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ABSTRACT Many proteins are now known to be anchored
to the plasma membrane by a phosphatidylinositol-glycan
(PI-G) moiety that is attached to their COOH termini. Placen-
tal alkaline phosphatase (PLAP) has been used as a model for
investigating mechanisms involved in the COOH-terminal
processing of PI-G-tailed proteins. The COOH-terminal do-
main of pre-pro-PLAP provides a signal for processing during
which a largely hydrophobic 29-residue COOH-terminal pep-
tide is removed, and the PI-G moiety is added to the newly
exposed Asp484 terminus. This cleavage/attachment site was
subjected to an almost saturation mutagenesis, and the enzy-
matic activities, COOH-terminal processing, and cellular lo-
calizations of the various mutant PLAP forms were deter-
mined. Substitution of Asp-484 by glycine, alanine, cysteine,
asparagine, or serine (category I) resulted in PI-G-tailed and
enzymatically active proteins. However, not all category I
mutant proteins were PI-G tailed to the same extent. Pre-
pro-PLAP with other substituents at position 484 (threonine,
proline, methionine, valine, leucine, tyrosine, tryptophan,
lysine, glutamic acid, and glutamine; category II) were ex-
pressed, as well as the category I amino acids, but there was
little or no processing to the PI-G-tailed form, and this latter
group exhibited very low enzyme activity. The bulk of the
PLAP protein produced by category II mutants and some
produced by category I mutants were sequestered within the
cell, apparently in the endoplasmic reticulum (ER). Most
likely, certain amino acids at residue 484 are preferred because
they yield better substrates for the putative "transaimidating"
enzyme. In transfected COS cells, at least, posttranslational
PI-G-tail processing does not go to completion even for pre-
ferred substrates. Apparently PI-G tailing is a requisite for
transport from the ER and for PLAP enzyme activity. Proteins
that are not transamidated are apparently retained in the ER
in an inactive conformation.

Over 40 functionally diverse cell-surface proteins are now
known to be anchored to the plasma membrane of eukaryotic
cells by covalent linkage to a phosphatidylinositol-glycan
(PI-G) moiety in the outer leaflet of the lipid bilayer (1, 2). The
"PI-G tail" is added to an internal residue of the nascent
protein with the concomitant removal of a COOH-terminal
signal peptide of 17-31, mainly hydrophobic, residues (1, 2).
This processing presumably takes place on the lumenal side of
the membrane of the rough endoplasmic reticulum (ER) (3, 4).
The mature protein with the PI-G tail on the COOH-terminal
residue is then presumably transported through the remaining
elements of the intracellular transport system involved in the
bulk flow of proteins to the cell surface (5).
Human placental alkaline phosphatase (PLAP) is a PI-

G-tailed membrane glycoprotein that is stable and easily

assayed (6). It is, therefore, an excellent model for investigat-
ing the mechanisms involved in COOH-terminal processing
and attachment of the PI-G anchor. PI-G-tailed membrane-
bound PLAP can be overexpressed by COS cells transfected
with a PLAP cDNA expression vector (7). COOH-terminal
deletion ofPLAP prepared to elucidate the structural require-
ments of the COOH-terminal signal peptide revealed that a
hydrophobic domain of a certain minimal size is necessary for
correct processing to occur (8). The exact primary sequence is
of lesser importance. Similar conclusions were obtained in
studies of another PI-G-tailed protein, decay accelerating
factor (9). During processing of nascent PLAP, a 29-residue
peptide is removed from the COOH terminus, and the PI-G
moiety condenses with the newly exposed Asp-484 residue
(Fig. 1) (10). Listed in Fig. 1 are proteins in which amino acids
other than aspartic acid serve as sites of PI-G tailing. It was of
interest to determine whether these amino acids (category I)
when substituted for Asp-484 can serve as PI-G-tailing sites in
PLAP and to survey other amino acids (category II) for this
capability. An almost saturation mutagenesis of that position
is reported here, indicating a certain selectivity of the
cleavage/attachment site.

MATERIALS AND METHODS
Mutagenesis and Recombinant Plasmids. Asp-484 substitu-

tion mutants of wild-type PLAP (Asp-484) were prepared by
oligonucleotide-directed mutagenesis of an M13mp19/PLAP
vector as described originally by Zoller and Smith (17) and
modified by Kunkel et al.- (18) to ensure strong selection
against wild-type clones. The vector was constructed by
subcloning a 1.6-kilobase (kb) BamHI-ACpn I fragment of
PLAP cDNA into the corresponding restriction sites of the
M13 multiple cloning site. All mutant clones were plaque-
purified and verified by DNA sequencing (19). Two ofthe 484
mutants, proline and leucine, contained a second substitution
at residue 487, glutamine for histidine, a conservative muta-
tion. Upon M13 in vitro mutagenesis a 1.6-kb BamHI-Kpn I
PLAP cDNA fragment was recloned in the mammalian
expression vector pBC12BI. The latter, which utilizes Rous
sarcoma virus long terminal repeat as the promoter, has been
described (7).

Cell Culture and DNA Transfections. COS-7 cells (20) were
maintained in culture as described (21) and were transfected
in culture trays containing six 35-mm wells, by the DEAE-
dextran method (22).
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Alkaline Phosphatase and Protein Assay. After transfection,
the cell medium was removed and centrifuged for 2 min at
14,000 x g in a microcentrifuge to remove cell debris. The
cells were washed and homogenized as described (7). Media
and cell homogenates were then assayed for alkaline phos-
phatase activity using p-nitrophenyl phosphate as substrate
(23). One milliunit produces an absorbance change of0.04 per
min at 405 nm. The assay was made specific for PLAP
activity by adding 10 mM (final concentration) L-homoargi-
nine to inhibit traces of endogenous alkaline phosphatase in
the COS cells (7). In certain experiments transfected COS
cells were permeabilized with 0.1% Triton X-100 before
assaying PLAP activity. Cell homogenates were treated with
0.1 M NaOH, and protein was determined by the method of
Bradford (24).

Metabolic Labeling and Immunoprecipitation. Metabolic
labeling of cells with [35S]methionine (Amersham) was done
60 hr after transfection. For steady-state labeling, cells were
preincubated for 1 hr in 2 ml of methionine-free Dulbecco's
minimal essential medium (DMEM) supplemented with 5%
dialyzed fetal calf serum (GIBCO). Fresh medium containing
[35S]methionine (1440 Ci/mmol, 200 ,uCi per 35-mm dish; 1 Ci
= 37 GBq) was then added, and incubation was continued for
12 hr. Labeling with [3H]ethanolamine (Amersham; 200 gCi
per 35-mm dish) was performed overnight in a 1:1 mixture of
F-12 and DMEM supplemented with 10% dialyzed fetal calf
serum. After radiolabeling, the culture medium was removed
and cleared by centrifugation. Cells were harvested by scrap-
ing and lysed with 2% SDS/5% (vol/vol) 2-mercaptoethanol.
Immunoprecipitation of labeled PLAP and analyses by SDS/
PAGE followed by fluorography were performed as de-
scribed (6). Proteins were immunoprecipitated with a 1000-
fold dilution of a purified polyclonal antibody to PLAP
(Dako, Santa Barbara, CA).
Treatment of Cells with Phospholipase C and Bromelain.

PLAP was released from the surface of transfected COS cells
with phosphatidylinositol-specific phospholipase C (PI-PLC)
purified from Bacillus thuringiensis (25). Duplicate 35-mm
wells of COS cells were transfected and grown in the pres-
ence of [35S]methionine for each mutant studied. Each well
was then washed twice with 2 ml ofphosphate-buffered saline
and twice with 2 ml of release buffer (25 mM Tris HCl, pH
7.5/0.25 M sucrose/10 mM glucose). After this, 1 ml of
release buffer containing 5 mM phenylmethylsulfonyl fluo-
ride, 100 ,uM Na-p-tosyl-L-lysine chloromethylketone, 100
,uM leupeptin, and 5 mM iodoacetate was added to each well.
For each mutant, 120 units of PI-PLC in 80 ,u was added to
one well, and 80 ,u of 50 mM Tris'HCI, pH 7.5, was added to
another as control. After incubation at 37°C for 2 hr super-
natants were removed and centrifuged at 14,000 X g for 5 min
to remove cell debris. Aliquots were taken to measure PLAP
activity or to immunoprecipitate for SDS/PAGE, and the
remaining cells were washed twice with phosphate-buffered
saline and then lysed with 400 ,41 of 2% SDS/5% 2-
mercaptoethanol. The lysates were immunoprecipitated and
subjected to SDS/PAGE.

Trp
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FIG. 1. The COOH terminus of PLAP with the
signal peptides, which is removed during P1-G
tailing, is shown in white type on black. Asp-484,
the site of PI-G tailing, is the site of mutation in
these studies. Amino acids found as sites of PI-G
tailing in other proteins are listed below under
category I. Numbers in parentheses are references.
Category II amino acids are those that have not yet
been found as sites for PI-G tailing. T., Trypano-
soma; VSG, variable surface glycoprotein.

Release of PLAP from intact COS cells by bromelain was
performed in a manner similar to that described for PI-PLC,
except that protease inhibitors were omitted and 0.3 unit of
bromelain was included. After incubation bromelain activity
was inhibited by 5 mM iodoacetate, and leupeptin and
Na-p-tosyl-L-lysine chloromethylketone were added to a final
concentration of 100 AM each. The cells that were treated
with bromelain detached from the well and were removed by
centrifugation at 14,000 x g for 5 min. Controls were treated
as in the PI-PLC experiments.

Immunofluorescent Labeling of Cells. Immunofluorescent
labeling of intact or permeabilized cells was performed as
described (26). For visualization of surface antigen, cells
were incubated with anti-PLAP antibody diluted 1:500 in
bovine serum albumin buffer (1% bovine serum albumin/
0.3% gelatin/25 mM Na2HPO4, pH 7.5/0.15 M NaCl). For
visualization of the intracellular antigen, the cells were in-
cubated with the same antibody diluted 1:500 in Tween buffer
(0.5 M NaCl/1% bovine serum albumin/5 mM NaH2PO4, pH
6.5/0.5% Tween 20). Cells were washed to remove excess
PLAP antibodies and incubated with rhodamine-conjugated
goat anti-rabbit immunoglobulin antibodies (Boehringer
Mannheim) diluted 1:50 in Tween buffer. Processed slides
were examined in a fluorescence microscope.

RESULTS

Expression of Asp-484 Site-Directed Mutants of PLAP. All
16 PLAP Asp-484 site-directed mutant cDNAs that were
prepared are summarized in Fig. 1. They were transiently
expressed in COS cells as monitored by [35S]methionine
labeling followed by immunoprecipitation with anti-PLAP
antibody. From several experiments similar to the one shown
in Fig. 2 it became apparent that all Asp-484 substitution
mutants were expressed to approximately the same extent,
within experimental error, exhibited molecular masses (-67
kDa) comparable to the wild-type PLAP 484, and were
exclusively associated with the cells. Most mutants in cate-
gory I exhibited as high or higher levels of enzyme activity
than the wild-type Asp-484 PLAP (Table 1). Except for
proline, category II mutants exhibited lower, but measurable,
enzyme activity, particularly valine and leucine. Permeabil-
ization of cells with 0.1% Triton X-100 did not affect enzyme
activity, indicating that most activity was associated with the
cell surface.

Evidence for PI-G Tailing ofMutants. Asp-484 PLAP can be
released from the cell surface by treatment with PI-PLC (6,
7). To determine the nature of association of the mutant
proteins to cells, [35S]methionine-labeled COS cells were
subjected to PI-PLC treatment. Aliquots of the cell extracts
and media were immunoprecipitated with PLAP antibody,
and radiolabeled PLAP proteins were resolved by SDS/
PAGE. Fig. 3a shows only the release of selected mutant
proteins from COS cells into the medium. Corresponding
controls with no PI-PLC treatment showed virtually no
release (data not shown). It is apparent that all the category
I mutants were released by the lipase. PI-PLC also released
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FIG. 2. Expression of PLAP encoded by wild-type (Asp-484) and mutant cDNAs in transfected COS cells. Transfections were done as
described with constant amounts of PLAP cDNA. After transfection the cells were lysed, and labeled PLAP was immunoprecipitated and
subjected to SDS/PAGE followed by fluorography. This result represents one of several such experiments. The observed differences in
expression (densitometric measurements on the film; Density) among the mutants was, in part, due to random error and, to a large extent, the
result of differences in plating, which yielded a different number of cells in each well. Cell protein was measured in each sample, and the ratio
of density/protein was calculated to partly correct the observed variations. In this experiment aspartic acid and valine gave low values, and
asparagine and tryptophan gave high values. However, in other experiments one or two amino acids other than aspartic acid and valine gave
low values, and amino acids other than asparagine and tryptophan gave high values.

small amounts of PLAP protein from two category II mu-
tants, valine and leucine, and trace amounts from some of the
others. Although the data are not shown, residual 35S-labeled
PLAP in category I mutant cells after PI-PLC was dimin-
ished, whereas that in category II mutant cells was little
changed. COS cells producing the various mutants were also
treated with bromelain, which releases cell-surface mem-
brane-bound PLAP by cleaving a peptide of -2 kDa from the
COOH terminus (27). Bromelain released PLAP protein from
the same mutant cells and in approximately the same pro-
portions as did PI-PLC (Fig. 3b). Except for valine and
leucine, and perhaps threonine, there was little detectable
35S-labeled PLAP released from category II mutants.

Similar experiments were done monitoring PLAP enzyme
activity instead of PLAP protein. As shown in Table 2 all
mutant cells that yielded enzymatically active PLAP released
enzyme activity when treated with either PI-PLC or brome-
lain. It should be noted that the enzyme activity released by
either treatment was proportional to the amount of enzyme
activity produced by that mutant (see Table 1). This is not
surprising because in our experience 60-75% of enzyme
activity is released from wild-type PLAP by PI-PLC and an
even larger percentage by bromelain.

Table 1. PLAP enzyme activity in COS cells transfected with
Asp-484 mutant cDNAs

Category I Category II

mUnit/ mUnit/
,gg of Relative Ag of Relative

Mutant protein value Mutant protein value
Asp (wt) 1.45 1 Thr 0.07 0.06 ± 0.02
Gly 1.99 1.17 ± 0.16 Pro 0.00 0
Ala 1.45 1.02 ± 0.16 Met 0.06 0.04 ± 0.01
Cys 0.84 0.39 ± 0.16 Val 0.22 0.10 ± 0.03
Asn 2.58 2.70 ± 0.91 Leu 0.24 0.13 ± 0.01
Ser 3.08 2.59 ± 0.34 Trp 0.07 0.04 ± 0.01

Tyr 0.05 0.05 ± 0.02
Lys 0.04 0.04 ± 0.02
Glu 0.06 0.05 ± 0.02
Gln 0.06 0.04 ± 0.01

Values for mock transfections averaged about 0.02 milliunit
(mUnit)/,ug and were subtracted. The mUnit/,tg of protein shown
above for each mutant represent the average of duplicate analyses
obtained in one experiment. Because of differences in transfection
efficiency from experiment to experiment, these values could not be
averaged; instead, the relative values obtained on three to four
separate experiments are shown with aspartic acid arbitrarily taken
as 1.0. Relative values shown represent the mean ± SEM. wt, Wild
type.

As further evidence of PI-G tailing, COS cells transfected
with representative mutants were incubated in the presence
of [3H]ethanolamine, and the labeled proteins were isolated
by immunoprecipitation. Ethanolamine is one of the compo-
nents of the PI-G anchor of PLAP (6). Mutant proteins of
category I incorporated far more [3H]ethanolamine than did
those of category II (Fig. 4).

Cellular Localization of Enzymaticafly Inactive Mutant Pro-
teins. To further investigate the nature of cellular association
of the mutant proteins immunofluorescent staining of intact
and permeabilized cells was performed. Data from repre-
sentative examples of the PLAP mutants are shown in Fig. 5.
Cells transfected with the mutants asparagine and serine,
representatives of category I, yielded intense fluorescence
before permeabilization, once again proving their cell-surface
localization. By contrast, the mutants tryptophan and valine,
representing category II, exhibited only faint fluorescence on
intact cells, which was intensified after permeabilization.
This is consistent with their largely intracellular localization,
most probably in association with the membrane of the ER.

DISCUSSION
There exists an apparent similarity in specificities between
COOH-terminal processing and NH2-terminal signal pepti-
dase. Both types of processing require a hydrophobic chain
of comparable size (-20-30 residues) either preceding or
following the cleavage site. In both cases amino acids with
small substituents on the 8 carbon atom are preferred at the
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FIG. 3. Release of 35S-labeled PLAP mutant proteins from COS
cells by P1-PLC (a) and bromelain (b). Labeled PLAP in the
supernatants was immunoprecipitated and subjected to SDS/PAGE
and fluorography. Data from two experiments were combined. The
first six mutant cells incubated with either P1-PLC or bromelain were
run in one experiment; the last six mutant cells were run in another
experiment. Category I mutants are underlined.
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Table 2. Release of PLAP activity by P1-PLC and bromelain
from COS cells transfected with different mutants

PLAP activity released

PI-PLC Bromelain

Relative Relative
Mutant mUnit value mUnit value

Category I
Asp (wt) 80 1.0 90 1.0
Gly 64 0.83 ± 0.02 92 0.93 ± 0.08
Ala 92 0.93 ± 0.26 97 0.98 ± 0.12
Cys 24 0.27 ± 0.05 26 0.27 ± 0.02
Asn 170 2.18 ± 0.11 182 2.12 ± 0.28
Ser 245 2.56 ± 0.57 224 2.28 ± 0.26

Category II
Thr 2 0.03 ± 0.02 4 0.04 ± 0.01
Pro 2 0.02 0 0
Met 1 0.01 ± 0.01 2 0.01 ± 0.01
Val 10 0.12 ± 0.01 6 0.07 ± 0.03
Leu 7 0.10 ± 0.01 10 0.10 ± 0.01
Trp 2 0.01 ± 0.01 1 0.03 ± 0.02
Gln 2 0.02 ± 0.02 2 0.01 ± 0.01

Blanks were run for each mutant and incubated for the same time
but without enzyme. These ranged from 0 to 2 milliunits (mUnit) and
were subtracted from the values obtained after enzyme treatment.
The values for milliunits released are the average of duplicates from
one typical experiment. Because the absolute amounts produced
varied considerably from experiment to experiment the amounts
released could not be averaged. However, the relative amounts
released were similar in all experiments. Aspartic acid is arbitrarily
taken as 1.0, and the relative values shown represent the mean ±
SEM based on three to four separate experiments. Where no SEM
is shown, too few replicates were taken for calculation.

COOH side of the site of cleavage as well as at the adjacent
sites (1, 28, 29). A survey of NH2-terminal cleavage sites (30)
shows that glycine, alanine, serine, and occasionally cysteine
are allowable. These are similar to the amino acids preferred
for COOH-terminal processing. However, aspartic acid and
asparagine have not been reported to serve as NH2-terminal
cleavage sites. In making such comparisons it is important to
remember that NH2-terminal signal processing is catalyzed
by a peptidase (31), whereas COOH-terminal processing
presumably requires a transamidase (32). The observed dif-
ferences in activities of the various substituents at residue 484
will probably be explained by the requirement of a specific
secondary structure at the cleavage/substitution site, such as
has been shown for NH2-terminal signal processing (28). It
remains to be seen whether the specificities at the site ofPI-G
tailing seen here are the same in other cells and for other
proteins. Our studies question some of the PI-G tailing sites
predicted by Ferguson (1, 33, 34) and by other investigators
(35, 36).
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FIG. 4. Incorporation of ethanolamine into selected Asp-484
mutant PLAP proteins. Transfected COS cells were incubated with
[3H]ethanolamine, and extracted proteins were immunoprecipitated
and subjected to SDS/PAGE and fluorography.
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FIG. 5. Detection of wild-type and selected mutant proteins by
immunofluorescent staining of transfected COS cells. Cells were
fixed, and nonspecific binding sites were blocked with normal goat
serum. Intact and permeabilized cells were treated with anti-PLAP
antibodies, and bound antibody was visualized by staining with
rhodamine-conjugated goat anti-rabbit immunoglobulin antibodies.

The present studies revealed unexpected complexities in
the PI-G tailing process. Thus, all mutants were expressed to
approximately the same extent-i.e., they yielded approxi-
mately the same amount of immunoprecipitable PLAP pro-
tein for the same amount of cDNA used for transfection.
Because the apparent molecular masses of all mutant proteins
were the same, all were apparently glycosylated to the same
extent, indicating their processing in the ER. The first
unexpected finding was that the enzyme activities resulting
from the different substituents at position 484 varied consid-
erably, from about 3.0 milliunits/,g of protein for asparagine
and serine to 0.8 for cysteine and about 0.2 for valine and
leucine. Except for proline, which yielded no activity, the
other category II mutants produced lower but detectable
PLAP enzyme activity. Furthermore, enzymatically active
PLAP produced by all mutants was releasable from intact
cells by PI-PLC and bromelain, indicating that the enzyme
was on the cell surface and PI-G-tailed (Fig. 3 and Table 2).
In addition, when cells were labeled with [35S]methionine and
treated with PI-PLC or bromelain, the relative amounts of 35S
label released from each mutant were comparable to the
enzyme activity of that mutant (Fig. 3 and Table 2). Thus
asparagine and serine with the highest enzyme activity, even
higher than the wild-type Asp-484, released the largest
amounts of labeled protein. The cysteine mutant released
less, and the leucine and valine mutants released still less.
Most other category II mutants produced too little enzyme
activity to permit such experiments. Because each mutant
produced comparable amounts of PLAP protein, the ob-
served variations in the amounts of enzyme activity and in
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PI-PLG- and bromelain-releasable material can only be ex-
plained by different degrees ofPI-G tailing. That would mean
that all mutants are PI-G-tailed to some extent and that PI-G
tailing is a requisite for externalization, membrane attach-
ment, and enzyme activity. It also suggests that all mutant
proteins, including Asp-484, do not yield PLAP that is fully
PI-G-tailed. When one compares the enzyme activity of
Asp-484 to that ofthe serine mutant, it is <50%. Accordingly,
nascent PLAP produced by Asp-484 should be only partially
PI-G-tailed. In fact, experiments that have puzzled us for a
long time suggest that this may well be the case. The
availability of antiserum specific for the COOH terminus of
nascent PLAP (exoAb) (37) permitted us to monitor the
release of the 29-residue signal peptide. It was found that
COS cells transfected with wild-type PLAP cDNA when
lysed and subjected to immunoprecipitation with exoAb
always tested highly positive for the COOH-terminal signal
peptide. Furthermore, this label persisted in pulse-chase
experiments, indicating that it did not represent a small
amount of protein in the process of synthesis but a rather
stable product. Details of these studies will be published
elsewhere. It is conceivable that partial PI-G tailing is an
artifact of transfection in COS cells, particularly because they
are overproducing PLAP. However, we have also seen
significant amounts ofPLAP produced by WISH cells under
standard culture conditions that still retain the COOH-
terminal signal peptide (unpublished data).
One scenario that can explain the above findings is that the

specificity of the putative transamidase that cleaves the
protein and adds the PI-G tail (32) determines which substi-
tuents at residue 484 are preferable. The most preferred, such
as serine and asparagine, being the best substrates, would be
processed to the greatest extent, whereas proline, being the
poorest substrate, may not be processed at all. That portion
of each mutant protein that is not processed would lack the
signal (apparently the PI-G tail) for transport to the Golgi
apparatus and would be retained in the ER. As pointed out by
Lodish (38), the conformations of aberrant proteins retained
in the ER are altered. In the above scenario all PLAP mutants
originally have conformations that can lead to enzyme ac-
tivity but lose this potential during longer than usual resi-
dence in the ER. A second scenario to explain the present
findings is that as the polypeptide chain grows, different
substituents at residue 484 immediately lead to varying
amounts of conformational change throughout the protein.
Only that fraction of a given nascent protein that maintains its
native conformation could then serve as substrate for the
transamidase in the ER and therefore be transported to the
Golgi apparatus; the remainder would be retained in the ER.
There is one obvious argument against scenario 2. Presum-
ably drastic structural changes would occur only if residue
484 were in some way involved in maintaining the overall
(enzymatically active) conformation of PLAP. However,
treatment of mature PLAP with bromelain, which cleaves
;15 or more residues from the COOH terminus (27), has no
effect on enzyme activity, indicating that residue 484 is not
directly involved in achievement of the active conformation.
There is a more direct way to distinguish between these two
opposing scenarios. By deleting portions of the hydrophobic
signal peptide from the COOH terminus of pre-pro-PLAP,
mature enzymatically active protein that is not PI-G-tailed
has been produced that is secreted from the cell into the
medium (8). By carrying out site-directed mutagenesis at
Asp-484 of such secreted forms of PLAP one can determine
whether substitution of the residues listed under category II
mutants (Table 1) render the secreted PLAP enzymatically
inactive and, therefore, folded incorrectly. If not, then the
most likely explanation of our present findings is scenario

1-i.e., all 484 mutants produce nascent proteins with con-
formations suitable for further processing to active enzyme.
However, certain amino acids at residue 484 are preferred to
others as substrates for the "transamidating" enzyme (32).
What is not transamidated is retained in the ER with subse-
quent loss of the favored conformation.

We thank Dr. Jonathan A. Lee and Dr. Gabor Szabo for their
helpful suggestions during the preparation of mutant cDNAs and
Larry Brink for valuable technical assistance.
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