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Ovalbumin and lysozyme made in Nenopus oocytes under the direction of injected
chicken oviduct messenger RNA accumulate at different rates in the surrounding
culture. medium. Pulse-chase experiments confirm  that the intrinsic rate of
lysozyme secretion from oocytes is 12 times that of ovalbumin. This slower rate of
ovalbumin export is maintained following injection of cither diluted oviduct RN A
or purified ovalbumin messenger, the latter having been obtained by hybridization
to cloned ovalbumin complementary DNA. These results suggest that the
differential rates of transport observed in oocytes are not the consequence of
competition for amphibian or avian factors and show that oviduet-specitic proteins
are not required for ovalbumin secretion,

1. Introduction

The route followed by secretory proteins as they progress from their intracellular
site of synthesis to the extracellular medium is now well charted. mainly as a result
of detailed studies of the pancreatic acinar cell (Palade, 1975). However, know ledge
of the molecular mechanisms involved in protein translocation is far from complete.
More is known about events prior to entry into the Golgi apparatus than about
subsequent processes. Thus the signal hypothesis (Blobel & Sabatini. 1971 Milstein
et al.. 1972 Blobel & Dobberstein, 1975a.h) is well established (Blobel et al.. 1979)
and there is now evidence that luminal proteins are shuttled in clathrin-coated
vesicles from the endoplasmie reticulum to the Golgi apparatus (Rothman & Fine.
1980). In contrast. little is known about events within the Golgi complex or about
post-Golgi movement. This bias reflects. in part. the lack of suitable in vitro
systems for studying the later steps in the secretory pathway.

How are proteins directed to different subcellular destinations! The sorting
mechanism is at present unknown, and it is not even clear whether all the signals
involved are intrinsic to the protein itself. although the concept of specific
topogenie sequences within proteins has been advanced (Blobel, 1980). There are
also unresolved questions associated with the secretory process as a whole, one of
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which is whether all proteins exhibit parallel kineties of secretion. Such kineties
have been observed in the pancreatic acinar cell where diverse SCeretory proteins
are discharged from pancreatic cells in fixed ratios which reflect the heterogeneous
composition of the individual secretory vesicles (Kraehenbuhl ¢f /.. 1977). which
in turn reflects the relative rates of intracellular synthesis and degradation of the
different secretory proteins. Reports of non-parallel release from pancreatic cells
(Rothman. 1975.1977) and <ome other svstems (Smilowitz, 1980 Glanattasio ef al..
1980} are unconvineing. bhut non-parallel secretion has recently been demonstrated
in rat hepatoma cells (Strous & Lodish. 1980). An approach we have taken to this
question involves the use of Newopus laceis oocytes as a surrogate syvstem to study
the export of many differcnt secretory proteins.

In the oocvte. almost without exception heterologous  secretory proteins
svnthesized under the direction of micro-injected messenger RNAs are both
moditied correctly and exported (Cohnan & Morser. 1979 Lane ¢t al.. 1980). With
certain proteins (e.g. guinea pig manmmary gland (Colman & Morser. 1979) and
chick oviduct (Colman ¢ al.. 1981) proteins) the accumulation of the various species
in the surrounding medium does not reflect their intracellular concentrations. In
this paper we demonstrate for the chick oviduet proteins ovalbumin and Ivsozyme
that this disproportionality is a consequence of their non-parallel secretion from
oocytes. Furthermore, using puritied ovalbumin messenger RN A we show that no
other oviduct-specific proteins are required for ovalbumin export. nor even is the
rate of ovalbumin secretion influenced by the presence of other chicken specific
proteins.

2. Material and Methods

(a) Preparation of mRN A

Polyadenylated oviduct mRNA was prepared from laving Rhode Island Red hens
(Palmiter, 1973). Ovalbumin mRNA was purified by hybridization to cloned ovalbumin
complementary DNA (pOv230) bound to dinzobenzyloxymethyl (DBM) paper (Alwine et al,
1977) followed by elution with formamide buffer (Smith et al.. 1979). pOv230 DNA
(McRevnolds et af., 1977) was a kind gift from M. Wickens.

(b) Handling of ovcytes

Ooceytes were prepared, micro-injected and labelled in modified Barths solution containing
[**S|methionine (Amersham: 1 mCi/ml. 50 Ci/mmol) as previously described (Colman &
Morser, 1979). At various times groups of oocytes and incubation media were removed from
culture for assay and stored at —70 (.

(¢} el electrophoresis

Homogenized oocytes and incubation media were either diluted with an equal volume of
sample buffer (200, glvcerol. 29, sodium dodecyl sulphate. 10, g-mercaptoethanol, 1 mw-
phenylmethylsulphonyl fluoride, 0-019,, bromophenol blue in 20 mv-Tris- HCl (pH 7-6)) or
first immunoprecipitated (see below). Portions equivalent to either (0-125 aoeytes or the
incubation medium  surrounding 2 oocytes were electrophoresed on 1250, (w/v) or
exponential 100, to 22:5° polyvacrylamide gels (Laemmli. 1970). Gels were then fixed and
either directly exposed to X-ray film (Fuji photo tilm Co. Ltd.) or Hluorographed (Bonner &
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Laskev, 1974 Two-dimensional electrophoresis was performed as deseribed by Colman ef al
(1981) moditied here by the use of gradient gels for the 2nd dimension.

() Lmmcunoprecipitation

Portions (30 ulj of homogenized oocevtes or incubation media were diluted with 450 ul of
detergent mix containing 100 my-Tris- HCD (pH 820 100 my-KOCL 3 my-MgCl, 0 19 Triton
N-1o0. 053¢ sodinm dodeeyl sulphate, 19, sadium deoxyeholate. 5 ul of anti-ovalbumin or
anti-lvsozyme antibody were then added and the resulting mixture incubated for 1 h at 4
betore the addition of 50 pl of formalin fixed Nh([;/q//o('u:'ru.~ aurcus envelopes (Kessler. 1975).
After an overnight incubation the bacterial envelopes were pelleted. washed 3 times in
detergent mix. and the bound protein eluted by heating (100°C for 2 min) in sample bufter.
The anti-ovalbumin antibody used i experiments illustrated in Figure 7 was a kind gift
trom M. Houghton. Other anti-ovalbumin antibody was purchased from Miles Biochemicals,
S Anti-lvsozyme antibody was a Kind gift from A Sippel.

) MWicrode u«x’i‘luuhh'//

Microdensitometry  was  performed  using  a  Joyee-Loebl  double-beam  scanning
microdensitometer (model 30%), Quantitative fluorographs of polyvacrviamide gels were
preparved according to the methods of Laskey & Mills (1975).

3. Results

(a) Ovalbumin and lysozyme are secreted at different rates

The ooevte programmed with chicken oviduet mRNAs has proved a useful
svstem with which to study the secretory process (Colman ef al.. 1981). Oocytes
microinjected with oviduet mRNA synthesize and secrete significant amounts of
both chick ovalbumin and Ivsozyvme (Lane ef al . 1980 Colman ef al .. 1981). At least
six different moditied ovalbumin polypeptides are made in the oocyte. these
resolving as three or two bands on gradient or single percentage polyvacrylamide
gels, respeetively (Colman ot al.o 1931).

Analysis of ovalbumin and lyvsozyme export from oocytes reveals (Fig. 1) that as
much radioactive lysozyme as ovalbumin accumulates in the incubation medium
although net ovalbumin synthesis is much greater. The simplest interpretation of
this observation is that Ivsozyvme is secreted faster than ovalbumin., However,
alternative explanations are possible. For example. this apparent difference in
ratios would occur if lysozyme synthesis was substantially curtailed during the
labelling period as a result of the preferential degradation of the lysozyme
messenger RNAL This possibility is excluded by the observation (Fig. 1) that the
disproportionality in the relative rates of accumulation persists 96 hours after
mRNA injection. These data also establish the stability within oocytes of both
these secretory protein mRNAs

Alternatively. differential accumulation in the medium of the two chicken
proteins could be due to transitory changes in their individual rates of synthesis
during the 24 hour labelling period. We have therefore studied the synthesis and
export of these two proteins throughout a 24 hour labelling period. Under the
experimental conditions used. incorporation of [¥*Sjmethionine into protein
remains linear for at least 24 hours (data not shown). The results shown in Figure 2
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Fii. 1. Secretion of chick proteins by ooevtes. Oocyvtes were injected with 30 nl of oviduct mRNA
(I mg/mlin distilled water) and cultured in modified Barths saline for 24 b (tracks 1 to 4) or 72 h (tracks
5 to 8). Healthy oocytes were transferred in groups of 5 to 30 wl of saline containing [¥Smethionine
(I mCi‘ml, 50 Ci/mmol) and the incubation was continued for a further 24 h. Groups of 10 cocyvtes were
homogenized and the homogenates (H) were prepared for electrophoresis: incubation media (8) were
prepared directly for electrophoresis. Samples were electrophoresed on 100, to 2259 exponential
gradient polyacrylamide gels. which were then fixed and fluorographed. The symbol Ov. denotes the
position of immunoprecipitable ovalbumin. The symbol Lys. refers to the position of marker lysozyme
and immunoprecipitable lvsozyime,

reveal that an approximately 12-fold disproportionality in the net svnthesis and
secretion of these two proteins is maintained during continuous labelling.

The above results might be reconciled with models of secretion based on parallel
discharge if. in the oocyte. all the intracellular lysozyme but only a small
proportion of the intracellular ovalbumin was available for export. Thix would
oceur if most of the intracellular ovalbumin, which is normally located within a
membraneous compartment (Colman ef al.. 1981). becomes trapped in a storage or
other non-secretory membrane bound compartment. Under these circumstances
the ratio between secreted and secretable protein could be similar for both
ovalbumin and lysozyme. To test this possibility pulse-chase experiments were
performed. Injected ooeytes were labelled by incubation for 24 hours in medium
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Fie. 20 Kineties of chick protein secretion. () Ooevtes were mjected with 30 nl oviduet mRNA
(L mg/ml) and cultured in unlabelled saline (24 h) followed by a further period of up to 24 h in labelled
saline (see Fig. 1). Ooeytes (1 to 8) and incubation media (9 to 16) removed at various times. were
immunoprecipitated and electrophoresed on a 1239, gel. Tracks 1.5.9. 13- 0to4 h: tracks 2. 6. 10 140
to 12 hitracks 3. 7. 11 15: 0 to 18 h: tracks 4. %, 12 16 0 to 24 h. Ab-O_ anti-ovalbumin antibody. Ab-L.
anti-lvsozyme antibody. (b) The regions of a gel  (a)  eorresponding  to the positions  of
immunoprecipitated * ovalbumin - and  lysozyme  were  excised  and  counted  in an  NCS
(Amersham Searle) toluene-based seintillant. Data were corrected to show amounts per ooevte.
Ovalbumin * intracellular — B—: secreted — — —[J— — —~[J— -~ Lysozvme : intracellular
—@—@—:secreted -~ ~ O == =0~ — —
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Necretion duving pulse-chase eeperiments

Ouevte Medium
TMLI‘ loss
(hase Ctxminx 1073 etsminx 107 Cts min < 1073 Recoveryt
(h) ooevte Ooevte ooevte (N
Ovall ) U 93:5 384 106
i N g 38 :

tbumin 72 316 116 o
; 0" 61 935 94
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Pulse chase  experiment performed  as  described o the legend to Fig. 3. Quantitative
immunoprecipiation. of samples with anti-ovalbumin or anti-lvsozvine antibodies was performed
Portions of immunoprecipitates were then precipitated with trichloroacetic acid and counted. Results
are from one typical experiment

T The amount recovered in the medium is expressed s a percentage of the amonnt lost trom the
Goevte

containing [**S|methionine and then transferred to medium containing 10 my-
unlabelled methionine. Under these conditions no further incorporation of [**8]
methionine into protein oceurs (Lane ot al.. 1979). The medium surrounding these
“chased ™ oocytes was collected for analysis at intervals over the following 48 hours.
As can be seen from Figure 3(a). the changing ratio of ovalbumin to Ivsozyme in the
incubation medium shows that during the chase period. most of the scereted
lysozyme appears in the mediam before a small fraction of the ovalbumin has been
secreted. By excision and quantitation of the protein bands from the gel it can be
shown clearly that the rate of extracellular accumulation of ovalbumin relative to
its svnthesis is slower than that for Ivsozyme (Fig. 3(b)). The accumulation of
lysozyme ceases after about 32 hours. when all the potentially secretable protein
has been exported. Surprisingly. a substantial proportion (approx, 40° ) of the
intracellular lysozyme is retained within the ooevte (Table 1) where it is present
within the vesicle fraction of the oocvte (data not shown).

Fic:. 3. Pulse-chase of voeytes making chicken Iysozyme and ovalbumin, (a) Ooeyvtes were injected
with oviduet mRNA (1 mg/ml) and eultured first in unlabelled Barths saline and then for 24 h in lahelled
saline (see Fig. 1), The surrounding incubation medin were then stored at —T0°C* (0 hi. The remaining
ooeytes were then incubated in groups of 5 each in 100 4l of saline containing 10 my-unlabelled
methionine. The media surrounding all batches of vocytes were then removed and replaced
intermittently. Track headings indicate the protein accumulated before the begimning of the chuse (0),
between 0 to G h (6 1), 6 to 18 h (18 h). I8 to 24 h (24 h). 24 to 42 b (42 h). 42 to 48 h (48 h). Secreted
protein was precipitated with ice-cold trichloroacetic acid and the precipitates dissolved in sample
buffer betore electrophoresis on a 109, to 22:5°%, exponential gradient gel. Ov. ovalbumin: Ly,
Ivsozyme, (b) Acemmnulation of extracellular Iysozyme and ovalbumin was quantitied by excision and
subsequent counting of the regions of a gel (a) containing ovalbumin and lysozyme: equivalent regions
of control tracks from uninjected ooevtes were subtracted. Data are corrected to show amounts per
oocyte. Ovalbumin. —~ 1§ - Dhsonyvme: - @@ -
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In contrast the secretion of ovalbumin is still oceurring at the end of the 48 hours.
The time taken for half of the intracellular ovalbumin to be chased out is
approximately 70 hours. All of the ovalbumin lost from the inside of the oocyte can
be accounted for in the incubation medium (Table 1). The time taken for half the
secretable lvsozyme to be exported is approximately si:\' hours. Thus comparison of
these times indicates a 12-fold faster rate of secretion for Ivsozyme. Thus the
possibility that the slower rate of extracellular accumulation of ovalbumin reflects
a large pool of non-secretory protein is clearly not supported since over 909, of the
intracellular ovalbumin would have to be sequestered in this w ay to account for our
results. We  therefore conclude that. on average. Ivsozyme and ovalbumin
molecules move from the hamen of the endoplasmic reticulum to the exterior of the
ooeyte at very different rates.

(by Gealbumin is modified during export

Three electrophoretic species of ovalbumin have previously been identitied on the
basis of precipitation by monospecific antisera and isoelectric focusing (Colman et
al.. 1981). It is evident from Figure 1 that intracellular and seereted ovalbumins
differ in the relative abundance of the species present. Microdensitometry tracings
(Fig. 4) of intracellular and secreted ovalbumin reveal that the middle band (band
2) is virtually absent from the secreted ovalbumin but strongly represented within
the oocyte. The converse situation applies to the slowest migrating species (band 1).
However, when the same samples are run on two-dimensional gels (Fig. 5). there is
no significant difference in the distribution of radioactivity between the various
polypeptides species: co-electrophoresis of the two samples indicates no species
unique to either sample. The molecular basis of the one-dimensional difference is

/\\JA S

Fic. 4. Comparison of intracellular and secreted ovalbumin species. Qocytes were injected with
oviduet mRNA (1 mgml) and cultured for 24 h in labelled saline after the usual pre-labelling
meubation. Namples of lntnu(“uln (O} and secreted (8) ovalbumin were immunoprecipitated and
electrophoresed on w 109, to 22-57, exponential gradient gel (o.f. Fig. 1), Quantitative Hunmgmphs were
used to prepare uuumh msitometry tracings, Npecies are labelled (1. 2. 3) in order of increasing
electrophoretic molality
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Fic. 5. Two-dimensional electrophoresis of intracellular and exported ovalbumins. ldentical samples
to those shown in Fig. 4 were prepared for 2-dimensional electrophoresis, Quantitative Huorographs of
intracellular (a). secreted (b) and a mixture of the two (¢) are shown. The mixture in (¢) was designed to
contain equal cts/min from both samples. TEF. isoelectric focussing. SDS, sodium dodecyl
sulphate/polyvacrylamide gel

therefore not clear. However, during c¢hase experiments the relative abundance of
the ovalbumin species within the oocvte remains constant (data not shown). an
observation that indicates that there is no preferential secretion of any ovalbumin
polypeptide and that the putative molecular differentiation of intracellular and
secreted ovalbumin oceurs just prior to exocyvtosis.

() Ovalbumin and lysozyme do nol compele for export from the oocyte

Until recently it was not at all clear that the oocvte was a secretory cell.
However, whilst the oocyte has now been shown to secrete a specific subelass of
frog proteins. the level of this secretion is low when compared to the maximum
rates of seeretion of a wide variety of heterologous proteins (Mohun ef al.. 1981).
Can the lower relative rate of ovalbumin secretion be ascribed to its unfavourable
competition with lvsozyme for some limiting component of the oocyte’s secretory
apparatus? We have tested this hypothesis by injecting several concentrations of
MRNA and assaying the ratios of intracellular to extracellular ovalbumin and
lysozyme following a 24 hour incubation in medium supplemented with [*3S]-
methionine. Figure 6 shows that the difference in ratios is maintained over a 20-
fold variation in the concentration of mRNA injected. The range of concentrations
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Fic. 6. Injection of ditferent concentrations of oviduet mRNA. Ooeytes were injected with RN A at
4+ mg/ml ((a) and (b)) or 02 mg/ml ((¢) and (d)). cultured for 24 h in labelled saline and frozen. as were
mecubation media. Imimunoprecipitates of intracellular (0) and secreted (8 ovalbumin ((a) and {(¢)) and
lyvsozyme ((b) and (d)) were electraphoresed on a 12:59, gel. The gel was tixed. Huorographed. and
microdensitometry tracings preparved. Different microdensitometry wedges and exposure times were
used in preparing the various panels, which are therefore not directly intercomparable. However
quantitation by excision and counting of the relevant regions of the gel indicates that the 2 proteins are
subject to differential translational control in the ooevte with the 20-fold reduction in mRNA
concentration resulting in a 98-fold and 3Efold reduction in ovalbumin and lvsozyvme syvnthesis.
respectively.

used was determined by the experimental svstem. At 120 ng per oocvte the
translational capacity of these cells becomes limiting. while below 6 ng per ooceyvte
there are difficulties with quantitative detection of the individual chick proteins.
Since alteration of the amounts of the chick proteins present within the oocvte does
not affect their differential relative rates of secretion we conclude that the oocvte
has (for oviduct proteins) spare secretory capacity. This is not compatible with the
hypothesis that ovalbumin export is being retarded by scarcity of some ooevte
factor necessary for the secretion of hoth ovalbumin and lysozyme.

(d) Ovalbumin secretion is not influcnced by other chicken-specific proteins

The rate of ovalbumin secretion from ooeytes injected with a diverse population
of oviduet messengers could be limited by or dependent on the availability of a
chicken-specific component as opposed 1o a frog component. Lysozyme could also
compete with ovalbumin for this factor. These possibilities were investigated using
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FiG. 7. Injection of puritied ovalbumin mBENA Ovalbumin mRNA was purified from oviduet mRN A
by hybridization to cloned ovalbumin complementary DNA (see Materials and Methods). The residual
mRNA that remained unbound daring the hybridization was recovered from the reaction mixture by
dilution of the latter with 2 vol. 03 M-sodiam acetate (PH 65 followed hy precipitation with ethanol.
The vield of both bound and residual mRNA was low, due. perhaps. (o degradation during
hybridization. Residual mMRNA, purified ovalbumin mRNA and the original oviduet mRNA
preparation (140 mg/ml) were injected into gveytes cultured exactly as described i the legend Fig 1
The ooevtes were then  pro {

sved and oocvte (0 and meubation  medium  (8) samples
immunoprecipitated with anti-ovalbumin or anti-lvsozyme antibody. The resulting Immunoprecipitates
were electrophoresed on 1210, linear poly acrylamide gels. In order to visualize faint bands, exposures of
3 days (tracks 1 to 6) and 10 days {tracks T to 9) have been used. Tracks L4 (15 vol. loaded) T:
injection of untreated mRNA. Tracks 2, 5. 8; injection of unbound mRN A Tracks 5. 6. 9: injection of
purified ovalbumin mRNA. Tracks 1 to 6 are anti-ovalbumin immunoprecipitations (this antibody
containg  anti-ovomucoid activity  (Colman  ef af. 1981)). Tracks 7 to 4 are anti-lvsozyme
immunoprecipitations, Ov. ovalbumin - Om. ovomucoid : Lys. Ivsozyme.

ovalbumin mRN A isolated from the crude messenger preparation by hybridization
to filters containing cloned ovalbumin complementary DNA (see Materials and
Methods). The purity of the ovalbumin mRN A was confirmed by the absence of
chicken lysozyme and ovomucoid amongst the translation products formed in the
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ooeytes (Fig. 7. of. tracks 5 and 6. 8 and 9). Both the puritied mRNA and the
MRNA that was not hybridized were injeeted into oocvtes. Excess mRNA was used
in the hybridization and thus the unbound mRNA  population contained
ovalbumin mRNAL Similar amounts of ovalbumin were made in both sets of
oocytes, More importantly. similar amounts of ovalbumin were exported from both
sets of ooeytes. even though lysozyme was also svnthesized and secreted from the
oocytes injected with the residual mRNAL Consequently. in the oocvte both the
export of ovalbumin and probably the rate of this process are determined by the
properties of the ovalbumin molecule itself.

4. Discussion

Extensive studies on individual secretory proteins of the pancreatic acinar cell
indicate a kinetic parallelism for both the transport and release of a majority of
these proteins (Kraehenbuhl et al.. 1977 Tartakotf et al.. 1975). Such observations
are consistent with the Palade model of secretion (Palade. 1975). which envisages
the permanent segregation and mass translocation of secretory proteins within
intracellular membranes. Rothman has cited evidence for the non-parallel
dixcharge of pancreatic proteins. explaining this phenomenon mechanistically in
terms of the unequal partition of sequestered seeretory proteins within the evtosol.
the cytosol being advocated as the immediate precursor pool for secretion
(Rothman. 1975). This minority view has been seriously questioned. especially in
the light of a series of immunocytochemical studies that have failed to demonstrate
the presence of secretory proteins in the eytosol of the acinar cell (Kraehenbuhl «f
al 1977 Geuze et al.. 1979 Bendavan ef al.. 1980). Morcover. we have shown that
chicken ovalbumin miscompartmentalized in the cvtosol of the Xenopus oocvte is
never secreted. in contrast  to identical molecules segregated  within  the
endoplasmic reticulum of the frog cell (Colman ef af., 1981). Nonetheless. recent
reports have provided evidence of different pathways and of different intrinsic
rates in the export of proteins. Thus. Smilowitz (1980) showed that the appearance
of the acetylcholine receptor protein on the cultured myvotube surface and the
release of acetvlcholinesterase from the cells were differentially affected by the
presence of the ionophores nigericin and monensin. Whilst the interpretation of
these data has now been seriously questioned (Rotundo & Fambrough. 1980). it is
also conceptually easier to envisage cellular discrimination between. as in this case.
an integral membrane protein and a secretory protein, than between two secretory
proteins. Recently Gianattasio of /. (1980) have demonstrated the differential
release of various glyeoproteins from bovine anterior pituitary slices. However,
they recognize that sinee a heterologous group of cells were involved. the discharge
kinetics might reflect cellular differences in the synthesis and intracellular
transport of the various proteins. In contrast. Strous & Lodish (1980) have clearly
demonstrated that albumin is secreted twice as fast as transferrin from rat
hepatoma cells.

The data presented here show that two secretory proteins, ovalbumin and
lyvsozyme. are exported at intrinsically different rates from a single cell. the frog
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ooevte. This phenomenon does not seem likely to have a trivial explanation. For
example, although ovalbumin is normally glveosvlated whilst Iysozyme is not. both
non-glyveosylated and glyeosylated ovalbumin are secreted at the same rate from
oocytes (Colman e ol 1981). Moreover guinea pig lactalbumin, a non-
glycosvlated protein. which shows homology to chick lvsozyme both in amino acid
sequence and size (Brew. 1972)0 is secreted very slowly from oocvtes (Lane ef al .
1980). We find the rate of ovalbumin secretion to be unchanged in the presence of
either lowered (Fig. 6) or undetectable (Fig. 7) production of lvsozyme. The
simplest explanation of our vesults is that intracellular translocation of Ivsozyvime
and ovalbumin proceed at intrinsically different rates. If the panereatic acinar cell
serves as a model for the ooeyte and seceretory proteins are translocated from the
Golgi to the extracellular space in discrete vesicles then this differential rate must
retlect  the relative retardation of ovalbumin during the preceding stages.
Alternatively. the two proteins might be segregated in the ooevte and translocated
by different routes. Although there is no evidence for this latter model we are
currently investigating this possibility in the ooevte using immunocytochemical
methods.

Translocation of proteins from the endoplasmic reticulum to the ¢ lgi apparatus
and from the Golgi apparatus to other sites is now thought to oceur in clathrin-
coated vesicles (Rothman & Fine. 1980). Destination specificity must reside both in
coat component(s) and in the transported protein contents. Since oocytes correctly
locate heterologous proteins (Colman & Morser. 1979 Lane ¢of al.. 1980). the
envisaged specificity of the vesicle component(s) must lack species specificity, As to
the sorting sequences that ensure the correct vesicularization of the transported
protein. it has been suggested that these reside in the protein itself or in some
specific accessory protein (Blobel, 1980). Examples of the latter arguably would
include human g2 microglobulin (Ploegh et al.. 1979 Krangel ¢f al.. 1979) qr mouse
egasyn (Lusis & Paigen. 1977) in their roles of locating histocompatability antigen
and B-glucuronidase, respectively. within the correct cellular membrane. We show
quite clearly that this speciticity must. for ovalbumin. reside in its protein sequence
alone.

The oocyte has now been shown to provide a surrogate svstem of high fidelity for
the purpose of studying protein seeretion (Lane of al . 1980). However. it is probable
that experiments with this system will serve only to detine the general features of
interactions  between the transported  proteins and  the cellular transport
machinery. Thus whilst it is evident that secretion of lysozyme and ovalbumin
from oocytes shows non-parallel kineties. this phenomenon does not seem to oceur
in the chick oviduct : in this tissue both proteins are synthesized in the same tubular
gland cells (Palmiter, 1972) before their imcorporation into the egu. Nince the
proportions of lvsozyme and ovalbumin in the ege reflect their steadv-state
concentrations in the tubular gland cell (Palmiter. 1972). it is probable that both
proteins arve secreted at similar rates. We have been unable to obtain more direct
evidence of parallel secretion using isolated oviduet slices due to problems of non-
specific protein leakage.

We would argue that such apparent non-conformity in the cocyte’s handling of
the chick proteins should not invalidate this approach since in the absence of any
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well-defined oocyte secretory protein the study of heterologons secretory proteins
inside the ooeyvte serves to illustrate the types of translocational pathways
available within these cells. Clearly. ovalbumin and Ivsozvme are secreted from
oocytes at different rates. Additionally. 402, of the lysozyvme cannot be chased out
of voevtes, in contrast to the behaviour of other heterologous proteins (Colman &
Morser, 1979). This might reflect the highly conserved nature of Ivsozyme and the
fact that most oocyvte secretory proteins are thought to be stored for later
embryonic development (Zehavi-Willner & Lane. 1977): lvsozyme may therefore e
mixcompartmentalized in error. with these ooevte proteins.
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