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Chemical identification of the soluble muscl~,relaxincj factor: 
An enzymic probe 

ENGLEHARDT 1 postula ted the necessity of an a c t o m y o s i n - A T P  inhibi tor  in order to 
have a control mechanism for this reaction. Evidence for such an  inhibi tor  ( termed 
relaxing factor) in homogenates  of muscle was provided by  MARSH ~. The  relaxing 
factor was then  identified with  the par t icula te  fraction of the  muscle homogenate  a-a. 
LORAND 6 and  WEBER 7 pointed out, however, t ha t  it  was unlikely t h a t  a par t ic tdate  
fraction could direct ly influence the  types of actomyosin systems under  invest igat ion 
and tha t  an  indirect action had to be considered. Evidence t h a t  t h e  indirect  act ion 
involves the formation of a soluble re!axing fa'ctor has been presented by  BmGGS 
AND FUCHS 8, PARKER AND GERGELEY 9 a n d  NAGAI et  a / f i  e. T h e  s t r u c t u r e  o f  t h e  s o l u b l e  

relaxing factor has, however,  remained elusive. An enzymic probe of i ts  s t ruc tu re  
was under taken  in the hope tha t  it would reveal e i ther  the  iden t i ty  or  t h e  chemical 
class of the  relaxing factor. 

Soluble relaxing factor was obta ined direct ly from muscle b y  the  method  of 
FUCHS AND BRIGGS u. I ts  relaxing ac t iv i ty  was assayed wi th  single glycerinated 
rabbi t  psoas fibers as described by  BRIGGS AND FUCHS s except  t ha t  the  fibers were 
t rea ted  with 2 mM deoxycholate TM for 5 min to destroy any  con tamina t ing  intrinsic 
relaxing factor. The same solution (30 mM KCI, 5 mM MgCI t, 5 f l  potass ium 
oxalate,  Io mM imidazole, IO mM potass ium phosphate ,  pH 6.7) was used for the  
homogenizat ion of the muscle as well as the  ~assay with  single fibers except  t ha t  ATP 
was added (5 mM). Phospholipase C (EC 3.1.4.3) and  D (EC 3.I.4.4) were t r e a t e d  
with EDTA and dialyzed before being added to the soluble relaxing-factor prepa- 
rations. 

T A B L E  I 

I N F L U E N C E  O F  E N Z Y M E S  O N  T H E  R E L A X I N G  A C T I V I T Y  O F  T I l E  S O L U B L E  F i l A C T I O ~ ¢  

O F  A M U S C L E  t - I o M O G E N A T E  

E n z y m e  C o n c e n t r a t i o n  ~ E f f e c t  ma ~ a x f ~ g  
ac l  i~" ~. y 

P h o s p h a t a s e *  (bacterial) 
Phosphod ie s t e ra se*  (venom) 

• * 
Phosphodmste ra~e  (spleen, 
R ibonuc lease*  (pancreas) 5 × crys ta l l ized 
Ribonue lease*  -t- 

bac ter ia l  p h o s p h a t a s e *  
Phospho l ipase  D*"  (cabbage) 
Phospho l ipase  C* * * (Clostridium perfringtns) 

x5oo u n i t s ' / m l  18 h , none  
0.05 m g / m l  18 h dest royed§ 
o .  x p g / m l  2 h n o n e  
x m g / m l  i 8  h n o n e  
I m g / m l  t 8  h n o n e  
I5OO u n i t s * / m l  
o. I m g / m l  xo m i n  des t royed  
o. i m g / m l  xo m i n  de s t royed  

* W o r t h i n g t o n  Biochemica l  Corporat ion.  
*" Ca!ifo.~. i~ Co.~poration for Biochemical  Resehrch.  

* "* Genera l  Biochemicals .  
§ R e l a x i n g  a c t i v i t y  was des t royed  in 3 of 6 exper imen t s .  
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The  first e n z y m e  to show a n y  demons t r a  ble a c t i v i t y  aga ins t  re lax ing  fac tor  was 
a phosphod ies te rase  (EC 3 . I .4 . I )  o b t a i n e d  front v e n o m  (Table I). T h e  enzyme,  how- 
ever,  gave  unp red i c t ab l e  results ,  des t roy ing  re lax ing  fac tor  in on ly  3 of 6 exper iments .  
A t t e m p t s  to  dup l ica te  the  effect of v e n o m  phosphodies te rase  b3; a combina t ion  of 
bac te r ia l  p h o s p h a t a s e  (act ive on  b o t h  3'- a n d  5 ' -phosphates )  and  spleen r ibonuclease  
(act ive on po lynuc leo t ides  wi th  a t e rmina l  5 ' -phospha te )  were comple t e ly  unsuccessful  
as was spleen phosphodies te rase .  This  led to  an a l t e rna t i ve  i n t e rp r e t a t i on  of the  resul ts  
wi th  v e n o m  phosphod ies te rase  ; i.e. t h a t  the  p r e p a r a t i o n  was  c o n t a m i n a t e d  by  some 
o the r  v e n o m  enzyme .  Since phosphol ipase  A (EC 3.r.x.4) was a possible c o n t a m i n a n t ,  
samples  of phosphol ipase  D a n d  C were tes ted.  At  e n z y m e  concen t ra t ions  of o. x m g / m l  
t h e ~  phosphol ipases  des t royed  the  re lax ing  factor.  

Before the  enzymic  des t ruc t ion  of re lax ing  fac tor  could be unequ ivoca l l y  accep ted  
it  was  essent ia l  to  es tab l i sh  t h a t  t he  obse rved  i nac t i va t ion  was not  due  to  the  in t ro-  
d u c t i o n  of ca lc ium wi th  t h e  enzyme .  T h a t  this  was  not  the  case can be der ived  f rom 
t h e  d a t a  in Tab le  I I .  I n  c o n t r a s t  to  t h e  i n s t a n t  reversa l  of re lax ing  a c t i v i t y  observed  
when  ca lc ium is i n t roduced ,  phosphol ipase  D a t  a concen t r a t i on  0-5 m g / m l  requ i red  
approx .  30 rain to  in i t i a te  a n y  obse rvab le  reversa l  of re lax ing  ac t iv i ty .  The  non-  
l inea r i ty  of this  reversa l  is easi ly  exp la ined  b y  the  non- l inea r i ty  of t h e  effect of re lax ing  
fac tor  on tens ion  generat ion*L In  accordance  wi th  expec ta t ion ,  when  I m g / m l  
phosphol ipase  D ITable I I) ,  was  used it  p r o d u c e d  a more  p r o m p t  reversal .  I n  con t ra s t  
to  t h e  effect of calc ium,  there  was  a brief  per iod before reversa l  of re lax ing  ac t iv i ty .  
As no ted  earl ier  b y  EBASm la, exposure  of the  fiber to  phosphoHpv.ee C or D (x mg/ml)  
h a d  no effect on its ab i l i ty  to  con t r ac t  or r e spond  to the  soluble re lax ing  factor.  

" f A B L E  I i 

I x ~ I F L U E N C E  O F  I N C U B A T I O N  T I M E  A N D  E N Z Y M E  C O N C E N T R A T I O N  O N  R E L A X I N G  A C T I V I T Y  

I n d i c a t e s  n o  r e v e r s a l  o f  r e l a x i n g  a c t i v i t y "  -1- t o  + 4 - +  + i n d i c a t e s  
s l i g h t  t o  c o m p l e t e  r eve r s a l .  

I n c u b a t i o n  tim~" ( m i t l )  z r 5 30 45 60 

C o n t r o l  
P h o s p h o l i p a s e  D (r m g / m l )  
P h o s p h o l i p a s e  D (0.5 mg/ rn i9  - -  
P h o s p h o l i p a s c  D"  (o.5 m g / m l }  + 

+ + + +  + + + +  + + + +  + + + +  
+ + +  + + + +  

" T h e  r e l a ~ i n g - f a c t o r  p r e F a r a t i o n  u s e d  in t h i s  s t u d y  w a s  o b t a i n e d  b y  t h e  t e c h n i q u e  of  g e l  
f i l t r a t i o n  -- s ee  t e x t .  

T h e  suscep t ib i l i ty  of b o t h  the  granule  ~J a n d  soluble fac tor  to  des t ruc t ion  by  
phospho l ipase  ra ised  t h e  ques t ion  of w h e t h e r  the  soluble re lax ing  act ivi ty '  is ac tua l ly  
d u e  to  some par t i cu la tes ,  which because  of a dens i t y  close to  t h a t  of the  suspend ing  
m e d i u m ,  m i g h t  no t  h a v e  sed imented .  This  possibi l i ty  has  been e l imina ted  b y  showing  
(Table  II)  t h a t  phosphol ipase  des t roys  re lax ing  fac tor  s e p a r a t e d  f rom the  p ro te in  
po r t ion  of t h e  s u p e r n a t a n t  b y  the  t echn ique  of gel f i l t ra t ion ~4. B o t h  S e p h a d e x  G-25 
a n d  G-5o h a v e  successful ly  been u3ed for th is  purpose.  

T h o u g h  the  re lax ing  a c t i v i t y  a t t r i b u t e d  to  ~-glycerol p h o s p h a t e  a~ a n d  r ,3-di-  
phosphoglycer ic  acid 16 has  no t  been conf i rmed 17, m it m a y  be t h a t  these  subs tances  
p r o d u c e d  some re laxa t ion  b y  an indi rec t  act ion,  for e x a m p l e  as s u b s t r a t e  in t he  for- 
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mation of a phospholip:id. The  observations may  support  the hypothesis  made here 
tha t  the soluble relaxing factor isolated directly from muscle is a phospholipid. 

This work was done dur ing the  tenure  of an Establ ished Inves t igatorship  of 
the  American Hear t  .Association and supported by the U.S. Public Hea l th  Service 
g ran t  H-678~. 
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Urid ine diphosphate fructose and uridine diphosphate 
~ l g a l a c t o s a m i n e  f rom dahlia tubers 

During an invest igat ion of the  nucleotides of Dahlia  tubers,  UDP-glucose and UDP-  
galactose have  been isolated. Evidence is presented here which indicates t ha t  these 
nucleotides axe accompanied by  an  hi ther to  undescribed compound which appears 
to be UDP-iructose.  Fur thermore ,  UDP-acetylgalac tosamine  has  also been isolated 
accompanying UDP-acetylglucosamine.  Whereas  UDP-acetylgalactosarnine has  been 
found in bacter ia  ~ and  animal  tissues z, ~, i t  has not  been detected in higher plants.  

An alcoholic ex t rac t  of Dahl ia  tubers  was subjected to a prel iminary purification 
by  passing it  t h rough  a column of Dowex-I  X4 in the  ace ta te  form, elution being 
effected by  a solution 0.2 3 I  NaCl-o .oo3 M HCI. The  fraction containing the uridine 
diphosphate  sugars was recovered by  adsorpt ion on charcoal, followed by  eluti~n with 
aq. 5o% e thanol  s- F u r t h e r  purification was effected by  paper  chromatography  in 
e t h a n o l - a m m o n i t t m  acetate ,  p H  3.8 (ref. 5), followed by  rechromatography in 
e t h a n o l - a m m o n i u m  acetate ,  p H  7-5 (ref. 5), or by chromatography  on Dowex-x X4 
resin in the  chloride form ,Mng a gradient  elutior~ wi th  NaCI (ref. 6). In  this form, 
two fractions containing mainly  UDP-glucose and UDP-acetylglucosamine,  respec- 
tively, were obtained.  
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