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Abstract

Ca® concentration was determined for the tip, 5 um and 10 pm intervals between 10 to 80 Mm
from the tip of growing S. ferax hyphae using the Ca®*-sensitive fluorochrome Indo-1. Results
from this study suggest that there is a statistically significant difference between ratiometric
readings, reflecting Ca®* concentration, 0 to 30 pm from the tip, of two categories—*‘slow’ and
‘fast’ growing hyphae. Although ‘slow’ and ‘fast’ growing hyphae exhibited tip-high Ca®"
concentration, slower growing hyphae exhibited a secondary peak 10 pum distal to the tip. The
overall Ca®* concentration, 030 wm from the tip, was higher in fast growing hyphae than in slow
growing hyphae. The means of the ratiometric readings at 40 pm were not statistically
significantly different between slow and fast growing hyphae. The increase in Ca®" concentration
at the base of growing branching hyphae also supports suggestions that there is a relationship
between Ca’" and hyphal growth.

O. Lilje (2004). Quantitation of cytoplasmic calcium in growing Saprolegnia ferax hyphae using Indo-1 and two-
photon confocal microscopy. Australasian Mycologist 22 (3): 85-91.

Introduction

Calcium ions (Ca’") have been implicated in a wide range of cellular responses including branching, sporulation,
tip growth, zoospore motility and cytokinesis (Hyde 1998, Hyde & Heath 1995 Jackson & Hardham 1996, Pitt
& Ugalde 1984). There are several lines of ev1dence to indicate that Ca®* regulates tip growth including the
concentrated expression of stretch-activated Ca®* channels at the tip (Garrill ef al. 1993, Jackson & Heath 1993),

Ca® regulation of the cytoskeleton and vesicle fusion rates (Jackson & Heath 1993), and the orientation of
germinating S. ferax cysts towards a Ca’'-transporting ionophore, A23187 (Hyde & Heath 1995). During tip
growth there is localized transport and fusion of cytoplasm and individual organelles at the tip (McKerracher &
Heath 1986). The fine tubules, which make up the vacuolar reticulate structure in the growing tip of S. ferax
hyphae, may allow expansion and movement of this organelle to occur while maintaining contact with the large
vacuole in the more mature regions of hyphae (Allaway et al. 1997). There is some suggestion from selective
staining of the vacuolar reticulum with Ca®*" dependent markers that the structure may be involved in the
sequestering of Ca”" (Allaway et al. 1997, Jackson & Heath 1993).

A tip-high gradient of cytoplasmic Ca’" has been identified by Hyde and Heath (Hyde & Heath 1997) using
Fluo-3 and SNARF ) and by Garrill et al. (1993) using Indo-1 and the patch-clamp technique. How growth rate
correlates with [Ca*]i at discrete locations, particularly at the growing tip, has not been established. In this
paper, Indo-1 and a thhly sensitive two-photon confocal scanning microscope were used to determine the
concentration of Ca®" at discrete locations along the length of slow and fast growing S. ferax hyphae. The
advantage of this technique is that it allows minor changes in concentratlon to be detected by measuring the
wavelength shift in Indo-1 emission with changing intracellular Ca®* concentration. The technique used in thlS
study minimized background and autofluorescence and therefore allowed differences in intracellular Ca**
concentration to be detected more accurately.

The 405/480 nm emlss1on ratio method for the Ca®* sensmve ratiometric indicator, Indo-1 was used to measure
the intracellular Ca’" concentration ([C "}). Upon Ca’ " binding, Indo-1 produces changes in fluorescence
intensity and a shift in emission from 480 nm to 405 nm (Haugland 1996, Millot et al. 1995). The Indo-1 probe
is conjugated with an acetyl-methyl ester (AM) residue to form a neutral Indo-1/AM molecule. In this esterified
form Indo-1/AM is able to pass through the cellular membranes while minimising cellular disruption (Millot ef
al. 1995).
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