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Estimation of chlorophyll degradation
into phaeophytin in Anaptychia ciliaris
as a method to detect air pollution
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Resumen: Manrique, E., Redondo, F. L., Serifia, E. & 1. [zco.: Estimacion de la degradacién de
clorofila a feofitina en Anaptychia ciliaris como método para detectar la contaminacion del aire.
Lazaroa 11: 14]-148 (1989).

Se estudia la influencia de los siguientes factores sobre ¢l valor del cociente de feofitini-
zacion DO 433 nm/DO 415 nm en ¢l liquen Anaprychia ciliaris (L.) Korber: edad del liquen,
concentracion final de pigmentos, trasplante de los liquenes a dreas distintas sobre sustratos
diferentes o similares y el valor de pH del sustrato original o el adoptado tras el trasplante.
Se discute la utilizacion de A. ciliaris como un bioindicador de la presencia de factores acidi-
ficantes en la atmosfera o en el agua de lluvia que provoquen la feofitinizacion de las cloro-
filas.

Abstract: Manrique, E., Redondo, F. L., Serifa, E. & J. Izco. Estimation of chlorophyll degrada-
tion inte phaeophytin in Anaptychia ciliaris as a method to detect air pollution. Lazaroa 11: 141-
148 (1989).

The influence of the following factors on the ratio of the phaeophytination index (OD
435 nm/OD 415 nm), in Anaptyvchia ciliaris (L.} Kéber is studied: the age of the lichen thallus,
the final concentration of the pigments, the transplantation to different areas on similar or
distinct substrates, and the pH value of the ariginal or adopted substrate. The usc of A. cilfa-
ris as a bioindicator of acidic air pollution is discussed.
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INTRODUCTION

Lichens as air pollution bioindicators have been used for many years,
since Nylander observations (in FERRY & al., 1973). Since then a great
number of different qualitative or quantitative methods have been used,
based on the study of the relative abundance of lichens around urban or
industrial areas, or on investigations of the variability of various physiolo-
gical parameters in lichen specimens belonging to one or a few species.
Among these kind of works, some measure the changes caused by some air
pollutants on the photosynthetic pigments of the algal symbiont. Many
scientists have studied the relationship between chlorophyll phaeophyti-
nation and sulfur dioxide (Ra0 & LEBLANC, 1966; MOSS, 1967a; NASH,
1973; PUCKETT & al., 1973; Kaupp1, 1980; SILBERSTEIN & KELLER,
1986). These methods detect changes in the absorption spectrum of chlo-
rophyll when transforms into phaeophytin (VERNON, 1960; M0sS, 1967b).

For the spectrophotometric measures, different methods for pigment
extracts, have been used traditionally: 80 or 90 % acetone, methanol or
ethanol in water or pyridine. Nevertheless, these extraction methods,
when applied in lichens, present some . .problems, mainly when they in-
clude acetone, methanol or ethanol, because these chemicals show a high
sensitivity to pH changes. These pH variations may be an important arte-
fact when measuring chlorophyli-phacophytin conversion in acidic
pH. For this reason it is useful to add alcaline substances (as carbonates)
into the extracts (BROWN & HOOKERooker, 1977). The use of pyridine al-
so prevents the conversion of chlorophyll to phacophytin caused by the
acidification during the extraction process. SCHOAF & LIUM (1976), His-
COX & ISRAELSTAM (1979) and BURNISON (1980) used dimethylsulfoxide
(DMSQ) for pigment extraction for phytoplankton. This solvent not only
behaves as a proton acceptor (alkaline), but it can extract pigments from
undamaged cells, avoiding maceration. SPEZIALE & al. (1984) compared
the extraction propertics of DMSQO, N N-dimethylformamide and ace-
tone. They emphasized the advantages of DMSO in the chlorophyll ex-
traction processes. RONEN & GALUN (1984) proposed the DMSO as the
more efficient solvent system to extract chlorophyll from the lichen
Ramalina duriaei (De Not.) Jatta. The same authors indicated that the
changes observed in the optical densities of the lichen pigment extracts,
measured as the ratio OD 435 nm/415 nm, may be a good index to estimate
the degradation of chlorophyll to phacopigments. GARTY & al. (1985)
using this method in transplants of R. duriaei in Israel, found a close corre-
lation between phaeophytination by sulphur dioxide and heavy metals in
the atmosphere.

In this work we discuss the use of the DMSO in pigment extraction
from-the lichen Arnaptychia ciliaris and the Phaeophytination index (OD
435/0D415 nm} to detect acidic pollution in Spanish woodlands. This is
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a preliminary work proving that the use of Anaptychia ciliaris is convenient
for air monitoring.

MATERIAL AND METHODS

The present study has been performed with the fruticose lichen dnapty-
chia ciliaris, because among other characteristics it does not contain acidic
lichen substances. The absence of acidic lichen substances has been con-
firmed by thin layer chromatography and HPLC techniques in a very large
number of specimens. 4. ciliaris is very easy to identify and can be found
growing on different substrates such as bark of Quercus rotundifolia, Q. pyre-
naica, Q. faginea, Ulmus sp., Pinus sylvestris, P nigra and Juniperus oxycedrus,
and on calcareous and acidic rocks.

The lichen material was collected in several non-contaminated locali-
ties (control localities). Selas (Guadalajara, Spain), on Quercus faginea;
Montejo de la Sierra (Madrid, Spain), on Q. pyrenaica, and Monte de El
Pardo (Madrid, Spain), on Q. rotundifolia {map 1), substrates with very sim-
ilar physical and chemical characteristics (bark pH between 5.6 and 6.7,
mea-sured with the method proposed by JOHNSEN & SOCHTING 1973).

The specimens were analyzed within the first five days after collec-
tion. All the samples were air-dried and those that were not used were stored
in the dark at —20° C.

For the extraction of the chlorophyll pigments we have followed the
method described by RONEN & GALUN (1984). About 20 mg from each
sample, aphotecia avoided, were inmmersed in 5 ml of DMSO, and remai-
ned in dark at 65° C for 40 minutes. The extraction was completed after
this time because the lichen material was entirely transparent. The extract
was diluted by adding 5 ml of DMSO, and the optical densities (OD) of the
diluted extracts were measored at 435 nm, using DMSO as the blank. The
turbidity of the extract was verified at 750 and 415 nm. This value usually
was around zero, but in case it exceeded 0.001 OD units, the extract was
passed through a Millipore AP 2001300 fitter.

The degree of phaeophytination was calculated according to RONEN &
GALUN (1984). These aothors estimate that in the case of minimal chloro-
phyll degradation into phaeopigments, the quotient OD 435 nm/OD
415 nm is between 1.40 and 1.45. To know the maximal degree of degrada-
tion, 60 yl of an IN HCI solution was added 1o the control extracts, and
remained in the dark for 10 minutes. In these conditions the guotient rea-
ches its minimal value, between 0.56 and 0.65. More acid and more time
in the dark do not increase the chlorophyll degradation of the extracts. In
paraliel the same quotient was measured in two vascular plants, Lolium
perenne and Dactylis glomeratq.

Since the analyced specimens, although of identical weight, do not con-
tain the same pigment concentration, we weighted 3, 10, 20, 30, 40 and 50
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mg of 4, cilfaris with the purpose of checking the effect of the final pigment
concentration on the value of the quotient. This allowed us to avoid the
problem of differences in age, algal distribution and shape of the speci-
mens.

All the values obtained for the quotient are the average of at least three
measures.

The specimens of 4. ciliaris used as transplantats were analyzed within
the first 48 hours after collection and inmediately transplanted to trees
with similar.or different bark than that of origin.

With the purpose of measuring the pH of the original and new sub-
strates of A. ciliaris, pieces of the bark were processed by the method descri-
bed by JOHNSEN & SOCHTING (1973).

In order to know what effect transplantation could cause to the trans-
planted lichen, three samples of A. ciliaris were allocated on the bark of
cach substrate, pines (P, radiata, P, pinaster) and oaks (Quercus robur), acidic
and subneutral conditions respectively, from locality B (in which Lebaria
pulmonaria is common) to an area that presumably is not polluted (locali-
ties E, F, and G). The value of the OD 435 nm/OD 415 nm of the trans-

Map 1.—Localities of iransplants source: A, Monte del Pardo (Madrid) on Quercus rorundifo-
lia; B, Montejo de la Sierra (Madrid) on Q. pyrenaica; C, Selas (Guadalajara) on Q. faginea,
and localities where dnaprychia cilian’s was allocated to detect the effects of 8Oz fumigations;
D. Morella (Castetion) on several substrates (sce the text), and transplantation effects; E,
Fontau (La Coruia); F, Abrairas (Lugo) on Pinus pinaster, and G, Guitiriz (Lugo) on Quercus
robur,
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plants was calculated before and after transplantation. The samples of li-
chen, once the quotient value of them was known, were transplantated
inmediately the ist of July 1986 and checked during the next nine months
in August, September and QOctober 1986 and February and March 1987,
when were allocated on pine barks, and only in March 1987, for those allo-
cated on oak bark.

The transplantation were performed as follows. The samples of the
lichen A. ciliaris were carefully removed from their substrates {the bark of
Quercus faginea, Q. pyrenaico and Q. rotundifolia). After measuring the
quotient O.D. 435 nm/O.D. 415 nm, the samples were transplanted to the
new substrate, three duplicates on each tree, and fastened over the bark
with a network of nylon at 2,5 meters over the ground. The lichens were
transplanted on Pinus radiate, P pinaster and Quercus robur barks.

At the end, and with the purpose of knowing the effect of the pH and
the buffering capacity of the substrate in prevention of the chlorophyll de-
gradation caused by acidification in the nearby medium, we measured the
value of the quotient OD 435 nm/OD 415 nm in specimens of A. ciliaris
that were found growing on different substrates in a confined area (fig.
ID). All of them have been subjected to a SOz fumigation of 62 pg/m3,
percentile 98, as monitored by ENDESA (1986}, for almost five years.

RESULTS AND DISCUSSION

The average of the quotient OD 435 nm/OD 415 nm calculated for 13
samples from each control locality was 1.40 £ 0.03. The maximal value of
chlorophyll degradation, after adding IN HCI, for the rate OD 435 nm/OD
415 nm was 0.66 + 0.04 for the same samples. Similar values were obtai-
ned for the same parameter calculated in Lolium perenne and Dactylis glo-
merata, 1.36 £ 0.05 and 1.38 = 0.03 for the maximal values, respective-
ly. The size of the sample (age) and the final pigment concentration do
not seem to interfere with the value of the quotient, at least over 20 mg of
sample (table 1), and no so much for 5 and 10 mg. This could tell us that it

Table 1

Inftuence of the final pigment concentration on the value of the quotient
OD 435 nm/OD 415 nm

Dy weight (mg) 0D 750 nm Quotient
5 0.002 1.26
10 0.001 127
20 0.002 1.33
30 0.005 1.32
40 0.008 1.38

o 0010 137
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is possible to use samples of 4. ciliaris with different ages or sizes, that is,
with different pigment concentrations per weight unit. This is very impor-
tant because it could allow us to know what the state of health of the
lichens is in a locality which is presumed to have been subjected to air pol-
lution, and in which this lichen presents a very dissimilar growth. Also.
when the lichen is not very abundant in the polluted area to be studied, it is
possible to make a transplantation of it from unpolluted localities, in
which A. ciliaris grows luxuriantly, to the presumably contaminated locali-
ty, on different species of trees. The effect of transplantation and the dif-
ferent pH of the adopted substrate on the quotient is shown in table 2. In

Table 2

Evolution of the quotient OD 435 nm/OD 415 nm in three samples of Anaprychia ciliaris
transplanted from oak (locality B) to pine and oak trees of localities E, F and G (see fig. 1)

Time Locality
E (pine) F (pine) G (oak)
August 141 +0.01 1.38 £ 0.05 —
September 127 £0.11 1.33 £ 0.10 —
QOctober 1.43 £ 0.07 140 £ 0.05 —
February 131 £ 0.09 1.38 £+ 0.05 -
March 1.36 + 0.09 140 = 0.07 1.34 £ 0.08
Table 3

Different pH values calculated for several bark trees
{Each value is the average of ten samples)

Minimal Average Maximal
Pinus radiata 34 36 19
Pinus pinascer 34 3.7 40
Pinus sylvestris 38 4.1 42
Quercus pyrenaica 55 58 6.1
Quercus robur 59 6.0 6.2
Quercus faginea 52 5.7 6.0
Juniperus oxycedrus 42 47 49

this table we can see that the value of the OD 435 nm/OD 415 nm decrea-
ses between the moment of transplantation and the second month, but it
recovers the initial values after the third month, and remains constant for
nine months, on conifers (pines) as well as on decidous trees (oaks). The
pH values of different barks are presented in table 3. The conifers present
the more acidic conditions to the lichen.

Some authors have pointed out the idea that in the corticolous lichens,
the pH of the bark and the buffering capacity may be two important factors
that can have a significant influence on the lichen response to acidic pollu-
tion (BADDELEY & al., 1971; HILL, 1971; TURK & WIRTH, 1975). If so, the
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lichens growing on acidic substrates or substrates with a very low buffering
capacity would be the first to demonstrate the symptoms of injury in a
polluted atmosphere.

In table 4 we present the phaeophytination quotient of samples of
A. ciliaris that were growing naturally on different substrates in an area
subjected to a SOz fumigation of 62 pgm-3, percentile 98 (ENDESA,
1986). The samples collected on pine and juniper barks were those which

Tablc 4

Substrate influence on the quotient OD 435 nm/QD 415 nm calculated
for Anaptychia ciliaris submitted to a SO: fumigation of 62 pg m-3 (percentile 98)

Substrate Quotient pH
Pinus sylvestris-P. nigra 0.78 £ 0.01 4.1
Juniperis oxycedrus 0.83 + 0.08 47
Quercus rotundifolia-Q. faginea 1.00 = 0.05 57
Calcareous rock 1.20 £ 0.05 9.1
Control locality (Quercus faginea) 1.30 £ 0.03 5.7

showed the smallest values of the quotient. This value increases with the
pH of the substrate. The specimens less affected by the SOz presents in
the atmosphere were those which were growing on calcareous
rocks. RONEN & al. (1985) stated that lichens are able to continue their
photosynthetic activities without severe damage up to a degradation of
10 % of the chlorophyll. The same authors estimate that this degradation
corresponds to a value of the quotient OD 435 nm/OD 415 nm of 1.28 in
the lichen Ramalina duriaei (De Not.) Jatta.

Gaseous SOz and other gases (NOx) dissolve rapidly in water causing a
drop in the pH of the resulting solution. These gases therefore can enter
into the lichen thallus with the rain water or directly dissolve in the lichen
water. In this way, the acidic contamination can affect the lichen pig-
ments and cause degradation of the chlorophyll inte phacophytin.

We think that the results here discussed, allow us to use the me-
thod proposed by RONEN & GALUN (1984) to ¢stimate the pigment degra-
dation in lichens submitted to acidic air pollution. We also think that it is
possible to use Anaptychia ciliaris as a good bioindicator of the kind of air
pollution discussed above, not only to know the steady-state of the lichen
pigments and therefore the environmental quality of the studied area but
also, by means of transplantation from unpolluted areas, to monitor the
decline of the lichen vitality since the moment of the transplantation.
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