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Mechanical Measurement of Red Cell Membrane Thickness 

Abstract. The thickness of intact human red cell membrane is measured by a light- 
microscope technique in which membrane material with a known surface area is 
extracted into a long, thin cylindrical strand. The radius of the strand is calculated 
from its known length and surface area. The minimum radius, obtained at high 
extraction velocities or large membrane tensions, is 55 angstroms. A collapsed 
membrane cylinder with a mean-mass radius of 55 angstroms would have a 
membrane thickness of 78 angstroms. 

Benjamin Franklin observed (I) that 
one teaspoon of oil (4.93 cm3), when 
allowed to spread on Clapham pond, 
would cover about acre (2.02 x lo7 
cm2). If we assume that the volume of oil 
in Franklin's experiment remains con- 
stant during the spreading process, then 
we can easily calculate that the thickness 
of the oil film is 24 A. Thus. a submicro- 
scopic dimension is readily calculated 
from macroscopic measurements such 
as, in this case, surface area and volume. 
In this spirit, we have devised an experi- 
mental technique that permits calcula- 
tion of red cell membrane thickness, 
using only the "principle of conservation 

In our experiments we allow nearly 
spherical fresh human red cells suspend- 
ed in a hypotonic phosphate-buffered 
solution (pH 7.4, 160 mosM, 0.05 to 0.08 
g percent albumin) to settle and adhere 
to latex beads 2 p,m in diameter, forming 
cell-bead pairs. Subsequently, we aspi- 
rate a portion of the cell membrane into a 
small glass pipette and capture the latex 
bead with another smaller glass pipette, 
thereby suspending the cell and bead 

of membrane surface area" and mea- 
surements made with a light microscope. 

Fig. 1. Photographs taken from a video moni- 
tor of tethered red cells. (A) Red cell aspirated 
into the larger pipette and latex bead held by 
the smaller pipette. The (invisible) tether is 
stretched between cell and bead. (B) Sche- 
matic of (A) showing a greatly magnified end- ? 
on view indicating the phospholipid bilayer 
membrane geometry. (C) Flaccid red cell with 
a relatively thick tether. (D) Partially sphered 
cell. Note how the tether pulls on the cell 
body. An increase in the aspiration pressure 
causes the cell to assume a nearly spherical 
shape (A) and aspirates more membrane ma- 
terial into the pipette. However, the tether 
still produces a small amount of cell distortion 
at a "point" on the cell membrane opposite 
the point of aspiration. Scale bars, 4 pm. 
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between two pipettes (Fig. 1A). Move- 
ment of the bead and smaller pipette 
away from the cell results in the forma- 
tion of a long, thin membrane filament or 
"tether" (2), observed as a faint shadow 
stretched between the cell body and the 
point of membrane attachment (Fig. 1, C 
and D). As we increase the aspiration 
pressure and thus the isotropic tension in 
the membrane (3), the cell becomes more 
spherical, and the tether shadow be- 
comes fainter as the tether diameter de- 
creases until it disappears from view 
(Fig. 1A). Reducing the tension results in 
elongation of the cell and reappearance 
of the tether. In Fig. 1B a schematic of 
the aspirated cell and formed tether 
shows a greatly magnified end-on view 
of the tether indicating the phospholipid 
bilayer membrane geometry. 

Initially, it would seem impossible to 
measure in situ something as thin as a 
tether. However, the method of tether 
formation shown in Fig. 1 permits us to 
measure the tether radius as it is formed. 
In essence, a reservoir of membrane 
material is sucked into the pipette. As we 
pull the tether from the cell body, the 
membrane material in the pipette is re- 
duced. Since the aspiration pressure is 
held constant during tether formation (or 
reabsorption), this process occurs at 
constant membrane surface area and 
constant cell volume (4). For the sake of 
illustration, we write that the decrease in 
membrane material within the pipette is 
balanced by an increase in membrane 
material in the tether: 

where R, is the (measurable) radius of 
the pipette, -dL, is the (measurable) 
decrease in length of the aspirated por- 

Cell 

/ 
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Fig. 2. Extrapolation of tether radius to-a minimum value of about 55 A. (A) Extrapolation as 
llV,+ 0 at a constant isotropic tension T of 0.19 dynelcm. (B) Extrapolation as l/T+ 0 at zero 
velocity. 

tion of the membrane within the pipette, 
and dL, is the (measurable) increase in 
tether length. This relation allows us to 
calculate a value for the tether radius R,: 

Imposition of the constant-volume con- 
straint results in only a slight modifica- 
tion of Eq.  2: 

where R, is the maximum radius of the 
cell (4). Typically, RpIRc = Y3 and thus 
the "correction term" in Eq.  3 has a 
value of about 0.7. 

Movement of the membrane "tongue" 
down the inside of the pipette (-ALP) 
can be measured with a high degree of 
precision. This tracking of the tongue 
gives accuracies on the order of 10 per- 
cent for overall length changes of 1 to  2 
km. The change in length of the tether, 
AL,, is produced and measured with an 
electromechanical linear translator (Bur- 
leigh Instruments, Fishers, New York), 
which extracts the tether and provides a 
digital signal proportional to  AL,. Thus a 
graph of Lp  versus L, is created, and the 
slope of the line on this graph (dLp/dL,) is 
proportional to  the tether radius (Eq. 3). 
The slope is constant, which indicates 

that the tether radius remains constant 
during tether formation (4). Although the 
overall slope of this line can be measured 
with an accuracy of about 10 percent, the 
calculated value for R, from Eq.  3 may 
be no more accurate than i 3 0  percent 
because of an estimated 20 percent error 
in the measurement of the pipette diame- 
ter caused by optical distortion at  the 
fluid-pipette interface (Fig. 1). 

As we repeatedly extract the same 
tether from a given cell a t  different veloc- 
ities, we observe a decrease in the tether 
radius R, as  we increase the extraction 
velocity V, (Fig. 2A). Also, R, increases 
when we increase the absorption veloci- 
ty. In addition, when we obtain an ex- 
trapolated or interpolated value at  zero 
velocity (let R, = R: when V, = 0), we 
observe R,' decrease as  we increase the 
aspiration pressure (isotropic tension T 
in the membrane) as  shown in Fig. 2B 
(5) .  Thus the linear extrapolations shown 
in Fig. 2 indicate a minimum value for 
the tether radius of about 55 A. If we 
assume that the minimum value for R, 
represents a mean-mass radius dividing 
the cross-sectional area of the tether into 
equal parts, then the thickness of the 
tether material is 78 A (6). This value is 
greater than the thickness of a lipid bi- 
layer (- 50 A) and is in good agreement 
with estimates of membrane thickness 

made from x-ray and neutron scattering 
density profiles of suitably prepared, 
packed red blood cell membranes (7). 
These simple mechanical experiments, 
however, provide a direct measurement 
of the membrane thickness of a single, 
intact human red cell. 
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