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Mycotoxins of Alternaria alternata produced on ceiling tiles
P Ren!, DG Ahearn and SA Crow Jr

Environmental Research Center, Department of Biology, Georgia State University, PO Box 4010, Atlanta, Georgia 30302-
4010, USA

The production of mycotoxins by  Alternaria alternata in cellulosic ceiling tiles was examined with thin-layer chroma-
tography and high-performance liquid chromatography procedures. Alternariol and alternariol monomethyl ether
were found in ceiling tile extracts, whereas extracts of control rice cultures of all three isolates produced these
mycotoxins plus altenuene and altertoxin I. Extensive fungal growth and mycotoxin production occurred in the ceil-

ing tiles at relative humidities of 84—89% and 97%.
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Alternaria alternatais one of the most common sapro- cedures described previously [1] to be colonized by
phytes on a wide variety of field crops where it producesA. alternata All the collection sites had been the subject
post-harvest decay of fruits, grains, and vegetables worldef complaints of poor air quality by occupants.
wide [6]. Its conidia are abundant among the airspora, Cultures were grown on potato dextrose agar in 9-cm
especially during ripening and harvesting of cereal cropgliameter petri dishes at 26 for 8 days. The plates were
[5] and conidia are commonly found in soil, household dustflooded with 10 ml sterile saline (0.9%) containing 0.5%
and the indoor air of buildings [6,13]. Allergens of Tween 80. The resultant conidia suspensions were aspirated
A. alternatahave long been considered to cause significanand diluted in sterile saline to $@onidia mr* (microscopic
respiratory symptoms in patients in the United States andell counts).
they have been implicated recently in serious cases of res- Unused white, cellulosic acoustic ceiling tiles of the
piratory arrest [14]. Allergens may cause asthmatic hypersame type colonized in the buildings were purchased retail,
sensitivity reactions of the immediate type (IgE mediated)and cut into sections about 70 &énSections were auto-
[12]. Moreover A. alternatamay colonize the nasal sinuses claved at 121C for 60 min. The sections of sterile tiles
and produce discomforting allergic fungal sinusitis [13]. were submerged in sterile water for 1-5 min. The conidia
Alternaria alternata produces various secondary metab-suspension (1.0 ml) was spread evenly on the surface of
olites including the dibenza-pyrones mycotoxins: alterna- the tiles. The inoculated sections were positioned on stain-
riol (AOH), alternariol monomethyl ether (AME), alten- less steel racks or suspended with stainless steel wires in
uene (ALT), and a derivative of tetramic acid, tenuazonicsterile glass vessels. The materials were incubated in the
acid (TA) [9-11]. The toxicology of these mycotoxins is vessels for 28-90 days in the dark at room temperature
ill-defined, but they have been shown to be mutagenic an@about 22C) with ambient relative humidities (RHs) con-
fetotoxic in mice [3]. trolled with various salt concentrations at 78-81%, 84—
We have found extensive growth &f alternataon the  89%, 97%, and 100% (tiles submerged partially in water)
cellulosic facing of gypsum wall board and on ceiling tiles [7].
in several buildings whose inhabitants have complained of After visually detectable fungal growth enveloped the
moldy air [13]. WhetheA. alternataproduces mycotoxins tiles, we macerated the tile sections in a blender for 20 s
with growth on these materials is unknown. This studyin 150 ml of methanol. This suspension was filtered through
examines mycotoxin production of three indoor isolates ofWhatman No. 1 filter paper and 80 ml of 5% aqueous
A. alternatagrown on cellulosic ceiling tiles. ammonium sulphate was added followed by a second fil-
Alternaria alternata930814 was obtained in Atlanta, GA tration through Whatman No. 1 filter paper. This filtrate
from an indoor air sample collected in a restaurant with avas extracted three times with 50-100 ml of methylene
single-stage Andersen air sampler (Graseby Andersermhloride. The extracts were combined and evaporated to
Atlanta, GA, USA).A. alternata930311 and 930440 were dryness in a Buchi rotary evaporator under reduced pres-
isolated respectively from internal surfaces of an insulatedure at 58C. The residue was reconstituted to 3 ml with
ventilation duct and a cellulosic acoustic ceiling tile from methanol and drawn through a 0.4B1 washed cellulose
a building. This ceiling tile and ceiling tiles from two acetate filter and analyzed by TLC and HPLC [2,15]. Pure
additional buildings were shown with microscopic pro- mycotoxins (Sigma, St Louis, MO, USA) were employed
as standards. At least triplicate experiments were perfor-
med. To establish that the cultures were capable of myco-
Corr_espondence: SA Crow Jr, Department of Biology, Georgia State Unitoxin production, we compared extracts of 3-week cultures
Leresent atdress: Department of Epidemiology and Pubic Healt, vaigron On, long grain enriched rice (Riceland Foods,
University, PO Box 208034, 400 LEPH, 60 College Street, Avenue, New>tUtigart, AR, USA) (200 g) containing 50% moisture as a
Haven, CT 06519, USA positive control and uninoculated ceiling tiles as a nega-
Received 28 May 1997; accepted 6 October 1997 tive control.
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54 Table 1 Production of mycotoxins bylternaria alternata

AOH? AME ALT ATX-I
Mean s.d. Mean s.d. Mean s.d. Mean s.d.

A. alternata930311 480.1 +24.9 750.1 +25.8 194.8 +4.4 51.4 +5.8
A. alternata930440 840.2 +17.4 224.7 +8.6 54.4 +2.1 111.1 +18.9
A. alternata930814 510.0 +15.8 885.2 +8.7 60.3 +4.7 74.9 +14.5

3AOH, alternariol; AME, alternariol monomethyl ether; ALT, altenuene; ATX-l, altertoxin-k 3.

Table 2 Mycotoxins Alternaria alternatain ceiling tiles with varying  were overgrown withA. alternata Although the spectrum
water content of mycotoxins produced by. alternatawith growth on
cellulosic ceiling tiles was not as extensive as that produced

RiHs Isolates on rice medium, the possibility exists that the mycotoxins
930311 930440 930814 ?re involved in fungal antagonisms on indoor cellulosic sur-
AOH® AME  AOH AME AOH AME aces.
100% 444 392 504 896 412 456 References
97% 158.8 188.8 2312 3772 1844 220.8 . . .
84-89%  160.0 1140  352.4 1940 1656 1352 L AhsaD”L‘ Do, SA clrg;vé oy S'”“Imolr‘s'.D';.Pr'C?vf.JbA Nfb'e'.SKlMt'.Sh“?‘
78-81% 9.2 _ 31.2 _ 22.4 5.2 an lerson. . Fungal colonization ot Tiberglass insulation in

the air distribution system of a multi-story office building: VOC pro-

o . . . duction and possible relationship to a sick building syndrome. J Ind
2100%= Saturated ceiling tile (partially submerged in standing water); Microbiol 16: 280—285.

lower values relate to estimated RH of ambient air ceiling tiles suspended2 Anderson MA, M Nikulin, U K"djalg, MC Anderson, F Rainey, K

over various saturated salt solutions at room temperature. Reijula, E-L Hintikka and M Salkinoja-Salonen. 1997. Bacteria,
PAOH, alternariol; AME, alternariol monomethy! ether. molds, and toxins in water-damaged building materials. Appl Environ
cug of toxin gt of dry weight ceiling tile: —=no mycotoxin detected,; Microbiol 63: 387—393.
n=3, s.d.= 5%. 3 Coulombe RA.1991Alternaria toxins. In: Mycotoxins and Phytoalex-
ins (RP Sharma and DK Salunkhe, eds), pp 425-433, CRC Press,
Boca Raton.
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