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Figures
Figure 1: Structure of the GPI anchor.
The anchor core (highlighted in blue) consists of a hydrophobic tail with two or three fatty acid carbon chains, and a charged threemannose glycan core (with optional branching moieties) that covalently bridges to the protein marker via a phosphoethanolamine.
Variable elements are highlighted in yellow. The hydrophobic tail of the GPI molecule is embedded in the cytoplasmic membrane so
that the attached marker does not need its own lipophilic transmembrane amino acid motif in order to remain tethered to the cell
surface. Figure prepared by V.N. Dobrovolsky.
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Figure 2: Generic GPI-anchor biosynthesis pathway
Anchor synthesis begins on the outer surface of the endoplasmic reticulum (ER, in lower left of figure), and after the first few steps,
‘flips’ to the ER lumen (follow the arrows). The anchored protein (CD59) is synthesized independently and is added to the anchor in
the ER lumen. The anchor-protein complex is then transported to the Golgi, for processing by Post GPI-Attachment to Proteins
(PGAP) proteins, followed by translocation to its final location on the cytoplasmic membrane. Pig-a, the only x-linked gene, is part of
the complex involved in the first anabolic step of GPI-anchor biosynthesis. Autosomal genes are responsible for the remainder of this
complex and all downstream anabolic processes, the majority of which occur in the ER. Figure prepared by D.J. Roberts.
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Figure 3: Principle of flow-cytometry-based Pig-a assays.
Upper left corner schematically shows the difference between transmembrane and GPI-anchored cell surface markers (see also Fig.
1). The basic GPI anchor consists of phosphatidylinositol, glucosamine and three mannoses. The Pig-a enzyme catalyzes the first step
of GPI synthesis, transferring acetylglucosamine onto phosphatidylinositol (See more detailed scheme in Fig. 2). The anchor holds
the attached marker by embedding long hydrophobic tails in the outer leaflet of the cell membrane. In wild-type bone marrow
progenitor and precursor cells, GPI synthesis and the linking of multiple protein markers to the finished anchor happens at the
surface of endoplasmic reticulum (shown as grayed-out area with dashed border); from the endoplasmic reticulum, GPI-anchored
markers get exported to the surface of the cell. In Pig-a mutant cells, GPI synthesis fails, and the protein markers cannot be exported
to the surface; they remain trapped in endoplasmic reticulum. Wild-type and Pig-a mutant progenitor cells in the bone marrow
produce wild-type and mutant differentiated hematopoietic cells that are released into peripheral blood. In differentiated cells the
expression pattern of different GPI-anchored markers depends on the cell type. In a typical cell type-specific Pig-a assay, cells of
peripheral blood are labeled with fluorescent antibodies against one (or two) ubiquitously expressed GPI-anchored marker(s) (e.g.,
antibody against CD59 in the human and rat red blood cell (RBC) Pig-a assays, or antibody against CD48 in the rat and mouse T-cell
Pig-a assays). Under these conditions Pig-a wild-type cells will be fluorescent, but the Pig-a mutant cells will not fluoresce. Samples
consisting of millions of labeled cells are processed with a high throughput flow cytometer and the fraction of non-fluorescent
mutants can be determined accurately in a short period of time. Prior to performing the assays, the samples may be enriched for
specific cell populations (e.g., by density gradient centrifugation, for removal of mononuclear cells (MNCs) or for enrichment of the
MNC fraction); also, additional antibodies can be used for identification of cells of interest, e.g., antibodies against glycophorin
(CD235ab for the human RBC assay) or glycophorin-associated proteins (HIS49 for the rat RBC assay and TER-119 for the mouse RBC
assay), MNC-specific antibodies (anti CD45), and anti T-cell receptor (TCR, or CD3) for positive identification of T-cells, etc. For
performing a Pig-a assay on newly early erythrocytes, reticulocytes can be identified by staining for residual RNA with the SYTO
family of nucleic acid stains (e.g., SYTO13 or SYTO59) or by labeling with antibodies against the transferrin receptor, CD71. Figure
prepared by V.N. Dobrovolsky.
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Figure 4: Simplified scheme of hematopoiesis.
Erythropoiesis is part of the myeloid developmental pathway of hematopoiesis. The dividing, nucleated cells involved in
erythropoiesis are found mainly in the bone marrow of adult animals. Multipotential hematopoietic stem cells and common myeloid
precursor cells are very long lived and relatively few in number. Erythroblasts are derived from precursor cells and with rounds of
division, proceed through several developmental stages, culminating with enucleation to form short-lived reticulocytes or
polychromatic erythrocytes and red blood cells. Mature red blood cells, which do not divide and lack DNA, have a half-life of several
months in peripheral blood. Granulocytes are derived from common myeloid and stem cells but develop by a distinct pathway. See
Sections 1b and 1c for further information. Figure reproduced from:
https://en.wikipedia.org/wiki/Haematopoiesis#/media/File:Hematopoiesis_(human)_diagram_en.svg
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Figure 5: General scheme for performing the in vivo Pig-a gene mutation assay.
Animals are generally given 1, 3, or 28 daily doses of the test substance. Pig-a mutant frequency analysis is performed using
immunomagnetic enrichment. MTD = Maximum tolerated dose. Figure prepared by S.D. Dertinger.
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Figure 6. Scheme for the MutaFlow (also known as High Throughput, HT) version of the in vivo Pig-a assay
See Section 4 for description. Used with permission of Litron Laboratories.
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Figure 7: Scheme for conducting the PIGRET assay.
CD71-positive RETs are concentrated from whole blood using “Magnetic beads”, and the concentrated RETs are stained with
antibodies for conducting the Pig-a assay. See Section 4 for description. Figure prepared by K. Horibata.
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Figure 8: Day 29 mutagenicity of solvent/vehicle controls in comparison with historical Day -1 mutant frequency
data in individual adult male Sprague-Dawley rats.
A, Total RBC mutant frequencies; B, RET mutant frequencies. Black symbols: historical Day -1 RBC/RET mutant frequencies (n=756;
RBCs, mean 1.1 x 10-6; upper 95% TI, 2.9 x 10-6; RETs: mean 1.0 x 10-6; upper 95% TI, 2.9 x 10-6). Colored symbols: Day 29 mutant
frequencies from rats treated for 28 days with vehicles, as indicated. Data courtesy of S.D. Dertinger; similar graphs in Avlasevich et
al. (2018).
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