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Identification of a New Lysine Derivative Obtained 

ERBERSDOBLER and  ZUCKER 1 de t ec t ed  a new basic 
amino  acid in an acid hyd ro ly sa t e  of scorched roller- 
dr ied milk powder .  This  c o m p o u n d  X appear s  af ter  argi- 
nine on the  ion-exchange  c h r o m a t o g r a m  according  to  
SPACKMAN, MOORE a n d  STEIN 2. According  to  ERBERS- 
OOBLER 3, t he  c o m p o u n d  X is also found  upon  acid 
hydro lys i s  of t he  reac t ion  p r o d u c t  of lysine hea t ed  wi th  
glucose as well as in hydro lysa t e s  of e -N-(1-deoxy-o-  
fructosyI)-L-lysine (also called fructose-lysine) .  We were 
able  to  conf i rm and  to  ex t end  these  f indings.  W e  thus  
found  c o m p o u n d  X in hydro lysa t e s  of a rol ler-dr ied milk 
(Figure 1) and  even  of a sp ray -d r i ed  milk powder ,  a l though  
in t r ace  a m o u n t s  only.  In  addi t ion ,  c o m p o u n d  X could 
be o b t a i n e d  in c o n s t a n t  yield by  acid hydro lys i s  of e-N- 
( l -deoxy-D-fructosyl) -L- lys ine  (I)4 and  of ~-N-formyl-e-N-  
(4-0-f l -D-galacto-pyranosyl-  1-deoxy-D-fructosyt) -L- lys ine  
(II)* or p r o t e c t e d  deoxy-I>lactulose-L-lys ine  (Figure 2). 

Methods.  C o m p o u n d  X was isolated as follows: 500 mg I 
were  hyd ro ly sed  by  ref luxing in 500 ml 6 N  HC1 dur ing  

Upon Acid Hydrolysis  of Heated Milk 

24 h. The h y d r o l y s a t e  was evapo ra t ed  to  dryness ,  t aken  
up in wa te r  and  c h r o m a t o g r a p h i e d  on a 1)owex 50 W X 4  
co lumn  in the  H + form (height  of the  co lunm 110 cm;  
d i ame te r  2 cm).  E lu t ion  was carr ied ou t  wi th  2N HC1 a t  
a speed of 100 ml /h  and  20 ml f rac t ions  were collected.  
An a l iquot  of each f rac t ion  was ana lysed  for amino  acid 
c o m p o u n d s  wi th  the  n i n h y d r i n  reagent .  C o m p o u n d  X 
was e luted in the  f ract ions  118-150 (Figure 3). The  l a t t e r  
were  e v a p o r a t e d  to  d ryness  a t  40°C, t a k e n  up  in w a t e r  
and  lyophil ized.  The c o m p o u n d  was ob ta ined  as d ihydro -  

1 H. I'RBERSDOBLER and H. ZUCKER, Milchwissensehaft 21, 564 
(1966). 
D. H. SPACKMAN, W. H. STEIN and S. MOORE, Analyt. Chem. 30, 
1185 (1958). 

3 H. ERBERSDOBLER, Z. Lebensmittehmters. u. -forseh. 137, 252 
(1968). 

* P. A. FI~OT and J. MAURON, Helv. chim. Acta, to be published. 
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Fig. 1. Basic amino acid chromatography of a 
scorched roller-dried milk after 6N HCI hydro- 
lysis. 
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l:ig. 2, Chromatography of the protected deoxy-D- 
lactulosc-L-lysinc (l I) after 6.X' HC1 hydrolysis. 
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Fig. 3. Chromatographic separation on Dowex 50 of 
the eompomlds obtained after 6N HC1 hydrolysis of 
~-N-( I-deoxy-D-fructosyl)-I.-lysine (I). 
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chlor ide .  I t s  p u r i t y  was  c h e c k e d  b y  p a p e r  e lec t rophores i s  
a t  p H  3.9 acco rd ing  to  t h e  t e c h n i q u e  of BISERTE °, a n d  
b y  i on -exchange  c h r o m a t o g r a p h y  acco rd ing  to  SPACKMAN, 
MOORE and  STEIN 2 (Figure  3). T he  s t r u c t u r e  of com- 
p o u n d  X was  d e t e r m i n e d  b y  UV-,  IR- ,  mass -  a n d  N M R -  
s p e c t r o m e t r y .  

Results and discussion. T he  e lu t ion  prof i le  of t h e  
c h r o m a t o g r a p h y  of t h e  ac id  h y d r o l y s a t e  of I is g iven  in 
F i g u r e  3. C o m p o u n d  X a p p e a r s  a long w a y  a f t e r  lysine,  
be ing  a p p a r e n t l y  of a m o r e  bas ic  n a t u r e .  On p a p e r  
e lec t rophores is ,  however ,  i t  is cons i de r ab l y  less bas ic  t h a n  
lysine,  b u t  more  so t h a n  I, f r om w h i c h  i t  der ives.  W e  
conc lude  t h a t  i t s  h i g h  r e t e n t i o n  on  Dowex  50 p o i n t s  
t o w a r d s  a n  a r o m a t i c  c h a r a c t e r  of t i le  c o m p o u n d  X.  I t  
also man i f e s t s  r educ ing  proper t ies ,  as i n d i c a t e d  b y  t h e  
r e d u c t i o n  of A g N O  3 a n d  of t h e  f e r r i cyan ide  r e a g e n t  
acco rd ing  to  ]~ORSOOK 6. 

T h e  I R - s p e c t r u m  of c o m p o u n d  X is r e p r e s e n t e d  in 
F igu re  4. T h e  U V - s p e e t r u m  in H 2 0  gives 2 m a x i m a  a t  
278 a n d  227 n m  w h i c h  are  c o n s i s t e n t  in  r e l a t ive  i n t e n s i t y  
a n d  pos i t ion  w i t h  t he  K a n d  E b a n d s  of fu ran ic  com- 
p o u n d s  c o n t a i n i n g  a c h r o m o p h o r i c  s u b s t i t u e n t  on  t he  
r ing.  

T h e  N M R - s p e c t r u m ,  r ep re sen t ed  in F igu re  5, shows 
c lear ly  t h e  low field t r i p l e t  of b a d l y  reso lved  m u l t i p l e t s  
due  to  t h e  3 p r o t o n s  in  t h e  2 - s u b s t i t u t e d  f u r a n  r ing.  T h e  

o t h e r  3 m u l t i p t e t s  co r r e spond  to  t h e  d e u t e r a t e d  iys ine  
m o i e t y  of t h e  molecule ,  t he  f i r s t  be ing  due  to  t h e  p r o t o n  
of t h e  e - c a r b o n  a t o m ,  t h e  second  to t he  2 p r o t o n s  a t  t h e  
~-carbon a t o m  a n d  the  t h i r d  to  t h e  6 p r o t o n s  a t  t h e  fl-, T- 
a n d  & c a r b o n  a toms .  Compar i son  of t he  s p e c t r u m  of lys ine  
w i t h  t h a t  of c o m p o u n d  X shows t he  g r ea t e s t  chemica l  
sh i f t  to  occur  for t he  2 p r o t o n s  a t  t h e  e -ca rbon  a tom,  
sugges t ing  t h e  p resence  of a n  e lec t rophi l ic  s u b s t i t u e n t  a t  
t h e  e -amino  g roup  of lysine.  I n t e g r a t i o n  on ly  a c c o u n t s  
for  12 p r o t o n s  a g a i n s t  18 found  b y  mass  s p e c t r o m e t r y .  
T h e  c a r b o x y l - h y d r o g e n  a n d  t h e  3 a m i n o - h y d r o g e n s  a re  
e v i d e n t l y  e x c h a n g e d  in h e a v y  w a t e r  so lu t ion .  2 more  
h y d r o g e n s  a p p b a r  t h u s  to  b e  e x c h a n g e d  a n d  to  be  the re -  
fore of a labi le  na tu r e .  Th i s  is con f i rmed  b y  mass -  
s p e c t r o m e t r y ,  

T h e  m a s s - s p e c t r u m  of t he  t r i f l u o r o a c e t y l - m e t h y l  es te r  
of  c o m p o u n d  X is r e p r e s e n t e d  in  F i g u r e  6. 

T h e  mo lecu l a r  m a s s  m / e  460 is a t t r i b u t e d  to  t h e  
f o r m u l a  C~TH18N2OdF0 + showing  t h e  p resence  of 2 t r i -  

5 G. BI$ERTE, T. PLAQUET-SCHOONAERT, P. BOULANGER and P. 
PAYSANT, J. Chromat. 3, 25 (1960). 
H. BORSOOK, A. ABRAMS and P. H. Low¥, J. biol. Chem. 215, 111 
(1955). 
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Fig. 4. IR-spectrum, taken with a Perkin-Elmer spectrophotometer, Model 521, using the ~KBr technique. Bands at 1670 (m), 1565 (w), 
880 (w), 770 (in), indicative of a 2-furoyl group. 
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Fig. 5. NMR-spectrum of lysine (a) and compound X (b) in D20, taken in a Varian Model A-60 spectrometer. The HDO resonance 
served as reference peak. 
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Fig. 6. Mass-spectrum of the trifluoroacetyl-methyl ester* of compound X, measured with a Model MS 9 AEI mass-spectrometer oper- 
ating at 70 eV, using a direct insertion probe. Internal standard: heptaeosafluorotributylamine. Observed masses :460.1082 (CIyHIsN2OeF,+) ; 
401.0960 (Cl~H15N2041:e+); 365.0955 (C12HleN204F6+); 110.0374 (C, HeO2+); 95.0130 (C~HaO2+). 

f luoroace ty la ted  amino groups. The  appearance  of m/e  401 
is due to  t he  loss of the  f r agment  COOCH3+. The nex t  
l ighter  ion m/e  365, which corresponds to di t r i f luoro-  
acetyl-L-lysine m e t h y l  ester  wi th  a - C H  2. radical  a t  the  
e-amino group, arises f rom the  loss of a f r agment  C~H302 + 
t h a t  corresponds to the  furoyl  radical .  The  l a t t e r  is 
ac tua l ly  observed wi th  m/e  95. The  base peak  m/e  110 
has the  composi t ion  C6H602 + corresponding to the  enolic 
form of the  furyl  m e t h y l  ke tone  ion. I t  der ives  f rom the  
c leavage react ion of the  MeLaf fe r ty  t y p e  be tween  the  
e-nitrogen and the  me thy lene  carbon  a tom,  induced by  
the  ad jacen t  carbonyl  group and leading to  the  cap ture  
of a p ro ton  in y-posi t ion (from the  e-carbon of lysine). 
Final ly,  the  compound  X dissolved in D20, af ter  hav ing  
served for the  NMR-spec t rome t ry ,  was freeze-dried and 
conver ted  into  the  t r i f luo roace ty lme thy l  ester. A molec- 
ular  peak  a t  m/e  462 is found for this  der iva t ive ,  showing 
t h a t  2 hydrogen  a toms  h a v e  been replaced by  deuter ium.  
The  peak  a t  m/e  365 is shif ted to m/e  367 and the  base 
peak  a t  m/e  110 to m/e  112. This demons t ra tes  t h a t  the  
2 hydrogen  a toms replaced 'by deu te r ium are those of the  
me thy lene  group. I t  explains  why  these  2 hydrogen  a toms  
could not  be de tec ted  by NMR-spec t rome t ry .  These 
observat ions  lead to the  s t ruc ture  (III)  for compound  X, 
n a m e l y  e-N-(2-furoylmethyl)-L-lysine or  (e-N-L-lysyl)- 
(2-furoyl)-methane.  The  t r iv ia l  name  furosine is proposed 
for this new amino  acid. I t  is formed from 1 by  the  loss 
of 3 molecules  of water .  

N H ~ - C H - ( C H 2 ) , - N H - C H 2 - C - ( C H O H ) a - C H  ~OH 
I II 

COOH I O 

-- 3 H,O COOH III O 

The  fact  t ha t  compound  X proceeds f rom the  hydrolys is  
of I as well as I I  is in favour  of the  fol lowing react ion 
scheme : 

HC1 
c~-N-formyl-,-N-(1-deoxy-D-lactulosyl)-L-lysine ~- 

I I  

~-N-(1-deoxy-D-fructosyl ) -L- lys ine+D-galac tose+HCOOH 

I ~HC1 

Componnd X 

The subs t i tuen t  a t  the  e-amino group of furosine 
represents  ac tua l ly  an isomer  of the  Schiff base of 
h y d r o x y m e t h y l f u r f u r a l d e h y d e  pos tu la ted  by  GOTT- 
SCHALK s'9 and by  ttICHARDS :° to expla in  the  fo rmat ion  
of hyd roxyme thy l fu r fu r a ldehyde  upon mild acid hydro ly-  
sis of N-subs t i tu ted  f ructosamines .  Compound  X, formed 
upon s t rong acid hydrolys is  of fructose-lysine,  cannot  have  
the  s t ruc ture  of this Schiff base, since it  contains  a labile 
hydrogen  at  t he  e-nitrogen a tom,  a me thy lene  group wi th  
2 v e r y  labile hydrogens  and a mono  subs t i tu ted  furan  
ring. "Whilst compound  X is re la t ive ly  stable in s t rong 
minera l  acid, i t  is rapid ly  decomposed  in alkal ine med ium 
with  regenera t ion  of lysine. The  presence of furosine in 
acid hydrolysa tes  of foodstuffs  bears witness of the  h e a l  
t r e a tmen t s  sustained by  the  food. The  q u a n t i t a t i v e  
relat ionship be tween  the  a m o u n t  of furosine found and 
the  in tens i ty  of the  hea t  t r e a t m e n t  is p resen t ly  under  
inves t iga t ion  :z. 

Rdsumd. Nous avons  t rouv6 que le compos6 X, d6cel6 
par  ERBERSDOBLER et ZUCKER, dans les hydro lysa t s  
acides de lairs surchauff6s, se fo rmai t  k par t i r  de la d6oxy- 
D-laetulose-L-lysine pr6sente dans ces laits. La  s t ruc ture  
du compos6 X a 6t6 d6termin6e par  spect rom6tr ie  de 
masse, UV,  I R  et  NMI~. I1 s 'agi t  de la E-N-(2-furoyl- 
m6thyl)-L-lysine.  Le nora de furosine est propos6 pour  ce 
nouvel  acide amin6 basique.  
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