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SUMMARY: Homologous prateins, which possess similar shapes, functions, and 
amino acid sequences, are encoded by homologous messenger ribonucleic acids 
whose codon sequences tend to be similar. It is proposed that helical 
configurons are generated when certain pairs of contiguous codons are trans- 
lated, and that non-helical configurons appear when other specific pairs of 
codons are read off. The resulting sequence of configurons comprises the 
polyconfiguron, which forms the native structure of the protein. 

Globular proteins of similar function, regardless of species of origin, 

tend to be homologous with respect to amino acid sequences (l-5). In those 

homologous globular proteins that have been defined in terms of molecular 

configurations, amino acid sequences, and mRNA sequences, it also has been 

shown that this homology extends to specific mRNA sequences (6-11). This 

relationship between specific mRNA codon sequences and the native shape of 

homologous proteins has been interpreted by the configuron model for mRNA 

translation (12), which proposed that specific mRNA codon sequences are read 

directly into stereospecific configurations of cognate amino acids, the con- 

figurons, through the mediation of aminoacyl-tRNAs and ribosamal translation 

sites. 

Recently reported observations of tRNA-tRNA interactions, both in 

association with aminoacyl-tRNA synthetases and with the A-site/P-site regions 

of the ribosome (14-23) imply that mRNA codans are translated as contiguous 

pairs, rather than singly; in light of these findings, the polyconfiguron 

model has been expanded to propose that there is direct genetic control of 

the configuration of nascent peptides ("dipeptides") as each contiguous pair 

of mRNA codons is translated. It is assumed that each amino acid is in most 
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stable configuration (24-26) when bound to cognate tRNA; this is suggested 

by the report of Gelin and Rarplus (27) who found that the minimal energy 

positions of amino acid residues in stable regions of bovine pancreatic 

trypsin inhibitor were close to those of the corresponding free amino acids. 

It would seem that secondary structure is controlled stepwise by the manner 

in which the flexible aminoacyl-tRNA:aminoacyl-tRNA pairs interact as they 

present the relatively rigid amino acid pairs to the peptidization site on 

the ribosome, during mRNA translation. 

This postulated association between contiguous pairs of codons and 

corresponding configurations of cognate peptides was explored as follows: 

(a) X-ray crystallographic data for each amino acid residue in a selected 

protein was converted into the corresponding configuration by rotating the 

amino acid molecule counterclockwise around its alpha-carbon, in three 

mutually perpendicular planes. The coordinates of the atoms for the pre- 

ceding amino acid residue were used as the starting points for these con- 

figuron rotations (CR). The Configuron computer program for this operation 

was written in FORTRAN IV, and is available from the authors; (b) The 

configuron produced by a given set of paired codons in cognate mRNA was then 

compared with the configuration of this residue determined by other methods 

(29-32). 

MATERIALS AND METHODS 

Selection of Suitably Defined Proteins for Configuron Analysis - 

Since, in only structurally stable regions of proteins is it possible 
to test for paired-codon control of configurons, a method for locating stable 
regions of crystalline proteins had to be devised. This consisted of 
determining which amino acid residues showed no more than 10' variance in 
dihedral angles attributable to thermal fluctuations (33) between sets of 
crystallographic data for the same protein filed with the Protein Data Bank 
(34) by different depositors. Human globin-A and globin-B were the proteins 

used in this study because they are the only x-ray defined proteins (35, 36) 
for which both the amino acid sequences (37-40) and corresponding mRNA codon 
sequences (7-8) have been reported. 

In the A-chain the following regions were found to be stable, by resi- 
due numbers: 3-4,7-14,18,21-23,25-26,30-40,42-45,48-49,51,55-58,60-65,67-68, 
70,74-76,78-82,84,86-87,89-90,93-95,100-101,103-104,106-107,109-113,118-121, 
123-134, and 136-138. 
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TABLE I. Relationships of Paired Contiguous Codons To Configurons in 
Helical Regions of Human Globins A and B 

Ccxlon-Pair 
File 71 File 73 

Chain Residue-Pair CR1 CR2 CR3 CR1 CR2 CR3 

GCC:GCC A 

GCC : CCC A 

GCC : GCC B 
CUG:CUG A 

CUG:CUG B 
UUC:CUG ‘A 

UUC:CUG A 

CUG:CAC A 

CUG:CAC B 

CUG:GUG A 

CUG:GUG B 

12ALA: 13ALA 61 10 289 49 19 280 

11OALA:lllALA 68 7 298 48 19 302 

128ALA:129ALA 57 12 287 67 8 287 

105LEU:106LEU 56 23 280 70 6 294 

31LEU:32LEU 69 13 290 55 17 297 

33F'BE:34LEU 63 7 299 57 17 291 

128PHE:129LEU 63 12 291 57 16 298 

86LEU:87HIS 58 10 300 64 7 303 

91LEU:92HIS 65 a 292 58 9 304 

106LBU:107vAL 71 12 293 68 5 285 

32LBU:33VAL 65 6 298 58 18 286 

In the B-chain the stable sequences were 3,6,9-13,16-17,19-20,27-42, 
47-48,52-58,60,63,67,72-74,78-81,83,85-93,97-99,103-104,106,108-109,111-113, 
115,117-120,123-126,129-130,132-138,141,143, and 146. 

It may be noted that these stable regions are located in or near the 
helical sites in these globin chains, where the Phi angles lie in the range 
of -48" to -67", Psi angles lie in the range -44" to -57", and the Omega 
angle is -180". This corresponds to Configuron Rotations (CR) of: 
CR1 = -48' to -66"; CR2 = -11" to -26'; and CR3 = -280' to -300'. 

RESULTS 

The results of the comparison of paired-codons with configurons are 
presented in Table I. File 71 and File 73 refer to the Protein Data Bank 
1980 magnetic tape file numbers for the crystallographic data of Fermi, and 
of Baldwin and Chothia, respectively. 

Relationships of Paired-Codons to Configurons in Non-Helical Regions - - - 

As indicated earlier, the non-helical regions of human globins A and B 
are too labile to be well-defined by x-ray crystallographic analysis, but 
certain trends in relationships between paired-codons and corresponding 
configurons are evident. For example, the strong helix-forming residues 
such as ALA, GLU, LEU, and MET (31-32) can occur either in helices or in 
B-turns, depending on the nature of the corresponding encoding codon-pairs. 
Likewise, the strong helix-breakers such as GLY and PRO (31-32) can occur 
either in helices or in non-helical configurations, as illustrated by these 
examples: (a) in the C-helix of the A-chain 36PHE.WC:37PRO.CCC gives to 
the configuron for PRO of CR = -81"/-61"/-156" which correspondes to a 
right-handed B-turn; (b) in the H-helix of the B-chain 124PRO.CCA:125PRO.CCA 
gives rise to the configuron for PRO of CR = -62"/-3'/-299" which corresponds 
to the o-helix. In similar fashion, ALA.GCU: GLY.GGC, and LYS.AAG:GLY.GGC 
generate GLY configurons of helix-forming type, but PHE.UUU:GLY.GGC gives 
rise to a GLY configuron of right-handed B-turn type. 
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Interpretation of Configuron Behavior by Scale Model Building -- 
By inspection of Kendrew-type wire models of proteins (41) built by 

assembly of the specified configurons into a polyconfiguron, it is apparent 
that: (a) during chain-elongation, the C-terminal configuron is inverted 
with respect to the configuration of the penultimate configuron, a mechanism 
that insures preservation of the normal trans configuration of the a-carbons 
with respect to the peptide bond; and (b) within the limits of the data, 
it appears that the same amino acid assumes the same stereoisomeric form 
each time it is incorporated into a given polypeptide chain, regardless of 
the choice of codon synonym which encodes for it in the corresponding mRNA. 

DISCUSSION 

Native configurations of labile proteins, such as globins, are subject 

to denaturation by procedures commonly employed in purification, crystall- 

ization, and preparation for x-ray crystallographic analysis. These arti- 

facts tend to occur in the least stable regions of protein chains, such as 

at termini, or in $-turns, and may be detected by comparison of coordinate 

maps of a protein produced by separate x-ray analyses. The stable helical 

core regions of globular proteins seem to be nearly the same in configuration 

in various crystal forms, with appreciable configurational changes due to 

different packing effects appearing only in surfaces regions of the protein 

(42). 

In proteins which are produced by mRNA translation, the native con- 

figurations develop in stepwise fashion almost simultaneously with chain 

elongation (43), and the nascent chain is stabilized by ligand-binding and 

by hydration (44, 45). Numerous studies have indicated that the stable 

regions of proteins are similar in configuration in crystalline and in 

aqueous solution (6, 25, 281, a finding that relates form and function in 

these biologically active molecules. 

The configuron model for generation of protein configurations seems 

to be supported by the limited data available from crystallographic analyses 

of human globins A and H. It will be useful to apply the configuron model 

to a protein such as hen egg white lysozyme, which is well-characterized by 

x-ray crystallography and other appropriate techniques, but for which the 

complete mHNA sequence has not been reported in the literature. Lysozyme 
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is of especial interest because it is predominately of S-sheet, rather than 

helical, configuration, and is a relatively stable molecule (42, 46, 47). 
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