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1. Introduction 

Although the importance of the dolichol pathway 
in’forming carbohydrate portions of glycoproteins is 

generally accepted [ l-41, the membrane-bound 
enzymes involved in these reactions are so far not 
studied in any detail. The main obstacles for such 
investigations are the solubilization and stabilization 
of the proteins in question as well as the need for a 
test system with defined substrates for the solubilized 
enzymes. A solution of the latter problem seems in 
sight, since well-defined polyprenols [5] as well as 
small peptides which serve as carbohydrate accepting 
units [6-81 are now available. 

Here we describe a strong inhibitory effect of non- 
ionic detergents on the following glycosyl transfer 
reactions: 

UDP-GlcNAc + Dol-P + Dol-P-P-GlcNAc t UMP (I) 

Dol-P-P-GlcNAc + UDP-GlcNAc --f 

Dol-P-P(GlcNAc)? + UDP (11) 

GDP-Man + Dol-P + Dol-P-Man t GDP (Ill) 

This inhibitory effect can be prevented by poly- 
prenyl phosphates. The specificity and concentration 
dependence of the protective agents suggest that the 
active site of the enzymes must be occupied by the 
substrate to keep the enzymes in a form which is non- 
susceptible to detergents. 

2. Materials and methods 

The membrane fraction was prepared from 
Sacchuromyces cerevisiae (strain 66.24, Fleischmann 
Labs.) as in [9]. Preincubation of the enzyme with 
detergents was carried out routinely over 30 min at 
0°C in a medium containing: MgCls (10 mM); 
Tris-HCI (pH 7.5) (40 mM); detergent (0.15% or 
0.2% to show the effect on marmosyl transfer); 
yeast membranes (75-100 E.(g protein) in 50 4 total 
vol. Membranes preincubated in an identical way 
except for the presence of detergent were used as a 
control. Polyprenylphosphate (5 mnol single chain- 
length Cl,,,,- or Css-dolichylphosphates) as well as the 
other lipids tested were introduced to the preincuba- 
tion medium after drying them under nitrogen or 
drying them together with 2 pmol MgEDTA (where 
indicated). 

Various polyprenylphosphates [5] were obtained 
from Dr T. C. Chojnacki (Polskie Odczynniki Chem.). 

Transfer ofN-acetylglucosamine from UDPGlcNAc 
to polyprenylphosphate was measured over 30 mm 
at 23°C in the medium containing: 6 ~01 Croo-doli- 

chylphosphate dried together with 2 pmol MgEDTA, 
MgClz (8.3 mM), Tris-HCl (pH 7.5) (33 mM), 
Nonidet P-40 or other detergents tested at 0.125% 
final cont., UDPGlcNAc (0.1 &i, spec. act. 300 Ci/ 
mol) preincubated membrane preparation 80-100 c(g 
protein) in 60 ~.tl total vol. 

Formation of DolPMan was measured over 5 min 
at 23°C as in [9]. 

Labelled lipids were extracted and washed as in 
[Q]. Thin-layer chromatography was performed on 
Merck Silica GelG [IO]. 
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3. Results and discussion 

N-Acetylglucosamine transferases have been solu- 
bilized from porcine aorta by Nonidet, and to a lesser 

extent by Triton [I 11. These detergents, when added 
to the incubation mixture with yeast membranes 
inhibit the transfer of [14C]GlcNAc from UDP-[r4C]- 

GlcNAc to endogenous lipid considerably (fig.1). In 
the presence of detergent and of exogenous dolichyl- 
phosphates, however, the activity is maintained and 
at 0.15% detergent even a stimulation of -20% as 
compared with membranes in the absence of deter- 

gent and exogenous dolichylphosphates is observed. 
The inhibitory effect at low concentrations of the 
detergents most likely is due to solubilizing the endog- 
enous dolichylphosphate, thereby lowering the actual 
lipid acceptor concentration in the vicinity of the 
enzymes. 

Under the experimental conditions of fig.1 the 
exogenously supplied dolichylphosphate indeed acts 
as acceptor for GlcNAc; this is shown in fig.2. In this 

Fig. 1. Effect of detergents on the GlcNAc transferase activity 
of yeast membranes. The transfer of radioactivity from 
UDP-[ “C]GlcNAc into the total Lipid soluble fraction is 
plotted. Open symbols transfer activity to endogenous lipid 
acceptor; closed symbols transfer activity in the presence of 
5 run01 C,,,-dolichylphosphate. For other conditions see 
section 2. (o, l ) Triton X-100; (a, A) Nonidet P40; (0, n ) 
deoxycholate. 

Lapid I 

1 

Unknowns 

Lipid II 

Dot-iCaD)PP-GlcNAc 

DoI-~C~+P-GICNAC 

DOl-(C8G)PP-(GlcNA+ 

DoI-(C~$%IGICNACI~ 

Fig.2. GlcNAc transfer to exogenously supplied C,,-dolichyl- 
phosphate. (A) Control incubation in the presence of 0.15% 
Triton X-100; for other conditions see section 2. (B) as (A) 
plus 5 nmol C,,dolichylphosphate. 

experiment C,,-dolichylphosphate was added as exog- 
enous acceptor and the mono- and disaccharide formed 
with the polyprenylphosphate separates on thin layer 
from those formed with the endogenous CBo-dolichyl- 
phosphate. 

During the course of studies undertaken to solu- 
bilize the GlcNAc transferases it has been observed 
that the inhibitory effect of Nonidet and of Triton 
cannot be overcome anymore, when polyprenylphos- 
phates are added a few minutes after the detergents. 
Thus, besides lowering the endogenous dolichyl- 
phosphate concentration by detergents, the latter 
also seem to irreversibly inactivate the enzyme in 
the absence of its substrate. This effect is clearly 
shown in table 1. A preincubation of membranes in 
the presence of Nonidet or Triton at 0°C for 30 min 
(however 3 min are already sufficient for the effect) 
leads to a loss of enzyme activity of <90%, although 
exogenous Cl,,,,-dolichylphosphate was present during 
the determination of enzyme activity, i.e., after the 
preincubation. The radioactivity given in table 1 and 
for the following experiments refers to the transfer 
of GlcNAc to exogenous polyprenylphosphates only; 
transfer to all endogenous acceptors has been sub- 
tracted. If the preincubation is carried out in pre- 
sence of Cloodolichylphosphate, only -IO-20% of 
the enzyme activity is lost. The same small degree of 
inactivation is observed when the preincubation in 
the presence of prenylphosphate is extended <3 h. 
With deoxycholate the preincubation effect is not 
observed, however with this detergent even without 
preincubation only 1/3rd of the enzyme activity is 
measurable (table 1). 
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Table 1 
Effect of detergents on the activity of UDP-GlcNAc + polyprenylphosphate 

transferase 

Treatment Detergent present during pretreatment and testa 

No pretreatment 
(control) 23 438 24 144 6336 
Pretreatment with 
detergent (0°C 
30 min) 2530 2270 7238 
Pretreatment with 
detergent plus 
C,,adolichylphos- 
phate + Mg EDTAC 
(O”C, 30 min) 20 560 19 099 8765 

Nonidet P40 Triton X-100 Na-deoxycholate 
[ WJGlycolipid formed (cpm .80 pg protein-‘. 30 min-‘)b 

a 0.8 mg/mg protein 
b The two unknown radioactive lipids (I) and (II) (see also fii.2) amount to -5% 

of the total radioactivity in the control. The pretreatment (with Nonidet or 
Triton) does not change the radioactivity in these two lipids 

c 5 nmol C,,- dolichylphosphate, 2 pmol Mg-EDTA 

The protective effect by polyprenylphosphate was 
much lower at room temperature (only -25%) than 
at 0°C. On the other hand, the irreversible inactiva- 
tion by detergents is a function of the protein/deter- 
gent ratio and is lower at ratios >l . 

The protection by polyprenyl phosphates against 

irreversible detergent inactivation is a very specific 
effect. As shown in table 2 neither the a-unsaturated 
CIee-polyprenylphosphate, which also does not serve 
as a substrate for this enzyme [9], nor free yeast 
dolichol (mainly C,), nor lecithin is able to protect 
to a significant extent. C ,,Dolichylphosphate yields 

Table 2 
Protection of the GlcNAc transferase activity against Nonidet P40 inactivation 

Present during pretreatment (0°C 30 min) 

Nonidet P40 Mg-EDTA ‘Protecting’ agent 

[ “C]Glycolipid formed 
(cpm .40 pg protein’. 30 min-‘1 

- 
+ 
- 
+ 
+ 

- 

+ 
- 
+ 
- 
_ 

_ 
C,,,-Dolichylphosphate 
C,,O-Dolichylphosphate 
_ 

C,,,-polyprenylphosphate 
(a-unsaturated) 
C,,O-polyprenylphosphate 
(a-unsaturated) 
Yeast dolichol 
Yeast dolichol 
Lecithin 
Lecithin 
UDPGlcNAc 

10 686 
294 (3%) 

9404 (88%) 
5703 (53%) 

791 (7%) 

2000 (19%) 

652 (6%) 
1467 (14%) 
753 (7%) 

2374 (22%) 
690 (6%) 

2137 (20%) 
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an almost complete protection if also Mg-EDTA is 

present (Mg” alone has no effect, whereas EDTA 
alone strongly inhibits the reaction). The positive 
effect of Mg-EDTA on enzymes transfering sugars to 
exogenous dolichylphosphates has been known for a 
long time [12,13]. UDP-GlcNAc, the other substrate 
of the enzymes, shows only little protective action. 

The results reported suggest that the active site 
for prenylphosphates of the GlcNAc-transferases has 
to be occupied so that the enzymes are not suscepti- 
ble towards detergents. For the enzyme catalyzing 
reaction (II) (see above) actually Dol-P-P-GlcNAc 
should be the corresponding substrate, however the 
dolichylphosphate part might already suffice to 
bring about the protection. It cannot be excluded 

‘on the other hand that only the enzyme catalyzing 
reaction (I) is affected by the detergent as well as by 
the protecting dolichylphosphate, since an inhibition 
of reaction (I) will also completely prevent the for- 
mation of the lipid disaccharide [lo]. 

When the dependence of the protective effect on 
the concentration of prenylphosphates is measured 

a saturation curve is obtained with an app. Km 
4 X lo-’ M. This value agrees very well with the 
Km for polyprenylphosphate when it acts as GlcNAc 
acceptor in the actual transfer reaction (tig.3). The 
argument is strengthened, therefore, that polyprenyl- 
phosphates have to occupy the enzyme active site in 
order to act as protectors against detergents. 

Also the enzyme catalyzing the mannosylation of 
Dol-P to Dol-P-Man is affected by detergents in a 
similar way to the ClcNAc transferases and can also 
be protected by prenylphosphates (table 3). 

Table 3 
Effect of Nonidet P-40 on the activity of 

GDP-Man + dolichylphosphate transferase 

Treatment Dolichylphosphate mannose 
formed (cpm .75 erg 
protein-‘. 5 min-‘) 

No pretreatment 
(control) 32 122 
Pretreatment with Nonidet 
(0.8 mg/mg protein) 
O”C, 30 min 7125 
Pretreatment with Nonidet 
+ C,,dolichylphosphate 
(5 nmol) 73 827 
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Fig.3. The dependence of the protective effect on the con- 
centration of prenylphosphate. (0-0) The membranes 
have been preincubated with Nonidet P40 according to 
table 1 and section 2. During preincubation increasing 
amounts of C,,,dolichylphosphate as indicated were pres- 
ent; during the test saturating amounts of prenylphosphate 
(10 nmol) were present. (o-o) The GlcNAc transferase 
activity of the membranes was tested without preincubation. 
The test was carried out as in section 2 with varying amounts 
of C,,,-dolichylphosphate. 

The phenomena described can be explained by 
assuming the existence of two conformational states 
of the enzymes, only one being highly susceptible 
towards detergents. The presence of polyprenylphos- 
phate at the active site of the enzyme would have to 
change the enzyme to a form not susceptible to deter- 
gent. Whether such a postulated conformational 
change of the enzymes might be related to their 
possible function of translocating sugars through the 
membrane can be, of course, merely a matter of specu- 
lation in the moment. It also cannot be excluded that 
the detergent and the prenylphosphate simply com- 
pete for the active site. This seems less likely, how- 
ever, since in this case a reversibly bound substrate 
should not be able to protect against an irreversible 
detergent inactivation; the substrate would be 
expected only to slow down the inactivation process. 
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