxin on the specific recognition 
of antigen was demonstrated by the ability of 
soluble antigen (BJP) to inhibit the killing of 
HMy2 cells (Fig. 6B). In this experiment, SCFV- 
me1 (50 nM) purified from a second expression 
was cytotoxic to 19% of HMy2 cells. This cyto- 
toxicity was reduced to background levels when 
the immunotoxin had been pre-incubated with 
BJP. 

Fig. 2. The DNA sequence for the recombinant immunotoxin, scFv-mel, and the derived amino acid sequence. The derived amino 
acid sequence is shown as single letter notation. Sequence encoding the two linkers is in italics and restriction sites have an asterisk 
above the relevant codons. The six CDRs are underlined. 
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1 10 
CAG GTG CAG CTG CAG GAG TCT GGG GCA GAG CTT GTG 19AG CCA GGG GCC 

Q V Q L Q Q S G A Q Q V K P G A 
20 30 

TCA GTC AAG TTG TCC TGT ACA GCT TCT GGC TTC AAC ATT AAA GAC ACC TAT 

S V K L S C T A S G F N I K D T Y 
40 50 

ATG CAC TGG GTG AAG CAG AGG CCT GAA CAG GGC CTG GAG TGG ATT GGA w 

MHWVKQRPEQGLEWIGR 
60 

ATT GAT CCT GCG AAT GGT AAT ACT AAA TAT GAC CCG AAG TTC CAG GGC AAG 

I D P A N G N T K Y D P K F Q G K 
70 80 

GCC ACT ATA ATA GCA GAC ACA TCC TCC AAC ACA GCC TAC CTG CAG CTC AGC 
ATIIADTSSNTAYLQLS 

90 100 
AGC CTG ACA TCT GAG GAC ACT GCC GTC TAT TAC TGT GCT AGG GGG GTC TAC 

SLTSEDTAVYTCARGVY 
110 

CAT GAT TAC GAC GGG GAC TAC TGG GGC CAA GGG ACC ACG GTC*ACC GTC GCC 
H D Y D G D Y W G Q G T T V T V A 

120 130 
TCC GGT GGT GGT GGT TCA GGA GGA GGA GGT TCG GGT GGT GGT GGT TCG GAC 

S G G G G S G G G G S G G G G S D 
140 150 

ATC GTC ATG ACC CAG TCT CAA AAA TTC ATG TCC ACA TCA GTA GGA GAC AGG 
I V M T Q S Q K F M S T S V G D R 

160 
GTC AGC GCT ACC TGC AAG GCC AGT CAG CAT GTG GGT ACT AAT GTA GCC TGG 

V S A T C K A S Q H V G T S V A W 
170 180 
TAT CAA CAG AAA CCA GGG CAA TCT CCT AAA GCA CTG ATT TAC TCG ACA TCC 

Y Q Q K P G Q S P K A L I Y S T S 
190 200 

m CGG TAC AGT GGA GTC CCT GAT CGC TTC ACA GGC AGT GGA TCT GGG ACA 
Y R Y S G V P D R F T G S G S G T 

210 220 
GAT TTC ACT CTC ACC ATC AGC AAT GTG CAG TCT GAA GAC TTG GCA GAG TAT 

D F T L T I S N V Q S E D L A E Y 
230 

TTC TGT CAG CAA TAT AX AGC TAT CCG TAC ACG TTC GGA GGG GGG ACC AAG 

F C Q Q Y N S Y P Y T F G G G T K 
240 250 

CTG GAA ATA AAA CGG GCT GAT GCT GCA CCA ACT GTA TCC ATC GAA*TTC TCC 
LQIKRADAAPTVSIQFS 

260 270 
GGA GGC GGT GGC TCG GGC GGT GGC GGC TCG GGT GGC GGC GGC TCT GGC ATT 

G G G G S G G G G S G G G G S G I 
280 

GGA GCT GTG CTA AAA GTC CTC ACC ACA GGT CTT CCT GCA TTG ATA TCC TGG 
GAVLKVLTTGLPALISW 

290 300 
ATC AAG CGT AAA CGG CAG CAG GTC TCC TCA GAT TAT AAA GAT GAT GAT GAT 

I K R K R Q Q V S S D Y K D D D D 

AAA TAA TAA GTC*GAC 
K * * 
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AI 2 345 
F kDa 
II, 

- 64 

- 50 

- 36 

- 16 

Fig. 3. Production and purification of scFv-mel. Host bacteria were grown at 28°C protein expression induced at 42°C and cells 
fractionated into periplasmic, whole cell soluble and whole cell insoluble fractions. Aliquots (20 /lL) of each fraction were resolved 
by SDS-PAGE and either silver stained for total protein detection or subjected to Western blot analysis using anti-FLAG. The 
detecting antibody was anti-mouse Ig-alkaline phosphatase. (A) Western blot analysis of bacterial cell fractions: lane 1, whole cell 
culture before fractionation; lane 2, periplasmic fraction; lane 3, soluble whole cell fraction; lane 4, insoluble whole cell fraction; lane 
5, uninduced cell culture. (B) Lane 1, affinity isolated scFv-mel visualised by silver staining; the band corresponding to scFv-me1 
protein is labelled ( > ); lane 2, Western blot analysis of affinity isolated scFv-mel. 

4. Discussion 

A recombinant gene encoding an immunotoxin 
consisting of a melittin linked to a scFv antibody 
fragment has been constructed and expressed in 
bacterial cells. The immunotoxin retains the bind- 
ing specificity of the parent antibody and exhibits 
antigen-specific cytotoxicity. To our knowledge, 
this is the first report of a recombinant im- 
munotoxin incorporating a pore-forming protein 
as the toxic component, and the results demon- 
strate the potential of melittin as an alternative to 
the more potent toxins such as ricin, DT and PE 
in the development of selective cytotoxic agents. 

The recombinant immunotoxin, scFv-mel, was 
expressed in E. coli using the temperature in- 
ducible vector pPOW [24]. Product was detected 
by Western blot in the soluble and insoluble whole 
cell fractions, as well as the soluble periplasmic 
fraction (Fig. 3a). The immunotoxin was purified 

from the whole cell soluble fraction which con- 
tained both periplasmic and cytoplasmic proteins. 
Thus the product could have been expected to be 
heterogeneous with respect to the presence or 
absence of the peZB secretion signal sequence (Lei 
et al., 1987). However heterogeneity of this type 
was not observed and Western blot analysis of the 
purified product revealed a single immunostaining 
component of the expected size of 36 kDa (Fig. 
3b). Further structural heterogeneity of the ex- 
pressed product may arise from the fact that the 
pathways for disulphide bond formation are not 
present in the bacterial cytoplasm (Proba et al., 
1995) and thus material isolated from this source 
may be incorrectly folded. Both the presence of 
the secretion signal and incorrect or incomplete 
folding of the protein may lead to inactive forms 
of the immunotoxin. Despite these possibilities, 
the affinity-isolated scFv-me1 protein exhibited 
specific cell binding and cytotoxicity properties. 
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(a) K121 HMy2 

8 

FLI-Height 

(b) scFv-me1 HMy2 

s 
(c) scFv-me1 K562 

FL1 -Height 

Fig. 4. Immunofluorescence analysis of HMy2 and K562 cells 
incubated with K121 or scFv-mel. HMy2 cells (10’) were 
incubated with (A) K121 at 50 nM, or (B) scFv-me1 at 50 nM 
for 30 min at 4°C. Under the same conditions, K562 cells (105) 
were incubated with scFv-me1 at 50 nM (C). Bound K121 or 
scFv-me1 was detected by subsequent incubation with anti- 
FLAG M2 antibody and FITC-labelled sheep-anti-mouse Ig 
followed by analysis by flow cytometry (solid histograms). The 
outline histogram in each case represents cells incubated with 
PBS-AZ followed by anti-FLAG M2 and FITC-labelled sheep- 
anti-mouse Ig. 

The scFv-me1 immunotoxin showed significant 
binding to a target cell (HMy2) as assessed by 
flow cytometry (Fig. 4). While the shift in mean 
fluorescence intensity was not as great as that 
observed for the native K121 antibody this is 
most likely due to monovalency of the im- 
munotoxin compared to whole IgG. The specific- 
ity of scFv-me1 to antigen-bearing target cells was 
demonstrated by its failure to bind to K562 cells 
which do not express KMA. Furthermore pre-in- 
cubation of scFv-me1 with an excess of soluble 
antigen (BJP) completely inhibited binding to 
KMA-bearing HMy2 cells (Table 2). Pre-incuba- 
tion of K121 IgG with BJP blocks the antigen- 
binding site and prevents binding of the antibody 
to HMy2 cells [36]. 

The specificity of binding demonstrated by im- 
munofluorescence was reflected in the cytotoxic 
activity of the immunotoxin. While both human 
cell lines were equally susceptible to lysis by free 
melittin (Fig. 5) the scFv-me1 only killed antigen- 
bearing target cells (HMy2; Fig. 6). The-variation 
in cytotoxic activity of the two preparations of 
immunotoxin (62 vs. 19%; Fig. 6) can be at- 
tributed to variation in the relative amount of 
functional scFv-me1 obtained from each expres- 
sion. Consistent with the binding studies, the se- 
lective cytotoxicity to antigen-bearing target cells 
was completely inhibited by pre-incubation of 
scFv-me1 with soluble antigen (BJP; Fig. 6B). The 
failure of diluted immunotoxin (5 nM) to induce 
significant lysis of target cells suggests that, as 
with free melittin, there may be a critical 
threshold concentration below which the im- 
munotoxin is not cytolytic. This may reflect the 
requirement for a significant number of molecules 
to be inserted into the membrane in order to 
produce enough pores to cause leakage of the cell 
contents and consequent cell death [37]. 

Of particular interest is our finding that the 
recombinant scFv-me1 immunotoxin is approxi- 
mately 70 fold more cytotoxic than melittin alone. 
Cell death (62%) occurred at a concentration of 
50 nM scFv-me1 while the same percentage cell 
death was observed at a melittin concentration of 
3.5 ,uM. As free melittin binds to the cell surface 
via charge interactions [38] the increased cytotoxi- 
city of the recombinant immunotoxin may be 
explained by the interaction of K121 (scFv)-me1 
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Table 2 
Effect of pre-incubation with kappa Bence Jones Protein on 
binding of K121 or scFv-me1 to HMy2 cells 

Fluorescence intensity 
(mean) 

% Inhibition by 
BJP 

-BJPb +BJP 

Kl21 (IgG) 13.24 1.25 90.6 
scFv-me1 7.90 0.15 95.3 

Intact K121 (IgG) or scFv-me1 (50 nM) was pre-incubated in 
the absencedb or presence“ of kappa Bence Jones Protein (BJP) 
for 30 min 37°C at a lo3 fold molar excess. HMy2 cells (105) 
were then incubated with K121 (IgG) + BJP at 50 nM or with 
scFv-me1 +BJP at 50 nM. Bound K121 or scFv-me1 was 
detected with anti-FLAG M2 and FITC-labelled sheep-anti- 
mouse Ig and the cells analysed by flow cytometry. The mean 
fluorescence intensity was determined for each sample“, and 
the %inhibition of binding in the presence of BJP calculated. 

with a defined antigen (KMA) expressed on the 
surface of the HMy2 cell. While we have not 
explored the detailed kinetics of the activity of the 
melittin-based immunotoxin it is clear that it dif- 
fers from that of free melittin. Thus, while free 
melittin induces rapid lysis of cells [39,40], with 

0 2 4 6 8 10 

Melittin Concentration (pM) 

Fig. 5. Cytotoxicity of melittin to HMy2 and K562 cells. 
HMy2 and K562 cells (105) were incubated with melittin 
(O-8.8 PM) for 18 h at 37°C. Viability of the cells was assessed 
by addition of ethidium bromide (10 pg/ml) and analysis by 
flow cytometry 0 HMy2 cells; * K562 cells. 

g 60 

5 

d 40 
5 
V 

20 

scfv-mel (50) scfv-mel (5) 

scFv-me1 (nmoUL) 

40 
1 

0 
scfv-mel (50) scfv-mel (5O)+BJP 

scFv-me1 (nmol/L) 

Fig. 6. Cytotoxicity of scfv-me1 to HMy2 and K562 cells. (A) 
HMy2 (solid histograms) and K562 (shaded histograms) cells 
(105) were incubated with scFv-mel at 50 nM or 5 nM for 18 
h at 37°C. Viability of the cells was assessed by addition of 
ethidium bromide (10 pg/ml) and analysis by tlow cytometry. 
Background lysis, assessed in the absence of any treatment, 
was subtracted before values were plotted. (B) ScFv-me1 (50 
nM) was pre-incubated with kappa Bence Jones Protein (BJP) 
for 30 min, 37°C at a lo3 fold molar excess. HMy2 and K562 
cells (105) were then incubated with scFv-me1 or scFv-mel f 
BJP at 50 nM scFv-me1 for 18 h at 37°C. Viability was 
assessed as described above. 

maximum effects being observed for HMy2 cells 
after 90 min in vitro incubation, scFv-me1 failed 
to exhibit significant target cell killing after 2 h 
(data not shown). We therefore chose an 18 h 
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incubation period to achieve maximum cell death. 
The observed difference in kinetics may be due to 
the number of melittin molecules initially binding 
to the cell surface. HMy2 cells express approxi- 
mately 1 O4 K12 1 reactive antigens [ 181, thus defin- 
ing the maximum number of melittin molecules 
that can be delivered via the immunotoxin. This 
contrasts the situation with free melittin where, 
using erythrocytes it has been shown that between 
lo6 and 10’ melittin molecules need to bind to the 
cell surface to induce optimum haemolysis [37]. 
Thus the difference in kinetics of action of the 
immunotoxin versus free melittin may be due to 
the time required for sufficient immunotoxin 
molecules to come together in the fluid membrane 
environment to form a lytic complex. Estimates of 
the number of melittin molecules required to form 
a membrane pore range from 6 to 20 [41]. More- 
over, attachment of melittin to the scFv appears 
to have blocked the normal, non-selective mecha- 
nism by which melittin binds to the cell surface as 
demonstrated by the inability of the scFv-me1 to 
bind to or lyse the non-target K562 cells. Thus, 
when present as the toxic component of the scFv- 
me1 immunotoxin, melittin does not display the 
non-specific, rapid mode of killing characteristic 
of free melittin but rather appears to be targeted 
to specific cells via interaction of the scFv with 
antigen expressed on the cell surface. 

Studies using PE and DT recombinant im- 
munotoxins have demonstrated that these im- 
munotoxins exhibit specific toxicity in the l-250 
pM range [7,42,5,6]. By comparison the amount 
of scFv-me1 required to kill 62% of target cells 
was in the nM range. This difference in cytotoxic- 
ity is likely to be a reflection of the mechanism of 
action of melittin compared to that of PE and 
DT. While only a few molecules of PE or DT are 
required to be internalised in order to kill a cell by 
interrupting protein synthesis (Thorpe et al., 1982) 
a significantly greater number of melittin 
molecules must be inserted into the cell membrane 
to lyse a cell [37]. Thus the potential for serious 
side effects due to low level crossreactivity of the 
antibody moiety with normal cells or tissues is 
reduced with a melittin based immunotoxin. 
Melittin therefore offers an attractive alternate 
approach to selective cell killing. 
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