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INVESTIGATION OF THE MEWSRANES OF SPORZS AND POLIEN. Iﬂ‘a‘

3 Poseil Sporopollenins from Tasmanite and the Moscow
brown coal.

Von Fritz Getzsche, Hans Vicari & Gustav Scharer.
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To the products of nature, which meet us in an apparently

well preserved condition still to-day, a long time after the death
of the single individuals which have built them up, belong the membranes
of the spores :nd Pollen. In almost all coals and many oil shales of
quite different gzeological age the spore membranes of the ‘plants existing
at that time can be established. These delicate structures have been
cbverted completely into a fossil mineral. However, widely distributed
are the rocks containing fossil spores, as is shown from petrographic
investigations carried out on the thin slice, thin sectiom and relief
methods, still there are only a few suitable for the isolation of the
spore membranes. 3ince it was established in the previous investigation
that the sporopollenins of recent plants differ little from each
other, so was this same conclusion also to be drawn for the extinect
plant world of the past. It was desirable, therefore, that the spore
material should contain only one kind of spore. Further it was
desired that the breakable stone should contain as high percentage as
possible of sporecases, in order to overcome the treatment of not too
great quantities, probably with difficulty too, of inorganic or organic
accompanying material. Besides it was desired for an easier isolfation
to work with the most friable rock obtainable. Rocks of this nature
were found in an oil shale in Tasmania (Tasmanite) and in a Russian
brown coal in the Moskauer district. Although both Kaustobioliths
possessed suitable loose structure yet there were still some difficulties
in getting from it a material, that was free for analysis, and uniform.
The greatest difficulty was caused by those spore cases that in
consequence of the pressure of overlying rocks were bound together
formerly with principally clay and humic material which in Tasmanite
amounted to over half, in the brown coal to 90% of the total quantity
of spores. Just as in the case of the recent Spores and Pollen the
alternate application of mechanical and chemical methods of cleaning
lead to the goal. Kspecially favoured was the separation of the spore
cases in that in both cases it is concerned with macrospores by,that
are understood spores over 0. mm. diameter diverging from botanical
use into coal. The material was coarsely ground in order to avoid
as much as possible the disintegration of these, and then divided by
sifting intoua finer and a coarser part. The coarser part contains the
undamaged spores. Both parts are further treated separately. 1In
Tasmanite the coarser part contains large quantities of sand and the
smaller proportiom of clay whilst the finer part contains the main part
of the clay, fine sand and pounded spore materisl. The best wasy to get
rid of the sand ig to wash with carbon tetrachloride, and through freguent
!ashini of the clay with soapy water it is possible to cause the clay
to go into suspension. The spore material obtained in this way out
of both parts is still high in ash which is caused principally thr
the constituent parts clinging firmly to each other im conse .ne.oggh
the earth pressure as mentioned above. The only way to scpag:tc it i
:g :;koi;rghcmicsl treatment of the spores, in which they are submité:a

o uence of hydrofluoric acid. The grains of the associated

inorganic material are so A
greatly freed through this that ¢
:::zgzgntzrough renewed washing with carbon tctraehl&ridclan:.to:an o
b .ztrac:‘:-P?oportion of ash of under 1%2. Then the spore m',bp
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and finally for the separation of soluble bitumen with organiec
solvents. In this way you get about 177 of Sporopollenin which
represents a minimum figure since in the working of the greater
proportion of rock material, losses are inevitable, especially in

the pouring out.

The difficulties of getting pure Magsrospores from the
Yoscow brown coal are considerably greater_than with Tasmanite.
Indeed the main part of the spores can eagily be obtained here also.
Through grinding and sieving, yet the separation from the inorganic
rerts, which consist almost exclusively of sand does not cause half
as much trouble as the sep:ration from the humic coal gnbstance.
Instead of carbonm tetrachlorite a ligquid of lower specific gravity
must be chosen for this purpose which is obtained through the
addition of carbom disulphide to carbon tetrachlorite. However, the
sepadation is much more imperfect and must be repeated more often.
The spores obtained in this way appear under the magnifying glass
still considerably contaminated with the firmly clinging humic
material. TFreguent intermittent beiling with alkali and acid
removes them followed by a subseguent treatment with hydrofluoric
scid since the spores obtained in this way contain at the most 0.4%
Ash. But here a solid emtraction with organic solvents, preferably

gm dine, ig still more important than with the spores of the :
a.manitéo The yield amounts to S.5%, yet it is hard to give the

figure since we have worked with only suitable pieces rich in spores.
Previously it was mentioned that fossil sporopollenin is very far
spread, as shown by coal=petrographic investigation. From the great
power of resistance of the modern Cuticular substances Sporopollenin
and Cutin, to the most numerous chemical influences, it is not
rprising that these substances have offered considerable resistance
to 1 biochemical and geochemical sections which are comnécted with
the formation of sapropelic material and coal. Their recognition
depends certainly less on chemical reactions than on the shape
of the Cuticules and spore cases preserved in spite of all the
influences so that the latter are called simply fossil spores and
Pollen, although not more than on constituent part whose form can
be definitely recognised has remained preserved.

BY virtue of microchemical reactions one previously

took for granted that the membrane of the spores is still completely
unchanged, since it gives the reactions of the modern caticular
substances. The reaction with concentrated chremic acid, concentrated
sulphuric acid, zine-chloride-~iodine, Potassium Eri-iodide solutions
and the colour reactions with gentian, violet, Sudan 3 - saffon,
Erythrosin and Chlorephyll solution, and concentrated potash lye almost
corresponds to that of the moderm Sporopollenin. The investigations
on the modern Sporopollenins have already shown that the maintenance
of the shape alone gives no proof for the immutability of the foSsil
sporonins. So we have taken for example a series of bromimations and
subsequent debrominations through potash Iye mnd after being treated
three times during which treatment the greater part of the Lyeapodium
Spordnins was dissolved, the outer shape was still completely pre=-
served n::.i. thelgsle Z:&Imr colour was changed towards brown.

) Wi sulphona Sporopollenins of Lyeopodium and Pinus pre-
garn_-a,. which remained insoluble and kept their shape in spite of fhe
rastic treatment and opportunity for salt formation. TIn gpite of the
resistant nature power of the Sporopollening it was scarcely probable
that the countless chemical influences during the formation of coal
and sapropelic matter have been without any influence on tbe
?pmollenin, To discover the intensity and ultimate effect &f these
nfluences, it could be attempted amly through comparison of the fossil
Sporopollenin with recent Speropollenin. Since the spores of the Tag-
manite cannot be correlated by the palaeobotanists with certainity to
any fossil plant we name the fossil Sporgpollenin after the mineral

district are assigned to the

;g:;;;;iBothi:od?nﬁrﬁ-md Wwe, therefore, call the second fossil
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which is mostly more or less creased owing to the consolidating
pressure of the rock. But a greatpart appears in the shape of
large fragments. The substance is free of sulphur and nitrogen.
Bothrodendrin when dry is of Dbright brown colour, unpolished and
opaque, but when meoist is dark brown. The undamaged spore cases
show low magnification the shape of a flat, pressed together semi-
spherical form. whose base=-forms a tetrahedron. They have, on
an average a diameter of 2 mm. Bothrodendrin is free of nitrogen tut
contains a warying quantity of sulphur. From numerous pieces of
coal we have obtained fossil Sperepollenin with 0.1 = 0,27 sulphur,
from others Speropeollenin with 2 - 37 sulphur. Since the Moscow
brown coal is very rich im sulphur, the sulphur might be considered
with Safety te have been absaevled during the coal formation; the
variable guantity of sulphur supports this view. Therefore, we
may neglect this quantity. It shows further that even this mevibrane
substance which is so resistant is chemically changeable. This
vulecanized Sperepollenin is alse much more brittle than the
Tasmania (which has no sulphur). The reaction to heat is,
en the other hand, in the case of both fossil Sperepollenins like
that ‘of the recent Lycopodium-Speroning, whilst at 200 degrees
an evolution of water is noticeable, which in Tasmanim seems to be
lesser than in Bethredendrin, and over 300 degrees with the
appearance of a brown distillate and a smell characterigstie feor
each fossil Sporenin decomposition occurs to a dark bitumen.
Those colour reactions of the recent Sporopollenins obtained with
concentrated sulphuric aecid are not given since the yellow colouring
materials giving these reactions are altered very quickly frem the
material of the Sporopollenine during the carbonsation. Even
though of recent origin Sporemembranes separated from peat zive
very seldom one of these colour reactions. How quieckly this
eolouring material part is changed is already shown by the reaction
of the recent Sperepellenins in beiling in glacial acette acid
whereby those which gave colour reactions with concentrated sulphuriec
acid were coloured dark brown. But analytiecally a change was not
established. With longer standing or with heating in concentrated
sulpmurie acid or phesphoric acid Tasmanin and Bothrodendrin are
likewise coloured dark brown like the recent Sporopollenine. B
virtue of analysing we can by accepting the ‘empirieal f&rmnia 3
established for the recent Sporppollenins come to the formula for
Tasmanin : Cqpn H 6 01 and for Borthredendrin, whereby we neglect
for the preaggt %ﬁe terial quantity of sulphur, te the formula
C9o H120 021. Even in this fogsil Sporopoellenin a part of the
oxygen was left through acetylation still as OH species, and even i
Tagmanin 2 Hydroxyl groups and in Bethrodendrin 9 Hydr " 1 kg
that the abeementioned formulae can be resolved into ot S
€90 H134 015 (OH)2 for Tasmanin and C90 H111 012 (OH)g £
Borthrodendrin. If one puts these formulae oppesite tg t;:t of the
Lycopodium Sperenin: Cgo Hig2 Op7 or Cgo H1p7 012 (0H)4q
80 there is shown a surprisingly close relationship in 55.1‘.
characteristie changes. The oxygen (parhaparelharEQxy g
more closely specified by us previously has appsrantl:gagzag.t ------
:::E:gggg :ﬁ:ogggipio angdgég;ehnmical infiuences. The :ﬁanggzd
o°gen a Hydroxyl groups. Beoth f
Sporopollenins show a legsened Hydr 1 drog i
the relation of Pagmanin to Bothredeniris is —onoocn, content. Yet
Tasmanin has ndrin is completely reverse.
1696 Rytresyl et Tery ik B & iy o B e
omena will have $o be sought in the histare i?uzﬁ y thﬁ:;;
;inzethigtgﬂ::bzgithn Tasmanite and brown cealf Tasm:ng::ais aent
; ape ich owes it ist
Processes of the deeenpin:n;f:;E:nGQAza Eaeeintegai" ) =g
greoups have been reduced to hydrogen at S ially the Hydrexyl
formed are the relati tians g iriue dirfexently
pinsr s ons perhaps reactions during the carben i
arbonsation stands out alse in the example sation.
& particularly debydro ; of the Bothredendrin as
_ : ydrogenating processs The 19
groups is to be traced back to the dehyd i o T o -
mist have an ungaturated charsct *aydrating percess. Bothredendrin
reaction with oxydising agzent L 1as@an1n a saturated onme. The
aeid cen serve ag o S among which we favour fuming nitri
of t ’ « If in a glassste - > u
he three Sperepellenin 356" B4t Entd pPpered bottle samplesg
nitrie acid Lycepod ium-3paeronin Side with anexcegs of fuming
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coarge part containing the spore shins urndamaged for the greatest
part always has a higher quantity of Ash, since the impurities

found in the interior of the @spores are never completely removed. A&
test under the microscope shows this immediately.

Appearance and ga:neral properties of Tasmanin are already 1

described above. The acetulation and determination of the guantity
of Acetyl was determined as in the case of Lycopodium-Sporaonin

Axrchefrei = Jaben = gave und = and.
Verbrauchten = used up. -

(see page 76).

The Wax to get Bothrodendrin.

Bxtraction of Bothrodendrin from Moscow Brown Coale

200 grams of selected pieces of air-dried Noscow broun
coal, rich in sppres, were reduced tTo small pieces with a hammer
and then coarsely ground in a coffee-mill. The product was then
dividedinto two portions by sifting. By this means the finer portion I
wWas relatively poor in spores. Rach portion was then put through
the following operations separately. ! =

In the first place the crushed sample was transferred to a wide
beaker and covered with carbon tetrachloride. Carbon disulphide was
carefully added with constant stirring, till on allowing to stand a
separatien of the solid portion into two layers took place. This
required a quantity of carbon disulphide equal to about § that of the
carbon tetrachloride used. The upper layer containing the spores was @ *
skimmed off, and subjected to the same treatment several times, untili -
no further separation was obtained. - :

oy -

Wext the spore membranes were warmed repeatedly with Pyridine
on the water bath and filtered, until the filtrate was colourless.
To remove the pyridine the sporecases were allowed to stand in
frequently renewed dilute hydrochloric acid for several days and
likewise were washed free from acid with water by actually more prolonged
 treatment. The material purified in this way was now digested with
500 ccs. of 107 KOH solution for several hours, allowed to settle, and
by careful decantation was freed from the dark brown turbid 1ye. This .
treatment was repeated again and again until the lye was only yellowishs
The residue of spores was then digested for two hours with half a litre
of 10% HCL, filtered and again digested with lye. I
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After pouring off the lye, the spores were washed with S0&aRe
They were briskly shaken for some time with 50 times their volume of
a warm 157 soft soap solutien in an Erlenmeyer flask. After allowing
the'flagk to stand for a short time in an inclined position, the soap=

ye, which had become wuddy owing to small particles of coal, Was .

decanted from the settled spores by gemtly inclining the flask, and
{gﬁ;azgggtgggt w%ﬁh soap was repeated until the soapy water appeared no

1rbhida € spores were then transferred t ie 5N
waghed with soap solugien on thises R o

i
e adiidhe

PFinally the spore cases were washed wit hot ter
the final washing was acidified with HQL. !h&nt:he spggés ;efgi:gifar
examined under a lens, it we.s noticed, that no dark earthy substance
adhered to the spore=particles which were obtained from portion I, :
Whereas the unbroken spore-cases of portiom IT still showed spores to .
which dark fragments adhered. A further repetition of the whole 1
purification Process, diminished thesge adhering partiéles |
howe?ar, their complete removal was not attained.
Spores was purified by sorting out under the lens,
nnﬂamaged.. In order, however, to attain the object
chief portiom of the Spores, after drying,

quite noticeably, |
A portion of these *
in order to obtain them -
more conveniently, the
Was reduced to a fine rowder
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