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The CHO1-encoded phosphatidylserine synthase (CDP-dia-
cylglycerol:L-serine O-phosphatidyltransferase, EC 2.7.8.8) is
one of the most highly regulated phospholipid biosynthetic
enzymes in the yeast Saccharomyces cerevisiae. CHO1 expres-
sion is regulated by nutrient availability through a regulatory
circuit involving a UASINO cis-acting element in the CHO1 pro-
moter, the positive transcription factors Ino2p and Ino4p, and
the transcriptional repressor Opi1p. In this work, we examined
the post-transcriptional regulation ofCHO1 bymRNA stability.
CHO1mRNAwas stabilized in mutants defective in deadenyla-
tion (ccr4�), mRNAdecapping (dcp1), and the 5�–3�-exonuclease
(xrn1), indicating that the CHO1 transcript is primarily degraded
through the general 5�–3� mRNA decay pathway. In respiratory-
sufficient cells, the CHO1 transcript was moderately stable with a
half-life of 12min.However, theCHO1 transcriptwas stabilized to
ahalf-life of>45min in respiratory-deficient (rho� and rhoo) cells,
the cox4� mutant defective in the cytochrome c oxidase, and wild
typecells treatedwithKCN(acytochrome coxidase inhibitor).The
increased CHO1 mRNA stability in response to respiratory defi-
ciencycausedincreases inCHO1mRNAabundance,phosphatidyl-
serine synthase protein and activity, and the synthesis of phos-
phatidylserine in vivo. Respiratory deficiency also caused increases
in the activities of CDP-diacylglycerol synthase, phosphatidyl-
serine decarboxylase, and the phospholipid methyltransferases.
Phosphatidylinositol synthase and choline kinase activities were
not affected by respiratory deficiency. This work advances our
understanding of phosphatidylserine synthase regulation and
underscores the importance of mitochondrial respiration to the
regulation of phospholipid synthesis in S. cerevisiae.

The CHO1-encoded (1–3) PS2 synthase (CDP-diacylglyc-
erol:L-serine O-phosphatidyltransferase, EC 2.7.8.8)3 is one of
themost highly regulated enzymes of phospholipid synthesis in

the yeast Saccharomyces cerevisiae (4–6). PS synthase is an
integral membrane protein that is localized to the endoplasmic
reticulum (7). It catalyzes the formation of PS by a Mn2�-de-
pendent sequential reaction by displacing CMP from CDP-
DAG with serine (8). The reaction product PS is a major struc-
tural component of yeast membranes accounting for 4–18% of
total phospholipids depending on growth conditions (9–11).
PS also serves as the precursor for the synthesis of the most
abundant membrane phospholipids PE (20–32%) and PC (35–
55%) that are synthesized by the de novo CDP-DAG pathway
(Fig. 1) (5, 9).
cho1 mutants defective in PS synthase activity can still syn-

thesize PE and PC if they are supplemented with ethanolamine
or choline; indeed, cho1 mutants are ethanolamine/choline
auxotrophs (12, 13). Ethanolamine is used for PE synthesis via
theCDP-ethanolamine branch of theKennedy pathway (Fig. 1).
The PE synthesized by the Kennedy pathway may be methyl-
ated to PC via the CDP-DAG pathway (Fig. 1). Choline is used
for PC synthesis via the CDP-choline branch of the Kennedy
pathway (Fig. 1). In wild type cells, both the CDP-DAG and
Kennedy pathways contribute to the synthesis of PC regardless
of whether choline is supplemented to the growth medium
(14–19). If choline is not present in the growth medium, the
choline required for the Kennedy pathway is derived from the
phospholipase D-mediated turnover of PC synthesized by way
of the CDP-DAG pathway (19, 20).
PS synthase is regulated by biochemical and genetic mecha-

nisms, both of which have an impact on the synthesis of PC via
the CDP-DAG and Kennedy pathways (4–6, 21). The activity
of PS synthase ismodulated (i.e. inhibited or activated) bymem-
brane phospholipids (e.g. PA, phosphatidylglycerol, and cardio-
lipin) (22–24) and is inhibited by inositol (25) and by the nucleo-
tide CTP (17). In addition, the phosphorylation of the enzyme
inhibits its activity, whereas dephosphorylation stimulates its
activity (26, 27). In general, the inhibition of PS synthase activity
favors PC synthesis via theKennedy pathway (4, 5). The biochem-
ical regulation of PS synthase activity also governs the partitioning
of the substrateCDP-DAGbetweenPSandPI; the inhibitionofPS
synthase activity favors PI synthesis (Fig. 1) (4).
The expression of the PS synthase (CHO1) gene is regulated

by the supplementation of water-soluble phospholipid precur-
sors (e.g. inositol) (28–31), zinc deprivation (32), and by growth
phase (33, 34). CHO1 is maximally expressed in exponential
phase cells when grown in the absence of inositol (28–31) and
grown in the presence of zinc (32). CHO1 is repressed when
inositol is supplemented to the growth medium (28–31) or
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when zinc is depleted from the growth medium (32). The zinc-
mediated regulation of CHO1 occurs in the absence of inositol
supplementation (32). Repression of CHO1 also occurs when
cells enter the stationary phase of growth (33, 34). These forms
of regulation are dependent on the UASINO cis-acting element
in the promoter of the CHO1 gene (21). The derepression of
CHO1 is mediated by a heterodimer complex of the positive
transcription factors Ino2p and Ino4p that bind to a UASINO
cis-acting element to drive transcription (5, 21, 35, 36). Repres-
sion of CHO1 is mediated by the repressor Opi1p, which inter-
acts with Ino2p to attenuate transcription (5, 21, 35, 36). Opi1p
repressor function is regulated by the cellular concentration of
PA, which helps anchor the repressor to the nuclear/endoplas-
mic reticulummembrane apart from the Ino2p-Ino4p complex
bound to the UASINO element (37). PA concentration and
Opi1p repressor function is mediated in part by the PAH1-
encoded Mg2�-dependent PA phosphatase enzyme (38–40).
Data (41) are consistentwith amodel (40)whereby activation of
Mg2�-dependent PA phosphatase activity results in a decrease
in PA concentration followed by the translocation of Opi1p
into the nucleus for interaction with Ino2p to repress CHO1
transcription. As discussed above for the biochemical regula-
tion of PS synthase activity, the repression of CHO1 favors PI
synthesis and the Kennedy pathway for PC synthesis (5).
Decay analysis of CHO1 mRNA in a cki1� eki1� mutant

defective in the synthesis of phospholipids via the Kennedy
pathway (Fig. 1) has revealed a novel mechanism by which
CHO1 expression is regulated independent of the UASINO ele-
ment in the CHO1 promoter (42). In wild type cells, CHO1
mRNA is moderately stable with a half-life of 12 min when
compared with other S. cerevisiae mRNAs that have half-lives
ranging from 1 to 60 min (43). However, CHO1 mRNA is
greatly stabilized with a half-life �45 min in the cki1� eki1�
(KS106) mutant (42). This results in increased levels of the PS
synthase protein and its associated activity (42). The objective
of this work was to identify an intermediate or end product of
the Kennedy pathway that was responsible for regulation of
CHO1mRNA stability. During the course of this work, we dis-

covered that the stabilization of CHO1 mRNA was not medi-
ated by components of the Kennedy pathway, but instead it was
mediated by a defect in mitochondrial respiration. This work
underscores the importance of respiration to the regulation of
phospholipid synthesis and advances our understanding of PS
synthase regulation in yeast.

EXPERIMENTAL PROCEDURES

Materials—All chemicals were reagent grade. Growth
medium supplies were purchased from Difco. The plasmid
DNA purification and DNA gel extraction kits were from Qia-
gen. NEBlot kit, restriction endonucleases, recombinant Vent
DNA polymerase, and modifying enzymes were purchased
from New England Biolabs. RNA size markers were purchased
from Promega. Yeast transformation kit was obtained from
Clontech. Enhanced chemifluorescence Western blotting
detection kit, polyvinylidene difluoridemembranes, andProbe-
QuantG-50 columnswere purchased fromGEHealthcare. Bio-
Rad was the supplier of Zeta Probe blotting membranes, pro-
tein assay reagents, electrophoretic reagents, acrylamide
solutions, immunochemical reagents, theDNAsize ladder used
for agarose gel electrophoresis, and protein molecular mass
standards for SDS-PAGE. AdoMet, ampicillin, aprotinin, ben-
zamidine, bovine serum albumin, choline, CTP, leupeptin,
N-ethylmaleimide, pepstatin, phenylmethylsulfonyl fluoride,
L-serine, and Triton X-100 were purchased from Sigma. Phos-
pholipids were purchased fromAvanti Polar Lipids. TLC plates
were fromEMScience. Radiochemicals and scintillation count-
ing supplies were from PerkinElmer Life Sciences and National
Diagnostics, respectively. Thiolutin was a gift from Pfizer.
Strains, Plasmids, and Growth Conditions—The bacterial

and yeast strains used in thiswork are listed inTable 1.Methods
for the growth of bacteria and yeast were described previously
(44, 45). Cells were grown at 30 °C in complete synthetic
medium without inositol (46) using either 2% glucose or 2%
glycerol as the carbon source. For selection of cells bearing plas-
mids, appropriate nutrients were omitted from synthetic com-
plete medium. Glucose-grown cells were also cultured in the
presence of 1 mM hydrogen peroxide to induce oxidative stress
(47, 48). Cells in liquid media were grown to the exponential
phase (1–2 � 107 cells/ml), and cell numbers were determined
spectrophotometrically at an absorbance of 600 nm. Plasmids
weremaintained and amplified in Escherichia coli strainDH5�,
which was grown in LB medium (1% tryptone, 0.5% yeast
extract, 1% NaCl, pH 7.4) at 37 °C. The plasmids used in this
work are listed in Table 2. Ampicillin (100mg/ml) was added to
cultures ofDH5� carrying plasmids. For growth on plates, yeast
and bacterial media were supplemented with 2 and 1.5% agar,
respectively. Respiratory sufficiency was scored by growth on
YPG (1% yeast extract, 2% peptone, 2% glycerol) and YPD (1%
yeast extract, 2% peptone, 2% glucose) media plates (44, 45).
4�,6-Diamidino-2-phenylindole Staining of Mitochondria—

Mitochondrial DNA of S. cerevisiae cells was examined by
4�,6-diamidino-2-phenylindole staining (49) using a Nikon
Eclipse E800 fluorescence microscope equipped with a
Hamamatsu Orca digital camera. Images were captured in
monochrome and processed using Improvision Openlab
software.

FIGURE 1. Phospholipid synthetic pathways in S. cerevisiae. The path-
ways shown for the synthesis of phospholipids include the relevant steps
discussed throughout the paper. The genes encoding enzymes responsi-
ble for the reactions in the CDP-DAG and Kennedy pathways are indicated
in the figure. DAG, diacylglycerol; P-choline, phosphocholine; P-ethanol-
amine, phosphoethanolamine.
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DNA Isolation and Manipulations—Plasmid and genomic
DNA preparation, restriction enzyme digestion, and DNA liga-
tions were performed according to standard protocols (45).
Transformations of yeast (50) and E. coli (45) were performed
as described previously. Plasmid maintenance and amplifica-
tions were performed in E. coli strain DH5�. Conditions for the
amplification of DNAby PCRwere optimized as described pre-
viously (51).
Construction of eki1�, ect1�, ept1�, and cki1� eki1�

Mutants—Anew eki1� mutant (HCY5) was constructed in the
W303-1B background by the one-step gene replacement tech-
nique (52) with the eki1�::TRP1 disruption cassette as
described by Kim et al. (53). The ect1� (HCY3) and ept1�
(HCY4) mutants were similarly constructed in W303-1B using
ect1�::TRP1 and ept1�::TRP1 disruption cassettes, respec-
tively, that were prepared by PCR using appropriate primers
and plasmid pRS414. Disruption of the chromosomal copies of
the EKI1, ECT1, and EPT1 genes in the eki1�, ect1�, and ept1�
mutants, respectively, were confirmed by PCR using the appro-
priate primers. Loss of the functions of the EKI1, ECT1, and
EPT1 gene products in the mutants were confirmed by [1,2-
14C]ethanolamine labeling and analysis of CDP-ethanolamine
pathway intermediates (53–55). A new cki1� eki1� mutant
(HCY7) was constructed by the one-step gene replacement
technique (52) using the eki1�::TRP1 disruption cassette in the
cki1� (KS105) mutant (53).
Analysis of CHO1 mRNA Decay—Total RNA was isolated

from cells (43, 56), resolved overnight at 22 V on a 1.1%

formaldehyde gel (57), and then transferred to Zeta Probe
membrane by vacuum blotting. The CHO1 (17) and PGK1
(58) probes were labeled with [�-32P]dTTP using the NEBlot
random primer labeling kit. Unincorporated nucleotides
were removed using ProbeQuant G-50 columns. Pre-hybrid-
ization, hybridization with the probes, and washes to remove
nonspecific binding were carried out according to manufac-
turer’s instructions. Images of radiolabeled mRNAs were
acquired by phosphorimaging analysis. The half-life of
CHO1 mRNA was determined after the arrest of transcrip-
tion with thiolutin (15 �g/ml) as described by Gonzalez and
Martin (58).
Immunoblotting—SDS-PAGE (59) using 12% slab gels and

transfer of proteins to polyvinylidene difluoride membranes
(60) were performed as described previously. Themembrane
was probed with a 1:500 dilution of anti-PS synthase anti-
bodies (42). Goat anti-rabbit IgG alkaline phosphatase con-
jugate was used as a secondary antibody at a dilution of
1:5000. The PS synthase protein was detected using the
enhanced chemifluorescenceWestern blotting detection kit,
and the protein signals were acquired by fluoroimaging. The
relative density of the protein was analyzed using Image-
Quant software. Immunoblot signals were in the linear range
of detectability.
Preparation of Yeast Cell Extract and the Total Membrane

Fraction—The cell extract and total membrane fraction were
prepared as described previously (61). Cell pellets were homog-
enizedwith glass beads at 4 °C in 50mMTrismaleate buffer (pH

TABLE 1
Strains used in this work

Strain Relevant characteristics Source or Ref.
E. coli
DH5� F� �80dlacZ�M15 �(lacZYA-argF)U169 deoR recA1 endA1 hsdR17(rk� mk

�) phoA supE44 l�thi-1 gyrA96 relA1 45
S. cerevisiae
yRP840 MATa cup1::LEU2 (PM) his4-539 leu2-3,112 trp1 ura3-52 95
yRP841 MATa cup1::LEU2 (PM) leu2-3,112 lys2-201 trp1 ura3-52 95
yRP1616 ccr4�::NEO derivative of yRP840 96
yRP1069 dcp1::URA3 derivative of yRP841 95
yRP884 xrn1::URA3 derivative of yRP840 95
W303-1B MAT� ade2-1 can1-100 his3-11,15 leu2-3,112 trp1-1 ura3-1 97
KS105 cki1�::HIS3 derivative of W303-1B 53
KS101 eki1�::TRP1 derivative of W303-1B �rhoo� 53
KS106 cki1�::HIS3 eki1�::TRP1 derivative of W303-1B �rhoo� 53
HCY3 ect1�::TRP1 derivative of W303-1B This study
HCY4 ept1�::TRP1 derivative of W303-1B This study
HCY5 eki1�::TRP1 derivative of strain W303-1B This study
HCY6 rhoo derivative of HCY5 This study
HCY7 cki1�::HIS3 eki1�::TRP1 derivative of W303-1B This study
HCY8 rho� derivative of W303-1B This study
W303 �rhoo� MATa ade2-1 can1-100 his3-11,15 leu2-3,112 trp1-1 ura3-1 �rhoo� M. Greenberg
MGY100 MATa ade1 oxi2 �rho�� M. Greenberg
DL1 MAT� his3-11 15 leu2-3 12 ura3-251 328,372 98
WD1 cox4�::LEU2 derivative of DL1 77

TABLE 2
Plasmids used in this work

Plasmid Relevant characteristics Source or Ref.
pRS414 Single copy vector containing TRP1 99
pRS416 Single copy vector containing URA3 99
YEp352 Multicopy E. coli/yeast shuttle vector containing URA3 100
pAS103 Plasmid containing a 1.2-kb fragment of the CHO1 gene 17
pRIP1PGK Plasmid containing a 1.0-kb fragment of the PGK1 gene 101
pKSK1 EKI1 gene derived from PCR ligated into the SrfI site of pCRScriptTM AMP SK(�) 53
pKSK2 TRP1 disruption cassette from pJA52 ligated into the BglII/BsaBI sites of plasmid pKSK1 53
pHS9 EKI1 gene from pKSK1 ligated into the PstI/SacI sites of YEp352 This study
pHS12 EKI1 gene from pKSK1 ligated into the BamHI/SacI site of pRS416 This study
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7.0) containing 1 mM EDTA, 0.3 M sucrose, 10 mM 2-mercap-
toethanol, 0.5 mM phenylmethylsulfonyl fluoride, 1 mM benza-
midine, and 5 �g/ml each of aprotinin, leupeptin, and pepsta-
tin. The cell extract was obtained by centrifugation of the
homogenate at 1,500 � g for 10 min. The cell extract was cen-
trifuged at 100,000� g for 1 h to obtain totalmembranes, which
were then resuspended in 50 mM Tris maleate (pH 7.0) buffer
containing 10mMMgCl2, 10mM 2-mercaptoethanol, 20% glyc-
erol (w/v), and 0.5 mM phenylmethylsulfonyl fluoride. Protein
concentration was estimated by the method of Bradford (62)
using bovine serum albumin as the standard.
Enzymes Assays—All assays were conducted in triplicate at

30 °C. CDP-DAG synthase activity was measured with 50 mM
Tris maleate buffer (pH 6.5), 20 mM MgCl2, 15 mM Triton
X-100, 0.5 mM PA, and 1.0 mM [5-3H]CTP (63). PS synthase
activity wasmeasured with 50mMTris-HCl buffer (pH 8.0), 0.6
mM MnCl2, 3.2 mM Triton X-100, 0.2 mM CDP-DAG, and 0.5
mM [3-3H]serine (64). PS decarboxylase activity was measured
with 50 mM Tris-HCl buffer (pH 7.2), 10 mM 2-mercaptoetha-
nol, 5 mM EDTA, 2 mM Triton X-100, and 0.5 mM [3-3H]PS
(65, 66). PE methyltransferase activity was measured with 50
mM Tris-HCl buffer (pH 9.0), 0.2 mM PE, and 0.5 mM
[Me-3H]AdoMet (67). Phospholipid methyltransferase activity
was measured with 50 mM Tris-HCl buffer (pH 7.5), 10 mM
MgCl2, 0.2 mM phosphatidylmonomethylethanolamine, and
0.5 mM [Me-3H]AdoMet (67). PI synthase activity was meas-
uredwith 50mMTris-HCl buffer (pH 8.0), 2mMMnCl2, 3.2mM
TritonX-100, 0.2mMCDP-DAG, and 1mM [2-3H]inositol (68).
Choline kinase activity was measured with 67 mM glycine-
NaOH buffer (pH 9.5), 10 mM MgSO4, 1.3 mM dithiothreitol,
0.5mMATP, and 5mM [methyl-3H]choline (69). All assayswere
linear with time and protein concentration. The average stand-
ard deviation of the assays was 	5%. A unit of phospholipid
enzymatic activity was defined as the amount of enzyme that
catalyzed the formation of 1 nmol of product per min.
Labeling and Analysis of Phospholipids—Labeling of phos-

pholipids with [14C]serine was performed as described previ-
ously (12, 13). Phospholipid synthesis was followed by labeling
exponential phase cells for 30 min. Phospholipids were
extracted from labeled cells by the method of Bligh and Dyer
(70). Two-dimension TLC with chloroform/methanol/ammo-
nium hydroxide/H2O (90:50:4:6) (dimension 1) and chloro-
form/methanol/acetic acid/H2O (63:8:10:2) (dimension 2) was
used to separate phospholipids (42). Radiolabeled phospholip-
ids on the chromatography plates were visualized by phospho-
rimaging, and their identities were confirmed by comparison
with standard phospholipids after exposure to iodine vapor.
The amount of each 14C-labeled phospholipid was determined
by liquid scintillation counting.
Analyses of Data—Statistical analyses were performed with

SigmaPlot software. Statistical significance was determined by
performing the Student’s t test. p values 
0.05 were taken as a
significant difference.

RESULTS

CHO1 mRNA Decay Involves Deadenylation, Decapping,
and 5�–3�-Exonuclease Cleavage—Many mRNAs in S. cer-
evisiae are degraded by a general deadenylation-dependent

pathway involving the deadenylation of the poly(A) tail by
Ccr4p, the removal of the 5� cap by the Dcp1p-Dcp2p com-
plex, and the 5�–3�-exonuclease cleavage by Xrn1p (71). To
examine whether CHO1 mRNA is degraded by this general
pathway, a decay analysis was performed in mutants defec-
tive in each of the three steps. The rate of CHO1 mRNA
decay was reduced in the ccr4� mutant defective in deadeny-
lation, in the dcp1� mutant defective in decapping, and in
the xrn1� mutant defective in 5�–3�-exonuclease cleavage
(Fig. 2 and Table 3). That CHO1 mRNA was stabilized in
these mutants indicated that the CHO1 transcript is
degraded by the general decay pathway (71).
Effects of the cki1�, eki1�, and cki1� eki1� Mutations on

CHO1 mRNA Decay—Previous studies have shown that the
cki1� eki1� mutations have a stabilizing effect on the abun-
dance ofCHO1mRNA (42). It is unclear, however, whether the
signal responsible for increased CHO1 mRNA stability in the
cki1� eki1� (KS106) mutant results from a defect in the CDP-
choline branch, the CDP-ethanolamine branch, or from both
branches of the Kennedy pathway. To address this question,
CHO1 mRNA decay was examined in the cki1� (KS105)
mutant (53) defective in the first step of the CDP-choline path-
way and in the eki1� (KS101) mutant (53) defective in the first
step of the CDP-ethanolamine pathway (Fig. 1). CHO1mRNA
decay was also reexamined in the cki1� eki1� (KS106) mutant.
The half-life of CHO1 mRNA decay in the cki1� mutant was
similar to that observed in the wild type control (Fig. 3 and
Table 3). In contrast, CHO1mRNA was stabilized in the eki1�
(KS101) mutant (Fig. 3 and Table 3). Thus, the increase in
CHO1mRNA stability in the cki1� eki1� (KS106) mutant was
because of the eki1� mutation (i.e. defect in the CDP-ethanol-
amine branch).
Effects of CDP-ethanolamine Pathway Mutations on

CHO1 mRNA Decay—Mutations in the second (ect1�) and
third (ept1�) steps of the CDP-ethanolamine pathway (i.e.
phosphoethanolamine cytidylyltransferase and phospho-
choline cytidylyltransferase, respectively) were constructed
and examined for their effects onCHO1mRNA decay. Of the
three mutants, eki1� (KS101) was the only mutant in which
CHO1mRNA was stabilized (Fig. 4 and Table 3). The effects
of the three CDP-ethanolamine pathway mutations on the
abundance of CHO1 mRNA and PS synthase protein
(Cho1p) were also examined (Fig. 5). The levels of CHO1
mRNA and PS synthase protein were elevated by about
2-fold in the eki1� (KS101) mutant when compared with the
wild type control (Fig. 5). As described previously (42),
CHO1 mRNA and Cho1p were elevated in the cki1� eki1�
(KS106) mutant. These results correlated with the increase
in CHO1 mRNA stability observed in the eki1� and cki1�
eki1� mutants. On the other hand, the CHO1 gene products
were not affected in the ect1� and ept1� mutants (Fig. 5).
Loss of the EKI1 Gene Is Not Responsible for Increased CHO1

mRNAStability in the eki1� (KS101)Mutant—To confirm that
the deletion of the EKI1 gene was responsible for the increased
stability ofCHO1mRNA, the eki1� (KS101) mutant was trans-
formed with a single copy plasmid bearing the EKI1 gene.
Unexpectedly, the introduction of the EKI1 gene into the eki1�
(KS101) mutant did not reverse the stable CHO1 mRNA phe-
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notype of the mutant (Fig. 6 and Table 3). This result indicated
that a secondmutation in the eki1�mutant was responsible for
increasing CHO1 mRNA stability. Accordingly, a new eki1�
(HCY5) mutant was constructed by the samemethod (53) used

FIGURE 2. Effects of the ccr4�, dcp1�, and xrn1� mutations on CHO1 mRNA
decay. Wild type (WT, yRP840 for ccr4� and xrn1� and yRP841 for dcp1�), ccr4�
(yRP1616), dcp1� (yRP1069), and xrn1� (yRP884) mutant cells were grown

to the exponential phase (1 � 107 cells/ml) of growth. Following the arrest of
transcription, 5-ml samples were taken every 5 min; total RNA was extracted, and
the levels of CHO1 mRNA and PGK1 mRNA were determined by Northern blot
analysis. The relative amounts of CHO1 and PGK1 mRNAs were determined by
ImageQuant analysis. The figure shows a plot of the log of the relative amount of
CHO1 to PGK1 mRNAs versus time. The lines drawn were the result of a least
squares analysis of the data. The data shown in the figure are representative of
three independent experiments. Half-life values are presented in Table 3.

FIGURE 3. Effects of the cki1�, eki1�, and cki1� eki1� mutations on CHO1
mRNA decay. Wild type (WT, W303-1B), cki1� (KS105), eki1� (KS101), and
cki1� eki1� (KS106) mutant cells were grown to the exponential phase (1 �
107 cells/ml) of growth. Following the arrest of transcription, CHO1 mRNA
decay was quantified as described in the legend to Fig. 2. The figure shows a
plot of the log of the relative amount of CHO1 to PGK1 mRNAs versus time. The
lines drawn were the result of a least squares analysis of the data. The data
shown in the figure are representative of three independent experiments.
Half-life values are presented in Table 3.

TABLE 3
CHO1 mRNA half-lives determined in this work

Strain Half-lifea

min
Wild type (yRP840) 15.4 	 4.4
ccr4� (yRP1616) �45
xrn1� (yRP884) �45
Wild type (yRP841) 11.6 	 2.4
dcp1� (yRP1069) �45
Wild type (W303-1B) 12.3 	 1.3
cki1� (KS105) 14.5 	 2.2
eki1� �rhoo� (KS101) �45
eki1� cki1� �rhoo� (KS106) �45
ect1� (HCY3) 12.9 	 1.8
ept1� (HCY4) 14.6 	 2.1
eki1� �rhoo�/EKI1 (KS101 containing pHS9) �45
eki1� (HCY5) 17 	 1.25
eki1� �rhoo� (HCY6) �45
rho� (MGY100) �45
rhoo (W303 �rhoo�) �45
rho� (HCY8) �45
Wild type treated with 1 mM KCN 22.3 	 1.3
Wild type treated with 2 mM KCN 32.0 	 1.4
Wild type treated with 4 mM KCN �45
Wild type (DL1) 18.5 	 4.5
cox4� (WD1) �45

a The half-life values are the average of triplicate determinations 	 S.D.

Respiratory Deficiency Mediates CHO1 mRNA Stability

OCTOBER 26, 2007 • VOLUME 282 • NUMBER 43 JOURNAL OF BIOLOGICAL CHEMISTRY 31221

 at R
utgers U

niversity on O
ctober 19, 2007 

w
w

w
.jbc.org

D
ow

nloaded from
 

http://www.jbc.org


http://www.jbc.org











