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or signal sequence, which promotes their translocation
a-Sarcin is a ribosome-inactivating protein from into the rough endoplasmic reticulum (1). These signal

the mold Aspergillus giganteus. The methylotrophic sequences show a number of conserved features that
yeast Pichia pastoris has been transformed with two are essential for protein export (2), although displaying
plasmids (pHILD2preaS and pHILS1preaS), which different interactions with the translocation machinery
contain the complete a-sarcin cDNA, including its (3). The late secretory steps involve specific proteolysis
original fungal leader peptide, under the control of of the proproteins to yield the corresponding secreted
yeast alcohol oxidase promoter. The second one is mature forms, Kex2p protease being the best known
indeed fused to the signal sequence of P. pastoris member of a family of homologous eukaryotic endopep-
acid phosphatase. The transformed yeasts secreted tidases involved in such steps (4).
both mature and pro-a-sarcin. The presence of this

a-Sarcin is a cytotoxic protein, active against severalpro-a-sarcin in the yeast extracellular medium is due
human tumor cell lines (5), secreted by the mold Asper-to an inefficient recognition of the pro-sequence by a
gillus giganteus MDH 18894 (6). This cytotoxin belongsputative Kex2p-like endopeptidase. A third plasmid
to a family of highly similar proteins from differentaccounting for a single mutation of the a-sarcin
Aspergillus spp. (restrictocin, mitogillin, AspF1, clavin,leader peptide was designed to produce a more effi-
and gigantin). Their cytotoxicity is due to their ribo-cient Kex2p recognition motif. This approach re-
nucleolytic activity against a single phosphodiestersulted in the extracellular production of only the ma-
bond of the larger rRNA, resulting in the so-called a-ture protein, suggesting the existence of a two-step
fragment of about 400 nt length (7), which leads tomechanism for processing its leader peptide. This re-

combinant a-sarcin is identical to the original fungal inhibition of protein biosynthesis (8). a-Sarcin is able
protein, according to activity and spectroscopic cri- to hydrolyze this bond in ribosomes from all eukaryotes
teria. In addition, pro-a-sarcin, which has been char- and prokaryotes tested so far (9–12) because the region
acterized for the first time, also exhibits ribonucleo- around the cleavage site is evolutionary conserved.
lytic activity as the mature protein does. Therefore, Therefore, a-sarcin could be used as a good model for
protection of the producing cells against this kind of protein secretion, since inefficient export of this protein
ribotoxins may depend on an efficient recognition of would potentially lead to cell death. In this context, the
the signal sequence followed by translocation of the posttranslational processing, to render extracellular
nascent polypeptide to the endoplasmic reticulum. mature toxin, and the self-protection of the toxin-pro-
q 1998 Academic Press ducing ribosomes are intriguing questions for this kind

of cytotoxins. Although the sar gene has been cloned
and efficiently expressed in Escherichia coli (13), a hostSecreted eukaryotic proteins are synthesized as pre-
eukaryote system needs to be used to answer theseproproteins, with an NH2-terminal targeting domain,
questions. Restrictocin, from Aspergillus restrictus, has
been produced in A. nidulans and A. niger, by using1 To whom correspondence should be addressed. Fax: 34-91-

3944159; E-mail: mayte@solea.quim.ucm.es. both its own gene promoter (14) and the promoter of
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glucoamylase A from A. awamori (15), but in a much and maintenance of His/ (His4 genotype) trans-
formants were composed of 13.4 g/liter yeast nitrogenlower yield than by the original mold. Production of

restrictocin in Saccharomyces cerevisiae failed because base with ammonium sulfate, 0.4 mg/liter biotin, and
20 g/liter dextrose (MD medium), or 0.5% (v/v) metha-the cells died (12), although this protein has no cyto-

toxic effect on yeast when present in the medium (16). nol (MM medium) as carbon source. For solid cultures,
all these media were supplemented with 15 g/liter agar.The methylotrophic yeast Pichia pastoris has been

used to produce heterologous proteins in extremely All cultures were carried out at 307C.
For the production of a-sarcin, selected (His/ Muts)high yields (17, 18). Many of the secretion products

used either their own signal peptide or other signal transformed strains (slow methanol utilization pheno-
type) were cultured for 48 h in BMGY medium (10 g/peptide efficiently recognized by the yeast, as a leader

sequence for the S. cerevisiae a-mating factor (18–23). liter yeast extract, 20 g/liter peptone, 0.4 mg/liter bio-
tin, 13.4 g/liter yeast nitrogen base with ammoniumThus, we have transformed P. pastoris cells using dif-

ferent expression cassettes containing the cDNA of a- sulfate, 0.1 M potassium phosphate, pH 6.0, and 1%
v/v glycerol). Cells were then collected by centrifu-sarcin with its own leader peptide (preproaS). Indeed,

one of them is fused to the sequence encoding the signal gation and resuspended in 1/5 of the original volume
of BMMY (same as BMGY, but 0.5% v/v methanol in-peptide of P. pastoris acid phosphatase. Under these

conditions, both mature and pro-a-sarcin are secreted stead of glycerol) for induction of the AOX1 promoter.
This culture was maintained for 2 or 4 days and dailyby the yeast; however, a selected mutation of the leader

peptide resulted in an efficient processing of the syn- supplemented with 2.5 ml of methanol per liter of
culture.thesized protein. Thus, several goals have been

achieved: characterization of the pro-toxin (which has
also resulted in an active ribonuclease), analysis of the Construction of a-Sarcin Expression Vectorsspecificity of posttranslational processing enzymes in
P. pastoris, and production of native a-sarcin in high Recombinant DNA methods other than those re-
yield. ported below were performed according to standard

procedures (25). The codifying region of the sar gene,
MATERIALS AND METHODS

including its leader sequence (26), was amplified by
Microorganisms PCR using the plasmid pOMPAaS (13) as template

P. pastoris GS115 his4 strain (Invitrogen Corp.) was and two primers, 5*-GGAATTCATGGTTGCAATCAA-
used as host for transformation. The bacterial strains AAAC-3 * and 5*-GGAATTCCTAATGAGAGCAGAG-
used for DNA manipulations were E. coli DH5aF* [F* CTT-3 *, which respectively hybridized with the 5* and
endA1 hsdR17 (r0K m/

K) supE44 thi-1 recA1 gyrA (NalR) 3 * ends of the protein-encoding region. In addition, both
relA1 D(lacZYA-argF)U169 deoR f80dlacD(lacZ)M15] primers included an EcoRI site to facilitate the cloning
and TG1 [F*D(lac-proAB) supE thi D(hsdM-mcrB)5(r0K of the amplified DNA into the expression vectors de-
m/

K McrB0) traD36 proAB/ lacIq lacZDM15]. Single- scribed below. The enzyme employed was Vent DNA
stranded dU-substituted template for mutagenesis was polymerase (New England Biolabs). The DNA frag-
produced in E. coli BW313 [HfrKL16 po/45 [lysA(61- ment purified from the PCR (preproaS cDNA) was di-
62)] dut1 ung1 thi1 relA1] subsequent to its infection gested and inserted into the unique EcoRI site of plas-
with f1 helper phage. mids pHIL-D2 and pHIL-S1 (Invitrogen Corp.), under

the control of the P. pastoris AOX1 promoter (Fig. 1).Media and Growth Conditions
This type of control is extremely convenient for a toxicP. pastoris GS115 strain was cultured on complete protein as a-sarcin because the regulation is exertedmedium YPD2 (24). Minimal media used for selection at the level of transcription, involving a repression/
derepression mechanism. In addition, pHIL-S1 con-2 Abbreviations used: ACET, testicular angiotensin-converting en-
tains the secretion signal sequence of P. pastoris acidzyme; Amp, ampicillin resistance gene; AOX1, alcohol oxidase gene;
phosphatase (PHO1) for the extracellular productionBMGY, buffered glycerol-complex medium; BMMY, buffered metha-

nol-complex medium; BPTI, bovine pancreatic trypsin inhibitor; dU, of the recombinant protein. The in-frame arrangement
deoxiuridine; HIS4, histidinol dehydrogense gene; His/, histidinol of both signal sequences in pHILS1preaS was estab-
dehydrogenase activity phenotype; His0, deficient histidinol dehy- lished after performing the DNA sequence of this plas-drogenase activity phenotype; MD, minimal dextrose medium; MM,

mid region.minimal methanol medium; Mut/, methanol utilization phenotype;
Muts, slow methanol utilization phenotype; nt, nucleotide(s); PCR,
polymerase chain reaction; pHILD2preaS, pHILD2 plasmid con-
taining preproaS cloned into the EcoRI site; pHILD2preaS(A-2K), of PHO1; PHO1, DNA encoding the P. pastoris acid phosphatase;

poly(A), polyadenylic acid; pOMPAaS, plasmid containing preproaSplasmid identical to pHILD2preaS with the only difference that the
sequence corresponding to Ala in position 02 of preproaS has been fused to the outer membrane protein A signal peptide; preproaS,

DNA encoding prepro-a-sarcin, including its start and stop codons;changed to Lys; pHILS1preaS, pHILS1 plasmid containing preproaS
cloned into the EcoRI site and fused in-frame to the signal sequence sar, gene encoding a-sarcin; YPD, yeast peptone dextrose medium.
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expression cassettes (Fig. 1), were used to transform
GS115 cells by electroporation on a Bio-Rad Gene-
Pulser apparatus as described (30). After a prepulse
incubation of 5 min at 47C, the cells were subjected to
a pulse (1.5 kV, 25 mF, 200 V) in 0.2-cm cuvettes. Cells
were immediately diluted with 1 ml of cold 1 M sorbitol
and plated on MD medium containing 1 M sorbitol.
Incubation at 307C was performed for 5–7 days until
colonies appeared. Screening for gene replacement of
the sar construct by homologous recombination at the
AOX1 locus, rendering a (His/ Muts) phenotype, was
performed by patching the His/ colonies on two differ-
ent types of His-deficient media: one containing glucose
(MD) and another one with methanol (MM) as the only
carbon source. Among these transformants, containing
the sar gene under the control of the AOX1 promoter,
the best producer was selected according to the results
of small-scale pilot expression experiments in the me-
dia described above. Transformation of P. pastoris with
pHILD2preaS and pHILS1preaS rendered 26 and 71
His/ colonies for each construct, respectively. When
tested for their methanol utilization phenotype only 5
of the first and 11 of the second group of colonies re-
sulted Muts. For pHILD2preaS(A-2K), 16 colonies were

FIG. 1. (A) pHILD2preaS expression plasmid. Amp, ampicillin re- obtained when plated on His-deficient media, and 7
sistance gene. HIS4, P. pastoris histidinol dehydrogenase gene to resulted to be Muts.complement the defective his4 genotype in Pichia GS115 host strain.
5*AOX1, segment of about 1000 bp, including the alcohol oxidase
promoter. 3 *AOX1(TT), segment of about 260 bp with the alcohol Protein Production and Purification
oxidase transcriptional terminating sequence. 3 *AOX1, segment of

Large-scale production of recombinant a-sarcin wasthe alcohol oxidase locus which is necessary for gene replacement.
The pHILS1preaS plasmid is similar to pHILD2preaS with the fol- carried out using the best producing colony trans-
lowing main differences: NotI sites have been replaced by BglII, and formed with pHILD2preaS or pHILD2preaS(A-2K).
the 5*AOX1 region is followed by the PHO1 (acid phosphatase) secre- After 2 days of incubation at 307C, with strong aeration,
tion signal sequence in-frame with the preproaS DNA. (B) Nucleotide

2 liters of BMGY culture was centrifuged; the pelletedand amino acid sequences at the leader peptide and mature a-sarcin
cells were resuspended in 400 ml of BMMY and furtherboundary for pHILD2preaS and pHILS1preaS (I), and pHILD2-

preaS(A-2K) (II). Ala* is the NH2-terminal residue of the mature a- incubated for two more days at the same temperature.
sarcin. Then, the extracellular medium was removed by cen-

trifugation, and the cells were induced again in 400 ml
of fresh BMMY medium for an additional 2 days. This

The third plasmid constructed was based on pHILD- 800 ml of collected extracellular material was used as
2preaS, by replacing the encoding Ala by Lys at posi- the starting material for purification of recombinant a-
tion (02) of the a-sarcin leader peptide, by oligonucleo- sarcin as previously described (13, 31). First, a cation
tide site-directed mutagenesis (Fig. 1B) as previously exchange column on Amberlite IRC 50 was employed
described (27, 28). Single-stranded wild-type DNA tem- (6). Then, the fractions containing the desired proteins
plate was prepared after subcloning the a-sarcin DNA were pooled, concentrated, and chromatographed again
EcoRI fragment within the plasmid pEMBL18(/) (29). on a Biogel P10 column.
The mutagenic oligonucleotide employed was 5*-AGG-
TCACCGCGCGTTTCTCGAGAGGCGAG-3 *. The mu-

Characterization of the Recombinant Proteinstation was confirmed by completely sequencing the mu-
Fungal a-sarcin, used as a control in these experi-tated a-sarcin DNA, which was subcloned again in the

ments, was purified from A. giganteus MDH 18894 cul-pHIL-D2 EcoRI site, rendering the plasmid pHILD2-
tures as described previously (31). Polyacrylamide elec-preaS(A-2K) (Fig. 1).
trophoresis of proteins (32), Western immunoblots with

Transformation of P. pastoris GS115 anti-a-sarcin rabbit serum (10 ng of fungal protein
could be detected under these conditions), HPLC frac-Plasmids pHILS1preaS and pHILD2preaS were di-

gested with either BglII or NotI, respectively. The puri- tionations, protein hydrolyses, amino acid analyses,
and automatic Edman degradation were carried out asfied larger fragments (1 mg), containing the a-sarcin
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described previously (13, 33). The specific ribosome-
inactivating activity of a-sarcin was detected by the
release of the 400-nt a-fragment from the 28S RNA of
eukaryotic ribosomes (7), by using a cell-free rabbit
reticulocyte lysate (Promega) as substrate (13, 14, 33).
Activity of the purified proteins against poly(A) (9) was
assayed as previously described (33, 34). Briefly, stan-
dard SDS–PAGE (32) was performed on a gel con-
taining 0.3 mg/ml poly(A). Afterward, the gel was incu- FIG. 2. Characterization of the purified proteins secreted by P.
bated at 377C for 3 h and stained with 0.2% toluidine pastoris, when transformed with pHILD2preaS or pHILD2preaS(A-
blue. Proteins exhibiting ribonucleolytic activity ap- 2K). (A) SDS–PAGE Coomassie blue staining: (1) Prestained molecu-

lar weight standards (Bio-Rad); (2) 1.0 mg of fungal a-sarcin as apear as colorless bands after proper destaining treat-
control; (3) 0.5 mg of the proteins isolated from the P. pastoris culturement.
transformed with pHILD2preaS; (4) 0.5 mg and (5) 1.0 mg of theCulture media of the a-sarcin-producing strains were purified protein when the plasmid employed was pHILD2preaS(A-

analyzed for the presence of glycosylated proteins by 2K). (B) Western-blot immunostaining with a-sarcin antiserum of
samples (3) and (4) in part A: (1) 0.15 mg and (2) 0.08 mg, respectively.reaction with concanavalin A (35) after SDS–PAGE
(C) Ribonucleolytic activity against poly(A) (0.5 mg of each purifiedseparation and transference to an Immobilon mem-
protein was assayed): (1) mixture of pro- and mature a-sarcin andbrane as described (36).
(2) mature recombinant a-sarcin.

Absorbance measurements were carried out on an
Uvikon 930 spectrophotometer. Circular dichroism
spectra were obtained on a Jasco J-715 spectropolari-
meter. All these determinations were performed under could be related to a glycosylated form, since it is well

known that secretion pathways in yeast are closely re-conditions described elsewhere (37).
lated to glycosylation events (17, 38). However, this
possibility should be discarded because the N-glycosyl-

RESULTS
ation consensus sequence is absent in a-sarcin (38, 39),
and none of the two recombinant proteins bound toThe codifying region of the sar gene, including its

leader sequence (26), was amplified by PCR using the concanavalin A, thus indicating that mannose modifi-
cation of Thr or Ser residues did not occur.plasmid pOMPAaS (13) as a template for the two prim-

ers described under Materials and Methods. Initially, Defective proteolytic processing might also explain
the larger immunoreactive band. In fact, amino-termi-two different constructs were made. The first, pHILD2-

preaS, contained the complete preproaS cDNA, includ- nal sequencing of the mixture of the two proteins,
which copurified using the standard isolation proce-ing its original ATG initiation codon (Fig. 1). In the

second, pHILS1preaS, the signal sequence of the acid dure described for a-sarcin, revealed the presence of
the mature protein and another form containing 6 ex-phosphatase was fused to the full-length preproaS

cDNA, including both its start and stop codons. There- tra amino acid residues from its leader peptide (Fig.
3A). In addition, both purified proteins displayed ribo-fore, this second construction should potentially be able

to secrete the immature form of a-sarcin, since yeasts nucleolytic activity against poly(A) (Fig. 2). This defi-
cient processing could be explained by saturation of thein general initiate translation at the ATG nearest to

the 5* end of the mRNA. However, this process appears yeast secretion pathway due to an overproduction of
pro-a-sarcin. This might occur at the processing stepto be different in this system (see below).

Neither pro- nor mature a-sarcin was detected in any of pro-protein by convertases, such as a Kex2p-like en-
dopeptidase. However, a similar misprocessing of pro-of the intracellular lysates corresponding to the (His/

Muts) colonies transformed with pHILD2preaS or pHI- BPTI by Kex2p protease was observed in S. cerevisiae,
and the yield of properly secreted BPTI was not in-LS1preaS. However, two a-sarcin-immunoreactive

electrophoretic bands were observed in the extracellu- creased when yeast mutants overproducing this pepti-
dase were used (40). A more convincing explanationlar media of all the (His/ Muts) obtained. One of them

comigrated with the mature fungal protein, the second would be a failure of pro-sequence recognition by a P.
pastoris Kex2p-like endopeptidase. Actually, removalbeing slightly larger (Fig. 2). These observations were

independent of the expression vector employed, al- of the leader sequence by the Kex2p protease is not a
prerequisite for protein secretion in S. cerevisiae (4).though the colonies transformed with pHILD2preaS

produced sufficient quantities of both extracellular re- This enzyme usually cleaves the peptide bond involving
the carboxyl group of the arginine residue at the dibasiccombinant proteins to be detected by Coomassie blue

staining. recognition site Lys–Arg (41) and, although the a-sar-
cin pro-sequence is very similar to the efficientlyAlthough the original fungal a-sarcin is not glycosyl-

ated (6), the larger extracellular immunoreactive band cleaved COOH-terminal pro-sequence of S. cerevisiae
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The ribosome-inactivating activity (production of the
a-fragment in a cell-free retyculocyte lysate) (Fig. 4),
as well as amino acid composition and spectroscopic
properties (UV-absorption and far- and near-UV CD
spectra; Fig. 5), were also coincident with those of the
fungal a-sarcin.

DISCUSSION

P. pastoris cells transformed with either pHILS1p-
reaS or pHILD2preaS secrete both defectively pro-
cessed pro-a-sarcin and its mature form. The existence
of pro-a-sarcin has been previously proposed to explain
self-protection in A. giganteus against the toxicity of
the mature protein (42, 43); but this is the first time
that pro-a-sarcin has been characterized, since it is not
secreted by the a-sarcin-producing mold and has not
been purified. The results obtained strongly suggest

FIG. 3. (A) Amino acid sequence of the 21-residue a-sarcin leader that the expression system herein employed recognizes
peptide (sequence numbers in italics) and NH2-terminal residues of the initiation codon of the sar gene even when the re-the mature protein. Residues of the pro- sequence are identified as

gion encoding for the P. pastoris acid phosphatase sig-negative numbers preceding the NH2-terminal residue of the fungal
nal peptide is present. Similar results have also beenmature protein, position 1. The sequences found for the two purified

proteins (pro-a-sarcin and mature a-sarcin) produced by transformed obtained using pHILS1 with the in-frame-fused testic-
strains of P. pastoris are underlined. (B) Amino acid sequences of ular angiotensin-converting enzyme (ACET) signal se-
the pro-region of: (a)a-sarcin from A. giganteus when produced by P. quence (44). It can be argued that yeast transformedpastoris; (b) restrictocin from A. restrictus, as predicted (46); (c), a-

with pHILS1preaS might translate both yeast and As-mating factor from S. cerevisiae (a fragment is only shown, since the
pro-sequence is much larger) (47); (d) mutated pro-sequence of a- pergillus signal sequences, recognizing the longer chi-
sarcin to render the dibasic Lys–Arg motif included within the recog- meric leader peptide. However, this would result in an
nition sequence of Saccharomyces Kex2p-endopeptidase. extremely long and unusual signal peptide (2). Indeed,

the extremely low levels of protein produced using the
pHILS1preaS construct also suggest that the tandem

a-mating factor, there is Ala instead of Lys at the cleav- arrangement of two different signal sequences results
age site (Fig. 3B). Therefore, this change might explain in a very inefficient system.
the deficient recognition and processing. It is also clear from the results presented here that

A third plasmid, pHILD2preaS(A-2K), was used to the signal sequence of the fungal a-sarcin is recognized
confirm this hypothesis. It was constructed by replac- in P. pastoris. This would explain why the protein is
ing the Ala at position (02) of the a-sarcin leader pep- not toxic for this yeast and why a single mutation in
tide by Lys (Fig. 1B). The ribotoxin pro-sequence was the a-sarcin pro-region produces large amounts of re-
thus converted into a very similar motif to that of the
Kex2p-endopeptidase recognition sequence (4) in-
cluded within the S. cerevisiae a-mating factor (Leu–
Asp–Lys–Arg). In fact, the main difference between
both sequences is the Asp residue at position (03) of
the Saccharomyces protein substituted by Glu in the
mutated a-sarcin pro-sequence (Fig. 1). No pro-form of
a-sarcin was detected in any of the (His/ Muts) new
transformants thus obtained, proving that the deficient
recognition by a Kex2p-like peptidase of P. pastoris was
the reason for anomalous production of pro-a-sarcin.

One of the transformed colonies was selected to iso-
late the protein (about 1 mg per liter of BBMY culture, FIG. 4. Specific a-sarcin ribonucleolytic activity of the purified pro-

tein secreted by P. pastoris cells harboring the plasmid pHILD2-final yield). This preparation was more than 98.0% ho-
preaS(A-2K). The assay is based on the production of the RNA a-mogeneous according to its electrophoretic (Fig. 2) and
fragment (indicated by an arrow) on a cell-free reticulocyte lysateHPLC behavior, as well as by the presence of a single (see Materials and Methods). (1) 60 ng of fungal a-sarcin; (2) 60 ng

NH2-terminal amino acid sequence, which was identi- and (3) 120 ng of the recombinant mature protein, respectively; (4)
no a-sarcin added.cal to the one described for the mature fungal a-sarcin.
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FIG. 5. (A) Far-UV and (B) near-UV circular dichroism spectra of the fungal a-sarcin (continuous line) and the species purified from the
extracellular medium of P. pastoris (dashed line) when transformed with the plasmid pHILD2preaS(A-2K).

combinant mature a-sarcin. This is remarkable consid- such as a-sarcin are not produced in yeasts. Therefore,
specific protection against them is not needed in P.ering both the highly toxic character of this ribosome-

inactivating protein and the eukaryotic nature of the pastoris and such a putative inhibitor must not be pres-
ent. It seems that protection against these ribosome-producing organism. Based on these results, S. cerevis-

iae and P. pastoris apparently display signal sequence inactivating proteins arises from an efficient recogni-
tion of the signal sequence and subsequent translo-recognition mechanisms different enough to explain

the production of a-sarcin in P. pastoris while restricto- cation of the nascent polypeptide to the endoplasmic
reticulum in the Aspergillus spp. and also in P. pas-cin (the homologous protein from A. restrictus) is toxic

for Saccharomyces, although leader peptides in both a- toris, but not in S. cerevisiae (12).
Finally, the results obtained also allow us to proposesarcin and restrictocin are almost identical (14, 26).

Protection of the a-sarcin-producing mold against its the presence of a Kex2p-like protease in P. pastoris and
an equivalent convertase of different specificity in A.own ribotoxin remains controversial. It seems clear

from the present results that defective recognition of giganteus, based on the sequence similarity between
the processing site of pro-a-sarcin and that recognizedthe a-sarcin pro-sequence by a processing endopepti-

dase in P. pastoris is the reason that both pro- and by the S. cerevisiae Kex2p protease. In addition, we
have shown how a leader peptide sequence from Asper-mature a-sarcin are detected in the extracellular me-

dium. Therefore, the proteolytic processing of the a- gillus can be used, with minor modifications, to effi-
ciently produce extracellular proteins in certain yeasts.sarcin precursor to the mature protein must involve

at least two steps in P. pastoris. The first proteolytic
cleavage is catalyzed by the signal peptidase and ren-
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Pozo. A., Gasset, M., Oñaderra, M., and Gavilanes, J. G. (1995)mans, D. H. (1965) a-Sarcin, a new antitumor agent. II. Fermen-
Substitution of histidine-137 by glutamine abolishes the cata-tation and antitumor spectrum. Appl. Microbiol. 13, 322–326.
lytic activity of the ribosome-inactivating protein a-sarcin. Bio-17. Cregg, J. M., Vedvick, T. S., and Raschke, W. C. (1993) Recent
chem. J. 309, 581–586.advances in the expression of foreign genes in Pichia pastoris.

34. Blank, A., Sugiyama, R. H., and Dekker, C. A. (1982) ActivityBio/Technology 11, 905–910.
staining of nucleolytic enzymes after sodium dodecyl sulfate–18. Laroche, Y., Storme, V., De Mentter, J., Messens, J., and Lauw-
polyacrilamide gel electrophoresis: Use of aqueous isopropanolereys, M. (1994) High-level secretion and very efficient isotopic
to remove detergent from gels. Anal. Biochem. 120, 267–275.labeling of tick anticoagulant peptide (TAP) expressed in the

35. Hsi, K.-L., Chen, L., Hawkw, D. H., Zieske, L. R., and Yuan,methylotrophic yeast, Pichia pastoris. Bio/Technology 12, 1119–
P.-M. (1991) A general approach for characterizing glycosylation1124.
sites of glycoproteins. Anal. Biochem. 198, 238–245.19. Paifer, E., Margolles, E., Cremata, J., Monterino, R., Herrera,

L., and Delgado, J. M. (1994) Efficient expression and secretion 36. Batanero, E., Villalba, M., and RodrıB guez, R. (1994) Glycosilation

AID PEP 0846 / 6q1c$$$261 03-05-98 09:26:37 pepa AP: PEP
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