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S U M M A R Y  

By  the  Archibald .  a p p r o a c h  to s e d i m e n t a t i o n  equ i l ib r ium m e t h o d ,  we h a v e  found  a m o l e c u l a r  
weight  of 4.2- lO 5 g for ei ther ,  (I) m y o s i n  (A) or, (2) t he  pr incipal ,  (ca. 65 % by  weight) ,  schl ieren-  
visible c o m p o n e n t  of 5-h e x t r a c t e d  m y o s i n  B. Th i s  s ame  va lue  ha s  also been  e s t i m a t e d  f rom t h e  
conven t iona l  Sed imen ta t ion  veloci ty-di f fus ion m e t h o d ,  us ing  s e d i m e n t a t i o n  coefficients ob ta ined  
a t  v e r y  low p ro t e in  concen t r a t ions ,  and  diffusion coefficients m e a s u r e d  by  obse rv ing  b o u n d a r y  
sp read ing  in s y n t h e t i c  b o u n d a r y  cells. A l t h o u g h  lower t h a n  h i the r to  repor ted  molecular  we igh t s  
for m y o s i n  (A), t h i s  va lue  is in line wi th  m i n i m u m  molecula r  we igh t  e s t i m a t e s  based  on the  p re sen t  
knowledge  of m y o s i n  sub -un i t s .  
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A condensed  a c c o u n t  of t he  foregoing resu l t s  appea red  on p. I4T, Abstracts, i32nd Meeting, 
Am. Chem. Soc., New York,  Sep tember ,  1957. I t  is encourag ing  to no te  t h a t  s ince th i s  paper  ha s  
been  in  press ,  t he r e  h a v e  appea red  p re l imina ry  repor t s  of va lues  for the  molecular  weight  of 
m y o s i n  wh ich  agree  closely wi th  those  r epor t ed  here,  viz., t h e  repor t  of W. F. H. M. MOMMAERTS 
AND B. B. ALDRICH (Science, 126 (1957) I294), who  used t he  "Arch iba ld  m e t h o d " ,  and  t h a t  of 
J. GERGELY (p. 46, Abstracts, Biophys. Soc. Meeting, Boston ,  Feb rua ry .  1958 ) who used  l ight-  
sca t te r ing .  

A STUDY OF THE a-KETO-ACIDS IN BLOOD 

P. D E  S C H E P P E R ,  G. P A R M E N T I E R  ANn H. V A N D E R H A E G H E  

Department of Physiopathology and Rega Institute, University of Louvain (Belgium) 

I N T R O D U C T I O N  

Several keto-acids are present in biological fluids and it is obvious that their individual 
quantitative estimation is necessary in order to understand their role in normal and 
pathological metabolic states. 

A number of methods have been devised for their quantitative determination. 
The most recent among them is an enzymic procedure which is rapid and specific, but 
is limited, at the moment, to a few a-keto-acids 1,2. 

The colorimetric determination of a-keto-acids, which is simple and fairly accurate, 
has been used for some fifteen years. The best known method, has been described by 
FRIEDEMANN AND HAUGEN 3 and consists in the colorimetric assay of the 2,4-dinitro- 
phenylhydrazones of a-keto-acids in alcaline medium. These and other authors 
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a t t e m p t e d ,  b y  va r ious  m o d i f i c a t i o n s  in  r e a c t i o n  t i m e  a n d  e x t r a c t i o n  p r o c e d u r e ,  to 

m a k e  t h e  m e t h o d  specif ic  for  s o m e  a - k e t o - a c i d s  (e.g. p y r u v i c  acid).  

T h e s e  m e t h o d s ,  h o w e v e r ,  h a v e  lost  t h e i r  i n t e r e s t  s ince  t h e  c h r o m a t o g r a p h i c  

t e c h n i q u e s  p r o v e d  to  be n o t  o n l y  s i lnple  a n d  v a l u ab l e  in t h e  s e p a r a t i o n  a n d  q u a n t i t a -  

t i ve  d e t e r m i n a t i o n  of each  of t he  a - k e t o - a c i d s  p r e s e n t ,  b u t  also in t h e  d e t e c t i o n  of 

h i t h e r t o  u n i d e n t i f i e d  ones .  Th i s  c h r o m a t o g r a p h i c  s e p a r a t i o n  has  u sua l ly  b e e n  per -  

f o r m e d  w i t h  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e s  ( I )NP) .  These  are  s t a b l e  u n d e r  t h e  usua l  

l a b o r a t o r y  c o n d i t i o n s  a n d  t h e i r  ve l low colour  p e r m i t s  t h e i r  e x t r a c t i o n  a n d  s e p a r a t i o n  

to be fo l lowed.  T h e  s e p a r a t i o n  of t he  D N P  of some  k e t o - a c i d s  on c o l u m n s  of d i a t o m -  

aceous  e a r t h  4, a l u m i n i u m  ox ide  ~, cel lulose p o w d e r  6 a n d  also b y  m e a n s  of p a p e r  

e l e c t r o p h o r e s i s  7,8,'~ has  been  desc r ibed .  

T h e  t ~ a p e r - c h r o m a t o g r a p h i c  s e p a r a t i o n  of k e t o - a c i d  h y d r a z o n e s ,  i n t r o d u c e d  b y  

C.\VAI.LINI Cl al. l° ,u ,  p r o v e d  to  be  t h e  b e s t  m e t h o d  a n d  was  s u b s e q u e n t l y  u sed  b y  m o s t  
authors7,12 --19. 

I t  was  in s t u d y i n g  th is  o r ig ina l  t e c h n i q u e  a n d  a m o d i f i c a t i o n  p r o p o s e d  l a t e r  b y  

t h e  s a m e  a u t h o r s  ~3 t h a t  we n o t i c e d  t h e  p r e s e n c e  on our  c h r o m a t o g r a m s  of p r e v i o u s l y  

u n i d e n t i f i e d  a - k e t o - a c i d  h y d r a z o u e s .  The i r  i den t i f i ca t ion  a n d  o t h e r  p r o b l e m s  in- 

vo lved  in t he  c h r o m a t o g r a p h i c  s e p a r a t i o n  of t he  D N P  of s eve ra l  a - k e t o - a c i d s  will be 

p r e s e n t e d  in th is  paper .  

METHODS 

Preparation and extraction o[ hero-acid hydrazones [rom blood 
To 5-1o ml of freshly drawn venous blood (V1), taken with a minimum of venous stasis and 

no clenching and unclenching of the hand, are immediately added at the bedside, 3 vol. of water, 
i vol. of 0.66 N sulfuric acid and I vol. of lO% sodium tungstate. After vigorous shaking, the 

Fig. I. A typical chromatogram of the 
a-keto-acid 2,4-dinitrophenylhydra- 

zones of human blood. 
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mixture (V2) is allowed to stand for io min at room tem- 
perature and subsequently centrifuged and filtered. To 
the total amount of filtrate (F), I ml of o.2 % 2,4-dinitro- 
phenylhydrazine in 2 N HC1 is added and the solution is 
left for 3 ° min at room temperature. Several control 
experiments have shown that  this reaction time is neces- 
sary and sufficient. The mixture is then extracted 4 to 5 
times with 5 to 7-ml portions of ether until no more 
colour comes out. The ether fraction is evaporated under 
reduced pressure at a bath temperature of maximum 4 o°. 
To the dry residue, I ml N ammonia is added and the 
walls of the flask are carefully wetted during some 5 min. 
Then an equal amount of chloroform is added. The mix- 
ture, after shaking, is transferred to a small conical tube 
and centrifuged. 

Chromatographic procedure 
0. 3 ml of the supernatant ammonia solution (S) is 

put on a wedge-shaped strip (Fig. I) of Whatman 3M+M 
filter paper, which had previously been dipped in o.i M 
Veronal-NattC1 buffer at pH 8.6,and air-dried. 

The narrow end of the paper is put in the following 
solvent mixture ; n-butanol-ethanol-water  (4 o : io : 5 o) 
(by vol.), which was adopted after several at tempts with 
other solvents. The solvent mixture is allowed to ascend 
for I4- I6  h, and the paper is subsequently dried in a 
current of dry air at room temperature. 

Elution and quantitative estimation 
The yellow-coloured areas are exactly delineated 

under a Wood lamp, cut into pieces and put in centrifuge 
tubes. To each of them, a convenient amount (3-6 ml) 
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of I N NaOH is added; the paper is disintegrated by stirring with a glass rod and centrifuged. 
After decanting the clear supernatant solution, the residue is re-extracted with a further amount 
of I N NaOH (I-2 ml). 2 h after the first addition of NaOH, the extinction of the combined portions 
is read on a Bausch & Lomb Spectronic colorimeter at 420 m/~ wavelength, against a blank prepared 
in the same manner from a chromatograt)hed blank paper. 

Standard extinction curves for different hydrazones were obtained from known amounts of 
pure a-ketoacids which had been carried through the fu II extraction and ch roma tt~graphic proced~re. 
The X 1 and X= DNP have been determined, using phenylpyruvic acid as a standard. 

The amount of keto-acids present in blood is expressed in pg°  o according to the equation: 

Keto-acid in , u g %  = R .  - V'2 × too 
S x V t × F  

where: V 1 = wfiume of blood sample 
V 2 - -  total volume of deproteinization mixture 

F = v o l u m e  o f  filtrate after deproteinization 
S = volume put on the paper strip 
R = amount of keto-acid as read on the standard curve. 

R E S U L T S  

General pattern o/blood chromatograms 

U n d e r  t h e  cond i t i ons  desc r ibed  a b o v e  we o b t a i n e d  well  d e l i n e a t e d  and  sha rp ly  
s e p a r a t e d  spo t s  of b lood  k e t o - a c i d  h y d r a z o n e s  as seen in Fig.  I. F r o m  b o t t o m  to t op  

we n o t e d  the  p resence  of t he  D N P  of a - k e t o g l u t a r i c  acid,  t h e  first i somer  of p y r u v i c  

acid,  ( P 0 ,  t he  second  i somer  of p y r u v i c  ac id  (P2), a n d  then ,  nea r  t he  so lven t  f ron t ,  

t w o  in tense  and  d i s t i n c t l y  s e p a r a t e d  spots  of p r e v i o u s l y  un iden t i f i ed  h y d r a z o n e s  

(X 1 a n d  X2). 
Close to the  u p p e r  b o r d e r  of t he  first p y r u v i c  ac id  iso~ner, t he re  is a r a t h e r  weak  

ye l low b a n d  ( P H - H )  which  has  been  ident i f ied  as I - h y d r o x y - 6 - n i t r o - I , 2 , 3 - b e n z o -  

t r iazole ,  an  a r t e f a c t  t h a t  arises f rom 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  in a lka l ine  med ium" l .  
This  a r t e f ac t  is, w i th  mos t  t echn iques ,  o v e r l a p p e d  by  t i le  first i somer  of p y r u v i c  acid,  

bu t  is n e a t l y  s e p a r a t e d  on our  buf fe red  and  w e d g e - s h a p e d  c h r o m a t o g r a m s .  W h e n  not  

s epa ra t ed ,  however ,  this  p r o d u c t  does no t  i n t e r t e r e  wi th  the  co lo r ime t r i c  assay,  as it 

does  no t  g ive  a red co lour  wi th  s o d i u m  b.ydroxide.  

Ideu.ti/ication o~ unknown, hydrazones 

T h e  first i nd ica t ion  t h a t  X t and  X~ did  no t  co r r e spond  to the  i somers  ot the  1 )NP 

of pheny lpy rux ' i c  acid,  as has been  c l a imed  ~2, was the i r  b e l m v i o u r  du r ing  th:~ colori-  

m e t r i c  e s t ima t ion .  T h e  i n t e n s i t y  of the  cohmr  of X 1 and  X e in i N N a ( ) H  and  the i r  
a b s o r p t i o n  spec t r a  in this  m e d i u m  are  t a i r lv  st.ablc, as it is the  case wi th  o the r  I ) N P  

d e r i v a t i v e s  of ke to-ac ids ,  while  the  e x t i n c t i o n  of the  two isomers  of the  1 )NP of 

p h e n y l p y r u v i c  acid  r ap id ly  decreases  (l:igs. 2 and  3). 
S u b s e q u e n t l y  the  X 1 and  X~ spots  of m a n y  chromato, ,zrams were s epa ra t e ly  cut  

ou t  and  e lu t ed  wi th  e thano l .  " lhe so lu t ion  of X l p re sen ted  a m a x i m u m  of absorpti . ,m 

a t  355 m/~ and  c o n t a i n e d  some  IOO t*g of I ) N P  of l<eto-acid per  ml. The  solul ion of X., 
h a d  a m a x i m n n l  a t  368 111/£ all(l containe(1 some 25,.) t*g Ill1. "]'ho c o m ' e n l r a t i o n s  were  
based  on the  va lue  t;":" : = 9,ooo which was dctclmined for tile I)N 1' c,t ,t-l¢.cto\"alcl it- 

I C I / I  

and  a -ke to - /3 -me thy lva le r i c  acid.  
I 111l of each  of these  solut ion~ was cvaporalc~t  IJt ~,'(tt:~t~. aml  lhc  z-csidue d i s so lved  

in I ml  of wa te r .  A few m g  of ph t t i num ox ide  (Adams  ca ta lys t )  were added  and  the  

m i x t u r e  shaken  o v e r n i g h t  u n d e r  h y d r o g e n  pressure  in a Par r  a t )para tus  ~v,2°. 

Re/erences p. 5z3. 
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This hydrogenat ion achieves the transformation of the D N P  of the a-keto-acids 
into their corresponding amino acids, which m a y  be identified chromatographical ly .  

One-dimensional  paper chromatograms were run in n-butanol -acet ic  acid and 
two-dimensional  in butanol -acet ic  acid and phenol -water .  After revealing the amino 
acid with  ninhydrin,  we found that X 1 gave one spot corresponding to one of the 
leucines and that X 2 gave  two spots corresponding to valine and to one of the leucines. 

E.k 
E X rnox 
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Fig.  2. A b s o r p t i o n  c u r v e  of o n e  of  t h e  i s o m e r s  of  the  p h e n y l p y r u v i c  ac id  D N P  (PP1) in N a O H  i N 
as a f u n c t i o n  of  t ime .  
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Fig. 3. Absorption curve of component X 1 DNP in NaOH i N as a function of time. 

In order to refine the identification, chromatograms were performed in the 
sy s t em pyrid ine- i soamyla lcohol  ~1. Mixtures of the amino acids valine,  norvaline, 
leucine, isoleucine and norleucine were run on the same paper in order to check the 
Rv-va]ues.  The X 1 yielded one spot corresponding to leucine, while the X~ yielded 
valine, isoleucine and leucine. From these results,  it m a y  be concluded that a-keto-  
isovaleric, a - k e t o - f l - m e t h y l v a l e r i c  and a-keto-isocaproic acid are present in the blood. 
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Furthermore,  we found that  the DNP of the first two of these a-keto-acids gave 
one spot on our chromatogram, whose location did correspond to that  of X2, while the 
last-mentioned keto-acid gave two spots, corresponding to X 1 and X2. 

Some chromatograms run in the butanol-acet ic  acid system were, after t rea tment  
with ninhydrin, dipped into a 1% sodium bicarbonate solution. No blue colour was 
observed, and the spots could be eluted with water. With  this technique, phenyl- 
alanine gives a blue colour that  is not washed out with water 23. 

As presumed, hydrogenolysis of P1 and P~ yielded alanine, and a-ketoglutaric 
acid yielded glutamic acid. 

Concentration o/a-keto-acids in blood 

The average values for blood of heal thy persons, with our technique, are: 

- -  a-Ketoglutar ic  acid: 35-165 tLg %. 
- -  Pyruvic  acid (P1 + P~): 38o-9 °°  tLg% • 
- -  X 1 + X2: 93o-19oo/~g°/o. 

The amount  of X a + X 2 is expressed as phenylpyruvic acid which, at  the be- 
ginning and during the major part  of our study, was thought to be the keto-acid 
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present  22. Af ter  thei r  ident i f ica t ion we have  found t ha t  the  D N P  of a-keto- isovaler ic ,  
- f l -methylvaler ic  and  -isocaproic acid in N sodium hydrox ide  solut ion have  a much  
higher  specific absorp t ion  (by a factor  of 1.5 to 2) t han  pheny lpy ruv ic  acid. This  means  
tha t  all resul ts  for X l  and Xo should be reduced to near ly  one half the  ment ioned  
value.  

I t  would be in teres t ing  to de te rmine  the  amoun t  of each of these three  a-keto-  
acids, especial ly since a significant change of Xa and X2 could be observed in some 
pathologica l  condi t ions  2s. Unfor tuna te ly ,  sufficient separa t ion  could not  be achieved 
b y  a s imple  modif icat ion of our ch romatograph ic  procedure.  

The  range of the  values for human-  and rabb i t -b lood  keto-acids  is given in 
Figs. 4 and  5. 

DISCUSSION 

We did not  find evidence for the  presence of oxalacet ic  acid or g lyoxyl ic  acid, 
confirming the results  of o ther  authors4,7,14,19. Acetoacet ic  acid is usual ly  not  present .  
(The second isomer of py ruv ic  acid Pz should not  be confounded with  acetoacet ic  
acidl~,l~.) In  some cases of severe d iabet ic  s ta te ,  however,  we found the D N P  of i ts 
deca rboxy la t i on  product ,  viz. acetone,  which runs close to the  solvent  front.  A t  the  
same place, there  is a lways  a faint  spot  of some 2 ,4-d in i t rophenylhydraz ine  ; this  spot  
does not  give the  typ ica l  red  colour of hydrazones  wi th  sodium hydrox ide  and mus t  
not  be t aken  for the  ace tone -hydrazone .  

The presence of the  unknown spots  X 1 and X 2 had  a l r eady  been observed 
before 7, 22,2a-2~. They  were a lways  c lear ly  visible ou our ch romatograms  of h u m a n  
blood. This is due, in par t  to our ch roma tog raph ic  technique,  bu t  ma in ly  to the  ext rac-  
t ion procedure.  W e  used the modified C~WXLLINI me thod  13, which does not  involve  a 
re -ex t rac t ion  of the D N P  from e thy laee ta t e  into sodium carbona te  solut ion as descr ibed 
in the original met]rod H and which has been used or a da p t e d  b y  most  authors .  In  this  
procc, ss, an impor t an t  amoun t  of these D N P  is not  removed  from the organic 
solvent.  This is cer ta in ly  the  reason why BISERTE AND DASSONVILLE 7, who employed  
the same technique as we used, had  their  a t t en t ion  drawn to these spots  and  correc t ly  
i(lentified X 1. I t  is not clear, however,  why  these spots  are not  ment ioned  by  CAW\LLINI 
himself,  but  it m a y  be due to the  fact t ha t  he worked on blood and organs of rats .  
\Ve have observed tha t  these spots  X~ and X 2 were much weaker  wi th  the  blood of 
rabbi ts .  

Because the locat ion of X 1 and X~ on the ch romatograms  d id  correspond to tha t  
of the two isomers of the I )NP of pheny lpy ruv ic  acid, TURNOCK identif ied them as 
this ke to-ac id  ~-2. l<r71~o~I~N 27 submi t t ed  them to Al -amalga ln  reduct ion  bu t  only  
ob ta ined  indefinite spots  of aminoacids.  BISERTE AND DASSONVILLI~; 7 excluded the 
presence of pheny lpyruv ic  acid, because in the  solvent  sys tem i soamyla lcoho l -  
e thanol  water ,  the Rv-values  did  not correspond.  Af te r  ca ta ly t i c  hydrogena t ion  in 
the presence of p la t inum,  they  ob ta ined  leucine from the X~ hydrazone .  X 2 gave a 
negat ive  result  bu t  they  thought  t ha t  it could be an isomer of X~ and  ye t  conta in  other  
I<cto m:ids. 

Using the same lncthod,  we have been able to prove tha t  X~ was one isomer of 
the I )NI '  of a-keto- isocaproic  acid, and  tha t  X 2 conta ined  the o ther  isomer, and  also 
t lw I)N P of ~-kcto-isovalcric  and a-keto-/3-methylvaler ic  acid. I t  could be shown, by  a 

ld('/cr~'~zces p .  5 t 3  . 
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specific reaction, that  no phenylalanine was obtained, thus excluding the presence of 
phenylpyruvic acid. 
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S U M M A R Y  

T h e  a - k e t o - a c i d s  of b l o o d  h a v e  b e e n  s e p a r a t e d  b y  p a p e r  c h r o m a t o g r a p h y  of t h e i r  2 , 4 -d in i t ro -  
p h e n y l h y d r a z o n e s .  T h e i r  a m o u n t  h a s  b e e n  d e t e r m i n e d  b y  m e a s u r i n g  t h e  e x t i n c t i o n  of t h e i r  D N P  
in  N s o d i u m  h y d r o x i d e  s o l u t i o n .  T h r e e  n e w  a - k e t o - a c i d s  : a - k e t o i s o v a l e r i c ,  a - k e t o - f l - m e t h y l v a l e r i c  
a n d  a - k e t o - i s o c a p r o i c  ac id  h a v e  b e e n  i d e n t i f i e d  i n  h u m a n  b lood .  
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