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ci-desslls, et on reeristallise le ribitol jusqu"~ point  de fusion cons tan t  (20 mg F. 99-IOI ~' - -  Activitd 
mesurde en couche mince: 3,2oo c.p.m./millimole). 

(~rvdation. p~;riodiqm~ du t~-ribilol acli/ 

On ajoute ~ une solution de ribitol (i 7 rag) ct de bicarbonate de soude (42 nag) dans l 'eau (2 ml) 
une solution de m6tap6riodate de sodiunl (to6 rag) dans l 'eau (2 ml). On laisse une nuit,  puis on 
ucidifie (pt i  2) avec SOIH 2 N / i o  et on ajoute une solution /~ 2 o ° ;  d ' iodure de po tass ium (i ml). 
On ajoute ensuite de l 'anhydride arsdnieux jusqu '~  disparit ion de l'iode, puis on traite par  la soude 
N/1 o j u squ ' au  virage de la phtaldine. Par  entrahaement  i~ la vapeur,  on recueille le formol, prdcipit6 
par  le dim6don (d6r iv6:54 mg - - 8 o %  -Recristallisd: F. 187-188 ° - - L ' a c t i v i t 6  a 6t6 d~terminde 
par  un conlptage en couchc limite: 1,75o c.p.m./milimole). 

Le r6sidu est rendu acide au rouge ( 'ongo par  SO4H 2 N / I o ,  et l 'acide formique distill6 avec 
en t ra inement  ~ la vapeur.  Le distillat est exac tement  neutralis~ 5 la soude, 6vapor6 h sec et oxyd6 
par  l 'acdtate mercurique (solution A Eo% dans l'acide ac~tique o. 3 N:  IO ml) une demi-heure A 
chaud dans un appareil h combust ion  liquide. Le gaz carbonique est recueilli dans la baryte,  et  le 
carbonate  de b a r y u m  centrifugal et lav6 (48.5 mg 73 % Pas d'activit6 ddcelable par  comptage 
en couche limite). 

L'acide formique correspond aux carbones 2, 3, 4 du D-ribose. Donc ceux-ci sont  inactifs. Le 
formol provient  des carbones 1 et 5 et le carbone 5 6rant  inactif, son activit6 ne peut  6tre due qu'A 
la contr ibut ion du carbone i. Dans  ces conditions l 'activit6 mol6culaire du formal-dim6don dolt 
6tre la moiti6 de celle du ribitol. C'est ce que l 'on constate,  A la pr6cision des mesures. 

Ces rdsultats  mon t r en t  que le squelette carbon6 du D-ribose se forme par  61imination du carbone 
alddhydique du J)-glucose. 
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The application of Edman's peptide degradation method to 
horse myoglobin and haemoglobin 

A number  of a t t empts  has recently been made to degrade certain peptides and proteins in 
a stepwise manner  by the pheny l i so th iocyana te  procedure of EDMAN 1. In  the case of insulin 2 the 
expected amino-acids were liberated from the two chains for a few steps, bu t  soon complex mix tures  
were obtained and the sequence was no longer clear. FRAENKEL-CONRAT 3 applied a micro-modification 
of this procedure to a num ber  of proteins and found tha t  the method gave unambiguous  results  
only for the first 4-5 amino acids. 

Horse myoglobin has one N-terminal  amino acid group,  glycine 4, and it seemed wor th  while 
to apply EDMAN'S mettlod to this protein to see how far it could be degraded. FRAENKEL-CONRAT a 
with his micro method has obtained results with myoglobin (presumably  from horse) which are in 
agreement  with those reported here. 

In  connection with X-ray  studies in this labora tory  on horse haemoglobin, it became desirable 
to confirm by the EDMAN method  tha t  the protein has six valines as N-terminal  groups 4, and this 
was found to be the case. 

The method for preparing horse myoglobin was based on tha t  described by SCHMID 5 for whale 
myoglobin.  Ins tead  of t reat ing the crude myoglobin ext rac t  with lead acetate to remove non-haeme 
proteins, it was given two fract ionat ions wi th  a m m o n i u m  sulphate  between 65 % and full sa tura t ion  
and af terwards  between 75 % and full saturat ion.  The protein was crystallised four t imes from 3 M 
phosphate  buffer p H  6. 3 to which solid phosl)hate buffer 5 had been added. Horse haemoglobin was 
prepared as described previously ~ and the haeme was removed from the two proteins by the method 
of ANSON AND MIRSKY 7. 

The reaction between the proteins and pheny l i so th iocyana te  was carried out  at  p H  9 in aqueous 
pyridine (i : i) and at  room tempera ture .  As reported by  other  workers  the uptake  of N a O H  never 
ceased completely, bu t  the reaction was discontinued when the rate  of alkali consumpt ion  became 
very slow. Addition of acetone precipitated the phenylthiocaxbamyl-(PTC-)-protein and this was 
extracted with ether. The N-terminal  amino acid was split off as its phenyl th iohydan to in  by  allowing 
a solution of the PTC-protein in anhydrous  formic acid to s tand at  room tempera ture .  F rom time 
to t ime samples were precipitated with acetic acid and ether  and the liberated phenyl th iohydanto in  
could be est imated spectrophotometr ical ly  in the supe rna t an t  3. ] 'he amino acid was identified by 
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paper  ch romatography  of its phenyl th iohydanto in  and of the acid itself after hydrolysis with Ba(OII),, 
or HBr.  This cycle of operat ions was then repeated in the case of myogiobin globin. The results at,: 
summarised  in Table I. 

T \  BLI~  l 

AMINO ACIDS LIBERATED DURING I';DMAN DEGRAI)ATION OF tlORSE MYOGLOBIN AN[) hAEMOGLOBIN 

MyoglobiJz globi ~ 
Cycle 1 Glycine o.O moles 
Cycle _, Leucine 0.8 moles 
Cycle 3 Serine, alanine -0 .  3 moles 

Trace of leuciue. 
Cycle 4 Nil 
Cycles 5 7 * 

Haemoglobi~ tlaemoglobi~z globin 
Cycle i Valine--- O. 5 moles \"aline with trace of glycine 

Valine 6. 3 moles** 

• In  ano ther  experiment,  small quant i t ies  of serine and alanine continue to appear. 
• * Phenyl th iohydan to in  of valine split off in guanidine-HCl: 1 N HC19 and continuously extracted 

with ether. 

Results - Horse myoglobin 
In  horse myoglobin only glycine was found in the N-terminal  position in agreement  with the 

work of PORTER AND GANGER 4. From the table it can be seen t h a t  the method works fairly well 
for the first two amino acids. Thereafter  bo th  the reaction with phenylisothiocyanate and the subse- 
quen t  cyclisation give rapidly decreasing yields and in fact the reaction appears  to s top after the 
second cycle. Small amounts  of serine and alanine, its degradat ion product,  continue to appear  in 
subsequen t  stages, bu t  these may  have arisen from serine residues in the chain whose amino groups 
have become unmasked  during previous acid t rea tment .  ELLIOTT 8 has shown tha t  the amino groups 
of serine and threonine are liberated in s trongly acid solutions from silk fibroin and lysozyme, the 
acylating peptide f ragment  migrat ing from the a-amino group to the hydroxyl.  Such amino groups 
would yield serine phenyl th iohydanto in  or the corresponding threonine derivative under  the con- 
ditions of the present  experiments.  We may  then conclude tha t  the EDMAN degradation has not  
liberated the third amino acid either because the phenylisothiocyanate did not  react with the amino 
group of the thi rd  amino acid or because the phenyl th iocarbamyl  derivative though  formed, failed 
to cyclise to the th iohydantoin .  I t  is not  yet known whether  all amino acids can be liberated from 
their  peptides by  the EDMAN procedure. I t  is also possible tha t  the a-amino group of the third unit  
was formylated in anhydrous  formic acid and thus  blocked; it would then be necessary to assume 
tha t  9o% acetic: o.I N HC1, which was used instead in another  experiment,  has a similar effect 
and tha t  does not  seem so likely. 

The only definite conclusion which can be drawn from these results is t ha t  GIy-Leu- begins 
the N-terminal  sequence of amino acids in horse myoglobin. After tha t  the degradat ion method,  
as applied here, fails to liberate fur ther  amino acids, bu t  the reason for this behaviour  is not  clear. 

Results - Horse haemoglobin 
I t  can be seen f rom Table I t ha t  slightly more t han  six valines per molecule, the expected 

number ,  were obtained as N-terminal  amino acids in agreement  wi th  previous work 4. Valine is the 
only amino acid in this position; the trace of glycine found in one exper iment  is p robably  not  sig- 
nificant. 
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