
Uridylate Kinase Activity: 
Effect of Isoproterenol 

Abstract. Isoproterenol stimulates cell 
proliferation in mouse salivary glands. 
Prior to the stimulation of DNA syn- 
thesis, 3H-uridine incorporation into 
RNA is decreased. This decreased in- 
corporation results from a depression 
of uridylate kinase activity. 

A single burst of DNA synthesis 
and mitosis occurs in mouse salivary 
glands about 24 hours after a single 
injection of isoproterenol (1). Between 
2 and 8 hours after such injection there 
is a decreased 3H-uridine incorpora- 
tion into salivary gland RNA followed 
by an increased incorporation between 
8 and 20 hours (2). These changes are 
not due to alterations in rates of RNA 
synthesis, however, since they are as- 
sociated with a comparable decrease 
and increase in the precursor pool of 
phosphorylated uridine (2). The present 
study demonstrates that the initial de- 
crease in 3H-uridine incorporation re- 
sults from a decreased activity of 
uridylate kinase. Furthermore, these 
changes in 3H-uridine incorporation 
appear to be relevant to subsequent 
DNA synthesis. 

Table 1 shows that there is a de- 
crease in 3H-uridine incorporation into 
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The observed changes could 
result of alterations in the kina 
zymes which phosphorylate nucl 
prior to incorporation into RN} 
dine kinase catalyzes the phosp] 
tion of uridine to uridine monophc 
(UMP), while uridylate kinase 
is considered here as the total 
tion of uridine diphosphate (UD 
uridine triphosphate (UTP). To 
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tris-KCI, pH 7.8 (4), and cent 
at 105,000g for 60 minutes. An 
of the supernatant containing 
0.4 mg of protein was incubated 

UMP UDP UTP UDP UTP 

Fig. 1. (A) Phosphorylation of 8H-uridine (mumole/hr per milligram of prot 
mouse salivary glands. Enzyme reactions were carried out as described in the tex 
3H-uridine as substrate, with preparations from control mice (unshaded bar 
animals killed 7 hours after injection of isoproterenol (shaded bars) (1 ltmo 
body weight). The reaction mixture was resolved by chromatography. 
markers indicate standard deviation. There were seven mice in each group. 
Phosphorylation of 8H-uridine monophosphate in mouse salivary glands. The 
ment was the same as in (A), except that the substrate was 3H-UMP. Ther 
four mice in each group. Chromatography was carried out on diethylaminoethy 
lose strips. 
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Table 1. Effect of isoproterenol (IPR) on 
3H-uridine incorporation into salivary gland 
and liver RNA. Male Swiss mice were given 
a single intraperitoneal injection of IPR, at 
the dosage indicated per gram of body weight. 
3H-uridine (20 uc) was injected subcutaneous- 
ly 45 minutes before killing. RNA specific 
activity was determined by the method of 
Scott et al. (9) as modified by Hinrichs 
et al. (10). Values are given as mean ? S.D. 
for three mice. 

Count/min in RNA per 
milligram of RNA 

Treatment - .----- 
Salivary 

gland 

3H-uridine 
only 1798 ? 309 1053 ? 268 

IPR, 4 hr, 
1 amole 778 ? 173 931 ? 200 

IPR, 20 hr, 
1 ,umole 3997 ? 885 1205 ? 554 

IPR, 4 hr, 
3 m/umole 1762 ? 404 

IPR, 20 hr, 
3 m,umole 1468 ? 439 

)sphate following reaction mixture at 37?C for 

activity 20 minutes: 20 /umole of tris-HC1, 20 
forma- ,umole of MgCl2, 2 /mole of adenosine 

IP) and triphosphate, 8 m,umole of uridine or 

study UMP, and 2 t,c of 3H-5-uridine or 3H-5- 

;alivary UMP (specific activity, 19.5 and 6.6 
ucrose- c/mmole) in a total volume of 0.4 ml. 
rifuged To determine total phosphorylation of 
aliquot uridine, 25 Iul of the reaction mixture 
0.2 to was pipetted onto diethylaminoethanol 
I in the cellulose discs (5). Nonphosphorylated 

uridine was washed off with water, 
and discs were transferred to alcohol, 
air-dried, and counted in a liquid scin- 
tillation counter with an efficiency of 
8.5 percent. Protein determinations 

.00 were carried out by the method of 
Lowry et al. (see 6). The reaction 

c was linear for at least 30 minutes at 
. protein concentrations from 0.2 to 
O 

. 1.4 mg. 
no Total phosphorylation of uridine was 
E decreased 20 to 25 percent at 4 and 

: 7 hours after injection of isoproterenol. 
50 By 20 hours after this injection, phos- 
o phorylation of uridine returned to con- 
E trol levels. Sodium fluoride (40 /cg/ml), 
E a selective inhibitor of 5'-nucleotidase 

(7), inhibited control and isoproterenol 
groups to the same extent, suggesting 
that the decreased phosphorylation was 
not due to increased nucleotidase ac- 
tivity. 

Chromatography with 4N formic 
eim) in acid-0.1N ammonium formate for 6 
it, using 
st) sand hours resolved the reaction mixture 

le/g of into UTP, UDP, UMP, and uridine 
Vertical with Rp values of .09, .24, .60, and .90, 

(B) respectively. At 7 hours after isopro- 
e wer- terenol injection there was no decrease re were 

r1 cellu- in UMP, while UTP formation was 
depressed to about 60 percent of the 
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control value (Fig. 1A). Since this 
finding suggested that the decrease was 
at the level of uridylate kinase, we 
repeated the experiment with 3H-5- 
UMP as substrate. The decrease of 
:3H-UTP formation amounts to about 
40 percent of the control value (Fig. 
1 B), a figure comparable to the in- 
hibition of 3H-uridine incorporation 
into RNA. 

We have demonstrated that uridylate 
kinase activity is decreased in mouse 
salivary glands after injection of iso- 
proterenol. The magnitude of this de- 
crease is sufficient to account for the 
decreased incorporation of 3H-uridine 
into RNA. In conjunction with earlier 
findings that there is a decreased spe- 
cific activity of the phosphorylated 
uridine pool (2), it becomes clear that 
there is no change in the rate of RNA 
synthesis detectable with the methods 
employed at the times studied. The 
significance of a decreased uridylate 
kinase activity is not clear at the pres- 
ent time. Since the changes occur only 
under conditions which stimulate DNA 
synthesis, they may be involved in 
metabolic alterations which precede cell 
proliferation. The situation in isoprote- 
renol-stimulated salivary glands clearly 
differs from that found in another 
model of stimulated cell proliferation, 
phytohemagglutinin-stimulated lympho- 
cytes. In this latter model there is a 
stimulation of '4C-uridine incorpora- 
tion into RNA between 10 and 50 
hours after stimulation (8). This stimu- 
lation is accompanied by an increase 
in uridine kinase activity, with no 
change in uridylate kinase (8). 
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Hydrolysis at Arginylproline in 

Polypeptides by Clostridiopeptidase B 

Abstract. Clostridiopeptidase B, a 
sulfhydryl protease from Clostridium 
histolyticum, hydrolyzes the arginylpro- 
line bond in the synthetic polypeptide 
methionyllysyl-bradykinin. Hydrolysis 
also occurs at a reduced rate at the 
lysylarginine bond, further delineating 
the environment necessary for the 
minor proteolysis seen with this enzyme 
at lysine residues. The specificity of clos- 
tridiopeptidase B differs from trypsin, 
which hydrolyzes this synthetic poly- 
peptide only at the lysylarginine bond. 

Clostridiopeptidase B (E.C. 3.4.4.20), 
a sulfhydryl protease from Clostridium 
histolyticum, has been obtained re- 
cently from a commercial collagenase 
preparation in a state of apparent homo- 
geneity (1). The enzyme has a narrow 
specificity range against synthetic esters 
and amides as well as against polypep- 
tide substrates. Hydrolysis of polypep- 
tides of known sequence has always 
been less than that obtained with tryp- 
sin. The major specificity is directed at 
the carboxyl side of arginine. Lysyl 
bonds are also attacked, but at rates 
generally much slower than hydrolysis 
of arginyl bonds. The unique specificity 
of clostridiopeptidase B and the judi- 
cious use of controlled enzymatic hy- 
drolysis should facilitate sequence anal- 
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ysis by allowing the isolation of larger 
peptide fragments without chemical 
modification of the substrate. This com- 
munication extends the specificity data 
for this bacterial protease. 

Synthetic methionyllysyl-bradykinin 
N H 2 -Met -Lys -Arg-Pro-Pro-Gly-Phe- 
Pro-Phe-Arg-COOH (2) was hydrolyzed 
by clostridiopeptidase B and trypsin 
(- 1:50, enzyme : substrate) for 1 
hour at 30?C in sodium phosphate 
buffer (pH 7.7, ionic strength, 0.025) 
containing 1 mM dithiothreitol. The 
products were analyzed by paper elec- 
trophoresis in formate buffer (3) at 
pH 2.0 at 2000 volts on Whatman 3 
MM paper (46 by 57 cm) for 75 min- 
utes. Peptides were identified by ninhy- 
drin tests, and arginine-containing pep- 
tides were identified with the Sakaguchi 
stain (4). A lysine standard was used for 
reference positions. Peptides adjacent 
to the ninhydrin and Sakaguchi markers 
were eluted with water (overnight), hy- 
drolyzed for 18 hours in 6N HC1, and 
analyzed with a Technicon amino acid 
analyzer; the peptide fragments were 
identified by the molar ratios of com- 
ponent amino acids. 

The difference in specificity of tryp- 
sin and clostridiopeptidase B for the 
synthetic peptide methionyllysyl-brady- 
kinin is shown in Fig 1. The parent pep- 
tide, represented in column V, showed 
a single spot that was both Sakaguchi- 
and ninhydrin-positive (E/ 0.72). 
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Fig. 1. Paper electrophoresis of metlysyl-bradykinin and degradation products. All spots 
are ninhydrin-positive. Shaded spots indicate Sakaguchi-positive peptides. Column I, 
hydrolysis by clostridiopeptidase B; II, I plus lysine standard; IV, hydrolysis by trypsin; 
III is IV plus lysine standard; V is metlysyl-bradykinin, the parent substrate. Content 
of the fragments is indicated on the right as judged by mobility, staining reactions, and 
apparent amino acid content after elution from paper. Mobility relative to lysine (ef) 
is given at the far right. Arginine has an ef of 0.92. 
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