METHODS: M CROSCOPY

Bruce D. Ryan

Refraction

By adjusting the rings under the condenser, you can get
refraction by the transparent parts of the section, or a dark

backgr ound.

Hertel (1986, pers. conm)

Kol en Met hod (for achi eving sharp i mage)

For each objective, turn diaphragmto mninmm nove condenser
until ring is sharp, then open diaphragmuntil it fills the
field.

Col ors

The apparent color ("color tenperature") of objects under a

m croscope changes color with the voltage. Artificial light is
+/ yell owi sh, so bl uegreen appears yell owgreen. Therefore, use a
blue filter to make the light nore like that of sunlight.

To conpare col ors, use sections of constant thickness.

Pol ari zed Li ght

The color of crystals in polarized |ight indicates different
substances. There is a special polarizer that nmakes a bl ue
background and makes the crystal s orange.

Exci pul um Structure

To exam ne excipulum structure, soak the apothecia for several
acetone (roomtenperature or warnm), then rehydrate them

Mycobi ont / Phycobi ont Cont acts

To see contacts between fungal hyphae and al gal cells, use
I nterference contrast.

Walls of spores, paraphyses, asci, etc.

To see the walls of spores, etc., use interference contrast, on



squash nounts.

Chemi stry of granules in epihynenium cortex, etc.

Try dissolving granules in acetone. |If there is no effect from
acetone or reagents using the bibul ous paper nethod, try applying
the reagent directly to a dry section, and then adding water as a
drop on the underside of the coverslip.

Bl otting

Toi |l et paper is handy for blotting up excess |iquids.

Cott on Bl ue

The | act ophenol in cotton blue may dissolve crystals, especially
after some tine.

Freehand secti oning

Break doubl eedged razor bl ades in half; check the edges under a
di ssecting scope to see if they are straight and sharnp.

Soak the specinen in water for a while, then blot dry before
secti oni ng.

Ascus structure

After squashing, add a drop of water or |ift up the coverslip to
rel ease the pressure.

Pycnidi al structures (fulcra, etc.)

Use 0.5% erythrosin in 100 mM of 10% amoni a.



TIPS ON SECTI ONI NG OF LI CHENS
Bruce Ryan
Nov. 1987

Some nicroscopi ¢ observations, e.g. observations of spores, can
be made on squash nounts. However, many critical features can be
clearly seen only in sections, and with large, hard or fragile
structures, it is often necessary to use reasonably thin sections
even to nake good squash nounts.

Brodo (1984) and ot hers have recommended that in studying
apot heci a, sections should be made of the central, portion of

mat ure, healthy ones. |If the sections are not roughly nedi an
t hrough the apothecia, the often deeply conical base of the
hypot heciumw || be mssed. It is inportant not to cut away the

ti ssues of the apothecial margin because they often contain
useful features of the cortex.

In nost cases, sections should be nmade vertically (perpendicul ar
to the upper surface of the structure). However, horizonta

sections can sonetinmes also be useful, e.g., in measuring the
di aneter of the lower parts of the paraphyses (Hertel ?, pers.
comm). 1In sectioning |obes, sections made longitudinally in the

direction in which the | obes radiate nay show a structure
different fromthat in sections made perpendicular to the radi al
direction.

The sections need to be flattened out and separated from each
ot her (using a probe or brush under a dissecting scope, if
necessary) before being fanned out under the cover slip.

Secti oni ng by Hand

To get the |lower cortex, pull |obe or apotheciumoff, turn it
upsi de down, and slice. Even if the nedulla falls apart and the
section doesn't include the entire thickness of the structure,
the lower cortex will be included. (Wth apothecia, the upside
down position is also nore stable for nmaking sections through the
entire structure).

To get thin enough sections, one can nake each slice at a slight
angle to the previous one, such that one end of the section wl|l
be very thin. However, this may produce sone distortion in the



appearance of the tissues.

To section thalli or apothecia (especially hard or brittle
material), soak the structure (usually while still attached to
the thallus) in water, then blot up the excess water (Hertel,
pers. comm ). Sone experinmentation is needed to determ ne what
degree of wetness is best for sectioning a given structure. |If a
structure is too dry it may pop off the thallus or crunble; if
itis too wet, it may beconme too soft and fl exible.

Unless it is desirable to exam ne sections nade parallel to the

| ateral surface, it is generally useful to make an initial cut
tangential to the structure and discard the thickish curved outer
part before making thin sections.

Slice the structure fromtop to the very base with a rapid
slicing notion, discard or set aside the outer sections, and cut
the m ddl e sections (four or five) free, to be exam ned

m croscopically (Brodo, 1984).

The outer few sections (or inperfect sections) can be saved for
maki ng chem cal tests.

Be sure the razor bl ades are sharp, to avoid destruction of
characters and prevent carring of granules fromone part to
anot her (Brodo, 1984). Use a fresh razor bl ade after every five
or ten specinmens, or nore frequently when the slices are partly

t hrough rock or when very thin sections are critical. Use
doubl eedged razor bl ades, since they are usually sharper than the
si ngl eedged ones (Rhoades, pers. comm). Break them di agonally,

and use the pointed part for slicing (Hertel, 1986, pers. conm).
Exam ne razor bl ades under the dissecting scope to see if they
are straight and sharp (Hertel, 1986, pers. conmm)

Wt the razor blade to pick up the slices. Wen renoving the
slices, try not to drag them across surfaces where they m ght
pick up snmall particles (e.g., pruina or particles of dirt).

Bl and (1971) recomended pl acing the thallus between two snal
pi eces of bal sa wood which are pressed cl ose together, and
cutting sections through both the bal sa wood and the |ichen.
Si pman (1983) used Sanbucus pith for this purpose.



SECTI ONI NG BY M CROTOVE
Very critical or detailed anatomi cal studies require the use of a
m crotome, to prepare thin sections. Tindal (1984) used sections
820 um t hi ck.

Brodo (1986, pers. conm)

Mount specinen in m xture of gum arabi c and phenol crystals.

| ce should be just hard enough to dent slightly with your
fingernail.

Soak specinmen (on slide, with label) in PhotoFlo, then put
sections in watchgl ass of water.
Put 5 sections on each slide.

Lift sections fromwatchglass, put into cotton blue on slide,
wi th brush.

Cl ean coverslip in water before putting on top of cotton bl ue;
put coverslip on slowy with tweezers, with one end touching
slide first, and try to avoid bubbles; use tiny drop of cotton
blue, so it doesn't go past the coverslip. For permanent slid,
wi pe cotton blue with noist tow ette, and seal twice with clear
nail polish

Hertel (1986, pers. conm)

| ce should not be too cold (250C is about right).

Soak specinmen in alcohol first (prevents rupturing of tissues,
but may di ssol ve substances).

Use thin, flexible tweezers, which will not squash the apot heci a.
Attach disc side of apothecia to sloping surface of the ice.

Make ice flat by running a finger across it before the ice is
conpletely frozen; add water in tiny anounts to avoi d washi ng
away t he speci nen.

Make at |east 4 slides per specinen, at least 2 with cotton bl ue.

Put cotton blue on slide before putting specinen on. Leave
sections in cotton blue for a while (at | east several hours) _



before putting on the coverslip; this will stain the tissues
better.

Adj ust knife angle, experinenting until the knife neither
shatters the ice nor glides over it, but actually slices it.

Section several apothecia of a specinen at a tinme, but renove
each 34 sections, and put each set of 34 in a different drop on a
sl i de.

| medi ately after sectioning, before putting the coverslip on,
and before the sections dry out, flatten and separate the
sections and renove sand grains, using a needle under a

di ssecti ng scope.

From Roger Ander son

Put an insect pin inside a hypoderm c needle and bend it to make
a probe for nmanipul ati ng ascocarps to be secti oned.



METHODS: FREEZI NG M CROTOVE

Brodo (1986, pers. conm)

Mount specinen in m xture of gum arabi c and phenol crystals.

| ce should be just hard enough to dent slightly with your
fingernail.

Soak specinmen (on slide, with label) in PhotoFlo, then put
sections in watchgl ass of water.

Put 5 sections on each slide.

Lift sections fromwatchglass, put into cotton blue on slide,
Wi th brush.

Cl ean coverslip in water before putting on top of cotton bl ue;
put coverslip on slowy with tweezers, with one end touching
slide first, and try to avoid bubbles; use tiny drop of cotton
blue, so it doesn't go past the coverslip. For permanent slid,
Wi pe cotton blue with noist towette, and seal twice with clear
nail polish

Hertel (1986, pers. conm)

I ce should not be too cold (250C is about right).

Soak specinmen in alcohol first (prevents rupturing of tissues,
but may di ssol ve substances).

Use thin, flexible tweezers, which will not squash the apotheci a.

Attach disc side of apothecia to sloping surface of the ice.

Make ice flat by running a finger across it before the ice is
conpletely frozen; add water in tiny anounts to avoi d washi ng
away the speci nen.

Make at | east 4 slides per specinen, at least 2 with cotton bl ue.

Put cotton blue on slide before putting specinen on. Leave
sections in cotton blue for a while (at |east several hours)
before putting on the coverslip; this will stain the tissues
better.



Adj ust knife angle, experinmenting until the knife neither
shatters the ice nor glides over it, but actually slices it.

Section several apothecia of a specinmen at a tinme, but renove
each 34 sections, and put each set of 34 in a different drop on a
slide.

I medi ately after sectioning, before putting the coverslip on, and
before the sections dry out, flatten and separate the sections
and renove sand grains, using a needle under a dissecting scope.

From Roger Ander son

Put an insect pin inside a hypoderm c needle and bend it to make
a probe for nmanipul ati ng ascocarps to be secti oned.



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).



USE OF PCOLARI ZED LI GHT I N M CROSCOPRPI C STUDY OF LI CHENS
Bruce Ryan
Nov. 1987

The use of polarized light, (with one filter between the
light source and the speci nen and one between the speci nen and
the eye) has been descri bed by Kofler (1956).

As pointed out by Brodo (1984), "crossedN chols" illum nation,

whi ch renders crystalline or refractive material bright against a
dark background, is essential for distinguishing between ninute
oil droplets and granules, or between air pockets and | arge
colorless crystals in the anphithecium and for seeing granul es
in a strongly pignented epi hymeni um

Use polarized light to see the algal |ayer, cortex, and other
tissues in thick sections.

Use polarized light to distinguish the subhynenium hypotheci um
etc. fromeach ot her.

Sonetinmes the paraphyses and asci refract, appearing to glowin
polarized light. This is a conmon phenonmenon (Brodo, pers.
comm) In many cases where this phenonenom occurs, for one
reason or another there are no spores (or at |east no

wel | devel oped ones) in the hyneni um

Sonme types of refraction may occur in areas where the section
changes in thickness (e.g., at the edge of the structure, or at
t he boundary between two tissues) or bends out of the plane of
the section (Nash, pers. conm). Conparison of different
sections will usually show that such patterns are artifacts.

The degree or appearance of refraction is affected by the
t hi ckness of the section; thin areas usually refract |ess than
t hi ck areas.



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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