Supplementary Material S3.  

Materials and Experimental Methods for Optical Tweezers Study of Healthy and Malaria-Infected Red Blood Cells

We use the optical tweezers method to apply direct tensile forces to RBCs.  For a healthy RBC, these forces are sufficient to stretch cells beyond 100% strain, which typically occurs in the body when an RBC traverses through the small capillaries.  To stretch an RBC using optical tweezers, two silica microbeads are non-specifically attached to diametrically opposite sides of the cell (Fig. S3).  Using the beads as handles that grip the cell, we control the positions of the beads to induce direct stretching of single cells.  In the current experimental set-up with only one laser trap, one of the two beads is attached to the slide surface.  The position of the attached bead is controlled by stage movements; the other bead is trapped above the slide surface by the laser trap.  Prior to stretching experiments, the laser trap is calibrated to determine the forces exerted on a trapped bead.  With one bead optically trapped and the other firmly attached to the slide, the stage is moved to stretch the cell. The entire stretching experiment is video-recorded digitally for subsequent analysis of deformation.  From each optical tweezers stretch experiment, we obtain a continuous force–displacement response for a given cell in both the axial (in the direction of stretch) and transverse (perpendicular to the direction of stretch) directions.  Finite element computational techniques incorporate the experimental force–displacement results from optical tweezer experiments to extract mechanical properties of RBCs (see Supplementary Material S5).  Video imagess from optical tweezers experiments on a healthy RBC and a schizont stage malaria infected RBC are given in Supplementary Material section 4.  For more details on the optical tweezers technique for single cell stretching, see ref.  [17].
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Fig. S3.1. Schematic (not to scale) of the optical tweezers method for single cell stretching.  The side view shows trapping laser light being focused by an oil-immersion objective lens which creates a stable optical trap that holds one silica microbead, 4.12 μm in diameter.  The other bead is attached to the glass slide and is positioned by moving the stage.   A top view is representative of the images recorded for analysis which show the axial and transverse displacements of the cell.  Because the trapped bead is slightly higher than the attached bead, the true axial length is determined from the projected axial length and the height of the optical trap.  
