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N o t e s  on the  H y d r o x a m a t e  A s s a y  
for A m i n o  Acid Act ivat ing  E n z y m e s  ~ 

Abb.2: A. Maus mit Kohlextrakt behandelt; B. Kontrolhnaus ohne 
Behandlung; C. Maus mit ()stradiolbenzoat behandelt; 1,Sfache 

lineare Vergr6sserung 

2, 

Abb. 3: Vaginalanstrich einer mit Kohlextrakt behandclten ka- 
strierten Ratte 

The  amino  acid ac t iva t ing  enzymes ,  f irst  descr ibed  in 
m a m m a l i a n  t issues  by  HOAGLAND 2 are now qui te  gener-  
ally accep ted  to ca ta lyse  the  first  s t ep  in p ro te in  s y n t h e -  
sis. A wor r i some a spec t  of th is  concept ,  however ,  has  been  
t h e  fac t  t h a t ,  while  all AA ~ are incorpora ted  in to  pro te in ,  
m o s t  t i ssues  seem to  possess  ac t iva t ing  en zy mes  for on ly  
a few 4-7. In  some cases,  th is  an o ma l y  seems to  be due  to  
a rap id  inac t iva t ion  of some of the  enzymes  dur ing  the  
ex t r ac t ion  an d / o r  pur i f ica t ion  procedures  8,9, bu t  it  now 
appear s  t h a t  t he  assays  m a y  also be a t  fault .  WF.BSTER 10 
has discussed reasons  for fail ing to  ob ta in  an A T P - P P  32 
exchange  wi th  some a m i n o  acids ;  and  i t  is the  pu rpose  
of t he  p r e s en t  n o t e  t o  po in t  ou t  some  sources  of e r ror  
when  t h e  h y d r o x a m a t e  assay  is used.  In  order  to  o b t a i n  
meaningfu l  resu l t s  wi th  the  la t te r ,  i t  is essent ia l  no t  only  " 
to  have  a rel iable m e t h o d  for t he  d e t e r m i n a t i o n  of the  
h y d r o x a m a t e  formed,  b u t  also to  ascer ta in  t h a t  the  
NH2OH is no t  in te r fe r ing  wi th  a n y  of t he  enzymes ,  and  
t h a t  t he  e x t r a c t  used does  n o t  d e s t ro y  the  h y d r o x a m a t e  
formed or o the rwise  in ter fere  w i th  i ts  d e t e rmi n a t i o n .  

The Determination ol Hydroxamate : Fo r  h y d r o x a m a t e s  
of AA, the  m e t h o d  of SCHVCEET 11 is p re fe rab le  to  t h a t  of  
LIP~aANN and  TUTTLE l~, which  was deve loped  for t he  de-  
t e rmina t i on  of ace ty l  h y d r o x a m a t e .  I n s t e a d  of s t r o n g  
mineral  acid, t he  former  employs  c o n c e n t r a t e d  TCA, ad-  
jus ted  to  p H  0.9, which  is o p t i m u m  for color  deve lop-  
m e n t  w i th  AA h y d r o x a m a t e s .  U n d e r  assay  condi t ions ,  
however ,  w h e n  c rude  e x t r a c t s  are  used and  in t he  pres-  
ence of N H , O H - K C 1 ,  t h e  p H  (i. e., t h e  empi r ica l  r ead ing  
ob ta ined  wi th  a B e c k m a n  Model  G glass e lect rode)  is 
of ten  as low as 0.3. Since the  color yield in th is  r eac t ion  
is inversely p ropor t iona l  to  p H  be tween  p H  0.3 and  0'9 la 
and decreases  20% (0.027 O. D. uni ts  a t  540 m[z for 1 ~zM 
LeuH) for every  0.1 pH unit ,  ve ry  cons iderab le  errors  in 
the  d e t e r m i n a t i o n  of t he  A A A - a c t i v i t y  are i n t r o d u c e d  
unless t he  final p H  of the  reac t ion  m i x t u r e  (af ter  ad d i t i o n  
of FeCI~) is t a k e n  in to  cons idera t ion .  

The Effect o/Hydroxylamine on the Assay : I t  was  origi- 
nally r epor ted  by  HOAGLAND ~ t h a t  h igh co n cen t r a t i o n s  
of sal t - f ree N H , O H  did no t  seem to inh ib i t  t he  AAA- 
enzymes  in l iver ex t r ac t ,  a l t h o u g h  N H 2 O H ' H C 1  neu-  
t ra l ized wi th  N a O H  was h igh ly  inh ib i to ry .  SCHWEET et 
aL 14, however ,  found  t h a t  th i s  inh ib i t ion  was  m o s t  l ikely 

Abb.4: VaginMschnitt einer infantilen mit Rotklec-Extrakt be- 
handelten Maus 

J. CnuR~ 

Biologisches Institut der Veterintirmedizinischen Fakul- 
flit, Brno (CSR), 24. August t959. 

Summary 

The q u a n t i t y  of p h y t o - e s t r o g e n s  in red clover, hop,  
peas, and  cabbage  was  e s t i m a t e d  b y  t i t r a t i on  on  cas t r a t ed  
female ra t s  a n d  infant i le  mice.  The  level of p h y t o -  
es t rogens was  as follows: in h o p  1050-2000 ~/kg, in peas  
4-6 ?/kg,  in cabbage  24 7/kg, and  in red c lover  6-9  7/kg. 
The au tho r  supposes  t h a t  t he  sexual  d isorders  descr ibed 
by ROSENBERGER 14 in cows fed w i t h  cabbage ,  can  be 
explained by  the  presence  of phy to -e s t rogens  in th is  p lant .  

I This investigation was aided by U.S. Public Health Service 
Training Grant CRTY-5028. 
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due  to  t he  Na  + (which inh ib i t ed  the  ac t iv i ty  of b o t h  
c rude  and  pur i f ied  AAA-enzymes)  and  t h a t  if K O H  was  
used for neut ra l iza t ion ,  t he  h igh  c o n c e n t r a t i o n  of K + 
was  found to  overcome some of t h e  i nh ib i to ry  effects  of 
Na  na tu ra l ly  p re sen t  in the  ex t rac t s ,  and  the  resul ts  were 
ident ica l  or be t t e r  t h a n  those  ob t a ined  wi th  sal t f ree  
NH2OH. The m e t h o d  had  r epo r t ed ly  the  fu r the r  ' advan-  
tage tha t ,  c o n t r a r y  to  t he  free base,  t he  hydroch lo r ide  
was  s tab le  and  could be s to red  in t h e  ref r igera tor ,  be ing 
neut ra l ized  jus t  before  use. In  a r ecen t  inves t iga t ion  on 
the  AAA-enzymes  in sub-cel lular  f rac t ions  of sp inach  
leaves, B o v £  and  RAACKE 15, however ,  found t h a t  over  0,300 
a per iod of several  weeks  the re  was  a con t inuous  and  
dras t ic  decline in t he  a p p a r e n t  ac t iv i ty  of f reshly  p repa red  
ex t rac t s ,  and  more  d i s tu rb ing ly  yet ,  there  was a g radua l  
increase in the  effect  of A T P  on the  a m o u n t  of hyd ro -  
x a m a t e  formed,  b o t h  in the  presence  and  in t he  absence  
of AA, and  a g radua l  decrease  in t he  a m o u n t  of AA- 
d e p e n d e n t  h y d r o x a m a t e .  These  dr i f t s  were  even tua l ly  0,200 
found  to  be cor re la ted  wi th  the  age of the  N H , O H . H C 1  
( E a s t m a n ,  sulfate-free)  solut ion.  The resul ts  ob ta ined  
wi th  cy top la smic  s u p e r n a t a n t  (Spt)  and  ch lo rop las t  ex-  
t r a c t  (CE) are shown in t he  Table.  I t  is seen t h a t  w h a t e v e r  
the  causa t ive  agen t  m a y  be, i ts  concen t r a t i on  in a 21-day 
old solut ion of NH2OH.HC1 is suff ic ient  to decrease  the  
a p p a r e n t  a c t i v i t y  of CE to  one th i rd ,  b u t  does  no t  ye t  
a f fec t  t h a t  of Spt .  In  t he  l ight  of t h e  d i f f e ren t  re la t ive  ~ O, lO0 
b e h a v i o u r  of t he  two  e x t r a c t s  w i t h  t he  s ame  N H z O H  "- 
solut ion,  one m a y  wonde r  a b o u t  t he  q u a n t i t a t i v e  signifi- 
cance  of t he  effects  ob t a ined  even  wi th  f reshly  p r e p a r e d  ~ 
reagent .  ~ 

Effect of Age of NHaOH.HC1 Solution on AAA-Assay by 
the Hydroxamate Method 

Age of Specific Activity in Percentage increase 
"~ NH2OH. ff, M[mg protein due to 

• HC1 
Days - -AA + A A  ATP AA 

- -ATP  + A T P  - - A T P  + A T P  --AA +AA - - A T P  + A T P  

CE 1 
CE 7 
CE 21 
CE 28 
CE 48 
CE 52 
Spt 1 
Spt 21 
Spt 28 
Spt 48 

0.15 0"27 1-05 1.05 
0.16 0-26 0.81 1"03 
0.06 0-14 0-19 0-30 
0.05 0"16 0.20 0-39 
0.04 0.12 0.09 0.17 
0.04 0.13 0.08 0.20 
0.26 0"33 0.91 0.92 
0.25 0.40 0-91 0.87 
0-12 0-23 0-14 0-28 
0.07 0.13 0.12 0.16 

80 0 600 290 
62 27 405 300 

140 58 220 107 
220 95 300 145 
200 90 125 145 
225 150 100 54 

21 1 250 180 
60 -5 265 120 
92 100 17 22 
86 72 23 33 

the  absence  of a d d e d  NH~OH, L e u H  is r ap id ly  des t royed  
by  Sp t  b u t  n o t  by  CE, as is seen f rom the  Figure.  As a 
resul t  of th is  ac t iv i ty  (which is heat - labi le  and  p re sumab ly  
enzymic  in na ture)  t he  a p p a r e n t  co n cen t r a t i o n  of AAA- 
en zy mes  in Sp t  is m u c h  reduced.  I f  i t  t u rns  ou t  t h a t  a 
given t issue e x t r a c t  can  des t roy  d i f fe ren t  AA hydro-  
x a m a t e s  a t  d i f fe ren t  ra tes ,  th is  m i g h t  be an  i m p o r t a n t  
c o n t r i b u t i n g  fac tor  t owards  t he  inabi l i ty  of d e m o n s t r a t i n g  
ce r ta in  enzymes .  
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Hydrolysis of Leu Hydroxamate by Spt and CE. The incubation 
mixtures contained, in a total of 3 ml: 1 ml extract (4.9 mg protein), 
100 [/.M 'Tris' pH 7.5, 10 [£M MgCI~, 10 [zM ATP, and 2.0 ~M LeuH. 
The incubations were carried out in 20 ml beakers in a Dubnoff 
metabolic incubator at 25°C. The reaction was stopped by the addi- 
tion of 1.4 ml of 100% (w/v) TCA, The pH after addition of FeCI 3 
was 0.3. The O. D. was corrected for a blank of 0.170 given by Spt 

and FeCI a alone 

Virus Laboratory, 
November 19, 1959. 

I. D. RAACKE and  J. Bov~* 

University o/ Cati/ornia, Berkeley, 

For preparation of the extracts see 15 The incubation mixtures for 
the assay contained, in a total volume of 3 rot: 100 t~M 'Tris', 
pH 7-5, 15 txM MgCI2, 3000 ~tM NH2OH.KC1 , 5 ~M each of Ala, 
Arg, Asp, Cys, Gly, Glu, His, Leu, Lys, Met, Phe, Pro, Ser, Thr, Try, 

and Val, 2 txM of Tyr, 20 [xM ATP and 1 ml of extract 

The Interaction o/ the Extract with the Hydroxamate 
Formed : E x t r a c t s  of m o s t  t i ssues  will form some hyd ro -  
x a m a t e  w i t h o u t  t h e  add i t i on  of e i t h e r  A T P  or  AA. This  
in t r ins ic  b l ank  is pa r t i cu l a r ly  h igh  in p l a n t  t issues,  and  
i t  t h e n  becomes  i m p o r t a n t  to  run  in te rna l  s t a n d a r d s  to  
make  sure smal l  a m o u n t s  of a d d e d  h y d r o x a m a t e s  can be 
recovered  q u a n t i t a t i v e l y .  W i t h  the  s y s t e m  f rom sp inach  
teaves is, a d d e d  L e u H  could no t  be recovered  f rom the  
Sp t  u n d e r  assay  condi t ions .  I t  is now found t h a t  even  in 

Zusammen/assung 

Die du rch  die H y d r o x a m a t m e t h o d e  b e s t i m m t e  Akt ivi -  
t a t  von  Aminos i iu reak t iv i e rungsenzymen  wird  d u t c h  das 
Al te r  de r  a n g e w a n d t e n  NH,OH-HCI-LSsuug ,  durch  
m a n c h m a l  v o r h a n d e n e  H y d r o x a m a t  spa l t ende  E n z y m e  
sowie du rch  Unzul i ingl ichkei ten  in der  chemischen  Hydro -  
x a m a t b e s t i m m u n g s m e t h o d e  beeinf luss t .  

* Permanent address: I. F. A. C., 6, rue du General-Clergerie, 
Paris (France). 
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