Note # 3, July 4, 1963

EVALuaTION OF THE LNTEREST TO PHYLOGENY OF ESTABLISHING THE AMINO-
ACID SEQUaNCE OF ACTIVE SITES OF ENZYMES, - <, > o F oaa S
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With respect to problems of phylogeny, studies of sgequences
around the actlve gites of enzymes,Xm¥ such as performed by Tuppy
in cytochrome ¢, way be expected to be as a ruls the leagt telling
gtudie g. Indeedjégg changesg in these regdong may be expescted to be
very much smaller than in wmany other regiona of the polypsptlide
(b) o Bk e W mm .
chalngy/lioreover what changes are tolerated by mtural selsction may
bs expected to be more limited in kind, The lys preceding the first
and chickaen

@ys in horse, beef, pig/m salmon/cyt ochrome ¢ is changed to arg
in the silkworm and in yeast, but it appears doubtful from this record
tnat an amino-acid other than one of the ¥w® baglic ones will be found
at this gite in any cytocnrome c.,&%%gally, the changss that are
obggrved around the active gsite more probably reflsesct peculiar
functional requirements than phylogenstic relationships, Thug, in
cytochrome ¢, the residus following the first cys is ala 1in horass, besef,
pig, galmon and xmkwkwm the gilkworm, and ser in chicken., Yet, evident-
1y, chicken ig more closely related to horse, pig and wef than ix
are the galmon and the gilkworm,

As & corollary to (b), it may be stated that whatever
changesg are observed in the immmdmwhe functionally most critical region
of the enzyme are most likely one step -substitutions, since the
chanceg for an intermediary gtep to be tolerated by natural gelection
are low, In accordance with this congideration the gwitches betwe en

ala and ser and aX® between a2la and glu (mentiored in lc) above) invol-

ve one gtep~-mutatXons according to the genetic code ag proposed bg

JUK&S (1962), The genetic code proposed by SwITH (1962) ig in agree=
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ment 1inasmuch as the ala-ger change is concerned, but an ala =
glu change appears here to involve at least two 3XEP¥ mutational
gteps., according to both codes a ger-glu changs (or vice-versa)
could be only indirect,

The glu -residue, at this gite, is found in yeast only, If
the genetic code in its final veraion gshould confirm that the
change from glu to ala or to ger cannot b a one step mutation,
then this fact could be uged as an argument in favor of the
evolutionary independence of the yeast cytochrome ¢ and the
animal cytocheomes c,

Conglderationg of this kind will make pogglible statementg
about the likelyhood of a phylogenetic relationship between
two functionally analozous proteing belonging to groups thaty are
very far removed from each other. By phylogenetic rﬁgﬁhﬁﬁamP
is meamt here the existence of a common ancestor who already per-
formed the function of the descenddvi' molecules. (A wider defini-
tion of phylogenetic kinsghip is not ugseful here, gince tlge posgibi=-
lity cannot be excluded that all proteing, animal and vegetal, have
a common ancegtor),

Functionally analogous protseing belonging to vagtly different
forms of 1life may ghare a few characters of gegquence and differ in
all other characters of gequence, The gwsgtion then arises whether
the gsimilarities have arigen by convergence from evolutionarily
unrelated polypeptideg, or whether a common polype'ptide amcestor
enuowed with a gimilar function has exigted, but the similarities
in gsegqwncs have uB9mWaiped mostly bsen wiped out by divergent
evolut ionary change. If changes are observed at the active sltes
of snzyme g that cannot be due to one-gtep mutations, then the first
hypothegls can be gtated to be the more likely, Its likelyhood will
be the greater the more guch differences are found between the two

forms of the enzymethat are comparsd. The st udy of the amino-
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acid gsequence in clogely or moderatsely related forms is, as stataed,

of little interest to phylogeny, but on the other hamd, if formgs are
examined that are extremely far removed from each other on the evo-

lutionary scale, theie critical regiona of the molecule are probably
the mogat informative.

One may put it thig way : If a common ancestry of two
polypeptide chaing is already ascertained by a gufficient nupber of
gtructural homologies, the indirectness of an amino-acid gubsgtit ution
will indicate a degree of functional tolerance to changs at a given
molecular gite; if the common zncestry is not egtablished, then the
indirectness of anx amino-acid substitution at a molecular site
pregsumed to be very intolerant to change represents some evidence
in favor of the contention that the two polypeptide chaina do not

have a vwommon ancestor (in the gdense defined above).

Regarding extra-terregtrial 1life : If %ife on laras
ghould prove very similar to that on earth; if it is basged on the
game genetlic code and on the activity of proteinaceaous enzymes
that carry out the gsame fundamental functiong; if, furthermore, in
a great nupber of these enzymes, whoge function has been ascertained
and found identical with that of corresponding telluric enzymes,
amlno-acld substitutions are noted at molefular gites that are found
invariable on sarth; if, finally, these substitutions, according to
the genetic code, cannot have been one step mutations; then we shall
have grounds for believing that living matter on sarth and on Mars,
although very similar, has not had a common origin, but must have
arisen independently,

Thege consicerations poasgibly furnish the beat criterion to
date for making a tentative statemen*about the independemt origin

of nearly identical formg of life.
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@UALIFICATION OF NOTZ 1 OF JULY 3rd

An agsoclation of chemical units that is completely random must

not bs expected to be found in uwacromolecules of either chemogenic

or biogenic origin :

1) Macromolecules of chemogenic origin,

a) The proportions of the different chemical units that make
up such macromocleculeg cannot be expected to be equal in the original
reaction mixture, hence the chemogenic prodwt will be non-random in
the gseme of the predominance of gome units over others,

b) The condsngsation of the chemical units that make up the
macromolecule should perhaps not be expected to lead usually to
products whose composition is very close to that of the original
reaction mixture (cf. experimental results of Fox and Harada, 1960)%,

c) (Corollary to (b)): Certain agsociations be tween units, 2#ex
i,e. certain neighbours in the macromoleculs, may not occur, or occur to

a gmall extent, for chemical reasonsg,

2) Macromoleculesg of biogenic origin,

a) {n earth, the proportiong of the different amino-acids in pro=-
teing, congidering average figures of a number of them in different
groupg, are not rarmdom (c¢f., Vegotsky and Fox, 1962),

b) Mutationg, except for the probtable inherent instability of
gsone of them, probably temd to introduce complete randomress, but
this trem 1s countsracted by natural gelsction,

¢) (= (¢) of paragraph (1) ). Even under condltions of enzymatic
gynth egig certa in geguences may be excluded for chemlcal reasons,

guch as perhaps the 3¥myx@xEm agsociation of glu and pro (cf, Vegotsky

and Fox),
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The quegtion arises whether, between certain limits,
a more highly randomized sequwnce, glven a certain number of
digtinct bagis @hemical units, may not be more indicative of the
biogenic origin of a macromolecule then a less randomized sequenoe
(because of the trend toward greater randomizgtion through mutation

in "primary" macromolecules, as compared to chemogenic condensation),



