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ABSTRACT 

A 2-acetamido-2-deoxy-P_D-glucopyranosyltransferase (N-acetylglucos- 

aminyltransferase) that catalyses the transfer of 2-acetamido-2-deoxy-D-glucose 

from UDP-2-acetamido-2-deoxy-D-glucose to terminal nonreducing P-D-galactosyl 

residues in disaccharides. oligosaccharides, glycoproteins, and glycolipids has been 

detected in human serum. The preferred acceptors are those with /?-D-galactosyl 

residues linked (l-+4) to the subterminal sugar residue. Activity is greatest when 

the second sugar residue is 2-acetamido-2-deoxy-D-glucose but P-D-Galp- 

(l--+4)-D-Glc and P-D-Galp-( l-4)-D-Man are also good acceptors. Compounds 

with P-D-galactosyl groups linked (l-+3) to 2-acetamido-2-deoxy-D-glucose are rel- 

atively poor acceptors and /3-D-Galp-(l-6)-D-GlcNAc is inactive. Oligosac- 

charides substituted with an L-fucose unit on the P-D-galactosyl unit or on the adja- 

cent sugar residue failed to accq ! ?-acetamido-2-deoxy-D-giucose. Similarly, 

glycoproteins with L-fucose or sialic acid substituents are less effective acceptors 

before removal of these sugars to expose more B-D-gaiactosyl end-groups. The 

transferred 2-acetamido-2-deoxy-P_D-glucopyranosyl residue is cleaved from the 

enzymic reaction products by the N-acetyl-/3-D-glucosaminidase from Jack beans. 

Methylation analysis of the products of 2-acetamido-2-deoxy-D-glucosyl transfer to 

N-acetyllactosamine [P-D-Galp-( l-+4)-D-GlcNAc] and lactose [P-D-Galp-( 1+4)-D- 

Glc] revealed that the terminal, nonreducing D-galactosyl group in both these ac- 

ceptors had been 3-O-substituted with 2-acetamido-2-deoxy-D-glucose. Hence, the 

enzyme in human serum catalyses, in the presence of Mn*+, the reaction UDP- 

GlcNAc + P-D-Galp-( 1&+4)-R + P-D-GlcpNAc-( 1-3)~/3-D-Galp-( 1+4)-R + 

UDP and is a UDP-2-acetamido-2-deoxy-D-glucose: ~-D-galaCtOpyranOSyl-(l~4)- 

saccharide (1~3)-2-acetamido-2-deoxy-P_D-glucopyranosyltransferase. 

*Dedicated to Professor Elvin A. Kabat. 
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INTRODUCTION 

Mammalian tissues and body fluids contain glycoproteins. glycosphin- 

golipids, and free oligosaccharides in which a 2-acetamido-2-deoxy-D-glucose unit 

is joined in p-(1+3) glycosidic linkage to a D-gaiactose unit. Despite the wide- 

spread occurrence of this disaccharide unit, comparatively little is known about the 

N-acetylglucosaminyltransferase that catalyses its formation. Membrane-bound 

enzymes that transfer 2-acetamido-2-deoxy-D-[ “C]glucose from I-J DP-2-aceta- 

mido-3-deoxy-D-[‘4C]glucose to terminal. nonreducing ,0-n-galactosyl groups were 
reported’ in preparations from human. baboon. and rabbit stomachs but the prod- 

ucts of 7-acetamido-2-deoxy-D-glucose transfer were not further characterised. 

Basu et al.’ described an enzyme in rabbit bone marrow which catalysed the trans- 

fer of 2-acetamido-Z-deoxy-D-[‘4C]glucose to lactosylceramide. ‘I‘he Iabelled tri- 

saccharide. when cleaved from the ceramide moiety, cochromatographed with 0 

-(7-acetamido-2-deoxy-P_D-glucopyranosyl)-~l-~3)-O-~-D-palactopyr~~nosyl-( l+ 

4)-D-glucose and the enzyme was therefore inferred to be the (I--+3)-Z-acetamido- 

2-deoxy-p-D-glucopyranospltransferase involved in the synthesis of blood-group 

active glycosphingolipids. 

The present paper describes a (1 +3)-2-acetamido-2-deoxy-/3-D-gluco- 

pyranosyltransferase in human serum that catalyses the addition of 2-acrtamido-2- 

deoxy-D-glucose to unsubstituted terminal nonreducing P-D-galactopyranosyl 

groups in both low-molecular-weight acceptors and in macromolecules. 

EXPERIMENTAL 

Maferials. - UDP-3-acetamido-2-deoxy-D-[U-“C]glucose (3OCI Ciimol) was 

purchased from Amersham, U.K. Unlabelled UDP-2-acetamido-7-deoxy-D-glu- 

case, lactose [P-D-Galp-( l&4)-D-Glc] , melibiose [w-D-Galp-( l&6)-D-Gk], D-galac- 

tose, 2-acetamido-2-deoxy-D-glucose. phenyl /3-D-galactopyranoside, p-ni- 

trophenyl lactoside. P-D-Galp-( l&3)-D-Araf, lactulose [fi-D-Galp-( I-4)-D-Frufl. 

j3-D-Galp-( l-+4)-D-Man, and N,N’-diacetylchitobiose [p-D-GIc~NAc-( 1-4)-D- 

GlcNAc] were purchased from Sigma Chemical Co. Ltd.. Dorset. LJ.K. 

Synthetic N-acetyhactosamine [P-D-Galp-( l&+4)-D-GlcNAc] and lacto- 

N-biose 1 [p-D-Galp-( l-3)-D-GlcNAc] were generously supplied by Professor 

R. U. Lemieux, University of Edmonton, Alberta, Canada. Also supplied by 

Professor Lemieux were four oligosaccharides glycosidically linked to an aliphatic 

spacer arm3: P-D-Galp-( l--4)-D-Glc~~NAc-O-(CH~)8C02CH,. P-D-Galp-( 1+3)-r)- 

G~c~NA~-O-(CH~)~CO~CH,. O-D-Galp-( l-4)-p-D-GkpNAc-( lki)-D-Galp-O- 

(CH&CO,CH,, and P-D-GkpNAc-( I-+3)-P-n-Galy-( I-S)-I,-(;lcl~-O-(CH,),- 

COZCH3. 

Methyl cy- and /?-D-galactopyranoside were purchased from Koch-Light 

Laboratories Ltd., Colnbrook, Bucks. lJ.K. ;I’-Fucosyllactose [a-L.-Fucp-( 1-+2)-p- 

D-Galp-( l-J)-D-Glc], 3-fucosyllactose {P-D-Galp-( I~~)-jcu-r.-Fuel,-(lj~)]-I,- 
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Glc}, lacto-N-tetraose [P-D-Galp-( 1+3)-P-D-GlcpNAc-( l-+3)-P-D-Galp-( 1-+4)-D- 

Glc], and lacto-N-neotetraose [/3-D-Galp-(1+4)-P-D-GlcpNAc-(l-+3)-P_D-Galp- 

(l-+4)-D-Glc] were isolated from human milk as described by Anderson and 

Donald’. Lacto-N-fucopentaose I [cY-L-Fucp-(1+2)-P-D-Galp-(l-+3)-/I-D-Glcp- 

NAc-( l-+3)-P-D-Galp-( l-+4)-D-Glc], lacto-N-fucopentaose II {P-D-Galp-( l-+3)- 

[c-u-L-Fucp-( l-+4)]-P-D-GlcpNAc-( l-23)-P-D-Galp-(l-4)-D-Glc} . lacto-difuco- 

tetraose {Lu-L-Fucp-(1~2)-P-D-Galp-~l~4)-[cY-L-Fucp-(l~3)]-~-D-G1c}, lacto- 

N-difucohexaose I {cu-L-Fucp-(l-+2)-P-D-Galp-( l&3)-[a-L-Fucp-(l-+4)]-/3-D- 
G1cpNAc-(1-+3)-~-D-Galp-(l+4)-D-Glc}, lacto-N-difucohexaose II {P-D-Ga1p- 

(1~3)-[Lu-L-Fucp-(1~4)]-P-D-GlcpNAc-(lj3)-P-D-Galp-(1~4)-[cy-L-Fucp-(l~ 

3)]-D-Glc} and /3-D-Galp-(l-+6)-D-GlcNAc were gifts of Dr. A. Gauhe and the late 

Professor R. Kuhn, Max-Planck-Institut fiir Medizinische Forschung, Heidelberg, 

G.F.R. a-D-Galp-(l-4)-D-Gal was isolated from Okra pods by the method of 

Whistler and Conrad’, and /3-D-Galp-(l-+3)-D-G1c was synthesised as described by 

Kuhn and Bae?. cY-D-Galp-( l-+6)-D-GlcNAc and Q-D-Galp-( 1+6)-D-GalNAc 

were prepared by enzymic transgalactosylation’. The chemically synthesised, 

branched pentasaccharide*, P-D-Galp-( l-+4)-P-D-GlcpNAc-( l-+6)-[P-D-Galp- 

(l--+3)-P-D-GlcpNAc-( l-+3)]-D-Gal was kindly supplied by Dr. C. AugC, Univer- 

sitC de Paris-Sud, Orsay, France. 

Lactosylceramide [P-D-Galp-( l-+4)-D-Glcp-Cer], globoside [P-D-GalpNAc- 

(I-3)-a-D-Galp-( l-+4)-P-D-Galp-( l-+4)-D-Glcp-Cer], and Iacto-N-neotetraosyl- 

ceramide [P-D-Galp-( 1~4)-P-D-GlcpNAc-(l-3)-P_D-Galp-(l~4)-D-G~cp-Cer] 

were gifts of Dr A. Gardas, Warsaw. Poland. 
Blood-group specific glycoproteins were isolated from ovarian cyst fluids as 

described by Morgan ‘. Fl. 14 (5.6% sialic acid) and No. 484 (5.8% sialic acid) were 
precursor glycoproteins obtained from cyst fluids of individuals who were non-se- 

cretors” of blood group A, B, H, Lea, and Leb. No. 350 (19% sialic acid)” and 

NO. 445 (3.7% sialic acid) were blood-group Lea-active preparations isolated from 

cyst fluids of patients who were ABH non-secretors. No. 277 and MH were blood- 

group HLeb-active preparations isolated from cyst fluids from blood-group 0 

secretors, MA was a blood-group A-active glycoprotein isolated from a blood- 

group A-secretor cyst-fluid, and No. 413 a blood-group B-active glycoprotein iso- 

lated from a blood-group B-secretor cyst-fluid. 

c-u,-Acid glycoprotein was a gift from Dr. K. Schmid, Boston University Med- 

ical Centre, Boston, Mass., U.S.A. Fetuin was purchased from Sigma Chemical 

Co., Dorset, U.K., and Type XIV pneumococcal polysaccharide was a gift from 

Dr. Michael Heidelberger, New York University, N.Y., U.S.A. Tamm-Horsfall 

glycoproteins from blood group Sd(a +) and Sd(a -) individuals” were isolated 
from urine by the method of Tamm and Horsfall’3, and freed from lipid as de- 

scribed by Soh et a1.12. 

Jack bean N-acetyl-/3-D-hexosaminidase (E.C. 3.2.1.30), tunicamycin, and 

bis-(p-nitrophenyl) phosphate were purchased from Sigma Chemical Co. Ion-ex- 



change resins, AG l-X3 (200-400 mesh) and AG 50 W-XX (7OtMOO mesh) were 

obtained from Bio-Rad Laboratories Ltd.. Watford, LJ. K. 

Assay of I’-acetarn~~io-2-deo~~-~~-~l~cc~p~ranos~ltransfera.sc u~i~@v. --- ‘I‘hts 

reaction mixtures used for assays of 2-acetamido-2-deouy-D-glucopyranosyl- 

transferase activity are given in the Tables and Figures. At the end of the incuba- 

tion period, the products were separated by chromatography on Whatman DE-XI 

paper in 10:3:3 (v/v) (solvent N) or 2: I : 1 (v/v) (solvent h) ethyl acetate-pyridme- 

water. or in 5: 1: 1:3 (v/v) propan-1-okthyl acetate-pyridine-water (solvent c). 

The chromatograms were scanned on a Packard Radiochromatogram scanner and 

the radioactive areas were cut out and counted in a Nuclear (‘hicago Scintillation 

Counter. 

Larger-scale preparatim of products of I-cicetmmicio-~-tle~j.~_~-~-~-~lllcc,- 

pyanosyl transfer. --- In order to estabhsh the positional linkage of the Z- 

acetamido-2-deoxy-p-D-glucopyranosyl residue transferred to N-acetyllactosamine 

and lactose, the products of synthesis were prepared in milligram amounts. Fractio- 

nation experiments with ammonium sulphatc (data not shown) estahllshed that the 

major part of the transferase activity in serum was concentrated in the fraction pre- 

cipitating between 75 and 50? saturation. This fraction was prepared from ‘0 ml, 

of blood-group 0 serum. the redissolved precipitate was dialysed against 0.15~ 

sodium chloride until free from ammonium sulphate, and used ax the enzkmc 

source to prepare the product with N-acetyllactosamine. The dialysed solution 

(total volume 3 mL) was added to the following mixture: manganese chloride. X0 

pmol; ATP, 3 pmol; sodium azide. 65 pmol: N-acetyllactosaminc. XO~mol; UDP- 

2-acetamido-2-deoxy-D-[I~-1JC]glucose. I:! pmol ( 2 2 X IOh c.p.m.), Il-acetamido- 

2-deoxy-D-glucose. 100 pmol: and Tris . HCI buffer. pH X.5, 350 gmol. The miu- 

ture (total volume 8 ml.) was incubated for 90 h at 37” and. at thch end of this 

period, absolute ethanol (X mL) was added. The precipitated protein way removed 

by centnfugation for IO min at I6 000 r.p.m.. the precipitate wab w&cd with MC; 

ethanol (v/v, 10 mL). and after centrifugation the supernatant was p~>oled with the 

supernatant from the first spin. The combined solutions were rzduceci to a vc>lume 

of -3 mL by rotary evaporation and passed through columns (0.6 >i 5 cm) of ,4Cil- 

X4 (AC@ ) and AGLOW-XX (H + ) ion-exchange resins. The tinal cluate was re- 

duced to a small volume and the trisaccharide product separated from other reac- 

tion products by chromatography 111 solvent N on Whatman DE-S1 paper for 40 h. 

The trisaccharide product was rlutcd and purified further b\, rcpeateti chromatog- 

raphy in solvents a and h on Whatman No. -10 paper. ‘Ihc vlclci ot trkaccharide 

(Product N) was 3.76 pmol. 
The compound synthesised by the transfer of 2- acetamido-2-drouy-p-glucose 

to lactose was prepared by essentially the same method except that 30 pmol of 

UDP-2-acetamido-2-deoxy-n-[U-“CJglucose were used and all the c>ther compo- 

nents of the reaction mixture were increased proportionally The trisaccharidc 

product was purified as described earlier. except that the first chromatography step 

was carried out on Whatman DE-Xl paper in solvent c. The yield of tnsaccharide 
(Product L.) was 7.5 pmol. 
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Sugar ~~~~ys~~. - 2-Amino-2-deoxy-hexoses and -hexitols were determined 
with an amino acid analyser’“. Neutral sug ars were analysed by gas chromatog- 
raphy as trimethylsityl derivatives” following r esin hydrolysis (AG50, Hf) of the 
oligosaccharides . ” An open, tubular capillary column (38 m) coated with SE-30 
and a temperature programme from 140-240” at 4”imin. were used for the separa- 
tion. 

~et~y~~tio~. - ~ethy~at~on of oljgosaccharides was performed with methyl 
iodide in ~,~-djmethyiformamide. The catalyst was barium oxide-barium hydro- 
xide, and the methylated oligosaccharides were hydrolysed with O.25M sulfuric acid 
in 90% (v/v) acetic acid”. The hydrolysates were separated into neutral and basic 
fractions by passage through ion-exchange resins”. The neutral sugar fractions 
were converted into alditol acetates’? and examined by g.1.c. on (a) a 38-m SE-30 
capillary column and (b) a 39-m SP-2250 capillary column, both temperature-prog- 
rammed from 160-220” at 3 “/min. The basic amino sugar methyl ether fraction was 
examined with an amino acid analyser us ~ethy~ated sugars were identified by their . 
retention times in comparison with standard compounds. 

Removal of siaiic acid from giycoproteins. - The glycoproteins (20 mg) were 
dissolved in 5OmM sulfuric acid (3 mL). The solutions were heated for 1 h at 80”, 
and then dialysed against distilled water, and the indiffus~bIe material was dried 
from the frozen state. 

Treatment of “C-labeIled products with N-ffcety~-~-~-~exosa~inidase. - 
Jack bean ~-acetyl-~-D-hexosamjnidase was dialysed against 1OmM phosphate buf- 
fer (pH 6.0) and 200 FL (1 unit) was added to 50-FL aliquots of the products of 2- 
ac~tam~do-2-deoxy-~-[U-*4C]glucose transfer (5-1.5 000 c.p.m.; l-3 nmol). The 
mixtures were incubated for 16 h at 37”, and the reaction products were separated 
by chromatography on Whatman No. 40 paper in solvent a. 

RESULTS 

Human sera from fifteen normal blood donors, unselected for ABO bfood 
groups, were tested for their capacity to transfer 2-acetamido-2-deoxy+ 
[ %I]glucose from UDP-Z-a~etamido-2-deoxy-D-[14CJglu~ose to the acceptor sub- 
strate lactose under the conditions given for the complete mixture in Table I. 
Chromatography of the reaction products on Whatman DE-81 paper in solvent a 

revealed, with all the sera tested, a radioactive product in the trisaccharide area 

(R laerose 0.62) which was not present in the control mixtures from which the lactose 
acceptor had been omitted. The same product was observed when the enzyme 
sources were (a) serum from an individual with the rare blood-group Bombay Oh 
phenotype”, (b) eight serum samples separated from human-cord blood, and (c) 
serum from an adult with the blood-group i phenotype”. When N-acetyllac- 
tosamine was used as the acceptor substrate in place of lactose, a radioactive trisac- 
charide product was formed with Rlactosc 0.81 in solvent a. All the samples of 

human serum examined thus contained an ~-a~etylglucosaminyltransfer~e which 



Complete mixtureU 

Minus acceptor 
Minus serum 
Mums ATP 

Mmus MI?+ 
Minus Mn’ +, plus Co’+ 

Mmus Mn’+. plus Fe’- 
Minus Mn”. plus Mg” 

Complete mixture” 

Pius co’+ 
Plus i!smM EDTA 
Plus 30mM 7-acetamldo-?-deoxv-r,-glucose 
Plus 0.5 pg tunlcamycln 

“The complete mixture contaIned in a total volume ot 100 pL~LJDP-[‘4C]GlcNAc. 31 nmol (I IO O(NI 
c p m ): MnCI: 1.0 pmol: ATP. 0.05 pmol. NaN,, 0 8 pmol. acceptor (N-~~cetqllactosarr~~ne or Iactosc) 

0.25 pmol. sodmm cacodylatc huftcr. pH 7 0. 5 Fmol; human group 0 strum. 70 ,uI %‘hcn compo- 

nents were omItted from the rcnctwn mixture the volume was made up to 10(1 Al_ wfth w:itrr The ml\- 
tures were Incubated for I6 h at 37’. and at the end of this pertod the rcactlon products wcrc wpdrated 
by chromatography on DE Xl p,ipcr in wlwnt u The c p.m gwrn in the Tahlc rcpreacnt the count\ m 
the area of the chromatopram where the trw+ccharldc pn>duct U:I~ dctectcd when the complctc mlyturc 
was uwd 

catalysed the addition of 2-acetamido-2-deoxy-D-glucose to two lo\\-molccular- 

weight acceptors having terminal nonreducing /3-D-galactopyranosyl groups. 

Requirements for actil,ity of thr N-acet~~g~rtcosaFniny~traF2sferasp. - The ca- 

pacity of the N-acetylglucosaminyltransferase in a group 0 serum sample to trans- 

fer 2-acetamido-2-deoxy-I>-[“Clglucose to lactose and N-acetyllactosamine was 

tested over a range of pH values (Fig. I). Both disaccharides were acceptors of 2- 

acetamido-2-deoxy-D-glucose over a broad pH range with apparent optima extend- 

ing from pH 6 to X.5. Most of the experiments to be described subsequently were 

carried out at pH 7.0. 

Divalent cations were required for the transfer of 2-acetamido-2-deoxy-D- 

glucose to either lactose or N-acetyllactosamine, and all activity dIsappeared on ad- 

dition of 25mM EDTA (Table I). At a IOrnM concentration. the order of effective- 

ness was Mn’+ > Co” > Fe.‘+ > Mg” . At this same concentration, Zn’ ’ ~ Cd’+. 

Cu2+ , Ni” , and Ca’ ’ ions failed to give detectable activation. The effects of kary- 

ing Mn’+ and Co’!‘- concentrations are shown in Fig. 2: with either acceptor sub- 

strate. optimal activity was okrved at a 1omM concentration of Mnzi ions and at 

a 5mM concentration of Co’+ ions. 
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Fig. 1. Effect of pH on N-acetylglucosaminyltransferase activity. The reaction mixtures were the same 
as the “complete” mixture in Table I, except that sadium cacodylate buffer was used for the pH range 
5.0-7.0, Tris HCI buffer for the pH range 7.5-8.5, and glycme-sodium hydroxtde buffer for the pH 
range 9.&10..5: (U) Acceptor substrate. ~-acet~llnctosamine: (Oc) acceptor substrate. lactose 

I I I I I 
0 2G 40 60 80 
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Fig. 2. Metal ion requirements of A’-acetylglucosaminyltransferase. Tbc reaction mixtures were the 
same as the “complete” mixture m Table I, except that the concentrations of Mn”’ and Co’+ ions were 
varied: (W) Acceptor substrate, ~-acetyllactosamine; (13-o) acceptor substrate, lactose. 

When UDP-2-acetamido-2-deoxy-n-glucose is incubated with human serum, 
it is subjected to the combined degradative action of nucleotide phosphohydrolases 
and an N-acetyl-cu-D-glucosaminidase 2o The amount of 2-acetamido-2-deoxy-D- . 
[‘4C]glucose incorporated into an acceptor substrate is, therefore, to an extent de- 
pendent on the degradative effect of these enzymes on the nucleotide sugar donor, 
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as well as on the ni’acetylglucosaminyl~ransferase activity. Under the conditions 

used for the complete reaction mixture described in Table I. some -tt)_SWY of the 

radioactivity was found as free sugar at the end of the incubarion period. Omission 

of ATP. which inhibits the Fhosphohyclrolases. resulted in mcreased Ix-c&down of 

IJr)P-7-acetamido-7-de~~~~-~-glucose and lower inc~~rporation of 2-ac.ctamtitc)-?- 

deOxy-D-[‘4C]giucOse (Table I). An increased ATP concentratirm. howeter. alat~ 

inhibited the transferase activity. Addition of l-acctamido-‘-detItrt-i,-gltl~~)s~ to in- 

hibit the N-acetyl-cr-n-glucosaminidase reduced the amount ol’ radioactivity rc- 

leased as free sugar to -3(7 and resulted in an increase ot the incorporation into 

acceptor (Table T). Although 3-acetamidv-‘-deoxv”r~-gl~lcos~ W;I~ not routincl> 

added, it was included in reaction mixtures used for the large-scale preparation of 

the products of 2-acetamido-2-deoxy-r>-glllcosr transfer to lactose irntl to l;-acet$- 

lactosamine. 

The antibiotic tunicamycin selectively blocks the ~~i(~synth~sjs of some 

glycoproteins by inhibition of 3-acetamido-2-deoxy-n-glucttse transfer- reactions: at 

a concentration of 5 ~g!mL,. the antibiotic completely inhibits the en7ytnr catalys- 

ing the transfer of Z-acctamido- 2-deoxy-u-glucose to lipid intcrmcdiatcs”. At thk 

same concentration. tunicamycin was without inhibitory action OJI the &‘- 

acetylglucosaminyltrnnsferase that ulilises hiacetyllactosamirlc or lactose as accep- 

tor substrates (‘Table I j. 

T&e effect of ir~~ub~ti~n time and r~tzz_wrt~ ~~n~~~~irr~i~i~~?~ tvt tht= t~~t,t~rp~~~~t~~~~~ 
Of 2-rtcetamido-,7-de~~.~~-n-f’SC’f~lr~co.sr~. --- Incorporation ot ?-;tcctamicio-7-ctrctx?;- 

rsfiJC]ghc0st2 into erther lactose or iv-acetyllactosamlne continued to increase 

when serum was incubated with the appropriate additives for perrocis up to 24 h 

(Fig. 3). although Ihe reaction ceased to be linear after - 12 h. Similarly. Incorpora- 

tion of radioactivity into the acceptors increased with the ~olumc ~tf serum added 
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TABLE11 

IRANSFEROP 2-ACETAMIDO-2-DEOXY-D-IIJC]GLCICOSETO VARIOUSLOW-MOLECULAR-WEIGHT ACCEPTORS 

Acceptor 

Phenyl P-D-Galp 
P-D-Galp-(1-4)-D-Glc 
p-Nitrophenyl P-D-Galp-( l+J)-p-D-Gk 

P-D-Galp-(I-4).D-GlcNAc 
B-D-Galp-( ~-*~)-D-GIc~NAc-O-(CH~)~C~~CH~ 
@-D-Galp-( 1+4)-D-Man 
P-D-Galp-( I&4)-D-Fru 
B-D-Galp-(1+3)-D-GlcNAc 
P-D-Galp-(l&3)-D-Glc 
P-D-Galp-( I-*~)-D-GIc~NAc-O-(CH~)~CO+.ZH~ 
p-D-Galp-(l-4).P-D-GlcpNAc-( 1+3)-P-D-Galp- 

0-(CH2),COzCH, 
P-D-Galp-(l-+4)-P-D-GlcpNAc-(1+3)-P_D-Galp- 

(l-+4)-D-Glc 

P-D-Galp-(1+3)-P-D-GlcpNAc-(l-+3)-/3-D-Galp- 
( l-J)-D-GIG 

P-D-Galp-(1+3)-[a-L-Fucp-(l&4)]-P-D-GlcpNAc- 
(I-3).P-D-Galp-( l-4).D-Glc 

@-D-Galp-( l-3)P-D-GlcpNAc-( 1+3)-p-D-Galp- 
(1+4)-fi-D-GlcpNAc-(1+6)]-D-Gal 

Incorporation of Relattve mobtlity 
[“C]GlcNAc of produc+’ 

C.p.m. nmollhlm L 

529 0.30 

6323 3.59 

6556 3.72 

13 291 7.55 

13 71b 7.79 
6197 3.52 

208 0.12 
404 0 23 
533 0.30 
184 0.10 

10 851 6.17 

11 797 6.70 

708 0.30 

296 0.17 

14 285 X.12 

RLNT RL~< 
-___ 

R GlcNAc 

0.62 

0.81 

0.78 

0 78 
0.74 
0.61 

1.57 

1.35 

1.35 

1.38 

1.15 

0.76 0.30 

0.67 0 26 

0.48 0.19 

0.25 0.09 

“The acceptor substrates were all tested at a concentration of 2.5mM. The reaction mixtures were the 
same as in Table I, except for those containing the dr- and tri-saccharrdes glycostdically hnked to 
(CHz)sCOzCH,. An addtttonal component, bts-@-nitrophenyl) phosphate (0.15 pmol) was added to 
these reaction mixtures to inhtbtt decomposmon by esterases tn the serum. The reactton mixtures were 
incubated for lb h at 37”. At the end of thts period the mtxtures contatnmg the di- and tn-saccharides 
linked to (CH&CO-CH1 were separated by paper chromatography on DE-81 paper in solvent b The 

remaining reactron mtxtures were separated by chromatography on DE-Xl paper in solvent a. ‘Mobihty 
relative to lacto-Wtetraose. RLUT; relatrve to lactose, RL~~: and relative to 2-acetamido-2-deoxy-D- 

glucose. RCilcwAc. 

to the reaction mixtures up to a volume of 25 PL (Fig. 3), although the relationship 

ceased to be linear when volumes greater than 10 PL were used. 

Acceptor specificity of the N-acetylglucosaminyltransferase with low-molecu- 

lar-weight acceptors. - A variety of oligosaccharides were tested as possible accep- 

tors for the 2-acetamido-2-deoxy-D-[14C]glucose transfer catalysed by the serum N- 

acetylglucosaminyltransferase. Details of the reaction mixtures and methods of 

separation are given in Table II. When these same conditions were used, the fol- 

lowing compounds did not function as acceptors (cl00 c.p.m. were detected in the 

region of the chromatogram where the product would be expected to be located): 

D-g&CtOSe, 2-acetamido-2-deoxy-D-glucose, methyl (Y- and p-D-galaC- 

topyranoside, cY-D-Galp-(l-+4)-D-Gal, a-D-Galp-(l-+6)-D-GlcNAc, cu-D-Galp- 



( I&+6)-D-GalNAc. a-D-Galp-( I-+h)-D-Glc. P-D-Galp-( I-+3)-D-Ara. /3-D-Galy- 

(I-+6)-D-GlcNAc. N,N’-diacetylchitobiose, cu-L-Fuc~-( I-2)-D-G:tl. A’-fucosyllac- 

tose, 3-fucosyllactose, lactodifucotetraose, lacto-!l’-fucoyentao~e 1, lacto-.Y-dl- 

fucohexaosc I. lacto-N-difucohes~~~)se II. and ,&11-(;lcNAc4 I -~-+3)-fi-~-C;alp- 

( I~~)-D-(;Ic~-<>-(C’H,),C’O~C~-I ,. 

All the compounds that functioned as acceptors ot 7-~tcetamldo-~-deo~~-L~” 

[ ‘?IZ]glucose contained unsubstituted, terminal nonreducing P-I~-galactopyranos~l 

residues (Table II). An r.-fucose substituent on either the terminal ,B-D-galactosyl 

group or on the subterminal sugar residue prevrntcd the addition of 2-acctamido-2- 

dcoxy-D-glucose. L,acto-N-fucopentaose II apptxred to he ;I vcrv wak acccptnr 

(Table II). but this incorporatIon probably resulted from a minor contaminant 111 

the oligosaccharidc preparation. The best acceptors Lvere th(>sc: c~~mpounds con- 

taining ~-r>-gaiactopyrail~~syl groups IInked ( I-4) to 7-acrtalni~ic~-‘-Jeo\~-I~- 

glucose units. and the next most effcctikc a’erc those in which the fi-D-galac- 

topyranosyl group was Join4 in the same positional linkage to I>-glucose or I>-man- 

IIOS~ units. Compounds with P-r)-galactopLranosvl group< linked ( I-~+i) to 7- 

acetamido-2-deoxy-D-glucose or I>-glucose were by comparison vet-!’ \suk acccp- 

tot-s (Table II), and O-B-I,-galactopyranosyl-( l-~h)--?-acet;lmid~~-~-~~c(~x~-~~-gll~c~~- 

se failed to give detectable incorporation. The presence of the h!drophc~hic spacer 

arm (CH2),C02Mc attacht,d to N-acetyll~lctos~Im!nc. or the ;ucm;lti~ group in p- 

nitrophenyl P-D-lactosidc. did not aflect the capacity of the terminal. nr)nreducing 

/3-o-galactopyranosyl group in these compounds to function ;(s acceptors of 7- 

acetamido-7-dcouy-r,-[’ ‘C’jglucose (Table II). ‘l‘he hranchcd pcntasacc!larltJe /3-l’- 

Galp-( l-+4)-B-D-Glc/,N/c-( l-+c,)-(~-n-c;al~7-( I-.?)-B-r)-~;lcl,N,r\c-( I -3)]-v-(;al 

gave a level of incorporatic,n comparable with that given with ,I’-.acet~Il;tctosarnlne 

and lacto-/\i-rlcotetraost‘. <uggesting that the 3-ar~ct~tn~ido-l?-cie~.~~~-i~-~Ii~~~~~sc umt 

was most probably being transferred to the branch terminating \vith the ,&D-C;;II~~- 

( I-+-I)-P-D-GIc~NA~ structure. 

Anomt~ric hnkage oJ‘ the irtrnsfcrrrtl ~-~,t~~~~~~~,~,t~~J-~-~i~~~~.~~~-fJ-~~’~’~,~:Iil~~OS~’ Itnit. 

- The lahelled products $ynthesiscd by the transfer of _ 7-acctariiiiln-~-~ie~~xv-~)- 

[ “Cjglucose to lactoxc. ,‘l’-;~cct~ll;~ctc~s~~~~~i~~c, jj-r)-Gnllj-( I -+J)-I)-l\l,iri. Iaclo-h;- 

rzeotetraose. and the branched pentasaccharldt ,!~-I~-G;II~I-( I- +J)-fi-i)-(iIc[,bAc- 

( l-h)-[/I!-D-Galp-( 1 -+3)-P-D-GIcl’NAc-( I--+3)]-I -( i 1 I ;,I uerc trratcd wrth Jack hem 

N-acetyl-P-I,-he~osamini~i~~sc Paper chromatograph? of the reaction prr,ducts in 

solvent (I revealed in each instance one radioacti\c \pot N hlch cry-chl-c~rn~ctograyh~d 

with 7-acetsmido-2-deos~,-[~-~lu~~)s~ . showing that the trnnsIerreti wgtr mas com- 

pletely cleaved by the h!-acetvl-P-t~-lle?;osaI?~inlct,i4e. I reatment ot nltrophenyl 2- 

acetamido-2-deosy-tr- and -13-n-gtucopvrano4ide with the hesosaminldase resulted 

in hydrolysis of the ,!3-D- and not c~f the tr-ij-linked cornpoun~i. I‘hc :V- 

acetylglucosaminyltransfer;w in serum v.a\ fhrrctorc trancferrin2 I!-:i~etamido-2- 

deoxy-D-glucose in the /3 form, 

Apparent K,,, c& V,,,, ~rlues for lorr,-molec~ulur-weight acceptor substrates. 

- Several of the low-molecular-weight substrates which functioned as acceptors 
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TABLE III 

KINETIC CONSTANTS FOR THE h’-ACETYLGLUCOSAMIYYLTRANSFERASE WITH LOW-MOLECULAR-WEIGHT AC- 

CEFTOR SUBSTRATES’ 

Acceptor substrate Apparent 

K,,, (mw 

V mux 
(nmollhlml.) 

(1) P-D-Galp-( l-4).D-GIcNAc 
(2) P-D-Galp-(I-4)-D-Glc 
(3) P-D-Galp-(1+4)-D-Man 
(4) P-D-Galp-( 144)~/3-D-GlcpNAc-(1+3)- 

P-D-Galp-(1+4)-D-GIc 
(5) P-D-Galp-( l&3)-D-GlcNAc 
(6) P-D-Galp-( I&3)-/3-D-GlcpNAc-( l-+3)- 

P-D-Galp-( l&+4)-D-Glc 
(7) P-D-Galp-(l-3)-D-Glc 
(8) Phenyl /3-D-Galp 

2.4 16 6.6 
2.6 7 2.7 

2.5 13 4.3 

3.8 22 5.8 
10 I 0.1 

19 

22 

100 

7 0.4 
6 0.3 

11 0.1 

The reaction mixtures were the same as the “complete mixture” given in Table I, except that acceptor 
substrates Nos 1-4 were tested at a range of concentrations from 0.25 to 2.hM, and acceptor substrates 
Nos 5-8 at a range of concentrations from 2 5 to 25mhf. 

for 2-acetamido-2-deoxy-D-glucose were tested at a range of concentrations. 

Lineweaver-Burk plots of l/v versus l/[S] showed straight-line relationships and 

enabled apparent K, and V,,,,, values to be calculated (Table III). All the com- 

pounds with terminal, nonreducing P-D-galactopyranosyl groups joined in (1+4) 

linkage to the subterminal sugar residues gave apparent K,,, values between 2.4 and 

3.8 mM and V,,, values between 7 and 22 nmolihlml of serum. The compounds 

containing P-D-galactopyranosyl groups joined in (1 -3) linkage to the subterminal 

sugar residue had higher K, values. in the range of 10 to 22mM, and lower V,,, 
values, in the range l-7 nmol/h/mL of serum. Of all the acceptors tested, the least 

efficient was phenyl /?-D-galactopyranoside. The results, therefore, confirm the 

preference of the N-acetylglucosaminyltransferase for P-D-galactopyranosyl res- 

idues substituting at O-4 of the subterminal sugar residue. 

Characterisation of products synthesised with N-acetyllactosamine and lactose 
as acceptor substrates. - The products formed by transfer of 2-acetamido-2-deoxy- 

D-glucose to N-acetyllactosamine and lactose were synthesised on a milligram scale 

for structural investigations. Sugar analysis of the compound (Product N) synthe- 

sised with N-acetyllactosamine as acceptor substrate revealed the presence of D- 

galactose and 2-acetamido-2-deoxy-D-glucose in the molar ratio of 1:2.07, confirm- 

ing that one 2-acetamido-2-deoxy-D-glucose unit had been added to form a trisac- 

charide. On methylation, followed by hydrolysis, the trisaccharide yielded, on 

g.1.c. of the neutral sugar methyl ethers, one peak that had a,retention time corres- 

ponding to the derivative of 2,4,6-tri-0-methylgalactose on both SE-30 and SP- 

2250 columns. The standard 3,4,6-tri-O-methyl-D-galactose derivative had an iden- 

tical retention time on the SE-30 column, but was clearly distinguishable from the 

2,4,6-tri-O-methyl derivative on SP-2250. When added to a standard mixture of 



methyl ethers, the methylation product of the trisaccharide was observed to in- 

crease the height of the 3.4,6-tri-O-methylgalactose peak. The other possible tri-O- 

methylgalactose derivatives (2,3.6-. 3,3.6- and 2.3.4-j were not detectable in the 

methylation products of the trisaccharide. The 2-acetamido-3-deow~-r~-~lucosc unit 

had therefore been translerred to O-3 of the B-r,-~alactop~r~Ino\)I group in &‘- 

xet]vllactosamine. The heuosamine methyl ether fraclion ga\‘c t\vo peaks: one had 

a retention time corresponding to the methyl ether of the standard 2-amino-2- 

deoxy-3.6di-O-methylglucose. and the second a retention time ccnrcsponding to 

standard ‘-amino-7-deox~-.i.j.6-trl-O-m~thylglucosc. Hence. thrsc result\ con- 

firmed that the trisaccharide had the $tructurc j9-r)-CilcpNA~.-[ i~~-i)-~-r)-(;al1’- 

(I&l)-GlcNAc. 

Product L, enzymically synthesised by the transfer of _‘-acctamido-7-deoxy- 

~-glucose to lactose, was found on sugar analysis to contain yalacto\e. glucose. and 

2-acetamido-2-deoxyglucosc in the molar ratios of I : I .03:I).W. confirming that one 

2-acetamido-2-deoxyglucose unit had been added to form a trisaccharlde. Follow- 

ing methylation and hydrolysis, the neutral sugar methyl ethers gave two peaks on 

gas chromatography: one had a retention time corresponding to the derivatlkc of 

standard 2.4,6-tri-O-methyl-D-galactose on both SE-30 and SP-7150 columns, and 
the second peak was coincident with authentic 2,i.h-tri-O-methvl-i)-~lu~:o4e on 

both columns. No evidence was obtained for the presence of :in! c,ther tri-o- 

methylgalactose derivative. ‘I’htz hexosamine methyl ether tractIon ga\c one peak 

on the amino acrd analyser with a retention time corresponding to the methyl ether 

of 2-amino-3-deoxy-3.4.6-tr~-O-mcthylglucose. ‘I‘he methylation c*\iJence thrre- 

fore demonstrates that the 7-acetamido-2-deaxy-r>-gluc(~s~ unit had been transfer- 

red to O-3 of the B-D-galactopyran~~s~l group in lactose to give ;I tri~acchandc Lvith 

the structure P-u-GlcyNAc-( I-+3)-/$14alp-( l~-G)-r~-<il~~ 

Acwptor spccificit~ with rrlucrt~molr~rllrrr accc~ptors. ~-- l‘h.2 serum 111- 

acetylglucosaminyltransferase was tested for its action on macromolecular suh- 

stances known to contain /3-D-galactopyranosyl end-groups (Table IV). Of the 

blood-group specific glycoproteins isrjlated from ovarian cysts. the precursor 

glycoprotein Fl. 14 was the most efficient acceptor. Thiq bubslancc was Isolated 

from an ovarian cyst of an individual of the rare Lc(a-b-) nonsecrctor” phenotype 

and. hence. lacked the I -fucosyl suhstituents that are added by the hlo~~d group ii 

and 1.~ gene-specified glycosyltransl’erases~~ ‘l‘reatment <IL’ I;1 I-l \\ith weal\ acid to 

remove sialic acid resulted 111 enhanced incarporatlon of ?-~Cet,Itnldo-7-C~~~~~-r~- 

[ “Clglucose (Table IV) and this effect was even more marl4 with ;I xecond prc- 

cursor glycoprotein. No. 4S-l. also obtained from :rn I_c( a-h-) nonst’cretor indi- 

vidual. One Lc”-active glvcoprotcin, No. 350, with a ter\ high siajic acid content” 

failed to accept ?-acetam;d~,-‘-tiec~~~-~-[ “CJglucos~. whcrca, ‘I \cc~~nd Lc-‘-actlvc 

preparation. No. 445. with ;I much Io:~cr content of \lalic acid. v,‘a’r ;t rclatlvelb 

good acceptor (Table IV). In blood-group 1,~” glycoprotein\. the 7 ypc 2 I,@-u- 

Galp-(]+I)-D-GlcNAc] chain endings lack the fucose additions cataly\cd by the Fi 

gene-specified glycosyltr:m<ferase.‘” Hence. more un4ubstitutcd fi-Wgalac- 
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'I'ABLEIV 

TRANSFER OF ~-A~~~AM~~~-~-DE~~Y-D-(IJCJGLUCOSE TO MACROMOLECULAR ACCEPTORS BY Tw N- 

ACETYL-D-GLUCOSAMINYLTRANSFERASEINHUMANSERIJM" 

Acceptor Incorporation of [“CjtilcNAc 

C.p.m nmollhlml of serum 

Blood-group giyc~protei~s fram ovarian cysts: 
Precursor F1. It 
Asialo precursor Fl. 14 
Precursor 484 
Asialo precursor 484 
Lea350 
Lea445 
HMH 
H277 
AMA 
B 413 

13 305 1.89 
20 812 2.96 

432 0.06 
16 065 2.28 

0 0 
6182 0.88 

0 0 
296 0.04 

0 0 
631 0.09 

Serum gfycoprotetns: 
Fetuin 
Asialo fetum 

at-Acid glycoprotein 
Asialo q-acid giycoprotein 

Tamm- Horsfall urinary g&coproteins: 
Sd(a +) W.M. 
Asialo Sd(a +) W.M. 
Sd(a -) AS. 
Asialo Sd(a -) A.S. 

0 0 
10 695 1.52 
14 855 2.11 
63 110 8.96 

5708 0.81 
34 524 4.49 
34 234 4.86 
39 390 5.59 

Pneumococcus Type XIVpolysaccharide: 12 436 1.77 

Giycosphingolipids: 
Lactosylceramide 608 0.09 
Globoside 0 0 
Lacto-~-neotetraosyl~ramide 600 0.09 

~_--.. ^_... 

“The reactron mixtures were the same as in Table I. except that 500 pg of the macromolecular acceptors 
were used in place of the low-molecular-wetght substrates and Triton X-100 (final concentration 0.1%) 
was added to the mixtures containmg glycosphingoltpids. The total volume was 150 pL. The mtxtures 
were incubated for 64 h at 37”. and the reaction products m those contarning exogenous glycoprotems 
and polysaccharides were separated by chromatography on Whatman 3MM paper m solvent c. The 
exogenous acceptors remamed at the origin on the chromatograms. In the absence of exogenous accep- 
tors. incorporation of [‘“CjGlcNAc occurred into endogenous acceptors (19 DO0 cpm.). This figure has 
been subtracted from the c.p.m. given m the Table. The reaction mixtures ~ontainlnge~ogenous gfyco- 
~phingoiipids were extracted twtcc wtth 2: I (vh) ~b~oroform-methanol. and the combined extracts 
chromatographed” on Whatman 3MM paper in 1 B sodturn tetraborate. pH 9.1. 

topyranosyl end-groups are to be expected in an Le” preparation than in an H-ac- 
tive glycoprotein. In agreement with this expectation, two H-active preparations 
proved to be very poor acceptors of 2-acetamido-2-deoxy-D-(‘4C]glucose (Table 
IV). A blood-group A and a blood-group B glycoprotein, in which the H-structures 



are further substituted with 2-acetamido-?-deoxy-D-gala&use and :j-galactosc. rc- 

spectively’3, were likewise poor acceptors for the N-acetylglucosaminvltransfrrase. 

The asparagine-linked oligosacchande chains in fetmn” and tr!-acid glyco- 

protein?? terminate at the nonreducing ends with the ,%u-G;~II~-( l~-+J~-~~~~ilcNAc 

structure substituted on the [qalactosyl rcqidue with sialic a~‘~ci. L’trtrc‘atrcl fctuin 

failed to accept 2-acetamido-3-de[)x~-I~-[’ ‘C]gluco\e but wah 3 fair11 good acceptor- 

after removal of sialic acid. M,-Acid glycoprotein accepted sclmc ?-:ictrtamido-7- 

droxy-II-[ ‘“C]glucose in the untreated state ;rnd after removal ot s~al~c acid was the 

most efficient acceptor substrate of all those tested (Table IV) 

The carbohydrate chains in Tamm-Horsfall urinary gl~‘c~lpro1t~ln’ ’ arc as- 

paragine-linked, but as >et little information is ava~labl e on their dct;ulcd structure 

The association of the human Sd,’ blood-group character with thrs glycopro- 
tein 1 ?.lh. however, has revealed that in Sd“ positive individual? ~mc ot the car- 

bohydrate chains terminate in 3-acetamido-?-deox~-I)-galacto~e and others in I)- 

galactose units. whereas In Sd” negative individual\ the .?-;ict~tar?lido-7-cle~~~~-~)- 

galactose units are missmg. When ‘l‘amm-Horsfall glycoprotcrns \vcre te\tcd as ac- 

ceptors of 3- acrtamido-3-deox~-i,-[ “k’]plucose, the Sci” negative preparation LV;IS a 

better acceptor than the Sd.’ positive glycoprotrin (Table I\,“). Both variantc wee-e 

converted into more efficient acceptors by removal of~ialic acid. 

The capsular polysaccharide from Pne~~r~zococ~~~~.s Type XIV consictx of tetra- 

saccharide repeating-units with ,!$I&galactopyranosyl groups linked ( l-4) to z- 

acetamido-2-deoxy-v-glucose units in the mam chain”. This polysaccharidc also 

functioned as an acceptor for the serum N-acet~lglucc~samin~ltr:lnsferase (Table 

TV). 

In comparison with the glycoproteins. the glycosphingoliplds tested were 

very poor acceptors of 3- acetamido-2-deoxy-u-[ “C‘]glucose Howe\cr. weal< but 

definite incorporation was observed with the two glycolipids havmg terminal p-n- 

galactopyranosyl groups, namely lactosylceramide and lacto-.l’-rlc.ntetraospl- 

ceramide, whereas globoside, which has a terminal, nonreducing -I-acetamido-2- 

deoxy-/?-D-galactopyranosyl group (Table IV). gave no detectable incorporation. 

The radioactive product formed by the transfer of ‘-act,tamidc,-ll-deos~-I,- 

[“‘Clglucose to the precursor glycoprotein Fl. 13 was digested with .J,tck bean N- 

acetyl-/3-D-hexosaminidase under the conditions used for hydrolysis of the low- 

molecular-weight products. All the radioactivity was clt~,~v~d frotn the mac- 

romolecular product by this treatment and the released sug,u c.c)cllrc,nlato~raphecf 

in solvent u with 2-acetamido-Z-deoxy-n-glucose 

When amounts of the precursor glycoprotein Fl. 14, ranging from IOU to 1000 

kg. were included in the reaction mixture. with the other condition\ as given in 

Table IV. incorporatton of I-acetamido-7-det,xV-L)-11’C~glucc~se wa\ linear with 

amounts up to 400 pug of acceptor, and continued to increase up to 1000 pg. A 

Lineweaver-Burk plot of Ii\. versus l/[S] g ave a straight-line relationship. and an 

apparent K,,, of 1 .Smhf was calculated for the glycoprotcin substrate by assuming a 
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84, 1 X 10’ and 300 available acceptor sites per molecule. This latter figure can only 

be an approximation, but it is not dissimilar from the apparent K,s calculated for 

the low-molecular-weight substrates having (l-4)-linked ,5-D-galactopyranosyl 

nonreducing end-groups (Table III). 

Competition experiments for acceptor substrates. - The acceptor require- 

ments of the glycoprotein and glycolipid substrates suggest that, in the series of ex- 

periments described in this paper, the same enzyme is involved in the transfer of 2- 

acetamido-Z-deoxy-D-~‘~C~glucose to loo-molecular-weight and macromolecular 

acceptor substrates. Definitive competition experiments to establish whether one 

or more enzymes are involved cannot be carried out with crude serum as the en- 

zyme source, because it is not possible to separate the endogenous acceptors from 

the exogenous macromolecular substrates. and the amount of 2-acetamido-2- 
deoxy-D-[ ‘“C/glucose incorporated into the endogenous material was found to vary 

according to the amount of exogenous low-molecular-weight substrate used (data 

not shown). However, in conditions judged to be enzyme-limiting from the K,,, 
data, the addition of either lactose or ~-a~ety~la~tosamin~ to the incubation mix- 

tures containing the asialo precursor glycoprotein FL 14 resulted in a decrease in 

the incorporation of 2-acetamido-2-deoxy-D-[“Clglucose into both the disac- 

charide and glycoprotein acceptor molecules (Table V). These experiments, thus, 

support the inference that a single enzyme is involved in the transfer of 2- 

TABLE V 

COMPETITION EXPEKlME;NTS WITH DIFFERENT ACCEPTOR SliBSTKATESU 
-- 

Acceptor Incorporation of f’Jc’]CkNAc 
(c p.m ) into 

-_.- 

N-Aceiyl- 
lacrnsamine 

Asialo prrcursar N-Acetyl- 
gtycoprotein iactosamme 
FL 14 

Asialo prrcwsor 
glycoproreitl 
FL I& 

c 10.030 
-I- 4,270 

+ 13,793 

f + 7,360 2.135 

f + 7,819 7.281 

+ + 3,222 7,800 
__..__~ 

“The reaction mixtures contained in a total volume of 2Ml FL. UDP-(‘“CjGlcNAc (40 nmol, 220 000 

c.p.m.): MnCll (2.0 gmol): ATP (0.10 ymol); NaNn (0.8 pmol): one or two of the followmg compo- 

nents: lactose (1 .O gmol), ~-acetyliactosarnlne (I .O pmoi), and asialo Fl. I4 (I mg); sodium cacodylate 

buffer, pH 7.0 (15 pmol): and group 0 serum (‘20 FL). The reactron products were separated by chro- 

matography in solvent c on DE-81 paper for the products synthesised with lactose or N-acetyllac- 

tosamine, or Whatman 3MM paper for the product syntheslsed with asialo FTI. 14. Assays containing 

both disaccharide acceptors and asialo Ft. 14 were set up in duplicate. and one mixture was separated 

on DE-81 paper for the detectlon of the labelled trisaccharide products, and the other on Whatman 

3MM paper for measurement of mcorporation into the glycoprotem acceptor. The plus sign mdlcates 

the presence of an acceptor in the incubation mixture. *Incorporation into endogencus acceptors m- 

eluded m this measurement. 



acetamido-3-deoxy-D-[ ‘?Z’]glucose to the macromolecular and lou-molecular- 

weight substrates. 

The only N-acetylglucosaminyltransferase previousI> described m human 

serum2’ utilised. as an exogenous acceptor, al-acid glycoprotem that had been de- 

pleted of sialic acid, II-galactose. and ?-acetamido-2-deou~-t~-glLlc~~~e hv the se- 

quential action of exo-glycosidascs The D-mannosyl group\ exposed by the e\o- 

glycosidase treatment were assumed to be the scceptorc Ior the transferred 2- 

acetamido-?-deoxy-[,-glucose unit. This transferasc has not been further charac- 

terised. but its specificity requirements resemble those of rnzymck found 111 other 

sources which synthesise p-D-C;lcNAc-+v-Man linkages”‘. The transfcra\e in 

human serum described in the present paper is a different enzyme that transfers II- 

acetamido-2-deoxy-@D-glucose units to terminal B-D-galactc’l’Lr;In(~s~t groups in 

oligosaccharides. glycoprotcins. and glycosphingoliplds. The work on this enzyme 

arose from an attempt. which has as yet proved uncuccessful. to find the transferasc 

catalysing the additmn of 2- acetamido-2-deoxv-n-glucose to O-h of r+llactose to 

form the branching structure first isolated from ovarian cyst glyctjprotelns bq 

Lloyd. K&at, and Licerio’“. and subsequently found in blood-group active glyco- 

lipids3’ and polyglycosylceramides3’. The blood-group I antipenic complru is as- 

sociated with this branched structure” ” , and, even before the nature of the de- 

terminant structures had been fully elucidated. Koicielak’h had suggested that the 

I gene could be considered to be the structural gene coding for the (1--,6)-Z- 

acetamido-3-deoxy-P-u-glucopyranozvltransferase that catalyses the tormation of 

the branch point. This enzyme is presumably functional in haemop~~ietic tksue and. 

by analogy with the blood-group H, A. and R gene-specified transferase~~“. might 

be expected to occur in human serum. However, the ,2!-aczt~lglucosamin~I- 

transferase detected in serum that utilised lactose and Ri-acet4llactcls~~mine as ac- 

ceptor substrates was present In the serum of an adult tvith the I blood-group 

phenotype”’ and in several samples of serum separated from cord blood. The red 

cells of new born infants and adult i individuals arc deticient in I activitv and. 

hence, might be expected to lack the transferase responsible for the sh nthesisVnf the 

branch point. Methylation analysis of the trisaccharidc products \ynthcsised with 

N-acetyllactosamine and lactose as acceptor substrates confirmed that the enzyme 

was not catalysing the addition of a 2-acetamido-?-deox~-~-gluc~~se unit to O-6 ot 

the ,G-D-galactopyranosyl end-groups. The terminal disaccharldc unit at the non- 
reducing end in both trisaccharidex was fl-D-G~[)NA~-( I--i)-n-<ial, thu\ dem- 

onstratmg that the enzyme under investigation was a ( I -~3)-‘-~lctstnrnlc~~-~- 

deoxy-j?-D-glucopyranosyltransferase. To our knowledge. th14 1s the tirst time that 

the properties and detailed acceptor requirements of this enzyme have been rc- 

corded, although the rnzymr in particulate membrane prcpar,jtions from K-61 

cells that catalysed the incorporation of 3- acrtamldo-?-deoul-r~-gltlc~~se Into ery- 

throgiycan”’ probably had the same speciticity. 
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Examination of a range of low-molecular-weight acceptor substrates revealed 

that D-galactose itself was not an acceptor. but certain disaccharides with terminal 

nonreducing P-D-galactopyranosyl groups were very efficient acceptors (Table II). 

The transferase had a marked preference for compounds in which the terminal, 

nonreducing P-D-galactopyranosyl groups are attached by a (l-+4) glycosidic lin- 

kage to the subterminal sugar residue. Hence, although the tissue of origin of the 

transferase is unknown, the specificity requirements for P-D-Galp-(1-+4)-R show 

that the enzyme has the potential for synthesising the P-D-GIc~NAc-(1+3)-P-D- 

Galp-(1+4)-R structures that occur in many glycoconjugates, including the blood- 

group active glycolipids”’ , the poly(lactosamine) chains of erythroglycan3x, and 

oligosaccharides in human milk”” and urine’O. The experiments with both low- 

molecular-weight and macromolecular acceptors indicated that an L-fucosyl or 

sialyl substituent on the terminal P-D-galactopyranosyl group inhibited the transfer 

of 2-acetamido-2-deoxy-D-glucose (Tables II and III). Chain elongation by this N- 

acetylglucosaminyltransferase would, therefore, be halted if an L-fucosyl- or sialyl- 

transferase acted first on the precursor oligosaccharide chains. 

With the increasing demand for oligosaccharides of known structure for 

specificity studies on monoclonal antibodies, endo- and exo-glycosidases, and 

glycosyltransferases, this N-acetylglucosaminyltransferase should be a useful rea- 

gent for the biosynthesis of oligosaccharides having P-D-GlcpNAc-( 1+3)-/3-D- 

Galp-(1+4)-R end groups. Serum is a relatively readily available source and, as 

shown in this paper, even crude serum can be employed for the preparation of tri- 

saccharides on a milligram scale. The preference of the enzyme for Type 2 [P-D- 

Galp-(l-+4)-D-GlcNAc] chain endings should also make the transferase, when 

purified. a valuable reagent for assessing the relative abundance of Type I [P-D- 

Galp-(l-+3)-D-GlcNAc] and Type 2 chain endings in glycoproteins of the mucin- 

type that carry a mixture of these chains’“. 
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