METHODS: LI CHEN CHEM STRY

Bruce D. Rayn



Reagent s

Meltzer' s Reagent

Dissolve 0.5 gmiodine in 1 gm potassi um i odi de,
Mx with 20 ml distilled water and 200 gm chl oral hydrate

I dentification of Substances

Filter Paper Method

Put fragnent on filter paper, add acetone drop by drop. Test
rings around fragment with spot reagents. (Santesson 1967).

For Lichens on Soi

When testing lichens on soil, with KOH for atranorin, turn |ichen
clunp upside down so cortex reacts with KOH before soil discolors
the solution, and tap the thallus lightly.

| odi ne Tests on Asci

A d apothecia may be | (i.e., reddish), but even they will be
(K+l')+ blue. A lower concentration of iodine gives a stronger
blue (with Lugol's Solution, 10% added to a dry preparation =
"high conc."; to a wet preparation = "low conc."; let the
preparation dry out, then add iodine, so you know the
concentration. (Hertel, 1986, pers. comm).

Tests on Epi hyneni um

HCl turns sonme fromgreen to blue, others not. (Hertel, 1986,
pers. conm).



Spot Testing with Reagents

Brodo (1984) used a drawnout m cropipette (ca. 6 cmlong, 1.3 mm
i nside dianeter).

Spot tests should al ways be nade on pieces renoved fromthe
thallus so they can be discarded and not contam nate the rest of
t he speci nen.

The pieces can be placed on a mcroscope slide or piece of filter
paper on top of a white background and vi ewed under a
st er eomi cr oscope.

Some tests should be made on sections of specinens, in order to
see reactions occuring in tissues such as the inner cortex or
I nside parts of the apothecia.

Some reactions, e.g., the C+ changes found in sone species, are
best seen in thin sections under a conpound nicroscope.

It is a good idea to | eave a note giving the results of the spot
tests, to avoid depletion of material by unnecessary repetition
of the tests (Dahl & Krog, 1973).

Sonme reactions , especially with Pd, may take up to a half a
m nute or nore (Dahl & Krog, 1973).

Tests should usually be carried out on young, fastgrow ng parts
of the thallus (Dahl & Krog, 1973).

Spot TestsCrowquill Pen

Put a few crystals of Pd on crowgquill pen, hold over paper, add
drops of alcohol. Do tests in situ, then renove the tested

pi ece.

Use crowqui Il pen for tests with KOH or Pd, but not C. (Hertel,
1986, pers. comm)
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Factors affecting Rf values (Al ston & Turner, 19 ).

tenperature

equilibration tine

exact nethod of equilibration
shape of chanber

nunber of plates run at sane tine

extraction procedures

Pl at es
d ass
Al um num
Pl astic
Sol vent Systens

St andard Systens (and Mbdificati ons)

(A) toluene: dioxiane: acetic acid (180:45:5)

(B) hexane: diethyl ether: formc acid (120: 90: 20)

(B') hexane: nethyltert.butyl ether: fornmic acid ( )

(C) toluene: acetic acid (200:30)

O her Systens




E.A. ether: acetic 200:2 (m)
E.H ether: hexane 3:1
Detection of Fatty Acids

Fatty acids and terpenoids, which cannot be seen by W
fluorescence or absorbtion (prior to charring), can be

det ect edusi ng translucent (glass or plastic) plates sprayed with
wat er (or aqueous sol utions such as 10% sul furic acid). When
the plates are sprayed until they are visibly wet, and then
allowed to slowy dry in air, these substances are rendered

vi si bl e as rather opaque spots before the rest of the plate dries
out. Brodo (1984) recommended observing the plates agai nst a

bl ack background; holding the plates up to the light can al so be
useful. These spots can then be marked with a dotted outli ne.
Care nust be taken to distinguish such spots, which are regul ar
in shape and clearly within "lanes", fromvarious artifacts,
which are nore irregular and not lined up. D fferent substances
show up at different stages in the drying process, some only
appearing at the last mnute, and the sizes of the spots change
during the drying. Oher hydrophobic substances, such as

pl acodiolic acid, will also produce such spots but are usually
visible in ultraviolet |ight before charring and often have
characteristic colors in visible or ultraviolet light after
charring. Sonetines hydrophobic spots are superinposed over or
wi t hi n nonhydr ophobi ¢ spots.

Ter penoi ds and fatty acids can be identified, even w thout
usi ng the above nethod, by their rather distinctive pale
orangewhite fluorescence after charring (Elix, 198 ). Terpenoids
can generally be distinguished fromfatty aci ds because the
former appear purplish or brownish after charring and usually
form bands rather than round spots (with sone exceptions, such as
| eucotylin).

M scel | aneous Ti ps

Some substances produce only very faint spots; if there is doubt
as to whether a spot really represents a substance, this can be
checked by running several sanples of the sane specinen in

adj acent lanes; if the spot really represents a substance, a
hori zontal row of several spots should form across the | anes.

TwoDi nensi onal TLC



Several authors, e.g., Mias (1975) have described the use of this
met hod.
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(This is one of several files of mscellaneous thoughts on TLC
nmet hods, which will eventually be nmerged and rearranged)

TLC Annot ati ons

Annotation slips briefly indicating the chem cal contens of
were placed in the packets of all borrowed speci nens that were
sanpl ed for chem cal analysis. The primary purposes of these
annotations were: 1) to indicate that a sanple had been used for
TLC, to avoid unnecesary depletion of the specinmen by further
renoval of fragnments, and 2) To provide nyself and ot her workers
at | east sone idea of the chem cal constituents, as a basis for
further investigation... Because of the |arge nunber of
speci nens that were anal yzed and annot ated, the nunerous unknown
substances, and many changes in tenchni ques and interpretations
over the course of the study, it was not feasible to spend an
excessive anount of tinme in preparing or revising these
annot at i ons. In many cases, these annotations were prelimnary
and i nconplete (especially with regard to nost terpenoids, fatty
aci ds and unknown subst ances).

The Rf cl asses and other characteristics given for the
unknowns were often only quick estinmates, and were soneti nes
erroneous for various reasons. Descriptions of postcharring
fl ourescence and various other characteristics of the unknowns
were often not given. Wrk on identification of the unknowns
has been a gradual process, and is still continuing.

The annotation slips cite the three solvent systens as being
the "A", "B" and "C' of Cul berson (1970, 1972). However, it
shoul d be pointed out that in all of nmy TLC, tol uene was
substituted for benzene in Solvent A (as recommended by ,
19 ), and nethyltert. butyl ether was substituted for diethyl
ether (as recormmended by , 19 ). These changes, nade for

safety reasons, do have sone affects on the Rf val ues of sone
substances. Elix (1987) refers to the nodified B solution as B'.

In several cases the nanes given for the substances on the
annot ati ons are ol der descriptive synonyns rather than the
correct chem cal nane (e.g., "consporom c acid"



=2' Oderet hyl psorom ¢ aci d).

Usually the only indication of relative quantity of the
substances given was the qualifier "trace" used when the presence
of a substance was indicated only by a very faint spot.

More conpl ete and updated descriptions of the unknown
substances, and a certain anount of additional and
revi sedi nformati on on the known and unknown constituents of nany
of the individual specinens (especially types) will be given in

nmy publications. As further progress is nade in identifying or
at | east better characterizing the unknowns, information on the
chem cal constituents of particular specinens will be nade

avai |l able to workers with a special interest in |ecanoras or
their chem stry.

Recor d Keepi ng

When | arge nunbers of plates are being run (especially in
critical where there are many unknowns), it is necessary to
assi gn a uni que, unanbi guous nunber to each spot sanple. In ny
study | have used a conbination of a "set" letter (A through Z,
AA through ZZ) marked on each of a group of plates, and
consecutive nunbers (to 3 digits) for each spot in that set.
This kind of conbination can be continued using AB, AC, etc., BA
BC, etc., and can be convenient for keeping and updating records,
and for l|ocating and reexam ning stored plates. These "Sets" of
four to seven plates were often run devel oped and (partially)
interpreted together on a single day and thus shoul d be
rel atively conparabl e.

Sol vent Syst ens

Problens with Hygroscopic Pl ates

Fl uor escence in Longwave U traviol et

To clearly see and distinguish the different colors of
fl uorescence of spots in |longwave ultraviolet |ight (before or
after charring), three things were found essential: 1) using a
sufficiently intense uv |light source (give specs. of one in
Dennis's lab), 2) working inside a booth kept conpletely dark by
bl ack curtains, and 3) wearing greenish tinted goggles (give



specs), which also protect the eyes.

| | earned the above rather late in ny studies...(how do | phrase
that?).

Fl uorescence After Charring

The color and intensity of the postcharring fluorescence of nmany
subst ances change over tinme, and are affected by a nunber of
vari ables in the running and devel opnment of the plates...



M CROCRYSTAL TESTS

Brodo (1984) described a method for observing the formation of
crystals in the epihyneniumin response to Pd...(see article for
conpl ete description).



STAI NS, REAGENTS, AND MOUNTI NG MEDI A
VWat er

Sections prepared for tenmporary observation should be nounted in
distilled water. Measurenents, and observations on col or and
granul ati on, should be made in water.

dycerin

Bl and (1971) recomrended nounting sections in 10% gl ycerin, which
is closer to the refractive index of the tissues and nakes it
easier to see structures clearly.

Application of Reagents, etc. to Mcroscopic Preparations
Repl acenent of one nmounting nedium stain or reagent can be
acconpl i shed sinply by adding a drop or two of the new substance
to the edge of the cover slip and drawing it under by placing a
square of filter paper, paper towel or "bibul ous paper” (which is
made for this purpose) at the opposite edge.
St ai ns

Lact ophenol Cotton Bl ue (LCB)

This stain is essential for clearly seeing the |um na of hyphae,
par aphyses, etc. It can also be useful in exam nation of the
wal I s and ornanmentati on of spores.

Enpty algal cells in a pseudocortex can al so sonetines be
detected in cotton bl ue.

According to Brodo (1984), the lactic acid in LCB can act simlar
to nitric acid, in dissolving sonme kinds of granular or
crystalline inspersions (e.g., many of the |arge anphitheci al
crystals that occur in the Lecanora subfusca group and often the
smal | nmedul I ary granul es).

Lact ophenol cotton blue can be cleared fromthe tissues by
drawi ng a drop of the | actophenol wthtout the cotton bl ue under
t he coverslip.

Hoyver's Sol ution

Brodo (1984) used this solution as one of his nounting nedia, to



hel p resolve certain types of tissue structures. He reported
that it acts |ike a strong base, dissolving the sane types of
granul es or crystals that KOH does.

Hoyer's solution contains chloral hydrate and therefore is very
poi sonous.

Chl or zi nci odi ne (CZl)

Enpty algal cells in a "pseudocortex" can be detected by staining
wi th "chl orzinciodine", which turns a violet color in the
presence of the cellulose walls of the algae, but does not react
to the chitinous walls of the fungus (Poelt, 1958 and pers.

comm ).

This stain has been used in a nunber of studies, including those
of Galun? (19see "Characters" notebook), Baungartner (1979),
Ti ndal (1984)

Ti ndal (1984) reconmended a slight nodification of the
pretreatnent described by Baungartner (1979): the sections should
first be stained in chlorzinciodine for a few m nutes, then both
washed and soaked in Lugol's solution for a few m nutes, and
finally both washed and stained in chlorzinci odi ne again.

Ti ndal found that washing the sections with water, as done by
Baungartner (1979) greatly dimnished the effect of the

pretreat nent.

Poelt (pers. comm) recommends that in species heavily inspersed
with granul es of usnic acid, it is usually necessary to first
flush the cortex with KOH and then water, to renove obscuring

gr anul es.

This stain should be stored in bottles made of gl ass, not
pol yet hyl enes.

Q her stains

McWhorter (1921) recomended safrani nanal i nblue stain for seeing
cell walls and haustori a.

An 0. 1% aqueous sol ution of phloxine increases contrast by
staining cytoplasmnore than walls (Rhoades, 1981, unpublished
nycol ogy | ab notes).

Neutral red and TCC can be used to determine if the algae are
alive or not (LeBlanc, et al., 1971).



Sonme structures (e.g. hyaline epispores) can be seen in black
India ink (Mycol. Handbook).

Reagent s
The followi ng reagents can be used either for naking spot tests

or for making various tests or observations in mcroscopic
preparati ons.

Pot assi um Hydr oxi de (KOH or K)

A solution of 10% (2025% according to Taylor, Lichens of Chio v.
1) potassium hydroxide in mcroscopic preparations is used to
1)di ssolve all granul es except the cal cium oxal ate crystals
(i.e., to clear the tissues and facilitate the observation of
these crystals), 2) to free and di ssoci ate hyphae and hyneni al

el enents, 3) to make a final attenpt at |ocating spores in a
rather sterile apothecium and 4) to observed any col or change in
tissues.

The 10% pot assi um hydroxi de solution usually will stay active
about a half year if kept stoppered (Dahl & Krog, 1973).

Par aphenyl enedi ami ne (Pd or P

This reagent is prepared by making a saturated solution, using a
few crystals in ethanol (7095% . A fresh solution nust be
prepared every few hours. According to Taylor (19 , Lich. of
Chio v. 1), Pd solution will be effective as long as it is clear,
even if it has beconme col ored.

The Pd reagent shoul d not be inhal ed.

Material contam nated by Pd should be destroyed, or it wll
di scol or everything in the vicinity.

The fornula for Steiner's stabilized Pd (see Thonson, 1967;
Taylor, Lich. of Chio; and article by ), which will keep
at least 6 nonths, is as follows:

Wat er 100 m

Anhydr ous sodi um sul phite 10 gm
(Phot ogr apher' s hypo)



Par aphenyl enedi am ne 1 gm

Li qui d det ergent 1020 drops
or
Vetting agents 40 drops

(Saturated sol ution of
Pril or Teepol)

Hypochl orite Solution (O

An undiluted, liquid commercial bleach preparation containing
hypochlorite is used for this reagent.

Sonetinmes a C+ reaction is best seen if the specinmen is pressed
with a probe after the Cis applied, or if the Cis put on filter
paper and the sanple is squashed and sneared around in the C
(Noble, 19 , Dissert.)

Generally a hypochlorite solution is still active as long as it
snells strongly of chlorine, which is about a week or two (Dahl &
Krog, 1973).

| odi ne Reagents (1)

Ti ndal (1984) reconmended studying asci in nodified Lugol's
solution (wth water replaced by lactic acid), which can be used
for sem permanent preparations.

The reaction of asci to iodine can be studied both with and
wi thout pretreatment with K; the former reaction is denoted the
Klreaction, the latter the Ireacti on.

Rossnman (1981) pointed out that Mycol ogists dealing with
freeliving fungi traditionally use Meltzer's Reagent, while

| i chenol ogi sts use I KI (or Lugol's), and caution rnust be

exerci sed because in sone cases the forner may act sonewhat
differently than the latter two, which lack chloral hydrate.
Rossman al so pointed out that all 1odine solutions degrade with
time and shoul d be used when relatively fresh. A conparison of
the conpositon of the three reagents are given bel ow

Mel tzer's | Kl Lugol ' s
Chl oral hydratel00 gm

Pot assi um i odi de 5 gm 1 gm 2 gm



| odi ne 1.5 gm 1 gm 1 gm
Distilled water100 ni 100 mi 300 n

Meltzer's reagent is very poisonous, and chloral hydrate cannot
be purchased wi thout a drug |icense.

Swi nscow (freshwater Verrucaria) neasured spores in Mltzer's.

Nitric Acid (HNO3)

Concentrated nitric acid in mcroscopic preparations is used to
1) test the solubility of granules, 2) dissolve cal cium oxal ate
crystals, and 3) to observe any col or change in pignented
structures.

Ti ndal (1984) used 50% nitric acid.
Sulfuric Acid (H2SO4)
Tindal (1984) used 25% sulfuric acid to dissolve cal ci um oxal ate.

Hydrochloric Acid (HJ)

Some workers recommend hydrochloric acid instead of nitric acid
or sul phuric acid.

Chl or am neT
Thonson (1967) used a 5% sol ution of chloram neT in al cohol as a
test for usnic acid (which gives a yell ow reaction).

Conbi nati ons of several reagents

Sonme workers recomend various conbi nations of several reagents.

Pot assi um hydroxi de & Hypochlorite solution

According to Taylor (Lich. of Chio v. 1), not nore than a few
seconds shoul d el apse between application of K and C

Nitric acid & Potassium hydroxide

Makarevi ch (1971) recommended exam nation of tissues first in
nitric acid and then in potassi um hydroxi de.



METHODSM CROSCOPYM SC.
April 1988

Select a full grown but not | arge apothecium for sectioning.
(Si pman 1983).

Soak the apothecia first in 90% ethanol to expell the air, then
in tap water. Sipman (1983)

After maki ng nmeasurenents and ot her observations in water and
letting the sections air dry, wash away secondary netabolites, by
addi ng and evaporating drops of acetone at room tenperature.

(Si pman 1983, follow ng the second nmet hod descri bed by Thonson
1967, p. 16). Use the acetone extracts for TLC, then resoak the
sections in ethanol and then in tap water. Then transport the
sections into | actophenol cotton bl ue.

bserve the sem permanent nounts made in | act ophenol cotton bl ue
after one day, and note changes (Si pman 1983).

Mbi sten the ascocarps with water containing a wetting agent
(Harris, 1973; this may be necessary nminly for pyrenolichens).

Asci

Separate asci from paraphyses by gentle pressing with the points
of a pair of forceps under the mcroscope with | ow magnification.
(Si pman 1983; this may be feasible only with | arge asci).

Cut off about one third of the ascocarp and di ssect out a portion
of the hynmenium which then may be gently squashed on a slide

wi thout the interference of parts of the substrate or carbonized
wal | fragments (Harris 1973).

Sor edi a
Exam ne and neasure soredi a under a conmpound m croscope at | ow
magni fication, with incunbent light and in airdried state.
(Si pman 1983).

Crystal s

The nature of the crystals of cal cium oxal ate can be proved by
their solubility in concentrated acetic acid and/or diluted



hydrochl oric acid. 1In the first they do not dissolve, in the
second they do w thout effervescence. Experinents to renove the
crystals before sectioning, to obtain better sections, are
unsuccessful (Si pman 1983).

Stai ns and Mounting Medi a

Lugol 's lodine usually provides sufficient contrast to
makedetails visible without chemcally distorting them The
i odine can then be cleared by pulling 1020% KOH under the
coverslip and drawi ng the iodine out the other side (Harris
1973) .

Agqueous phl oxine (12% in water) gives good contrast for seeing
septation in spores and hyphae, and can be cleared with KOCH

| eaving only the protopl asm deeply stained (Harris 1973).

Spore ornamentation can be seen by staining with acetic cotton

bl ue (Chadefaud, 1969cited by Harris 1973) bu heating just to the
boi ling point over a flane.

Al gae can be seen in endophloic thalli by nmounting thin sections
i n | actophenol cotton blue and warm ng gently (Harris 1973); the
algae will stain deep blue, while the bark cells will be

relatively unaffected (Harris 1973). A m xture of aqueous
phl oxi ne and 1520% KOH can al so be used for this purpose (Harris
1975) .

Chl orazol Black (12 percent in water), mxed with KOH on a

m croscope slid inmediately before use is the nost satisfactory
stain fro the chitinoid ring in the ascus tip of Porina and
Trichothelium (Harris 1975).

Use orseillein in |actophenol cotton blue. Oseillin stains the
cytopl asmred; when observing with a blue filter the cytopl asm
appears dark bluish. Oseillinis a nore satisfactory stain than

cotton blue and should be used routinely (Anderson 1970).



METHODOLOGY

Descriptions of various techni ques and refinenments are scattered
through a | arge nunber of books and articles on |ichens or other
organi sns, and nost workers have their own special nethods
acquired through nuch experience and trial and error. It is
desirable to nake a larger portion of this extrenely diffused

i nformation available in a single place, with conpari sons of
alternative variations, and to contribute towards eventual

st andardi zati on of sone of the techniques.

EXAM NATI ON OF LI CHENS THROUGH A DI SSECTI NG SCOPE

Vetting the surface of the thallus will often nmake
spernmagoni a easier to locate. It will also help to see the col or
and surface structure under pruina.

To exam ne the undersides of |obes or squanul es and
deternmi ne how they are attached to the rock, carefully detach and
lift the structures using a probe needle.

MEASUREMENTS

Measurenents given in mm are nmade under a binocul ar scope on dry
material. Those given in umare nmade under a conpound scope.
The latter are usually made in water unless stated otherw se.
Tindal (1984) nade all microscopic nmeasurenents on nateri al
mounted in LCB

Tindal (1984) generally based descriptions of the di nensions of
spores or conidia on fifty or neasurenents (per species). It is
desirabl e (though not always feasible) to neasure at |east 10
spores (or spermatia, etc.) on each specinen. The |argest one
and the snmall est one should be sought; otherw se the search can
be either systematic or haphazard (by noving from each neasured
one to the closest one to it?).

Measurenents can be recorded or expressed in various ways.

Tindal (1984) recorded the two extrenme values to the nearest 0.5
um (0.5 mm coul d be used for features neasured under the

di ssecting scope), and calculated the arithnetic nmean to the
nearest 0.1 um (or |less precisely for structures only with nean
di mensi ons under 1.5 um

STUDYI NG SPORES



Do not assune that scattered spores belong to the species you are
studying, unless simlar ones occur in the asci. Al so watch out
for parasynbi onts.

It is inportant to distinguish between mature and i nmature
spores. In general, inmmture spores have granul es and oil drops;
mat ure ones often do not (Nearing, the Lichen Book).

When neasuring thinwall ed spores, it is inportant not to exert
pressure on the coverslip, which can increase the spore | enght up
to onethird nore (Sw nscow, freshwater Verrucaria).

M SCELLANEQUS METHODS

Eucortex and Pseudocortex can often be distinguished in rather
thick sections if they are in KOH.

To see paraphyses or other tissues clearly, let the sections
absorb cotton blue for several hours, then rinse with water
(Hertel, pers. conm).

Sem Per manent Sl i des

Sem permanent slides, which can be rewet whenever needed, have

t he advantage of being easy and inexpensive to prepare, and they
do not distort hyphae and tissues the way that the pernmnent
nmounting nedia do (Poelt, pers. comm).

Sem permanent slides can be prepared by sinply glueing one or two
edges of the coverslip to the slide, and then when a dry slide
needs to be reexam ned, sinply putting water under the coverslip
again. Poelt (pers. conm) uses "UHU Al l eskl eber" for this

pur pose; various kinds of nodel cenment or clear nail polish also
wor k wel | .

Fi xi ng Agents

According to McWorter (1921), fungal elenments fix well in
chromacetic acid, while algal elenents fix well in hot bichloride
of nercury.

A solution of 7% formalin or FA A wll preserve |lichens (Sass,
1951; recipie on card).

Epi hyneni um Chem stry

For determi nation of the actual chem cal contents of the



epi hymeni um Leuckert (pers. comm) recomends noi stening the
apot hecia, blotting with a paper towel, scraping with a fine

scal pel (carefully avoiding getting the margin) and doi ng HPLC or
(if large nunbers of apothecia are available) TLC, on the

scrapi ngs.

Reagent s

Ferrous (ic?) Chloride (Fed 3)

LC
Ani sal dehyde in ethanol, mxed with sulfuric aciddetects usnic
aci ds, which turn deep violet (Leuckert, pers. comm).
When gyrophoric acid is present, at |east traces of |ecanoric
acid are usually al so present (Leuckert, pers. comm).
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