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SUMMARY 

Chromaffin granules essentially free of contamination from mitochondria, lyso- 
somes and fragments of endoplasmic reticulum have been isolated in a large scale 
from bovine adrenal medulla. The homogeneity was judged by electron microscopy 
and assays of various 'marker' enzymes. 

INTRODUCTION 

Earlier reports from these laboratories have been concerned with the characteriza- 
tion of chromogranin A 1-4, the major water-soluble protein of the chromaffin granule, 
and in a recent paper 5 we have reported the presence of an electron transfer chain 
located in the membrane fraction of this subcellular structure. Essential to the under- 
standing of these observations is the degree of purity of the granule fraction, as even 
a small contamination of mitochondria and elements of the endoplasmic reticulum 
with their well-established electron transfer chains would obliterate the interpretation 
of our findings. 

A simple method for the large-scale preparation of chromaffin granules was in- 
troduced by SMITH AND W I N K L E R  ~, but the isolated granules were reported to be 
slightly contaminated by mitochondria and lysosomes. In the present paper an im- 
proved modification of their procedure is described. The criteria for purity of the 
chromaffin granule preparation have been defined morphologically by electron micro- 
scopic studies and biochemically by enzymic assays. 

MATERIALS AND METHODS 

Preparation of chroma~n granules 
The method employed for the preparation of chromaffin granules was essentially 

the method of SMITH AND WINKLER 6 but with the following modifications 
(Scheme I) : The bovine adrenal medullae were passed through a small stainless steel 
tissue mincer (Climpex Ltd.) before homogenization. Cell debris and nuclei were re- 
moved by centrifugation at 6.4' lO 3 x gay" min (Sorvall refrigerated centrifuge RC-2, 
rotor No. SS-34), and the supernatant thus obtained was filtered through three layers 
of gauze to remove debris floating at the top. The 6.4" lO 3 × gay" rain supernatant was 
then centrifuged 3" lO5 × gay" min (Sorvall centrifuge) to yield a supernatant and a 'large 
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granule' pellet. This pellet was resuspended by hand homogenization in 0.3 M sucrose 
and layered in aliquots of 2-3 ml on top of 15 ml of 1.6 M sucrose in the 25-ml tubes of 
the MSE-Superspeed 4 ° centrifuge. After centrifugation at 55" IO~ × gay" min chromaf- 
fin granules were obtained as a pink pellet. The supernatant  was carefully removed 
by  pasteur pipette to prevent the mitochondrial layer coming into contact with the 
pellet. The loose pinkish layer (of chromaffin granules) on top of the pellet was allowed 
to drain off, and the inner surface of the tubes was carefully wiped clean with swabs of 
gauze. The remaining pink sediment thus obtained served as the source of chromaffin 
granules in the present work and will be referred to as fraction Pc. 

For a further investigation of the homogeneity of this fraction each pellet (Pc) 
was carefully resuspended in 2 ml 1.5 M sucrose by  hand homogenization in a small 
Teflon-glass homogenizer. The resuspended chromaffin granules were layered in 2-ml 
aliquots on 7 ml of 1.6 M sucrose. After centrifugation at 7" I°~ -'< g~v" rain (Beckman 
Model L centrifuge, rotor No. 4 o) the turbid upper phase Swi was removed and saved; 
the pellet was lettered PwI- This procedure was repeated twice and the respective 
turbid upper phases and pellets were given the numbers I I  and I I I .  

Preparation of the membrane fraction of chromaff~n granules 
The water-insoluble membrane fraction of the chromaffin granules was prepared 

as described in the accompanying paper 5. 

Preparation of granules for electron microscopy 
Granule fractions Pc and PwlIl were resuspended in 1. 5 M sucrose, and aliquots 

of the suspensions were pipetted into 3-ml plastic tubes to give a small pellet of 2-3 mm 
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in diameter when centrifuged at 7 o. lO 5 × gav.min (Beckman Model L centrif~lge, 
rotor No. 40). The supernatants Swi and Swlii, containing material that  did not 
sediment in the 1.6 M s~crose, were diluted to 1. 5 M s~lcrose by  slow addition of 
distilled water by  a microliter syringe lmder constant stirring and centrifuged as des- 
cribed above. The changes in sedimentation velocity brought abo~t by  this decrease in 
density of the suspension medium resulted in a complete sedimentation of the granlfles 
when centrifuged at 7 °. lO 6 x g~v" rain. 

Fixation in glutaraldehyde with post-fixation in OsO~ was carried out essen- 
tially by the method of Co~I~AI~n AND HOPWOO37. After centrifugation the super- 
na tant  was removed and replaced by i ml of 2.5 % glutaraldehyde in 1.6 M sucrose 
containing 0.03 M sodi~tm phosphate (pH 6.5). Fixation was carried out at + 2  ° for 
24 h. The glutaraldehyde solution was removed and the pellets washed with the bllf- 
fered sucrose. Fixation in 1% OsOt in the buffered sucrose was carried out for I h on 
ice, and the fixed pellets were washed with ice-cold buffered sucrose and dehydrated 
by increasing concentrations of ethanol followed by  a rinse in aceton. The pellets were 
divided in four sections and mounted in Durcupan. Ultrathin sections were cut across 
different regions of the pellet on an LKB Ultrotome I I I  microtome, mounted on the 
grid and stained with lead citrate. A Siemens Elmiskope I electron microscope was 
used for the examination of the stained sections. 

The percentage distrib~ltion of light, predominantly large granules and dark, 
predominantly small granules was counted in six different electron micrographs of 
pellet Pe at a magnification of 9000. In each micrograph a minimum of 400 granules 
was classified. 

Preparation of microsomes 
A microsomal fraction of the homogenate was prepared from the 4" lO6 × g~v" 

min supernatant  as described 5. 

Preparation of mitochondria 
A mitochondrial fraction of the homogenate was prepared from the layer 

(0.3 M sucrose) over the dense Sllcrose (1.6 M) as described 6. 

Enzyme assays 
Succinate oxidase activity was determined polarographically as previously 

described s. Native bovine heart  cytochrome c (Cy I) s was added at a concentration 
which gave maximum stimulation of mitochondrial O 2 consumption. 

Acid phosphatase (EC 3.1.3.2) activity was assayed using a modification 6 of the 
p-nitrophenol method of LOWRY et al. 9. 

Glucose-6-phosphatase (EC 3.1.3.9) was assayed by  the method of ~)E DUVE et 
al. 1°. The Pi  liberated was determined by the method of RATHBUN AND ]3ETLACH 11 
with slight modification 5. 

Protei~ determination 
Protein concentration was determined by a biuret reaction according to the 

method of YONETAI~112. 

Spectrophotometry 
All the spectrophotometric determinations were carried out on a Shimadzu 

MPS-5o L recording spectrophotometer. 
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RESULTS AND DISCUSSION 

Electron microscopic stndies 
Electron micrographic examination of chromafffn granules isolated by the stan- 

dard procedure (the pellet P~) revealed well-preserved structures (Figs. I and 2) 
characteristic of chromaffm granules as observed in intact cells of bovine adrenal 
medulla ~. As in the tissue sections two populations of particles were seen which differ 
in characteristic ways with respect to size and electron density. Both populations 
consisted of intact, well-filled and mostly spherical particles with electron-dense 
matrices (condensed forms). The major population (75 % of the counted granules) was 
represented by light, predominantly large (approx. 2oo-25 ° n m  in diameter) and the 
other (25 %) by dark, predominantly small granules (approx. 15o-18o nm in diameter), 
in close agreement with the size and percentage distribution of granules reported by 
COUPLAN'D ~. In addition to these granules, amorphous material of varying electron 
density could be seen randomly distributed between the granules, often partly asso- 
ciated with the granule membrane. These 'structures' probably represent lipoprotein 
material precipitated by the fixation procedure and were significantly reduced in the 
trailing fractions (Swi-Swlii) obtained upon resedimentation of pellet Pe in 1.6 M 

Figs. I -  5. Electron micrographs of chromaffin granules isolated from bovine adrenal medulla: 
i, X 9000; 2-4, X 42000; 5, >~ 120000. 

Figs. i and 2. A representat ive sectiou from a pellet (Pc) of granules isolated by  the s tandard pro- 
cedure. Note tha t  this pellet is composed of two populat ions  of electron-dense particles, i.e. light, 
p redominant ly  large granules and dark, p redominant ly  small granules. Essential ly no contamina-  
t ion of this fraction with either mitochondria,  lysosomes or smooth-surfaced/rough-surfaced 
f ragments  of endoplasmic reticulnm i~ found. 
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Fig. 3. Section through the  pellet of 'washed '  granules, fraction S~vi. 

Fig. 4. Section th rough  the  pellet  of 'washed '  granules, fraction PwIII (A) and fraction Sw~t (B). 
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sucrose (see below). The preparation was essentiailv free of contamination with either 
mitochondria, lysosomes or smooth- and rough-surfaced microsomal vesicles. 

As a further control of the purity of this preparation, the pellet P~, was resuspen- 
ded in sucrose of slightly lower osmolarity (~.5 M) as described in ~.¢T~.~ALS a,X-~ 
5[STHODS. After resedimentation in ~.6 M sucrose a certain degree of trailing could be 
observed, and the material that  did not sediment (Swt) was studied in the electron 
microscope. The morphological appearance of Sw/ (Fig. 3) indicates that the trailing 
material consisted of granules which mostly diverge from the forms given in Figs. ~ 
and z. The membrane of many granules was seen to stretch out in loops from the inner 
core of the electron-dense matrix to form a clear 'pocket' (open forms). The prepara- 
tion did not exhibit structures of either mitochondrial or microsomal origin. The pat- 
terns obtained for the trailing material, Swm, obtained after the third resedimenta- 
tion in ~.6 N sucrose are given in Figs. 4 B and 5 B 5D, and the corresponding pellet of 
chromafftn granules, Pw~m is presented in Figs. 4 A and 5A. It may be seen that many 
of the granules (75 % of those counted) that did not sediment in ~.6 M sucrose con- 
rained the open forms already described for fraction Sw[, and empty vesicles could 
also be detected. The complete absence of open forms and empty vesicles in the pellets 
Pe and PwI-PwIII eliminates the possibility of histological artifacts and probably 
reflects a structural change in some of the granules caused by the slightly hypo-osmotic 
washing procedure. 

In the condensed forms the surrounding membrane appeared to be in close con- 
tact with the electron-dense matrix in light (Figs. 5A and 5B) as well as in dark granu- 
les (Fig. 5C). When subjected to the slight hypo-osmotic conditions employed in the 

512 

Fig. 5. Details in the structure of intact chromaffin granules taken from the following fraction~: 
Pwm (A) and Swm (I3. (" and 1)). 
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resedimentation experiments, granules surrounded by 'wrinkled' membranes (Fig. 5C) 
could be seen together with the open forms already described. In some of the latter 
structures the clear space of the 'pocket' could be seen to be separated from the matrix 
by a membrane-like structure (Fig. 5D), suggesting that the chromaffin granule is 
surrounded by a double-layered membrane. 

The apparent delay of the inner core of granular material in filling the empty 
space of the open forms is parallelled by observations made on whole adrenal medul- 
lary cells of hamster in which chromaffln granules have been seen to expel their con- 
tent of electron-dense material at the cell surface by an exocytotic mechanism of 
secretion ~. In many instances the electron-dense material expelled had retained its 
spherical shape in the interstitial space, suggesting that the granular storage complex 
may not be immediately solubilized in the interstitial fluid. 

Assay of some 'marker' enzymes 
Confirmation of the absence of mitochondria was obtained by the assay for 

succinate oxidase activity on the isolated membrane fraction; the reaction was com- 
pletely negative even when assayed at high protein concentration (Table I). A certain, 
but low activity of acid phosphatase was always observed in the chromaffin granule 
membrane fraction, but the activity was partially detached from the membrane by 
treatment with 0.3 M KC1 (Table I). This finding together with the morphological pic- 
ture (see above) suggest that this enzymic activity is due to redistribution of the en- 
zyme released from lysosomes disrupted before and/or during the homogenization 
procedure. 

The membrane fraction exhibited a low but significant glucose-6-phosphatase 
activity (Table I) as well as NADH :(acceptor) oxidoreductase activities ~, although 
the absence of microsomal structures has been documented morphologically. How- 

T A B L E  I 

A C T I V I T I E S  OF S O M E  M A R K E R  E N Z Y M E S  IN T H E  M E M B R A N E  F R A C T I O N  OF C H R O M A F F I N  G R A N U L E S  

Exper imentM condi t ions  were as described in the  text.  

Succinate oxidase * 
(nmoles O,~/min 
per mg of protein) 

Melnbrane fraction 
( c h r o i n a f f i n  granules) 
pellet  Pe 

M e m b r a n e  fraction 
(chromaffin granules) 
p e l l e t  P w l i i  

Unfract ionated  microsomes  

Mitochondria  

Glucose-6-phosphatase * * 
(l~moles Pd6o rain 
per mg of protein) 

_ 

.4 cid phosphatase 
(AA41o ,,,d3o rain 
per mg of protein) 

o 0 . 0 4 4  2 . 1 8 " * *  

o 0 . 0 4 2  

o 0 . 2 7 2 §  

35.8  - -  

* The protein concentrat ion  was al~vays in the  range 0 . 5 - 0 . 8  m g  protein/mI.  
** The results  represent  the mean  value  of five assays.  

* " * This ac t iv i ty  was s ignif icantly  reduced (approx. 40o,/0) by  resuspension and recentr i fugat ion 
of the  intact  granules  by  using sucrose solut ions  conta in ing  0. 3 M KCI.  

§ T h e  corresponding va lue  for unfract ionated  bovine  l iver microsomes  was 4-54 /~moles 
P i / 6 o  rain per m g  of protein. 
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ever, ne i ther  of these enzymic  act iv i t ies  could be removed  or reduced even af ter  
3 resed imenta t ions  of the  chromaffm granules  (see MATERIALS ANI) METHODS). In fact, 
as can be seen from Table  I, the  g lucose-6-phosphatase  ac t iv i ty  remained  essent ia l ly  
the  same following this procedure.  This f inding indicates  a presence of glucose-6-phos- 
pha tase  ac t i v i t y  in the  membranes  of the chromaffin granules  which can not  be due to 
con tamina t ion  b y  ~nicrosomes as discussed in fur ther  de ta i l  in the  accompany ing  
paper  s . 
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