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ABSTRACT. Glycosylphosphatidylinositol (GPI) anchors are attached to newly synthesized proteins in the
ER by a transamidation reaction during which a C-terminal GPI attachment signal is replaced by a preformed
GPI precursor lipid. This reaction depends ®AAland GPI8, the latter belonging to a novel cysteine
protease family. Homologies between this family and other Cys proteinases, such as caspases, pointed to
Cys199 and His157 as potential active site residues. Indgé8lalleles mutated at Cys199 or His157 are
nonfunctional, i.e., they are unable to suppress the lethalitkgi8 mutants. The overexpression of
these nonfunctional alleles in wild-type cells leads to the accumulation of the free GPI precursor lipid
CP2, delays the maturation of the GPI protein Gaslp, and arrests cell growth. The dominant negative
effect of the Cys199 mutant cannot be overcome by the simultaneous overexpression of Gaalp. Most
GPI8 alleles mutated in other conserved regions of the protein can complement the growth defect of
Agpi8, but nevertheless accumulate CP2. CP2 accumulation, a delay in Gas1p maturation and a slowing
of cell growth can also be observed when Gpi8p is depleted to 50% of its normal level in wild-type cells.
The dominant negative effect of nonfunctional and partially functional mutant alleles can best be explained
by assuming that Gpi8p works as part of a homo- or heteropolymeric complex.

As in all other eucaryotes, the yeast GRinchor is encodes a 68 kD ER protein with a large luminal domain,
attached to newly translocated proteins in the ER by a processseveral membrane spanning domains, and a cytosolic ER
in which a C-terminal hydrophobic GPI anchoring signal retrieval signal on its extreme C-terminus. The exact role of
sequence is removed and a preformed GPI is attached in itSGaalp has not yet been elucidated.
place (—4). The GPI transferase is believed to act as @ Gp|gis also an essential gene and encodes a type | ER
transamidase, i.e., to simultaneously remove the GPI anchormembrane protein having 228% homology to several plant
ing signal and to replace it with the preformed GPI. Thus, and invertebrate proteases, which have been classified as
at least in living cells, one cannot observe biosynthetic cysteine proteinase family C13 in the SWISSPROT database
intermediates from whlch the hydrophobic GPI signal has (12—15). By homology searches, we recently identified three
been removed, but to which a GPI has not yet been added aqgitional sequences, which have high homology to yeast
This holds true not only for normal cells but also for 5nq humanGPI8 (yGPIS and hGPI§ and that seem to
mammalian mutant cell lines unable to synthesize complete represent the GPI8 homologues@denorhabditis elegans,
GPIs ©, 6). Recently, evidence for a transamidase has also prosgphila melanogasterand Arabidopsis thalianaOver
been inferred from the finding that a microsomal enzyme he first 300 amino acids, their sequence shows 50, 58, and
activity capable of removing the C-terminal GPI anchor g53o identity and 83, 87, and 81% of similarity wigisPIg
signal is enhanced by small nucleophilic amings Genetic  respectively. yGPI8 has been associated with the C13
approaches have identified genes required for addition Ofprotease family of the SWISSPROT protein sequence
GPI precursor lipids to proteins. Transamidase-deficient cells yatahase, which, as a result of this, now falls into two
are expected to accumulate complete GPI lipids as well asgypfamilies of more closely related genes, namely, the
GPI precursor proteins. This phenotype is exhibited by tWo riginal C13 family and th&sPI8 family presently compris-
yeast mutantgaalandgpig, and a mammalian mutant cell  jnq's GPI8 homologues (Figure 1a and 1b). The homology
line (class K) §—11). The GAAL gene is essential and  yith proteases does not prove, but at least suggests that Gpigp
is directly involved in the proteolytic removal of the GPI-
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a to Ser ((7—21), we initially considered the possibility that

veEB _.\‘é'fi'}j.f—'“f"(“."féatﬁt-nu Ser60 may be the active site. Therefore, Ser60 was mutated
Vo o PHAYU" \Hi |/ vrESoveN to Ala and also to Cys and the whole region containing Ser60
weems \ 2|\ |/ P18 ARATH of yGPI8(residues 5561) was replaced by the correspond-
i ing conserved consensus sequence, which is present in the
other members of the C13 family. This consensus sequence
GPI8_YEAST contains a Cys in position 59 and the mutant is called

S60—C59. When it became clear that the S60A mutation

VPEC_ARATH®

VPEA_ARATH

HGLB SCHIA——___~ was still functional, Cys residues were mutated. Of the four
/, GPIS_CAEEL* Cys residues ofyGPI8 only two (Cys85 and Cys199 of
/o » yGPI8 are conserved in all five-members of ti@&PI8
HGLE_SCHMA . . . .
) subfamily. None of them is located within one of the many
e o GP1s mUMAN P ROME conserved blocks of sequence identity (Figure 1b). Interest-
- ingly, Cys199 is also conserved in all but one member of
b the original C13 protease family, the exception being the
Yeg?:: I‘]RI;‘;MEILPLL.II..LYIF];LPLS(;ANN'I'DAAH}:VZA']‘II\;:}:;;J_I\\‘T:::?-ESE:RE’-‘IF 50 Schistosoma mansohémoglobinase B. Cys85, on the other
C13f - o 7 iwWavivacs oy hand, is not at all conserved in the rest of the C13 protease
p
: Weeis 8 family. Cys199 was strongly suggested as the active site
yGpi8 NYRHMANVLSMYRTVERLGIPDSOIILMLSDDVACNSENLFEGSVENNED 100 regdue by sequence Companso_n Of the C13 protease famlly
Gpi8f y v n Ls rsvKRLGIPDs IilMladDmaCN RN Pg VE with the C14 Cys protease family, i.e., the caspase family,

Cl3f NYRHQaD CHAwg 1 =3 EnIvviMYDDIA NP G iiN
3 H T3 H 23

G  :T:izz: :Di: N which seems to be the most closely related Cys protease

family. The X-ray structures of two caspases have been

Gpi8 HAIDLYGDSVEVDYRGYEVTVENFIRLLTDRWTEDHPESKELLTDENSNI 150 i 1 i i i
GpiB8f  nIYCAQVEVDYRG EVIVERE RuLTOR  proKirred  ni reported and their active site residues have been determined
cise ¥GV DYG v nf vlGd  gGGRVi S np i (22). As shown in Figure 1c, the region around the Cys199

of yGPI8 bears a distinct resemblance with the PROSITE
yGpi8 FIYMTGHGGDDFLKFQDAEEIASEDIADAFQUMYEKKRYNEIFFMIDTCD 200 motif found around the active site Cys in the caspase family
Gpi8f 1iYmTGHGGA FlEFQDsEEL s dla Mwek RynEl fm DtC
Ch3E Fiy soHGGMGL B lys CE dwinr e R i vEAen (PROSITE pattern PS01122).
ii HG: o s tror L L LLL The study of Cys proteases showed that many of them
YyGpi8 ANTMYSKFYSPNILAVGSSEMDESSYSHHSDVEIGVAVIDRFTYYCLDFL 250 Contain a Catalytic triad Of Asn’ His, and Cys (papain,
i I MY Sk SPNILAVGSSEMDESSYSHHSDVEIGVA FTY H H
Gpi8f a smye f Spnvla SS E § Shh D IGV viDRyTyY 1 Fl PROSITE document PDOCO00126) or at least a catalytic diad
C13£ sesif 1 nivalThsna E Swg ¥ £ LoD ¥S Wm of His and Cys (caspases, PDOC00864), whereby His helps
to deprotonate the active site Cys in the same way as is
EG‘-’:: EQIDKNSTLTLQSLE‘DSFTFE!F.I}-{S}-{‘..-’G\.fR'J‘DLB‘DRNFSPNT,TTQFFANV 300 described for the active site Ser of serine protea®8sa9).

pi =] s RtD d V iTdFF . . . .

C13f DS hn etlkaQ¥ vk T SHV qvod i 1 ¥ G pa We, therefore, mutated His157, which is conserved in the
T s : original C13 as well as the GPI8 family (Figure 1b). We
¢ also mutated His54 of yGPI8, which is conserved in 18 of

TR EARE S — ——— the 19 C13 protease family members, the exception being

sition| - -8 - -} - 2| - +1 | +2 . . - .

Capase| & [P & Trvar | Lrvais | Livear | Livaee (o o TEERoG| G A. thaliana GPI18(atGPI8), which, however, contains a His
Gpisf |Knu|E|mm| LMF | IVF | IM | IVa |p|st [C199| RQ | Gas nearby.

CI3f | Ksk | «|IM| V¥ IF Y LIV JE|ACN | E | s

Ficure 1. Relationship ofGPI8 with other Cysteine proteases. MATERIALS AND METHODS
Panel a: The phylogenetic tree of the SWISSPROT C13 cysteine  Strains, Media, and Materials. Saccharomys#sins are
protease family and its newly identified homologues was established |isted in Table 2A and were grown in minimal medium

by a ClustalW alignment and visualized by TreeVié¥)( Numbers . - .
correspond to the phylogenetic distance calculated with the SUPPlemented with all 20 amino acids (2400 mg/L),

neighbor-joining methods®) and multiplied by 100. Some proteins ~ adenine sulfate, and uracil (SDaa medium). SGaa medium
(*) are not yet classified in the SWISSPROT database but were is SDaa medium with 2% galactose instead of glucose. The

named following the SWISSPROT nomenclature; their TrEMBL ; ; ; ;
accession numbers are 046047 (GRD&OMB, 014822 (GPI8- cr?pper concr?r}tr&.ltlon of Sléaa med(lja was detgrmlgidS with
_HUMAN), 064674 (GPIBARATH, Q39044 YPEB_ARATH the copper chelating agent BCZ5{ and amounted to 0.
024325 (EGU_PHAVU, Q39119 YPEC_ARATH 024326 1.0 uM. Copper-free media contained 1@ BCS and 1
(LLP_PHAVY, and 024539 CYSP_VICNA The SWISSPROT M FeCk. The absorbance of dilute cell suspensions was
alccession nurl?ber of GPIEAEELIs 549048. Panel b: Sequ%nce measured at 600 nm, one @punit of cells corresponding
alignment of the first 300 amino acids 8f cereisiae Gpi8p wit — 7 ) .

the consensus sequence of the Gpi8p subfamily (Gpi8f) and theto, 1-2.5 X 10 cells. Alternatively, cells were counteq
original C13 Cys protease family, excluding the Gpi8p subfamily microscopically. Reagents were purchased from the following
members (C13f). Capital letters define absolutely conserved aminosources: Bathocuproinedisulfonic acid disodium salt (BCS)
acid residues, small letters represent residues that are conserved ifyom Fluka; [23H]-myoinositol, 20 Ci/mmol from Anawa;

more than 50% at sites sharing similar physicochemical properties. 13501 - ) : ; .
The bottom line gives an overall consensus sequence for the C13[ *S]-methionine/S]-cysteine Prot. Laboratory Mix, Moravek;

Cys protease family; positions where residues have similar phys- @nti-mouse and anti-rabbit Ig&peroxidase conjugates from
icochemical properties are marked by colons. Panel c: Alignment Sigma. Polyclonal rabbit antibodies against CPY were raised
of the PROSITE pattern of the active site cysteine residue of a5 described26). Antibodies against Cwpl and Yap3p were

caspases (PS01122) with the regions around the proposed active . S . .
site Cys of theGPI8 (Gpigf) and the original C13 Cys protease kindly donated by Dr. H. Shimoi (National Research Institute
subfamilies (C13f). Identical amino acid residues are highlighted Of Brewing, Kagamiyama, Japan) and Dr. Y. Bourbonnais

in bold. (University Laval, Qubec, Canada), respectively. Gaalp-



Active Site Residues of Gpi8p

Table 1: Complementation of the Growth DefectAdpi&
tetrad analysis
number of viable

plasmid shuffling

transfected  total spores/tetrad clones growing

gpi8allele oftetrads 0 1 2 3 4 on FOA(%)
empty vector 9 1 1 7 0
GPI8 9 1 1 2 5 100
H54A 23 1 5 5 12 100
S60A 17 1 1 5 2 8 30
S60C 18 2 2 4 6 4 100
S60—C59 17 4 13 0
C85A 29
H157A 18 3 4 11 0
C199A 18 3 4 11 0

aFBY143 (Agpi8/GPI8) harboring multicopy YE@PI8-type plas-
mids with variousGPI8 alleles under the control of tH@P18 promoter

Biochemistry, Vol. 39, No. 12, 2008463

by excising the 2286 bghd/Xba fragment of pBF53 and
replacing it with the 2286 bpXhd/Xba fragments of
YEpPGPI8 plasmids containing mutant alleles.

To generatgypi8 alleles under the control of th@ AL1-
10 promoter, &anHl restriction site was introduced by PCR
upstream of the ATG of GPI8 by using the prim&gI8-
forBam(5'-AAGCCGGGATCAATGCGTATAGCGATG3)
and GPI8rev400 (5-AAAAGTCTCGAGATTAGTGTA-
CAGGTC-3). The PCR fragment was digested wanHl|
and Sal; the resulting 79 bp fragment was cloned together
with the 1629 bpAlwNI/Sal fragment of YEESPI8 into the
vector YIpGal B0) digested withSst and Xhd to yield the
plasmid YIEGALGPI8 Before transfection YIBALGPI8
was digested witlstu in order to direct its integration into
theura3-1locus of W303-1B or FBY143. After transforma-

were sporulated and tetrads were dissected. The number of tetraddion of FBY143 with YIpGALGPIS§ ura" transformants were

yielding 4, 3, 2, 1, or no growing spores are indicated in bold. In all
tetrads giving four colonies only two grew in the presence of FOA

(not shown). Plasmids were recovered from 2 to 4 independent FOA-

sensitive, geneticin-resistant colonies, harboring either S60A, S60C
or H54A. On all of these plasmids harboring S60A and S60C, the first
500 bases of5PI8 were sequenced in order to exclude reversions/
second site mutations. H54A containing plasmids were verified by
digestion withNcd. For plasmid shuffling (last column), the haploid
strain FBY525 Agpi&YEpGPI8) was transfected with the multicopy
vector pBF55 for C85A or the single copy vector pBF53 harboring
various alleles 0iGPI8; 12—40 clones from each transfected strain
were streaked out on FOA containing plates to see if th&R48 (on
YEpGPI8) could be forced out. The percentage of clones giving viable
progeny on FOA is indicated. Plasmids were recovered from FOA-
resistant colonies harboring either a S60A, S60C, or H54A mutation
and verified by sequencing as above.

overexpressing plasmids, pDH15 and pDH17, were kindly
provided by Dr. Howard Riezman (Biocenter, Basel, Swit-
zerland), pGGA1, a plasmid containing a guagalactosi-
dased-agglutinin under the5AL7 promoter was the kind
gift of Dr. Marteen P. Schreuder (University of Amsterdam,
Netherlands), and the plasmid pFBY 166, harboring3hk1
promoter was contributed by Dr. Jutta Heim (Novartis, Basel,
Switzerland). The production of anti-Gas1p7( and of
affinity purified anti-Gpi8p rabbit antibodie28) has been
described.

Construction of gpi8 Mutant Allele®lasmids used in this

sporulated and tetrads were dissected and germinated on rich
galactose mediumAgpi8/GAL1-16-GPI8 strains such as
FBY164 were obtained by selecting geneticin-resistant uracil
prototrophs.

The GPI8 gene was fused with th€EUP1 promoter by
first linearizing the plasmids pFBY 166 (obtained through Dr.
J. Heim, Novatrtis, Basel3()) and YIpGALGPI8with EcaRl
and Ncil, respectively. The plasmids were treated with the
Klenow fragment ofEscherichia colDNA polymerase | in
order to produce blunt ends and were then digestedSath
Ligation of the 3752 fragment of pFBY166 and the 1712 bp
fragment of YIEGALGPI8produced the plasmid pBF58. The
2335 bpSph/Sal CUP1-GPI8fragment of pBF58 was then
introduced into theSph/Sal sites of the YCplac22 and
YEplacl12, yielding the plasmids pBF54 and pBF55,
respectively. Plasmids harboring mutant allelesG#18
under the control of th&€UP1 promoter were created by
replacing fragments of pBF54 and pBF55 by the correspond-
ing mutant fragments excised from Y&P18-type plasmids.
Yeast strains were transformed by electroporatig®).

Protein Extraction and Western Blot Analysells were
broken by vortexing with glass beads in TEPI buffer (50
mM Tris-HCI, pH 7.4, 5 mM EDTA, 1% dimethyl sulfoxide
(DMSO), 2 mM phenylmethylsulfonyl fluoride (PMSF) and
antipain, leupeptin and pepstatin, each ap8mL; 20 uL

study are listed in Table 2B and were constructed using per ODy 0f cells). After the addition of 5-fold concentrated

standard procedureg9). Point mutations were introduced
into the GPI8 gene by means of artificial DNA fragments;
partially overlapping, synthetic oligonucleotides were an-
nealed, gaps were filled by bacteriophage T4 DNA poly-

reducing sample buffer, extracts were denatured during 5
min at 95°C and separated by SDS-PAGE3]|. Western
blots were developed by enhanced chemiluminescence (ECL
Kit, Amersham, Buckinghamshire, UK). Expression of Gpi8p

merase and the resulting DNA fragments were digested withwas quantitated by densitometry using a Bio-Rad Imaging

restriction enzymes before being ligated into the plasmid

Densitometer, Model GS-700, and the Molecular Analyst 2.1

YEpGPI8. The inserted sequences of all constructs were software (Bio-Rad Laboratories, Glattbrugg, Switzerland).

verified by sequencing. The following residues yd@&PI8

were replaced by substituting with Ala using codon GCC:
His54 (H54A), Ser60 (S60A), His157 (H157A), and Cys199
(C199A). Cys85 was replaced by Ala using codon GCG

(C85A). Ser60 was also replaced by cysteine (TGT; S60C);

in addition, the amino acid residues MANVLSM (positions

55—-61) were replaced by the C13 cysteine protease con-

sensus sequence QADVCHA (CAAGCTGATGTCTGT-
CACGCT,; S66-C59). To express mutant alleles from a
single copy vector, the 2374 b@st/Sal fragment of
YEpGPI8, harboring the complet&PI8 gene, was intro-
duced into theSst/Sal sites of YCplac22, resulting in

Radiolabeling of GPI Lipids and GPI ProteinSells were
preincubated for 10 min and labeled withJd}myaoinositol
(2 uCilODggp of cells) for 60 min at 37C as describedL().
Lipids were extracted with chloroform/methanol/water 10:
10:3 (v/viv) and desalted by butanol/water phase separation
as described3d). Lipid extracts were analyzed by ascending
TLC using 0.2 mm-thick silica gel 60 plates with the solvent
system chloroform/methanol/water 10:10:3. 3fZ+myo
inositol- and [22H]mannose-labeled standards were produced
as described previousl4). Radioactivity was detected by
one- and two-dimensional radioscanning and fluorography.
Maturation of Gas1p and CPY was analyzed by pulse-chase

plasmid pBF53. Mutant alleles were generated in this vector labeling experiments at 3T with [**S]methionine and®fS]-
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Table 2
(A) Strains Used in this Study
strain genotype plasmid

W303-1B MATa ade2-1 can1-100 ura3-1 leu2-3,112 trp1-1 his3-11,15
FBY11 MATa ade2-1 ura3-1 leu2-3,112 trp1-1 his3-11,15 gpi8-1
FBY122 MATo ade2-1 ura3-1 his3-11,15 leu2-3,112 trp1-1 gpi7-1 gpi8-1
FBY164 MATa ade2-1 leu2-3,112 his3-11,Ngpi8::kanMX2 ura3-1::URA3-GAL1-10-GPI8
FBY525 MATa ade2-1 ura3-1 leu2-3,112 trp1-1 his3-11,15 Iygypi8::kanMX2 YEpGPI8
FBY526 FBY525 pBF53
FBY577 W303-1Bura3-1::URA3-GAL1-10-GPI8-myc-his6
FBY578 W303-1Bura3-1::URA3-GAL1-10-GPI8C199Amyc-his6
FBY554 FBY525 pBF53_H54A”R
FBY555 FBY525 pBF53_S60A
FBY558 FBY525 pBF53_S60€
FBY143 Mata/o. ade21/ade2l ura3-1/ura3-1 leu23,112/leu23,112 his311,15/his311,15

TRP1/trpl-1 lyst/lys-GPI8Agpi8::kanMX2
(B) Plasmids Used in This Study

plasmid description reference

YCplac22 TRP1 CEN4-ARS1 Rp (55)
YEplac112 TRP1 2 AR (55)
YEplac195 URA3 2t AR (55)
YEp352 URA3 2t ARR (56)
YEpGPI8 YEp352;GPI8 (29
YIpGAL URA3 AB (30
YIpGALGPI8 YIpGAL; GAL1-10-GPI8 this study
pBF53 YCplac22GPI8 this study
pBF54 YCplac22CUP1-GPI8 this study
pBF55 YEplac112CUP1-GPI8 this study
pDH15 YEplac195GAAL )
pDH17 YEplac112GAAL 9)

aFor plasmids which harbor mutant alleles of GPI8, the type of mutation is indicated after the plasmid name.

cysteine (20uCi/ODgq) followed by immunoprecipitation ~ Agpi8 strains and thus are partially active (for discussion,
using polyclonal rabbit antisera and protein A-Sepharose assee below). As can be seen in Table 1, expression of mutated

described previously36). forms of GPI8 in the Agpi8 background using plasmid
shuffling gave the same result as dissection of tetrads:
RESULTS C199A, H157A, and S66:C59 were inactive, whereas

Assessment of Functionality of GPI8 Alleles through H94A, S60A, S60C, and C85A complemented the lethal
Complementation of the Growth Defects\ajpi8 and gpi7-  €ffect of theGPI8 deletion.
gpi8. Mutant alleles ofGPI8 were expressed in Agpi8/ Overexpression of H157A and C199A Alleles in Wt Cells
GPI8 heterozygote diploid strain, and the viability of the Leads to Growth Arrestf we assume that Gpi8p works as
Agpi8 progeny was assessed by tetrad analysis. As shownpart of a complex with other subunits, then we may expect
in Table 1, diploids containing the empty vector only yielded that the overexpression of nonfunctiorgpi8 alleles will
two viable colonies per tetrad and the wild-type (@&ipI8 compromise the GPI anchor addition and hence cell growth.
rescued the growth of th&gpi8 colonies. Mutations C199A  To test for such a dominant negative effect, we overexpressed
and H157A as well as S66C59 were completely unable to  H157A and C199A alleles from a multicopy vector in wt
rescue the\gpi8 spores. H54A, S60A, and S60C were still cells. When we used the natui@PI8 promoter, we could
able to complemenAgpi8 strains although the fraction of ~Nnot observe any significant growth retardation in any clone,
tetrads with less than four viable spores seemed to bebutwhen probing the cell extracts with anti-Gpi8p antibodies
somewhat higher with these alleles (Table 1). on Western blots, we realized that H157A and C199A were

The gpi7-1—gpi8-1double mutants are unable to grow at overexpressed only-34-fold over the wt level present in
37°C, whereagpi7-1andgpi8-1cells grow almost normally ~ nontransfected cells, whereas wt Gpi8p was overexpressed
at 37°C (28). Thus,gpi7-1—gpi8-1have a more severe GPI-  9-fold. This phenomenon was observed in several indepen-
anchoring defect than either single mutant. To detect residualdent experiments, and we had to conclude that the plasmids
activity of gpi8 mutant alleles, we transfected them on a containing H157A and C199A alleles were selected against
multicopy vector into thegpi7—gpi8 double mutant and  Of that the nonfunctional Gpi8p proteins were more rapidly
assessed the growth of the transfectants at 30, 33, and 37egraded.
°C on plates or in liquid cultures. While wPI8 restored To obtain stronger overexpression, somgi8 mutant
normal growth at 37°C, neither C199A, H157A, nor alleles were placed on a multicopy vector under the control
S60—C59 improved the growth of the double mutant at these of the C#* inducibleCUP1 promoter. After transfection into
temperatures, suggesting that none of these alleles had anwt cells and induction fol h with 500uM Cu?* overex-
residual activity (not shown). Surprisingly, the same result pression of wt Gpi8p was very strong and generated a large
was also obtained when transfectigg 7—gpi8 with H54A, array of degradation products and also of higher molecular
S60A, or S60C, which are able to rescue the lethality of weight products, which may be ubiquitinated or hypergly-
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a —_ W33 — effect on the growth rate of wt cells (Figure 3a, 3b, and data
. not shown).

The dominant negative effect of C199A overexpression
on cell growth could be counteracted by the concomitant
overexpression of wt Gpi8p. As can be seen in Figure 3c,
growth repression caused by induction of C199A in the
presence of Cii was suppressed by the concomitant
overexpression of wt Gpi8p under the GAL1-10 promoter.
In control experiments, we found that the type of hexose
used as carbon source (Gal or Glc) had no influence on the
growth rate of wt cells in the presence of 5081 Cu?* nor
on the kinetics by which cells harboringGUP1 promoter
driven C199A ceased to grow upon addition of>Ciinot
. . shown). Similarly, the growth arrest caused by the induction
gpi7gpi8 ——— of GAL1-10promoter driven C199A was completely reversed
by the expression of wt Gpi8p under the control of @igP1
promoter (not shown).

For a more sensitive assay, we tried to overexp@&RE
alleles in thegpi7—gpi8 double mutant (Figure 3d). After
the mere transfection of C199A and H157A, cells had a
severely reduced growth rate even at the permissive tem-
perature (24°C) and survived only in the presence of the
copper chelator, BCS. Removal of BCS further reduced cell
qe,?f O growth, and addition of CU stopped the cell growth almost

—rc’ immediately (Figure 3d).

Accumulation of Free GPI Lipids in the Presence of
FIGURE 2: Overexpression of mutant Gp,gp in W303 agyi7— Mutated Gpi8 Proteingrigure 3 shows that upon induction,
gpi8. gpi8alleles were expressed under the control of the strong, the growth of wt cells, harboring C199A and H157A alleles,
copper inducibl€€UP1 promoter using the multicopy vector pBF55  stopped or slowed only after-8 cell divisions. This can
(Table 2B). Cells were cultured at 2 in SDaa (panel a) or  pa explained in several ways: (i) The association of Gpi8p

copper-free SDaa/BCS (panel b) to exponential phase. One hour,
before extraction, conditions were changed in that cells were shifted with the hypothetical transamidase complex might be very

to 37°C (panel a) and that CuS@vas added to 500M (panel a) stable so that nonfunctional Gpi8p appearing upon induction
or 200uM (panel b). Overexpression of Gpi8p was analyzed by with CU?* will not get integrated into preexisting transami-
SDS-PAGE followed by Western blotting using affinity purified  dase complexes, but only into new complexes formed from
anti-GpiBp and was quantified by densitometry. newly synthesized components. Thus, functional complexes
cosylated forms of Gpi8p (Figure 2a). If for quantification may persist for prolonged periods. (ii) Nonfunctional Gpi8p
we only take into consideration the bands of-8® kD, the proteins may immediately get access to preexisting transa-
transfected wt Gpi8p, C199A, and H157A alleles were midase complexes and thus rapidly diminish the cell’s
overexpressed, respectively, 72, 36, and 23-fold over thecapacity to attach GPI anchors to newly made GPI proteins,
physiological, endogenous level of Gpi8pUP1 promoter but wt cells may contain the essential GPI proteins in large
driven C199A and H157A alleles of GPI8 were much less excess so that they can go through several rounds of cell
well-expressed in thepi7—gpi8 double mutant. Indeed, division without making new GPI proteins. In an attempt to
gpi7—gpi8 cells, harboring C199A and H157A, could not distinguish these possibilities, we undertook to monitor how
be induced to express more Gpi8p than cells containing thefast, upon overexpression of dominant nega®Ri8 alleles
empty vector (Figure 2b), probably because of very heavy in wt cells, substrates of the transamidase would accumulate.
selection against plasmids carrying ZCinducible GPI8 As previously reported, the precursor lipids (CPs) remain
alleles due to significant basal transcription from @lgP1 undetectable in the lipid extract oHH]Ins-labeled wt cells,
promoter even in the absence of copper and the presence oéven when their addition to newly made proteins is inter-
the copper chelator, BCS. Significantly, S60A, S60C, and rupted by the addition of cycloheximidg4). W303 wt cells,
S60—C59 were also less well-expressed than @GRI8 harboring different mutant alleles @PI8 on a multicopy
(Figure 2Db). vector under the control of tHeUP1 promoter, were induced
While the growth of all cells, including nontransfected wt for 1 h with Ci**, and while one aliquot of the cells was
cells, was somewhat diminished in the presence offCu used to determine the amount of Gpi8p expression as shown
we observed a drastic growth inhibition in cells harboring in Figure 2a, another aliquot was labeled withi]ins for
H157A and C199A (Figure 3a and b), which was particularly 60 min. As can be seen in Figure 4a, all cells expressing
pronounced in cells harboring C199A. The same phenom- mutant alleles began to accumulate CP2 as well as two forms
enon was also observed wh€iJP1promoter driven C199A  of the immature precursor M436, 37). Accumulation of
and H157A alleles were expressed from a single copy vectorCP2 was not observed without induction with Zy(not
or upon induction of &GAL1-10promoter driven genomic  shown). Significantly, accumulation of CP2 is most pro-
copy of C199A (data not shown). On the other hand, massivenounced in cells containing C199A and H157A, i.e., the
overexpression of S68C59, H54A, S60A, and S60C from  alleles that have the greatest dominant negative effect on
multicopy vectors and under theUP1 promoter had no  cell growth. The same result was also obtained when H157A
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Ficure 3: Expression of nonfunctionapi8 alleles H157A and
C199A arrests cell growth of W303 argpi7—gpi8. gpi8alleles
under the control of theCUP1 promoter were present on the
multicopy or centromeric vectors pBF55 or pBF54, which were
retained by omission of trp from growth media. Panels a, b: W303
cells, harboringypi8 alleles on pBF55, were grown to exponential
phase at 24C without C¢* (0.75-1 uM Cu?*) in SDaa medium
and were resuspended at-823 ODso¢/mL in fresh normal - Cu)

or CuSQ-containing (+Cu) SDaa medium. Afrel h at 24°C,
cultures were shifted to 37C. Panel c: Exponentially growing
FBY577 (W303 cells harboring a genomically inserted copy of wt
GPI8 under theGAL1-10promoter) and harboring C199A under
the CUP1promoter on pBF54 (light-shaded, dark-shaded) or pBF55
(slanted line, checkered) were resuspended at@.2 OD;o/mL

in fresh glucose or galactose medium and kept at@7or 6 h.
Cw?" was then added to 500M to all cultures. Panel d: The
temperature-sensitivgpi7—gpi8 double mutant harboringpi8
alleles on pBF55 was grown up in copper-free SDaa medium (100
uM BCS) and then cultured further either in copper-free (BCS),
normal (—Cu) or CuSQ@-containing (-Cu) medium at the permis-
sive temperature (24C). Cell growth was monitored at short
intervals during +3 days, whereby cells were repeatedly diluted
when reaching 2.0 Ofg¢mL. The cell concentrations of triplicate
cultures were determined by both densitometry and cell counting.
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Ficure 4: Cells harboring various mutant alleles of Gpi8p
accumulate CP2. Panel a: Data shown here and in Figure 2a were
obtained with cells from the very same cultures. W303 wt cells
harboring pBF55-type plasmids were induced to overexpress various
alleles of Gpi8p by exposure to Cugat 37°C for 1 h. Thereafter,
aliguots of cells were taken for metabolic labeling witH]ins for

60 min at 37°C. The relative quantities of CP1 and CP2 were
determined by radioscanning and are given as a percentage of the
total radioactivity in the whole lipid extracts. The amounts of Gpi8p
at the beginning of the labeling were obtained by densitometric
analysis of the 4650 kD region in the Western blots shown in
Figure 2a and are expressed as fold increase over the normal,
physiological level of Gpi8p in nontransfected cells. Panehigpi8

cells were kept alive by pBF53-type plasmids containing wt or
mutant alleles of GPI8 under the control of the natural GPI8
promoter. Cells grown at 24C were preincubated for 10 min at

37 °C and labeled with3H]Ins during 1 h. Lipids were extracted,
desalted, and separated by TLC. Radioactivity was visualized by
fluorography and quantitated by radioscanning.

and C199A were expressed from a single copy vector under
the control of theCUPL1 promoter or when C199A was
integrated into the chromosomaia3-1gene and expressed
under theGAL1-10promoter (not shown). These experiments
indicate that overexpression of C199A and H157A rapidly
interferes with GPI anchor attachment to proteins and that
it is this cessation of GPI anchoring that arrests the growth
of cells overexpressing C199A or H157A.

The accumulation of CP2 in S60A, S60C, and -S&Lb9
indicates that these mutants also have a small dominant
negative effect on GPI anchor attachment. When the
complementing alleles S60A, S60C, and even H54A were
expressed either from a single or a multicopy vector under

Columns indicate the number of cell generations during successivetheir natural promoter ihgpi8, the cells showed accumula-

periods of 24 h.

tion of CP2 at 37°C, but not at 24C (Figure 4b and data
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FicurRe 5: Maturation of Gaslp is delayed in wt cells overexpress- or S60A at physiological levels and found it to be the same
ing the C199A allele o6PI8. FBY577 and FBY578 cells harboring as in nontransfected W303 wt cells, even if cells were grown

an integrated copy of w&PI8 or of C199A under the control of ° :
the GAL1-10promoter, respectively, were grown to exponential at 37°C (not shown). Also, whereas overexpression of wt

phase at 24C in selective SDaa medium. Cells were washed twice CPi8p lowered the abnormally high 105 kD/125 kD ratio of
with distilled water, resuspended in SGaa medium and cultured Gaslp ingpi7—gpi8 at 30 or 37°C, all of the partially

for 10 h at 37°C in order to induce expression of recombinant functional mutant alleles failed to do so but they did not
Gpi8p. Then, the cells were pulse-labeled wifs]methionine and increase this ratio either (not shown).

[3°S]cysteine for 10 min and chased for the indicated times. Gaslp h ) | f . f .
and CPY were immunoprecipitated from the lysates and were ' henotypic Correlates of Various Degrees of Gpigp
revealed by SDS-PAGE and fluorography. Depletion.The above results say that different mutant alleles,

if overexpressed in wt cells or if replacing wt Gpi8p, generate

not shown). Yet, all transformants grew well at 37. Such different phenotypes of variable severity. We wanted to
cells thus resemble the origingpi8-1 mutant which, at 37  ascertain that this was due to the variable severity of the
°C, grows well, while accumulating CP2. The results confirm functional deficit in Gpi8 activity rather than to qualitatively
that these mutant alleles of Gpi8p are only partially different deficits in the various alleles. To do so, we
functional. constructed aAgpi8 strain containing a chromosomally

We wanted to check if any perturbation caused by point integrated copy oGPI8 under the control of th&AL1-10
mutations in Gpi8p is able to uncouple the proteolytic promoter and shifted cells growing on galactose to glucose
removal of the C-terminal GPI anchoring signal from the containing medium. As can be seen in Figure 6a, Gpi8p
process of GPI attachment. For this reason, we tried to detectdisappears rapidly. When we quantitate the results and
soluble GPI proteins in extracts or culture media of wt cells calculate the rate of degradation of Gpi8p after correction
overexpressing S66C59, S60A, S60C, or C199A. By for dilution of Gpi8p by ongoing cell division, we find that
Western blotting, we found that these cells indeed secreteGpi8p is turned over with a half time of 2.2 h during the
small amounts of proteolytic fragments of Gaslp, Cwplp, first 3 h, whereas it is degraded more slowly and with a
or Yap3p, but the same amounts of the same fragments areconstant half time of 9.3 h during the follovgr8 h periods.
also secreted by control cells transfected with an empty An even more drastic difference in degradation rates between
vector or cells overexpressing wt Gpi8p (not shown). Gpi8p expressed at high and normal levels was observed

We further tested a library of random mutagenizgi8 when overexpressing myc-tagged versions of eitheBRi8
alleles by overexpressing them in wt cells and screening or C199A in wt cells: excess Gpi8p, irrespective of its
colonies for the secretion of soluble forms of an artificial functionality (wt or C199A), was rapidly degraded within 1
GPI protein consisting of the guar-galactosidase and the h, but this rapid degradation was followed by a very slow
C-terminal part ofo-agglutinin (kindly provided by M. P. phase of degradation of residual molecules (not shown). The
Schreuder; %8)). Among 27 000 colonies tested, none more rapid degradation of Gpi8p during the i3 h of
secreted detectable amountsoefjalactosidase (Urs Meyer  depletion in Figure 6b may be related to the shift from
and Markus Britschgi, unpublished). galactose to glucose or may reflect the fact that the

Accumulation of Immature Gaslp in the Presence of overexpressed Gpi8p is located outside the hypothetical
Mutated Gpi8 Proteinsimpairment of GPI anchor attach- transamidase complex, whereas Gpi8p at physiological levels
ment in gpi mutants can lead to the accumulation of resides within this complex.
immature GPI proteins such as the 105 kD form of Gaslp Side by side comparison of cell extracts shown in Figure
(10). The 105 kD Gas1p exits the ER and reaches the Golgi 6 with wild-type cell extract allowed to determine that cells
only after being attached to a GPI anchor. There, its N- and containing GPI8 under the control of theé5AL1-10 and
O-glycans are elongated, thus giving rise to the mature 125growing on galactose overexpressed Gpi8p 11.4-fold and that
kD form of Gaslp 27, 39, 40. When anchor attachment wt levels of Gpi8p were reached 4.5 h after the shift to
does not occur, immature Gaslp is retained in the ER andglucose. Further depletion of Gpi8p led to a gradual decrease
thus stays at 105 kD. The ratio of 105 kD/125 kD Gaslp in of growth rate and of plating efficiency with some cells
cell extracts can be probed by Western blotting with anti- remaining viable for up to 13 days (Figure 6h, not shown).
Gaslp antibody. In wild-type cells, after strong induction of It is conceivable that the minimal transcription from the
gpi8 mutant alleles at 37C during 1 h, the 105 kD/125 kD  glucose represse@AL1-10promoter may produce enough
ratios of Gaslp were slightly higher than in nontransfected Gpi8p to prevent immediate cell death. Since a majority of
wt cells, but a similar increase of the 105 kD/125 kD ratio GPI proteins are cell wall proteins, we tried to compensate
was also seen in control cells in which wt Gpi8p was for the expected cell wall fragility of Gpi8p depleted cells
overexpressed (not shown). However, as shown in Figureby the addition of sorbitol to the medium. This, however,
5, pulse-chase experiments clearly indicated a retardation ofdid not increase the survival of Gpi8p depleted cells (not
Gaslp maturation after induction of Cys199A. This effect shown).
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Ficure 6: Time course of phenotypic changes during depletion of
Gpi8p. FBY164 cells Agpi8/ura3-1::URA3-GAL1-10-GPIf)
were grown to exponential phase at 2@ in SGaa medium.
Expression of Gpi8p was subsequently blocked by shifting cells to
glucose medium. Cultures were continued at@7and periodically
diluted with fresh medium to maintain the cell concentration in
the range of 0.52.5 ODspd/mL. Cell growth was followed by
optical density measurements (gF) and by cell counting. These
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Ficure 7: Depletion of Gpi8p blocks maturation of Gaslp. FBY164
cells were depleted of Gpi8p as described in Figure 6. Samples of
the cell culture were harvested 0, 6, and 24 h after shifting to
glucose. Maturation of Gaslp and CPY was analyzed &C3@y
pulse chase labeling as described in Figure 5.

Gaslp 6h

24 h

CrY

added to cells). The two most likely interpretations are that
Gpi8p is continuously decreasing between 15 and 30 h so
that less and less of CP2 can be used for GPI anchoring or
else, that the GPI anchoring deficiency somehow leads to
an upregulation of CP2 biosynthesis. By Western blotting,
Gaslp was found to be depleted together with Gpi8p with
no sign of accumulation of the immature 105 kD form
(Figure 6d). Rapid disappearance was also observed for core
glycosylated forms of Cwplp, a GPl-anchored cell wall
protein, which is released as a-560 kD protein from the

cell wall (42, 43 and accumulates as a 45 kD fromsiec18
cells at 37°C (Figure 6e). Another GPI protein of the plasma
membrane, Yap3p was found to accumulate as a heteroge-
neous band of about 34 kD, which is not usually seen in wt
cells (Figure 6f). Howeversec18cells rapidly accumulate
large amounts of a 34kD form of Yap3p upon shift to°&7

(not shown), although the open reading frameY&#P3
predicts a 60 kD translation product and the endoglycosidase
H-treated mature protein has a molecular weight of 68 kD
(44). Thus, the 34 kD form may represent a proteolytic
fragment arising when Yap3p is retained in the ER. The

two methods gave concordant results and indicated a constant ratio/acuolar protein CPY was not influenced by the depletion

of 1.3-1.5 x 107 cells/ODyo0 throughout the entire experiment

(Panel h). Over a time period of 30 h following the shift to glucose,
aliquots of cells were removed & h intervals to monitor depletion

of Gpi8p (Panel b) and the accumulation of immature forms of
GPI proteins as well as of CPY by Western blotting and densito-
metry (Panels ¢tg). Numbers in Panel a define fold overexpression
of Gpi8p as compared to W303-1B grown under the same

of Gpi8p. We also correlated the Gpi8p depletion with the
maturation kinetics of Gaslp. As shown in Figure 7, after 6
h of Gpi8p depletion, when the amount of Gpi8p was around
57% of wt, we already observed a very significant delay in
Gaslp maturation, and after 24 h of depletion Gas1lp seemed
to get degraded in its immature 105 kD form, whereas CPY

conditions (n.d., not detectable). The detection limit for Gpi8p was \ya5 still matured, albeit with about 3-fold slower kinetics

at 6% of wt levels. The carbon source had no influence on the

amount of Gpi8p in wt cells. To follow the accumulation of GPI
precursor glycolipids, aliquots of cells were removed and labeled
with [3H]Ins for 60 min (Panel c); the relative quantities of CP2 as

than normally.

DISCUSSION

determined by radioscanning are given as a percentage of the total

radioactivity in the extracts.

CP2 accumulation became detectable in cellg &fte on
glucose, which, at the beginning and end & fhh labeling
period, had 57 and 45% of the physiological amount of Gpi8p

The GPI transamidase has not yet been purified in an
active form and mutant screens have so far only identified
two genes,GAAl and GPI8, which accumulate complete
precursors and unprocessed proforms of GPI proteins. The
list of potential functions ofSAAl1and GPI8 comprises (i)

present in wt cells. CP2 accumulation continued to increasetranslocation of CPs from the cytosolic to the lumenal surface

even after Gpi8p had fallen below the detection limit (24 h)

of the ER, (ii) recognition of the protein or lipid substrate,

(Figure 6c¢). This cannot be explained by an enhanced uptake(iii) proteolytic removal of the anchor attachment signal

of [®H]Ins due to a lower endogenous production of Ins at
later time points, since the incorporation &Jins into lipids
was the same at all time points (35% of the total radioactivity

peptide, or (iv) attachment of the GP9)( The 25-28%
sequence identity betweeiG P18 and the original class 13
Cys protease family has suggested tg&PI8 may be
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involved in the proteolytic removal of the anchor attachment anticipate the existence of some mechanism to prevent the
signal peptideZ8), especially since one member of the C13 cleavage of unrelated proteins that are anchored by classical
protease family, the jack bean asparaginyl endopeptidasetransmembrane domains. This mechanism may depend on
shows transamidase activity in vitro and is believed to be additional subunits regulating the activity of Gpi8p.
involved in a transamidation, i.e., a transpeptidation reaction  Out of our three completely nonfunctional allelesGR18,
in vivo (45). C199A, H157A, and S66C59, the former two have a
The data in this report indicate that Cys199@RI8 is strong, dominant negative effect on the growth rate. Since
located in a context that is homologous to the active site concomitant overexpression of wt Gpi8p reverses this
Cys of caspases and is a functionally highly important amino inhibition, it would appear that growth inhibition is not due
acid. Indeed, mutation of C199 to Ala completely abolishes to the presence of nonfunctional Gpi8 proteins per se but
the activity of GPI8. This drastic effect of the replacement rather to the relative preponderance of functional over
of a single sulfhydryl by a hydrogen suggests that C199 is nonfunctional Gpi8 proteins. These data can best be ex-
either the active site or that it is forming a strategically plained by assuming that Gpi8p functions as part of a
important intra- or interchain disulfide bridge. An intrachain heteropolymeric transamidase complex, containing several
bridge is highly unlikely, since Gpi8p has no other Cys that subunits, the implication being that the copy number of some
could act as partner for the formation of a disulfide bridge; of these subunits cannot be upregulated and that the absolute
mutation of the only other conserved Cys of tl18 number of transamidase complexes per cell remains the same
subfamily, Cys85, does not abolishPI8 function (Table even when functionally impaired alleles GiP18 are over-
1). Moreover, as judged from the kinetics of turnover, the expressed. Alternatively, we may assume that Gpi8p, to be
stability of the C199A and th&PI8 wt alleles are the same  functional, has to form a homopolymeric complex in which
(not shown). Finally, in another context, we have deleted all individual subunits would have to be fully functional.
Cys373 and found that it is not required for catalytic activity The existence of a heteropolymeric complex would also
(P. Fraering, in preparation). Cys199 also does not form an explain why the overexpression of various partially functional
interchain disulfide bridge with another protein, since Gpi8p alleles cannot restore normal growth at &7 to thegpi7—
has the same mobility in SDS-PAGE, whether reducing agentgpi8 double mutant and cannot lower its abnormally high
is present or not. Cys199 most likely is the active site of 105 kD/125 kD ratio of Gaslp and why these alleles, when
Gpi8p also because in a recent report, the mutation of theoverexpressed ir\gpi8, cannot prevent the accumulation
corresponding Cys in another C13 protease, the murineof CP2 (data not shown). In all these cases, the hypothetical
lysosomal legumain, similarly induces a complete loss of transamidase complexes would be functionally impaired
activity (46). because they contain mutated Gpi8p’s and the cell’'s overall
Mutation of His157 also completely abolishes the func- transamidase activity would be reduced because the number
tionality of Gpi8p, whereas mutation of the only other almost of complexes is limited by the unchanging number of other
entirely conserved His of the C13 family, His54, only leads subunits.
to partial loss of Gpi8p function. It, therefore, is likely that Thus, to our mind, the strong dominant negative effect of
deprotonation of Cys199 is mediated by His157 and not by certain GPI8 alleles on cell growth and the correlated
His54. A further strong argument in favor of His157 derives accumulation of CP2 strongly suggest the existence of a
from the fact that it is the only His that is followed by Gly transamidase complex, but the existence of this complex
and that this feature is conserved in the whole C13 family. needs to be confirmed by biochemical evidence.
Indeed, the analogy with caspases suggests that Gly158 also One obvious candidate for a further transamidase subunit
is of strategic importance, since all caspases contain a Glyis Gaalp 9). Gpi8p and Gaalp both seem to be intimately
following the active site His to create the so-called oxyanion involved in the attachment of GPI anchors to proteins, since
hole, which transiently accommodates the negatively chargedmutations in these genes produce a similar phenotype and
carbonyl anion generated by the nucleophilic attack of the are synthetically lethall(). Overexpression of Gaalp has
active site Cys on the carbonyl group of the P1 resi@2 ( been shown to improve the efficiency of anchor addition to
(In other protease families, the glycine involved in the Gas1f%C a Gaslp mutant in which the natural anchor
formation of the oxyanion hole is not vicinal to the active acceptor site had been mutated from Asn to G)s This
site His @3, 47). These findings suggest that, contrary to raises the possibility that Gaalp is involved in the recognition
an earlier prediction1), the Cys and His residues corre- of the protein substrat®). If the transamidase complex were
sponding to C199 and H157 §GPI8 represent the active  a heterodimer made of Gaalp and Gpi8p, then we would
site residues in all members of the C13 protease family; a expect that the dominant negative effect of C199A overex-
possible exception remairfSs. mansonhemoglobinase B,  pression can be counteracted by simultaneous overexpression
which lacks the corresponding Cys residue. However, it is of Gaalp. We, however, found that the growth inhibition
unclear if this protein contains any proteolytic activity3( caused by overexpression of C199A in wt cells was not
48). relieved by simultaneous overexpression of Gaalp using
The proposed proteolytic activity of Gpi8p can be assumed strains and plasmids generously provided by Dr. Howard
to be of relatively broad substrate specificity, since the Riezman, although Gaalp overexpression from the same
comparison of primary sequences at and around the cleavag@lasmid slightly but significantly improved the GPI anchoring
site (-site) of natural GPI proteins as well as the systematic of a Gas1f®°6¢ mutant allele and, in other experiments,
alteration of this region have shown that small amino acids complemented the thermosensitive growth phenotygmal
are required or at least preferredegtow+1, andw—+2 sites, (not shown). Also, overexpression of wt Gpi8p did not reduce
but that in other positions around thesite about any amino  the accumulation of the immature 105 kD form of Ga%%§5,
acid can be tolerated4Q, 49-52). We, therefore, may  whereas simultaneous overexpression of Gpi8p and Gaalp
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did reduce the accumulation of the immature 105 kD form implying that these complexes are dynamic in nature.
of Gas1%C€ but no more than the overexpression of Gaalp The analysis of the phenomena occurring during Gpi8p
alone (not shown). These negative data suggest that othedepletion puts the phenotypes obtained with the vampi®
subunits beyond Gpi8p and Gaalp may equally be requiredalleles into perspective. The biphasic degradation rate may
to form functional transamidase complexes. reflect the degradation of Gpi8p molecules excluded from
The dominant negative effect of C199A or H157A and integrated into the transamidase complex, respectively,
overexpression in wt cells rapidly leads to an accumulation but further studies will have to address this point. At any
of CP2 (Figure 4a) and a delay in the maturation of newly event, it would appear that the physiological levels of Gpi8p
synthesized Gaslp (Figure 5). Over time, it also leads to theare not far above the threshold at which transamidase
arrest or severe reduction of cell growth (Figure 3). The same capacity becomes limiting because already a 50% reduction
order of events is also observed when Gpi8p is depletedof physiological Gpi8p levels leads to CP2 accumulation and
(Figure 6). A priori, it is quite conceivable that the number a delay of Gaslp maturation. On the other hand, it seems
of functional transamidase complexes could be significantly that cell growth can continue for a few generations in the
reduced, causing the accumulation of CP2 and of immaturepresence of very low transamidase activity, probably because
GPI proteins, but that the increased concentration of theseseveral essential GPI proteins are normally present in large
substrates would make up for the reduced number of excess.
functional transamidase complexes and that, nevertheless, a The use of dominant negative alleles may allow to
normal amount of GPI proteins are anchored per unit of time. construct transgenic animals with conditional or tissue
This is clearly not the case, neither when we overexpressspecific deficiencies of GPI anchoring in order to further
C199A or H157A nor when we deplete Gpi8p, precisely understand the role of GPI anchoring3( 54. Our own
because both of these conditions lead to a reduction of thestudies are currently directed at the identification of other
growth rate already if Gpi8p is depleted by 50%, because subunits of the transamidase complex.
they lead to a complete growth arrest after4& h and
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