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The stronger absorption of the NN substance in the ultraviolet range is ex- 
plained by its considerably higher content of aromatic amino acidsl°,n, 21. 
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BBA 23194 
Ultraviolet absorption of N-glycosidic (lysine-sugar) linkages 

The ultraviolet absorption spectra of natural glycoproteins incorporating pep- 
tide-sugar linkages of the glycosidic ether or of the amide type have not been reported 
to be different from those of carbohydrate-free proteins. However, those protein- 
sugar complexes incorporating carbohydrate bound N-glycosidically to the e-amino 
group of lysine residues have been less studied. The introduction of sugars carrying 
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active carbonyl groups into proteins by reaction with free amino groups (Maillard 
reactions) is accompanied by marked alteration in the physicochemical behaviour of 
the protein. Considerable modification of the ultraviolet absorption spectrum of the 
protein was found to be a characteristic feature. 

For the initial steps in the Maillard reaction of proteins and aldoses to proceed, 
the open-chain non-hydrated aldehydo configuration of the sugar is essential. These 
open-chain sugars are generated from the ring structure in heated aqueous solution, 
giving rise to carbonyl absorption at 275 m/, (refs. I, 2). In the presence of protein, 
the elevation of extinction at 275 m/~ is far less evident due to trapping of the aldehydo 
sugar and the formation of new chromophores. 

Fig. I shows that the familiar protein curve suffers considerable distortion due 
to the superposition of new absorption peaks appearing in the course of the reaction 
with sugar. Extinction coefficients increase over the whole range of wavelengths, the 
percentage increase being especially marked in the region 300-400 m/~. Solutions of 
these modified proteins possess a brown colour. 
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Fig. i. Absorpt ion spectra of modified proteins. (A) Solution containing/~-lactoglobulin (o.o5 %) 
and D-xylose (I %) in sterile phosphate  buffer (o.oi M, pH 7.0) kept  at  5 °o for 12o h and dialyzed; 
spec trum of freeze-dried protein (0.05 %) dissolved in the same buffer. (B) Solution containing 
crystal l ine human serum albumin (0.05 %) and D-ribose (I %) in the  same buffer, kept at 5 °o 
for I44 h and dialyzed; spectrum of freeze-dried protein (0.05 %) in phosphate  buffer (pH 7.0) 
a t  room temperature.  (C) Poly-L-lysine (Mann Research Labs. ,  mean tool. wt., 75ooo), 0.05% 
in phosphate  buffer o.oi M (pH 7.0) containing 1% n-ribose, kept at  5 °o for 4 h; corrected for 
controls .  

Fig. 2. Difference spectra of modifted proteins. (A) /~-Lactoglobulin after 12o h treatment  at 5 °0 
with  D-xylose (i %) in sterile phosphate  buffer (o.oi M, pH 7.0) and dialysis;  spectrum of the 
freeze-dried product  (o.o 5 % in buffer) minus tha t  of //-lactoglobulin control  treated similarly 
but  in the absence of xylose. (13) Same experiment  using fl-lactoglobulin (0.05 %) and D-galactose 
(i %) for 12o h at  5 o°. Spectrum of dialyzed and freeze-dried product  minus that  of protein 
control  treated s imilarly but  in the absence of galactose.  (C) Same exper iment  using fl-lactoglobulin 
and  lactose;  same concentrat ions ,  same period of t ime. 
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Difference spectra relative to the control protein solutions reveal that  the main 
peak is at 3oo-3o5 mff (Fig. 2). This is especially pronounced in the case of the non- 
absorbing polymer poly-L-lysine which exhibits maximum absorption at 3oo mff after 
its reaction with I~-ribose. The spectrum of the modified polymer in Fig. I has been 
corrected for spectral alterations in the separate controls of sugar and polymer kept 
at 5 °o under identical conditions; the dialyzed and freeze-dried product proved to be 
almost insoluble as a result of cross-linking (also observed by HAXXAX AXD LEAa). 

The degree of modification of the ultraviolet spectrum depends on the nature 
of the sugar partner inw)lved (i.e. on its reactivity, rate of ring opening, configuration, 
etc.), pentoses being more reactive than hexoses (Fig. 2). 

The difference spectra for various sugar partners are congruent and reveal an 
impressive asymmetrical peak at 3o5 mff; minor shoulders are observed at about 325 
and 35o m/z, and extinction coefficients in the region 23o-25o rnff are markedly in- 
creased. Since 23o-, 325- and 35o-mff maxima are also observed in the spectra of 
heated sugar solutions containing no prote in- -due  to the formation of the enol form 
of 3-deoxy-glycosuloses formed during thermal decomposition it was concluded that  
the initial product of the Maillard reaction between protein and aldoses gives rise to 
a characteristic absorption maximum at 3o5 nl~. The shape of the difference curves 
and the position of the maxima being identical for various systems of proteins and 
different aldoses (down to triose), these results indicated that  the chromophore 
responsible for absorption at 3o5 m~ comprises a structural unit located near the site 
of attachment,  i.e. involving the e-amino group of lysine and the first two carbon 
atoms of the aldose. 

Confirmation of this view was obtained by observing the spectra of reaction 
mixtures of aliphatic primary amines and simple aldoses (C 3 to C6). Fig. 3 records 
the spectra of mixtures of compounds of particular relevance to the problem of protein 
reactivity, viz, n-amylamine-r ibose and e-aminocaproic acid-ribose. Again, maxima 
at 3oo-3o5 m/~ rapidly appear in the spectrum, absorption at 3o5 m/~ being appreci- 
able even before the development of a visible brown colour. This is in accordance 
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Fig. 3. Absorption spectrum of: (A) mixture of ~-aminocaproic acid (0.05 %) and D-ribose (i 0,0) 
(Io ml volume) kept at 5 °0 in phosphate buffer (o.oi iV[, pH 7.0) for 4 8 h; corrected for controls. 
(B) mixture of n-amylamine (o.oi ml) and D-ribose (o.6 %) (6 ml volume) in phosphate buffer 
(o.oi M, pH 7.o) kept at room temperature for 12o h; corrected for controls. 
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with reports 4 on substances isolated in the first stages of the Maillard reaction, which 
are colourless compounds. With the development of brown coloration, additional 
maxima appear at about 325 and 350 m/~. 

In view of the mechanism of the Maillard reaction and the general absorption 
characteristics of a,fi-unsaturated carbonyl compounds it seems justifiable to conclude 
tha t  the 3o5-m/z chromophore in the spectrum of protein after reaction with aldoses 
is the 1,2-enol of the isomerization product arising from the initial amine-a ldehyde 
condensation product by Amadori rearrangement. Further degradation of the enol 
form of this N-substituted I-amino-I-deoxy-2-ketose would lead to 2:3 enolization 
with the appearance of maxima in the region 325-35o m/,; the simultaneous occur- 
rence of the I : 2-enol and 2 : 3-enediol forms (and possibly of their anions) in modified 
proteins would thus account for the brown colour of these proteins. 
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Inhibition tests of plant agglutinins from Laburnum alpinum and Cytisus 
se~sifolius with various sugars and sugar derivatives. Indication of the type 

of linkage in certain disaccharides 

I t  has long been known that  extracts of certain plant seeds agglutinate human 
erythrocytes. However, it was not until RENKONEN'S discovery 1 in 1948 that  many  
plant agglutinins specific for human blood group antigen were described. At present, 
a number of plant agglutinins are being used instead of expensive absorbed immune 
serum for routine purposes such as determination of subgroups A and AB, diagnosis 
of secretors and A,B,O-blood grouping. In 1953, MORGAN" AND WATKINS 2 reported 
the inhibiting activity of simple sugars on the reaction between human erythrocytes 
and blood group specific plant agglutinins. This finding gave us a clue for testing 
the blood group specificity from a standpoint of chemical structure. As for the anti- 
H(O) agglutinins from seeds of Laburnum alpinum and Cytisus sessifolius, KROPE a 
found that  the agglutination of human blood group O erythrocytes by these ag- 
glutinins was inhibited by salicin, while the agglutinations with another group of 
anti-H(O) agglutinins, namely eel serum and extracts of seeds of Lotus tetragonolobus 
or Ulex europeus, were found to be inhibited by L-fueose2, 4, one of the common con- 
stituents of blood group substances. Recently, WATKINS AND MORGAN 5 reported the 
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