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1. '\Intro.ducﬁon

" The role of polyprenyl phosphates in the biosynthesis
of various sugar polymess has been demoensirated in- -
bacterial as well s enkaryotic cells. Tanner {1]
presented evidence that a lipophilic mannose derivaiive
might be the precursor of yeast mannan and later [2]
observed a moderate stiimulation of the formation of
the mannolipid on using chemically phosphorylated
dolichols from pig liver {a mixiure of cisftrans
Cgs—Cq3p Polyprenols with a satuiated a-residues) and
from yeast {a mixture of cis/trans Cqg—Cgp polyprencls
with saturated a-residues). The formation of the
mannolipid by particulate enzyme preparations from
yeast as reported by Sentandren and Lampen [3, 4]
‘was the intermediate step in the bmsyntn#sw of

mannan. from GDP-mannose.

The presem paper describes the formation of hp:d-
lmked sugars by particulaie enzyme preparation from
yeast using UDP-glucose and UDP-galactose as the sugar
donors. The reaction of these nuclecside diphosphate
sugars and of GDP-mannose with both endogenous
lipid acceptors from yeast and from pig liver as well as -

with the monophosph'ate of the plant polyprenol—fica- -

prencl {a mixture of Cyp-, Css- and Cgp-cis/trans poly-
prenols 15} is.the sub;;ect of this report. .

_2 Matena}s andmeﬂ:ods S
GD]P~ !C14]mannose and UDP-[14C]ga]ac!ose were

_frum The Radiochemical Centre, Amers.ham, Bucks.,
“England. UDP-[14C] glucose was prepared by the

p}evious stuzies [7). Unlebelled nucleoside diphosphate

- sugars 'were Srom Serva, Hmdel’b.erg, Germany.

- A commercial yeast strain, cultivated on a medium
containing 2°% giucoess, 2% peptone arid 25 yeast
exiract was vollected in early siationary phase {second
generation) end used routinely. Two wild strains from
our own colizction {S-288C, haploid and SBTD, diploid)
were also tesied.

Enzyme preparation: Fresh yeast cells were

“mechanically gisrupted with Ballotini beads, suspended-

in Tris-maleate buffer (50 mM), pH 7, coniaining 1 mM
mercaptoethancl and centrifuged at 1000 g and
10 000 g for 10 min and the sediment was discarded.

The supernatant was centrifuged at 103 000 g for 1 hr -
and the resoting pellet of pmﬁ«:ula&e fraction was used

as the source of enzyme. .
Lipid acceptor from yeast {crude. dolichol phosphate

' preparatmn) was obtained by the method of prepara-

tion of dolichcl phosphate from pig liver {7, 8]. Lipid

. extract obiaing:d from 1 kg of fresh baker’s yeast

(partially dried and defatted with acetone) was sub-

~ jected to alkaline and acid hydrolysis and’ fracimna?ed

on the column of ] DEAE—'celhﬂosg with increasing con-
centrations of ammonium acetate (0—22 M) in -

: 'cmoxofonn—ﬂeih-afaol 271 mixtuge. The fracnsns wers '
- washed with water to remove ammonimmn acetate [9]
< and tested for ‘the presence of suﬂar-bmdmg hpxds and

for total phesphors {10} . ,
The biosyathesis of hpid_lmke d sugars was maasured

o f "afte: 1 hr of incubation of enzymse preparation with the.
mppropfxate lipids and 'labeﬂed nucleoside dlphwsj)hat 3
T _ﬂl.gars s udescn'ced in a prevmus pape; 17} 2

§memoa ofw,j right and Roabms 61 [ﬁ-ﬁP]UDP-gmcoge R
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3. Results and discussion

The yeast cells contain an alkali- and acid-stable:
phospholipid which is eluted from DEAE-cellulose in
approximately the same position as dolichol phosphate
from pig Hiver [7], and stimulates the incorporation of
glucose from UDP-glucose into the lipid fraciion 57
times in the presence of rat liver microsomes. This
effect is similar to that of dolickol phosphate and
ficaprenyl phosphate that was Jescribed earlier {11].
The addition of ficaprenyl phosphate greatly increases

the incorporation of sugars from nucleoside diphosphate

sugars into lipids by enzyme preparation from yeast
(table 1). GDP-mannos: was the most effective pre-
cursor in this reaction, but with UDP-glucose and
UDP-galactose the formation of Bpid-linked sugars was
also observed. The observed stzie of this reaction is
higly dependent on the yeast sirain. For example,
commercially obtained yeast gave higher yield of total
enzyme units than yeast from our own collection
probably because the Intter yezst {as we found) has a
higher level of enzymes which -legrade both nucleoside
diphosphate sugars and preny! phosphates.

The formation of lipid-linked glucose was linear
during 1 hr of incubation and after 2 hr shightly
decreased (fig. 1). The enzyme preparation was active
in a wide range of pH with the optimum in pH 7.0
{fig. 2). The magnesium salt of EDTA was necessary
for full enzyme activity, was better than MgC12 alone,
and could not be [rep]awz,ed by Mn2* ions.
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Fig. 2. Effect of pH on the incorporation of glncpse from

UBP-] M{?]ghmsae into the lipid fraction. Cvonﬂm@ns as given
in table 1.

The amount of sugar transferred to the Hpid fraction
is dependent on the amount of lipid acceptor added .
{fg. 3). A rather high level of ficaprenyl phosphate is
necessary for full activity of the enzyme. This may be
due 1o the presence of polyprenyl phosphate phos-
phatase in yeast {G. Palamarczyk, unpublished results).
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Table l
Eiffect of ﬁcap;renyl phosphate fo¥ ﬂ:e i‘om:\zmon 'Df lipid-
linked sngars. :

- Nucleoside Ficaprenyl {'pmoles of
diphosphate phosphate lipid-linked
SEAT hexose/min/

: mg protein) 7
UDP-glucose ' — 3
¥ B0
UDP-gzlactose - 4
+ 20
GDP-mannoss - 13
+ 4867

The incubation mixture contained in a final vol of 100 ul:
10D nmol of ficaprenyl phosphate, 1 pmol of MgoEDTA,

12 pmol of Tris—mezieate buffer, pH 7.0, 40 nmol of me-cap-
toethanol, 250 nme! of the indicated nucleoside diphosphate
{23C]Isngar, 0.6% Triton X-100 and 370 ug of enzyms protein
(standard incnbation conditions).

The incorporation of glucose from UDP-glucose
and mannose from GDF-mannose into lipid fraction
was also stimulated by naturally occurring dolichol
phosphates from pig liver and from yeast (3able 2).
However, the effect of these phospholipids can not be
compared with that of ficapreny] phosphate as the

Table 2

Effect of cmde dolichol phosphate preparations ! {Dn]-?) from
pig liver and yeast on the formation of Bpid-linked sugars.

Nucleoside Crude Dol-P {pmoles of
diphosphate . praparation Lipid-tinked
sugar hexosefminf
© mg proiein}
UDP-ghncose None 3
UDP-glucose Dol-P from &
] ) pighver -
TDP-glacose - Dol from .t
o yeast ,
GDP-mannose None B
GDP~mannuse DolP from 275
T pig liver
GDP-mannose Del-P from 23
SR yeast:. -

The mcuba'hm:x was &one inthe sla:néa:n eonditions except

that 130 g of enzyme protein was used and ficaprenyl phos

i })haie was replaced by crude dolichol’ phosph?tsprepamuon

from pig | hve: (50 nmol m fhpxd P) anﬁ fmm yeast (10 nmoles 7

of hpxﬁ P)

Angnst 1‘9?3

_ ' exaci amount of fdmhchol ph ospha‘le in crude prepara-
tions obtained from pig liver and veast is not shown,

The stimulating effect of the preparation of dalichol

- phosphate from yeast was similar to that observed by

Tanner et al, {2] but the high stimulation observed
with dolichol I)}msphaie fmm pig | lwar was mthe:r
surprising.

“When [B-32P1 UDP—glucmsa was nsed as the sugar
d@nox the radioactivity was not incorporated into
lipids. This result points to a phosphoryl rather than
pyrophosphoryl linkage of ghicose to the lipid. The .
same type of structurs was suggested for the yeaest
mannolipid studied by Sentandren and Lampen [4].

As shown in this paper the biosynthesis of Lipid-

- Mnked sugars in yeast may b2 involved not only in the

transfer of mannosyl residue in the process of the for-
mation of mannan. The resulis obtained peintio a
more general character of polyprenyl phosphate
sugars in yeast and at a relaive unspecificity of the
enzyme lipid-tinked sugars with respect to the type of
lipid acceptor.
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