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Alpha-sarcin is a cytotoxic protein composed of a single polypeptide chain. This protein shows a
significant degree of amino acid sequence similarity with a group of several phylogenetically related
fungal ribonucleases. The leading member of such a group is ribonuclease T1. Three proteins of this
group, ribonucleases T1, Ms and F1, are well known in terms of their crystal structures. These data
have been used to propose a conformation for a-sarcin. The secondary structure of the cytotoxin would
contain one a-helix segment as well as around six b-strands and 14 b-turns. The folding of these
structural motifs is proposed by comparison with the three-dimensional structure of the three proteins
from the ribonuclease T1 subfamily. The four longest b-strands of a-sarcin would define an antiparallel
b-sheet structure resulting in a highly hydrophobic domain. The predicted folding for a-sarcin is
discussed in terms of the ability of this protein to electrostatically and hydrophobically interact with
phospholipid vesicles. The proposed conformation would explain how a highly polar protein, such as
a-sarcin, can produce membrane destabilization resulting in protein translocation across lipid bilayers.

Introduction

Alpha-sarcin is a cytotoxic protein secreted by the
mould Aspergillus giganteus (Olson & Goerner, 1965).
This toxin is a member of the group of ribosome-
inactivating proteins, which catalytically damage the
eukaryotic ribosomes, making them unable to per-
form protein biosynthesis (Stirpe et al., 1992). Thus,
in vitro studies have revealed that a-sarcin specifically
produces the hydrolysis of a single phosphodiester
bond of the 28S ribosomal RNA, resulting in protein
biosynthesis inhibition (Wool et al., 1990). This has
also been observed for cultured cells. In fact, a-sarcin
is cytotoxic for several human tumour cell lines
(Turnay et al., 1993). Considering the intracellular
location of the target of a-sarcin, the cytotoxic action
of this protein would require its translocation across
the cell membrane. In this regard, no protein recep-
tors have been described for a-sarcin, although its

ability to interact with (Gasset et al., 1989, 1990,
1991a, b) and to translocate across model membranes
(Oñaderra et al., 1993) are well documented. This
raises the fundamental question of how this water-
soluble protein interacts and crosses the hydrophobic
core of the bilayer. This problem can be extended to
most protein toxins exhibiting intracellular targets.

The amino acid sequence of a-sarcin was reported
some years ago (Sacco et al., 1983). The protein is
composed of a single non-glycosylated polypeptide
chain. It contains 150 amino acid residues, the four
cysteine residues being involved in two disulphide
bonds (Sacco et al., 1983). One of them brings
together both the NH2- and the COOH-terminal ends
of the molecule (Cys-6 and Cys-148). The protein
exhibits an excess of positively charged residues (20
Lys, 4 Arg, 8 His, 11 Asp, 6 Glu residues) (Sacco et
al., 1983). The number of residues potentially defining
hydrophobic zones is relatively low (about 20% of the
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total residues). In addition, these residues are not
arranged in long enough stretches (Sacco et al., 1983)
to be potentially involved in hydrophobic interactions
as those expected to occur during protein transloca-
tion across membranes. The conformation of a-sarcin
has been studied by spectroscopic methods (Martı́nez
del Pozo et al., 1988). The secondary structure of the
protein contains a-helix and b-structure elements,
based on the results of circular dichroism (Martı́nez
del Pozo et al., 1988) and infrared spectroscopy
(Gasset et al., 1991b) studies. However, there is no
information about the three-dimensional structure of
this protein.

The explanation at molecular level of the cytotoxic
action of a-sarcin must be based on the structure of
the protein. This paper reports the prediction of the
a-sarcin conformation in order to develop a model
explaining its biological activity.

Methods

Alignment and comparison of multiple amino acid
sequences of proteins have been performed according
to the Needleman and Wunsch algorithm by using the
ALIGN program (Doolittle & Feng, 1990). The
secondary structure prediction has been based on the
reported amino acid sequences (see legends of Figs 1
and 2 for references). Prediction of b-turns was
carried out according to (Chou & Fasman, 1978;
Gavilanes et al., 1984). Alpha-helix and b-structures
have been predicted according to Gibrat et al. (1987).
Phylogenetic trees have been constructed by consider-
ing the distance matrix and branching order calcu-

lated according to the PAPA Program (Doolittle &
Feng, 1990). Flexibility profiles have been obtained
by using the parameters given in Karplus & Schulz
(1986) according to the EPIPLOT Program (Menén-
dez-Arias & Rodrı́guez, 1990). Alignment of protein
structures was made with Insight II from BIOSYM by
using the coordinates of the corresponding crystal
structures obtained from the Protein Data Bank
(Bernstein et al., 1977; Abola et al., 1987) at
Brookhaven National Laboratory.

Results

Alpha-sarcin exhibits a high degree of amino acid
sequence similarity when compared to other ribo-
some-inactivating proteins from Aspergillus (86%
identity with mitogillin and restrictocin, both from A.
restrictus, and 85% with allergen I (Asp fI) from A.
fumigatus) (Fig. 1). However, this structural simi-
larity does not help in analyzing the polypeptide
conformation of a-sarcin, since there is no data about
the three-dimensional structure of those three pro-
teins. But, a-sarcin also shows amino acid sequence
similarity with other ribonucleases (RNases). There
are at least three subfamilies of microbial RNases,
RNase T1, barnase and RNase St being the corre-
sponding leading members (Nakamura et al., 1982).
Alpha-sarcin presents a significant sequence similarity
with the fungal ribonucleases of the RNase T1 sub-
family (Fig. 2). It also shows some sequence similarity
with the barnase and RNase St proteins (data not
shown), but lower than that observed with the RNase
T1 subfamily.

F. 1. Alignment of the amino acid sequences of: a-sarcin (SARC) (Sacco et al., 1983), mitogillin (MITO) (Fernández-Luna et al., 1985)
and allergen Asp fI (FUMI) (Moser et al., 1992). Numbering according to the sequence of a-sarcin. Amino acid residues conserved in
the three proteins are marked with the asterisk (*). The amino acid sequence of restrictocin is identical to that of mitogillin except at position
26 (based on the numbering of a-sarcin), S being in restrictocin (López-Otı́n et al., 1984) instead of N in mitogillin. Amino acids are given
according to the one-letter code.
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F. 2. (A) Alignment of the amino acid sequences of: a-sarcin (SARC) (Sacco et al., 1983), RNase T1 (RNAT) from Aspergillus oryzae
(Takahashi, 1985), RNase C2 (RNC2) from Aspergillus clavatus (Bezborodova et al., 1983), RNase F1 (RNF1) from Fusarium moniliforme
(Hirabayashi & Yoshida, 1983), RNase Ms (RNMS) from Aspergillus saitoi (Watanabe et al., 1982), RNase Pb1 (RNPB) from Penicillium
brevicompactum (Shlyapnikov et al., 1984), RNase U1 (RNU1) (Takahashi & Hashimoto, 1988) and RNase U2 (RNU2) (Kanaya &
Uchida, 1986) both from Ustilago spherogena. Those residues labelled with the asterisk (*) are conserved in the eight proteins. (w) represents
residues in a-sarcin that are identical or represent conservative substitutions in at least two other proteins; for this purpose, the following
equivalences have been considered: W=Y=F; A=G; S=T; V=I=L; N=Q=D=E; R=K. The comparison has been performed
according to the ALIGN Program (Doolittle & Feng, 1990). Amino acids are given according to the one-letter code. Residues labelled
with: (W) participate in the catalysis; (R) interact with phosphate; (r) involved in the binding to the nucleotide base; (q) interaction
with the ribose moiety, all in RNase T1. Small vertical lines mark every tenth residue in the amino acid sequence of a-sarcin. (B) Disulphide
bridge (thick line) patterns of the eight proteins considered. The half-cystine residues are aligned according to the results in (A). Numbers
indicate the corresponding sequence position. Differences in the protein chain length are omitted for this comparison. Half-cystine residues
involved in the common disulphide bridge are in boxes.

A multiple alignment of the amino acid sequence of
a-sarcin and those of all the reported RNase T1
subfamily proteins is given in Fig. 2A. There are 15
identical positions in the eight considered proteins,
according to this alignment. Considering the equival-
ences of conservative character indicated in Fig. 2A,

a-sarcin would contain up to 50 conserved residues in
three or more sequences. From the results in Fig. 2A,
it can be observed that only seven conserved residues
in the RNase T1 subfamily proteins are non-conser-
vatively changed in a-sarcin: Gly by Lys-14; Ala by
Lys-29; Asp by Ala-120; Thr by Ala-136; Gly by
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Lys-139; Ala by Glu-140; and Phe by Leu-145 (num-
bering according to the sequence of a-sarcin). These
changes represent an increased positive charge in
a-sarcin. The amino acid sequence similarity between
a-sarcin and these fungal ribonucleases is extended to
almost half of the molecule of the RNases, since
a-sarcin contains about 40 more residues than the
other seven considered proteins. Such a similarity
would include the amino acid residues located at the
active site of RNase T1 (Fig. 2A). It is important to
note that Asp-15 in RNase T1, involved in the
coordination with calcium ion, would be substituted
by Arg-22 in a-sarcin. The non-conservative charac-
ter of this substitution would discard the possibility of
calcium binding by a-sarcin. In this regard, it has been
verified that a-sarcin does not bind calcium ions
(Martı́nez del Pozo et al., 1989).

Disulphide bonds are important structural con-
straints in protein conformation. The eight considered
proteins contain two disulphide bridges, except
RNase U2, which contains three. The half-cystine
residues involved in these bonds would be located at
homologous positions, based on the performed align-
ment (Fig. 2A). A summary of the disulphide bond
pattern for these proteins is given in Fig. 2B. The
eight proteins exhibit a common disulphide bridge,
which brings together both the NH2- and the COOH-
terminal ends of the molecule. The second disulphide
bond in a-sarcin would be equivalent to other one
present in RNases U1 and U2 (Fig. 2B).

The phylogenetic tree calculated from the compari-
son of primary structures is given in Fig. 3. Although
a-sarcin appears to be distant from most of the other
proteins due in part to its about 40 extra residues,
these proteins are clearly related.

Three proteins of the RNase T1 subfamily, RNase
T1, RNase F1 and RNase Ms, have been analyzed in
terms of their crystal structures, as members of the
ribonuclease superfamily. Therefore, they can be use-
ful in order to predict the conformation of a-sarcin.
The three-dimensional structure of RNase T1 (Pace et
al., 1991) is the best characterized among those of
fungal ribonucleases. Recently, the crystal structure
of RNase Ms and RNase F1 have been reported
(Nonaka et al., 1993; Vassylyev et al., 1993) and they
are very similar to that of RNase T1. An alignment
of the structure of these ribonucleases, by considering
their Ca-atom coordinates (by using InsightII,
Biosym), reveals that about 90% of the structures are
almost coincident (rms lower than 0.75 A� ) (Fig. 4).
According to this observed similarity between
a-sarcin and the proteins belonging to the RNase T1
subfamily, the following predictive study for a-sarcin
is based on the structure of these ribonucleases. An

F. 3. Phylogenetic tree of fungal ribonucleases, constructed
from the distance matrix calculated by using the PAPA Program
(Doolittle & Feng, 1990). The % standard deviation value is 5.89.
(Nomenclature of the proteins considered is the same as in Fig. 2.)
Distances are expressed in relative units.

alignment of the amino acid sequence of a-sarcin has
been performed by considering the regions containing
the common secondary structure elements of the
above three RNases (Fig. 4), and afterwards sec-
ondary structure predictions have been carried out. A
summary of the obtained results is given in Fig. 4.

Fifteen b-turns are predicted in the polypeptide
chain of a-sarcin. In order to assign the b-turns in this
protein, we have considered that: (i) b-turns homo-
logous to those present in the three-dimensional struc-
ture of RNase T1 are accepted (six bends); (ii) b-turns
predicted in a-sarcin at the extra regions of this
molecule with respect to the sequence of RNase T1
are also accepted (six bends); (iii) b-turns predicted in
a-sarcin homologous to those overpredicted in RNase
T1 are discarded (one bend). This would account for
13 b-turns among those predicted. Regarding the
other two bends, ten b-turns are predicted for RNase
T1, eight of them being actually present in the
three-dimensional structure of this enzyme (Pace et
al., 1991). It is worth noting that one of the two
overpredicted b-turns (positions 2–5 in RNase T1) is
found in the crystal structure of RNase T1 complexed
with 2'AMP and 2'GMP (Hakoshima et al., 1992).
The other overpredicted b-turn in RNase T1 is found
at positions 54–57. Residues at positions 27–30 in
RNase T1 are involved in a b-turn, which is not
predicted; but this bend contains the last three amino
acid residues of the single a-helix portion of the
molecule. After these considerations, only one b-turn
in RNase T1 (the one at positions 92–95) cannot be
predicted in a-sarcin. In addition, two b-turns are
predicted in a-sarcin and do not appear in the
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F. 4. Summary of the secondary structure of: RNase T1 (RNAT), RNase Ms (RNMS) and RNase F1 (RNF1) deduced from the
corresponding crystal structures (Pace et al., 1991; Nonaka et al., 1993; Vassylyev et al., 1993, respectively). Alpha-helix (labelled A-1)
and b-strands (labelled B-1 to B-7) are in boxes; b-turns in RNase T1 are given by horizontal bars. Alignment of these three proteins
has been performed according to their Ca-atoms coordinates (by using InsightII from Biosym). The amino acid sequence of a-sarcin has
been aligned to the secondary structure elements common to RNase T1, RNase Ms and RNase F1 (InsightII from BIOSYM, by considering
the corresponding crystal structure coordinates of these three RNases). Predictions of a-helix, b-strands and b-turns (given as for the other
three proteins but with thin lines) have been performed for the amino acid sequence of a-sarcin. Residues labelled in the sequence of a-sarcin
with: (*) appear in at least one of the RNases; (w) represent conservative substitutions (equivalences as in Fig. 2), according to the structure
alignment shown. Small vertical lines mark every tenth residue in the amino acid sequence of a-sarcin.

corresponding sequence of RNase T1 (those at
positions 31–34, and 116–119 in a-sarcin), although
one of these b-turns (31–34) may be equivalent to that
not predicted and located at the end of the a-helix in
RNase T1. According to these criteria, a-sarcin would
contain 14 b-turns. This is summarized in Fig. 4. Note
that some of the predicted b-turns in a-sarcin are
located at equivalent positions to those present in the
crystal structure of RNase T1 although these regions
do not exhibit a high degree of sequence similarity.

The a-helix and b-structure regions have also been
predicted from the amino acid sequence of a-sarcin.
The obtained results are also given in Fig. 4 in
comparison with the secondary structures of RNases
T1, Ms and F1 deduced from their crystal structures.
Seven b-structure strands are predicted from the
amino acid sequence of a-sarcin, six of them corre-
sponding to equivalent b-structure regions in RNase

T1 (this protein also contains seven b-strands), the
other one being located in an extra portion of a-sarcin
(positions 69–71). The b-structure stretch at the
beginning of the single a-helix in RNase T1 is not
predicted in a-sarcin. It is worthwhile to consider the
two b-structure strands at positions 120–125th and
130–135 in a-sarcin. Both are equivalent to those
appearing at positions 76–81st and 86–90th in RNase
T1, which constitute the central part of the nucleus in
b-structure of this ribonuclease. Finally, the molecule
of a-sarcin would also contain an a-helix portion,
which is located at an equivalent position as the single
one in RNase T1.

Alpha-sarcin would exhibit 10% a-helix and 22%
b-structure content according to this predictive study.
In this regard, circular dichroism and infrared
spectroscopy give values of 20% and 22%, respect-
ively, for the a-helix content of a-sarcin (Gasset et al.,
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1991b). These values are higher than the one pre-
dicted for this kind of secondary structure. The
a-helix region of RNase T1 is longer than the
equivalent helical portion predicted for a-sarcin; thus,
this latter protein may have a longer a-helix than that
resulting from the performed prediction. Concerning
b-structure, the content determined by circular
dichroism, 21%, (Gasset et al., 1991b) is similar to
that predicted; infrared spectroscopy renders 17%
b-structure and 23% low-frequency b-sheet (Gasset
et al., 1991b).

Regarding the extra regions in a-sarcin, these por-
tions would not exhibit any other periodic secondary
structure than b-turns, and they are clearly related to
loops, regions connecting periodic secondary struc-
ture elements. Therefore, these extra regions would
not introduce significant alterations in the folding of
the protein in comparison with RNase T1.

The equivalences between the secondary structure
elements of the known structure of RNase T1 and
those predicted for a-sarcin are easily deduced from
the results in Fig. 4. Nevertheless, there are two slight
discrepancies concerning two b-strands of three
residues. The B-2 b-segment in RNase T1 (Fig. 4) is
not predicted in a-sarcin, whereas a b-segment
(residues 69–71 in a-sarcin) is predicted at an extra
region of this protein. Probably, the B-2 strand was
also present in a-sarcin based on the sequence simi-
larity at this region, but the possibility of a misinter-
pretation at this point would not modify the validity
of the proposed overall folding, since this b-strand
is involved in the ‘‘minor’’ b-sheet (two b-strands
of three residues each) of the fungal ribonucleases
(Nonaka et al., 1993).

Finally, an analysis of flexibility has also been
performed for the amino acid sequence of a-sarcin
(Fig. 5). Amino acid residues located in predicted
a-helix or b-structure regions as well as those poten-
tially involved in the ribonucleolytic catalysis appear
at minima of flexibility, as also occurs for RNase T1
when analyzed from X-ray diffraction data (Pace et
al., 1991).

Discussion

Alpha-sarcin interacts with negatively charged
model membranes (Gasset et al., 1989, 1990, 1991a, b;
Oñaderra et al., 1993). The interaction results in
aggregation and fusion of the phospholipid vesicles.
The analysis of these effects has revealed the involve-
ment of electrostatic and hydrophobic interactions.
The former are easily explained since a-sarcin is a
highly polar protein with an excess of positive charge
(Sacco et al., 1983). However, the hydrophobic inter-

F. 5. Flexibility profile derived from the amino acid sequence
of a-sarcin, based on the reference values given in (Karplus &
Schulz, 1986). Data are expressed in arbitrary units. Predicted (A)
a-helix and (B) b-regions are superimposed. A window span of
seven amino acid residues has been employed.

actions are more difficult to explain, since the protein
lacks stretches of hydrophobic residues long enough
to suggest a non-polar interaction with the hydro-
phobic core of a lipid bilayer. However, these hydro-
phobic interactions should occur; besides, they must
support the fact that the protein translocates across
the lipid bilayer of asolectin vesicles (Oñaderra et al.,
1993), under experimental conditions in which the
only possibility of translocation must be related to the
protein itself. Obviously, the protein folding must
result in non-polar cores if the primary structure of
the protein is not enough to explain such hydrophobic
interactions with vesicles. This predictive study thus
seeks for a non-polar environment resulting from the
three-dimensional folding of the protein.

Alpha-sarcin exhibits a significant degree of se-
quence similarity with several fungal ribonucleases,
the residues involved in the ribonucleolytic mechan-
ism being located at equivalent positions. Moreover,
the half-cystine residues at the NH2- and COOH-
terminal ends involved in a disulphide bridge, one of
the potentially more important structural constraint
in RNase T1, are among those at conservative pos-
itions. The crystal structures of three of these ribonu-
cleases have been reported. Those of RNases T1 and
Ms are highly similar (Pace et al., 1991; Nonaka et al.,
1993), and those of RNase T1 and RNase F1 only
show slight differences. The conformational differ-
ences between RNase T1 and RNase F1 that are
related to the different organization of the disulphide
bonds appear to be concentrated only in the segment
between residues 81–84 and do not seem to be
transmitted to other regions of the protein (Vassylyev
et al., 1993). Therefore, these fungal ribonucleases can
be reasonably considered as models for the folding of
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the polypeptide chain of a-sarcin. Many predictive
studies have been thus performed. Based on these
analyses, the three-dimensional structure of a-sarcin
would be similar to that of RNase T1. Alpha-sarcin
would contain at least six b-strands and one a-helix
as main secondary structure motifs, the same
structural elements being also present in the crystal
structure of RNase T1 although the two amino acid
sequences are different. The b-turns predicted in
a-sarcin are easily related to other presents in RNase
T1. Therefore, the folding of the polypeptide chain of
a-sarcin can be proposed to be similar to that of
RNase T1. Based on the results of this study, the
distance between the Ca atoms corresponding to the
half-cystine residues involved in the first disulphide
bridge (Cys6-Cys148) of a-sarcin would be around
4.5 A� , as in Rnase T1. The second disulphide bridge
in a-sarcin is difficult to analyze since one of the two
half-cystine residues involved (Cys-76) is located at an
extra region. Such a loop would contain most of the
extra residues in a-sarcin and is difficult to be
modelled with enough confidence. Considering the
multiple sequence alignment in Fig. 2A, Cys-76 and
Cys-132 in a-sarcin may be equivalent to Val-52 and
Ala-87 in RNase T1, respectively; the distance
between the Ca-atoms of the two mentioned residues
from RNase T1 is around 5.9 A� , value in the range
required to allow a disulphide bond.

According to this proposal, the structure of
a-sarcin would be composed of a central core of

b-structure highly similar to that present in RNase T1
(the major b-sheet of fungal ribonucleases; Nonaka et
al., 1993). The main feature of this core is the presence
of the four longest b-strands of RNase T1 (Pace et al.,
1991). Interestingly, these four b-strands are located
at sequence regions with the highest degree of
similarity between the two compared proteins. This is
an additional support for the predicted structure of
a-sarcin.

The b-sheet portion of a-sarcin corresponding to
these four strands is represented in Fig. 6. This
structure exhibits an important feature. In fact, the
resulting b-sheet defines a very hydrophobic core.
Both surfaces contain non-polar amino acid side
chains, except Glu-96 and Arg-121; however, these
residues together with His-50 are the ones involved
in the ribonucleolytic catalysis. Therefore, these
surfaces are good candidates for the hydrophobic
interactions between a-sarcin and phospholipid
vesicles since no other hydrophobic motifs are
easily found in the sequence of a-sarcin. The three-
dimensional folding of a-sarcin would thus result in
the formation of a hydrophobic domain, which can
potentially explain the hydrophobic interactions with
the vesicles.

Based on the above-mentioned sequence similarity
between a-sarcin and RNase T1 at those regions
defining such a b-sheet, it could be expected that this
latter protein would interact with lipid membranes.
This has not been observed, but this should not be

F. 6. Antiparallel b-sheet involving the four most conservative (in comparison with RNase T1) b-strands in a-sarcin (B-3 to B-6 in
Fig. 4). Bold residues lie at one side of the sheet whereas the others point to the opposite side. Residues in circles are equivalent to those
involved in the ribonucleolytic catalysis of RNase T1. Numbers represent the positions in the amino acid sequence. Arrows stand for the
COOH-terminal end of each segment.
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surprising since RNase T1 and a-sarcin show a clear
difference: RNase T1 is an acid protein whereas
a-sarcin is a basic polypeptide. As indicated above,
the most significant difference between a-sarcin and
RNase T1 is the presence of the extra regions in the
former protein. These extra regions are connecting
loops and contain an excess of positive charge. In
addition, Lys-21, Arg-22 and Lys-29 would be close
at the surface of the single a-helix predicted in
a-sarcin, thus representing another region of net
positive charge (these positive charges are not present
at the a-helix of RNase T1). All of these regions
exhibiting net positive charge would participate in the
electrostatic interactions involved in the formation of
the a-sarcin-phospholipid vesicle complexes. The
absence of these positive charges in RNase T1 would
explain the fact that this protein does not exhibit any
ability to interact with membranes.

Considering the results from this predictive study,
the effect of a-sarcin on membranes can be explained
as follows. (i) The protein interacts with a negatively
charged phospholipid bilayer (protein binding step).
(ii) The presence of positive charges in different loops
of the protein would allow a simultaneous interaction
with two vesicles. The bridging between two vesicles
may be maintained by either a single protein molecule
or a protein aggregate. These two steps involve
electrostatic interactions and result in charge neutral-
ization at the level of the surface bilayer (vesicle
aggregation step). (iii) This charge neutralization
would disrupt the hydration shell surrounding ves-
icles. The fatty acid chains of the phospholipids would
be free to exchange between bilayers of the aggregated
vesicles and to interact with the hydrophobic domain
defined by the core of b-structure of the protein (the
major b-sheet). This destabilizes the bilayer (step of
lipid-mixing of membranes). Many events may occur
after this step. Thus, mixed bilayers can reform into
a larger structure, the fused vesicles. The interacting
a-sarcin molecules can be entrapped during the fusion
of vesicles, thus resulting in an effective protein
translocation. Defensins (Fujii et al., 1993), a family
of cationic peptides (about 30 residues containing
three disulphide bridges, and no sequence similarity
with a-sarcin) isolated from mammalian granulo-
cytes, display a secondary structure composed of
three strands of antiparallel b-sheet (X-ray crystallo-
graphic data; Hill et al., 1991). These peptides cause
fusion and lysis of phospholipid vesicles, and their
effects on membranes have been modelled according
to a process (Fujii et al., 1993) highly similar to the
one proposed here for a-sarcin. Such a model is also
based on the hydrophobic character of the surfaces of
the peptide b-sheet.

In summary, a-sarcin would be an a/b protein. In
spite of its highly polar character, a-sarcin would
contain a hydrophobic domain defined by a nucleus
of b-sheet. This domain would allow the hydrophobic
interaction with bilayers, which would be required for
the translocation of the protein across membranes,
the only way at the moment of explaining the
cytotoxicity of a-sarcin.

The authors are indebted to Dr. Mark S. Johnson
(Birkbeck College, London) for critical reading of the
manuscript and valuable suggestions. This work has been
supported by Grant PB90/0007 from the DGICYT (Spain).
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J. G. (1989). Study of the interaction between the antitumor
protein a-sarcin and phospholipid vesicles. Biochem. J. 258,

569–575.
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