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ABSTRACT 

As a prelude to studies using bovine N-acetylglucosaminide+( 1+4)-galacto- 

syltransferase to label membrane-surface glycoproteins with isotopically enriched 

D-galactose, the structural specificity of the enzymic reaction with water-soluble, 

hen ovalbumin has been examined. The enzyme-catalyzed transfer of D-galactose 

from UDP-D-galactose requires a (nonreducing) terminal 2-acetamido-2-deoxy-D- 

glucosyl group and exhibits selectivity towards saccharide chains containing D- 

mannose. This study considers the structural specificity of the enzyme with regard 

to the anomeric linkage between 2-acetamido-2-deoxy-D-glucose and D-mannose in 

the carbohydrate chains of hen ovalbumin. Uniformly 13C-enriched D-galactose was 

enzymically attached to the ovalbumin carbohydrate chain (which exhibits micro- 

heterogeneity in its structure), the protein was hydrolyzed, and separate glycopeptide 

fractions were chromatographically isolated. The 13C-n.m.r. spectra (60.5 MHz) 

of the fractions revealed two peaks for the anomeric carbon atom of D-galactose. 

The two peaks, at 104.20 and 104.39 p.p.m., were ascribed to D-galactosyl groups 

attached to 2-acetamido-2-deoxy-D-glucose respectively linked j?-( l-+4) and p-( 1+2), 

to D-mannose in the glycopeptide chains. Quantifying of the spectral data revealed 

no specificity of D-galactosyltransferase towards the linkage from the terminal 2- 

acetamido-2-deoxy-D-glucosyl group to the penultimate D-mannosyl residue. 

INTRODUCTION 

The galactosyltransferases are among the most studied groups of mammalian 

glycosyltransferases, mainly because galactosyltransferase activity has been found in 

essentially every cell and tissue, as well as in a variety of extracellular fluids’*‘. 
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~~-Ac~tyi~lucosaminid~-~-( I -4)-galactosyltmnsferase is a partjsul~~rl~ well studied 

enzyme as homogel~eous preparations of it are relatively easy to obtain’. The transffl 

reaction requires a nonreducing, terminal ,W+GlcNAc group. 

MnL f 

UDP-~-Gal + n-GlcNAc -+ P-r>-Gal-( I -+3)-II-GIcNAc +- UDP 

enzyme 

The transfer is known to occur with a variety of substrates. including glyco- 

proteins and glycopeptides’.‘. The reaction mechanism and specificity have been 

studied’--“. MultipIe binding sites on the enzyme’. and sonic ~g:tr specificity. 

apparently for r~mannose”. were implicated in these studies. However. there has beeu 

no detailed study of the enzyme speciticity toward the anolner~~ linkage between the 

requisite GlcNAc group and Man residue, i.c., /~-II-GIcNR~-( I +:!I-X-I>-hlan IV&o-vis 

~-~~-GlcNAc-(l-+4f-~-u-Ma~~ The present study \vas &signed to investigate this 

point with the aid of high-resolution, high-field, ‘3c-17.1T1.1~. speclroscop~. WC hnw 

found that the enzyme transfers u-Gal group:, both to /I’-I)-GlcNAc-( 1 --a:!)-x-r)-Man 

and P-D-GlcNAc-(I +q)-~-n-Man branches of native, hen ovalbumin carbohydrate 

side-chains. regardless of the overall structure of the side chain. 

Another aspect of the study is that the substrate used \t’ac a glycoprotein having 

a complex carbohydrate +dc-chain, rather than a simple cttrbohydrilte such as is 

utilized in most enzytnic studies. The n~ore-complicated huhstratc‘ W;IS emplnycd as 

a more appropriate model for cell-surface gl~co~rot~~lls, in order to ascertain if the 

enzyme can be expected to catalyze binding of (l~~belc~l) r~3ttl to both /i-i>-GIc!VAc- 

(1 +7)- and I$-IsGIcNAc-( I -+3)-terminated hide-chains on cell surfaces. Prcviousfy”. 

we demonstrated that a ‘“C-labeled Gal group could bc attached (to the carbohydrate 

chain of hen ovalbumin) by using “C-labeled rl-gt ucoSe in :t sequence oftivc enzymlc 

steps, the final step being catalyzed by I)-galactosyltrallsfcrasc (bee reaction slroady 

shown). Investigation of the spcciticity of the Ir-Gal-transfer reacticjn tn\varrl diRerent 

/S-D-GIcNAc linkages is possible, as native hen ovnlbumin pos~cssc~ a large degree 

of microheterogeneity in the structure of its single carbohydrate \ide-chain, including 

terminal [-&II-GlcNAc groups linked both ( I -+-If and (I +4) to Man’ ‘) Baxuse only 

about half of the possible sites of attachment were utilized by the rl-Gal transfkr 

ft’iCIR i+a), there are three possible cases. Oni: is that the n-Gal group HIS s~l~~i~i~ally 

added to either /$D-G~cNAc-~ i -+7)- or ,6-t>-GlcNAc-(I -+-I I-; th 1 ,i t second is c01uplcte1y 

random transfer to all linkages; and thz third is that of attachment to both anomcric 

forms, with a preference fur one. Using ‘-‘C-n.nk.r. spectroscopy. UC uct out to in- 

vestigate which of these proceascs occurs and, therefore, to obtain information 

regarding the thermodynamic specificity of r)-g3lactosyltransf~r~~~~~ The study was 

accomplished by protcolyttc digestion of v-[U-“3C~Gal-ovalbumin3, and examination 

of the ‘3C-n,m.r. spectra of the gtycopeptide fractions thus formed 
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EXPERIMENTAL 

Materials. - [U-r3 C]Gal-ovalbumin was the same sample used in ref. 4. Bio- 

Gel P4-400 was obtained from Bio-Rad Lab., Richmond, CA.; Sephadex G25-300, 

from Sigma Chemical Co., St. Louis, MO.; and protease e.y Strep. griseus, from Cal- 

Biochem-Behring Corp., La Jolla, CA. 

Methods. - The sample (1. I g) of hen ovalbumin was denatured in 8~ urea, 

dialyzed extensively against double-distilled water to remove the urea, and the 

solution lyophilized. The dried sample was dissolved in 25 mL of 15m~ CaCl, buffer, 

pH 8.5, and protease (10 mg) was added. The mixture was constantly stirred, and 

kept at pH 8.5 and 37”. Three more additions of protease (10 mg each) were made at 

intervals of -8 h. The reaction was quenched after 30 h, and the precipitate was 

removed by centrifugation, and washed twice with water. The supernatant liquors 

were combined, concentrated in vucuo to -3 mL, and the concentrate placed on a 

column (2.5 x 55 cm) of Sephadex G-25-300, and eluted with 0.1~ acetic acid at a 

flow rate of -45 mL/h. The carbohydrate-containing fraction, monitored by the 

orcinol-sulfuric acid method at 540 nm, was collected, and lyophilized. The recovery 

of sample, following the protease reaction and gel-filtration chromatography, was 

>90%. 

A solution of the resulting carbohydrate fraction in water was placed on a 

column (2 x 175 cm) of Bio-Gel P4-400, and eluted with water at a flow rate of 8.5 

0.4 

r 
, 1 ;; 2 ,, 3 

Fig. 1. Gel-filtration chromatography on Bio-Gel P4 of [U-WIGal-ovalbumin digest. [The experi- 
mental conditions are given in the Experimental section. Fraction 1 probably consists of products of 
incomplete digestion; fraction 2 corresponds to AC-A, AC-B (the shoulder), and AC-C of ref. 5; 
fraction 3 contains mainly the “high-o-mannose” carbohydrate structure (AC-D and AC-E in ref. 5) 
and some minor, “hybrid” carbohydrate structures as found elsewheresJO,l”.] 



mL/h, the eflurnt being monitored at both 306 and 540 nm. The results of this 

fractionation are sholvn in Fig. 1. 

The glycopeptides of ovalbumin (without WZial-labeling) wcrc previously 

fractionated’ by using an ion-exchange column. However, the conditions under which 

that ion-exchange columns WIS used. namely, at coiisk1nt ionic strength and pH. 

resulted in a separation of the glycopeptide fractions on the basal c~t‘molcoular weight, 

just as with a gel-permeation column’- ‘. Consequently. the cluticjn profile obtained 

on fractionating the Gal-lab&d ovalbumin (see Fig. 1 ) slIould cc)rrcspond apploxi- 

mately to that obtained earlier’. Some deviations ~could be antlcip;ltcd. ai those’ 

fraction5 having Gal attached should bc shifted slightly to\~ard the hca>icr end of 

the elution profile. Fractions wt’re pooled Into three samples. a:, indicated by the 

bars in Fig. 1. The hcxosc contcnl of each fraction was measured against ~tandardizcd 

D-glucose solution, with 1.5. S. and I5 rn, (I of hexoscs being rcspccti\cik found for 

fractions 1 to 3. Fractions 3 and 3 ww u~d without purification in the 11.1n.r. \tudica. 

The ‘3C-n.m.r. spectra were recorded alt 60.5 ‘MHz \\lth ;I home-built n.m.r 

instrument usrng IO-mm n.m.r. tubes. The spectra u’ere acqulred in the Ft mode, 

with 85’ pulses, a spectral windo\\ ot _ 12 i\Hz. If)h munor)-data pints. and a 

repetition time of 0.7 5 Line broadening of 2 Hz and Tel-o-till to 32h memory-data 

points wcrc used in the processing of the f.i.d.s. Each spectrum 15 the r<btllt of l(lO.OOO 

accumulations. Lyophilircd fractions 2 and 3 were dissolved in identical volumes of 

ID,0 containing the same amount of 1 .-l-dioxano, \\hich ~35 LIWCI ;I\ the internal 

standard both for chemical shlfth (67.86 p.p.m. from tctr3mctli~l~ll:liic) :III~ intcnslty. 

The pH of the samples was in the same range (3.0 3.5). and the tcmpcraturc ~vas 

kept at 3Y. 

Pooled and single preparations of hen ovalbumin samples arc hno\vn to exhibit 

a high degree of structural microheterogencity of the carbohydrate side-chain. 

although there is a Gngle point of attachment for this carboh\dratc srdc-chain 10 the 

protein. It has been discovered that there are eight dilfcrcnt, side-chain structure!, 

having at least one (terminal) nonreducing /&r~SlcNAc group’ I”. T‘tlac structures 

arc depicted in Table 1, which also Include!, information about their lrt’!atj\c propor- 

tions in ovalbumin . ” From these structures, it may bc seen that thd po~slbtc transfer 

of the W2al residue by g313ctosyltransfera~e may be at)fL’ctcd by the prc\encc of three 

different types’* of terminal /I-I>-G~NRC linkage to a penultiniatc I>-mannosyI 

residue, namely, (I -b-l). ( I-42). and (I --6), and by the overall structure and corn-- 

formation of each of the difierent side-chains. 

As reported previous& I, the overall carbohydrate structure is implicated 111 the 

observed specificity of the enzyme toward ovalbumin. Thus, it seemed concsivablc 

that the enzyme might have structural specificity related tc> the type of /I-D-GlcNAc 

*The suggested presence of a ( I -*h) linkage 1, tent;tti\c”’ (WC Table 1 I 
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TABLE I 

STRUCTURES OF OVALBUMIN CARBOHYDRATE SIDE-CHAINS CONTAINING TERMINAL 2-ACETAMWO-2- 

DEOXY-D-GLUCOSYL GROUPS 

“I\ /R2 
a-D-Man 

: 

j?-D-GkNAc-(1 -4)-,&~-M6an-(1+4)-R 

f R3 

1/ 
a-D-Man 

; 

p-D-&% 

R = ,%D-GlcNAc-(l-t4)+~-GlcNAc-Asn 

Fraction R’ 

1 x-D-Man-(1 + 6) 

2 - 
3 a-o-Man-(l-+6) 
4 sr-D-Man-(l-6) 
5 
6b /?-D-GIcNAc-(1 + 6) 

7 - 
8 - 

RZ R3 Relative References 
yielda 

a-D-Man-(1+3) p-D-Gal-(l-t4)- 6.0 7 
b-D-GIcNAc-(1 +4) 

a-D-Man-(l+3) 10.7 7 
a-D-Man-( 1 ---f 3) /3-D-GkNAc-( l-4) 10.7 7 
a-D-Man-(1 43) 45.5 6,13 
a-D-Man-( l--t 3) ;D-GlcNAc-(1+4) 8.7 6 
/I-D-G~cNAc-(1 +2) fl-D-Gal-(l-+4)- 8.0 

/%D-GlcNAc-(1 -+4) 
a-D-Man-(l-+3) - 14 
B-D-GlcNAc-(1 +2) P-D-GlcNAc-(1 +4) 1::: 8,9,14 
~ ._~ 

“The relative proportions of these fractions was obtained from their yields, by weight, after isolation 
from a digest of 100 g of pooled, native ovalbumin. Estimated accuracy is LOS. %tructure 6 has 
not been reported elsewhere; but its structure was tentatively inferred from its natural-abundance, 
l”C-n.m.r. spectrum by comparison with those of other, known structureslO. Structure 7 has the 
same carbohydrate composition as reported I4 but its structure was determinedlOJs by 13C-n.m.r. , 
spectroscopy and enzymic degradation from structure 4. 

linkage involved. One way in which to investigate this problem would be to isolate 

the individual glycopeptides generated from the D-Gal-labeled ovalbumin, and then 

to analyze their primary structures and their relative proportions, as was done previ- 

ously for the unlabeled ovalbumin 5- 8*1 O. For the present study, we have isolated 

glycopeptide fractions as before, but have chosen a different analytical approach. 

We have analyzed the 13C-n.m.r. spectra of the crude glycopeptide fractions of 

ovalbumin that had been labeled with 13C-enriched D-Gal groups. The basic premise 

of this approach is that it should be possible to observe chemical-shift differences 



for at feast C-I of Gal groups finked to the different /j-u-GlcUAc residues. Such 

small differences in chemical shift have been ohscrvcd’ ’ for the glycopcptidcb of 

asialo-x,-acid glycoprotein using ’ H-n.m.r. spectroscopy. It \VOllld not hc cqxcted 

that the different anomerlc linkages af the wmannos~l re,rduch \~.c~ufd alrcct the 

chemical shifts obscrbcd li)r /i-D-Gal rewnancc5. ;LS tiii-> arc’ tw 1’;~ remo\cJ Ii-om 

each other. Thu.\, differentiation hetwccn /Lr~GlcNk-( 1 j-2 ;-z-wbl;lll-i I -+3 )- and 

/,‘-I>-GlcNAc-( i +2)-w~Mnn-( 1 --b<s )- as acccptur site\ \coulJ not ht c\pectcd: it 

would he unlikely cwx $11 t!x caw of,%n-GicNAt-I I --*-I)-x+)-Man r\. /i-wGlcNAc- 

( I -~~)-~~-~~-~~~~n (for strwtura. see Tahlr I). 

In an earfier report’. z,uccessfuf addition of D-Gal (?O”,, iilii~orjill~ enriched in 

‘“C) onto the carbohydrate side-chains of native, hen wafbum~n using L+@actosyl- 

transferasc~” was dcscrihed. The degree of incorpxttion varid Ij.onl _ (1.3 mol ot 

IFGal per rnol of‘ o~~tllbutnin to -0.6 tnol;mol, depending on the prep:lr:~t~un. Siu 

new ““C rt‘sonances. corresponding to 3 terminal (kIK;:11 group. wrc ohser~d in 

the spectrum of the modified o~albumin”. Tflc bpr‘ctra ~,lt‘rt‘ rccorcitx! :II 75 MHr 

for relatively high concentratmns ot”glycoprott5n solutrctn: :t!, ,I result. the fine-\\idths 

of the /i-wGal resonances uere bro:ld (15 HL for C-f ) compare~i 1+1tfi the spectral 

resolution”. Under those conditions, chcmicaf-shifi clifYercnces betneen the carbon 

resonances of /i-~-Gal groups iinhcd to Ji-u-GIcNAc-( i -1) or /%~-C;fcU,2c-( 1 --+2) 

wot~ld not haw been detcctcd unless the difrerences \vcre greater than -0.6 p.p_m. 

By obtaining the corr~spollding gly~of~~ptides from the I)-[,! I- “C’1Ci;ll-uvaIhillnitl. 

it bias possibfe to obtain relatively simple, ‘ZC-n.n:.:-. spectr;i ~\,ith narrower line- 

widths ( -4--h Hz), oLting to removal of the peptide backhonc. In :iddition. the 

‘“C-n.m.r. spectra of the glgcopeptides Mere recorded at a higher field-strength 

(60.5 MHz), thu5 allov,ing a greater cticnircal-shift dispersion 111 l‘rcqucnc~ uiiitb. 

Fig. 3 shows the ’ ‘C-n.m,r. qwtra obtained for fractions 2 and 3 Fraction 2 

essentiaily contains wly carbohydrate structures that possess at Icast one tt’rmmai, 

or penultimate, ii-n-GlcNAc unit’ ' ". In its spectrum isx f’ig. IA 1. it I> clear that 

there are two resonances in the anomeric region of‘ the spectrum ( - IO4 p.p.01. j, 

indicative of two types of /i-~-Gal residue. &cause the enzyme IS f~no~~~n to link the 

o-galactosyf group, rk a it’-( I -4) linkage, to I)-GlcNAc, it uab concfudcd that the 

two resonances must corrrsfwnd to /i-~-Gal ( I -3-l)-finked to the /LwGfcZAc-( I --bJ)- 

and the /I’-I>-GlcNAc-( i -+17)- branches. A resotxtncc corrc~pondi~~g to /i-D-Gal 

linked to a /i-IFGlcNAc-( I -+h)- krmnch’s” was not mticipatccf, a\ it i> 11 mtnor compo- 

llCnt among the carbohydrate side-chnlns of ovafbumin. According to the data li>tsd 

in Table 1, the expected ratio of /I-D-GI~NA~-( I -+-l) :/I’-~+Gic:h:Ac-( I --(I) is _ 20: 1: 

the signal-to-noihtz ratio of the qxctrum \could not readily permit detection of the 

minor signal from the /i-wGlcNAc-( I -+A) component. III the “C-17.m.r. spectrum 0f 

fraction 3 (tee Fig. ?B) arc nbscrved the X:W~L‘ two resonance\ xi~lng from C.-l of‘ 
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C- 6 62.32 

,~~~,~~~,.~~,~~~1~“,~~~,*~.,~~~,~~~,~,~,- 
82 80 76 76 74 72 70 68 66 64 62 60 

D.P.rn 

Fig. 2. A. The carbohydrate region of the 13C-n.m.r. spectrum (60.5 MHz) of glycopeptide fraction 2. 
Only the B-D-Gal resonances are discernible in the spectrum. [The inset shows the anomeric-carbon 
region “splitting”. No other such “splitting” could be discerned in the non-anomeric region.] B. The 
W-n.m.r. spectrum of fraction 3, recorded under the same conditions. [Spectral conditions are 
given in the Experimental section. The 1,4-dioxane peak (labeled d) was used as the chemical-shift 
and intensity standard.] 

the P-D-Gal groups, as well as signals arising from the high-D-mannose type of 

structures”. These peaks do not overlap with the j&D-Gal signals in the anomeric 

region10,‘2. 

The peak resonating at 104.20 p.p.m. is apparently due to C-l of D-galactosyl 

groups linked to the fi-D-GIcNAc-(l-+4) branches, as precisely the same chemical 

shift (+0.03 p.p.m.) is observed for “native” P-D-Gal residues [linked only at the 

P-D-G~cNAc-(1 -+4) branch] in the natural-abundance, ’ 3C-n.m.r. spectra of three 

different, native, ovalbumin glycopeptides lo Thus, the other carbon resonance, at . 

104.39 p.p.m., must arise from C-l of a /?-D-Gal group linked to the fl-D-G~cNAc- 

(l-+2) branch. Only the C-l resonance of the ‘“C-enriched fi-D-Gal groups displays 

observable, chemical-shift nonequivalence, due to the presence of /3-D-G~cNAc 

residues having different glycoside linkages. In the non-anomeric region (SO-60 p.p.m.), 



the /&~-Gal resonances ~o~11d be expected to overlap with the natural-abundance “C 

resonances of other residues in the structures, and this should affect both the lntensitk 

and degree of spectral resolution for those /LI>-G:II rebonances. Also. direct intcnGt\ 

or integration comparison for respective non-a110illeriL: /i-I)-Gal rc~~~nance~ 111 Fig\. 

2A and 2B is not po\siblc. as fractions 2 :tnd 3 contain d6J’crcnt c;~rboh~dr;~te btruc- 

tures, and thus, natLlral-ahundltilce cc~ntrihutions :lrc c~xpccted to be tll!l.erent III the 

two spectra It may be noted that the chemical-ahlft position c)f‘C-I ol’/l-rKial-( ! -4 J 

is considerably downfield ( -0 5 p.p.111. ) of any other anomcric I-C~II;IIWC t.~~und in the 

spectra of thehe fraction\’ ‘I~ 

The relative distribution of I+gnlactose residues in the overall htructurc< can 

he quantitatively estimated. For nonselective. random attachment of r)-galactose. 

facilitated by the enzyme, the intensity ratio of the C-J rezonanct’s in the UJ/I~/I~HCV’ 

fractions would be expected to rcfect the orlginal rat!<) bct\;,ecn /;-14;lcNAc-( I-4) 

and ,O-n-GlcNAc-( I --2) residues III the native ovalbumin. 7’1~~ zrc. ho\~evcr. tuo 

assumptions imbedded in this expectation. First, the ratios between the glycnpcptidc 

structures isolated from ocalbumin reflect their- real proportrons in the Intact glyco- 

protein. The second assumption is that the n.m.r. rel;t\ntion parameter4 for the t\\o 

C-l resonances are the same, or that the pulse-repeliticjn period 15 large comp:lred 

with the spindattlce relaxation-time (T, ) for each. Within eupcrimcntal cri-or. it 

seems that these two apprckmations are valid. The firbt ah>unlption cannot bc 

directly proved, although, under the experimental conditions in which the preparation 

of the glycopeptides was co~~duclccl i _ '.' "% very little selective llyitrcd)aib of sugui 5 

from these structures would be expected. Because the J~Lrlse-reJ~etition period is 0.7 5, 

and the T, value of the combined C-I re\onanccs at 15 hlti~ P,’ 0. IJ b. tllc relauatlon 

times for the two dilkrcnt C-l atoms \vould need to bc ~~3114 dltJ’ercnt III order to 

invalidate the second assumption. The ‘“native” /&II-Gal residues present at ‘.‘C 

natural abundance in the sample also need to be accounted for. The calculated. ‘-‘C- 

signal contribution from these /i-~-Gal residue5 should be _ 0. i I’,/ cri’tllc total srgnnl- 

intensity ohseri,eJ, assumin g that. propnrtic~nall~. ;III ;ivnrlnblr /;-I,-C;lcUAc-( 1 -*4) 

had been attached bq, ‘“C-Gal. 

From the obalbumin glycopcptide-distribution I”. it i5 calculated that thcen7ynle 

can nonselectively transfer 2 maximum ol _ I .I) mol of n-galactohc per mol of o\31- 

bumin. Neglecting contributions to the C-I resonance of /LrK;al from the “natlvc” 

/I-D-G~I residues. and mmhiniyy /~/~o/)(~~fioncrl/l the C- 1 re4onancc inten\itlcs i’rom 

the two fractions (2 : tnd 3 ), it w;t> fht~nd that the combined intrn\itc-ratio for thcsc 

two resonances (at IO-J.39 and IO-l.70 p,p.m.. respectively) i5 46. 54 ( jI 5) Intcgr;ition 

of the combined, respective resonancch yIelded a simrlar ratio (49 51 1. Front the 

relative proportion5 of the cundrdatc \tructuros (see Table I). and taking Into XL’C~LII~I 

the existence of multiple receptor-sitoa for these structures. the rati<> of/i-i&lc\Ac- 

(I+ ,./ 2 !-~XilcNAc-( 1-t-l I receptor-sites 15 calculated to be 45 : 55 ( L_ 5 1. ‘T’hc ratio 

of resonance intensitie\ for the ~~o/tlhi~~/ fractions 3 and 3 is In ckcellent agreement 

with the /I-D-GlcNAc-( 122):/i-I)-GJcNAc-( I --+4) r;ltio ekpccted ~luwi on tllc 
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structure distribution, see Table I); in fact, it is much better than experimental error 
would warrant. 

This result should be critically examined. As the individual glycopeptide 
fractions were not isolated, and only 600; of the possible sites were utilized, there 
remains a possibility that the enzyme shows structural specificity toward some of the 
minor structures, or, alternativ~l~~, that some of the ma_jor glycope~tide com~onel~ts 
show some selectivity that is masked by the fact that the minor components do not 
show any selectivity. Although such possibilities cannot be ignored, it is considered 
that the good agreement between the experimental results and the calculated values 
tend to reinforce the foregoing conclusion. In particular, it may be pointed out that 
the major structures (4 and 8 in Table 1) contain equal proportions of /3-D-GIcNAc- 
(I 34) and ,f?-u-GfcNAc-( I -+2) residues (57 Y’, of the total). It is also clear that the 
chicken D-galactosyltransferase does appear to exhibit distinct structural specificity, 
as the “native” attached D-galactose is found only on the [~-D-G~GNAc-(~-+~) units 
(structures 1, 2, and 6); but, in this case, the total substituted-D-galactose sites con- 
stitute onfy a small fraction of the available sites (‘see Table T). 

Thus, it is clear that bovine milk N-acetylglucosaminide-/?-( I -+4)-galactosyl- 
transferase transfers D-Gal groups to both the P-D-GIGNAG-( l-+4) and fl-D-GlcNAc- 
(l-+3) branches of native ovalbumin. With hen ovafbumin as the substrate, under 

conditions of saturation, the transfer of /?-D-Gal groups is, most likely, made non- 
selectively to all possible sites, including the F-D-GlcNAc that is linked directly to 
the /I-D-mannosyl residue in the core of the carbohydrate structures. This P-D- 

GlcNAc residue constitutes N 77 p/, of the total P-D-GIcNAc-(I 44) residues in the 
mixture. Despite the fact that direct proof for D-Gal transfer to the J-D-GlcNAc- 
(l-+6) branch was not obtained, the lack of enzyme specificity toward the other 
p-D-GlcNAc linkages suggests that this minor branch may also be terminated with 
/?-D-Gal. Although there are several aspects of the carbohydrate side-chain that 
govern the ability of the enzyme to transfer D-galactose to the nonreducing terminus 
of the oligosaccharide, including a terminal P-D-GIcNAc and D-Man in the chain3, 
the type of linkage from the terminal .b’-D-GIcNAc to the penultimate D-Man is 
apparently not a factor. Also, the overall structure of the side-chain in ovalbumin 
affects the kinetics of the transfer reaction”, but it apparently does not induce enzyme 
selectivity toward the various terminal J-D-GIcNAc linkages present in these structures 
(see Table I). This may be contrasted with the finding that jack-bean a-o-mannosidase 
can show specificity toward the oligosaccharide structure remote from the site of 

cleavage in ovalbumin glycopeptides’ ‘A 3. 
The 13C-Gal labeling technique4 was developed so that glycoproteins, in partic- 

ular, membrane-surface glycoproteins, could be tagged with an innocuous n.m.r. 
probe of the oligosaccharide moiety, and subsequently used to study interactions 
with a variety of receptors (e.g., Iectins). The results of the present study imply that 
D-galactosyltransferase does not discriminate on the basis of ClcNAc glycoside 
linkage; this has obvious impfications regarding studies of cell-surface glycoproteins 
virr the 13C-Gal Iabeling method. 



We have also demonstrated that the use of 13C-enriched sugars and ‘3C-n.m.r. 

spectroscopy can help in structural analysis of sugar side-chains. without the need 

for larger samples (the total ~-r+[U-l”C]-Gal in the sample being cstimatcd to be 

-5 mg). 
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