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Carbohydrates of Bovine «-Lactalbumin Preparations™

Summary

D-mannose, D-galactose, 2-acetamido-2-deoxy-D-galactose,
2-acetamido-2-deoxy-D-glucose and N-acetyl neuraminic acid
have been identified in preparations of bovine a-lactalbumin.
The preparations were fractionated by ion-exchange chromato-
graphy in an attempt to determine the origin of the carbohy-
drates. The existence of two minor components associated with
a-lactalbumin, and differing markedly in their carbohydrate
composition, is suggested. One component contained most of
the carbohydrates in the preparations, and appeared similar to
that isolated by BARMAN? whilst the other minor component
contained principally hexosamine, and appeared similar to that
isolated by GORDON et al.?’

Introduction

The presence of hexosamine on a minor component of
a-lactalbumin was reported by GORDON et al.? and since
the completion of the present work, BARMAN! has
identified mannose, fucose, galactose, galactosamine,
glucosamine and N-acetyl neuraminic acid on a minor
component of a-lactalbumin isolated by ion-exchange
chromatography. In this investigation we have fraction-
ated a-lactalbumin preparations by ion-exchange
chromatography in an attempt to determine the origin
of the carbohydrates in the preparation. A brief descrip-
tion of this work has been reported previously?.

Experimental

All milk samples were from different individual cows which
were known to be free of bacterial infections of the udder.
a-lactalbumin was prepared by the method of AsSCHAFFEN-
BURG? and by ammonium sulphate fractionation followed by
separation on Sephadex G-100 (Pharmacia, Uppsala, Sweden).
The a-lactalbumin preparations were purified by ion-exchange
chromatography on diethylaminoethyl cellulese, DE-52 (W.
and R.BaLsTON, Maidstone) using the method of BRODBECK
et al.’

All samples were dialysed for 5 days at 4° against tap-water
which was changed twice daily, to remove any small molecules,
including free carbohydrates. The samples were the evaporated
to dryness and stored over P,0 for 12h. Carbohydrate analysis
was performed by gas-liquid chromatography of the trimethyl
silyl derivatives of the methyl glycosides® ? released on methan-
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olysis (4h at 80°in 0.64 M HCl in anhydrous methanol). Carbo-
hydrate analysis prior to methanolysis showed that all the
samples were free of unbound carbohydrates.

Polyacrylamide gel disc electrophoresis (tris/glycine, pH
8.1) was performed on all the a-lactalbumin preparations
using a method based on those of ORNSTEIN® and DAvIES®,

Results

The carbohydrate analysis showed that p-mannose,
D-galactose, 2-acetamido-2-deoxy-D-glucose and 2-acet-
amido-2-deoxy-D-galactose were present in all samples
of a-lactalbumin (Table I). N-acetyl neuraminic acid
was detected in relatively small amounts in only 3 of the
5 samples analysed. On polyacrylamide gel disc electro-
phoresis, all preparations showed one major band and a
faster moving minor band. No other bands were detected
in samples 4 and 5, but in samples 1 and 2, a slower
moving band was also detected.

The ion-exchange chromatography elution profiles
(Fig.1) show that all the preparations contained one
major peak with minor peaks being eluted immediately
before and after this major peak. It was established by
gel electrophoresis that the main peak (fraction C) was
a-lactalbumin, fraction B contained the slower moving
band, fraction D contained both the main peak and the
faster moving component, and fraction E contained only
the faster moving minor band.

Carbohydrate analysis of the individual fractions
(Table II) showed that there were comparatively high
values for p-galactose, 2-acetamido-2-deoxy-D-galactose
and 2-acetamido-2-deoxy-D-glucose in fraction D and, in
some samples, in fraction E. The values for the carbo-
hydrates in fraction B were high, whilst those in the
main a-lactalbumin fraction, C, contained low concen-
trations of carbohydrates.

Discussion

Our experiments confirm that there are carbohydrates
present in preparations of a-lactalbumin and suggest
that the carbohydrates are present in minor components
associated with the main a-lactalbumin molecule, which
appears to be devoid of carbohydrates. These results are
in general agreement with those of GORDON et al.? and of
Barman?l, There was quite a variation between samples
in the concentrations of carbohydrates but this is in
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Table II. Concentrations of carbohydrates in the fractions isolated by ion-exchange chromatography and which contain a-lactal-

bumin. Details of the preparations are given in Table I

a-lactalbumin fraction D-mannose D-galactose 2-acetamido-2- 2-acetamido-2- N-acetyl
preparation deoxy-D-galactose  deoxy-D-glucose neuraminic acid
expressed as a % of a-lactalbumin
1 B 1.60 1.12 1.38 4.40 0.36
C 0.04 0.07 0.02 0.04 0.00
D 0.15 0.42 0.23 0.24 0.10
E 0.55 0.86 0.42 0.38 0.00
2 B 3.06 1.31 1.98 1.13 0.00
C 0.04 0.04 0.06 0.07 0.00
D 0.11 0.72 0.45 0.51 0.00
E 0.19 0.61 1.55 1.32 0.00
4 B 0.14 0.07 0.13 0.44 0.00
C 0.08 0.11 0.09 0.05 0.00
D 0.16 0.50 0.45 0.32 0.00
E 0.23 0.63 1.50 1.03 0.00
S B 1.49 0.58 0.42 0.73 0.00
C 0.07 0.05 0.05 0.07 0.00
D 0.21 0.74 0.29 0.38 0.00
E 0.14 0.31 0.32 0.17 0.00

The values have been calculated on the assumption that the protein is a-lactalbumin.

general agreement with information obtained for various
other glycoproteins.

A number of investigations have shown that there is
a minor component associated with a-lactalbumin which
moves faster than the main component on electrophoresis
at a range of pH values (WETLAUFER!, by paper
electrophoresis, pH 7.5; ASCHAFFENBURG and DREWRY 11,
by paper electrophoresis, pH 8.6; Gorbon et al.2, by
paper electrophoresis, pH not stated; KRoNMAN and
ViTors!2, by starch gel electrophoresis, pH 8.55). This is
probably the same minor component which we have
identified in fractions D and E obtained by ion-exchange
chromatography.

On the other hand, the component in fraction B, which
was eluted prior to the main a-lactalbumin peak on ion-
exchange chromatography (pH 7.8) moved more slowly
than the main component on gel electrophoresis (pH
8.1). Recently, BARMAN! has isolated an a-lactalbumin
component which showed similar characteristics on ion-
exchange chromatography (pH 8.5) and on gel electro-
phoresis (pH 8.6). This behaviour under approximately
similar conditions differs from the minor components
isolated by GORDON et al.? and so it is unlikely to be the
same as that isolated by the other workers. In fact,
there was a faster-moving component on the gel electro-
phoresis of BARMAN’s a-lactalbumin preparation. This
was not eluted from the ion-exchange column possibly
because the concentration of the buffer was too low (i.e.
100 mM tris). In our experiments the concentration of
the buffer was approximately 250 mM tris when the
minor component in fraction D was eluted. This evidence
suggests that the minor component which we isolated

10 D.B.WETLAUFER, C. R. Trav. Lab. Carlsberg 32 (1961) 125.

11 R, ASCHAFFENBURG and J. DREWRY, Biochem. J. 65 (1957) 273.
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KronmAN and R. E. ANDREOTTI, Biochemistry 3 (1964) 1145.

in fraction B is probably the same as that studied by
BARMAN? and that the faster-moving component, which
he observed on gel electrophoresis is the same as that
isolated by us in fractions D and E.

The results for the concentrations of carbohydrates
present in fraction B are similar to those of BArRmAN?!
with the exception that fucose was not identified. The
concentration of carbohydrates in this fraction, however,
are markedly higher than those obtained from the minor
component eluted in fractions D and E. This minor com-
ponent has relatively higher concentrations of 2-acetami-
do-2-deoxy-n-galactose, 2-acetamido-2-deoxy-D-glucose
and D-galactose, which isin agreement with GorpoNet al.2,
who reported the presence of 1% hexosamine on a minor
component of a-lactalbumin. The minor component
isolated by BARMAN, however, contained approximately
5% hexosamine, which is further evidence for the
difference between the minor components of BARMAN!
and of GORDON et al.?

In conclusion, we believe that there may be at least 2
minor components accompanying a-lactalbumin which
contain carbohydrates, but which differ in their carbo-
hydrate composition.
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Les valeurs numériques des G proviennent d’une publi-
cation antérieure?, celles des I sont tirées de la compila-
tion de CORNU et MassoT®. Les éléments de S; ne sont
pas tous connus. Les plus importants ont été déterminés
par ABRAMSON et FUTRELL® et figurent dans le tableau
suivant ou ils sont indiqués en A 2 pour des ions de 0,3V :

i=4 5 6 7 8 J
0 0 0 0\ 5
§ 60 9 0 0] 6
3 — 1\ ... 0 39 0 0] 1
0 26 37 0/ 8
donc:
j
0 0 0 0\ 5
‘S'r . 1 0,12 0 0} 6
3= 0 0,53 0 0] 1
0 0,35 1 0/ 8
-0 -
0
0
oY n.d.
Syt Iy = | na.
0,53
0,13 n.d. signifie
0,18 «non déterminé »

On constate que malgré la grossiéreté du modele,
~7 ~r~r . .
Paccord entre la valeur G, et S,I, est satisfaisant en
3 3's
premiére approximation. Pour n = 4 on a de méme,

0o - 0 | - 0 0o -
0 0 0 0
0 0 0 0
0 0 0 0
. 0 ~r 0 ~ 0| = 0
Ca=1 Ga—1o I, = o Ia=1o
0 0 340 0,25
0,45 0,52 1000 0,75
0,10 0,11 0 0
0,32_] | 0,37 0 [ 0|

Seuls les éléments de matrice pour lesquels i et j sont > 7
sont connus, mais ils suffisent pour le cas présent.

& A.Cornu et R.Massor, Compilation of Mass Spectral Data, Héyden
& Sons, London 1966.
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i=1 8 9 10
- 1 0 0 0\ 8
’
S;= 1o 0,14 0 0) 9
0 0,85 n.d 0/ 10
D’oui:

0\ 6

~ ~ _ 0 7

Sq 1 0,25 | 8

0,10 / 9

0,64/ 10

L’écart entre E; et :§;FI~; provient du fait que le calcul de
§;‘T; ne distingue pas entre les deux ions 1-C,Hy et
2-C,H; dont les abondances et les constantes de vitesse
sont trés différentes. En effet, globalement pour I'en-
semble des réactions (1) a (4), les ions 1-C,HJ sont 62
fois plus réactifs® que les ions 2-C,H;. Si I'on admet
avec ABRAMSON et FUTRELL® qu’en radiolyse et en
spéctrométrie de masse, 80 % des ions C,Hy sont sous
forme 2-C,Hy, et que la moitié de ces ions se neutrali-
sent purement et simplement?, on obtient alors
J

—r o~ 1-0,25 4 0,5 +0,8-0,75\ = [0,55) 8
4’ I4 ={0,2-0,14-0,75 4 0,14-0,8-0,375 ) = \ 0,06 | 9
0,2-0,85-0,75 + 0,85-0,8-0,375/ = \0,38/ 10

ce qui est en bon accord avec les valeurs expérimentales
de G,. Dans le cas des réactions a n =5, le rendement
radiolytique des produits en C; est trop faible pour pou-
voir faire I’objet d’un calcul précis. De toute maniére,
le seul pic intense du spectre de masse est C;H{, et il lui
correspond en radiolyse un seul produit en C;, le n-pen-
tane qui peut se former selon (2) a partir de ce dernier
ion.

Il semble en résumé que, malgré son caractére peu
élaboré, le modéle semi-empirique présenté ci-dessus
permette de relier, au moins en premiére approximation,
les résultats de radiolyse de ceux de spectrométrie de
masse.
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Absolute Konfiguration von Xanthophyll (Lutein)*

Summary

The chirality of xanthophyll (lutein) has been shown by
chemical degradation and application of chiroptical methods
to be 3R, 3’R, 6'R.

Alle a-Carotinderivate, deren absolute Konfiguration
bis heute bestimmt werden konnte, nimlich §-Carotinl,
a-Carotin2, Semi-a-carotinon3, ¢-Carotinl-2, Zeinoxan-

* Eingegangen am 13. Mai 1971.
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thin (= a-Cryptoxanthin)4und Crocoxanthin?® weisen im
a-Ring (C-6 bzw. C-6') identische Konfiguration (R) auf.

Das wichtigste hydroxylierte a-Garotin in héheren
Pflanzen ist Xanthophyll (= Lutein) (I). Wir haben die
Konfiguration seiner drei chiralen Zentren wie folgt
festlegen kénnen:

a) Zentrum C-6'5: Oxydation von Xanthophyll mit
NiO, und nachfolgende Destillation und Chromatogra-
4 L.BArTLETT, W.KLYNE, W.P.Mosg, P.M.ScopEs, G.GALASEO,

A.K.Marrams, B.C.L.Weepon, J.SzaBorcs und G.Toérm, J.

Chem. Soc. (C) 1969, 2527.
5 C.H.EUGSTER, Angew. Chem. 1970, 259.












196

Figure 1 shows that three bands are observed in the
»C=N region (1570 to 1630 cm™1) of N-p-tolylsalicylaldi-
mine (II; R = 4-CHj;) but the central band at 1605 cm™!
is insensitive to both °N-substitution and to substitu-
tion in the N-aryl ring. These observations and its po-
sition suggest its assignment to the aromatic ring
strétching frequency normally fount near 1600 cm™1. The
two outer bands are sensitive to both 15N and N-aryl
substitution and are accordingly assigned to coupled
»C=N. Only the higher frequency band has been?
empirically assigned to this vibration but the present
work establishes, firstly, that both bands are extensively
coupled (the observed !°N-induced shifts are —5 and
—8 cm™! compared with —40 cm™! expected® for un-
coupled »C=N) and, secondly, that the lower frequency
band probably has the greater vibrational purity.

Conjugation of the N-phenyl group with the hetero-
cyclic ring in the N-aryl bases (II) is expected to lead to
more extensive vibrational coupling than exists in the
N-alkyl compounds (I). Accordingly, !N-labelling of
the N-methyl compound (III) has been found? to induce
a shift of —18 cm™! in the higher frequency band and
negligible shift in the lower frequency band. Further-
more, since proton chemical shifts are generally propor-
tional to the p-electron densities on the atoms to which
they are bound, we would expect increased shielding of
the methine proton to accompany any substituent-
induced increase in ¥C=N. The extent to which the
expected correlation is observed will clearly depend on
the vibrational purity of ¥ C=N. Thus, if the less-coupled
vC=N band from the spectra of the N-alkyl and N-aryl
compounds is compared with the methine proton shield-
ing, a better correlation is expected for the N-alkyl than
the N-aryl compounds. This is observed (Fig.2).

No assignments have previously been proposed for
»C—N in compounds of the type discussed here (we
distinguish the C=N of the heterocyclic ring from the
exocyclic C=N bond by using double and single bonds,
respectively). A band at 1370 cm™! in the hexachloro-
butadiene mull spectrum of (II; R = 4-CH,) is shifted
—7 cm~1 by 15N-substitution and is reasonably assigned
to yC—N. An additional band at 1464 cm™1, similarly
shifted, may have similar origin but the latter frequency
seems rather high for yC—N. The band at 1286 cm™! in
(II; R = 4-CH,) has been empirically assigned? to the
phenolic ¥C—O. As its frequency is unchanged by °N-
labelling but increased by metal ion complexation? this
assignment is probably correct. yO—H, near 2700 cm™1,
is broadened by hydrogen bonding to an extent which
precludes precise evaluation of its frequency, nor is its
definition significantly improved in dilute solution
spectra.

The p.m.r. spectra of salicylaldimines and related
compounds have previously been chiefly employed to
examine tautomeric equilibria. While aliphatic 8-keto-

2 J.E.Kovacic, Spectrochim. Acta 234 (1967) 183.
3 G.KARABATSO0S, J. Org. Chem. 25 (1960) 315.
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amines exist predominantly in the keto-amine form4, it
has been established® that the compound (II; R = H)
exists solely in the phenol-imine form (IVa) with no
p.m.r. evidence for the keto-amine form (IVb) at room
temperature in chloroform. A similar conclusion is
reached for all the compounds studied here. Except for
very small splitting of the methine and methyl proton
signals (J ~ 1 cps) in the spectrum of (I; R = CHj,),
none of the signals arising from the protons on the
carbon atoms adjacent to the heterocyclic nitrogen
exhibits any doublet character.

The electronic effects of the substituents R may be
transmitted to affect the intramolecular hydrogen bond-
ing either via the conjugation of the heterocyclic ring or,
more directly, by modifying the capacity of the nitrogen
atom for entering into hydrogen bonding. Since some
bond fixation is implied by predominance of the tauto-
mer (IVa), the latter route would appear more likely.
The fact that neither the methine proton shielding nor
»C=N exhibits any regular correlation with the HAMMETT
(o) or TAFT (0 *) substituent parameters while the hydro-
xyl proton shielding does exhibit reasonable correlations
with ¢ and ¢* (Fig.3) is in support of the more direct
route. Electron withdrawing substituents will decrease
the electron density on the nitrogen atom. The conse-
quent reduction in the N—H bonding will increase the
O—H bond strength and hence increase the shielding
of the hydroxyl proton. This is observed. Certainly, the
substituent effect is more consistent with (IVa) than
(IVb) as the predominant species. If the tautomeric
equilibrium favoured (IVb), electron releasing substi-
tuents would increase the shielding of the proton now
primarily resident on the nitrogen atom. This does not
occur.

Experimental

Infrared spectra were determined on a Beckman IR-12
spectrophotometer on nujol mulls (N-aryl salicylaldimines and
N-benzyl salicylaldimine) or liquid films (N-alkyl salicylaldi-
mines) between caesium bromide plates. The region masked
by nujol absorption was determined on hexachlorobutadiene
mulls. The p.m.r. spectra were determined on a Varian A-60
spectrometer in deuterochloroform at 17 to 23°C (internal
standard: tetramethylsilane). Purity of all compounds was
established by microanalysis.
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