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galactosyltransferase is significantly increased in populations of elicited macrophages compared with resident
macrophages. Also, populations of elicited macrophages
containa
UDP-Ga1:N-acetyllactosamine 3a-galactosyltransferase activity that is notdetectable in resident
cells. These observations supportan enzymatic basisfor
the alterations in cell surface carbohydrates reported
previously (5).
Abbreviations: used in this paper: GlcNAc. N-acetylglucosamine:Gal.
galactose; N-acetyllactosamine, galactosyl-81.4-N-acetylg~ucosamine:
HVPE. high voltage paper electrophoresis: UDP-GalGlcNAc 48-galactosyltransferase, UDP-galactose: 2-acetamido-2-deoxy-~-glucose
48-galactosyltransferase (EC 2.4.1.22; 2.4.1.38); UDP-Ga1:N-acetyllactosamine
3a-galactosyltransferase. UDP-galactose:galactosyl-B1.4-2-acetamido2deoxy-D-gluCOSe 3n-galactosyltransferase(EC not designated):TC. thioglycollate broth.
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We have examined twogalactosyltransferase ac- diated, in large part, by their cell surfaces (1-4). This
tivities in membrane preparations obtained from observation is congruent with many reports indicating
resident macrophages, from resident macrophages that constituents of the macrophage plasma membrane
maintained in culture for 24 hr, and from thiogly- undergo numerous modifications in response to inflamcollate (TG)-elicited macrophages.
Transfer of galactose from uridine diphosphate (UDP)-galactoseto N- mation and as a consequence of tumoricidal activation
acetylglucosamine is 2.6 times higher in mem- (1-4). Most likely, these changes are initiated by the
branes prepared from TG macrophages (107 2 5.5 interaction of external stimuli with themacrophage surnmol/hr/mg) than in membranes prepared fromres- face, and represent the culmination of a series of bioident macrophages (41 f 2.0nmol/hr/mg). Mem- chemical events that occur intracellularly. Such events
branes obtained from resident macrophages cul- must be elucidated in order to understand fully the comtured for 24 hr exhibit a 2.5 times higher activity plex process of macrophage activationand its functional
(102 f 4.4 nmol/hr/mg) than membranes from resi- ramifications.
dent cells plated for 4 hr. Transferase activity in
In recent work, we compared protein-bound carbohymembranes derived from TG macrophages is not drates on the surfacesof resident, elicited, and activated
significantlyaffected by overnight culture. The mouse peritoneal macrophages (5).The results obtained
transferase reaction product, isolated on Bio-Gel P- indicated that elicited and activated macrophages exhibit
4 and analyzed by galactosidase treatments, was
identified as galactosyl-/3l,4-N-acetylglucosamine.an enrichment in surface expression of a specific class
Theenzyme, therefore, is UDP-galactose:2-aceta- of carbohydrates,lactosaminoglycans, compared with
mido-2-deoxy-~-glucose 4/3-galactosyltransferase. resident macrophages.Lactosaminoglycans are oligosacThis is supported by the fact that this galactosyl- charide chains that contain the repeating lactosamine
.~
to increased
transferase activity is specifically inhibited by high dissacharide, Gal-81, ~ - G ~ C N AInCaddition
concentrations of N-acetylglucosamine (200 mM). surface expression, structural differenceswere observed
We have also examined the transfer of galactose to in lactosaminoglycans obtained from elicited and actiN-acetyllactosamine. Membranes from TG-elicited
vated macrophages compared withresident
macromacrophages contain a UDP-ga1actose:galactosyl- phages. Specifically, GlcNAc-Pl.6-Gal branching and the
/31,4-N-acetylglucosamine
3a-galactosyltransferase
were
which synthesizes the trisaccharide, galactosyl- addition of terminala-linkedgalactoseresidues
observed
in
the
elicited
and
activated
populations
but
not
al,3-galactosyl-~l,4-N-acetylglucosamine. This
in
the
resident
population.
One
postulate
that
can
be
product was identifiedby gel filtration chromatography, highperformanceliquid
chromatography, derived from these observations is that the activities of
distinct glycosyltransferases, which are involved in the
and galactosidase digestions.Thisa-galactosyltransferase activity was not detected in membranes biosynthesis of specific oligosaccharide sequences, differ
prepared fromresident macrophages. Theseresults among macrophage populations. As an initial test of this
indicate that glycosyltransferase activities are mod- hypothesis, we examined the activities of two distinct
ulated in populations of mouse macrophages, and galactosyltransferasesinpopulations of resident and
that these changes correlate with changes in cell elicited macrophages. The results obtained indicate the
surface lactosaminoglycans reported previously.
activity of a uridine diphosphate (UDP)-Ga1:GlcNAc 48-
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Substances containing [L4C]galactosewereidentified by liquid
scintillation counting and theywere pooled for further analyses.

RESULTS

Transfer of galactose to N-acetylglucosarnine. Total
membranes obtainedfrom resident and TG macrophages
were assayed for their ability to transfer Gal from UDPGal to GlcNAc. Membranes derived from TG macrophages
incorporated 2.6 times more ['4C]galactoseinto product
than an equivalentamount of membrane protein obtained from freshly explanted (4 hr) resident cells (Fig.
1). Similar results were obtained when the assay was
performed using membranes obtained from equivalent
numbers of cells. This indicates that theobserved differences in specific activity cannot be attributed to differences in cell number between the two populations. The
ability of membranes obtainedfrom freshly isolated residentmacrophages
and from residentmacrophages
maintained in culturefor 24 hrto transfer Gal to GlcNAc
was also compared. As shown in Figure 1, macrophages
cultured for 24 hr exhibited a 2.5-fold increase in this
transfer relative to freshly isolated macrophages. The
activity observed in cultured resident macrophages
is
comparable to that observed in TG macrophages. However, 24-hr culture ofTG macrophages did not significantly
affect
galactosyltransferase
activity toward
GlcNAc (Fig. 1).
Previously, we provided evidence for the existence of
three distinct UDP-Ga1:GlcNAc galactosyltransferases (8,
91, Le., enzymes that transferGal to GlcNAc. The activity
of one of these enzymes, component A of the lactose
synthetase complex, is specifically inhibited by GlcNAc
at high concentrations (8).However, the other two enzymes are not affected by increased concentrations of
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Flgure 1 . Transfer of galactoseto N-acetylglucosamineby membranes
obtained from resident and TG-elicited macrophages. Resident macrophages (RES)and macrophages elicited in response to TG were platedfor
4 hr or 24 hr before preparation of a total membrane fraction as described
in Materials and Methods. In each case, galactosyltransferase assays
were performed with10 p g of membrane protein and 10 mM N-acetylglucosamine for 3 hr at37°C prior to HVPE. Galactosyltransferase acuvities
were calculated from the amount of radioactivity remaining near the
origin after electrophoresis as described in Materfak and Methods.
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Materials. Unless otherwise indicated. reagents were obtained
from commercial sources at the highest purity available. I3H]-Galal.3-Gal-@1.4-GlcNAc was kindlysupplied
by Dr. D. Van den
Eijnden. Vrije Universiteit; Dfpbcoccus pneumonfae 8-galactosidase was a generous gift of Dr. R. L. Hill. Duke University Medical
Center Durham. NC: Escherfchfa coli a-galactosidase wasfrom
Boehringer Mannheim: and UDP-[L4C]galactose
(340 mCi/mmol) was
purchased from AmershamCorp., Arlington Heights, IL.
Mtce. Female C57/BL6/J mice were obtained from The Jackson
Laboratory (Bar Harbor, ME) at 7 wk of age.
Macrophages. Peritoneal cells were harvested by lavage of the
peritoneal cavity as described previously (5).Resident macrophages
were obtained from untreated mice, and thioglycollate (TG)-elicited
macrophages were obtained from mice that had been injected i.p. 4
days previously with 1.5 ml ofTG broth. The peritoneal exudates
were maintained inminimal essential medium containing 10% heatinactivated fetal bovine serum for4 h r a t37°C. The adherentmonolayers were then washed vigorously with warm phosphate-buffered
saline (10mM phosphate (pH 7.2) and 150 mM sodium chloride)and
they were used for the membrane preparationsdescribed below. In
some experiments, the washed
monolayers were maintained in culture inminimal essential medium containing 10%fetal bovine serum
for a n additional 20 hr.
Membrane preparation.Total macrophage membranes were prepared as follows. Monolayers of adherent macrophages that had
been washed with phosphate-buffered saline
were removed from the
culture dishes by mechanical scraping in ice-cold 10 mM Tris-HC1
(pH 8.0)containing 2 mM phenylmethylsulfonyl fluoride. The macrophage suspension was sonicated for
30 sec at4°C with a Branson
probe sonicator (model 185; Branson Sonic
Power Co.. Danbury, CT)
set at the lowest setting. The suspension was then centrifuged a t
100.000 x G in a n Angle 40 rotor (Beckmann Instruments)for 60
min a t 4°C. The resultant pellet was resuspended in the Tris-buffer
and analiquot of this suspension wasremoved for protein determination by the method of Lowry et al. (6).The remaining suspension
was stored a t -20°C until it was used in the transferase assays
described below.
Galactosyltransferase assay. Galactosyltransferase assays
were
performed under conditions where product formation was linear
with time and protein concentration. Membrane protein (10 to 25
pg) was incubated at37°C in a total volume of 50 pl containing 0.1
M 2-(N-morpholino)ethane sulfonic acid (pH 6.3). 0.5% Triton X100. 25mM MnCI2. 1 mM UDP-galactose (1 X 1O3 cpm/nmol) and 10
mM acceptor (unless otherwise stated). The acceptor for the UDPGa1:GlcNAc 4~-galactosyltransferaseassays was N-acetylglucosamine, and for the
UDP-Gal:N-acetyllactosamineSa-galactosyltransferase assay it was N-acetyllactosamine (Gal-pl.4-GlcNAc). Reactions were terminated, generally after 3 hr by the addition of 10 pl
of 7.5%sodium tetraborate/0.2 M EDTA. Samples were subjected to
high voltage paper electrophoresis(HVPE)for 1 hr at 1700V in 1 M
sodium tetraborate. pH 9.0.as described previously (7). Quantitation
of I4C-labeledproducts was determinedby liquid scintillation counting. In this electrophoresis system, di- and trisaccharide products
remain near the
origin whereas galactose and UDP-galactose migrate
approximately 7 and 11 cm, respectively. Galactosyltransferase activities are expressed as nanomoles of galactose incorporated/per
hour per milligram of protein. All data reported are mean values (+
SD)of a t least three separate determinations.
Isolatfon of galactosyltransferase reaction products. Galactosyltransferase reactionswere carried outas described above, except
the volume and components of each tube were increased two- to
fourfold. The amount of membrane protein added to each tube was
p g and the reactionswere allowed to proceed for 4 to 8 hr.
25 to 100
The reaction mixtures were then diluted with 500 pl of distilled
water and applied to a 1-ml column of AGlX8 (chloride form) to
remove reacted UDP-galactose. The column was eluted with water
until 5 ml of eluant had been collected. Each sample was freezedried and resuspended in200 pl of 100 mM pyridinium acetate (pH
6.0)and applied to a Bio-Gel P-4 column (1 x 100 cm. -400 mesh).
The column was eluted with thepyridinium acetate buffer and0.5
ml fractions were collected. Bovine serum albumin and
(3Hjgalactose
were used to determine the void (Vo) and inclusion (V,) volumes of
the column, respectively.
The relativeelutioncoefficient
(ICd) was determined from the
elution volume (V,)as shown.

Glycosidase digestfons. Fractions pooled from Bio-Gel columns
were lyophilized and resuspended in 50 pl of 100 mM citrate, pH
6.0. Samples were digested for 4 hr at 37°C with the appropriate
glycosidase. After digestion,10 r l of borate-EDTA was added to each
tube and the
digestion products were resolved by HVPE.
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origin after the glycosidase treatments and HVPE. The
disaccharide product is not susceptible to hydrolysis by
a n E. coli a-galactosidase which is specific for a-linked
galactose residues (10). A similar result was obtained
after treatment with green coffee bean a-galactosidase
(data not shown). The disaccharide product, however,
was totally digested by D. pneurnoniae @-galactosidase.
This glycosidase will digest Gal-@1,4-GlcNAc.but not the
1.3- or 1.6-linked isomers (1 1). Therefore, the disaccharide product synthesized by membranes derived from TG
macrophages is N-acetyllactosamine, Gal-@1,4-GlcNAc.
Transfer of galactose to N-acetyllactosarnine.Elicited
and activated macrophages contain terminalcy-galactose
residueson cell surfacelactosaminoglycans (5). Such
residues are not evident, orare markedly reduced, on the
surfaces of resident macrophages.To determine whether
the appearance of this sugar moiety could be correlated
with the activity of an cy-galactosyltransferase, membranes from resident and TG-elicited macrophages were
prepared and assayed for their ability to transfer galactose to N-acetyllactosamine. Membranes prepared from
resident macrophages incorporated very little [14C]galactose into product remaining near the origin after HVPE
(1.6f 0.7nmol/hr/mg). In contrast, membranes derived
from TG macrophages displayed a significant galactosyltransferase activity toward N-acetyllactosamine (7.3 f
1.2 nmol/hr/mg).
Isolation andcharacterization of the UDP-Ga1:Nacetyllactosamine 3a-galactosyltransferase reaction
product.Membranesobtained
from resident and TG
macrophages were used for large scale synthesis of radiolabeled products usingN-acetyllactosamine as the acceptor. After removal of UDP-galactose, the reaction
products were resolved on Bio-Gel P-4 columns (Figs. 3
and 4). In addition to free ['4C]galactose eluting at the
inclusion volume of the columns, both preparationssynthesized a product that eluted with a relative elution
coefficient of 0.82. This product is Gal-81,4-GlcNAc as
determined by its Kd and by its complete hydrolysis by D.
pneumoniae @-galactosidase(data not shown). This di-
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Figure 2. Isolation of disaccharlde. Membranes (50 #g)
prepared from
TG macrophageswere incubated for 4 hr at37OC in a total volume of 100
pl containlng 10 mM N-acetylglucosaminefor synthesis of radiolabeled
products as described under Materials and Methods. UDP-galactose was
removed fromreaction mixtures by chromatography on AGlX-8 prior to
gel filtration chromatography on Bio-GelP-4. Authentic ['%]Gal-@1.4GlcNAc synthesized by rat liver membranes eluted with a Kd of 0.82.
Fractions 133-139 were pooledas purified dissacharide. The inset shows
the effects of a- and 8-galactosidase digestions on this purified product.
The disaccharide was incubated In buffer alone (-) or in the buffer
containlng either D. pneumonlcle &galactosidase( 8 ) or E. coli a-galactosl&ase(a).The galactosidase digestions were resolvedby HVPE and radioactivity remaining near the orlgin was quantitated by liquid scintillation
counting. Shown in the flgure is the amount of radioactivity remaining
at theorigin after electrophoresis (intact disaccharide).

0

1-w
110

I

120
140

130

I

150

160

Fraction Number
Figure 3. Gel filtration analysis of products synthesized by resident
macrophages using N-acetyllactosamine as an acceptor. To obtain preparative amounts of radiolabeled products, membranes obtained from
resident macrophages were incubated for 8 hr at37°C In the presence of
10 mM N-acetyllactosamine. Incubations (80 pg) were carried out In a
total volume of 200 rl. Chromatographyon AGX-8 was performed before
gel filtration chromatographyon Bio-Gel P-4 as described in thelegend of
Figure 2. The standard saccharide. ['4C]Gal-@1.4-GlcNAc.
elutes with a
K , of 0.82.
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GlcNAc. To determine whetherthe increased galactosyltransferase activity associated with
elicited macrophages
was the result of a n enzyme activity other than the
lactose synthetase typeenzyme,membranes
derived
from TG macrophages were assayed for transferase activity toward GlcNAc at concentrations of either 10 or
200 mM. The transferof Gal to GlcNAc by TG membranes
is 3.6-fold higher at 10 mMGlcNAc than at 200 mM
GlcNAc (110 f 5.1 and 30 & 3.2 nmol/hr/mg, respectively). This substrateinhibition suggests, therefore,that
the transferto GlcNAc in elicited mzcrophages is accomplished exclusively by the lactose synthetase type enzyme.
Isolation and
characterization
of
the UDPGakGlcNAc galactosyltransferasereactionproduct
synthesized by 7'G membranes. In order to isolate and
identify the radiolabeled reaction product, membranes
derived from TG macrophages were used in large scale
transferaseincubations.
After removal of unreacted
UDP-Gal by ion-exchange chromatography, the reaction
mixture wasresolved by gelfiltration chromatographyon
Bio-Gel P-4. The major radiolabeled species in this mixture eluted from the column with a relative elution coefficient of 0.82 (Fig. 21, and it co-migrated with [14C]-Gal81.4-GlcNAc synthesized by rat liver membranes. These
data indicate that the
reaction product is the disaccharide
N-acetyllactosamine. The structure of this product was
confirmed by glycosidase digestions of the purified disaccharide to determine the nature of the linkage between
the constituent saccharides. Theinset of Figure 2 shows
the amount of radioactive product remaining near the
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junction with our other studies on macrophage
glycolipids
(15).has led us to propose that modulations inthe strucVI
ture and surface expression of specific glycoconjugates
I
are an integral component of macrophage activation. In
the present study,
we provide evidence that theactivities
of distinct glycosyltransferases. which are involved in
the biosynthesis of specific carbohydrate sequences, are
modulated in populations of elicited and resident macrophages. Specifically, the activity of UDP-Ga1:GlcNAc 48galactosyltransferase,
which
synthesizes
Gal-81.4GlcNAc, is markedly increased in populationsof elicited
macrophages compared to residentmacrophages.The
I
Gal-/31,4-GlcNAcstructure is the repeating disaccharide
present in mouse macrophage lactosaminoglycans
(5).a s
110
120
130
140
150
160
well as in other types of protein-bound carbohydrates
Fraction Number
(16). In addition, a UDP-Ga1:N-acetyllactosamine3a-galFigure 4. Gel filtration analysis of products synthesized by TG mac- actosyltransferase activity, which synthesizes Gal-a1,3rophagesusing N-acetyllactosaminea s a n
acceptor. Preparative amounts
of radiolabeled products were
synthesized using membranesderived from Gal linkages, is detectable in membranes obtained from
TG macrophages and chromatagraphed on Bio-Gel P-4 as described in
TG-elicited macrophages but it is not detectablein memthe legend of Figure 3. The standard saccharides. ['%]Gal-@1.4-GlcNAc branes obtained from resident macrophages. This latter
and [3H]Cala1.3-Cal@1.4-ClcNAc
eluted with Kd values of 0.82 and 0.75.
finding correlates with our previous observation that CYrespectively. Fractions 131-136 were pooled a s purified trisaccharide.
The inset shows the effects of a- and @-galactosidasedigestions on the
linked galactose residuesare presenton the nonreducing
purified products.The trisaccharide was incubated in bufferalone (-). or
termini of lactosaminoglycan chains on the surfaces of
in buffercontaining either E. coli a-galactosidase (a)or D. pneumonia @elicited and activated macrophages, butthat they are not
galactosidase (8).The digestion products were resolvedby HVPE and the
amount of radioactivity remaining near the origin was determined by
present on the surfaces of resident macrophages (5).It
liquid scintillation counting (intact trisaccharide).
also supports the
lectin-binding data of Maddox et al. (1 7)
which indicatedthat a-linked galactose residues
are pressaccharide product is likely synthesized by transfer of
ent on the surfaces of TG-elicited mouse macrophages
radiolabeled galactose by the 48-galactosyltransferase to
free GlcNAc generated by an endogenous @-galactosidase but not on resident macrophages.
In this study, we compared the galactosyltransferase
present in the incubation mixtures.
activities
in membranes obtained from TG-elicited macA larger radiolabeled product was synthesized by memrophages
and
resident macrophages maintained in culbranes from TG macrophages but not resident macroture
for
24
hr
to
freshly explanted resident macrophages.
phages. This product eluted from the column with a Kd
of 0.75 (Fig. 4). Thismaterial co-migrates with 13H]-Gal- Both TG-elicitedmacrophages and resident macrophages
al,S-Gal-/31,4-GlcNAcon Bio-Gel P-4 columns (Fig. 4). as maintained in culturefor 24 hrdiffer from unstimulated
well as on Licrosorb-NHz high performance liquid chro- resident macrophages in a numberof biochemical propmatography columns (data not shown).
Thus, we con- erties (1-4, 18). including alterations incell surface lacclude that TG membranes, but not resident membranes, tosaminoglycans (5). The data presented in this paper
synthesize the trisaccharide Gal-al,3-Gal-81,4GlcNAc.provide additional evidence that these macrophage popThis trisaccharide wascompletely digested by cloned E . ulations exhibit many similarities and do indeed differ
coli a-galactosidase, but it was totally resistant to diges- from unstimulated resident macrophages.However, sigtion by B-galactosidase from D. pneurnoniae (Fig. 4 in- nificant differences in the activities of these two galacs e t ) . These data support our conclusions that elicited tosyltransferases were not noted between TG-elicited
macrophages containa UDP-Ga1:N-acetyllactosamine3a- macrophages and TG macrophages activatedfor tumoricidal activity by recombinant interferon-y and lipopolygalactosyltransferase that synthesizes
Gal-al.3-Gal81.4-GlcNAc. and that this activity is notpresent in saccharide(data not shown).Thisobservationagrees
with ourprevious structural studieswhich indicated that
resident macrophages.
TG-elicited and bacillus Calmette-Cuerin-activatedmacrophages exhibit similar surface-labelingprofiles of proDISCUSSION
tein-bound carbohydrates (5).In addition, recent studies
Although modifications of cell surface carbohydrates on macrophage gangliosides in our laboratory suggest
are a salient featureof many biologic processes including that differences between TG-elicited and interferon-ydifferentiation (e.g., Kannagi et al. (12)), development activated macrophages reside not in ganglioside comporeside in ganglioside surface
(e.g.. Lennarz (13)).and immune cell activation (e.g., sition,butratherthey
Morrison etal.(14)). biochemical data tosupport a n expression (A. M. Mercurio and G. A. Schwarting, unpubenzymatic basis for such alterations are scarce.
Within lished results). According to current models of macrothis context, we have focused our own work on cell phage activation (19). inflammatory or responsive macsurface modifications in populationsof resident, elicited, rophages, but not resident macrophages,
respond to lymand activated mouse macrophages. In a previous study phokines such as interferon-y.Such "primed" macro(5).we demonstrated that populations of TG-elicited and phages respond to a second signal such as endotoxin to
become tumoricidally activated. The development of rebacillus Calmette-Guerin-activated macrophages differ
from resident macrophages in the structure and surface sponsive macrophages tothe activated state is relatively
expression of a distinct class of protein-bound oligosac- rapid (4 to 6 hr). Thus, it is not surprising that changes
charides, lactosaminoglycans. This observation. in con- in glycoconjugate biosynthesis are evident betwen resi-
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tions in cell surface glycosylation at themolecular level.
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dent and inflammatory macrophages, and are less evident between inflammatory and activated cells. The transition from responsive to activated macrophages may
involve modulations in the surfaceexpression of conformation of specific glycoproteins and oligosaccharide sequences, a possibility in agreement with our ganglioside
results discussedabove.
The most extensively studiedglycosyltransferaseto
date is the A component of the lactose synthetase complex (20).This enzyme which,synthesizesGal-Pl.4GlcNAc, is found in soluble form in milk, colostrum, and
serum and it is membrane-bound in most tissues. In
addition to this enzyme, we have previously identified
two other enzymes that transfer Gal to GlcNAc (8, 9).
These three distinct enzymes are readily distinguished
by specific enzymatic properties, as well a s by the products they synthesize. The approximate2.6-fold increase
in the incorporation of Gal into GlcNAc by membranes
from TG-macrophages and from resident macrophages
maintained in culture for 24 hr compared with membranes from freshly explanted residentcells is due to the
activity of the lactose synthetase A component activity
in the cells and not to the presence of another UDPGa1:GlcNAc3P- or48-galactosyltransferase. Moreover,
the increasein the amountof ['4C]galactoseincorporated
cannot be accounted for by a higher (?-galactosidase activity in freshly explanted resident macrophage
membranes. In reaction mixtures used to determine the specific activity of the UDP-Ga1:GlcNAc 4P-galactosyltransferase in the two membrane preparations (Fig. l), the
amount of free galactosethat canbe attributed to galactosidase activity is not significant. The activity that is
present is lower in resident than in TG-membranes and
represents less than 2%of the radioactivity transferred
to GlcNAc in both cases (data not shown).
A second type of galactosyltransferase is the enzyme
that transfers Gal in a-linkage to N-acetyllactosamine.
This enzyme has been purified from two sources (21,22),
and appearsto be present in many tissues.In long term
(8hr) incubationswith N-acetyllactosamine, membranes
derived from both macrophage populations synthesize
['4C]-Gal-P1 ,4-GlcNAc
(Figs. 3 and 4). This suggests that
a P-galactosidase present inboth membrane preparations
converts some of the disaccharide acceptorto free monosaccharidesduring long incubation periods. Thefree
GlcNAc produced by this galactosidase can be used a s a
substrate by the 4/3-galactosyltransferasepresent in both
membrane preparations thereby producing labeled Nacetyllactosamine. It is also importantto note that theagalactosyltransferase activity in TG-membranes is substantially lower (approximately 15-fold)than theactivity
of the 4/3-galactosyltransferasein the same membranes.
This might be explained by the fact that a-galactosyl
residues only occur as terminalnonreducing sugars,
whereas the @-linkedgalactose moieties are added to
several branches in a repeating fashion. At present, the
mechanism by which these two galactosyltransferase
activities are modulated is not known. The 4P-galactosyltransferase has recently been cloned from three
sources (23-25).Such cDNA clones could be employed in
studies on the transcription, translation, and
stability of
the mRNA encoding this transferase in populations of
resident, elicited, and activated macrophages. Studiesof
this sort could serve a s a prototype for analyzing altera-

