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Electron microscopy of the marine microalga Dunaliella
tertiolecta exposed to triphenyltin
HM Mooney and JW Patching

The Martin Ryan Marine Science Institute, National University of Ireland, Galway, Ireland

Chemostat-grown cells of the chlorophyte Dunaliella tertiolecta (Butcher) exposed to triphenyltin were examined
using transmission electron microscopy. Following a 1-h exposure to 21 and 84 pM triphenyltin, mitochondria
underwent structural damage and the thylakoid membranes of a small proportion of cells spread from the usual
compact arrangement. Prolonging the exposure time resulted in significant cell lysis in cultures exposed to

84 pM triphenyltin.
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Introduction Both organic and inorganic toxicants are capable of altering

Organotins have widespread applications in industry an%eetvcgeenszgﬁgggeeogjlgﬂ]grel{f/b\év'g} rgl)%l?ubt:r?tu[slg?rrgglp?itne
agriculture. Their specific uses as biocides, industrial cata; . . : )
lysts and polymerizing agents, often dictate their fate a hese studies, more needs to be determined about the mech

) ; ; anism of toxicity which, in extreme cases, can lead to total
pollutants in the aquatic environment. In the early 19805breakdown of membranous organelles in algal cells.

:Ctjgﬁr?amiiﬁigavrvé?:ttg)'(?gEzt'gjﬁ%grggﬂgt“nzfurs‘gg_t'gragtt" Short-term studies on the effects of tri- and diphenyltin
marin% grganisms in addition to the foulin)g/) species fo%n n continuous cultures of the marine microalganaliella

: S rtiolectarevealed that micromolar concentrations of these
on submerged surfaces. As a result, limitations were place bmpounds inhibited respiration and photosynthesis [17].

on the use of organotins as active agents in antifouling’, . -
paints. Legislation restricted the use of both organotins in his paper reports the effects of similar exposures to TPhT

general (Ireland, France), and butyltins in particular (UK,On the cytoplasmic fine structure of the organism.
USA, Japan). Restrictions on the use of triphenyltin (TPhT)
are not as widespread as the legislative banning of tributylMaterials and methods

tin. TPAT is used in agriculture as a fungicide (Commem'al'l'riphenyltin chloride (TPhT) was obtained from Pfaltz and

names Brestan [18], Du-Ter [3]) and also as the activeB .
: L B : . ... Bauer (Stamford, CT, USA). Stock solutions were prepared
ingredient in antifouling paints, either as a co-polymer with by diss(olving the organotin) in absolute ethanol surc):h l?hat a

rubber, or mixed with copper or tributyltin [9]. . .
Surveys of aquatic habitats have revealed levels of phet_ransfer of 50Qul to a liter of culture yielded the

nyltins which could pose a threat to non-target organism§eqUIrEEOI concentration.

. A unialgal culture ofDunaliella tertiolecta (Butcher)
[1,2.8,25,28]. Concentrations range from hundreds of Nandscap 19/27, was obtained from the Culture Collection of

g:gm: pg: Il(';[lir IrgrEegP 2:1 gvn%tser: i[rll]ctyongr%lijr?;ré?jsIglzegagr?- lgae and Protozoa, Dunstaffnage, Scotland. A continuous
g P 9 ulture was grown under constant illumination in f/2

harbors [8]. Triphenyltin is toxic to a variety of marine . i
organisms including rainbow trout fry [7], marine yeasts gqees%lritr?e c[jl|0n] ato(lnzcé;/i\mdd %g{gg:ﬁg [?t?? of 0.0096'has

[15] and phytoplankton [2,16,17,24,27,31,32]. :
Exposure of phytoplankton to pollutants may have wide- For exposure to TPhT, 500 ml of continuous culture was

reaching effects in aquatic ecosystems, either by initiatingsjrivided equally into six sterile, glass 250-ml conical flasks.

; ; : C o tests were added 44 TPhT stock solution while con-
a chain of bioaccumulation [12,14,22] or by inhibiting the trols received the same volume of ethanol. Cell suspensions

flow of energy into food webs. Organotins including TphT . . . ;
S . were illuminated and incubated at°17 for the duration of
inhibit microalgal growth [5,16,24,27,31] as well as dis- exposure to phenyltin,

rupting biochemical processes such as photosynthesis Cells were collected by gentle centrifugation at 360§

[4,17] and respiration [17]. Transmission electron . Lo . .
; . ' nd fixed overnight in 3% gluteraldehyde in 0.2 M sodium
microscopy has shown changes in the fine structure of alg%acodylate buffer at pH 7.2. Cells were postfixed for 1 h

ﬁgltlsda;t :;ZZ);%%S:‘L% toesotrig%r;g) tcg(r:gaﬂésa\fsu;gtglss ([:géog ith 2% osmium tetroxide in cacodylate buffer. The fixed
P ' y "“Tnaterial was washed once in cacodylate buffer prior to

dehydration. All fixatives and the cacodylate buffer were

] _ _ o _ _prepared in membrane-filtered (Nucleopore, Qu2@-pore
Ryan Marine Scence Insifuts, National Universiy of noland, Gaway, SI2€) Sea water. Samples were dehydrated in a series of 10,
Ireland 30, 50, 70, 90 and 100% (vol/vol of distilled,8) acetone
Received 5 May 1997; accepted 28 January 1998 for 20 min each. Dehydrated cells were suspended in a
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50:50 mixture of resin and acetone for 1 h and thennear one of the cell poles. Also present were one or more 201
embedded in 100% Spurr’s resin. Embedded samples weraitochondria, usually oblong or spherical in shape when
polymerized at 68C for 3 days and sectioned using an viewed in cross-section (Figure 1b). Cells contained a golgi
ultramicrotome. Thin (60—-9@.m) sections were picked up body and one or more contractile vacuoles. Figure la is
on 200-mesh copper grids and post-stained with uranytepresentative of over 70% of control cells while the
acetate for 30 min at 4C. After rinsing in distilled water, remaining 30% appeared to be dead or dying on the basis
sections were post-stained with lead-citrate for 5 min atof their irreqular shape and poorly defined organelles, and
room temperature, and finally rinsed in distilled water. Secthe incidence of cell lysis. The appearance of the healthy
tions were viewed under EM (Hitachi-700) at an acceleratcells matches the ultrastructural description of this organ-
ing voltage of 75 kV. A total of 50 random cells from a ism given by Hoshaw [11], who noted also that the thyla-
minimum of three grids containing thin sections werekoids were surrounded by an outer membrane and that the
examined, and structural abnormalities observed in cellaucleus was bound by a nuclear envelope.

were expressed as a percentage of this. Cell ultrastructure was visibly affected by exposure to
21 uM TPhT for 1 h (Figure 2). The mitochondria in over
45% of cells, which otherwise structurally resembled heal-
thy control cells, were expanded (Figure 2a). A small pro-
Cells of D. tertiolecta (Figure 1) from TPhT-free control portion of cells € 5% of intact cells: Figure 2b) contained
incubations were ellipsoidal and approximately® long  thylakoid membranes which appeared to have spread from
and 4um wide. In cross-section a cup-shaped chloroplasthe compact arrangement of lamellae seen in control cells
was visible. The thylakoid membranes of the chloroplastand osmophilic granules (Figure 2b) which were larger than
ran parallel to each other. In most cases, inter-thylakoidathose in control cells. Approximately 20% of the intact cells
spaces housed osmophilic granules which appeared @&xamined contained a pyrenoid which was partially
small, round electron dense spots. The thylakoid memexposed rather than completely surrounded by starch
branes of the chloroplast protruded into a single pyrenoidFigure 2c). Increasing the exposure time to 8 h did not
which was also tightly bounded by starch plates. Theresult in a greater extent of mitochondrial damage (Figure
nucleus was usually found at the center of the cytoplasn3a), nor did the percentage of cells containing a partially
exposed pyrenoid increase. A small number of intact cells
(Figure 3b) contained thylakoid membranes in which the
stacks of lamellae had spread from the usual compact
arrangement seen in controls.

After 1 h exposure to 84M TPhT, over 60% of intact
cells examined contained expanded mitochondria (Figure
4a). One to two percent of intact cells contained thylakoid
membranes which appeared to have spread from the usual
compact arrangement of lamellae seen in controls (Figure
4b), an exposed pyrenoid and large osmophilic granules
identical to those seen in Figure 2b. These cells, however,
accounted for less than 5% of the total number of cells
examined. An increase in the exposure time to 8 h resulted
in the lysis of over 65% of cells while those that were still
intact appeared very similar to cells exposed touBA
TPhT for 1 h.

Results

Discussion

This study describes changes in the cell ultrastructure of
the chlorophyte,D. tertiolecta, induced by exposure to
TPhT under conditions similar to those known to inhibit
photosynthesis and respiration [17]. The most obvious
effect of TPhT exposure was swollen mitochondria (Figures
2a, 3a, and 4). The structural change in mitochondria corre-
lated with the acute effects of TPhT on respiration [17]. A
secondary effect induced by TPhT was occasional disrup-
tion of the thylakoid membranes of the chloroplast (Figures
2b, 3b and 4b). The thylakoid membranes of this species
envelop and protrude into the pyrenoid and starch plates
and extend into other parts of the cell. The disruption
involved separation of the thylakoid membranes, causing
Figure 1 D. tertiolectaunexposed to phenyltin. (a) General view of cell; them to spread from their normal position. Similar effects

(b) detail of cell showing mitochondrion (M). T, thylakoid membranes; have been fep_Ofted in phytoplankton exposed to heavy met-
S, starch; P, pyrenoid; N, nucleus; O, osmophilic granules; G, golgi bodyals and organic pollutants [13,19-21,23,26].
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Figure 3 D. tertiolectaexposed to 21uM phenyltin for 8 h. (a) Detail

of cell showing expanded mitochondrion (arrow: M); (b) detail of cell
showing thylakoid membranes which have spread from their usual com-
pact arrangement of lamellae (T). S, starch; P, pyrenoid.

Figure 2 D. tertiolectaexposed to 21uM phenyltin for 1 h. (a) Detail
of cell showing expanded mitochondrion (arrow: M); (b) detail of cell
showing accumulation of large osmophilic granules (O); (c) detail of cell

showing exposed pyrenoid (P). T, thylakoid membranes; S, starch; O,
osmophilic granules. Figure 4 D. tertiolectaexposed to 84.M phenyltin for 1 h. (a) Detail

of cell showing expanded mitochondrion (arrow: M); (b) detail of cell
showing an expanded mitochondrion (arrow: M) and thylakoid membranes
which have spread from their usual compact arrangement of lamellae
(arrow: T). S, starch; P, pyrenoid; N, nucleus; O, osmophilic granules; G,
golgi body.
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Visviki and Rachlin [30] postulate that the effect of 7 DeVries H, AH Penninks, NJ Snoeij and W Seinen. 1991. Comparative
heavy metals on a|ga| photosynthesis involves decoupling toxicity of organotin compounds to Rainbow Troudr{corhynchus

: . . mykis$ yolk-sac fry. Sci Total Environ 103: 229-243.
of the photosynthetic reactions and a subsequent reductioR rentk and J Hunn. 1995. Organotins in freshwater harbours and riv-

in the size of the chloroplast [29]. Since our exposure times  ers: temporal distribution, annual trends and fate. Environ Toxicol
were low, it is possible that only the first stage of damage Chem 14: 1123-1132.
had taken place. Rachlit al[19] have also suggested that 9 Fent K and J Hunn. 1991. Phenyltins in water, sediment, and biota of

. freshwater marinas. Environ Sci Tech 25: 956-963.
the larger surface area of the thylakoids after heavy met81|0 Guillard RL and JH Ryther. 1962. Studies of marine planktonic dia-

exposure may be the result of uncoupling of the protein  toms I. Cyclotella nanaHustedt, andDetonula confervace4Cleve)
bonds causing the lamellae to stretch. Since organotins are Gran. Can J Microbiol 8: 229-239.
thought to act as uncoupling agents [6], this may explaintl Hoshaw RW and LY Maluf. 1981. Ultrastructure of the green flagel-

the short-term structural effects of TPhT exposure observed &t Dunaliella tertiolecta (Chiorophyceae, Volvocales) with com-
parative notes on three other species. Phycologia 20: 199-206.

in this Stu‘?'y- . 12 Jensen TE, M Baxter, JW Rachlin and V Jani. 1982. Uptake of heavy
Comparison of ultrastructural changes [in tertiolecta metals byPlectonema boryanurtCyanophyceae) into cellular compo-
caused by sublethal concentrations of TPhT, with their nents, especially polyphosphate bodies: an X-ray energy dispersive
effects on rates of respiration and phOtOSyntheSiS [17 3 ?]t:r?génE'rI]\fgrgr?dz(\)ll\lluthlgghzliZ]: iégzlgf.ect of varying sulphur deficiency
reveal that inhibition of these metabolic processes Co!‘" on structural components of a cyanobacteri@ymechococcus leopoli-
take place before structural c_;lamage to the responsible ensis a morphometric study. Cytobios 35: 35-46.
organelles was observed. In this study, exposure taNd4 14 Jensen TE, JW Rachlin, V Jani and B Warkentine. 1982. An X-ray
TPhT for 8 h caused over 65% cell lysis, while a concen- energy dispersive study of cellular compartmentalization of lead and

tration ten times lower (results not shown) had no visible zinc in Chlorella saccharophilgChlorophyta),Navicula incertaand
Nitzschia closterium(Bacillariophyta). Environ Exp Botany 22:

effect on cell ultrastructure. The former concentration 319 355

appr_OXimateS the EEQ Yalue for inhibition of phOtOSynj 15 Laurence OS, JJ Cooney and GM Gadd. 1989. Toxicity of organotins
thesis and respiration in this organism, and concentrations towards the marine yeafebaryomyces hanseniMicrob Ecol 17:

ten times lower were also inhibitory [17]. It could be = 275-285.

argued, therefore, that metabolic measurements are a motg Marsot P, E Pelletier and R St Louis. 1995. Effects of triphenyltin
s . chloride on growth of the marine microal@avlova lutherin continu-
accurate toxicity-testing tool.

il . . ous culture. Bull Environ Contam Toxicol 54: 389-395.

It is significant that organelles @. tertiolectg a species 17 Mooney HM and JW Patching. 1995. Phenyltins inhibit photosynthesis
which has proven relatively tolerant to organotins in pre- and respiration in marine microalgae. J Ind Microbiol 14: 265-270.
vious studies involving growth measurements, have beei8 Pablico PP and K Moody. 1991. Effect of fentin acetate on wet-seeded

_ : _ rice, Pistia stratiotesand Azolla pinnata Crop Prot 10: 45-47.
damaged by short-term exposure to micromolar conce 9 Rachlin JW, TE Jensen, M Baxter and V Jani. 1982. Utilization of

trations of TPhT. There are "m_ited data on the effects of ~ yophometric analysis in evaluating responsePtéctonema bory-
long-term exposure to organotins on phytoplankton com- anum (Cyanophyceae) to exposure to eight heavy metals. Arch
munities. TPhT concentrations in aquatic environments are Environ Contam Toxicol 11: 323-333.

typically lower than those used in our studies [17] put20 Rachlin JW, TE Jensen and B Warkentine. 1984. The toxicological

. . L response of the algdnabaena flos-aquaéCyanophyceae) to cad-
longer exposure times could result in similar sublethal e o S ontam Toxicol 13 143151,

structural and physiological effects, with consequenty; rachiin Jw, TE Jensen and BE Warkentine. 1985. Morphometric

changes in community structure and activity. analysis of the response Ahaebaena flos-aquasdAnabaena varia-
bilis (Cyanophyceae) to selected concentrations of zinc. Arch Environ
Contam Toxicol 14: 395-402.
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