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56 ml (peak III). FB extracts showed 3 similar peaks with 
elution volumes of 16, 35 and 52 ml respectively. Compari- 
son of the peaks with the elution volumes of known 
proteins by the method of Andrews 6 showed the SB extract 
to contain proteins with mol.wt of 158,500 (peak I); 12,590 
(peak II) and also material of  mol.wt 1585 for peak III. The 
FB extract contained proteins of mol.wt 177,800, 22,390 
and 3162 for peaks I, II and III respectively. Peaks I and II 
for each extract were not only inhibitory (figure) to local 
lesion production but could also be separated from peak III 
by precipitation on adding ethanol to 80% concentration or 
by using ammonium sulphate. The material in peak III for 
each extract enhanced TNV local lesion production and 
appears to be, at least in part, proteinaceous and clearly 
different from the oxalate augmenter desribed by Benda 7 
and Matsashita 8. The inhibitor fractions of peak I are of 
much larger molecular weight than previously described 
plant virus inhibitors 9'~~ and resemble more closely lectins 
which have been extracted from both SB and FB seeds. SB 
lectin (mol.wt 110,000) and phytohaemagglutinin (PHA), 
the lectin from FB (mol.wt 128,000), exhibit a wide variety 
of  biological activities including effects on cell surfaces by 
binding specifically to carbohydrate-containing receptors 
on membranes 12. SB lectin and PHA have affinities for N- 
acetyl-D-galactosamine although SB additionally binds to 
D-galactose. Initial stages of  plant virus infection involve 
the entry of  virus through the plasmalemma with subse- 
quent multiplication of virus particles. Lectins, by attach- 
ment to specific carbohydrate-containing regions of  the 
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membrane, may block or modify infectible sites so prevent- 
ing virus entry. Inhibitors of  animal virus multiplication by 
plant lectins comes about, at least partly, by effects on cell 
surfaces tl. The seed extracts examined and described in this 
paper may contain lectin or lectin-like proteins and their 
virus inhibitor properties may be related to their effects on 
cell membranes. 
Although the r61e of  lectins in plants is not understood it 
has been suggested that they protect plants against diseases 
induced by'bacteria and fungi 13. Further studies of  SB and 
FB seed extracts and their authentic lectins should help to 
verify the possible r61e of these proteins in plant defence 
against disease. 
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Summary. Longest runs of Watson-Crick pairing in hypothetical m-RNA's for a number of  natural peptides were no 
greater than those in the hypothetical m-RNA's  for a large number of  randomized amino acid sequences from these 
peptides. This shows that even if base-pairing in m-RNA were a biological requirement, it would little constrain the amino 
acid sequence. 

An interesting question in the fundamental biology of 
proteins is what, if any, are the a priori restrictions on the 
possible amino acid sequences. One such restriction could 
be the relative instability of some messenger RNA's. The 
stability of these very long chain molecules would be 
enormously increased by folding stabilized by Watson- 
Crick pairing of  the bases. This would require many 
regions of contiguous base pairs. The published base 
sequences for m-RNA's show the possibilities of stems 
containing short regions of contiguous pairing, but the 
information is too limited to be an adequate test. The 
amino acid sequences of many proteins and peptides are 
known and from these the possible base sequences of  their 
respective m-RNA's  may be conjectured, the true sequence 
being only 'one amongst many because of  the redundancy 
in the code. 
We had preliminary evidence favouring such pairing from 
the hypothetical sequences for angiotensinogen, when 
Polya ~ indicated for somatostatin a sequence of  bases that 
can be bent to allow extensive base-pairing. However, there 
were 2 deficiencies in these examples: a) only one bending 
point along the RNA chain was examined; and b) probabil- 
ities would be very difficult, if not impossible, to calculate. 
We have remedied these deficiencies a) by using a comput- 
er programme that generates all possible base sequences for 
a peptide and examines the runs of contiguous pairs for all 
possible positions of  bending; and b) by basing probabili- 

ties on the comparison of the data obtained for the peptide 
with those obtained for random sequences of the amino 
acids of the same peptide. We have assumed that all codons 
for each amino acid are equally likely. To keep the 
computing effort reasonably small, we have limited our 
attention to small peptides (table 1), the amino acid 
sequences for which have been published 2-4. Furthermore, 
we have avoided analysis of the possible simultaneous 
presence of several bending positions or presence of stems 
with stretches of noncontiguous pairing and we have con- 
fined our attention to extensive runs of  contiguous pairs. 
Our findings have made it unlikely that this is a serious 
limitation. For  each peptide the longest run of contiguous 
pairs was compared with runs obtained from random 
sequences of  those same amino acids. 
Results. Except for ranatensin, no more than a hundred 
peptides generated by random arrangement of the consti- 
tuent amino acids was needed to yield at least one run of 
paired bases as long as or longer than the longest obtained 
for the natural peptide (table 1, column 5). Furthermore, 
the fraction of  random peptide sequences which gave rise 
to a run equal to or longer than the maximum obtained for 
the natural peptide is often substantial, and from them one 
can obtain the 95% confidence intervals for binomial distri- 
bution (table 1, footnote). Thus, for example, for ranatensin 
there is a 95% chance that the 'true' percentage lies between 
0-4%. 



Experientia 35 (1979), Birkhauser Verlag, Basel (Schweiz) 

Table 1. Data for runs of base pairs in hypothetical m-RNA's of natural 
same natural peptides (columns 4 and 5) 

peptides (columns 
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1-3) and random amino acid sequences of the 

No. of No. of random Maximum No. of bases No. of random 
amino acids sequences paired in a run sequences with 

studied Natural Random run of pairs 
peptide peptide > Np(=  Np) 
(Np) sequence 

(1) (2) (3) (4) (5) 
Angiotensinogen (horse) '*~ 10 30 20 20 0 (3) 
Bradykinin (ox) 9 10 12 20 8 (1) 
Met-Lys bradykinin (ox) 11 100 16 26 33 (29) 
Bradykinin potentiating peptide B (snake) 11 10 8 16 10 ( - )  
Eledoisin (octopus) 11 10 14 18 2 (7) 
Gastrin (pig) 17 20 12 20 8 (6) 
Glumitocin (fish) 9 10 10 22 8 (2) 
Growth hormone releasing hormone (pig) 10 10 14 16 1 (3) 
Isotocin (fish) 9 100 16 22 10 (18) 
Kallidin (ox) 10 10 12 24 9 (1) 
Kininogen (human) 11 10 16 20 5 (4) 
Luteinising hormone releasing hormone (pig) 10 100 18 22 9 (18) 
Mast cell degranulating peptide (bee) ~ 22 30 22 26 1 (3) 
a-Melanocyte stimulating hormone (dogfish) 11 100 10 20 89 (11) 
fl-Melanocyte stimulating hormone (ox) ~ 18 10 26 28 1 (0) 
Mesotocin (frog) 9 10 10 24 8 (1) 
Motilin (pig) 22 10 18 26 6 (3) 
Phyllomedusin (amphibian) 10 20 18 20 3 (2) 
Physalaemin (amphibian) 11 10 14 I I 2 (1) 
Ranatensin (frog) ~ 11 107 22 20 0 (0) 
Somatostatin (sheep) "~ 14 100 26 30 2 (0) 
Substance P (ox) ~ 11 40 18 18 0 (2) 
Vasopressin (ox) 9 20 10 14 10 (9) 
Vasotocin (ox) 9 10 10 16 5 (4) 
Thyrotrophin releasing hormone (pig) 3 6 '~ 4 8 2 (3) 
Leu-enkephalin (pig) 5 60 ~ 6 10 22 (28) 
Met-enkephalin (pig) 5 60 ~ 6 8 8 (25) 

All possible random sequences; ~ 95% confidence intervals (per cent) for the percentage of random sequences with pairing equal 
to or greater than the natural sequence are respectively: 2-27%, 4-31%, 0-45%, 0-4%, 0-7% and 0-18%. 

Table 2. Frequency table of the numbers of natural sequences and 
random amino acid sequences subdivided into class intervals 
according to the maximum fraction length of run. The latter is the 
number of bases involved in the longest run of contiguous paired 
bases expressed as a fraction of the total bases in the sequence. 
The natural sequences are those of the peptides in table 1; the 
random sequences are for the 6 peptides in table 1 where 100 
random sequences of the constituent amino acids were considered 
for each peptide. 

Maximum fractional run 
of base pairs < 0.4 0.40-0.49 > 0.49 
Natural sequences 9 11 7 
Random sequences 146 291 170 

z ~= 1.25, d.f. 2, p >  0.5. 

The  m a x i m u m  length o f  run  (columns 3 and  4) may  be 
expressed as a fract ion of  the n u m b e r  of  bases in the 
respective hypothet ica l  m-RNA's .  For  the 6 pept ides  for 
which 100 r a n d o m  sequences were genera ted  it was found  
that  the numer ica l  d is t r ibut ion  of  pept ides  a m o n g  class 
intervals of  m a x i m u m  fract ional  run  lengths is no t  d i f ferent  
0(Ltest)  for  na tu ra l  pept ides  and  r a n d o m  sequences  
( table 2). 
Discussion. Thus  we have  found  that,  cont rary  to the 
conclusions of  Polya (1975) concern ing  somatos ta t in  and  
our  p re l iminary  conclus ion abou t  angio tens inogen,  long 
runs of  pai red  bases can readily occur. Fu r the rmore ,  the 
d is t r ibut ion  of  run  lengths for  a group of  na tu ra l  pept ides  is 
no t  s ignif icant ly di f ferent  f rom that  for pept ide  sequences  
ob ta ined  by the r a n d o m  a r r angem en t  of  the amino  acids 
mak ing  up those na tura l  peptides.  There  is no ind ica t ion  
that  pept ides  at  the extremes of  this d is t r ibut ion  (e.g. 

r ana tens in  and  somatos ta t in )  comprise  subsets not  p resen t  
in the d is t r ibu t ion  ob ta ined  for  the r a n d o m  a r r a n g e m e n t s  
of  amino  acids. Therefore ,  a r equ i r emen t  for extensive base 
pair ing in m - R N A  to give it stabili ty would not  impose  
serious restr ict ions on  the amino  acid sequence.  Thus  it is 
not  possible f rom a s tudy of  the amino  acid sequence  of  
pept ides  to draw conclusions abou t  the impor t ance  o f  
pa i r ing  in the m - R N A ' s .  
2 points  need fu r the r  comment .  First, we have not  consid-  
ered the possibil i ty of  e i ther  non-Wat son-Cr i ck  pa i r ing  or 
the s imul taneous  presence of  2 or more  runs o f  base  
pair ings for any  par t icular  base sequence.  Since bo th  possi- 
bilit ies would  increase the degree of  pai r ing our  disregard-  
ing them canno t  weaken  our  conclusion.  Secondly,  we have  
assumed that  all codons  for each amino  acid are equal ly  
likely, but  recent  ev idence  5 for  one m - R N A  contradic ts  this 
assumpt ion .  A l though  the fa i lure  of  this a s sumpt ion  would  
weaken  our  conclusion,  its effect should  be  small  in view of  
the h igh  p robab i l i ty  of  pa i r ing  shown for the r a n d o m  
sequences  of  all bu t  one  pept ide.  
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