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Identification of ~-(~-alanyl)-Iysine in rabbit muscle 

Subsequent to our recent demonstrat ion of the occurrence of a-(y-amino- 
butyryl)-lysine ~ and y-aminobutyrylhistidine (homocarnosine) ~ in rabbit  brain and 
the fact that  ~-alanylhistidine (carnosine) has long been known to be present in 
muscle, we have speculated on the presence of c~-(~-alanyl)-lysine in muscle. This 
speculation has been verified in this study. 

3 kg of rabbit  skeletal muscle was chopped into small pieces, homogenized with 
3 1 of IO % trichloroacetic acid and diluted with 4 1 of 5 % trichloroacetic acid. After 
standing overnight at room temperature the residue was filtered by  suction and the 
filtrate was passed through a 6 cm × I i  cm column of Amberlite IR-I2O (lOO-2OO 
mesh, H+ form). The basic amino acids were eluted with 3 1 of 2 M ammonia  in 
5 ° % ethanol. The eluate was evaporated to dryness, dissolved in 2oo ml of water  
and applied to a 6cm × I I  cm column of Amberlite CG-5o (2oo-4oo mesh, ammonium 
form). Histidine, carnosine and related compounds are not retained on the column. 
After washing the column with 31 of water, basic compounds such as ornithine, lysine, 
arginine and unknown basic compounds were eluted with 3 1 of the ammoniacal  
ethanol. A band corresponding to ~-~-alanyl)-lysine was detected on a high-voltage 
electrophoretogram of an aliquot of this fraction under the conditions described in 
Table I. 

T A B L E  I 

PAPER CHROMATOGRAPHY AND HIGH-VOLTAGE I~LECTROPHORESIS DATA OF ~-ALANINE, LYSIN~ AND 
THEIR DIPEPTIDE 

T o y o - R o s h i  No. 51 pape r  wh ich  is of s imilar  qua l i fy  to W h a t m a n  No. I was  used.  The  h igh -vo l t age  
e lecfrophores is  m i g r a t i o n  is t h e  d i s t ance  t rave l led  towards  t he  ca thode  af ter  4 ° ra in  of elecfro- 
pho:cesis w i th  a po ten t i a l  g rad ien t  o5 7o V / cm in p y r i d i n e - a c e t i c  a c i d - w a f e r  (33 : I7 : 95 o, b y  vol. ,  
p H  5.3). The  c o m p o u n d s  were loca ted  b y  s t a i n i ng  wi th  n inhyd r in .  

RF values 

Pyridine - 
acetone-3 M ammonia 
(50 : 30 : 25, by vol.) 

Isopropanol- 
formic acid-water 
(8:z:x, by vol.) 

High-voltage 
electrophoresis 
migration (cm) 

f l -Alanine 0.45 0.55 5.3 

Lys ine  0.43 o.17 I8,5 

f l -Alany l -adys ine  o.55 o . i9  I6.4 

Further purification of this compound was effected by  ion-exchange chro- 
matography on a 1.2 cm × 21 cm cotumn of Amberlite IR-I2O (2oo-4oo mesh, am- 
monium form). Gradient elution was used with a mixing flask containing 15o ml of 
water  and with o.5 M ammonia  in a reservoir. ~-(~-Alanyl)-lysine emerged in the. 
I46-I63-ml  fraction slightly contaminated with lysine; The contaminating lysine was 
removed by  paper electrophoretic separation; the portion of electrophoretogram 
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corresponding to ~-(~-alanyl)-lysine was cut out, and the compound extracted 3 time,.. 
with o.x M acetic acid. The extract was evaporated to dryness and used for idenlifi-- 
cation experiments. 

Upon acid hydrolysis of an aliquot of the fraction in 6 M HCI at xe 5 ~ for ~(~ h~ 
tl~e compound was split into ~-alanine and !ysine, Est imation of these amino acid,s 
in an aliquot of hydrolysate usin~ an amino-acid analyzer revealed fhat they were 
equimolar (~-alanine : lysine, z : i.o3), Determination of the E--terminal amino acid of 

~. ~ ~ ~ ~ the peptide by the dinitrofiuorobenzene method a indicated that  it wa~ ~-~p-ata _yt,- 
~ysJne. 

To confirm the presence of ~-~-alanyl)-lysine in muscle the dipeptide was 
synthesized. ~-(Carbobenzoxy-~-alanyi)-N~-carbobenzoxy-n-iysine (m.p., x48-~49°), 
was prepared with a yield of 64 % in a manner similar to that  described earlier for 

• , r ~  1 the synthesis of ~-carbobenzoxy-7-ammobutyryl-;~-carbobenzoxy-L-Iysine.  Cata- 
lytic hydrogenation of the intermediate product in 3o mi of 5o % aq. metha~o!, 
containing a few drops of acetic acid in the presence of palladium black, 
yielded an oily material. This was dissolved in z 5 mI of water and acidified to 
pH 2.o by  the addition of ~-hydroxyazobenzenesulfonic acid. I~ was refrigerated 
overnight. Reddish needles (0.87 g) crystallized (yield, 87 %, m.p., z~6-zz8.5 ~, 
decomp.). Elementary  analysis of {he product was C, 49 .77%;  ~ ,  5.06%; N, 
~ . o  9 % (analytical calculation for a-(~-alanyl)-L-lysine ~ p-hydroxyazobenzene-  
suKonate monohydrate,  CaaH~O~N~Se, C, 5o.o~ o7./o, H, 5.zz %; N.. ~ .38  %). Tt~e 
behavior of the puriged dipeptide from ske!etal muscle compared wei1 with {hat 
of the autSentic peptide i~ paper chromatography and high-voitage electrophoresis 
(Table I). 

@ULEWITSC~ AND A~IRADZlBI 4 isolated carnosine ~rom muscle a~d its structure 
was elucidated by SIFFERD AND DU V2GNEAUD 5, [{S high concentration in muscle 
drew at ten t ion  to its physiologica! importance in muscle. The effect of the pep{/de 
on the metabolic system in musc!e has been reported as being caused by  its buffering 
action s or its ability to chelate metal  impurities ~. The occurrence of a-(~-ala~yI)-!ysine 
can well be expected in muscle because its precursors. ~-aianine and lysine, and 
carnosine syn{he~ase which has a broad substrate specifichy, exist in muscle. In {act, 
KALYANKER AND MEISTER 8 have shown a peptide wKh the properties of ~-alanyllysine 

O ~ in the muscle of chicks fed diets containing 2 7o lysine. However, they could not find 
it in chicks %d commercial feed. A large difference between the concentrat{o~s ol 
the dipeptide and carnosine is interesting; whereas the activity o~ carnosme svnthetase 
for lysine is 6o % of that  for histidine s and the concentcation o~ histidine in muscIe 
is 6o % that  o2 lysine", the concentration of carnosine (about z6 mmoles/kg muscle 
is much higher than tgat  of ~-~-alanyl)-lysine (~o Dmoles/kg) which was calculated 
~rom the amounts of tee  constituent amino acids in the hydrolysaze of the purified 
material. Ma~y factors must be considered, such as storage and degradation mecha- 
nisms. At this point it may  be important  ~o note that  ~-~-alanyl}-Iysine is no: 
hydrolyzed by  carnosinase but by  a different peptidase which splits peptides con- 
taining lysine, arginine and ornithine at their carboxvl terminals. The enzymatic studv 
wilI be reported separately. 

5{any carnosine derivatives such as anserine (~-alanyi-~-methylhistidine ~-xa, 
balenine (~-alanyl-3-methylhistidine) ia and ophidine (fl-alanyl-z-methyihistidine' l!,~a 
have been reported in muscle. Recently, the structure of the last compound was found 
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to be fi-alanyl-3-methylhistidine by nuclear magnetic resonance and N-methyl analy- 
sis 1.. ~-(fl-Alanyl)-lysine is thus added to the above list of fi-alanyl dipeptides in 
muscle. 
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