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1, Introduction

A number of studies have shown that proteins des-
tined to be secreted are synthesized largely or exclu-
dvely on membrane-bound ribozomes [ 1 —4). A small
proportion of the carbohydrate moicty of sccreted
glycoproteins may be incorporated before the poly-
peptide chains are discharged from the polysomes
[5, 6]. Thereafter, there is a slow translocation of
gompleted chains through the rough and smooth
membranes of the ¢ndoplasmic reticulum {7—9] while
monosaccharide residues are added sequentially 1o the
gdycoprotein molecule,

The addition of sialic acid, which constituies the
terminal monosaccharide in many glycoproteins, has
been shown [o take place largely in the smooth endo-
plasmic reticulum [9, 10], and it has been suggested
thal this sugar is added lzte in the synthetic process.
‘Thus, in rabbit lymph mode tissue, there is a lag of
1) min between the appearance of intracellular and
wereted [ H]glucosamine-labelled immunoglobuling
‘but there is no such delay between the appearance of
‘intracelular and extracelular [*H]sialic acid-labelled
‘antibody {1 1]. This observation is consistent with the
difference i electrophoretic mobility between intra-
cellular and secreted MOPC 21 myetoma protein re-
,ported by Notani et al. [ 18]. It seemed possible, there-
'fore, that the completion of the carbohydrate moiety
might constitute the signal for secretion [12]. _

This paper reports the results of experiments design-
d 1o isestigate the sialic acid content of the immuno-
“Zubulin synthesized by two claned lines of the IgG-
%creting mouse miycloma MOPC 21.
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2. Materials and meihods

The P3K {MOPC 21) mouse myeloma line was a gilt
from Dr. K. Horibata [13]. Cells were grown under con-
ditions prevlously described [14, 15]. D-1-[**Clglucos-
amine HCI (spectfic radioactivity 52 mCi/mmole),
D-6-[* H]glucosamine HCI (specilic radioactivity 10
Ci/mmuole) and [ C]lysine (specific radioastivizy 336
mCi/mmole) were purchased from the Radiochemical
Centre, Amersham, Bucks, UK. Afipholines were
bought from LXB Produkter, AB, Bromma, Sweden,
Neuraminidase (lype VI, from Ciossridium perfringens,
EC 3.3.1.18) was obtained trom 1he Sigma Chemical
Co., London, S.W.6, UK. All other reagents were of
analy tical grade.

Isolation of clones fromn the parent PIK culture, in-
corporarion ol labelled compounds and isoelectric
focusing of labelled intracellular and secreted IgG were
accomplished as described by Cotton et al. [15]. In
some experiments, incubation media containing label-
led, secreted IgG or cell lysates obtained by trealment
wilh Na deoxycholate [ 15] were incubated for a further
4 hr with 10 ug/mi of neuraminidase. Radioactive bands
located by radioautography were cut from the isoelec-
tric focusing gels and extracted in the presence of 1 mg
of unlabelled MOPC 21 protein by homogenisation in
2.0 ml of 0.6 M lithium acetate, 10 mM Tris-HCL, pH
7.2 containing 0.4% SDS. The resulting suspensions
were shaken overnight, centrifuged to remove the poly-
acrylamide and the supematant clarified by passage
through a Millipore filter. Prolein was recovered by
the addition of one-tenth volume of 100% trichloro-
acelic acid. Sialic acid was removed from the trichloro-
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. acetic a(:ld-msoluble malenal hy hydmlysls in 5% tn- 5
‘chloroacelic acia for 1 hr at 80° [11] The aquenus
phases were extracted three times with ether 10 re-
-move the trichloroacetic acid, and applied to 20X

0.5 cm columns of Dowex-1 (Cl~ )ion exchange. -'esin
The columns were eluted with O. ZNHCI A pomon

of the eluate was retained for mdmacl:wity measure-
ment by scinllllatlon counting: the remainder was
charactérised by chromatography on paper in butanol:
propanol: 0.1 N HC1 {}:2:1, v}v) [16]. The precipitates
remaining after treatment with trichloroacetic acid at
80° were Further hydrolyzed in vacuo in 200 ul of 6.0
N HCI for 5 hr at 105°. HCI was removed under re-
duced pressure; the residues were redissolved in the
aquecus eluates from the corresponding Dowex-1 (CI-)
columns, and the solulions applied to 2.0 X 0.5 cm
columns of Dowex-5 (H") ion exchange resin. These
columns were eluted with 2.0 N HCY, and the aqueous
and acid eluates retained for radicactivity measurement
by scintillation counting.

3. Results and discussion

Isoelectric focusing of secreted [**C]lysine-labelled
P3K myeloma protein typically yields the band pattern
shown in fip. 1C. By contrast, isoelectric focusing of
labelled intracellular material obtained after 15 min of
incubalion in the presence of the same iabetled amino
acid yields a single major band {band o, fig. I A). This
band corresponds in position {0 extracellalar band o,
and yields authentic heavy and light chains on reduc-
tion with f-mercaptoethanol and analysis on SDS
polyacrylamide gels (not shown), Similar isoelectric
focusing patterns have been previously reported by
Awdeh et al. [17] and by Cotton et ol. [}5]. Differ-
ences between the electrophoretic mobility of intra-
cellular and secreted MOPC 2| IgG have also been
noted by Notani et al. [ 18].

Treatment of the labelled rratenat synthesized by
wild type P3K cells or by the mutant clone IF 1 [15]
with neuraminidase gave Lhe results shown in fig. 1B,
P, F. No change is observed in the position of the
intracellular or exiraceilular wild type bands; how-
ever, the bands ohtained by Isoelectric focusing of
I2G secreted by the IF 1 clone are displaced towards
the cathode, presumably es a resull of the loss of one
or more sialic acid residues. Chiemicaol analysis of
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Fig. 1. Effect of neutaminidase on intraceitular and secreled

. immunoglobulin. Intracellular and secreted | ¥.Cliysina-labek

{ed immunoglobulin was prepared from incubated wild 1ype
{P3K) or mutant (IF 1) cclls and isolated by lsoeleciric foua
ing as previously described | 15]. In somao experiments, the
intraceltular or secreted products were incubated with neur
aminidase prior to Isoelcctric focusing as decribed in the text
Bands were located by radioautography. A) Intracelhlar (PIKI
B) intracellutes (PIK) incubated with neuraminidase; C)
(PIK); D) secreted (P3IK) incubated with neurmminidase;

E) scoreted (1 1); FY secreled {(IF 1) incubated with neus-
aminidase._ ’

[*Hjglucosamine- and [ ' Clglucosamine-labelled mu-
terial eluted from similar isoelectric focusing gels con-
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Table 1
) The shalic add consent of IgG secreted by PIK {MOPC 21) cells
Clone designa !;Ion ; Band designation Radioactivity Radioactivity Radioacrivity Radioactivity
(. 115D ° (Ng.1and 1 177D reteined by retained by unreipined by rertamed by
A . Dowex-1 (C1) Dowex-50 {H") Dawex-50 {Hh Dowex-1 (CT)
calumns columns columns columns identified
(cpm) {cpm} (cpm} as sialic acid
(T}
. o 120 3400 3,840 -
PIK o [0 2,500 7,870 -
a 60 2,400 2,240 -
o 3,900 3,200 5,000 68
IF1 o 1,920 1,400 2,720 . 65
; . 2,060 1,300 2,200 66

Appl‘ox 3 X 10% wild type (P3K) or mutant (IF 1) mycloma cells { 1 5] werc incubated in 1.0 ml of Dulberco-modiiied Fagles me-
. dium | 20| containing 50 pCi D-{ -1 Clglucosamine and 500 uCi D-|6-H[ghicasamine. The cells were remaved by centrifugation
"and the labelled, secroted immunoglobulin isclaled by Isoclectric focusing | 15]). Radioactive bands located by radicaulography

, were chuted and eralyzed for their slalic acid content as described in the texi.

firmed that the IF 1 bands, but not the wild iype
' bands, contained sialic acid (table 1). The absence
of sialic acid from the wild type myeloma protein
was further confirmed by our inability to obtain the
colour reaction for sialic acid [19] from 2Ging of un-
labelled MOPC 21 protein purified from the sera of
mmour-bearing mice (sce also §5]).

Since sialic acid is absent from both intraccllular
and [reshly secreted wild type IgG, it is clear that the
secretlon of MOPC 21 protein is not normally medi-
aled by the addition of this terminal monosaccharide.
Sialic acid addition cannot therefore aceount for the
difference in electirophoretic mobility between intra-
cellulaz and secreted MOPC 21 IgG [ 18]. Moreover,
the absence of sialic acid from the myeloma protein
purified from the sera of wumour-bearing animals pze-
cudes the possibility that addition of this sugar might
occur in the serum.

The nature of the differences between the three

‘bands observed on isoelectric focusing of myeloma pro-

‘teins remains obscure. Awdeh et al. [17] inferred from
the'behaviour on DEAE columns of labelled IgG se-
ereied by myelema 5663 that the charge differences
between bands 0 and a could nat be ascribed to the
axquisition of a carboxyl group. This conclusion is
.cansistent with our findings, since the product of the
‘wild type P3K cells is devoid of sialic acid and. in the
case of IF 1, the relative content of gialic acid is simi-
hr in each band (table 1).

Acknowledgemuent

D.S.S. is an M.R.C. scholar.

References

| 1] C.AL Redman, Biochem. Biophys. Res. Commun. 31
(1968) B45-3850.
|2] M. Takagi and K. Ogata, Biochem. Biophys. Res. Com-
mun, 33 {(1968) 55-60.
13] M.C'. Ganoza and C.A. Williams, Proc. Natl Acad. Sc.
U.S.63 (§969) 1370-[376.
{41 B. Lisowska-Bernstein, M_E, Lamm and P. Vaxulh, Proc.
Natl. Acad. Sci. U.S. 66 {1970) 425432
[5] F. Melchers and P.M. Knopf, Cold Spring Harbor Symp.
Quant. Riol, 32 (1967} 255-262.
16] C.1. Sherr and 1.W. Uhr, Proc: Natl. Acad. Sci. U.S. 64
(19n9) 381 -387.
[{7] 3.W. Uhr and I. Schenkein, Proc. Natl. Acad. Sci. U.S.
66 (1970) 952-9548.
[81 Y.8. Choi. PM. Knopf and E3. Lennox, Biochemistry
L0 (1971) 668-6T79.
[91 ). Molnar, G.B, Robinson and R.). Winrler, J. Biol.
Chemn. 240 {1965) 1882 1888.
{10} G.R. Lawifard and H. Sciiachter, 1. Biol, Chem. 241
{1966) 5408 -5418.
[11] R.M. Swenson and b1. Kero, Proc, Natl. Acad. Sci. U1S,
59 (1968) 546-553.
{12] E.H, Eylar, ). Thearel. Biol. 10 {1965) 89-113.
i13] K. Horibata and A W. Hamis, Expil. Cell. Res. 60 (1970)
61-T7.
{ 14] J. Svasti and C. Milstein, Biochem. J. 126 (1972)
837--850.

345



 Volume so,nmms o ' ' FEBS'LETTERS March 1973

usl R.G.}LCotmn,Ds.Sechuandc,un;mEmpms Mm] Gw Noian), AsJ:: Muiir mr.y.wmomm

-+ lmmunol,; in press. ~ " - R e AR A«Bhpﬂ'l:l!el.(:u&mhn timjags-mt.
|16| LWmeu-ndH.Fehmfdd.J BioLChem 237 (15662) Tli9n L, Waxreany J. B Chem. 234 (1959) 19711979,
ST L1420 1131 IM] 1. D.Snﬂlh.G.rkanup;‘hl. ngtandllt Dulibenoo
-[171 AL Awdah.A.lL WillhmnonlndB.A Asl:au.u,modlcm. e Viology 12 1960) 185196, -,

[Ea. 1116 (!9""(}) 24!—-243,

346



