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SIMPLE METHOD TO ESTIMATE CELL WALL EXTENSIBILITY COEFFICIENT
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ABSTRACT
In this short communication we consider the extensibility properties of the cell wall. This is accomplished by
a heuristically motivated equation for the expanding volume of the cell. The experimentally determined characte-
ristic time t, and temperature T, are the only numbers required for evaluating the effective yielding coefficient
®(t, T) in the respective time and temperature domains.
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INTRODUCTION

Growing plant cells are surrounded by a polysaccharide-
rich primary wall that defines cell shape and permits high
turgor pressure to develop (Cosgrove 2005, see for a re-
view). These walls must expand to enlarge and keep the
wall strong enough to withstand the mechanical stress ari-
sing from internal hydrostatic pressure. Cell expansion is
merely limited and regulated by the ability of the cell wall
to increase in surface area. This constraint from the physi-
cal point of view can be reflected by the effective yield rate
coefficient ®. To form the model Ansatz two empirical
facts are taken into account: 1) sigmoid character of
growth curve in the course of time; 2) absorption character
of growth plot in function of temperature.

In plant physiology growth is described by the law of
great growth. There also exist agreement that the sigmoid
function, as having a non-negative first derivative in positi-
ve domain and exactly one inflection point, properly repro-
duces the large-scale time evolution. In fact, growth of any
plant organ can be split into three basic phases: the initial
phase of slow growth, the intense growth phase and, even-
tually, the final phase of slow growth. Such regularity can
be represented by a sigmoid curve that characterizes the
time course of individual cell growth and the growth of
plant organs as a whole (Fogg 1975). The sigmoid function
may be analytically expressed by

f(t)="/, [1+tanh((t-t,)/2/t,]

where t; denotes the inflection time.

Moreover, experiments suggest (Lewicka and Pietruszka
2008) that in a wide range of about 5-40°C, elongation, as
function of temperature, can be adequately described by
the normal distribution (in the non-membrane leakage regi-
me). From the extensive argumentation based on specific
measurements for mono- and dicotyledones and the reaso-
ning concerning the central limit theorem (ibid.) it follows
that the application of a Gaussian function g(T)=exp[-((T-
-Ty)/Ty)?]) can be empirically and theoretically justified.
Also single cell measurements (Lewicka, Ph.D. thesis) on
internode of Nitellopsis obtusa L. revealed the same regu-
larity (symmetric Gaussian, or even Lorentzian reflecting
the sharp absorption character of this process), as it was
observed for monocotyledons and dicotyledones.

Theory

Taking into consideration the above arguments we may
postulate that the volumetric cell extension is governed by
f and g functions and satisfies the relation

V@, T) =V 0g(T) ey

where V, indicates the initial volume at a time t=t;. Cal-
culating the time derivative of Eq. (1) and assuming the
validity of the Lockhart (1965) equation within the linear
approximation, also for @ as time and temperature depen-
dent ®=D(t, T), we receive the following set of time diffe-
rential equations
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Fig. 1. The calculated through Eq. (3) conto-
ur plot of the cell wall yielding coefficient
O for maize (Zea mays L.) — the parameters
equal to: t,=2 h, T,=27°C; for internode sin-
gle cells of Nitellopsis obtusa L. t;=4 h,
T,=26°C; for barlow (Hordeum vulgare L.)
(APW): t;=3 h, T;=31°C and (APW + IAA):
t;=2 h, T(=31°C. The horizontal scale deno-
tes temperature in degrees Celsius, while the
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where P denotes the turgor pressure and Y the critical
turgor. By comparing the latter two equations and calcula-
ting the derivative f’(t), we eventually arrive at the explicit
expression for the extensibility coefficient (the second term
in Eq. (2) vanishes)

O(1,T) =4I

Ty
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where G=P-Y, in the framework of this approach, must
be a constant and [®]=MPa'h'!. Here we put P-Y=const(t),
since we assume a constant water intake. In consequence,
the internal pressure difference G is a number, which is ty-
pically between 0.3 and 1.0 megapascals (Taiz and Zeiger
2006). The characteristic time t, in Eq. (3) can be read off
from experiment at the inflection point t=t, of the growth
curve (which is identical to the time of the maximum
expansion rate). The optimal growth temperature T, can
be, in turn, easily retrieved from measurements.

DISCUSSION

First we notice that in the original Lockhart’s equation
the coefficient @ is independent of time and temperature.
However it turns out, the extensibility coefficient @, deci-
sive for the mechanical properties during growth, depends
strongly on time (cf. e.g. Liu et al. 2007; Fig. 1A) and tem-
perature (Nakamura et al. 2002; Figs 1, 2 therein). Therefo-
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vertical one — the time in hours.

re, Eq. (3) can be recognized as a simple tool for rough
estimation of the behavior of @ in a broad range of time
and temperature (the applicability at high temperature end
is, however, limited). Nonetheless, presented in this paper
simple derivation ends up with a formula for the time and
temperature dependent effective yielding coefficient @ as
expressed by Eq. (3). The preliminary results of the presen-
ted new method are collected in Figure 1 in the form of
contour plots.
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