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AE%STRACT 

The temunal D-galactopyranosyl residues of aslaloglycopeptldes Isolated from 
human r,-acid glycoprotem were owdlzed m nearly quantltatlve yield to the cor- 

respondmg uromc acid residues by a two-step sequence empIoymg D-gaiactose oxldase 
followed by treatment wth Tollens reagent, Ag(NH,)f Mild acid hydrolysis of the 
oxl&zed glycopeptldes led to the lsolatlon of the correspondmg aldobnn-omc acid(s) 
Structural and colorlmetrlc analbsls revealed that only one aldobmromc acid, 
2-ammo-2-deoxy-4-O-(P-D-galactopyranosyluromc acid)-D-glucose, 1~ as Isolated from 

the ow&zed glycopeptldes of a,-acid glycoprotem TIus method can readily &stm- 

gulsh between the (l-+3), (l-+4), and(1 +6) Isomers of the cot-1 espondmg aldobmromc 

ac& 

INTRODUCTION 

A frequently occurrm, e structrlral urut in serum glycoprotems 15 a heteropoiy- 

saccharlde conslstmg of ohgosaccharlde chams wth the sequence blahc acid (or 

r-fucose)+D-galactose-+2- acetamldo-Zdeoxy-D-glucose, lmhed to a core region of 

D-mannose and 2-acetamldo-2-deouy-D-glucose residues ’ However, for a large 

number of glycoprotems, the In&age(s) of the penultlmate o-galactose to the 
adJommg 2-acetamldo-2-deo\y-D-glucose residue has not been unambiguously 

established 
For example, the well-studed human al-acid glycoprotem 11 as reported to 

contain some /?-D-galactOpyranOSy1-( l-+3)-2-acetamldo-2-deoxy-D-glticose lmkages ‘, 
although the P-D-(1+4)-lmhages appear to be the major type of h&age3 Smtllariy 
for human transferrm, the major hnhage between the D-galactose and 2-acetamldo-Z- 

*A prehmmary report of this work \\ds presented at FASEB Meetmg in San Francwo, 6-10 June 1976 
[Fed Proc Fed Am Sot Erp B~ol, 35 (1976) 17411 This \\orL \~~ts supported by a grant of the 
NatIonal Institute of Arthrnls, Metabohsm and DIgestwe Diseases, NatIonal Insututes of Health 
(AM 16363-03) 
*-TO shorn reprmt requests should be dlrected 
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deoxy-D-glucose residues seems to be’ ’ p-~-(1 -+4), but the occurrence of other 

hnkages between these two sugar residues has not been rigorously excluded 

We wsh to present a smlple method, apphcable to a variety of ,olycoproteins 
contammg the sequence D-galactose+Z-acetamldo-2-deoxy-D-glucose. to estabhsh 

the hnhage between the t\\o sugar residues as either (l-+3), (I -+4), or (I +6), or a 
mxxture of these Imkages This method IS based on the well known observation that 
the presence of a D-glucuromc or D-galacturomc acid residue stablllzes the glycosldlc 

Imka,oe to the adJoInIng sugar resldue6 ’ 
The termmal slallc acid (or r-fucose) residue of a glycopeptlde \L as removed by 

mild acid hydrolysis \\hIch resulted m the exposure of the penultlmate D-galactose 

residue as the nonreducmg end of the olIgosacchande cham Selectwe oxldatlon of 
this D-galactose to a D-galacturonrc acid residue \\as carried out as a t\\ o-step process, 

and \\ as folio\\ ed by acid hydrol> SIS The condltlons of acid hydrolysis were chosen m 

such a \\ay as to 1 leld dlsacchande(s) conslstm, 0 of d D-galacturomc acid residue 

unked to the neIghbormg sugar residue Unambiguous ldentlficatlon of the Isolated 

&sacchande(s) estabhshed the type of lmhage bet\\een the wgalactose and 2- 
acetamtdo-2-deoky-D-,c’ucose residues m the glycopeptlde 

EYPERIMENT4L 

\fnrerraf\ - Human r,-actd glycoprotem \\as prowded by the 4merlcan Red 

Cross Fractionation Center \i~th the partlal support of NIH Grant No HL 13551 

Purified P-D-galactosldase (EC 3 2 1 23) from Drphcoccm ptremrmme was kindly 

pro\ lded b> Dr GIlbert Ash\ieell National Institutes of Health 4uthentIc samples of 
2-acetanndo-2-deo\>-~-0-(/2-D-gaIactop, rdnosyl)-u-glucose and of 2-acetamdo-Z- 

deoly-4-O-(&D-galactopyranosq 11-wglucose \\eere generous gifts of Dr El\ m A 

Rabat Columbia UniLerslty u-Ginlactose ovldase (D-galdctose oxygen 6-o\ldo- 

reductase EC I I 3 9) from fo/~pot IIJ CII crttatm was obtdmed from Sxgma Chenuc‘ll 
Co _ St LOUIS. MO 63 175 and Worthmgton Blochenucal Corp Freehold NJ 07728 

and v.as used directly or after partlal purlficatlon by DEAE-cellulose chromato- 

graphy and anmomum sulfate preclp&mon’ Beef hver cdtalase (EC 1 1 I 1 6 ) was 

obtalned from Worthmgton Blochemlcal Corp and /I-D-galactose dehydrogenase 
(D-galactose NAD- I-o\ldoreductase, EC 1 1 1 4s) from Sigma Chemical Co 

PI epnt atlot of cmalogh copepttrles - Glycopeptldes of human TL, -dcld gl>co- 

protem \\ere prepared by the method of Jamlesong, from 250 mg of glycoprotem 

(-20 umol), 15 2 rlmol of glycopeptldes iiere Isolated representmg d 77% yield 

(based on slahc acid determmatIon”, and assummg 4 slahc acid residues per mol of 
glycopeptlde) Remo\ al of termmal slahc acid and r_-fucose restdues was accomphshed 

by treatment \\lth 0 05~ HISO, for 1 h nt SO’ The amount of slahc acid removed \\.cls 

determmed by the method of War1 en lo, as well as by determmatlon of the eqwalent 
amount of D-galactose residues exposed D-Galactose was quantltatlvely determmed 
by treatment \\~th /?-D-galactosldase, followed by measurement of free D-galactose 

wth /3-D-galactose dehydrogenase 
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The quantitative determmatlon of D-g&CtOSe residues exposed bhas used to 

measure the amount of glycopeptlde present, assummg four D-galactose residues per 

zlycopeptlde’ ’ Quantltatlve determmatlon of glycopeptldes by this method agreed 
well wth the asparagme content of the samples ’ ’ 

Oxrdatron of g[vcopeptmdeA - Aslalog’ycopeptldes (I O-6 5 lcmol terrmnal 
o-galactose residues) were Incubated In 0 5 ml of 20mxr KH,PO, (pH 7 0) contaming 
IS00 umts of catalase and 15-100 umts of D-galactose oxldase for 15-24 h at room 
temperature FormatIon of the 6-aldehydo-D-galactoslde was measured by deter- 

nunatton of the reducmg-sugar content accordmg to Nelson’ 3 wth 2-deouy-D-/j w- 
hexose as a standard and a bolhng tune of SO mm * Tollens reagent was prepared by 
mung equal volumes of IO”/0 (u/b) aqueous AgNO, and 10% (w/v) aqueous NaOH 
,md then addmg dilute ammoma dropwse until the preclpltate was Just dissolved’s 
The freshly prepared Tollens reagent (1 5 ml) was added drrectly to the glycopeptlde 
mcubatlon-mluture, and the solution \xas kept at room temperature for -S h X 
sliver mirror or bldchenlng of the solution resulted The solution was then centrifuged 

to remove any particulate matter, and ewess Ag’ was removed by drop\{ Ise addmon 
of 11 HCI After centnfugatlon the supernatant solution was collected, concentrated 
to a small volume (0 4-O 5 ml) and deposlted onto a Sephadev G-15 column (1 1 x 

52 an) The column \\as eluted \clth Liaater and the phenol-H,SO,-posltlve matenJ 
\\as pooled, concentrated and found to be free of salts The quantity of o-galacturoruc 
acid formed \\as measured by the carbazole-H,SO, reactIon” D-galacturomc acid 

being the starldard The amount of termmal D-galactose remammg [{as measured by 
treatment LL lth /j-D-galactosldase, folloiied by quantitative determmatlon of D- 
galactose released by /i-wzaiactose dehydrogenase 

1~ol~~tro1l of aidobnrr OIIIL acid\ - The D-galactosylurono,olqcopeptldes (usually 
- 2 5 itmol) v.ere hydrolyzed I/I LCICUO In a sealed tube for 3 h m 0 35x1 HCI at 100’ 

these condltlons uere the be5t to retam a mawrnal >leld of aldobmronic acids and to 
V-deacetylate the xetanxdo group of the 2-acetanudo-2-deouyhe\ose residues The 

solution UELS ekapornted to dryness after several addltlons of water to remove HCI 

,tnd then plzed onto a column (0 5 x 9 cm) of Dower AG-50 (H-) catlon-ewhan_re 

resin All neutral components as \\ell 3s free u-galacturonlc acid \iere eluted \iltll 
\\.Lter (6 ml) The dlsacchande, as well as other compounds havmg ammo groups, 
\\as eluted nlth 0 5~ HCI (5 ml) The sample \ias taken to dryness and stored over- 
right In a desiccator over N,iOH The residue was dissolved m a small volume of 

eater, the pH ‘LdJusted to S \\~th ammoma and then the solution deposIted onto a 
column (0 3 x 9 cm) of Do\\eu 1 (Cl-) amon-exchange lesm After a water \lash to 
elute free 2-ammo-2-deoxy-n-glucose (6 ml), the dlsacchande was eluted with 0 05~ 

HCI (5 ml) 

- The purified diwcchande obtamed from the r,-md glycopeptlde ~~1s subjected 
to high-voltage electrophoresls m 0 05~1 citrate bufier (pH 4 0) for 30 mm at 4000 lr3 
and locahzed by treatment wth AgNO, reagenti In addltlon, a sa+e \kas 

hydrolyzed wth 3~ HCI m an evacuated sealed tube for 3 h ‘It 100" ?-he urcmc ad 
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and helosamme contents of the hydrolyzate were deternuned by the Dlsche’ ’ and the 

Morgan-EIson’ ’ method, respectively The hydrolyzate was subJected to descendmg 

paper chromatography m 6 4 3 (v/v) I-butanol-pyndme-water and 10 3 7 (v/v) 
I-butanol-acetrc acid-water Another dlsaccharlde sample was reduced with NaBH, 

prior to acid hydrolysis_ and agam the uromc acid and hevosamme contents were 

quantltatlvely determmed 
Pt epat alton of dsacchat rde stadat A - 2-Acetamido-2-deoxy-4-O-(/3-~- 

gaIactopyranosyl)-D-glucopyranose, the correspondmg (l-+3)-linked dlsaccharrde, 
and 2-acetanudo-3-deoky-D-_91UCose 1~ ere reduced by treatment u lth a 1 O-fold excess 

of sodmm borotrltlde (Sch\\arz/Mann Dlv , Becton, Dxhmson and Co, Orange- 
burg, NY 10962. 5 Cl/mmol) m dilute NaHCOj AI1 three samples \\ere processed at 
the same time, usmg three mdlvldual ahquots OF the same solution of NaBT, After 
keeping the samples for 3 h at room temperature, the excess of NaBT, was destroyed 

by addltron of a 50 7’0 suspension of dashed Doneu AG-50 (H’) catlon-exchange 
resm m \i ater The resin L\ as remo\ ed bj centllfupatlon and washed several times wth 
water The sample contarnmg 2-amino-3-deo XJ -D-glucltol \\as eluted \\lth 0 5~ HCI 
from the Do\xe~ resm All supernatJnts \\ere combmed and evaporated to dryness 

Boric acid \\as removed by repeated addmons and evaporations of methanol The 

quantity of _ T-ammo-2-deo\y-D-glucltol present \\as determmed nlth nmhydrm’8, 
2-ammo-Z-deolv-D-glucose bemg the standard The specific actwty of the reduced 

dlsacchnndcs, based on 2- ammo-2-deox>-o-[1-3H]ghxltol, was determmed to be 

3 6 x 10’ d p m llrmol 
O\ldatlon of the ti-galactose resrdue of the reduced disaccharides was per- 

formed m the same day ‘is described for the glycopeptldes The resultm,o aldobmromc 
acids \\ere then desalted by passage through a Blo-Gel P-2 column (1 x 76 cm) Fmal 

purlficatlon of the dlsacchalldes \i as acc~mphshed by deposltmg the solution onto a 
column (0 5 x S cm) of Do\\e\ 1 (Cl-) amon-exchange restn and elutmg nlth 0 0511 

HCI 
Pertodnte (SintIlt) rfegt arlatrott - The dwxcharldes derived from cr,-dcld 

glycopeptldes v ere reduced wth X&BT_ &s Just described In addltlon, the dlsac- 
charldes were L\-acet~ Idted by treatment xc~th saturated NnHCOj (0 1 vol ) and 2% 

acetlc anhydnde m acetone (0 1 ml) After 30 mm at room temperature, the sample 
\\as passed through a column (0 5 x S cm) of Do\\ e\ AG-50 (Hf) catlon-exchange 

rehm, and the efquent \\as collected and concentrated to dryness The residue \\as 
dlssoIved m 40m\I sodium acetate burer (pH 5 0) and owdlzed by ad&tlon of a 

IO-fold molar exess of NaIO, The rcactwn v as alloi+ed to proceed for S h at 4” 111 
the dark, and was termmated by addltlon of an S-fold molar excess of 1,ZethanedIol 

The sample \\as then reduced by the addltlon of a 30-fold excess of NaBI-I, over the 
NaIO, used, and the reaction mixture nas kept for an addltlonal 20 h at 4” The 

reduced sample v as acrdlfied u Ith acetIc acid, passed through a column (0 7 x 10 cm) 

of Dowel AG-50 (I-1’) catlon-exchange resm, and the effluent and water wash \iere 
combined (35 ml) and evaporated to dryness under &mmlshed pressure After 

removal of box acrd by repeated addmons and evaporations of methanol, the 
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residue W3.S c&solved m 4hI HCI (0 6 ml) and hydrolyzed m an evacuated, sealed tube 
for 4 h at 100” The samples were then lyophlhzed, the residue dissolved In water, and 
N-acetylated as Just described As measured by radloactlwty, -40% of the orIgInal 
ra&oactlvlty was recovered after the final step of the Srmth degradation 

Authentic 2-acetamldo-2-deoxy-r-threltol, 2-acetamldo-2-deouy-D-xylitol, and 

2-acetamldo-2-deoxyglycerol were prepared by performmg the Smith degradation 
just described on 2-acetamldo-2-deouy-3-O-(/3-D-gaIactopyranosyluronic acid)-D- 
[ L3H]glucltol, 2- acetam~do-2-deouy-4-O-(/I-D-galactopyranosyluroruc acld)-D-[l-3H]- 
glucltol, and 2-acetamldo-2-deouy-D-[l-3H]glUCltoI, respectively 

Products of the Smith degradation were subjected to descending paper chro- 
matography m 4 1 5 (v/v) I-butanol-ethanol-nater, orgamc phase, and ra&oactlve 
areas were located by scanmn, e \\~th a Packard 7201 Radlochromatogram Scanner 
Radioactive spots were eluted and subjected to further analysis 

Prepat ntrorz of O-met) Inted St7lltll-ne~mtfrtrolr pl oduct~ - A portlon of the 

treated products from the Snuth-degradation Drocedure obtamed after paper chro- 
matography were evaporated to dryness dissolved In anhydrous pyndlne and the 
liquid removed by evaporation The residue was dlssol\ed m 2 3 (v/v) anhydrous 
pyndlne-acetic anhydride (0 5 ml), and the solution heated m a bollmg-Ilater bath for 
-!O mm The reaction mixture was cooled, a small quantity of crushed Ice added, and 
the aqueous mixture nas extracted three times \ilth 1 ml of chloroform The organic 

phase was re-extracted with water_ follo\ted by saturated NaHCO, and water The 

orgamc phase v as dried (MgSO,) and centrifuged after a period of several h The 

chloroform was evaporated and the ~esldue taken up m anhydrous ethyl acetate 
Trltlated products were Identified bq t 1 c on precoated ERI silica gel F-254 plates in 
9 1 (v/l) chloroform-l -butanol 

In e\penments mvolvmg U-acetylation M lth [ I- ‘-Clacctrc anhydride (9 3 Cl/ 
mol, New England Nuclear, Boston, MA 021 IS) a procedure identical to that Just 

described was used \\Ith the eweptron that only a 20-foldmolar ewess of [I-“Cl- 

acetic anhydride was emplo) ed After dc\elopm, 0 the thm-layer chromatogram, the 

area correspondmg to the U-acetylated dcnvntlle \i;ts scraped off and ehted ntth 
chloroform The chloroform was evaporated, t!le residue dlssohed in anh! drous 

ethyl acetate, and the radloactlvlty determined for both 3H and ‘% To determme 
the specific actlbity of the [i-lJC]acetlc anhydride employed, glycerol \las O- 

acetylated concomitantly ~\~lth the samples After t 1 c m 7 3 (v/v) benzene-ethyl 
acetate, the radioactive area contalnmg tn-O-acetylglj cerol \\ as eluted LL rth chloro- 

form and deacetjlated \\ Ith sodium metho\lde, and the Z al>cerol formed quantIt.~fl~el> 

determined by periodate degradation, follo\\ed by formic acid determmatmn M Ith 

chromotroplc acIdI 

RESULTS AXD DlSCUSSlON 

The speclficlty of the present method, to con\ert onl) termmal D-galactose to 
D-galacturonic acid residues, IS based on the mltlatlon of the owdatlon process by 
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D-galactose oxrdase, which leads to a 6-aldehydo-D-galactopyranoside mtermedrate 

The 6-aldehydo denvatrve IS then almost quantrtatrvely converted mto D-galacturomc 

acid with Tollens reagent, a relatively rmld oxrdrzmg agent Table I shows typrcal 

results obtamed by oxldatron of termmal D-galactose residues when asralo-glyco- 

TABLE I 

OYID4TIOX BY D-GALACTOSE OWDASE Ah33 TOLLENS REAGENT OF GLYCOPEPTIDES OBTAIKED FRO\1 

al-ACID GLYCOPROTEI\= 

&age Resrdaes of 

Temrraal Gal 

Before oxldatlon 2 ss (100) 
After owdatton 0 20 (7) 

“iMolar content m percent In parentheses 

GalUA 

0 (0) 
2 30 (S31 

Gali- Gall/A 

188 (100) 
Z 60 ( 90) 

peptrdes obtained from human z,-acrd glycoprotem were subjected to thus procedure, 

and emphasizes the lngh yields (SO-95%) obtainable For human cr,-acid glycopeptrde, 
the sequence of mdrvrdual sugars IS well estabhshed and only four penultrmate 
Dgalactose residues are present per glycopeptide’ 3 Prror to the apphcatron of tlus 

method to other glycoprotems a quahtative and quantitative analysis of the content 

for D-galactose and 2-acetanudo-2-deoly-D-galactose IS required Both sugars dre 
substrates for D-galactose oudase, and the enzyme IS capable of acting on non- 
termmal restdues as lie11 As the extent and the kinetics of the oudatron of these sugar 

residues IS not readrly predrctable”, possrble comphcations can arlse \%rth polymers 
contammg a number of Internal D-galactosyl or 2-acetamrdo-2-deouy-D-galactosy 1 

resrdues 
Follo\vmg ourdatron. the rsolatron of ~ldobmromc acids from the y,-dcid 

glycopeptide was facihtated by the change of a D-galactopyrarosyl into d D-gal&to- 
pyranosyluromc acid residue, wluch IS known to stabrhze the adJommg glycosrdrc 

lmkage 6 ’ Acid hydrolysis condmons \\eere selected (0 25~ HCl for 2 h nt 100”) to 
obtain the maximum yreld of aldobmromc acids These hydrolyses conditions are 
sufficrently strong to cleave quantrtatrvely the iV-acetyl group of 2-acetamrdo-2- 
deoxyhexose resrdues In many gIycoprotems, the sugar resrdue vlcmal to a D- 

galactose resrdue IS 2-acetarmdo-2-deoxy-D-glucose Therefore, oxldatlon by 
D-galactose oxrdase-Tollens reagent followed by acrd hydrolysis should result m the 

formatron of 2-ammo-2-deoxy-(D-galactopyranosyluromc acrd)-D-glucose Isolation 

of the expected aldobmromc acid denvatrves was based on the functronal groups 
both ammo group and carboxyl group on the same molecule permitted retention on 
both catron- and aruon-exchange resms, wlule upon high-voltage electrophoresrs, the 
drsacchande behaved hke an amphoteric compound 

Identificatron of the disaccharide mcluded hydrolysis uith 3~ HCI, follo\\ed by 
paper chromatography m two solvent systems, wluch revealed only t\\o components 
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havrng R, values Identical wth those of authentic o-galacturomc acid and D-glucos- 

dmme No mannose was found In addition, analysis of the 311 HC! hydrolyzate 

showed that It contained eqwmolar amounts of hexosamme and uromc acid, but no 

mannose Reduction wth NaBH, prior to 3x1 HC! hydrolyses resulted m complete 

removal of the hexosamme component, wtile the uromc acid component was 
recovered wthout loss (Table II) Although It 1s known that IV-deacetylatlon of 
2-acetamldo-2-deoxy-D-glucopyranoslde residues prior to scIsslon of the g!ycosIdIc 

TABLE II 

P4RTIAL Z’hALlSIS OF DISACCHARIDE ODTAIUED FRO11 ‘/,-ACID GLYCOI’EPTIDES OkIDI7FD \\lTII 

D-GAL4CTOSE OYIDASE A\D TOLLtVk. REAGEN? 

3~ HCI h>drol&sls 0 23 0 2-l 
YaBH, reductton prior to 3x1 HCI hjdroi)s~s 0 19 0 

“X101x content 

bond results in d 2-amino-2-deoly-D-glucosyl linkage more resistant to hydrolysis’ ’ 
apparently no such stabl!Ization occurred under our condltlons since no compound 
ha\mS ‘1 moi \\ t larser than that of a dlsaccharlde \\as Isolated 2-Ammo-2-deoly- 

(u-gaiactopyranosyluronlc acid)-u-glucose was lso!ated III good yield as shown in 

Table II! The occurrence of free D-galacturomc acid (19%), as Indicated m this 
Table, IS an expected degradatron PI oduct of the 11~ drolysls, and comparable amounts 
\\ere repel ted prewously’” It IS Important to note that !l>drolysls of standard 

?-amino-%deoxv-j-O-(/?-D-gaiactopyranoscluronlc acid)-D-glucose shox\ed no dlf- - 
ference In the r&e of hydrolysis This ewludes the posslblllty that acid hydrolysis 
u 111 cause preferential cleavage of a specific linkage 

TABLE III 

1 IELD OF PRODUCTS ,\ D-CiALACTURO\IC ACID \FTtR \lILD ACID HYDKOLI FIS Of 

O\IDIZED ZI-ACID CL\ COPEPTIDtS 

GI~~opept~!e pnor to acid hlJrol,s~s 
After 0 25~ HCI h?drolysls and pdssngc through C&won- 

and wnon-ewh,mge columns 
Free D-galxturomc acid 

rl-G tlacturomc xld 1s component of diswch-inde 
Total D-gahCtUrOnIC acid 

7 40 100 

0 35 19 
I s5 77 
2 30 9G 

The aldobmronlc acid(s) Isolated from r,-acid glycopeptlde \vds analyzed by 

colorlmetry by the Morgan-Elson method I7 as N-acetylated derlratwe(s) Fallure of 
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the aldobmromc acid to yield a positive Morgan-Elson reaction (Table IV) suggests 
that the D-galactosyluromc acid residue was hnked to OH-4 of the reducing 2-anuno- 
2-deoxy-D-glucose residue Th.~s mterpretatlon was possible because the color yxeld of 
various O-substituted 2-acetanudo-2-deoxyhevoses m the Morgan-Elson reaction IS 
Indicative of the posItion of the hydroxyl group substitution’” For example, the 
3-O-, 4-O-, and 6-O-methyl denvatives of 2-acetamldo-2-deouy-D-glucose yield color 
mtensmes equal to 160, 3, and loo%, respectively, of that given by an equlmolar 
amount of 2-acetamido-2-deoxy-D-glucose2” 

TABLE IV 

COLOR VALUEa OF THE MORGAW-ELSON REACTION APPLKD TO THE ALDOBNRONIC ACID 

ISOLATED FROM ‘Xl-ACID GLI COPEPTIDES 

Compound Color oahes" 

E\-pected Found 

Standards 
2-Acetamldo-2-droxy-D-glwose 
8-D-GalUA-(1+3)-GicNAc 
8-D-GalUA-(I+-+GIcNAc 

Isolated dtsnccharlde 

100 100 
160 130 
t3 24 

<2b 

“Expressed m % of the chromogen formed b) an equnalent amount of 2-acetamido-2-deoul-D- 
glucose bSufhclent material (0 21 jfmol) \\as z.sa)ea that 5% of the (1 -3) Isomer could be detected 

Further confirmation of the result of the colorlmetrlc linkage-analysis was 
obtammg by a Smith degradation of the disaccharide and characterlzatlon of the 
degradation products by several methods [Scheme 1) To faclhtate this analysis, the 
aldobmromc acid was first h’acetylated and the product reduced with NaBT, 
Subsequently, this compound and standards of reduced dlsaccharldes were SubJected 
to the Smith degradation The tntlatr-d fragments Isolated after the degradation were 
subJected to descendmg paper chromatography Fig 1 shows the radlochromatogram 
scans, which contamed enough radioactive sample such that 10% of contammatlon 
could have easily been notrced As IS readily apparent, only one radIoactIve peak was 
obtamed from the dlsaccharlde derived from the r,-acid glycoprotem, and this peak 
nugrated exactly hke authentic 2-acetamxdo-2-deoxy-D-[ 1 -3H]xylltol, the compound 
wluch was also obtamed from the Smith degradation of the P-D-(1+4)-lmked 
standard 

Add&onal evperlmental e\ldence for the IdentIty of the rachoactlve Smlth- 
degradation fragments was obtained by 0-acetylatlon ~1 lth acetic anhydnde Separa- 
tion of the 0-acetyl derlvatlves by t 1 c on slhca gel IS shown m Fig 2 Only one 
ra&oactlve component was found for the sample derived from the cx,-acid glyco- 
protein. and Its mlgratlon was ldentlcal with that of authentic, fully acetylated 
2-ammo-2-deoxy-D-xyhtol The 2-ammo-2-deoxy-D-xyhtol fragment derived from 
a,-aad glycoprotem was further characterized oy 0-acetylatmg another ahquot with 
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Scheme 1 

TABLE V 

RATIO OF ‘“c TO 3H Ih THE FULLY f,CET, LAX-ED CO\IPOU\D RESULTIhG I-RO\f THC 

SMITH_DEGRADATION OF THE ALDOBtURO\IC ACID DERIVED FROhl Xl-KID CLYCOPEPTIDE 

Compound Rarro ‘-C to ‘H 

Standards 
2-Acetamldo-2-deoxy-r-threltol 
2-Acetamldo-2-deoxy-D-xylltol 

Compound denved from a,-acid glycopeptlde 

Etpected 

30 
40 
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the natwe glycoprotem to be (l-+4) The oxidation of the termmal D-galactose to 
D-galacturoruc acid residue by the sequence D-galactose ox&se and Tollens reagent, 
as described m tbs paper, should be apphcable to various asialoglycoprotems 
Isolation of the corresponding aldobmromc acid by mdd acid hydrofysxs should 
pemut the rapld and unambiguous elucldatron of the k&age(s) between the D- 

galactose and the adJoInIng carbohydrate residue present m the natwe glycoprotein 
Preliminary data m&cate that thus oxidation procedure may also be carried out on the 
intact asialoglycoprotem Thus leads to an asialoglycoprotem with terminal D- 

galacturomc acid residues It ~111 be mterestmg to test these speclfically mod&d 
glycopeptldes and gIycoprotems for their ablhty to be recognized by the hepatlc- 
bmdmg protein for aslaloglycoprotems m the systems described by Ashwell and 
MorelIZ 
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