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3egradation of simple peptides. Complications will certainly arise when amino acids such as 
lysine, tyrosine or histidine form part  of the molecule. 
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Alkaline decomposition of p-hydroxy-a-amino acids 
Serine and threonine are decomposed when heated with strong alkali with the formation, among 
other products, of glycine and alanine from serine, and glycine and a-amino-n-butyric acid from 
threonine 1-8. The mechanisms of the reactions leading to the formation of glycine and of the 
produc~ corresponding to R. CH 2. CH(NHz). COOH by alkaline decomposition of these fl-hydroxy- 
amino acids have not been fully elucidated but plausible theories have been advanced by WZSL^ND 
AND WIRTH ~1. The work reported here was carried out to discover if the same reactions occur 
when other/~-hydroxyamino acids are heated with strong alkali. The following amino acids were 
tested: serine, threonine, D-glucosaminic acid, DL-fl-hydroxyaspartic acid, DL-fl-hydroxyglutamic 
acid, DL-fl-phenylserine, DL-~-p-hydroxyphenylserine, DL-a-amino-fl-hydroxy-u-caproic acid 
(hydroxynorleucine), DL-a-amino-~-hydroxyisocaproic acid (hydroxyleucine), DL-a-amino-fl- 
hydroxy-n-valeric acid (hydroxynorvaline) and DL-a-amino-fl-hydroxyisovaleric acid (hydroxy- 
valine). Serine and threonine were obtained from British Drug Houses Ltd., DL-fl-hydroxy- 
aspartic acid (the least soluble of the two diastereoisomers obtained by the method of DAKIN 4) 
from Prof. W. SHlVE, DL-fl-hydroxyglutamic acid (synthesized by method of LEANZA AND PFISTER 5) 
from Dr. K. PFISTER, DL-fl-phenylserine and DL-fl-p-hydroxyphenylserine (three forms synthesized 
by methods of BOLHOFER6, 7) from Dr. W. A. BOLHOFER, and hydroxyleucine, hydroxynorleucine, 
hydroxyvaline and hydroxynorvaline (synthesized by methods of BUSTON et al.S, 9) from Dr. 
H.W. BUSTON. D-glucosaminic acid was prepared by the method of PRINGSHEIM AND RUSCHMANN ~0 
modified according to WOLI*ROM AND CRON n. Paper chromatograms of these amino acids in 
various solvents revealed only one spot when sprayed with ninhydrin. 

The procedure adopted wasas  follows. The amino acid (o. 5 mM) was heated with 5N NaOH 
(2 ml) in a sealed glass tube at lO5 ° C for 2o hours. The reaction mixture was then desalted by 
the method of CONSDEN, GORDON AND MARTIN 12, evaporated to dryness in vacuo, taken up in 
1 ml of water and analysed by paper chromatography. Preliminary identification of the ninhydrin- 
reacting substances in the reaction products was made by two-dimensional chromatography, 
the chromatograms being run in one direction with phenol in an atmosphere of NH s and HCN 
and in the other with "collidine" in an atmosphere of diethylamine (DENT13). The "collidine" 
used was a mixture of equal parts of 2:4:6-collidine and the z:4/2:5-1utidine supplied by Light 
and Co., the bases being redistilled before use. All chromatograms were run on Whatman No. 4 
paper and sprayed with ninhydrin (o.1%, w/v) in chloroform. Identifications were checked by 
marker experiments with several solvents, particularly n-butanol-acetic acid ~4 and tert.-amyl 
aleohol-lo % (v/v) pyridine is. The latter separated isomeric amino acids that  could not be dis- 
tinguished with other solvents and proved valuable for identification of the products formed by 
alkaline decomposition of hydroxyvaline, hydroxynorvaline, hydroxyleucine and hydroxy- 
norleucine. Several of the fl-hydroxyamino acids could be readily distinguished from other amino 
acids on chromatograms by the colours of their spots with ninhydrin. For example, fl-hydroxy- 
glutamic acid gave a brownish purple spot, fl-phenylserine gave a reddish brown spot, and 8- 
hydroxyaspartic acid gave a spot that  was initially greenish yellow and then changed through 
brown to purple. The positions of the fl-hydroxyamino acids on two-dimensional phenol-"collidine" 
chromatograms are given in Fig. 1, and the ninhydrin-reacting substances detected on chromato- 
grams of the products formed by heating the fl-hydroxyamino acids with alkali are listed in 
Table I. I t  can be seen that  all of the fl-hydroxyamino acids investigated gave glycine when 
heated with alkali, that  most also yielded the product R. CH 2. CH(NH2). COOH, and that  some 
gave small amounts of other ninhydrin-reacting substances. The latter could not be identified, 
but the substance obtained from serine resembled glutamic acid in its behaviour on paper chro- 
matograms and that  obtained from fl-hydroxyglutamic acid behaved chromatographically like 
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Fig. I. D i ag ram showing  posi t ions  of 
f l -hydroxy-a -amino  acids  on two-di-  
mens iona l  phenol-"col l id ine"  ch roma to -  
g rams ,  i, aspar t ic  acid; 2, g lu tamic  
acid; 3, glycine;  4, a lanine;  5, val ine  
and  norval ine ;  6, leucine, norleucine,  
isoleucine and  meth ion ine ;  7, phenyl -  
a lanine;  8, ty ros ine ;  9, proline; io, ar- 
ginine;  11, lysine;  x2, cysteic acid. Black 
circles represen t  f l -hydroxy-a -amino  
acids. A, f l -hydroxyaspar t i c  acid; B, 
f l -hydroxyg lu tamic  acid; C, g lucosaminic  
acid;  D, serine;  E ,  th reon ine ;  F, fl-hy- 
droxyva l ine  and  f l -hydroxynorva l ine ;  

G, f l -hydroxyleuc ine  and  f l -hydroxynor leuc ine ;  H, f l -phenylser ine;  I, f l -p-hydroxyphenylser ine .  

T A B L E  I 

NINHYDRIN-REACTING SUBSTANCES DETECTED ON CHROMATOGRAMS OF 

ALKALINE DECOMPOSITION PRODUCTS OF ~-HYDROXYAMINO ACIDS 

Amino  acids  were hea t ed  wi th  5N N a O H  at  lO5 ° C for 20 hours .  S t r eng ths  of spots  de tec ted  are 
indica ted  by  VS = ve ry  s t rong,  S = s trong,  M = med ium,  W = weak, T = trace.  A dash  (--)  

indicates  t h a t  the  subs t ance  was no t  detected.  

fl.hydroxyamino acid Ninhydrin-reacting substances detected after heating with alkali 

(R .CH(OHI .CH(NHI) .COOH) Original Glycine R .CH= . (NHj) .COOH Unidentilfed* 

Serine VS S S (alanine) W(1)  
Threon ine  M VS W (a-amino-n-butyr ic  acid) - -  
f l -Hydroxyaspa r t i c  acid T VS - -  
f l -Hydroxyg lu t amic  acid W VS M (glutamic acid) T (I) 
Glucosaminic  acid W VS ? T (3) 
f i -Phenylser ine  - -  VS T (phenylalanine)  T (3) 
f l=p-Hydroxyphenylser ine  - -  VS T (tyrosine) T (1) 
Hydroxy leuc ine  S VS W (leucine) - -  
Hydroxyno r l euc ine  VS - S W (norleucine) - -  
H y d r o x y v a l i n e  S S T (valine) - -  
H y d r o x y n o r v a l i n e  VS S W (norvaline) - -  

* F igures  in pa ren theses  indicate  n u m b e r  of subs t ances  detected.  

alanine.  I t  m a y  be no ted  t h a t  t h e  f l -hyd roxyamino  acids inves t iga ted  differed grea t ly  in thei r  
s t ab i l i ty  towards  ho t  alkali  and  t h a t  only  serine yielded an  appreciable  q u a n t i t y  of t he  p roduc t  
R ' C H 2 " C H ( N H 2 ) ' C O O H .  The  presence of th i s  p roduc t  in alkali d igests  of g lucosaminic  acid 
could no t  be checked because  a spec imen  for use  as a m a r k e r  was no t  available,  b u t  s t ruc tu ra l  
cons idera t ions  sugges t  t ha t ,  if formed,  th i s  p roduc t  would no t  surv ive  t h e  alkali t r e a t m e n t .  
P roduc t s  cor responding  to R-  CHI ,  CH(NHa) .  C OOH were no t  cons i s ten t ly  de tec ted  in the  alkaline 
decompos i t ion  p roduc t s  of f l-phenylserine,  f l -p -hydroxyphenylse r ine  and  hydroxyva l ine .  For  
example ,  val ine was  de tec ted  in only  two of five e x p e r i m e n t s  wi th  hydroxyva l ine .  Moreover, 
cons i s ten t  resul ts  could no t  be ob ta ined  when  a t t e m p t s  were m a d e  tc de te rmine  the  a m o u n t s  
of a m m o n i a  and  glycine fo rmed  by  alkaline decomposi t ion  of several  of the  f l -hydroxyamino  acids. 
For  example ,  in six expe r i men t s  in which  50 m g  samples  of th reonine  were hea ted  wi th  2 ml  
of 5 N N a O H  in sealed tubes  a t  lO5 ° C for 24 hours ,  the  percen tage  of th reon ine  n i t rogen  recovered 
as a m m o n i a  var ied f rom 19 to 26 and  t he  percen tage  recovered as glycine varied f rom 60 to 7 I. 
A possible exp lana t ion  of these  f indings is t h a t  the  decomposi t ions  of f l -hydroxyamino  acids 
when  hea t ed  with alkali  in glass vessels  are affected by  meta l s  dissolved f rom the  glass  dur ing  
the  alkali t r e a tmen t .  This  possibi l i ty  ha s  not  been inves t iga ted  b u t  several  workers  have  observed 
t h a t  the  behav iour  of ami no  acids and  pro te ins  on t r e a t m e n t  wi th  alkali is affected by  meta ls .  
For  example ,  VAN SLVKE le found  t h a t  t he  a m o u n t  of a m m o n i a  l iberated when  cys t ine  was boiled 
wi th  alkali in a copper  flask was  m u c h  grea ter  t h a n  when  a glass flask was  employed  and  PLIMMER 1~ 
no ted  t he  s ame  effect wi th  hist idine.  Also, GROH AND NYILASI ls found  t h a t  the  poor  reproducibi l i ty  
of the  resu l t s  t h e y  ob ta ined  in s tudies  on t he  veloci ty  of hydro lys i s  of pro te ins  in alkali was  
due  to ca ta ly t ic  effects caused  by  m i n u t e  a m o u n t s  of arsenic and  iron in the  glassware t hey  
employed.  
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In'conclusion, it may be pointed out that  the findings in this work with regard to the effect of 
molecular structure on mobility, in phenol (Fig. r) are in agreement with previous observations 
that  mobility is decreased by the replacement of a hydrogen atom by a hydroxyl group. 

I wish to thank Prof. W. SHIVE, Dr. K. PFISTER, Dr. W. A. BOLHOFSR and Dr. H. W. BUSTON 
for their gifts of amino acids used in this investigation. 
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Preliminary Notes 

Contribution of reducing agents to electrophoretic lack of 
homogeneity of crystalline ribonuclease 

The heterogeneous nature of crystalline ribonuclease remains a current problem, despite recent 
studies which have shed much light on the mechanism of action of this enzyme. Crystalline 
ribonuclease has been shown to be resolvable into two or more components by partition 1, as well 
as by ion exchange resin 2 chromatography. Although electrophoresis s indicated apparent homo- 
geneity of the enzyme protein, zone electrophoresis On starch 4 showed that  crystalline ribonuclease 
is not electrophoretically homogeneous. 

The present investigation with paper electrophoresis revealed that  crystalline ribonuclease 
heterogeneity depends on the degree of the reduction of ribonuclease. The reduction products 
retained ribonuclease activity against yeast ribonucleic acid, although their electrophoretic 
mobilities were different. 

Five mg of crystalline ribonuclease (Armour), recrystallized twice by the KUNITZ 5 procedure, 
were incubated separately with each of the following: reduced glutathione, cysteine, histidine, 
and ascorbie acid, in phosphate buffer at 5 °0 C, for I hour. Aliquots of 15 pl were applied for 
elect~ophoretic mobility determination. Each sample was applied to three separate strips of filter 
paper run in parallel. 

Electrophoreais was accomplished in the LKB 3276 electrophoresia equipment, using 
4 ° X 4IO mm Schleicher and Schiill No. 2o43 B (12o g/m t) filter paper, or Whatman No. I filter 
paper. Phosphate buffers of pH 5.64, 6,5o,-7.oo, and 7.80, ionic strengths 0.36 or o.io, were used. 


