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respiration phase (Supplementary Figures S4and S5show
single Z-section ”uorescence images). It has previously
been reported that eIF4E, eIF4G and Pab1 are found in
P bodies (24) and also in what are believed to be distinct
bodies that form upon prolonged glucose depletion (EGP
bodies, 25). The shift in distribution of Dhh1 and Pat1
that we have observed evidently allows these proteins to
share the subcellular regions in which most of the
ribosome pool resides. DAPI staining was used to locate
the positions of the nuclei in glucose-fermenting exponen-
tially growing cells and in cells that have undergone the

diauxic shift (Supplementary Figure S6), revealing that at
least 90% of the Dhh1 and Pat1 TCM-tag fusions,
labelled with ReAsH, are not in the nucleus.

Visual assessment of the subcellular distributions of
proteins and complexes can be misleading, and we there-
fore performed quantitative ”uorescence intensity analysis
of the distribution of Dhh1/Pat1, ribosomes and transla-
tion factors throughout individual yeast cells. Cells were
imaged in three dimensions, whereby a minimum of 50
serial sections were collected at 0.1-micron intervals and,
once deconvolved, the Manders Intersection coef“cients
(i) were calculated for each tagged protein combination
(e.g. Dhh1-TCM and Rpl25-GFP, Pat1-TCM and Rps2-
GFP etc.) in either exponential growth or subsequent to
the diauxic shift. These analyses allow the degree of inter-
section/overlap of the red (TCM-ReAsH) signal with the
green (GFP) signal to be displayed graphically (Figure 2).
These 3D, whole-cell distribution analyses reveal that dur-
ing exponential growth the majority of Dhh1 and Pat1
(� 75…80% of the imaged signal) is segregated from ribo-
somal subunits and translation factors. Upon diauxic
growth shift, Dhh1 and Pat1 distribution relative to ribo-
somes undergoes a striking reorganization and the major-
ity of Dhh1 and Pat1, presumably in the context of
P-bodies (Figure 1C), intersects with ribosomal proteins.
Interestingly, this growth-phase-speci“c differential distri-
bution is not mirrored to the same extent when comparing
Dhh1/Pat1 and translation factors. However, Dhh1 and
Pat1 do show a small relative increase in signal overlap
with several factors after the diauxic shift (Figure 2 and
Supplementary Figure S4).

The observed co-localization does not tell us whether
Dhh1 and Pat1 associate with particular subclasses of ribo-
somes, and we therefore investigated whether the chromo-
somally encoded TCM fusions become associated with
actively translating, or non-translating, ribosomes under
these conditions. Western blotting of fractions generated
by sucrose gradient fractionation of cell extracts revealed
that Dhh1 and Pat1 are not present in the polysomal frac-
tions during exponential growth, but do appear in the
polysomal fractions when cells undergo the diauxic shift
(Figure 3B). That Pat1 is limited to monosomal fractions
in polysomal gradients prepared from exponentially grow-
ing cells was also observed previously (5). The observed
co-fractionation effects might conceivably have been at-
tributable to Dhh1 and Pat1 being incorporated into
P bodies that run in the same fractions as polysomes.
We therefore performed two types of control experiment
(Figure 3C). The addition of puromycin to inhibit trans-
lation drastically reduced the content of polysomes in the
higher mass fractions and also shifted the distribution of
Dhh1 and Pat1 back into the lower mass fractions, just as
would be expected if these two proteins are associated with
polysomal complexes. Similarly, the addition of RNase A,
which cleaves single-stranded RNA 30 of C and U residues,
led to both the collapse of polysomes and the redistribu-
tion of Dhh1 and Pat1 into the lower mass monosomal
and ribonucleoprotein fractions. Overall, these data sug-
gest that the co-localization observed in diauxic growth-
shifted cells re”ects genuine association between Dhh1,
Pat1 and translationally active polysome complexes.
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Figure 1. Subcellular localization of 40S, 60S, Dhh1 and Pat1 in expo-
nentially growing and diauxic S. cerevisiaecells. (A) Fluorescence
microscopy of glucose-fermenting exponentially growing yeast cells ex-
pressing combinations of Rpl25a-GFP or Rps2-GFP fusions and
ReAsH-stained Dhh1-TCM or Pat1-TCM fusions. (B) The correspond-
ing experiment to that shown in panel A with exponentially growing
yeast cells expressing combinations of a ReAsH-stained Rps3-TCM
fusion and Dhh1-GFP or Pat1-GFP fusions, respectively. (C) Cells ex-
pressing Dhh1-TCM or Pat1-TCM and Rpl25-GFP or Rps2-GFP were
grown into the slower ethanol respiration-dependent growth phase
(post-diauxic growth shift; OD600= 2.0) and processed for imaging
with the TCM-tagged protein labelled with ReAsH. Each image is a
single slice montage of corresponding ReAsH, GFP and phase images.
Overlap in the overlays in the bottom row is indicated by yellow
staining. Scale bars = 5mm.
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