tective activity and elimination of anti-
gens with harmful effects should be pos-
sible. .

To our knowledge, this is the first de-
scription of successful fusion and hybrid
formation between invertebrate and ver-
tebrate cells. However, the ability of T.
cruzi to fuse with mammalian cells may
not be unique; it may be possible to fuse
other invertebrate cells, such as pro-
tozoans or cells from metazoan para-
sites, to vertebrate cells and obtain hy-
brid cell lines that could be beneficial in
improving our general understanding of
parasite-induced infectious diseases.

MARK ST. J. CRANE
JAMES A. DVORAK
Laboratory of Parasitic Diseases,
National Institute of Allergy and
Infectious Diseases,
National Institutes of Health,
Bethesda, Maryland 20205
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Orgénelle Alteration as a Mechanism for Maternal Inheritance

Abstract. An ultrastructural study of pollen-derived plants and normal microspore
development indicates that chloroplasts and mitochondria are physically altered dur-
ing microsporogenesis. These changes appear to debilitate the organelle so that only
chloroplasts and mitochondria of the female parent are contributed to the offspring.

Maternal inheritance of chloroplasts
and mitochondria is probably one of the
least understood phenomena in higher
plant genetics. The generally accepted
model (/) involves simple physical ex-
clusion of the paternal organelles due to
the small size of the male generative cell.
Physical exclusion rather than alteration
of the chloroplasts and mitochondria was
also indicated by the fact that apparently
normal green haploid plants, supposedly
with normal plastids, were obtained from
tissue culture of uninucleate pollen in a
number of different species (2).

However, in Oryza, Hordeum, and
Triticum (3), white haploid plantlets from
uninucleate pollen are frequently ob-
tained, indicating that the chloroplast
may be altered prior to the formation of
vegetative and generative cells. To in-
vestigate this apparent alteration, we did
an ultrastructural study of a collection of
albino rice plantlets and of developing

pollen grains of Hosta and rice. From
these we hoped to obtain- information
concerning the mechanism of maternal
inheritance.

Materials were fixed for electron mi-
croscopy by the standard glutaralde-
hyde-osmium technique, although for
tissue culture plantlets 0.3\ ribonu-
clease-free sucrose and 0.5 percent
(weight to volume) caffeine were added
to buffered glutaraldehyde. Specimens
were subsequently handled as described
by Travis et al. (4). Plant materials used
were a rice albino from U.S. Department
of Agriculture (USDA) stocks, eight rice
albinos from S.-C. Woo in Taiwan (all al-
bino plantlets were obtained from uni-
nucleate pollen), and developing pollen
grains of rice and Hosta.

The leaves of white rice plantlets de-
rived from uninucleate pollen grains
show structures that are recognizable as
plastids by several criteria. Observed

D\

e =

Fig. 1. Ultrastructural aspects of some albino plantlets of rice. (A) Plastid from albino obtained

from the USDA (%25,000). (B) Plastid from one of the albino strains obtained from S.-C. Woo, show-
ing a distinct fibrillar area (arrow) (X 18,000). (C) Group of cells from an albino rice strain where
the mesophyll cells accumulate starch in the plastids (x4,500). (D) Mitochondrial aggregate
from an albino rice strain obtained from Woo (%25,000).
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structures typical of all mesophyll plas-
tids, which are found in the white rice
plastids, are double membranes, osmio-
philic globules, and ribosomes (Fig. 1, A
and B). Compared to the green wild-type
mesophyll plastid, these white plastids
have a much less complex thylakoid sys-
tem, consisting of thylakoid circles of
varying dimensions. Guard cell plastids
of the USDA strain as well as the meso-
phyll plastids of one of the strains ob-
tained from Woo contain starch grains
(Fig. 1C). Since plastids are defined as
organelles with the ability to accumulate
starch (5), these organelles appear to be,
at least in a biochemical sense, true plas-
tids.

Because structures recognizable as
ribosomes are present in these plastids,
one must assume that at least partially
functional chloroplast DNA is present.
Fibrillar areas of DNA (Fig. 1B) are also
evidence for the presence of DNA. The
white color of the plantlets may be due to
photooxidation of the pigments as they
are produced, because the abnormal thy-
lakoid system may not allow normal pig-
ment-pigment and pigment-protein asso-
ciations (6).

Although Sun (7) states that the cause
of albinism in the plantlets is lack of ribo-
somes, the presence of such structures in
some of the strains investigated indicates
that this is not the reason for the white
color of these plantlets. Likewise, the
variable ultrastructure of these plastids
(Fig. 1, A, B, and C) indicates that a
mechanism more akin to mutation or re-
striction is responsible for the plastid al-
terations. Aneuploidy was eliminated as
a cause of albinism, at least in Triticum,
by a karyological study (3).

It is more difficult to assess ultrastruc-
tural irregularities in mitochondria than
in plastids because of the relatively
simple ultrastructure of the mito-
chondria. However, mitochondrial ag-
gregates were consistently observed in
these strains (Fig. 1D). Those seen in
pollen plantlets appear to share a com-
mon outer membrane but have a distinct
inner membrane. Similar mitochondrial
aggregates are noted in animal sperm (8).

Several workers (9) found that mutant
plastids in species that normally inherit
biparentally, which were strongly debili-
tating to the plant, were not transmitted
with success. It is likely that the ob-

served alterations of chloroplasts and .

mitochondria would prevent them from
being transmitted. The strict maternal in-
heritance of plastid traits observed in
rice (/0) is consistent with this hypothe-
sis.

Perhaps the most important observa-
11 APRIL 1980

Fig. 2. Ultrastructural changes in developing Hosta pollen. (A) Large starch-filled plastids in
pollen before the mitosis, following meiosis ( x 16,000). (B) Portion of the vegetative cell of a
pollen grain just before anthesis with a mitochondrial aggregate of seven (arrow) and no recog-
nizable plastids (x 10,000). (C) Section of generative cell of Hosta with mitochondrial aggregate

(arrow) (%20,000).

tion in this work is that of modification of
both the mitochondrion and the chloro-
plast before the formation of the gener-
ative cell, since only uninucleate pollen
was used as a plantlet source (unless
these are artifacts of tissue culture, as
discussed below). Thus, even if physical
exclusion is a factor, the organelles that
are excluded are debilitated ones.

When the pollen development of Hos-
ta and rice was examined, similar kinds
of paternal organelle alterations were ob-
served; this indicates that the pollen-de-
rived plantlets were not artifacts but
gave an accurate picture of the state of
the organelles at the time when the pol-
len was collected. The alterations ob-
served in Hosta were the most extreme
ones among the species we examined
and will be dealt with in this report. Be-
cause of the large size of the anthers, it
was also easier to collect Hosta in the
early developmental stages.

Pollen mother cells and uninucleate
pollen of Hosta contain huge starch-
filled plastids occupying a large percent-
age of the pollen area (Fig. 2A). How-
ever, just before and after meiosis, plas-
tids appear only as remnants or are ab-
sent altogether (Fig. 2B). The mitochon-
dria clump into aggregates of as many as
seven (Fig. 2B), with membrane altera-
tions characteristic of autophagy (//).
Mitochondrial aggregates are noted in
the generative cell (Fig. 2C) as well as
the vegetative. These data indicate that
chloroplasts and mitochondria may be
physically altered in the process of mi-
crosporogenesis, preventing them from
being transmitted. Because mitochon-

dria are found in the generative cell, the
idea that physical exclusion explains
mitochondrial maternal inheritance, as
noted in maize (/2), appears erroneous.
Since it is believed that mitochondria ag-
gregate in response to leakiness of the
membranes (/3), our ultrastructural data
indicate that the mitochondria are truly
altered. Surely, the small size of the gen-
erative cell limits the number of organ-
elles that can be passed on, but these
studies show that other alterations are
more likely to be involved in the mecha-
nism of maternal inheritance, especially
for mitochondria.
KEeviIN C. VAUGHN
LoriN R. DEBONTE
KENNETH G. WILSON
Department of Botany,
Miami University,
Oxford, Ohio 45056
GIDEON W. SCHAFFER
U.S. Department of Agriculture
Science and Education Administration,
Beltsville, Maryland 20705
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Magnesium Deficiency Produces Spasms of Coronary Arteries:

Relationship to Etiology of Sudden Death Ischemic Heart Disease

Abstract. Isolated coronary arteries from dogs were incubated in Krebs-Ringer
bicarbonate solution and exposed to normal, high, and low concentrations of magne-
sium in the medium. Sudden withdrawal of magnesium from the medium increased
whereas high concentrations of magnesium decreased the basal tension of the arte-
ries. The absence of magnesium in the medium significantly potentiated the con-
tractile responses of both small and large coronary arteries to norepinephrine, ace-
tylcholine, serotonin, angiotensin, and potassium. These data support the hypothesis
that magnesium deficiency, associated with sudden death ischemic heart disease,

produces coronary arterial spasm.

Several recent investigations point to a
causal relation between decreased mag-
nesium ion (Mg?*) content of cardiac
muscle and coronary arteries and mortal-
ity from (nonocclusive) sudden-death is-
chemic heart disease (SDIHD), the in-
cidence of which is highest in geographic
areas with soft drinking water or magne-
sium-poor soil (/-5). Of the minerals that
are deficient in soft water, magnesium is
the only element that has been found to
be lowered in the cardiac muscle of
SDIHD victims (/-3, 5). Acute hypo-
magnesemia in animals and man is often
associated with increases in blood pres-
sure and in peripheral vascular resist-
ance in several regional circulatory sys-
tems (6, 7). Artificial lowering of the
Mg?* content of isolated (noncardiac)
vessels from rats, rabbits, piglets, and
dogs induces rapid, potent contractile re-
sponses (8-10). Acute hypermagnesemia
inhibits the spontaneous tone of arteries
and veins (8-10). Thus, there is evidence
that extracellular Mg?** plays a critical
role in the regulation of vasomotor tone.

A positive correlation between mortal-
ity rates from SDIHD and the estimated
high ratio of calcium to magnesium in
myocardial tissue has been demon-
strated (3, 4). Although many tissues of
the body have been shown to be resistant
to Mg2* depletion, heart tissue and coro-
nary vessels have a significantly reduced
Mg?* content in cases of SDIHD (/, 3,
5). It was therefore suggested recently
that SDIHD mortality could be due to
the direct effects of a hypomagnesemic
state on coronary vascular tone (/7). The
hypomagnesemia could produce pro-

gressive vasoconstriction, vasospasm,
and ischemia, which, given time, would
lead to SDIHD. To investigate the possi-
bility that vasospasm can be produced
by Mg?* deficiency, we determined the
influence of sudden magnesium with-
drawal and hypermagnesemia (4.8 mM)
on vascular tone and vasoactive drug-in-
duced responses in isolated coronary ar-
teries of the dog.

Mongrel dogs of either sex weighing 10
to 20 kg were anesthetized with pento-
barbital sodium (30 mg/kg). The hearts
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Fig. 1. Influence of extracellular Mg?* on ba-
sal tension of canine circumfiex (CF), left cor-
onary (LC), left coronary branch (LCB), and
right coronary branch (RCB) arterial strips.
The left panel shows results obtained in a
Mg?**-free environment; the right panel in-
dicates results obtained in 4.8 mM [Mg?*],.
The vertical bar represents tension (125 mg);
time marker, 1 minute. Arrows indicate points
at which the normal Krebs-Ringer medium
containing 1.2 mM [Mg?*], was switched to
the experimental concentration of [Mg3>*],.
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were removed immediately and coronary
arteries were isolated. Because of pos-
sible segmental differences in coronary
arterial reactivity (/12), we examined four
different coronary inflow vessels: left
coronary [outer diameter (O.D.), 1 to 2
mm], circumflex (O.D. 1 to 2 mm), left
coronary branch (O.D. <1 mm), and
right coronary branch .(0.D. <1 mm).
Helical strips, cut from segments of
these coronary arteries, were 20 to 25
mm long by 0.5 to 1.0 mm wide. These
were suspended isometrically under 1 g
of tension (circumflex, left coronary ar-
teries) or 0.5 g of tension (left and right
coronary branch arteries) and incubated
in 20-ml muscle chambers containing
Krebs-Ringer bicarbonate solution (com-
position in millimoles per liter: NaCl,
118; KCl, 4.7; CaCl,, 2.5; KH,PO,, 1.2;
MgSO,, 1.2; glucose, 10; and NaHCO,,
25) at 37°C through which a mixture of
0O, (95 percent) and CO, (S percent) was
bubbled. Force of contraction was mea-
sured with Grass FT-03 force-dis-
placement transducers and recorded on a
Grass model 7 polygraph. Two hours af-
ter the preparations were incubated, un-
der tension, the effects of extracellular
Mg?* concentration ([Mg?*],) and vaso-
active drugs were examined. The ar-
teries were sequentially exposed to nor-
mal (1.2 mM), low (0 mM), and high
(4.8 mM) concentrations of magnesium.

Sudden withdrawal of extracellular
Mg?* resulted in rapid, increased tension
development in all coronary vessels test-
ed (Fig. 1 and Table 1). In contrast, a
sudden increase in extracellular Mg?*
(4.8 mM) resulted in rapid relaxation of
basal tension in all coronary arteries
(Fig. 1 and Table 1). Thus, extracellular
Mg?** appears to be able directly to alter
coronary arterial baseline tension or
tone. A similar influence of [Mg?*], on
vasomotor tone was previously demon-
strated in isolated rat and piglet arteries,
rabbit aortas, and rat arterioles and por-
tal veins (8-10). These effects of [Mg?*],
cannot be attributed to osmolarity dif-
ferences, inhibition of Na*- and K*-de-
pendent adenosinetriphosphatase activi-
ty, or release (or inhibition of release) of
endogenous neurohumoral agents from
the arterial wall (7, 8, 10, 13, 14).

In addition to increasing tone, the
withdrawal of Mg?* potentiated the con-
strictor actions of vasoactive substances
such as angiotensin, serotonin, norepi-
nephrine, acetylcholine, and potassium
in all coronary arteries (see Fig. 2, Table
2). The ordér of increase in tension to
the vasoactive agents was acetylcholine
> norepinephrine > serotonin > K* >
angiotensin in all types of coronary ves-
sels studied. These enhanced responses,
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