inhibited by ouabain (10~* mole/liter).
It was temperature-dependent, occur-
ring much more rapidly at 37°C than
at room temperature.

The protein exhibited adenosine tri-
phosphatase activity. The released in-
organic phosphate was determined by
the Marsh procedure (Z0) adapted for
the determination of 0.1 ug of P;. The
pH optimum of the activity of the pro-
tein isolated from the rat was 6.8; that
from the cat was 7.6. This was assayed
in a medium containing in final con-
centration 0.2M imidazole-HCl, 0.1M
KCl, 1 X 10-3M Mg2+, and 5 X 10~*M
ATP. The protein hydrolyzed approxi-
mately 10-2 ymole of ATP per minute
per milligram of protein. The enzymatic
activity was linear for the first 30 min-
utes and then gradually diminished over
the next 30 minutes. This activity is
approximately one-thirtieth that of ac-
tomyosin isolated from rabbit striated
muscle, half that of smooth muscle
(uterus) actomyosin, and twice that of
contractile protein from sarcoma cells
and blood platelets (71).

Table 1 shows the effect of Mg2+
and Ca?* on the adenosine triphospha-
tase activity of the protein in media of
different ionic strengths. In the absence
of Mg2+ or Ca2* the enzymatic activity
of the protein was 10 percent of that
achieved when 10-3M Mg2* was pres-
ent. In contrast to (Nat 4+ K*)-activated
adenosine triphosphatase (I), the hy-
drolysis of ATP was almost as good
when Ca2t (10—3 mole/liter) replaced
the Mg2+ as the activating cation. Since
the addition of both Mg2+ and Ca2*
were not additive, these ions are very
probably stimulating the same enzyme
and not two separate enzymes. The en-
zyme activity of the preparations was
dependent upon the ionic strength and
the cations of the medium. At low KCl
concentration (0.03 mole/liter) Mg2+
activation was greatest, and at high KCl
concentration (0.6 mole/liter) Ca2+ ac-
tivation was greatest; in the latter case
Mg2t had an inhibitory effect. Acto-
myosin and myosin both have adenosine
triphosphatase activity, and both are ac-
tivated by Ca2*. An important differ-
ence is that myosin is inhibited by Mg2+
(12). At low ionic strength actomyosin
predominates, whereas at high ionic
strength the addition of ATP causes
dissociation of actomyosin and the ap-
pearance of myosin adenosine triphos-
phatase characteristics (Z3). Our data
are in general accord with these obser-
vations. It is very likely that the prep-
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arations contain “actin,” “myosin,” and
“actomyosin.” The data suggest that the
rat preparation more closely resembles
the actomyosin of muscle.

The adenosine triphosphatase activity
of the proteins was inhibited in a fash-
ion similar to that observed with super-
precipitation.  Mersalyl (2.5 X 10—
mole/liter) reduced the enzyme activity
of the protein approximately 80 percent;
p-chloromercuribenzoate (2.5 X 10-2
mole/liter) reduced the enzyme activity
to less than 5 percent. Ouabain in a
concentration (10—* mole/liter) effective
against the (Na* + K+)-activated en-
zyme (I) had only a slight inhibitory
effect (approximately 5 percent). Mer-
salyl has been described as a specific
inhibitor of contractile protein adeno-
sine triphosphatase activity (I14).

The evidence indicates that at least
part of the Mg2*+- or Ca2t-activated
adenosine triphosphatase activity in
brain is due to a contractile protein
similar to actomyosin.

Contractile proteins in cells may
serve a universal function as in cell re-
production (I5) or a specific function
as in striated and smooth muscle con-
traction (16), clot retraction (I1), or
cell movement (15). In liver mitochon-
dria it has been described as functioning
in the regulation of glycolysis and en-
ergy metabolism (7). It has been sug-
gested that in nervous tissue it is asso-
ciated with changes in permeability
during excitation (2, 3) and in control
of acetylcholine storage and release (4).
The basis for all its functions is very
probably conformational changes trans-
mitted to membranes.

S. PUszkIN
S. BERL
Columbia University,
College of Physicians and Surgeons,
New York 10032 '
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Acta 32,

Cytomembrane Differentiation in
the Endoplasmic Reticulum-Golgi
Apparatus-Vesicle Complex

Abstract. Diversity of cytomembrane
types is confirmed in hyphae of the
fungus Pythium ultimum by electron
microscopy. A transition in membrane
morphology across stacks of dictyosome
cisternae (from endoplasmic reticulum-
like at one pole to plasma membrane-
like at the opposite pole) suggests that
dictyosomes of the Golgi apparatus are
sites of membrane interconversion.

Structural and functional diversity
among cellular membranes is well es-
tablished (1-3), but still remaining are
the questions of how structurally dif-
ferent membrane types are related and
whether they are interconvertible. If in-
termembrane conversion occurs, what is
the nature and locus of the transforma-
tion? Our electron-microscopic evidence
demonstrates a progressive transition
in membrane morphology (Figs. 1-7)
(4) across stacks of dictysome cisternae
in hyphae of the plant pathogenic fun-
gus Pythium ultimum Trow. These find-
ings are consistent with the interpreta-
tion that membrane interconversion oc-
curs in the endoplasmic reticulum-
Golgi apparatus-vesicle complex.

Mycelia of P. ultimum were cul-
tured at 25°C on potato-dextrose agar
(Difco) overlaid with permeable cello-
phane. Hyphal mats were fixed for
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1 hour at room temperature (about
24°C) with 4 percent glutaraldehyde
prepared in 0.1M potassium phosphate
(pH 7.0). This was followed by treat-
ment with 1 percent OsO, in 0.1M po-
tassium phosphate (pH 7.0) for 8 hours
at room temperature (5). Hyphae were
subsequently dehydrated in a graded
series of increasing ethanol concentra-
tions and finally in anhydrous acetone,
and embedded in Araldite 6005 (CIBA).
Thin sections of embedded hyphae were
then stained for 10 minutes with 1 per-
cent aqueous barium permanganate and
examined in a Philips EM 200. A
54,864-line diffraction grating replica
(Ladd Research Industries) was used
as the magnification standard.

The Golgi apparatus of P. ultimum
is comprised of dictyosomes which are
polarized stacks of membrane-bound
cisternae (Fig. 6) (5, 6). The cisterna
at one pole of each dictyosome is ad-
jacent to endoplasmic reticulum or nu-
clear envelope. This is the proximal
pole (Fig. 6). Profiles of endoplasmic
reticulum or nuclear envelope adjacent
to the proximal pole are frequently
characterized by smooth-surfaced blebs,
and small vesicular profiles of similar
appearance are aligned in this region
parallel to the proximal dictyosome
cisterna (5). These configurations are
important as possible stages in the for-
mation of new cisternae at the proxi-
mal pole (6). Numerous secretory vesi-
cles are associated with the periphery
of the dictyosome, especially near the
distal pole (Fig. 6).

Three characteristics enable us to dif-
ferentiate morphological classes of cyto-
membranes in electron micrographs: (i)
overall membrane thickness, (ii) stain-
ing intensity, and (iii) substructural pat-
terns of stain deposition. At one ex-

Fig. 1 (right). Membranes of nuclear en-
velope (X 280,000). Fig. 2. Endo-
plasmic reticulum membranes (X 280,000).
Fig. 3. Membrane of a vesicle that is asso-
ciated with the distal pole of a dictyosome
(X 280,000). Fig. 4. Membrane of an
enlarged secretory vesicle, free in the cyto-
plasm (X 280,000). Fig. 5. Plasma
membrane adjacent to the hyphal wall (W)
(X 280,000). Fig. 6. A dictyosome
and associated secretory vesicles (V') adja-
cent to a nucleus (N). The membrane of
the cisterna at the proximal pole of the
dictyosome (Dp), is similar to nuclear en-
velope (NE). The membranes of each suc-
cessive cisterna stain more intensely and
appear thicker toward the distal pole (Da).
Lipid droplets (L) (X 137,000). Fig.
7. Enlargement of part of the dictyosome
in Fig. 6 (X 280,000).
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treme, plasma membrane and the mem-
branes of vesicles (both free in the cyto-
plasm away from dictyosomes, and
those associated with dictyosomes near
the distal pole) stain most intensely,
are thickest (up to 75 A), and clearly
exhibit the dark-light-dark pattern that
characterizes unit membranes (Figs.
3-5) (7). Nuclear envelope and endo-
plasmic reticulum, however, stain

faintly, appear thinnest (approximately
25 to 40 A), and rarely reveal the dark-
light-dark pattern (Figs. 1 and 2). Mem-
branes of dictyosome cisternae do not
conform uniformly to either of these
extreme types.

Dictyosome membranes are differen-
tiated across the stack of cisternae so
that those at the proximal pole appear
similar to endoplasmic reticulum and
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nuclear envelope, whereas those at the
distal pole (including vesicle mem-
branes) are similar to plasma mem-
brane (Figs. 6 and 7). The intercalary
cisternae (midregion) are morphologi-
cally intermediate; each successive cis-
terna, progressing toward the distal
pole, is more like plasma membrane
(that is, denser, thicker, and showing the
dark-light-dark pattern more clearly).
These observations have been con-
firmed by microdensitometric tracings
across images of dictyosomes. Certain
cytochemical stains also reveal progres-
sive changes in membrane images
across dictyosomes (8). Insofar as these
differences are seen in juxtaposed mem-
branes within single electron micro-
graphs, they reflect inherent differences
in the membranes. However, the type
of image depends on the manner in
which the specimen is fixed and stained.
If, for example, uranyl acetate is used
as a stain immediately after fixation,
all dictyosome membranes appear simi-
lar.

The phenomenon illustrated here
probably is not unique to P. ultimum
and may be of general occurrence. Un-
der appropriate conditions of dictyo-
some functioning, and with proper
staining, similar membrane differentia-
tion should be demonstrable in other
biological systems [see, for example,
suggestions of this phenomenon in fig-
ures in (9) and discussion in (6)].

The occurrence of dissimilar mem-
branes in dictyosomes is significant for
the concept of Golgi apparatus func-
tioning. A major function of the Golgi
apparatus is to elaborate secretory vesi-
cles whose limiting membranes can
fuse with plasma membrane (6). This
property of vesicle membranes facili-
tates the discharge of secretory products
from the protoplast and provides a po-
tential source of new plasma membrane.
Functional polarity within the Golgi
apparatus is evidenced by progressive
changes in cisternal and vesicle con-
tents across dictyosomes (6, 10). These
observations led to the concept of a
forming (proximal) face and a secret-
ing (distal) face, in which the dictyo-
some was visualized as being in a dy-
namic steady state (6). Accordingly, as

proximal cisternae were formed, pre-

sumably from membrane material de-
rived from endoplasmic reticulum (the
Golgi apparatus is not known to engage
in protein synthesis), vesicles were con-
sidered to be discharged from the cis-
ternae at the distal pole with the con-
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comitant loss of the distal cisterna—
each cisterna being progressively dis-
placed from the forming face through
continued production of new cisternae.
Membrane differentiation of the type
reported here (from endoplasmic reticu-
lum-like to plasma membrane-like) is
implicit in this concept of Golgi appa-
ratus functioning.

Morphological dissimilarity of wvar-
ious cytomembranes has led to the
view that common origin of membranes
is unlikely and that membranes of one
morphological type will not likely be
derived from those of another type
(2). Membrane systems are dynamic,
however, and certain membranes in the
living cell may be interconvertible or
subject to a variety of transformations
(I, 11). Our results not only confirm
that morphologically distinct membrane
types occur, but demonstrate that in one
cell component intermediate forms also
exist. If these morphological differences
arise from an interconversion of mem-
brane types, then the dictyosomes
function as sites of membrane trans-
formation.

S. N. GROVE
C. E. BRACKER
D. J. MoRrrE
Department of Botany and Plant
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Lafayette, Indiana 47907
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Infectious Mononucleosis: Complement-Fixing Antibodies
to Herpes-Like Virus Associated with Burkitt Lymphoma

Abstract. Complement-fixing antibodies to a herpes-like virus derived from a
Burkitt tumor-cell line developed in each of 21 patients with infectious mononu-
cleosis. These antibodies were absent in all serums before the patients became ill,
appeared during the early phases of illness, and persisted for long periods of time.
These antibodies are distinct from heterophile antibodies. None of the patients
developed immune responses to herpes simplex, cytomegalo-, or reoviruses in the
course of their illness. The data suggest that the development of complement-fixing
antibodies to this herpes-like virus in these patients may be linked to infectious

mononucleosis.

Henle et al. (I) and Neiderman et
al. (2) have reported that herpes-like
virus (EBV) associated with a cell line
derived from a Burkitt lymphoma (EB)
may be the etiologic agent of infectious

~mononucleosis. By indirect immunoflu-

orescence tests, these investigators dem-
onstrated the appearance of antibodies
to EBV in serums of patients with in-
fectious mononucleosis.
Complement-fixing antibodies to a
herpes-like virus (HLV) derived from
another Burkitt tumor-cell line (P,J)

are widespread among apparently
healthy children and adults and among
subhuman primates (3). The relation
of these antibodies to disease remained
to be determined. We now report evi-
dence on the appearance and persistence
of complement-fixing antibodies to
HLV in 21 patients with confirmed
diagnosis of infectious mononucleosis.
Serial serum specimens were avail-
able from cases of prospective studies
of infectious mononucleosis conducted
among students at Yale University
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