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Abstract

The defective ribosomal product (DRiP) hypothesis of endogenous Ag processing posits that rapidly
degraded forms of nascent proteins are a major source of peptide ligands for MHC class | molecules.
Although there is broad experimental support for the DRIP hypothesis, careful kinetic analysis of
the generation of defined peptide class | complexes has been limited to studies of recombinant
vaccinia viruses expressing genes derived from other organisms. In this study, we show that insertion
of the SIIN-FEKL peptide into the stalk of influenza A virus neuraminidase (NA) does not detectably
modify NA folding, degradation, transport, or sp. act. when expressed in its natural context of
influenza A virus infection. Using the 25-D1.16 mAb specific for KP-SIINFEKL to precisely
quantitate cell surface complexes by flow cytometry, we demonstrate that SIINFEKL is generated
in complete lockstep with initiation and abrogation of NA biosynthesis in both L-KP fibroblast cells
and DC2.4 dendritic/monocyte cells. SIINFEKL presentation requires active proteasomes and TAP,
consistent with its generation from a cytosolic DRiP pool. From the difference in the shutoff kinetics
of KP-SIINFEKL complex expression following protein synthesis versus proteasome inhibition, we
estimate that the tq/, of the biosynthetic source of NA peptide is ~5 min. These observations extend
the relevance of the DRIP hypothesis to viral proteins generated in their natural context.

After viral infection, cells rapidly present peptides derived from newly synthesized viral
proteins on MHC class | molecules for T cell activation (1). This rapidity of presentation,
coupled with the relatively long half-life (t1/,) of most viral proteins, engendered the defective
ribosomal product (DRiP) hypothesis of Ag presentation: a subset of newly synthesized
proteins are defective in some manner and rapidly degraded intracellularly, yielding peptides
for MHC class | Ag presentation to enable rapid immunosurveillance of viral and cellular
translation products (2).

More than a decade after the birth of the DRIP hypothesis, there are only a few clues regarding
the physical and biochemical properties of DRIiPs that give rise to class | peptide ligands (3).
Although large amounts of rapidly degraded polypeptides (RDPs) are relatively easy to detect
(3-6), their relationship with DRIPs is uncertain (3,7). The DRIiP hypothesis is strongly
supported, however, by functional studies that temporally link protein synthesis with peptide
generation. Using TAP mobility in the endoplasmic reticulum (ER) membrane as a measure
of peptide production, Qian et al. (8) and Reits et al. (9) showed that overall peptide generation
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from cellular and viral proteins is tightly linked to protein translation. Groettrup and colleagues
(10) related peptide generation to levels of MRNA and translation and not amounts of
previously synthesized intracellular Ag. Our laboratory has exploited the specificity of 25-
D1.16 for KP-SIINFEKL complexes to demonstrate that SIINFEKL generation is closely tied
kinetically to the synthesis of OVA, the natural source of SIINFEKL, and a number of artificial
chimeric proteins engineered to express SIINFEKL (3,11). In all of these studies, we used
recombinant vaccinia viruses (VVs) to express SIINFEKL-containing source Ags. Itis possible
that we grossly overestimated the contribution of DRiPs to Ag processing in these studies due
to the use of VV to express non-VV genes. We recently showed that differences in viral
translation mechanisms can greatly increase the fraction of DRIPs; expression of influenza A
virus (IAV) nuclear protein by an Alphavirus vector resulted in the defective translation of
>50% of nuclear protein recovered from cells (12). VV expression is known to modify the Ag
processing pathway of some inserted viral gene products compared with their natural infection
context (13,14). Further, the fusion of multiple genes to create chimeric proteins can greatly
decrease the fidelity of protein synthesis or protein folding (15).

Ideally, we could study the relationship between viral protein synthesis and class | complex
using TCR-like detection reagents specific for natural viral peptides complexed with a class |
molecules. Unfortunately, although we were able to generate phage Abs specific for five IAV
peptides complexed with KP or D?, none of these Abs is able to detect complexes synthesized
by IAV-infected cells (16). After failing to find suitable reagents from other laboratories, we
turned to recombinant A/Puerto Rico/8/34 (PR8) in which the SIINFEKL peptide is either
inserted in the stalk of IAV neuraminidase (NA) or used to replace eight amino acids in the
stalk (17,18). These rlAVs are similar to wild type in their ability to replicate in cultured cells
or mouse airways, suggesting that SIINFEKL has little effect on NA biogenesis. In this study,
we use these rlAVs to rigorously test the DRIP hypothesis.

Materials and Methods

Cells, Abs, and viruses

Cultures were grown for the mouse cell lines L-KP° and DC2.4 in DMEM and Madin-Darby
canine kidney (MDCK) cells in MEM, each containing 7.5% FCS in a 9% CO, incubator. EL4
and RMAV/s cells were cultured in RPMI 1640 medium containing 7.5% FCS and maintained
in a 6% CO> incubator. PR8 and rPR8 strains expressing SIINFEKL in NA (PR8 containing
inserted SIINFEKL peptide in NA [insOVA] or PR8 with SIINFEKL replacing 8 amino acids
in NA [repOVA]) were grown in 10-d embryonated chicken eggs, and infectious allantoic fluid
was titered on MDCK cells. mAbs 25D1-1.16 (anti-KP-SIINFEKL) and NA2-1C1 (anti-NA1)
were labeled with Alexa Fluor 647 or Pacific blue, respectively, using protein labeling Kits
from Molecular Probes (Eugene, OR) following the manufacturer’s recommended protocols.
Rabbit anti-NA serum was generated by multiple immunization with C-terminal NA peptide
CSWPDGAELPFSIDK coupled to keyhole limpet hemocyanin (Spring Valley Laboratories,
Woodbine, MD). The anti-hemagglutinin (HA) mAbs H17-L2 and Y8-10C2 have been
described previously (19). Anti-p97 mouse mAb was from Fitzgerald (Concord, MA). Donkey
anti-rabbit secondary Abs labeled with Alexa Fluor 680 were from Molecular Probes, and goat
anti-mouse 800CW Abs were from Rockland (Gilbertsville, PA). FITC-anti-rabbit and Texas
Red-anti-mouse secondary Abs were from The Jackson Laboratory (Bar Harbor, ME).

Viral infections

L-KP and DC2.4 cells were resuspended to a concentration of 5 x 10° cells per milliliter in
autoclavable minimal essential media, buffered to pH 6.6 whereas EL4 and RMA/s cells were
resuspended to the same concentration in media buffered to pH 6.8. Ten to 20 of 50% tissue
culture-infective doses |AV were added, and cells were infected for 30 min in a 37°C water
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bath with occasional agitation. Cells were washed and cultured at 106 cells per milliliter in
tissue culture media for the indicated times. In some experiments, brefeldin A (BFA) at 10
uM, cycloheximide (CHX) at 25 pg/ml, or MG132 (10 or 25 uM) was added at the indicated
times to the infected cells.

Ag presentation assays and Western blots

After viral infection, cells (~10°) were harvested at the indicated times and kept at 4°C until
the completion of the experiment. Cells then were labeled with Alexa Fluor 647-coupled
25D-1.16 monoclonal Abs and Pacific blue-coupled anti-NA mAb NA2-1C1. After a 30 min
Ab labeling at 4°C, cells were washed in excess PBS and analyzed by flow cytometry using a
BD LSR Il flow cytometer (BD Biosciences, San Jose, CA). For Western blots, cells were
harvested, washed in PBS, and resuspended to a concentration of 107 cells per milliliter in
SDS-PAGE sample buffer containing MG132 and a protease inhibitor mixture. Cells were
boiled immediately at 95°C for 20 min with occasional, vigorous vortexing until all of the
chromatin had been denatured. An equal volume of water containing 50 mM DTT was added
to the samples, which were boiled briefly and then resolved by 12% PAGE, blotted onto
nitrocellulose, and exposed to rabbit polyclonal serum against NA, followed by anti-rabbit
Alexa Fluor 680 secondary Abs. Monoclonal Abs against p97 were used as a loading control.
Membranes were then analyzed using an Odyssey infrared imager (LI-COR Biosciences,
Lincoln, NE).

Confocal microscopy

MDCK cells (10°) were plated on eight-well coverslips (Nunc, Naperville, IL) overnight and
then infected with 1AV for 30 min. After infection, cells were washed and cultured in complete
media. Six hours postinfection (p.i.), cells were fixed in 4% paraformaldehyde and
permeabilized with 1% Triton X-100 for 2 min. Cells were washed with PBS and blocked with
5% normal donkey serum. Primary Abs were added to prepared cells for 1 h at room
temperature, washed three times, and labeled with appropriate secondary Abs for an additional
30 min. Cells were counterstained with DAPI (5 pg/ml) and visualized on a TCS SP5 (DMI
6000) confocal microscope system (Leica Microsystems, Deerfield, IL).

Statistical analysis

Results

Statistical analysis was performed using GraphPad Prism software (GraphPad, San Diego,
CA\). To determine the peak time of KP-SIINFEK L expression from kinetic data, we preformed
a regression analysis using the second-order polynomial equation to determine the parameters
of the equation. The time to peak height was determined using the following equation:

x=—->0/2a,

where x is time and a and b are computed values from the regression analysis.

Kinetics of NA and KP-SIINFEKL complexes following IAV infection

We first examined the kinetics of cell surface expression of NA and KP-SIINFEKL complexes
after infecting the dendritic cell/macrophage-like cell line DC2.4 with PR8, insOVA, or
repOVA (Fig. 1A). To increase the precision and linearity of detection, we simultaneously
stained cells with directly conjugated NA2-1C1 (NA-specific) and 25-D1.16 (KP-SIINFEKL-
specific) mAbs. We initially detected NA 3 h p.i. (Fig. 1B), after which NA expression
increased linearly with time. Remarkably, KP-SIINFEKL expression kinetics were nearly
identical to those of NA, with complexes first detected 3 h p.i. The specificities of staining for
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NA2-1C1 and 25-D1.16 were demonstrated, respectively, by their low and Kinetically
unchanging interactions with uninfected and PR8-infected cells. We extended these findings
to fibroblast-like cells by infecting L-KP cells with the same panel of viruses. We observed
nearly identical cell surface expression kinetics for both NA and KP-SIINFEKL complexes.

Characterization of NA biosynthesis

Although NA was initially detected at the cell surface 3 h p.i., there could be a considerable
lag between the initiation of NA synthesis and its appearance at the cell surface, due to delays
in transit through the secretory apparatus (20). To accurately quantitate NA expression, we
generated rabbit polyclonal Abs specific for the C-terminal 15 aa. Rabbit antisera proved highly
specific for NA in immunoblotting without affinity purification (Fig. 2). Kinetic analysis of
NA expression by infected DC2.4 cells revealed a robust amount of NA derived from the input
virus, followed by the disappearance of NA due to the release of virus or endosomal proteolysis
and the detection of nascent NA beginning 2 h p.i. Treating cells with the protein synthesis
inhibitor CHX at the time of infection confirmed that the initial NA signal is due to the input
virus and that NA is nearly completely lost by 2 h p.i. Wild type PR8, insOVA, and repOVA
yielded generally similar results.

We further examined NA biogenesis in the three viruses via immunofluorescence of fixed and
permeabilized MDCK cells 6 h p.i. Confocal microscopy revealed that rabbit polycolonal Abs
detected NA throughout the secretory pathway and cell surface (Fig. 3A), demonstrating that
the NA C terminus is available for interaction with Abs as the NA progresses from the ER to
the cell surface (note that NA is anchored to the membrane by its N-terminal leader sequence).
The polyclonal Ab anti-NA staining pattern was confirmed by costaining cells with either H17-
L2 mAb, which, due to its binding to HA only upon trimerization, stains HA in the Golgi
complex (GC) and post-GC compartments (Fig. 3B), or H28-E23 mAb, which localizes HA
throughout the secretory pathway (note nuclear rim staining characteristic of ER localization)
(19). The NA2-1C1 epitope is dependent on NA oligomerization and, similar to PR8 HA
trimer-specific mAbs, only detects NA after export from the ER (Fig. 3A, 3B). The staining
patterns of cells infected with PR8, insOVA, and repOVA were indistinguishable, consistent
with the conclusion that the insertion of SIINFEKL into the stalk of IAV NA does not perturb
NA biogenesis.

To further investigate this point, we examined the trafficking kinetics of NA from the ER to
the cell surface by treating cells with either BFA or CHX 3.5 h p.i. and monitoring cell surface
expression by flow cytometry with NA2-1C1 (Fig. 4A). BFA treatment immediately abrogated
the time-dependent increase in NA expression, demonstrating that each virus expresses a
negligible post-GC pool of NA that can traffic to the cell surface following BFA-induced
retrograde transport of GC elements and abrogation of ER export (21). After CHX treatment,
there was a 1 h lag before NA expression reached a plateau. This lag reflects the time required
for all of the NA to exit the ER and reach the plasma membrane and is consistent with the 1 h
lag between detection of NA biosynthesis and NA cell surface expression. Importantly, each
of the three viruses demonstrated highly similar kinetics. Because misfolded protein typically
exhibits retarded trafficking in the ER, these data again support the neutral effect of SINFEKL
insertion on NA biogenesis.

What is the effect of SIINFEKL insertion on the metabolic stability of NA? Nascent NA enters
the secretory pathway and is released from the cell in budding virions, complicating traditional
pulse-chase experiments. To circumvent this problem, 3 h p.i. we treated infected cells with
CHX (to block further NA synthesis) and BFA (to prevent export of NA from the early secretory
pathway) and harvested cells every 30 min for 1.5 h for immunoblot-based NA quantitation.
SIINFEKL insertion had no discernible destabilizing effect on NA (Fig. 4B).
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We next examined the effect of SIINFEKL insertion on NA enzymatic activity. We measured
NA activity using a fluorogenic substrate at 5 h p.i. with the three IAVs. The specific activities
for the three viruses (calculated by dividing Vax values by the corresponding mean
fluorescence intensity (MFI) of NA expression determined by FACS analysis) are essentially
identical (Fig. 4C), demonstrating that SIINFEKL insertion does not affect the NA enzymatic
activity.

Finally, we used the ability of rabbit anti-NA polyclonal Abs to detect denatured NA via
immunoblotting to determine whether NA insertion modifies the generation of NA RDPs (Fig.
4D). To detect RDPs degraded by proteasomes, we treated cells for 3 h with the proteasome
inhibitor MG132 starting at 2 h p.i. when NA biosynthesis begins. The only effect of MG132
was to reduce the amount of NA detected (confirmed by flow cytometry as described below).
Our failure to detect proteasome-dependent RDPs for any of the three viruses provides further
evidence that SIINFEKL insertion does not increase the DRIP rate for NA.

Taken together, these data strongly support the conclusion that SIINFEKL insertion has
minimal effects on the generation of NA DRiPs and therefore that repOVA and insOVA
expressed in the context of AV infection are accurate proxies for the behavior of natural IAV
gene products.

Kinetic analysis of KP-SIINFEKL generation upon abrogation of protein synthesis or
proteasome-mediated degradation

We next characterized KP-SIINFEKL generation from NA. KP-SIINFEKL expression is TAP-
dependent, based on background levels of staining with 25-D1.16 following rPR8 infection of
RMAV/S cells, which lack functional TAP due to the introduction of a stop codon in the TAP2
gene [Fig. 5; note that the parental RMA cells are identical to EL4 cells (22)]. KP-SIINFEKL
presentation is also proteasome-dependent (Fig. 6A), because adding the proteasome inhibitor
MG132 to DC2.4 cells 2 h p.i. completely abrogates 25-D1.16 staining, in contrast to its
moderate effect on NA expression, which is reduced 2.5-fold as measured by either flow
cytometry or immunoblotting (Figs. 4D, 6A). Similarly, treating cells with CHX 1.5 h p.i. with
rPR8 completely inhibited KP-SIINFEKL expression, demonstrating that peptides are
generated exclusively from biosynthesized NA and not NA on input virions (Fig. 6B).

Finally, we made a detailed study of KP-SIINFEKL kinetics by harvesting L-KP cells at 10
min intervals to finely measure differences in KP-SIINFEKL complex expression following
the addition of BFA, CHX, or MG132 at 3.5 h p.i. (Fig. 7A). After the addition of the inhibitor,
KP-SIINFEKL surface expression increased to a plateau and then declined as the turnover in
surface complexes outnumbered the number of complexes delivered by the secretory pathway.
We used regression analysis based on the second-order polynomial equation to determine the
time required to achieve maximal KP-SIINFEKL expression following inhibitor addition.

The results of four experiments with both insOVA and repOVA viruses are averaged in Fig.
7B. As expected, BFA shut off Ag presentation first, followed by MG132 and lastly CHX.
From the difference in the times needed to achieve maximal expression following CHX and
MG132 addition, we can estimate that ~12 min is required to completely degrade the DRiPs
that give rise to antigenic peptides. This implies a t1;, of <4 min for bona fide antigenic DRiPs
(three half-lives are needed to achieve ~90% reduction in substrate, which is probably our
detection limit). Because peptides are degraded with a ty/, on the order of 10 s (23), the
difference of 9 min between maximal KP-SIINFEKL expression following MG132 and BFA
implies that KP-SIINFEK L complexes are transported from the ER to the BFA-resistant portion
of the secretory pathway extremely rapidly (t1/» of ~2 min, if the process follows first-order
kinetics).
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Taken together, these data demonstrate that in both professional and nonprofessional APCs
rapidly degraded DRiPs provide virtually all of the antigenic peptides generated from a
minimally manipulated viral protein expressed in the context of its natural infection.

Discussion

NA is a plasma membrane protein with no known mechanism of returning to the cytosol once
exported from the early secretory pathway, and it is perhaps expected that antigenic peptides
derive from DRIPs. Still, because ~50% of cellular translation products are imported into the
ER (24), this pool represents a major source of antigenic peptides, and indeed, ER-targeted
proteins are well represented among defined target Ags for antiviral CD8* T cells. The role of
DRIPs in generating peptides from ER-targeted proteins has been questioned in the case of
tyrosinase (25), so it is important to firmly establish the route of peptide generation from this
abundant pool of Ags.

We note that beyond demonstrating the proteasome and TAP dependence indicative of
cytosolic processing our data do not address the mechanism of peptide generation from NA
DRIiPs, particularly with regard to the contribution of DRIPs that fail to be exported into the
ER versus proteins exported from the ER via the ER-associated degradation pathway. Because
there is evidence for the participation of both pathways in the processing of ER targeting
proteins (26-29), it is entirely possible that both pathways contribute to NA Ag processing.
Future studies will be required to address this important issue. Our findings do not rule out the
generation of a minor level of peptides from functional NA that is somehow exported to the
cytosol.

Our findings extend a number of previous studies demonstrating the close kinetic link between
viral Ag synthesis and peptide generation. Because speed is of the essence in destroying virus-
infected cells before they can release their progeny, rapid presentation clearly has evolutionary
value to the host in handing virus infections. Ultimately, however, the rapidity of recognition
may be a useful by-product of a more important driving force in the evolution of the Ag
processing machinery: immunosurveillance of tumor cells. To enable detection of aberrant
gene products independent of their levels of expression, evolution may have homed in on
translation. The immunoribosome hypothesis proposes that cells possess a mechanism for
selecting mMRNAs on a Noah’s Ark type basis (i.e., quality rather than quantity) to translate
proteins in a dedicated manner as a source of antigenic peptides (30,31). Although speed is
unlikely to be important in recognizing tumor cells, rapid recognition of newly synthesized
genes will result from nearly every translation-based mechanism of peptide generation.
Although DRIPs are clearly a major source of antigenic peptides, it is important to recognize
that peptides are also generated from natural protein turnover.

Having clearly established the central role of DRiPs in Ag processing, it is of central importance
to develop strategies to identify the cellular gene products involved in the DRIP pathway. It
would not be surprising if there were considerable overlap with the cross-presentation pathway,
which in rapidly generating peptides from minute quantities of internalized Ags in the face of
overwhelming amounts of cellular proteins bears striking similarities to the DRiP pathway.
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Abbreviations in this paper

BFA brefeldin A
CHX cycloheximide
DRIiP defective ribosomal product
ER endoplasmic reticulum
GC Golgi complex
HA hemagglutinin
IAV influenza A virus
insOVA PR8 containing inserted SIINFEKL peptide in NA
MDCK Madin-Darby canine kidney
MFI mean fluorescence intensity
NA neuraminidase
p.i postinfection
PRS8 A/Puerto Rico/8/34
RDP rapidly degraded polypeptide
repOVA PR8 with SIINFEKL replacing 8 amino acids in NA
vV vaccinia virus
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FIGURE 1.

Presentation of NA peptides occurs at the same rate as NA expression in IAV-infected cells.
A, Schematic representation of AV used. Transmembrane domain amino acids are underlined,
and N-linked glycosylation site is bold. SIINFEKL determinant is shown in blue. Sequence
replaced by SIINFEKL in rPR8 is shown in red. B, DC2.4 (top) or L-KP (bottom) cells were
infected with 10 50% tissue culture-infective doses of the indicated 1AV for 30 min at 37°C at
pH 6.6. Postinfection, cells were cultured and subsequently harvested at the indicated time
(x-axis) whereupon cells were stained with Abs to NA (left column) or KP-SIINFEKL (right
column). The MFI of the population is reported on the y-axis.
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FIGURE 2.

Functional NA protein synthesis begins 2—-3 h p.i. DC2.4 cells were infected as in Fig. 1, cells
were harvested at the indicated, times and total cell lysates were prepared for Western blot
analyses using rabbit polyclonal Abs raised against the C terminus of the NA protein. Cells
were either left untreated or incubated with CHX immediately p.i. The prominent band at ~50
kDa corresponding to the anticipated size of the NA monomers is shown.
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FIGURE 3.

Intracellular NA trafficking is unaffected by the SIINFEKL epitope. A, MDCK cells were
infected with the indicated PR8 viruses for 30 min at 37°C and then cultured for 6 h. Cells
were fixed and permeabilized with 0.5% Triton X-100, then stained with rabbit polyclonal NA
Abs (green) or a mouse mADb (red) that recognizes the mature, dimerized form of NA. Nuclear
staining is shown in blue. B, The GC and post-GC compartments of infected cells were
identified by staining with mouse mAb H17-L2 against the IAV HA trimer (green, top). The
entire secretory pathway was identified by staining cells with the HA-specific mAb Y8-10C2
(HA-AII, green, bottom). Corresponding NA staining with rabbit polyclonal Abs (NA-AII) is
shown in red.
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FIGURE 4.

NA stability of enzymatic activity is unaffected by the SIINFEKL epitope. A, DC2.4 cells were
infected with the indicated virus (black line) or mock-infected (open circle and dotted line) and
cultured. Either BFA (blue line) or CHX (orange line) was added to the infected cells 3.5 h
p.i., and samples were collected for FACS analysis at the indicated times. The y-axis is the
MFI of cells stained with an anti-NA Ab. B, DC2.4 cells were infected with the indicated IAV
and cultured for 4 h, at which time CHX and BFA were added, and cells were collected at the
indicated times for Western blot analyses for NA and p97 (loading control). NA levels were
normalized to p97 and are depicted in the graphs. C, Infected cells were used as the source of
enzyme for fluorometric analyses of NA activity. The observed Vnax (left) and the Viax
normalized to the cell surface expression of NA (right) of the reaction are reported on the y-
axis. D, Western blot analyses of NA protein from total cell lysates of IAV-infected cells with
(+) or without (—) MG132. The prominent band for monomeric NA is at ~50 kDa, and residual
NA dimers are also detected (~95kDa).
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FIGURE 5.

Functional TAP is necessary for the presentation of NA peptides. EL4 (left) or TAP-deficient
RMA/s (right) were infected with the indicated PR8 containing insOVA (filled circle) or
repOVA (open circle) and harvested at the indicated times for analysis of NA expression
(top) and KP-SIINFEKL (bottom). The background Ab staining of uninfected cells was
subtracted from infected cells to generate the MFIs reported (y-axis).
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FIGURE 6.

NA presentation requires active translation and proteasome activity. A, DC2.4 cells were
infected with the indicated viruses and cultured for 2 h before the addition of 10 uM MG132
or DMSO and then cultured for an additional 3 h. Cells were analyzed by FACS for either cell
surface NA (top) or KP-SIINFEKL (bottom). B, DC2.4 cells were infected with insOVA
(left) or repOVA (right) and cultured for 1.5 h before the addition of CHX. Culture of infected
cells continued, and KP-SIINFEKL expression was determined by FACS.
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Rapid shutoff of Ag presentation after the addition of MHC class | Ag presentation inhibitors.
A, L-KP cells were infected with insOVA or repOVA and cultured for 3.5 h before the addition
of 10 uM BFA, 25 pg/ml CHX, or 25 uM MG132. After the addition of the inhibitors (arrow),
samples were taken every 10 min for FACS analysis of KP -SIINFEKL expression. The time
to peak KP-SIIN-FEKL expression after inhibitor addition was determined and averaged for

four experiments. B, Table with the SE indicated.
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