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Heterogeneity of Renin Substrate in Human Plasma: Effect of Pregnancy and Oral
Contraceptives (39536)
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There have been few studies of the elec-
trophoretic mobility of renin substrate in
plasma and only two! reports of the behav-
ior of renin substrate in human plasma (1,
2). Both of these reports indicate that there
may be, in human plasma, a small quantity
of a second renin substrate with a lesser
mobility than the obvious major compo-
nent, which migrates to a position just be-
hind albumin. Since our last publication, we
have modified our technique, making it
more effective in showing the presence of
small amounts of renin substrate in plasma.
With this modified technique, we have found
at least five electrophoretically dissimilar
renin substrates to be present in human
plasma. In addition, we have found signifi-
cant variations of the pattern of renin sub-
strates in the blood plasma of pregnant
women and of women taking oral contra-
ceptive medication.

Methods. Details of our technique are de-
scribed in our previous publication (2). In
brief, the procedure consists of electropho-
resis of plasma proteins on a polyacryl-
amide-gel cylinder, slicing the gel, incubat-
ing each slice separately with human renin,
EDTA, and BAL in a small volume of sa-
line, and transferring an aliquot of this mix-
ture to a test tube containing the necessary
components for radioimmunoassay of angi-
otensin I. Three modifications of technique
have proven to be effective in increasing the
*“visibility” of small amounts of renin sub-
strate present in blood plasma: (i) increasing
the sample size, (ii) prolonging the time of
incubation with renin, and (iii) improving
the purity of the renin used. We now apply
40 wl of a 50:50 mixture of plasma and
bromphenol blue dye plus sucrose solution
(equivalent to 20 ul of plasma) to the top of
each gel prior to electrophoresis, which is

! Four, if one counts preliminary abstracts by the
same authors.

eight times as much plasma as we previously
used. In order to do this without overload-
ing the gel and without greatly increasing
the depth of the layer applied initially to the
top of the gel, we use a gel tube twice the
diameter, 10-mm i.d. instead of 5-mm i.d.,
giving four times the cross-sectional area to
which the sample is applied. In a few experi-
ments we have used as much as 100 ul of
sample applied to the gel.

In connection with the second and third
modifications of technique listed, if one uses
a prolonged incubation with renin (for ex-
ample 24 hr instead of 2 hr), it is necessary
to use a renin preparation which is reasona-
bly free of angiotensinase. Otherwise, dur-
ing the prolonged incubation, destruction of
angiotensin keeps pace with its rate of for-
mation. We have used three different hu-
man renin preparations in our experiments,
two prepared in our own laboratory and one
kindly supplied by Drs. E. Haas and H.
Goldblatt. All three were made up as a
stock solution in saline equivalent to 1
Goldblatt until ml, which was kept frozen.
The final concentration was varied but usu-
ally was approximately 0.02 GU/ml of incu-
bation mixture. All three renins were pre-
pared by the technique described by Haas et
al. in 1966 (3) in their procedure A. Our
less pure renin was carried through steps 1-
3 of this procedure, which still leaves con-
siderable contamination with angiotensi-
nase. Our purer renin and the one from Dr.
Goldblatt’s laboratory were carried through
steps 1-5 of the Haas procedure, which gets
rid of most, but not all, of the angiotensi-
nase present in the kidney extract.

Results. In normal plasma from male or
female subjects, there is a single large peak
of renin substrate with a mobility slightly
less than that of albumin. There is, in addi-
tion, a series of very small peaks of renin
substrate with lesser mobilities than the ma-
jor peak. Usually four small peaks appear
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“before” the major peak and we have la-
beled these A, B, C, and D and called the
major peak E. Their electrophoretic mobili-
ties relative to the front of the albumin band
(R alb) are A, 0.05-0.10; B, 0.25-0.30;
C, 0.40-0.45; D, 0.50-0.55; and E, 0.75-
0.80. Figure 1 shows an example of this
pattern in a normal male and also shows
how the small more slowly moving peaks
(especially B) are made to stand out by
increasing the sample size and prolonging
the time of incubation with renin. Figure 2
shows the same for the pattern of renin
substrates in the plasma of a normal female.
In this particular example, peaks C and D
are absent, but other female plasmas do
show one or both of these peaks. Of the four
minor peaks, the second (B) is usually pres-
ent in the largest quantity and is the one
previously reported to be present. It is not
yet certain from our experiments whether
there are consistently demonstrable minor
peaks of renin substrate with electropho-

Attumin |

o——e 40ul Sample
2hr Incubation

o—0 100uL Sample

24 hr Incubation

ng ANGIOTENSIN T

050+

mm from Ongin

+

Fig. 1. Pattern of renin substrate after electropho-
resis on polyacrylamide gel. Normal male human
plasma. The small, slower-moving peaks of renin sub-
strate, especially B, are more prominent when a larger
sample and a longer incubation time are used. The
position of albumin is indicated by the horizontal bar.
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Fic. 2. Pattern of renin substrate after electropho-
resis of normal female plasma. Minor peaks show a
similar but not identical pattern compared to that of
normal male.

retic mobilities greater than that of the ma-
jor renin substrate peak. In some experi-
ments two or three such rapidly migrating
substrates do appear and, if we can confirm
their existence, they will be labeled F, G,
and H, making a total of eight electropho-
retically different renin substrates present in
normal human plasma. We have examined
the pattern of renin substrates in the plasma
of six normal males and eight normal fe-
males and found no obvious differences be-
tween the individual plasmas.

Effect of oral contraceptives. It has been
shown by several investigators (4-10) that
the concentration of renin substrate in the
blood plasma of women taking oral contra-
ceptive medication (estrogens plus gesta-
gens) is greatly increased. Increases of three
to five times normal control values have
been reported. We subjected plasma from
six women using such medication to the
electrophoretic analysis of renin substrate
described above and found a distinctly dif-
ferent pattern of renin substrates from that
shown by women not taking such medica-
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Fi6. 3. Pattern of renin substrates in plasma of a
woman taking oral contraceptive medication. Note the
striking increase of the two slowest-migrating peaks.

tion. An example is shown in Fig. 3. Peaks
A and B are especially increased. The major
peak (E) may also be increased, but this is
not always evident. The pattern of sub-
strates in women taking oral contraceptives
is quite characteristic and, although minor
variations occur, it can be readily recog-
nized.

Effect of pregnancy. The fact that the to-
tal amount of renin substrate increases sig-
nificantly in pregnant women has been well
established (5, 11-16). We subjected the
plasma of seven pregnant women to electro-
phoresis and measurement of renin sub-
strate and found a pattern of renin sub-
strates strikingly different from that of non-
pregnant women and also, to a lesser de-
gree, different from the pattern of women
taking oral contraceptives. Not only are
peaks B, C, and D significantly increased
but the bases of all the slow-moving peaks
run together so that there is not the usual
return to baseline between peaks. An exam-
ple of the pattern of renin substrates in the
plasma of a pregnant woman is shown in
Fig. 4. In addition, in the same figure, the
effect of omitting the renin during the incu-
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bation step is shown. The absence of the
peaks when renin is omitted indicates that
they are, indeed, renin substrates. All but
one of the plasmas from pregnant women
which we tested were from pregnant women
at term or nearly at term. The only plasma
from an earlier stage of pregnancy was from
a woman 7 months pregnant and in her case
the pattern of renin substrates is closer to
that seen in women using oral contracep-
tives. In general, there seems to be a greater
variation in the pattern of renin substrates in
pregnant women than in the other groups.
Effect of nephrectomy and of cirrhosis. In
addition to the categories described above,
we have examined the renin substrate pat-
tern in two other situations in which renin
substrate might be expected to be altered: in
patients with cirrhosis of the liver and as-
cites and in patients subjected to bilateral
nephrectomy. In two of four cirrhotic pa-
tients, the amount of major substrate peak
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Fic. 4. Pattern of renin substrates in plasma of a
pregnant women. All slow-moving peaks are increased,
especially the one migrating behind the major renin
substrate peak. Open circles show the absence of angi-
otensin produced from renin substrate when renin is
omitted from the incubation.
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(E) was greatly diminished and the minor
peaks were also reduced. In three bilaterally
nephrectomized patients, contrary to our
expectation, there was not a significant in-
crease in the major peak and the pattern of
minor peaks was not different from normal.
Control experiments. In order to confirm
the presumption that the peaks of renin sub-
strate activity which we observed were in-
deed isomeric forms of renin substrate, we
felt that it was necessary to show (i) that
they did not appear (or were greatly dimin-
ished) if the step involving incubation with
renin was omitted, (ii) that the product
formed by incubation with renin had the
characteristic properties of angiotensin, and
(iii) that the peaks could be eliminated (i.e.,
converted to angiotensin) by prolonged in-
cubation with renin prior to electrophoresis.
Figure 4 shows that omission of the renin
incubation step does prevent the appear-
ance of the renin substrate peaks. The fact
that in all experiments we used antibodies
against angiotensin I to detect the end prod-
uct of the renin reaction (by radioimmu-
noassay) is itself strong evidence that the
source of the material we measured is some
form of renin substrate. We found that the
product formed (a) is absorbed onto char-
coal and (b) is not destroyed by 10-min
heating to 95-100°; both properties confirm
that the active product is not a protein. In
addition, we found that we could eliminate
the peaks of renin substrate by a 2-hr incu-
bation of the plasma with human renin, thus
converting the substrates to angiotensin
prior to electrophoresis of the plasma. In
sum, the results of all these tests support the
view that the peaks of activity we observed
are, in fact, variants of renin substrate.
Discussion. Our results show that there
are five or more electrophoretically distin-
guishable renin substrates in human plasma.
In 1963, Skeggs et al. (17) reported the
separation of five or more forms of renin
substrate from hog plasma by means of
DEAE-cellulose chromatography. How-
ever, the method used by Skeggs et al. in-
volved preliminary chemical treatment in-
cluding exposure of the plasma to a pH of
2.5, and it has been pointed out that this
treatment may have altered the substrate
molecule, so that it is uncertain to what
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extent the results correspond to the situa-
tion in unaltered plasma (18). It should be
emphasized that in our work the plasma is
not exposed to extreme conditions prior to
or during electrophoresis on polyacrylamide
gels. The buffer we used for electrophoresis
is Tris-glycine buffer, pH 7.9.

Whether the heterogeneous nature of
renin substrate in human plasma has any
biological significance is unknown. It is most
interesting that situations such as pregnancy
and medication with oral contraceptives re-
sult in alterations of the relative amounts of
the different renin substrates present. Skin-
ner et al. (19) reported that renin substrate
in plasma from pregnant and nonpregnant
women behaved identically when chromato-
graphed on columns of DEAE-Sephadex.
The difference between their results and
ours can probably be explained by the dif-
ferent methods used for separation of
plasma proteins. If some biochemical differ-
ences between the variants of renin sub-
strate can be shown, e.g., differences in rate
of reaction with renin, this could be signifi-
cant, since it might affect the quantity of
angiotensin generated by circulating renin in
vivo . In any case, now that the existence of
variants of renin substrate has been shown,
future investigations of possible clinical cor-
relation will have to take account of qualita-
tive as well as quantitative variations of this
substance.

Summary. The electrophoretic mobility
of renin substrate in human plasma was de-
termined by electrophoresis of the plasma
on a cylinder of polyacrylamide gel, fol-
lowed by slicing the gel, incubation of each
slice with human renin, EDTA, and BAL,
and determination of the angiotensin
formed by radioimmunoassay. In the
plasma of normal males and females, a sin-
gle large peak of renin substrate was found
with an electrophoretic mobility somewhat
less than that of albumin. In addition, a
series of three or four very small peaks of
renin substrate with lesser electrophoretic
mobility were also observed, the second
peak from the origin being the largest of the
minor peaks. The peaks, in order of increas-
ing mobility were labeled A through E, E
being the large major peak of renin sub-
strate. Occasionally, but not consistently,
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observed were two or three small peaks of
renin substrate with electrophoretic mobili-
ties greater than that of the major peak.
Thus, there are five and possibly as many as
eight electrophoretically  distinguishable
renin substrates present in normal human
plasma.

In women taking oral contraceptives the
pattern of renin substrates is different from
that of women not taking such medication.
Peaks A and B are significantly increased. In
pregnant women a different pattern of renin
substrates is found; the minor peaks being
markedly increased, especially B, C, and D.
Plasma of patients with cirrhosis of the liver
and of patients subjected to bilateral ne-
phrectomy were also examined. The pattern
of renin substrates in these did not differ
significantly from normal, except that the
quantities of all the variants of renin sub-
strate, including the major peak, were
greatly reduced in some of the patients with
cirrhosis.

We thank Drs. E. Haas and H. Goldblatt for the gift
of renin and Dr. E. Clark for providing us with blood
samples from pregnant and nonpregnant women.
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