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Abstract-A renin-like enzyme from rat submandibular gland was purified 40-fold by 
repeated chromatography on DEAE cellulose columns. The reaction product of this 
enzyme with a purified renin substrate from rat plasma was identified as angiotensin II 
by paper chromatography, high voltage electrophoresis and radioimmunoassay. The 
rate of angiotensin release from substrate is proportional to enzyme concentration, is 
maximal between pH 5.8 and 6.1 and obeys first order kinetics with regard to substrate 
concentrations up to 3200 ng/ml. The rate of angiotensin generation declines during the 
incubation period, reaching almost zero at 30 min. A variety of possible causes for this 
behaviour such as angiotensinases, substrate consumption, substrate specificity, forma- 
tion of an inhibitor and changes in the incubation conditions could be excluded. An 
unusual stimulation of the enzyme substrate reaction by bifunctional SH reagents was 
observed. Direct intravenous injection of the enzyme to rats produced a transient rise 
in blood pressor, which differs qualitatively and quantitatively from that produced by 
renin. It is concluded that the rat submandibular enzyme is clearly distinct from renin 
as well as from isorenin of mouse submandibular gland. Comparison with pseudorenin 
is not possible due to lack of kinetic data for the latter enzyme. 

IN A previous report, the presence of a renin-like enzyme* in rat submandibular 
gland has been demonstrated.’ When compared on the basis of angiotensin-like 
pressor substance generation, the concentration of this enzyme in rats is much less 
than that of isorenin found in submandibular glands of male mice.2-4 In addition, no 
sexual dimorphism in enzyme activity was observed in rats. Indirect evidence suggested 
that the pressor substance formed during the incubation of rat submandibular gland 
extracts with rat plasma is identical with angiotensin. 

The present paper describes the partial purification of the renin-like enzyme, some 
of its kinetic characteristics and the identification of the reaction product as angio- 
tensin. 

MATERIALS AND METHODS 

Preparation of crude extracts from submandibular glands. Male Wistar rats weighing 
250-300 g were used. The animals were fed a standard commercial diet and given 
tap water ad lib. 

Submandibular glands were removed under ether anaesthesia, freed from adherent 
fat and connective tissue and stored at -20”. The thawed tissue was homogenized in 
9-parts of 2 mM dimercaptopropanol (BAL) in water by means of a knife-blade 
homogenizer (Ultra-Turrax, Jahnke and Kunkel, Germany) 4 times for 45 set with 
intermittent 1 min periods of cooling. The homogenate was centrifuged at 5000 g 

* The term “renin-like enzyme” is used for the sake of convenience and is not intended to suggest 
a close relationship to either renin or isorenin. 
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for 15 min, the clear yellow supernatant decanted and the pellet re-extracted with 
approximately 3 vol. of 2 mM BAL in water. 

PurzjTcationprocedure. Dry DEAE-cellulose powder (Cellex D, Biorad Laboratories, 
1.2 g per gram wet tissue) was added to the combined supernatants. The slurry was 
stirred for 60 min and subsequently centrifuged at 3000 g for 10 min. The super- 
natant was discarded, and the cellulose pellet washed twice with 5 vol. of 5 mM 
Tris-HC1 buffer (pH 7.4). The enzyme was eluted with a solution of 0.8 M NaCl in 
10 mM Tris-HCl (pH 7.4, 10 ml per gram original tissue). The elution was repeated 
and the combined eluates were dialysed for 24 hr against several changes of 10 mM 
Tris-HCl buffer (pH 7.4) containing 2 mM BAL. During the last 6 hr of dialysis, 
BAL was omitted to exclude possible interference of BAL in the subsequent column 
fractionation. 

The dialysed material was fractionated on a DEAE-cellulose column (50 x 2,5 cm) 
previously equilibrated with 10 mM Tris-HCl (pH 7.4) by elution with a linear 
gradient of NaCl from 0 to 1.5 M in the same buffer. Elution was monitored by con- 
tinuous recording of protein absorption at 280 nm. Fractions of 2.5 ml were collected 
at a flow rate of 10 ml per hr. 

The fractions were analysed for renin-like activity, esterolytic activity, chloride, 
protein and, in some cases, angiotensinase activity (see below). 

During the first steps of enzyme purification, extraction of angiotensin by the ion 
exchange column procedure of Boucher et ~1.~ was performed to eliminate substances 
interfering with the bioassay of angiotensin. During the later stages ofenzyme purifica- 

tion and in all subsequent kinetic experiments the standard enzyme assay was used, as 
described below. 

Fractions with renin-like activity were pooled, dialysed for 24 hr against 10 mM 
Tris-HCl (pH 7.4), reduced in volume by partial lyophilization and re-dialysed 
against the same buffer. The resulting preparation was chromatographed a second 
time on the same column under the same conditions. The bulk of renin-like activity 
was usually eluted in one or two fractions, which were stored at -20” and used, 
without further purification, for all subsequent kinetic experiments. All procedures 
described above were performed at temperatures between O”-5”. 

EsterolJJtic actzkity. This was estimated by the procedure described by Trautschold 
and Werle5 utilizing benzoyl-arginine-ethylester (BAEE) as a substrate. Results are 
expressed as pmoles BAEE hydrolysed per min. 

Substrute preparation. Crude renin substrate (angiotensinogen) was prepared as 
described by Boucher et af.‘j from the plasma of rats which had been nephrectomized 
24 hr previously. This procedure yields a preparation containing 50-80 ng substrate 
per milligram protein, expressed as ng angiotensin liberated by an excess of hog renin. 
Though virtually free of angiotensinase activity, this preparation is not satisfactory 
for kinetic experiments, since systems requiring high substrate concentrations would 
become overloaded with high concentrations of inert protein (up to 50 mg protein 
per millihtre). Therefore, the substrate was further purified by successive fractionation 
on DEAE-cellulose and phosphorylated cellulose (Cellex P, Biorad) columns, to 
yield preparations containing from 500 to 1000 ng substrate per milligram protein. 
Unless otherwise stated, for all kinetic experiments described in this study, a substrate 
preparation with a specific concentration of 560 ng per milligram protein was used. 
This preparation was free of measurable angiotensinase and renin activity (see below). 
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Standard enzyme assay. The reaction mixture contained 30 mM BAL, 500 ng renin 
substrate (560 ng/mg protein) in a final volume of 0.25 ml of 60 mM citric acid-phos- 

phate buffer (pH 5.8). After a pre-incubation of 4 minutes at 37”, the reaction was 
started by the addition of 50 ~1 of the enzyme preparation. The tubes were incubated 
for 15 min at 37” and were then immersed in boiling water for 5 min after 50 ~1 of 
0.02 N HCl had been added. Subsequently, the tubes were placed in an ice bath and 
the volume was adjusted to 1.0 ml by the addition of 1% NaCl. Insoluble matter 
was removed by centrifugation (10 min, 10,OOOg) and pressor activity in the super- 
natant was determined in the nephrectomized, pentolinium-treated rat by comparison 
with val-5-angiotensin II amide.7** 

Angiotensinases. The activity of angiotensin inactivating peptidases was measured 
by incubating the enzyme preparation with 50 ng of val-5-angiotensin II amide 
(Hypertensin, Ciba) in a total volume of 0.3 ml 60 mM citric acid-phosphate buffer 
(pH 5.8) for variable periods at 37”. The amount of angiotensin remaining after the 
incubation was measured by rat bioassay. A given preparation was considered free 
of angiotensinases when neither val-5-angiotensin II amide, val-5-angiotensin II nor 
ileu-5-angiotensin I was inactivated during 30 min of incubation at 37” at either 
pH 5.8 or 7.4. 

Protein. Was determined by the method of Lowry et a1.9 and chloride by the 
mercury-chloranilate method described by Renschler.” All substances used were 
reagent grade. The Wellcome Research Laboratories kindly provided 5-ileu-angio- 
tensin I; val-5-angiotensin II amide (Hypertensin) and val-5-angiotensin II were a 
gift from Ciba, Basle. Hog renin was obtained from Nutritional Biochemicals Corp., 
Cleveland, Ohio. 

RESULTS 

Enzyme pur$cation. Crude extracts of rat submandibular glands contain con- 
siderable amounts of peptidases which rapidly hydrolyse angiotensin and are not 
completely inhibited even by high concentrations of BAL and/or EDTA. Furthermore, 

during incubation of extracts with renin substrate, large quantities of vasodepressor 
material are formed, probably by the action of kallikrein and related enzymes which 
are present in rat submandibular glands in high concentrations.‘l 

The latter complication, which does not permit the direct pressor assay for angio- 
tensin in supernatants after incubation, can be circumvented by isolation of angio- 
tensin on resin columns.6 However, this procedure is tedious and not sufficiently 
accurate for kinetic studies. Therefore, an attempt was made to purify the renin-like 
enzyme. The main concern was to obtain a preparation devoid angiotensinases 
and kallikreins and with a minimum loss of enzyme activity, rather than to obtain 
the enzyme in a highly purified state. Results of a typical purification experiment are 
listed in Table 1. Starting with 15.6 g of frozen submandibular glands, the overall 
purification from the crude extracts was about 40-fold with a recovery of 70 per cent. 
Although kallikreins contribute only about 50 per cent to the total esterolytic activity 
of submandibular gland extracts, I1 this measurement was used for the estimation of 
kallikrein. By the purification procedure described, more than 99.5 per cent of the 
esterolytic activity present in crude extracts were eliminated. The final enzyme prepara- 
tion was free of angiotensinases, as judged by the criteria already described. 

IdentiJication of the pressor product as angiotensin. Renin substrate was incubated 
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with an excess of enzyme preparation under standard conditions and the pressor 

principle formed was purified on a small column (7 x 1 cm) of Sephadex G-10 
previously equilibrated with 5 mM pyridinium-acetate (pH 49. The eluted fractions 
were assayed for pressor activity; the pooled active fractions were then lyophilized, 
dissolved in a small volume of pyridinium-acetate buffer and applied to chromato- 
graphy paper (Whatman No. 1). As a reference, 10 ,ug each of angiotensin I and II 
were used. After descending chromatography (butan-2-01: 3 % NH, ; 25 : 11, v/v) 
or high voltage electrophoresis (0.15 M pyridinium-acetate, pH 4.5, 70 min, 40 V/cm) 
the outer margins of the chromatograms, containing the reference standards, were 
cut off and stained with Folin’s reagent followed by 50 y0 saturated sodium carbonate. 
The angiotensins appear as dark blue spots on a light background. This method has a 
lower limit of sensitivity of approximately 2 pg angiotensin. Since the total amount of 
unknown pressor activity applied to the paper was too low to allow location by 
staining, the centre parts of the chromatogram were cut into vertical strips (1 cm 
wide), which were eluted at room temperature by shaking for 30 min with 1 ml of 
1% NaCl in 50 mM phosphate buffer (pH 7.4). Pressor activity in the extracts was 
determined by bioassay. 

When enzyme and substrate had been incubated in the presence of 2 mM EDTA 
the unknown pressor product migrates like angiotensin II, in the chromatographic 
as well as in the electrophoretic system. When the EDTA concentration was raised 
to 10 mM, an additional active peak occurs, which migrates like angiotensin I. This 
can be taken as additional evidence for the identity of the pressor product with 
angiotensin, since it is well documented that the enzymatic conversion of angiotensin 
I-II is inhibited by high concentrations of EDTA. I2 Further evidence was obtained 
by radioimmunoassay of the pressor principle. In a radioimmunoassay system for 
angiotensin II,’ 3 all of the pressor material generated by the enzyme during incuba- 

80 - 
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E - 
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IIIIlIllJ 
4.0 5.0 6.0 7.0 8.0 9.0 

PH 

FIG. 1. Effect of pH on the rate of angiotensin formation. The reaction mixtures contained 100 mM 
citric-acid-phosphate buffer at different pH, 795 ng substrate, 3.3 pg enzyme preparation and 10 mM 
BAL, in a final volume of @25 ml. The mixtures were incubated at 37” for 10 min. Each point repre- 

sents the mean of three experiments. 
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tion in the absence of EDTA could be accounted for as angiotensin II. No angiotensin I 
was detectable in a system specific for angiotensin I. Finally, the characteristics of 
blood pressure response to the purified incubation product are indistinguishable from 
that of angiotensin. 

E&et of pH and enzyme concentration. The enzyme exhibits maximum activity 
between pH 5.7 and 6.2 (Fig. 1). Half maximal activities were observed at pH 5-l 
and 6.9. 

Angiotensin generation is proportional to the enzyme concentration, as can be 
seen from Fig. 2. 

100 

Enzyme, ,w 

FIG. 2. Effect of enzyme concentration on the rate of angiotensin formation. Standard incubation 
conditions as described in Materials and Methods. 

Effect of substrate concentration. Figure 3 demonstrates that angiotensin generation 
is proportional to the initial substrate concentration up to 3200 ng substrate per ml, 
i.e. the reaction follows first-order kinetics with regard to substrate concentration in 
this range. Consequently, no K,, could be established. 

300 I- 

.c 
E 

LD 
T 200- 
OI c 

I I I I I I 
0 1000 2000 3000 

Substrate concentrntyon, "g/ml 

FIG. 3. Effect of substrate concentration on the rate of angiotensin formation. Standard incubation 
conditions except for variation of substrate concentration. 2.6 pg enzyme preparation per incuba- 

tion mixture. Points represent means kS.D. of four experiments. 
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It was observed that the rate of angiotensin release per pg of enzyme preparation 
varied with different substrates. Since the initial substrate concentrations were the 
same in these incubations or varied only within narrow limits, the variations observed 
do not reflect differences due to first-order kinetics. Table 2 demonstrates that the rate 
of angiotensin release per pg of enzyme preparation is roughly proportional to the 
specific substrate concentration (expressed as ng angiotensin per mg protein). All 
substrate preparations used were free of angiotensinase activity. 

min 

t 

Hog renin 

(b) 

I I I 
IO 20 30 

min 

FIG. 4a and b. Time course of angiotensin formation by renin-like enzyme (4a) and hog renin (4b). 
The incubation mixture contained 5000 ng substrate, 20 mM BAL, 60 mM citric-acid-phosphate 
buffer CoH 5%) and 16 ILZ rcnin-like enzyme or 12 mU hog renin in a total volume of 2.0 ml. During ~_ - 
incubation at 37”, 0.2 ml aliquots were taken at the time intervals indicated and the angiotensin 
formed was estimated by bioassay. Ordinate: Angiotensin found in 0.2 ml aliquot. Dashed line: 

extrapolation of initial velocity. For explanation see text. 

&ffect ofincubation time. When angiotensin generation was measured under standard 
conditions at different time intervals, it was consistently found to decline during the 
incubation. After 30 min of incubation, little additional angiotensin was formed 
(Fig. 4a). The pH of the incubation mixture had not changed during this period. Hog 
renin, when incubated under the same conditions shows linear time-dependence of 
angiotensin formation (Fig. 4b). Thus, it seems reasonable to conclude that factors 
other than the incubation conditions must be responsible for this phenomenon. Some 
other possible causes could be ruled out by the following experiments or considera- 
tions. 

(1) Although there was no detectable angiotensinase activity either in the enzyme 
or in the substrate preparation, this was further ascertained as follows. If one assumes 
that the apparent decline in angiotensin generation is due to enzymatic degradation 
of angiotensin, whereas the true generation proceeds at a constant rate, it is possible 
to calculate the amount of angiotensin degraded during the 30 min incubation by 
extrapolating the initial velocity to 30 min. This hypothetical situation is depicted 
in Fig. 4a by the dashed line. In this case, the difference (D) between the total amount 
generated and the amount actually found after 30 min is about 50 ng per 0.2 ml 
aliquot, i.e. 10 per cent of the initial substrate. Thus, if this assumption were valid, 
the sum of angiotensin found after 30 min plus the remaining substrate should be 
90 per cent of the initial substrate. However, by converting the remaining substrate 
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quantitatively to angiotensin by addition of an excess of hog renin, 98-103 per cent 
of the initial substrate were recovered as angiotensin in 3 experiments. One can there- 
fore conclude that enzymatic degradation of angiotensin does not account for the 
decline in velocity. 

(2) Since the reaction-velocity at the substrate concentration used (2000 ng/ml) is 
first-order with respect to substrate, a decrease in substrate concentration might be 
considered responsible for the decline in product formation. This possibility is 

excluded by the fact that substrate consumption is less than 10 per cent during the 
30 min incubation period. 

(3) From the work of Skeggs et al., l4 it is known that the renin substrate in plasma 

is not represented by a single homogeneous protein, but comprises several distinct 
protein fractions. The renin-like enzyme from rat submandibular gland may have a 
relative or absolute specificity for only one or two of these fractions. In this case, a 
time-dependence with the same characteristics as shown in Fig. 4a would result from 
exhaustion of this particular substrate. In order to clarify this point, a standard 
incubation experiment was performed, in which small aliquots were withdrawn for 
the estimation of angiotensin at 5, lo,20 and 30 min. At 31 min, an additional amount 
of enzyme was added in a small volume so that the enzyme concentration in the 
incubation mixture was exactly twice that after 30 min. Again, small aliquots were 
withdrawn during the following 30 min for angiotensin assay. If the assumption that 

exhaustion of a substrate fraction with a higher affinity to the enzyme is responsible 
for the decline in angiotensin generation were valid, then a 2-fold increase of enzyme 
concentration at 31 min would produce only a 2-fold increase in the slope of angio- 
tensin generation at this point (depicted by the dashed lines in Fig. 5). Actually, more 

0 IO 20 30 40 50 6C 

min 

FIG. 5. Time course of the formation of angiotensin with repeated addition of enzyme. The incuba- 
tion mixture contained 5000 ng substrate, 10 mM BAL, 60 mM citric-acid-phosphate buffer (pH 5.8) 
and 16 pg enzyme preparation. At 5, 10, 20 and 30 min 0.2 ml aliquots were taken for angiotensin 
assay. At 3 1 min, 9.6 pg enzyme preparation in 20 ~1 buffer were added (arrow) which exactly doubles 
the enzyme concentration at this point. Incubation with 0.2 ml sampling was continued as indicated. 
Figures on the ordinate represent the amounts of angiotensin found in the 0.2 ml aliquots. The dashed 
lines indicate the slope of the curve at 31 min and a 2-fold increase of this slope respectively. For 

further explanation see text. 
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than an S-fold increase was observed (Fig. 5). Moreover, the second part of the curve 
is virtually identical to the first. Thus, exhaustion of substrate can be ruled out. 
Furthermore, the results of this experiment permit the conclusion that all possible 
causes for the decline in angiotensin generation which are related to substrate and 
the incubation conditions, such as evaporation of BAL which stimulates the enzyme 
(see below) and formation of a competitive inhibitor during the incubation, can be 
ruled out. 

Sulfhydryl reagents and chelators. When the time course of the enzyme-substrate 
reaction in the presence or absence of BAL was compared, a striking stimulatory 
effect of BAL became evident (Fig. 6). With EDTA and chlorhexidingluconate, both 
frequently used as inhibitors of angiotensinases and converting enzyme,‘5~16 no com- 
parable effect was demonstrable. 

25 r 
20 - .;;I’ 

Z 
,” 
= 15- al 

Y / . \ 
y IO- 
.c 
2 

/ . Control 
al 
5 5- 
: 
Q 

b._?_;.YJ& 

I I I 
0 IO 20 30 

min 

FIG. 6. Effect of BAL, EDTA and chlorhexidingluconate on the time course of angiotensin forma- 
tion. The incubation mixture contained 1600 ng substrate, 19 pg enzyme preparation, 60 mM citric- 
acid-phosphate buffer (pH 5.8) and either 10 mM EDTA, 110 rg/ml chlorhexidingluconate (CHG), 
10 mM BAL or no addition, in a total volume of 1.2 ml. At the time intervals indicated, 0.2 ml 
aliquots were taken and the angiotensin formed was estimated by bioassay. The incubation mixture, 
to which BAL was added contained only 7 pg of enzyme preparation to prevent substrate exhaustion. 
For comparison, angiotensin formation is plotted per pg enzyme preparation. The amounts of 
angiotensin actually measured after 30 min of incubation were 159, 87, 68.5 and 54 ng in incubations 

containing BAL, EDTA, no addition and chlorhexidingluconate, respectively. 

The influence of varying concentrations of BAL and other bifunctional SH-reagents 
on angiotensin formation is shown in Figs. 7 and 8. An almost linear increase in 
angiotensin formation with increasing concentrations of BAL (up to 40 mM) or 
dithioerythrol or dithiothreitol (up to 10 mM) was observed. Cysteine and glutathione 
(5 mM) had no stimulatory effects. 

Direct bloodpressure @ixt. The intravenous injection of a small dose (5 mu) of hog 
renin elicits a typical, sustained increase in blood pressure, which has been used for 
the identification and quantification of renin preparations. Isorenin from subman- 
dibular glands of mice produces a blood pressure response which is indistinguishable 
from that of Tenin.‘-” When the renin-like enzyme from rat submandibular gland is 
given to rats intravenously, the observed increase in blood pressure is of short duration 



Purification and characterization of enzyme from rat gland 2789 

BAL, mM 

FIG. 7. Influence of dimercaprol (BAL) on the generation of angiotensin. Standard incubation 
mixtures containing 2.2 pg enzyme preparation, 640 ng substrate and different concentration of BAL 

Incubation for 10 min at 37”. 

FIG. 8. Influence of dithiothreitol (DTT) and dithioerythrol (DTE) on the generation of angiotensin. 
Standard incubation mixtures containing 560 ng substrate, l-5 pg enzyme preparation and DTE or 

DTT in different concentrations. Incubation for 15 min at 37”. 

(Fig. 9). Furthermore, to obtain a blood pressure response comparable in height to 
that seen after the injection of 5 mU of hog renin, a dose of renin-like enzyme is 
required which corresponds to 100 mU of hog renin as compared on the basis of 
angiotensin formation under standard incubation conditions in the absence of BAL. 
The same amount of renin-like enzyme, when incubated with substrate in the presence 
of 20 mM BAL (which strongly stimulates this enzyme but not renin), generates 
angiotensin at a rate which corresponds to more than 1 U of hog renin. 
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130 r- 5 min 
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5 IO 100 mU 5 IO 5mu 5 10 

FIG. 9. Direct blood pressor effect of renin-like enzyme. A = val-5-angiotensin II amide (Hypertensin 
Ciba) figures in ng. SMR = renin-like enzyme 100 mu, Hog-R = hog-renin 5mU. For explanation 

see text. 

DISCUSSION 

Renin-like enzymes of extra-renal origin and distribution have been demonstrated 
in various tissues including rabbit and hog placenta and uterus,“-19 hog arterial 
wa1120,21 and mouse submandibular gland. 2-4,22 The renin-like enzyme from mouse 
submandibular gland is of particular interest, since it is present in the gland in very 
high concentrations, reaching 20,000 Goldblatt Units per gram of tissue in adult male 
mice. Its concentration is much higher in mature males than in females, and is neg- 
ligible in immature nuce.3*23 Based on indirect immunological evidence, Werle et CZ/.~ 

recently classified this enzyme as an isoenzyme of renin and proposed the term 
“isorenin”. Bing and Farup suggested that a relationship exists between the granules 
of the striated ducts and renin-like activity in the salivary glands, analogous to the 
granular location of renin in the juxtaglomerular apparatus of the kidney. 

In view of these observations, it was disturbing that no renin-like activity was 
detected in rat submandibular glands’ 5 which contain granulated cells similar to 
those seen in mice.‘r Erdos et 01.~’ isolated these granules and measured a high con- 
centration of kallikrein, but did not analyse them for their possible content of renin- 

like activity. In a recent report from this laboratory, l the presence of a renin-like 
principle in rat submandibular glands has been demonstrated. This enzyme activity 
has escaped recognition by other investigators, probably because its concentration in 
the gland is much less than that of isorenin in mice glands. The pronounced sexual 
dimorphism observed in the isorenin content in mice3*23 was not demonstrable in 
rats. 

In view of the results presented here, it seems reasonable to conclude that the 
renin-like enzyme from rat submandibular gland is clearly distinguishable from renin 
as well as from mouse isorenin. This conclusion is based on the qualitative and 
quantitative differences in the direct blood pressure effects (Fig. 9) the stimulation 
by bifunctional SH reagents of the renin-like activity from rat gland but not of renin 
activity, and differences in other kinetic characteristics, such as the influence of 
substrate concentration and of incubation time. So far, the only property shared by 
the rat enzyme and renin (or isorenin) seems to be the capability to generate angio- 
tensin from plasma substrate. 
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Recently Skeggs et a1.25 have described the presence of an angiotensin-forming 

enzyme in various tissues of the rat and have proposed the term “pseudo-renin”. This 
enzyme, which was found in the highest concentrations in the submandibular gland, 
preferentially utilizes the synthetic tetradecapeptide as a substrate, to a much lesser 
degree (less than 1: 2000) purified substrate A and does not generate angiotensin from 
crude plasma substrate. This type of substrate specificity obviously resembles the 
increase in angiotensin formation with increasing specific concentration of the 
substrate observed in this study. Whether this phenomenon in fact represents substrate 
specificity or removal of an inhibitor during substrate purification cannot be deter- 
mined at the present time. The observation by Skeggs et al. that the reaction of 
pseudo-renin with tetradecapeptide is strongly inhibited in the presence of serum is in 
favour of the latter explanation. However, the lack of sufficient kinetic data for 
pseudo-renin makes it impossible either to ascertain or exclude the identity of pseudo- 
renin with the renin-like enzyme described here. At least one point of difference 
seems to be the dependence of the reaction velocity on substrate concentration. With 
purified substrate A, pseudo-renin exhibits a K,,, of 700-2500 ng per ml,” whereas 
the renin-like enzyme generates angiotensin proportional to substrate concentration 
up to 3200 ng/ml. Among the properties of the renin-like enzyme described here, the 
non-linearity of angiotensin generation with time and the striking stimulatory effect 
of bifunctional SH-reagents are particularly noteworthy. Since various possible 
causes for the decline in angiotensin formation with increasing incubation time, such 
as change of pH, substrate exhaustion, angiotensinase activity, and an endogenous 
inhibitor could be excluded, the most likely explanation remains that the enzyme 
itself loses activity during the incubation, possibly by aggregation. The stimulatory 
effect of SH-reagents may then be via prevention of such aggregation. It seems unlikely 
that simple protection of SH-groups in the enzyme is involved, since this can be 
accomplished with most enzymes at much lower concentrations of Cleland’s reagent.26 
Clearly, more experimental work is required to establish identity or non-identity 
with pseudo-renin and also to explain the unusual kinetic properties of the renin-like 
enzyme in rat submandibular gland. 
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