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Abstract

Angiosperms and algae possess two distinct glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
enzymes, an NAD +-dependent tetramer involved in cytosolic glycolysis and an NADP +-dependent
enzyme of the Calvin cycle in chloroplasts. We have found that the gymnosperm Pinus sylvestris possesses, in addition to these, a nuclear-encoded, plastid-specific, NAD + -dependent GAPDH, designated
GapCp, which has not previously been described from any plant. Several independent full-size cDNAs
for this enzyme were isolated which encode a functional transit peptide and mature subunit very similar to that of cytosolic GAPDH of angiosperms and algae. A molecular phylogeny reveals that chloroplast GapCp and cytosolic GapC arose through gene duplication early in chlorophyte evolution. The
GapCp gene is expressed as highly as that for GapC in light-grown pine seedlings. These findings suggest that aspects of compartmentalized sugar phosphate metabolism may differ in angiosperms and
gymnosperms and furthermore underscore the contributions of endosymbiotic gene transfer and gene
duplication to the nuclear complement of genes for enzymes of plant primary metabolism.

Introduction

The largely parallel pathways of primary carbohydrate metabolism of the cytosol and chloroplast, glycolysis, gluconeogenesis and Calvin
cycle, possess a number of enzymatic reactions in
common. These are catalysed by separate enzymes unique to each compartment [17, 19, 46]
which in turn are encoded by distinct nuclear
genes [53]. Of these chloroplast-cytosol isoenzyme pairs, glyceraldehyde-3-phosphate dehy-

drogenases (GAPDHs) differ in their cosubstrate
specificity for NAD + and NADP +, respectively,
and have been studied in greatest detail at the
molecular level [30, 40, 54, 13, 21].
Glyceraldehyde-3-phosphate dehydrogenases
are integral to compartmentalized primary carbohydrate metabolism in higher plants. Photosynthate generated by the Calvin cycle or by starch
degradation in plastids is transported to the cytosol primarily in the form of divalent dihydroxyacetone phosphate in exchange [48] for inorganic
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phosphate via the phosphate translocator, the
major protein of the inner chloroplast envelope
[15]. The reductive step of the Calvin cycle is
catalysed by the NADP+-specific GAPDH of
chloroplasts (EC 1.2.1.13). This G A P D H enzyme of the Calvin cycle is a marker enzyme of
chloroplasts [6, 39] and exists in angiosperms as
either a n A 4 homotetramer or an A2Ba heterotetramer. SubunitA of chloroplast GAPDH
(GapA) is of slightly lower molecular weight than
subunit B (GapB) [7] by virtue of a highly charged
30 amino acid carboxy-terminal extension in the
latter [4]. The chloroplast enzyme may also show
activity with NAD + as a substrate in vitro [6, 23]
and its activity is regulated at the protein level
[5, 45] via the thioredoxin system [11, 28]. Expression of the genes for GapA and GapB are
regulated at the transcriptional level by light [8,
13].
In the cytosol, photosynthate exported from
chloroplasts as dihydroxyacetone phosphate or
3-phosphoglycerate can be channelled into glycolysis for the generation of metabolic energy via the
tricarboxylic acid cycle and oxidative phosphorylation in mitochondria. The oxidative step of
glycolysis is catalysed by the NAD+-specific
GAPDH of the cytosol (EC 1.2.1.12). Cytosolic
GAPDH in angiosperms is a homotetramer of
identical [6] or electrophoretically distinguishable
[42] subunits (GapC). GapC genes of angiosperms can either be constitutively expressed or
are inducible by environmental stimuli [29, 42,
541.
The genes for GapA, GapB and GapC are
nuclear-encoded. These were transferred from
endosymbiont genomes to the nucleus during the
course of evolution [ 31, 21 ]. Cyanobacteria, from
which plastids descend [36], possess in their genomes homologues of both GapC and GapA. In
the cyanobacterium Anabaena variabilis, the homologue of glycolytic GAPDH of the plant cytosol, gapl, is located in an operon which contains
genes for the oxidative pentose phosphate cycle,
the major pathway of carbohydrate breakdown in
cyanobacteria [47, 38].
Plastids inherited much of their biosynthetic
apparatus from free-living antecedants of modern

cyanobacteria. Since cyanobacteria possess the
homologues of both glycolytic and Calvin cycle
G A P D H enzymes of plants, we reasoned that
some plastids may have retained a gene product
homologous to cytosolic GapC, although such
enzymes have not been described for angiosperms
or algae to date. We have recently begun study of
G A P D H genes in gymnosperms [35] and have
previously characterized cDNAs encoding GapC
[34] and GapA [20] from Pinus sylvestris. We
continued investigation of this gymnosperm in
search of plastid-specific GapC homologues.
Here we report the cDNA cloning and uptake by
chloroplasts of a novel, nuclear-encoded NAD + dependent GAPDH enzyme, GapCp, from Pinus.

Materials and methods

Plant material
Poly(A) + mRNA was isolated from total RNA
(kindly provided by Stefan Jansson, Umefi) isolated from one-week old light-grown Pinus sylvestris seedlings. Pea seedlings (Pisum sativum var.
Rosa Krone) for chloroplast isolation were grown
at 25 °C under a 14/10 h light/dark regime.

cDNA cloning
The cDNA library of Pinus sylvestris has been
previously described [34]. 40000 recombinants
were screened by plaque hybridization using a
random-labelled cDNA insert for GapC from
Magnolia liliiflora [32]. Hybridization in the first
screen was performed at 55 °C in 3 x SSPE,
washings were performed at 55 °C in 2 x SSPE.
Positively hybridizing clones were subcloned into
pSK plasmids (Stratagene) and terminal regions
sequenced by the dideoxy method. Rescreenings
of the original, unamplified library with the 165 bp
Barn HI fragment from the 3' non-coding region
of pPSD14.6 and the 230 bp Pst I fragment from
the transit peptide region of pPSD14 were performed as above but at 68 °C. Nested deletion
series of clones pPSD14 and pPSD17 were
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sequenced on both strands using either radioactive or laser flourescence [1] techniques.
In vitro transcription and translation
Plasmid substrates for in vitro transcription were
purified on CsC1 gradients, linearized with the
appropriate restriction enzyme, incubated in the
same buffer for 30 min at 37 °C with 50 #g/ml
Proteinase K (Merck), phenolized, precipitated,
and dissolved in 10 mM Tris-HC1 and 1 mM
EDTA pH 8.0. Transcription was performed for
30min at 37 °C in 50#1 of 40 mM Tris-HC1
pH 7.5, 6 mM MgC12, 5 mM NaC1, 2 mM spermidine, 0.5 mM ATP, 0.5raM CTP, 0.5 mM
TTP, 0.05 mM GTP, 10 mM dithiothreitol, 1 mM
VmG(5')ppp(5')G (New England Biolabs), 1 U/
#1RNAsin (Pharmacia), 100 #g/ml B SA, 100 mg/
ml DNA containing 1 U/#I of either T 7 o r T3
RNA polymerase (Pharmacia). Transcripts were
phenolized, precipitated and dissolved in 10 #1 of
water for translation. Proteins for import were
synthesized using rabbit reticulocyte lysate
(Amersham) according to the manufacturer's
protocol. Translation of capped mRNAs was
more efficient than that of uncapped; reticulocyte
lysate yielded more efficient incorporation and
fewer low-molecular-weight radioactive peptides
than wheat germ extracts (data not shown).
Translation for transport experiments was performed for 90 min at 30 °C in 70 #1 with 1.2 #g
of in vitro transcript in the presence of 0.8 #Ci/
#1 35S-methionine (1000 Ci/mmol, Amersham).
Translation mixes were frozen in liquid nitrogen
and stored at -80 °C prior to transport.
Import of in vitro synthesized proteins
Intact chloroplasts were prepared in linear Percoll gradients from 80 g of 7-10-day old pea
leaves by the method described [2]. Import was
performed according to [55] with a protocol
kindly provided by R.-B. KlOsgen (Institut
far Botanik, Ludwig-Maximillian Universit~t
M/inchen). All procedures were at 4 °C unless
otherwise indicated. Isolated intact chloroplasts

(100#g chlorophyll) were incubated in Corex
tubes at 25 °C for 30 min under a 200 W photo
lamp with 30 #1 of in vitro translation mix in a
total volume of 240 #1 transport buffer (50 mM
Hepes/KOH, 330 mM sorbitol, 12 mM methionine, 1 mM ATP pH 8.0). Chloroplasts were diluted with 240 #1 of transport buffer and centrifuged for one minute at 1000 x g. The pellet was
resuspended in 500 #l of transport buffer containing 4raM CaC12 and 0.1 mg/ml thermolysin
(Serva) and incubated for 30 min on ice. EDTA
was added to a final concentration of 20 mM.
The suspension was loaded onto 1.5 ml of 45~o
Percoll in transport buffer in 2 ml Eppendorf
tubes and centrifuged for 8 min at 4000 x g in a
swinging bucket rotor. The supernatant was discarded, intact chloroplasts (pellet) were resuspended in 100 #1 of 10 mM Tricin and 1 mM
EDTA, pH 8.0, and lysed for 15 min on ice.
Stroma and thylakoid fractions were separated as
described [2]. Thylakoid pellets were resuspended in 100 #1 of 2 x Laemmli buffer, stroma
proteins were precipitated 15 rain on ice by addition of 4 volumes of acetone, pelleted for 2 min
in an Eppendorf centrifuge and resuspended in
100 #1 of 2 x Laemmli buffer. Proteins were electrophoresed on 12~o denaturing acrylamide gels
as described [44], impregnated with scintillator
subsequent to electrophoresis (Amplify, Amersham), dried and subjected to autoradiography at
-80 °C. Other molecular methods were performed as described [44].
Computer analysis
Sequence handling and alignment were perfomed
with the GCG package [12]. Numbers of nonsynonymous substitutions per non-synonymous
(Ka) site between sequences were measured with
the weighted pathway method [26]. A tree from
the distance matrix was inferred with the neighbour-joining method [43 ]. Reliability of the tree
was estimated by parsimony bootstrap analysis
performed on a nucleotide data set of first and
second codon positions with DNABOOT of the
PHYLIP package [14], this approximates bootstrap parsimony at non-synonymous sites [36].
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Results

GapCp of Pinus is a novel NAD+-dependent
GAPDH enzyme
Searching for a plastid-specific, NAD +-dependent GAPDH species from Pinus, 20 positively
hybridizing cDNA clones were picked at random
from the first low-stringency screen of the
P. sylvestris cDNA library using a previously described GapC probe (see Materials and methods).
Of these, six contained hybridizing cDNA inserts
greater than 1 kb. They were subcloned into pSK
plasmids and their terminal sequences determined. One of these, pPSD 14.6, encoded the partial sequence of a GapC-like protein which was
highly divergent from that encoded by previously
characterized plant GapC genes. To obtain fullsize clones for this mRNA, the library was rescreened under stringent conditions using the
165 bp Barn HI fragment from the 3' non-coding
region of pPSD14.6. Positive clones were detected at a frequency of roughly one per 1000
recombinants, similar to the frequency of cytosolic GapC cDNAs in this tissue. 2PSD14 contained the largest cDNA insert (1.6 kb) among
the hybridizing clones and was subcloned into the
Not I site ofpSK+ and sequenced. The sequence
was identical in the 3' non-coding region to that
determined for pPSD14.6. The open reading
frame contained a sequence very similar to the
GapC subunit, but this was surprisingly preceded
by a proline- and serine-rich amino-terminal extension of 98 amino acids showing similarities to
chloroplast transit peptides (Fig. 1). This suggested that pPSD14 encodes a plastid-specific
GAPDH subunit.
To exclude the possibility that cDNA cloning
artefacts might have given rise to the transit

peptide-like region of pP S DC 14, we prepared the
230 bp Pst I fragment from this amino-terminal
extension of pPSD14 and rescreened 70000 recombinants from the library. 22 positives were
identified which could be classified into two
groups on the basis of an additional Hind III site
not present in the insert o f p P S D 14. Four of these
clones (two from each class) which contained
roughly 1.6 kb inserts were subcloned into the
Not I site of pSK+ and sequenced from both
ends. All were independent cDNAs, since they
varied in length in the 3' and 5' non-coding regions. One of those which contained the Hind III
restriction polymorphism relative to pPSD14,
pPSD 17, was subcloned and sequenced, pPSD 17
differs from pPSD14 by eight base substitutions
(seven in the coding region, two of which are
non-synonymous) and two single base indels in
the 3' non-coding region (Fig. 1). Thus, the aminoterminal extension of pPSD 14 is not a cloning
artefact, rather, pPSD14 and pPSD17 are independent cDNAs from allelic variants or very recently duplicated genes encoding a GapC precursor with a transit peptide.
We designate the protein product encoded by
these cDNAs as GapCp and its gene as GapCp
in accordance with the G A P D H gene nomenclature previously set forth [31]. Similar to its cytosolic homologues from higher eukaryotes, GapCp
of Pinus encodes an NAD + -dependent GAPDH
enzyme, as evidenced by the presence of Pro-188
in the polypeptide chain (Fig. 2), a residue on the
basis of its three-dimensional structure and in vitro
mutagenesis to confer NAD + specificity to
GAPDH holoenzymes [10, 9]. The amino acid
sequence of GapCp is completely collinear with
that of angiosperm GapC with the exception of a
single amino acid deletion at position 64 of the
alignment in Fig. 2.

Fig. 1. Sequences ofpPSD14 (accession number L32560) and pPSD17 (L32561). The transit peptide is underlined. In the sequence
of pPSD14, only differences to the pPSD17 sequence are shown. ] indicates the adenosine commencing the pPSD14 sequence
and the cytosine terminating the pPSD17 sequence. Amino acid exchanges between the sequences are indicated. Deletions are
shown as dashes. Dots indicate residues identical in the two sequences. The stop codon is marked by an asterisk. Non-coding
regions are shown in lower-case letters.
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GAPDH Transit peptides
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Import of GapCp into pea chloroplasts

In order to demonstrate that the precursor encoded by pPSD 14 possesses a functional chloroplast transit peptide, we synthesized capped
mRNA from Xba I-linearized pPSD 14 using the
T 7 promoter. As a negative control for import,
mRNA was synthesized from the T3 promoter of
Xba I-linearized pPSC15 [32] which contains a
full-size cDNA insert for cytosolic GapC from
Pinus syIvestris in the Not I site of pSK+. As a
positive control, mRNA was synthesized from
the T 3 promoter of an Xba I-linearized plasmid
containing a full-size cDNA insert for GapB from
pea [25] in the Not I site o f p S K + . About 5 #g of
capped mRNA from 1 #g of linearized plasmid
substrate as estimated by ethidium bromide staining were typically obtained. These mRNAs were
translated in vitro (see Materials and methods) to
yield radioactive proteins for import. The size of
the major in vitro synthesis products in SDS gels
(45, 39, 50 kDa) correspond well to the expected
molecular mass calculated from the cDNA sequences for coding regions of GapCp (46 kDa),
GapC (37 kDa) and GapB (48 kDa) (lanes 1, 4
and 7, Fig. 3). The GapC and GapB translation
products contained some spurious bands less
than 30 kDa in size (lanes 1 and 4). The synthetic
precursors were imported into freshly isolated pea
chloroplasts. The stroma fraction of the imported
pea GapB precursor (positive control) contained
a processed radioactive polypeptide of 40 kDa,
close to expected size of 39 kDa estimated for the
in vivo GapB subunit [8] and 39.5 kDa calculated
from the sequence.
The stroma fraction of the imported GapCp
precursor from Pinus (lane 2, Fig. 3) contained
a 36kDa processed radioactive polypeptide,

Fig. 3. In vitro synthesized GapCp, GapB, and GapC
polypeptides imported into pea chloroplasts. Sizes of molecular weight standards are indicated. Lanes 1, 4 and 7: precursors synthesized in vitro from in vitro transcribed mRNA before transport, 0.5 % of a translation mix was loaded in each
slot. Lanes 2, 5, and 8: stroma proteins after transport corre-.
sponding to 20 % of the total stroma fraction per lane. Lanes 3,
6, and 9: thylakoid proteins after transport corresponding to
20% of the total thylakoid fraction per lane. The gel was exposed for seven days at -80 °C.

slightly smaller than the Pinus cytosolic GapC
monomer (lane 4, calculated size 37 kDa). Since
the processed product has a slightly lower Mr
than pine GapC, we estimate the size of the processed GapCp subunit to be about 36 kDa. This
is in good agreement with the MW calculated for
the mature subunit inferred from the alignment of
G A P D H enzymes in Fig. 2 (35.7 kDa), indicating that the in vivo processing site for the Pinus
GapCp is very close to the site suggested in the

Fig. 2. Alignment of several G A P D H sequences from plants. Gaps are indicated as dashes, residues identical to the pea GapA
sequence are shown as dots. Residues which are involved in the formation of e-helices and fl-pleated sheets in folding of the Bacillus
stearothermophilus G A P D H enzyme [18] are indicated above the alignment by 'aaa' and 'bbb', respectively. > 1 < indicates the
putative processing sites for transit peptides of GapA and GapCp. The S-loop region which confers cooperativity between monomers is underscored with a wavy line, Pro-188 which confers NAD-specificity to G A P D H tetramers [10] is indicated (@), as is
the thioester-forming cysteine residue of the catalytic center ($). Sequence abbreviations are: PeaA, Pisum sativum GapA; ZeaA,
Zea mays GapA; PinA, Pinus sylvestris GapA, PinCp, Pinus sylvestris GapCp; PinC, Pinus sylvestris GapC; PeaC, Pisum sativum GapC;
ZeaC, Zea mays GapC.
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Origin of the GapCp gene

sequence alignment. A slightly higher MW band
is visible in the GapCp stroma fraction and on
original autoradiograms for the pea GapB stroma
fraction, these are apparently due to incomplete
import processing. A faint band in the thylakoid
fraction for pea GapB and pine GapCp (roughly
3 ~o of the respective stroma fractions) was observed. But since the in vivo GapB subunit of pea
is a stromal enzyme [6], these faint bands probably represent contaminating stromal protein in
the thylakoid fraction.
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We analysed the gene phylogeny of GapCp in the
context of several plant and bacterial GAPDH
sequences in order to reconstruct the series of
events which gave rise to this coding sequence
(Fig. 4). The GapA and GapC sequences from
Pinus sylvestris were included in the analysis to
underscore the diversity of the GAPDH gene
family in this gymnosperm. GapA, GapB, GapC
and GapCp are all descendants of the bacterial
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Fig. 4. Phylogenetic tree of G A P D H sequences. Gray branches indicate genes contained within prokaryotic chromosomes, solid
branches indicate eukaryotic nuclear genes. The scale bar represents 0.1 non-synonymous substitution per site. Asterisks indicate
branches which were detected in > 90/100 bootstrap parsimony replicates. Gene duplication events are indicated. Note that the
cyanobacterium Anabaena variabilis possesses three G A P D H genes. Escherichia coli also possesses a third G A P D H gene, the partial
sequence of which was recently characterized (accession number L09067). Sources of sequences included in the tree are as given
in references 21, 25 and 34.
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G A P D H gene family as indicated by their terminal positions on the cyanobacterial gapl and gap2
branches, respectively. The nuclear location of
eukaryotic G A P D H genes is the result of endosymbiotic gene transfer from organelles [ 31, 21 ].
GapCp is only marignally more closely related to
GapC genes from chlorophytes than it is to the
GapC gene of the rhodophyte Chondrus crispus.
This indicates that the gene duplication which
gave rise to GapCp and GapC took place early in
chlorophyte evolution, yet subsequent to establishment of ancestral GapC/GapCp genes in eukaryotic DNA.

Discussion

Primary metabolism in plastids is similar in many
respects to that of modern cyanobacteria, yet
most of the genes for enzymes of plastid pathways are located in the nucleus. With the notable
exceptions of rbcL - and in the case of rhodoplasts also phosphoglycerate mutase and rbcS
[41] - plastids have relinquished all genes for
enzymes of primary carbohydrate metabolism.
During the course of endosymbiosis, these genes
underwent several different fates [ 53 ]. Some were
transferred to the nucleus where they acquired a
transit peptide for reimport of the protein product into the organelle of their genetic origin as in
the case of NADP+-dependent G A P D H [3].
Others were lost and functionally substituted
through the import of preexisting cytosolic gene
products of the nucleus as in the case of glutamine
synthase [49, 22]. Still others apparently were
lost and functionally substituted through the import of gene products contributed by the mitochondrial genome as in the case of rp121 [33],
whereas some were lost altogether along with the
corresponding enzyme activity. Thus, whereas
nuclear genomes are chimaeras of genes acquired
from different sources, plastids are biochemical
chimaeras since they contain enzymes of diverse
evolutionary history. Enzymes of primary carbohydrate metabolism are among the oldest and
most conservatively evolving proteins known
[16]. For only three of the 17 cytosol-plastid

isozyme pairs reviewed by Gottlieb [ 17] have molecular sequence become available for both isoforms to date: aldolase [37, 50], phosphoglycerate kinase [27] and glyceraldehyde-3-phosphate
dehydrogenase [30].

Pinus possesses an NAD +-dependent chloroplast

GAPDH enzyme
The majority of studies on plant G A P D H enzymes and genes have been conducted on angiosperms. In this study of a gymnosperm, we
isolated and characterized several c D N A clones
from the gymnosperm Pinus sylvestris (Scots pine)
which encode a novel NAD + -dependent, chloroplast isoform of glyceraldehyde-3-phosphate
dehydrogenase. The new G A P D H enzyme has
been termed GapCp, its gene GapCp. GapCp
from Pinus possesses a 98 amino acid N-terminal
extension (Figs. 1 and 2) which shows features
common to transit peptides of cytosolic precursors of proteins imported across the chloroplast
envelope [52]. Of several different full-size c D N A
clones isolated encoding GapCp from Pinus, two
were sequenced. These differ by only eight base
substitutions, two of which result in conservative
replacements in the derived amino acid sequences
and two insertions/deletions in the 3' non-coding
region, indicating that the corresponding mRNAs
are transcribed from either very recently duplicated genes or allelic variants of the same gene.
Southern blots with specific probes directed
against the transit peptide region indicate that
GapCp is encoded in the Pinus genome as a small
multigene family consisting of 4-6 members (data
not shown).
GapCp is synthesized as a cytosolic precursor
and is imported into plastids with the aid of a
transit peptide (Fig. 3). The mature subunit possesses the critical residue Pro-188, which confers
NAD ÷ specificity to G A P D H enzymes [10].
Both GapC and GapCp constitute about 0.1 ~o of
the m R N A in young pine seedlings each. RNA
extraction from mature tissues of Pinus is fraught
with difficulties due to the presence of resins, we
are currently engaged in expression of GapCp in
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Fig. 5. Schematic structure of plant GAPDH proteins. Transit peptide regions and the carboxyterminal extension of GapB are
shown as solid boxes. Catalytic subunits are shaded. Different shading for GapC-GapCp subunits and GapA-GapB subunits,
respectively, emphasizes their common ancestry through gene duplication during eukaryotic evolution.

Escherichia coli in order to obtain specific antibodies for studies of gene expression kinetics and
specificity in developing and mature plants.

GapCp arose through gene duplication early inplant
evolution
A molecular phylogeny for the coding region of
GapCp in the context of several homologues from
plants and bacteria reveals that GapCp and GapC
of Pinus are the descendants of a gene duplication
event which took place early in plant evolution, in
striking parallel to the GapA-GapB gene duplication [31]. The GapC-GapCp gene duplication
clearly predated the emergence of land plants,
since GapCp robustly branches below the point of
divergence between Physcornitrella (bryophyte)
and spermatophyte GapC sequences. It therefore
seems likely that other land plants, in addition to
Pinus, may have retained the GapCp gene and its
product. Our preliminary studies on a c D N A
library constructed from the heterosporous fern
Marsilea quadrifolia show that this plant also expresses a GapCp gene which encodes a transit
peptide and that the derived amino acid sequence
of its encoded mature subunit is completely collinear and 92~o identical to GapCp of Pinus in
contrast to an average of 85 To amino acid identity and one deletion (shared by Pinus GapCp at

position 64 in Fig. 2) relative to higher plant GapC
sequences (data not shown).
GapA, GapB and GapC genes and their products have been studied extensively in many angiosperms and algae [24]. As summarized in
Fig. 5, the first gymnosyperm studied revealed the
presence of a novel and highly expressed member
of the G A D P H gene family in plants, GapCp. The
physiological role of GapCp in pine chloroplasts
is not yet clear. The enzyme may be involved in
carbohydrate catabolism [51 ], as its homologues
in the cytosol of plants (GapC) and cyanobacteria (gap 1) are [ 31]. Previous studies indicate that
all genes for phosphorylating G A P D H of plants
are of eubacterial origin, the finding that gymnosperm plastids have retained an NAD +-dependent G A P D H enzyme as a relict of their cyanobacterial origin is easily reconciled with this view.
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