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SUMMARY

Chromeazurol-S (CAS) is a dye used for the spectrophotometric determination of
metals, mainly aluminum (Al), berillium (Be) and copper (Cu). CAS has been
widely used for determining the penetration of copper containing preservatives
like CCA (AWPA A3-96). Additional uses include: i) detection of utility pole
decay (Esyln, 1979), ii) a chemical spot test for aluminum in wood (Kukachka and
Miller, 1980) and fungal production of iron III-binding siderophores in agar
(Srinivasan et al., 1993, 1994). The objective of this study was to determine
the mechanism of color change from pink (negative) to blue (positive) following
brown-rot decay (BRD) of Southern pine and white-rot decay, (WRD) of maple blocks
using soil-block tests. Changes in wood metals (ppm) were estimated by inductive
coupled plasma spectroscopy (ICPS). Although preliminary results suggest that
increased translocation of iron into the wood by siderophores during BRD
potentiated the CAS color changes, simultaneous translocation of aluminum into
the soil blocks by brown-rot fungi (BRF) clearly contributed cumulatively to the
positive CAS tests at 12 weeks.

INTRODUCTION

Chromeazurol-S (CAS)is a chromogenic reagent important in the detection of heavy
metals. Standard A3 of the American Wood-Preservers Association manual (1996)
describes a method for determining the depth of penetration into wood of
copper-containing preservatives that requires a 0.5% chrome azurol-S solution.
In addition, CAS is used to detect low molecular weight iron binding compounds
called siderophores produced by bacteria and fungi in agar media (Fekete et al.,
1989; Jellison et al., 1992, 1997; Srinivasan  et al., 1993, 1994; Schwyn and
Neilands 1987); consecutive determination of iron(III) and aluminum mixtures
(Nishida 1969, 1970,); as a chemical spot-test for aluminum for wood
identification (Kukachka and Miller; 1980); and to test for decay in utility
poles (Eslyn, 1979)

The paper by Eslyn (1979) provided no hypothesis of how or by what mechanism any
color change was observed following wood decay. Our objective in this paper was
to decay Southern pine and maple wood blocks with brown and white-rot fungi
(WRF), respectively, and spray or spot test the blocks with CAS for color
changes. Blocks were then analyzed for elemental changes to determine which
metals, if any, were the cause of the positive reaction with CAS following
decay.
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MATERIALS AND METHODS

FUNI : Brown-rot fungi, Meruliporus  incrassata  (Berk. and Curt.) Murr.
(MAD-563); Gloeophyllum trabeum (Pers. FR.)(Mad 617); Postia placenta
(FR.)M.Lars.et Lomb. (MAD-698); Fomitopsis palustris (TYP-6137) and (L-15755)
were maintained on 2% malt agar plates. The white-rot fungus, Trametes
versicolor (L.:Fr.Pil) (MAD-697) was maintained similarly.

ASTM soil block tests: Weight loss of southern pine or maple blocks (3/4 in
square/1.91 cm square) was determined according to ASTM D-2017 (ASTM 1993) after
12 weeks incubation and compared to uninoculated control blocks. Duplicate wood
blocks were pretreated with 1% EDTA, 1% iron dextran, or 1% Ruthenium Red (RR)
to determine the effects on weight loss during decay.

Chromeazurol-S: CAS was prepared as a 0.5% aqueous solution plus 5.0% sodium
acetate and sprayed onto test blocks following 12 weeks decay.

Elemental analysis: Inductive coupled plasma spectroscopy was performed at the
UW Extension Soil and Plant Analyisis Lab in Madison, WI on duplicate samples.
(P, K, Ca, Mg, S, Zn, B, Mn, Fe, Cu, Al and Na contents were estimated in ppm)

RESULTS

The decay results of brown-rotted pine blocks and white-rotted maple blocks are
shown in Table 1. The weight loss of brown-rotted blocks ranged from 16-60%.
All brown-rotted decay blocks turned blue when sprayed with CAS except for
blocks 9 and 10. Blocks 9 and 10 were treated with 1% Ruthenium Red and showed
only 1% weight loss. The weight loss of white-rotted maple blocks ranged from
43-54%. EDTA treated maple blocks retained pink color while iron treated maple
blocks turned blue to CAS.

Elemental analysis of control and decayed wood blocks are shown in Table 2. The
largest changes occurred in the brown rotted blocks as indicated by increases in
Fe>Al>Mg>Mn>Cu. The largest increases are shown in Fe, over 100 fold for F .
palustris.

White-rot decay was characterized by little or no translocation of elemental
metals into the wood even though the decay weight losses averaged near 50% for
T . versicolor. Only magnesium increased about 2-fold. Treatment with EDTA
appeared to prevent the pink to intermediate purple CAS color change observed in
control maple and 1% iron dextran contributed to the color change to blue.







DISCUSSION

Metals are directly and/or indirectly involved in all aspects of microbial
growth, metabolism and differentiation. Many metals are essential, e.g., K, Na,
Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Mo, whereas others have no known essential
biological function(s), e.g., Al, Ag, Cg, Sn, Au, Sr, Hg, Ti, Pb. All these
elements can interact with microbial cells and be accumulated as a result of
physico-chemical mechanisms and transport systems of varying specificity,
independent of, or directly and indirectly dependent on, metabolism (Gadd,
1993).

In the context of this paper, the brown-rot fungi (BRF) and white-rot fungi
(WRF) after decay of the respective wood species seem to have increased the
levels of certain metal ions, which must have been sequestered from the soil
(Dragun, 1988). Although these experiments were limited in scope to five BRD
fungi and one WRD fungus, certain important points emerged.

All fungi sequester the essential metals from their surroundings through many
different mechanisms. Mostly when the metal ions of interest are plentiful,
they are able to freely diffuse through their cell membrane. In situations
where the metal ions are low in concentration the fungi produce specific ion
chelating low molecular weight protein based compounds, e.g., “siderophores”
which are specific to iron (III) chelation.

Mechanisms of iron transport are well studied (Fekete et al., 1989; Goodell  et
al,.  1997; Jellison et al ., 1991, 1992). Siderophores are compounds produced by
bacteria and fungi for scavenging iron (III) from the environment for transport
across membranes. Since 1970, the number of well characterized siderophores has
risen to over 40 (Hider, 1984). Certain siderophores also possess a high
affinity for Al+3 and Cu+3. Aluminum forms a trivalent cation with high
affinity for siderophores, and as such, aluminum in the soil may compete for
translocation extracellularly with iron (III).

In the results obtained, it is evident that BRF in general increased the
concentration of 5 of the 12 elements tested and changed the CAS test from pink
to blue. It is also evident that the total concentration of the six metals
listed in Table 1, varied with each fungal species to some extent. All the
metal ions listed are essential ions that may play an important role in the
physiological functioning such as production of metalloenzymes of the BRF. Of
the six metals listed, iron is of great interest as it is part of the Fenton
reaction that is proposed as a decay mechanism for BRF. However, the elemental
analysis of the BR decayed blocks not only showed high levels of Fe but also of
aluminum, nearly 50 times more than the control blocks. Native soil
concentrations of iron and aluminum are 7,000 - 550,000 and 10,000 - 300,000
respectively (Dragun, 1988). Is it possible that aluminum may play some role in
the decay mechanism interchangeably with Fe or on its own. Jellison et al.,
(1992) also showed a progressive pattern of aluminum accumulation similar to
iron during brown-rot but not white-rot decay. However, there is a concern
whether the aluminum may be available for use. Aluminum binds as tightly to
siderophores as does Fe (III), however it’s relaese from the siderophore, unlike
iron, would not be facilitated by a reduction step. Thus, absorbed aluminum
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would tend to remain bound to the siderophore and not be available for transport
into the cell.

One of the key differences between brown-rot decay fungi and white-rot decay
fungi is the accumulation of oxalic acid (Shimazono, 1951; Green et al., 1991;
Dutton and Evans, 1996). Due to production of oxalate decarboxylase, most WRF
degrade oxalic acid while BRF accumulate this organic acid driving the pH of the
microenvironment below 2.0. Small amounts of oxalate in solution increase the

effective volubility of aluminum and iron in soil increasing transport of Al+3

and Fe+3 ions into wood during brown-rot decay (Griffiths et al., 1994). This
is reflected in the elemental analysis by ICP spectroscopy in this study.
However, if oxalic acid reduces available Fe+3 to Fe+2 then this would also
limit availability of iron (III) to complex with CAS, and make Al more critical
to positive CAS color change. Also, the oxalic acid may help in the reduction
of aluminum oxide bound to the siderophores, as reported by Franz et al., (1991)
where citric acid production by Pencillium  spp. can solubilize zinc from zinc
oxide.

CAS and rubeanic acid have approximately the same sensitivity to detect copper
at ca. 25 ppm. However, the AWPA method for copper determination typically
detects more than 2000 ppm Cu at a standard 0.4 psf retention. Therefore,
relatively small increases in copper are not likely to be the main contributor
to the dark blue color observed in BRD with only two fungi exceeding 25 ppm.
(Table 2). The higher concentrations of Al > Mg > Mn observed in BRD would be
likely candidates to activate the CAS, however, Mg and Mn are not reported to
actuate CAS. Kukachka and Miller (1980) observed that certain tropical woods
containing high Fe were negative for CAS but that high Al was uniformly positive
for CAS. It is possible that in certain instances, iron is chelated or
sequestered and not available to bind to CAS (Nishida, 1969). Because BRF
translocated higher levels of Al then Fe, we conclude that the either the
aluminum alone or a combination of Al and Fe caused the blue CAS reaction.

With the white-rot decay blocks, the results were less dramatic than with the
BRF. The maple wood blocks decayed by T . versicolor did not undergo a dramatic
change from pink to blue as evidenced by a light purple (intermediate) color in
the untreated, yet heavily decayed maple blocks. Pretreatment with EDTA
slightly increased weight loss by chelating transition metals and blocking CAS
color change even at 55% weight loss. Iron dextran pretreatment resulted in 900
ppm iron in the blocks, thus demonstrating that iron content can change the
spray test from pink --> blue. There is no clearcut reason for T . versicolor
blocks 3 & 4 to turn intermediate purple. Jellison et al., (1992) reported
2-fold increases in Mn during white-rot decay of poplar chips. However, it is
interesting that the concentration of Mn is depleted in the WRF decay blocks
(Table 2). It is possible the Mn is being used by the WRF for the Mn dependent
lignin peroxidase activity.

Although the limited sample numbers of this study do not give a conclusive
answer as to why certain metal ion concentrations increase or decrease during
decay, it definitely sheds light on the importance and role of various metal
ions in the physiological functioning of the decay fungi and the severity of
ground contact decay. In addition it gives an insight to the variability in the
detection of metal ions by the CAS reagent.
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