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Fig. 3. Gel electrofocusing of N-acetyl-fl-D-hexosaminidase according 
to AWDEH et al. I~ The enzyme and carrier ampholytes (range pH 
3 10) were set in the gel. Gels were removed and fixed in 5% tri- 
chloroaeetic acid after focusing for 150 rain at 50 mA (decreasing to 
28 mA) at a voltage of 210 V (increasing to 1080 V). Aftdr the run, 
the pH gradient established was determined with a combined 
mierosurface electrode. 

D u r i n g  t he  pur i f i ca t ion  p rocedure  an  apprec iab le  
a m o u n t  of p r o t e i n  p r e c i p i t a t e d  in t he  a f f in i ty  gel. 
Desp i te  th i s  fac t  we h a d  an  overa l l  r ecovery  of more  t h a n  
40% of t h e  e n z y m a t i c  ac t iv i ty .  

The  d ia lyzed f r ac t ion  No. 13 was lyophi l ized  and  f u r t h e r  
charac te r ized .  On a S e p h a d e x  G 200 co lumn,  c a l i b r a t e d  
accord ing  to  ANDREWS s, t he  pur i f ied  e n z y m e  sepa ra t ed  in 
2 d i s t i nc t  peaks  of M W  140,000 a n d  65,0O0 dal tons .  Most  
of t he  e n z y m e  a c t i v i t y  was assoc ia ted  w i t h  t he  p e a k  of 
140,000 da l tons .  

Po lyac ry lamide -ge l  e lec t rophores is  9 showed i t  st i l l  to  be  
he t e rogenous  and  revea led  2 m a j o r  b a n d s  in close v i c in i t y  
(Figure 2.) Af te r  c u t t i n g  t h e  gel in to  1 m m  discs an d  
e lu t ing  t h e m  w i t h  0.1 M C P B  p H  4.5, two  f rac t ions  w i t h  
enzyme  a c t i v i t y  were de tec tab le ,  wh ich  co r responded  
w i t h  t he  p ro t e in  b a n d s  in t h e  gel. I soe lec t rofocus ing  in 
th in- layer-polyacrylamide-ge110 revea led  mic rohe te ro -  
gene i ty  of t he  e n z y m e  p repa ra t i on ,  showing  a p I  region 
of p H  4.7-5.0 (Figure 3). 

BULLOCK a n d  WINCHESTER 11 and  WINCHESTER 12 
d e m o n s t r a t e d  several  c o m p o n e n t s  of N-ace ty lhexosamin i -  

dase  in r a m  ep id idymis  b y  isoelectr ic focusing. T h e y  
found  in d i s t i nc t  a n a t o m i c a l  sect ions  of t h e  r a m  epid idy-  
mis  d i f fe ren t  p r e d o m i n a n t  N - a c e t y l h e x o s a m i n i d a s e  com- 
ponen ts .  I n  our  case, us ing  a p -aminopheny l -N-ace ty l - f l -  
D- th iog lucosaminid  as t h e  i n h i b i t o r  coupled  to Sepharose  
4 B, we ga ined  a 35-fold pur i f i ca t ion  of N-ace ty lhexos-  
amin idase  f rom b o a r  ep id idymis .  

W i t h  th i s  m e t h o d  of a f f in i ty  c h r o m a t o g r a p h y ,  we 
devized  a t e c h n i q u e  to isola te  m i n u t e  a m o u n t s  of N- 
a c e t y l h e x o s a m i n i d a s e  to a fa i r  degree of p u r i t y  f rom the  
d i f fe rent  s egmen t s  of t h e  boa r  ep id idymis  a n d  to s t u d y  
t h e i r  possible  s ignif icance on  spe rm m a t u r a t i o n .  

Zusammen/assung. Aus d e m  N e b e n h o d e n  v o m  E b e r  
gewonnene  N - A c e t y l h e x o s a m i n i d a s e  (EC 3.2.1.30) wurde  
mi t t e l s  A f f i n i t ~ t s c h r o m a t o g r a p h i e  e twa  35fach gereinigt .  
An  einen T r i g e r  gebundenes  p -Aminopheny l -Th iog lucos -  
a m i n i d  d ien te  als revers ib les  Adsorbens  fiir das  E n z y m .  
Ein ige  phys i cochemische  C h a r a k t e r i s t i k a  w u r d e n  be- 
s t i m m t  : Moleku la rgewich t  140.000 ; p I - B e r e i c h  4,7-5,0. 
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Enhanced Calcium Accumulation Related to Increased Protein Phosphorylation in Cardiac 
Sarcoplasmic Reticulum Induced by Cyclic 3', 5 ' -AMFor Isoproterenol 

Catecho lamines  h a v e  been  d e m o n s t r a t e d  to  increase  
C a - t r a n s p o r t  in  card iac  sa rcoplasmic  r e t i cu lum (SR), as 
shown  b y  EBASI~I a n d  ENDO 1, SHINEBOURNE et  al. ~ an d  
others .  This  effect  i nvo lved  the  fol lowing sequence  of 
processes:  a c t i v a t i o n  of a d e n y l a t e  cyclase, cyclic adeno-  
sine 3', 5 ' - m o n o p h o s p h a t e  (cAMP) syn thes i s  and  a c A M P  
a n d  p ro t e in  k inase  (PK) EC.2.7.1.37 P K - m e d i a t e d  
p h o s p h o r y l a t i o n  of SR p ro t e in  ~-~. The  l a t t e r  s tep  is 
be l ieved to be d i rec t ly  respons ib le  for  changes  in t h e  
r a t e  of ca lc ium t r a n s p o r t  * s. 

I n  t he  p r e sen t  s tudy ,  ev idence  is g iven  of t he  q u a n t i t a -  
t i ve  r e l a t ionsh ip  be tween  d e m o n s t r a t i o n  of the  above  
sequence  of processes  in v i t ro ,  w h e n  a p p l y i n g  c A M P  to  
t he  isola ted vesicles of SR a n d  t he  effects of in v ivo  
app l i ca t ion  of i sopro te reno l  (ISO). 

Material and methods. Male a d u l t  mongre l  dogs were 
used, in jec ted  w i t h  a single dose of 7.5 m g / k g  ISO in 
saline.  Cardiac  mic rosomes  were p r e p a r e d  f rom t h e  
ven t r ic les  b y  t he  m e t h o d  of HARIGAYA and  SCI-tWARTZ 9. 
E l ec t ron  microscopic  e x a m i n a t i o n  of t he  m e m b r a n e s  show- 
ed homogenous  vesicles w i t h o u t  ev idence  of m i tochondr i a .  

The  ac t iv i t i es  of t h e  m a r k e r  enzymes  glucose-6- 
p h o s p h a t a s e  EC.3.1.3.9, 5 ' -nuc leo t idase  EC.3.1.3.5 an d  
c y t o c h r o m e  c oxidase  EC.1.9.3.1 were d e t e r m i n e d  
accord ing  to t he  m e t h o d  of BERGMEYER 1~ MUIR et  al. 11 
a n d  SMITH a n d  CAMERINO 12. 

The  ac t iv i t i es  of these  en zy mes  in p r e p a r a t i o n s  of h igh  
p u r i t y  showed  no s ign i f ican t  differences (p > 0.05) b e t ween  
t h e  p r e p a r a t i o n s  i so la ted  f rom tile con t ro l s  an d  f rom 
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hearts influenced by ISO. Lack of mitochondrial conta- 
mination was also demonstrated by the insensivity of the 
Ca binding (Table I) to 5 mM azide and 2.5 [zg/ml oli- 
gomycin ~a 

Ca-binding (in absence of oxalate) and Ca-uptake (in 
presence of 2.5 mM Tris  oxalate) was measured according 
to KATZ and REPKE ~ by the Millipore filter technique, 
using for incubation 40 and/or 10 ~xg of protein/ml at 
25~ and 37 ~ respectively. The protein content of the 
preparations was established according to LOWRY'S 
method ~. 

Results  and discussion. In our experiments we have 
found double the original amount  of Ca-binding and Ca- 
uptake by SR 2 h after ISO application in vivo (Table II). 

Our results concerning Ca-uptake are in agreement with 
those of others e, ~, z5. The increase of Ca-binding may be 
explained by nonspecific high-affinity binding sites invol- 
ved in or coupled with some Ca2+-phosphate complex 
formation~6,1L In experimental conditions similar to 
those under which the ISO-induced changes in Ca- 
accumulation by cardiac SR were studied, the Ca 2+- 
independent cAMP- and PK-mediated phosphorylation 
of the SR protein reached a 3-times higher value (Table 
II,  Figure 13) in comparison with the extent of Mg 2+- 
dependent phosphorylation, i.e. the self-phosphorylation 
of this protein in the controls (Table II, Figure A). The 
addition of beef heart PK did not appreciably influence 
the rate and the extent of phosphorylation (Figure A and 

Table I. Influence of oligomycin and azide on the calcium binding 
activities of heavy mierosomes (sarcoplasmie reticulum) isolated from 
control and ISO-treated dog hearts 

Calcium binding ( % of values without inhibitors) 

Oligomycin Sodium azide 
(2.5 ~g/ml) (5 mM) 

Control 94 4- 3.6 98 4- 0.2 

2 h ISO 95 -4- 3.4 97 4- 1.8 

The results are means 4- SE of 3 experiments. Microsomes (sarco- 
plasmie retieulum) 40 [xg protein/ml were incubated at 25 ~ in a 
medium containing 100 mM KC1, 10 mM MgC12, 4 mM Na-ATP, 
20 mM Tris-HCl, pH 6.8, and 0.1 mM C~45C1~ The incubation time 
was 5 rain. The inhibitor~ were added 2 min before Ftarting the 
reaction by ATP; it was terminated by Millipore filtration at the 
times indicated above. 
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Table II. Ca-binding, Mg2+-dependent phosphorylation and Mg 2+- 
dependent and exogenous cAMP-stimulated phosphorylation of the 
membrane protein (SR) 

Control 2 h ISO 

Ca-binding 
(nmoles Ca2+/mg z 

protein/5 minincubation) 70 4- 8 140 i 15 
Ca-uptake 
(nmoles Ca~+/mg -1 
protein/30 rain incubation) 3300 ~ 150 6318 4- 210 
Mg2+-dependent phosphorylation 
(nmoles P, 
incorporated/mg -1 protein) 0.202 0.638 
Mg2+:dependent cAMP- 
stimulated phosphorylation 
(nmoles P, incorporated/mg -1 
protein) 0.500 0.701 

The results are means • SE of 3-5 experiments. Experimental 
conditions for measurement of Ca-binding (see Table I). Ca-uptake 
was measured in the same medium as Ca-binding, however the incu- 
bation time was 30 rain at 37~ with 10 [zg membrane protein/ml. 
~2P-incorporation into SR protein was measured in conditions for 
Ca-binding in the following medium: 100 mM KC1, 15 mM MgCI~, 
4 mM ATP (y 82p), 2 mM EGTA, 0.2 mg/ml beef heart protein kinase, 
0.15 [zM cAMP and 40 ~zg/ml of membrane protein. Reaction was 
stopped with 10% TCA + 1 mM KH2PO 4 and labelled protein 
washed and counted using a Packard Tri-Carb Liquid Scintillation 
Spectrometer. 
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Left hand panel A). Time de- 
pendence of phosphorylation of 
the microsomal fraction enriched 
with SR in the control group. 
Symbols used for various addi- 
tions: O, cAMP + PK; O, PK; 
B, cAMP; [], basal. Right hand 
panel B). Time dependence of 
phosphorylation of the microsomal 
fraction enriched with SR 2 h 
after isoproterenol application. 
Symbols used for various addi- 
tions: @, cAMP § PK; �9 PK; 
[], basal. Experimental conditions 
are described in Table II. 
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B). On the contrary, addition of cAMP without exogenous 
PK stimulated phosphorylation ahnost to the same 
extent  as cAMP and P K  together (Figure A). This finding 
may serve as evidence for sufIiciently high endogenous P K  
activity in our preparations. 

The cAMP concentration responsible for the half 
maximal stimulation of the MgZ+-dependent phosphory- 
lation of cardiac SR in the controls in vitro amounted to 
0.15 • 10 .8 M. The corresponding increase of phospho- 
rylation represented the 2.5-fold of the basic Mg 2+- 
dependent value (Figure A). 

In preparations from hearts pretreated with ISO in 
vivo, phosphorylation without addition of cAMP or PK 
exceeded by 30% the extent of the half maximal stimula- 
tion reached with cAMP in the controls in vitro. However, 
this phosphorylation would represent not only tile basic 
Mg 2+ but, to a certain extent, also a cAMP-dependent 
incorporation of asp into phosphoserine 18. 

However, subsequent addition of 0.15 • 10 -6 cAMP to 
preparations from ISO-treated hearts increased phospho- 
rylation by a further 8% only (Figure B). This poor 
response to exogenous cAMP suggests a stimulatory 
effect on the cAMP-producing systems obtained already 
by the application of ISO in vivo. The latter stimulatory 
effect corresponds to an amount of cAMP produced, which 
would stimulate the phosphorylation obtained by in vitro 
application of cAMP to the controls, approximately by 
74~ of the maximal stimulation (Figure A). 

The present results appear to confirm the validity of our 
supposition concerning the mechanism of regulating the 
SR calcium transport by catecholamines (isoproterenol) 
both in vivo and in vitro. 

Zusammen/assung. Die cAMP-abh&ngige Inkorporation 
von 82p in das sarkoplasmatische Reticulum (SR) wurde 
im Zusammenhang mit  Ca-Akkumulation in Kontroll- 
herzen und in Herzen 2 h nach in vivo Verabreichung yon 
7,5 mg/kg Isoproterenol gemessen und gezeigt, dass die 
Katecholamine den intrazellul~ren Kalziumtransport in 
vitro sowie in vivo fiber die cAMP-stimulierte und PK- 
abh~ngige Phosphorylierung einer Proteinfraktion des SR 
regulieren. 
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Cannabino l :  a Rapid ly  F o r m e d  Metabo l i t e  of  At_ and A ~ - T e t r a h y d r o c a n n a b i n o l  

The primary metabolic pathway of Al-tetrahydro - 
cannabinol (A1-THC) and AS-THC is considered to be a 
mono-oxygenation, mostly at allylic positions 1. Recently, 
several indications that  cannabinol (CBN) and its 
oxidized derivatives may be A1-THC metabolites have 
also been reported. Relatively large amounts of CBN 
were found S by one of us (N. McC.) in the blood of A 1- 
THC smokers. Later, WIDMAN et a l )  observed high 
concentrations of CBN relative to A1-THC (but in less 
than 0.1% overall yield) in rat bile after the i.v. injection 
of A1-THC. BEN ZvI et al. 4 have isolated CBN-7-oic acid 
from the urine of rhesus monkeys administered with A 1- 
THC. 

I t  has been shown s with rats that  the presence of CBN 
in administered A1-THC causes an increased rate of 
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disappearance of At-THC from the blood. This results in 
higher levels of CBN relative to A1-THC than would be 
expected from the metabolism of the pure compounds. 
The possibility that both McCALLUM ~ and WIDMAN et al.* 
could have been observing a similar phenomenon, com- 
bined with the fact that the amount of CBN determined in 
blood by both these authors was less than the amount of 
CBN administered as an impurity in the AI-THC, 
prompted us to do a careful re-evaluation of CBN as a 
possible AI-THC metabolite. 

Methods and materials. Male rats were injected with the 
cannabinoid (in 5-10 ~xl propylene glycol) via a tail vein. 
Their blood was collected and mixed with heparin and the 
internal standardO; it was then extracted with light 
petroleum, acidified (1 N HC1), reextracted and centri- 
fugedL The petroleum fraction was analyzed by gas 
chromatography (GLC) (glass column filled with 4% SE 
30 on Gas Chrom Q 100 mesh, at 200~ with 60 ml/min nitro- 
gen carrier gas using flame ionization detection). Calibration 
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