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1. Imtmfm;c@ion

The addition of individual monosaccharides in the
synthesis of glycoprotains is thought to be catalyzed
by glycoprotsin: glycosyl transferases in mammalian
tissues according io the following reaction:

glycosyl

transferase
—_—

Acceptor + NNP-monosaccharide acCceplorT-mono-

M2
saccharide + NINP

where the acceptor is an incomplete glycoprotein,
NMP-monosaccharida is a nonspecific mono- or di-
phosphonucleotide monozaccharide, the glycosyl
transferase has a high degree of specificity , and M2¥
is a divalent eation (useally Ma2¥ or MgZ*) but is not
always required {1—10] . In genesal, it is well estab-
lished that the glycosyl transferases are membrane
bound and require drtergent solubilization for full ex-

pression of activity. OF late, however, two lines of evi-

dence suggest that the addition of monosaccharides
to glycoproteins may not occur as simply as related.
in the eguation above but may involve other factors.
“The first is the m:plxcanon that lipids or glycolipids
“mnay fumanon in the transfer of monosaccharides ef-
“ther as intermediates or by undefined mechanisms
[1'9—3 51, perhaps in analogy with the role of lipids

in the biog/nthesis of the bacterial cell erwek»pe 11 6] -

The second is the report [17} that fohc acid may be

71nt1n‘aiely Jnvolved fu the above reaciion. The pmeseni -
Teport provides uev_ldmﬁe that lysolesithin in the pres- -
‘ence. of folic acid can specifically and sxgmﬁcanﬂy in-

crease s:i.Vin «Di ﬁetmn_galacmsyl lsansferase
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from rat kidney. The resulis are of importance be-
cause they substantiaie the concept that the addition
of monosaccharide to glycoproteins may not be a
simple one-step -eaction. The definition of the mech-
anisms by which glycoprotein synthesis oecurs is of
timely interest tecause of the attention given to glyco-
proteins as cell mmembrane macromolecular constitu-
ents with respect 4o lestin, electrokinetic, immunolog-
ic, and cell receptor phenomena.

2. Materials and methods

Details of the fetuin: galactosyl transferase enzyme
properties and £33y have been ziven elsewhere [5,17].
The acceptor utilized in these stugdies is fetwin minus
sialic acid, galactose (terninal residue N-acetyigloco-
samine). Lipids were purchased from Applied Science
{Philadelphia, Pa.) and Serdary Research Laboratory

- {London, Ontario). All lipids were adjusted to a con-
centration of 5 mgfml in chicroform o1 benzene as

purchased. Appropriate volumes were added 1o assay
tubes and solvent evaporated in vacno. The enzyme
source was 1at kidney homogenized in 0.1 M Tris— .

R 0.1% Triton X-1D0—-2 mM Z-mercaptoethanol {pH

6.8) 2z described [17]. Thres fractions of this Hmog—

‘enate were useC for the experiments described here: .

a 10 D00 g supermatant of the crude homogenate, a

Sephadex G-75 fraction of the supernatant, and a

Bio-Gel P-200 mr:acmtm @f the Sephadex fraction.

~The compiete assay Systein contained the gesired

‘ amount of lipid plus 10 4] of 0.2 M Tris—HCl {pH 6.8), .
C 10 J.ﬂ_@f 0.1M .i_\&n(,_ig, 200 pg of aacc_epmx pmt_gm_
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» ' el T i Tsable 1 oL : .
'Effems of ihpnﬂs on ihe anh\ury DT ihe vanously pnnﬁed ﬁemm maﬂac lmsy] hansfexases @f Ia‘:ﬂ k;dney in ihe ]pIesence i
fblm acid. L. . : ) . : : i ; 3

absence of .

Addition 1o Enzyme source

complete system 10 D00 g Supernatant  Sephadex 3-75 fraction - Bio«Gel P-20D fraction =
Withowt . - - With - U Withowt . With 0. Withont . . With
folic acid folic aris “folic acid - folicacid - . folicacid. . folic acid
None - , .- 2300 -6 00D 23007 31000 - 3000 © 54000
Lysolecithin {egg) - 25 pp -4 100 12000 - - - ' - H80D00 - - 410D o1 9DD -
' 50mg 4100 - 11 0DO - 5500 : 80 OB0 3700 . 85200
S . 125mp 4 80D 12 DDO 84000 - =
Lysolecithin T 23 ug - 3900 ‘12 Q0D - . — — R
{liver) 30 uz 4 400 13000 R - _ - -
Lecithin {bovine) - 30D ag = - — : — 2700 ) 37 800
Lysophosphamﬁy]- . . : , . : ' : .
ethanolamine SD ug - 2400 7 ODD 1900 38000 - ' -
Phosphaiidyl- : ’ ' : _
ethanolamine 2530 ug 2700 5 500 1 80D 35 00D 2700 33 600
Phosphatidyl- : . ot ' :
ethanolamins . ‘ - - . :
rlasmalogen 50 ng 1 60D 5500 - 26000 | -
Lysophosphatidy - - » S E _
ethanolamine : ) : ‘ . SR . :
plasmalogen ‘ 150 pg 2 200 6 6DO - - . 2860 . . - =~ L -
P&nosphaﬁﬂyi . R - C . T '
serine o 250 ug - - . - - - 3300 37 800
Bovine brain R : o R . N :
extract T Typelll - — ' — ) = — 2400 ‘26 08D
Type V ©o110e0 - Szm- - - 300D o 39500 ¢

“The completle system was »s given In the text with the various l:pnds added as ;g:ven. IF@]J;: amd was aﬂﬂeﬂ to the assay 1o a | i‘inal
. concenha?mn of 0.7 mM [17}. Data are mean rcpm{mg protein: . :

iaanlzi_ water 10 2 volof 60 ul. I'if folic acid was to b.e e ]éc&bsyj transferase act tivity anrd that in the presence

: ﬂaﬁﬁed;iﬂ was auﬁ-ﬂeﬁ at this point ina vol of 1 1. This =~ - - of 0.7 mM f olic acid lysclecithin specifically acceler-
“was incubated at 37°C for 5 min, cooled, and 10l of - ated this 1ransfemse activity. 11 is evident that. column
- UDP-[14C] gatactose {(specific activity 240 Cijmole, - shromatography in the @bsence of folic acid caused N
3 uCifml).and 10 pl of enzyme protein (10—60 ugas - little chamge in. spemfn: activity, but in the presence
-protein) were aiided to a finzl vol of 81 gl This assay of 0.7 mM folic acid each of the chmmm@gmphgd
mixture is refer red to as the acomp]ete system and was - ’;_f:rawc“tmns ﬂe mmsimied mcrmsed specific activity m:@m~
;mcubaieé 30 min at 37 C; protein-bound mﬁmacnmty : ;paxeﬂ 10 ﬂae f’mde homogena'le,. Furﬂaermom !yso- ,
was determined as given elsewhere [3,5,9,10; 37} Sl 5=-120 ug assay mcreasea ‘fhe acnvny

Anempis to. extmcl a radioactive pmduct m‘to an m'- S
gamc or ]1p1d phase wem ,Mmsncsessfnﬂ e
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Fig. 1. Effect of lysolecithin concentration on the activity of
the fetuin:palaciosyl tramsferase in the pressnee of folic acid
0.7 mM final conen.). Enzyme source for these experiments
was the Sephadex G-75 purified enzyme. Complete system
for assay was as given in the text. '

tuin:galactosyl transferase activity with 50 ug of lyso-

lecithin was 1.6-fold with, and 1.2-fold without,
added folic acid. Thus, lysolecithin, when included in
the folic acid stimulated assay system, is capable of -
further enhancing acnvng, approx. 2-fold. The speci-

ficity of the activation with lysolecithin is clear from -

the data in table 1 for closely relaied compounds
“such as lecithin or other lyso-compounds, such as ly- -
: sophosphahdylueﬂmn@lamma indeed, none of the-

- mthe:r hpmds tested, mc]mﬁmg the md° brain extracts,

“had’ a snmuimory effect onany of the vanous fmc-
_ .tums of | Iemm. galactosyl tranzferase. ,
. “The curve in fig. 1. indicates that the achvrty of

“the Sephadex G-75 fe &um. ga}anmsyﬂ transferase in -
the presence of f@]m ‘acid was very. sensitive to t}ze :

_'jmn%:mn‘t of ]yso]emﬂ:nn i the assay, especna]]y in zﬂm -
The curvesin ig. 2 mﬁ:-~ o
the enzy*na wﬂh eliher S

050 8 lyso‘iacﬁnm Tange.
rccaie that ihe mtemctmn o
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Fig. 2. Effect of folic acid and lysolecithin on the time
eoulse of reaction of the fetuin:galactosyl transferase of :rai
kidney. Enzyme source for the experimenis was the
Sephadex 6-75 purif:ed anzyms. Compiste system for assay
was ag given in the iext. “+ Lysolecithin’ refers 10 50 ug of
lysolecithin in the assay; “+ folic acid” zefers to 0.7 mM folic

"acid fingd conen, in the assay; and *+ lysolecithin + folic acid’

sefers to 50 pg of lysolecithin and 6.7 mM folic ac*d present
in the assay.

folic acid or lysolecithin and folic acid was character-
istic of an enzyme reaction and activation of an en-
zyme with respect to time of incubatiorn.

4. Disrmss.iam

The re suhs show ﬁzaﬁ folic acid and lysotecithin
amwame the reastion. of rat kidney fetuin:galactosyl
transferass. Several p@ss:bm‘tles exist for the lysoleci-
thin actiy ation: a) Thelysolecithin acts as a deter-

. ‘gent, cansing increased solubilization and availabilit; ol
,: @f the enzyme; this seems nn]:uce] v since thete is a
' non-ippic éetfe;gem Triton X-100, in the assay system,

: since other Wso—xs:)mpmmﬁs also with detﬂgem PIOP-
- griies are maciwe, and since Jhe Ilysolecnhm has an

‘ _ “equal effect on the purified enzyme compared to the
crude enzyme le;;;sact_,- b) The ly;soiecﬁhzxg acis oo
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fmm a g]ycohpad intermediate similarto the giyrcnsy]
‘carrier lipids known 1o occur in bacterial systems
: []6] and mammalian systems [11—3 5] ; this, al-
though likely, remains tentative since it was mnpﬁsm- :
fb_le in this study to isolate a glycolipid intermediate,
as had been done with the CDP-chioline [11] and dol-
ichol phosphate [12; 15} systems. The present sys-
tern contains the further complication that folic acid

is necessa:ry for the full expression of the lysolecithin -~

o} The lysolecithin may cause conforma--- -
imnal or rr;mmﬁgumtmnal changes in the acceptor or
enzyme that facilitate the reaction. If this is the case,
it may be that in previous work [9] in which substan-
Hal purification of glycoprotein:glycosyl transferase -
has been reported, the detergents used to solubilize

these enzymes partially fulfilled this function. It is like-

1y that either explanatica b or ¢ obtains for the inter-
action of lipids, folic acid, and glycoprotein: glycosyl
trapsferases. The demonstration that lipid additicn to
the assa» of these transferases has a significant effect

on their activity has serious implications for glycopro- h

tein synthesis in general and in particular for those in-
~stances such as neoplasiic transformation in which
such synthesis is thought to be altered. ‘
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