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Summary 

Prostaglandms at mM concentrahon are able to reduce a small achvatlon to 
rabbit muscle glycogen phosphorylase b (1,4<~-D-glucan: orthophosphate a-D- 
glucosyltransferase, EC 2.4.1.1) m the absence of AMP. The extent  of this actl- 
vahon depends on the nature of the molecular structure of prostaglandms. 
Saturated and unsaturated htgher fat ty acids were unable to substitute for pros- 
taglandms. The mare findings of our studms can be summarized as follows: (1) 
Prostaglandms inhibit the AMP-reduced actlvatmn of phosphorylase b. (2) 
Modffmatmn of the AMP binding site with 2,3-butanedmne could not  inhibit 
the achwty mduced by prostaglandms. (3) Enzyme actlvatmn by prostaglan- 
dins is stimulated by spermme. (4) Phosphorylase b activation by prostaglan- 
dins and the observed stlmulatmn of this achvatmn by spermme were found to 
be temperature dependent. (5) Prostaglandms affect the quaternary structure 
of phosphorylase b reducing a partml enzyme te t ramenzatmn whmh is 
enhanced m the presence of spermme. The extent  of this te t ramenzatmn is 
temperature dependent.  

In t roduchon 

It is known that  rabbit skeletal muscle phosphorylase (1,4~-D-glucan ortho- 
phosphate a-D-glucosyltransferase, EC 2.4.1.1) exists m two forms, an reactive 
form requmng AMP for activity which was named phosphorylase b and an 
achve one m the absence of AMP which was named phosphorylase a. It is well 
estabhshed that  the mterconverslon of these two forms of the enzyme arises 
from specific enzymic phosphorylatlon and dephosphorylatlon reactions [1]. 
Known physlologmal activators of phosphorylase b are the nucleotldes AMP 
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and IMP [1].  High concentratmns of  substrate anions and several anions high 
on the Hofmelster  series are also known to activate phosphorylase b m absence 
of AMP [2]. Furthermore,  it has been reported that  two polycat iomc mole- 
cules, spermme and a phosphopept lde derived from the NH2-termmal region of  
phosphorylase a were able to mduce an AMP-independent enzyme activity 
especially at low temperature [3].  Recently,  activation of  phosphorylase b m 
absence of AMP was achmved by several hydrophobm compounds  [4--6].  The 
actlvatmn induced by hydrophobm solvents was at tr ibuted to a stabilization of  
the most  active enzyme conformat ion [4].  It is also well known that the 
affmity of  phosphorylase b for AMP may be enhanced by fluoride, divalent 
metal ions and polyammes [1],  while phen6thlazmes [7],  polycarboxylates  
[8] ,  sulfate amons and sulfated polysaccharldes [9] were also reported as 
stimulators of  the AMP<lependent activity of  the enzyme. 

In the present s tudy we have examined the interaction of phosphorylase b 
with prostaglandms. These compounds  bear hydrophobm moieties and are 
known to affect  a wide range of  bmlogmal processes [10].  It was found that 
prostaglandms at mM concentratmn (non-physiologmal, [ 1 1 ] ) e n h a n c e d  the 
residual actlvaty (AMP-independent activaty) of  phosphorylase b and that this 
activatmn was stimulated by  spermme. 

Materials and Methods 

Phosphorylase b was isolated from rabbit  skeletal muscle according to the 
method of Fischer and Krebs [12].  The enzyme was recrystalhzed four times, 
passed through a Sephadex G-25 column and then treated with acid washed 
Non t  (1 mg/mg protein) to remove AMP [3] Oyster glycogen was purchased 
from British Drug Houses freed of AMP as described by Helmremh and Con 
[13].  Glc-l-P, AMP and t-butanol were products  of  British Drug Houses, while 
spermme te t rahydrochlonde was obtained from Serva. Crystalhne prostaglan- 
dms were generously prowded by the Upjohn Company (Kalamazoo, MI) 
through the kindness of  Dr. A.D. Argoudehs. They were prepared for use by 
dlssolwng an appropnate  amount  of  prostaglandm either m absolute ethanol or 
m the assay buffer,  when tt was possible, immediately before use and kept  at 
4°C until added to the mcubatlon vessel. Saturated, unsaturated fat ty  acids, 
dlstearoyl phosphat ldylcholme and Triton X-100 were products  of Sigma. All 
other  reagents were of  the highest puri ty commercially obtmnable.  

Phosphorylase b was assayed m the d~rectlon of  glycogen synthesis [ 14] and 
the reaction mixture had a final volume of 0.2 ml. P~ released m the reaction 
was measured by the method of  Flske and SubbaRow [15].  Activity of phos- 
phorylase b was expressed m #mol product  fo rmed/mm per mg enzyme. 
Enzyme concentrat ion was measured spect rophotometncal ly  using the extrac- 
tion coefficient ( E ~ , , )  at 280 nm of 13.2 [16].  Sedtmentation velocity experi- 
ments were canned out  using an MSE Centnscan 75 preparative and analytical 
ultracentrifuge with a 10-mm single-sector cell at a rotor  speed of  60 000 rev./ 
mm. Sedimentation coefficients were obtamed from direct measurements of the 
scanner traces, taken at 6-mm intervals usmg a schheren optical system, cor- 
rected for viscosity and density of  the buffer to water at 20 ° C. The percentage 
of  components  with different sedimentation coefficmnts was estimated by 
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dtrect measurement of the area under the sedimentation peaks of the scanner 
traces (F t) at the time t corrected for the radial ddutmn by multiplying the 
square of the distance of the peak (rt 2) relative to the square of the distance of 
the memscus (r~)  from the center of rotatmn,  since the concentration, c, is 
proportmnal to F t (r~/r~). 

Results 

Actwatton o f  phosphorylase b by prostaglandms m the absence o f  AMP 
Prostaglandms mcreased the activity of phosphorylase b m the absence of 

AMP. Fig. 1 shows the activation of phosphorylase b m the absence of the 
nucleotide, as a functmn of the concentratmn of several prostaglandms. The 
residual actiwty of phosphorylase b m the presence of substrates but m the 
absence of AMP was taken as control value (100%). This actiwty amounted to 
0.9% of that  in the presence of  substrates and AMP (1 mM). As can be seen, the 
residual actlwty of the enzyme was initially stimulated with mcreasmg prosta- 
glandm concentratmns reachmg a peak value which was dependent on the kmd 
of  prostaglandm used. Further mcrease of prostaglandm concentratmn nega- 
tively affects the activity of the enzyme. The second step of the actlvatmn 
curves, analogous to that  observed with hydrophobic solvents [4], could not  be 
detected for all prostaglandins used because the majority of them have very low 
solubility in aqueous solutmn and therefore thetr concentratmn m the assay 
mixture could not  be increased. Fig. 1 also shows, that  the molecular structure 
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Fig 1 T h e  e f f e c t  o f  p r o s t a g l a n d m s  on  the  ac t lv l ty  o f  p h o s p h o r y l a s e  b m the  a b s e n c e  of  AMP The  
e n z y m e  (35  # g / m l )  was  a s sayed  a t  3 0 ° C  m 1 m M  E D T A / 3 0  m M  2 - m e r c a p t o e t h a n o l / 4 0  m M  glycerol -2-P 
bu f f e r ,  p H  6 8, wl th  32  m M  GIc-loP, 1% g l y c o g e n  a n d  va r ious  c o n c e n t r a t l o n s  of  p r o s t a g l a n d m s .  The  
p r o s t a g l a n d m s  were  a d d e d  m the  assay  s y s t e m  d~ssolved m e tha no l  and  the  h n a l  c o n c e n t r a t l o n  o f  e t ha no l  
In t h e  s y s t e m  was  5% (v/v) .  The  ac t i v i t y  r e d u c e d  by  e t h a n o l  was  d e d u c t e d  f r o m  e a c h  rate m e a s u r e m e n t  
The  ac tJv i ty  obse rved  m the  absence  o f  pros tagland~ns  a n d  AMP (0.8 # m o ]  P l /mg  per  m m )  was  t a k e n  as 
100% ac t i v a t i o n  P r o s t a g l a n d m s  o o, B 1 , ~ ~, F2a ,  • -_ F l a ,  • i t  E20 ~ ~ 

E l , •  A A l , O  a F3a  0•  i ,  E 3 , x  x, A 2 , V  ~, B 2 



273 

of prostaglandms greatly affects the actlvatmn pattern of  phosphorylase b. It 
appears that  m each type  of  prostaglandm used (prostaglandms A, B, E and F) 
the higher the degree of  saturatmn the lower the prostaglandm concentratmn 
required to produce actlvatmn. Two exceptmns were observed, prostaglandm 
E2 is more effective than prostaglandm El and prostaglandm F2~ is more effec- 
hve than prostaglandm FI~. The most  effmmnt prostaglandm at the concentra- 
tmns tested was B~, whmh at 6 mM reduced a 5% actlvatmn m respect to that  
produced by 1 mM AMP. 

Possible contammatmn of  prostaglandms by AMP was checked by TLC. 
5 mg of each prostaglandm was dissolved m ethanol and chromatographed on 
silma gel plates (Merck 5721). The solvent system used was benzene/chloroform/ 
n-butanol/ethanol (4 . 10 . 5 : 1, v/v) [17].  AMP chromatographed under the 
same condltmns remained at the ongm. The prostaglandms were wsuahsed after 
chromatography by spraymg with dodecamolybdophosphonc  acid in ethanol 
(20%, w/v} and heatmg at 100°C until spots appeared. The spots of  prosta- 
glandms (not  wsuallsed) were extracted with ethanol, the extract  was dried 
under mtrogen,  dissolved m ethanol and tested for activity as m Fig. 1. Prosta- 
glandms purffmd m this manner retmned full capacity to achvate phosphorylase 
b. 

Smce phosphorylase b actlvatmn by prostaglandms might be at tr ibuted to 
the hydrophobm momtms of these compounds,  a number  of  saturated and 
unsaturated higher fat ty  acids, a phosphohpld and a non-runic detergent were 
tried as possible achvators of  the enzyme m order to obtmn a measure of  the 
specffmlty of  prostaglandm actmn. The following substances were tested as m 
Fig. 1- laurm acid, palmltm acid, stearin acid, olem acid, elmdm acid, lmolem 
acid, phosphat ldylcholme (dlstearoyl), all at 2 mM concentratmn, and Triton 
X-100 at 0.05, 0.2 and 0.5%. Neither the fat ty  acids and phosphohpld nor the 
non-mnm detergent served as achvators of  phosphorylase b. It was impossible 
to test higher concentratmns of  fa t ty  acids or phosphohpld because of  their 
msolubillty m the assay system. However,  this concentratmn is suffmmnt if one 
takes into account  the substanhal actlvatmn reduced by 2 mM prostaglandms. 

Kinetic propertzes of  phosphorylase b m the presence of  prostaglandms 
In order to examme the kmetm propertms of  phosphorylase b m the 

presence of  prostaglandms, we have chosen prostaglandms F2, and E2, whmh 
exhibited the highest solubility m the assay system, to avoid possible inter- 
ference of  ethanol activation. Fig. 2 shows the Lmeweaver-Burk plots of  phos- 
phorylase b reaction with respect to Glc-l-P (Fig. 2A) and glycogen (Fig. 2B) m 
the presence of  3 mM prostaglandm F2,. The concentrations of  Glc-l-P and 
glycogen reqmred for half-maximal act lwty (K0.s) are about  15-times higher 
than the Km values for Glc-I-P and glycogen, respectively, measured m the 
presence of  1 mM AMP. Under the expemmental consltlons of  Fig. 2, when 
1 mM AMP was used instead of  prostaglandm F2a, phosphorylase b showed a 
Km value for GIc-I-P of  6.8 mM and a Km value for glycogen of  0.028%. The 
maximum velocity obtained with 3 mM prostaglandm F2, was found to be 8% 
of that  with 1 mM AMP. Furthermore,  while under the experimental condl- 
tmns used, at 1 mM AMP there was no homotropm cooperatlvlty between Glc- 
1-P bmdmg sites (Hill coeffmlent n - - 1 )  [18,19] ,  in the presence of  3 mM 
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Fig 2. L m e w e a v e r - B u r k  p lo ts  o f  p h o s p h o r y l a s e  b w t t h  r e s p e c t  to  GIc - I -P  (A) and  g lycogen  (B) m the  
presence  of  p r o s t a g l a n d m  F2a  Assay  mLxtures  c o n t a i n e d  1% or  va ry ing  c o n c e n t r a t i o n s  o f  g lycogen ,  80 
m M  or v&rymg c o n c e n t r a t i o n s  o f  GIc-I -P ,  3 m M  prostagland~n F 2 a  and  30 /~g /ml  p h o s p h o r y l a s e  b Reac-  

t ions  were  car r ied  o u t  at  3 0 ° C  and  b u f f e r e d  as m Fig 1. K 0 5 for  GIc - I -P  was o b t a i n e d  by  r e p l o t t m g  t h e  
da ta  o f  Fig 2A m the  f o r m  of  a HLll p lo t  n = Hill c o e f f i c i e n t  (A)  K 0 5 = 9 5  raM, n = 1.350 (B) K 0 $ = 

0 42% 

prostaglandm F2a (Fig. 2A) a posture homotropm interaction was observed 
(n = 1.35). An analogous result has been obtmned by Dreyfus et al. [4] when 
t-butanol was used as an activator. 

The effect of prostaglandms on the kmetms of activation of phosphorylase b 
by AMP was further studmd (Fig. 3), m comparison with t-butanol whmh has 
been reported to act synergmtmally with AMP on the enzyme activity [4]. In 
Fig. 3. Lmeweaver-Burk plots are shown for AMP activation of phosphorylase b 
m the presence and absence of prostaglandm E2 or t-butanol. In the absence of 
prostagalndm E2 and t-butanol the enzyme shows the expected cooperative 
bmdmg of AMP with a Hill coefflcmnt n = 1.5. When 5% (v/v) of t-butanol is 
added, the cooperatlvlty of AMP is decreased and the bmdmg of the nucleotlde 
to the enzyme :s enhanced. In contrast, prostaglandm E2 (5 mM) competmvely 
mhlblted AMP actlvatmn without  affecting the cooperatlwty of the nucleotMe 
bmdmg. An analogous mhlbltory effect was found m presence of prostaglan- 
dins B, (5 mM) or F2a (3 mM). 

The mhlbmon of AMP-reduced actlvatmn by prostaglandm E2 was further 
examined with respect to Glc-l-P. It was found that  at 1 mM AMP, 1% glyco- 
gen and Glc-l-P concentratmns between 2 and 32 mM, the prostaglandm is a 
competmve mhlbltor with respect to Glc-l-P. The kmetm parameters of phos- 
phorylase b relative to Glc-l-P m the absence or presence of 5 mM prostaglan- 
dm E2 were V, 91 and 93 pmol P,/mg per mm, Km (mean -+ S.D. for three 
determmatmns),  4.2 + 0.2 and 6.7 -+ 0.3 mM, respectively. (The enzyme prepa- 
rattans used here and for F:g. 2 are different and the vanatmn m the Km value 
m not  unusual [20] .) Thin result may suggest that  prostaglandm E2 bmds either 
at the nucleot:de or the nucleoslde site and inhibits phosphorylase b activity 
via allostenc competmon with Glc-l-P [18,20,21]. 

In an effort  to test whether the AMP site is the locus for prostaglandm 
actmn, we have examined the way by whmh the modif:catmn of phosphorylase 
b by 2,3-butanedmne affected the actlvatmn by prostaglandms. We have 
treated phosphorylase b with 2,3-butanedlone m the absence of AMP m order 
to modify the nucleotlde bmdmg site [22--24]. The effect of this modifmatlon 
on the catalytic actlwty of the enzyme as a functmn of t ime was studmd. Enzyme 
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Fig.  3 E f f e c t  o f  p r o s t a g l a n d m  E 2 a n d  t -bu tano l  on  the  l ane t l c s  o f  a c t i va t i on  o f  p h o s p h o r y l a s e  b by  AMP. 

The  assay mtx t t t r e  c o n t a i n e d  m a d d i t i o n  to  AMP, 9 ~ g / m l  e n z y m e .  32  m M  GIc- I -P  a n d  1% g l y c o g e n  m the  
absen ce  ( o  o )  ( K  m = 5 4  /aM,  n = 1 5 )  or  p r e s e n c e  of  5 m M  p r o s t a g l a n d m  E 2 (-" ~') (K m = 

1 1 0  ~M, n = 1 55)  5% (v/v)  t -bu tano l  (~ ~) (K m = 25 ~M, n = 1 2)  R e a c t m n s  w e r e  ca r r i ed  o u t  a t  

3 0 ° C  and  b u f f e r e d  as  m Fig  1 T h e  actxvl ty r e d u c e d  by  p r o s t a g l a n d m  E 2 or  t -bu tano l  m the  a bse nc e  of  

AMP w u  d e d u c t e d  f r o m  each  r a t e  m e a s u r e m e n t  K m va lues  f o r  AMP and  Hill c o e f f i c i e n t s  (n)  w e r e  

o b t a i n e d  b y  r e p l o t t m g  the  d a t a  o f  F ig  3 m the  f o r m  o f  a Hill  p l o t  

Fig  4. K m e t l c s  o f  ac t lv l ty  chm~ge a f t e r  r e a c h o n  o f  p h o s p h o r y l a s e  b w l t h  2 , 3 - b u t a n e d l o n e .  Actzvl ty o f  

p h o s p h o r y l a s e  b was  p l o t t e d  as  log% or lglnal  a c h v l t y  as  a f u n c t i o n  of  m c u b a t l o n  t l m e  in p r e sence  o f  2,3- 

b u t a n e d l o n e  The  e n z y m e  (5 m g / m l )  was  r e a c t e d  a t  30¢C wl th  10 m M  203-butanechone as  m [ 2 2 ]  A f t e r  
v a r i o u s  r e a c t i o n  t i m e s ,  a h q u o t s  w e r e  d i lu t ed  i n t o  assay b u f f e r  a n d  t e s t ed  f o r  ac t lv l ty  as in  Fig.  1, In  the  
p r e s e n c e  o f  1 m M  AMP (e "-), 5 m M  p r o t a g l a n d m  E 2 ( "  a ) ,  5% t -bu tano l  (o o)  or  m 
a b s e n c e  o f  a n y  a c t l v a t o r  (~ ~)  When  AMP was  p re sen t ,  t he  assay  s y s t e m  c o n t a i n e d  5 / ~ g / m l  phos -  
p h o r y l a s e  b The  p e r c e n t  a c t l w t y  m t h e  p r e sence  o f  AMP, p r o s t a g l a n d m  E 2 or  t -bu tano l  was  ca l cu l a t ed  by  
d e d u c t i n g  f r o m  each  r a t e  m e a s u r e m e n t  t he  va lue  o f  t he  res idua l  act~vlty o b s e r v e d  at  t he  c o r r e s p o n d i n g  
r e a c t i o n  tune ,  

actwlty was measured m presence of  prostaglandm E~ and was compared to 
that m presence of  AMP, t-butanol or m the absence of  any actwator (residual 
actwlty).  The fol lowing results were obtained (Fig. 4). 1. The residual actwlty 
of  phosphorylase b was highly enhanced during modification (520%). 2. The 
above actwatlon of  phosphorylase b by 2,3-butanedlone was found synerglstm 
with the achvatmn induced by prostaglandin E2. 3. The actiwty reduced by 
t-butanol was not  substantmlly affected by the modffmatmn, m agreement with 
Dreyfus et al. [4] .  4. In contrast, as it was expected [4] ,  the achwty  of  the 
enzyme measured in the "presence of  AMP progressively disappeared. 

Effect of  spermme on the AMP-independent actw~ty of  phosphorylase b m the 
presence of  prostaglandms 

In order  to obtain reformat ion about  the role of  the electrostatm mterac- 
hons  on the ac twahon  of  phosphorylase b by prostaglandms, we stuched the 
influence of  sperm_me, an effmmnt polycat lomc stLmulator of  AMP achvataon, 
on the AMP-independent activity m the presence of  prostaglandms. It  has been 
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Fig 5. E f f e c t  o f  s p e r m m e  on  the  ac t , va t l on  o f  p h o s p h o r y l a s e  b by  pros tag lanchns .  The  assay mLxture  con-  

t a m e d  30 # g / m l  e n z y m e ,  80 m M  GIc-I -P ,  1% g lycogen ,  va r ious  c o n c e n t r a t i o n s  of  s p e r m m e  and  4 m M  

p r o s t a g l a n d m  F2a  (e - ' )  or 5 m M  p r o s t a g l a n d m  B,  (o o)  R e a c t i o n s  were  c a r n e d  o u t  a t  3 0 ° C  

and  b u f f e r e d  as m Fig 1 E n z y m e  ac t i v i t y  w i t h o u t  s p e r m m e  was  t a k e n  as 100% E n z y m e  achv~ty m the  
p resence  o f  s p e r m m e  b u t  m the  absence  of  p ros tag lanchn  was  d e d u c t e d  f r o m  each r a t e  m e a s t t r e m e n t  Pros- 

t a g l a n d m  B 1 was  chssolved m e thano l  a n d  the  f inal  c o n c e n t r a t i o n  o f  the  a lcohol  m the  assay m , x t u r e  was  

5% (v /v)  In th ts  case,  the  e n z y m e  ac t i v i t y  m p re sence  o f  s p e r m m e  and  e t h a n o l  was  d e d u c t e d  f r o m  each  

ra te  m e a s u r e m e n t .  

found that binding of  spermme to phosphorylase b shmulated the activation of  
the enzyme by prostaglandms. Fig. 5 shows that spermme stimulated the 
actlvahon of the enzyme reduced by prostaglandms F2a or B, and that the 
synergistic effect between spermme and prostaglandm F2a was greater than that 
with B,. It is interesting to note,  that spermlne under the prewous experimental 
conditions is also able to stimulate the activation reduced by t-butanol (5%, 
v/v) up to 200% 

As has been shown previously [ 3] ,  spermme activates phosphorylase b m the 
absence of  AMP and this act,vatlon is temperature dependent.  In order to test 
the effect of  temperature on the achvatlon of  phosphorylase b by prostaglan- 
dins or hydrophoblc solvents m the presence and absence of  spermme, the 

T A B L E  I 

A M P - I N D E P E N D E N T  A C T I V I T Y  O F  P H O S P H O R Y L A S E  b IN T H E  P R E S E N C E  O F  P R O S T A G L A N D I N  
E 2 A N D  S P E R M I N E  O R  t - B U T A N O L  A N D  S P E R M I N E  A T  10 O R  3 0 ° C  

R e a c t i o n  mzx tu re s  c o n t a i n e d  32 m M  Glc- I -P ,  1% g lycogen  and  b u f f e r  as m Fig  1 O t h e r  c o m p o n e n t s  
were  a d d e d  as  mdzca t ed  W h e n  the  r e a c t , o n  was  c a r n e d  o u t  a t  1 0 ° C  the  a s say  mz x tu r e  c o n t a i n e d  4 2 / ~ g / m l  
p h o s p h o r y l a s e  b. wlule  w h e n  the  assay  was  c a r n e d  ou t  a t  30°C the  e n z y m e  c o n c e n t r a t z o n  was  5 # g / m l  m 
the p resence  of  AMP a n d  30 # g / m l  m *ts ab sence  Va lues  Ln p a r e n t h e s e s  are  actzv~tles e x p r e s s e d  as  a per- 
cen tage  o f  the  ac t ,v i ty  m the  p r e sence  of  1 m M  AMP 

A d d , t l o n s  to  r eac t i on  /~mol P l /mg  per  m m  (%) 

10°C 30°C 

N o n e  0 2 (2)  0 7 (1) 
t -Butano l  (5%, v /v)  3 6 (35)  9 5 (12)  
S p e r m m e  (15  mM)l  1 4 (14)  3 1 (4) 
f -Butanol  (5%,  v /v )  + s p e r m m e  (15  m M )  8 2 (80)  20 2 (25 )  

P r o s t a g t a n d m  E 2 (5 raM) 0 5 (5)  2 1 (2 5) 
P ros tmo l .ndm E 2 (5 raM)  + s p e r m m e  (15  raM) 1 1 (11)  7 9 (10)  
AMP (1 raM) 10 2 (100 )  81 0 (100 )  
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experiments of  Table I were performed. As shown m thLs table, the percentage 
of  actlvatmn of  phosphorylase b by prostaglandm E2 or t-butanol as compared 
to the actlvatmn of  the enzyme by 1 mM AMP was slgnffmantly greater at 10 
than at 30°C. A 2-fold increase was found for prostaglandm E2 while the 
increase for t-butanol was 3-fold. In contrast to the prewous fmdmgs m the 
absence of  spermme, t-butanol and spermme together activated phosphorylase 
b synerglstmally both at 30 and at 10°C, while the actlvatmn of the enzyme by 
prostaglandm E2 and spermme was found synergistic only at 30°C (Table I). It 
~s worth emphasizing that the synerglstm actlvatmn by spermme (15 mM) and 
t-butanol (5%, v/v) at 10°C was 80% of  the actlvatmn reduced by 1 mM AMP. 

Effect of prostaglandms on the structure of phosphorylase b m the presence 
and absence of spermme 

The effect of  prostaglandm E2 on the subumt association of  phosphorylase b 
m the presence and absence of  spermme, at 20 and 10°C, was examined ultra- 
centrifugally, m order to see the relationship between the change m catalytm 
propertms and the enzyme structure. At the protein concentration used m 
these experiments,  phosphorylase b sediments as a dlmer with a correspondmg 
s20.w value of  8.5,  while m the presence of  AMP a second fast-sedlmentmg peak 
is formed with an s20,w of  value of  13.3 correspondmg to the tetramer [25] .  As 
shown m Table II, phosphorylase b sedlmented at 20 or 10°C as a smgle peak 

T A B L E  II  

T E M P E R A T U R E - D E P E N D E N T  E F F E C T  OF P R O S T A G L A N D I N  E 2 A N D  t - B U T A N O L  ON T H E  

S E D I M E N T A T I O N  P R O P E R T I E S  OF P H O S P H O R Y L A S E  b IN T H E  P R E S E N C E  A N D  ABSENCE OF 

S P E R M I N E  

All u l t r a c e n t n f u g a l  s e d t m e n t a t m n  v e l o c i t y  m e a s u r e m e n t s  w e r e  carried o u t  w i t h  1 0  m g / m l  e n z y m e  m 
1 m M  E D T A / 3 0  mM 2 - m e r c a p t o e t h a n o l / 4 0  m M  glycerol-2-P buf fe r ,  pH 6 8 Other  c o m p o n e n t s  were  
added as ind icated  T e m p e r a t u r e  was  mainta ined  wi th in  +-0 5°C o f  the  t e m p e r a t u r e  indicated  Other  con-  
chtlons were  as descr ibed  

Addl t tons  °C s20 ,w  % of  to ta l  

N o n e  20 8 4 
S p e r m m e  (20  m M )  20 8 0 

1 1 4  
Pros tag landm E 2 (5 raM) 20 8 2 

1 1 5  
Pros tag landm E 2 (5 raM) + spe rmine  (20  m M )  20 8 0 

1 2 3  
t -Butanol  (5%° v /v )  20 8 4 
t -Butanol  (5%, v /v )  + s p e r m m e  (20 m M )  20 8 0 

1 1 4  
N o n e  10  8 2 
S p e r m m e  (20  m M )  10 8 0 

1 2 2  
Prostag landm E 2 (5 m M )  10 8 3 

1 1 5  
Prostaglandln E 2 (5 m M )  ÷ s p e r m m e  (20 m M )  I 0  8 0 

1 2 8  
t -Butanol  (5%, v /v )  10 8 2 
t -Butanol  (5%, v /v )  + s p e r m m e  (20 m M )  10 8 1 

1 2 6  

1 0 0  
96 

4 
94  

6 
62 
3 8  

100  
78 
22 

1 0 0  
76 
24 
76 
24 
65 
35 

1 0 0  
46 
54 
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with an s20.w value of  8.4 and 8.2, respectively. Under our experimental con- 
dltmns no tetramer formatmn has been observed at 10 ° C, while Kastenschmldt 
et al. [26] have reported an assocmtmn of the dlmer to an extent  of  10% at 
12.5°C. This difference is probably due to the lower enzyme and higher 2-mer- 
captoethanol  concentratmns used m our experiments.  When the enzyme was 
treated with prostaglandm E2 (5 mM) or spermme (20 mM), a fast-sedlmentmg 
peak corresponding to the tetramer appeared m addltmn to the peak of  the 
d:mer. The percentage of  the tetramer was small at 20°C but  is was substan- 
trolly increased at 10°C. Carty et al. [3] did not  observe te t ramenzatmn with 
spermme at l l ° C ,  possibly because the concentratmns of  enzyme and poly- 
amine used m their experiment were smaller, t-Butanol m contrast to prosta- 
glandm E2, could not  promote  te t ramenzatmn of phosphorylase b either at 20 
or 10°C [4].  Furthermore,  it was revealed that  the te t ramenzatmn reduced by 
spermlne at 20 or 10°C was greatly mcreased m the presence of  t-butanol. In 
contrast,  when prostaglandm E2 and spermme were added to the enzyme 
together, a synergqstm actmn was observed only at 20 ° C. 

Discussion 

The data reported m the present s tudy show that prostaglandms are able at 
mM concentration to increase the residual activity of phosphorylase b m the 
absence of AMP, and that this non-physlologqcal achvahon [11] depends on 
the molecular structure of prostaglandms (Fig. 1). In this respect it has been 
reported that prostaglandm E~ was able to shmulate phosphorylase m heart 
shces [27].  The fact that a number  of  saturated and unsaturated higher fat ty  
acids, a phosphohpld and a non-lonm detergent tested for achvatlon were 
found to be unable to st:mulate AMP-independent achvlty of  phosphorylase b, 
suggests that the activation of  the enzyme by prostaglandms Is specifm m 
nature. The observed difference between the action of  prostaglandms and that 
of  t-butanol on the catalytm and sedimentation propertms of  the enzyme 
(Fig. 3, Table 1, Table II) suggests a specml type  of  mteractmn between phos- 
phorylase b and prostaglandms. 

As far as the site of  actmn of prostaglandms is concerned nearly all experi- 
mental results suggest the nucleohde s:te as the locus of their binding" 1. Com- 
petl tmn with AMP and increase m the Hill coefflcmnt, sunflar to the effect  of  
ATP whmh also brads there [18, 28, 29] (Fig. 3). 2. Compet l tmn with GIc-I-P 
ATP also competes with Glc-l-P [18] 3. Promotmn of te t ramenc state similar 
to AMP (Table II). 4. Stlmulatmn of prostaglandm act:vatmn by spermme whmh 
is known to nnprove actlvatmn by poor  nucleotlde act:vators [1] (Fig. 5) The 
results of  2,3-butanedmne treatment  (Fig. 4), cannot rule out  conclusively the 
possibility that  the nucleohde site Is the locus of  actmn prostaglandms. Thus, 
the Arg 308/309 needed for AMP bmdmg [30] ,  may be hit fLrst leawng other 
argmmes or lysmes m the area of the nucleotlde pocket  [29] available to bmd 
the carboxyl group of  the prostaglandm, while the cyclic momty may mteract  
with Tyr 75 to stabilize the active conformatmn as suggested by Flettermk and 
Madsen [30].  Takmg mto account  our experimental results, partml binding of  
prostaglandms to the nucleoslde effector  site cannot be ruled out.  An exclusive 
binding to th:s site should not  be considered because compounds  bmdmg exclu- 
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slvely to this slte present only mhlbltory achon [20]. 
Since spermlne is considered to be an allosterlc effector [31], the enhance- 

ment of the action of prostaglandlns on phosphorylase b by thls polyamlne 
arises presumably through a conformatIonal change of the enzyme molecule. In 
addition interpreting the results of Tables I and II one can suggest, m agree- 
ment wlth Carty et al. [3], that at low temperatures a structure of the enzyme 
is favored, whmh can be influenced by prostaglandms, to permit assoclatlon 
and lnductlon of AMP-Independent actiwty. 
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