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Previously, treatment of Tamm-Horsfall glycoprotein (THp)
from different donors with endo-B-galactosidase has been
shown to liberate a tetra- and a S8 active pentasaccharide,
concluding the presence of N-linked carbohydrate chains
containing additional N-acetyllactosamine units. These type
of oligosaccharides were not found in a detailed structure
elucidation of the carbohydrate moiety of THp of one male
donor, suggesting a donor-specific feature for these type of
structures. Therefore, THp was isolated from four healthy
male donors and each subjected to end®galactosidase
treatment in order to release these tetra- and Sehctive
pentasaccharide. Differences were observed in the total
amount of released tetra- and S#active pentasaccharide of
the used donors (42, 470, 478, 71§/100 mg THp), indicating
that the presence of repeatingN-acetyllactosamine units
incorporated into the N-glycan moiety of THp is donor specific.
Furthermore, a higher expression of the Stideterminant on
antennae which displayN-acetyllactosamine elongation was
observed, suggesting a better accessibility for tifieN-acetyl-
galactosaminyltransferase. In order to characterize the
N-glycans containing repeatingN-acetyllactosamine units,
carbohydrate chains were enzymatically released from THp
and isolated. The tetraantennary fraction, which accounts for
more than 33% of the total carbohydrate moiety of THp, was
used to isolate oligosaccharides containing addition&l-acetyl-
lactosamine units. Five N-linked tetraantennary oligo-
saccharides containing a repeatingi-acetyllactosamine unit
were identified, varying from structures bearing four St
determinants to structures containing no S8 determinant
(see below).

One compound was used in order to specify the branch
location of the additional N-acetyllactosamine unit, and it
appeared that only the Galé' and Gal-8 residues were
occupied by a repeating\-acetyllactosamine unit.

NeuSAc(02-3)[GalNAe(B1-H)]Gal(B1-HGIeNAc(B1-3)Gal( 1-4)
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Introduction

Human Tamm-Horsfall glycoprotein (THp) is the most abundant
protein in normal human urine, being excreted in quantities up to
about 100 mg/day (Tamm and Horsfall, 1950). THp is produced
by the kidney where it is expressed via a phosphatidylinositol
anchor on the endothelium of the thick ascending limb of the loop
of Henle (Sikri et al., 1979; Rindleret al., 1990). The
physiological function of THp is still subject of study. Several
studies have indicated that THp acts as a natural inhibitor of
microbial infection of the urinary tract and bladder (Duncan,
1988; Parkkinenet al., 1988). Furthermore, THp contains
immunomodulating properties consisting of inhibiting T-cell
proliferation, triggering the inflammatory response of neutrophils
and stimulating the proliferation of human mononuclear cells
(Muchmore and Decker, 1985; Hortenal.,1990; Sathyamoorthy
etal.,1991; Yuet al.,1992, 1993; Thomaat al.,1993a,b; Toma

et al.,1994). These immunomodulating properties are probably
carbohydrate-regulated (Muchmore and Decker, 1987; Muchmore
et al., 1987, 1990a,b; Sherblost al.,1988; Dall’ Olio et al.,
1991; Sathyamoorthet al., 1991), inducing the necessity to
elucidate the carbohydrate structures displayed by THp.

Treatment of THp from a urinary pool of different donors with
endof-galactosidase revealed the tetrasaccharide NeuBAR)-
Gal(B1-4)GIcNAcB1-3)Gal and the pentasaccharide Neu5Ac-
(a2-3)[GalNAcB1-4)]Gal31-4)GIcNAcB1-3)Gal (Donalabt
al., 1983). These data suggest tNedicetyllactosamine repeats
must be present on the antennae of the oligosaccharides of THp.
A detailed structure elucidation of the N-glycan moiety of THp
of one male donor yielded di-, tri-, and, most of all, tetraantennary
structures, possibly fucosylated, sialylated, and/or sulfated (Hard
etal.,1992). The Stdeterminant was present as the trisaccharide
Neu5Ac@2-3)[GalNAc@B1-4)]Gal incorporated in tri- and
tetraantennary N-glycans. No N-glycans containing repeating
N-acetyllactosamine units were found. Therefore, we hypothesized
that the occurrence of poN-acetyllactosamine-containing
N-glycans in THp is donor specific.

In this report, THp samples of four male donors, including the
one used by Harek al.(1992), were investigated for the presence
of N-acetyllactosamine repeats, by a combination of enzymatic
and chromatographic methods. Furthermore, the N-glycans
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Table 1. IH-Chemical shifts of structural-reporter-group protons of the
E constitutent monosaccharides of the liberated téfijpand Sd*active
§ pentasaccharid@), derived from human Tamm-Horsfall glycoprotein
2 :
\ TRI Residue Reporter  Chemical shift (8, ppm) in
group
T+P ( T P
M\
/ / \ c < d
\/ \\ b b
’ — — ’/\ a a
)
0 100 200 time (min) 400 Gal-a H-la 3225 2229
H-1B 4.562 4.568
H-2a 3.856 3.860
Fig. 1. Separation pattern at 206 nm on Bio-Gel P-4 of the H-2p 3.536 3.535
endof-galactosidase-digest of Tamm-Horsfall glycoprotein. Elutions were H-3a 3.892 3.908
performed on a Bio-Gel P-4 column (8@.0 cm, Bi(_)-Rad) with 10 mM H-3p 3.701 3.705
NH4HCO3, pH 7.0, at a flow rate of 15 ml/h. FractiohsP andTRI, Hoda 4202 4202
containing the released carbohydrates (orcin@®®), were isolated. H.4p 4.147 4.148
GlcNAc-b H-1 4.721 4.721
2 150 . H-2 3.72° 3.72
g T S H-3 3.72 372
2 = H-4 3.72 3.72
2 3 H-5 3.580 3.585
| 100 g NAc 2.040 2.040
P 3 Gal-c H-1 4.556 4.556
% H-2 3.572 3.366
// o H-3 4.116 4.155
H-4 3.961 4.116
| NeuSAc H-3e 2.757 2.668
 H-3a 1.798 1.926
T 0 H-6 nd® 3.487
0 10 20 time (min) NAc 2.031 2.031
GalNAc-d H-1 - 4.746
) . . . . H-2 - 3.92
Fig. 2. Fractionation pattern of fractioft-P on CarboPac PA-1 with pulsed
amperometric detection. Elutions were carried out with a concentration H-3 i 3.683
gradient of NaOAc in 0.1 M NaOH as indicated in the figure, at a flow rate H-4 - 3.92
of 4 ml/min.P andT are the enzymatically releasec?@dtive NAc - 2.015

pentasaccharide and tetrasaccharide, respectively.

Chemical shifts are given at 300 K and were measurddJ0 relative to

o ) ) . ) internal acetoned2.225). Compounds are represented by short-hand

containing repeatindN-acetyllactosamine units were isolated symbolic notation: open triangles, Neus&2(3); solid circles, GIcNAc;
from the tetraantennary oligosaccharide fraction of the carbohydra’gg“ﬂ ng:reszv Cé'acls ?pfzdgml\?/gdsi%agpf-% NeUBAGE 23 GalNA
moiety of THp of a single male donor, and characterized byg; " f)‘]JG alcgl:4))6|iﬁ Ac@)l-cs)c;;lB —3)Galif, NeuSAch2-3)[GalNAc-
600 MHz1H-NMR spectroscopy. bSome values are given with only two decimals because of spectral

overlap.

®nd, Not determined.
Results

The repeating{-acetyllactosamine units present in the carbohydrate
moiety of THp were generated by digesting THp (100 mg, donactive pentasaccharide NeuSé2£3)[GalINAcB1-4)]Gal(31-4)-
HR) with endof-galactosidase (Scuddetral.,1983). The digest GIcNAc(31-3)Gal. Attachment of GalNAc to Gal produced a set
was fractionated by gel permeation chromatography on Bio-Gef characteristidH chemical shifts for Neu5Ac, GalNAc and
P-4 (Figurel) yielding one main oligosaccharide-containingGal, previously described for the alditol analog (Donald and
fraction (T+P), and a highly contaminated minor orER().  Feeney, 1986) and Sdntigen containing N-glycans (Haetlal.,
FractionT+P was subfractionated by HPAEC on CarboPac PA-1992). In a 2D TOCSY experiment, most of the ring protons
affording two main fraction§ andP (Figure2), which were could be assigned (Figusb). H-NMR analysis of fractioifRI
characterized by 1D and 2D 600 MMA-NMR spectroscopy. revealed the presence of the nonsialylated trisaccharide
RelevanttH-NMR parameters in terms of structural-reporter-groupGal(31-4)GIcNAcB1-3)Gal (data not shown; cf. compound
signals are listed in Table Do7.4in Hokkeet al.,1994). The disaccharide GlcNAI—3)Gal
Fraction T contained the tetrasaccharide Neu®¥:(3)- was not found, indicating the absence of péigeetyllactosamine
Gal(31-4)GIcNAcB1-3)Gal earlier reported as the correspondinginits as an element of the carbohydrate moiety of THp.
alditol in case of THp (Donald and Feeney, 1986). The In order to investigate if the presence of theNda€etyl-
structural-reporter-group signals fit those reported by Hekla®.  lactosamine) element is donor specific, THp (100 mg) was
(1991), and in a 2D TOCSY experiment most of the ring protonisolated from four healthy male donokR, CF, YB, andPM)
could be assigned (Figuga). FractiorP contained the Sehntigen  including the donor used by Haed al. (1992) PM). All four
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Fig. 3. Resolution-enhanced 500-MHz £B-NMR spectra and 600-MHz
2D clean TOCSY spectray 100 ms) at 300 K of the tetrasaccharide

(a) and the SHactive pentasaccharide (b) obtained from

endofl-galactosidase-treated human Tamme-Horsfall glycoprotein. Dotted

lines are drawn for Gal; GIcNAc-b, Gal< and GalNAcd to show the

scalar-coupled network of their anomeric protons.

samples were separately digested with ghgalactosidase and
in each case the released pool of tetrasaccharide &aahtipbn

Donor-specific abundance of N-acetyllactosamine units

Q4

UV 214 nm

Qo

200

- 100

6 time(min) 8

Fig. 4. Fractionation pattern at 214 nm on a FPLC Resource Q column of
the carbohydrate-containing Superdex 75 fraction, derived from
PNGase-F-treated human Tamm-Horsfall glycoprotein. Elutions were
performed with linear concentration gradients of NaCl jOHs indicated

in the figure, at a flow rate of 4 ml/min.

Table 1. Quantification and molar ratio analysis of the total amount of tetra-
and Sé&-antigen-active pentasaccharide

Donor  pg Tetra- and Molar % Molar %

code pentasaccharide/ pentasacchéride tetrasaccharide
100 mg THp

HR 478 50 50

CF 470 35 65

PM 42 41 59

YB 718 28 72

aThe molar ratio was calculated from the peak areas of the HPAEC-profiles,
assuming the PAD response to be equal for both oligosaccharides.

For the isolation and characterization of intact N-glycans
containing additiondN-acetyllactosamine units, a batch of THp
(700 mgHR) was isolated from 20 | pooled urine. Monosaccharide
analysis revealed the presence of Fuc, Man, Gal, GalNAc,
GIcNAc, and Neu5Ac in a molar ratio of 0.9:3.0:3.7:1.1:5.5:2.9,
in accordance with literature data (Haed al., 1992). The
glycoprotein was treated with PNGase-F and the liberated
N-glycans were isolated by gel permeation chromatography on
Superdex 75. The carbohydrate-containing fraction was desalted
and further fractionated by FPLC on Resource Q yielding seven
fractions, denote@0-Q6 (Figure4). FractionQ4 consisted of
tetra-charged oligosaccharides accounting for more than 33% of
the total carbohydrate content of THp (H&tchl., 1992). After
desalting, this fraction was subfractionated by HPLC on Lichrosorb-
NH> (Figureb) yielding 13 fractions, denot€gi.1-Q4.13 Only
fractions Q4.9, Q4.12 andQ4.13 contained oligosaccharides
with repeatingN-acetyllactosamine units, as revealed by specific
structural-reporter-group signals for additioNedcetyllactosamine
units by IH-NMR spectroscopy (Hokket al., 1991). These
fractions were subjected to HPAEC on CarboPac PA-1 (F&ure
affording fractions Q4.9.1:-Q4.9.8 Q4.12.1Q4.12.7 and

active pentasaccharide was isolated by gel permeation chron@4.13.12Q4.13.4 IH-NMR spectroscopy was used to elucidate
tography on Bio-Gel P-4. Quantification of the pool ancdthe oligosaccharide structures of these HPAEC fractions. Relevant
determination of the molar ratio of the tetra- and pentasacchariéld chemical shifts of the specific structural-reporter-group signals of
in the pool was performed by a phenol/sulfuric acid assay (Duboiigosaccharides containing additioridlacetyllactosamine nits

et al., 1956) and HPAEC on CarboPac PA-1, respectively. Thare compiled in Tablgl . The numbering of the monosaccharide

results are compiled in Tablie

residues is exemplified in the structure of compoQAdL3.3
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Fig. 5. Separation pattern at 206 nm of FPLC frac@hobtained from
human Tamm-Horsfall glycoprotein on a HPLC LichrosorbsNBlumn.
Elution was performed with a linear concentration gradient of 30 mM
KoHPOyYKHPOy, pH 6.8, and acetonitrile as indicated in the figure, at a ~

flow rate of 1.5 ml/min. ; ‘ , ‘ o
0 5 10 15 time (min) 25

In general, an additionadll-acetyllactosamine element at-
tached to Ga8' can be recognized by the characteristic &al-
H-1 signal ab 4.467, while elongation at Gél4is characterized
by the Gale' H-1 signal atd 4.455 (Hokkeet al., 1991).
Furthermore, elongation at Gall-or Gal8' will shift H-4 of
Gal6' or Gal8' downfield tod 4.16. The anomeric proton of
GIcNACex Will resonate at abodt4.70 and its NAc methyl signal
atd 2.037-2.038. So falN-acetyllactosamine repeats are mainly
found at the antennae containing ®aknd/or Gal8'. In the
following, H-NMR data are presented that prove that compound
Q4.9.1contains extensions only at the antennae containing Gal- rig. 6. Fractionation pattemns of HPLC subfractions derived from FPLC fraction
and Gal8'. This finding has been extrapolated to compoundsQ4 containing oligosaccharides with additiohahcetyllactosamine units on
Q4.12.3 and Q4.13.3 (extension at the antenna containing CarboPac PA-1 vyith puls_ed amperometr_ic detection. Elutiorjs were carried out
Gal -6'). ¥y|th a concefrlltratlortl gr?cljllenlt/ of NaOﬁ(; |nb0.14M1NaOH islgndlcated in the

The S@ determinant, which is present in some of the 'gures, at a flow rate of 4 miimira)XQ4.9, () Q4.12 (c) Q4.
carbohydrate chains of THp, produces a characteristic &t of
chemical shifts. The element Neu582¢3)[GalNAc- Fraction Q4.13 contained one main componei@4.13.3
(B1-4)]Gal1-4)GIcNAc@- is recognized from the typical (Figure7a). From the chemical shifts of ManH-1 atd 5.137,
signals for NeuS5Ac H-3a & 1.93, H-3e ab 2.66 and H-6 at Gal-6 H-1 atd 4.439 and Neu5Ac H-3a &t1.720, it can be
0 3.48. Furthermore, GalNAc H-1 is observeddat.73-4.76 concluded that the G&8l- residue is extended with an
(42°C) while its NAc methyl signal resonated#2.015-2.019. (a2-6)-linked Neu5Ac residue (Haed al.,1992).

Due to the attachment of GalNAc to Gal vi§&{4) linkage, Gal The remaining three antennae are terminated with& Sd
H-4 resonates ab 4.11-4.12, H-3 a® 4.15, and H-2 at determinant, demonstrated by thecharacteristics as mentioned
d 3.356-3.357 (Williamet al.,1984; Donald and Feeney, 1986; above (compare withl4.9.2 Hardet al, 1992). In case of the
Hardet al.,1992). antenna containing the Gall-residue, a novel feature is the

All glycans presented in this article are of th&-{6)-fucosylated additional N-acetyllactosamine unit terminated with a2Sd
tetraantennary type. Thal—6)-fucosylatedN,N-diacetylchito-  determinant, as indicated by the signal of @a&#-1 atd 4.455.
biose unit is recognized by the anomeric signats@tNAc-1, Fraction Q4.12 contained two N-glycans containing a di-
GIcNAc-2, and Fuc, together with the NAc signals of GIcNAc  (N-acetyllactosamine) element, denot@d.12.3and Q4.12.4
and GIcNAe2 as well as from the Fuc GHsignal (De Waard (Figure7b and 7c, respectively). Both compounds bear tRe Sd
etal, 1991). The set of chemical shifts of the H-1 signals ofleterminant on each antenna, as indicated by its characteristic sef
Man-4 and Manr4', together with those of the H-2 signals of of structural-reporter-group signals of Neu5Ac, GalNAc, and Gal.
Man-3, Man4, and Mard' reflect the branching pattern to be  Q4.12.3andQ4.12.4are isomers and differ only in the branch

5 10 15 time (min) 25

tetraantennary (Vliegenthaet al.,1983; Hardet al.,1992). position of the additional-acetyllactosamine unit. In structure
8 o
NeuSActa2-H[GaNAc 1- H]Gal(B1- hGleNAci B 1-6)
NeuSAc(a2-3)[GalNAcB1-H)]Gal( B1-HGIeNAc(B1-3)Gal(B1-1 GleNAe(B -2 Mania1-6 )\ Fuctal -6
Galyy  GIENAC 6 s N\
. . ,\r[;mtBl-%)Glclz\.—\clﬁl»ﬂulci\:\c Q4.13.3
NeuSAcio2-6)Gal(P1-4iGleNAciB1-2 17[&:\'(7,1 -3y
4

NeuSActa2-3[GalNAcB1-]Galf1-1 GleNActp1-1)
. .
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Fig. 7. Resolution-enhanced 600-MHE-NMR spectra at 300 K of oligosaccharides containing additiéraletyllactosamine units, obtained from human
Tamm-Horsfall glycoproteinaj fractionQ4.13.3 (b) fractionQ4.12.3 (c) fractionQ4.12.4 The numbering of the monosaccharide residues is exemplified in the
structure of compoun@4.13.3in the text. Short-hand symbolic notations: open triangles, Nea2Aa8{; open circles, NeuSAzp—6); solid circles, GIcNAc;

solid diamonds, Man; solid squares, Gal; open diamonds, GalNAc; open squares, Fuc. Slash-circle, contgmiBiniti Goxt
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NeuSActa2-3[GaNAc B1-O]GalB1- GleNAa B 1-6 )\
NeuSActo2-3 fGaNAc(B1-41]Gal B1-41GIeNAct B 1-3 KGali B1-11GleNAc B1-2 Mania1-6 )\ Fuctal-6 04123
AMant B 1-41G1eNAc B1-4GleNAe
NeuSActa2-3)[GaNAc fI-D]jGaliB1-1GleNAc B1-2 Jl?lan( ®l-3)

NeuSAciaZ-3[GalNAc(B1-H]Gal B -4 1GleNAci B1-4)

NeuSActa2-3 1 GalNAct B1-41]Gal B 1-4 GleN Aci B1-3 Kial f1-0 GleNACB 163,

NeuSActal-3 )[Gal,\'AmBI-J)]Ga.ltD]--lrGlc?\.’Act[H-Z)\Ianml-é\\ Fuctal-6 Q4124
ManiB1-1)GleNAc p1-11GIeNAc T
NeuSAcia2-3 [GalNAc B1-h]GaliB1l- 11 GleNAciB1-2 )27lan( ul-3y

NeuSAda2-3 fGalNAci P1-41]GaliB1-1) GleNAc P-4

NeuSActa2-3)Gal( B1--hGleNAc B1-3)Gal(B1-41GleN Ac Bt -m\
NeuSAc(o-3)Gal B1-HGleNAc B1-3)Gal( B1-45GleM Ac -2\ an(«l -6 |\ Fucial -6
Man(31-hGleNAGB1-hGleNAe Q491

NeuSActul-31Gal Pl-HGleNAcBl-2Nlan(wl -3y

NeuSActal-31Gal(Bl-hGleNAciB1-4

Q4.12.3this unit is attached to Gél; based on the structural- 1995). Based on a comparison of $#eNMR data of reference
reporter-group signal of G&l-H-1 atd 4.457, whileQ4.12.4has  compounds$\N4.6.2andN3.10in Hokkeet al. (1995), it can be
the additionalN-acetyllactosamine unit attached to ®Galas stated that the H-1 signal&#l.481 reflects a desialylated gal
follows from the GaB' H-1 signal ad 4.467. residue. Consequently, the H-1 signadat.469 reflects also
Fraction Q4.9 contained two N-glycans with repeating partly the corresponding Gal-residug(cf. compoundl4.9.5.
N-acetyllactosamine unit€Q4.9.1 and Q4.9.5 ThelH-NMR In order to discriminate between a desialylated 63ak a
spectrum of fractionQ4.9.1 revealed the presence of two desialylated Ga& residue, use was made of reference compounds
additional N-acetyllactosamine units attached to @aland N.3.7.1B(desialylated Gafb; 4 4.472) andN3.7.1C(desialylated
Gal8', respectively. Gal8, 4.465) from Hokket al.(1995). Based on the H-1 signal
The typical structural-reporter-group signals were identicgbattern between 4.4—4.5 (Figureb, inset) it is suggested that
with those of reference compouhlt.8 (Hokke et al., 1995) Gal6 is desialylated, which means that @at involved in the
(Figure8a). In order to gain independent evidence for the brancBd? element.
location of the additiondll-acetyllactosamine unitQ4.9.1was During this study, no indications were found for N-glycans
subjected to treatment with enflegalactosidase and-acetyl- containing more than one additiomMbhcetyllactosamine unit.
B-glucosaminidase. This approach yielded a disialo N-glycan
with characteristic!H chemical shifts identical to those of
reference compourid.Q3 (Hokkeet al.,1991), proving that the
two repeatindN-acetyllactosamine units were attached to &al- The carbohydrate moieties of THp have been studied extensively
and Gals'. (Hardet al.,1992, and references therein; Williagisal.,1984),
CompoundQ4.9.5has a novel structure with one®®&tement  showing an impressive repertoire of sialylated, sulfated, and
and three NeuS5AaR—-3)Gal elements as was deduced from th&alNAc-containing N-glycans. A part of the carbohydrate moiety
integration of the two sets of Neu5Ac structural-reporter-groupf THp, containing one or more repeatifbacetyllactosamine
signals (H-3ed 2.660/2.756; H-3ad 1.927/1.802; ratio 1:3) units, is a substrate for enflegalactosidase, resulting in the
(Figure8b). liberation of a tetra- and a %dntigen active pentasaccharide
A repeatingN-acetyllactosamine unit was attached to &al- (Donaldet al.,1983; Donald and Feeney, 1986). In the present studly,
as follows from GaB' H-1 atd 4.467. The branch location of the it was found that the content of repeatiigcetyllactosaminenits
Sd? determinant was found by treating the oligosaccharide witls a donor-specific feature. This was shown from the investigation
neuraminidaseMjbrio cholerag, thereby removing only those of the THp of four different donors resulting in a diversion of
Neu5Ac residues which are not involved in thé Geterminant  42-718pg tetra- plus pentasaccharide per 100 mg THp. It is
(Donaldet al.,1983). The digest was separated on Resource i@Qteresting to know that THp of dond®M used for the
affording a monosialo-fraction, denot€#.9.5-ST From the glycan-structure determination by Haed al. (1992) has an
chemical shift of Mar¥ H-1, shifting fromd 4.858 inQ4.9.5t0  extremely low content of repeatiidracetyllactosamine units,
0 4.867 inQ4.9.5-ST it could be concluded that Géll-was explaining the negative results for identifying oligosaccharides
desialylated (cf. compouridR2.10.2andN3.7.2Ain Hokkeetal.,  with additionalN-acetyllactosamine units. The same study also
1995), which means that the H-1 signad 4t469 partly reflects reported the absence of oligomannose-type carbohydrates, although
desialylated Gab' (cf. compoundN3.7.2A in Hokke et al., THp has been shown to contain 1-20% oligomannose-type

Discussion

NeuSActal2-3)Gal( B1-41GleNAe(B1-31Gal(B1-h GleNA¢ 1-6 l\
NeuSActa2-31Gal P-4 GleNAc PI-2Mantel -6 N Fuctal -6

Mang1--hGleNAe p1-HGleNAce Q495

NeuSAc(al-3)Gal(B1- GleNAo(B1-2 »?idm al-3¥

NeuSActa2-3[GalNAc B1-1]Gal B1-H GleNAct 145
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Fig. 8. Resolution-enhanced 600-MHE-NMR spectra at 300 K of oligosaccharides containing additiéraaietyllactosamine units, obtained from human
Tamm-Horsfall glycoproteinaj FractionQ4.9.1 (b) fractionQ4.9.5 For short-hand symbolic notation, see Figure 7.

carbohydrates (Dall’ Oliet al.,1988; Serafini Cesst al.,1984; The occurrence of the &d determinant for a
Smagulaet al., 1990). These observations suggest that th&al(31-4)GIcNAcB1-3)Gal1-4)GIcNAc element is 28% to
synthesis of the carbohydrate repertoire of THp is donor specifis0% (Tablell), which is higher than the occurrence of thé Sd
The enzyme thought to be responsible for initiating theleterminant for a single GBI[—4)GIcNAc element (<5% based
addition of a repeatingN-acetyllactosamine unit is a on the relative molar amount of tetraantennary N-glycans in Hard
i-B3-GlcNAc-transferase, which is normally participating inet al. [1992]). This result shows that tifiel,4N-acetylgalactos-
making the i blood group antigen on erythrocytes in early fetal lifaminyltransferase, which requireg2¢-3)-linked sialic acid in the
(Feizi, 1985). This enzyme is also present in adult kidneys, asceptor, is much more active when an additibretetyllactos-
concluded from the observation that the i-antigen was present on tireine unit is present. Therefore, it is tempting to suggest a role
membrane and in the cytoplasm of cells of the distal and collectitfigr repeating\-acetyllactosamine units in increasing the expression
tubules (Rougeet al., 1980). Therefore, the donor specificity in of the S& determinant. In fact, it is known that fucosylated
THp could be the result of a relative difference in expression of tHactosaminoglycans use pdiyfacetyllactosamine units to present a
i-B3-GIcNAc-transferase and other processing enzymes, involvedviariety of structures which appear to play a role in cell—cell
terminating the branches of carbohydrate chains. interactions during development and differentiation, and possibly
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in malignancy (Shur, 1983; Bird and Kimber, 1984; Smets andas monitored at 206 nm (Uvicord, LKB) and the fraction
van Beek, 1984). containing the released oligosaccharides (orcin8id) was
Although the biological role of the Sdantigen is still lyophilized, desalted by HiTrap (Pharmacia FPLC system;
unknown, it was postulated that the2%ahtigen could play a 4 columns connected,>5 ml; eluent, 5 mM NgHCOs; flow
protective role in inhibiting the adhesiorksfcherichia coltothe  rate, 3 ml/min; detection, 214 nm), and lyophilized again. The
endothelium of the kidney and the intestine (Conte and Seraficarbohydrate pool was separated by high-pH anion-exchange
Cessi, 1991)Adhesion ofE.coli to the endothelium is mediated chromatography (HPAEC) as described below with a concentration
by enterotoxic and pyelonephritogenic strains, containing lectin-likgradient of NaOAc in 0.1 M NaOH as indicated in the figures.
regions with different substrate specificity (Korhonehal., Collected fractions were immediately neutralized by 5 M HOAc,
1983; Parkkineret al.,1983, 1988; Howardt al.,1988). It has lyophilized, desalted by HiTrap, and lyophilized again.
been shown that terminal Neu5A@-3)Gal and GalNAc-
(B1-4)Gal elements are both substrates for these lectin-li
regions. When combined into an®ahtigen, it might lose its
substrate capacity, thereby being able to hinder the binding Phe N-linked carbohydrate chains were enzymatically released
E.coli adhesins to the endothelium (Watkins, 1995). This ifrom THp according to a slightly modified version essentially as
supported by the observation of a strong-&gression on described (Haret al., 1992). However, for batches of 100 mg
tissues in environments containing a rich bacterial flora like thgHp, the fractionation was performed on a Superdex 75 column
kidney and the intestine. Expression of THp on the surface of tfig0 x 2.6 cm, Pharmacia), eluted with 100 mM MCOs,
endothelium of the thick ascending limb could therefore help tpH 7.0, at a flow rate of 4 ml/min. The effluent was monitored at
protect the endothelium by capping the endothelium with s S®06 nm (Uvicord, LKB). Carbohydrate-positive fractions (orcinol/
determinant. H»S(Qy) and fractions containing the deglycosylated protein were
Five N-glycans containing repeating-acetyllactosamine each pooled, lyophilized, desalted by HiTrap (Pharmacia), and
units were isolated using enzymatic and chromatographigophilized again. Monosaccharide analyses of the liberated
methods, and their characterization was performed usingairbohydrates and the deglycosylated- and intact THp were
600 MHz 'H-NMR spectroscopy. One compound, containing twaperformed as described (Kamerling and Vliegenthart, 1989).
repeatindN-acetyllactosamine units, was used in order to identify the
branch location of these repeats. It is likely that only 85akd
Gal8' were occupied by an additiorigdtacetyllactosamine nit.
The location of theN-acetyllactosamine units in the branchesthe enzymatically released carbohydrate pool was fractionated
at'[aChed to thw(l—ﬁ)'“nked Man rESIdue IS 1IN aCCOI‘danCQ W|thby anion_exchange Chromatography on a Resource Q Co'umn
the reported SpeCIfICIt_y Ofﬁ?}'GlCNAC'tr-anSferase from NOV|k0ﬂ: (1 mll Pharmacia, Pharmacia FPLC System) at a ﬂOW rate of
tumor cell ascites fluid which synthesizes the GlcNBeB)Gal 4 mI/min using a HO/NaCl-gradient as indicated in the figure.
linkage in repeatindN-acetyllactosamine sequences (Van demrhe effluent was monitored at 214 nm and carbohydrate-positive
Eijndenet al.,1988). fractions, as detected by orcinoy0y, were lyophilized,

The results presented here prove the existence of N-glyca@ésalted by HiTrap (Pharmacia), and lyophilized again.
containing additionalN-acetyllactosamine units in THp, which,

when treated with end@-galactosidase, release a2adtive
pentasaccharide and a tetrasaccharide. Furthermore, the presé’H%

of N-glycans containing repeatimgacetyllactosamine units in | ¢ was carried out as described previously (le8ed., 1992)
THp is a donor-specific feature. Further studies about the dongkjng 5 Kratos SF 400 HPLC system (ABI Analytical, Kratos
speC|f|_C|ty of the N-glycans of THp as well as _the poss'blebivision) equipped with a fim Lichrosorb-Nk column (25x
biological role of THp are under current investigation. 0.4 cm, Merck) at a flow rate of 1.5 ml/min. Elutions were
performed with linear concentration gradients of 30 mM
KoHPOWKH POy, pH 6.8, and acetonitrile as indicated in the

lfffberation of the carbohydrate chains

FPLC fractionation

LC fractionation

Materials and methods figure. The effluent was monitored at 206 nm, and relevant fractions
, were concentrated under a stream of nitrogen. Subsequently, these
Materials fractions were lyophilized, desalted by HiTrap (Pharmacia), and

For each donor, THp was isolated from pooled morning urine Qéophmzed again.

described (Serafini Cesst al., 1989). Recombinant peptide )
N4-(N-acetylf3-glucosaminyl)asparagine amidase F (PNGase-H}ligh-pH anion-exchange chromatography
from Flavobacterium meningosepticurendof-galactosidase
from Bacteroides fragilis and neuraminidase fronvibrio
choleraewere purchased from Boehringer Mannheik#cetyl-
B-glucosaminidase from jack beans was purchased from Sig

Subfractionation of the main HPLC fractions was performed by
high-pH anion-exchange chromatography (HPAEC) using
rTpaylsed amperometric detection (PAD) on a Dionex LC system
consisting of a Dionex Bio LC quaternary gradient module, a
PAD 2 detector, and a CarboPac PA-1 pellicular anion-exchange
Endof-galactosidase digestion of Tamm-Horsfall glycoproteincolumn (25x 0.9 cm, Dionex). Elutions were carried out with a
concentration gradient of NaOAc in 0.1 M NaOH as indicated in
To 100 mg THp dissolved in 6.6 ml water was added|@6léM  the figures at a flow rate of 4 ml/min. Detection was performed
NaOAc buffer, pH 5.9, containing 22 mU en@gralactosidase. using the following pulse potentials and durations=B.05 V
The mixture was incubated for 48 h af @7 then fractionated on (300 ms); E=0.65 V (60 ms); E=-0.95 V (180 ms). Collected
a column of Bio-Gel P-4 (58 1.0 cm, Bio-Rad) at a flow rate of fractions were immediately neutralized by 5 M HOAc, lyophilized,
15 ml/h with 10 mM NHHCOg, pH 7.0, as eluent. The effluent desalted by HiTrap (Pharmacia), and lyophilized again.
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Table 1ll. IH-Chemical shifts of structural-reporter-group protons of the constituent monosaccharides of tetraantennary N-linked
oligosaccharides containing additiotbcetyllactosamine units, derived from human Tamm-Horsfall glycoprotein

Reporter  Residue Chemical shift (8, ppm) in

group

Q4.13.3 Q4.12.3 Q4.12.4 Q4.9.1 Q4.9.5
3Y6

H-1 GlcNAc-1¢ 5.183 5.183 5.182 5.182 5.182
GlcNAc-2 4.66° 4.66 4.66 4.66 4.66
Man-4 5.137 5.127 5.129 5.128 5.129
Man-4' 4.854 4.859 4.857 4.854 4.858
GlcNAc-5 4.59 4.568 4.568 4.56 456
GlcNAc-5' 4.60 4.60 4.592 4.60 4.60
Gal-6 4.439 454 454 4.541 454
Gal-6' 4.455 4.457 4.54 4.453 454
GlcNAc-7 4.54 4.54 454 4.541 4.54
GlcNAc-7' 4.54 454 4.54 4.546 4.54
Gal-8 454 454 4.54 4.541 4.54
Gal-8' 4.556 4.554 4.467 4.467 4.467
GalNAc nd nd nd - nd
GlcNAc,, 4.698 4.699 4.699 4.698° 4.700
Gal,, 4.556 4.554 4.555 4.556° 4.558
Fuc, 4.898 4.897 4.899 4.896 4.898
Fuc,. 4.904 4.906 4912 4.904 4.907
H-2 Man-3 421 420 4.20 420 420
Man-4 422 422 422 422 422
Man-4' 4.08 4.08 4.08 4.08 4.08
H-3¢t Neu5Ac 2.66 2.66 2.66 2.756 2.756
NeuSAc' 2.66 2.66 2.66 2.756 2.756
Neu5Ac” 2.66 : 2.66 2.66 2.756 2.660
NeuSAc" 2.66 2.66 2.66 2.756 2.756
H-3a NeusAc 1.720 1.93 1.93 1.800 1.802
NeuSAc' 1.93 1.93 1.93 1.800 1.802
NeuSAc™ 1.93 1.93 1.93 1.800 1.927
Neu5Ac" 193 1.93 1.93 1.800 1.802
NAc GleNAc-1 2.038 2.038 2.038 2.036 2.038
GleNAc-2,4 2.093 2.092 2.094 2.089 2.094
GlcNAc-5 2.069 2.048 2.048 2.047 2.048
GlcNAc-5' 2.038 2.038 2.038 2.036 2.038
GlcNAc-7 2.076 2.076 2.076 2074 2.075
GlcNAc-7' 2.038 2.038 2.038 2.036 2.038
GlcNAc,,, 2.038 2.038 2.038 2.036F 2.038
GalNAc 2.015¢ 2.015° 2.015¢ - 2015
NeuSAc 2.031° 2.032° 2.032¢ 2.032° 2.031°
CH, Fuc, 1210 1.210 1.210 1.210 1210
Fuc, 1.222 1.222 1.222 1.222 1222

Chemical shifts are given at 300 K and were measurdd,40 relative to internal acetond 2.225). Compounds are represented by
short-hand symbolic notation: open triangles, Neub2e3); open circles, Neu5Aa@-6); solid circles, GIcNAc; solid diamonds,
Man; solid squares, Gal; open diamonds, GalNAc; open squares, Fuc. For numbering of the monosaccharide residuesrsie text.
stand for the anomeric configuration of GIcNAc-

a8Some values are given with only two decimals because of spectral overlap.

bnd, Not determined.

CSignal stemming from two protons.

dSignal stemming from three NAc groups.

€Signal stemming from four NAc groups.

fSignal stemming from two NAc groups.

9Neu5Ac is linked to Gab; Neu5Ac is linked to Gale'; Neu5Ac* is linked to GaB, and Neu5Ac” is linked to G&-
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A blood group S®active pentasaccharide isolated from Tamm-Horsfall
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