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SUMMARY: The possible evolutionary origin of apolipoproteins was studied 
by comparing the primary structures of different plasma apolipoproteins 
and other phospholipid-binding proteins. Apolipoprotein A-I (ApoA-I) and 
apolipoprotein A-II (ApoA-II) of human high density lipoprotein (HDL) are 
related. The resemblance of these two HDL apolipoproteins are apparently 
restricted to the carboxyl terminal regions suggesting that these portions 
of the molecules are derived from the same ancestor. The homologous carbo- 
xyl terminal segments may be involved in the regulation of HDL metabolism 
or in the interaction with phospholipids. 

Plasma lipoproteins are transport vehicles for the otherwise insoluble 

lipids in the circulation. They can be classified according to their 

behavior in the ultracentrifuge or upon electrophoresis (1, 2). The former 

method enjoys greater popularity since it can be easily adapted for prepara- 

tive purposes. This classification system divides plasma lipoproteins into 

four major classes: chylomicrons, very low density lipoproteins, low den- 

sity lipoproteins, and high density lipoproteins. In addition to their 

function as lipid carriers, lipoproteins participate in other aspects of 

lipid metabolism. The structure and metabolism of lipoproteins have been 

the subject of extensive study with the hope of finding relevance to an 

understanding of lipid disorders in man. The recent observation that high 

plasma HDL levels correlate with a low incidence of coronary heart disease 

(3) has stimulated a great deal of interest in the structure and metabolism 

of HDL. 

HDL, isolated between d 1.063 and 1.210, is the smallest lipoprotein 

0006-291x/78/0801-0140$01.00/0 

Copyright 0 I978 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 140 



Vol. 80, No. 1, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

particle, HDL contains about equal amounts of lipid and protein by weight. 

ApoA-I and ApoA-II, two major protein components of HDL, have been purified, 

characterized, and sequenced. ApoA-I, the most abundant apoprotein of HDL, 

has a single polypeptide chain of 245 amino acid residues (4). Its binding 

to different phospholipids has been studied using the techniques of electron 

microscopy, circular dichroism, nuclear magnetic resonance, fluorescence 

spectroscopy, and radioimmunoassay (5-8). ApoA-II is smaller than ApoA-I. 

Human ApoA-II is a dimer of two identical polypeptide chains containing 77 

amino acid residues. These two polypeptides are connected by an intrachain 

disulfide bond (9,lO). This disulfide bond apparently is not essential 

for its function as a lipid carrier since reduction and alkylation of 

this disulfide bridge do not alter the protein's ability to reassociate 

with phospholipids (11). Furthermore, ApoA-II in the monkey is a monomer 

containing no cysteine (12). 

The determinations of the primary structures of ApoA-I and ApoA-II have 

provided a necessary fundation in the study of protein-lipid interactions, 

HDL structure, and the possible evolutionary histories of these two proteins. 

The interrelationships between ApoA-I and ApoA-II were studied. It was 

found that they are similar at their carboxyl terminal regions. The resem- 

lance is much stronger thanonewould expect by chance suggesting a common 

evolutionary origin of these carboxyl terminal regions. The resistance of 

these polypeptides to successful mutation might be used as evidence that they 

are invoLved in a common and essential function of WL. 

METHODS 

The sequences of ApoA-I, ApoA-II, and ApoC peptides have been reported 
recently (13, 14). All other sequences of phospholipid-binding proteins, 
such as blood clotting factors, phospholipases, and neurotoxins, were taken 
from the Atlas of Protein Sequence and Structures (13). The method used 
for testing similarities and possible repeats in sequences is the diagonal 
method developed by Gibbs and McIntyre (15). 

RESULTS AND DISCUSSION 

The binding between apolipoproteins and phospholipids is the primary 
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interaction in the assembly of lipoproteins since cholesterol and trigly- 

cerides can associate with apolipoproteins only in the presence of phos- 

pholipids (16). Both ApoA-I and ApoA-II readily form complexes with 

phospholipids, hence, it may be expected that they are homologous to 

other phospholipid-binding proteins. The sequences of phospholipases, 

neurotoxins, prothrombins, and other blood clotting proteins are compared 

by both the visual inspection and diagonal diagram method (15). Careful 

analyses of these comparisons, however, revealed no significant homology. 

In addition to the comparison of whole proteins, an attempt was also made 

to align individual short segments in the hope that the regions binding 

to phospholipid might be similar. For example, the amino terminal region 

of prothrombin has been shown to interact with phospholipid. This type 

of comparison failed to detect any homology suggesting that their "active 

sites" for associating with phospholipids are not necessarily derived 

from the same ancestral gene. 

In the study of primary structure relationships among all the apo- 

lipoproteins of known sequences, all ApoA proteins and ApoC peptides 

were again compared by the same techniques. It was of interest that 

although ApoA-I and ApoA-II are different in size, there was a signifi- 

cant homology between these two proteins at their carboxyl terminal 

rcions (Fig. 1). There are eight identical residues in the last seven- 

teen amino acid residues representing 47% identity. This is substantially 

higher than one might expect from random distribution. Therefore, it is 

highly unlikely that this similarity in sequences could have occurred by 

chance. Furthermore, if these two chains are related to each other, it 

may be expected that the non-identical amino acid residues in these 

regions could be derived from the change of a single nucleotide in the 

triplet coding for the amino acid. The nature of non-identical amino 

acid residues in these regions was, therefore, studied. It was found 

that seven out of eight pairs could be related to one another by a single 
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ApoA-I 

ApoA-II 

235 235 240 240 

65 65 70 71 70 71 

Fig. 1. Fig. 1. Carboxyl Terminal Sequences of Human ApoA-I and A-II Carboxyl Terminal Sequences of Human ApoA-I and A-II 

base change in thenucleotidescoding for the amino acid. The only excep- 

tion is the pair of ASN 245 of ApoA-I and ALA 75 of ApoA-II. In this 

instance, they relate to each other by a two base change in the messengers. 

The relatedness of genomes for non-identical amino acid residues provides 

one more argument for the existence of structural similarity between these 

apolipoproteins in these regions. 

The similarity between these two proteins is apparently restricted 

to this part of the molecules and does not extend over the remainder. It 

is possible that other regions of these two proteins are derived indepen- 

dently for their distinct functions. For example, ApoA-I is a known 

activator of lecithin cholesterol acyltransferase. It is likely that a 

part of ApoA-I, non-existent in ApoA-II,is required for this activity. 

In order to maximize the homology, a gap has to be inserted in the 

ApoA-I sequence. This gap is assigned to a position corresponding to 

residue 71 of ApoA-II as shown in Fig. 1. It can, however, be introduced 

to residue numbers 65, 66, 67, 69 with the same number of identical resi- 

dues. It should also be mentioned that the introduction of a gap probably 

does not alter the similarity of secondary structures of these two apolipo- 

proteins in these regions (16). 

Furthermore, three out of eight identical residues are hydroxyl 

amino acid residues, i.e. serine and threonine. The possible role of these 

two residues in apolipoproteins structure is interesting since all three 

ApoC peptides are also rich in these two hydroxyl amino acids, namely 
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ApoC-I, C-II, C-III have 18%, 22%, 20% of these two residues, respectively. 

Although serine and threonine sometimes are essential for the activity of 

proteins such as "serine proteases" and some glycoproteins, they can be 

successfully replaced by several other amino acids of similar properties. 

It has been reported that the mutability of serine is the highest among 

all 20 amino acids (13). With the exception of phenylalanine, the other 

seven identical residues in these regions are of high mutabilities. The 

conservation of amino acids with high mutabilities lends additional 

support to the contention that the resemblance is significant. 

Finally, the position of the homologous region is intriguing. Since 

ApoA-I is much larger than ApoA-II in size, it may not be coincidental 

that the homology is at the carboxyl terminal regions. If  the position 

of this region is not important, the homologous region in ApoA-I might be 

internal rather than external. The possibility exists that the function 

of these peptides is such that they must be at the carboxyl-termini to 

express their common functions. The fact that two of the identical 

residues, THR-GLN, are at the carboxyl termini is consistent with the 

idea that the position of the homology is critical. 

The observation that these two apolipoproteins in HDL are partially 

homologous suggests that these carboxyl terminal regions of the proteins 

are the end products of a common ancestor. However, it is difficult to 

rule out the possibility that they are the result of convergent evolution 

due to their similar function. Regardless of their origin the significant 

homology in these terminal portions does suggest that they may be essen- 

tial for a common and important function of these two HDL proteins. The 

structural relatedness has prompted us to propose that these regions may 

be important for either the integrity of HDL structure or the metabolism 

of these two HDL proteins. It should be emphasized, however, that these 

possibilities are not mutually exclusive. 

One of the possibilities is that these regions are directly involved 
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in the lipid-protein interaction. An amphipathic helical region has been 

hypothesized to be the lipid-binding domain of the plasma apolipoproteins 

(17, 18). This model, derived mainly from model building studies, has not 

been conclusively proved. Also, it is unknown whether regions without amphi- 

pathic helix can bind to phospholipid or not. Since these two homologous 

terminal regions do not contain amphipathic helical regions (17), it would 

be interesting to test the abilities of these regions to associate with 

phospholipids. 

Besides the binding to phospholipid, the possible involvement of these 

regions in the metabolism of HDL has to be considered. It is now clear 

that apol-Lpoprotein levels in the circulation are under rigid control. We 

have found that the levels of these two apolipoproteins do not change 

significantly over a 24-hour period. Furthermore, the ratio of ApoA-I and 

ApoA-II remains constant in subfractions of HDL (19). This indicates that 

the metabolism of ApoA-I and ApoA-II are coordinatedly regulated and the 

possibility exists that their biosynthesis and/or degradation are controlled 

hy common processes. If  a common protein or enzyme indeed participates in 

their biosynthesis, secretion, or degradation, it is possible that these 

homologous segments of ApoA-I and ApoA-II are the recognition sites for a 

common regulatory protein. Of interest in this regard is the observation 

that the carboxyl terminal region of ApoA-I in HDL is more reactive immuno- 

logically than the amino terminal part (6) suggesting that the carboxyl 

terminal region is more exposed. This is consistent with the notion that 

the carboxyl terminal regions interact with other proteins or enzymes to 

determine the fate of HDL particles. 

The amino acid sequences of these two HDL apolipoproteins have been 

known for the last few years, however, the relatedness of these two proteins 

has not previously been recognized. The documentation of this similarity 

opens up many experimental approaches to investigate the function of these 

homologous carboxyl terminal regions. The size and position of these 
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regions make them readily accessible to experimental manipulation. Deriva- 

tives with specific modifications in these regions may be compared with 

the native proteins in regard to lipid-binding ability and biological half 

life. Information of this type should prove useful in elucidating the 

biological function of these proteins. 
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