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In this study on milk saccharides of the raccoon (Procyonidae: Carnivora),
free lactose was found to be a minor constituent among a variety of neutral
and acidic oligosaccharides, which predominated over lactose. The milk
oligosaccharides were isolated from the carbohydrate fractions of each of four
samples of raccoon milk and their chemical structures determined by
1H-NMR and MALDI-TOF mass spectroscopies. The structures of the four
neutral milk oligosaccharides were Fuc(al-2)Gal(B1-4)Glc (2’-fucosyllactose),
Fuc(al-2)Gal(B1-4)GlcNAc(B1-3)Gal(B81-4)Gle  (lacto-N-fucopentaose IV ),
Fuc(a1-2)Gal(B1-4)GlcNAc(81-3)Gal(B1-4)GlcNAc(B1-3)Gal(B1-4)Glc  (fucosyl
para lacto- N-neohexaose) and
Fuc(a1-2)Gal(B1-4)GlcNAc(B1-3)[Fuc(al-2)Gal(B1-4)GlcNAc(B1-6)]Gal(B1-4)G
lc (difucosyl lacto-N-neohexaose). No type I oligosaccharides, which
contain Gal(B1-3)GlcNAc units, were detected, but type 2 saccharides, which
contain Gal(B1-4)GIcNAc units were present. The monosaccharide
compositions of two of the acidic oligosaccharides  were
[NeubAcl:[Hexls[HexNAcls[deoxy Hexlz, while those of another two were
[Neu5Acli[Hex]ls[HexNAlsldeoxy Hexls, These acidic oligosaccharides
contained a(2-3) or a(2-6) linked NeubAc, non reducing a(1-2) linked Fuc,
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poly N-acetyllactosamine (Gal(B1-4)GlcNAc) and reducing lactose.

Keywords: raccoon milk oligosaccharides, milk oligosaccharides, raccoon

milk, Procyon lotor, Carnivora

Introduction

Eutherian milk or colostrum usually contains lactose (Gal(B1-4)Glc) as the
predominant carbohydrate as well as lower amounts of a variety of
oligosaccharides, most of which contain a lactose unit at their reducing ends
[1-3]. In the milk of monotremes and marsupials, however, milk
oligosaccharides predominate over lactose [4-8]. It is believed that in
suckling human infants, the milk lactose is utilized as a significant energy
source, whereas most of the milk oligosaccharides are resistant to digestion
and absorption within the small intestine and reach the colon. There is
evidence suggesting that human milk oligosaccharides can act as receptor
analog that inhibit the attachment of pathogenic microorganisms to the
colonic mucosa, as prebiotics, and as immune modulators as well as
stimulators of nerve development [4-6].

Among eutherians, the milks of many species of the order Carnivora
are exceptional in that they contain substantial amounts of oligosaccharides
in addition to lactose; in some taxa, such as bears, the concentration of
oligosaccharides greatly exceeds that of lactose [7]. The significant feature of
milk  oligosaccharides in Carnivora is the presence of A
(GalNAc(al-3)[Fuc(al-2)]Gal), B (Gal(al-3)[Fuc(al-2)]Gal) or H
(Fuc(al-2)Gal) antigens and/or a-Gal epitope (Gal(al-3)Gal(B1-4)Glc(NAc))
at the non reducing end, depending on the species [7]. Oligosaccharides
containing Lewis x (Gal(81-4)[Fuc(a1-3)]GlcNAc) have been found only in the
milks of bears [7]. Among species of Carnivora, oligosaccharides predominate
over lactose in the milks of bears [9-14], seals [15-18], whitenosed coati [19],
striped skunk [20] and mink [21], while lactose predominates over
oligosaccharides in the milks of dogs [22, 23], spotted hyena [24], lion [25]
and clouded leopard [25]. Based on these observations, we hypothesized that
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the milks of Arctoidea, excepting domestic dog, contain more
oligosaccharides than lactose [7], while the milks of Felidae contain more
lactose than oligosaccharides [7]. However, the physiological basis of this
status has not been clarified.

In this study, the chemical structures of neutral and acidic
oligosaccharides were characterized in milk of the raccoon (Procyon Iotor), in
which milk oligosaccharides were found to predominate over lactose, as in

other species of Arctoidea.

Materials and Methods

Materials

Lactating female raccoons were captured in the area near Obihiro city, as
part of a study on local feral animals. The study was done in accordance with
the rules of the animal ethics committee of Obihiro University of Agriculture
and Veterinary Medicine. The raccoons were killed during an eradication
program implemented by the municipality and samples of their milk were
collected within the day after death by massage of their mammary glands.
The information of the milk samples was as follows. Sample (1) 1 ml, was
collected on 9/6/2014 from an animal with six placental scars whose body
weight and length were 6.03 kg and 58 cm, respectively. The estimated age of
the animal was greater than two years. Sample (2), 1 ml, was collected on
6/6/2014 from an animal with six placental scars whose body weight and
length were 5.65 kg and 60 cm, respectively. The age of this animal was
estimated to be greater than two years. Sample (3) was a combined sample
collected from three animals. The first of these samples (0.5 mL) was
collected on 6/5/2015 from an animal with five placental scars whose body
welght and length were 5.76 kg and 54.5 cm, respectively, and whose age was
estimated at one year. The second (1.1 mL) was collected on 15/5/2014 from
an animal with three placental scars whose body weight and length were 4.8
kg and 56 cm, respectively, and whose age was estimated at one year. The
third milk (1.7 mL) was collected on 31/5/2014 from an animal with five
placental scars whose body weight and length were 5.24 kg and 57 cm,
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respectively, and whose age was estimated to be greater than two years.
Sample (4) (1.5 ml) was collected on 29/5/2015 from an animal with three
placental scars whose body weight and length were 5.45 kg and 52.5 cm,
respectively, and whose estimated age was one year.

Fuc(al-2)Gal(B1-4)Glec was purchased from Sigma (St. Louis, MO,
USA). Lacto-N-neotetraose and lacto-N-neohexaose were purchased from
Seikagaku Co. (Tokyo, Japan). Fuc(1-2)Gal(81-4)GlcNAc(81-3)Gal(B1-4)Glc

(lacto- M-fucopentaose IV) was separated from mink milk [21].

Isolation of milk oligosaccharides and lactose from raccoon milk

Each of the raccoon milk samples was extracted with four volumes of
chloroform/methanol (2:1, v/v). The emulsion was centrifuged at 4°C and
4,000 xg for 30 min, and the lower chloroform layer and the denatured
proteins were discarded. Methanol was removed from the upper layer by
rotary evaporation, and the residue was dissolved in 5 ml water and
freeze-dried. The resulting white powder represented the carbohydrate
fraction.

The carbohydrate fraction of each raccoon milk sample was dissolved in
2 mL of water and the solution passed through a BioGel P-2 (<45 pm, Bio
Rad Laboratories, Hercules, CA, USA) column (2.5 x 100 cm) that had been
calibrated with 2 mg each of galactose (monosaccharide), lactose
(disaccharide) and raffinose (trisaccharide). The elution solvent was distilled
water at a flow rate of 15 mL/h, and fractions of 5 mL were collected.
Aliquots (0.5 mL) of each fraction were analysed for hexose by the
phenol-sulfuric acid method at 490 nm [26] and for sialic acid by the
periodate-resorcinol method at 630 nm [27]. Figure 1 showed the elution
profile during the gel filtration of the carbohydrate fraction extracted from
milk sample (4); the gel filtration profiles of the carbohydrates from milk
samples (1) to (3) were very similar to each other and to the profile observed
with sample (4). The saccharides in each fraction separated from the milk
samples (1) to (4) by gel filtration were all examined by thin-layer
chromatography (TLC) using acetone: 2-propanol: 0.1 mol/L lactic acid (2:2:1,
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v/v) as a developing solvent. The components were detected by spraying the
thin-layer plate with a solution of 5% H2SO4 in ethanol which was then
heated on a burner. As the TLC patters of the fractions separated from milk
samples (1) to (4) were very similar to each other, the neutral saccharides in
the peaks designated RM-3, RM-4 and RM-5 (Fig. 1) were obtained from
milk sample (4) only. They were characterized by proton nuclear magnetic
resonance ({H-NMR) spectroscopy.

The components in the second eluted peaks (Fig. 1) from the
carbohydrates from all milk samples (1) ~ (4) were pooled (designated as
RM-2) and separated by high performance liquid chromatography (HPLC)
(chromatogram in Fig. 2b). The Hitachi 7000 series HPLC system (Tokyo)
consisted of an autosampler L-7200, a column oven L-7300, a pump L-7100,
and an evaporation light scattering detector SEDEX-75 with a system
controller D-7100. The HPLC stationary phase was a 7 pum Hypercarb
column (100 X 4.6 mm i.d.; Thermo Fisher Scientific, Waltham), and the
mobile phase was acetonitrile in distilled water run at 40°C. The LC gradient
was delivered at 1.0 mL/min and consisted of an initial linear increase from 5
to 30% (vol/vol) acetonitrile over 80 min. The oligosaccharides in the
separated fractions (RM-2-1 to RM-2-4, see Figure 2b) were pooled,
lyophilized and characterized by 'H-NMR spectroscopy and MALDI-TOF
mass spectrometry.

The components in the first eluted peaks (see Fig. 1) from the
carbohydrates from all samples were pooled (designated as RM-1). The
components in RM-1 of the gel chromatogram that reacted positively with
both periodate-resorcinol (630 nm) and phenol-H2SOs (490 nm) were
dissolved in 2 mL of 50 mmol/LL Tris hydroxyaminomethane-HCl buffer
solution (pH 8.7) and subjected to anion exchange chromatography on a
DEAE-Sephadex A-50 column (1.5 x 35 cm; GE Healthcare, Uppsala,
Sweden) that was equilibrated and eluted with the same solution. Elution
was done at a flow rate of 15 mL/h and fractions were analyzed for hexose
using the phenol-H2SO4 method [26]. Fig. 3 shows that the ion exchange
chromatography had separated the RM-1 fraction into two peaks, designated
as RM-1-1 and RM-1-2. The components in RM-1-1 and RM-1-2 were
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separately pooled, concentrated to 2 mL, and passed though a column (2.0 x
35 cm) of BioGel P-2 to remove salts, as described above. The neutral
oligosaccharides in RM-1-1 (see Fig. 3) were subjected to HPLC under
conditions similar to those described above, which separated into two peaks
designated as RM-1-1-1 and RM-1-1-2 (see Fig. 2a); their components were
each pooled, lyophilized and characterized by 'H-NMR and MALDI-TOF
mass spectrometry.

The components in RM-1-2 (Fig. 3) were pooled and subjected to HPLC
using a Shimadzu LC-10 ATVP pump on a TSK gel Amide-80 column (4.6 x
250 mm, pore size 80 A, particle size 5 pm; Tosoh, Tokyo, Japan
(chromatogram in Figure 3). The mobile phase was 50% and 80% (vol/vol)
acetonitrile in 15 mmol/L potassium phosphate buffer (pH 5.2). Elution was
done using a linear gradient of acetonitrile from 80 to 50% at 60°C at a flow
rate of 1 mL/min for 80 min. The eluates were monitored by measuring the
absorbance at 195 nm. The components in the peaks designated as RM-1-2-1
to RM-1-2-12 (Fig. 4) were each pooled, concentrated and lyophilized, and
characterized by IH-NMR spectrometry and MALDI-TOF mass

spectrometry.

IH-NMR spectroscopy

Nuclear magnetic resonance spectra were recorded in D20 (99.96 atom D%;
Sigma-Aldrich, Milwaukee, WI) at 500 or 600 MHz for 'H-NMR with a JEOL
ECP-500 Fourier transform-NMR (Jeol, Tokyo, Japan) or a Varian INOVA
600 specrometer (Varian Inc, Palo Alto, CA) operated at 293.1 K. Chemical
shifts are expressed as change relative to internal 3-(trimethyl)-1-propane
sulfuric acid, sodium salt, but measured by reference to internal acetone (§ =
2.225).

Mass spectrometry

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
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(MALDI-TOF MS) was performed using Autoflex I TOF/TOF mass
spectrometer (Brucker Daltonics, Bremen, Germany). Lyophilized
oligosaccharide fractions were dissolved in 5 pL of milli-Q water. The
oligosaccharide solution was mixed with an equal volume of 10 mg/mL.
SDHB (Brucker Daltonics), which is a mixture of 2,5-dihydrobenzoic acid
and 2-hydroxy-5-methoxybenzoic acid, saturated in milli-Q water, spotted on
a MTP 384 target plate ground steel TF (Bruker Daltnics), and dried. Mass
spectra were obtained using a pre-installed method, RP__0-2 kDa (a reflector
positive ion mode focusing on the mass range up to 2 kDa). Peptide
calibration standard II (Bruker Daltonics) was used for external calibration

of the mass spectrometer.

Results

Characterization of neutral saccharides of raccoon milk

The carbohydrate fraction from raccoon milk separated into several peaks,
designated RM-1 to RM-5, during gel filtration on BioGel P-2 (Fig. 1). Since
the components in RM-2 to RM-5 reacted negatively with periodate —
resorcinol they were considered to be neutral oligosaccharides. The
saccharides in RM-3 to RM-5 were characterized by H-NMR. The
oligosaccharides in the combined fractions of RM-2, obtained from all milk
samples, were further purified by HPLC with a graphite carbon column (see
Fig. 2b). The oligosaccharides in RM-2-1 to RM-2-4 were characterized by
IH-NMR and MALDI TOFMS spectroscopies.

The oligosaccharides in the combined fractions of RM-1, obtained from
all milk samples, were separated into two unadsorbed peaks (RM-1-1 and
RM-1-2) during ion exchange chromatography, as shown in Fig. 3. The
components in the first peak designated as RM-1-1 were further purified by
HPLC with a graphite carbon column (see Fig. 2a).

RM-5



O©CoO~NOOTA~AWNE

The TH-NMR spectrum (chemical shifts in Table 1) of the saccharide in RM-5
was identical with that of Gal(B1-4)Glc, i.e. lactose.

RM-4

The 1TH-NMR spectrum (chemical shifts in Table 1) of the saccharide in RM-4
was identical with that of Fuc(a1-2)Gal(81-4)Glc (2’-fucosyllactose, 2’-FL)

RM-3

The 'H-NMR spectrum (chemical shifts in Table 1) of fraction RM-3 had the
anomeric shifts of a(1-2) linked Fuc, a-Gle, B(1-3) linked GlcNAc, B-Gle, and
two B(1-4) linked Gal at § 5.308, 5.219, 4.697, 4.663, 4.550 and 4.441,
respectively. The spectrum had the characteristic H-5 and H-6 shifts of a(1-2)
linked Fuc residue, at § 4.219 and 1.227, respectively, and H-4 shift of B(1-4)
linked Gal, which was substituted by a(1-3) linked GlcNAc, at § 4.147. The
spectrum had the NAc shift of B(1-3) linked GlcNAc at § 2.038. From these
observations, the oligosaccharide in RM-3 was characterized to be
Fuc(al-2)Gal(B1-4)GlcNAc(81-3)Gal(B1-4)Glc (Iacto-N-fucopentaose IV). This
NMR pattern was essentially similar to the published data [21] for

lacto- N-fucopentaose 1V.

RM-2-1

The MALDI-TOF MS of the oligosaccharide in RM-2-1 had the MS ion at
1241 of [M+Nal, indicating a monosaccharide composition of
[Hex]4[HexNAcls[deoxy Hex]:.

The 'H-NMR spectrum (chemical shifts in Table 1) of the fraction
RM-2-1 had the anomeric shifts of a(1-2) linked Fuc, a-Gle, 8(1-3) linked
GlcNAc and B-Gle, at 6 5.310, 5.218, 4.696 and 4.663, respectively. The
spectrum had the H-1 shifts of 8(1-4) linked Gal at § 4.549, 4.469, 4.435 and
4.431. It could be assigned that the shift at & 4.549 arose from H-1 of
B(1-4)Gal, which was substituted by a(1-2) linked Fuc. From the shift
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intensity, it was speculated that the shifts at § 4.435 and 4.431 were resolved
into two shifts due to the effect of a and B anomers at the reducing end. The
spectrum had the characteristic chemical shifts of H-5 and H-6 of a(1-2)
linked Fuc at 6 4.220 and 1.227, respectively, and two H-4 shifts at § 4.154
and 4.145 of B(1-4) linked Gal, which were substituted by B(1-3) linked
GlcNAc residues. The spectrum had two NAc shifts of B(1-3) linked GlcNAc
at 6 2.037 and 2.030. It was concluded from the shift intensity that the shift
at § 4.696 arosed from two resonances of H-1 of B(1-3) linked GlcNAc
residues. From these observations, the oligosaccharide in RM-2-1 was
characterized to be
Fuc(a1-2)Gal(B1-4)GlcNAc(81-3)Gal(B1-3)GlcNAc(B1-3)Gal(B1-4)Glc  (fucosyl

paralacto- N-neohexaose).

RM-2-2

The MALDI-TOF MS of the oligosaccharide in RM-2-2 had the MS ion at
1364 of [M+Nal, indicating a monosaccharide composition of
[Hex]4[HexNAc]s[deoxy Hex]s.

The 'H-NMR spectrum (chemical shifts in Table 1) of the fraction
RM-2-2 had the anomeric shifts of a(1-2) linked Fuc, a-Gle, B8(1-3) linked
GlcNAc, B-Gle, B(1-6) linked GlcNAc and three of B(1-4) linked Gal at § 5.309,
5.217, 4.697, 4.663, 4.595, 4.549, 4.539 and 4.431, respectively. The H-1
shifts at § 4.549 and 4.539 arose from H-1 of B(1-4) linked Gal, which were
substituted by a(1-2) linked Fuc. The spectrum had the characteristic H-5
and H-6 shifts of a(1-2) linked Fuc at § 4.222 and 1.229, respectively. The
spectrum had the NAc shifts of B(1-3) and B(1-6) linked GlcNAc at § 2.037
and 2.064, respectively, and H-4 shift of 8(1-4) linked Gal, which was
substituted by B(1-3) linked GlcNAc, at § 4.138. From the signal intensities,
the shifts at 6 5.309 and 4.222 corresponded to two protons of H-1 and H-5 of
a(1-2) linked Fuc, and the shift at § 1.229 corresponded to six protons of H-6
of a(1-2) linked Fuc. From these observations, the oligosaccharide in RM-2-2
was characterized to be
Fuc(a1-2)Gal(B1-4)GlcNAc(B1-3)[Fuc(al-2)Gal(B1-4)GleNAc(B1-6)]Gal(1-4)Gl
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c (difucosyl lacto- N-neohexaose).

RM-2-3 and RM-2-4

The TH-NMR spectrum of fraction RM-2-3 had the anomeric shifts of a(1-2)
linked Fuc, a-Gle, B(1-3) linked GlcNAc, B-Glc and B(1-6) linked GlcNAc at §
5.310, 5.217, 4.693, 4.665 and 4.595, respectively. The spectrum had the H-1
shifts of B(1-4) linked Gal, which were substituted by a(1-2) linked Fuc at §
4.563 and 4.534, and H-1 of other B(1-4) linked Gal at § 4.465 and 4.427. The
spectrum had H-5 and H-6 shifts of a(1-2) linked Fuc at § 4.221 and 1.228,
respectively, H-4 of B(1-4) linked Gal, which were substituted by B(1-3) linked
GlcNAc, at § 4.139, and NAc of B(1-3) and B(1-6) linked GlcNAc at § 2.037
and 2.066, respectively. However, the structure of the oligosaccharide in this
fraction could not be characterized in this study, because the signal intensity
of each anomer shift was not clearly estimated due to complexity of the

spectrum.

RM-2-4

As the TH-NMR spectrum of fraction RM-2-4 was similar to that of RM-2-3, it
was thought that these were resolved due to the a and B anomers of the same
saccharide during the HPLC.

RM-1-1-1

The 'H-NMR spectrum of fraction RM-1-1-1 had the anomeric shifts of a(1-2)
linked Fuc, a-Gle, B(1-3) linked Fuc, B-Glc and two B(1-6) linked GIlcNAc at §
5.308, 5.218, 4.696, 4.663, and 4.600 and 4.597, respectively. The spectrum
had the H-1 shifts of B8(1-4) linked Gal, which were substituted by a(1-2)
linked Fuc, at 6 4.564, 4.547 and 4.536, and H-1 shifts of other B(1-4) linked
Gal at § 4.460 and 4.428. The spectrum had H-5 and H-6 of a(1-2) linked Fuc
at § 4.217 and 1.228, respectively. The spectrum had the NAc shifts of B(1-3)
linked GlcNAc at § 2.041 and 2.030, and B(1-6) linked GlcNAc at 2.067, and
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H-4 shift of B(1-4) linked Gal, which were substituted by B(1-3) linked
GlcNAc, at 6 4.129. However, the structure of the oligosaccharide in this
fraction could not be characterized in this study, because the signal intensity
of each anomer shift was not clearly estimated due to complexity of the

spectrum.

RM-1-1-2

As the clear TH-NMR spectrum of the fraction RM-1-1-2 was not obtained,

the oligosaccharide in this fraction was not characterized in this study.

The characterized structures of RM-2-1, RM-2-2, RM-3, RM-4 and RM-5 are

shown in Fig. 5.

Characterization of acidic saccharides of raccoon milk

The components in the second peak obtained in the ion exchange
chromatography (see Fig. 3), designated as RM-1-2, were further separated
by HPLC with an Amide-80 column, as shown in Fig. 4. The separated
oligosaccharides of RM-1-2-3, RM-1-2-4, RM-1-2-9 and RM-1-2-10 were
characterized by 1H-NMR and MALDI TOF mass spectroscopies.

RM-1-2-3

The MALDI-TOF MS of the oligosaccharide in RM-1-2-3 had the MS ion at
2462 of [M+2K-H], indicating a monosaccharide composition of
[Neu5Ac]i[Hexls[HexNAcl4[deoxy Hexls.

The 'H-NMR spectrum (Fig. 6a, chemical shifts in Table 2) had the
characteristic H-3 axial and equatorial signals of a(2-3) linked Neu5Ac at §
1.799 and 2.755, respectively, and H-3 of B(1-4) linked Gal, which was
substituted by a(2-3) linked Gal, at § 4.126, showing the presence of
Neub5Ac(a2-3)Gal unit. The spectrum had the anomeric resonances of a(1-2)
linked Fuc, a-Gle, B(1-3) linked GlcNAc, B-Glc, two B(1-6) linked GlcNAc, and
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five B(1-4) linked Gal at § 5.309, 5.218, 4.693, 4.665, 4.627 and 4.594, and
4.562, 4.550, 4.521, 4.463 and 4.428, respectively. The H-1 resonances of
B(1-4) linked Gal at § 4.562, 4.550 and 4.521 arose from the B(1-4) linked Gal,
which were substituted by a(2-3) linked Neu5Ac or a(1-2) linked Fuc, while
those at § 4.463 and 4.428 arose from the B(1-4) linked Gal, which were
substituted by B(1-3) linked GlcNAc residues. The H-4 resonance at & 4.140
arose from the B(1-4) linked Gal, which was substituted by B(1-3) linked
GlcNAc at OH-3. The spectrum had the characteristic H-5 and H-6 of a(1-2)
linked Fuc at 6 4.220 and 1.228, respectively. It was speculated that the NAc
resonances at 6 2.067, 2.065, 2.057 and 2.053 arose from B(1-6) linked
GlcNAc, while those at § 2.036 and 2.030 arose from B(1-3) linked GlcNAc
and a(2-3) linked NeubAc, respectively. From these observations, the

possible structure of the oligosaccharide in fraction RM-1-2-3 is shown Fig. 7.

RM-1-2-4

The MALDI-TOF MS of the oligosaccharide in RM-1-2-4 had the MS ion at
2462 of [M+2K-H], indicating a monosaccharide composition of
[NeubAc]i[Hexls[HexNAcl4[deoxy Hex]s.

The 'H-NMR spectrum (Fig. 6b, chemical shifts in Table 2) had the H-3
axial and equatorial signals of a(2-6) linked NeubAc at § 1.723 and 2.666,
respectively. The spectrum had the H-1 resonances of a(1-2) linked Fuc,
a-Gle, two B(1-3) linked GlecNAc, B-Glc, B(1-6) linked GlcNAc and six B(1-4)
linked Gal at 6 5.309, 5.218, 4.719 and 4.696, 4.665, 4.596, and 4.565, 4.541,
4.535, 4.463, 4.453 and 4.429, respectively. The H-1 resonances of B(1-4)
linked Gal at § 4.565, 4.541 and 4.535 arose from the B(1-4) linked Gal, which
were substituted by a(1-2) linked Fuc, while those at § 4.463, 4.453 and 4.429
arose from the B(1-4) linked Gal, which were substituted by a(2-6) linked
NeubAc or B(1-3) linked GlcNAc. The H-4 resonance of 8(1-4) linked Gal at §
4.146 arose from the B(1-4) linked Gal, which was substituted by B(1-3)
linked GleNAc at OH-3. The spectrum had the H-5 of a(1-2) linked Fuc at §
4.221 and H-6 of that at 6 1.226 and 1.229. It was speculated that the NAc
resonances at § 2.069 and 2.066 arose from B(1-6) linked GlcNAc, those at §
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2.052 and 2.038 from B(1-3) linked GlcNAc and that at § 2.028 from a(2-6)
linked NeubAc. From these observations, the possible structure of the

oligosaccharide in fraction RM-1-2-4 is shown Fig. 7

RM-1-2-9

The MALDI-TOF MS of the oligosaccharide in RM-1-2-9 has the MS ion at
3338 of [M+2K-Hl, indicating a monosaccharide composition of
[NeubAc]i[Hex]s[HexNAcls[deoxy Hex]s.

The spectrum (chemical shifts in Table 3) had the H-3 axial and
equatorial resonances of a(2-3) linked NeubAc at § 1.800 and 2.755,
respectively. The spectrum had the H-1 resonances of a(1-2) linked Fuc,
a-Gle, B(1-3) linked GlcNAc, B-Gle, two B(1-6) linked GlcNAc, and five B(1-4)
linked Gal at § 5.310, 5.222, 4.694, 4.666, 4.636 and 4.596, and 4.563, 4.550,
4.536, 4.452 and 4.428, respectively. The H-1 resonances of B(1-4) linked Gal
at & 4.563, 4.550 and 4.536 arose from the B(1-4) linked Gal, which were
substituted by a(2-3) linked Neu5Ac or a(1-2) linked Fuc, while those at §
4.452 and 4.428 arose from the B(1-4) linked Gal, which were substituted by
B(1-3) linked GIlcNAc. The H-4 shift of B(1-4) linked Gal at § 4.137 arose from
the B8(1-4) linked Gal, which was substituted by 8(1-3) linked GlcNAc at OH-3.
The spectrum had the H-5 and H-6 resonances of a(1-2) linked Fuc at § 4.220
and 1.227, respectively. The NAc shifts at § 2.068, 2.037 and 2.030 were
assigned to those of B8(1-6) linked GlecNAc, B(1-3) linked GlcNAc and a(2-3)
linked NeubAc, respectively. From these observations, the possible structure

of the oligosaccharide in fraction RM-1-2-9 is shown in Fig. 7.

RM-1-2-10

The MALDI-TOF MS of the oligosaccharide in RM-1-2-10 has the MS ion at
3338 of [M+2K-H], indicating a monosaccharide composition of
[Neu5Ac]i[Hex]s[HexNAcls[deoxy Hexls.

The spectrum (chemical shifts in Table 3) had the H-3 axial and
equatorial resonances of a(2-6) linked NeubAc at § 1.722 and 2.667,
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respectively. The spectrum had the H-1 resonances of a(1-2) linked Fuc,
a-Gle, B(1-3) linked GlecNAc, B-Gle, two B(1-6) linked GlcNAc and five B(1-4)
linked Gal at & 5.310, 5.224, 4.694, 4.667, 4.637 and 4.596 and 4.563, 4.550,
4.535, 4.452 and 4.429, respectively. The H-1 resonances of B(1-4) linked Gal
at § 4.563, 4.550 and 4.535 arose from the B(1-4) linked Gal, which were
substituted by a(1-2) linked Fuc, while those at § 4.452 and 4.429 arose from
the B(1-4) linked Gal, which were substituted by a(2-6) linked Neub5Ac or
B(1-3) linked GlcNAc. The H-4 shift of B(1-4) linked Gal at § 4.136 arose from
the B(1-4) linked Gal, which was substituted by B(1-3) linked GlcNAc at OH-3.
The spectrum had the H-5 and H-6 of a(1-2) linked Fuc at § 4.220 and 1.226,
respectively. The NAc shift at § 2.068 was assigned to B(1-6) linked GlcNAc,
those at § 2.052 and 2.038 were to B(1-3) linked GlcNAc, and that at § 2.028
was to a(2-6) linked Neu5Ac. From these observations, the possible structure

of the oligosaccharide in fraction RM-1-2-10 is shown in Fig. 7.

As the clear 'H-NMR spectra were not obtained, RM-1-2-1, RM-1-2-2,
RM-1-2-5, RM-1-2-6, RM-1-2-7, RM-1-2-8, RM-1-2-11 and RM-1-2-12 were

not characterized in this study.

Discussion

This study found that lactose was no more than a minor saccharide in
raccoon milk, as in the milks of other species of Arctoidea including bears
[9-14], seals [15-18], mink [21], striped skunk [20] and whitenosed coati [19].
The predominant saccharides in raccoon milk were found to be larger
oligosaccharides, designated as RM-1 (Fig. 1); in addition to these
saccharides, neutral oligosaccharides, @ whose core units are
lacto- MN-neotetraose (Gal(B1-4)G1lcNAc(B1-3)Gal(B1-4)Glc,
lacto- N-neohexaose
(Gal(B1-4)GleNAc(B1-3)[Gal(B1-4)GlcNAc(B1-6)]Gal(B1-4)Glc) or para
lacto- V-neohexaose
(Gal(B1-4)GlcNAc(B1-3)Gal(B1-4)GlcNAc(B1-3)Gal(B1-4)Glc), were found in

raccoon milk.
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Previous studies had shown that the core units of milk oligosaccharides
of bears [9-11, 13], seals [15-17], mink [21] and striped skunk [20] are
lacto- M-neotetraose and lacto- N-neohexaose, as in those of raccoon milk. In
addition, it has been shown that the milks of bearded and hooded seals
contain  oligosaccharides  which have poly  MN-acetyllactosamine
(Gal(B1-4)GlcNAc) attached to lacto- N-neohexaose [18]. This is also similar
to that of raccoon, in which the acidic milk oligosaccharides such as RM-1-2-3,
RM-1-2-4, RM-1-2-9 and RM-1-2-10 contained such structures. It is
noteworthy that all oligosaccharide identified in milk of the Arctoidea
contain the type I (Gal(B1-4)GlcNAc) but not type 1 (Gal(B1-3)GlcNAc)
unit.

It is noteworthy that in Arctoidea, the non-reducing end units of their
milk oligosaccharides vary depending on the species. The milk
oligosaccharides of raccoon and hooded seal contain only H antigen
(Fuc(al-2)Gal) [15, 18], while those of whitenosed coati and mink contain H
antigen or a-Gal epitope (Gal(al-3)Gal(B1-4)Glc(NAc)) [19, 21]. In this study
the a-Gal epitope was not found in raccoon milk oligosaccharides, in contrast
to milk oligosaccharides of the whitenosed coati, which belongs to the same
family. In contrast to raccoon milk saccharides, those of other Arctoidea such
as the Japanese black bear contain B antigen (Gal(al-3)[Fuc(al-2)Gall or
a-Gal epitope [10, 13], while those of polar bear contain A antigen
(GalNAc(a1-3)[Fuc(a1-2)]Gal) in addition to B antigen or a-Gal epitope [11].
Furthermore striped skunk milk  contains  A-tetrasaccharide
(GalNAc(a1-3)[Fuc(al-2)]Gal(81-4)Gle  and  Galili  pentasaccharide
(Gal(a1-3)Gal(B1-4)GlcNAc(B1-3)Gal(B1-4)Glc [20] and it is noteworthy that
Lewis x (Gal(B1-4)[Fuc(al-2)IGIcNAc) is contained in the milk
oligosaccharides of bears [7]. These were not found in raccoon milk
oligosaccharides. However, raccoon milk oligosaccharides resemble those of
other Arctoidea acidic milk oligosaccharides in that the only sialic acid is
NeubAc.

It has been shown that in marsupials the milk carbohydrate
components undergo changes in their composition as a function of lactation

duration [28] On the other hand, there are only few data concerning changes
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in oligosaccharide composition in the milk of Arctoidae species during
lactation. The only such data, in which the profile of lactose and milk
oligosaccharides were compared in the same animal at different lactation
periods, were obtained in milk collected at 37, 61 and 91 days lactation from
a Japanese black bear, showing that any change is likely to be rather small
during these periods (see Fig. 1 of reference 10) [10]. In addition, the profile
of lactose and milk oligosaccharides was compared between two different
polar bears in milk collected at 4 and 27 months post partum, showing that
the change is small (see Fig. 1 of reference 11) [11]. From these observations,
one may assume that any changes in milk carbohydrate composition are
likely to be small in Aractoidae during lactation, compared with that of
marsupials.

As mentioned above, oligosaccharides predominate over lactose in milk
of the raccoon. It has been hypothesized that predominance of milk
oligosaccharides over lactose is related to a low expression of a-lactalbumin
within lactating mammary glands [4, 6]. It is well known that lactose is
biosynthesized by co-action of B4galactosyyltransferase 1 with a-lactalbumin
in the Golgi apparatus within the epithelial cells of the lactating glands, and
that the milk oligosaccharides are synthesized by the action of several
glycolsyltransferases acting on lactose as a substrate [4, 6]. If the
biosynthesis of lactose is slow as a result of low expression of a-lactalbumin,
lactose could not accumulate because most of it would be utilized for the
formation of milk oligosaccharides.

The ratio of milk oligosaccharides to lactose was estimated to be 32:1 in
raccoon milk, based on the profile of gel filtration of the carbohydrate
extracts (See Fig. 1). It can be assumed that the ratio may vary between
several lactation periods. On the other hand, we estimated the ratio of milk
oligosaccharides in milk of several Carnivora species from our previous
publication to be as follows; 7:1 in milk of striped skunk at 20~48 days post
partum [20], 52:1 in milk of Japanese black bear milk at 37 days post partum
[10], 5:1 in milk of mink at 15 days post partum [21], 2:1 in milk of
white-nosed coati at 17 days post partum [19], 13:1 in milk of polar bear at
27 months post partum [11], 10:1 in milk of giant panda at 13 days post
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partum [14], 4:1 in milk of milk of high arctic harbor seal [16], 1:6 in milk of
house dog at 13 days post partum [22], 1:1 in colostrum of spotted hyena at 2
days post partum [24], 1:2 in milk of African lion at 127 days post partum
[25], 1:1 in colostrum of clouded leopard at 1 day post partum [25]. Based on
these estimations, we suggest that the predominance of milk
oligosaccharides over lactose 1s common to milk of Arctoidae species even at
different stages of lactation, while lactose is a dominant saccharide in milk of
the house dog and of Felidae species.

As mentioned, milk oligosaccharides predominate over lactose in the
milk of bears and seals. In these species the neonates depend mainly on milk
lipids as an energy source for their development, and milk carbohydrates are
not significant in this regard. In bears the neonate’s dependence on milk fat
but not carbohydrate is related to the fact that the mothers usually feed their
neonates while hibernating, thus having to produce milk without any access
to food. This milk, by necessity, is very energy dense, containing a high
concentration of fat. Similarly, seal mothers suckle their neonates only while
on land, where they cannot feed, and their milk is very high in fat. However,
the question of why milk oligosaccharides predominate over lactose in the
milk of other species such as raccoon, mink, skunk and whitenosed coati, and
why this phenomenon appears to be restricted to Arctoidea, is still difficult to
answer. In these species the milk oligosaccharides may perform the same

functions, i.e. act as receptor analogs and as prebiotics etc, as in humans.
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Figure legends

Fig. 1. Gel chromatogram of the carbohydrate fraction from raccoon milk on
a BioGel P-2 (2.5 x 100 cm). Elution was done with distilled water at a flow
rate of 15 mL/h and fractions of 5.0 mL were collected. Each fraction was
monitored for hexose by the phenol-H2S04 method (solid line) and for sialic
acid by the periodate-resorcinol (dotted line).

Fig. 2. High performance liquid chromatography of the neutral
oligosaccharides fractions (a) RM-1-1 separated from raccoon milk by gel
filtration (see Fig. 1) and ion exchange chromatography (see Fig.3) and (b)
RM-2 separated by gel filtration (see Fig. 1). The Hitachi 7,000 series HPLC
system (Tokyo) consisted of autosampler L-7,200, a column oven L-7,300, a
pump L-7,100, and an evaporation light scattering detector SEDEX-75 with
a system controller D-7,100. The stationary phase was a 7 pm Hypercarb
column (100 X 4.6 mm i.d.: Thermo Fisher Scientific), while the mobile phase
was acetonitrile in distilled water run at 40°C. The LC gradient was
delivered at 1.0 mL/min and consisted of an initial linear increase from 5 to

30 % acetonitrile over 80 min.

Fig. 3. Anion exchange chromatography of RM-1 (Fig. 1) separated from
raccoon milk carbohydrate by chromatography on BioGel P-2. A
DEAE-Sephadex A-50 column (2.0 X 35 cm) equilibrated with 50 mmol/L Tris
hydroxyaminomethane-HCI buffer (pH 8.7) was used. Elution was done with
250 mL of the buffer. The flow rate was 15 mL/h and fractions of 5 mL were
collected. They were monitored by the phenol-H2SO4 method.

Fig. 4. High performance liquid chromatography of fraction RM-1-2 (see
Fig. 3). The HPLC was done using Shimadzu LC-10 ATVP pump (Shimadzu,
Tokyo, Japan) on a TSK-gel Amide-80 column (4.6 x 250 mm, pore size 80 A,
particle size 5 pm; Tosoh, Tokyo, Japan). The mobile phase was 50 and 80%
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(v/v) acetonitrile (CH3CN) in 15 mmol/L potassium phosphate buffer (pH 5.2).
Elution was done using a linear gradient of CH3CN from 80 to 50% at 60°C
at a flow rate of 1 mL/min. The detection was done by UV absorption at 195

nm.
Fig. 5. The characterized structures of the neutral raccoon milk
oligosaccharides.

Fig. 6. 'H-NMR spectra of the oligosaccharides in (a) RM-1-2-3 and (b)
RM-1-2-4 isolated from raccoon milk by HPLC (see Fig. 4). The spectra were
obtained in D20 at 600 MHz with a Varian INOVA spectrometer operated at
293.1 K. Chemical shifts are expressed relative to internal

3-(trimethylsilyl)-1-propane sulfuric acid sodium salt.

Fig. 7. Partially characterized structures of the acidic raccoon milk

oligosaccharides.
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Fig.5
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GaI(Bl—4)GIcNAc(Bl-3)gSaI(Bl—4)GIc
+ Fuc(a1-2) X2 + Neu5Ac(a2-6)
Gal(B1-4)GIcNAc(B1-6)
Gal(B1-4)GIcNAc(B1-3)Gal(B1-4)GIcNAc(B1-6)
GaI(B1-4)GIcNAc(Bl-IB)GaI(Bl-4)GIcNAc(Bl-G)
GaI(Bl-4)GIcNAc(BlI-3)GaI(Bl-4)GIc
+ Fuc(al-2) X3 + Neu5Ac(a2-3)
Gal(B1-4)GIcNAc(B1-6)
GaI(Bl-4)GIcNAc([31-3)GIaI([31-4)GIcNAc([31-6)
Gal([31-4)GIcNAc(Bl—S)IGaI([31-4)GIcNAc(|31-6)

GaI(B1-4)GIcNAc(Bl-3)IGaI([31-4)GIc
+ Fuc(al-2) X3 + Neu5Ac(a2-6) Flg 7



"#ble 1 H-NMR chemical shifts of the neutral oligosaccharides RM-1-1-1, RM-2-1°RVE2- L "RRH323° RRES 'RRAZ 4P

and RM-5 separated from raccoon milk

*

Reporter Residue

Chemical shift, §(coupling constants, Hz)

Group RM-1-1-1  RM-2-1 RM-2-2 RM-2-3 RM-3 RM-4 RM-5
H-1 Glca 5.218(4.0) 5.218(3.8) 5.217(4.0) 5.217(4.0) 5.219(3.7) 5.229(3.5) 5.223(3.6)
GlcB 4.663(8.0) 4.663(7.8) 4.663(8.0) 4.665(8.0) 4.663(8.1) 4.641(7.9) 4.665(8.1)
Galp4 4.428(8.6) 4.431(7.9) 4.431(8.0) 4.427(7.4) 4.441(7.9) 4.531(7.7) 4.451(7.7)
4.460(8.6) 4.435(7.9) 4.539(8.0) 4.465(7.8) 4.550(7.7)
4.536(8.0) 4.469(7.7) 5.549(8.0) 4.534
4.547(8.0) 4.549(7.9) 4.563(7.9)
4.564(8.6)
Fuca2 5.308(2.3) 5.310 5.309(2.3) 5.310 5.308 5.313 -
GIcNACB3  4.696(8.0) 4.696(8.5) 4.697(7.4) 4.693 4.697(7.4) - -
GIcNACB6  4.600(8.0) - 4.595(8.6) 4.595(8.3) - - -
4.597(8.0)
H-4 Galp4 4.129 4.154(2.8)2 4.138(3.4)° 4.139 4.147(3.1)* - -
4.145(2.8)>
H-5 Fuca2 4.217 4.220 4.222 4.221 4.219 4.263 -
4.234
H-6 Fuca2 1.228(6.9)> 1.227(6.7)° 1.229(6.9)° 1.228(6.5)P 1.227(6.6)° 1.229(6.6)° -
NAC GIctNACB3  2.030 2.030 2.037 2.037 2.038 - -
2.041 2.037
GIctNACB6  2.067 - 2.064 2.066 - - -
aJ4,3 bJ6,5


http://www.editorialmanager.com/glyc/download.aspx?id=37305&guid=55a58f74-83a6-489e-b0e3-724f83fea4a1&scheme=1
http://www.editorialmanager.com/glyc/download.aspx?id=37305&guid=55a58f74-83a6-489e-b0e3-724f83fea4a1&scheme=1

Table 2 'H-NMR chemical shifts of the neutral oligosaccharides RM-1-2-3 and RM-1-2-4 separated from raccoon milk

Reporter Residue

Chemical shift, 8(coupling constants, Hz)

Group RM-1-2-3 RM-1-2-4
H-1 Glca 5.218(3.4) 5.218(4.0)
GlcB 4.665(8.1) 4.665(8.1)
Galf4 4.428(7.9) 4.429(7.9)
4.463 4.453(7.8)
4.521 4.463
4.550(7.5) 4.535(7.9)
4.562 4.541
4.565(8.7)
Fuca2 5.309 5.309
GIcNACB3 4.693(8.1) 4.719(7.2)
4.696(7.3)
GIcNACcB6 4.594(8.5) 4.596(8.2)
4.627(8.1)
H-3 GalB4 4.126(3.7)°
H-3ax  NeuSAc(o2-3) 1.799(12.3b, - 12.1¢) -
Neu5Ac(a2-6) - 1.723(11.9b, - 12.3¢)
H-3eq Neu5Ac(a2-3) 2.755(4.2)4 -
Neu5Ac(a2-6) - 2.666(4.8)¢
H-4 GalB4 4.140(3.0)¢ 4.146
H-5 Fuca2 4.220 4.221
H-6 Fuca? 1.228(6.6)f 1.229(6.6)f
1.226(6.6)f
NAC GIcNACcB3 2.036 2.038
2.052
GIcNACcB6 2.067 2.069
2.065 2.066
2.057
2.053
Neu5Ac(a2-3) 2.030 -
Neu5Ac(a2-6) - 2.028

a b c d e f
J3,4 J3ax,4 J3 ax, 3 eq J3 eq, 4 J4,3 J6,5



Table 3 H-NMR chemical shifts of the neutral oligosaccharides RM-1-2-9 and RM-1-2-10 separated from raccoon

milk
Reporter Residue Chemical shift, 6(coupling constants, Hz)
Group RM-1-2-9 RM-1-2-10
H-1 Glca 5.222 5.224(3.6)
4.666(8.1) 4.667(8.1)
GalB4 4.428(7.4) 4.429(8.3)
4.452(7.3) 4.452(7.7)
4.536 4.535(8.2)
4.550 4.550
4.563 4.563
Fuca2 5.310 5.310
GIcNACcB3 4.694(7.9) 4.694(8.5)
GIcNACcP6 4.596 4.596(8.1)
4.636(7.4) 4.637(7.5)
H-3 ax Neu5Ac(a2-3) 1.800(11.87, - 11.7°) -
Neu5Ac(a2-6) - 1.722(12.13, - 12.39)
H-3 eq Neu5Ac(a2-3) 2.755(4.6)¢ -
Neu5Ac(a2-6) - 2.667(4.6)¢
H-4 Galp4 4.137 4.136
H-5 Fuca2 4.220 4.220
H-6 Fuca? 1.227(5.8)¢ 1.226(6.3)¢
NAc GIcNACcB3 2.037 2.038
2.052
GIcNACcB6 2.068 2.068
Neu5Ac(a2-3) 2.030 -
Neu5Ac(a2-6) - 2.028
aJ3 ax, 4 b'l3 ax, 3eq C']3 eq, 4 cJl']6, 5





