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Abstract

Bovine seminal ribonuclease (BS RNase) displays immunosuppressive and antitumor activities on mammalian cells, whereas
bovine pancreatic ribonuclease (RNase A) is not cytotoxic. To learn more about the mechanism of BS RNase cytotoxicity, various
mutants and hybrid proteins were prepared. A series of RNase A variants substituted with amino acid residues from BS RNase
were prepared. Concerning quaternary structure, a significant impact was achieved in the variant TM (Q28L K31C S32C), which
forms a dimer joined covalently by two intersubunit disulfide bonds. This variant is more efficient than RNase A but less active
than BS RNase. Introduction of cationic residues at positions 55, 62, and 64 or substitution at positions 111 and 113 enhanced
the immunosuppressive activity of RNase A but did not confer its antitumor activity. The substitution at positions 28, 31, 32, 55,
62, 64, 111, and 113 in variant T13 exerted the best immunosuppressive and antitumor effect observed among the round of the
RNase A variants. Replacement of the active-site histidine residues H12 and H119 with asparagine led to the loss of both catalytic
and biological activities. Five previously prepared hybrid enzymes (SRA 1–5), synthesized by introducing 16 amino acid residues
from RNase A into BS RNase, exerted the same immunosuppressive activities as did the wild-type BS RNase. However, the
substitution at positions 111, 113, and 115 in variant SRA 5 caused a marked decrease in its antitumor effect, indicating that these
residues play an important role in antitumor efficiency. A different mechanism of action of RNases on tumor cells and/or on
blastogenic transformed lymphocytes has been assumed. © 1999 Elsevier Science Inc. All rights reserved.
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1. Introduction

Bovine seminal ribonuclease (BS RNase), a dimeric
homolog, differs in 23 amino acid residues from bovine
pancreatic ribonuclease (RNase A), the prototype of
the ribonuclease superfamily [6,29]. In contrast to
RNase A and monomeric BS RNase, dimeric BS
RNase displays various biological properties including

aspermatogenic [23], antitumor [18,21,25,36,40,43], em-
bryotoxic [22] and immunosuppressive [37,39,41,42] ac-
tivities. Because of these special properties, BS RNase
has been ranged among the ribonucleases with a special
biological action, denoted RISBASes [6]. Previously, we
reported [14,15,38,39] that BS RNase expressed het-
erologously in Escherichia coli [11] is as biologically
active as the wild-type BS RNase, isolated and purified
from bovine seminal vesicles [9]. This ability of recom-
binant BS RNase was also reported by others [1,5,8].
These findings proved definitively that wild-type BS
RNase itself is an immunosuppressive and antitumor
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agent, regardless of some negligible contaminants that
might occur even in highly purified preparations. We
have also reported that BS RNase binds very potently
to the surface of various tumor cells [24,35] or phyto-
hemagglutinin (PHA)-stimulated lymphocytes [36,41]
and that it is situated within less than 1 h in the cell
cytosol [39]. Recently, several research groups have
tried to elucidate the mode of action of BS RNase and
the fate of this enzyme in the cytosolic environment of
the target cell [15,19,20,28,44]. The other authors have
synthesized various RNase A and BS RNase hybrids,
and have tested their biological activity to learn more
about the sites and mechanisms of their action [3,8,13–
15,19]. Di Donato et al. [8] examined a set of RNase A
mutants on a mice fibroblast cell line transformed with
SV40 virus. They found a close correlation between the
cytotoxic activity of RNase A variants against trans-
formed cell lines and their ability to form a swapped
dimer. To elucidate the mechanism of BS RNase cyto-
toxicity, Kim et al. [13–15] constructed a series of BS
RNase variants and examined their cytotoxicity against
two human tumor cell lines. The authors suggest that
dimeric BS RNase enters cells by adsorptive rather than
receptor mediated endocytosis [15]. Benner et al. [3]
tried to find out which of 23 amino acid residues that
separate seminal RNase and RNase A is responsible for
the special biological behaviour. They prepared a series
of hybrid proteins by introducing amino acids from
seminal RNase into an RNase A background and
analyzed their quaternary structure, catalytic activity,
and ability to bind and melt duplex DNA [3,30].

Onconase, the most interesting ribonuclease belong-
ing to the RNase A superfamily, was discovered re-
cently [2]. This monomeric RNase isolated from eggs of
a frog, Rana pipiens, displays a very potent antitumor
activity. How onconase kills the tumor cells is not well
known but unlike RNase A, onconase is suggested to
be bound to the cell surface by a specific receptor and
to be resistant to the action of cytosolic ribonuclease
inhibitor [45].

Angiogenin (ANG), another member of the RNase A
superfamily, belongs also among those ribonucleases
with special biological action [33]. ANG promotes the
formation of blood vessels in animals, whereas RNase
A possesses no angiogenic activity. ANG is a poor
ribonuclease but its ribonucleolytic activity is essential
for its angiogenic activity. A hybrid protein, in which
13 residues of a divergent surface loop of ANG were
substituted for 15 analogous residues of RNase A,
resulted in RNase A endowed with angiogenic activity
[31]. Previously, we reported on the immunosuppressive
activity of two human angiogenin preparations [26].

In the present study, we have assembled an extensive
series of mutated ribonucleases and compared their
immunosuppressive and antitumor activities in relation-
ship to their structures. Preliminary results on the struc-

tural basis for biological activities of 30 RNase mutants
have already been presented [38].

2. Materials and methods

2.1. Ribonucleases and preparation of their hybrids

A study of the isolation and purification of BS
RNase from bovine seminal vesicles was published
earlier [9]. Recombinant wild-type BS RNase was pro-
duced in E. coli by using expression vector pLSRI as
described [11]. RNase A was obtained from Boehringer
(Germany). The preparation of a series of BS RNase
mutants was also described in previous publications
[13–15]. A series of hybrid proteins was prepared by
introducing amino acids from BS RNase into RNase A.
Variants TBS, TM, KKT, KR, and GK were prepared
as described in Raillard-Yoon’s dissertation [30].

Plasmids containing the genes encoding variants of
RNase A, A(Q28L K31C S32C), A(Q55K N62K
A64T), and A(E111G N113K), were digested with re-
striction enzyme StyI, yielding two fragments (3989 and
1244 bp, respectively). The large fragment from the first
plasmid was ligated with a small fragment of either the
plasmid carrying the A(Q55K N62K A64T) variant or
the plasmid carrying the A(E111G N113K) variant. A
gene encoding the variant A(Q28L K31C S32C Q55K
N62K A64T E111G N113K) was prepared from the
gene for variant A(Q28L K31C S32C Q55K N62K
A64T) and the oligonucleotide encoding the E111G
N113K substitutions by the method of Kunkel et al.
[17]. The mutant proteins were reconstituted and
purified by Ciglic in a Zurich laboratory [3].

2.2. Assay of immunosuppressi6e acti6ity

The effect of RNases on the proliferation of human
lymphocytes stimulated in mixed lymphocyte culture
(MLC) was assessed as previously described [39].
Briefly, the lymphocytes were isolated on a Ficol–
Paque solution gradient from heparinized blood of
healthy persons. The cells of two unrelated individuals
were mixed (1:1) and resuspended in RPMI 1640
medium supplemented with heat-inactivated human AB
serum and antibiotics. The lymphocyte suspension (100
ml/10−5 cells) was pipetted in a microtiter plate type U
(produced by A/C NUNC, Denmark) and aliquots of
tested RNases (100 ml) at various concentrations were
added in three replicate samples. After 6 days of culti-
vation at 37°C in a humidified atmosphere with CO2

(5% v/v), the cell culture was pulsed with 24 kBq of
3H-thymidine for 4 h. The incorporated radioactivity in
harvested cells was measured by a beta counter (Beck-
man). The mean values of triplicates expressed as
counts per minute (cpm) were calculated and the sup-
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pression of DNA synthesis caused by RNase was ex-
pressed as the percentage of control cpm values.

2.3. Antiproliferati6e acti6ity assay

The cytotoxic effect of RNase variants was tested on
various stabilized human cell lines derived from hema-
tological malignancies as previously described [40]. We
have chosen cell line K 562 derived from human ery-
throleukemia and cell lines ML-1 and ML-2 derived
from acute myeloid leukemia. Briefly, 2×105 cells in
0.2 ml of RPMI 1640 medium supplemented with FCS
(10% v/v) and antibiotics were cultivated in microtiter
plates type FB (A/C NUNC, Denmark) for 2 or 3 days
under the same conditions as already mentioned . A
selected concentration of RNase was added at the
beginning of the experiment to each of three replicate
cultures. After 2 or 3 days of incubation, the prolifera-
tion of cultured cells was estimated on the basis of
3H-thymidine incorporation into newly synthesized cell
DNA as before.

3. Results

3.1. Immunosuppressi6e and antitumor acti6ity of
RNase A 6ariants

A series of RNase A variants was synthesized by
replacing several regions in the protein where RNase A
differs from biologically active BS RNase [3,30]. The
antiproliferative effect of these RNase variants on

MLC-stimulated lymphocytes or two tumor cell lines is
summarized in Table 1. As the first focal point, we
chose a region that lies at the contact site between the
subunits of dimeric BS RNase. The dimeric variant of
RNase A substituted as Q28L K31C and S32C, and
designated TM, exerted remarkable immunosuppressive
and antitumor activity. Although considerably more
active than RNase A, variant TM is not as active as BS
RNase. This result may support the previous assump-
tion on the importance of the dimeric form for biologi-
cal efficiency [5,7,8,15]. Interestingly, the dimeric
variant (K31C S32C) was not immunosuppressive (un-
published data), suggesting that the dimeric form is not
sufficient for immunosuppressive activity.

The second step involved replacing seven amino acid
residues (Q55K N62K A64T Y76K S80R E111G and
N113K) in RNase A by the residues of BS RNase,
recreating the cationic surface. The resulting variant
was designated TBS. The immunosuppressive and anti-
tumor activity of this monomeric compound increased
slightly compared with that of RNase A. Introduction
of three segments of residues forming the total cationic
surface of BS RNase /55, 62, 64/, /76, 80/ and /111, 113/
into the RNase A molecule (Fig. 1) was used to test
which of these segments contribute to the biological
activity of BS RNase. Results in Table 1 demonstrate
that introduction of residues 55, 62,and 64 or residues
111 and 113 markedly increases the immunosuppressive
activity but has little effect on the antitumor activity of
RNase A, whereas introduction of cationic side chains
at positions 76 and 80 displays no immunosuppressive
or antitumor activities. These results were very surpris-

Table 1
Immunosuppressive and antitumor activity of RNase variantsa

ImmunosuppressionIC50 (mg ml−1)bFormReplaced AA from BS RNaseSymbol of RNase Antitumor activity

ML-1K 562MLC

Mono 200A–wild N.I. 0+N.I.
0MonoA–E. coli +N.I.N.I.80

TM +28, 31, 32 Di 16 90 200 +++
200 + +MonoTBS 90Total basic surface 165
N.I. +++ 0MonoKKT 1055, 62, 64 N.I.

00N.I.N.I.KR N.I.Mono76, 80
N.I. ++ 0MonoGK 20111, 113 N.I.

H12N in TBS Mono N.I.H12 N.I. N.I. 0 0
++++20040DIT 32Di31, 32, 38, 111

38, 111 Mono 110MT 180 N.I. + 9
N.I. 0 0KMQGK Mono34, 35, 37, 39 N.I. N.I.

55, 111, 113 Mono 150Q III 200 N.I. + 9
T1 28, 31, 32, 55, 62, 64 Di 40 200 200 ++ +

30Di28, 31, 32, 111, 113T3 +++++3540
28, 31, 32, 55, 62, 64, 111, 113 +++T13 ++Di 103030

BS–wild Di 8 11 45 +++ +++
Di 5 5 14 +++ +++BS–E. coli

a Mono, monomer; di, dimer; N.I., no inhibition; 0, no effect; + to +++, potency of the biological activity.
b IC50, concentration of RNase halving the 3H-thymidine incorporation into newly synthesized cell DNA.
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Fig. 1. RNase A molecule with 23 amino acid positions differing from
BS RNase. The dashed regions represent four variants where num-
bered amino acid residues were substituted with those from BS
RNase.

lytic and/or the cytotoxic activities to tumor cells or
MLC-stimulated lymphocytes (Table 1). This result is
consistent with that of H119D BS RNase [13] as shown
in Table 2.

Residue 38 was found to confer upon RNase A
substantial catalytic activity against double-stranded
RNA, and an improved ability to bind to duplex DNA.
DIT, a variant charged at this position and with re-
markably increased catalytic activity against duplex
RNA compared with RNase A, was constructed by
making the substitutions K31C, S32C, D38G, and
E111G. This dimeric variant displays potently increased
immunosuppressive and antitumor activities compared
with those of RNase A, but this increase does not have
the potent effect of BS RNase and also does not
parallel the very strong increase in catalytic activity.
The properties of another monomeric variant, MT
(D38G, E111G), are better pronounced than those of
RNase A but less pronounced than those of DIT (Table
1). The dimeric form is again more responsible for the
biological effect. However, these results suggest that
biological activity is not a simple function of enzymatic
activity.

Finally a round of hybrid constructions were done to
learn whether the substitution of residues from the
segmented cationic surface of BS RNase (variants KKT
and GK) combined with the dimeric form of RNase A
(variant TM) may yield a more efficient variant. Thus
three dimeric variants were prepared, T1, T3 and
T13, substituted at positions (28, 31, 32, 55, 62, 64),

ing because both monomeric variants KKT (Q55K
N62K A64T) and GK (E111G N113K) proved to be as
immunosuppressive as dimeric variant TM (Q28L
K31C S32C). In contrast, variant KR (Y76K S80R)
displays no immunosuppressivity, appearing to inhibit
the immunosuppressive activity conferred by basic sub-
stitutions at other positions in the protein.

Replacement of histidine with asparagine H12N or
H119N destroyed in RNase A variants both the cata-

Table 2
Immunosuppressive and antitumor effect of BS RNase mutantsa

Immunosuppression Antitumor activitySymbol of RNase IC50 (mg ml−1)bFormReplaced AA from RNase Ac

MLC ML-1K 562

50 +++ +++Di 10BS–wild 12
+++ +++BS–E. coli Di 20 20 50

M×M ++++++25108Di
+++10012 ++10DiM=M

31 \200 +++ +Di 25C31S 92
32 Di 12C32S 12 180 +++ ++

SRA1 ++++++1002110Di16, 17, 19, 20
+++8035 +++10Di35, 37, 38, 39SRA2

SRA3 62, 64 Di 10 25 70 +++ +++
+++ +++SRA4 80, 102, 103 Di 10 20 55

111, 113, 115 Di 21SRA5 200 N.I. +++ +
H119 H119D Di N.I. N.I. N.I. 0 0
M%–B–M% Nonred C31S Di 8 32 200 +++ +++

BS–E. coli Mono 70M N.I. N.I. ++ 0
M%–B 32MonoC31S 0++N.I.N.I.

–CHCO on C32 Mono 200MCM N.I. N.I. + 0
0+N.I.N.I.Rnase A \200Mono

+N.I.N.I. 0200MonoC31K, C32SCT
31, 32, 38 Mono 120B38 N.I. +N.I. 0

a Mono, monomer; di, dimer; N.I., no inhibition; 0, no effect; + to +++, potency of the biological activity.
b IC50, concentration of RNase halving the 3H-thymidine incorporation into newly synthetized cell DNA.
c AA, amino acids.
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Fig. 2. Effect of RNase A variants and BS RNase on the proliferation of MLC-stimulated human lymphocytes in a 6-day culture. Proliferation
was evaluated by the incorporation of [6-3H]thymidine into cellular DNA. Each point is the mean of three replicates from two experiments and
is reported as a percentage of a control lacking RNase.

(28, 31, 32, 111, 113) and (28, 31, 32, 55, 62, 64, 111,
113), respectively. The immunosuppressive activity of
all these combined variants does not differ considerably
from that displayed by the dimeric variant TM
(28, 31, 32) or that of monomers KKT (55, 62, 64) and
GK (111, 113) (Fig. 2). However, these variants differ
remarkably in their antitumor effects. The negligible
antitumor effects of KKT and GK was enhanced in
variant T1 and even more enhanced in variant T3. The
best antitumor activity was gained with combined vari-
ant T13 (Fig. 3). This result shows that the introduction
of residues 55, 62, 64, 111 and 113 from BS RNase into
RNase A leads to an enhancement of antitumor activ-
ity, besides the effect of residues 28, 31 and 32 forming
the contact site between the two subunits. The enhanc-
ing effect of residues 111 and 113 on antitumor activity
of variant T3 is consistent with the results reported
earlier [15], in which BS RNase lost its antitumor
activity after the introduction of residues 111, 113 and
115 from RNase A (variant SRA 5 in Table 2).

3.2. Immunosuppressi6e and antitumor acti6ity of BS
RNase mutants

Furthermore, we wanted to compare our results on
RNase A variants and those gained on BS RNase
variants. Previously, we constructed a series of the

various hybrid enzymes by introducing amino acid
residues from RNase A into a seminal BS RNase
molecule and we tested their immunosuppressive effect
and their antiproliferative activity [13–15]. The effects
of these RNase hybrids on MLC and/or two human
tumor cell lines (K 562 and ML-1), are summarized in
Table 2. All dimeric mutants exert both immunosup-
pressive and antitumor activities comparable with the
effect of a wild-type BS RNase, whereas all monomers
are significantly less immunosuppressive and possess no
antitumor activity. All tested BS RNase variants are
catalytically active with the exception of the H119D
preparation, in which His119, the active-site general
acid, is changed to an aspartic acid [13]. This dimeric
preparation displays no catalytic and biological
activity.

In dimeric mutants of BS RNase, the subunits are
cross-linked by two disulfide bonds between Cys-31 of
one subunit and Cys-32 of the other subunit. These
cross-linked dimers exist in two quaternary forms, des-
ignated as M×M and M=M [29]. The authors have
suggested that the two quaternary forms may differ in
their enzymatic and biological properties. As we re-
ported [14], the cytostatic activity of our purified M×
M tested on ML-1 line is greater than that of purified
M=M (Table 2).
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Fig. 3. Effect of RNase A variants and BS RNase on the proliferation of ML-2 leukemia cells in a 48 h-culture. Proliferation was evaluated under
the same conditions as mentioned in Fig. 2. Each point is a mean of three replicates and is reported as a percentage of a control lacking RNase.
The experiments carried on with K-562 or HUT lines showed the same picture of an inhibitory effect.

Replacing Cys-31 or Cys-32 with a serine residue did
not compromise the enzymatic activity of dimeric BS
RNase, but reduced both the fraction of M×M at
equilibrium and the cytotoxicity. We prepared a nonre-
ducible covalent dimer (M%–B–M%) of C31S BS RNase
by using a thiol-specific cross-linking reagent, dibromo-
bimane [12]. This nonreducible dimer C31S BS RNase
is unlikely to be in the M×M form to any significant
extent because the M×M form of C31S BS RNase
itself is relatively unstable and because its two subunits
are now separated by a bimane group. Yet, this
semisynthetic enzyme has cytotoxic activities compara-
ble with those of a wild-type BS RNase. Thus, we have
enhanced markedly the cytotoxicity of C31S BS RNase
simply by changing the atoms that cross-link the two
subunits. This result demonstrates that the domain
swapping of the M×M form is not per se responsible
for the cytotoxicity of BS RNase.

4. Discussion

Results reported here define some sequence determi-
nants for immunosuppressive and antitumor activities
within the RNase A family. We have tried to determine
which of the 23 amino acid substitutions that separate
seminal RNase and pancreatic RNase A confer the

distinctive biological behavior on the seminal homolog.
The goal was to correlate amino acid substitutions and
biological activities with the physical and catalytic dif-
ferences that result from these substitutions [38].

Bovine seminal ribonuclease is the only known
dimeric ribonuclease among the RNase A superfamily.
Referring to the numerous studies [5,8,14,18,43], the
dimeric form was shown to be essential for the antitu-
mor effect. However, several recent papers
[4,27,26,38,45] have shown that cytotoxicity of an
RNase is not associated with its dimeric form and that
also monomeric RNases may display cytotoxicity
against various mammalian cells. Our data in Tables 1
and 2 are consistent with these findings, showing that
several monomeric RNases display no antitumor activ-
ity but exert remarkable immunosuppressive effect.

The residues 12 and 119, both containing histidines,
are essential for catalytic activity against all substrates.
Replacement of H119 in dimeric BS RNase with aspar-
tic acid leads to the loss of the catalytic and also
immunosuppressive and antitumor activities [13]. Simi-
lar effects were also observed with RNase A variants
TBS and TM in which histidines at positions 12 or 119
were replaced with asparagine. These variants lost both
the catalytic and biological activities (Table 1). Accord-
ingly, the dimeric form in BS RNase is not sufficient for
immunosuppressive and/or antitumor action when his-
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tidines essential for the catalytic activity are replaced by
any other amino acid. Catalytic efficiency was also
found to be essential in other biologically active ribonu-
cleases, such as angiogenin [32] and onconase [2].

Sixteen amino acid residues substituted from RNase
A to BS RNase in the mutants designated SRA 1–5
had very little effect on the immunosuppressive activity
of these five mutants (see Table 2). However, the substi-
tution at positions 111, 113 and 115 position in SRA 5
caused a remarkable decrease in antitumor effect. This
result is consistent with that demonstrated in Table 1,
where substitution of residues 111 and 113 from BS
RNase to RNase A increases the antitumor activity of
variants T3 and T13. Thus, the residues G111 and
K113 are important for the antitumor potency of BS
RNase. The remaining residues substituted in SRA 1–4
(at positions 16, 17, 19, 20, 35, 37, 38, 39, 62, 64, 80,
102 and 103) do not seem to be especially important for
the biological effectivity.

DiDonato et al. [8] reported a close correlation be-
tween the ability of an RNase variant to exert an
antitumor activity and its ability to form a swapped
dimer. This report suggests that a dimer in which no
swap occurs would be devoid of antitumor activity.
However, we prepared a nonreducible covalent dimer
(M%–B–M%) that is unlikely to be in the form in which
the two subunits exchange their N-terminal segments,
because its two subunits are separated by a bimane
group. This semisynthetic enzyme, which does not swap
its S-peptide chains, has cytotoxic activities comparable
with those of wild-type BS RNase. Previously, we
found that M%–B–M% is resistant to inhibition by a
ribonuclease inhibitor [15]. Thus, we assume that re-
taining dimeric form in a reducible environment and
the resistance to inhibitory effects of a ribonuclease
inhibitor (RI) is very important for the biological activ-
ity of BS RNase variants. The results demonstrated in
Table 1 show that neither the dimeric form nor S-pep-
tide swap are necessary for immunosuppressive activity.
For example, variant TM (Q28L K31C S32C), which
forms a dimer, is immunosuppressive. However, variant
KKT (Q55K N62K A64T) displays similar immuno-
suppressive activity, even though it does not form a
dimer. Furthermore, the RNase A variant (Q28L K31C
S32C Q55K N62K A64T E111G N113K), which exerts
remarkable immunosuppressive and antitumor activi-
ties, although a dimer, swaps its S-peptide in fewer than
20% of the molecules [10].

Several reports demonstrate that the maintenance of
the catalytic activity is essential for the biological activ-
ity of various RNases [13,32,44]. Some variants pre-
pared in the Zurich laboratory have increased ability to
interact with double-stranded nucleic acids [3]. Thus,
the variants MT (D38G E111G) and DIT (K31S S32C
D38G E111G), with several-fold higher catalytic activi-
ties against duplex RNA when compared with RNase

A, have also increased immunosuppressive and antitu-
mor activities (Table 1). However, this increase is not in
a correlation with the nearly 30-fold increased catalytic
activity. There are other variants with lower catalytic
activity against duplex RNA, such as T3 (Q28L K31C
S32C E111G N113K) and T13 (Q28L K31C S32C
Q55K N62K A64T E111G N113K), that exert higher
immunosuppressive and antitumor activities compared
with the variants MT and DIT. As mentioned, the
monomeric derivatives exert no antitumor effect even
though they are catalytically active. These results sug-
gest that biological activity is not a simple function of
enzymatic activity.

Murthy and Sirdeshmukh [28] reported that
monomeric seminal RNase is inhibited by a RI, while
dimeric seminal RNase is not, presumably because the
inhibitor makes contact with the RNase in a region of
the protein that also forms the dimer contact site [16].
The effect of RI on two quarternary forms of BS
RNase showed that RI has a dramatic, differential
effect when assays are performed under reducing condi-
tions. These conditions, which are essential for full
activity of the RI and are typical for its cytosolic
localization, promote monomerization of the M=M
form, while the M×M form remains dimeric. Since
cytosolic RI binds tightly to monomeric but not dimeric
BS RNase and only M×M or M%–B–M% forms can
resist the reducing environment of cytosol, we propose
that the cytotoxic activity of these two mutants arises
from the ability to remain dimeric in the cytosol and
thus to evade the inhibitory effect of RI. As is shown in
Table 2, both these mutants of BS RNase exerted the
same cytotoxicity as the wild type. However, two
monomeric ribonucleases, onconase [2,44] and angio-
genin [26,32], display remarkable cytotoxicity. The im-
munosuppressive activity of several RNase A variants
shown in Table 1 and the aspermatogenic activity of
two carboxylated monomers of BS RNase, MCM31
and MCM32 [27], indicate that the dimeric form is not
a requirement for ribonuclease cytotoxicity and that the
key to ribonuclease biological activity appears to be the
evasion of cellular RI [15,27]. This finding was confi-
rmed recently by further publication concerning RNase
A variants with potent cytotoxic activity [19]. The
authors prepared RNase A variants in which amino
acid residues (Asp-38, Gly-88, and Ala-109) that form
multiple contacts with RI, were replaced with arginine.
They demonstrated that replacing of Gly-88 with
arginine or aspartate is sufficient to yield ribonucleases
(G88D and G88R) with a decreased affinity for RI and
a markedly increased cytotoxicity for tumor cells.
Based on these results, we conclude that ribonucleases
that retained catalytic activity in the presence of RI are
potential cytotoxins.

Immunosuppressive and antitumor effects have been
tested on two different models, i.e. MLC-stimulated
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human lymphocytes and various human tumor cell
lines. It is well known that BS RNase binds very
quickly to the cell surface of the PHA-stimulated
lymphocytes and/or various tumor cells [20,24,35,39].
The mechanism of antitumor action of BS RNase has
already been studied by several authors [1,5,15,18–
20,43,44]. They studied the effects of the modified BS
RNase structure, the mode of binding on a target cell,
internalization by malignant cell and RNA degradating
step in this mechanism, respectively. Two of these
papers [18,20] have shown that virus-infected fibrob-
lasts are dramatically sensitive to low doses of BS
RNase. The essential prerequisite for this antitumor
action is a functional catalytic center, which suggests an
intracellular RNA degradation. Interestingly, BS
RNase is bound and internalized also by corresponding
and non-malignant cells, but no effect is detectable on
RNase stability or protein synthesis in these cells. The
authors assume a different intracellular management in
normal cells of the cytotoxic protein [20].

Thus far, it is not clear by which mechanism BS
RNase acts as an immunosuppressive agent. Tambur-
rini et al. [42] demonstrated a drastic inhibition of
expression of IL-2-alpha chain receptor on OKT3-stim-
ulated lymphocytes, whereas the secretion of IL-2 by T
cells was not affected. To elucidate this problem, we
studied the effect of BS RNase on mitogen- or MLC-
stimulated T and B lymphocytes in culture and we have
found a strong inhibitory effect on expression of three
activation antigens, i.e. CD25, CD38 and CD71, re-
spectively [39]. We assume that the drastic inhibition of
expression of IL-2-alpha chain receptor may induce
apoptosis of the proliferating cells. Recently, Bruschke
et al. [4] reported that a glycoprotein designated Erns,
which is secreted from a pestivirus into the extracellular
environment, displays an ribonuclease activity. Since
pestivirus infection induces leucopenia, they investi-
gated the immunosuppressive properties of Erns in vitro.
The glycoprotein totally inhibited mitogen-induced pro-
liferation of lymphocytes of various species but was not
cytotoxic for normal epithelial cells. Erns also strongly
inhibited protein synthesis of the treated lymphocytes.
Finally, the authors detected an apoptotic process in
the cells incubated with Erns. This report is consistent
with our preliminary experiments showing induction of
an apoptotic process by BS RNase in Con A-stimulated
human lymphocytes [34]. Our previous in vitro experi-
ments showed that tumor cells incubated with BS
RNase are mostly destroyed, whereas the proliferation
of stimulated lymphocytes is inhibited without cell
membrane damage. This difference in membrane resis-
tance might support our presumption that a tumor cell
may react with RNases differently to a transformed
lymphocyte.
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