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Substrate capacity of chemically esterified oxidized ribonuclease

Com- Treatment Methyl-**C incorporated
pound (cpm)
I None 4,130
11 Partially hydrolyzed= 16,450

2 mg of each substrate protein were incubated for 15 min under the
standard incubation condition with purified calf thymus protein
methylase 1I. The reaction was terminated with 15% ClL,CCOOH
and radiomethyl incorporated into protein was recovered as pre-
viously described3.

«Partial hydrolysis of chemically esterified oxidized ribonuclease
was carried out in 0.1 M sodium phosphate buffer pH 7.2 at 37°C
for 60 min.
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Fig. 3. The rate of hydrolysis of enzymatically esterified oxidized
ribonuclease at pH 7.1 and 8.6: The general experimental conditions
are the same as in Figure 2. ®—@—@®, in 0.1 M Na phosphate pH 7.1;
O0—0—0,in 0.1 M tris HCl pH 8.6.

Specialia

EXPERIENTIA 32/8

Substrate capacity of chewically estevified oxidized vi-
bonuclease. The substrate capacity of chemically esterified
oxidized ribonuclease is presented in the Table. Com-
pound I, in which 909 of free carboxyl groups was
chemically esterified, was incubated at pH 7.2 and 37°C
for 60 min for partial ester hydrolysis. This mild hydro-
lysis is shown to remove 659, of enzymatically esterified
methyl groups (Figure 3). As shown in the Table,
when 4000 cpm of methyl groups were enzymatically
incorporated into the compound I, 16,450 cpm were in-
corporated after the hydrolysis into compound II. This
increase methylation is due to the selective de-esteri-
fication of the substrate protein which was previously
esterified non-selectively. These results are consistent
with the previous observation in which glycine-methyl
ester was used to block free carboxyl groups of the same
substrate®, and thus further confirm that the free carbo-
xyl is the site for protein methylase II, and the methyl-
esters formed enzymatically at specific sites are more
labile than those formed non-enzymatically as evident
from Figure 1.

Discussion. Protein methylase II and ‘methanol-
forming enzyme’ have recently been identified to be the
same enzyme® 1213, The enzyme transfers the methyl
group of S-adenosyl-L-methionine to substrate protein.
This methyl group is unstable in aqueous alkaline solution.
Thus the enzymatic product can be recovered either as
the protein-methyl ester or as methanol, depending on
the assay method. In the present report the com-
parison of two protein-methyl esters, prepared chemically
and enzymatically, clearly shows that the enzymatic
product is extremely unstable. This difference may be
explained by the possibility that the enzyme modifies
only specific residues in the protein and that these re-
sidues may be under the influence of the proximal amino
acid side chains in a way that would cause instability
of the ester bond.

12 A, M. Morin and M. Liss, Biochem. biophys. Res. Commun, 92,
373 (1973).

13 B, J. DiLigerTo and J. AXELROD, Proc. natn. Acad. Sci., USA 77,
1701 (1974).

15, Kim and W. K. Paik, Analyt. Biochem. 42, 255 (1971).

Kinetic Studies on Soluble and Membrane-Bound Dopamine j-Hydroxylase Isolated from Storage
Vesicles of Heart and Adrenal Medulla of Different Species

O.-E. Bropope, F. AreNs, K. HuverMaNN and H. J. ScEUOMANN?

Institute of Phavmacology, University of Essen, Hufelandstrasse 55, D—4300 Essen (German Fedeval Republic, BRD),

1 Mavch 1976.

Summary. Identical Kn-values for soluble and membrane-bound dopamine p-hydroxylase isolated from adrenal
medullary vesicles of different species were obtained; the same holds true for both forms of the enzyme of heart vesicles.

It is well known that dopamine f-hydroxylase (DBH),
the enzyme which catalyzes the final step of the nora-
drenaline biosynthesis, is located within the catechol-
amine-storing vesicles. It is present in these vesicles in
two forms; one of them is readily solubilized by osmotic
lysis, while the other appears to be firmly membrane-
bound. The distribution of both forms of the vesicular
DBH seems to be species-dependent; in the chromaffin
vesicles of the bovine adrenal medulla, 40-509%, of DBH
remains with the membranes after several washes, while
in the rat, 80-85%, of the DBH remain with the medul-
lary wvesicles?. The question arises whether these two

forms of the DBH are isoenzymes or not. Gel electro-
phoretic studies of the membrane-bound and soluble DBH
of different species showed no differences in mobility
between the two forms3. According to HORINAGL et
al.® the amino acid composition of both forms of the
bovine adrenal medullary DBH are similar; the same
results were obtained by Aunis et al.5, while the studies
of the amino acid composition of the DBH by CrRaINE et
al. showed several significant differences. Recently, we
have shown?” that during cold exposure the activity of the
soluble DBH of the vesicles of the sympathetic nerve
terminals of the rat heart is increased, while simultaneous-
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ly the activity of the membrane-bound DBH is decreased.
Since it is generally accepted that during nerve stimula-
tion soluble DBH is released from the vesicles by an exo-
cytotic mechanism, we concluded from our results that
membrane-bound DBH might have been transformed
into soluble DBH to substitute for the losses of soluble
DBH. Since no reports exist in which the K,-values of
both forms of the enzyme are compared, we determined
the Michaelis-Menten constants of soluble and membrane-
bound DBH of the vesicles of the adrenal medulla and
heart of different species in order to get more detailed
information about the two forms of the enzyme.
Methods. Chromaifin vesicles of the adrenal medulla
were obtained by differential centrifugation according to
ScutUMaNN®, and the vesicles of the sympathetic nerve
terminals of the heart were prepared as previously
described®. For the preparation of soluble and mem-
brane-bound DBH, the vesicles were lysed for 30 min
with ice-cold water; after centrifugation, the supernatants
containing the soluble DBH were carefully decanted. The
sediments were homogenized by sonication for 30 sec and

Table I. Soluble DBH in percent of the corresponding total DBH
of adrenal medullary vesicles

Species DBH (%) n Results of literature (%)
Ox 59.02 + 3.71 4 50-6018-15

Rabbit 33.55 £ 0.24 4 22-5218,17

Guinea-pig 32,94 £+ 0.37 4 -

Table II. Michaelis-Menten constants for DBH of adrenal medullary
vesicles

K (M %10

Species Soluble DBH  Membrane-bound DBH  Total DBH
Guinea-pig  6.5240.35 5.854-0.19 6.344-0.74
Rabbit 6.19-4-0.53 6.16-4-0.24 5.8240.33
Ox 6.364+0.18 6.634-0.53 6.684-0.61

K n-values were determined for phenylethylamine at pH 6 according
to the method of LinewEAVER and Burk!? at an ascorbic acid con-
centration of 3.9 mM and a fumarate concentration of 40.4 mM
and 5 concentrations of substrate ranging from 1.33x10°%* M to
2.67x107% M. Each Kn-value represents the mean 4 SEM of the
intercepts generated from 4 separate lines.

Table 1II. Michaelis-Menten constants for DBH of heart vesicles

Kom (M x10%
Species Soluble DBH  Membrane-bound DBH  Total DBH
Rat 2.0240.15 2.1640.11 2.624+0.42
Rabbit 2.754-0.73 2.244-0.20 2.4040.21

K m-values were determined for tyramine at pH 6 as described in the
legend to Table II. The concentrations of tyramine ranged from
1.18x10~* M to 2.35x 1073 M.

Given are the means 4 SEM of 4 different experiments.
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diluted; this fraction represents the membrane-bound
DBH. For isolation of the total DBH, the vesicles were
homogenized by sonication for 30 sec and diluted? 0.
DBH was determined according to the method of
MoriNOFF et al.!' with at least 5 different concentrations
of phenylethylamine (adrenal medulla) or tyramine
(heart). The K ,-values were graphically determined ac-
cording to LINEwWEAVER and Burk!2 Thronghout the
paper, the values given are means 4 SEM of »n obser-
vations.

Results and discussion. The percentage degree of the
adrenal medullary soluble DBH ranged from 30-609% for
the 3 species studied (Table I). There was no significant
difference in the apparent K ,-values for the soluble and
membrane-bound as well as for the total DBH of the
three species (Table II). The apparent K n,-value of the
adrenal medullary DBH (substrate: phenylethylamine
at pH 6) amounted to about 6 x10-% M. Similar values
were found by MoLINOFF ¢t al.’! for the total DBH of the
rat stellate ganglion, and by FiLLeENz and WEsT?8 for the
total DBH of the rat heart vesicles.

We have recently shown? that, in the vesicles of the
sympathetic nerve terminals of the rat heart, about 179
of the DBH are soluble. The same holds true for the vesicles
of the rabbit heart, which contain 14.02 + 0.79%, (n = 5)
of the DBH in soluble form. The apparent K n-values for
the soluble, membrane-bound and total DBH are not
significantly different for the two species (Table III).
They amounted to about 2 X 10-% M (substrate: tyramine
at pH 6) for the DBH of the heart vesicles. These results
show that tyramine in vitro is a better substrate for the
DBH than phenylethylamine is, which is in accordance
with observations of CREVELING et al.l®. A K ,-value of
about 2X10-% M for tyramine was also dsscribed by
WINKLER et al.'® for the membrane-bound DBH of the
bovine adrenal medulla.

The properties of the soluble and membrane-bound
DBH of the bovine adrenal medulla have been studied

1 The excellent technical assistance of Miss SABINE KKLEMT is grate-
fully acknowledged.

2 N. KIRSHNER, Life Sci. 74, 1153 (1974).

3 S. B. Ross, R. WeINsHILBOUM, P. B. MoLiNorr, E. S. VESELL and
J. AxeLrOD, Molec. Pharmac, 8, 50 (1972).

¢ H. HorTNAGL, H. WiNnkLEr and H. Locus, Biochem. J. 729,
187 (1972).

51D, Aunis, M.-T. Miras-Portucar and P. Maxper, Biochim.
biophys. Acta 365, 259 (1974).

§ J. CraINE, G. Daniers and S. Kaurman, J. biol. Chem. 248,
7838 (1973).

7 O.-E. Brovng, K. Huvermany and H. J. Scutmann, J. Neuro-
chem., in press (1976).

8 H. J. ScmtmanNn, Naunyn-Schmiedeberg’s Arch. exp. Path.
Pharmak. 233, 237 {1958).

9 H. J. Scrumann, K. ScHNELL and A. PuiLirru, Naunyn-Schmie-
debergs Arch. exp. Path. Pharmak. 249, 251 (1964).

10 H. J. ScutiManN and B. AvtHOFF, Naunyn-Schmiedeberg’s Arch.
Pharmak., 293, 67 (1976).

11 P, B. MoLiNoFF, R. WEINsSHILBOUM and J. AXELROD, J. Pharmac.
exp. Ther. 778, 418 (1971). .

12 . LINEWEAVER and D. Burk, J. Am. chem. Soc. 56, 658 (1934).

3 D, S. Duch, O. H. Viveros and N. KIRSHNER, Biochern. Pharmac.
17, 255 (1968).

14 F. BeLpaIrRE and P. LADURON, Biochem. Pharmac. 77, 411 (1968).

15 . WINkLER, H. Horr~vAGL and H. HorTNAGL, Biochem. J. 778,
303 (1970).

18 O, H. Viveros, L. ARqUEROs, R. J. ConnETT and N. KIRSHNER,
Molec. Pharmac. 5, 60 (1969).

17 Q. H. Viveros and N. KirsHNER, Molec. Pharmac. 5, 342 (1969).

18 M. FirLeENz and D, P. WEst, J. Neurochem. 23, 411 (1974).

19 C. R. CREVELING, J. W. DaLy, B. Witkor and S. UUDENFRIEND,
Biochim. biophys. Acta 64, 125 (1962).
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extensively. As discussed above, the amino acid com-
positions as well as the electrophoretic behaviour of both
forms are not different, indicating that the two forms of
the enzyme are identical. However, only few data are
known about the properties of the medullary DBH of
other species. Ross et al.® showed that DBH of crude
homogenates of tissues from ox, man and rat exhibited
two electrophoretically distinguishable peaks of activity.
The slow-moving peak, which has been eliminated prior
to electrophoresis by high-speed centrifugation, could be
converted into the faster migrating peak, suggesting that
this peak is corresponding to the membrane-bound DBH.
Although the mobility of the main peaks from human,
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rat and bovine adrenal medulla differed somewhat, the
K m-values for all species were similar. This is in agree-
ment with our results. We found no statistically signifi-
cant differences between the K,-values of the soluble
and membrane-bound as well as the total DBH of the
species studied. The K ,-values for tyramine are lower
than those for phenylethylamine, since tyramine has a
higher affinity to the DBH than phenylethylamine has.
The present results strongly support the view that soluble
and membrane-bound DBH are identical enzymes. How-
ever, the physiological significance of the separation of
DBH into soluble and membrane-bound form is not
known so far.

Na, K-ATPase in the Salivary Gland of the Ixodid Tick Amblyomma hebraeum (Koch) and its Re-

lation to the Process of Fluid Secretion!

W. R. Kaurman, P. A. DiEgL and A. A AESCHLIMANN

Institut de Zoologie, Rue Ewmile-Avgand 11, CH-2000 Neuchdtel 7 (Switzeviand), 17 March 1976.

Summary. Total and ouabain-sensitive ATPase activities were determined in the salivary glands of ticks throughout
the feeding cycle. Activities were very low in unfed specimens. In the glands of feeding females, the activities rose
until a maximum was reached for both ATPase components at approximately 200 mg. The activities remain low
in males throughout the feeding period. These findings are discussed in relation to the fluid secretory process of the

salivary glands.

A common characteristic among haematophagous ar-
thropods is the elimination of excess fluid taken in with
the blood meal. Whereas in insects such as the bug,
Rhodnius, the Malpighian tubules play the fundamental
role in fluid excretion?, in female ixodid ticks the salivary
glands function in this capacity®4 Kaurman and
Parirrps® demonstrated that salivary secretion in females
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ATPase activity in salivary glands of A. hebraeum plotted against
logarithm of tick weight. Data for females are depicted in the main
graph, those for males in the inset. Females: O, total ATPase; @,
Na, K-ATPase. Males: A, total ATPase; A, Na, K-ATPase. Points
appearing to the left of the arrow in each graph are for unfed speci-
mens, those appearing to the right are for fed specimens. Horizontal
and vertical bars denote SE of the mean weight and mean activity
respectively, when the SE exceeds the dimension of the point. The
curves have been fitted by eye. Ouabain slightly stimulated ATP
hydrolysis by homogenates of unfed female glands and by unfed and
fed male glands, hence the negative values for Na, K-ATPase ac-
tivity in these cases. Whereas the female tick may attain a replete:
unfed weight ratio approaching 100 after a normal 7 to 10 day feed-
ing period, the male barely doubles its weight over the same time.

depended on active solute transport and that it could be
inhibited by very low concentrations of ouabain. It was
also shown that sodium and potassium were necessary in
specific ratios for fluid secretion to proceed at a maximal
rate, suggesting that an Na, K-ATPase was an important
component of the secretory mechanism. Kaurman$ de-
monstrated that salivary glands from unfed female ticks
could secrete fluid only at a slow rate. Salivation augment-
ed with increased tick weight, but the enhancement was
not attributable merely to hypertrophy of the glands. The
present paper confirms the existence of a Na, K-ATPase
in the salivary gland of the female Amblyomma hebracum
(Koch); activity of this ATPase increased with time spent
by the tick on its host. A similar Na, K-ATPase could not
be detected in salivary glands of males.

Material and methods. Unfed adult ticks were placed on
the backs of rabbits? and specimens were removed at
various stages of the feeding period. Salivary glands were
dissected out under Hank’s balanced saline (composition
in g/l: 8.0 NaCl; 0.4 KCIl; 0.14 CaCl,; 0.06 KH,PO,;
0.98 MgSO,; 0.048 Na,HPO,; 1.6 p-glucose; 0.01 phenol
red) and non-salivary tissue including most of the tra-
cheae were carefully dissected away. Preparation of the
crude enzyme was essentially according to BonTING?.
Each pair of glands was transferred to a small glass
homogenizer containing 0.1 ml (equivalent to 4 or 5
volumes of tissue) of the homogenizing medium (1 mM
Tris in distilled water adjusted to pH 7.5). The piston

1 Generously supported by the Swiss National Fund for Scientific
Research, request No. 3,3460.74 We are also very grateful to Mr.
H. Bouvarp, Ciba-Geigy Ltd., Les Barges, Vouvrey, VS, for
supplying us with ticks.

2 S, H. P. MADDRELL, J. exp. Biol. 40, 247 (1964).

3 R. J. Tarcuery, Nature, Lond. 273, 940 (1967).

4 W. R. Kauruan and J. E. PuiLuies, J. exp. Biol. 58, 523 (1973).

5 W. R. Kaurman and J. E. PurrLies, J. exp. Biol. 58, 549 (1973).

W, R. KavurmaN, J. exp. Biol,, in press {1976).



