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ABSTRACT. Restrictocin, produced by the funguSspergillus restrictus belongs to the group of
ribonucleolytic toxins called ribotoxins. It specifically cleaves a single phosphodiester bond in a conserved
stem and loop structure in the 28S rRNA of large ribosomal subunit and potently inhibits eukaryotic
protein synthesis. Restrictocin contains 149 amino acid residues and includes four cysteines at positions
5, 75, 131, and 147. These cysteine residues are involved in the formation of two disulfide bonds, one
between Cys 5 and Cys 147 and another between Cys 75 and Cys 131. In the current study, all four
cysteine residues were changed to alanine individually and in different combinations by site-directed
mutagenesis so as to remove one or both the disulfides. The mutants were expressed and purified from
Escherichia coli Removal of any cysteine or any one of the disulfide bonds individually did not affect
the ability of the toxin to specifically cleave the 28S rRNA or to inhibit protein synthesis in vitro. However,
the toxin without both disulfide bonds completely lost both ribonucleolytic and protein synthesis inhibition
activities. The active mutants, containing only one disulfide bond, exhibited relatively high susceptibility
to trypsin digestion. Thus, none of the four cysteine residues is directly involved in restrictocin catalysis;
however, the presence of any one of the two disulfide bonds is absolutely essential and sufficient to
maintain the enzymatically active conformation of restrictocin. For maintenance of the unique stability
displayed by the native toxin, both disulfide bonds are required.

The fungusAspergillusproduces a group of ribonucleolytic  mechanism of ribotoxin catalysis and toxicity in terms of
toxins called ribotoxins, which includes restrictocin and their substrate specificity, membrane interaction, and RNA
mitogillin (produced byAspergillus restrictusando-sarcin hydrolysis is not very well understood.

(produced byAspergillus giganteys(1). Restrictocin and Al three fungal ribotoxins have four cysteine residues at
mitogillin both contain 149 amino acids and are identical jdentical positions which are involved in two disulfide bonds.
except for the difference of a single amino acid residue at | the case of restrictocin, Cys 5 and Cys 147 form one
position 25, which is serine in restrictocin and asparagine in gisulfide bond bringing the two termini of the molecule close
mitogillin (2, 3). They have 86% homology with-sarcin,  together, whereas cysteine residues at positions 75 and 131
which has 150 amino acids and was the first ribotoxin to be are involved in the formation of the second internal disulfide
discovered4). Ribotoxins strongly inhibit eukaryotic protein  pond. Aspergillusribotoxins have 34% sequence homology
synthesis by cleaving a single phosphodiester bond in ayjith another fungal ribonuclease, RNase U2, produced by
highly conserved domain of 28S rRNA which is crucially ystilago sphaeroginaThe organization of both disulfide
involved in translation, 6). Because of its potent cytotoxic  ponds inAspergillusribotoxins is similar to two of the three
activity, restrictocin has been successfully used in the gisulfide bonds in RNase U2, with one bringing the carboxyl
construction of immunotoxins for targeted therapy both by and amino terminal regions togeth&j.(Chemical modifica-
chemical means and by genetic engineerinig9). It has  tjon of cysteine residues has been found to result in 100-
been shown that the potent cytotoxic activity of restrictocin fo|d reduction in the activity of restrictocin and mitogillin,

is associated with the specific cleavage of the 28S rRNA jmplying that either some cysteine residue(s) and/or disulfide
(10). The structure of restrictocin has been solved by X-ray bond(s) are important for catalysié2). Better et al. {3)
crystallography11). On the basis of structure, several amino have shown that in mitogillin substitution of Cys 5 and Cys
acids have been predicted to be critically involved in the 147 to alanine individually and in combination, removing
catalysis by restrictocin. However, the precise molecular gne disulfide bond, results in a 2-fold decrease in the protein
synthesis inhibitory activity of the toxin. These data suggest
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different combinations, so as to remove either one or both cytosol, after dialysis, on to a S-Sepharose column followed
the disulfide bridges. The mutants have been expressed inby a gel filtration column. As a control, S-Sepharose purified
Escherichia coli Removal of either one of the disulfide mutant C5:75:131:147A was also denatured, renatured, and
bonds while keeping the other one intact does not affect the purified like the rest of the mutants.

ribonucleolytic activity of the toxin, but when both the Carboxymethylation of RestrictociBarboxymethylation

disulfide_ bonds are removed_, th_e toxin be<_:omes_ i_nactive.Was carried out as described by Waxdal et #) (Restric-
Thus, either one of the two disulfide bonds is sufficient for 4.in was incubated at 3%C for 1 h in 1 M Tris, pH 8.0,

the formation of the enzymatically active conformation of containing 2 mM EDTA ad 6 M guanidinium hydrochlo-
restrictocin. However, the mutant proteins containing a single (iqe |t was further incubated for 90 min at 3Z after adding
disulfide bond were not as resistant to trypsin cleavage aso5 mm DTT. Subsequently, 250 mM iodoacetamide was
the native toxin. This study should be useful in further ,44ed and the mixture incubated in the dark foh at 37
engineering of restrictocin-based chimeric toxins designed o~ The protein was purified from the other reaction
for targeted therapy of various diseases. components by gel filtration on a Sephadex G25 column in
50 mM PBS.

] ) ] Characterization of Proteins by Circular Dichroism.
MutagenesisThe cloned cDNA of restrictocin was used  proteins were dissolved in 10 mM sodium phosphate buffer,
as the template to mutate the cysteine residues to alaningy 7,0, and their CD spectra were recorded on a Jasco J710

either individually or in different combinations using PER spectropolarimeter in the far-UV range at 2. A cell of 1

(14). For construction of double mutants, the single mutants ¢y gptical path was used to obtain spectra at a scan speed

were used as the template for creating the second mutationf 50 nm/min with 50 mdeg sensitivity and a response time

The primers were designed such that the amplified restric- of 1 5. The spectra were averaged over 10 accumulations,

tocin fragments carrying mutations CSA, C75A, C131A, apq results were presented as mean residue ellipticity.

C147A, C5:147A, and C75:131A had recognition sites for A f Specific Rib leolviic Adti of Restrictoci

Nde | at the 5and Eco RI at 3end. Fragments were digested Ssay Of specilic Ribonucieolytic Amy or Restrictocin

with Nde | and Eco RI, purified by gel electrophoresis, and and Mutants.Rgst_rlctocm and_ Its cysteine mutants were
assayed for their ribonucleolytic activity on rabbit reticulo-

cloned into a T7 promoter-basédl coli expression vector .
’ P cyte lysate as the source of 28S rRNA as descril@g)l. (

pVex 11, restricted with the same enzymes. pVex 11 is a ; ) ) . .
pUC based vector that has a phage T7 promoter, multiple Rabblt reticulocyte lysate was treated with various proteins

cloning site and a T7 transcription terminatge.coli strain in 40 mM Tris-HCI (pH 7.5) containing 10 mM EDTA for

DH50. was used for DNA manipulation for cloning. The 15 min at 37°C. The reaction was stopped by_the addition
mutations were confirmed by DNA sequencing done using of 0.4% SDS, and total RNA was extracted using RNAstat-

dideoxy method 15). To create C5:75:131:147A, a mutant 60 (Tel-Test Inc.) solution. RNA was dissolved in 05% SDS,
in which all four cysteine residues are mutated to alanine, €/€ctrophoresed on 1.5% agarose gel, and visualized by
DNA encoding C75:131A was used as template and PCR ethidium bromide staining.
performed with primers containing appropriate mutations to  In Vitro Translation AssayRabbit reticulocyte lysate was
convert C5 and C147 to alanine. used to assay the ribonucleolytic activity of restrictocin and
Expression and Purification of Recombinant Proteins. its mutants by investigating their effect on in vitro protein
Restrictocin and its mutants were expresseH.igoli strain synthesis. Reticulocyte lysate was prepared from rabbit blood
BL21 (ADE3). Bacterial cells, transformed with the appropri- and assay was carried out as previously describ8d The
ate plasmids, were grown at S with vigorous shaking in  lysate was incubated with different concentrations of various
superbroth containing 1Q@y/mL ampicillin. Superbroth per ~ proteins, and incorporation ofH] leucine, in the newly
liter contains the following: tryptone, 12 g; yeast extract, Synthesized proteins, was quantitated. Activity was expressed
24 g; glycerol, 6.3 g; KHPQy,, 12.5 g; KHPO,, 3.8 g; as percent of control, where no toxin was added.

MgSQ;, 0.4 g; glucose4 g at pH7.2. At an ORg of 2.0, Cytotoxic Actiity of Restrictocin and Its MutantsTo
cultures were induced with 1ImM IPTG and grown for further assess the cytotoxic activity of restrictocin and its cysteine
2 h. Like restrictocin, all mutants except C5:75:131:147A mutants, HelLa cells permeabilized by adenovirus infection
accumulated in inclusion bodie$4) from which the proteins  \were used as described by Puentes and Carr@dyoHelLa
were purified by following the procedure described by cells, grown at a density of 2 10* cells/well in 96-well
Buchner et al. 16). The purified inclusion bodies were  cyjture plates for 12 h at 37C, were incubated with virus
subjected to denaturation in guanidine hydrochloride, reduc- gng different concentrations of the toxin/mutants at°G7
tion by dithioerythritol, and renaturation in a buffer contain- oy 5 1. Cells were labeled with 0.Ci [3H]leucine/well

ing arginine and oxidized glutathione. The renatured proteins for an additional 2 h, followed by harvesting onto filtermats
were dialyzed and purified by successive cation-exchangegng counting using a LKB-plate counter.

(S-Sepharose) and gel filtration (TSK 3000) chromatography
as described earlier for recombinant restrictocin argarcin

(14, 17). Mutant C5:75:131:147A was localized in the cytosol
in soluble form from where it was purified by loading the

EXPERIMENTAL PROCEDURES

Sensitiity of Proteins toward Trypsin Cleage. The
recombinant proteins (20g) were treated with 200 ng of
trypsin (Sigma) either in 20 mM Tris-HCI, pH 7.4, or in
200 mM sodium acetate, pH 5.2, containing 1 mM Gkl
37 °C for indicated time periods. The reaction was stopped

1 Abbreviations: aa, amino acid(s); CD, circular dichroism; IPTG, ; _ ; ;
isopropylS-p-thiogalactopyranoside; PCR, polymerase chain reaction; by adding SDS-gel loading buffer. The digested products

SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophore- WET€ analyzed by SDSPAGE on 16.5% polyacrylamide
sis; MRE, mean residue ellipticity. gels using the Tris-Tricine buffer systerd2j.
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Table 1: Effect of Cysteine Mutations on in Vitro Protein Synthesis

T“C:i:" Inhibitory Activity of Restrictocirt
HA IDso
DS protein disulfide removed ng/mL pM
FiGURE 1: Organization of disulfide bonds in restrictocin. The E:ess'tArictocin Sgnle 225'8 1186
diagramatic representation shows the position of the cysteine C147A DS-I 15 89
residues and disulfide bonds in restrictocin. The disulfide bonds 5. DS:II 13 77
have been designated as DS-I and DS-Il. C131A DS-II 54 143
C5:147A DS-I 35 208
RESULTS C75:131A DS-ll 21 125
i ) , o C5:75:131:147A DS-l & DS-II 8.6 512
Restrictocin contains two disulfide bonds, one between ¢cM restrictocin DS-1 & DS-II >50.0 >2976

Cys_ 5-Cys 147 and the other between Cys—'(._."ys ]_'31' 2 Rabbit reticulocyte lysate was treated with various concentrations
designated as DS-I and DS-II for convenience in this study of cysteine mutants of restrictocin at 3G for 1 h. Incorporation of

(Figure 1). [3H]leucine in the newly synthesized polypeptides was measured. The
Construction of Cysteine Mutants of Restrictocithe amount of toxin/mutant neec_jed _to_inhibit protein synthesis _by 5_0%
cysteine residues in restrictocin were mutated to alanine Was expressed as 4P CM restrictocin is carboxymethylated restrictocin.
individually and in various combinations to investigate the
role of individual cysteines and disulfides in the catalytic native protein (Figure 3A,B) indicating a modest alteration
activity of the protein. Alanine was chosen because it in the secondary structure of these mutants. However, a
eliminates the side chain beyond tlfiecarbon without drastic change in the spectra was observed in case of mutant
altering the main conformation. PCR-based site-directed where both the disulfides have been removed (Figure 3C).
mutagenesis was done to construct various restrictocin This mutant appears to have oflysheets with no helix and
mutants, and the mutations were confirmed by DNA turns (Figure 3C).
sequencing. In restrictocin mutants C5A, C147A, and C5: Ribonucleolytic Actiity of Restrictocin MutantsThe

11']7A the outer disulfide bond, DS-, has been rﬁmovled, ability of restrictocin to inhibit protein synthesis arises from
whereas mutants C75A, C131A, and C75:131A have 10St ji5 canacity to specifically cleave a single phosphodiester

th? mngr disulfide bond, DS-Il (Figure 1). The mutant C5: 1), i the 285 rRNA that releases a fragment of about 400
75:131:147A contains no cysteines and thus no disulfide ) \c|eotiges, called the-fragment. The role of individual
bonds. . . _— . cysteine residues and the two disulfide bonds in this unique
Expressmn, Purification, and Characterization of Res_trlc— ribonuclease activity of the toxin was investigated using the
tocin Mutgnts.The mut%nts were fovere>.<pr(.esse.dEncoI| h various mutants of restrictocin constructed. Rabbit reticulo-
straln' BL21 ¢DES), and except for C.5'7.5‘131'.l47A’ t. N cyte lysate, used as the source for the 28S rRNA, was treated
proteins were _found to accumL!Iate n |ncIu§|on bodies. with different mutants. As seen in Figure 4, similar to
Proteins were isolated from the inclusion bodies by dena- restrictocin, mutants C5A, C147A, C75A, C131A, C5:147A.,

teuxr;t]';): annrgnegﬂﬁttr'ggoingh?g::;g br); srL: Cc?risévﬁai?%%r; and C75:131A were able to produce tidragment indicat-
g 9 grapny. ing that none of the cysteines or disulfide bonds per se is

containing the monomeric protein were pooled after gel crucial for the ribonucleolytic activity of restrictocin. How-

filtration. The mutant C5'7.5'131'l47A. was pur_|f|ed directly ever, the mutant C5:75:131:147A that lacks both the disulfide
from the cytosol, where it was localized, using the same bonds did not produce the-fragment even at a very high
chromatography scheme followed for the other mutants. concentration (Figure 4). Carboxymethylated restrictocin also
The purified proteins were analyzed by SBISAGE under had ib I gl i ' fivity | X[h Y Fi 4
reducing and nonreducing conditions. Like restrictocin, all Tﬁrer:aoo?hgrnggu%cl)eyrfu?;nltvsl ég_‘lsf :aén7e5_als4s%\/ (a:\gdu(r:els)l.'
muta.n't proteins migrated as a single band. under red'ucingl47A were also constructed wﬁich h,ave dne cy:steine from'
conditions (Figure 2A). A polyclonal antibody against each disulfide bond mutated to alanine, thereby knocking

restrictocin reacted equally well with all cysteine mutants L e
of restrictocin except ((315:75){131:147A, as szown by Western _Off both disulfide bonds. These mutants, purified from the

blotting (Figure 2B). A comparatively weaker reactivity of inclusion podles aftgr o_lena_turatlon and. renaturation, also
antirestrictocin antibody was observed with the mutant c5; P€haved like the C5:75:131:147A and did not produce the
75:131:147A. Furthermore, the antibody revealed the pres-fragment (data not shown).
ence of dimers in single cysteine mutants containing a single Effect of Cysteine Replacements on Protein Synthesis
disulfide bond and a free unpaired cysteine (Figure 2B). Inhibitory Activity of Restrictocin.The capacity of the
Under nonreducing conditions, dimers of the protein were cysteine mutants of restrictocin to inhibit protein synthesis
clearly visible on SDSPAGE by Coomassie staining of was tested in an in vitro assay using rabbit reticulocyte lysate.
those single disulfide mutants that had a free cysteine (FigureTranslation of the endogenous globin mRNAs in rabbit
2C) and on a Western blot probed with a polyclonal reticulocyte lysate was studied by quantitating the incorpora-
antirestrictocin antibody (Figure 2D). tion of [3*H]leucine in the nascent polypeptides synthesized
The effect of substitution of cysteines with alanines on in the absence and presence of restrictocin or its mutants.
the restrictocin structure was investigated by CD spectral Removal of DS-I or DS-II individually by single or double
analysis. The molar ellipticity curves obtained for the cysteine mutations did not affect the protein synthesis
different cysteine mutants lacking either one of the two inhibitory activity of restrictocin (Table 1). C5:75:131:147A
disulfide bonds were quite similar to that obtained for the with both DS-1 and DS-Il removed was found to have a lower
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Ficure 2: SDS-PAGE and Western blot analysis of restrictocin and its cysteine mutants. (AyBBSE analysis of the cysteine mutants
under reducing conditions. Various constructs were expressed in BIZE3) and purified from inclusion bodies through ion-exchange
and gel filtration chromatography. The proteins were subjected to-F2&E (12.5%) under reduced condition and stained with Coomassie
blue following the procedure described by LaemriB)( (B) Western blot analysis of the mutants using antibody raised against restrictocin.
The different lanes correspond to the same proteins as in panel A. (C) Nonreducin@®BB& of various cysteine mutants after purification
from E. coli. The proteins were dissolved in loading dye without the reducing agengrcaptoethanol. The gel was stained with Coomassie
blue. (D) Western blot analysis of the restrictocin mutants following SBAGE under nonreducing condition.
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Ficure 3: CD spectral analysis of restrictocin mutants. (A) CD spectra of restrictocin mutants lacking DS-I. The CD spectra of restrictocin
(—), C5A (— —), C147A (- - -) and C5:147A-€-) were recorded in the far-UV region (26@50 nm) at 25°C. The spectra are presented

as mean residue ellipticity (MRE), expressed in (de®)/dmol x 1073, (B) CD spectra of mutants lacking DS-II. The spectra of restrictocin
(—), C75A (— —), C131A (- - -), and C75:131A-{-) were obtained as in (A). (C) CD spectrum of mutant lacking both DS-I and DS-II,
C5:75:131:147A £ —), was analyzed similarly and compared with that of restrictoeih (

protein synthesis inhibitory activity (Table 1)Similarly the protein was purified from the cytosol unlike the rest of
when both the disulfides were removed by mutating one of the proteins which were isolated from the inclusion bodies.
the cysteines involved in each disulfide (CS:131A, C75:  Effect of Cysteine Replacements on the Cytotoxicity of
147A, or C131:147A), the toxin had a much lower in vitro - Restrictocin. Restrictocin cannot enter eukaryotic cells
protein synthesis inhibitory activity (data not shown). Car- pecause it does not have any cell binding activity. However,
boxymethylation of cysteine residues also rendered the toxin on permeabilized cells it manifests a potent cytotoxic activity.

inactive as had been reported earlié@)( A low protein  The cytotoxic activity of cysteine mutants of restrictocin was

synthesis inhibitory activity was observed with C5:75:131: gyg|uated on HelLa cells permeabilized by adenovirus infec-
147A, which appears to be due to some contamination astjon. The mutant lacking both cysteines of disulfide DS-II

compared to the native toxin had full cytotoxic activity, but
2 Restrictocin mutant C5:75:131:147A, partially purified from cy-  the mutant lacking DS-I appeared to have a slightly reduced

tosol, was also denatured, renatured, and purified to homogeneity. The, ~+i, ; ; ;
protein synthesis inhibitory activity, cytotoxicity, and CD spectrum of activity (Table 2). The single cysteine mutants had a varied

the refolded protein were found to be very similar to that of C5:75: ange of cytotoxic activity with C5A having about the same
131:147A purified directly from the cytosol (data not shown). activity as restrictocin, whereas the other three mutants
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Ficure 4: Specific ribonuclease activity on 28S rRNA. Rabbit
reticulocyte lysate was treated with various mutants of restrictocin CTEINA | e g i e
at the indicated protein concentrations. The reaction was carried
out in 40 mM Tris-HCI, pH 7.5, buffer containing 10 mM EDTA

at 37°C for 15 min followed by termination of reaction using 0.4% CHTRIINNETA | — st
SDS. Total RNA was extracted and resolved by electrophoresis on
a 1.5% agarose gel. CM-restrictocin refers to carboxymethylated
restrictocin. Carboxymethylation was performed as describ@d (  FIGURE 5. Trypsin sensitivity of cysteine mutants of restrictocin.
Restrictocin was treated with iodoacetamide under denatured andSusceptibility of restrictocin mutants to trypsin digestion was
reduced condition. The chemically modified protein was separated assayed at neutral and acidic pH. Restrictocin and the cysteine
from other reactants by gel filtration on a Sephadex G25 column. mutants were digested with 10 ng of trypgig/of protein either in

20 mM Tris-HCI, pH 7.4 (left panel), or 200 mM sodium acetate,
pH 5.2, containing 1 mM Caglright panel) at 37C for various

time durations as indicated in the figure. The digested products
were then electrophoresed in 16.5% polyacrylamide gels using the

Table 2: Cytotoxic Activity of Cysteine Mutants of Restrictocin in
Adenovirus-Infected HelLa Cefls

IDso Tris-Tricine buffer system.
protein disulfide removed  ug/mL nM ) o ] )
restrictocin hone 16 95 neutral pH was resistant to trypsin digestion up to 2 h Whlle
C5A DS-I 4.2 250 the cysteine mutants lacking either one of the two disulfide
C147A DSl 7.8 464 bonds were rapidly and extensively digested and within 30
ggi\A Bg'l'l ﬁg Zgi min the proteins were totally degraded (Figure 5). The mutant
C5147A DSl 37 290 lacking both the disulfide bonds was even more sensitive
C75:131A DS-II 0.7 43 toward proteolytic degradation and was found to be totally
C5:75:131:147A DS-l, DS-I >100 >5952 degraded within 10 min of digestion with trypsin at pH 7.4
2 HeLa cells were infected with adenovirus and treated with different (Figure 5). However, under acidic condition (pH 5.2), the
concentrations of the toxin and mutants. Incorporatiorifleucine restrictocin mutants lacking one disulfide were as resistant
in the newly synthesized proteins was measured, IBfers to the {0 trypsin digestion as the native toxin (Figure 5), whereas
amount of toxin required to inhibit protein synthesis by 50%. the mutant with both disulfides removed was readily digested

within 10 min (Figure 5).

namely C147A, C75A, and C131A had much lower activity  1herma Stability of Restrictocin Mutan®estrictocin is

(Table 2). C5:_75:131:147A contained no cytotoxic activity thermally quite stable and when heated at°@for 2 h
(Table 2) as did the other mutants C5:131A, C75:147A, and re(ains 60% of its ribonucleolytic activity (Figure 6). Active
C131:147A, which lack both the disulfide bonds (data not mutants C5:147A and C75:131A |aCking DS-l and DS-II

shown). _ o respectively, were also found to be as resistant to heat
Sensitiity of Cysteine Mutants of Restrictocin toward yenaturation as the native protein (Figure 6).

Proteolytic Digestion.The stability of restrictocin mutants

was compared with that of the native protein by studying pscussiON

the resistance of these proteins toward proteolytic degradation

under different conditions. Restrictocin at neutral pH was  Restrictocin consists of a single polypeptide chain of 149
resistant to trypsin digestion up to 12.5 ng of trypsmbf residues and contains two disulfide bonds. The individual
protein; however, mutants lacking DS-I or DS-II were not cysteines do not seem to be playing a critical role in the
as resistant. A marginal difference was observed in the enzymatic activity of restrictocin, since all single mutants
trypsin sensitivity of mutants lacking the disulfide DS-I (C5: replacing one cysteine at a time were able to produce the
147A) and DS-II (C75:131A). Whereas mutant lacking DS-I typical a-fragment and inhibit protein synthesis in vitro.
was almost completely degraded with 12.5 ng of trypsin, However, not all of them were as cytotoxic as the native
only a small fraction of mutant lacking DS-Il appeared to protein, which could be due to the presence of aggregates
have degraded (data not shown). Therefore, for subsequenbr the protein itself being prone to aggregation in the cell.
characterization 10 ng of trypsin was used. Restrictocin at Individually both DS-I and DS-II appear to be dispensable
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120 of the protein remains nativelike in the absence of one of
the native disulfide bonds. However, protein containing a
100 single disulfide is apparently loosely folded, which may result

in local structural alterations thereby exposing some protease
recognition sites and making the molecule more susceptible
to proteolytic cleavage. The antiparallgl sheet and an
adjacent longo. helix which form the structural core of
restrictocin also represent a common structural motif found
in other ribonucleases including T1, RNase Sa, and barnase
(12). RNase T1 also contains two disulfides, one internal
and one linking the N and C terminus of the protein which

% Activity
[=a) o
< <

T T

&
=
T

20 [ aligns well with that of restrictocin. The two disulfides in
¥ RNase T1 have been found to be extremely important for
ot i .| the stability of the native protein; however, they do not
0 30 60 90 120 determine the folding mechanism and the structure of the
Time, minutes folded protein 23). The process of folding has not been

FIGURE 6: Evaluation of thermal stability of restrictocin and its ~Studied in ribotoxins. The cysteine mutants of restrictocin

cysteine mutants. Thermal stability of the mutants lacking DS-1 or could be employed to infer the role of disulfide bonds in
DS-1l was compared with that of restrictocin. Restrictod) &nd the folding of this unique ribonuclease.

the mutants C5:147AK) and C75:131A 4) were heated at 80C . . . . .
for 0, 10, 30, and 120 min each, and their ribonucleolytic activity ~ Restrictocin and other members of the ribotoxin family
was measured in an in vitro translation assay. are promising candidate toxins for construction of immu-

notoxins. Recently we have generated recombinant chimeric
for the functional activity of restrictocin. Mutants where a toxin using restrictocing). Restrictocin mutants containing
single disulfide bond was removed by replacing both only a single disulfide bond were found to be resistant to
cysteines of that disulfide had full enzymatic activity as well proteolytic degradation at acidic pH mimicking the environ-
as the cytotoxic activity. Removal of both disulfide bonds ment in the endosomes. A restrictocin mutant with a single
simultaneously resulted in complete loss of protein structure disulfide may prove more useful in the development of
and function. The mutants lacking DS-I or DS-II, although chimeric toxins as it may facilitate optimal folding of the
functionally as active as the native protein, were relatively fusion protein.
less stable toward proteolytic degradation than the native
protein. Removal of both DS-I and DS-II made the molecule ACKNOWLEDGMENT
even more susceptible to proteolytic degradation. The study
clearly demonstrates that the two disulfide bonds in restric-
tocin play a role in maintaining the catalytically functional
and protease resistant conformation of the protein.
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