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PRELIMINARY NOTE

BBA 41133
Membranifibrils in cristae and grana

Linear organization has been observed on the surface of mitochondrial cristae
and chloroplast grana membranes. Treatment of the membranes with detergents
releases a fibrous structure which we interpret as the organizational basis for the
linear arrangement in the membrane. We propose to call these fibrous structures
membranifibrils.

Linear arrangements of particles on chloroplast membranes have been recog-
nized since PARK AND Pon?! described quantosomes. Negatively stained chloroplasts
also show linear structure®. Similar linear organization has not previously been recog-
nized on mitochondrial cristae, probably because the twisting arrangement as shown
in Fig. 1 is more common than straight lines often found in chloroplasts. In a few
cristae we have observed straight linear arrangement. We also find linear elements
on cristae examined by the freeze etch technique?®.

Detergent treatments will release membranifibrils from both cristae and grana
membranes. The fibrils are 70-go A in diameter with go-A headpieces or F, knobs
attached at 120-A intervals along the fiber. Short sections of membranifibrils have
been previously extracted from cristae (electron transport particles) by deoxycholate
treatment?®. The fibers were interpreted as basepieces of the elementary particles®5.
We have extracted the fibers from cristae by treatment with 3 % Triton X-114 (Rohm
and Haas Co.) in 0.4 M KCI. After centrifugation at 78000 X g, the fibers remain in
the supernatant. They can be purified by precipitation with saturated ammonium
sulfate. The purified fiber fraction is shown in Fig. 1. The preparation contains almost
no cytochrome and 30 9 lipid. Fibrous structures with headpieces attached are also
present in the rutamycin-sensitive AT Pase prepared by cholate and ammonium sulfate
treatment of cristae reported by Kopraczyk et al8. Their preparation contains only
10 % lipid.

Fibers were extracted from chloroplasts by treatment with 4 % Triton X-100.
The supernatant obtained after centrifugation at 78000 x g was centrifuged at
144000 X g tor 1 h to remove a membraneous pellet. The fibers are present in the
clear, light green supernatant. This fraction has enhanced photoreaction one activity,
as measured with methyl viologen, and thus resembles the particles described by
VERNON, SHAW AND KES, except that their particles did not show linear structure.
The chloroplast membranifibrils are shown in Fig. 2. The light fraction (144000 X g),
obtained by digitonin fractionation of chloroplasts’, also contains the membranifibrils.
These fiber structures can be observed after both negative stain and freeze etch
procedures.
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Fig. 1. Top: Fragments of beef heart mitochondrial cristae showing linear arrangement of head-
pieces on the surface of the membranes. Negative stain with phosphotungstate?. Marker s00 A.
Bottom: Membranifibrils isolated from heart mitochondria by Triton treatment. Note the thinner
fiber elements at A. Negative stain uranyl acetate. Marker 500 A.
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Fig. 2. Membranifibrils isolated from spinach chloroplast grana by Triton treatment. Negative
stain with phosphotungstate. Marker 500 A.

Extraction of membranifibrils with 4 % aqueous acetone or chloroform-
methanol (2:1, v/v) leaves 30-A fibers as the basis of the membranifibril organization.
Thin fibers similar to the extracted form can be seen at A in Fig. 1.

The fibrils to which the knobs are attached correspond to the basepieces along
the edge of the cristae membrane. Knobs on the surface of the membrane edge would
give the occasional thickening seen in the basepiece region. Since the membranifibrils
contain no cytochrome a or b and very little ¢ it is unlikely that cytochrome-dependent
electron transport function is associated with the site of attachment of the knobs.
The cytochromes could be located in the membrane between and under the fiber or
basepiece region.

Evidence has previously been presented for fibers in plasma membrane®, The
membranifibrils in mitochondria and chloroplasts suggest that fibrous protein may
be more common in membranes than generally expected.
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