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Abstract 

 

Background: Carbohydrate deficient transferrin (CDT) is used for detection of alcohol abuse 

and follow-up. High performance liquid chromatography (HPLC) of transferrin glycoforms is 

highly specific for identification of alcohol abuse, but unresolved disialo- and 

trisialotransferrin glycoforms sometimes makes interpretation difficult. The cause of this 

phenomenon is unknown, cannot be explained by genetic variants of transferrin, but seems to 

be associated with liver disease.  

Methods: Nineteen serum samples showing di-tri bridging when analyzed by HPLC were 

collected. Transferrin was purified by affinity chromatography, and N-linked oligosaccharides 

were released enzymatically. The N-glycans were further analyzed by high performance 

anion-exchange chromatography with pulsed amperometric detection and MALDI-TOF mass 

spectrometry.  

Results: The HPLC-analysis showed three different types of glycoform patterns. The N-

glycans from fifteen samples showed patterns with increased number of triantennary 

structures containing one or two fucose residues. One sample contained an increased amount 

of triantennary glycans without fucose. Three samples showed a glycosylation pattern similar 

to normal transferrin. 

Conclusions: The di-tri bridging phenomenon was associated with alterations in transferrin 

glycosylation in the majority of cases. Transferrin contained a higher extent of triantennary 

and often fucosylated N-linked oligosaccharides. These results may be important in future 

diagnostic approaches to liver diseases.  
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1. Introduction 

 

Human transferrin is a globular protein responsible for iron transport in plasma. It is 

composed of a single polypeptide chain of 679 amino acids arranged in two independent 

metal ion-binding globular domains. It has two main glycosylation sites at Asn-413 and Asn-

611[1]. The oligosaccharides found on these sites are mainly bi- and triantennary complex 

type glycans with terminal sialic acid [2-4]. Normal human serum typically contains a major 

transferrin glycoform containing two biantennary N-glycans with a total number of four sialic 

acid residues (tetrasialotransferrin), and minor isoforms with two (disialotransferrin), three 

(trisialotransferrin), and five (pentasialotransferrin) sialic acid residues.   

Chronic heavy alcohol drinking alters the transferrin glycoform pattern so that the 

disialoisoform increases and asialoisoforms may appear [5-8]. These isoforms lack one or 

both of the carbohydrate chains [9, 10] and are collectively denoted carbohydrate deficient 

transferrin (CDT). Among several laboratory tests routinely used in clinical and forensic 

medicine, the percentage of CDT of total transferrin (% CDT) is considered the most specific 

biochemical marker for detecting chronic alcohol abuse and for monitoring abstinence during 

treatment [6, 11, 12]. 

A number of methods have been applied for CDT quantification including immunometric, 

electrophoretic, chromatographic and mass-spectrometric methods. High performance liquid 

chromatography (HPLC) of transferrin glycoforms was recommended as the interim reference 

method to be applied in CDT confirmatory analysis [13]. To overcome the lack of 

standardization affecting CDT analysis, the Working Group on Standardization of CDT 

measurement (IFCC-WG-CDT) suggested to use disialotransferrin as the primary target 

molecule for CDT measurement, expressed as relative amount of total transferrin 

concentration [13, 14]. Although there are great advantages of this method, in particular 
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regarding analytical and clinical specificity, a number of atypical separation patterns, not 

reflecting alcohol abuse, have been identified. Atypical patterns are often attributed to genetic 

transferrin variants of the amino acid sequence such as BC or CD [15]. In addition, there are 

also cases with a chromatographic pattern where disialo- and trisialotransferrin are not 

adequately separated. This phenomenon is called disialo–trisialo bridging (di–tri bridging) 

[16]. Presence of di-tri bridging makes the interpretation of CDT difficult and increases the 

uncertainty of the measurement. It was recently established that the di-tri bridging 

phenomenon could neither be explained by a genetic transferrin protein variant nor by an 

increased trisialotransferrin fraction [16]. It has been suggested that the di-tri bridging 

phenomenon may be prevalent in patients with liver cirrhosis or other severe liver 

abnormalities [16, 17].  

The aim of this study was to examine if altered glycosylation of transferrin may explain the 

occurrence of a di-tri bridging pattern on HPLC.  
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2. Material and methods  

 

2.1 Patients and serum samples  

 

During a period of six months, serum samples admitted to the laboratory for routine analysis 

of CDT were selected for further analysis if the chromatogram indicated presence of di-tri 

bridging. Data on age, gender and plasma liver enzymes (Glutamyl transferase (GT), 

Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST)) were collected from 

the laboratory data system. The patient identity of each sample was then removed (Table 1). 

CDT was analyzed by high-performance liquid chromatography as previously described [18]. 

The control samples consisted of one serum pool from 150 patients with normal CDT values 

and one pool from 150 patients with increased CDT (> 3 %). The controls were analyzed in 

each run. Nineteen plasma samples that showed di-tri bridging were identified and stored 

at -20 °C until further analysis. 

 

2.2 Chemicals and reagents  

 

Human transferrin from Sigma (Holo-transferrin, iron-saturated, T3400 Sigma-Aldrich) was 

used as reference (reference transferrin). All water solutions were prepared with Milli Q 

Water. All chemicals were from Merck except for glycine, Triton-X100, BSA, AGP and 

KH2PO4 (Sigma-Aldrich), SDS and β-mercaptoethanol (Bio-Rad Laboratories).  

 

2.3 Purification of transferrin  

Transferrin was isolated from serum samples using affinity chromatography. Transferrin 

specific antibodies (Rabbit anti-human transferrin, A0061, DAKO) were immobilized on a 5 
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ml HiTrap NHS-activated column (Amersham Biosciences) according to the manufacturer’s 

instructions. The column was connected to an ÄKTA prime instrument equipped with a UV 

detector (Amersham Bioscience). Chromatography was performed at a flow rate of 1.0 

ml/min. Serum was diluted twofold with phosphate buffered saline, pH 7.4 (PBS), and after 

equilibration of the column with 2 column volumes of PBS, the diluted serum sample was 

injected. Unbound proteins were eluted with 30 ml of PBS. The absorbance of the effluent 

was recorded at 280 nm. Transferrin was eluted using 0.2 M glycine-HCl buffer, pH 2.0, and 

collected in 1-ml fractions. The fractions were immediately neutralized with phosphate buffer, 

0.5 M, pH 8, and fractions containing transferrin were pooled and stored at -20°C.  

Transferrin concentration in serum samples was determined by an immunonephelometric 

method on BN ProSpec (Siemens Healthcare Diagnostics, Deerfield, IL, USA). The calibrator 

was traceable to CRM 470. Transferrin concentration in purified samples was determined 

using the bicinchoninic acid assay (BCA Protein Assay Reagent, Pierce Biotechnology) using 

reference transferrin (Sigma-Aldrich, see also 2.2) as a standard. According to the 

manufacturer this standard was 98 % pure.  

 

2.4 Sodium dodecyl sulfate polyacrylamide gel electrophoresis  

 

Purified transferrin was analyzed by SDS-PAGE on 10 % Tris-HCl gels (Bio-Rad) under 

denaturing conditions according to Laemmli [19]. Bands were visualized using Coomassie 

blue staining. 

 

2.5 Release of glycans from transferrin  
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The transferrin samples were dialyzed against 3 x 2 l of water for 20 h at 4 °C (Spectra/Por 

Dialysis membrane, Spectrum Laboratories, MWCO: 12-14 000) and lyophilized.  

From each sample 250 µg transferrin was dissolved in 180 µl of phosphate buffer (0.05 M, 

pH 7.5). Then 20 µl denaturizing solution (1 % SDS, containing 1 M β-mercaptoethanol) was 

added. After boiling the samples for 5 min in a water bath and cooling to room temperature, 

20 µl of 10 % Triton X-100 (Sigma-Aldrich) and 2 µl (1 U) of Peptide-N-glycosidase F 

(PNGase F, Sigma-Aldrich) was added and the samples were incubated for 20 h at 37 °C.  

After cooling of the samples to room temperature, 20 µl of 5 % acetic acid was added and the 

samples were incubated for 2 h at room temperature.  

 

2.6 Purification of released oligosaccharides  

 

Sep-Pak C18 cartridges (Waters Corporation) were pre-conditioned with 10 ml methanol 

followed by 10 ml of water. The samples were applied, eluted with 1 ml of water and 

lyophilized. The lyophilized samples were dissolved in 100 µl of water and applied to 

columns containing Bio Gel P2 (2 ml, extra fine, Bio-Rad). Five hundred micro litres of water 

was applied to the column, before the desalted transferrin oligosaccharides were recovered by 

elution with 0.6 ml of water and lyophilized. 

 

2.7 Analysis of oligosaccharides by high performance anion exchange chromatography with 

pulsed amperometric detection (HPAEC-PAD).  

 

Analysis of released oligosaccharides was performed using a ISC-3000 HPAEC-PAD-system 

(Dionex) equipped with a CarboPac PA200 column at a flow rate of 0.5 ml/min [20]. 

Chromatography was performed using a constant concentration of 0.1 M NaOH and a two 
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step gradient of sodium acetate (NaOAc) as indicated in Table S1 (supplementary data). The 

lyophilized samples were dissolved in 100 µl of water. Injection volume was 20 µl. 

 

2.8 Mass spectrometry  

 

Mass spectra were acquired in linear mode on a Voyager-DE Pro instrument (Applied 

Biosystems) equipped with a nitrogen laser. Oligosaccharide samples were converted to 

ammonium form by passage through a miniaturized column of cation-exchange resin AG 

50W-X4, 200 mesh (0.3 ml, Bio-Rad), previously equilibrated with a 5 % ammonium 

hydroxide solution. Glycans were eluted with water and lyophilized. 

Samples were dissolved in a few micro liters of water, and an equal volume of 2’, 4’, 6’-

trihydroxy-acetophenone (THAP) in acetonitrile/20mM ammonium citrate (50/50) was used 

as matrix solution [21]. After drying, recrystallisation from ethanol was performed prior to 

analysis. Analysis was performed in the negative-ion mode using delayed extraction (180 

nsec) and an acceleration voltage of 20 kV. 

Desialylation of oligosaccharides was performed by incubation with 2 M acetic acid at 80 °C 

for 3 h [22]. The sample was applied to a miniaturized column containing a mixed ion 

exchange resin (AG50W X4, NH4
+
-form and AG2-X, Cl

-
 -form, Bio-Rad). Oligosaccharides 

were eluted with water and lyophilized. The desialylated oligosaccharides were analyzed in 

the positive-ion mode using the THAP matrix. 
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3. Results 

 

Serum samples were collected on the basis of an abnormal transferrin isoform pattern (so 

called di-tri bridging), obtained by the routine HPLC method. The criteria for di-tri bridging 

consisted of poor resolution of di- and trisialotransferrin (no base-line separation) together 

with a shortened retention time of the trisialotransferrin peak as compared to the 

trisialotransferrin peak in the control sample run in the same analytical sequence (Fig.1). 

Nineteen samples with di-tri bridging were collected over a period of six months. During this 

period a total of 2246 CDT-samples were admitted to the laboratory. Thus, the frequency of 

di-tri bridging was 0.8 %. The mean percentage of trisialotransferrin was 7.5 % (range: 3.6 – 

13.6 %), which was higher than the 4.6 % trisialotransferrin found in the serum pool from 

patients with increased CDT. Fifteen of the samples showed a chromatogram consistent with 

the profile shown in Figure 1A (transferrin glycoform pattern - 1 (TGP-1)). All of these 

patients had increased levels of one or several liver enzymes (Table 1). Three samples with 

di-tri bridging showed a pattern where not only trisialotransferrin, but also 

tetrasialotransferrin eluted earlier than the control (TGP-2). In contrast to patients with TGP-

1, the patients with TGP-2 all had normal levels of liver enzymes (Table 1). One sample with 

di-tri bridging showed a HPLC chromatogram with increased penta- and hexasialotransferrin 

compared to the other samples with di-tri bridging (TGP-3, Fig. 1C).  

Transferrin was isolated from patients’ serum samples by affinity 

chromatography. Recovery of transferrin from the serum samples was in the range of 85-

100% (mean 93%). The purified samples were analyzed by SDS-PAGE and found to be >95 

% pure as judged by Coomassie blue staining. N-glycans were then enzymatically released 

from the affinity-purified and denatured transferrin and SDS-PAGE analysis showed one 

band with a molecular weight of approximately 4 kDa less than native transferrin, indicating 
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complete removal of both N-glycans (Fig. S1, lane 3, supplementary data). The SDS-PAGE 

analysis revealed that it was essential to denature transferrin prior to enzymatic digestion to 

obtain a fully deglycosylated protein. Enzymatic digestion of transferrin without prior 

denaturation resulted in a reduction of molecular weight of only 2 kDa, indicating removal of 

only one N-glycan (Fig. S1, lane 2). HPAEC-PAD analysis of oligosaccharides released from 

reference transferrin showed a major peak eluting at 34 min, representing a biantennary 

disialylated glycan (Fig. S2A, supplementary data). Peaks corresponding to biantennary 

monosialylated glycans and di- and trisialylated triantennary glycans could also be identified 

and were tentatively assigned according to previous studies [9]. Transferrin from the serum 

pool with increased CDT (150 samples) but without di-tri bridging was also examined. 

Released oligosaccharides were analyzed by HPAEC-PAD and showed a profile identical 

with that of the reference transferrin (Fig. S2B). 

HPAEC-PAD analysis of oligosaccharides released from the 15 samples with TGP-1 all 

showed chromatograms with several additional peaks compared to reference transferrin 

(denoted as peak 1-7 in Fig. S2C). A majority of these peaks had retention times between 15 

and 32 minutes and thus eluted earlier than the major biantennary, disialylated glycan. It is 

known that fucose containing N-glycans have reduced retention times compared to 

corresponding non-fucosylated glycans in the HPAEC-PAD analysis thus, the additional 

peaks most likely represent fucosylated forms of biantennary and triantennary glycans [23-

25]. Furthermore, most TGP-1 samples showed an increase in intensity and number of peaks 

eluting later than the major biantennary, disialylated glycan (between 35 and 50 min, Fig. 

S2C), indicating an increase in non-fucosylated triantennary structures.  

HPAEC-PAD analysis of the tree samples with TGP-2 (Fig. S2D) showed only 

minor differences and no additional peaks compared to the serum pool from patients without 

di-tri bridging and reference transferrin. HPAEC-PAD analysis of the sample with TGP-3 
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(Fig. S2E) showed a marked increased intensity of peaks eluting later in the chromatogram 

(between 35 and 50 min), corresponding to non-fucosylated triantennary structures. In 

contrast to the TGP-1 samples the TGP-3 sample did not show any additional peaks eluting 

between 15 and 32 min.  

To further characterize the additional glycans that appeared in the HPAEC 

analysis of the di- tri bridging samples, the released oligosaccharides were analyzed by 

MALDI-TOF mass spectrometry (Fig. 2). A spectrum of oligosaccharides released from 

reference transferrin showed prominent [M-1]
-
 -ions corresponding to monosialylated and 

disialylated biantennary glycans, and minor peaks representing mono-, di- and trisialylated 

triantennary structures. In addition minor peaks representing fucosylated glycans were also 

present. This glycosylation pattern is consisten with previous studies [10, 26, 27]. Mass 

spectrometric analysis of oligosaccharides released from a TGP-1 sample showed, in addition 

to ions corresponding to the mono- and disialylated biantennary glycans, a number of ions 

corresponding to triantennary glycans (Fig. 2B). The mass spectra also revealed presence of 

mono- and difucosylated glycans. Oligosaccharides from the same TGP-1 sample were 

desialylated and analyzed again by MALDI-TOF mass spectrometry (Fig. 2C). The resulting 

[M+Na]
+
- ions correspond to bi- or triantennary glycans with 0-2 fucose moieties. Taken 

together, the HPAEC analysis and mass spectrometry data indicate the presence of more 

branched and fucosylated oligosaccharides in transferrin from TGP-1 patient samples. Mass 

spectrometric analysis of released glycans from the TGP-2 samples showed no major 

differences as compared to reference transferrin (Fig. 2D), whereas the TGP-3 sample showed 

the same increase in triantennary glycans as in the TGP-1 sample. However in contrast to the 

TGP-1 sample there were no peaks corresponding to fucosylated glycans. 
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4. Discussion  

 

The di-tri bridging phenomenon is occasionally observed in the routine analysis of CDT by 

HPLC or capillary electrophoresis. In this study the di-tri bridging phenomenon was found in 

a frequency of 0.8 %, which is similar to previous findings by Helander et al. [15] who 

reported a di-tri bridging frequency of 0.6 % in routine samples. It has been shown that the di-

tri bridging phenomenon is not specifically linked to genetic variants of transferrin, since the 

pattern is observed also in patients with the most commonly observed homozygous transferrin 

C1 variant [16].  

We isolated transferrin from patients with a di-tri bridging phenomenon 

observed by HPLC. Fifteen of the 19 samples showed an HPLC glycoform pattern with 

unaltered retention times of tetra, penta and hexasialotransferrin glycoforms compared to 

reference transferrin (TGP-1). When the released transferrin glycans from these samples were 

analyzed by HPAEC strikingly similar chromatograms were obtained showing several extra 

peaks compared to normal transferrin and transferrin from patients with increased CDT. 

Increased fucosylation was indicated in the HPAEC profile, in that most extra peaks eluted 

earlier than the major disialo biantennary glycan. Presence of fucose residues are known to 

decrease the retention time of glycans on HPAEC [24, 25]. A partial structural 

characterization of the additional oligosaccharides by MALDI-TOF mass spectrometry 

confirmed an increase in oligosaccharide branching and fucosylation.  

In three of the samples with di-tri bridging we found an aberrant pattern in the 

separation of glycoforms by HPLC, where the retention time of the peak corresponding to 

tetrasialotransferrin and pentasialotransferrin eluted somewhat earlier compared to normal 

(TGP-2). Analysis of released glycans from these samples revealed a glycosylation pattern 

very similar to reference transferrin and the pool without di-tri bridging. Since the retention 
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time of all glycoforms was slightly affected in these samples, it can not be excluded that a 

genetic alteration in the transferrin protein caused the di-tri bridging phenomenon in these 

cases. It is possible that this is the same pattern as observed by Helander et al [15].  

One of the samples with di-tri bridging also showed another type of glycoform pattern by 

HPLC consisting of an increased percentage of penta- and hexasialotransferrin glycoforms 

(TGP-3). This sample showed an altered glycosylation profile mainly by having increased 

branching of the glycan structures but without increase in fucosylation. This result indicates 

that an increase in triantennary structures on transferrin may be the major cause of the di-tri 

bridging phenomenon. This is also consistent with the finding that fucosylated and non-

fucosylated pentasialotransferrin are not separated by HPLC [27]. 

Altered glycosylation of plasma proteins is a common finding associated with 

liver diseases, including cirrhosis, cancer and hepatitis [26, 28-34]. An increase in branching 

and fucosylation of transferrin N-glycans has previously been reported in patients with 

hepatocellular carcinoma [26, 32, 34], which was similar to the pattern found in the samples 

with di-tri bridging.  

As previously observed by Arndt et al. [16], we found the di-tri-bridging 

phenomenon to be associated with an increase in trisialotransferrin. The increase of 

trisialotransferrin did however not correlate to an increase in disialotransferrin (CDT). Thus it 

is not likely that the increase of trisialotransferrin is caused by alcohol per se [15]. An 

increased percentage of trisialotransferrin was recently observed in patients with 

hepatocellular cancer [35]. However, the occurrence of di-tri bridging was not reported.  

The retention time of trisialotransferrin was significantly affected in samples 

with di-tri bridging. This could be explained by the altered glycosylation and increased 

heterogeneity of glycan structures found in this study. However, it is somewhat surprising that 

it is only the retention time of trisialotransferrin that is affected and not the retention times of 
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other transferrin glycoforms. The trisialo glycoform may contain a greater variety of glycan 

structures caused by a combination of increased fucosylation and branching, decreased 

sialylation and less occupancy of one of the glycosylation sites. It is also possible that the 

increased heterogeneity is more prominent in one of the glycosylation sites and therefore has 

a greater effect on the separation of glycoforms lacking one of its N-glycans. In a study on 

site-specific glycosylation of transferrin it was shown that Asn-611 showed a greater 

variability in N-glycan structures than Asn-413 in normal transferrin [36]. A third, low-

occupancy, glycosylation site at Asn-472 has also been identified [37] and thus, another 

explanation for the abnormal glycosylation profile may be an increased occupancy of the third 

glycosylation site in transferrin. 

 

4. Conclusions  

 

Our study shows that the di-tri bridging phenomenon found occasionally in CDT 

measurement by HPLC is associated with alterations in transferrin glycosylation in the 

majority of cases. Transferrin from these samples contains a higher extent of triantennary and 

often fucosylated N-linked oligosaccharides. Further studies are needed to examine these 

glycosylation changes in relation to liver disease of different aetiology. These results may also 

be applicable in future diagnostic approaches to liver diseases.  
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Table 1 

Data on liver enzymes and transferrin glycoform pattern 

 

Age 

(years) 

Gender 

(Male/Female) 
P-GT 

(µkat/l) 

P-ALT 

(µkat/l) 

P-AST 

(µkat/l) 

Transferrin 

glycoform pattern 

67 M 4.6* 0.65 1.9* TGP-1 

54 M 4.3* 0.36 0.50 TGP-1 

36 F 14* 0.31 0.91* TGP-3 

67 M 15* 0.46 0.84* TGP-1 

22 M 0.31 0.25 0.32 TGP-2 

67 M 5.6* 0.57 0.81* TGP-1 

48 M 2.8* 0.54 1.2* TGP-1 

51 F 7.1* 3.3* 4.6* TGP-1 

41 M 4.2* 2.2* 2.6* TGP-1 

74 F 6.9* 0.45 0.74* TGP-1 

49 F 10* 1.5* 3.2* TGP-1 

51 M 5.3* 2.4* 2.2* TGP-1 

39 M 1.6* 0.95 0.90* TGP-1 

56 M 3.9* 3.2* 2.6* TGP-1 

48 F 14* 1.9* 3.8* TGP-1 

38 M 0.34 0.27 0.44 TGP-2 

61 M 2.6* 0.42 1.1* TGP-1 

55 M 3.7* 0.38 0.54 TGP-1 

23 M 0.60 0.51 0.39 TGP-2 

 

*Result above normal reference limit according to NORIP [38] 
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Table S1 

Gradient profile for analysis of carbohydrate chains by HPAEC-PAD.  

Time (min) 

Eluent A  

(water)  

% 

Eluent B  

(0.2 M NaOH)  

% 

Eluent C  

(0.1 M NaOH, 0.5 M NaOAc) 

% 

0 49.5 49.5 1 

10 48 48 4 

60 35 35 30 
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Figures captions 

 

 

Representative HPLC chromatograms of transferrin glycoforms from patient samples 

showing di-tri bridging ( 
___ 

) together with an overlay with the control sample run in the same 

analytical sequence ( --- ). Three different transferrin glycoform patterns were found and 

denoted TGP-1 (A), TGP-2 (B) and TGP-3 (C).  
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MALDI-TOF mass spectrometry of oligosaccharides released from transferrin. Reference 

transferrin analyzed in the negative ion-mode (A), a patient sample with TGP-1 di-tri bridging 

analyzed in the negative ion-mode (B). The indicated m/z values represent [M-1]- ions. A 

desialylated patient sample with TGP-1 analyzed in the positive ion-mode (C). The indicated 

m/z values represent [M+Na]
+
 ions. A patient sample with TGP-2 (D) and a patient sample 

with TGP-3 (E) analyzed in the negative ion-mode. The peak marked with an asterisk (*) in 

panels A, B, D and E represent the sodium adduct of the disialylated biantennary glycan. 

Tentative structures are depicted with the following symbols: black (solid) squares, N-

acetylglucosamine; grey circles, mannose; open circles, galactose; open rhombi, 5-

acetylneuraminic acid; grey triangles, fucose. 
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Figure captions supplementary data 

 

 

SDS-PAGE of purified transferrin stained with Coomassie blue. Lane 1, affinity purified 

transferrin from a sample with di-tri bridging; lane 2, non-denatured transferrin after digestion 

with PNGase F; lane 3, transferrin after denaturation and digestion with PNGase F. The 

positions of molecular weight markers are indicated to the left. 
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HPAEC-PAD analysis of oligosaccharides released from transferrin. Reference transferrin 

(A), serum pool from patients with increased CDT but without di-tri bridging (B), a 

representative chromatogram from a patient with TGP-1 di-tri bridging. Additional peaks 

compared to reference transferrin are indicated (C), a patient sample with TGP-2 (D) and a 

patient sample with TGP-3 (E). Tentative structures are depicted with the following symbols: 

black (solid) squares, N-acetylglucosamine; grey circles, mannose; open circles, galactose; 

open rhombi, 5-acetylneuraminic acid, grey triangles, fucose. 
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