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Fehlen der Ascorbinsdure in Rhodospirillum rubrum

Ascorbinsdure wurde bisher in allen griinen Pflanzen
gefunden. Moglicherweise kommt dem Redoxsystem
Ascorbinsdure/Dehydroascorbinsiure in diesen Organis-
men eine regulatorische Funktion zu!. Die Morphogenese
der Thylakoide (Chromatophoren) von Rhodospivillum
rubrum kann in Dunkelkulturen wihrend der logarith-
mischen Wachstumsphase durch Absenken des Sauer-
stoffpartialdruckes induziert werden? Es wire denkbar,
dass an diesem Regulationsprozess ein Redoxsystem der
Zelle beteiligt ist®, Es war deshalb von Interesse, zu unter-
suchen, ob Ascorbinsiure in diesem potentiell photo-
trophen Bakterium nachweisbar ist. Die Untersuchungen
wurden mit aeroben (thylakoidfreien), semiaeroben (thyla-
koidhaltigen) Kulturen und an anaeroben (thylakoid-
haltigen) Lichtkulturen durchgefiihrt.

Die Bakterien wurden vor dem Ende der logarith-
mischen Wachstumsphase geerntet, mit einer eiskalten
Mischung von Methanol und wissriger Metaphosphor-
sdure versetzt, durch Ultraschall unter N, homogenisiert
und nach Zentrifugation {0°C, 20000 g) im Uberstand die
Reduktion von Z,6-Dichlorophenolindophenol gemessen
(pH 2,5; 578 nm) 1, Extrakte aus Zellen mit Thylakoiden
reduzierten unter diesen Bedingungen etwa doppelt so
stark wie Zellen chne Thylakoide aus aeroben Kulturen.

Da diese Methode jedoch nicht vollig spezifisch fiir
Ascorbinsiure ist, wurde wversucht, die Ascorbinsiure
chromatographisch zu identifizieren. Der Zellextrakt
wurde durch absteigende Papierchromatographie mit dem
Laufmittel #-Butanol-Eisessig-H,O (4:1:5) aufgetrennt
und die Ascorbinsdure auf dem Chromatogramm durch
sofortiges Entfidrben einer dthanolischen Lésung von 2,6~
Dichlorophenolindophenol nachgewiesen4. Jedoch liess
sich im Bakterienextrakt keine der Testsubstanz Ascor-
binsdure entsprechende Verbindung nachweisen.

Zur Sicherung wurde noch ein chemischer Nachweis
durchgefiihrt®. Der Bakterienextrakt wurde mit Brom zur
Oxydation der Ascorbinsiiure behandelt. Unter sauren
Bedingungen wird dabei der Lactonring getffnet und mit
2,4-Dinitrophenylhydrazin das orangerote Osazon der
Diketogulonsiure gebildet. Dieses wurde mit Athylacetat
extrahiert und mit Hilfe einer Kieselgelsiule von den
Osazonen anderer Zucker abgetrennt. Die endgiiltige

Mechanical Properties of the Radula Protractor

Cardiac muscle of the prosobranch gastropod Busycon
(Busycotypus) canaliculatum Linné 1758, has been shown
to possess those properties in its contractility cycle! and
its length-tension diagram?® which one might expect to be
typical of heart muscle as contrasted to skeletal muscle
or smooth muscle. It is possible to compare cardiac muscle
of Busycon directly with phasic muscle of the same animal,
since the buccal mass of gastropods contains ‘voluntary’?
musculature.

Isolated radula protractors of B. canaliculatum were
maintained at 15°C in a jacketed bath of artificial sea
water aerated by a slow stream of air bubbles (Figure 1).
Tsometric tension was picked up on a Statham strain
gauge and recorded on a Grass polygraph while the
muscle was stretched by lowering the bath in 1 mm
increments on a Palmer screw stand. A standardized
method was adopted for measuring active tension at each
length in which the muscle was first caused to twitch by

Identifizierung des Osazons wurde itber Diinnschicht-
oder Papierchromatographie erreicht.

Mit dieser Methode konnten zwar die in Senfkeimlingen
unter verschiedenen Lichtprogrammen (Dauerdunkel oder
Dunkelrot)! nachgewiesenen Ascorbinsiuremengen quan-
titativ (Fehler << 4- 109%,) bestimmt werden. Bei Zellen
von R. rubrum verliefen jedoch alle Nachweisversuche
negativ, ganz gleich, unter welchen Bedingungen sie an-
gezogen wurden.

Die papierchromatographische Methode weist spezifisch
Ascorbinsiure nach, wihrend bei dem chemischen Nach-
weis auch Dehydroascorbinsiure und Diketogulonsiure
miterfasst werden. Da Versuche mit beiden Methoden in
jedem Fall negativ verliefen, muss man daraus schliessen,
dass R. rubrum weder in aeroben und semiaeroben Kulturen
noch in anaeroben Lichtkulturen dazu fahig ist, Ascorbin-
sdaure oder ihre unmittelbaren Vorstufen zu synthetisieren.
Die Resultate der photometrischen Methode widersprechen
diesem Ergebnis nicht, da die Reduktion von 2,6-Di-
chlorophenolindophenol auch durch andere Substanzen
verursacht werden kann.

Summary. Cells of Rhodospivitlum rubrum were cultured
aerobically or semiaerobically in the dark and anaero-
bically in the light. The investigation of acid extracts of
these cells showed, that this bacterium contained no
ascorbic acid under all conditions of cultivation.
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of Busycon canaliculatum

a 40 volt, 5 msec pulse from a Grass stimulator, allowed
to rest 4 sec, tetanized at 6 pulses/sec, allowed to rest 4
sec again, and then caused to twitch once more. Nine
muscles were used in all.

The results are displayed as a length-tension diagram
in Figure 2. Active tetanic tension has a peak at about
the length at which passive tension begins to rise steeply
with further elongation (55 mm for this muscle). There is
then a sharp drop in active tetanic tension as passive
tension continues to increase. Attention is drawn to the
twitch tension curve as well as the tetanic tension curve,
since the object of this paper is to contrast the properties
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of phasic muscle of Busycon with cardiac muscle, and
length-tension diagrams for cardiac muscle are sometimes
expressed in terms of single beats. Post-tetanic potentia-
tion? was slight and the pretetanic twitches are plotted.
Although the twitch tension curve assumes the form of a
plateau as plotted, it also rises steadily from zero resting
tension, with the plateau height at a maximum when
passive tension begins to rise steeply, and then gradually
drops as passive tension rises steeply.

If the radula protractor length-tension diagram is com-
pared to that for ventricular muscle of B. canaliculatum?,
the most pronounced difference is in the relation between
passive tension and maximum active tetanic tension,
Whereas for the radula protractor tetanic tension rises

Fig. 1. Experimental arrangement of radula protractor mounted in a
constant temperature, aerated bath with stimulating electrodes at
bottom and side.
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Fig. 2. Length-tension diagram for. the isolated radula protractor of

Busycon canaliculatum. Tension in g versus length in mm, The un-
labelled heavy line represents total tension,

EXPERIENTIA 24/1

steeply over a range of lengths in which passive tension is
either zero or only slightly elevated, tetanic tension of
ventricular muscle rises with passive tension until the
length is reached at which maximum contractile force is
developed. For the radula protractor, maximum force is
attained when passive tension has just begun to rise
steeply and contractile force then drops off steeply with
the rise of passive tension. Thus the length-tension
diagram bears a closer resemblance to a diagram for
smooth muscle® than it does to one for skeletal muscle®.
However, for Busycon heart muscle the length for maxi-
mum tetanic tension does not correspond to a length at
which passive tension is negligible but rather to a length
high on the slope of rising passive tension, not far from
the length at which a muscle ring would break.

The results obtained with the radula protractor of B.
canaliculatum may be compared with length-tension
diagrams published for other molluscan non-cardiac
muscles, namely: the anterior byssus retractor of Mytilus
edulis (ABRM) 78, the funnel retractor muscle of Octopus
vulgaris®, and the opaque portion of the adductor muscle
of Crassostrea angulata®. The diagrams would be very
similar if the radula protractor had a reference length
(the shortest length of a muscle at which a definite resting
tension can be detected} comparable to the reference
lengths of the other 3 muscles. However, corresponding
to its function in the operation of the radula?, the radula
protractor exerts passive tension well below its resting
length in the relaxed proboscis of the whelk. If 49 mm is
taken as ‘resting length’ for the muscle of the experiment
of Figure 2, then the relation of passive tension to active
tetanic tension is very much like that for the funnel
retractor muscle? or for phasic contractions of the
ABRM?. The opaque adductor!® length-tension relation-
ship is also such that considerable active tension is
developed at lengths below that at which resting tension
appears. Thus the radula protractor, as well as previously
studied molluscan smooth muscles, differs from Busycon
cardiac muscle in which active tension development only
begins at lengths above that at which resting tension
appears.

Zusammenfassung. Der Radula Protractormuskel von
Busycon canaliculatum unterscheidet sich vom Herzmus-
kel, aber er verhilt sich wie andere glatte Muskeln von
andern Mollusken in der Beziehung zwischen passiver und
aktiver Kraft.
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