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The ricin-resistant mutant baby hamster kidney (BHK) cell line RICR21 is unable to 
make the sialylated bi- or triantennary complex N-glycans found in wild type cells and 
accumulates instead non-bisected hybrid structures containing three Man residues 
and one or two sialylated antennae (Hughes eta11983, Carbohydr Res 120:215-34). Spe- 
cific assays for N-acetylglucosaminyltransferases I, II, III and IV were applied to Triton 
X-100 extracts of wild type BHK, RICR14 and RICR21 cells. It was shown that RICR21 cell 
extracts had a decreased N-acetylglucosaminyltransferase II specific activity (17 to 27% 
of wild type values). It is suggested that in wild type cells N-acetylglucosaminyltransfe- 
rase II action proceeds quickly, leadingto complex N-glycan synthesis, while in RICR21 
cells potential substrates for N-acetylglucosaminyltransferase II move into the trans- 
Goigi compartment before the transferase can act, thereby leading to hybrid 
structures. 

Several laboratories have used toxic lectins such as ricin, Phaseolus vulgar is phytohae- 
magglutinin (PHA) or wheat germ agglutinin (WGA) to select lectin-resistant mutant cell 
lines [1, 2]. Some of these mutant lines show a greatly reduced ability to bind lectin to 
the cell surface. The defect in these mutants is therefore believed to be in the structure 
of the cell surface carbohydrates. For example, Chinese hamster ovary and baby hams- 
ter kidney(BHK) mutants have been isolated in which there is an absence of the enzyme 
UDP-GIcNAc:glycopeptide/~-2-N-acetylglucosaminyltransferase I (GIcNAc-transferase 
I), the key enzyme in the conversion of high mannose N-glycosyl oligosaccharides to 
hybrid and complex structures [3-6]. These cells show decreased binding of ricin, PHA, 
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Figure 1. Biosynthetic pathway for the conversion of the high mannose intermediate Ms, i.e. Manczl-3IManc~ 
1-6(Manczl-3)Manczl-61Man~l-4R where R is GIcNAcfll-4GIcNAc-Asn-polypeptide, to complex and hybrid N- 
glycans. Steps involving the formation of bisected glycans due to the action of GIcNAc-transferase III have 
been omitted since mutant and wild type BHK cells lack this enzyme. The structure Gn(I)M5 is the product of 
GIcNAc-transferase I (Gn-T I), i.e. M5 with a GIcNAc linked #1-2 to the Manc~l-3Manc~l-4- terminus. The struct- 
u re Gn(I, IV)Ms is formed by the action of GIcNAc-transferase IV on Gn(I)M5 and contains a GIcNAc linked ~1-4 
to the Manczl-3Man~l-4- terminus. All other structures are non-bisected N-glycans of the complex or hybrid 
type containing only three Man residues. These are named according to the sugar residues at the non-reduc- 
ing termini, the residues on the Manc~l-6- arm being named first [11]. 

Abbreviations: Gn, GIcNAc; M, Man; (+ F), the structu re contains a core c~-6-1inked fucose; G, Gal; S, sialyl resi- 
due; Gn-T, GIcNAc-transferase; FT, c~-6-fucosyltransferase; GT, galactosyltransferase; ST, sialyltransferase. 

The structu res MS(+ F) and MSS(+ F) are shown in detail since these are the non-bisected hybrids which accu- 
mulate in RICR21 mutants. These structures are not found in wild type BHKcellswhich contain instead sialyla- 
ted corn plex bi- and t ri-anten nary N-glycans, i.e. SS(+ F) and SSS(+ F). The decisive control points for the RICR21 
mutant are therefore whether MGn(+F) and MGnGn(+F) are acted on by GIcNAc-transferase II (Gn-T II) or 
leave the cis/medial Golgi. 

The assignment of enzymes to compartments is based on published data [17-20] and the assumption that 
GIcNAc-transferase IV is localized in the cis/medial Golgi compartment. The model may become more comp- 
lex if it is shown that there is further sub-compartmentation of the enzymes in the cis/medial Golgi compart- 
ment. Some of the reactions shown in the scheme have not as yet been proved in vitro, e.g. action of mannosi- 
dase II on Gn(I, IV) M5 or action of Gn-T II on MGnGn. Further, it has not been established that the Gn-T IV 
acting at the three-Man and five-Man stages are the same enzyme. 

52 



WGA and other lectins but increased binding of Concanavalin A due to the accumula- 
tion of high mannose structures on the cell surface. In another mutant line [7, 8], a large 
increase was noted in the oz-3-fucosyltransferase acting on the antennae of complex N- 
glycosyl oligosaccharides. Although sialyltransferase levels were normal, increased fuc- 
osylation of antennae led to decreased sialylation and consequent resistance to WGA. 

Thus, significant changes in cell surface carbohydrate can be caused by either a de- 
creased or increased level of enzyme. However, in many lectin-resistant mutants, in vitro 
enzyme assays carried outon cell extracts have either failed to reveal any defect in glyco- 
syltransferase or glycosidase activity, or have shown only relatively small changes in 
these enzymes. One possible explanation [91 is that glycosyltransferase assays are not 
sufficiently specific, i.e., they pick up several enzyme activities only one of which may 
be altered in the mutant. This defect may be missed because of the other interfering ac- 
tivities. 

We have recently developed specific assays for four distinct GIcNAc-transferases that 
we have named I, I l, II1 and IV [10-13]. We report here the application of these assays to 
a ricin-resistant BHK mutant cell line RICR21 previously isolated by Meager etal  [14, 15]. 
Ricin, the toxic lectin of castor beans (Ricinus communis), binds to oligosaccharides 
with terminal/3-D-galactosyl or/%N-acetyI-D-galactosaminyl residues. RICR21 cells bind 
ricin very poorly relative to wild type cells. In a previous study [4], Triton X-100 extracts 
of RICR21 cells were assayed for several glycosyltransferases and glycosidases. The only 
differences relative to wild type extracts were a 50% reduction in galactosyltransferase 
activity towards several GIcNAc-terminal acceptors, a 50% reduction in GIcNAc-transfe- 
rase I and a 75% reduction in GIcNAc-transferase II. 

More recently, Hughes et al [91 studied the glycopeptides released by Pronase | from 
wild type and RICR21 BHK cells. They found that the mutant cells lacked bi- and trian- 
tennary complex N-glycosyl oligosaccharides containing, respectively, two and three 
sialyl residues, and accumulated instead acidic hybrid N-glycans containing one or two 
residues of sialic acid (structures MS(+ F) and MSS(+ F), Fig. 1). They suggested that a re- 
lative deficiency in GIcNAc-transferase II might explain their findings if it is assumed 
that rapid galactosylation of the GIcNAc31-2Mano~1-3-antenna prevents GIcNAc-transfe- 
rase I1 action. The presence of Gal on the Gal/31-4GIcNAc/31-2Mano~1-3- antenna does in- 
deed prevent GIcNAc-transferase II action, as well as the actions of GIcNAc-transferases 
III and IV, c~-6-fucosyltransferase and mannosidase I I [6, 1043, 16]. 

However, the concept of competition between GIcNAc-transferase I1 and Gal-transfer- 
ase does not take into account recent evidence suggesting that these two enzymes are 
in different compartments of the Golgi ]17-20]. Further, the GIcNAc-transferase II assays 
carried out by Vischer and Hughes [4] were not specific for this enzyme but would also 
have picked up GIcNAc-transferases III [121 and IV [13]. 

We have therefore re-investigated the GIcNAc-transferase levels of RICR21 cell extracts 
using specific assays. This work has confirmed the original finding [4, 9] that RICa21 
cells have a relative deficiency in GIcNAc-transferase II rather than a complete absence 
of this enzyme. The substrates for GIcNAc-transferase II, i.e., Manc~1-6(GIcNAc/31-2Man 
o~l-3)Man/31-4GIcNAc/31-4GIcNAc-Asn-X (structu re MGn, Fig. 1) and Mancz1-6IGIcNAc/31- 
2(GIcNAc/31-4)Mano~l-31Man/31-4GIcNAc/31-4GIcNAc-Asn-X (structure MGnGn, Fig. 1), 
can either be acted on by GIcNAc-transferase II to form complex N-glycans or can enter 
the trans-Golgi to become hybrid N-glycans. The RICR21 phenotype is probably due to 
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the movement of these glycoproteins into the trans-Golgi compartment before GIcNAc- 
transferase II can act. 

Materials and Methods 

Cells 

Baby hamster kidney (BHK) cells and ricin-resistant mutants [14, 15] were grown at 37~ 
in monolayer culture in alpha minimum essential medium (Medical Sciences Building 
Central Services, University of Toronto, Toronto, Canada) supplemented with 10% heat- 
inactivated fetal calf serum and glutamine (2 mM), in the presence of penicillin G (100 
rag/I) and streptomycin sulphate (100 mg/I). Cells (0.5 x 106/10 ml) were added to 10 cm 
plastic Petri dishes. After 48 h, 40 - 50 x 106 cells were harvested, at or near confluency, 
from 10 dishes, by scraping with a rubber policeman. The cells were suspended in 
phosphate-buffered saline followed by three washes with 0.85% saline at 4~ Cells 
were collected during these washes by centrifugation at 2 000 rpm for 10 min. Three se- 
parate batches of cells were grown for these studies. Washed cells were stored at -20~ 
for 7 - 10 days prior to extraction and enzyme assays. 

Cell Extract 

The washed cell pellets were suspended in 2- 3 ml 0.2 M saline and subjected to 3 cycles 
of freezing (dry ice/ethanol) and thawing (at 37~ C). The freeze-thawed cells were washed 
once (Expt. 1) or three times (Expts. 2 and 3) with 0.85% saline at 4~ using centrifugation 
at 2 000 rpm for 15 min to harvest the pellets. The pellets were extracted with 1.0% Triton 
X-100 in 0.85% saline and centrifuged at 2 000 rpm for 15 to 20 min at 4~ The Triton X-100 
supernatants contained from 2 to 6 mg protein per ml and were assayed for enzyme 
activity. 

Materials 

The following materials were purchased from commercial sou rces: UDP-N-acetyI-D-IU- 
14C]glucosamine (306 mCi/mmole, New England Nuclear, U.S.A.), was diluted to a speci- 
fic activity of 4 000-6 000 cpm/nmole with non-radioactive UDP-GIcNAc (Sigma, U.S.A.); 
Triton X-100 (Sigma); 2-(N-morpholino)ethanesulfonate (MES) (Calbiochem-Behring, 
U.S.A.); Concanavalin A/Sepharose (Pharmacia, Sweden) and Bio-Gel P-2 (100-200 mesh) 
(Bio-Rad, U.S.A.). 

Glycopeptides 

Glycopeptide GnGn(+F), GIcNAc/31-2Mancd-6(GIcNAc~1-2Mano~1-3)Man/31-4R where R 
is GIcNAc~l-4(Fuc~l-6)GIcNAc-Asn, was prepared from a human multiple myeloma IgG 
(Tem) as previously described [21-231. GnGn free of fucose was prepared from transfer- 
rin [13]. Glycopeptides MGn(+F), Mano~l-6(GIcNAc/31-2Mano~1-3)Manj31-4R, and 
MM(+ F), Manod-6(Man~x1-3)Man/31-4R, were prepared from a human multiple myeloma 
IgG (Tern) as previously described [21-241. These biantennary complex N-glycans are 
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named according tothe sugars present at the non-reducing termini of the antennae, the 
Manod-6- arm being named first; the abbreviations are M for Man, Gn for GIcNAc, F for 
fucose, G for Gal and S for sialic acid. 

GIcNAc-transferase Assays 

The standard incubation contained in a volume of 0.040 ml: glycopeptide substrate (18 
- 22 nmoles, 0.45 - 0.55 mM); UDP-[14C]GIcNAc (4 000 - 6 000 cpm/nmole, 058 - 0.65 mM); 
MES buffer, pH 6.3 (0.125 M); GIcNAc (0.2 M); Triton X-100 (0.25%, v/v); MnCI2 (12,5 raM); 
5 - 10/~1 Triton extracts of BH K cells as enzyme sou rce (10- 60/~g protein). After 2 h at 37 ~ C, 
the reaction was stopped by addition of 0.010 ml 2% sodium tetraborate - 0.25 M EDTA. 
Product formation was assessed, as previously described [12, 13, 24] by high voltage 
paper electrophoresis in 1% borate, washing the paper with 80% ethanol and counting 
strips of the dried paper in 15 ml OCS (Organic Counting Scintillant, Amersham, U.K.). 
Activity in the absence of exogenous acceptor was determined and subtracted in the 
calculation of enzyme activity. Product formation was proportional to enzyme content. 
All transferase assays are the averages of 2 to 4 separate determinations. The variation 
between duplicates was usually 10% or less. 

Gal-transferase Assays 

The standard incubation contained in a volume of 0.040 ml: glycopeptide GnGn (0.4 
raM); UDP-[14C]Gal (2 100 cpm/nmole, 2,7 mM); MES buffer, pH 5.7 (0.25 M); Triton X-100 
(0.25%, v/v); MnCI2 (12.5 raM); Triton extracts of BHK cells as enzyme source (20 - 60/~g 
protein). After I h at 37~ the reaction was stopped and product formation was assayed 
as described above for GIcNAc-transferases. 

GIcNAc-transferase Product Isolation 

The substrate MGn(+F) can be acted on not only by GIcNAc-transferase II but also by 
GIcNAc-transferases III [12] and IV i13] (Fig. 2). It was therefore necessary to separate the 
products of these three enzymes. Radioactive product was recovered after scintillation 
counting by washing the papers with toluene (3 times), 1% acetic acid in methanol (6 
times) and methanol (6 times), followed by extraction of the radioactivity by 8 washes 
with water [25]. The radioactive product was acetylated with non-radioactive acetic 
anhydride [12], purified by gel filtration on a Bio-Gel P-2 column (1.5 x 46 cm), eluted 
with water, and analyzed by chromatography on Con A/Sepharose columns (07 x 6 - 8 
cm) as previou sly described [12, 13, 21]. The product of GIcNAc-transferase II adheres to 
the column whereas the products of the other two transferases do not (Fig. 2). 

MGn(+F) can also be acted on by/3-N-acetylglucosaminidase in the Triton extracts to 
produce glycopeptide MM(+ F) which can in turn be converted to radioactive MGn(+F) 
by GIcNAc-transferase I in the cell extracts (Fig. 2). MGn(+ F) and the product of GIcNAc~ 
transferase I[, GnGn(+F), both adhere to Con A/Sepharose. The Con A-positive product 
was therefore fractionated by high voltage paper electrophoresis in 1% borate to separ- 
ate MGn(+F) and GnGn(+F) [22]. The radioactivity in the regions of markers of glyco- 
peptides GnGn(+ F) and MGn(+ F) was determined. 
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Figure 2. The possible fates of glycopeptide MGn when used as an acceptor in GIcNAc-transferase assays. 

Abbreviations as for Fig. 1. The asterisk indicates a radioactive GIcNAc residue. Con A+ represents material 
that binds to Con AJSepharose while Con A- represents material that passes through the column. GnGn and 
MGn can be separated by high voltage paper electrophoresis (HVE). 

Protein Determinations 

Protein was determined [26] using bovine serum albumin as standard. 

Results 

Table I summarizes the results on three separate batches of cells. For all three cell lines, 
the product  formed when Triton extracts were incubated with glycopept ide MGn(+F) 
and radioactive UDP-GIcNAc was fractionated into a minor  component  non-adherent 
to Con AJSepharose and a major Con A-adherent fraction (Fig. 3). 
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] 'able 1. Glycosyl t ransferase specif ic act iv i t ies of t r i ton extracts of  BHK cells. 
Wi ld  type and r icin-resistant mutants of  BHK cells were grown e i ther  to conf luency  
or near conf luency.  The cells were harvested and washed and Tr i ton X-100 extracts 
were prepared as descr ibed in the text. These extracts were assayed for  GIcNAc- 
transferase and Gal-transferase act iv i t ies as descr ibed in the Methods  section. 

Cells Expt  Cell P r o t e i n  GIcNAc-transferase (Gn-T) Gai-trans- GT/ 
No. confl- concen- specific activity ferase Gn-T 

uence tration (GT) II 
of cell (nmoles/mg/h) specific ratio 
extract activity 

Con A- Gn-T I1 Gn-T I d 
(mg/ml) negat- (nmoles/ 

ive Con A HVE mg/h) 
product" assay b assay c 

Wild 
type 

RIcR14: 

RIcR21: 

1 No 6.0 3.0 17.4 -- -- 
1 Yes 1.7 2.6 7.6 -- -- 
2 Yes 3.6 0.5 8.5 7.2 2.2 

1.5 e 8.3 ~ 
3 No 2.9 0.5 18.1 18.1 8.5 

1 Yes 2.0 1.3 12.3 -- -- 
2 Yes 2.6 1.3 14.3 15.6 0.6 

3.~ 14.6 f 
3 No 2.8 1.2 14.2 14.5 0.05 

1 Yes 2.0 1.4 1.5 -- -- 
2 Yes 6.0 0.4 2.8 3.0 7.1 

1.4 e 3.3 f 
3 No 3.1 0.4 3.0 3.2 7.5 

m 

m 

m 

w 

62.9 3.5 
75.9 g 

D 

44.8 3.2 
57.1 g 

35.9 12.0 
64.4 g 

Most  of the Con A-negative fract ion was tota l ly  unretarded (Fig. 3) indicat ing that the 
product  was Manod-6I(GIcNAc/~1-2)(I14C]GIcNAcfll-4)Manc~1-31Manfll-4R, where R is 
GIcNAc/31-4(Fuco~l-6)GlcNAc-Asn, due to the action of GIcNAc-transferase IV [13]. Re- 
tarded Con A-negative radioact iv i ty  characterist ic of GIcNAc-transferase II1 action I121 
was not detected in appreciable amounts in any of the assays suggesting that all three 
BHK l ines lack GIcNAc-transferase III. GIcNAc-transferase IV act iv i t ies ranged f rom 0.4 
to 3.0 nmoles/mg protein/h (Table 1) and did not show consistent var iat ions between the 
three BHK lines. 

The Con A-adherent fract ion showed a skewed e lu t ion prof i le typical  of GnGn when the 
Con A/Sepharose co lumn was eluted wi th o~-methyl g lucoside (Fig. 3) I12, 13, 21, 24]~ 
High voltage paper electrophoresis in borate I22] was carr ied out  on this fract ion to se.- 
parate radioact ive MGn(+F),  formed due to/3-N-acety lg lucosaminidase and GIcNAc- 
transferase I action, f rom the GIcNAc-transferase II product ,  GnGn(+F) (Fig. 2). Over 
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Figure 3. Chromatography of GIcNAc-transferase product formed with MGn(+ F) as acceptor, on a Con A/Sep- 
harose colu m n (0.7 x 8 cm). The arrow shows the position of addition of c~-methyl glucoside. The enzyme was 
a Triton extract of (A) wild type BHK cells, (B) RICR14 cells, and (C) RICR21 cells. About 2 000 cpm were usually 
applied to the colu m n and recoveries were routinely over 90%. All assays gave a qualitatively similar profile al- 
though there were significant quantitative variations as shown in Table 1. Fraction size, 1.0 ml. 

90% of product radioactivity was recovered in the GnGn region of the electrophoreto- 
gram (compare Con A and high voltage electrophoresis assays, Table 1). This indicates 
that our method of preparing cell extracts and the addition to the assay of GIcNAc to in- 
hibit/3-N-acetylglucosaminidase were effective in preventing significant breakdown of 
MGn by lysosomal hydrolases. The supernatant obtained after freeze-thaw lysis of cells 
and centrifugation at 2 000 rpm was centrifuged at 100 000 x g for I h and the resulting 
pellet was extracted with Triton X-100 and assayed for GIcNAc-transferase I as a Golgi 
marker; over 70% of the total transferase activity was recovered in the 2 000 rpm pellet 
indicating this fraction to be representative of the cell's Golgi apparatus. Transferase as- 
says have also been carried out on total homogenates of these cells (ref. 4 and u npublis- 
hed data); although substrate breakdown was appreciable under these conditions, the 
data for GIcNAc-transferases I and II was similar to that in Table 1. 
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Table 1 shows that the GIcNAc-transferase I I specific activities of wild type BHK cells ap~ 
pear to vary with the state of confluency of the cells at the time of harvest. It is possible 
that the rate of glycoprotein synthesis decreases as cells approach confluency. How- 
ever, neither mutant line appears to show this effect. The activity of GIcNAc-transferase 
II in RICR21 cells is 17-27% of that in wild type cells, confirming previous observations 
using a less specific assay [41. It is also seen that GIcNAc-transferase I is nearly absent 
in RICR14, as previously reported I41. Although Gal-transferase specific activity is de- 
creased in RICR21 cells relative to wild type, the ratio of Gal-transferase activity to 
GIcNAc-transferase II activity increases from about 3 in wild type and RICR14 cells to 12 
in RICR21 cells (Table 1). 

Discussion 

Many lectin-resistant mutant cell lines have been isolated [1, 21. In only a few of these 
lines has the enzymatic basis for lectin resistance been clearly demonstrated. The first 
to be studied were those mutants in which there is an almost complete absence of 
GIcNAc-transferase I I3-61 with resultant accumulation of high mannose N-glycans con- 
taining five Man residues and lack of complex and hybrid structures. The mutant cells 
therefore show decreased ability to bind several lectins (Phaseolus vulgaris phytohe- 
magglutinin, ricin, wheat germ agglutinin and Lens culinaris agglutinin) but bind in- 
creased amounts of Con A. 

Another interesting example is a wheat germ agglutinin-resistant mutant of the B16 
mouse melanoma cell line I7, 81. This line has an increased level of GDP-Fuc:GaI~ 
1-4GIcNAc-R (Fuc to GIcNAc) ~-3-fucosyltransferase. Increased fucosylation of antennae 
leads to decreased sialylation and consequent decreased ability of wheat germ aggluti- 
nin to bind to the cell surface. It is interesting that the sialyltransferase levels are comp- 
letely normal in this mutant and yet there is a marked decrease in sialylation. It appears 
therefore that lectin resistance in some mutant lines may not be due to the complete de- 
letion of an enzyme, but to the interplay of quantitative rather than qualitative changes 
in glycosyltransferase or glycosidase levels. The wheat germ agglutinin-resistant mela- 
noma B16 line is such a mutant. The resistance of the RICR21 line to ricin is probably due 
to a similar process. 

Vischer and Hughes [41 have suggested that GIcNAc-transferase II deficiency might be 
the cause of RICR21 lectin resistance. Since their GIcNAc-transferase II assay method 
was not specific, RICR21 extracts were re-examined with more specific assays for 
GIcNAc-transferases I, II, Ill and IV. We have, however, confirmed their finding that 
GIcNAc-transferase II is not absent in RICR21 cells but is decreased by about 73 - 83%. 
Hughes etal [9] have shown the accumulation in RICR21 cells of mono-and di-sialo non- 
bisected hybrids containing three Man residues (the structures shown as MS(+F) and 
MSS(+F) in Fig. 1). These are unusual hybrid structures since they contain three rather 
than the four or more Man residues commonly found in hybrids; in fact, MS(+F) and 
MSS(+F) can be considered incomplete complex rather than hybrid N-glycans. 

Vischer and Hughes I4] suggested that there is competition between Gal-transferase 
and GIcNAc-transferase I I for the common substrates MGn and MGnGn (Fig. 1) and that 
GIcNAc-transferase II predominates in wild type cells leading to complex N-glycans 
while Gal-transferase acts first in RICR21 cells thereby shutting off further GIcNAc-trans- 
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ferase II action with resultant formation of non-bisected hybrid structures. This hypo- 
thesis is supported by our finding that the ratio of Gal-transferase specific activity to 
GIcNAc-transferase II specific activity increased from 3.5 in wild type cells to 12 in 
RICR21 cells (Table 1). We have also shown that addition of Gal to the 
GIcNAc~l-2Man~l-3- arm does indeed block further GIcNAc-transferase II action I10, 
111. It should be pointed out that both thewild type BHKand the RICR21 cells make large 
amounts of high mannose oligosaccharides I91 indicating that the accumulation of 
MS(+ F) and MSS(+ F) in the mutant is not due to an inability to add Man residues during 
oligosaccharide biosynthesis. 

While the above competition model appears to explain the RICR21 phenotype, it does 
not take into account recent findings concerning the subcellular distribution of Golgi 
glycosyltransferases I17-20]. In particular, it appears that Gal-transferase is located in the 
trans-Golgi compartment whereas GIcNAc-transferases I and II, mannosidase II and 
o~-6-fucosyltransferase are located earlier on in the assembly line. We have tentatively as- 
signed these enzymes to the cis/medial Golgi compartment and have assumed that 
GIcNAc-transferase IV is also in this compartment although there is yet no data on this 
point (Fig. 1). GIcNAc-transferase III was omitted from the scheme since this enzyme is 
absent from BHK cells. The scheme shown in Fig. 1 indicates that there is no competi- 
tion between Gal-transferase and GIcNAc-transferase I I because they occur in different 
compartments. The RICR21 phenotype can be explained by assuming that movement of 
the potential GIcNAc-transferase II substrates MGn(+F) and MGnGn(+F) (Fig. 1) from 
the cis/medial-to the trans-Golgi compartment occurs before GIcNAc-transferase 11 can 
act. Hughes et al I9] found no trace of sialylated non-bisected hybrid N-glycans in wild 
type cells nor sialylated bi- and triantennary complex N-glycans in RICR21 cells. The pre- 
sence of appreciable residual GIcNAc-transferase II activity in RICR21 cells would pre- 
dict some overlap in structures between wild type and mutant cells and it is not clear 
why the biosynthetic controls are so stringent. The cores of the RICR21 hybrids were 
shown to be fully fucosylated. Fucose incorporation into the core must occur after 
GlcNAc-transferase I action and before Gal-transferase action [11, 16] and can therefore 
occur in RICR21 cells at any point between Gn(I)M5 and just prior to the exit of glycopro- 
tein from the cis/medial Golgi compartment (Fig. 1). 
The action of Gal-transferase has been shown to prevent the further action of GIcNAc- 
transferases II, Ill and IV, mannosidase II and ~-6-fucosyltransferase I l l  1. If Gal-transfe- 
rase is in a different compartment from these latter enzymes, one can question whether 
this turn-off action of galactosylation plays a functional role in glycoprotein synthesis. 
The scheme in Fig. 1 ensures that initiation of antennae is complete before Gal or sialyl 
residues are added. It is possible that once the glycoprotein has entered the trans-Golgi 
compartment, the turn-off action of galactosylation ensures that no further initiation of 
antennae occurs due to low levels of GIcNAc-transferases in the trans-Golgi. It is clear 
that transferase substrate specificity and subcellular compartmentation must both be 
taken into consideration when attempting to explain lectin-resistant mutant pheno- 
types. 
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