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SUMMARY 

The structure of Umt B-type glycopepttdes (monostalo-type and drstalo-type) 
was mvesttgated by Smith degradatton, methylation, and mass spectral analysis These 
glycopepttdes contam three perrpheral sugar chains Two are composed of D-galactose 
resrdues lmked at C-6 and 2-acetamtdo-2-deoxy-D-glucose resrdues hnked at C-4, and 
the other IS composed of a D-galactose residue linked at C-6, a 2-acetamtdo-2-deoxy- 
D-glucose residue linked at C-4, and a D-mannose restdue lurked at C-2 Most of these 
peripheral sugar chants are lurked to two inner D-mannose restdues which are 
substituted at C-3 and C-6, and constrtute branchmg points L-Fucose and N-acetyl- 
neurammtc actd residues are nonreducmg termmal groups, and a di-N-acetylchtto- 
blase moiety IS linked to an asparagrne residue m the pepttde moiety By methylatron 
analysts of the ohgosaccharide obtained by hydrazmolysis of the dtsraloglycopepttde, 
the L-fucose residue was found to be linked to C-6 of the 2-acetamtdo-2-deoxy-D- 
glucose residue lmked to the asparagme restdue From these results, and from the 
previously reported data on the sugar sequence and the anomerrc configurations of the 

linkages between sugar restdues, structures for these glycopepttdes are proposed 

INTRODUCTION 

Thyroglobuhn, the major protein constituent of the thyroid @and, 1s a glyco- 
protem and the stored form of the thyroid hormones The Sptros’*’ have shown that 
thyroglobuhns from all spectes studred possess two dtstmct types of ohgosacchande 
chams One of them (Umt A-type sugar chain) consrsts of D-mannose and N-acetyl- 
D-glucosamme (2-acetamido-2-deoxy-D-giucose), and the other (Umt B-type sugar 
cham) contams D-mannose, N-acetyl-D-glucosamme, D-galactose, L-fucose, and stahc 
acid Arima and Spiro3 have partially elucidated the structure of the Unit A-type 
sugar &am of calf and human thyroglobuhns 

In previous paper&‘, the structure of the dlsralo, Unit B-type glycopepttde4 
(Fractton V) of porcine thyroglobchn has been mvestrgated by means of penodate 
oxrdatron and sequential enzymrc degradatron with purified glycostdases, and the 

*To whom mqmnes should be addressed 
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sugar sequence and the anomenc configurations between sugar residues have been 
elucidated as 

(a-NeuAc), -+ (B-Gal), --, (&GlcNAc), -+ (a-Man), --, [(B-Man) (a-r.-Fuc)] --, 
--) (GlcNAc), ---, Asn 

However. the posItions of the glycosldlc hnkages and the locatlon of the 
L-fucose residue have remamed unknown In tls paper, we report the complete 
structure of the Umt B-type sugar cham of porcme thyroglobulm 

EXPERIMENTAL 

Preparatron of Unrt B g1Jcopeptmde.v from porcme thyroglobulm - The glyco- 
peptldes from porcme thyrogIobuhn were prepared accordmg to the method of 
Fukuda and Egam14 \nth the followmg modifications Fraction III (described 1x1 the 
previous pubhcatlon4) was dlssoIved m rnhf NC1 and applied to a column of SP- 
Sephadex G-25 (1 4 x 32 cm) The column was eiuted with mu HCI, and the un- 
adsorbed glycopeptide fraction was lyoph&zed (Gp 1) Th.ts glycopeptide was 

GPl W3 

ASP GP~ Gp4 

C-1 
-I 

Fccxt~on number 

Rp 1 Paper ekctrophoretograms of fractionated glycopeptxdes Expenmental details are gtven 111 
the text I 

Rg 2 Gel f&ration of the Pronase &gest of glycopeptxies* (Fraction IV and V) The Pronase &gest 
was apphed to a column of Sephadev G-50 (1 2 x 105 cm), and elutron was performed with water 
Fractions of 6 ml were collected at 15 ml/h at 4” and analyzed for neutral sugars wtth the phenol- / 
H,SO, reactions ( -) and for peptldes wth the nmhydrm reactton* (-O-O-) The glyco- 
peptlde fractxons were pooied as mdxated. 
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homogeneous on electrophoresls m pylldme-acetlc acid-water (1 10 89, pH 3 6) 
(Fig 1) From its chemical composition (Table I), this glycopeptide apparently 
corresponds to Fraction III-2 described m the previous pubhcatlon4 Fraction IV and 
V of the previous publication4 were combined and subjected to extensive Pronase 
digestion by the method of Anma and Spiro 3 The digest was apphed to a column of 
Sephadex G-50 (1 2 x 105 cm) and eluted with water (Fig 2), and the glycopeptlde 
fraction subsequently apphed to a column of DEAE-Sephadex A-25 (2 1 x 50 cm) 
The column was first washed with water (150 ml), and then with 15mh4 sodium 
phosphate buffer (pH 7 0), and then eluted urlth a gra&ent of 15mM sodium phosphate 
buffer (pH 7 0) (375 ml m the mlxm, = vessel) and 150m~ sodium phosphate buffer 
(pH 7 0) (375 ml m the reservoir) Fractions of 15 ml, collected at 20 ml/h at 4” (Fig 3) 
were analyzed for neutral sugars by the phenol-H,SO, reaction Three peaks were 
detected, which were pooled, desalted by passage through a column of Sephadex G-25 
(1 2 x 105 cm), and lyophlhzed The three glycopeptldes (Gp 3, Gp 3, and Gp 4, 

Fig 1) were found to be homogeneous on electrophoresls m pyndme-acetlc acid-water 
(1 10 89, pH 3 6) 
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Fig 3 DEAE-Sephadex A-25 column chromatography of the glycopeptlde fraction described m 
Fig 2 Expenmental detads are given m the text Fractions were analyzed for neutral sugars by the 
phenol-H2SOJ reactIons and pooled as mdlcated 

Enzymes - Highly punfied samples of /?-galactoadase (Charoma lamps), 

cr-mannosldase (Turbo cornufus), and j?-N-acetylhexosammldase (Tzu-bo cornutus), 

purchased from Selkagaku Ko,90 Co (Tokyo), were assayed with p-mtrophenyl 
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glycosldes as described by Fukuda et al lo Each putied enzyme used m thrs study 
was found to be devord of other glycosrdase acttvtty One umt of enzyme actrvrty IS 
defined as the amount of enzyme that could hberate 1 0 prnoi of p-nrtrophenol m 
1 mm from the conespondmg p-mtrophenyl glycostdes 

Amino aced ailcIIJzTzs - After hydrolysis of glycopepttdes for 24 h wrth 5 7~ 
HCI, at 110” ID. sealed, evacuated tubes, ammo acrds were determmed, wrth a Hrtachr 
KLA3B ammo acrd analyzer accordmg to the method of Spa&man et al I1 

Sugar anal,srs - The total srahc acrd content was measured by the thro- 
barbnunc acid method 1 ’ X-GlycoIyIneuramnuc acid was determined by the modified 
method of Klenk and Uhlenbruck13 accoramg to Sprro14 Neutral sugars were 
determmed by the phenol method of Dubors et al * Hexosammes were determmed 
urlth a Hrtacht KLA-3B ammo acrd analyzer according to the method of Sprro’4, 
hydrolysis bemg performed wrth 4hI HCl for 6 h For the ldentlficatlon and the 
determmatlon of neutral sugars, gas-hqmd chromatosaphy was performed after 
reduction to the respective aldltols, followed by acetylafion, accordmg to the method 
of Spiro 1 s 

Ekctrophoretrc procedure - The homogenerty of the glycopeptrdes was tested 
by electrophoresls on Toyo-Roshr No 51 paper at 33 0 V/cm m a pyrldme-acetIc 
acid-water (I IO 89) solvent for 2-3 h The glycopeptides were detected with 0 2% 
nmhydnn m acetone 

Sequentral degradation of gll,copepttdes - Removal of srahc acrd from the 
glycopeptrdes was performed by actd hydrofysrs wrth 0 05~ H,SO, at 80” for 1 h 
The content of fucose m the glycopepndes was not affected by thus treatment 
Sequential enzymlc de,oradatlon of the glycopeptldes was performed by the method of 
Toyoshima et al 6 

Pevrodare oxmdarron - A sample of glycopeptrde (1 0 ,umol) was treated at 4” 
m the dark wrth sodmm metapenodate (20 pmol) in 0 05~ acetate buffer, pH 4 0 
The reactron was followed by measunng16 the decrease m absorbance at 260 nm 
When the consumptron of penodate reached a plateau (after 30 h), the reactron was 
termmated by addmg 1,2-ethanedlo1 (40 pmol) The salts were removed from the 
reactlon mixture by gel filtration on a small column of Sephadex G-25, and NaBH, 
(8 mg> was then added After the solutron had been kept m the dark for 16 h at 40”, 
a few drops of acetrc acrd were added to termmate the reactron For sequentral I 
oxrdatron, the oxrdrzed and borohydnde-reduced glycopeptrde was Isolated after ’ 
removal of the salts by gel filtration on Sephadex G-25 The glycopeptlde obtamed i 
was hydrolyzed wrth 25m&r H,SO, at SO” for 1 h, and apphed to a column of Dowex 50 ’ 
(X-8, 200400 mesh, H’) followed by elutton with 1 5~ NH,OH The eluate was I 

lyophrhzed m vacua to remove ammoma and the sugars were determmed 
H@-azmo&sls - Hydrazmolysts of one of the gIycopeptrdes was performed I , 

accordmg to the method of Fukuda et al ’ 7 The dry glycopeptide was heated at 105” 
for 4 h wvlth freshly drsttlled, anhydrous hydrazme contammg 1% of hydrazme 
sulfate m a sealed, evacuated tube The amount of hydrazme was the mmrmum 
amount required to drssoIve the glycopeptrde, and the glycopeptrde concentratron 
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was generally 0 5-l 0 g per ml of hydrazme Immediately after openmg the tube, the 
reaction rmxture was evaporated rrz uczcuo to remove the hydrazme vvlth occasional 
addlhons of toluene, and then the residue was dned over H$O, m a vacuum desiccator 
The dry hydrazmolyzate was dissolved m water, and the solution was subJected to gel 
filtration on Sephadex G-25 with water The phenol-H$O,-positive fractions were 
pooled and concentrated by lyophlhzation, and the concentrated solution was stored 
at - 20” The ohgosacchmde thus obtained was N-acetylated according to the method 
described by Spiro’4 Immediately after thawmg the frozen solution of the ohgo- 
sacchmde and dllutmg the solution with 10% methanol-4 5~ sodmm acetate to a 
concentration of about 3 ~mol/ml After IV-acetylatlon, the reaction mixture was 
apphed to a column of Sephadex G-25 with water to separate the N-acetylated ohgo- 
sacchande from sodium acetate, acetic acid, and acetlc anhydride The N-acetylated 
ohgosacchande thus obtained was then reduced with NaBH4 (5 mg/ml) overmght at 
room temperature After addltlon of Dowex 50 (H+) to destroy residual NaBH, and 
repeated addltlons and evaporations of methanol, the reduced ohgosacchande was 
permethylated 

Methylarron analysrs - Glycopeptldes or the ohgosacchande obtained by 
hydrazmolysls of one of the glycopeptldes were methylated by the methoa of 
Hakomorl’ * as described by Lmdberg l9 The permethylated product was subJected 
to acetolysis, hydrolysis, reduction, and reacetylatlon as described by Stellner er al I0 

Al&to1 acetates of partially methylated sugars were analyzed by gas-liquid chromato- 
graphy performed on a column of Gas-Chrom Q (SO-100 mesh) coated with 3% 
OV-225 for neutral sugars or 2% OV-17 for ammo sugars Each peak was identified 
by g 1 c -m s with a gas chromatograph-mass spectrometer Model JMS-D 100 (Japan 
Electric Optic Laboratory) with a column (2 mm x 1 5 m) of 2% OV-17 on Gas- 
Chrom Q (80-100mesh)2’ 22 Condltlons for recording the mass spectra were 
ionization potential, 36 eV, ion source temperature, 210”, and separation temperature, 
280” 

RESULTS AND DISCUSSION 

Chemical composltlotz of the glycopeptrdes - The results of the ammo acid and 
sugar analyses of the punfied glycopepfides (see Table 1) Indicate that both Gp 1 and 
Gp 2 contam one slalyl residue and Gp 3 two residues Gp 4, which was obtamed m 
the smallest yield, contams three slalyl residues The molecular weight of Gp 3 was 
es&mated to be 2,800 by gel filtration on a cahbrated column of Sephadex G-50 
(super fine) according to the method of Fukuda and Egam14 Although the molar ratio 
of N-acetylneurammic acid to N-glycolylneuramlmc acid in the dislaloglycopeptlde 
had been estimated to be - 3 2 with the thlobarblturlc acid method” (after paper 
chromatographlc separation’ 3, m the previous pubhcatlon4, the determmafion of 
@ycohc acid 1 4 mdlcated that N-glycolyneurarmnrc acid comprised less than 10% of 
the total slahc acid of the dlslaloglycopeptlde Gp 3 

Sequentzalperrodate degradatron of the glycopeptrdes - After the first penodate 



410 T KONDO, M FUKUDA, T OSAWA 

degradation of Gp 3 (see Table II), all of the aahc acid and D-galactose residues, and 
one residue each of N-acetyl-D-glucosamine and D-mannose were removed The 
second penodate degradatron removed all of the remaming D-maunose residues and 
two residues of N-acetyl-D-glucosamme, leaving only the two termmal N-acetyl-D- 
glucosamme residues (Table IT), one of which is linked to asparagme 111 the peptIde 
moiety 

TABLE I 

CARBOHYDRATE AND AhilNO ACID RESIDUES OF PORCRsZ THYROGLOBULIN GLYCOPEPTIDti 

Resrdues GIycopepndes 

GP 1 GP 2 GP 3 GP 4 

Galactose 30 
Uannose 33 
Fucose 11 
N-Acetylglucosamme 53 
N-Acetylneurammlc acid 11 
N-GiycoIyIneuramm~c acl .d 01 
Aspartlc dcld IO 
Threomne 03 
Serme 03 
Glutamlc acid 00 
Prohne 00 
Glycmc 02 
Yield (%I’ 41 

32 
30 
09 
47 
10 
00 
b 
b 
b 
b 
b 
b 

02 

30 
30 
10 
5c 
19 
01 
10 
03 
01 
00 
00 
01 
22 

34 
30 
11 
45 
26 
01 
b 
b 
b 
b 
L 
b 

01 

“Expressed as mol/mol of glycopeptlde III reiatlon to asparttc acid taken as 1 0 (Gp 1, Gp 3) or 
mannose aken as 3 0 (Gp 2, Gp 4) ‘Not determmed ‘Percent (w/w) on the basis of the crude 
glycopeptlde fractlon4 

TABLE 11 

SEQUENTIAI PERIODATE OXIDA-ION OF GP 3” 

Carbohydrate restdues Untreatedb After degradztmn 

Ftrst’ Second’l 

Galactose 29 0 0 
hlannose 30 20 02 
Fucose 10 0 0 
N-Acetylgiucosamme 50 37 20 
WAcetyIneurammlc acid 18 0 0 

“Carbohydrate residues per glycopeptlde bMannose taken as 3 CMannose taken as 2 ‘N-Ace@- 
gIucosamme taken as 2 

Mefhyiirfzon sfudes - In order to determine accurately the position of the 
hnkages between sugar readues, Gp 1 (monosialoglycopeptide), Gp 3 (dlslaloglyco- 
pephde), and the denvabves obtamed by penodate degradation (one step), glycosidase 
treatment, or hydrazmolysis were permethylated The methyIated sugars obtamed 
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after acid hydrolysis were analyzed as aldltol acetates by g 1 c-m s The sugar 
composltrons of the compounds subJected to the permethylatlon studies are hsted m 
Table III, and the results of the permethylation m Table IV 

As expected, Gp 1, which has on!y one residue of slahc acid, gave terminal 
2,3,4,6-tetra-U-methyl-D-&atitol and 2,3,4-trx-O-methyl-o-galactitol 1n a ratlo of 

TABLE III 

CARBOHYDRATE RESIDUES OF THE GLYCOPEPTIDES AND 

0L:GOSACCHARIDE.S SUBJECTED TO YE- YLATION 

Residues compounds 

Gp 1” Gp 3” S-Gp jb = E-Gp ibd E-Gp 3be H-Gp 3af 

Galactose 27 29 11 19 30 
Mannose 30 30 20 20 20 30 
Fucose 10 10 10 11 11 
N-Acetylglucosamme 4 8 50 37 31 39 50 
N-Acetylneuramnuc 

acid 10 18 09 17 19 

“Mannose taken as 3 *Mannose taken as 2 ‘Gp 3 degraded once with penodate dGp 1 treated with 
fi-galactosldase, j-N-acetylhexosammrdase, and a-mannosldase CGp 3 treated with fi-galactosldase 
B-N-acetylhexosanumdase, and a-mannondase ‘The NaBH,-reduced ohgosaccharlde that was 
obtamed by hydrazmolysls of Gp 3 

TABLE IV 

hfETHYLATION ANALYSES OF GLYCOPEPTIDES AND THEIR DERIVATIVE* 

Compound peracetates GIycopepndes and dermatrces 

GP 1 GP 3 S-Gp 3* E-Gp ib E-Gp 3b H-Gp 3b 

2,3,4-Tn-0-methylfucltol 
2,3,4,6-Tetra-0-methylgalactitol 
2,3,4-Trl-0-methylgalachtol 
2,3,4-Trl-O-methylmatol 
3,4,6-Tn-0-metbylmanmto~ 
2,4-Dl-0-methylmanmtol 
3,6-Dl-0-methylmanmtol 
2-Deoxy-1,3,5-tr+O-metbyl- 

2-(N-methylacetamldo)gluCltol 
2-Deoxy-3,6-&-O-metbyl- 

2-(N-methylacetamldo)glucltol 
2-Deoxy-3-O-metbyl- 

2-(N-methylacetamldo)glucltol 

06 09 00 06 07 08 
16 08 00 01 02 08 
10 23 00 08 21 16 
00 00 08 20 12 00 
13 12 00 00 00 10 
18 18 09 02 10 20 
02 02 01 00 00 00 

04 

09 

07 

40 

The methylated sugars were analyzed as al&to1 acetates The amount of each sugar was determmed 
by total ion cbromatography22 and expressed as mol/mol of sample by takmg the value of b-O- 
methylmanmtol as 2 0 for Gp 1, Gp 3, H-Gp 3, and 1 0 for S-Gp 3, E-Gp 3 and the value of 2,3 4- 
tn-0-metbylmanmtol as 2 0 for E-Gp 1 For ammo sugars, the values were calculated by takmg the 
values of 2-deoxy-3,6~-O-metbyl-2_(N-merhylacetam~do)gluc~tol as 4 0 *For abbrevtatlons see 
legend to Table III 
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2 1, and Gp 3, which has two residues of s~ahc acid, gave those methylated D- 
galactitol denvatlves m the ratlo of 1 2 These results also show that the slahc acid 
residues are hnked to C-6 of the D-galactose residues From the five residues of 
p&ally methylated denvatives of 2-acetanndo-2-deoxy-D-glucltol detected, four 
were 2-deoxy-3,6-d~-O-methyl-2-N-(methylacetam~do)-D-gluc~tol, mdlcatmg that four 
residues of N-acetyl-D-glucosamme are substituted at C4 These results suggest the 
eustence m Gp 1 and Gp 3 of three penpheral sugar chams contammg a D-Galp- 
(1 +4)-D-GlcNAcp sugar sequence 

Smce two residues of &-U-methyl-D-mannose are present m permethylated 
Gg 1 and Gp 3, these D-mannose residues constitute branchmg pomts, and the 
preponderance of 2,4-dr-O-methyl-D-manmtol (see Table IV) mdlcates that most of 
the D-mannose residues at the branchmg pomts are substituted at C-3 and C-6 
However, some heterogeneity at the branchmg pomt was shown by the small pro- 
portlon (- 10%) of 3,6-dl-U-methyl-D-manmtol observed after permethylation 
(Table IV), which suggests that some D-mannose residues at the branchmg points are 
substituted at C-2 and C4 After treatment ulth fl-galactosldase, j?-Wacetylhexo- 
sammldase, and a-mannosldase m order to remove the chains devoid of srahc acid, 
Gp 1 was permethylated to &ve two moles of 2,3,4-tn-O-methyl-D-mannltol Thus 
Indicates that both slahc acid-free sugar chams are linked to C-3 of the D-mannOSe 

resIduss at the branchmg pomts Sunllarly, the permethylation of Gp 3 after treat- 
ments with &galactosldase, p-N-acetylhexosammldase, and c+mannoedase gave 
2,3,4-tn-O-methyl-D-manmtol and 2,4-dl-O-methyl-D-manmtol m the ratlo of 1 1, 
mdlcatmg that the slahc aad-free sugar cham of Gp 3 IS hnked to C-3 of the 
D-mannose resxdue ai the branchmg pomt Furthermore, the presence of a 3,4,6-tn-U- 
methyl-D-mannose residue m the permethylated, ongnal glycopeptlde shows that the 
D-mannose residue m the slahc acid-free sugar cham IS substituted at C-2 These 
methylatIon data suggest that three residues of D-mannose have the structure 
a-D-Manp-(1+6)-[(a-D-Manp-(l-+3)]-D-Manp or or-D-Manp-(1+3)-+D-Manp-(l-+6)- 
D-Manp However, the observation that the second step of the Smith degradation of 
Gp 3 gave (GlcNAc)2-Asn ehmmates the latter structure 

In a previous pubhcation6, the location of an L-fucose resrdue m the core 
dl-N-acetylchltoblose moiety was suggested from the results of the sequential enzymlc 
degradation with punfied glycosldases In order to ascertam wluch of the N-acetyl- 
D-glucosamne residues of the dl-N-acetylcbtoblose moiety 1s lmked to the L-fucose 
resmue, Gp 3 was subJected to hydrazmolysls, and the ohgosacchande released was 
separated, reduced with NaBH,, and permethylated Smce a l-O-methyl denvative 
can be obtamed only from the reducmg termmal residue, after hydrolysis, the hnkage 
posmon of the reducmg termmal sugar residue could be determmed uneqmvocally 
by this techmque As shown m Table IV, 2-deoxy-1,3,5-tn-U-methyl-2-N-(methyl- 
acetamido)-D-glucitol (Fig 4) was obtamed from the reduced and permethylated 
ohgosacchande, suggestmg that the L-fucose residue IS hnked to C-6 of the N-acetyl- 
D-glucosamme residue linked to an asparagme residue 

Totalstructure ofglycopeptdes - From the senes of expenmentsjust described,, 
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Fig 4 Mass spectrum of the acetate of 2-deouy-I 3,5-trl-O-methyl-2N-(methylacetamldo)-D- 
glucltol 

and also from the previous observatlons5-’ on the sugar sequence and the anomerlc 

configuration between sugar residues, structures are proposed for Gp 1 and Gp 3 
(see Fig 5) Although Gp I and Gp 3 comprise only 6-7% of the crude glycopeptlde 
fractlon4 (Table T), these glycopeptldes possibly constitute the maJor portlon of the 
Umt B glycopeptldes obtamed from porcine thyroglobuhn, because this glyco- 
protem has been found to contam larger amounts of Umt A-type sugar chains” 

Fig 5 Proposed structure of Urut-B-type glycopeptldes of porcine thyroglobuhn (Gp 1 and Gp 3) 
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