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D-Glucose ob ta ined  from the  po lysacchar ide  in each case still h ad  m u c h  of the  a s y m m e t r i c  
label ing of t he  cor responding  subs t ra te .  T he  smal le r  degree of isotope red is t r ibu t ion  in the  second 
e x p e r i m e n t  is p r e s u m a b l y  due to the  shor te r  incuba t ion  t ime.  The  label ing pa t t e rn  in t he  L-Iucose 
closely paral lels  t h a t  of t he  o-glucose.  W i t h  glucose-I-14C as  the  sole carbon source  the  fucose 
is p r imar i ly  labeled in C-I,  whereas  C-6 is p r e d o m i n a n t l y  labeled when  glucose-6-14C is the  carbon  
source.  In  t he  second exper imen t ,  however ,  the re  was  a s o m e w h a t  g rea te r  red is t r ibu t ion  of isotope 
in fucose t h a n  was observed  in glucose. 

The  la t te r  obse rva t ion  sugges t s  the  presence of a minor p a t h w a y  for fucose b iosynthes i s  
f rom smal l  f r a g m e n t s  which can  give rise to bo th  the  top and  b o t t o m  ha lves  of the  molecule.  
However ,  the  a s y m m e t r i c  labeling observed in L-fucose indicates  t h a t  in the  convers ion of D- 
glucose to t he  deoxypen tose  e i ther  non- in te rconver t ib le  smal l  molecules  derived from glucose ac t  
as in t e rmed ia te s  or  ut i l izat ion of the  in tac t  hexose carbon-ske le ton  is involved.  
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The inertness of the ammonium salt of N-acetyI-L-cysteic acid 
carboxamide in systems containing alpha-chymotrypsin 

According to SANGER AND THOMPSON I a - c h y m o t r y p s i n ,  or  possibly ano the r  closely associa ted 
e n z y m e  which  is also inhibi ted by  diisopropylfluorophosphate, causes  the  hydrolys is  of three  
of the  t w e n t y  pept ide  bonds  presen t  in the  oxidized A-chain of bovine  insulin,  i.e., Gly- 
I leu-VaI-Glu-Glu (NH~)-CySO~H-CySOsH-AIa-Ser-VaI-CySOsH-~-Ser-Leu-TyryGIu (N Hz)-Leu-GIu- 

Asp (NH~) -Tyr¥CySOsH-Asp(NH~) ,  when  an  aqueous  solut ion of this  subs t ance  and  crysta l l ine  

a - c h y m o t r y p s i n ,  ad jus t ed  to pH  7.5 with a m m o n i u m  hydroxide ,  is allowed to s t and  a t  37 ° for 
24 h. While  a precedent  for the  hydro ly t ic  c leavage of the  two Peptide bonds  involving the  
carboxyl  g roups  of the  two tyros ine  residues can be found a m o n g  the  m a n y  syn the t i c  specific 
subs t r a t e s  of a - c h y m o t r y p s i n  which are s imple  pept ides  or amides  derived from a var ie ty  of  
a -N-acy la ted  L-tyrosines  ~, a, no s imilar  der iva t ives  involving the  carboxyl  g roup  of an  N-acyla ted-  
L-cysteic acid have  been examined  for specific subs t r a t e  act iv i ty .  Therefore,  it appeared  desirable 
to prepare  such  a der iva t ive  and  to e x a m i n e  its behavior  with a - chymot ryps in .  

The  a m m o n i u m  salt  of N-acetyl-L-cysteic  acid ca rboxamide  was prepared.  W h e n  aqueous  
solut ions  of this  c o m p o u n d  and  crys ta l l ine  a - chymot ryps i n ,  ad jus t ed  to p H  6.2, 6.8, 7.3, 7.9 or  8.3 
wi th  aqueous  NaOH,  were allowed to s t and  a t  25 -~ for as long as 27. 5 h, the  e x t e n t  of a p p a r e n t  
hydro lys i s  was no more  t h a n  would have  been observed had  the  in tended  specific subs t r a t e  been 
a b s e n t  (Table I). 

The  absence  of a n y  s ignif icant  hydro lys i s  raised the  ques t ion  whe the r  the  lack of reac t iv i ty  
of N-ace ty l -L-cys tea te  ca rboxamide  was due to an  inabi l i ty  of this  an ion  to combine  wi th  the  
ca ta ly t ica l ly  ac t ive  site of  the  e n z y m e  or a l te rna t ive ly  was due to combina t ion  with the  act ive  
site in a mode  or modes  which did not  lead to the  subsequen t  format ion  of react ion products .  
To answer  this  ques t ion  the  a m m o n i u m  sal t  of  N-acetyl-L-cysteic  acid ca rboxamide  was examined  
with respect  to its abi l i ty  to func t ion  as a compet i t ive  inhib i tor  in the  a - chymot ryps in -ca t a lyzed  
hydro lys i s  of a -N-ace ty l -L- tyros inehydraz ide  5 in aqueous  solut ions  a t  25 ° and  pH  7.9 and  0. 5 M 
in t he  T H A M  ( 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 )  c o m p o n e n t  of a T H A M - H C I  buffer. I t  will 
be seen from the  d a t a  g iven in Table  II t h a t  no evidence was obta ined  for compet i t ive  inhibi t ion 
by the  N-ace ty l -L-cys tea te  ca rboxamide  an ion  and  it  m a y  be concluded tha t ,  if th is  c o m p o u n d  
can so funct ion,  the  va lue  of /t" I (the enzyme- inh ib i to r  dissociat ion cons tan t ) ,  is subs t an t i a l l y  
g rea te r  t h a n  o.I J14. 

The  iner tness  of  the  a m m o n i u m  sal t  of N-acetyl-L-cysteic  acid ca rboxamide  in the  above  
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.\CTION OF a-CH\'MOFRYP.qIN UPON I ' l lV AMMONIUM S.\I.T O1. 
~-.'\CET'~'I.-I.-C\'NTI';IC A('II) CARBOXAMII)F" 

pH . . . . . . . . . . . .  
2. 5 h h'..5 h 22 k 27.5 k 

b . 2  o.o5 ~.55 °.55 0.55 
6 .8  o .8  1.1 1. 4 1.1 

7.3 o.5 0.5 J .5 x .5 
7.95 o.i~; 1.3 2-5 3.o 
8. 3 t.o I. 7 3.o 3.3 

* In  aqueous  so lu t ions  a t  25:' wi th  o.1444 mg c h y m o t r y p s i n  N/ml  0.2 34 subs t ra te .  
** Based upon the formal  t i t r a t i on  descr ibed by }iUANG AXD NIE.MANN 4 and corrected for a 

b lank  t i t e r  for[t = o. 

T A B L E  I I 

INFLUENCE OF THE AMMONIU.M SALT OF N-ACETYL-L-CYSTEIC ACID CARHOXAMII)E (I) 

UPON THE a-CHYMOTRYPSIN-CATALYZEI) HYDROLYSI.'-; O F  a-~ '-ACETYL-L-TYROSINEHYDRAZIDE" (~) 

[s]o [I.: t.o"* . 
;< lOS3I i': Io*.lI "< Io'%'~1 mi~t V°l]V°~ 

X . ' 7  O.O 0.53 
1.0~) 

I . 2 7  lo.26 0.50 
I .(it) O.O o .09  0 .88  
1.69 [o.20 O.bl 
2.53 o.o 1.05 

I . | O  
-'.53 lo.20 l.XO 

4.23 0.o 1.79 0.98 
4.23 xo.20 1.70 
6.67 o.o 2.4 I 
0 .07  10 .26  - . 6 3  1.0¢1 

* In aqueous  solut ions a t  25 ° and pH 7.9 and o .5M in the  T H A M  componen t  of a T H A M - H C I  
buffer wi th  o. I444 mg c h y m o t r y p s i n  N/ml.  

"* In i t i a l  ve loc i ty  ca lcu la ted  from a least  squares  l i t  of 9 poin ts  observed from t = 2 to t = 
x8 rain under  condi t ions  where In [Sjt v s  t. appeared  to be linear, i . e . ,  for a to ta l  e x t e n t  of react ion 
of from 6 to 9 %. Whi le  these values  are adequa te  for the compar i son  made  in th is  s tudy,  the i r  
use for the  eva lua t ion  of K s and k 3 is ques t ionab le  because of the low ini t ia l  subs t r a t e  concen- 
t r a t i on .  

sy s t ems  and the  repor ted  c leavage  of a pep t ide  bond invo lv ing  the  ca rboxy l  group of a cys te ic  
acid residue presen t  in the  oxid ized  A-chain of bovine  insulin I m a y  be exp la ined  in several  ways.  

The fact  t h a t  only one of the four pep t ide  bonds invo lv ing  the  ca rboxyl  groups of the  four 
cys te ic  acid residues presen t  in the po lypep t ide  was repor ted to be hydro lyzed  by c rys ta l l ine  
a - c h y m o t r y p s i n  1 and t h a t  this  pa r t i cu la r  pep t ide  bond also involved the  a -amino  group of an 
a d j a c e n t  seryl  res idue I sugges ts  the  poss ib i l i ty  t h a t  the repor ted c leavage  ac tua l ly  involved  an 
es te r  t ype  of bond which could have  arisen,  a t  least  in part ,  by a N- to O-acyl  migra t ion  e dur ing  
the  p repa ra t ion  of the pept ide.  Since the  observa t ions  of SANGER AnD TrtOMPSON l were q u a l i t a t i v e  
in na tu r e  and  since i t  is known ~ t h a t  acy l a t ed  a -amino  acid esters  are much  more suscept ible  
to  an a - c h y m o t r y p s i n - c a t a l y z e d  hydro lys i s  t han  are the  cor responding  amides,  i t  is possible t h a t  
the  a n o m a l y  noted  above  is more a p p a r e n t  t han  real. Al te rna t ive ly ,  i t  is possible t h a t  there  are, 
in a - chymot ryps in ,  accessory combin ing  sites a t  loci r emoved  from the  c a t a l y t i c a l l y  ac t ive  si te 
of the enzyme.  Thus, concepts  of specificity,  which are based upon the  in te rac t ion  or l ack  of 
in te rac t ion  of r e la t ive ly  smal l  specific subs t r a t e  molecules wi th  the  c a t a l y t i c a l l y  ac t ive  si te ot 
the  enzyme,  bu t  which can  not  sub tend  such accessory combin ing  sites, can not  be ex tended  
to the  larger  specific subs t r a t e  molecules  which in add i t ion  can in te rac t  wi th  one or more of 
the  pos tu l a t ed  accessory combin ing  sites. 

E x p e r i m e n t a l .  L-Cystine d i m e t h y l  es ter  d ihydroch lo r ide  was prepared  in 89 ~o yield from 
i.-cystine. The dies ter  d ihydrochlor ide ,  o. l  mole, was suspended in 2 1 dry  t e t r ahydrofu ran ,  the  
suspension cooled to  - - 5  °, and  l .o  mole dry  redis t i l led  t r i e t h y l a m i n e  added to the  suspension 
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followed by  the  slow addi t ion  of o.22 mole freshly distilled acetyl  chloride. Af ter  4 h, the  precipi- 
t a ted  t r i e t h y l a m m o n i u m  chloride was removed by  filtration and  the  fil trate evapora t ed  to give 
71 To of crude N,N' -d iace ty l -L-cys t ine  d ime thy l  ester.  0.05 mole of th is  p roduc t  was dissolved in 
a m i x t u r e  of 250 ml distilled water  and  60 ml conc. HCI and  to th is  solution Br~ was added,  
slowly and  wi th  st irr ing,  unt i l  a s l ight  excess was present .  A p p r o x i m a t e l y  0.25 mole was required.  
The  resul t ing  solution was concen t ra ted  in vacuo to give 75 % of crude N-acetyl-L-cysteic  acid 
c a r b o x y m e t h y l  ester,  m.p.  z86 ° with decomp.  A solut ion of 0.o 4 mole of the  crude ester  in t 1 
d ry  m e t h a n o l  was s a tu r a t ed  wi th  a n h y d r o u s  a m m o n i a  and  the  react ion mix tu r e  ma in t a ined  
a t  25 ° in a sealed vessel for 5 days.  The  react ion mi x t u r e  was then  evapora ted  to d ryness  and  
the  residue recrystal l ized from a n h y d r o u s  e thanol  to give the  a m m o n i u m  sal t  of N-acetyl-L-cysteic  
acid ca rboxamide ,  m.p.  2o l -2o2 °, [a]~ = - - 9 . 3  ° (in water).  Yield from L-cystine, 18 %. 

Anal.  Calcd. for CsHz3OsNsS (227): C, 26.4; I-I, 5.7; N, I8.5; S, z4.z. F o u n d :  C, 26.4; H, 5.8: 
N, z8.5; S, 14.o. 

The  condi t ions  employed  in exami n i ng  the  act ion of a - c h y m o t r y p s i n  on the  a m m o n i u m  sal t  
of N-acetyl-L-cysteic  acid ca rboxamide  are s u m m a r i z e d  in Table  I. The  a - c h y m o t r y p s i n  was an 
A r m o u r  prepara t ion ,  lot No. 00592. 

The  procedure  employed  for observ ing  the  effect of  added  a m m o n i u m  N-ace ty l -L-cys tea te  
ca rboxamidc  upon  the  a - chymot ryps i n - ca t a l yzed  hydro lys i s  of a -N-ace ty l -L- ty ros inehydraz idc  
(Table II) was identical  to t h a t  described prev ious ly  4 and  again  the  enzyme  prepara t ion  was 
crysta l l ine  a - c h y m o t r y p s i n ,  A r m o u r  lot No. 00592. 

This  inves t iga t ion  was suppor ted  in par t  by a g r an t  from the Nat ional  In s t i t u t e s  of Heal th ,  
Publ ic  Hea l th  Service. Microanalyses  by  Dr. A. EL~K. 
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* Contr ibut ion  No. 2182. 

3-Methoxy-4-hydroxy-D-mandelic acid, a urinary 
metabolite of norepinephrine* 

One of the  phenolic  acids in h u m a n  urine, c o m p o u n d  zo 1, appea r s  to be of endogenous  origin, 
s ince its excre t ion  is no t  affected by  d ie ta ry  changes .  Many  of the  qua l i t a t ive  reac t ions  of th i s  
subs t ance  were observed to be s imilar  to those  of some c o m p o u n d s  con ta in ing  the  3 - m e t h o x y -  
4 - h y d r o x y p h e n y l  group.  This  fact,  a long  with the  recent  observa t ion  t h a t  homopro toca t echu i c  
acid undergoes  biological m e t h y l a t i o n  to homovani l l ic  acid 2, and  the  solubi l i ty  charac te r i s t ics  of 
t he  u n k n o w n  subs t anc e  as indicated by  its ch roma t og raph i c  behav ior  were sugges t ive  t h a t  it  
m i g h t  be 3 - m e t h o x y - 4 - h y d r o x y m a n d e l i c  acid (I). (I) m i g h t  be expected  to be formed by  the  ac t ion  
of amine  oxidase  upon  norep inephr ine  or ep inephr ine  s, followed by m e t h y l a t i o n  of t he  resu l t ing  
3 ,4 -d ihydroxymande l i c  acid. The  following resul ts  indicate  t h a t  (I) is, indeed, an  i m p o r t a n t  u r i na ry  
metabo l i t e  of norep inephr ine :  (I) The  pa ren te ra l  admi n i s t r a t i on  of no rep inephr ine  leads to an  
increased a m o u n t  of ( I ) i n  t he  urine**; (2) oral ly inges ted  3 ,4-dihydroxy-DL-mandel ic  acid gives  
rise to an  increased excre t ion  of (I); and  (3) th ree  pa t i en t s  wi th  p h e o c h r o m o c y t o m a s  excre ted  
grea t ly  increased a m o u n t s  of (I) p reopera t ive ly  and  no rma l  a m o u n t s  pos topera t ive ly*** .  

A u t h e n t i c  DL-(I) was prepared  by  the  m e t h o d  of GARDNER AND HIBBERT4; m.p.  z29--z3 O° 
dec. §. L- and  D-(I) were p repared  by  f rac t ional  c rys ta l l iza t ion  of the  c inchonine  sa l t  of DE-(I). The  

* Th i s  work  was  suppor t ed  by  research g ran t s  f rom the  Na t iona l  I n s t i t u t e  of Hea l th ,  U.S.  
Public  Hea l t h  Service. 

* *  W e  are  indeb ted  to Dr.  HAROLD BROWN and  the  res ident  s taf f  of the  Vete rans  Admin i s -  
t ra t ion  Hospi ta l ,  Salt  L ake  City, Utah ,  for p rov id ing  mate r ia l  f rom pa t ien ts .  

*** W e  are  gra te fu l  to Dr.  JoHN WALDO, Salt  Lake  City, Drs.  J .  G. Or.SEN AND PAUL SOUTHWICK, 
Ogden,  U tah ,  and  Dr.  HAROLD BROWN, for p rov id ing  ur ine  f rom these  pa t i en t s .  

J All me l t i ng  po in t s  were m a d e  in open capil lary tubes  and  are uncorrected .  


