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SUMARY: Polyadenylated mRNA isolated from MOPC-46B plasmacytoma, which 
secretes a glycosylated kappa chain, was injected into Xenopus laevis 
oocytes. Analysis of the resulting product showed that [1-14Clmannose 
was incorporated into the MOPC-46B kappa chain. Light chains synthesized 
in oocytes injected with mRNA from MCPC-321 plasmacytoma, which secretes 
a nonglycosylated kappa chain, failed to incorporate label from [l-14C]- 
mannose. Thus, protein glycosylation in the oocyte is apparently specific 
in that carbohydrate is incorporated only into the kappa chain synthesized 
as a glycoprotein by myeloma cells. It is thus evident that the general 
signals for glycosylation have remained stable during independent evolution 
of the amphibia and mammalia. 

INTRODUCTION 

Newly synthesized proteins are not necessarily functional. Many 

require secondary cleavages of the primary polypeptide chain or other 

modifications of a covalent nature such as phosphorylation, acetylation, 

or glycosylation. Such changes not only may be essential for gene product 

function, but represent the last steps at which gene expression can be 

controlled. To study the synthesis and post-translational modification of 

proteins, Xenopus laevis oocytes have been injected with a variety of mRNAs. 

These investigations have shown that oocytes contain the enzyme systems for 

proline hydroxylation (l), serine phosphorylation (2), NH2-terminal acetyla- 

tion (3), and viral polypeptide cleavage (4). The ability of Xenopus oocytes 

to glycosylate a specific protein programned by exogenous mRNA has not 

been demonstrated; however, while our studies were underway, it was reported 

that Xenopus oocytes can incorporate fucose into nonspecific imunoglobulin 

chains synthesized in response to rat splenic mRNA (5). Accordingly, we 
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examined the ability of Xenopus oocytes to synthesize and glycosylate an 

imnunoglobulin kappa chain following injection of mRNA from MOPC-46B 

murine plasmacytoma. The MOPC-46B plasmacytoma secretes a light chain (K46B) 

which is glycosylated (6). Our results are reported in this communication. 

MATERIALS AND METHODS 

Isolation of mRNA. Polyadenylated mRNA was isolated by phenol extrac- 
tion and oligo(dT)-cellulose chromatography from MOPC-46B and MOPC-321 
tumors using procedures described earlier (7). The mRNA from MOPC-321 
murine plasmacytoma, which secretes a nonglycosylated kappa chain (8), was 
used as a control. 

Translation of mRNA in XenooUf laevis Oocytes. Messenger RNA was in- 
jected into Xenopus oocytes using techniques described by Gurdon and asso- 
ciates (9,101. No human chorionic gonadotropin was administered to the 
frogs prior to removal of oocytes. Fifty nanoliters of an 88 mM NaCl, 15 mM 
TrisaHCl (pH 7.6) solution containing 1 pg of mRNA/P1 were injected intg each 
of 100 oocytes. Groups of 10 oocytes were incubated for 20 hours at 23 C in 
0.1 ml of incubation medium consisting of 88 mM NaCl, 1 mM KCl, 2.4 mM NaHCOs, 
0.82 mM MgS04, 0.33 mM Ca(NOs)s, 0.11 mM CaC12, 7.5 mM Tris*HCl (pH 7.6), 
penicillin (18 U/ml) and streptomycin (18 pg/ml). For radiolabeling either 
100 pCi/ml of a mixture of 15 tritiated amino acids (specific activity range 
for each amino acid: l-60 Ci/mmoll) or 10 uCi/ml of [l-14Clmannose (53 Ci/mol) 
were used (New England Nuclear, Boston, Mass.). Gl ycotqj$ 
in the oocyte was followed with [l-14Clmannose because K 

in biosynthesis 
contains this 

sugar in the core portion of its oligosaccharide moiety (11,12). After in- 
cubation, the oocytes were homogenized, centrifuged at 3000 x g at 5'C for 
10 minutes in an SS-34 rotor of a Sorvall RCP-B centrifuge. The supernatant 
was removed and stored at -2O'C. 

Immune Precipitation of Kappa Chain. Antisera to mouse kappa chain was 
prepared by imnunization of rabbits with ~46B urinal protein (13). This 

d extensive cross reaction with mouse myel 
and was used to precipitate ~321 and ~46 8 

ma kappa chains, 
made in oocytes. 

Glutaraldehyde'cross-linked IgG fraction of goat antiserum to rabbit IgG 
was prepared according to Palacios et. al. (14). Labeled oocyte homogenate -7 
(20-50 ,,l) was added to 2 ml of a solution containing 15 mM sodium 
phosphate (pH 7.0), 0.15 M NaCl, and 2% (v/v) Triton X-100. After 
adding 1.5 pl of rabbit antiserum to mouse kappa chain, the mixture was 
incubated at 37'C for 15 minutes. Then, 150 pg of cross-linked goat 
anti-rabbit IgG was added and incubated with shaking at 23'C for 2 
hours. Non-immune rabbit serum was used in control samples. The suspension 
was then centrifuged at 10,000 rpm in an SS-34 rotor of a Sorvall RQ-B 
centrifuge. The supernatant was discarded. The pellet was washed by 
resuspension in 2 ml of HzO, then resedimented as above. The pellets 
were resuspended in 60 ~1 of gel sample buffer consisting of 3% sodium 
dodecyl sulfate (NaDodS04), 0.5 M B-marcaptoethanol, 0.01 M Tris*HCl 
(pH 6.8), and 10% glycerol, heated at 90°C for two minutes, and then 
centrifuged as above. The supernatant was used for NaDodS04-polyacryl- 
amide gel electrophoresis. 

NaDodSOb-Polyacrylamide Gel Electrophoresis. Slab gel electrophoresis 
was performed by discontinuous NaDodSOs-polyacrylamide gel electrophoresis 
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at an acrylamide concentration of 12.5% (7). Gels were prepared for auto- 
fluorography according to procedures described by Bonner and Laskey (15). 

RESULTS AND DISCUSSION 

MOPC-46B and MOPC-321 mRNA injected into Xenopus oocytes programned 

the synthesis of ~~~~ and lc321, respectively. The light chains were iden- 

tified by NaDodSOh-polyacrylamide slab gel electrophoresis of imnunopreci- 

pitates of labeled oocyte homogenates (Fig. 1, slots 4-6 and 11-13). 

Oocytes injected with 1~~~' mRNA incorporated [l-14C]mannose into imnuno- 

precipitated K 46B (Fig. 1, slots 8-10) which migrated with amino acid 

labeled 1~~~' (Fig. 1, slots 4-6). Light chain synthesized in response 

to mRNA from MOPC-321 cells failed to incorporate [l-14C]mannose (Fig. 1, 

slots 14-16). We conclude that the K46B apoprotein synthesized was speci- 

fically glycosylated by oocyte enzymes. Mannose was incorporated into 

468 K , but not into KIWI. An insignificant amount of label from [l-14Cl- 

mannose was incorporated into endogenous oocyte proteins (Fig. 1, slot 7). 

This indicates that drift of the label from [l-'4C]mannose into amino 

acids as a result of oocyte metabolism was minimal and does not affect 

the conclusion that .46B was specifically glycosylated. 

The primary structures of the secreted K 46B (5) and .321 (8) chains, 

though similar, differ in the region where carbohydrate is linked to 

46B 
K . This linkage occurs at asparagine-28 in the amino acid sequence Asn- 

Ile-Ser (6). According to the "sequenon" model of glycoprotein biosynthesis 

(17), the sequence Asn-X-SE; is required for recognition by the enzymes 

responsible for glycosylation. This is presumably the reason K 321, which does 

not contain such a sequence, is not glycosylated in MOPC-321 tumor cells. 

Glycoprotein biosynthesis in oocytes seems to occur in a similar manner, 

for only ~~~~ and not k321 incorporated [1-14Clmannose. Thus, lack of 

321 
K glycosylation in oocytes is presumably due to the absence of a proper 

amino acid sequence. These conclusions extend the observation of Beacon 
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Fig. 1. Autofluorogram of NaBodSOk-polyacrylamide gel electrophoresis 
of MOPC-46B and MOPC-321 kappa chains synthesized in Xenopus_laevis oocytes. 
Polyadenylated mRNA from MOPC-46B or MOPC-321 tumors was injemnto 
oocytes incubated with [3H]labeled amino acids or [l-14Clmannose as 
described under "Materials and Methods." Electrophoretic analysis of labeled 
oocyte homogenates, immunoprecipitated kappa chains, and appropriate standards 
are shown as follows: 1, MOPC-46B tritiated secreted kappa chain (13); 2, 
MOPC-46B tritiated precursor kappa chain synthesized in a reticulocyte lysate 
(16); 3, tritiated endogenous oocyte proteins; 4, tritiated proteins synthesized 
in oocytes injected with MOPC-46B mRNA; 5, non-immune rabbit serum imnunopre- 
cipitate of products in 4; 6, rabbit anti-mouse kappa chain imnunoprecipitate 
of roducts in 4. 7, [l-14Clmannose labeled oocyte endogenous proteins; 8, 
[l-P4Clmannose libeled proteins synthesized in oocytes injected with MOPC-46B 
mRNA; 9, non-immune rabbit serum imnunoprecipitate of products in 8; 10, rabbit 
anti-mouse kappa chain imnunoprecipitate of products in 8; 11, tritiated 
proteins synthesized in oocytes injected with m)PC-321 mRNA; 12, non-immune 
rabbit serum imnunoprecipitate of products in 11; 13, rabbit anti-mouse kappa 
chain imnunoprecipitate of products in 11; 14, [l-‘4Clmannose labeled proteins 
synthesized in oocytes injected with MOPC-321 mRNA; 15, non-immune rabbit 
serum imnunoprecipitate of products in 14; 16, rabbit anti-mouse kappa chain 
imnunoprecipitate of products in 14; 17, MOPC-321 tritiated secreted kappa 
chain; 18, MOPC-321 tritiated precursor kappa chain synthesized in a reticu- 
locyte lysate system (16). 
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and Ebringer (5) that fucose is incorporated into imnunoglobulins 

synthesized in oocytes injected with rat splenic mRNA. Our data support 

not only carbohydrate addition, but also indicate that oocyte glycosylating 

enzymes apparently recognize specific amino acid sequences. 

Although lack of carbohydrate addition to K 
321 in the oocyte is best 

Ser ascribed to the absence of the sequence Asn-X-Thr in K 
321 , one might suggest 

that K321 was not synthesized on membrane-bound polysomes where incorporation 

of carbohydrate into protein is probably initiated (11,18). However, a pre- 

liminary analysis of the NHz-terminal sequence of K 
321 synthesized in oocytes 

yielded a sequence identical to that of the secreted chain (unpublished 

observations). This suggests that the K321 NHZ-terminal precursor region, 

observed in cell-free translation systems (Fig. 1, slot 18) (19), was 

properly cleaved in the oocyte, implying synthesis on the rough endoplasmic 

reticulum. Others have observed that mRNA programing the synthesis of 

secreted proteins are similarly translated on membrane-bound polysomes when 

injected into Xenopus oocytes (20). 

Apparently, Xenopus oocytes are capable of many appropriate modifi- 

cations of proteins synthesized in response to exogenous mRNA. This report 

demonstrates that only the kappa chain which normally contains carbohydrates 

is glycosylated in the oocyte. Possibly any protein made in oocytes 

programned by exogenous mRNA will be glycosylated provided it is normally 

made as a glycoprotein. Specific imnunoglobulins synthesized and assembled 

in oocytes in response to injected splenic mRNA from immunized rats (21) 

are also probably glycosylated considering that heavy chain glycosy- 

lation occurs in oocytes injected with nonspecific rat splenic mRNA 

(5). Similarly, interferon is probably glycosylated during biosynthesis in 

Xenopus oocytes following injection of mRNA from induced human fibroblasts 

or leukocytes (22). Further studies will be required to determine whether the 

structure of the oligosaccharide attached to proteins made in the oocyte 

subsequent to mRNA injection is identical to the carbohydrate normally 
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found on these proteins. Nevertheless, it is apparent that Xenopus oocytes 

perform modifications similar or identical to those occurring in the distant 

cells from which the mRNAs were derived. It is thus evident that the general 

signals for these modifications have remained stable throughout most of 

vertebrate evolution during the last 400,000,000 years when amphibia and 

mamnalia evolved. 
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