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Chemical Evolution of Protein Sequences 

ISADORE NICHOLSON 

Chemistry Department 
C W. Post College 
Long Island University 
Brookville, New York 11548 

SUMMARY 

An estimation of the hydrolytic stability of naturally occurring peptides 
and homologous sequences within protein chains has been made using 
Newman’s “Rule of Six.” All possible sequences and their corresponding 
cumulative steric values, “six numbers,” were computer-generated. Those 
sequences having identical six numbers were grouped as families. The re- 
sults of this study suggest that, in abiogenesis, peptides and proteins may 
have most often simply evolved to sequences which are members of the 
permutationally more populated sequence families. 

With a knowledge of which amino acids and how many of each are 
present in peptide molecules (data readily obtained today using commercial 
amino acid analyzers), I have found that a simple molecular parameter can 
lead one to a family of likely sequences for that peptide. 

evolution of proteins and the origin of life. 

correlate with steric effects as expressed in Newman’s Rule of Six [4] 
which states “in reactions involving addition to an unsaturated function 
containing a double bond, the greater the number of atoms in the six 
position, the greater will be the steric effects.” A “six number,” termed 
(sn), is used to denote the number of atoms in the six position, as in 
Fig. 1 .  Thus, for dipeptides one may calculate the cumulative sn value, 

The results have implications with regard to the problem of the chemical 

The hydrolysis of the backbone peptide bond has been found [ 1-31 to 
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Fig. 1. Atoms denoted by X comprise sidechains of the peptide. Where the 
X6 atoms are present and multivalent, the sn value will be greater than 1. 

i.e., alanyl-glycine has an sn value of 0 whereas glycyl-alanine has a cor- 
responding value of 3. 

Obviously, the sn values are noncommutative and vary with the sequence. 

The trend of hydrolysis of many dipeptides and also polyaminoacids 
(i.e., homopolymers) has been found to be in excellent agreement with the 
sn value of the structures involved. 

for the dipeptide links for all of the commonly occurring amino acids 
except asparagine and glutamine. 

on land by the agency of vulcanic heat [6] , lightning [7], or ultraviolet 
light [8] underwent a chemical type of Darwinian selection, then the sur- 
viving proteins of today are of the most stable sequences; namely, the least 
hydrolyzable, considering the available amino acid starting mixture. 

I have used a computer (IBM-1130) to calculate all possible sequence 
permutations along with the cumulative sn value for each sequence. 

Since the computer w o r k ~ g  time increases very rapidly as a function of 
the number of amino acids programmed (see Table I ) ,  polypeptides com- 
posed of over nine amino-acids were not investigated. 

Cyclic oligopeptides were not included in this study since steric inter- 
actions due to ring structures are not explicable in terms of Newman 
numbers. Unhappily, this restriction excludes the ocytocin and vasopressin 
group. 

As an example, a biologically active normally biosynthesized (as opposed 
to an in vitro hydrolytic peptide fragment) peptide hormone angiotensin I1 
was analyzed as to the size of families of sequences having identical cumu- 
lative sn values, see Fig. 2. 

__--____ 

Whitfield [S] has prepared a matrix of data that contains the sn values 

I f ,  in fact, proteins formed from amino acids in the primeaval oceans or 
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Calculated sn values 

44 

47 

48 

49 

50 

51 

Number of sequences having sn values 

1,440 

14,400 

2,880 

None 

4,320 

17,280 

Total number of 
40,320 - sequences - 

Fig. 2. Angiotensin I1 (horse). 
Known sequence [9] Asp-Arg-Val-Tyr-Ileu-HisPro-Phe 

calculated Zsn = 5 t 6 t 9 t 5 + 9 t 8 t 9 = 51 

Table 1 

No. of amino acids in peptide No. of possible sequences 

4 24 

5 120 

6 720 

7 5 040 

8 40320 

9 362280 

Thus, angiotensin I1 falls into the category of the most populated family 
which is 

One may thus suggest that in this case, genetic stability is derived from 
chemical stability. 

Two classes of peptide sequences were investigated: 1) homologous se- 
quences within protein chains, and 2) oligopeptides containing no ring due 
to disulfide or peptide linking. The results are indicated in Table 2. 

In no case tested, did the naturally occurring sequence fall into the least 
populated sequence family. Almost as rarely did the natural sequence fall 
into the most populated sequence family. The naturally occurring sequences 
have been found in the permutationally more populated sequence families. 

the hydrolytically most stable family with a Zsn = 5 1. 

- - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Ta
bl

e 
2 

C
sn

 o
f 

th
e 

fa
m

ily
 

Se
qu

en
ce

 

po
pu

la
te

d 
oc

cu
rr

in
g 

m
ax

im
um

 
C

sn
 o

f 
th

e 
m

os
t 

na
tu

ra
lly

 
ha

vi
ng

 

Se
qu

en
ce

 
R

ef
er

en
ce

 
N

am
e 

fa
m

ili
es

 
se

qu
en

ce
 

Zs
n 

ar
g-

pr
o-

pr
o-

gl
y - 

10
 

B
ra

dy
ki

ni
n 

(k
al

lid
in

 I
) 

53
,5

6 
56

 
61

 
ph

e-
se

r-
pr

o-
ph

e-
 

(9
 a

m
in

o 
ac

id
s, 

10
 

ar
g 

fa
m

ili
es

) 

Se
e 

Fi
g.

 2
 

9 
A

ng
io

te
ns

in
 (

8 
am

in
o 

47
,5

1 
51

 
51

 

va
l-t

hr
-a

la
-a

la
- 

11
 

C
hy

m
ot

ry
si

n 
(8

 a
m

in
o 

37
, 3

1 
31

 
40
 

ac
id

s, 
5 

fa
m

ili
es

) 

hi
sc

y s
-g

ly
-V

al 
ac

id
s 

9 
fa

m
ili

es
) 

va
l-t

hr
-a

la
-g

ly
-h

is
 

11
 

a-
ly

tic
 p

ro
te

as
e 

an
d 

21
, 

19
 =

 1
7 

= 
15

 
19

 
24

 
liv

er
 a

ld
ol

as
e 

ho
m

ol
og

 (5
 a

m
in

o 
ac

id
s, 

8 
fa

m
ili

es
) 

as
n-

gl
y-

th
r-

 
12

 
Su

bt
ili

si
n 

ho
m

o-
 

se
r-

m
et

 -a
la

 
lo

g 
(6

-a
m

in
o 

ac
id

s,
 8

 fa
m

ili
es

) 

22
,2

1 
22

 
25

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CHEMICAL EVOLUTION OF PROTEIN SEQUENCES 

m a 
N 

\o 
II 
m 
N a- 

m 
\o 

N 
\o 

N 
W 

\o 
m- 

a- m 

m - 

0 
C 

1623 

I 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1624 I.  NICHOLSON 

One may hypothesize that the original sequences formed were dictated 
by probability and that chemical evolution involved a reshuffling of amino 
acids to more and more hydrolytically stable peptides (i.e., peptides whose 
cumulative Newman number is maximal). 
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