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1. Introduction 

Apo~tellen~ I is a protem of low molecular weight 
(%104) that is readrly Isolated from the major (le., 
low-density) lipoprotein of the yolk of avran eggs. 
The amino aad sequences of this protein from three 
species (duck [ 1] , hen [Z] and emu [3] ) show a hrgh 
proportion of changes, about 20% of the total resr- 
dues, which include rare substrtutions. We report here 
the sequence of a fourth protem, turkey’s apo- 
vrtellemn I. This sequence was deter~ned because 
the turkey is brologically more closely related to the 
hen than to the duck or the emu. We have found, 
unexpectedly, that the turkey’s apovrtellemn I is no 
closer to that of the hen in sequence and in other 
propertres than it 1s to apovitellemn I of the other 
species. 

Durmg thus work, for which a spinning-cup 
sequenator was used, we introduced a snnphfying 
modrficatron the cup was kept stationary durmg the 
acid cleavage of the peptide bonds. The advantages of 
this approach reside m elimmatron of the major 
source of movement of the film m the cup, and of the 
necessity for very accurate metering of the penta- 
fluoropropronic acid to the cup. With this modrfica- 
tion and using a smgle cleavage (except for the 
prohne at resrdue 3 1) the first 69 resrdues of the 
intact protem were determmed. 

2 Materials and methods 

Eggs from turkeys (MeZeqw gallopauo) were from 

E~~vier~~ort~-~ol~nd ~~omed~~al Press 

a commercial hatchery in New South Wales. The 
major yolk hrgh-lipid, low-densrty hpoprotem was 
isolated by a procedure similar to that used for hen’s 
eggs [4] with the difference that less concentrated 
salt was used (2 M NaCl mstead of 4 M). The rsola- 
tron and properties of this lipoprotem have been 
reported m [S] , 

The hpid-free apoproteins were isolated from the 
lipoprotein wrth chloroform-methanol by the two 
methods described m [4] . Apovitellenm I was 
separated by gel-~ltra~on c~omato~aphy in aadrc 
urea as shown in frg.1. This figure also shows a 
phenomenon not observed with the other avran 
species, namely, when the apoprotem mrxture was 
allowed to stand in urea the proportron of apo- 
vitellenm I that could be separated by chromatography 
decreased and there were signs of aggregation that 
was not disrupted m urea. There was also a decrease 
m the amount of apovitellemn I d the eggs had been 
stored for longer than a few days at 2’C. This behav- 
rour made rt difficult to assess the proportion of 
turkey’s apo~tellen~n I m the apoprotem rmxture; 
the maxunum amount Isolated was about 55% of the 
total. 

According to sedunentatron equrhbrmm measure- 
ments in 6 M ~anidlne-HCl plus mercaptoethanol, 
turkey’s apovrtellenm I has mol. wt 9500, and accord- 
ing to gel electrophoresis in sodium dodecyl sulphate 
1s -1 O4 mol wt. Ammo acid analysis after 24 h and 
72 h hydrolysis at 115°C m meth~esulfonic acid 
[6] Indicated that the molecule contamed the follow- 
mg residues, the figures m parenthesis were obtained 
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Fig.1. Chromatography on a column of Sephadex G-100 fine 
(35 X 3.5 cm) of two samples (-30 ml, I%, w/v) of total 
apoprotem from turkey’s hpoprotem. The solvent was 6 M 
urea, 0.25 M HCl (pH 3.3) 20°C. One sample (open cncles) 
was apphed wrthm 12 h of preparation. The other (filled-in 
circles) was left for 3 days at 2°C. Peak A contarned a mixture 
of proteins of high molecular werght. Peak B contamed apo- 
vitellenm I which was further purified on a column of 
Sephadex G-75 

after hydrrodic acid hydrolysis for 22 h at 140°C [7] * 
Asx7.0,Thr5.5(5.7),Ser3.9,Glx8.7(9.0),Pro2.2, 
Gly 3.4, Ala 6.8, Val6.1 (7.1) Met 2.0, Ile 6.0 (6.8) 
I_eu 7.0(6.9),Tyr 3.6 (3 9) Phe 3.0, Lys 5.0, Trp 1.9, 
Arg 7.1. Anude analysis using ammo acid analyser 
[8] gave 7 residues (6.8 found). 

The C-terminal cyanogen bromide fragment was 
prepared as described previously for duck’s apo- 
vrtellenm I [l] . After hydrolysis m methanesulfomc 
acid ammo acid analysis gave* Asx 1 .O, Thr 0.9, 
Glx 2.0,Gly l.O,Val0.9,ile 0.9, Leu 1.0, Tyr 1.8, 
Trp 0.9, Lys 2.9. 

The sequenator analysis of this peptide (200 nmol) 
was performed as m [l] with cytochrome c (1 mg) 
and dithiothrertol(l.5 mg) as carriers. 

The N-terminal sequence determination of the 
protein (0.4 E.tmol) was carried as far as residue 69 by 
usmg the sequenator as in [l] with the followmg 
differences 

With the low pressure nitrogen system used to 
transfer reagent from the reagent bottle to the reac- 
tion cup in the protein sequenator, variations in 
delivery volume can occur with changes m volume of 
the reagent. The amount of acid added 1s particularly 
cntical because it can affect the cleavage yield as well 
as shift the protein film as it rises up the cup wall. 
The modification we describe above, in which the cup 
1s statronary for%part of the degradation cycle, removes 
these two problems because the acid is volatihsed 
from the bottom of the cup onto the protein film on 
the wall. This reduces the strmgency of the procedure; 
it also mmlmizes the amounts of volatile, reagents 
that need to be added - usually they tend to be 
partially evaporated from the rotating surface. Cer- 
tainly the efficiency of the cleavage reaction was not 
Impaired and repetitive yrelds for a single cleavage 
reaction (based on I-IPLC of leucme derivatives at 
residues 2,9 and 11 of apomyoglobm) were 97% 

(a) Ethyl acetate extraction was discontinued at Besides methanesulfonic acid hydrolyses [6], 

degradation cycle 50 and replaced by extraction 
with 1,2-drchloroethane-benzene mixture (3.1) 
to ensure retention of peptide in the cup; 

(b) For acid cleavage with pentafluoropropiomc acid 
the cup was stationary for the following stages. 
acid addition to the bottom of the cup (14 s), 
rough vacuum stage (4 s), reaction (240 s), rough 
vacuum stage (5 s). The first rough vacuum stage 
serves to remove acid from the inlet lme and evap- 
orate rt from the base of the cup; the film com- 
pletely wets out when the vacuum valve is shut 
and the nitrogen lme is opened. The second short 
rough vacuum step precedes a longer vacuum 
drymg period with the cup spinning and serves to 
dry the film partially before the cup drive 1s 
actuated. 
A single cleavage was given throughout except for 

residue 3 1 (prohne) when a second cleavage cycle 
was introduced. 

Residues 40 through 70 were conikmed by 
sequenator analysis of a fragment (comprising residues 
40 through 82) obtained after 0.0125 M hydrochloric 
acid cleavage at 108°C for 2 h [9] and Sephadex 
G-50 (fine) chromatography in 75% formic acid, 

3. Results and discussion 
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hydriodic acid hydrolysis of the protein [7] was aad replacement - a serine at residue 47 instead of 
employed in this work to ensure satisfactory amino either valme or isoleucine. The sequence of turkey’s 
acrd analyses for valine and isoleucine. These data apovitellenin I is not especially close to that of 
indicated that there was 1 more serine and 1 less the hen. In fact it would be difficult to tell from 
valine residue than was found in the sequence. Hence, table 1 that the turkey and the hen are from the same 
the partial sequence analysrs of the HCl cleavage order (Galhformes) that diverged from the Anserr- 
fragment (residues 40-82) was made and this formes (mcluding ducks) about 60 million years 
established that residue 47 (Val+Ser) initially had earlier than the hen-turkey divergence [lo] . The 

been assigned incorrectly due to valine appreciably reasons for this dissdarrty m sequence are not clear 

overlapping from residues 45 and 46 into step 47 and at present. Possibly, as suggested in [4] , hen’s apo- 

the non-detection of the serine residue at step 47. vitellenin I is unusual. There may, for example, be 

Table 1 gives the sequence of turkey’s apo- more than one protein. A recent report of the sequence 

vitellenin I determined using this procedure. The of a low molecular weight protein (apoVLDLI1) 

codon differences from the previously reported from a lipoprotein of laying-hen’s blood [ 1 l] gives 

sequences of hen’s and duck’s proteins are indicated. several differences from that of hen’s apovitellenin I 

The variations are in line wrth those found m a [2] although the proteins are definitely related. This 

previous comparison with emu’s apovitellenin I [l] . sequence of the plasma protem is, however, even 

The turkey’s sequence also has an unusual amino further from that of the turkey’s egg yolk. It is 

Table 1 
Ammo acid sequence of apovitellenin I from turkey egg yolk and homology wrth apovrtellenin of duck and hen 

Turkey 

Duck 
Hen 

Turkey 

Duck 
Hen 

Turkey 

Duck 
Hen 

Turkey 

Duck 
Hen 

Turkey 

Duck 
Hen 

1 5 10 15 20 
Lys Ser Ile Phe Glu Arg Asp Arg Arg Asp Trp Leu Val Ile Pro Asp Ala Val Ala Ala --- - ---------- -- 
0 0 0 00000000000000100 
00011010000000000100 

21 25 30 35 40 
Tyr Be Tyr Glu Ala Val Asn Lys Met Ser Pro Arg Ala Gly Gln Phe Leu Val Asp Ile ---_ --- --- ---- - 

0000100000001 0000102 
0 0 0 00000100000000101 

41 45 50 55 60 
Ser Gln Thr Thr Val Val Ser Gly Thr Arg Asn Phe Leu Ile Arg Glu Thr Ala Arg Leu -- -- - - --- -- - 
10010020001000000120 
0 0 0 00020100000200000 

61 65 70 75 80 
Thr Ile Leu Ala Glu Gln Leu Met Glu Lys Ile Lys Asn Leu Trp Tyr Thr Lys Val Gln - ---_ --- --- ---- 

01000000000000000001 
01000011000000100001 

81 82 
Gly Tyr -- 

0 0 
0 0 

Numerals mdrcate the mltllmum number of base changes necessary to convert any ammo acid mto its correspondmg 
resrdue in the duck [l] or hen [ 21 sequences. Underhned residues show positions of tdentrty m all apovrtellenms. 
Resrdues l-69 were determmed on the mtact protem, residues 69-82 on the C-termmal cyanogen bromide fragment 
and resrdues 40-72 were confirmed by analyas of a dilute acrd cleavage product 

181 



Volume 97, number 1 FEBS LETTERS January 197 9 

possible that work now m progress on apovltellemn I 
from more closely-related species will help explain 
our present results. 
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