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UDP-Ga1NAc:polypeptide  N-acetylgalactosaminyl- 
transferase  has  been  purified  from two sources. A sol- 
uble  form,  purified 517,000-fold to homogeneity  from 
bovine  colostrum,  has  a  molecular  mass  of 70,000 dal- 
tons  by  sodium  dodecyl  sulfate-polyacrylamide gel 
electrophoresis  and 69,000 daltons  by gel filtration. A 
membrane-bound  form,  partially  purified 2,500-fold 
from  BW5147  mouse  lymphoma cells, has  a  molecular 
mass  of 70,000 daltons  by  sodium  dodecyl sulfate- 
polyacrylamide gel electrophoresis  and 71,500 daltons 
by gel filtration. The  purified  colostrum  enzyme ex- 
hibits specificity for  UDP-GalNAc,  has itspH optimum 
between pH 7.2 and 8.6, and  requires Mn2+ for activity. 
The K ,  is 8 PM for  UDP-GalNAc  and 2.5 mg/ml for 
deglycosylated  bovine  submaxillary  mucin. 

Treatments with endo-8-N-acetylglucosaminidases 
H and F indicate  that  the  colostrum  enzyme is a gly- 
coprotein  containing two N-linked oligosaccharides. 
On  most enzyme  molecules,  both  oligosaccharides are 
of  the  complex type, but  some  molecules  contain  one 
complex type and  one high mannose  type.  Antibodies 
raised  against  homogenous  bovine  enzyme  cross-react 
on  immunoblots with a single protein  of 71,000 daltons 
in  the  partially  purified  preparation  and  in  a  crude 
microsomal extract from  BW5147 cells. 

A variety of proteins, including mucins, other secretory 
proteins, and integral membrane proteins,  contain O-glycos- 
idically linked oligosaccharides (see  Ref. 1 for a recent review). 
In  contrast to Asn-linked oligosaccharide synthesis which is 
initiated by the  en bloc transfer of a preassembled oligosac- 
charide from a lipid carrier to  the nascent  protein (2), 0- 
linked oligosaccharide synthesis begins with the  transfer of 
N-acetylgalactosamine from its nucleotide sugar donor to 
serine or threonine residues on  the protein (3). Additional 
sugars may then be added, one at a time, to form a great 
variety of oligosaccharide structures. The enzyme UDP- 
Ga1NAc:polypeptide N-acetylgalactosaminyltransferase has a 
key role in  0-linked glycosylation, catalyzing the  first step in 
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the assembly of these  structures. Although a number of kinetic 
studies have been performed with partially purified enzyme 
preparations from bovine, ovine, and porcine submaxillary 
glands, the enzyme has  not been fully characterized (4-8). 
More recently, Sugiura et al. (9), using affinity chromatogra- 
phy  on apomucin-Sepharose, reported a purification of the 
transferase to near homogeneity from ascites hepatoma AH66 
cells. A number of the properties of this enzyme were studied. 

In this  paper we have used a slight modification of the 
procedure of Sugiura et al. to purify the soluble N- 
acetylgalactosaminyltransferase of bovine colostrum to elec- 
trophoretic homogeneity. Our preparation differs from the 
ascites hepatoma enzyme in several aspects. We also report a 
2500-fold purification of an intracellular membrane-bound 
form of the enzyme from murine lymphoma BW5149 cells 
and describe an antibody raised against the purified colostrum 
transferase that cross-reacts with the intracellular murine 
lymphoma BW5149  enzyme. 

EXPERIMENTAL PROCEDURES 

RESULTS’ 

The procedures used to purify the N-acetylgalactosam- 
inyltransferase from bovine colostrum and BW5147  lym- 
phoma cells are described in  the Miniprint Section. The 
following sections deal with some of the properties of the 
enzymes. 

Enzymatic Properties of the Bovine  Colostrum Transferase 
Donor Specificity-The purified N-acetylgalactosam- 

inyltransferase is highly specific for UDP-GalNAc, as shown 
in Fig. 6. Of the nucleotide sugars tested, only UDP-GalNAc 
competed effectively with the radiolabeled sugar nucleotide 
under the conditions used. A 50% decrease in counts incor- 
porated was achieved at an added nucleotide concentration of 
-18 p~ similar to  the theoretically expected value of 15 p ~ ,  
the donor concentration used in  the assay. 

Effect of Substrate Concentration-The N-acetylgalactosa- 
minyltransferase has an apparent Km for UDP-GalNAc of 8 
pM. The concentration of apomucin required for half-maximal 

Portions of this paper (including “Experimental  Procedures,”  part 
of “Results,” Table I, and Figs. 1-8) are presented in miniprint at the 
end of this paper. Miniprint is easily read with the aid of a  standard 
magnifying glass. Full size photocopies are available  from the Journal 
of Biological Chemistry,  9650  Rockville Pike, Bethesda, MD  20814. 
Request Document No. 85M-3923, cite the authors,  and  include  a 
check or money order  for $8.80 per set of photocopies. Full size 
photocopies are also included in the microfilm edition of the Journal 
that is available from  Waverly Press. 
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reaction velocity  was -2.5 mg/ml. The acceptor concentration 
is expressed as mg  of protein/ml  rather than M due to  the 
heterogeneity in  the apomucin preparation. 

pH Dependence-The assays to determine the  pH optimum 
were performed in the absence of added Mn2+, since this 
cation caused precipitates at  pH >8. Three different buffers 
were used covering a pH range from 5.0 to 10.6. Under these 
conditions the purified enzyme was found to have a broad pH 
optimum between 7.2 and 8.6 (Fig. 7). 

Ion Dependence-The purified transferase is dependent on 
divalent cations  (Table 11). The presence of a 0.5 mM EDTA 
completely inhibited the enzyme. This effect was suppressed 
by performing the assay in  the presence of excess Mn2+. In 
the absence of added Mn2+, the enzyme retained -60% of its 
activity, indicating that  it contains some endogenous divalent 
cations (Fig. 8). Therefore, when the effect of different cations 
was measured, the enzyme was preincubated  in 0.5 mM EDTA 
to chelate any endogenously bound cations. Table I1 shows 
that of the 9 cations  tested,  MnZ+ was the most effective in 
restoring the activity. Co2+  was almost as effective as Mn2+, 
and Cd" and Ni2+ were able to restore the activity partially. 
Fig. 8 shows that maximum enzyme activity is reached at 
-2.5 mM Mn2+. 

Physical Properties of the Bovine  Colostrum Transferase 
Amino  Acid  Composition-The amino acid composition of 

the bovine colostrum enzyme is shown in Table 111. Since the 
analytical method used deaminates asparagine and glutamine, 
the values for aspartic acid and glutamic acid include also 
asparagine and glutamine, respectively. The overall compo- 
sition agrees fairly well with the average composition of 
proteins  as defined by Dayhoff (20). The major differences 
are  in glycine, glutamic acid, and cysteine contents which are 
208,  65, and  62%, respectively, of the average values. 

Molecular  Size-Comparison of the Sephadex G-100 super- 
fine elution position of the purified N-acetylgalactosam- 
inyltransferase with the elution positions of 5 protein  stand- 
ards yielded a molecular size of approximately 69,000 daltons 
(Fig. 4A). This is in good agreement with the molecular size 
of 70,000 daltons calculated from the migration distance of 
the enzyme on  SDS-PAGE (Fig. 5A). 

Evidence for N-Linked Glycosylation-Studies using affinity 
chromatography on various lectin columns indicated that  the 
purified N-acetylgalactosaminyltransferase probably con- 
tained  N-linked oligosaccharide units. The protein bound to 

TABLE I1 
Effect of cations on the activity of bovine  colostrum UDP- 

Ga1NAc:polypeptide N-acetylgalactosaminyltransferase 
The  standard assay system and 10 milliunits of enzyme was used 

(see "Experimental Procedures"). Assay time was 10 min. Endogenous 
MnZ+ was removed from the purified enzyme by preincubation in 0.5 
mM EDTA. All ions were added as chlorides to a final  concentration 
of 10 mM. 

Assay system 
pmol transferred % of complete 

C&plete 111 100 
+EDTA, -Mn2+ 0 0 
+EDTA, +Mn2+ 111 100 
+EDTA, +Co2+ 96.4 87 
+EDTA, +Ca2+ 3.6  3.3 
+EDTA, +M2+ 8.5  7.7 
+EDTA, +Cd2+ 50.0  45.1 
+EDTA, +Zn2+ 0 0 
+EDTA, +Cu2+ 12.3 11.1 
+EDTA, +H2+ 0 0 
+EDTA, +Ni2+ 33.6  30.3 

TABLE I11 
Amino  acid  composition of bovine  colostrum UDP- 

Ga1NAc:polypeptide N-acetylgalactosaminyltransferase 
Values are based on replicate analyses of  24,  48, and 72 h,  extrap- 

olated to zero hydrolysis time and rounded to  the nearest integer. 
Amino acid 

residueslmol" 
Aspartic acidb 47 
Threonine 27 
Serine 55 
Glutamic acid" 68 
Proline 27 
Glycine 83 
Alanine 31 
Cysteined 8 
Valine 29 
Methionine" 8 
Isoleucine 21 
Leucine 35 
Tyrosine 14 
Phenylalanine 15 
Histidine 12 
Lysine 24 
Arginine 22 
Tryptophan ND' 

Values corrected for 7% carbohydrate content. 
Includes asparagine. 

e Includes glutamine. 
Determined as cysteic acid after performic acid oxidation. 

e Determined as methionine sulfone after performic acid oxidation. 
ND, not determined. 

and could be partially eluted with the appropriate  hapten 
sugars from concanavalin A-Sepharose and lentil  lectin-seph- 
arose (data  not shown). When the lZ5I-labeled enzyme was 
treated with endo-P-N-acetylglucosaminidases H and F and 
analyzed by SDS-PAGE'/autoradiography, a distinct  shift in 
migration position was observed for the endo F-treated ma- 
terial (Fig. 9, lanes 3 , 4 , 8 ,  and 9). The magnitude of the shift 
corresponds to a M, difference of approximately 5000. By 
contrast, most of the material was resistant to endo H with 
only a small fraction  shifting to a lower  M,  (Fig. 9, lanes 2 
and 7). This  pattern was not  altered by increasing the incu- 
bation  time  and/or the amount of added endo H (data  not 
shown). The  faint 60,000-dalton band is a contaminant, most 
likely immunoglobulin heavy chain,  present  in the prepara- 
tion used for these experiments. 

Immunological Properties of the Transferase from Bovine 
Colostrum and  Murine Lymphoma  BW5147 Cells 

Characterization of Antiserum-Rabbit antibodies raised 
against purified bovine colostrum N-acetylgalactosaminyl- 
transferase  precipitate  transferase activity from a partially 
purified (Apomucin Sepharose I1 eluate)  preparation of the 
colostrum enzyme (Fig. 1OA). In  this experiment, 72  pg  of IgG 
(corresponding to 50 pl of antiserum) added to  an incubation 
mixture containing 69 units of N-acetylgalactosaminyl- 
transferase precipitated 81% of the activity or approximately 
30 ng of transferase (based on a specific activity of 1860 units/ 
mg). A purified IgG fraction was used rather  than whole 
antiserum since rabbit serum contains  interfering N- 
acetylgalactosaminyltransferase activity. When  titrating  the 
antiserum with purified lZ5I-labeled bovine colostrum trans- 

The abbreviations used are: SDS-PAGE, sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis; PBS, phosphate-buffered saline; 
PMSF, phenylmethylsulfonyl fluoride; or-MEM, minimal essential 
medium; Endo F and H, endo-6-N-acetylglucosaminidase F and H, 
respectively; 1, liter. 
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FIG. 9. Endo-8-N-acetylglucosaminidase treatment of bo- 

vine colostrum N-acetylgalactosaminyltransferase. 2.2 pg of 
purified bovine colostrum transferase in 20 p1 of buffer G was iodi- 
nated with 50  pCi of  Na"'1 in a  tube coated with 10 pg of Iodogen at  
4 "C for 30 min. Unreacted iodine was removed by  gel filtration  on  a 
Sephadex G-25 column equilibrated with 20 mM imidazole, pH 7.2, 
150 mM NaCI, 1 mg/ml bovine serum  albumin, 0.1% taurodeoxycho- 
late, 1 mg/ml KI followed by extensive dialysis against 20 mM 
imidazole, pH 7.2,  150 mM NaCI, 0.1% taurodeoxycholate. Aliquots 
of the iodinated enzyme (45 ng,  -100,000 cpm) were digested with 
endo H or endo  F and analyzed on  SDS-PAGE followed by autora- 
diography as described under "Experimental Procedures." Samples 
loaded on the gel contained 3600-4800  cpm. Autoradiographic expo- 
sure time was 5 h. The migration positions of molecular weight 
standards  are indicated to the right. Lanes 1,5,6,  and IO, transferase 
incubated with endo  H buffer but  without endo H. Lanes 2 and 7, 
SDS-denatured (see "Experimental Procedures") transferase digested 
with endo H. Lanes 3 and 8, native  transferase digested with endo F. 
Lanes 4 and 9, SDS-denatured  transferase digested with endo F. 
Lanes 1 through 5, samples run under nonreducing conditions. Lunes 
6 through 10, samples run  under reducing conditions. 

IgG ADDED [vgX102)  ANTISERUM  ADDED (VI) 

FIG. 10. Immunoprecipitation of bovine colostrum N- 
acetylgalactosaminyltransferase. A. 68 milliunits of purified bo- 
vine colostrum N-acetylgalactosaminyltransferase was incubated 
with increasing amounts of anti-N-acetylgalactosaminyltransferase 
IgG in PBS for 18 h  on ice in  a final volume of 50 pl. 100 pl of a 1:l 
suspension of protein A-Sepharose in PBS was then added and  the 
incubation continued for an additional 50 min on ice during which 
time the  tube was vortexed every 5 min. Following incubation, the 
gel was sedimented a t  10,000 X g and  the  supernatant was assayed 
for remaining N-acetylgalactosaminyltransferase activity. All values 
have been corrected for nonspecific adsorption. B, 4 ng (-9000 cpm) 
of "'I-conjugated bovine colostrum N-acetylgalactosaminyl- 
transferase was incubated with increasing amounts of anti-N- 
acetylgalactosaminyltransferase antiserum for 18 h  on ice. Final 
volume was adjusted to 50 pl with PBS,  and  the incubation mixture 
also contained 0.1% taurodeoxycholate. 100 pl of a 1:l suspension of 
protein A-Sepharose in PBS was added to precipitate  antigen-anti- 
body complexes and  the incubation was continued  on ice for 30 min 
with vortexing every 5 min. The gel was then sedimented at  10,000 X 
g for 5 min, washed 3 times with PBS containing 0.1% taurodeoxy- 
cholate, and counted. Radioactivity precipitable with preimmune 
serum  has been subtracted from each value. 

ferase, approximately 1.9 ng of transferase  protein could be 
precipitated  per p1 of antiserum (Fig. 10B). More than 95% 
of the radioactivity in  the '29-labeled enzyme preparation was 
precipitable  with  trichloroacetic acid. 

Cross-reactivity between Bovine Colostrum Transferase and 
the Intracellular Enzyme of Murine Lymphoma BW5147 
Cells-When the purified colostrum transferase was subjected 
to SDS-PAGE followed  by immunoblotting  with antiserum 
raised against this enzyme, a single band with a M, of approx- 
imately 70,000  was observed (Fig. 11, lane 3). Th' IS was ex- 
pected, based on  the previous characterization of the purified 
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FIG. 11. SDS-polyacrylamide gel electrophoresis and im- 
munoblotting of UDP-Ga1NAc:polypeptide N-acetylgalacto- 
saminyltransferase from bovine colostrum and murine lym- 
phoma BW5147 cells. Triton X-114 extracts from microsomes 
isolated from murine lymphoma BW5147 cells, partially purified N- 
acetylgalactosaminyltransferase from murine lymphoma BW5147 
cells, and purified N-acetylgalactosaminyltransferase from bovine 
colostrum were subjected to SDS-PAGE in 10% gels (16). The pro- 
teins were transferred electrophoretically to nitrocellulose mem- 
branes and incubated with 17 pllml anti-N-acetylgalactosaminyl- 
transferase  antiserum followed by 100 ng/ml (5.6 X lo6 cpm) "'I- 
Protein A. The nitrocellulose membranes were washed, dried, and 
processed for autoradiography as described under "Experimental 
Procedures." Lane 1, detergent  phase from Triton X-114 extraction 
of 80 pg  of mouse lymphoma BW5147 microsomes; lone 2, 0.22 unit 
of partially purified N-acetylgalactosaminyltransferase from murine 
lymphoma BW5147 cells; lane 3,l.S  units of purified bovine colostrum 
N-acetylgalactosaminyltransferase. 

enzyme. A  similar  analysis was performed on a Triton X-114 
microsome extract  and a  partially purified preparation of the 
transferase,  both from murine lymphoma BW5147  cells. As 
shown in lanes 1 and 2 of Fig. 11, an immunoreactive species 
was observed which had  a M ,  of 71,000, slightly greater than 
that of the soluble bovine enzyme. The band at  the  top of the 
gel in lane 2 most likely represents aggregated material  al- 
though we cannot exclude the possibility that  there is a very 
high molecular weight form of the enzyme. 

DISCUSSION 

UDP-Ga1NAc:polypeptide N-acetylgalactosaminyltrans- 
ferase purified to homogeneity from bovine colostrum is a 
monomer of approximately 70,000 daltons  as determined by 
both SDS-PAGE and gel filtration chromatography. An an- 
tibody raised against the purified 70,000-dalton enzyme pre- 
cipitates the enzyme activity as well as  the radiolabeled pro- 
tein. The difference in  the precipitation capacity of the  anti- 
body between the two experiments (-0.7  ng of enzyme precip- 
itated/pl when calculated on the basis of activity versus -1.8 
ng/pl when calculated on the basis of the iodinated enzyme 
protein) is probably due to  the presence of inactive enzyme. 
This would  be expected since the enzyme loses activity upon 
storage. Isolation of the intracellular form of this enzyme 
from mouse lymphoma BW5147 cells yielded a  preparation 
which, although not homogenous, eluted at  a position corre- 
sponding to a molecular mass of 71,500 on gel filtration 
chromatography and contained  a band of approximately 
70,000 daltons on  SDS-PAGE (Figs. 4B and  5B). Blotting of 
this preparation with anti-bovine colostrum N-acetylgal- 
actosaminyltransferase  antibody resulted in  a  band of approx- 
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imately 71,000 daltons. If one assumes that  the soluble trans- 
ferase is derived from a membrane-bound intracellular form 
by proteolytic cleavage, these  results  indicate  either that  the 
membrane-anchoring portion of the intracellular  transferase 
is relatively small or that  this  part of the enzyme is very 
sensitive to proteases and is readily cleaved during the puri- 
fication procedure. The former possibility seems more likely 
since even when a crude membrane extract  prepared  in the 
presence of protease inhibitors is blotted, no species of higher 
molecular mass could be detected. The fact that antibody 
raised against the soluble bovine enzyme cross-reacts with the 
membrane-derived murine enzyme lends further  support to 
the conclusion that  the soluble enzyme is a cleavage product. 

In the purification of N-acetylgalactosaminyltransferase 
from ascites hepatoma AH66 cells, Sugiura et al. (9) reported 
an  apparent M, of  54,000-56,000. The specific activity of this 
enzyme  was  390 units/mg as compared to 1,860 units/mg  for 
the bovine colostrum enzyme. However, the assays of the 
ascites hepatoma enzyme were done at UDP-GalNAc concen- 
trations below the K,. The two enzymes differ in several other 
respects. While both enzymes are specific for UDP-GalNAc, 
the ascites hepatoma enzyme has  a K, of  42 pM for this 
nucleotide sugar whereas the  apparent K, of the bovine 
colostrum enzyme is 8 p ~ .  Another major difference is in  the 
cation requirement. Both enzymes prefer Mn2+, but  the bovine 
colostrum enzyme utilizes Co2+ almost as well as Mn2+ 
whereas Ca2+ is poorly utilized. By contrast, the ascites hep- 
atoma enzyme uses Co2+ and Ca2+ equally well, each being 
50% as effective as Mn2+. The reasons for these differences 
in the properties of the two enzymes is not clear. One  pos- 
siblity is that  the two enzymes represent different proteins. 
Alternatively the ascites hepatoma enzyme may be a  proteo- 
lytic fragment of the intracellular enzyme resulting in some 
alterations  in its properties. Further  studies will  be required 
to resolve this discrepancy. 

An intriguing finding is the presence of complex-type Asn- 
linked oligosaccharides on the bovine enzyme. This  indicates 
that  the enzyme has been exposed to  the late stage oligosac- 
charide processing enzymes which have been immunolocalized 
to  the middle and  trans cisternae of the Golgi stack (2, 21, 
22). Several lines of evidence indicate that  the N- 
acetylgalactosaminyltransferase resides in  the cis Golgi and/ 
or the endoplasmic reticulum (13,23-32). For example, Cum- 
mings et al. (33) have shown that  the precursor form of the 
low density lipoprotein receptor of  A431 cells has high man- 
nose-type Asn-linked units  and  0-linked  units  containing 
only N-acetylgalactosamine. By contrast, the mature form of 
the receptor contains complex-type Asn-linked units plus 0- 
linked oligosaccharides that contain sialic acid, galactose, and 
N-acetylgalactosamine. These findings demonstrate that  the 
transfer of N-acetylgalactosamine residues occurs before the 
entry of the low density lipoprotein receptor into  the regions 
of the Golgi that contain the  late stage processing enzymes 
(e.g. middle and  trans elements). In support of this,  Roth  has 
published an electron microscopy study that  has localized 
GalNAc-containing glycoproteins to  the cis Golgi cisternae of 
intestinal goblet cell (23). If the N-acetylgalactosaminyl- 
transferase  acts  in the cis Golgi or the endoplasmic reticulum, 
how did the colostrum form of the enzyme acquire complex- 
type oligosaccharides? The simplest explanation is that  the 
cleavage of the membrane-bound enzyme occurs within the 
Golgi (or endoplasmic reticulum) and  that  the formation of 
complex oligosaccharides procedes as the soluble enzyme is 
transported  through  the stack. A less likely explanation  is 

that  the enzyme initially passed through the Golgi  before 
returning to reside in the cis cisternae (or the endoplasmic 
reticulum). In  this case it could be initially present in the 
colostrum in  a membrane-associated form, similar to galac- 
tosyltransferase (34). A final possibility is that  the oligosac- 
charide processing occurs after the enzyme is released into 
the colostrum. 

The availability of the antiserum described in  this report 
will hopefully enable us to study  further  the relationship 
between the intracellular  and secreted forms of this enzyme 
and also to immunolocalize it,  thereby providing direct evi- 
dence for its subcellular location. 
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WPPLEMEMARY  MATERIAL  TO: 

PURIFICATION AND CHARACTERIZATION OF  UDP-GALNRC:  POLYPEPTIDE 

MURINE  LYMPHOMA  8115147  CELLS 

BY 

AKE  ELHAMMER  AND  STUART KORKELD 

EXPERIMENAL PROCEDURES 

N-ACETVLGAIACTOSAnINVLTRANSFERASE FROM BOVINE  COLOSTRUM 8 0  

R t e r i a l s  - UOP-[1-~H]N-acetylgalactosmine (10.7 Ci/mmol) was f ran  New England Nuclear 
ston 1. Ua 1251 (13-17 Ci/ug) was frm the  Radiochemical  Centre (Pmersham, England). 

%P-N-aEe$galactosamine UDP PMSF chymstatin,  leupeptin,  antipain,  pepstat in,  aprotin- 
i n  bovine  suhnaxi l lary m k n  'NP-40' T r i t on  X-100, T r i t o n  X-114, taurcdeoxycholate,  chlora- 
miAe T and bovine  henoalobin ;ere frb Siqma Chemical Co., St.  Louis, M. OEAE-Sephacel, 
Sepharoie 68, and ProtGin A-Sepharose were frm Phanacia, Inc.,  Piscataway, NY. a-Minimal 
Essential  Medim (.-HEM) was fran Flow Laboratories.  Rockville. W .  Fetal  calf-serum  (heat- 

from Whittaker M.A. Bioproducts,  Walkersville. MD. Freunds canplete  adjuvant was f ran  Gibco 
inact ivated) was f ran  K.C. Biological ,  Inc., Kansas City, Ea. Cryoprotective  nediun was 

Grand I s land  NY Ni t roce l l u lose  membranes were fran  Schleicher and % h e l l ,  Inc., Keene, 
NH. Endo-8-i-ac;tylglucosaminidase H (Endo H)  was from Mi les Biochemicals. Endo-8-N- 

ton  University, St.  Louis, M. Bavine  colostrum was kindly  suppl ied  by Dr. John Mahoney a t  
acetylglucosaminidase  F (Endo F) was a  generous g i f t  fran Dr. Jacques Baenziger a t  Uashing- 

the  Ralston-Purina Co., S t .  Louis. M). All other  reagents were fran  standard sources. 

- Cells - muse lynphana 8115147 c e l l s  were g r n m   i n  10 l i t e r  spinner  bott les to a densi ty of 

The c e l l s  were harvested  by  centr i fugation. washed i n   i c e - c o l d  phosphate buf fered  sa l lne and 
4.5 x IO6 cel ls/ml i n  a-MEM supplemented w i t h  10% f e t a l   c a l f  serum and 10 mM HEPES,  pH  7.0. 

t h e   c e l l   p e l l e t s  were Suspended i n  an equal volume o f  50% f e ta l   ca l f  serum and 50% cryopro- 
t e c t i v e  mediun. Th-e suspension was then  f rozen  a t   -2OT  fo r  3 hours, af ter  which it was 
t rans fer red   to  -7O'C f o r  18 houm and f i n a l l y   t o  -270°C ( l iqu id   n i t rogen)   fo r  storage. 

Preparation o f  Apnnucin and Apmucin-Se  harose - Apmucin  (deglycosylated mucin) was pre- 

modifications. The carbohydrate  content o f   the  apomucin preparation was determined  by  the 
-thod of Hagopian and Eylar (5) with  minor 

mct.hnr( nf Reinhold 1101. CNBr-activated Senharose was oreoared frm SeDharoSe  68 essent ia l -  ... - . . . -. - . . . . . . ." . . 
l y  as described b y  Cautrecasas  (11). The apomucin was ioup led   to   the   a i t i va ted  Sepharose i n  
0.1 M sodium carbonate  buffer pH 9.2 a t  4'C overnight. The protein  concentration  during  the 
react ion was 2.5 mg/ml . A l l  subsequent steps were carr ied  out as i n  (12). The coupling 
e f f i c i ency  was nearly  loop and the   f ina l  apmucin-Sepharose  contained 4 mg of bound apomu- 
c in lml sedimented gel. 

,--,- ~ ~ ~-~ ~ 

ferase  contained  the  following canponents i n  a f ina l   vo l   o f  80 ul:50 RH Imidazole pH  7.2, 
Enzyne Assay - The standard  assay f o r  UOP-GalNAc:polypeptide, N-acetylgalactosaminyltrans- 

10 mM MnC12, 0.5% T r i t o n  X-100, 15 ut4  UDP-GalNAc, UOP[l_%GalNAc (27,000 cPn/assaY), 0.15 
mg/ml apomucin and varying m u n t s   o f   e n z p e  [see  Indlvldual  experments). The react ion 
mixture was incubated a t  37'C f o r  5-10 min (see indiv idual  experiments) and the  reaction 
product was  TCA precipi tated and radioact iv i tymeasured as described  (13). 

was f i r s t   b o i l e d   f o r  5 min i n  the  appropriate e n z p  digestion  buffer  containing I% SDS. 
Endo-6-N-Acetylglucosaminidase Diqestions - When denatured e n z w  was digested,  the  material 

The samples were then  d i lu ted   w i th  an equal volume 50 mM Imidazole pH  7.2 (Endo F) o r  100 mM 
c i t r a t e  pH 5.5 (Endo H) containing 100 mM EOTA, 10 uglml each of leupeptin,  antipain, c h w -  

mUlml) were added  and the  samples were incubated  for 16 hours a t  37'C under toluene atmos- 
s t a t i n  and pepstatin, 0.1 TIU/ml ap ro t i n in  and 20 UM PMSF. Endo F (4  mu/ml) o r  Endo H  (15 

phere. The digesied samples were Supplemented w i th  an equal volume SDS-PAGE sample buffer 
and boi led  for  10 nin  before  loading on the  gel. SDS-PAGE was done on 10% gels as described 
i n  (16) and autoradiography  of  the  dried  gels was performed a t  -7O'C using Kodak X-ha t  AR 
film. Digestion of nat ive enzyne was done as for denatured e m p e   b u t   a n i t t i n g   t h e   b o i l i n g  
i n  1% SDS. 

P u r i f i c a t i o n   o f  UDP-Ga1NAc:Pol e t i d e  N-acetylgalactosaminyltransferase f r an  Bovine 
tolostrum - A l l  steps i n  the  p$iPicatron  procedure were pr fonned  a t  +4% and enzyne ac t i v -  
i t y  was assayed with  the  standard  assay  described above throughout  the  purif ication. 

NaCl; buf fer B: 25 mM Imidazole pH  7.2, 1 M NaCl , I% T r i t o n  X-100, 20 mM EDTA; buffer C: 
The fol lowing  buffers were used. Buffer A: 25 mM Imidazole, pH  7.2, 6 mM W l p ,  30 mM 

25 mM Imidazole pH 7 2 30 mM MnCl2 20 mM NaCl. bu f fe r  D: 25 mM Imidazole pH  7.2, 0.5 M 
NaCl , 20 mM EDTA;  bu;fLr  E: 25 mM I h d a z o l e  pH j . 2 ,  10 mM HnC12, 2T glycerol ;   buf fer  F: 25 
mM Imidazole pH  7.2.  30 mM MnC12. 100 mM NaCl; buffer 6: 25 mM Imldazole pH  7.2, 80 mM 
NaCl.  0.1% taurodeoxycholate, 10% g l p e r o l ;   b u f f e r  H: 25 mM Imidazole pH 7.2, 100 mM NaCl, 
0.1% T r i t o n  X-100, 10% glycerol .  

q Separation of l i p i d  globules and part ic les.  Crude frozen c o l o s t r m  was thawed 
and c e n t n  uged a t  15,000 g fo r  30 min. The r e s u l t i n g   y e l l o w i s h   l i p i d   l a y e r  was removed and 
discarded. The colostrum was then  dial  wed  aaainst 20 v o l w s   o f  buffer  A fo r  16 hours w i th  
two  buffer changes. The dialyzed  materjal wa; cent r i fuged  a t  100.000 g f o r  60 min. The 
upper l i p i d   l a y e r  was removed and discarded and the  clear  supernatant was c a r e f u l l y   c o l l e c t -  
ed.  The p e l l e t  and f l u f f y   l a - r   a t   t h e  bottom was discarded. 

..~. ~ ~~ 

t i o n  was loaded d i r e c t l y  on a DEAE-Sephacel column equ i l i b ra ted   i n   bu f fe r  A. For optimum 
resul ts ,   the bed volume o f   t h i s  column should be approximately equal to  the amount of 
100,000 g  supernatant  loaded (or ,750 n l / L  crude  colostrum). The run-through  fractions were 

ed and pooled. Typ ica l l y  more than 90% of the  appl ied  act iv i ty   can be recovered  after pass- 
assayed f o r  N-acetylgalactosaminyltransferase, and the   f rac t ions   w i th   ac t i v i t y  were co l l ec t -  

age through  the column. 

a: DEAE-Sephacel chrmatography. The supernatant  fran  the 100,000 g centrifuga- 

a: Apomucin af f in i ty   chrmatography I. The a f f i n i t y  chromatography  steps were 
carr ied  out  on apomucin-Sepharose co lmns   w i th  a bed volume of 1.60 ml. The columns were run 
b y   g r a v i t y   a t  a  pressure  of x30 an H$ during  loading and -60 M H$ during washing, e l u t i o n  
and regeneration.  Before  loading,  the column was  washed w i th  400 ml buf fe r  B (regeneration 
buffer)  followed  by 500 ml bu f fe r  C and 150 m1 bu f fe r  C containing 0.25 mM UOP. P r io r   t o  
loading  the  colmn  the sample (%200U enzyne a c t i v i t y   p e r  60 ml column i n   t h e   f i r s t   a f f i n i t y  
step) was Supplemented w i t h  MnCl2 and UDP to  f inal  concentrat ions of  30 mM and  1.25 mM, re-  
spectively. The column was  washed w i t h  4 column volumes o f   bu f fe r  C containing 0.25 nM UDP 
and 6 40 ml frac t i ons  were col lected. The colunn was then  eluted  wi th  buf fer 0. Due to the 
speci f ic   e lu t ion  pat tern  o f   these columns the  eluate was rout ine ly   co l lected as follows: 
f rac t i ons  1 and 2: 25 in1 each, normally  contains no, or v e r y   l i t t l e   a c t i v i t y ;   f r a c t i o n s  3 
and 4: 50 ml each, conta ins  the  bu lk   o f   the  act iv i ty ;   f ract ions 5 through 7: 25 ml each, 

were dialyzed  against 4 l i t e r s   o f   b u f f e r  E 12 changes) inmediate ly   a f ter   e lu t ion,  and assay- 
contains i n  some cases smaller amounts o f   a c t i v i t y   ( F i g u r e  1A) .  The ind iv idual   f ract ions 

ed f o r   e n z p e   a c t i v i t y .   T y p i c a l l y   o n l y   f r a c t i o n s  3 and 4 were used i n   t h e  subsequent pu r i -  
f i ca t i on .  

-: Apomucin a f f i n i t y  chranatography 11. I n   t h i s   s t e p   t h e  same type column was 
used as i n  the  previous one. Before  loading.  the column was f i r s t  washed w i t h  400 ml bu f fe r  

the  colmn,  d ia lyzed  f ract ions 3 and 4 f ran  step 3 were supplemented w i t h  1 M k C l 2 ,  4 M 
B. followed b y  500 ml bu f fe r  F and 150 ml bu f fe r  F, containing 0.25 mM UDP. P r i o r   t o  running 

NaCl  and UDP t o  achieve f inal   concentrat ions  of  30 mM, 100 mM and 1.25 mM respect ively.  

t he  sample, the  colunn was  washed With 2 column volumes of b u f f e r  F followed  by two column 
Approximately 600U enzme ac t iv i t y   per   run   cou ld  be loaded  during t h i s  step. After  loading 

volunes  of  buffer F containing 0.5 M NaCl and f i n a l l y   w i t h  two column volumes o f   bu f fe r  F 
containing 1 M NaCl. A l l   t h e  wash buffers  contained 0.25 mM UOP. The  washes were col lected 
i n  40 ml f ract ions.   Elut ion was then  carr ied  out i n   t h e  same manner as i n  step 3 bu t   w i th  
buffer D conta in ing   on ly  100 mM NaCl.  The e lu ted   f rac t ions  were dialyzed and assayed f o r  
t rans ferase  ac t i v i t y  as described  for  step 3. 

t i ons  rm three  step 4 runs were pooled, 1/50 volume 5% taurcdeoxpholate was  added,  and 
the  material was concentrated t o  2.5 ml  on an k i c o n  YM-10 f i l t e r  under 40 psi  pressure. 

cm) equ i l i b ra ted   i n   bh f fe r  G. The co lmn  was run   by   g rav i t y   a t  a  pressure of 28 cm H$;,1 
Ha l f   o f   t h i s   ma te r ia l  1.25 ml  , was loaded on a Sephadex 6-100 superfine column (1.5 x 100 

hour f rac t i ons  (1.76 ml)  were col lected and a s s a p d   f o r   a c t i v i t y .  The fractions  canprislng 
t h e   a c t i v i t y  peak were pooled and concentrated as described above but  without any fu r the r  

transferase was carr ied  out  using  the same procedure bu t   w i th  a smaller column (0.9 x 100 
addi t ion  o f   detergent .   Analy t ica l   ge l   f i l t ra t ion  to   detenine  the  mlecular   weight   o f   the 

cm)  and co l l ec t i ng  1.06 ml f ract lons.  

Gel f i l t ra t ion   chrmatography  on Sephadex 6-100 superfine. The dialyzed  frac- 

ml 100 nM Imidazole pH  7.2 0.5% T r i t o n  X-100 0.2 TIU aprot in in lml.  The c e l l s  Here homo- 
= Detergent  extraction. 22 x 1010 f r o z e n   c e l l s  were thawed and suspended i n  400 

genized  (30  strokes) i n  a i o t t e r  Elvehjem  h&genizer, and the homogenate was centr i fuged  at 
10,000 g f o r  20 min and the  result ing  supernatant saved. The p e l l e t  was rehomogenized i n  

min. The homogenate was then  centr i fuged  at  t0,OOO g fo r  20 mln and the Supernatant was 
215 ml 100 mM Imidazole. 0.5% T r i t o n  X-100, 0:2 TIUIml Aprot in ln and s t i r r e d  on i c e   f o r  30 

col lected. The two 10,000 g  supernatants were pooled and dialyzed  for 6 hours  against  10 
vo lmes   bu f fe r  A containing 0.1% T r i t o n  X-100 w i th  3 changes. The dialyzed  preparation was 
centrifuged a t  95 000 g for  2  hours  After care fu l l ydecant ing   the  Supernatant, t h e   p e l l e t  
was reextracted  with 180 ml  buffer n, 0.1% T r i t o n  X-I00 centr i fuged  agaibat 95,000 g f o r  2 
hours and the suPernatant was collected. The two 95,006 g  supernatants were pooled and used 
i n  subsequent p u i i f i c a t i o n  steps. 

These steps were essen t ia l l y   i den t i ca l   t o   t he  procedure used for  the  colostrum  emme  wi th 
Steps 2 through 4:  OEAE-Sephacel chranatography and apmnucin a f f i n i t y  chrmatography. 

+b fnllnrinn r l i f f r r m r a c :  11 a11 buffers contained 0.1% T r i t o n  X-100: 21 the  act ive  frac- 
t ion;"fran'DEAilseph;c;i-chrana~~~~~h~-~~~-;;ppl~ented w i t h   g l p e r o i  w a f inal  concen- 
t r a t i o n  of 20% t o   s t a b i l i z e   t h e   e m m e ;  and 3) no detelqent was added to   the  e luate  f ran  the 
second apmucin  aff ini ty  chranatography step. 

Oetenninat ion  of   molecular  weight  by  analyt ical   gel   f i l t rat ion was prfonned on a Seph- 
adex 6-150 column (0.9 x 100 an) equ i l i b ra ted   i n   bu f fe r  H a t  a f low  ra te  o f  2.75 ml/hour. 
0.92  ml f rac t i ons  were col lected. 

Protein  Determination - Protein was measured as described  by Lowry, dl. (14). 

k i n o   k i d  Analysis - k i n o   a c i d   a n a l y s i s  was performed as described i n  (15). 

Preparation  of Anti-N-Acetylgalactosminyltransferase Antibodies - Antibodies  against  bovine 
c o l o s t r m  N-acetylgalactosaminyltransferase were raised as follows. 35 ug of pur i f ied en- 
z m e   i n  1 ml o f  a 1:l mixture of Freunds cmplete  adjuvant and bu f fe r  G was in jec ted   in to  
the  footpads  of a female New Zealand rabbi t .  Four weeks l a t e r   t h e   r a b b i t  was boosted w i th  
22 ug of t he   pu r i f i ed  enzyne using  the above procedure.  Blood was col lected one week l a t e r .  

cutaneouslv  into  s ix s i t es  on the back of  the rabbi t .  Serum c o l l e c t e d   a f t e r   t h i s   l a s t  i n -  
After an addi t ional  three weeks. 51 ug o f   the  antrgen (dissolved as above) was in jected sub- 

jec t ion   y ie lded  the   h ighes t   t i te r .  

Pre a r a t i o n   o f  IqG - IgG was iso la ted  f ran whole serum by  chranatography on Protein A-Sepha- 
rosg. 1 ml o f   s e r m  was loaded  onto  a column ( 4 . 1  m1 bed volume) equ i l i b ra ted   i n  20 mM 
Tris-HC1 pH  7.4. The c o l m n  was then washed w i t h  10 volumes of equi l ibrat ion  buf fer   fo l low-  
ed by  15 volunes of 20 mM T r i s  HCl  pH  7.4, 0.5% taurodeoxpholate, 0.5 M NaCl  and f i n a l l y  
another  15 volumes o f   equ i l i b ra t i on   bu f fe r .  The bollnd IgG was eluted  wi th  100 mM Glycine- 
HCl  pH 2.8. One ml  f ract ions were col lected and inwd ia te ly   neut ra l i zed   by   the   add i t ion  of 

ed, dialyzed  against 100 volunes  phosphate  buffered sa l i ne  (PBS) (2 changes) and concen- 
50 e l  1 M T r i s  base. The IgG conta in ing   f rac t ions   ( iden t i f ied   by  measuring A ~ Q )  were pool- 

t r a t e d   t o  %l nl on a YM-10 mmbrane. NaN3  was added to  a f inal   concentrat ion  of  0.02% and 
the  isolated IgG Was stored on ice.  

Preparation  of 125I-Labeled Protein A - 100 ug Protein A was reacted  wi th 1 mCi Na 1251 and 
0.2 mg/ml chloramine  T i n  100 u l  0.3 M phosphate bu f fe r  pH 7.3 f o r  2  min a t  r o m  tempera- 
ture. The react ion was stopped by   the   add i t ion   o f  2.5 pl o f  a saturated  solut ion of t y ro -  
sine i n  water and the  iodinated  product was separated fran  smaller  radioactive  molecules  by 
chrmatography on a 1 m1 Sephadex 6-25 c o l m n   e q u i l i b r a t e d   i n  PBS containing 1% BSA. 

slab  gels  to n i t roce l l u lose  membranes was carr ied  out  i n  a Bio Rad Trans Blot   Cel l   using  the 
Immunoreplica Experiments - Electrophoret ic  t ransfer o f   prote ins  f ran SDS-polyacrylamide 

procedure of  Burnette  (17).  Transfer was for 14-16 hours a t  30V. The section of the   n i t ro -  
ce l l u lose  membrane containing  the  molecular  weight  standards was c u t   o f f  and stained  with 
h i d o   b l a c k  (0.1% w/v) i n  45% methanol and 10% acetic  acid.  Oestain was i n  10% acetic  acid. 

The n i t roce l l u lose  sheet was then  incubated f o r  2 hours i n  a  sealed p las t i c  bag containing 
The r e s t  of the membrane  was incubated i n  PBS containing 1.25% w/v hemoglobin f o r  2 hours. 

After  incUbation  with  antiserun  the membrane  was  washed once for 10 min in,PBS followed  by 
15 ml 1.25% hemoglobin i n  PBS and 250 u l  anti-N-acetylgalactosaminyltransferase serum. 

two washes of 10 min each i n  PBS Containing 0.05% NP-40  and two washes 5 mln each i n  PBS. 
The  washed  membrane  was then  incubated  for 2 hours i n  a  sealed p las t l c  bag containlng 20 m1 

once for 10 min i n  PBS, t w i c e   f o r  10 min each i n  PBS containing 0.2% NP-40 and f i n a l l y   t w i c e  
1.25% hemoglobin i n  PBS and 2 ug (5.6 x IO6 cpn) 125I-Protein A, af ter  which it was  washed 

for 5 min i n  PBS. Excess moistuve was then removed f ran   the  membrane w i th  paper  towels and 
it was allowed t o   a i r   d r y  on a f i l t e r  paper. All washes  and incubations were carr ied  aut   a t  
r o m  temoerature on a  shakinq D l a t f o n .  The dr ied   n i t roce l lu lose  membranes were autoradio- 
graphed it -7O'C using  Kodak-Xihat AR f i lm .  

T r i t o n  X-114 Extraction  of Microsomes Isolated  fran  muse L)nphoma  8115147 Cel ls - Washing of 
T r i t on  X-114  was done as described  by  Bourdier  18) and the  concentrat ion  of  the washed 

coeff ic ient :LogE= 3.16.  The stock  solut ion was d i l u ted  to 1% wi th  10 mM Tris-HC1 pH  7.4 
s tock  so lu t ion was estimated b y  measuring the   a isorp t ion   a t  276 mn and using  the  ext inct ion 

with  the  fol lowing  protease  inhibitors  present  during  the  preparation: 0.2 TIU/m1 aprotin- 
150 mM NaCl. Micmsomes were prepared frm 4.2 x 108 c e l l s  using  the procedure i n  (13) b i t  

i n ,  10 UM PMSF and 20 ug/ml each o f   an t i pa in ,   l eupep t in ,   chms ta t i n  and pepstatin. The 

t e i n  ConcentPation was determined  using  the procedure of Lowry, g a l .  (14). 2 mg microsom- 
sedimented microsomes were suspended i n  500 u l  10 mM T r i s  pH  7.4, 150 mM NaCl and the pro- 

a l   p ro te in  was sedimented a t  100,000 g f o r  45 nin.  The r e s u l t i n g   p a l e t  was homogenized i n  
5W ul 1% T r i t o n  X-114, 10 mM T r i s  HCl, pH  7.4, 150 mM NaCl  and incubated on i c e   f o r  30 min. 
The suspension was centrifuged a t  12,000 q a t  4OC f o r  10 min and the   pe l l e t  was discarded. 
The Supernatant was incubated a t  30'C f o r  3  min and centr i fuged  at 12,000 g i n  rom tmpera- 

with  concentrated  Tri ton X-114 s tock  to  1% f i n a l  concentration, and the  lower  detergent 
tu re   fo r  3  min t o  achieve phase separation. The upper phase was removed and supplemented 

Dhase  was susDended i n  500 ul . 10 mM T r i s  HCl. OH 7.4. 150 mM NaCl. Both phases were incu- 
bated on i ce  ktii clear  soiut ions were formed.' Phase separation was then'prformed  again 
as  described above.  The water phases were aspirated and pooled and the  detergent phases 
were each dissolved i n  500 u l  10 mM T r i s  HCl  pH 7.5, 150 mM NaCl  and pooled. Al iquots frm 
the   No led  phases were supplemented w i t h  an equal volune o f  SOS-PAGE sample buffer.   boi led 
for  10 min and a p p l i e d   d i r e c t l y   t o  SDS-PAGE. 

RESULTS 

P u r i f i c a t i o n   o f  UDP-Ga1Nk:Polypeptide N-Acetylgalactosaminyltransferase frm Bovine 
Co los t rm - Bovine  colostrum was chosen as the S O U P C ~  f o r  UDP-GalNAc:polypeptide, N-acetyl- 
galactosaminyltransferase since it contains  high  levels  of  water  soluble enzyne a c t i v i t y  
(900 u n i t s  per l i t e r )  and i s   read i l y   ob ta inab le .  The pu r i f i ca t i on  of t h i s   e m m e  frm 3.3 L 
colostrum i s  summarized i n  Table I .  For the Precedure t o  be successful  attention had to be 
g iven  to  a number of   points,  which are  diwussed i n  the  following-parairaphs. 
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l i p i d d h y  an i n i t i a l  la speed centr i fugt ion.  The mdin purpose  of the subsequent d ia l y -  
s i 1  was t o  adjust   the  ionic  content of the preparation  for OEAE-Sephacel chrmatography. 
This  procedure however. a lso appeared to destabi l ize the m a i n l y   p a r t i c l e s  i n  the  prepara- 
t i o n ,  and thus f a c i l i t a t e d   t h e i r  sedimentation  during  the Subsequent high speed centr i fuga- 

on the OEE-Sephacel colmn. The step t yp i ca l l y   resu l ted  i n  a 2.5-3 f o l d   p u r i f i c a t i o n   w i t h  
t ion.  The product frm Step I was a c lear   ye l lowish  so lu t ion which could be d i r e c t l y  loaded 

a f ie ld exceeding 96%. 

s a n i n j d k s f e r a s e  does not bind to OEAE-Sephacel. even a t  pH's %.5. t h i s  procedure  sewed 
Ste 2: OEAE-Sephacel chrmatography.  Although the bovine  colostrun  N-acetylgalacto- 

a s  a negat ive  pur i f icat ion step. i.e.. t o  r m v e   c o n t a i n a t i r q   p r o t e l n s  which bound to the 
Colmn.  This i s  of great importance  since  the  capacity of the a m w i n   c o l m n s  used i n  the 
subsequent a f f i n i t y   s t e p s  appears t o  be inversely  proportional t o  the mount of contaninat- 
i ng   p ro te in  loaded. 

one a& major basis   for   the  pur i f icat ion.  The procedure i s  adapted frm tha t  used by  
Sugiura, ct. (9).  The Capacity of the apomucin gel i s  low (%3 U/ml g e l )   i n   t h i s   f i r s t  
a f f i n i t y  step d u e  t o  the  large  mounts of  contaminating  proteins. In  addi t ion.   s ince  the 
e m p e  binds p o r l y  a t h i s  step. the  colunn was washed w i t h  a low i on ic   s t rength   bu f fe r  
containing UOP and Ihj* which are  essent ia l   for   empe  b ind ing.  The e m p e   e l u t e s  i n  a 
broad peak ( x t m  c o l m n   v o l m s ) .  The subsequent dialysis  against   buf fer   containing Mn2* 
and g l s e r o l   r a v e s   t h e  EOTA used i n  the  elut ion  (which i s  necessary t o  be able t o  assay 
the emyne) and also  concentrates the e l u a t e   4 . 7 ~ .  The concentration of UOP when loading 
and EOTA when e lu t ing  are  opt imal   for   th is  system. The sodim chloride  concentration i s  not 
c r i t i c a l .  

ficat&he Capacity of the a f f i n i t y   co lunn  i s  a t  l eas t  5 times greater  than  that  of the 
f i r s t   a f f i n i t y  step.  Furthermore  since the in teract ion  o f   the  emyne  wi th   the bound apomu- 
c i n  i s  stronger, the colunn can b; washed w i th  up t o  1 H NaC1 ( i n  the presence  of Md* and 
UOP) with  less  than 5% loss of the adsorbed e m y a .  The eluted  f ract ions must be dialyzed 
a s  soon as possible  since the p a r t i a l l y   p u r i f i e d   e m p e   r a p i d l y   l o s e s   a c t i v i t y  i n  the  pre- 

t i o n  loses about 20% of i t s  a c t i v i t y  per week. part icular ly  af ter   concentrat ion.   unless a 
sence of high salt  and i n  t he  absence of g l s e r o l .  Even w i t h  these  precautions  the  prepara- 

agents, g lsero l   concent ra t ions  and detergents were tried. Ye found tha t   t he   add i t i on   o f  a 
f u r the r   s tab i l i z i ng  agent i s  added. To remedy t h i s  problem, a variety  of  proteins.  reducing 

low Concentration of a non-denaturing  detergent l i k e   T r i t o n  X-100 or  s o d i m  deox)Fholate had 

wi th   taurodeoxsholate to a f inal  concentrat ion of 0.1% before  concentration and f i na l   pu r l -  
the  best  stabil izing  effect.  Therefore  the e m y a  preparation was rou t i ne l y  supplemented 

f i c a t i o n   b y   g e l   f i l t r a t i o n  Chrmatography.  TaurcdeoxyFholate was chosen because it forms 
stable IOlut ions a t  4'C over  a  wide pH range and because i t  i s  d ia l yab le .   T f l i ca l   e lu t i on  
p ro f i l es  frm the apomwin af f in i ty   chrmatography  s teps  are s b w n  i n  Figure 1 A  and 8. 

Ste 1: Separation of l i p i d  globules and par t i c l es .  The crude c o l o s t r m  was f i r s t  de- 

Ste 3: A f f i n i t y  chranatography on apomucin-Sepharose 1. This  step and the fo l lowing 

Ste 4: A f f i n i t y  chranatography on amwin  Sepharose 11. A t  t h i s  point i n  the  pur l -  

b e l   f i l t r a t i o n  chranatography on Sephadex GI00 superfine. The concentrated 
eluate ran the second af f in i ty  chrmatography  step  contains tm proteins:  the  N-acetyl- 
galactosaninyltransferase and a l a rge r   p ro te in  which. based on i t s  behavior on SQS-PAGE i n  
tk presence and absence of  B-mercaptoethano1. i s  mst l i k e l y  an imunoglobul in.  I t  runs 
l a rge  i n  the  non-redwed  lane and s p l i t s  i n t o  snaller  peptides, M 60,000 and 25.000 daltons 
respect ively.  under  reducing  conditions  (see  Figure 2A lanes I and 2) .  

The G1W superfine  chranatography  provides  baseline separatlon beteen  these ho pro- 
teins under the condi t ions used (see  Experimental  Procedures) and tk emyne  elutes as a 

on ly  one Single  protein band could be detected b y   s i l v e r   s t a i n i n g  (19)  (Figure 28). 
single S m t r i c  peak (Figure 4A). Wen  material frm t h i s  peak was analyzed by  SOS-PAGE 

i~knbrane-bound  f & i  i h i c h   G e i i i t a t i ;  iie d;teqent-extr;cii& p.ocedY;e-o;iiined'in-step 
1 Of the Experimental  Procedures. Aprot in in was added t o  the  ext ract ion  buf fers  t o  prevent 
p r o t e o l s i c  breakdown of   the enzyne. Approximately 55% of the total  a c t i v i t y  was w o v e r e d  
i n  the  poled  detergent  CxtTacts. The following  three  steps  (Steps 2 through  4) were essen- 
t i a l l y  the same a s  for the   co los t run   emya  a l thnugh a l l  buffers contained 0.1% T r i t o n  X- 

the f i r s t  a f f i n i t y  step and t h e   a c t i v i t y  tends to  e lu te  as a broader peak than the c o l o s t r m  
100. The capaci ty o f   t h e   a p u c i n   c o l w n s  i s  lower i n  t h i s  spten. o n l y  4.2 Ulml gel i n  

emyne. Compared t o  t h e   c o l o s t r m   e m p e .   t h e   p u r i f i c a t i o n  of t h i s   e m y a   y i e l d e d   s m a l l e r  
mounts of a c t i v i t y .  The to ta l   y i e ld   a f te r   t he  second a f f i n i t y  step was usua l l y  8-101 which 
translates t o  103 U f o r  a preparat ion start ing w i t h  22 x lOlo ce l l s .  The presence  of h igh 
Concentrations of T r i t o n  (which does mt dialyze *ell and thus  increases  during  concentra- 

ments di f f icul t .   Typical   preparat ions however fielded a s p e c i f i c   a c t i v i t y   o f  >I50 Ulmg and 
t i o n )  in  the preparation and a very  low  protein  concentrat ion m.we accurate  protein measure- 

a t o ta l   pu r i f i ca t i on  of >2.300 fold.  In SOS-PAGE p r o f i l e  of the   smi -pur i f ied   emyne  i s  

Tr i ton.  TWO major bands are however c l e a r l y v i s i b l e .  One a t  a migrat ion distance  corre- 
shown i n  Figure 3. The bands on the g e l  are broadened and d is to r ted   by  the presence  of 

rponding t o  \.70.0W daltons and another a t  %20.000 daltons  (Figure  3 and 58). 

, J~ ~~.... 

w i t h  a nmlecular  size of 71.5W daltons  (Figure 48). 
be l   f i l t ra t ion   chmnatography  on Sephadex 6-150 fielded a symmetric peak of a c t i v i t y  

TABLE I 

P u r i f i c a t i o n   o f  UOP-Gall(Ac:Fvlypptide 
N-AEetylgalactosaninyltransferase frm &vine  Colostrun 

P r o t e i n   A c t i v i t y   A c t i v i t y  - Factor  Yield 
Tota l   Tota l   Speci f ic   Pur i f icat ion 

mg mitsa unitslmg % 

Dial  wed co los t rmb  762.3W 2.750 0.0036 I 100 
1. 95,064 x g  supernatant 279;047 2;690 
2. OEAE-Sephacel 

0.0096 
55.351  2.462 

3. Apanucin-Sepharose I 
0.0445 

793 1.894 
12.4 89.3 

2.337 
4. Aoanucin-Seoharose I 1  7.5 1.542 57.111 95.9 

663 68.7 

~~ ~ 

2.7 97.5 

205.6 
5 .  Siphadex G-io0 Superfine 

." . . .." 
0.28 "522 1.860 

"" 

516.667 18.9 

a 1 Unit  equals 1 m o l e  N-aCetylgalaCtOsanine transferred to apnucin  per  minute under 

b t o t a l  i n i t i a l  volune  of  colortrun: 3.3L 
assay condi t ions 

1 1 15 

300 

1 5 IO 
FRACTION 

F i  Ure I Elut ion  prof i les   ( t ransferase  act iv i ty )  f m  apanucin-Sepharose. A. h u c r n -  

scribed i n  Experimental  Procedures.  Application o f  wash - and elut ion  buffers  are  indicated 
eP arose I .  8. Awnwin-Sepharose 11.  The colunns were loaded. w a s k d  and eluted as de- 

w i t h  arrows. A: l. wash wi th   buf fer  C containing 0.25 mn UOP; 2. e lu t ion   w i th   bu f fe r  0; 8: 
1-3. wash with  buffer F containing 0.25 mn UOP alone and supplemented w i t h  NaCl to 0.5 and 
1.0 M respect ively;  4. e l u t i o n   w i t h   b u f f e r  0 containing 100 mH N a C l .  

+- 

A 
1 2  

B 
1 2  

' I  
! *  

- 92.5 

-66.2 

-92.5 

-66 .2  c1 

b 
-45 

-31 
-31 

T2-f 
F i  ure 2 - SOS-Fvlpcrylamide  gel  electrophoresis of  bovine colostrun UOP-Galflk:polmeptide 

acety galactosaninyltransferase. Fractions  containimJ e m y a   a c t i v i t y  frm apomucin- 
Sepharose I I  and  Sephadex GI00 superfine were concentrated as Outlined i n  Experimental Pro- 
cedures.  mixed w i t h  an equal v o l m   o f  SOS-PACE sample buffer  wi th  or   wi thout  B-wrcapto- 
ethanol.  boiled  for 10 min and analyzed on a 10% SOS polpcrylamlde  gel.  After  electrophor- 
es i s  the gels were stained using the s i l v e r  staining prmedure  (19). The migrat ion posi- 
t ions of  f ive  nmlecular  weight  standards  are Shown to the  r ight .  Lane 1: sample run i n  the 
presence o f  B-mercaptoethanol. Lane 2: sample run i n  the absence of  B-mercaptoethanol. A. 
nater ia l   e luted frm apomucin-Sepharore 11 (10 ug). 8. A l i q w t s   o f  the pooled a c t i v i t y  
f ract ions frm Sephadex G-100 superfine (1 us). 

-92.5 

Fi  ure  3  SOS-polpcrylanide  gel  electrophoresis of af f in i ty  pur i f ied  UOP-Galf lk:polypP- 
~ c ; t y l g a l a c t o s a m i n y l t r a n s f e r a s e  frm m u s e   l p p k n a  86147  cells.  Transferase  eluted 
frm the second a f f i n i t y  step was concentrated as follows: 15 ml of e lu te  was dialyzed 
against 20 v o l m s   o f  10 mM T r i s  maleate pH  6.0. 5 mM IhC12. 0.1% Tr i t on  X-100. 203 g l s e r o l  
fo r  16 hours ( 2  bu f fe r  changes). The dialyzed  sanple was then loaded on a CM-cellulose 
colmn. 0.8 ml bed v o l m ,   e q u i l i b v a t e d  i n  the   bu f fe r  used for   d ia lys is .   Af ter  washing w i t h  
5 c o l m n   v o l m s   o f   e q u i l i b r a t i o n   b u f f e r ,  the c o l m n  was e lu ted   w i th  25 n+( Imidazole pH 7.2, 
5 mH MnC12. 0.1% Tr i ton  X-100. 20% g l%ero l ,  500 mn NaCl. 250 u l  f ract ions were collected. 
dialyzed  against  buffer E and assayed f o r   a c t i v i t y .  40ul of the f ract ion  containing the 
h i g h e s t   a c t i v i t y  was m i x e d  w i t h  an equal volune SOS-PAGE s a p l e   b u f f e r  and analyzed on a 101 
SOS polpcrylamide  gel.  
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FRACTION 

?lm[ B . 
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c e l l s  was subjected t o   a n a l r t i c a l  gel f i l t r a t i o n  as  described i n  Experimental  Procedures. 
Standard proteins were: A alcohol dehydrogenase (150 OW) inorganic PrPOphoSphatase 

aldolase (160.0W). a lka i i ne  phosphatase (80,000). i d q a n i c  pyrophosphatase (63,000) ut&- 
(63 Om), peroxidase (40 060) .  carbonic anhydrase (29 iOO),'ard cytochrme c (12,400); B 

graphed on Sephadex GlOO superfine. B. muse l m p h a  BW5147 transferase  chrmatographed 
f e r r i n  (35.0W), and cytochrme c (12,400). A. Bovine colostrum  transferase  chrmato- 

on Sephadex G150.  
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c e l l s  was subjected t o   a n a l r t i c a l  gel f i l t r a t i o n  as  described i n  Experimental  Procedures. 
Standard proteins were: A alcohol dehydrogenase (150 OW) inorganic PrPOphoSphatase 

aldolase (160.0W). a lka i i ne  phosphatase (80,000). i d q a n i c  pyrophosphatase (63,000) ut&- 
(63 Om), peroxidase (40 060) .  carbonic anhydrase (29 iOO),'ard cytochrme c (12,400); B 

graphed on Sephadex GlOO superfine. B. muse l m p h a  BW5147 transferase  chrmatographed 
f e r r i n  (35.0W), and cytochrme c (12,400). A. Bovine colostrum  transferase  chrmato- 

on Sephadex G150.  

R (dye front) 

F&u+ - D e t e r m i n a t i o n   o f   m l e c u l a r   e i g h t   o f  N-acetylgalactosaminyltransferase b y  sodium 
ecy  sulfate  polyacrylamide  gel  electrophoresis.  Conditions  for SDS-PAGE were as de- 

min (66.200), ova lbmin  (45 000).  carbonic anhydrase (31  000) .  and so)bean t r y p s i n   i n h i b i t o r  
scribed i n   F i g u r e  2. The standards used were: phosphorylase B (92,500). bovine serum albu- 

(21,500). The Rf's of   the  i ransferases were cons is ten t   iu r ing   th ree  Separate detemina- 
tions. A. Bovine c o l o s t r m  transferase. B. b u s e   I m p h a  By5147 t ransferase (Note: 
The e lect rophoret ic   pos i t ionof  the t ransferse bands i n  B are approximate due 50 ;he broaden- 
i ng  and d i s t o r t i o n  caused by  the presence of T r i t o n  X-100 i n  the By5147 preparation.) 

I- C 
20 40 60 80 

ADDED  SUGAR  NUCLEOTIDE 
( P M )  

- Donor specif ici ty  of  bovine  colostrum N-acetylgalactosaminyltransferase. The 
nucleot ide sugar Speci f ic i tywas  detemined  usinq the standard  assay  wocedure. b u t   i n   t h e  
presence of  dif ferent  concentrat ions  of  unlabeled sugar  nucleotides: ' 8 . 5  mU o i  e m m e  was 
used and the  assay  t ime was 10 min. The competing  effect o f  UDP-galactose ( 0 ), UDP- 

mined. 
glucose ( A ), UDP-N-acetylglucos~ine ( 0 ), and UDP-N-acetylgalactosamine ( ) was deter- 

r 

u 
6 8 10 

b a n s f e r a s e   a c t i v i t y  was assayed fo r  10 min using 8 5 m u  of emme and the Standard 
Fi Ure 7 - W t e m i n a t i o n  Of PH optimum for  bovine c o l o s t r m  N-acetylgalactosaminyltransfer- 
assay  procedure  but i n   t h e  absence o f  Mn2+ and with  buff& of equal ionic  Strength  but  d i f -  
ferent PH Substituted  for  the  assay  buffer. The buffers used were pH 5.4-7.4, cacodylate; 
PH 7.0-9.0, imidazole; and  pH 8.6-10.6, g lx ine  - N~OH.  

t 8r  


