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1. Introduction 

Polyprenyl mannosyl phosphates, which have been 
implicated as intermediates in the biosynthesis of 

glycoproteins [2-53, are formed from GDP-D[14C]- 
mannose in a variety of animal tissues [2- 131, includ- 
ing calf pancreas microsomes [ 121 and human 
lymphocyte homogenates [ 131. Although in some 

cases the polyprenyl mannosyl phosphates were 
shown to have properties similar to those of synthetic 
Dol-P-a-Man [3,9,12,13], the configuration of the 
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anomeric carbon of the D-mannose residue was not 

determined. The present report demonstrates differen- 
ces between the chromatographic and hydrolytic 
properties of the (Y- and 0-D anomers of synthetic 
Dol-P-Man, and shows that the polyprenyl [14C]- 
mannosyl phosphates from calf pancreas and human 
lymphocytes contain a Plinked Dmannose residue. 

2. Materials and methods 

2.1. Chromatography 

TLC was carried out on precoated plates of silica 

gel G (E. Merck A. G., Darmstadt, Germany) with an 
anisaldehyde-sulfuric acid-ethanol (1: 1: 18) [ 141 
spray reagent at 125’C for detection, unless other- 
wise stated. The solvent systems were: (A), (B), and 

(C), CHC13-CH30H-Hz0 (60:25:4), (10:10:3), and 

Abbreviations: Del-P-a-Man, dolichyl a-D-mannopyran- 
osyl phosphate; Do&P+ “C]Man, dolichyl CX-D[ 14C]- 
mannopyranosyl phosphate; Dol-P, dolichyl phosphate; 
Cit-P-u-Man, citronellyl orDmannopyranosy1 phosphate; 
Cit-P-P-Man, citronellyl P-D-mannopyranosyl phosphate; 
&Man-l-P, a-D-mannopyranosyl phosphate; &Man-I-P, 
pD-mannopyranosyl phosphate; Man-1,2-P, &D-mannopy- 
ranosyl 1,Zphosphate; Man-2-P, D-mannose Zphosphate; 
AcOH, acetic acid. 
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Table 1 
Alkaline hydrolysis of dolichyl o- and p-Dmannopyranosyl phosphatesa 

September 1974 

Dol-P-Man Solvent 
anomer 

Vol NaOH Temp. Time Method of Degree of Lipid 
(ml) (cont. M) (“C) On) neutralization hydrolysisb productsb 

P 
P 

1-Propanolc 0.5 0.1 100 0.03 0.1 M AcOH (0.5 ml) > 90% Dol-P 
1-Propanolc 1.0 0.1 100 0.03 AG50W-X8 (p~+)~ 60% Dolichole 
1-Propanolc 0.5 0.1 37 4 0.1 M AcOH (0.5 ml) 75% Dolichole 
l-Butanolf 1.0 0.25 54 3 AG5OW-X8 (py’) > 90% Dolichole 

0.5 mg used for each experiment. 
After neutralization, solutions were evaporated (N, gas) and residues extracted with CHCl-CH,OH (5: 1, 
0.2 ml). The resulting solutions were examined by tic (solvents A and G) and removed from the tube. The 
remaining residue was dissolved in H, 0 (50 ~1) and examined by TLC (solvents C and F). For identity of 
carbohydrate products, see table 2. 
Mixture of I-propanol and M NaOH (1O:l). 
Carried out after concentration to 0.2 ml. Addition of the resin AG50W-X8 (pyridinium+) prior to concen- 
tration resulted in loss of carbohydrate products. 
TLC also revealed the presence of other minor products. 
A solution of solid NaOH in H, O-saturated 1-butanol, with addition of a small volume of methanol to give a 
single phase. 

(10: 14: S), respectively; (D) 2,6-dimethyl-heptanone- 

acetic acid-Hz0 (20: 15:2);(E) CHCls-CHsOH- 
15 M NH40H-Hz0 (65:35:4:4);(F) l-propanol- 
15 M NI-L,OH (1: 1); and (G) toluene-CHs OH 
(49: 1). Paper chromatography was performed on 
Whatman No. 1 paper in solvents (I-I) 95% ethanol- 

M ammonium acetate, pH 7.5 (7:3); and (I) isopro- 
panol-I 5 M NH4 OH-H2 0 (7: 1: 2) and the carbohy- 
drates were detected with periodate-benzidine [ 151. 

2.2. Chemical synthesis 
The following compounds were synthesized: Dol- 

P-o-Man and Cit-P-o-Man [ 161; DOEP-e [I4 C]Man 
[ 16,171; Dol-P-&Man and Cit-P&Man [ 181; a-Man-l- 

P [19];&Man-1-PandMan-1,2-P [20,18] ;Man-2-P 
by acid treatment of Man 1,2-P (0.1 M HCl , 100°C 
5 min); Dol-P [13]. 

2.3. Biosynthesis of polyprenyl [’ 4 c] mannosyl phos- 
phates 
The biosynthesis of ’ 4 C-labeled polyprenyl man- 

nosy1 phosphates from GDP-D- [ 14C] mannose (New 
England Nuclear, Boston, Mass. 02 118) and endogen- 
ous lipid is described elsewhere for calf pancreas 
rough microsomes [ 121 and human lymphocyte 
homogenates [ 131. Chloroform-methanol extracts 
of pancreas microsomes containing a single polyprenyl 

[’ 4 C] mannosyl phosphate were used without further 
purification. The polyprenyl [14C] mannosyl phos- 
phate from human lymphocytes was partially purified 
by DEAE-cellulose chromatography. 

3. Results and discussion 

The a! and P anomers of Dol-P-Man could be 
distinguished from each other by the products of 
their alkaline hydrolysis, by their chromatographic 
mobility, and by the action of cu-mannosidase. 

Following alkaline treatment, Dol-P-o-Man gave 
mainly Dol-P (RF 0.63, solvent A) (table l), and 
traces of carbohydrate breakdown products (table 2). 

DMannose, the expected carbohydrate product, was 
never recovered because it was unstable under the 
conditions used. Thin-layer chromatography (TLC) 
(solvents B and D) indicated that more than 95% of 
D-mannose (1 mg) was degraded after treatment at 
80°C for 5 min in 1 -propanol-:M NaOH (1: 10, 1.4 
ml). In contrast, Dol-P-P-Man gave mainly dolichol 
(solvent G) (table l), and a mixture of &Man-l-P 
(predominant at 100°C) and Man-2-P (predominant 
at 37°C) (table 2). TLC separated the (Y and 0 anomers 
of Man-l-P; Man-2-P was differentiated from o-Man- 
1-P by its resistance to acid treatment and its positive 
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Table 2 
Mobility on silica gel tic of Dmannosyl phosphates, D-mannose, and products of alkaline hydrolysis of dolichyl 

o- and p-D-mannopyranosyl phosphates 

Solvent Man- 1-P 

o-Anomer p_Anomer 

Man- 1,2-P Man-2-P Man Hydrolysis products of Dol-P-Man 

or-Anomer @-Anomer 

B 0.18 0.10 0.50 0.18 
Cb 0.33c9d 

0.4-0.5 [0.331a, [0.52], 0.87 0.18, 0.10 
0:zc.d 0.61’ 0.33’~~ 0.5-0.6 0.33C’e, 0.21Cld, [0.61] 

F 0.31 0.29 0.61 0.35 0.46 [0.35], [0.50] 0.35, 0.29 
D 0.10 [0.41], [0.68] 

a 
b 

Only traces of material detected, in brackets. 
The following tests were only performed with the compounds obtained with solvent C: 

z Giving a positive reaction with a spray reagent specific for phosphate groups [ 21). 
Converted to D-mannose by treatment with dilute acid (0.1 M HCl, lOO”C, 5 min) and not detected by aniline phthalate 
reagent (lOO”C, 5 mm). 

e Resistant to treatment with dilute acid (0.1 M HCl, lOO”C, 5 min) and giving a positive reaction with aniline phthalate reagent 
(100” C, 5 min). 

reaction with aniline phthalate (table 2). 
It is most probable that Man-2-P and &Man-l-P 

obtained from Dol-P-&Man were formed by ring 
opening of Man- 1,2-P during alkaline treatment, since 
Man- 1,2-P is not stable under the alkaline conditions 
used for the hydrolysis of Dol-P-Man. The formation 
of Man- 1,2-P during the hydrolysis of Dal-P-O-Man 
explains the cleavage of the bond between dolichol 
and phosphate, which is usually stable in hot dilute 
NaOH. Furthermore, it is not possible for an o-D 
mannopyranosyl phosphate residue, which has a 
trans diaxial arrangement of the phosphate and C-2 
hydroxyl groups, to give rise to a cyclic 1 ,Zphosphate 

WI. 
These results indicate that alkali treatment of the 

(Y anomer of Dol-P-Man gives dolichyl phosphate, and 
of the 0 anomer, dolichol, the products being diag 
nostic of the linkage present in the original Dol-P- 
Man. It is of interest that alkali treatment has been 

reported to yield dolichyl phosphate and Dmannose 
from polyprenyl mannosyl phosphate of porcine liver 
[9], but dolichol and Man-l-P from that of bovine 
liver [2] . 

Treatment of the pancreatic polyprenyl [ l4 Cl- 
mannosyl phosphate and of synthetic Dol-P-o- [14 Cl- 
Man with 0.1 M NaOH at 65’C resulted in a similar 
rate of release of radioactivity into a water-soluble 
form, the degradation being complete at 20 min. 
However, different radioactive products were formed 
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in each case (fig. 1). The pancreatic polyprenyl man- 
nosy1 phosphate yielded a radioactive product that 
accounted for about 67% of the original radioactivity 
and migrated to the same position as synthetic Man- 
2-P (solvents H and I; fig 1A). This radioactive pro- 
duct had properties similar to those of synthetic Man- 
2-P: it was resistant to acid treatment (0.1 M HCl, 
5 min at lOO’C), which converts Man-l-P into Dman- 
nose, and it was converted by alkaline phosphatase 
into a compound with the RF of D-mannose. When 
alkali treatment was followed by neutralization with 
AG50 (pyridinium), only 2% of the radioactivity 
was recovered in the aqueous phase. Radioautography 

of TLC plates showed spots that cochromatographed 
with P-Man-l-P and Man-2-P (solvent C). After acid treat- 
ment (0.1 M HCI, 5 min at lOO’C), the first of these 

two spots disappeared, whereas the intensity of the 
latter was unaffected, and some radioactivity appeared 
in the region of D-mannose. Similar results were ob- 
tamed with the lymphocyte polyprenyl [r4C]manno- 
syl phosphate. In contrast, Dol-P-o- [14C] Man gave 
completely different products, which probably arose 
from breakdown of D-mannose (fig. 1B). Since alkali 
treatment of the biosynthetic polyprenyl [r4 C] man- 
nosy1 phosphate, like that of synthetic Dol-P-&Man, 
yielded mainly Man-2-P and &Man-l-P, it is concluded 

that the polyprenyl mannosyl phosphates from calf 
pancreas and human lymphocytes contain a /I-D- 
mannosyl linkage. 
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Fig. 1. Effect of alkali on polyprenyl [“Cl mannosyl phos- 
phates. Solutions of pancreatic polyprenyl [‘4C]mannosyl 
phosphate (A) and Dol-P-a-[“C]Man (B) (about 8500 cpm) 
were dried under N, , resuspended in 1-propanol(0.45 ml) 
and M NaOH (0.05 ml), and placed in a water bath at 65°C. 
After 20 min, 0.1 M acetic acid (0.5 ml), and CHCl, -CH, OH- 
H, 0 (10: 5: 1) were added with mixing. The phases were 
separated, the lower phase was rinsed with CHCl,-CH,OH- 
H,O (3:48:47, 0.5 ml) and those rinsings were combined 
with the upper phase which was reduced in volume for paper 
chromatography in solvent H. Radioactivity on the paper was 
located by counting 1 cm strips in 10 ml Aquasol (New Eng- 
land Nuclear, Boston, Mass. 02118) using a Packard model 
3375 liquid scintillation spectrometer. 1,6-Anhydro-D-man- 
nose was a gift of C. P. J. Glaudemans. 

-1.0 

This conclusion was confirmed by the results 
shown in fig. 2. Small differences in the speed of 
migration of the anomers of Dol-P-Man were observed 

on TLC, RF values for Dol-P-Q- and P-Man being re- 

spectively 0.54,0.57 (solvent A); 0.67,0.60 (solvent 
D); and 0.60, 0.54 (solvent E). Different batches of 
silica gel plates showed considerable variations of 
their ability to separate these compounds. The poly- 
prenyl [ l4 C] mannosyl phosphates from calf pan- 
creas or human lymphocytes cochromatographed with 
the Dol-P-&Man in solvents D and E (fig. 2). 

cr-Mannosidase caused the release of all the radio- 123456785 
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Fig. 2. TLC of polyprenyl mannosyl phosphates. Polyprenyl 
[“Clmannosyl phosphate from human lymphocytes (1000 
cpm) was mixed with either Dol-P-a-Man or Dol-P-p-Man in a 
total volume of 25 ~1, and chromatographed in solvent E. 
Lipids were visualized with iodine vapor. Radioautography 
was performed with Kodak No-screen X-ray film. Samples are 
as follows: Dol-P-&Man (I), Dol-P-o-Man (2), Dol-P-p-Man, 
Dol-P-a-Man, and polyprenyl [“Cl mannosyl phosphate 
(3,4), Dol-P-@Man and polyprenyl [ “C]mannosy1 phosphate 
(5,6), Dol-P-o-Man and polyprenyl [ “C]mannosyl phosphate 
(7,8), polyprenyl [ “Clmannosyl phosphate (9). a: radio- 
autograph, b: iodine vapor contact print, c: radioautograph 
overlaid on contact print. Note that the iodine vapor spot 
representing Dol-P-p-Man is obliterated by the radioactive 
material. 

activity from synthetic Dol-P~-[‘~ClMarr into a 
water-soluble form (table 3). In contrast, treatment of 
the pancreatic polyprenyl [’ 4C] mannosyl phosphate 
released no significant amount of water-soluble radio- 
active compounds. This was not due to inactivation 
of the enzyme by constituents of the chloroform- 
methanol extract, since release was observed from 
the synthetic 0-D anomer in the presence of the pan- 
creatic extract (table 3). The specificity of the cu-man- 

Table 3 
Effect of ormannosidase on polyprenyl [“Cl mannosyl 

phosphates 

Polyprenyl [ r ’ C] man- 
nosy1 phosphate 

orMannosidase Radioactivity in 
units/ml aqueous phase 

(cpm) 

Dol-P-o- [ ’ * C] Man 
Dol-P-cr-[I’ C] Man 
Dol-P-o-[ ’ ’ C] Man 
Dol-P-o-[r4C]Man 
Pancreatic 
Dol-P-a- [ ’ ’ C] Man 

0 676 
28.5* 532 
10.7 4936 
20.5 4140 
28.5 176 

& 
Pancreatic 

28.5 4156 

Polyprenyl [ r 4 C] mannosyl phosphate from calf pancreas 
(2980 cpm) and synthetic Dol-P-c~-[‘~ClMan ‘(4830 cpm) 
were dried in tubes with N, in the presence of sodium tauro- 
cholate. The residues were then suspended in a total volume 
of 105 ~1 containing sodium acetate, pH 5 (37.5 mM), sodium 
chloride (50 mM), zinc sulfate (0.05 mM), bovine serum 
albumin (100 pg/ml), sodium taurocholate (0.5%), cyclohexi- 
mide (250 Mug/ml), chloramphenicol(250 pg/ml), and jack 
bean o-mannosidase (Boehringer Mannheim Corp., New York), 
as indicated. After incubation at 35°C for 18 hr, 5 vol of 
chloroform-methanol (2: 1) were added, and the radioactivity 
released into the aqueous phase was measured. 

* Boiled enzyme 

nosidase for the o-D anomer was retained with o-Man- 
1-P and its derivatives, since it catalyzed the release 

of D-mannose from GDP-D [ l4 C] mannose and from 
synthetic o-Man-l-P, Cit-P-o-Man, and Dol-P-crMan, 

but not from the corresponding P-D anomers. 
The chromatographic and hydrolytic data present- 

ed for the polyprenyl [ l4 C] mannosyl phosphates 
formed in calf pancreas microsomes and human 
lymphocytes support the conclusion that these con- 
tain a /I linkage. To our knowledge this is the first 
report of a PD-mannopyranosyl phosphate linkage 
in a naturally occurring product. 
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