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~ U M M A R Y  

Inhibi t ion of mvofibri l lar  ATPase  b y  granules sed imented  a t  255.ooo × g often did 
not account for the intfibitory activity of the crude extract from which they were 
prepared. Il~ -~uch ea~e~ full inhibition could be obtained by  combining the granules 
with a dialysate prepared from the 35,ooo >~ g supernatant.  The requirement for the 
dialyzabte cofactor was particularly pronounced at low concentrations of granules. 
In those cases where the granules manifested no requirement for added co,actor,  
incubation of the granules at 37 ° for 6o rain produced a requirement for this cofactor. 
Both calcium and carnosine were found to antagonize the inhibitory effect of the 
relaxing factor system. 

T h e  fol ]0wing a b b r e v i a t i o n s  a re  u s e d :  NI 'P ,  a d e n o s i n e t r i p h o s p h a t e ;  A T P a s e ,  a d e n o s i n e t r i -  
p h o s p h a t a s e ;  AIM' ,  a d e n o s i n e d i p h o s p h a t e  ; I i F S ,  r e l a x i n g  f a c t o r  s y s t e m  : TCA,  t r i c h l o r o a c e t i e  ac id .  

r r P r e s e n t  a d d r e s s :  M e A r d l e  31emorial  L a b o r a t o r y ,  U n i v e r s i t y  of X~ i s cons in ,  Mad i s o n ,  Xr~ isc. 
*" P r e s e n t  a d d r e s s :  D e p t .  e l  P h y s i o l o g y ,  T u f t s  t l n i v e r s i t y  Sehoo t  of  Med ic ine ,  B o s t o n ,  Mass .  
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INT/.,~ODUCTION 

One manifes ta t ion  of the relaxing factor sys tem (RFS) observed by M.utsa a was the 
inhibi t ion of myofibril lar  ATPase act ivi ty .  PORTZEHL t, using this criterion, concluded 
t h a t  the  relaxing ac t iv i ty  of a crude muscle ext rac t  could be fully recovered in the 
granules sedimented  from the ext rac t .  This conclusion is at variance with our res-tlits 
repor ted in the preceding paper r,, where we have shown tha t  the granules do not  
account  for the tension-decreasing ac t iv i ty  of the parent  crude ext rac t  and t h a t  a 
dialyzabl,,  cof;~ctor present in the crude extra,.-t i~; v,.¢]uired f~w ~-~l~ activit'~" 

In  reinvest igat ing the myofibrii lar  A'l'Pa~e sys tem our exper imeats  with some 
R F S  preparat ions  bore out  PoRTZEHL'S* conclusions, but  wi th  others the requirement  
for the dialyzaMe cofactor  could clearly be demonst ra ted .  Al though no obvious 
explana t ion  is available for the two types of RFS,  some light m a y  be th rown on the 
relat ionship between granules and  cofactor by our  observation tha t  modera te  heating 
of the  act ive graoules conver ts  them into the type requiring the eofactor.  

M E T H O D S  a N D  M A T E R I A L S  

Crude ~xlract, granulas, slt, perl~ata~,t and ,tialymrte were prepared as .described in the 
preceding paper". In the absence of sucrose the ATPase ac t iv i ty  of the granules is 
4-5 t imes higher, making  it  difficult to observe their  effect on the myofibrilla~ ATPase. 
Hence,  the  mater ia l  used in this s t u d y  was always prepared wit'.,: sucrose. 

Myofibrillar suspc~sions were prepared by a modification of PERRY'S method% 
All operat ions were carried out  at  2 ° , Ground rabbit  skeletal muscle was homogenized 
in a War ing  blender  for 6o sec with 3 vol. of 65 m.lI suecinate buffer, pH  7.5- The 
homogenate  was centr i fuged at  60o :: g for I5 rain. The superna tan t  was discarded, 
the precipi tate ,  except  for the bo t tom layer  containing connective tissue and  debris, 
rchomogenized in a Po t te r -E lveh jem homogenizer and  centr i fuged as before. This 
process wa.~ repeated 4 to 5 times. The last precipi tate  was t aken  up in the smallest  
possible volume of succinate buffer, and rehomogenized in a War ing  bleud6r for 3 ° see. 
Two volumes of 5 ° % glycerol were added to the suspension and  it was s tored at  - -  I5 °. 

Before use, an aliquot of the myofibri l  suspension was centr i fuged at IO,OOO 7,." g 
for 15 rain in order  to remove glycerol. The myofibrils were then washed by  resuspension 
in 5 ° vol. of 65 m,~lt succinate buffer, pH 7.5 and  centr i fuged at  3,600 >'. 5"- This was 
followed by two more washings. The myofibrils were finally homogenized in a small 
volume of buffer wi th  a loose-fitting Pot ter-Elvel l jem homogenizer. At this stage the 
protein concentra t ion was 25-3o mg/ml.  These myofibt-ils l iberated o.~---o.3 t,nlole of 
phosphate  per nag of protein per rain under  rite usual condit ions of the tests. 

ATPase  de te rmina t ions  were carried ou t  at  room tempera ture  (23-z5 °) in 50 m.l l  
KC1, 2o m M  histidine, 2.5 m-~lt oxalate,  320 m M  sucrose, 5 m M  Mg +÷ and  5 m ~ I  ATP, 
final volume r ml, pH  7-5, unless otherwise indicated,  by measuring the amoun t  of 

• inorganic phospha te  l iberated in 5 min. Proper  corrections were made for the ATPase 
of the granules. The react ion was s topped by adding  5 % TCA, the mixture  filtered and  
an al iquot  t aken  for the de terminat ion  of inorgmxi e phosphate  according to I;ISKE ANI~ 
SUBBARO~,'¢ 7 , 

Crystall ine di-sodium ATP was obtained from Pabs t  Laborator ies ,  Milwaukee, 
: ~ris., earnosine from the California Founda t ion  for Biochemical Research, Los Angeles, 
: Calif. 

. R e f e r e n c e s  p .  2 J  4 .  • . 
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I~ESULTS 

In comparing the ATPase-inh~biting ac t iv i ty  of the 35,ooo ;< g-granules with t ha t  of 
the crude ext rac t  two different pa t te rns  were observed. 

Wi th  some preparat ions  th~ effect of vary ing  amoun t s  of granules, crude ex t rac t ,  
and  reconst i tu ted sys tem was as shown in Fig. I.  At  high concentra t ions  the three 
sys tems inhibi ted myofibri l lar  ATPase equal ly well; but  as the concentration, was 
reduced, the granules were much  less active t han  the crude extract ,  At  about  one 
th i rd  of the concentra t ion producing max ima l  inhibition the granules had  no ac t iv i ty ,  
while the crude ext rac t  still produced 5o % inhibit ion.  Addi t ion,  however,  of the 
d ia lysate  of the 35,ooo x g-supernatant  to the granules rendered them as active in 
inhibi t ing the rnyofibxillar ATPase as the crude extract .  These observat ions  suggest : 
t h a t  the dialyzable cofactor  in t roduced in the preceding paper 5 is also involved in the 
inhibit ion of myofibri l lar  ATPase.  

o~ tm GRANULES, ~ I~It.'o, LYSATE 1 
. ~ GR&NULES 

7. 80"  -, CRUDE £XTR Iit i 
'=- , 
m 60  . . . . . . . .  1- 
_z 

~ 4 0  d" 
& ~0 

0 t 2 3 4 5 
CONCENTRATION. VOL % 

Fig .  x. I n h i b i t i o n  of  m y o f i b r i l l a r  A T P a s e  
b~, g r a n u l e s  r e q u i r i n g  e o f a e t o r .  T h e  con-  
c e n t r a t i o n  of c r u d e  e x t r a c t  is e x p r e s s e d  
in  vol .  o~'j, T h e  c o n c e n t r a t i o n  of  g r a n u l e s  
or  g r a n u l e s  a n d  d i a l y s ~ t e  (vol ,  o;,) is  ex -  
p r e s s e d  in terms of the volume of crude 
extract from which they were obtained. 
0 ,  crude extract ; ~7, granules ; [], gran- 

80.  

r0- __2' 

,I' ,~ 50 / 
40 

o~ 30 o c~u0E eXTRACT 
; 20 ? ~ GR.NU'ES 

GONGENTRATION,  V O L  % 

Fig.  2. I n h i b i t i o n  of  m y o f i b r i l l ~ r  A T P a s e  b y  grat~- 
:~les n o t  r e q u i r i n g  c o i a c t o r .  ]For t h e  m e a n i n g  of  c o n  
e e n t r a t i o n  see  Fig .  l .  [ ] ,  granute_~; O, c r u d e  e x t r a c f .  

F o r  o t h e r  d e t a i l s  s e e  t e x t .  

u les  a n d  d ia lysa te~  m i x e d  in  t h e  p r o p o r t i o n  in w h i c h  t h e y  we re  p r e s e n t  i n  t h e  c r u d e  e x t r a c t .  
F o r  o t h e r  d e t a i l s  see  t e x t .  

Other  preparat ions  behaved in a different way.  In these case% there was no 
difference between the inhib i tory  ac t iv i ty  of the crude ex t rac t  and  t h a t  of the granules 
(Fig. 2), and  addi t ion of the  dialyzable cofactor  to such granules had  no effect. 

If  increasing amounts  of d ia tysatc  were added  to granules which were less act ive 
t han  the  crude ext rac t ,  the degree of ac t iva t ion  of the granules depended on the 
amoun t  of A.iatysate added (Fig. 3). W h e n  the  recons t i tu ted  sys tem conta ined  the  
original ra t io  of dialysate  to granules, the  inh ib i tory  ac t iv i ty  was equivalent  to t h a t  
of the crukle extract .  Increasing this  rat io fur ther  did not produce more inhibi t ion of 
ATFase.  

In those preparat ions where the ac t iv i ty  of the  granules was essential ly equal  to 
t ha t  of the crude extract ,  incubat ion  of the granules at  37 ° for 6o rain considerably 
reduced their  act iv i ty .  Hea ted  granules in large amoun t s  could, however, produce as 
much ATPase inh~.bition as those granules t h a t  had  not  been hea ted  (Fig. 4)- The 
addi t ion of the  dialyzable cofactor restored the inhib i tory  ac t iv i ty  of the  hea ted  
granules to tha t  of the nonhea ted  granules. I t  was also found t h a t  heat ing a t  37 ° 

References p. 224, 
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i n c r e a s e d  t h e  A T P a s c  a c t i v i t y  of  t h e  g r a n u l e s  b y  9 e - t o o  % ,  s u g g e s t i n g  a c h a n g e  i n  
t h e i r  s t r u c t u r e .  

V a r i o u s  e x p e r i m e n t s  w e r e  p e r f o r m e d  i n  o r d e r  t o  c h a r a c t e r i z e  b o t h  t h e  g r a n u l e s  
a n d  t h e  d i a l y z a b l e  c o f a c t o r .  "Fable I s u m m a r i z e s  t h e  r e s u l t s  of  v a r i o u s  t r e a t m e n t s  of  

t h e  d i a l y s a t e .  E x p o s u r e  to  a c i d  o r  a l k a l i  l e a d  to  a c o n s i d e r a b l e  toss  of a c t i v i t y .  A t  
n e u t r a l  pb I  t h e  c o f a c t o r  w a s  f a i r l y  r e s i s t a n t  to  h e a t i n g  a t  6o °, b u t  b o i l i n g  d e s t r o y e d  
m o s t  o t  t h e  a c t i v i t y .  T r e a t m e n t  w i t h  c h a r e o a t  o r  D o w e x - i  r e m o v e d  c o f a c t o r  a c t i v i t y .  
T h e s e  p r o p e r t i e s  m a y  be  u s e f u l  i n  t h e  p u r i f i c a t i o n  of t h e  c o f a c t o r .  

T h e  a c t i v i t y  of  t h e  g r a n u l e s  w a s  los t  b y  t r e a t m e n t  w i t h  s o n i c  v i b r a t i o n  ( I o  kc) 
for  2o m i n ,  a n d  t h e y  c o u l d  n o t  be  r e a c t i v a t e d  b y  a d d i t i o n  of  c o f a c t o r .  S i m i l a r l y ,  a n  
a e e t o r m  p o w d e r ,  p r e p a r e d  b y  a d d i n g  4 vol .  of  a c e t o n e  a t  o ¢ to  a s u s p e n s i o n  of  g r a n u l e s ,  
w h e n  t a k e n  t ip i n  t h e  o r i g i n a l  v o l u m e  h a d  n o  a c t i v i t y ,  n o r  c o u l d  i t  b e  r e a c t i v a t e d  b y  
c o f a e t o r .  T h e  p r e s e n c e  of  a few t h y m o l  c r y s t a l s  a l m o a t  c o m p l e t e l y  i n a c t i v a t e d  t h e  
g r a n u l e s .  I n c u b a t i o n  w i t h  1 %  d e s o x y c h o l a t e  d e s t r o y e d  t h e  a c t i v i t y .  
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Fig. 3. The influence of  inoreasing a m o u n t s  of 
d ia lvsa te  on the inhib i t ion  by granules  of myo- 
fibri'llar ATPase.  For the  meaning  of concen- 
t r a t i on  see Fig. t. Q, crude ex t rac t ;  ~ ' ,  g ranu-  
les ; • ,  granules  and  dialysate.  For  o ther  details 

see text.  

6 o  

w 40 
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Fig. 4- The inhib i t ion  of myofibril lar  A'l 'Pase 
by  heated granules.  For  the mean ing  of concen- 
t ra t ion  see Fig. z. S ,  granules:  O, gramfles 
incuba ted  at  37 ~ ior 60 rain ; '2. laeated granules 
~tnd dialysate  mixed in the proport ion in whicia 
they were present  in tim crude extr,act, t:e~ 

other detai ls  ace text.  

TAT3 I.E I 
T H I ~  E F F E C T  O F  V A R [ O U ~  T R * * A W ~ I E N T S  O ~  I )L 'XLY.~ATH.  A C ' I : I ' ¢ I ' ~ y  

F. t prdJno~t Dihibit ions of mY~fibei!lur 
.4 rPa~;¢, 3~, 

Granules.  incuba ted  at 37 ~ for 60 rain 
t. plus nont rea ted  dialysatu 
2. plus acid- t reated diulysate  (pH 3) 
3- plus alkal i - t reated dialvsate  (pI-! ] o) 
4. plus Dowex-z-treated ~lialysate 
5. plus charcoal- t reated diatysate  
6. plus dia lysate  heated a t  6o:' for *o rain 
7- plus  d ia lysa te  boiled for to min  

5 
69 
1 o  

~ O  

2 2 

O 

44 
-'.1 

]) ialysat~ o 

The a m o u n t  of dialysate  used wa.~ jus t  enough to produce ma-:imai inhibi t ion of the myofibri l lar  
ATPase when added to granules  tha t  had been t rea ted at  37': for 60 ram. The acid and  alkali-  
t rea ted dialys~tes were kept  a t  the pH indicated for 30 ntill a t  O':', and were neutral ized with a small 
vo lume of 0.25 aV alkali  or acid hefore testing. Dowex-i was in tile etlloride form ; no change of pH 
of the dlaly~ate was observed as ~ result  e l  the t r ea t tnen t  with it. The charcoal was thoro, 'glfi 7 
washed with HCI and  water. For  other  details of the assay see METHODS. 

Re/evenc,,s p. z24. 
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The ac t iv i ty  of  the  granules  was no t  lost b y  repea ted  freezing and  thawing.  There 
was, however ,  no solubil ization of their act ive  component ,  and  all the  ac t iv i ty  could 
be recovered in the sediment  af ter  cent r i fugat ion  at  35,ooo × g. 

The  iuhibi t ion of myofibri l lar  ATPasc  could be  antagonized b y  Ca ++, and,  as 
a l ready  shown with the  single fibre sys t em s, b y  carnosine, in concent ra t ions  exceeding 
5 m~r .  

DISCUSSION 

The evidence presented  in this and  the  preceding paper  ~ make  it clear tha t  the  so- 
called relaxing factor  of muscle can he resolved in to  at  least  two  components .  One 
componen t  is p re sumab ly  identical  wi th  the  granular  fract ion prev ious ly  descr ibed b y  
POIITZEHL 4, B E N D A L L  8, LOR~XND, I~OLNAR AND MOOS 9 a n d  E B A S H I  1°, and whose  
involvement  in muscular  re laxat ion  was  first suggested  b y  KUMAGAI, EIJASHI AND 
qI_~AKEDAlt ; the o ther  is a dia lyzable  cofactor .  

The ident i ty  of our  granular  componen t  wi th  tile granules s tud ied  in these papers  
is somewhat  obscured  b y  several  c i rcumstances .  First ,  these au thors  appea r  to have  
employed  fibre bundles  for tension measurements ,  a sys t em in which there  is an  
apparen t  requirement  for some t r ansphosphory la t ing  sys tem.  Second, as shown b y  
the work repor ted  here, some granule preparat ions ,  a l though as act ive  as the  crude  
ex t rac t  when tes ted on myofibrils,  when  tes ted  on the  tens ion of single fibres a lways  
showed a c0factor  requirement .  I t  should,  perhaps,  be men t ioned  a t  this poin t  tha t  
PORTZEHL 4 concluded tha t  the  relaxing ac t iv i ty  a lmost  comple te ly  resides in the  
granules,  a l though a close inspection of her publ ished resul ts  (c[. Fig. 2. ref. a) reveals  
tha t  the  granules were in fact  only  a b o u t  half  as  ac t ive  as the  crude  ex t rac t* ,  a s i tua t ion ,  
in essence, similar to  tha t  encountered  b y  us with a large n u m b e r  of our  prepara t ions .  
In  such cases addi t ion of the  d ia lyzable  cofac tor  conta ined in the  35,ooo x g- 
supe rna tan t  res tored the ac t iv i ty  of the  granules to  the  level of the  crude R F S .  

We  have  indeed found some granule prepara t ions  tha t  were, a t  all concentra t ions ,  
j u s t  as act ive  as the crude extract .  In  those  prepara t ions  in which the  ATPase -  
inhibit ing ac t iv i ty  of the  granules did not  account  for the  ac t iv i ty  of the  crude  R F S ,  
the  ac t i v i t y  of  the  granules could be  res tored  b y  the  addi t ion  of a second component ,  
a d ia lysa te  of the  35,ooo × g-supernatant .  Such s t imula t ion  b y  the d ia lysa te  occur red  
only at low granule concentrat ions ,  high concent ra t ions  of granules,  even in the  
absence of added  dialysate ,  inhib i ted  the  myofibriUar ATPase .  The requi rement  for 
added  cofactor  was ahvays  observed  in the  tension exper iments  wi th  single fibres, 
and  no prepara t ion of granules was found which was  as act ive  as the  crude  ex t rac t ,  
p rovided  the comparison was made  at concent ra t ions  sui table  for assaying  relaxing 
ac t iv i ty .  

According to  LORAND, MOLN.XR AND MOOS e the  granules which po ten t i a te  the 
phosphoeno lpyruva te  re laxat ion  of fibres conta in  35 % lipid and  are i nac t iva t ed  b y  
acetone and desoxycholate .  The granules used in the  present  work  were also sensit ive 
to  ace tone  and dcsoxychola te ;  moreover ,  thymol ,  ano ther  lipid-soluble material ,  
des t royed  the ac t iv i ty .  The sed imenta t ion  propert ies  and the procedures  of prepara-  
t ion of the  granules make  it unl ikely tha t  t hey  are in tac t  mi tochondr ia  : their  identifi-  

I n  t e r m s  of  e q u i v a l e n t  c o n c e n t r a t i o n s ,  i t  t o o k  a b o u t  tw ice  a s  m u c h  of g r a n u l e s  as of  t h e  
c r u d e  e x t r a c t  t o  p r o d u c e  t h e  s a m e  i n h i b i t i o n .  
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cat ion wi th  any  specific s t ruc tura l  component  of the  muscle cell requires fur ther  s tudy .  
The finding tha t  tile granules are des t royed  b y  sonic v ibra t ion  suggests tha t  a cer tain 
organizat ional  in tegr i ty  is required for their ac t iv i ty .  

The dialyzable  cofactor  is not  identical wit:l the subs t ra tes  creatine phospha te  or  
phosphoeno lpy ruva te  which are involved in the  phosphoryla t ion  of ADP.  Nei ther  
of these subs tances  could replace the  diaiyzable cofactor.  I t  is difficult to be certain 
tha t  this dialyzable cofactor  is not  related to Fract ion  B of Kt:,-,t=~GAI et al. 11. I t  would 
seem tha t  their  fraction contained besides myokinase  o ther  componen t s  necessary to 
cause a reversal  of the  shor tening of their fibre bundles ;  for a crude myokinase  prep-  
arat ion could not replace Frac t ion  t~ except  in poor ly  washed fibres. Since Ku-,~x,~G.~t 
et al. carried ou t  their  fraetionmtion with ammonium sulfate,  the  fractions ob ta ined  
were p re sumab ly  dialyzed.  At  first glance this would rule ou t  the presence of our  
d ia lyzablc  cofactor  in their  fraction. However ,  considering the difficulty we en- 
counte red  in t ry ing to  reduce the ac t iv i ty  of the  crude ex t rac t  b y  dialysis n, it m a y  
be  t h a t  the cofactor  was a t t a ched  to some protein component  of Frac t ion  B in a non- 
d ia lyzable  form. 

WEI3ER TM has suggested  tha t  the  granules,  when in con tac t  with the  myofibrils,  in 
the  presence of A'FP produce  a substance  that ,  b y  dissociating ac tomyos in ,  inhit'.its 
ATPase  and  reduces tension. The par t ic ipat ion of a subs tance  p roduced  by" the RFS,  
myofibrils,  and ATP  might  be  indica ted  b y  the inhibition of myofibri l lar  ATPase  an.J 
syneresis  b y  py r idoxa lphospha tO  z, and its reversal b y  carnosine, since ca_~-~:2~"~e al: o 
inhibi ts  the  R F S .  Fur the rmore ,  according to  WEBI~R this substance  does not  appear  
free in solut ion bu t  is present  only  in the  myofibrils,  and  the role of the  eofactor  is 
to p reven t  the  des t ruc t ion  b y  the myofibri ls  of this pos tu la ted  substance.  One obvious  
diff iculty ...:,t.~,, this theory  is the  fact  tha t  some granule prepara t ions  are as act ive 
as the crude ex t rac t  at  all concentrat ions ,  and cannot  be made  more act ive  b y  adding 
the  cofactor.  Fo r  on XVZBER'S hypothesis ,  the  prevent ion of the  des t ruc t ion  of the  
"re laxing subs tance"  b y  the cofac tor  should increase the ac t iv i ty  of the granules when 
t hey  are present  in sub-opt imal  concentrat ions .  

The possibi l i ty tha t  the cofac tor  requi rement  is the result of the isolation procedure  
of the  granules mus t  he considered.  The following observat ions  are in suppor t  of this 
possibil i ty.  Some granule prepara t ions  have  been found which require no added  
cofactor  in order  to inhibit  myofibri l lar  ATPase .  Hea t ing  such granules at  37* 
produces  a cofac tor  requirement .  Two possible interpreta t ions  come to one 's  mind. 
First ,  ttle granules,  in their physiological  s ta te  do not  need a eofactor,  bu t  owing to 
the  var ious  p repara t ive  procedures  suffer some s t ruc tura l  change leading to reduced 
ac t iv i ty .  This ac t iv i ty  can then  be inere,~sed to the  original level b y  adding  a subs tance  
tha t ,  p roper ly  speaking,  would  not  be  par t  of RFS ,  As ar~alternative the granules m a y  
conta in  a t ight ly  b o u n d  cofactor ,  which, owing to s t ruc tura l  changes, again arising 
from prepara t ive  procedures,  becomes dissociated and as a eonseqtience is washed out  
from the granules,  t he r eby  a requi rement  for the  cofactor  being produced.  The effect 
of heat ing the  granules could be in te rpre ted  on ei ther  of these hypotheses  as an 
exaggerat ion of the  sort  of change tha t  m a y  occur  during their  isolation. 
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S U M M A R Y  

2 m 5 I  p y r o p h o s p h a t e  r e s t o r e s  t he  c a p a c i t y  of  m u s c l e  granules ~'edimented at 
35,000 x g to relax muscle  fibres and inhibit  myofibrillar adenosinetr iphosphatase .  
These effects are reversed b y  Ca++; pyrophosphate ,  thus,  can replace the dialyzable 
c0tactor described in the preceding two  communieationsT, 8. Pyrophosphatase  destroys  
the act ivat ing effect of pyrophosphate  but  not that  of the co(actor present in the 
35,o0o × g-supernatant,  rendering it unlikely that the co(actor is identical wi th  
pyrophosphate .  
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P P a s e ,  p y r o p h o s p h a t a s e ;  A T P a s e ,  a d e n o s i n e t r i p h o s p h a t a s e ;  R F S ,  ref lexing f a c t o r  s y s t e m ;  Tr is ,  
t r i s ( h y d r o x y m e t h y l } a m i n o m e t h a n e .  
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