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Nuclear pore flow rates for ribosomal and transfer RNAs per average hepatocyte of 160-190 g albino rats (Wistar) as calculated from the
steady state assumption NPFR = synthetic rate per average hepatocyte/mean number of pores per nucleus and synthetic rate = 1n 2 X

(cytoplasmic concentration of product) X (t;/, X min)~!

Electron microscopic Mean Mean Total No. NPFRN—Cc NPFRN—»C NPFRN—»C NPFRx—C
method used for determining pore nuclear of nuclear (10-12pg  (rRNA (molecules (molecules tRNA/
nuclear pore frequencies frequency  diameter poresfaverage rRNA/ equivalent rRNA/ pore/min)
per pm? (em) nucleus pore/min}  to 1 ribo- pore/min)4
nuclear some/pore/
surface min}
Negative staining of isolated 35.8 8.02= 7.3x10% 0.45 0,113 0.23 1.3
nuclear envelope pieces
Glutaraldehyde-OsO,-fixation, 16.3 8.04v 3.3x10° 1.00 0.250 0.51 3.3
ethanol dehydration, epoxy resin
embedding, thin sectioning
Freeze-etching of aldehyde- 14.1 8.10¢ 2.9% 10 1.14 0.286 0.57 3.8

prestabilized tissue

Average DNA content of the nuclei was 9.1 x 1072 g. The number of ribosomes per average cell was calculated as 7.6 x 10% from RNA/DNA
ratios and the assumption that 909, of the cellular RNA is constituted by rRNA (compare??). A half-life of TRNA of 106 h was assumed0-13,
The corresponding data for tRNA were taken from the work of WiLsoN and QUINCEY®:13 (see there for further references). rRNA equivalent
to one ribosome means the sum of 28s 4 18s+ 5s RNA present in a ribosome. Index N(ucleus)-»C(ytoplasm) gives direction of the flow
considered. = Values obtained from nuclei isolated with the procedurc described elsewhere. » Values obtained from 1pm thick sections
through the same blocks as used for EM work. ¢ Values obtained from 10 um freeze-sections (WKF cryotome) of fixed tissue as used for
the EM freeze-etch work. ¢ Assuming a mean molecular weight of 1.2x10% D.

the structural data of the nuclear envelopes in this tissue
yielded the NPFR values for tRNA and rRNA as listed
in the Table. Since the different electron microscopic
preparation techniques result in more or less divergent
pore frequency values (FRaNKE®:4; for detailed discus-
sion of this problem see KARTENBECK et al’) and
since no decision on the iIn wvivo state can be
made at the moment, all the 3 basic techniques have
been considered in parallel. As a consequence of the fact
that the mature rat liver represents a mosaic of binucleate
and mononucleate cells, as well as different steps in
polyploidy, all values listed refer to the abstract but
useful term of the ‘average hepatocyte’. This describes
the cellular portion belonging to an average nucleus
which was characterized in our material (rats of 160-190 g
body weight) by a mean DNA content of 9.1 picograms.
The values for rTRNA given in the Table also reflect the
total cellular RNA since TRNA constitutes 80-909, of
total RNA in rat liver.

It is apparent from these data that the hepatocyte
nuclear pores show a RNA transport rate which is
slightly less than that of lampbrush stage Xenopus
laevis oocytesl>2 It is also below that of HeLa cells by
a factor of about 4 (when comparing with values cal-
culated with data from negative stain preparations of
isolated envelope pieces) or 7 (when using the structural
data obtained from freeze-etch work). The NPFR values
in all these cell types mentioned, however, are much
lower, for instance, than that of the macronucleus of
the ciliate Tetrahymena pyriformis GL during exponential
growth. In this cell, the average macronuclear pore con-
veys 45.8x 102 pug as calculated on the basis of data
obtained from negatively stained isolated membranes,
and nearly 200X 10-'% yg as calculated using freeze-etch

data given by SPETH and WuNDERLICHS. Thus, the
RNA transport capacity of a nuclear pore appears to be
mare than hundredfold higher in Tetrahymena than in a
hepatocyte.

Zusammenfassung. Aus den Fliessgleichgewichts-Werten
(mittlere Kernporenzahl und RNA-Synthesegeschwindig-
keiten) der ausdifferenzierten Rattenleberzelle wurde die
Kernporen-Durchflussrate (NPFR) fiir ribosomale und
transfer RNA berechnet. Diese Hepatocytenwerte werden
mit den entsprechenden RNA-Transportleistungen der
Kernporenkomplexe anderer Zelltypen verglichen.
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The Influence of Several Sterols on the Conversion of 3-Sitosterol into Cholesterol in the Cockroach

Although sterols are important for them, insects do
not possess the enzymic system necessary for the synthesis
of sterols from acetate or mevalonate. Therefore, sterols
are indispensable components in the insects’ food. Carni-

vorous insects obtain cholesterol from their food and
they are able to convert it into the moulting hormones
o- and g-ecdysone. Plant-eating insects obtain §-sitosterol
from their food and they can convert it into cholesterol,
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which implies a dealkylation of the ethyl group con-
taining C-28 and C-29.

For strictly phytophagous insects, whose natural source
of nutrition does not contain cholesterol, this ability to
dealkylate is of vital importance. Inhibition of this reac-
tion, resulting in a depletion of cholesterol, will disturb
their development!-3. Since knowledge in this field may
help in developing selective ways of insect control, we
decided to try to learn more about this dealkylation?.

We administered f-sitosterol-3-14C5, added to a sterol-
free diet®7, to 3 species of aseptic?® cockroaches, viz. Blat-
tella geymanica L., Periplaneta americana L. and Burycotis
floridana Walker. Although the cockroach is not a strictly
phytophagous insect, the said dealkylation can also be
studied in this omnivorous test animal. Besides cholesterol,
several radioactive minor metabolites were found. One
of these had the same gas-chromatographic behaviour
as A2 M¥)gitosterol. However, the amounts of the metabo-
lites were too small for elucidation of their structures.

The present paper reports on the influence of a variety
of sterols with unnatural side-chains on the conversion
of sitosterol into cholesterol. 10 mg of sterol-free diet®.7,
to which 10 pg of f-sitosterol-3-14C (0.12 pCi; spec. act.
5mCi/mM)5 and 1, 10 or 100 pg of the potential anti-
metabolite? had been added, was administered to 6
nymphs of Blattella germanica per test, after they had
been starved for 3 days. This radioactive diet was eaten
within 1 or 2 days. Next, the insects obtained 200 mg
of sterol-free diet, were killed after 2 days and extracted
with hot ethanol and acetone. The extract was saponified
with 109 (wfv) KOH in 809 (v/v) ethanol at room
temperature overnight. The reaction mixture was sepa-
rated by means of centrifugal column chromatography?®.
Sorbent: Al,O; H (for thin-layer chromatography, Merck);
speed: 1900g; fraction 1:25 ml benzene, fraction 2:25 ml
ethyl acetate-benzene (10 90) and fraction 3: ethyl
acetate-benzene (30 + 70).

Radioactivity measurements were carried out by means
of a Packard Tri-Carb liquid scintillation spectrometer,
model 3380. Fractions 2 which contained the free sterols,
were analyzed by means of radio gaschromatography!
with a flow reactor RGC 170 (Laboratory Prof. Dr.
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Berthold, Wildbad, Germany, and Bodenseewerk Perkin-
Elmer & Co. GmbH, Uberlingen, Germany). Stationary
phase 3% OV-17 on Chromosorb G.AW.DMCS; argon
ionization detection; column temperature 250°C; reactor
filling CuO; reactor temperature 680°C; flow-propor-
tional counter 80 ml. In some cases also 5% DEGS on
Chromosorb W.AW was used with discontinuous radio-
activity measurements of methyl ether derivatives!2.

Relative composition of the sterols in the cockroaches, to which
p-sitosterol-3-14C plus several sterols with unnatural side-chains in
different concentrations were administered
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The results are summarized in the Table. The sum of
these wvalues was put at 100. Values of radioactive
metabolites of less than 39, were not taken into account.
The figures in the second column show the ratio of
radioactive sitosterol to sterol under investigation, as
administered.

Administration of sitosterol alone gave an average
ratio of 94 to 6 for cholesterol to sitosterol in the insects.
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R = cholesterol nucleus. C, 5, A and B are respectively: radioactive
cholesterol, sitosterol and 2 conversion products of f-sitosterol-3-14C,
as found in the insects. The figures in the second column show the
ratio of radioactive sitosterol to sterol under investigation, as
administered.
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SC-7957 and ergosterol were used as a sort of blank in
the same concentrations as those of the potential anti-
metabolites, and only ergosterol with the highest con-
centration gave a slight decrease of cholesterol and a
slight increase of sitosterol. With use of SC-13775, the
cholesterol over sitosterol ratioc was not only somewhat
smaller, but, moreover, 8%, of a radioactive compound,
A, was found. SC-12937 had no influence, but when, as
in G-1997, carbon atom 20 was not replaced by a nitrogen
atom, there was an evident influence: a decrease of
cholesterol, an increase of sitosterol and the presence of
radioactive A, also with the middle concentration. Also
5C-13817, with a side-chain which is one C-atom longer
than those of the previous sterols, did have an evident
influence. With SC-13058 in the highest concentration
a trace of A was found. Again, when carbon atom 20
was not replaced by nitrogen (G-2005), an accumulation
of A occurred. The same results were obtained with the
free nitrogen compound. Of the 3 anti-metabolites with
a keto function in the side-chain, only G-1996 caused
accumulation of A in the cockroaches,

The gas chromatographic behaviour of compound A
is the same as that of desmosterol. SvoBopa et al.%13
found desmosterol as an intermediate of the conversion
of f-sitosterol into cholesterol in the tobacco hornworm
under influence of triparanol and 22, 25-diazacholesterol.
Desmosterol was also found by SvoBopa et al® as a
conversion product of several phytosterols in the tobacco
hornworm under influence of 20, 25-diazacholesterol and
as conversion product of sitosterol under influence of
3p-hydroxy-24-norchol-5-en-23-cic acid and 3f-hy-
droxy-23, 24-dinorchol-5-en-22-oic acid4, We also tested
these 2 compounds with the cockroaches, but, performing
the usual tests, did not find other conversion products
of sitosterol than cholesterol. Only when we worked with
some hundreds of cockroaches, about 2 or 39 of com-
pound A could be detected.

Administration of 28-chloro-A4% 24 (8).ergostadienol in
the highest concentration resulted not only in a change
of the cholesterol over sitosterol ratio, but also in the
presence of 7%, of radioactive metabolite B, which has
another gas-chromatographic behaviour on OV-17 and
DEGS than metabolite A. This would suggest a possibility
to inhibit, in a more selective way, the dealkylation.
Inhibition of the dealkylation by a method which involves
an inhibition of the conversion of desmosterol into cho-
lesterol is not selective, since this conversion is also
important in vertebrates. However, continuous adminis-
tration of the chloro compound in long-term experiments
did not cause any disturbance in the development of the
cockroaches?s,

Zusammenfassung. Die Umwandlung von g-Sitosterol
in Cholesterol in der Schabe Blattella germanica L. wird
durch bestimmte Sterine mit unnatiirlichen Seitenketten
gehemmt. Anhdufung von zwei verschiedenen Metaboliten
wurde festgestellt.
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