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ABSTRACT Not much is known about the features that
determine the biological stability of a molecule retained in the
endoplasmic reticulum (ER). Ig light (L) chains that are not
secreted in the absence of Ig heavy (H) chain expression bind
to the ER chaperone BiP as partially folded molecules until
they are degraded. Although all Ig L chains have the same
three-dimensional structure when part of an antibody mole-
cule, the degradation rate of unassembled Ig L chains is not
identical. For instance, the two nonsecreted murine Ig L
chains, kNS1 and lFS62, are degraded with half-lives of ap-
proximately 1 and 4 hr, respectively, in the same NS1 myeloma
cells. Furthermore, the BiPylFS62 Ig L chain complex appears
to be more stable than the BiPykNS1 complex. Here, we used
the ability of single Ig domains to form an internal disulfide
bond after folding as a measure of the folding state of kNS1 and
lFS62 Ig L chains. Both of these nonsecreted L chains lack the
internal disulfide bond in the variable (V) domain, whereas
the constant (C) domain was folded in that respect. In both
cases the unfolded V domain provided the BiP binding site.
The stability of BiP binding to these two nonsecreted proteins
was quite different, and both the stability of the BiP:Ig L chain
complex and the half-life of the Ig L chain could be transferred
from one Ig L chain isotype to the other by swapping the V
domains. Our data suggest that the physical stability of BiP
association with an unfolded region of a given light chain
determines the half-life of that light chain, indicating a direct
link between chaperone interaction and delivery of partially
folded substrates to the mammalian degradation machinery.

Many cellular and extracellular proteins are translocated into
the endoplasmic reticulum (ER) of eukaryotic cells to reach
their final destination. During or immediately after transloca-
tion, covalent modifications such as N-linked glycosylation,
peptidyl-proline isomerization, andyor disulfide bond forma-
tion occur as the polypeptide folds (1). The newly synthesized
polypeptides usually assemble, fold, and acquire their three-
dimensional conformation with the aid of ER-resident molec-
ular chaperones. One of the best-characterized chaperones is
BiP, a lumenal hsp70 protein that transiently interacts with a
number of different polypeptides (reviewed in ref. 2). Reten-
tion in the ER of polypeptides that have not yet reached their
mature state is described as quality control (3, 4) or architec-
tural editing (5). Malfolded structures that cannot be rescued
will eventually undergo rapid nonlysosomal degradation, a
process typically described as occurring in a pre-Golgi com-
partment. Lately, evidence has accumulated indicating that
degradation of both soluble and integral ER-membrane pro-
teins does not occur within the secretory pathway but requires
retro-translocation to the cytosol for proteasome-mediated

proteolysis (reviewed in ref. 6). Very recent genetic studies in
the yeast S. cerevisiae have identified components that appear
to be directly involved in the retro-translocation event such as
Sec61p, Sec63p, and Kar2p, the yeast homolog of BiP (7, 8).

Typical ER-degradation substrates are nonsecreted mutant
proteins such as the PiZ variant of human alpha-1-antitrypsin
(9), mutant insulin (10), or mutant procollagen subunits (11).
Similarly, subunits of oligomeric proteins that are produced in
stoichiometric excess or whose assembly is impaired are usually
not transported but undergo degradation [e.g., unassembled T
cell receptor chains (12, 13), isolated subunits of the Na,
K-ATPase (14), or unassembled Ig chains (15–17)]. It is
reasonable to postulate that unassembled molecules are de-
graded because they do not attain a mature fold. In the case
of Ig light (L) chains that are not able to homodimerize, a
disulfide bond is formed in only one of the two domains if the
Ig H chain is absent (18). Interestingly, various incompletely
assembled and folded Ig L chains were not degraded at the
same rate. For instance, the k Ig L chain (kNS1) synthesized by
NS1 cells (19) has a half-life of approximately 50 min (15),
whereas half of newly synthesized l1 FS62 Ig L chains (lFS62)
(20) expressed in these same cells are still remaining after 3–4
hr (16).

At present, not much is known about the criteria used by a
cell to determine the half-life of polypeptides retained in the
ER. Because BiP binds to unassembled and partially folded Ig
L chains until they are degraded but BiP is not degraded with
its ligand (15, 16, 21), it seemed very likely that BiP participates
in the delivery of the substrate to the degradation machinery.
This is supported by a similar correlation between release from
BiP and degradation of other BiP ligands such as unassembled
Ig heavy chains (ref. 22; K. Schröder and I.G.H., unpublished
data), subunits of the Na, K-ATPase (14), and an assembly-
defective form of the vacuolar storage glycoprotein phaseolin
(23).

If BiP release from a polypeptide is indeed a rate-limiting
step in the delivery of the ligand to the degradation machinery,
it should be possible to transfer the half-life of a given substrate
onto another molecule by exchanging the BiP-binding portion,
provided that the overall folding capacity of the molecule
remains undisturbed. In the present study, we used kNS1 and
lFS62 Ig L chains to test this hypothesis. We found that both of
these partially folded BiP-bound molecules lacked the internal
disulfide bond in the variable (V) domain but have formed the
bond in the C domain, suggesting that only the C domain can
assume the mature fold in these nonsecreted Ig L chains.
Furthermore, our data support the conclusion that the V
domain determines both the physical stability of a BiPyIg L
chain complex as well as the biological stability of the nonas-
sembled Ig L chain.
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MATERIALS AND METHODS

Cell Culture and Transfections. For studies on Ig L chain
expression and turnover, we used the NS1 murine myeloma
expressing nonsecreted kNS1 (19) or stable transfectants of a
light chain loss variant of NS1 that were expressing the mutant
lFS62 (NSFS62) (16). We also made additional stable Ig L chain
transfectants from Ig-negative X63Ag8.653 myelomas (24) or
H62 hybridomas (25). Electroporation and selection of stable
transfectants of the X63Ag8.653 and H62 cells were performed
as described by Allen et al. (26), and all resulting clones were
cultured as described (15). Transient expression of Ig L chains
was obtained by transfecting COS-1 monkey fibroblasts (27)
with the various pSVL constructs by using the DEAE-dextran
procedure as described (28). Ig L chain synthesis was analyzed
40 hr after transfection.

cDNA Cloning, Site-Directed Mutagenesis, and Construc-
tion of Expression Vectors. The cDNAs encoding kNS1 and
lFS62 were obtained by reverse transcription of kNS1-mRNA
isolated from NS1 cells and of lFS62-mRNA isolated from
NSFS62 cells. In both cases, PstI restriction sites were engi-
neered upstream of the Ig L chain coding regions by the
primers used for PCR, and the amplified material was ligated
into the pGEM-T vector (Promega). PCR-mediated site di-
rected mutagenesis (28) of the cloned Ig L chain cDNAs
resulted in a pairwise replacement of the cysteine codons with
serine codons in the V or C domains of both the kNS1 and lFS62
Ig L chains. The C-terminal fifth cysteine codon remained in
both Ig L chains. The fidelity of all PCR products was
determined by sequencing. The PstI-excised cDNA fragments
were ligated into pUC19DL vector (a kind gift of W. Müller,
Genetics Institute, Cologne), and the cDNA fragment was
reexcised by using XbaI and SalI and ligated into an XhoIy
XbaI-opened pSVL expression vector (Pharmacia).

The pENS1.neo expression vector contains the Ig H chain
enhancer, the genomic sequence encoding the wild type kNS1
expressed in NS1 cells, and the neomycin resistance gene. It
was created by ligation of the V domain-encoding gene seg-
ment isolated as a 2-kb EcoRIyXbaI fragment from pBS1Vk
(18) and the 8.8-kb EcoRIyXbaI fragment of pEVHCk.neo
containing the C domain-encoding gene segment of the mouse
k Ig L chain (29). Construction of the pSV2.neol1FS62
expression vector was described earlier (16). To construct the
pSV2.neoVl1FS62yCk expression vector that encodes the
chimeric Ig L chain Vl1FS62yCk (abbreviated herein as VlCk),
the V domain encoding 0.9-kb BamHI fragment of pA8–
6.l1FS62 (16) was subcloned in the correct orientation into
BamHI-linearized pBluescript(1) to reexcise it as an EcoRIy
XbaI fragment that was then ligated to the 8.8-kb EcoRIyXbaI
fragment of pEVHCk.neo (29). The pSV2.neoVkyCl expres-
sion vector, encoding the chimeric Ig L chain VkNS1yCl
(abbreviated herein as VkCl), was constructed as follows: the
ends of a 7.6-kb XbaI fragment of pSV2.neol1FS62 containing
the Ig H enhancer and the resistance genes was religated. The
resulting plasmid was linearized with SacI to insert the 2-kb
SacI fragment containing the V domain-encoding gene seg-
ment isolated from pBS1Vk (18). After XbaI linearization, the
plasmid was ligated to the l1 C domain-encoding gene segment
isolated as a 3.5-kb XbaI fragment from pA8–6l1 (kind gift of
S. Weiss, Gesellschaft für Biologische Forschung, Braun-
schweig, Germany). After ensuring that the orientation of the
insert was correct, the expression vectors were used for stable
transfections.

Metabolical Labeling, Pulse–Chase Experiments, Immuno-
precipitations, and Western Blot Analysis. Transfected COS-1
cells were incubated in methionine- and cysteine-free culture
medium for 1 hr and then metabolically labeled with 100 mCi
(1 Ci 5 37 GBq) of 35S-Translabel (ICN) for 3 hr. The cells
were washed once with PBS containing 20 mM N-ethylmale-
imide (NEM) and solubilized in a lysis buffer containing 50

mM Tris (pH 7.5), 150 mM NaCl, 0.5% Nonidet P-40, and
0.5% deoxycholate to which 20 mM NEM and 10 units of
apyrase (Sigma) were added.

To determine the folding status of wild-type (wt) and
mutagenized kNS1 and lFS62, labeled Ig L chains were immu-
noprecipitated from cell lysates by using specific goat anti-
mouse l or k antisera (Southern Biotechnology Associates)
followed by protein A-Sepharose beads (Pharmacia). Immune
complexes were electrophoresed (12% SDSyPAGE) under
nonreducing conditions, and the labeled proteins were visu-
alized by autoradiography. To determine the half-lives of wt
and chimeric Ig L chains, cells were starved in methionine- and
cysteine-free medium, metabolically labeled with 100 mCi of
35S-Translabel (ICN), and chased in the presence of excess
unlabeled methionine and cysteine as indicated in the figure
legend of individual experiments. Cells (106) were taken at
each time point and solubilized in 0.5 ml of 23 lysis buffer
(without NEM and apyrase), and Ig L chains were immuno-
precipitated from lysates containing equivalent amounts of
label protein as determined by TCA-precipitable radioactive
counts. It should be noted that the anti-Ig L chain antisera
react specifically with the C domains of the various Ig L chain
proteins. The protein A-Sepharose-bound immune complexes
were washed as described (15) and separated under reducing
conditions on a 12% SDSyPAGE, and the labeled proteins
were visualized by autoradiography. Quantitation of the la-
beled Ig L chains for half-life determinations was done by
phosphorimaging (Fujix BAS 1000 using the program MACBAS
V 1.0).

Western blot analysis was performed on immunoprecipi-
tated proteins as described (16). BiP was detected with a
mouse monoclonal anti-KDEL antibody (StressGen Biotech-
nologies, Victoria, Canada) in combination with horseradish
peroxidase (HRP)-conjugated goat anti-mouse Ig G (H1L)
(Bio-Rad), which also stained the Ck-containing Ig L chains.
HRP-conjugated anti-mouse l antibodies were used to detect
Cl-bearing molecules. The HRP conjugates were visualized by
using ECL and the BM chemiluminescence blotting substrate
(Boehringer Mannheim).

RESULTS

The kNS1 and lFS62 Ig L chains represent ideal model proteins
to study criteria that determine the half-life of proteins. First,
all Ig L chains have only two distinct domains (a V and a C
domain), each of which folds independently and is stabilized by
a single internal disulfide bond after it folds. This makes it
relatively easy to monitor the folding state of the protein. By
assessing disulfide bond formation on nonreducing gels, four
different species can be resolved upon gradual in vitro reduc-
tion of a completely folded Ig L chain including two distinct
partially oxidized forms (containing a disulfide bond in either
of the domains) in addition to the completely reduced and the
completely oxidized forms (16, 30). Second, both kNS1 and
lFS62 bind to BiP and are only partially folded (i.e., a disulfide
bond is formed in only one domain). Third, in spite of these
similarities, the half-lives of the kNS1 and lFS62 are quite
different as are the stabilities of the respective BiPyIg L chain
complexes (16). Because these two L chains differ in both the
V and the C domains, domain-swapping experiments are
feasible, which should allow us to determine whether BiP binds
to one of the domains and how the stability of BiP binding
affects the half-life of a given protein.

Determination of the Folding State of BiP-Bound Ig L
Chains. In the absence of Ig H chain expression, kNS1 as well
as lFS62 occur as partially folded BiP-bound molecules in the
cell. It seems that BiP binding to the Ig L chain molecule
prevents disulfide bond formation in one of the two Ig L chain
domains because the sulfhydryl groups in the second Ig L chain
domain can oxidize in vitro under conditions that lead to
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dissociation of Ig L chains from BiP. This is deduced from
previous data showing that, upon size-fractionation of total
cellular proteins, essentially all Ig L chains are recovered in
fractions corresponding to the molecular mass of BiP:Ig L
chain complexes. In these fractions the Ig L chains contain only
one disulfide bond. In contrast, the majority of the Ig L chains
were recovered as monomers containing two disulfide bonds
when the lysate was treated with MgATP to dissociate BiP:Ig
L chain complexes before size fractionation analysis (ref. 16;
M. R. Knittler and I.G.H., unpublished data).

As a first step to further characterizing these two Ig L chains,
we determined which domain remained unfolded. This was
achieved by replacing of the paired cysteines with serine
residues to prevent disulfide bond formation in either the V (V
domain mutant) or the C domain (C domain mutant). Wild-
type or mutant Ig L chains were transiently expressed in COS-1
cells and investigated for their migration behavior on SDS gels
run under nonreducing conditions (Fig. 1). In previous studies,
we found that if the NS1 cells were lysed in the presence of
N-ethyl maleimide (NEM) to prevent postlysis oxidation, most
of the kNS1 Ig L chains migrated as a single species containing
only a single disulfide bond, whereas if NEM was not included,
half or more of the molecules would undergo postlysis oxida-
tion in the remaining domain (16). Despite the presence of
NEM, the wild-type kNS1 expressed by COS-1 cells resolves
into two bands corresponding to a partially (ox1) and a
completely (ox2) oxidized Ig L chain form (Fig. 1, lane 2). The
V domain mutant (Fig. 1, lane 1) resolves as a single species
that migrates at the same position as the partially oxidized
wild-type molecules (indicated as ox1 in Fig. 1). In contrast, the
C domain mutant continues to resolve into two bands, neither
of which comigrates with either of the wild-type forms (lane 3).
Because the V domain mutant is composed of a single form
that migrates at the same position as the partially folded kNS1
species, we conclude that in the wild-type NS1 Ig L chain the
C domain is oxidized but the V domain is not unless it is
allowed to oxidize after cell lysis. Mutation of the V domain
cysteines prevents this from happening. Indeed, the C domain
mutant consists of one species that migrates as a completely

reduced molecule (red in lane 3) and a second species that
occurs when the V domain is artificially oxidized. In summary,
these data show that in vivo the partially folded wild-type kNS1
Ig L chain has formed the disulfide bond in the C domain
whereas the disulfide bond in V domain has not formed. The
same result was found with the analysis of the lFS62 Ig L chains
(data not shown) confirming that, in both BiP-bound unas-
sembled Ig L chains, it is the V domain that is not completely
folded.

Analysis of the Physical Stability of BiPyIg L Chain Com-
plexes. Although nonsecreted Ig L chains are bound to BiP in
vivo, not all BiPyIg L chain complexes are preserved to the
same extent during immunoprecipitation experiments.
Whereas lFS62 can be coimmunoprecipitated with BiP quan-
titatively, a substantial portion of the kNS1 Ig L chains do not
remain bound to BiP and achieve disulfide bond formation in
the second (V) domain during cell lysis and immunoprecipi-
tation (ref. 16; see also Fig. 1, lane 2). It is noteworthy that
lFS62, which remains bound to BiP in vitro, is not readily
oxidized whereas the kNS1 Ig L chain, which is more easily
dissociated from BiP, is also more easily oxidized upon cell
lysis. We interpreted these findings to mean the two BiPyIg L
chain complexes exhibit different physical stabilities under
immunoprecipitation conditions and that postlysis oxidation is
a reflection of the loss of BiP association.

The observation that the two Ig L chains exhibit different
stabilities with respect to BiP binding prompted us to inves-
tigate whether this property can be attributed to one of the Ig
L chain’s domains. Chimeric Ig L chains in which the V domain
of the kNS1 chain is combined with the C domain of the lFS62
chain (VkCl) or vice versa (VlCk) were made and used to
generate stable transfectants of X63Ag8.653 myeloma cells,
which do not express any Ig chains. In addition, cells that stably
express the prototype kNS1 (VkCk) or lFS62 (VlCl) Ig L
chains were obtained. Cell lysates were immunoprecipitated
with antisera specific for the constant portion of the Ig L
chains. Because essentially all Ig L chains are bound to BiP in
the cells (16), we reasoned that the amount of BiP that survived
coprecipitation with the Ig L chain construct should reflect the
stability of the respective BiP:Ig L chain complex. Indeed,
when comparing the same amount of immunoprecipitated Ig
L chains, it appears that an unstable BiP:kNS1 Ig L chain
complex (which is stoichiometric in vivo, ref.16) is stabilized
upon replacing the Vk by the Vl domain (Fig. 2). The data
clearly show that the amount of coprecipitated BiP is low
whenever the precipitated Ig L chains bear the Vk domain,

FIG. 1. Identification of the disulfide bond-containing domain in
unassembled kNS1 Ig L chains. COS-1 cells were transfected with the
various kNS1 cDNAs in a transient expression system. Biosynthetically
labeled material was immunoprecipitated by anti-k-antibodies from
the lysate prepared in the presence of NEM from cells that expressed
the kNS1V domain mutant (lane 1), the kNS1 wt-Ig L chain (lane 2), the
kNS1 C domain mutant (lane 3), or no Ig L chains (lane 4). The
migration of the completely reduced (no SOS bond, red), partially
oxidized (SOS bond only in the C domain, ox 1), and completely
oxidized (SOS bond in both domains, ox2) forms of the Ig L chains is
indicated. An additional migration form (arrow) was observed with the
C domain mutant and most likely represents a molecule containing a
disulfide bond in the V domain. Isolation of the polypeptide marked
by an asterisk (p) is most likely due to nonspecific interactions, as it is
also seen in the material precipitated from nontransfected cells (lane
4). Various amounts of this protein coisolated with the different Ig L
molecules (i.e., compare lanes 2 and 3). Note that lanes 3 and 4 are
from a longer exposure of the autoradiograph, because smaller
amounts of labeled material was reproducibly recovered with the C
domain mutant.

FIG. 2. The amount of BiP coimmunoprecipitated with Ig L chains
depends on the V domains of the Ig L chains. The amount of
immunoprecipitated Ig L chains corresponds to the equivalent of 2 3
105 (lanes 1, 4, 7, and 10), 105 (lanes 2, 5, 8, and 11), or 0.5 3 105 (lanes
3, 6, 9, and 12) X63Ag8.653 cells. Immunoprecipitation as well as
immunoblotting of the Ig L chains were performed by using antisera
that recognize the C domain but not the V domain of the Ig L chains.
BiP was detected with a mouse monoclonal IgG antibody against the
C-terminal KDEL sequence. This antibody and the Ig L chains that
bear the Ck domain (VkCk and VlCk, respectively, lanes 1–6) were
detected with an anti-mouse IgG (H1L) antiserum. The Cl domain-
bearing Ig L chains (VkCl and VlCl, respectively, lanes 7–12) were
stained by anti-l antibodies.
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whereas a greater amount of BiP is coprecipitated with
molecules that bear the Vl domain. These results imply that
the V domain of unassembled Ig L chains is directly involved
in BiP interaction and strongly suggest that Vl has a higher
affinity for BiP than Vk.

Analysis of the Biological Stability of Ig L Chains. Next, we
asked whether the half-life of an Ig L chain is determined by
one of the Ig L chain domains. In addition to the stable
X63Ag8.653 cell lines described above, we established a second
set of transfectants expressing the prototypical, kNS1or lFS62, or
the respective chimeric Ig L chains (named VlCk and VkCl,
respectively) by using the H62 hybridoma line. Pulse–chase
labeling and immunoprecipitation experiments were per-
formed to determine the biological stability of the various Ig
L chains (Fig. 3). The half-life of lFS62 Ig L chains was between
3 and 4 hr in both transfectants (see Table 1), which is in
accordance with their half-life in NS1 cells (16). The VlCk
chimeric Ig L chain had approximately the same half-life as the
lFS62 Ig L chains in X63Ag8.653 cells and appeared to be
somewhat more stable in H62 cells. In both the X63Ag8.653
and H62 cells transfected with kNS1, the L chain was degraded
with a half-life of 2 hr, which was about twice as long as
observed for the same Ig L chain in NS1 cells (15) but still
perceptibly shorter than the lFS62 Ig L chains in the same cells.
When the VkCl chimeric chain was expressed in X63Ag8.653
and H62 cells, we found that they also had a half-life of 2 hr.
Thus, the half-life of a given Ig L chain depended on the V
region present and appeared independent of which C domain
it was combined to.

DISCUSSION

Recognition and subsequent degradation of malfolded
polypeptides are important physiological processes required to
maintain the functional integrity of a cell. A quality control
system acting in the ER prevents the transport of polypeptides
that have not acquired a mature state with regard to assembly
andyor three-dimensional conformation. We previously
showed that Ig L chains depend on assembly with heavy chains
or into homodimers for complete folding and secretion (18). Ig
L chains that are unable to form homodimers remain associ-
ated with BiP and are eventually degraded in the ER (16, 18).
In the case of secreted Ig L chains, BiP binds transiently to the
reduced and partially oxidized Ig L chains but is released to
allow complete folding of the L chains (15, 31). In the present
study, we demonstrate that in the case of two different
nonsecreted Ig L chains, it is the V domain that is not folded

and BiP binds to this unfolded V domain. Furthermore, we
show that the half-life of the Ig L chains is dictated by this
unfolded, BiP-bound domain and the stability of BiP binding
is directly related to the stability of the Ig L chain.

We do not know whether all nonsecreted Ig light chains fail
to fold their V region, but a number of nonsecreted Ig L chains
are known to possess mutations in the V region (20, 32–34). It
is possible that the V region is often less readily able to fold
because of the variability in sequences that it must accommo-
date whereas the C domain (which always has the same
sequence) has evolved to fold well. In support of this idea, we
found that wild-type secreted Ig L chains that bind BiP
transiently do so through a single domain (31) which, as was
most recently demonstrated, is also the V domain (R. Hellman,
M. Vanhove, and L.M.H., unpublished data). Having shown
that the V region is not folded, it is not entirely surprising that
BiP binds to the V region in unassembled Ig L chains (Fig. 2),
because earlier studies demonstrated that dnaK, the bacterial
hsp70 homologue, preferentially binds to unfolded peptides
(35). However, we were somewhat surprised to find that the
half-life of the individual Ig L chains was entirely controlled by
the unfolded V domain. When chimeric proteins were made
between the more rapidly degraded and the more stable Ig L
chain, exchange of the C domain did not affect the protein’s
half-life, whereas swapping the V domain associated with a
given constant region changed the half-life of the new chimeric
Ig L chain to the same as that of the V domain with its original
C domain. In this way a more stable Ig L chain could be
rendered more susceptible to intracellular degradation by
combining its C domain with the V region of the more
short-lived molecule. Although little is known of how proteins
that are retained in the ER are recognized and targeted for
degradation, our results would suggest this process is con-
trolled by the availability of unfolded regions on the protein.
Even more interesting in this respect is the correlation of
stability of BiP binding to a given V domain and the half-life
of the protein. Although in both cases, the incompletely folded
V domain was bound to BiP in the cell, we found that the
BiP:lFS62 complex was much more stable during immunopre-
cipitation than the BiP:kNS1 complex. And correspondingly, Ig
L chains bearing the lFS62 V domain had a much longer
half-life than the Ig L chains containing the kNS1 V domain.
Although experiments presented here do not allow us to
conclude that the BiP:kNS1 complex is also less stable in vivo,
it is tempting to speculate that turnover of these BiP-associated
proteins is related to their release from BiP.

How could the physical stability of a BiPyligand complex
relate to the physiological process determining the half-life of
the ligand? Previous work demonstrated that the binding of
ATP to BiP causes a conformational change in BiP sufficient
to induce release of bound ligand (36). This seems to reflect
a general principle of hsp70 function because ATP binding is
also sufficient to induce dissociation of proteins complexed to
the bacterial hsp70 molecule DnaK (37). Bukau and coworkers
showed that the nucleotide-binding state of DnaK does not
alter its affinity for the substrate but rather affects the asso-

FIG. 3. Half-life determination of wt and chimeric Ig L chains.
Stably transfected X63Ag8.653 cells were starved for 2.5 hr in medium
lacking methionine and cysteine and labeled with 100 mCi 35S-
Translable for 20 min when the cells expressed Ig L chains bearing the
V domain of kNS1 (VkCk and VkCl, respectively) or 2.5 hr when the
cells expressed Ig L chains bearing the V domain of lFS62 (VlCl and
VlCk, respectively). Cells were replated in complete medium, chased
for the indicated times, and then lysed. Ig L chains were immunopre-
cipitated by using antisera that recognize the C domain.

Table 1. Half-life of various Ig L chains in different cell lines

Cell liney
Ig L chain NS1* X63Ag8.653 H62

VkCk (kNS1) 0.8 2.0; 2.1 2.0
VkCl 1.8; 1.7 2.3
VlCl (lFS62) 3.5 3.2 3.3; 3.7
VlCk 3.0; 4.0 .6; .6

*Half-lives (given in hours) of kNS1 and lFS62 Ig L chains in NS1 cells
were previously determined (15, 16). All other half-life determina-
tions of the Ig L chains indicated were performed as described in
Materials and Methods, and the results of independent determinations
are shown.
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ciation and thus also the dissociation kinetics (38). If this also
applies for BiP, a polypeptide exhibiting a higher affinity for
this chaperone would statistically remain bound to BiP for a
longer period of time as compared with a molecule with low
BiP-binding affinity, irrespective of the nucleotide-binding
state of the hsp70 protein. Thus, the strength of BiP interaction
might determine how fast the molecule is delivered to the
degradation machinery.

Assuming that Ig L chain degradation occurs in the cytosol,
as was reported for other ER degradation substrates in mam-
malian cells (12, 13, 39–42), unassembled Ig L chains have to
re-traverse the ER membrane. It is a matter of debate whether
soluble polypeptides retained in the ER remain bound to the
ER translocation channel because of incomplete folding.
Unassembled Ig L chains, however, have probably completely
entered the lumen of the ER as the C domain that comprises
the C-terminal half of the molecule assumes the mature Ig
domain fold stabilized by the disulfide bond. Thus, the rate-
limiting step in the degradation of unassembled Ig L chains in
mammalian cells could be the BiP-mediated delivery to the
cytosol. In yeast, functional interaction of BiP with the DnaJ-
like translocon component Sec63 is required for Sec61-
mediated co- and posttranslational translocation into the ER
(43–45). A similar BiP:Sec63 interaction may serve to retro-
translocate ER degradation substrates because these two
proteins are involved in the proteasome-dependent degrada-
tion of mutated lumenal yeast carboxypeptidase (8). In mam-
malian cells, BiP could directly participate in the delivery of
ER degradation substrates to the cytosol, possibly via an
interaction with the DnaJ-like membrane protein MTJ1 that
has been identified in mouse cells (46). However, mammalian
BiP might functionally differ from the yeast homolog, as it has
not been possible to demonstrate a role for BiP in the
translocation of proteins into the mammalian ER (47, 48). If
mammalian BiP is not part of the translocation machinery, our
data could suggest that BiP must release from an unfolded
protein for that protein to engage the translocon and be
translocated into the cytosol for degradation. In this context,
it would be important to know whether degradation of sub-
strates that do not accumulate as BiP-bound molecules in the
ER, like transport impaired variants of alpha-1-antitrypsin (9,
49), also require functional BiP for degradation (50).
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