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produced in the mycelia, but in mutant gamma, which 
lacks ATP-sulphurylase, the only radioactive compound 
produced was ••so,•-. A further point requiring clarifica
tion was whether the in vivo release of sulphate from 
choline sulphate was the result of the direct action of a sul
phatase or only followed after the catabolism of the carbon 
skeleton. That a choline sulphatase was operative in vivo 
was implied by the demonstration that choline sulphate 
could act as a source of sulphur and of choline for two 
cholineless mutants (ATCC 1.4078 and 14714) of Neuro
spora crassa16 • 17 • 
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Acid Nucleases of the Bovine Adrenal 
Medulla 

THE chromaffin granules of th0 adrenal medulla are 
characteristic cell organelles which serve the function of 
amine storage. Earlier work has shown that those granules 
aro distinct from mitochondria1 . 

A relationship between lysosomes and secretory granules 
has been discussed2

, particularly whcro tho secretion 
product of tho granules is an enzyme. However, a 
relation between the chromaffin granules and lysosomes 
may also have to bo considerod 3 • It is known that the 
chromaffin granules, like: tho lysosomos, release their 
contents into hypotonic media. 

A possible connoxion between lysosomes and chromaffin 
granules is of particular interest in view of a recent report 
on the occurrence of a ribonuclease (RNase) in tho chrom
affin granule fraction'. 

During a recent invcstiga.t.ion of the soluble protein 
obtained from a lysate of chromaffin granules it was notod 
that the RNaso was present in tho soluble lysate and that 
tho latter also contained a deoxyribonuclease (DNase), 
and we have oxamined some of the properties of those 
enzynws. 

Yoast RNA and calf thymus DNA were used as sub
strates. After an incubation for I h at 37° C tho RNA or 
DNA was precipitated and tho acid-soluble nnoleotides 
dotorminod by measuring the absorption at 260 m[.L; this 
was supplemented, for confirmation, by total phosphate 
analysis. 

Purified fioactions of chromaffin granules were lysed in 
tris-sodium succinate buffer of pH 5·9 and of low ionic 
strength (J ~ 0·015), as mccntly dAScribod 5• After lysis, 
more than 80 per cent of both RNase and DNase activities 
wcro recovered in the supernatant fluid on centrifugation. 
The soluble lysate was fractionated in tho same buffer 
on a column of 'Scphadox G-200'. The cm:ymcs could be 

separated from 50 per cent of tho total soluble protoin. 
Tho enzymic activities emerged in two overlapping peaks; 
the distribution coefficient, Ka (ref. 6), was 0·201 for 
RNase and 0·178 for DNase. The enzymatic activities 
for tho peak fractions were determined and expressed in 
terms of fLM of acid-soluble Pfmg proteinjh; these values 
were 2·74 for RNase and 2·72 for DNase. In the experi
ments to be described holow, pooled fractions from each 
peak were used. 

The RNase of the solublE! lysat"' from bovine edrenal 
medulla differed from tho RNaso of bovine pancreas in 
that it acted on RNA 'coro', and in its thermolability and in 
its pH optimum; the latter was 5·5 for the adrenal enzyme, 
as compared with 7·3 for the pancreas enzyme7 • The 
pancreas enzyme is known to be very stable to heat. 
On the other hand, tho rat liver lysosomal enzyme has a 
pH optimum similar to t.hat 0f t.ho adrenal enzyme and is 
thermolabile"; it also acts on RNA 'core'•. 

The optimal pH for the adrenal medullary DNasc, in 
sodium acetate buffer of I "" 0·136, was 4·6. This enzyme 
was not inhibited by Cu2 ~concentrations up to 2 x 10-• M, 
whereas tho RNasc of the adrenal lysate showed a 50 per 
cent inhibition with 2·5 x 10-" M CuH. 

The observations show that the RNase described by 
Philippu and Schumann• is prosont in tho soluble protein 
fraction and also that an acid DNase is present in the 
same lysate. The material used in this study was obtained 
from tho bovine adrenal medullary 'large granule' fraction 
by ultracentrifugation over a sucrose density gradient. 
Although a possible contamination of the chromaffin 
granules by either mitochondria or microsomcs can bo 
excluded as a source of the enzymatic activities studied, 
tho possibility remains that the two onzymos are lysosomal 
in origin. Two alternative interpretations offor thorn
selves: either the presence of the two acid hydrolases is an 
oxprossion of a close relationship bctwoen chromaffin 
granules and lysosomcs, or the two enzymes are located 
not in the chromaffin granules but in lysosomes which 
might be present in tho particulate fraction isolated from 
tho chromaffin tissue. 

This work was supported by grants from the Medical 
Rose arch Council and tho U.S. Air Force Office of Scientific 
Research, OAR, through the European Office of Aerospace 
Research. One of us (A. D. S.) is the holder of a Medical 
Research Council training grant. 

Department of Pharmacology, 
University of Oxford. 

A. D. SMITH 
H. WINKLER 

'lllaschko, H., llagen, J. M., and Uagen, P., J. Physiol., 139, 316 (1957). 
2 de Duve, C., in. CTRA Found. Symp., lJ1/SOJwmes, edit. by de Reuck, A. V. S., 

and Cameron, M. P., 1 (Churchill, London, 1963). 
3 Koenig, H., in Bioyr,n·ic A m-ines, edit l1Y Himwich, H. R., and Hirnwieh. 

w. A., I'rot1ress in Brain R".earch, 8, 137 (Elsevier, Amsterdam, London 
and New Yorl<. 1964). 

• Philippu, A., a!lll Sehiimanu, H. J .. Ea:rJerientia,20, 547 (1961). 
'Smith, A. D., and Winkler, H., Biochem .. J,, 95, 42P (1965). 
'Flodln, P., ln Dextran Gels and their Application in Gel Filtration, 35 

(Pharmacia, Uppsala). 
'Kalnitsky, G., Hummel, J. P., and Dlcrl{S, C., J. Bioi. Ghem., 234, lf>12 

(1959). 
'Roth, J. S., Ann. N.Y. Acad. 8ci., 81, 611 (1959). 
'Reid, E., autl Nodes, .J. 'J'., Ann. N.Y. Acad. Sci., 81,619 (1950). 

Enzymatic Synthesis of the Sugar Esters of 
Hydroxy-aromatic Acids 

GLUCOSE esters (l-0-acyl derivatives) of hydroxycinna
mic acids have recently been shown to be widely distri
buted among higher plants'. They are also the most 
common derivatives produced when tho free acids arc fC'd 
to a wide variety of plants oven in cases where the species 
examined contained either a different derivative of the 
acid in question or no trace of it at alJ2. In spite of this, 
however, comparatively little is known of the way in 
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