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ABSTRACT
The targeting of proteins to cell organelles and membranes, or of proteins destined to secretion, is coordinated
by signal sequences located at the 5°-end of their respective genes. A signal sequence trap system was
envisaged in which a truncated version of the yeast acid phosphatase pho5 gene lacking the start codon
and signal sequence could serve as a reporter gene. A fraction enriched in 5 -end fragments obtained by
PCR from a potato guard-cell cDNA library was clori@drame to the acid phosphatase gene and the acid
phosphatase activity was assayed directly in yeast colonies grown on selective medium. Putative signal
sequences targeting the acid phosphatase to the membrane or to the outside of the cell were used to screen the
cDNA bank in order to recover the original full-size sequence which gave rise to the signal sequence. Two
unknown sequences displaying marked tissue-specific expression were retrieved, one of them (YE139) with
a higher expression level in green buds and stem cells, and the other one (YE290) with a higher expression
level in androceum, gyneceum, and roots. The limitations of the system are further analyzed using other
sequences as control.

Key words: signal sequences, potassium channel, yeast acid phosphatase, library screening.

INTRODUCTION recognition of specific targeting signals. In contrast,
nthe transport of proteins to the cell membrane for

. . . insertion or secretion occurs by a default secretory
organelles of eukaryotic cells is one of the major ac- . , ,
. . pathway, in which the targeted protein moves from
complishments of nature. Major targets for the par-

titioning of proteins in eukaryotes include mitochon- the endoplasmic reticulum (ER) to the Golgi appa-

. . ratus, and then to transport vesicles (Hadlington and
dria, chloroplasts, peroxisomes, glyoxysomes, and

the nucleus. Proteins destined to these organelle[s?enmke 2000). Whether a protein remains bound

. . }o the membrane or is secreted depends on its signal
are translated on free polyribosomes in the cytoso
and, concomitantly or shortly thereafter, they are>cduence.

. . . Studies on the biosynthesis of secretory pro-
imported into the appropriate organelle basedonthe .~
teins in prokaryotes and eukaryotes have shown that

The partitioning of biochemical processes i

Correspondence to: Marcelo J. Surpili most of these proteins are synthesized as precur-
Laboratério Nacional de Luz Sincroton, LNLS sors containing an additional of 15-30 amino acids
Rua Giuseppe Maximo Scolfano, 10.000 . . .

Cx. Postal 6192, 13084-971, Campinas, SP, Brazil at the N-terminal end of the moIeCl_JIe (M|Iste|r_1 et
E-mail: msurpili@Inls.br al. 1982). These transient N-terminal extensions,
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known as signal peptides (Blobel and Dobbersteirred diazocompound complex formed during the re-
1975), are responsible for most of the protein sortingaction cannot enter the cytoplasm, so the reaction
that occurs in the cell. must occur outside the cell. The presence of acid
Many membrane proteins on the inner andphosphatase outside the cell would thus indicate that
outer surface ofthe cellmembrane have animportana signal sequence was responsible for its secretion.
role inrespondingto changesin the external environ-
ment (Smith 1990). In plants, the greatest changes
in the plasma membrane protein profile occur during MATERIALSAND METHODS
the early stages of development, including floral in-E
i i NZYMES AND CHEMICALS
duction and, to a lesser extent, in later stages such as
seed formation and senescence. These temporal aBNA restriction and modification enzymes were
spatial changes have been studied in detail in highpurchased from Boehringer (Mannheim, Germany)
ly purified tobacco leaf plasma membrane fractionsand New England Biolabs (Beverly, MA). Chem-
(Masson and Rossignol 1995). icals were from Sigma (Deisenhofen, Germany),
The aim of the present study was to establishBoehringer (Mannheim, Germany) or Merck
a system for screening cDNA libraries to trap sig- (Darmstadt, Germany). Primers T3 (5"-AATTAAC-
nal sequences from proteins trafficking along theCCTCACTAAAGGG) and T7 (5" -GTAATACGAC-
secretory pathway. The approach consisted of suboFCACTATAGGGC) were purchased from LKB
stituting the signal sequence of a known secretoryPharmacia. All other primers for sequencing or PCR
protein for unknown sequences obtained preferenkeactions were purchased from TibMolBiol, Berlin,
tially from the 5 -ends of the library cDNA clones, Germany.
where signal sequences are usually found. The sig-
nal sequences would then be recovered and used as
probes to screen the cDNA bank for the full-size PEANTS: BACTERIAL AND YEAST STRAINS
clone. The secretory protein chosen as a reportetNP GROWTH CONDITIONS

in this case was the acid phosphatase PHOS (E. Gsplanum tuberosum L. cv. Désirée was obtained
3.1.3.2) fromSaccharomyces cerevisiae, the main  from Saatzucht Fritz Lange GmbH (Bad Schwartau,
enzyme in a family of four acid phosphatases in thisgermany). The plants were grown in a greenhouse
yeast (Oshima 1997). Gene fusions to pho5 projnindividual pots and were watered daily with16h
vide a convenient system for analyzing gene regutight (22°C) and 8h dark (1%C) cycles.

lation, and for studying the signals involved in the Escherichia coli was cultured at 2T in Luria-
proper localization of proteins in yeast (Sidhu andpertani medium using standard methods (Sambrook
Bollon 1987, Lopandic et al. 1987). Arima et al. gt g|. 1989). E. coli strains DHx (Bethesda Re-
(1983) identified a 17-amino acid signal peptide insearch Laboratories, Gaithersburgh, MD, USA) and
the repressible pho5 gene. Inthe presentstudy, yeasi -1 Blue (Stratagene) were used for DNA cloning
PHO5 mutants were used, and shuttle vectors corypg screening experiments.

taining a truncated version of the pho5 gene, i.e., The Saccharomyces cerevisiae phosphatase
the nucleotide sequence corresponding to the proteifhytant strain YHH-33 fis3-11,15; leu2-3,112;
without its native signal sequence, were constructpnhos) was kindly supplied by Dr. Meyhack (Ciba-
ed. The constructs containing unknown sequencegeigy, Basel, Switzerland). Stock cells were main-
in front of the truncated pho5 gene were then usedained on solid Yeast Nitrogen Base (YNB) medium
for the transformation and partial complementationcontaming the amino acids necessary for comple-
of mutant cells on adequate medium. PHOS activi-mentation. Transformed cells were plated on de-
ty was detected by direct staining of yeast coloniegined YNB medium without leucine (complementa-
grown on a plate using diazo-coupling dyes. Thetion present in the 181A1NE vector).
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PCR AMPLIFICATION OF THE PHO5 GENE FROM After transformation, the yeast cells were grown for
Saccharomyces cerevisiae 3-4 days at 28C prior to staining.

Genomic yeast DNA was isolated according t0q. . .\ ouvr o cor ONIES AND

Rose et al. (1990) and used as a template in tthECTROPH OTOMETRIC DETERMINATION OF

PCR reactions to amplify the DNA sequence cod-ACID PHOSPHATASE ACTIVITY

ing for the mature PHO5 enzyme. The reactions

were done in a Perkin Elmer Cetus thermoCyC|erTheyeastc0Ionieswere stained for acid phosphatase
using PHO1 (5" - GCTAGGATCCGGTACCATTC- activity as described by Dorn (1965) and To-E et al.
CCTTAGGCAAACTAGCC) and PHO2 (5'- GCT- (1973), with the addition of agarose (final concentra-
AAGATCTTTATTGTTTTAATAGGGTATCA) as tion, 0.5%) to avoid dislodging the colonies on the
forward and reverse primers, respectively. The forPlate. Positive colonies remained viable for up to

mer was complementary to the 5"-end of the pho530 min after the reaction and could be inoculated in

gene coding region, without the PHOS5 start COdonliquid media for further analysis. Acid phosphatase

and signal sequence. Primer PHO2 was COmple<§1ctivitywas also determined spectrophotometrically
mentary to a stretch of 38 bp including the phos stopt>idhu and Bollon 1987).

codon. Both primers introduced additional restric-
tion sites at the ends of the amplified DNBamHI

for primer PHO1 andgll for primer PHO2). The After transformation with plasmids containing un-
following temperature profile (40 cycles) was usegknown sgquences inserted in front of the trun<_:at-
for amplification: denaturation, 9&/2 min; primer ~ €d phoS in vectors pSDEP-0, 1, and 2 as described

annealing, 58C/1.5 min; primer extension, 72/ above, aliquots of yeast cells were plated on min-
2.5 min. imal selective medium. The cells were grown as

described and the staining solution was dropped on
CONSTRUCTION OF THE SIGNAL SEQUENCE TRAP the colonies._ After ten minutes red-colonies Wgre
(SST) vECTOR (PSDEP-0) detectable with the naked-eye. About 2000 colonies

_ _ of transformed cells per plate were usually obtained
For construction of the SST vector, the coding '€y plating 20-50..L aliquots.

gion of the yeast pho5 truncated gene obtained by

PCR was inserted into tHe coli/yeast shuttle vec- IsoLaTioN oF cDNA 5°-ENDS via PCR

tor 181A1NE (Riesmeier et al. 1992). DNA Se- AND CONSTRUCTION OF A SIGNAL SEQUENCE
guence analysis confirmed the presence of the yeasiS-vECTOR LIBRARY

_pho_5 gene cgdmg regon. Expre;spn of the PHOSAn oriented.ZAPIl cDNA library previously estab-
in this vector is driven by the constitutive alcohol de-

hyd zed by th lished from potato leaf epidermal fragments highly
YErogenase promoter recognized by e Yeast gy rigneq for guard cells (Kopka et al. 1997) was

scription machinery. To cover all possible frames
P Y P used as a source to clone genes from novel pro-

in clones coming from the cDNA library, two other teins destined for the secretory pathway. Comple-

vectors were also constructed containing onementary DNA fragments containedNot! restric-

(pSDEP-l) and two (pSI?EE-Z) ext.ra. nucIeondestion site at their 5" -end and %hol restriction site
(adenine) after thBamHI site in the original vector at their 3"-end. Considering that signal sequences
PSDEP-0. are located at the 5"-end of genes coding for mem-
brane and secreted proteins, an enrichment for these
sequences was obtained prior to inserting the se-
E. coli were transformed according to Hanahanquences in front of the truncated pho5 gene. PCR
(1993). Yeast transformation was done as describeteactions were done with T3 as the forward primer
by Dohmen et al. (1991), with minor modifications. and a set of four degenerated oligonucleotides as

SCREENING FOR PHOS5 ACTIVITY

BACTERIA AND YEAST TRANSFORMATION
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reverse primers, each one 10 bases long and COISEQUENCE ANALYSIS

taining aSau3A (BamHI compatible) restriction site DNA sequences were determined by the dideoxy
at their 3’-end (SST1, 5"-CATGGWGATC; SST2, method (Sanger et al. 1977).

5"-CAGTCWGATC; SST3, 5-CAGTASGATC and

SST4, 5"-CAGTTSGATC). The primers were de- NorTHERN BLOT ANALYSIS

signed to anneal randomly to internal regions OfP I i h d
genes in the library and contained one wobble site 01alo piants grown in  greenfiouse were used as a

(W or S) to increase the variability of the combina- source of RNA. The plant material was frozen in lig-

tion. Alternatively, T3 and T7 were used as forward uid nitrogen and total RNA was extracted according

and reverse primers, respectively. After gel elec-t0 Logemann et al. (1987). RNA from epidermal

trophoresis, the smear of fragments obtained Wagrggments h|ghly ennchedl for guard cells was ob-
eluted and digested wifitotl andSau3A separately. tained as previously de§cr|bed (Kopka et al. 1997).
With the latter restriction enzyme, reaction aquuotsR_NA gel electrophores.ls and northern blot anal}/-
were withdrawn at different incubation times to pro- sis were done as described elsewhere (Landschiitze

vide greater variability in the fragment sizes. The di—et al. 1995)'0 Membranes. wefre”washed dHGh
gested fragments were ligated to the truncated yea§X OSSC’ 0.5% S[,)S (15 min), followed bydSSC,
phosphatase in the pSDEP shuttle vectors 0, 1, an%‘5 % SDS (10 min).

2, and used foE. coli transformation to produce
. . PoTAssiuM CHANNEL (KST1) PARTIAL SEQUENCES
the signal sequence SS-vector library. All trans- .
INSERTED in frame To THE PHOS5 GENE AS A MODEL

formed cells were recovered by carefully harvesting
. . . . FOR THE CHARACTERIZATION OF PHOSPHATASE
the colonies grown on solid media and aliquots of a
. . ACTIVITY RELATIVE TO ITS POSITION IN THE
DNA maxi-preparation from these cells were used
. . CELL MEMBRANE
to transform yeast mutant cells prior to screening for

PHO5 activity. Partial sequences of the inward rectifying éhan-
nel KST1 (Muller-Rdber et al. 1995) were used to
construct hybrid clones with the truncated acid phos-
SCREENING FOR FULL-LENGTH CLONES USING phatase gene in the yeast vector for further char-
THE AZAPII CDNA LIBRARY acterization of PHO5 activity. Four clones were

Approximately 5x 10P plaque-forming units of a constructed, two positioning PHOS5 inside the cell,

AZAPIl cDNA library established from potato leaf and wo positioning the enzyme outside the cell, de-
epidermal fragments were screened using the Seqendmg on the number of intermembrane domain

guences retrieved in front of the truncated pho5 genéequen.ces inserted in front, of phoS. The first 260
as probes. Radioactive labeling wit-#2P)dCTP nucleotides located at the 5"-end of the KST1 clone
(Amershan) was done using a random prime label{ProPably responsible for coding its signal se-
ing kit from Boehringer Mannheim. Filters were quence) and the signal sequence plus the first inter-
hybridized overnight at £Z in 250 mM sodium membrane domain from the spinach sucrose trans-
phosphate buffer (pH 7.2) containing 7% SDS, 1g4POrter were inserteth frame to the pho5 gene for
BSA and 1 mM EDTA. and washed at %2 in 5x comparison of the PHOS5 activity vivo. Yeast cells
SSC. 0.5% SDS. 5% f(;rmamide (20 min) and i 3 were transformed with the different constructs and

SSC, 0.5% SDS (10 min). Plaque-purified phagesplated as usual.
were converted to pBluescrfdSK derivatives by

excisionin vivo using the helper phage Exassist, ac-

cording tothe protocol provided by the manufacturerPrior to screening for secreted PHOS5 directed by
(Stratagene). Rescued phagemids were investigatexbquences from the cDNA library, the activity of
by restriction analysis and DNA sequencing. the extracellular acid phosphatase coded by the se-

RESULTS
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guence obtained by PCR with primers PHO1 andwo sequences are indicated below.
PHO2 was tested by fusing a 200 bp sequence CONs| ONE YE139

taining the probable signal sequence of the SUCTOSE- 1 ATT GTT TCT AAT TTT TTC CTA AAA
transporter cloned from spinach (Riesmeier et alTAA GCT AAG GCA ATT TAC CAC TCT TCA
1992). This construction, referred to as 181A1NE'ATCATA TCT GCATCT GTT CTA TAT TGG TAT
STSS-PHO5, served as a positive control. The PreSt A GGT TCT GCC ATGACA TTG TAC GGA
ence of characteristic red yeast colonies after StainCAA GCC ATC TTT a; GGT TTC TTG ATC
ing showed that this 200 bp fragment mimicked the

- ) ) ~CTT pho5 -3’
original PHOS5 signal peptide and led to the secretion

of an active acid phosphatase by the yeast cell (Fig- ~ This sequence shows one start codon (under-
ure 1A). A five-minute preincubation of the yeast lined ATG)in frame to the pho5 gene that served as
colonies with 0.1 M sodium fluoride (an inhibitor of @n initiation codon and provided a signal sequence
acid phosphatases) at pH 6.7 inhibited the stainingfor PHOS to reach the extracellular milieu. Before
thus confirming the involvement of an acid phos- Screening the guard cell cDNA library, a northern
phatase in the reaction (data not shown). blot using RNA isolated from different potato tissues
That signal sequences other than those directvas done using this fragment as a probe to assure
ing a polypeptide through the default pathway woulgthat the sequence came from the library and was not
not be detected by this model system was asce@® PCR artifact. The result would also indicate the
tained by fusing sequences in front of a truncatecfize of the original gene to be searched for in the
pho5 which could not lead the protein to the mem-library and thus, the size of the protein encoded. As
brane or to the outside of the cell. Thus, th®9 bp depicted in Figure 1B, the highest levels of expres-
Asp718BamHI fragment encoding the transit pep- sion were found in green buds and stems, with con-
tide of the potato mitochondrial matrix processing Siderable expression in roots and sink leaves. The
peptidase (Braun et al. 1992, Landschiitze 1995)ull-size gene containing the sequence above would
the~ 300 bpAsp718BamHI fragment encoding the b€ about 3.5 kbp long.
transit peptide of the potato plastidic ADP-glucose A Sequence containing about 3.6 kbp was re-
pyrophosphorylase large subunit (Miiller-Réber ettrieved after screening the guard cell cDNA library
al. 1990), and the- 200 bp Notl/BamHI frag- with clone YE139. Sequencing and restriction pat-
ment containing the 5 -end of the potato cytoso-tern analysis indicated a chimaeric clone, with the
lic phosphoenolpyruvate carboxylase (La CognatafirSt 1.5 kbp corresponding to an unknown protein
1996) were substituted for the sucrose transporte®nd its second half to the 3"-end of plant cytochrome
signal sequence in the vector 181A1NE - STSS P450. As expected, the sequence from clone YE139
PHOS5. As expected, none of these produced a pogvas found atthe 5”-end of this unknown clone, indi-

itive red staining for acid phosphatase (data notcating that it was responsible for encoding the signal
shown). sequence from this protein. Transforming YHH-33

The signal sequence SS-vector library (see/€ast mutant cells again with YE139 confirmed the

“Materials and Methods”) containing the putative POsitive staining for acid phosphatase activity.
57-end regions from the guard cell cDNA library in- c| ONE YE290

serted in front of the truncated pho5 reporter genes'- TT CCA TTC AGT TTC CTT TAC TTG ATC
was used to transform YHH-33 mutant cells. Af- GAA CAG CCC CAA ATT CAG TTA TTT CAA

ter growing and screening for PHOS activity, two cTA CAT TAA ATG ATC TTT CAA ATT GGT

colonies were isolated (clones YE139 and YE290),cAA GAC TCT CTA GTT TAT GGC CGC TTC
grown in liquid selective medium and replated for aTcT ATG GTA CCA GTT GTT GCT TCA TTG
second staining which was necessary to confirm and AT TTG CTT CAC TAA TAG GCT CAC GCT
properly isolate the potential positive clone. Thesercg ACT TT*G ATC* CTG ATG AGC GTT TCT

An Acad Bras Cienc (2002)74 (4)
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A - +

- . - - —— 3.5kbp

Fig. 1 - (A) YHH-33 yeast mutant cell colonies after staining for acid phosphatase PHO5 activity. Colonies on the right originated
from cells transformed with vector 181A1NE-STSS-PHOS5, where the spinach sucrose transporter signal sequence was inserted
frame to a truncated version of the pho5 acid phosphatase lacking its start codon and original signal sequence. Colonies on the left
are from the same cell line transformed with vector 181A1NE containing only the truncated pho5 gene without its own or any other
foreign signal sequence. PHO5-secreting cells (plate on the right) are stained red. (B) Expression pattern of sequence YE139 used as
a probe in various tissues of potato plants. The transcript detected has a size of approximately 3.5 kbp. Total RNA was isolated from
the following tissues: lane 1, coloured buds; lane 2, green buds; lane 3, epidermal fragments; lane 4, open flowers; lane 5, roots; lane
6, sink leaves; lane 7, source leaves; lane 8, stem; and lane 9, tubers. Amount of total RNA per lanecadpout 30

TCG TGG ATT TTC GGG GTT TTG TTA GCT of the sequence used as a probe was retrieved after
GGA ATA TGC AGT AGT GAT AAA CCC TAT  screening the cDNA library again. This sequence
ATG GAA CTG AGG AAATCA GCT GAATTG  also showed no homology to known proteins.
TTT GAT GAT TCT TTG ATC CTT pho5 -3 Because of the low efficiency in recovering
potential sequences other than chimaeric ones di-

This is a chimaeric sequence. TiBau3A recting PHOS to the outside of the cell, we exam-
cleavage site indicated between two asterisks markiged whether extracellularly located but membrane-
the probable limits of two sequences after comparabound PHOS5 would interact with the staining re-
tive analysis with known sequences in the Genebankagents and give a positive result, or whether PHO5
The upstream sequence showed homology to a plagrust be sterically free to provide positive staining.
tidic protein, whereas the downstream sequencélybrid genes were constructed coding for one or
showed no significant homology to any known pro-more transmembrane domains from the inward rec-
tein. One of the two start codons after this cleavagdifying K* channel KST1 fuseth frameto the trun-
site andin frame to the truncated pho5 gene could cated pho5, thereby positioning the acid phospha-
be responsible for the enzyme secretion. The sedase to the cell interior or exterior. After transfor-
ond half of this clone was amplified by PCR and mation and growth, none of the supposedly positive
cloned into pBluescrif?SK. Northern blot using clones (those expressing PHOS bound to the outside
this sequence as a probe indich&ed kbp gene being  0f the cell) showed the expected red staining. Incon-
differentially expressed primarily in floral parts (an- trast to the positive staining obtained with the sig-
droceum and gyneceum) and roots (Figure 2). Sighal sequence from the spinach sucrose transporter,
nificant expression could also be observed in greetthe construct encoding only the probable signal se-
buds and epidermal fragments. quence from KST1n frame to the phosphatase did

A sequence of about 720 bp and containing parot stain red. However, all transformants showed

An Acad Bras Cienc (2002)74 (4)
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'.' » e ® —.

Fig. 2 — Expression pattern of the 3"-end of sequence YE290 used as a probe in various tissues of potato plants. The transcript detected

has a size of approximately 3.0 kbp. Total RNA was isolated from the following tissues: lane 1, androceum; lane 2, gyneceum; lane
3, coloured buds; lane 4, green buds; lane 5, epidermal fragments; lane 6, sink leaves; lane 7, source leaves; lane 8, roots. Amount of
total RNA per lane about 363.

positive acid phosphatase activity after cell dis-lated T3 asa5 -end primer for the generation of PCR
ruption compared to the low activity obtained with fragments, together with T7, a mixture of degener-
YHH-33 mutant cells containing the vector with- ated 10mers as described in “Materials and Meth-
out insert (Figure 3). Another hybrid protein was ods”, or primers containing only BamHI cleavage
constructed using the spinach sucrose transportesite at their 3" -end. The PCR fragments thus ob-
Here, in addition to the signal sequence, the firstained were cleaved witBau3A and aliquots were
transmembrane domain sequence was also clonesdithdrawn after different incubation periods. These
in frameto the acid phosphatase gene. This was exaliquots were treated with streptavidin-coated beads,
pected to produce a hybrid protein in which PHO5so that fragments with only or&au3A cleavage site
would face the outside of the cell. Again, no acid at their 3"-ends would be retained. These fragments
phosphatase activity was detected by direct stainwould then be retrieved by washing the beads with
ing of the colonies, although activity was seen afterappropriate buffers, and further cleavage wviibt!
disruption of the cells (Figure 3). would give the expecteblotl-Sau3A fragments to
be cloned in front of the pho5 gene in the vector
pSDEP. Since this procedure resulted in a dramat-
ic decrease in the number of yeast colonies grown
The functionality of the SST-system was demon-after transformation (only 2-6 colonies/plate), these
strated by inserting the signal sequence from axperiments were discontinued. None of the modi-
known membrane protein (sucrose transporter fronfications introduced resulted in the exclusive inser-
spinach) and later by retrieving two unknown se-tion of 5"-ends originating from single cDNA clones.
qguences from a guard cell cDNA library showing Although other sequences retrieved from the cDNA
strong tissue-specific expression. library also led to the secretion of acid phosphatase,
Among the various problems encountered dur-for most of these it was not possible to demonstrate
ing the development of the SST-system, the recomexactly which segment was responsible for the se-
bination of fragments obtained affdotl andSau3A  cretion, because of the high recombination rates for
digestion, and the formation of chimaeric sequencesequences containifgu3A restriction sites at both
as a consequence of such recombinations, were uends and the consequent formation of chimaeras. As
solved. The chimaeric sequences were producedhown elsewhere, up to 25% of randomly generat-
by linking fragments of different sizes containing ed peptides can function as signal sequences for the
the Sau3A cleavage site at both ends, so that theER, mitochondria, and bacterial plasma membrane
final product would have &lotl site at the 5-end, (Schatz and Dobberstein 1996). Interestingly, the
as expected, followed by many shorter sequences afequence of the 5"-end region gflactamase was
joined Sau3A-Sau3A fragments. also retrieved after screening for PHOS5 activity and
An attempt to improve the yield of non- probably resulted from digestion of the shuttle vec-
chimaeric sequences involved the use of a biotiny{or used during cloning.

DISCUSSION
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Phosphatase activity
(nmol/min/mg protein)
N

1 2 3 4 5 6 7 8

Protein extract

Fig. 3 — Spectrophotometric measurements of phosphatase activity in protein extracts from YHH-33 yeast cells transformed with
constructs coding for different hybrid proteins of the spinach sucrose transporter, KST1, and acid phosphatase. Protein extract from
2 came from cells containing vector 181A1NE-STSS-PHOS5 and showed maximum acid phosphatase activity. Hybrid proteins from
extracts 3 and 5 were designed to position PHOS5 outside the cell, between subdomains 1-2 and 3-4 of the six-membrane spanning
domains of protein KST1, respectively. Hybrid proteins from extracts 4 and 6 were designed to position PHO5 facing the cytosol
between subdomain 2-3 and 4-5 of KST1, respectively. Extract 7 harbours the hybrid protein coded by the sequence containing pho5
in frame to the first 260 bp of KST1 thought to possess the signal sequence, while extract 8 codes for PHOS5 facing the cell exterior
linked to the first intermembrane domain of the spinach sucrose transporter. Protein extract from 1 was obtained from YHH-33 cells
transformed with yeast vector 181A1NE only and represents the background acid phosphatase activity (PHO3, PHO10, constitutively

expressed at a very low concentration). Assays were done with three different colonies from each construct.

Further experiments using the potassium chanbrane by one of its transmembrane domains, which
nel KST1 gene as a model revealed other uncertaingave negative staining. That the probable signal se-
ties not considered at the beginning of this work.quence from KST1 was not able to direct the acid
Among these, that the position of the acid phos-phosphatase to outside the cellwas a surprise, but not
phatase relative to the cell membrane might playnecessarily unexpected. It may be argued that while
a decisive role in its catalytic activity and influence the general mechanisms of signal sequence recog-
the detection of positive clones. A similar effect nition between yeasty( cerevisiae) and plants &
caused by immobilization of lipase on the surfacetuberosum) are basically the same, there are subtle
of yeast cells has already been described (Schreudegariations. Thus, the position of acid phosphatase
etal. 1996). When the acid phosphatase was linkedelative to the cell membrane, and signal sequence
to the plasma membrane via one or more transmenrecognition among different eukaryotes could have
brane domains of the KST1 protein, its enzymaticaffected the retrieval of positive clones, even if chi-
activity was detected only in extracts of these cells.maeric sequences were not the main problem.
These findings were corroborated by comparing the  Other reports have described signal sequence
enzymatic activity of acid phosphatase fused to thdraps (Skarnes et al. 1995, Yokoyama-Kobayashi et
spinach sucrose transporter signal sequence free al. 1995), but only one (Klein etal. 1996) has yield-
the periplasmic space, which was positive, with theed few drawbacks. The excellent results obtained by
activity of an enzyme anchored in the plasma mem-<Klein and coworkers probably reflected the fact that
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their system involved only mutant complementationtuada em botdes florais verdes e células do tronco, € o ou-

on a selective medium rather than a direct screentro (YE290) de expresséo elevada em androceu, gineceu

ing procedure. Although PHOS5 yeast mutants weree raizes. Os diversos problemas encontrados durante a

used in our system, the screening involved stainingxecucéo do trabalho sdo discutidos face aos resultados

as well as mutant complementation. Besides, thosebtidos com outras proteinas-modelo.

authors used a human cDNA library for constructingpajayras-chave: seqiiéncias sinalizadoras, canal de po-

the vectors for the transformation of yeast cells.  t4ssio, fosfatase 4cida de levedura, triagem de biblioteca
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