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Figure S1. The insertion of the pGT2Lxf vector results in the generation of a fusion transcript of Cert exons upstream of the inser-
tion site with a reporter b-galactosidase. (A) Efficient trapping of Cert by the vector with heterozygous embryos shows half the staining of b-galac-
tosidase seen in a homozygous mutant embryo. (B) A section of E9.5 Certgt/gt (2/2) embryo stained for b-galactosidase that mirrors the ubiquitous 
expression of Cert. (C) Western blots of postnuclear supernatants (PNS), mitochondrial fractions (mito), and ER fractions for the ER resident protein BiP and 
the mitochondrial marker protein Grp 75. There is almost no contamination of ER by Grp 75 or of mitochondria by BiP as seen in these blots. Longer ex-
posure of the blots showed <5% of Grp 75 in ER and <1% of BiP in mitochondrial fractions.
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JCB S2

Figure S2. Cells from the optic cup region of the developing E10.5 Certgt/gt embryos show ER distension and mitochondrial de-
generation. The top panels show electron micrographs of cells of the developing optic cup of the wild-type embryo (+/+). n, nucleus; m, mitochondria; 
gc, Golgi complex. The middle and bottom panels are electron micrographs of the mutant cells (2/2) from the region. Arrowheads show swollen mito-
chondria in the vicinity of ER. In the bottom panels, we observe what appear to be mitochondria that have degenerated into lipid-laden structures (black 
arrow). The white arrows show these lipoid structures. Bars, 500 nm.



S3

Figure S3. Myocardial cells of Certgt/gt E9.5 embryos show mitochondrial degeneration and accumulate lipoid material. The top 
panels show the wild-type myocardial cells (n, nucleus; ser, smooth ER; rer, rough ER; mf, muscle fibers; bars, 500 nm). The middle panel shows a Certgt/
gt myocardial cell with swollen and degenerating mitochondria (bar, 500 nm). The panel to the right is an enlarged version of the mitochondria and the 
lipoid body in its vicinity (bar, 100 nm). The bottom panel shows swollen ER and the lipoid body in its vicinity (bar, 500 nm). The panel to the right shows 
an enlarged view of the indicated area (bar, 500 nm).



JCB S4

Figure S4. The defect in Certgt/gt embryos is not seen in preimplantation stages. Micrographs of embryos harvested at E3.5 and cultured 
for 4 d. Blastocysts differentiate into inner cell mass and trophoblasts in culture. The images of cultures of E3.5 wild type (+/+), heterozygous (+/2), and 
Certgt/gt (2/2) embryos were taken after 0, 48, and 96 h of culturing in the medium. The top and middle panels were observed under 203, and the bottom 
panels were observed under 103 objectives. The blastocysts were genotyped by PCR (not depicted). Bars, 40 µm.



5

Figure S5. Certgt/gt-derived primary MEFs are capable of undergoing apoptosis. Primary MEFs were derived from E9.5 Cert+/+ (+/+) and 
Certgt/gt (2/2) embryos, treated with actinomycin D, and apoptosis was measured as described in Materials and methods. (A and B) Apoptotic cells are 
annexin positive (A and A9; green) and propidium iodide (B and B9; red) negative. Necrotic cells are annexin and propidium iodide positive. (C and D) 
The cells were also imaged using 49 DAPI (they will stain all nuclei in the focal plane of the lens blue; C and C9) and bright field (D and D9) to count all of 
the cells in the field. (E and E9) Merged images of annexin, propidium iodide, and DAPI. (F and F9) Merged images of annexin, propidium iodide, and 
DAPI overlaid on the bright field image. Because the cells are not fixed or immobilized, some of the channels are slightly displaced during imaging. (G) 
Apoptosis and necrosis were measured in MEFs derived from three separate wild-type and mutant embryos and plotted as a percentage of total cells 
counted (n = 3; error bars indicate SD).
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Video 1. Certgt/gt embryos have cardiovascular insufficiency. The video depicts the cardiac contractions of a Cert+/+ 
(wild type) E10.5 embryo. The well-enclosed heart shows rhythmic contraction, and careful examination shows the unidirec-
tional flow of blood out of the outflow tract. The well-formed musculature and cardiac chambers make it difficult to observe the 
flow of blood through the entire cardiac vasculature. Also, note the slower heart beats of both embryos because of temperature-
induced bradycardia. The caesarean was performed on ice, and subsequently the embryos were warmed to room 
temperature.

Video 2.  Certgt/gt embryos have cardiovascular insufficiency. The video shows the cardiac contraction of an E10.5 
Certgt/gt (mutant) embryo. The contractions are rhythmic; however, there is complete regurgitation of blood during diastole back 
into the chambers of the heart. Also, the thin walls of the cardiac chambers can be appreciated in the video because all cham-
bers are visible and the flow of blood can be seen through the walls in all chambers of the developing heart. Also, note the 
slower heart beats of both embryos because of temperature-induced bradycardia. The caesarean was performed on ice, and 
subsequently the embryos were warmed to room temperature.


