The detection of reasonable amounts
of MurA and a suspected DAPA peak
encouraged us to attempt to verify the
identity of DAPA. This was accom-
plished by performic acid oxidation,
which clearly separated DAPA from
methionine (20). The performic acid-oxi-
dized samples yielded a DAPA peak that
coincided with the suspected DAPA
peak from the HCI hydrolyzates (Fig. 2,
A and B).

Our results show that the primary
symbiote of the pea aphid does indeed
contain the peptidoglycan complex of
“‘true’’ bacterial cell walls. Staining with
KMnO, revealed an apparent pepti-
doglycan complex between the cy-
toplasmic membrane and the outer cell-
wall envelope of the primary symbiote.
In addition, amino acid analysis revealed
the diagnostic peptidoglycan amino com-
pounds MurA and DAPA.
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Hypertension: Increase of Collagen Biosynthesis in

Arteries but Not in Veins

Abstract. In two models of hypertension in rats, it was shown that collagen syn-
thesis and deposition are increased in arteries where blood pressure is elevated. By
contrast, there were no alterations in any of the markers of collagen synthesis in
veins, where blood pressure was only slightly elevated. It would appear that the
stimulus for vascular collagen synthesis is provided by a direct effect of the increased
pressure on the arterial cells rather than by a humoral factor released into the gener-

al circulation.

We have previously shown (/) that, in
two models of hypertension in rats, there
is increased synthesis and deposition of
collagen in the arteries. We therefore
suggested that some of the observed pa-
thology of hypertension is related to vas-
cular formation and deposition of colla-
gen (/) and, furthermore, that it is the in-
creased pressure itself which initiates the
changes in collagen metabolism (2). It is
known that in hypertension, the increas-
es in pressure are predominantly in the
arterial bed and that venous pressure is
only slightly affected (3). Since the veins
normally contain as much collagen as the
arteries on a weight-per-weight basis, it
was of interest to determine the effects of
experimental hypertension on venous

collagen.
Male Wistar rats were supplied by
Charles River. Desoxycorticosterone

acetate-salt hypertension was produced
in uninephrectomized, 8-week-old rats,
by subcutaneous injection of 5 mg of de-
soxycorticosterone acetate (DOCA) per
rat twice weekly #). Normotensive,

Table 1. Arterial and venous blood pressures
in hypertensive rats and controls. Rats were
made hypertensive by 6 weeks of treatment
with desoxycorticosterone-salt (DOCA-salt).
The spontaneously hypertensive rats were S
months old. Each value represents the mean
+ the standard error of the mean obtained
from at least five rats.

Blood pressure

Model Arterial Venous
(mm-Hg) (mm-H,0)
Control 120 = 4.1 -20 =44
DOCA-salt 212 + 4.8% —-15+2.8
Control 120 = 3.4 =23 =57
Spontaneous 208 = 3.3* —13 3.0

‘;)Signigcantly different from its appropriate control,
< .01.

unoperated male Wistar rats were used
as controls. All the animals were main-
tained on a standard laboratory diet and
were given free access to 1 percent saline
in tap water for drinking. Spontaneously
hypertensive rats (5 months old) were se-
lected from the Hoffman-La Roche col-
ony (5). Normotensive controls were ge-
netically related Wistar-Kyoto male rats.
Arterial blood pressures were measured
by the tail-cuff and photoelectric method
without anesthesia (6). Jugular vein
blood pressures were measured by a wa-
ter manometer connected with a cannula
inserted directly into the jugular vein of
anesthetized animals. Rats were killed
by decapitation, the various blood ves-
sels were excised, and three markers of
collagen synthesis were measured.

Each tissue was homogenized in 30
volumes of 0.25M sucrose containing
10 mM tris-HCI buffer (pH 7.4), 100 uM
dithiothreitol, and 10 uM ethylenedi-
aminetetraacetic acid. Prolyl hydrox-
ylase activity was measured in a 15,000g
supernatant by the tritium release assay
of Hutton et al. (7). Collagen was ex-
tracted with 0.5M acetic acid (8) and hy-
droxyproline was measured by the meth-
od of Kivirikko et al. (9). These values
yield collagen content when multiplied
by 6.98 (10). The incorporation of *C-la-
beled proline into collagenase-digestible
protein was determined by incubating
tissue homogenates in 1.25 ml of Earle’s
balanced salt solution buffered with
28mM  Hepes [4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid], pH 7.4,
containing 10 uc of “C-labeled proline
(New England Nuclear) as described
(11). Protein concentration was deter-
mined by the method of Lowry et al.
(12), with bovine serum albumin as
the standard.
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The arterial blood pressures of both
types of hypertensive animals were ele-
vated over those of the normotensive
controls (Table 1). The venous blood
pressures are normally very low and
were, therefore, measured by a water
manometer. In both types of hyper-
tensive animals venous pressure was not
significantly increased.

The prolyl hydroxylase (E.C.
1.14.11.2; proline, 2-oxoglutarate dioxy-

genase) activities in blood vessels are
shown in Table 2. This marker of colla-
gen biosynthesis was greatly increased in
the aorta and mesenteric artery of hyper-
tensive animals. The small increases ob-
served in the vena cava and mesenteric
vein are of questionable significance.

In another experiment, we measured
in vitro collagen synthesis by blood ves-
sels from control and hypertensive rats,
as indicated by the incorporation of 4C-

Table 2. Prolyl hydroxylase activity in arteries and veins of hypertensive rats compared to
controls. The tissues were taken from the same animals that were described in Table 1, and
prolyl hydroxylase was assayed in homogenates as described in the text. Enzyme activity is
expressed as counts per minute per milligram of protein. Each value represents the mean =+ the
standard error of the mean obtained from results in five rats. The values for the mesenteric vein
could not be treated statistically because the determinations were done on tissue pooled from

five animals.

Prolyl hydroxylase activity

Model
DOCA-salt Spontaneous
Aorta
Control 8,030 = 1,020 8,730 = 320

Hypertensive

14,690 + 1,650*

17,850 = 2707t

Mesenteric artery

Control 12,710 + 1,220 13,950 + 580
Hypertensive 29,990 = 2,180 18,840 =+ 33071
Vena cava
Control 6,590 + 430 5,080 + 580
Hypertensive 8,130 = 780 6,490 + 350
Mesenteric vein
Control 11,388 10,900
Hypertensive 13,078 12,270

*P < .05, as compared to control. TP < .01.

Table 3. Collagen synthesis in isolated arter-
ies and veins from hypertensive and control
rats. The same type of DOCA-salt animals
were used as in Table 1. Samples of minced
tissue were incubated with **C-labeled pro-
line, homogenized, dialyzed, and treated with
collagenase as described. Values for incorpo-
ration of *C-labeled proline are expressed as
counts per minute per milligram of protein.
The values for the aorta and mesenteric artery
represent the mean + the standard error of
the mean obtained from results in five rats.
The values for the vena cava and the mesen-
teric vein could not be treated statistically be-
cause the determinations were done on tis-
sues pooled from five rats.

Table 4. Collagen content of arteries and
veins in hypertensive rats compared to con-
trols. The same type of animals were used as
in Table 1. The isolated vessels were homoge-
nized and assayed for hydroxyproline; their
collagen content was calculated as described.
Total collagen content is expressed as milli-
grams of collagen per gram of tissue. Each
value represents the mean * the standard er-
ror of the mean obtained from results in five
rats. The values for the mesenteric vein could
not be treated statistically because the deter-
minations were done on tissue pooled from
five rats.

Total collagen

14(Clabeled Model DOCA- Sponta-
: salt neous
Model . proline .
incorporation Aorta
- into collagen  ontrol 97425  77.9 = 1.0
Aorta Hypertensive  116.0 = 2.1*  101.0 + 5.9*
Control 2441 + 566 .
. Mesenteric artery
Hyperensive = amrymS + 189" control 80.8 = 1.6 86.1 = 3.3
. . N
Control 3482 + 612 Hypertensive 949 + 2.2 [11.0 = 5.8
Hypertensive 7812 = 1450* Vena cava
Vena cava Control 51,1 =28 715 = 2.5
Control 2210 Hypertensive  57.3 = 4.3 67.0 + 1.7
Hypertensive 2650
Mesenteric vein Mesenteric vein
Control 2252 Control 74.4 81.5
Hypertensive 2126 Hypertensive  73.1 83.8
*Significantly different from control, P < .0S. *P < .01. P < .05.
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labeled proline into collagenase-digest-
ible protein. This marker of collagen
synthesis was also increased greatly in
arteries but not at all in veins (Table 3).

Hypertension resulted in an appre-
ciable increase in collagen content in
both the aorta and the mesenteric artery
(Table 4). Again, no significant changes
were observed in the vena cava or the
mesenteric vein.

Our studies show that the alterations
in collagen synthesis in the vasculature
of hypertensive animals is limited to the
arterial vessels as is the increased pres-
sure. It would appear, therefore, that the
increased pressure acts directly on the
cells in the arterial bed and that its ef-
fects are modulated by local and, most
likely, intracellular mechanisms. If this
were not so and if, in hypertension, a hu-
moral factor affecting collagen synthesis
was liberated into the general circula-
tion, the effects would most likely have
been seen in veins as well as in arteries.

Additional evidence that it is the ele-
vated blood pressure per se which is re-
sponsible for the observed changes in
collagen biosynthesis is provided by the
studies of Hume and Bevan (I3). They
demonstrated that experimental coarcta-
tion of the rabbit aorta results in in-
creased collagen synthesis in that seg-
ment of the aorta which is proximal to
the constriction and where blood pres-
sure is elevated. Neither blood pressure
nor collagen synthesis is increased in the
segment of aorta distal to the con-
striction. Further supporting evidence
comes from patients with coarctation of
the aorta (/4) where, again, those por-
tions of the aorta proximal to the con-
striction which are subjected to in-
creased pressure, are the ones that un-
dergo hypertrophy and form fibrous
tissue.

It remains to be seen as to just how the
increased blood pressure stimulates arte-
rial collagen synthesis and the ac-
companying fibrosis. Nevertheless, the
present findings provide a rationale for
current approaches to antihypertensive
therapy (I5) which are based on the
premise that lowering blood pressure, by
whatever means, is lifesaving in hyper-
tension.

K. IwaTtsuki, G. J. CARDINALE
S. SPECTOR, S. UDENFRIEND
Roche Institute of Molecular Biology,
Nutley, New Jersey 07110
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Osmotically Induced Changes in Electrical Properties of

Plant Protoplast Membranes

Abstract. The internal electrical potential of protoplasts from six different plant
species was positive. Plasmolyzed cells of leaves had positive voltages of similar
magnitude. Both Elodea leaf cells and tobacco protoplasts with regenerated cell
walls became more electronegative during deplasmolysis. These findings suggest
that cell turgor affects membrane components that determine cellular potential.

Since the first mass preparation of
plant protoplasts by enzymatic tech-
niques (/) and the regeneration of an en-
tire plant from a protoplast (2), there has
been much interest in the possible use of
protoplasts for plant improvement (3).
Introduction of new genetic material into
the plant protoplast through transforma-
tion, transduction, or somatic hybridiza-
tion becomes more feasible once the
physical barrier presented by the cell
wall has been removed by enzymatic di-
gestion, but many types of protoplasts,
including those from cereals, fail to de-
velop in culture ). We now report that
protoplasts are electrically positive with
respect to the external solution, although
the leaf cells from which they were de-

rived are electrically negative. Since iso-
lated protoplasts must be maintained in a
plasmolyzed condition during and fol-
lowing removal of the cell wall, we ex-
amined the effect of plasmolysis and
deplasmolysis on the membrane poten-
tial of intact leaf cells, of freshly isolated
protoplasts, and of older protoplasts.
For impalement of cells with micro-
electrodes, sections of mature leaves
from oat (Avena sativa), corn (Zea
mays), tobacco (Nicotiana tabacum),
and petunia (Petunia hybrida) were cut
and mounted in a Plexiglas chamber and
bathed in 1X nutrient solution for 1 to 3
hours before impalement (5). Protoplasts
were isolated from leaf tissue of oat,
corn, tobacco, petunia, and Datura stra-
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monium and stem tissue of soybean (Gly-
cine max). After surface sterilization in
0.5 percent hypochlorite, the upper epi-
dermis was stripped from the leaves and
the soybean stems were split longitudi-
nally. The areas of cells thus exposed
were placed face down in an enzyme so-
lution consisting of 1.5 percent cellulysin
(Calbiochem, San Diego), 0.5 percent
pectinase  (Nutritional Biochemicals
Corp., Cleveland), and 0.57M mannitol
at pH 5.7 for 3 hours at 30°C. The re-
leased protoplasts were collected by
low-speed centrifugation (75¢) and cul-
tured in a B-5 medium (6) and 0.7 percent
agar. For impalement of protoplasts with
microelectrodes, a 0.5 cm by 1.0 cm sec-
tion was cut from the agar and placed in
a Plexiglas chamber. Most measure-
ments were made within 2 hours to 4
days of isolation; tobacco protoplasts
were monitored over a 3-week period
and during changes in external osmot-
icum.

Elodea densa was maintained in a
glass beaker in 1X nutrient solution.
Room air was bubbled through the medi-
um and a combination of fluorescent and
incandescent lights provided illumina-
tion at 1.2 x 10* erg cm~2 sec™!. A leaf
near the apical meristem was removed
and the tip of the leaf (0.5 to 2 mm) was
excised. The leaf, with the cut end up,
was held in the Plexiglas chamber by a
thih rubber strip on the wall of the cham-
bét so that individual cells could be im-
paled with microelectrodes.

Microelectrodes with tip diameters of
less than 0.5 um were made from glass
capillary tubing and filled with 3M KCI.
The microelectrodes and a reference
electrode were connected with Ag-AgCl
wire to an electrometer and a chart re-
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Fig. 1 (left). Changes in protoplast size and membrane potential of Elodea cells after plasmolysis in 0.7M mannitol and during deplasmolysis in
0.3M mannitol. The photographs were taken about 5 minutes after changes in the external osmoticum. The response of the membrane potential to

external osmoticum is condensed from original chart records. This experiment was repeated three times.

Fig. 2 (right). Response of young (4-

day-old) and older (14-day-old) tobacco protoplasts to changes in external osmoticum. The photographs were taken about 5 minutes after
perfusion of protoplasts, which were embedded in agar in 0.57M mannitol, with 0.30M mannitol. During enlargement of the 4-day-old protoplasts
the potential becomes more positive. The older protoplasts have cell walls which prevent their expansion and the membrane potential becomes
more negative when the osmotic concentration is lowered. Data are redrawn from chart records; these experiments were repeated six times.
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