
virtually 100 percent probability of mani- 
festing IIS's when challenged with ele- 
vated K+ alone; fewer PTZ injections re- 
duced this probability in a dose-depen- 
dent manner (Fig. 2A). Second, in 
animals given five PTZ injections, the 
K+-induced epileptiform discharge per- 
sisted for at least 20 days (Fig. 2B) after 
the last injection (13). In rodents, less 
than 5 percent of an injected dose of PTZ 
remains in the brain after 24 hours (14). 
Furthermore, no spontaneous con- 
vulsions were observed after termination 
of the injections, suggesting that there 
was not a prolonged drug exposure at 
convulsant levels. However, this is, at 
best, indirect evidence that does not en- 
tirely preclude the presence of some 
small level of compartmentalized PTZ in 
the tissue. To test this possibility, we 

placed enough PTZ (5 to 10 ,ug/ml) in the 
superfusion medium of control slices to 
generate IIS directly, and recorded the 
washout time. Enough PTZ could be 
washed out of the slice in i hour to termi- 
nate spontaneous spiking. Together with 
the previously cited data, this result 
makes it seem unlikely that residual PTZ 
is responsible for the heightened ex- 
citability found in kindled slices.. 

In conclusion, our data show that hip- 
pocampal slices from kindled animals no 
longer require a chemical convulsant in 
the medium to trigger epileptiform activi- 
ty when the concentration of K+ is ele- 
vated. Since the sensitivity to elevated 
K+, modulatory influences of divalent 
cations, and responses to electrical teta- 
nization are similar to those seen in 
slices from control animals, we hypothe- 
size that kindling induces a change in 
basic membrane or synaptic properties 
similar to that induced acutely by con- 
vulsants such as penicillin. In view of the 
postulated relation between kindling and 
epilepsy (15) and enduring neuropsy- 
chological changes such as learning and 
memory (16), future research employing 
the model described in this report may 
provide important insights into normal 
and abnormal neuronal function. 
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Cloned Cauliflower Mosaic Virus DNA 

Infects Turnips (Brassica rapa) 
Abstract. Cauliflower mosaic virus DNA cloned in the Sal I site of bacterial plas- 

mid pBR322 infects turnip plants. The cloned viral DNA must be excised from the 
recombinant plasmid to infect, but need not be circularized and ligated in vitro. The 
cloned viral DNA lacks site-specific single-strand breaks found in DNA obtained 
directly from the virus. However, these breaks are reintroduced into the viral genome 
during multiplication of the virus in the plant host. 

Cauliflower mosaic virus (CaMV) has 
attracted attention in the past few years 
because of its possible use in plant "ge- 
netic engineering" studies. Cauliflower 
mosaic virus is one of the few plant vi- 
ruses containing double-strand DNA, 
and the DNA, when isolated from the vi- 
rus, can infect plants (1). These proper- 
ties have led to the suggestion that the 
CaMV DNA could be used as a vehicle 
for introducing foreign DNA in plant 
cells (2) in much the same fashion as 
SV40 viral DNA has been used to in- 
troduce DNA in animal cells (3). Since 
the construction of a CaMV DNA ve- 
hicle would involve recombinant DNA 
technology, it is important to show first 
that cloned CaMV DNA can infect 
plants. 
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troduce DNA in animal cells (3). Since 
the construction of a CaMV DNA ve- 
hicle would involve recombinant DNA 
technology, it is important to show first 
that cloned CaMV DNA can infect 
plants. 

Szeto et al. (2) dampened much of the 
optimism for using CaMV DNA as a ve- 
hicle in plants. They found that plants 
could not be infected by cloned CaMV 
DNA or by CaMV DNA cleaved at a 
single site by a restriction enzyme and 
religated in vitro. They attributed the 
failure to one of several factors, includ- 
ing the possibility that some secondary 
structure of the DNA, crucial for infec- 
tivity, was lost when the viral DNA was 
cleaved (2). 

Since the report by Szeto et al. (2), 
several studies have shown that, indeed, 
the CaMV genome has an unusual sec- 
ondary structure. The genome isolated 
from the virus is found in both linear and 
open (noncovalently closed) circular 
forms (4) with two or three (depending 
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Fig. 1. Structure of CM4-184 CaMV DNA and 
recombinant plasmids pLW408 and pLW414. 
CaMV DNA was cleaved at the single Sal I 
site (I) and inserted in the Sal I site of pBR322 
(crosshatched sector). The CM4-184 CaMV 
DNA has two naturally occurring single- 
strand breaks (-I1I-), which are closed 
(-4-I) during cloning of the recombinant 
plasmid. 

on the strain) site-specific single-strand 
breaks (5, 6). Despite the presence of 
these breaks, the circular DNA, for rea- 
sons which are not yet understood, is 
found in a mixture of twisted or tangled 
forms (7). 

We attempted to repeat the infectivity 

experiments of Szeto et al. (2) to see if 
we could find conditions for successfully 
infecting plants with cloned CaMV 
DNA. We cloned the entire CaMV ge- 
nome [from viral isolate CM4-184, origi- 
nally designated CM1841 (8)] by cutting 
the DNA at the single Sal I site and in- 
serting it into the Sal I site in pBR322 
(Fig. 1). We obtained clones represent- 
ing the insertion of CaMV DNA in the 
plasmid in both orientations. DNA from 
the viral isolate CM4-184 (5) has two 
site-specific single-strand breaks, one in 
each strand and nearly opposite each 
other across the CaMV DNA circle (Fig. 
1). These breaks were sealed during 
cloning as evidenced by the fact that the 
recombinant plasmids bearing CaMV 
DNA behaved on CsCl-ethidium bro- 
mide density gradients as covalently 
closed circular DNA forming a single 
band at about 1.59 g/cm3. 

We tested whether CaMV DNA ob- 
tained from these recombinant plasmids 
could infect turnip plants (Brassica rapa 
L., cultivar Just Right). Because turnip 
is not a local lesion host for the virus un- 
der normal conditions, infection was 
scored by the appearance of systemic 
symptoms-vein clearing and leaf 
wrinkling. In control experiments we 

Fig. 2 (left). Electron micrograph of virus par- 
ticles obtained from infection with pLW414/- 
Sal I. Virus particles were isolated (9) and 
stained with uranyl acetate. Scale bar, 100 nm. Fig. 3 (right). Agarose gel electrophoresis 
migration behavior of DNA obtained from the standard virus and DNA from particles resulting 
from infection by pLW408/Sal I. DNA in 1 percent agarose gels in 40 mM tris acetate (pH 7.9), 
20 mM sodium acetate, and 1 mM EDTA was stained with ethidium bromide (1.5 ,tg/ml) and 
photographed with ultraviolet illumination. (a) DNA (2 tag) from the standard CM4-184 virus in 
native form, (c) following heat denaturation at 100?C for 2 minutes and quick cooling, and (e) 
after digestion with 4 units of Sal I for 2 hours. (b) DNA from particles resulting from infection 
with pLW408/Sal I in native form, (d) following heat denaturation and quick cooling, and (f) 
after Sal I digestion. 
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Table 1. Infectivity of CaMV DNA derived 
from recombinant plasmids and from virus 
particles. Inoculum (50 g1l) contained DNA, 
as indicated, in 150 mM NaCl, 15 mM sodium 
citrate, and 2 mg of Celite 545 (an abrasive). 
The inoculum was rubbed on the leaves of 
two or three 2-week-old turnip plants. Plants 
were scored for the appearance of symptoms 
4 to 5 weeks after infection. 

Plant 
infected/ Inoculum 

plant 
inoculated 

Mock infected (no DNA) 0/3 
CM4-184 CaMV (10 ,g) 3/3 
CM4-184 CaMV/Sal I* (10 t,g) 2/3 
pLW408 (20 ,g) 0/3 
pLW408/Sal I* (1 ug) 0/2 
pLW408/Sal I* (5 gg) 1/3 
pLW408/Sal 1* (20 tig) 3/3; 2/2 
pLW414(20 ,ug) 0/2 
pLW414/Sal I* (20 tug) 2/2 
pLW408/Sal I, nuclease S1 0/2 

digestedt (20 gg) 

*Sal I digested 3 hours with 0.5 enzyme unit per mi- 
crogram of DNA. tNuclease S1 digested 30 min- 
utes with four enzyme units per microgram of DNA. 

found that DNA isolated directly from 
the virus is infective either in an intact 
form or when cleaved at a single site by 
Sal I (Table 1). This contrasts to the re- 
port by Szeto et al. (2) which showed 
that Sal I cleavage destroys infectivity of 
viral DNA. 

The Sal I-digested recombinant plas- 
mid, pLW408 or pLW414, which con- 
tains the CaMV genome, can also infect 
plants (Table 1). The cloned CaMV DNA 
is infective only when it is excised from 
the plasmid. The intact plasmid is not in- 
fective. The cloned CaMV DNA lacks 
the normal secondary structure of the 
viral genome, including the single-strand 
breaks and the tangled form, and there- 
fore these structural features must not be 
required for infectivity. In addition, the 
viral DNA, whether derived from the 
plasmid or directly from the virus, does 
not need to be circular to infect plants. 
The plant host is apparently capable of 
circularizing the DNA as long as the 
cohesive ends of the Sal I remain intact. 
Mild nuclease Sl digestion of the Sal 1- 
cleaved pLW408 plasmid (pLW408/Sal 
I), a treatment which should digest 
single-stranded DNA at the cohesive 
ends, destroys infectivity of the plasmid 
(Table 1). 

We investigated whether the appear- 
ance of symptoms in the plants infected 
with cloned viral DNA was accompanied 
by virus production. We passaged the in- 
fective agent from a plant infected with 
Sal I-digested cloned DNA to a batch of 
plants from which virus could be extract- 
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ed. Virus extraction procedures (9) 
yielded 50-nm spherical particles identi- 
cal in morphology to standard CaMV 
(Fig. 2). 

To determine whether the virus parti- 
cles contain DNA characteristic of the 
original virus, we extracted the nucleic 
acid and subjected it to electrophoretic 
analysis on agarose gels. DNA from the 
particles comigrated wit) DNA from the 
standard virus, both in native and dena- 
tured form (Fig. 3). The native DNA's 
migrated as two bands, a faster sharp 
band composed of linear molecules and a 
slower diffuse band composed of a col- 
lection of circular forms (7). The dena- 
tured DNA from the standard CM4-184 
virus contains two single-strand breaks 
(Fig. 1), and when it is denatured it falls 
apart into two linear single strands that 
comigrate as a single band on gels (5). 
The gel migration properties of the na- 
tive and denatured DNA indicate that 
viral DNA molecules derived from the 
infection by cloned CaMV DNA have re- 
acquired their secondary structure and 
their single-strand breaks. The Sal I di- 
gestion of the DNA obtained from virus 
particles isolated from plants infected 
with cloned CaMV DNA shows that the 
plant rejoined the Sal I cohesive ends of 
pLW408/Sal I DNA, thereby reconstitut- 
ing the Sal I site. 

It should be pointed out that the 
cloned CaMV DNA suffered no major in- 
sertions or deletions during reintroduc- 
tion into the plant. The DNA retained all 
characteristics of the CM4-184 CaMV 
DNA from which it was derived, includ- 
ing the DNA fragment pattern resulting 
from the digestion with Sal I (Fig. 3) and' 
several other restriction enzymes (data 
not shown). This is important because it 
means that the virus particles that arose 
from infection by cloned CaMV DNA 
did not, in fact, result from the acciden- 
tal introduction of another strain of 
CaMV. Because CM4-184 DNA carries a 
large deletion, amounting to 5 percent of 
the total genome (5), it is clearly distin- 
guishable from other CaMV types. The 
CM4-184 strain is unlikely to be acciden- 
tally introduced into our plants because 
the virus by itself cannot be transmitted 
by aphids, the natural vector for the vi- 
rus (8). We routinely maintain another 
viral isolate, CaMV Cabb B-J.I. (an 
aphid-transmitted strain), in the same 
greenhouse with the test plants. The 
DNA from this strain can be clearly dis- 
tinguished from CM4-184 DNA by gel 
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thereby open new opportunities for ex- 
ploring the use of CaMV as a molecular 
vehicle in plants. 

STEPHEN H. HOWELL 
LINDA L. WALKER 

R. K. DUDLEY 
Biology Department C016, University of 
California, San Diego, La Jolla 92093 
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Myocardial ischemia leads to rapid de- 
terioration of mitochondrial function (1- 
3). This occurs even during the first 20 
minutes of coronary vessel occlusion 
(the "reversible" stage). Irreversible 
cellular damage after 20 minutes of oc- 
clusion has been attributed to several 
factors (4-8). However, no conclusive 
evidence has been presented to account 
for the very early and progressive deteri- 
oration in organelle function that occurs 
with ischemia. 

Nuclear magnetic resonance (NMR) 
studies have indicated the importance of 
cellular water and its exchange for sever- 
al biological systems in normal and cer- 
tain pathological states (9-11). In light of 
morphological evidence that mito- 
chondria become swollen and ultimately 
disrupted during ischemia (12-14), we 
chose to ascertain whether changes in 
macromolecular hydration are associat- 
ed with the altered function. Mitochon- 
drial water content was investigated by 
measuring the NMR relaxation times of 
water protons. We report that the hydra- 
tion of mitochondrial pellets and the 
spin-lattice (T1) and spin-spin (T2) relaxa- 
tion times of water protons decrease as 
the period of ischemia increases. In fact, 
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and in E. coli SF8 under P1 conditions after 1I 
March 1979 following the issuance of the revised 
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these changes begin to appear after just 3 
minutes of coronary occlusion. 

A loose ligature was placed on the cir- 
cumflex coronary artery of surgically 
prepared and monitored dogs (15 to 25 
kg) (13). The ligature was tightened until 
flow ceased entirely, and the heart was 
removed after a set period and immedi- 
ately chilled to 4?C. Control animals re- 
ceived sham surgery; no occlusion was 
performed and the heart was removed af- 
ter periods as long as 60 minutes. Mito- 
chondria were isolated from 10- to 15-g 
samples of both the anterior and posteri- 
or papillary muscle regions of the left 
ventricle by using the Polytron proce- 
dure with either KCI-EDTA (15) or man- 
nitol; additionally, two populations of 
mitochondria were isolated by the Poly- 
tron and Nagarse protocol of Palmer et 
al. (16). Protein was measured by the 
biuret method (17). 

The mitochondrial suspension was di- 
luted to 20 mg/ml with isolation medium, 
and conical plastic NMR tubes were 
filled with 0.45 ml of the suspension and 
centrifuged at 10,000g for 10 minutes. 
The supernatant fraction was aspirated, 
and any liquid adhering to the inside of 
the tube was absorbed with a cotton 
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Mitochondrial Water in Myocardial Ischemia: 

Investigation with Nuclear Magnetic Resonance 

Abstract. Nuclear magnetic resonance studies of mitochondria isolated from is- 
chemic hearts after coronaty vessel occlusion indicated a decrease in water proton 
relaxation times. This change coincided with a decrease in the hydration of the sam- 
ples. It is suggested that in ischemia, changes in macromolecular hydration may be 
one of thefirst mechanisms to alter function in the mitochondria, which are vital to 
the energy-transducing process in heart muscle. 
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