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SUMMARY 

I. Chronlogranin A has been isolated from the washed membrane fraction of 
highly purified chromaffm granules after solubilization in Triton X-Ioo. A hydrated 
molecular weight of 2.9"1o 5 has been obtained for chromogranin AM which in its 
electrophoretic mobility and molecular volume appears very similar to chromogranin 
AI of the water-soluble fraction. 

2. Chromogranin A has been detected in a third form, AHI, in addition to the 
two forms AI and AII previously described. The former is predominant in phosphate- 
containing buffers, at high ionic strength or at very dilute protein concentrations. 

3. Apparent molecular weights of o.74" lO5-O.78, lO 5 and o,33. IOS-O.39 • lO 5 were 
obtained for AII and AIII, respectively. A dissociation of chromogranin AI into An 
and AIII was favoured by protein dilution, increase in ionic strength or by the presence 
of ATP or Pi. Electrostatic interactions are therefore assumed to be the forces involved 
in holding the subunits (AIII) together in dimeric (An) and hexameric (AI) configu- 
rations. 

4. Dopamine-fl-hydroxylase activity has been associated with all chromogranins 
but with highest specific activity in AN and AI. This may indicate a dissociation of 
the membrane complex of dopamine-fi-hydroxylase into less active water-soluble sub- 
units parallel to the dissociation of one of its protein components, chromogranin A. 

INTRODUCTION 

Chromogranin A a and dopamine-fl-hydroxylase 2 are both constituents of tile 
specific subcellular organelle, the chromaffm granule, that is responsible for the 
storage of large quantities of catecholamines and ATP in the adrenal medulla. 

Both protein constituents show a dual distribution in the chromaffin granule; 
they are present in the washed membrane fraction and in the water-soluble fraction 
of lysed granules a-6. Chr0mogranin A has been detected immunologically in the de- 
tergent-solubilized membranes in a molecular form which distinguishes itself from 
the main water-soluble chromogranin A with respect to electrophoretic mobility:, 8. 
Dopamine-fi-hydroxylase, on the other hand, has been detected in a highly active 
form associated with the membrane fraction 9 and in a less active form in the water- 
soluble protein fraction 7, lo. 
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The aim of the present work has been to study the physical properties of the 
immunologically identical forms of chromogranin A and to determine their dopamine- 
fl-hydroxylase activity. 

METHODS 

Chromaffin granules were prepared from bovine adrenals by sucrose density 
centrifugations as described elsewhere 11. The highly purified chromaffin granules were 
lysed by hypo-osmotic shock and the membrane and water-soluble fractions were 
separated as described in the accompanying papeff. The washed membrane fraction 
($4) was solubilized in 1% Triton X-Ioo in 17o mM NaC1 and centrifuged for 55" lO5 
gay'rain after 20 h in the cold. The supernatant thus obtained (SN4) and tile first 
aqueous extract of the lysed granules (SNI) served as sources of membrane-bound 
and water-soluble ehromogranin A in the present experiments. 

Ethanol-precipitated chromogranin A was prepared as previously described 1~ 
using SNI as the starting material. 

Protein was assayed by the method of LOWRY et al. 13. 
Bound phosphate was determined in the dialysed protein fractions by the 

FISKE-S~'BBARow method 14 after digestion of the protein samples in 5 M H2SO 4 and 
3 0  o, H 2 0 2 "  /0 

Lipids were extracted as described by GUSTAFSON 15. The protein samples were 
dialysed against three changes of large volumes of 0.02 % (v/v) EDTA, pH 7.0 and 
dehydrated by freeze-drying. The dehydrated protein was extracted three times with 
a mixture of chloroform-methanol (2:1, v/v). The organic phases were pooled and 
washed with o.I M NaC1. The chloroform phases were assayed for bound P as de- 
scribed above. The phospholipids were qualitatively identified TM by thin-layer chro- 
matography of the organic phase and cholesterol was determined by the method ot 
KLUNGS()YR et al. 17. 

Chromogranin A was assayed immunologically using the double diffusion tech- 
nique previously described 4,18. 

Dopamine-fl-hydroxylase activity was assayed according to the method of 
GIBBet al. ~9, using tyramine as the substrate. The unit of enzyme activity is expressed 
as I . IO 5 mole product formed after io rain of incubation at 37 °. 

Disc electrophoresis in polyacrylamide gels was carried out according to the 
method of DAVIS ~°, with the modifications described in the accompanying paper. 

Molecular sieve chromatography on Sephadex G-2oo was performed in the cold 
room using a preparative LKB column (80 cm × 3.4 cm). The column was run in 
solvents containing 0.02 % (w/v) NaN 3 in order to prevent bacterial growth. The 
solvent was pumped through the column from the bottom with a flow rate of I I  ml/h. 
The protein samples were added to the column in 5-ml aliquotes and eluate fractions 
of 4.5 ml were automatically collected. The void volume (V0) was determined using 
Blue Dextran 200 (Pharmacia) and the total volume (Vt) was taken as the elution 
volume of ATP and of catecholamines. The distribution coefficient (K(I) was calculated 
from the equation 21 

Vx - -  Vo 
K. 

V t -  Vo 

Unless otherwise stated 5 mM sodium succinate (pH 6.o) was used as the eluent. 
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Analytical ultracentrifugations were carried out in a Spinco Model E ultra- 
centrifuge, running at + 2 o  °. The photographic plates were measured with the aid of 
a Leitz-Wentzlar microcomparator. 

Sedimentation-equilibrium studies were made with the use of the YPHANTIS "° 
centerpiece. Calculations were made from the interference patterns obtained photo- 
graphically after 2o h of centrifugation at 2463 ° rev./nfin. 

Density gradient centrifugation in CsC1 was performed as described by D~RKX :3. 
The protein samples were made 35 % (w/w) with respect to CsC1 and the gradient 
pattern recorded with Schlieren optics after 18 h of centrifugation at 5978o rev./min. 
Calculations of buoyant densities, hydrated and anhydrous molecular weights were 
made from the photografic recordings. 

Sedimentation-diffusion studies. The diffusion coefficients were obtained using 
the valve-type synthetic boundary cell with the cup emptying at IOOOO rev./min. 
The first photo was taken immediately after the rotor had reached lO89 ° rev./min 
and 4 more pictures were taken at 8-rain intervals. The speed was then increased to 
5978o rev./min for the determination of the sedimentation coefficient in the standard 
manner. Calculations were made according to SCHACHMAN 2,t. The protein concen- 
tration of the samples was calculated from measurements of the area under the peak 
of diffusing material. 

Viscosity measurements were made using an Oswald viscometer at --2o °. 
Density measurements were made by weighing o.5-ml aliquotes of the ap- 

propriate solutions in calibrated Carsberg micro-pipettes at + 2 o  °. 

R E S U L T S  

Isolation of chromogranin A from the membrane fraction (AM) 
The eluogram obtained for SN 4 on Sephadex G-2oo in 5 mM sodium succinate 

(pH 6.0) is given in Fig. IA. One peak (I) of protein material was detected, with 
Ka --  0.06 ; well separated from the peak of Triton X-Ioo. The protein fractions were 
rich in lipids, notably phospholipids, but appeared free of Triton X-Ioo as determined 
spectrophotometrieally. Chromogranin A was detected in the protein peak, and in 
the concentrated, dialysed protein the immunological titre was 167 °/; of that  obtained 
for the isolated water-soluble ehromogranin A obtained after the first column of 
Sephadex G-2oo (Fig. IB, Peak II). 

Chromogranin AM thus isolated was found to contain an average of 1. 5/ ,moles 
bound P/rag protein of which 80 % were found to be of lipid nature. Extraction with 
organic solvents abolished the immunological reactivity, indicative of structural 
changes in tile protein. The phospholipids detected in chromogranin AM were lyso- 
lecithin, lecithin, phosphatidyl serine and eephaline, and a molar ratio of cholesterol/ 
lipid P of 3:1 was obtained. 

Chromogranin AM appeared homogeneous by electrophoresis and in mobility 
identical to that  of the source material ,Fig. 2a, b) and very similar to AI of SNI 
(Fig. 2c). 

Dopanline-fl-hydroxylase activity was detected in SN 4 (Fig. IA) and in chr~mo- 
granin AM, and the results presented in Table I show that  the ratio of dopamine- 
/%hydroxylase activity:chromogranin A in the isolated material was comparable to 
that  of the source material and to that  of AI, but higher than that of All and Am. 
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The method of density centrifugation in CsC1 was employed for the determi- 
nation of the molecular weight due to the low solubility of chromogranin AM in 
aqueous buffers of low ionic strength. A hydrated molecular weight of 2.9" lO 5 was 
obtained for the single peak detected in the Schlieren patterns of the developed 
gradients. The partial specific volume of the lipid-rich chromogranin A could not be 
determined due to scarcity of material and an anhydrous molecular weight could 
not be derived. 

Sephadex G-200. pH 6.0 . I = 001 
E31mmunologlcally reactive ChromograninA 

mg'ml l A : 
0.2 ~ 
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Fig. I. Molecular  sieve c h r o m a t o g r a p h y  of g ranu le  fract ions.  Granule  ex t r ac t s  were f r ac t iona ted  
on  Sephadex  G-2oo by  elut ion wi th  buffer  a t  p H  6.0, I = o.oi .  For  ch romogran in  AEtolt t he  
buffer  was sod ium p h o s p h a t e :  in all o the r  e x p e r i m e n t s  sod ium succ ina te  was used.  The  pro te in  
s amp le s  were appl ied to the  co lumn  in 5-ml vo l umes  and  t he  p ro te in  concen t ra t ion  in each sample  
is g iven in brackets .  The  samples  were: (A) M embrane  pro te in  solubil ized in Tr i ton  X - i o o  
(4.3 mg/ml) .  (B) Wate r - so lub le  granule  f ract ion SNI (i2 mg/ml) .  (C) Immuno log ica l l y  ac t ive  
c h r o m o g r a n i n  A in r e c h r o m a t o g r a p h y  of mate r ia l  in Peak  II of Expt .  B (1.2 mg/ml) .  (D) - -  
water-soluble  g ranule  f ract ion SNI (22 mg/ml ) ;  , e thano l -p rec ip i t a ted  pro te in  of SNI  
(2.8 mg/ml)  ( . . . . . . .  ). (E) Immuno log ica l ly  act ive ch romogran in  A in r e c h r o m a t o g r a p h y  of 
ma te r i a l  in Peak  I of Expt .  D (6.0 mg/ml) .  The  e luate  f ract ions  were a s sayed  for pro te in  ( O - - O ) ,  
for dopamine- f l -hydroxy lase  ac t iv i ty  ( ~ , - - A )  and  ch romogran in  A (shadowed bars).  Tr i ton  X-~oo 
was as sayed  in the  f ract ions  of Expt .  A by  its abso rbance  a t  280 n m  ( B - - B )  and  dopamine-  
/~-hydroxylase ac t iv i ty  in Exp ts .  A and  E by  the  absorbance  a t  330 n m  of t he  p roduc t  fo rmed  
in  t he  assay .  

Isolation of chromogranin A from the water-soluble fraction (A ws) 
Two electrophoretically distinct components, At and All, containing the chro- 

mogranin A antigen have previously been detected in SNI (accompanying paper). 
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T A B L E  I 

DOPAMINE-fl-HYDROXYLASE ACTIVITY AND IMMUNOLOGICALLY ACTIVE CHROMOGRANIN A IN GRANULE 
FRACTIONS 

The specific act ivi ty of dopamine-fl-hydroxylase was o.31 -- o. i2 (n 7) and 2.oi ± o.43 (n -: 7) 
un i t s /mg protein  in SNI and S 4 respectively I°. For  chromogranin  AI~tOH a value of 1.66 units  
dopamine-fl-hydroxylase ac t iv i ty /mg protein was obtained. Chromogranin  A los t  immunological  
act ivi ty  after  rechromatography.  The concentrat ions of immunological ly active chromogranin  A 
in SNI was 0.27 ± o . i i  (n 7) and in SN 4 it was o.2i -t 0.05 (n -- 7) m g / m g  prote in  I°. The 
corresponding rat ios of dopamine-fl-hydroxylase ac t iv i ty /chronlogranin  A were 1.34 ± o.69 
(n 7) and io.6o ± 2.34 (n 7) uni ts /rag in SNI and SN4 I°. The concentra t ion  of immu- 
nologically active chromogranin  A in the isolated peaks are given in parentheses  as mg /mg  protein.  

Sephadex 
G-2oo 
peak No. 

Units dopamine-fl-hydroxylase/mg protein Units dopamine-fl-hydroxylase/mg immu  
nologically active chromogranin .q 

S N  4 S N z  S N  4 S N I  

Ist  colunln Is t  column 2nd column Is t  column zst column 2nd column 

[ 15.4(I.OO ) 18. 9 (I.OO) IO. 3 (I.OO) 15. 4 18.9 10. 3 
1[ - -  0.70 (O.66) O.15 (0.25) 1.06 0.60 
I [ I  - -  0.39 (o) 0.40 (o) 

In the present experiments SNz containing AI as the conspicuous component (Fig. 2c) 
has been used as the starting material for the isolation of water-soluble chromo- 
granin A (Aws). 

The eluogram obtained with SNI on the first column of Sephadex G-2oo in 
5 mM sodium succinate (pH 6.o) is presented in Fig. zB. I t  may  be seen that  the 
main protein peak (II) coincided with the peak of immunologically active chromo- 
granin A. However, the peak was heterogenous in distribution, and the peak fractions 
were therefore rechromatographed. The eluogram obtained for the second column of 
Sephadex G-zoo is given in Fig. IC where it mav be seen that  the centre of the peak 

A I  -tim 

A . - e ,  
"~ A m  

a b c d • 

Fig. 2. Disc electrophoresis of chronlogranins. The pat terns  were obtained by  disc electrophoresis 
oll polyacrylainide gels (7-5 o,~,) at pH 8.9 with 3 mA/gel for I h. The samples were: (a) Membrane 
protein solubilized in Tri ton X- ioo  (SN4). (b) Chromogranin AM (Fig. IA, Peak I). (c) \Vater- 
soluble protein (SNI). (d) Chromogranin Aws (Fig. IC, Peak II) .  (e) Chromogranin AEtOH ob- 
tained by ethanol-precipitation of the protein in .C, NI (see also Fig. ID,  - ) .  
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(II  ; Kd = o.18) appeared symmetric but trailing material of higher and lower molecu- 
lar dimensions were present. The peak fractions contained the immunologically active 
chromogranin A, and this material was used in the following as a source of purified 
water-soluble chromogranin A (Aws). The immunological titre of Aws was 36 % of 
tha t  applied to the colunm, indicative of a partial loss of the immunological response 
due to the purification procedure (Table I). 

With high concentrations of protein the distribution pattern of SNI differed 
from that  described above. For the first column of Sephadex G-2oo a main peak 
(Peak I I I ,  Fig. ID) was obtained with Kd -- 0.59 but no immunologically active 
chromogranin A was confined to this region. Chromogranin A was detected immu- 
nologically in Peak I, and the peak fractions were rechromatographed as before. The 
second column of Sephadex (Fig. IE) revealed that  the material of Peak I was re- 
covered mainly in the form of Peak I I I .  Again Peak I contained immunologically 
active chromogranin A while Peak I I I  did not. 

Ethanol-precipitated chromogranin A (AEtoH) in 5 mM sodium phosphate 
(pH 6.o), was eluted as a broad peak with a Ka = 0.59 (Fig. ID), similar to that  of 
Peak I I I .  The immunological activity in this material had been lost as a result of 
the ethanol-precipitation but the dopamine-/5-hydroxylase activity was intact and 
similar to that  obtained for SNI prior to fractionation (Table I). 

Dopamine-fl-hydroxylase activity was found throughout the eluogram of SNI 
(Fig. IE). The specific activity of the various peaks are given in Table I, and it may 
be seen that  no improvement was obtained in this parameter  as a result of rechro- 
matography. 

No lipid phosphate could be extracted from Aws although values of o.2-o.o2 
#mole bound P/mg protein could be detected. The extraction with the organic solvents 
completely abolished the immunological response of Aws similar to that  observed 
for AM and AEtoi~. 

The electrophoretic mobility patterns of the starting material and the isolated 
peaks are given in Fig. 2c-e. The three peaks appear to correspond to three distinct 
components AI, AII and AIII, and in Peak I I  traces of AI and AIII can still be seen. 

An estimation of the molecular dimensions of AM, Aws and AEtOH was obtained 
from a plot of Ka of the respective peaks on a reference diagram obtained with 
proteins of known molecular weights (Fig. 3)- I t  may be seen that  AM and Aws were 

I x i 0  6 

~ c  $- globunn 
10 5 1 x 

t r a r l s f e r r m ~ ° ~ a  bovine serum albumin 

l x 1 0  4 [ I I I - J  

0.2 0.4 0.6 0.8 10 

K d 

Fig. 3. Molecular  weight  e s t ima t ion  on Sephadex  (;-200. The  Sephadex  G-2oo co lumn  was  cali- 
b ra ted  wi th  reference pro te ins  ( h u m a n  v-globul in  and  t ransfer r in ,  bovine  s e rum a lbumin) .  Blue 
D e x t r a n  was used for t he  de t e rmina t ion  of the  void vo lume  (V0) and  ATP  and  adrena l ine  for 
the  de t e rmina t ion  of the  to ta l  vo l ume  (Vt). C h romogran in  p repa ra t ions  were : I, ch romogran in  AM 
(Fig. IA, Peak  I); [ i ,  ch romogran i n  Aws (Fig. IC, P eak  II);  I I I ,  ch romogran in  AEtOH (Fig. ID,  
Peak  III). 

Biochim. Biophys. Acta, 245 (1971) 94- Io4  



I 0 0  K. B. HELLE 

of apparently large sizes, equivalent to molecular weights of 4" IO~ a n d  2 .  lO 5, respec- 
tively, while AEtoa was of molecular weight o. 4. IO ~ by this method. 

Density centrifugation in CsC1 revealed two molecular species in Aws, with 
hydrated molecular weights of o.96. IO 5 and o.46. IO 5. These values correspond to 
anhydrous molecular weights of o.79. IO 5 and o.39" IO 5 for the heavy and the light 
component respectively, the latter predominant in the presence of 2 M CsC1. 

The molecular weight of low concentrations of Aws was determined by sedi- 
mentation-equilibrium centrifugation and a value of o.33" IO 5 was obtained from the 
slope of the plot of fringe displacement v s .  rotor radius (Fig. 4). The straight line 
obtained indicates species homogeneity under these conditions. 

3000  

"3 

2¸000 
E 

- 1000 

1 

S+,~ 

1 0  

0 8  

0 6  

0 4  

0 2  

B f ~  

S 1 1 KsC 

L I I r I I I I I I I I I i t 

350 355 360 365 370 4 8 12 16 20 

r2 (¢m2) PROTEIN ( m g / m [ )  

Fig. 4- Sedimentat ion-equi l ibr ium centrifugation. Chromogranin Aws was centrifuged for 21 h 
at 2 o  using the Yphant is  centerpiece at 24090 rev./min in 5 mM sodium succinate (pH 0.o). 
The logari thm of the fringe displacement is plotter against  the square of the distance from the 
center of rotat ion (r). From the slope of the s traight  line obtained the molecular weight couhl be 
calculated (33000). 

Fig. 5. Sedimentat ion-veloci ty  centrifugation. Chromogranin Aws was studied in NaC1 (A) and 
in ATP (B) of comparable ionic s t rength  and pH (see Table I I). The reciprocal of the sedimentation 
coefficient has been plotted as a function of protein concentration. The sedimentat ion coefficient 
at zero protein concentrat ion was obtained from the inverse value of the intercept of the regression 
line with the ordinate. The slope of the line was used for the calculation of l(s according to the 
equat ion given. 

Sedimentation-velocity centrifugations of Aws have revealed that the sedi- 
mentation properties are markedly effected by the chemical composition of the sol- 
vent. Thus the sedimentation was strongly dependent on protein concentration 
(Fig. 5) and more so when ATP or Pi were the solvent ions. In the latter the aqueous 
solubility of Aws appeared unlimited while not so in NaC1 of comparable ionic 
strength. The molecular parameters calculated for Aws in these solvents (Table II) 
suggest that in ATP chromogranin A is more condensed and less hydrated than in 

TABLE l 1 

M O L E C U L A R  P A R A M E T E R S  O F  C H R O M O G R A N I N  A W S  

Solvent  1 p H  S°eo, w i/S~zo, w t(s  [q] l(.~/[zlJ D eo ,  w 3IoL u,t. 
(ml/g) (ml/g) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NaC1 o.i 6.0 3.85 o.z6o i50 49 3.zo 4.30 74 ooo 
ATP o.I 6.0 2.[ 5 o.465 4 ° 23 1.75 5.0 38 000 
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Nat1,  bu t  p r o b a b l y  spher ical  in bo th  solvents.  The molecular  weights were 0.74. lO 5 
and  0.39" lO 5 in NaC1 and ATP, respect ively ,  ind ica t ive  of a dissociat ive effect of ATP 
on the dimeric  configurat ion.  

D I S C U S S I O N  

The main  funct ions of the  chromaffin granule  of the  adrena l  medul la  are con- 
nec ted  with  thei r  capac i ty  for the  synthesis  and  s torage of ca techolamines  in presence 
of s to ichiometr ic  amounts  of ATP 25 and the s table  pool of ca techolamine  s torage has 
been re la ted  to  an complex with  ATP and i n t r ag ranu l a r  prote ins  26. The dual  dis tr i -  
but ion  of dopamine- f i -hydroxylase  5,G and chromogranin  A 3, 4, as well as the detec t ion  
of an effect of ATP on the solubi l izat ion of both  granule  cons t i tuents  from thei r  
m e m b r a n e - b o u n d  forms 7, lead to the  quest ion of the  possible funct ion of the  appa ren t  
dissociat ion of the  large macromolecules  in the  in tac t  granule.  

The present  results  are in keeping with  the  previous  repor ts  on the phys ica l  
proper t ies  of chromogranin  A. A molecular  weight  of Aws of 0 .77 .105  in Tr i s - sod ium 
succinate  has prev ious ly  been repor ted  8,27 as well as a molecular  weight  of 0.40.105 
for this  prote in  in 6 M guan id in ium.  HC1 in presence of mercaptoethanol2S; a molecular  
weight  s imilar  to t ha t  ob ta ined  for the  e thano l -p rec ip i t a t ed  chromogranin  A using 
V ---- 0.71 ml /g  far the  calculat ions 12. The molecular  weight of AM closely resembles 
tha t  r epor ted  for dopamine- f l -hydroxylase  purif ied from granule  pro te in  tha t  had  been 
solubil ized in Tr i ton  X - I o o  29. Thus  the  p resen t ly  descr ibed species of chromogranin  A 
(AM, Aws and AEtoH) have molecular  weights t ha t  compare  well with those previous ly  
r epor ted  for the  prote ins  specific to the  chromaffm granule  (Table I I I ) .  However ,  the  
present  findings s t rongly  suggest  t ha t  these molecular  species have a common de- 
nomina to r  (A) and thus  represent  different aggregates  of the same po lypep t ide  
moietv .  The smal les t  molecular  weight  so far de tec ted  for the subuni t  is 0.33" 105, 
and  the aggrega ted  forms appea r  to dissociate in to  this  subuni t  in the  following 
manner :  

A.~t . . . .  ~ AI . . . . .  ~ An . . . . .  ~ AIII 

(A)6PLx (A)6 3(A)2 6(A) 

TABLE III  

M O L E C U L A R  V~ 'EIGHTS OF  C H R O M O G R A N I N  A S P E C I E S  

Molecular SephadexG-2oo Apparent molecular weight × lO -5* 
species 

Peak Ix'a Mol. sieve CsC1 
,Vo. gradient 

Sedimentation Sedimentation Approach to 
equilibrium diffusion equilibrium 

AM I 0.06 3.6 2.9** - -  - -  - -  
Aws II o.18 2.2 (a) 0.79 - -  O.74NaCl - -  

(b) 0.39 0.33 O.38AT P - -  
o . 3 2 P 1  

AstoH III  0.59 0.4 - -  - -  0.32P1"** o . 3 4 - * *  

* For all the calculations the partial specific volume (V) obtained for the anhydrous protein 
by calculation from its amino acid composition s' 12 has been used (VanhvOr. -- o.71 g/ml). 

* The hydrated molecular weight since V not known for the lipoprotein complex. 
** Values previously obtained TM have been recalculated using Vanhydr.. 
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Tile phospholipids associated with the membrane-form of chromogranin A have been 
symbolized by PLx. The dissociating factors leading to a release of AM from the intact 
membrane appears to be detergents, ATP or Pi. In the absence of lipids the hexame~ 
(AI) appears to be unstable and dissociates into AII under the influence of protein 
dilution or an increase in ionic strength. The dimer (AII) is more stable than AI but 
still susceptible to a further dissociation in presence of high ionic strengths, at low 
protein concentrations or in the presence of small amounts of ATP or Pi. 

Studies of the tryptic digests of chromogranin A have suggested that  two poly- 
peptides, identical or very similar in amino acid composition, is present in this 
protein 2v and recent observations on the effect of mercaptoethanol in 6 M guani- 
dinium. HC1 on the dissociation of the dimer have been taken as an indication of 
disulphide bridges involved in holding the two subunits together in the dimerie con- 
figuration 28. However, the present data indicate that  electrostatic interactions are the 
main forces responsible for the maintainance of the aggregated forms. The presence 
of lipids in AM appears to stabilize the hexamer in the aqueous buffers but at the 
same time the lipids greatly reduces the aqueous solubility of this molecular form. 

Dopamine-fi-hydroxylase activity was associated with all species of chromo- 
granin A studied, but the specific activity was highest in AM and in AI. In view of 
the similarity in molecular weight between that  previously described for purified 
dopamine-fi-hydroxylase (2. 9" lO5) 29 and that  presently obtained fo~ AM it seems not 
unlikely that  these two proteins may be identical. The water-soluble dopamine- 
fl-hydroxylase was found to have its highest specific activity in AI, very similar to AM 
in electrophoretic properties. These findings suggest that  also the enzyme dopamine- 
/3-hydroxylase dissociates into subunits in a manner parallel to that  obtained for 
chromogranin A. The complete immunological identity detected between AM and Aws 
furthermore strengthens the present assumption of a common subunit in these species. 
The gradual loss of immunological reactivity appears to be related to a reduction in 
size of the antigenic molecule, but this loss may also indicate structural rearrange- 
ments of the antigenic sites in the course of the dissociation of the large aggregates 
of antigen. 

A recent report on the membrane proteins of the bovine chromaffin granule 
describes two main protein components, A and B, in the membrane fraction 3°. The 
electrophoretic mobility of protein A closely resembles that  of AM and AI in electro- 
phoretic mobility while a component of mobility comparable to protein B has not 
been detected in the present experiments with the membrane protein solubilized in 
Triton X-Ioo. The amino acid composition of the granule membrane fraction indicated 
that  in addition to a chromogranin A-like protein the membrane must also contain 
polypeptides which are rich in hydrophobic amino acids but low in glutamyl and 
prolyl residues ~,3°. I t  is therefore not unlikely that  protein B belongs to the hydro- 
phobic membrane fraction and that  chromogranin A, i.e. protein A, is preferentially 
solubilized by the detergents and by ATP or Pi. In view of the finding that  the whole 
water-soluble granule fraction has an amino acid composition very similar to that  of 
the purified chromogranin Aws (ref. 3) the possibility exists for the presence of vet 
other molecular species of chromogranin A than those described in this work. 

The specific activity of electron transport enzymes in the Triton-extracts of the 
granule membrane fractions are lower than in the intact membranes 9, and a similar 
loss in the specific activity of dopamine-fl-hydroxylase has been detected when Triton- 
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extracts are compared with membrane protein in potassium phosphate buffer 7 and 
when the water-soluble dopamine-fl-hydroxylase activity is compared with that of 
the Triton-solubilized membrane protein 1°. These findings lend further support to the 
assumption that a dissociation of the highly active complex with dopamine-fl-hydro- 
xylase activity in the intact membranes leads to less active subunits of the enzyme. 
Furthermore, the similarity in dissociation patterns between chromogranin A and 
the dopamine-fl-hydroxylase activity suggests that chromogranin A is one of the 
protein constituents of the intact membrane complex of high specific dopamine- 
fi-hydroxylase activity. 

A possible role for the dissociation of large aggregates of chromogranin A in 
the storage mechanism may be related to the tendency of this protein to become 
water-soluble in the presence of ATP 7 and to condense in volume with increase in 
ionic strength 8, TM or in the presence of ATP. 
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