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SUMMARY 

The NHz-terminal sequences of egg white conalbumin 
and chicken serum transferrin were examined and 
found to be identical. Conalbumin, when synthesized in 
a rabbit reticulocyte cell-free translation system, was 
found to contain an NHS-terminal extension of 19 amino 
acid residues. Sequential Edman degradation of this 
precursor (pre-conalbumin) labeled with radioactive 
amino acids revealed the following sequence: 

-19 -15 -10 
Met-Lys-Leu- Ilc- Leu-Cys-Thr-Val-Leu- Ser- - --- - 

-5 -1 +1 
&-Gly-Ile- Ala- Ala-Val-Cys-Phe- Ala I Ala-Pro-Pro -- 

The vertical line indicates the site at which pre-conal- 
bumin is cleaved to yield authentic conalbumin. The 
sequence represents the primary translation product 
since the NHz-terminal methionine was shown to be 
derived from initiator Met-tRNArMet. 

A partial NH&.erminal sequence of transferrin syn- 
thesized in vitro was also determined (underlined resi- 
dues) and it is identical with that of pre-conalbumin. 

The mechanisms by which polysomes directing the synthe- 
sis of secretory proteins associate with the endoplasmic retic- 
ulum and subsequently pass their translation products into 
the lumen are poorly understood. It has been postulated by 
Blobel and his co-workers (1) that secretory proteins are 
initially synthesized containing an NH&erminal extension 
composed primarily of hydrophobic residues. The hydropho- 
bic nature of this transient leader sequence serves as a signal 
which allows membrane-bound receptors to recognize and 
anchor ribosomes that are in the process of translating secre- 
tory proteins. The signal peptide, after serving its presumed 
function, is removed before the nascent chain is completed. 
By translating the mRNAs coding for secretory proteins in 
cell-free systems, which apparently lack the processing en- 
zyme, it is possible to demonstrate the presence of NHz- 
terminal leader sequences on the synthesized products. Se- 
quence analyses of these extensions (typically 15 to 30 residues 
long) has now been presented for a number of secretory 
proteins (2-9). 
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The chicken oviduct presents a unique system in which a 
variety of secretory proteins originating from the same tubular 
gland cell (10) can be examined for the presence of signal 
peptides and any possible sequence homology that may exist 
among them. Such a comparison would be useful in under- 
standing their properties and function(s). The oviduct of 
laying hens is a major secretory organ with ovalbumin, con- 
albumin, ovomucoid, and lysozyme constituting approxi- 
mately 80% of its total synthetic effort. Previous investigations 
have shown that both lysozyme (11) and ovomucoid’ are 
synthesized in vitro as precursors, whereas ovalbumin (12) is 
not. This study provides evidence that conalbumin, when 
synthesized in a reticulocyte lysate, contains an NHz-terminal 
extension of 19 amino acids and that its sequence is not 
homologous to either that of pre-ovomucoid or pre-lysozyme. 

In addition, we have examined the NHz-terminal sequence 
of transferrin synthesized in vitro and have compared it to 
that of pre-conalbumin. Transferrin is the major serum iron- 
binding protein which is synthesized primarily by liver hepa- 
tocytes (13). Accumulating evidence suggests that conalbumin 
(ovotransferrin) and transferrin are products of the same gene, 
differing only in carbohydrate content (14). Both proteins 
have a molecular weight of approximately 77,000 and have 
been shown to be identical polypeptides by a number of 
criteria including immunological cross-reactivity, amino acid 
composition, peptide maps, and iron-binding properties (15, 
16). Recently, the mRNAs coding for conalbumin and trans- 
ferrin were shown to be identical by size and hybridization 
properties (17). This investigation demonstrates that both 
conalbumin and transferrin have the same NH&erminal se- 
quence, and when synthesized in vitro, contain identical NHz- 
terminal leader sequences. 

EXPERIMENTAL PROCEDURES 

Materials-Tritiated amino acids were purchased from New Eng- 
land Nuclear, Schwarz/Mann, or Amersham/Se&le at the highest 
specific activities available. [35S]Methionine and [?S]cysteine were 
prepared from bacteria grown on Hz3”S04 (18). Omnifluor and Aquasol 
are products of New England Nuclear. 

Protein Preparation-Conalbumin was extracted from egg white 
and purified by DEAE-cellulose chromatography essentially as de- 
scribed (19). The NH&erminal cyanogen bromide fragment of con- 
albumin was purified by loading a CNBr digest (20) onto a Bio-Gel P- 
100 column (1.5 x 80 cm) equilibrated with 10% acetic acid at a flow 
rate of 20 ml/h. The largest peptide was collected and lyopbilized 
(21). 

Serum transferrin was first enriched by loading chicken serum onto 
an anti-conalbumin Sepharose column (2.5 x 25 cm) equilibrated with 
15 mM sodium phosphate, 150 mM NaCl, pH 7.1. The column was 
washed with this buffer followed by several column volumes of buffer 
containing 1.4 M NaCl and the adsorbed transferrin was eluted with 
0.1 M glycine, pH 2.8. The fractions containing protein were pooled, 
dialyzed versus distilled HzO, lyopbilized, and further purified by 
DEAE-cellulose chromatography as described for conalbumin. 

Anti-conalbumin was obtained from goats immunized with conal- 
bumin mixed 1:l with Freund’s complete adjuvant as described (22). 
Goat anti-conalbumin immunoglobulins were partially purified by 
ammonium sulfate (40%) precipitation and coupled to Sepharose CL- 
6B according to the procedure of Cuatrecasas (23). 

Preparation of mRNA and tRNA-RNA was isolated from laying 
hen oviduct or liver by homogenizing the tissue in 1% sodium dodecyl 
sulfate containing 50 pg/ml of proteinase K, followed by phenol/ 
chloroform extraction. Messenger RNA was enriched on an oligo(dT)- 

’ S. N. Thibodeau, R. D. Palmiter, and K. A. Walsh, manuscript in 
preparation. 
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cellulose column and then fractionated on a 5 to 20% sucrose gradient 
according to Lee et al. (17). Those fractions containing peak conal- 
bumin or transferrin mRNA activities (19 S region) were used for 
sequencing studies. Radioactive methionyl-tRNAs were prepared and 
separated as before (11). 

Z’ranslatiorz of mRNA-Translations were performed using a rab- 
bit reticulocyte lysate prepared from animals made anemic with 
phenylhydrazine (24) with additional modifications to lower both 
endogenous mRNA and amino acid pools as described by Palmiter et 
al. (11). In addition, all translation mixtures included RNase-free 
anti-conalbumin which improved the recovery of labeled conalbumin 
5- to lo-fold, presumably by preventing nonspecific aggregation. The 
translation reaction mixture and the preparation of immunoprecipi- 
tates for sequence analysis was as described before (11). 

Automated Edman Degradation-Sequence determination fol- 
lowed the method of Edman and Begg (25) as modified by Hermodson 
et al. (26). The radioactive phenylthiohydantoins resulting from se- 
quential degradation of radioactive proteins were analyzed either 
directly (single- or double-labeled samples) or by first separating the 
derivatized amino acids by high pressure liquid chromatography 
(multilabeled proteins) and then analyzing for radioactivity as de- 
scribed (11). 

RESULTS 

NH&erminal Sequence of Conalbumin and Transferrin- 
Automated Edman degradation of intact conalbumin isolated 
from egg white yielded a sequence that contained some am- 
biguities. In order to obtain unequivocal data, sequence anal- 
ysis was repeated with the 35,000-dalton NHz-terminal CNBr 
fragment described by Tsao et al. (21). From this peptide, the 
first 10 residues were identified (Table I) and shown to be in 
agreement with the sequence determined by Williams (27). 

Transferrin, isolated from chicken serum, was similarly 
cleaved with CNBr and the largest peptide purified as for 
conalbumin. Automated Edman degradation of this fragment 
revealed that the sequence of the first 10 residues was identical 
with that shown for conalbumin (Table I). 

NH2-terminal Sequence of Conalbumin and Transferrin 

Synthesized in Vitro-The NHz-terminal sequence of conal- 
bumin synthesized in a reticulocyte lysate cell-free system was 
deduced by subjecting immunoprecipitated samples labeled 
separately with each of the 20 radioactive amino acids to 
automated Edman degradation. The in vitro products were 
analyzed either individually or as a combination of several 
samples. In the latter case, the resultant phenylthiohydan- 
toins were separated by high pressure liquid chromatography 
as described (11). 

Fig. 1 shows the recovery of radioactivity at each sequenator 
cycle for all the amino acids that establish the NHz-terminal 
sequence. In each case, when more than one radioactive peak 
was observed for a particular amino acid, they were related 
by a characteristic stepwise yield (typically about 95%). Anal- 
ysis of the amino acids not shown in Fig. 1 revealed no 
significant peaks of radioactivity above a background level. 
The sequence derived for conalbumin synthesized in uitro is 
shown in Table I. Alignment of this sequence with that of 
conalbumin isolated from egg white reveals an additional 19 
amino acid residues at the NH2 terminus of the in vitro 
product. Of these 19 residues, only 3 are polar. 

The NHz-terminal residue of the in vitro product is methi- 
onine. In order to determine if this methionine is derived from 
initiator Met-tRNA, conalbumin mRNA was translated in the 
presence of [““S]Met-tRNAr”“t or [:‘5S]Met-tRNA,M”t plus 
excess unlabeled methionine. Edman degradation of the im- 
munoprecipitated products revealed that the label in position 
1 is derived from Met-tRNArMet (Fig. 1, insets A and B). Thus, 
this polypeptide represents the primary translation product 
from conalbumin mRNA. 

In order to ascertain whether transferrin synthesized in 
vitro has a similar NH2-terminal extension, a 19 S liver RNA 
fraction enriched in transferrin mRNA was translated in the 
presence of several labeled amino acids. Labeled transferrin 
was then immunoprecipitated and subjected to automated 
Edman degradation as for conalbumin. Fig. 2 shows the se- 

TABLE I 

NHg-tetiml sequences of secreted conalbumin (transferrinl and the NH2-terminal sequences of the primary translation products synthesized in 

the reticukxyte lysate from conalbumin itransferrinl, lysozyme, ovomcoid and ovalbzmin mRNAs 

-24 -20 -15 -10 -5 -1 +1 f5 +10 

Conalbumin (Transferrin)' 

Ala-Pro-Pro-Lys-Ser-Val-Ile-Arg-Trp-Cys- 

Pre-1ysozymec 

I 
11 15 

-Cys-Phe-Asp-Val-Phe-Lys-Glu-Leu-Lys- 

%equence of secreted proteins from Williams et al. (27) e 
Sequence of ovalbumin from Palmirer et al. (12). 

and our Edman degradation analysis (see text). f Met This methionine derived from initiator Met-fRNAf . 
b Sequence of precursors from Figures 1 and 2; pre-trans- 'Site of proteolytic cleavage. 

ferrin sequence shown as underlined residues. h 
Region of homology. 

Csequence of pre-lysozyme from Palmiter et al. (11). 

d sequence of pre-ovomucoid from Thibodeau, Palmiter and 

Walsh, manuscript in preparation. 

X denotes a residue not identified by analysis of polypeptides 

synthesized in vitro. 
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FIG. 1 (left). Automated Edman degradation of pre-conalbumin 
labeled with a mixture of radioactive amino acids. All amino acids 
were tritiated except pS]cysteine and [““S]methionine. The data 
shown for [“Hlalanine, [“Hlvaline, I:‘H]glycine, [:‘H]lysine, and [:‘H]- 
phenylalanine were from multilabeled experiments. Pre-conalbumin 
labeled with the remaining amino acids were sequenced separately in 

quence data from four separate experiments in which the 
translation product of transferrin mRNA was examined. It is 
clear that transferrin is also synthesized as a precursor, pre- 
transferrin. The NHz-terminal extension is 19 residues long 
and the amino acids in all 10 positions determined by these 
experiments are identical with those of pre-conalbumin (Table 
I). 

DISCUSSION 

We examined the NHz-terminal sequence of conalbumin 
synthesized in a membrane-free translation system to ascer- 
tain whether this secretory protein is synthesized as a precur- 
sor with a hydrophobic leader sequence as is the case with 
most secretory proteins. Conalbumin provides a particularly 
interesting case for analysis since its leader sequence can be 
compared with that of transferrin, an apparently identical 
protein synthesized in the liver, as well as with those of other 
egg white proteins. These comparisons may help elucidate the 
role of these leader sequences in protein secretion. 

Comparison of the NH2-terminal sequence of conalbumin 
synthesized in vitro with that of secreted conalbumin shows 
that the primary translation product from conalbumin mRNA 
contains a 19-amino-acid NHz-terminal extension (Table I). 
Fifteen of these residues are nonpolar and in this respect, it 
resembles the leader or “signal” sequences reported for other 
secretory proteins. This precursor is the primary translation 
product since it begins with methionine which was derived 
from initiator tRNA. The leader sequence is presumably 
cleaved from the precursor during membrane transport, but 
this point has not been directly examined. 

A similar analysis of transferrin produced by translation of 
liver RNA in vitro indicates that it too is synthesized as a 
precursor and that its leader sequence is identical with that of 
pre-conalbumin. In addition, we have shown that the NH2- 
terminal sequence of the mature proteins, conalbumin and 
transferrin, are indistinguishable. These data corroborate ear- 

5 IO 15 20 25 : 
CYCLE NUMBER 

4 

i 
\O 

single- or double-labeled experiments. Sequence analyses of pre-con- 
albumin labeled with [““Slmethionine from Met-tRNAIM” and Met- 

tRNA,“” are shown in insets A and 23, respectively. 
FIG. 2 (C&t). Automated Edman degradation of pre-transferrin 

labeled with a mixture of radioactive amino acids. The data for each 
amino acid are the result of separate sequence experiments. 

lier structural and genetic evidence (15, 16) suggesting that 
both proteins are products of the same gene. If  the leader 
sequences of these two proteins are indeed involved in the 
secretion mechanism, then the data also indicate that cells of 
two quite different types recognize the same signal and re- 
spond with analogous mechanisms. 

The NHz-terminal sequences obtained for the primary 
translation products of lysozyme, ovomucoid, and ovalbumin 
mRNAs are shown in Table I for comparison. Lysozyme and 
ovomucoid are also synthesized as precursors with hydropho- 
bic leader sequences, but ovalbumin is not. A comparison of 
the precursor peptides of lysozyme and ovomucoid indicates 
6 identities in the sequence of 8 amino acids preceding the 
cleavage site, but this apparent homology is not shared with 
conalbumin. The best alignment of the conalbumin leader 
sequence with either of the other sequences reveals a maxi- 
mum identity of 4 residues, but such comparisons are tenuous 
because of the obvious constraint on the amino acids that are 
selected for these sequences. The amino acid preceding the 
cleavage site that gives rise to the mature protein is either 
alanine (pre-conalbumin) or glycine (pre-lysozyme and pre- 
ovomucoid), suggesting that the protease involved has an 
elastase-like specificity. We do not yet know, however, if the 
leader is removed by a single cleavage or whether several 
intermediates are formed. The removal of the NH2-terminal 
methionine in the case of ovomucoid and ovalbumin is pre- 
sumably unrelated to protein secretion. The finding that 3 
secretory proteins produced in the same cell contain different 
leader sequences suggests that if these sequences are respon- 
sible for the vectorial transport of these proteins across the 
endoplasmic reticulum, then the mechanisms by which they 
do so are either unique and do not involve a common binding 
site or else are governed by properties other than the amino 
acid sequence per se. For example, the generally hydrophobic 
nature of these peptides and/or their secondary and tertiary 
structures may be important. 
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Although the NH*-terminal sequences of the egg white Biochem. Biophys. Res. Commun. 74, 106-112 
Sussman, P. M., Tushinski, R. J., and Bancroft, F. C. (1976) Proc. 

Natl. Acad. Sci. U. S. A. 73, 29-33 
Strauss, A. W., Bennett, C. D., Donohue, A. M., Rodkey, J. A., 

and Alberts, A. W. (1977) J. Biol. Chem. 252, 6846-6855 
Gaye, P., Gautron, J.-P., Mercier, J.-C., and Haze, G. (1977) 

Biochem. Biophys. Res. Commun. 79,903-911 
Palmiter, R. D., and Gutman, G. A. (1972) J. Biol. Chem. 247, 

6459-6461 

proteins cannot be derived from a common RNA sequence 
that is joined to the 5’-termini of their various mRNAs, these 
sequences may have been derived from a common primordial 
DNA sequence that was joined to these genes and has since 
diverged into the related sequences that we observe. 

The finding that ovalbumin is not synthesized with a tran- 
sient hydrophobic leader sequence indicates that a major 
secretory pathway in the oviduct does not require the typical 
“signal peptide” that is subsequently removed. It may be that 
special mechanisms have evolved for secretion of ovalbumin, 
which represents nearly 50% of the total protein synthesized 
in a hormone-stimulated oviduct, that prevent competition 
with the other secretory proteins from the same cells. We are 
currently investigating whether the mechanism of ovalbumin 
secretion is significantly different than that of the other egg 
white proteins. 

Achlzowledgments-We are grateful to Dr. G. S. McKnight for 
help in preparing liver RNA. We thank Drs. K. A. Walsh and L. H. 
Ericsson for helpful discussions. 

7. 

8. 

9. 

10. 

11. 

12. 

13. Morgan, E. H. (1969) J. Biol. Chem. 244,4193-4199 
14. Graham, I., and Williams, J. (1975) Biochem. J. 145, 263-279 
15. Williams, J. (1962) Biochem. J. 83, 355-364 
16. Gafni, A., and Steinberg, I. Z. (1974) Biochemistry 13, 800-803 
17. Lee, D. C., McKnight, G. S., and Palmiter, R. D. (1978) J. Biol. 

18. Crawford, L. V., and Gesteland, R. F. (1973) J. Mol. Biol. 74, 

19. 
20. 
21. 

REFERENCES 
22. 

1. Blobel, G., and Dobberstein, B. (1975) J. Cell Biol. 67, 852-862 23. 
2. Devillers-Thiery, A., Kindt, T., Scheele, G., and Blobel, G. (1975) 24. 

Proc. Natl. Acad. Sci. U. 5’. A. 72,5016-5020 25. 
3. Schechter, I., and Burstein, Y. (1976) Proc. Nutl. Acad. Sci. U. S. 26. 

A. 73, 3273-3277 
4. Kemper, B., Habener, J. F., Ernst, M. D., Potts, J. T., Jr., and 27. 

Rich, A. (1976) Biochemistry 15, 15-19 
5. Chan, S. J., Keim, P., and Steiner, D. F. (1976) Proc. Natl. Acad. 

Sci. U. S. A. 73, 1964-1968 
6. Birken, S., Smith, D. L., Canfield, R. E., and Boime, I. (1977) 

Palmiter, R. D., Gagnon, J., Ericsson, L. H.. and Walsh, K. A. 
(1977) J. Biol. Chem. 252, 6386-6393 

Palmiter, R. D.. Gaanon. J.. and Walsh, K. A. (1978) Proc. Natl. 
Acad. kci. U.‘S. 2. 75; 94-98 

Chem. 253,3494-3503 

627-634 
Mandeles, S. (1959) J. Chromatog. 3, 256-264 
Gross, E. (1967) Methods Enzymol. 11, 238-255 
Tsao, D., Azari, P., and Phillips, J. L. (1974) Biochemistry 13, 

397-402 
Palmiter, R. D. (1974) J. Biol. Chem. 249, 6779-6787 
Cuatrecasas, P. (1970) J. Biol. Chem. 245, 3059-3065 
Palmiter, R. D. (1973) J. Biol. Chem. 248, 2095-2106 
Edman, P., and Begg, G. (1967) Eur. J. Biochem. 1,80-91 
Hermodson, M. A., Ericsson, L. H., Titani, K., Neurath, H., and 

Walsh, K. A. (1972) Biochemistry 11, 4493-4502 
Williams, J.. Bluard-Deconinck. J. M.. Osinski. P.. Bueriniean. P.. 

Masson, P., and Heremans, j. F. (1975) in b&eedin& of’& 
1st International Conference on Solid Phase Methods in Pro- 
tein Sequence Analysis (Laursen R. A., ed) pp. 203-209, Pierce 
Chemical Co., Rockford, Ill. 

 at B
IB

LIO
T

E
C

A
 A

R
E

A
 B

IO
M

E
D

IC
A

, on D
ecem

ber 15, 2012
w

w
w

.jbc.org
D

ow
nloaded from

 

http://www.jbc.org/

