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Endogenous acceptors for N-acetylglucosamme (GIcNAc), galactose (Gal) or siahc acid (NeuAc) transfer 
were labeled to high activities when purified hepatic Goigi fractions were incubated with the corresponding 
radiolabeled nucleotide sugar m the absence of detergent. The in vitro conditions which were optimal for the 
endogenous glycosylation of GIcNAc and Gal acceptors (Mn 2÷, ATP) also promoted fusion within a subset 
of Golgi membranes. Electron microscope radioautography revealed that the majority of NeuAc acceptors 
were associated with unfused Golgi membranes, whereas the majority of Gal acceptors were localized to 
fused membranes. GIcNAc acceptors were approximately equally distributed between fused and unfused 
membranes. Under conditions in which Golgi membrane fusion was absent ( -  Mn 2 +), only NeuAc transfer 
was active. The majority of endogenous NeuAc acceptors were consequently assigned to the more trans 
regions of the hepatic Golgi apparatus as concluded from a combination of radioautography (NeuAc transfer) 
and acid NADPase cytochemistry (reactive medial and trans Golgi saccules) The distribution of NeuAc and 
Gal transferases was assessed after Percoli gradient centrifugation of disrupted Golgi fractions. The median 
density of NeuAc transferase was lower than that of Gal transferase. The studies are indicative of distinct 
Golgl components harboring the majority of acceptors and enzymes for terminal glycosylation 

Introduction 

The Golgl apparatus consists of an anatomi- 
cally polarized aggregate of stacked and flattened 
Clsternae in continuity w~th a variety of 
anastomosmg tubular and bulbous extensions at 
the periphery of the saccules (cf Refs 1-9) The 
locahzaUon of &fferent phosphatase acttvlttes to 
&stmct saccules has been estabhshed for some 

Abbreviations CMPase, cytldme monophosphatase Gal 
galactose, GlcNAc, N-acetylglucosamme, HD, half-&stance 
NADPase, mcotlnamlde adenine dmucleotlde phosphatase 
NeuAc, N-acetylneuramlmc a~ld 

time [1,3,10-13] More recently, specific glycosyl 
transferases and associated glycosldases have been 
assigned to &stmct Golgl subcompartments as 
defined by subcellular fracUonatton [14-17], in 
SltU iectm binding [18-21], sugar uptake as as- 
sessed by ra&oautography [22,23] as well as m SltU 
lmmunocytochemlstry of GIcNAc [24] and galac- 
tose transferases [25,26] These stu&es as well as 
observations on the transport of secretory [27-29] 
and membrane proteins [30-32] have all m&cated 
subcompartmentatlon of the Golgt apparatus 

In the present study we define the optimal 
conditions for the glycosylatlon of endogenous 
glycopeptlde acceptors m purified Golgl fractions 
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using detergent-free condmons We also attempt 
to exploit our previous observations on Mn ~ '-  and 
ATP-mduced fusion of Golgl membranes [43] to 
determine by EM radloautography whether all 
acceptors for GIcNAc, Gal and NeuAc transfer 
are localized wnhln the same fused membrane 
domain The approach required that we also de- 
free the distribution of terminal sugar transferases 
by analytical subfractlonatlon of Golg~ compo- 
nent~ on Percoll gradients 

Matermls and Methods 

Matertal~ Guanosme diphosphate [~H]man- 
nose (GDP-I-[~H]Man,  104 Ca/retool), urldine 
dlphosphate [~H]galactose (UDP-I-[~H]Gal,  11 6 
Cl /mmol) ,  uridlne dlphosphate N-acetyl[~H]glu - 
cosamIne (UDP-6-[~H]GlcNAc, 24 C l /mmol )  and 
cytldme monophosphate  [~H]slallc acid (CMP-9- 
[~H]NeuAc, 18 9 C1/mmol)  were obtained from 
New England Nuclear (Boston, MA) Tumcamy- 
cln was a generous gift from Dr R S Dolman (Ell 
Lilly and Co (Canada) L td .  Toronto, Ontario) or 
was purchased from Calbiochem (Calblochem- 
Behrmg Co ,  La Jolla, CA) N A D P  was obtained 
from Boehringer, Mannheim (Montreal) All other 
chemicals were ordered from Fisher Scientific 
(Montreal, Quebec) or Sigma Chemical Co (St 
Louis. MO) 

Sub~ellular fractwnatton Intact Golgl fractions 
were isolated directly from liver homogenates by a 
one-step procedure [33] The Golgl mtermedmte 
fraction was purified from liver mlcrosomes iso- 
lated from normal rats (no alcohol intoxication) 
[34,35] For some experiments, the Golgi inter- 
medmte fraction was subfractlonated m continu- 
ous Percoll gradients [35] The enzymic con- 
smuents  of these Golgl fractions and their mor- 
phological properties have been described m detail 
previously [33,35] 

Endogenous gl)cosylatwn The incorporation of 
radlolabeled sugar from the nucleotlde sugar sub- 
strate UDP-[~H]GlcNAc,  UDP-[~H]Gal  and 
CMP-[SH]NeuAc was based on the endogenous 
galactosylation assay [33] Thus biochemical stud- 
les were camed  out lmmedmtely after the isolation 
of the subcellular fractions [36] For GlcNAc 
transfer, the assay consisted of 30 mM sodmm 
cacodylate buffer, pH 6 5, 20 mM MnCI2. 2 mM 

ATP 1 /~Cl of UDP-[~H]GIcNAc (spec ai.t 24 
(_'l/mmol) and Golgl fractions (20-60 ~g) in a 
hnal '~olume of 0 1 ml Incubations v~ere carried 
out for 10 mln at 37°C and stopped by the ad- 
dition of 1 ml of ice-cold 1% phosphotungstlc acid 
in 0 5 M HC1 Bovine serum albumin (100/~g) v~as 
added to serve as protein carrier After 30 rain at 
0°C the pellets were washed twice in phos- 
photungstlc acld-HC1 and once with ice-cold ab- 
solute ethanol Pellets were dissolved In 0 5 ml ol 
Protosol (New England Nuclear, Boston, MA) and 
treated with H202 before determination of radio- 
active content in a Packard 460 CD hquld scintil- 
lation spectrometer For Gal transfer the incuba- 
tion mixture was identical except that 1 /2CJ of 
UDP-[~H]Gal (spec act 11 6 C l /mmol )  was used 
as substrate For NeuAc transfer. MnCI~ was u~u- 
ally omitted although some experiments were car- 
rled out with 5 mM MnCI~ 1 #C1 of CMP- 
[ 'H]NeuAc (18 9 C i /mmol )  was added to each 0 1 
ml assay mixture All incubations were done in 
duplicate and averaged Furthermore, experiments 
were carried out on two or more separate occa- 
sions and the resultant data were averaged 

Exogenous gly~os)latlon Galactosyltransferase 
was assayed with ovomucoid as acceptor [33,35] 
Slalyltransferase was determined as described by 
Bretz et al [37] using aslalofetuln as acceptor 
Aslalofetuln was prepared from fetum by hydroly- 
sis m 0003 N sulfuric acid at 80°C for 1 h 
followed by neutralization and dialysis and 
lyophfllzauon of the pumfied acceptor 

Llptd extractton Organic extractions were car- 
rled out as descmbed previously [43] Thin-layer 
chromatography was done with sihca gel G-coated 
glass plates (Analtech, Inc .  Montreal, Quebec) 
and ch lo ro fo rm/me thano l /wa te r  (60 25 4, v / v )  
as solvent [43,38] Mild acid hydrolysis of liplds 
was carried out as descmbed by Tkacz et al [39] 
with 0 01 M HC1 added to  N 2 dried ahquots of the 
glycohpid extracts DEAE-cellulose chromatogra- 
phy of glycohplds was carried out after preparing 
columns as descmbed by Rouser et al [40] After 
the addmon of glycohpld the columns were eluted 
with ch loroform/methanol  (4 1) followed by the 
same solvent containing 50 mM ammonium acetate 
and finally by chloroform/methanol  (4 1) con- 
taming 250 mM ammonium acetate 

SDS-polva~rvlarntde .gel electrophore~l~ and fluo- 



rographv Protein samples were electrophoresed in 
discontinuous SDS polyacrylamide gradient gels 
(5-15%) modified from the method described pre- 
viously [33] Fluorography of dried gels was car- 
ried out as described by Laskey and Mills [41] 

Electron rntcroscop); radtoautography and c)'to- 
chemistry Unpelleted samples (i e ,  directly off the 
continuous sucrose gradient) were fixed m 2 5% 
glutaraldehyde in 0 05 M sodium cacodylate (pH 
7 4) then recovered onto Milhpore membranes 
(Mllhpore C o r p ,  Bedford, MA) using the 
Baudhuin et al procedure [42] The samples were 
postfixed and processed routinely for electron mi- 
croscopy and electron microscope rad~oautogra- 
phy [42-44] Quantitation of radioautographs was 
done using techniques described previously [44] 

For the cytochemical studies, intact Golg~ frac- 
tions were fixed for 20 min in 1% glutaraldehyde 
at 4°C then recovered onto Milhpore membranes 
[42] The samples were then washed at pH 5 0 xn 
three changes of 0 1 M acetate buffer with 6% 
sucrose and then incubated for 4 h at 37°C at pH 
5 0 in media prepared with 4 mM N A D P  as 
substrate [45,46] The fractions were postfixed and 
processed routinely for electron microscope rad~o- 
autography [44] 

Results 

Optimization of glycoa ylatton 
Sugar transfer increased temporally for up to 10 

mln with NeuAc and for 15 min with GlcNAc and 
Gal  (Fig la)  with approximately linear transfer 
observed between 200 and 600 #g p ro te in /ml  
(Fig lb)  The concentration of MnC12 optimal for 
glycosylatlon was 10 mM for GIcNAc, 20 mM for 
Gal and 5 mM for NeuAc (Fig lc) using the 
intact Golgi fraction The absence of MnCI 2 re- 
sulted in negligible transfer of Gal but 12% of 
maximal transfer of GlcNAc and 80% for NeuAc 
ATP was required for the transfer of GlcNAc and 
Gal, with only 31% and 22%, respectively, of the 
transfer noted m the absence of ATP (data not 
shown) The presence of a nucleotide-regenerating 
system had no effect on Gal transfer in the pres- 
ence of 2 mM ATP (Fig la)  Transfer of NeuAc 
was less dependent on ATP than was the case for 
GIcNAc or Gal, with 79% of NeuAc transfer ob- 
served in the absence of ATP as compared to that 
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TABLE I 

N U C L E O T I D E  S U G A R  DEPENDENCY OF ENDOGE-  
NOUS GLYCOSYLATION WITH THE INTACT GOLGI  
FRACTION 

Means_+SE of the apparent K,,, and Vm~ ~ representing data 
averaged from three fractlonatlons Linear Llneweaver-Burk 
plots were observed for the transfer of UDP-[~H]GIcNAc 
UDP-[aH]Gal and CMP-[~H]NeuAc at different nucleotlde 
sugar  concentrat ions Incubat ions were carried out for 10 mln 
as described in Materials and Methods Double reciprocal plots 
were obtained using a Hewlett Packard HP 85 v, tthout correc- 
l i o n s  

Nucleotlde sugar Knl Vmd , 
(~M) (nmol /10  mln per mg protein) 

UDP-GIcNAc 072_+012 052_+004 
UDP-Gal  080_+011 148_+033 
CMP-NeuAc 036_+014 027_+008 

in the presence of 2 mM ATP (data not shown) 
The opt imum pH for transfer was approx 6 5 
(Fig ld) with a shghtly more acidic profile evident 
for NeuAc transfer than for either Gal transfer or 
GlcNAc transfer Apparent Michaehs-Menten 
kinetics were observed when incubations were car- 
ried out under optimal condlt~ons (Table I) 

Incorporation mto protems 
Analysts of the radlolabeled acceptor peptldes 

by SDS-polyacrylamide gel electrophoresis fluo- 
rography (Fig 2) indicated that radioactive glyco- 
peptides were similar but not ldent~cal in molecu- 
lar weight for the three labeled sugars Several 
labeled bands were displaced upwards by 2000 in 
M r in the order GIcNAc, Gal, NeuAc Addmon of 
unlabeled sugars (eg  unlabeled UDP-Gal  or 
CMP-NeuAc) did not alter appreciably the dis- 
tlnchve profiles for labeled GlcNAc or Gal accep- 
tors 

Incorporation into hptds 
Approx 3% of the incorporated label was 

recovered from the CHCI~ /CH~OH/MgCI_~  
extractions after GIcNAc transfer, 10% after Gal 
transfer and 10% after NeuAc transfer Silica gel 
G chromatography revealed one major GIcNAc 
lipid, one major Gal lipid but two major NeuAc 
labeled glycolipid acceptors Mild hot acid hydro- 
lyzed the GlcNAc and NeuAc labeled hpids but 
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Fig 1 Parameters for endogeous glycosyla- 
Uon Each point represents an average of two 
determinations and is based on two separate 
fracuonauons (open and closed symbols) car- 
ned out for each parameter assayed (A) Time 
course of glycosylatlon with intact Golgi frac- 
tions and UDP-[3H]GIcNAc, UDP-[ ~H]Gal 
or CMP-[3H]NeuAc as nucleoude sugar 
donors In a separate experiment, the effect 
of the nucleoUde-regeneratmg system cons~st- 
mg of creatme phosphokmase (0 14 mg/ml) 
and creatme phoshate (1 4 mg/ml) was 
evaluated (A) for Gal transfer w~th no effect 
noted (B) Endogenous glycosylatlon as a 
funcuon of Golg] fraction protein concentra- 
tion for sugar transfer from UDP- 
[~H]GIcNAc, UDP-[3H]Gal and CMP- 
[~H]NeuAc nucleotlde sugar donors The re- 
action mixtures were assayed m a volume of 
0 1 ml and the t~mes of mcubauon were 10 
mm for GlcNAc and NeuAc and 15 mm for 
Gal The speofic actwlUes of the nucleotlde 
sugar substrates were 24 Cl/mmol for UDP- 
[~H]GIcNAc, 116 CI/mmol for UDP- 
[aH]Gal and 189 C]/mmol for CMP- 
[3H]NeuAc The concentraUon of UDP- 
GIcNAc was 0 57/~M, UDP-Gal, 0 62 #M, 
CMP-NeuAc, 0 76 /tM (C) Effect of MnCI • 
concentrauon on endogenous glycosylat~on 
with intact Golg] fracuon (D) Endogenous 
glycosylatlon as a funcuon of pH wtth sodmm 
cacodylate as buffer (30 mM) 

the  g a l a c t o h p ~ d  g e n e r a l l y  was  r e s i s t a n t  to  ac id  

t r e a t m e n t  B o t h  t he  G l c N A c  a n d  N e u A c  g lyco-  

h p l d s  we re  b o u n d  to D E A E - c e l l u l o s e  T h i s  w as  

n o t  o b s e r v e d  fo r  t he  g a l a c t o h p i d ,  95% of  t he  

g a l a c t o h p l d  d i d  n o t  b m d  to D E A E - c e l l u l o s e  a n d  

of  t he  r e m a i n i n g  5% of  t h e  l abe l ,  2% w as  e l u t e d  b y  

50 m M  a m m o n m m  a c e t a t e  a n d  3% b y  250  m M  

a m m o n m m  a c e t a t e  T u m c a m y c m  i n h i b i t e d  t he  

t r a n s f e r  of  G l c N A c  a n d  G a l  a t  h i g h  c o n c e n t r a -  

u o n ~  bu t  h a d  n o  n o t i c e a b l e  e f fec t  o n  N e u A c  t r a n s -  
fer  (F ig  3) 

Locahzanon of labeled acceptors 
E M  r a d l o a u t o g r a p h y  was  c a r r i e d  o u t  a f t e r  en -  

d o g e n o u s  g l y c o s y l a u o n  m the  p r e s e n c e  a n d  ab -  

s e n c e  o f  M n  2÷ (F ig  4) S l iver  g r a m s  were  m o r e  

n u m e r o u s  fo r  G I c N A c  o r  G a l  t r a n s f e r  w h e n  M n  2 ÷ 

t he  G o l g l  f u s o g e n ,  was  p r e s e n t  C o m p a r i s o n  o f  the  

g r a m  d i s t r i b u t i o n s  u n d e r  o p t i m a l  e n d o g e n o u s  

t r a n s f e r  c o n d m o n s  (F ig  4b ,d , f )  m & c a t e d  a n  al-  

m o s t  e q u a l  d l s t n b u u o n  o f  G I c N A c  a c c e p t o r s  m 

b o t h  f u s e d  a n d  u n f u s e d  m e m b r a n e s  ( F i g  4 b )  In  

c o n t r a s t ,  t h e  m a l o n t y  o f  G a l  a c c e p t o r s  we re  f o u n d  
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Stain 
I 2 3 

N 

Fluorograph 
I s 21 3 ~ 

Fig 2 Fluorography of labeled proteins from intact Golgl 
fraction after incubation in the presence of various radiolabeled 
nucleotlde sugar precursors Intact Golgi fractions (2 4 mg) 
were incubated 10 mm m 0 5 ml of medium containing 25/tCi 
UDP-[JHIGIcNAc (24 Cl/mmol), 25 p, Ca UDP-[JH]Gal (11 6 
/~Cl/mmol) and 25 /~Ci CMP-[JH]NeuAc (18 9 Ci/mmol), 
respectively After incubauon (10 mln at 37°C), equal amounts 
of radioactlwty were electrophoresed (1 5 106 dpm) Major 
protein constituents are shown on the left after electrophoresls 
and staining (1, 2, 3) The major band corresponds to the 
moblhty of albumin On the right is shown the corresponding 
fluorogram Radioactivity is associated with several Golgl 
peptides and the profiles are similar but not identical to when 
fractions were incubated with UDP-[JH]GIcNAc (1'), UDP- 
[JH]Gal (2') or CMP-[JH]NeuAc (3') The relative mobdltles of 
protein standards are indicated on the extreme left Fluoro- 
graphic exposure was 2 weeks 

in f u s e d  m e m b r a n e s  (F ig  4d) ,  w h e r e a s  t he  m a l o r -  

l ty  o f  N e u A c  a c c e p t o r s  were  f o u n d  in u n f u s e d  

m e m b r a n e s  (F ig  4f)  Q u a n t i t a t i o n  c o n f i r m e d  the  

q u a l i t a t i v e  o b s e r v a t i o n s  (Tab l e  II)  S ince  the  in te r -  

p r e t a t i o n  o f  G o l g l  m e m b r a n e  s t r u c t u r e  a f t e r  

M n 2 + - i n d u c e d  fu s ion  was  far  f r o m  o b w o u s ,  we  

f o c u s e d  o n  N e u A c  a c c e p t o r s  w h i c h  c o u l d  be  

l a b e l e d  to  n e a r  m a x i m u m  in a s t r uc tu r a l l y  u n p e r -  

t u r b e d  G o l g l  a p p a r a t u s  (F ig  4e) C o m b i n e d  ac id  

N A D P a s e  c y t o c h e m l s t r y  a n d  [ J H ] N e u A c  t r a n s f e r  

w a s  ca r r i ed  ou t  (F ig  5), w i th  s i lver  g ra ins  o b s e r v e d  

120[ o 

I~ " " '~  ~ . -  NeuAc 
I00'~ ~ " '  ~' 

i ii 
Tumcamycm ( J a g / m l )  

Fig 3 Effect of tunlcamycm on endogenous glycosylatlon with 
the intact Golgi fraction incubated as described m Materials 
and Methods with UDP-[JH]GlcNAc (O), UDP-[JH]Gal (e, 
C)) and CMP-[JH]NeuAc (zx) as nucleotide sugar substrates 
Control experiments were carried out with purified rough endo- 
plasmlc retlculum fractions incubated with UDP-[JH]GlcNAc 
as described in Ref 44 Tunlcamycm was dissolved in dimethyl 
sulfoxlde (20 mg/ml) and added to the incubation media at the 
concentrations indicated Control experiments with equivalent 
amounts of dimethyl sulfoxlde alone revealed no effect on the 
transfer of labeled nucleotlde sugars under these conditions 

primarily over NADPase-reactlve components 
(Table III) 

Subcompartmentatton of glycosyltransferases 
Percoll gradient subfractlonatlon of the dis- 

TABLE II 

DISTRIBUTION OF GIcNAc Gal, NeuAc ACCEPTORS IN 
GOLG1 FRACTIONS 

Sliver grains (five analyses) were scored over vesicles and 
tubules with a hpoprotein content or over empty fused Golg] 
membranes by direct counting with a resolutmn boundary 
circle of 1 HD m radms Values presented are means + S D 

Nucleotlde sugar Distribution of sdver grams (%) 

hpoprotem electronlucent 
content content 

UDP-GlcNAc (1332) a 55 8 + 6 2 b 44 1 + 6 4 
UDP-Gal (2675) 39 4 5:9 9 ~ 60 6 5:9 8 
CMP-NeuAc (2781) 68 8 5:8 7 d 31 1 5:8 7 

a Number of sdver grains 
b GIcNAc vs Gal, P < 0 009 

Gal vs NeuAc, P < 0 001 
d NeuAc vs GlcNAc, P < 0 013 
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TABLE Ill 

DISTRIBUTION OF NeuAc ACCEPTORS IN INTACT 
GOLGI  FRACTION 

108/Lg protein of mtact  Golgl fraction were mcubated at 37°C 
for 10 rmn m 1 5 ml of medium containing 15 7 ~CI of 
CMP-[3H]NeuAc (18 9 C1/mmol)  and 30 m M  sodium cacody- 
late A small ahquot was taken and total incorporation was 
determmed to be 8 964 106 dpm The remaining fraction was 
then fixed and treated for NADPase  cytochemlstry and elec- 
tron microscope radloautography as m&cated m Materials and 
Methods 22 ra&oautographs (20 day exposure) having a fmal 
magmficatton of × 38000 were used Area analysts (total area 
= 660 /~m ~') was carried out by the pomt-htt  method Gram 
dtstrlbutton was done usmg a resolutton orcle havmg a radms 
equal to 1 HD The proporUon of grams within 1 HD of 
NADPase-poslt lve and NADPase-negat lve structures was de- 
termined and compared to that over mtermembrane spaces In 
total 2329 grams were analysed Cht-squared analysis mdlcated 
a stgmficantly higher ( P  < 0 001) labehng over NADPase-reac- 
t~ve structures 

NADPase-  NADPase-  ln termembrane 
posttlve negative space 

Percent volume 298_+9 1 8 5 + 6  515-+10 
Percent grams 760-+6 1 7 9 + 5  61-+ 4 
Relattve gram 

concentratton 2 6 1 0 0 1 

rupted Golgl lntermedmte fraction was carried out 
and fractions were assayed, m the presence of 
detergent, for NeuAc transfer to aslalofetum and 
Gal transfer to ovomucold (Fig 6) The dtstnbu- 

t~on of slalyltransferase actw~ty was shifted to 
lower density values than that for Gal transferase 

Discussion 

Despite the mult~phclty of endogenous accep- 
tors and glycosyltransferases present in Golg~ frac- 
uons, on12~ a single rate-l tmmng event of low K m 
was observed for each nucleottde sugar donor dur- 
mg endogenous glycosylatton Tl'ns was presuma- 
bly related to the transport of nucleoude sugars 
through Golg~ membranes Most of the other b~o- 
chemical properties of endogenous glycosylatlon 
were as expected [37,47-49] except for the glyco- 
hp~d acceptors and the relatively high requirement 
for Mn 2 + for endogenous GIcNAc (10 mM Mn 2 + ) 
and Gal (20 mM Mn 2 +) transfer 

We had previously shown a correlation between 
Mn 2 ~-dependent membrane fusion and Gal trans- 
fer [43] The present study confirmed by EM ra&- 
oautography that the majority of Gal acceptors 
were found m fused membranes Braell et al [50] 
have suggested that fusion of o s  and medial Golga 
saccules containing acceptors w~th trans ctsternae 
containing transferases may explain the data The 
following lines of evidence argue against this 0) 
the majority of GIcNAc and NeuAc acceptors 
were not correlated with fused Golgl membranes,  
(n) near-maximal transfer of NeuAc was observed 

Fig 5 Dual localization of NeuAc acceptors and NADPase  activity m the intact Golgl fraction Sdver grams m&catwe of sites of 
incorporation of NeuAc are mainly distributed over NADPase-posl twe elements ×32000 
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Fig 6 D,stnhutm of slalyl- and galactosyltransferase act=vsttes 
to defined exogenous substrates (asmlofetum and ovomuco=d, 
respectwely) A parent Golgl mtermedmte fracUon was sub- 
jected to Percoll g radmnt  centrffugat lon with glyco- 
syltransferase assays and denstty determinations were carried 
out on each fraction The parent Golga mtermedmte fraction 
was 35-fold enriched over the homogenate  m smlyltransferase 
activity and 49-fold ennched m galactosyltransferase activity 
After Percoll gradient subfractlonatlon, peak stalyltransferase 
activity) was 71-fold enriched over the homogenate, whde peak 
galactosyltransferase actwtty was 210-fold enriched over the 
homogenate 

under non-fusogemc conditions ( - Mn-" +), ( 1 1 1 )  the 
spectrum of labeled acceptors, as evaluated by 
SDS-polyacrylamlde gel electrophoresls, was unal- 
tered by co-Incubation with complementary un- 
labeled nucleotlde sugars As several labeled bands 
were displaced by approx 2000 in M r for labeled 
GlcNAc, Gal  or NeuAc acceptors, respectwely, 
then such shifts should have been observed tf 
transport of acceptors had occurred during the 
conditions of endogenous glycosylatlon 

No evidence for an acid-labile Gal hpld was 
found The small proportion of charged galactoh- 
pld probably corresponded to that previously 
identified on SDS-polyacrylarnlde gel electro- 
phorests [43] The GIcNAc lipid was tdentlfied as a 
dohcholglycophosphohpld but &d not serve as 
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intermediate in terminal glycolysatlon as based on 
the tumcamycm studies Very high concentrations 
of tumcamycm inhibited both GlcNAc and Gal 
transfer This observatxon confirms and extends to 
UDP-GlcNAc,  but not CMP-NeuAc, the studies 
of Yusuf et al [51] on the tumcamycln sensltwlty 
of nucleotlde sugar transport through Golgl mem- 
branes 

We elected to use NADPase  as a cytochemtcal 
marker since cleaner and more consistent results 
were obtained with this enzyme compared to 
thiamine pyrophosphatase in our intact Golgi frac- 
ttons Angermuller and Fahlml [55] reported strong 
NADPase  actwlty within medial and trans Golgl 
saccules of rat hepatocytes We have observed 
slmdar Golgi locahzatlons m whole rat liver and 
intact Golgl fractions [52] Since contiguous 
NADPase-reactwe saccules occupied between 100 
and 150 nm at the trans side of the Golgl stack, 
and considering that the resolution boundary circle 
for ~H under our conditions was approx 70 nm 
for 1 half-distance [53], It seemed reasonable to 
conclude from the data in Table III  that few 
NeuAc acceptors were associated with the two 
NADPase-negatwe saccules comprising the ClS side 
of the stack The exact location of NeuAc accep- 
tors m relation to NADPase-posl twe medial and 
trans regions of the Golgl stack could not be 
resolved by the present study Furthermore, it was 
not possible to extend these observations to 
GlcNAc or Gal acceptors because of the loss of 
normal structural relationships within the Golgl 
stack that results when high Mn 2 ÷ concentrations 
induce membrane fusion 

The significantly different proport ions of 
GlcNAc, Gal and NeuAc acceptors m fused vs 
unfused Golgl membranes was indicative of dis- 
tract regions of the Golgl apparatus harboring the 
majority of their respective acceptor glycopeptldes 
m sltu Morre et al [54] have also made similar 
conclusions based on Golgl apparatus sub- 
fractlonatlon using an electrophoretlc protocol 
These observations imply &stmct domains in 
hepatic Golgx apparatus containing the corre- 
sponding glycosyltransferases Dunphy et al [15] 
and Goldberg and Kornfeld [17] observed differ- 
ent peak densities for GlcNAc and G a l / N e u A c  
transferases by analytical sucrose gradients Using 
higher-resolution Percoll gra&ents, we have docu- 
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mented different median densmes for Gal and 
NeuAc transferases As for the acceptors (vide 
supra), a complete separation of transferases was 
not observed, thereby leaving open the posslbtllty 
of some overlap m s~tu 

These studies therefore extend the concept of 
mtra-Golgl specmhzatlon of function [13] The rea- 
sons for th~s subcompartmentatlon are not clear to 
us but the wide variety of structural components 
observed in detaded morphological studtes of the 
m situ Golgl apparatus (eg  Refs 2. 4-9, 12) 
leaves considerable scope for functional differenti- 
ation within th~s organelle 
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