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OTATION, DEVELOPMENT, AND EVOLUTI

‘The basic source of all hereditable change or variation in living orgamisms
has been generally accepted to be due to the process of mutation, and thusly,
the major or paramount mechanism of evolution has come to be regarded ﬁs equiv:
salent to the prdqesa of nuﬁation extended through time. Mutation involves an
alteration or modification of the structural organization of the genetic material;
and because of the\ngture of the DNA molecule, such material is capable of an

infinite or nearly infinite mmber of variegated modifications.

Of the mutations due to the alteration of the genetic material, two classes

‘may be delineated. One class is usually aocbmpanied with observable chrpﬁosomal

. changes, whilst the other is not usually associated with such visible changes in

the genetic material i.e. the chromosomes, but is submicroscopic, for in as much

as 1t'may involve only a‘few purine and p§ninid1ne bases, The former type of

mutation occurs on a grosser level as it involves changes or re-arrangements in
the specific Juxipositional or spatial relationshiés of‘the different chromosomal
segments, a particular segment’beihg defined as a large number of DNA bases (or
nucleotides) in a specific sequence.l These gross changés evince themselves as

Gug) ells
inversions, translocations, deficiencies, and as tandemﬁguplications.

The answer as to whether or not a gene can be defined as being equivalent to

‘one of these chromosomal segments may, I believe, become clearer towards the end

of this paper. For the present moment, I shall refer to a gene as being
syﬁonomous with some small, but arbitrary, section of the chromosome, pointing out
in so doing that this tentative definition adverts to only one of the meanings
which can be applied to the concept, !gene’. | In point of fact, as this discussion

develops/.eesss

1. Chromosomes in metazoa are also composed of proteins (histones) which appear
to be attacned lengthwise to the phosphate esters of the nucleotides, and not to
the bases themselves, so as not to interfere with DNA replication and M-RNA
synthesis. . -
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develops it may well become apparent to the reader that the meaning of a gehe is
that 1t 1s a concept capable of many meanings, each of such equally as valid,

. In the light of the tentative definition just posited a'gene mutation would

% - or could be defined as a<§éf:22§fff§Pl’ mutation occurping within a small chrom-

. sosomal section, while the other type of mutation, involving the re-ordering of .
chromosomal segments, could be regarded as a chromosomal aberration . Yet,

"this should not be taken to mean that gene mutations can
be rigorously distinguished from chromosomal aberrations.
Indeed, deficiencies and duplications that are too short

to be seen under the microscope may be inherited as gene
mutations ... Goldschmidt even contends that all mut-
tations represent small chromosomal aberrations. Whether
or not this is true, it is probable that what we ecall gene
mutations are actually a residue left after the elimin-
:ation of all changes for which a cytological visible

basis can be found. ' Now, how small the smallest chromos-
somal alterations are which can be identified under a
microscope depends upon the organism concerned (since

some forms have large and others small chromosomes), as
well as upon the powers of observation of the investigator,.
The term 'mutation' is used, then, in two senses. In the
broader sense it covers any change in the genotype no
matter how produced (that is by a gene change or by a chrom-
sosomal aberration). In the narrower sense, a mutation is

a change in the properties of a single gene. "2

i

"The significance of this difficulty in establishing the
structural basis of mutation becomes evident when it is
recognized that our knowledge of genetics and our recog-
snition of genes is based to a very large extent on the .
study of mutations. A gene is recognized fas the deter-
iminant of a certain trait] because it has an allelic form
which gives a different phenotype. The action of the

gene in determining the phenotype is ordinarily deduced

(or inferred) from a comparison of contrasting phenotypes.'3

In many cases contrasting phenotypes manifest contfasting genotypes whilst

similar phenotypes do not necessarily imply similar genotypes,

With regard to genotype?{‘it is important to realize that a change in geno-
?{jvmt. stype can also be wrought by the formation of new gene combinations consequent

upon/. eesee

2. Dobzhansky, Principles of Genetics.
- 3. Wagner, Genetics and Metabolism.
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~ upon segregation and the fusion of gametes, Since a specific gene combination

or genotype cannot be maintained completely from generetion to generation, but»l

‘changes somewhat in the very process of its being tranaﬁitted, such a change in

the whole genotype, even though slight is able only to last for the duration

of the organism's life provided that ‘no alteration 1n ohromoeonal structure occurs

within that same period. Such a change of genotype as dependent on or conditional

upon the nechaniane of eegregation and sexual fusion can be regarded as a fluxial
mutation, as opposed to a durable or 1nher1ted mutation. A "fluxial mutation”
would be the broadest neaning which could be ascribed to the term, lutation.
Ultinatelx.tluxial mutations rest on the foundation of inheritable nutations, as
different gene combinations could not be existant without the presence of a large
number of multifarioue,genee. Ilplicit in the notion of fluxial nutation.ie‘an,
additional meaning as to’uhat a “gene* nay be‘- that is, a gene in this case
takes on the meaning of a epecitio genotype or a complex matrix of interacting

units (chromosomal regions.)

Not only is a durable mu;atien a result of a modification in the genetic
material, but a durable mutation can be attributed to a change in the number of
chromosomes, since such a change in ndnber produces a new cembination of genes
which can endure 1n:progeny; Polyploid and aneuploid plants are quite different '

in phenotype from diploid plants, and in a_gglfgterttIfiingZE}ant, a hexaploid

- situation, for example, can be transmitted over a great many generations. A

ocross between(}wo triploid individual plants may give rise to a large number of
individuals which are triploid, while a minority of the progeny may be diploids,

With respect to these latter progeny, the triploid state could not be regarded
as a durable or permenent mutation, whiie with respect to the majority of tri-
tploid progeny, the triploid state, as produced in the parental generation,
could be regarded as a heriteple or durable nutatiop or modification. If
tetraploid/ceeses

3.



tetraploid 1£div1dunla glve rise to diploid progeny, and if the generations of
progen} which have egressed trén the originél diploid parents are themselves
diploid, then one may regard the mutation leading to the diploid state as being
durable even though such a mutation may have taken place as an aspect of . the

_.very processes of segregation and sexual rusion. )

It has been shown that thé alteration of the genetic material, or ‘the pro-'
~sduction of durable mutations, can be induced artificially by exposing the
organism to certain agents or conditions. X-rays, radiation from radioactive
materials, and U.V. have mutagenic effects. Also, extreme temperatures 1nduce
mutations. Many types of chemicals can as well act as mutagenic substancea

or mutagens. Certain organic and inorganic peroxides gre'known to act as
mutagens. Mustard gas and relat compounds have strong mutagenic effects.
cértain types of natural purines/and pyrinidihes- Quch as céffeine, adenine,

~ 1
amino-purine, and S5-bromouracil;|have been used with considerable success as

I
mutagens. Also, alkylating agents) such as othyinnthane sultonate, have been
found to be mutagenic.  Formaldehyde has also been discovered to be a uutagcn,

as well as nitrous acid and acridine.

-,

It is through the application of such nuxagens that the frequency of
mutation is greatly 1ncreasod. ‘The natural mutation rroquenoy or natural rate
of mutation is that observed under ordinary or natural circunstances of obser-
stvation, without the use of abnormal external agents or oconditions, such as
unnatural chemical conditions, extreme tgmporatures, and high levels of radiation,
The cause or stimulus or agency of natural, orlwhat is also referred to as |
spontaneous mutation, may in part be naturai or background radiation, Even. so,
according to Dobzﬁansky; '

"a majority of [natural) mutations are produced by causes other

than radiations. The origin of most spontaneous mutations
remains an unsolved problem. "4

4 Dobzhansky,_Principles of Genetics .



The problem seems to become even more magnified when one notes that not all
genos.in the species mutate spontaneously at the same rate, especially so when
one recalls the fact that the overall average rate of natural mutation is different
for different species, and may as well vary rronbéub-ﬁpecies to sub-species. 1In.
| addition, Muller found evidence that the rate of sex-lirked mutation is different
in different stages of the gérninal cycle. Eoryexample,

"the sperm accumulated during the pre-imaginal life of a

male [Drosophilia) show a two to three times greater

mutation frequency than those produced six to nine days

later... It is clear that at least in Drosophilia the

time rate of mutation is not constant in all cells of

the individual during its life span, and that it prob-
sably varies not only from one stage of development _to

the next but even within the different stages ,.,"

The above phenomena cannot really be explained by stipulating all matural
mutations to be due to extrinsic t;ctérs'alone. If one does not assume the cause
| of all natural nuxaflons to be due to,external agencies the only alternative left
is to assume that an organism has within 1ts§1f the agencies or conditions uhich
brihg abogt mutations, or alterations in the organism's own genetic material.
This would mean thét the occurrence of natural mutations ‘may not be accidehtal or
random, but detefmined by factofs naturally residing or creafed within the cell
or body of the §rganisn.‘ What would be the nature of such factors or agencies?
The answer may at first not be{apparent; but when one recallé‘ﬁhat most, if not
all, of the chemiogl hutagens tgat have been used artificiallyHby man to induce |
mutations are themselves the natural or orgahic products of specific reactions
included in cellelar metabolism, it becomes not difficult to realize that an
organism can produce ité own chemical mutagens, and inflict them on itself, in a
manner of speaking,.thereby inducing its own nutations. Yet it 1§ 1mportantvto
reallze'thaf genes ¢eternine the existence of the soriés of chemical reactions

which result in the creations of these organic mutagens, and thﬁs, it would

,a'ppear/oooooo o : M

5. Wagner, Genetics and Metabolism.
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appear that there nre particular genes that are ultinately the agents or factors
al- G Leffecting the prooess of luts.tion on other gones.

oCoW

o i These ultimate e,gente of ns.tural mutation, which I shall refer to as

(“!GC"\
MQ"J =
Um'\"' eause mutations within specific chromosomal regions (genes) R while other variant
w( -
u"‘\b‘:c
(_(,CLLM Even some of the known organic mutagens appear to act in a fairly specific

2 muterons or mutator genes, may also induce the fomatiqn of organic mutagens other

than those known to man, and it is quite feasible that speoifio ones of such lay
ones may cause respectively different mutations within the same region (gene).

30“ manner. Before pointing out some examples of the specificity of known nutagene,
(TR
seme

«%Y 1t would be best to givs a brief description of how some of them cause mutations.

Ethyl@ulfonate, a known mutagen, acts chemically on DNA to change
given bases into others thereby a.lterating the DNA code.. Ethyl thane sulfonate -

appears to cause@@d guanine and adenine in DNA with the result tha.t
‘u& themethyl derivativesare then excised and eliminated from the DNA by enzymes and
either replaced by_ different bases, the replacement being mediated by the s.otion
of still other types of enzymes, or not replaced to produce deletions. More |
ehsll be said later about the role some enzymes play in nutational activiity.

Organic peroxides react with DNA bues, apparently by attaching hydrogen and

, hydroxly radicals to the bases, and such attachment results in the conversion of
:f& one type of base into another. The net affect of this is the alteration of the
5

DNA code.

éwt&‘&‘turnutagenic purines and pyriuidines are nutagenic by virtus of the fact
be
that ns.naZare analogues to the pyrimidines and pnrines which go to make up DNA,

. and hence its code. S-bromouracil is an analogue of thymine.

*If a 5-bromouracil molecule replaces a thymine in a DNA
chain, a BU-A nucleotide pair will be formed with the
bases joined by hydrogen bonding (BU = 5-bromouracil.)
This would mean that when the two chs.ins of the double
helive xXrxx

6. | :
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helix separate and duplicate ... one of the single chains
will carry a BU base., It is conceivable that this
chain might not function to produce a continuing strand,
but on the other hand, the BU in it may form a hydrogen
bond with another adenine, BU-A or with a guanine to
give BU-G, If thymine and cytosine ... are made avail-
sable, the BU-A combination would be expected to revert
to the original T-A conditions and the BU-G combination
might become C-G. _This would cause a change in base
sequence at this point from T-A to C-G, and presumably
manifested as a mutation ... It should also be noted
that the bromouracil may ... replace a cytosine to give
a BU-G double nucleotide which by the same ... process
nightbbecome BU-A, and then T-A resulting in ... C-G to
T-A.® ' :

Other base analogues, 2-Aminopurine for example, may probably cause such changes

in sequence as C-G to G-C, or A-T to T-A, or G-C to T-A.

Nitrous -acid{ reacty readily with amino groups converting them to hydroxﬁ

groups.

Only three DNA bases contain amino groups.  The reactions of nitrous

mmwnhwuemnmuubuu(wmm%gmdm,wd”mum)wmmu

hypoxanthine, xanthine, and uracil.respectively.

" "These could presumably act as'analogues and cause muta-

ttions in the same fashion as 5-bromouracil, provided that
the analogues are formed in situ in the nucleic acids, for
these_compoueds have not been shown to be mutagenic in the
free state.” ’ &a .

One may even regard nitrous acid as being specific in its actions, as it only

reacts with three out of the four normal DNA bases.

'5-Bromouracil and 2-aminopurine appear to be specific in their respective

mutational activities. For exanmple,

"Freese has found that mutations produced in the
region (gene) of T-4 in the presence of
5-bromouracil ... generally located at the same
sites, that is, they give the same spectrum. ...
Mutations induced by the aminopurines tend to
cluster at somewhat different sites.*8

Ethyi/oooooo

6. Ibid,
7. 1bid.
8. 1bid,
2



+  Ethylmethane sulfonate .., o
"shows oonsiderable mutagenic specificity in phage, since
it causes a reversion of those mutants induced by
‘ 2-aminopurine, but' not those induced by 5-bromouracil,*?
Various alkylating agents have different effects in producing reversions or
back mutations, In adenins inosital double mutants of Neurospora Crassa
Bromoethylnethane sulphonate caused per 106 Macroconida 152 reversion to

ad+, while the same chemical only producgd on the average .04 reversions to

infs+, Ethyl methane aulphomte produced 17./ ad¥ revertants and 11.3

inossrevertants.
[ ]
(7Y ’A% Lﬁ(ﬁq ) . .
4, e *The Fahmys have done eéxtensive analysis on D, melanogostu
Bl p A

treated with a number of different types of nitrogen
le vadras &‘7 mustards and have concluded that the proportion of visible _ ’
, mutations to lethals obtained depends on the specific ' S
mutagen used" ' Z o
‘ -0

Finally, it is important to note that another mutagen, hydroxlya;%ne (NHAH) , }/
Lo } acts chemically only on eytosine; resulting eventually in all G-C ..gyndromes

o ;‘ {-G,e‘-"“”) being eventually changed to A-T pairs.
AT :

[V

‘e &% 1f wm nutage@ are thfuly produéed by _genes, one would expect | :
great amounts of mutagens to be existent in the cells of all species at all times,

thereby bringing about the same type or degree of mutational activity at all

times during» the life spans of the di_vers organisms, How_ever,. ‘it‘waa; pointed
out before' that mutations may ocour more frequently at éne stage of the life span . -
than at other stages, or more often in soﬁe speciés as opposed tb others, whiist

some individuals of a species may have a higher frequency of mutations as com-

:pai'ed to other individuals, Furthermore, i£ is to be #oted that esters of

sulfonic acids do not bring about mutations in the spermatogonia of Drosophilia,

but nevertheless even*t;ﬁate' nuﬁtions in the spermatocytes, spermatids, andv

mature/.....;

9. 1Ibid.
10. Ibid.



mature apom, the mature spem bo:lng the most susceptible to the lutagenio
action, 1In contradiainction to the o,ct:lvity of the methane sulfonic acids
& cysteine derivative, S-2 chloroothylcyatom, only induces mutations in

| spermatogonia.

In beginning to set forth a,n explanation to these.afonientioned phénomena,
one must first realize that in an organism not all genes are acting, or are
active, at all times during the life period of the organism. It is highly
conceivable, therefore, thtregulatoz;y or controlling (oper;tor) genes of the
Ja.cob-Mbﬁod system switch muterons on and off at specific times during the life

- span, with the result being that mutagens are only pr'oduoed at specific times,

and then, eventually converted to nommutagenic substances by enzymes, the
existence of tbea§ enzymes being wrought by still other specific genes. In
fact, such genes should be consideréd as anti-muterons, for in as nubh ‘as they
negate, or eventually cancel out, the effects of mutagens produced by the
muterons. It is quite possible that in many cases as soon as the mutagenic
substances are produced many are converte&, before they have a chance to act, to
non nuxagenic'naterlala. - Such d process would serve to control the degree or
the number of mutations allowed to occur at a spécific time, as only a few
mutagens woﬁld not be converted by the enzymes. This would, in part, explain
why difrerent‘organisms; populations, and species manifest differential mutat-
:tional rates. Alao; the.gact that diftéront speciea have different genes may
XQQRNbe taken to mean that different species have respectively different types

/I/ | of mterons, one type producing more effective mutagens in one given species

‘v

while the other type would be producing less effective mutagens in another given

°M "ﬂspecies. -Different individuals may also differ in the types of muterons each

"Y\L

L'(((CA
B

~has, and this would also serve to explain their differentiated effects in

different organisms; such differentiated effects may, in addition, involve a

n mot}&giveda essee
h .
g&:(W‘Q"
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given individual having induced mutations within i1tself which differ, in most
part, from those induced in other individuals. | |

' The reason as to why different genes within the same species undergo
different mutation rates may be explained by etipulating that in the given epeoiee
certain muterons are present which produce only mutagens which display a higher
frequency of epeciticity tor'one type of gene as "oppoeed to another. Or, one

may also think of the poesibility of two different muterons within a species eaeh

deternining the production of a specific mutagen, each type of mutagen being
only epecific ror a given gene while one mutagen, X, is highly effectual in pro-
:ducing a high rate of mute.tion in gene X whereas mutagen Y is not effectual in

producing a high rate of mutation in gene Y.

It 1s quite feasible that two mutagens may react with one another, producing
thereby a mutagen which is more effective than either of the reactants, The

process by which this may come about would as well be mediated by muterons. In

this connection, it is possible that normal metabolites which are themselves non.

muta,gehic react with one another, producing highly mutagenic substances, Suwh a -
reaction would be effected by a pe.rtic.ular enzyme which would or could be pro-
:duced only by a particular muteron. _ In this respect, esters of methane sulfonic
aoid in themeel‘vee. may not be 'Inutegenic, but become eonverted to ldtagens when |

they react with a specific metabolite produced only during the periods when

spermatocytes, spermatids and mature sperm are brought into existance. S-2 -
w" :

chloroethylcysteine may as well be non-mutagenic in itself, but may produce a
mutagen through a reaction with a metabolite created only during the period of

'epermatogonia formation. . After such a period the mutagenic products may be

converted to non-putagenic products by specific enzymes produced by anti-muterons,

switched on by operator genes after the period of spermatogonia formation. This

would/......
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would expla%n why S-2'dhloroe£hyloyateina onlj'laniquts its mutagenic effects
during the stage uhon‘aperngtogon;a are being developed.  Whether or not the

_'nutagen produced fron's-2 chloroeéhyicystoine is specific for certain genes would -
remain to be settled,véut it is quite possible that indeed it is one of the.
naturally produced mutagens, unknﬁwn to ﬁs, which is only specific for one gene

and no others.

" Yet, what factor would make a mutagen apooifié for only one type of gene?

All genes have the same fbdr purine and pyrimidino bases, Therefore,vuhat‘would
differentiate one gene from anﬁther, as far as the specificity of the mutagen is
concern?d, or in other,wordﬁ,‘uhy would a mutagen react with one gena And not
‘another, when both_genes.had the same four types of hﬁses? Even though all genes
have the same four bises, different genes differ in the particular aequbnce of
-theee bases as well as in the number ofbany one.particﬁlar'base. ;Are'wa able to
say, therefore, that a mutagen, such as etﬁylnathane sulfonate. is drawn to or
has an affinity for a certgiﬁ’sequencq of a small number of bases, such a specific
sequence being a small section of the DNA code of a particular gene? I believe
this is only part of the answer ... Chemical invéstigation has shown that each
particular species of nblecule; whether it be oxjgen, water, methane, or adeninej;
‘has a particular shape which is due to the particular spatial arrangement or
juxtaposition of the electron orbitdls of the atoms making up the respective |
molecules. That is, when a,Specific molecule is formed from different atoms, the
electron orbitéls og the different atoms hybridize in a specific manner or pattern,
and the result of this particular hybridization of electron orbitals is the
formation of a molecule with a éhi:acteriatic shape. By the same token, the

. particular ahépe of a complex molecule is, in effect, the result of the hybrid-
tization of the shapes of its component molecules, or if you will, the resultant
Iof the fusion of a éreat many electron orbitals into a particular shape. The

vahape‘/......
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shape of a complex noleéule is different from that of the shapes of its compon-
:ent,holecules, when the lafter are in the free state, even though all the
component moleouies may happen to be of the Qame type; This is another way of
saying that the whole is different from its parts. '

Adenine, a complex nolecul?, has n‘pgrticular shape‘or spatial configuratibn
of its electron orbitﬁls. Thymine also has a particular shape different from
that of adenine's shape. The other two bast alsd have characteristic shapes.

A sub-sequence of four adenines synthesized together as part of the DNA céde'
would be a molecule more complex than adenine, and ever more important, that
particular sub-sequence would be a very complex molecule different in éhape»
from that of adenine, in as much as the electron orbitals of fhé'adénine'molg-

scules would fuse or hybridize f£o form a structqre'with'a new shape. In this -

light, the sub-sequence ATAT would produce a resultant shape different from the

shape of the sub-sequence AAAA, and sub-sequence TTIT would result still in a
different shape. The resultant shape would be a function of the particular
sub-sequence. If one would consider the entire sequence of bases making up a
chain of DNA molecule, and not small sections of such a chain, as we have been

doing, then this sequence (chﬁin) of bases would manifest itself as a continuum

. of different shapes,ll corresponding to different sub-sequences, graded into one

another. Each arbitzary portion or section of the DNA code would correspond to s

a particular shape. 1In this light, a partichlar‘iutagen nay only have an affin-
ity for a particular sterochemical shape, which only exists at ome small section
of a specific gené. Because of this affinity for n.particular_shape on the

part of the mutagen, the mutagen would or could‘only react wit; that particular
gene and in that part%?ulnr region (section) of the gene. - Another type of

mutagen may be drawn to or have an affinity for a different shape which may éo

hlppedo XXX

| T1.  Such & continuum of graded shapes could be regarded as the secondary-primary

structure of DNA in distinction to the prinary and secondary structures also

S,q( \ manifested by a DNA lolecule.’

12,
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happen to exist at another portion (region) ot the same aforementioned gene,
Of course it is possible that two genes may reapectively have emall sections

which are identical in shape, and thusly, a nutagen having an n.t‘finity for such:
a shape would be specific for those two genes. It would in the light probably_
be more accurate to think of natural mutagens as being region or section spec-
$ific rather than gene spjecific, each region of a gene corresponding to a given
shape, and each such sliape hairing only one specific_nutagen capable of being
drawn to it.12  Once attached to a specific region, the nutagen would react only
with the bases within that region, though it is likely that only one or two bases

~would be the objects of the reaction.

. 4s one will recall the actions of the two base-mutagens, 5-bromouracil and
2-amino-purine, were respectively Specific for two small but different regions
within the n& gene (a larger region). Since these are analogues, such speci~
-ficity in their case would mean that S-bromouracil only repla.ces __E_i_x_xs within
a certain reglion, while 2-aminopurine can only replace some other base in a

different region. " In order for a 5-bromouracil to be able to replace a thymine

P base in a DNA chain, the thymine would first have to be excised by an enzyme.

Only after this process could an enzyme then insert the 5-bromouracil into the
space once occupied by the thymine. One and the sane enzyine oould-very well be
doing both the excising and the inserting. 1In this situation, it would seen
highly probable that the encyme rather than the mutagen has 2 specific affinity '.

for a specific DNA regional shape. .The enzyme, in this light, would be seen as
having two types of Specificity, one for the 5-brcmouracil and another for the
particular shape of the apecific DNA region.

'Indoed, it is well known that enzymes have sites or steresochemical configur-

el tarnt
\/ 3ati°m/eeee-e

12, It is important to note in this regard that antigen - antibody specificity
1s believed to be based upon the shapes of antigen and antibody molecules.

13.
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sations making them able to attach to two or three types of substrates, and no
more. By virtue of a particular enzyme having a particular site or sites, such
an enzyme would only have an affinity for a substrate nolecule having itself

e particular shape. For this reason different enzymes would respectively have

only affinities for different sets of substrates. A

Keeping this in mind, then, a specitic enzyme could very well ‘be seen as
picking up a specific base-analogue-mutagen, carrying the mutagen to a specific

DNA region for which the enzyme has also' an affinity, and inserting the mutagen

into that region, upoh‘removing one of the bases from that section. In this

connection, two different enzymes, specific for two different base-analogue-
mutagens, say S5-bromouracil and 2-aminepuriné, would be specific for two different
sections or regions witnin a gene, by virtue of these different reglons having
different shapes.ﬂ It would appear; therefore, that base-analogue-hutagensmay

be only indireetlx specifie, ih so far as their specificity is depesdent onbor
mediated by the activity of an enzyme. And yet, it is the very enzyme which is

-the major agency about tae mutation. If anytning, both the base-analogue and

the enzyme should be regarded as dual agencies in bringing sBout this type of

mutation. within. a. DNA sequence of bases 13

13, In this connection it must also be noted that a DNA sequence of bases com-
tposes only one chain of the molecule. The molecule also has another caain of
bases which complement with those of the other chain. The two complementary
sequences of bases in each respective chain corresponds to the same code and also
would represent two complementary continuums of graded shapes. If a.given non-base-amaltogue mut-
1gen modif ies only one of these continuums in a specific region ‘the other chain
will have remained unaltered and a moisaic mutation would ensue i.e. only one
half of the daughter cells from the original mutant cell will have altered DNA.
Since most mutations are not moisaic it is quite conceivable for a mutagen not
only having the specificity for one region in one chain but an additional spec-
:ificity for the corresponding region in the complementary cnain, as well. Being
so, two molecules of a given mutagen eacn with dual specificities for the respec-
stive shapes of the two complementary chains within a specific region could be
seen as acting simultaneously, or nearly so, in the resnectlve chains, within the
3p331fi° region Oo‘ooeaeblbho\eeeeeeo eeo.eeieeeee*eeeeeee .eeeee#eeereeeee However’
is/view of what has just been said about tne role of enzymes in mutation activitgn
it ees s e S

14.



ﬁutation.13 : Inzthié roapect,'the enzyme becomes in itself a nutagen,7but indeed
a much more sophisticated one than the ordinary type of chemical mutagen we have |

so far been considering.

Since such mutagenic enzymes uré'produced by'genes;‘one would have to regard
these genes as being another pﬁrticular{olass of nuterons,'uhich in bringing
~ about alspecific mutation work together with the class~of‘mu£erons which produce
or predestine the existence of the mutagenic base-analogues. Even the deletions |
or addition of bases through the éctivity of a non-base-analogus, acfidine,
involves the direct assistance of enzymes, and such enzymes may, therefore, be

regarded as auxiliary mutagens,

The enzymes_thus.rgr considered as mutagens appear to act only in é&njunction
with certain other mutagenic agents. R However, in recent years, a class of
enzymes have been discovered which act directly on the genetic material without
the presence of other mutagens, such as 5-bromouracil and 2-aminopurine, These
enzymes, thougg have never really been regarded in the sense of nutagens, mainly
because they negate or cancel out,PNA alterations or damage wrought by such
external agents as U.V. and X-rays. They act by restoring the original structure

 of the DNA (and hence the original code,)- Such a'process of restoration is in
Ltself a mutational activity, and hence such enzymes, also rererred’to as repair
enzymes, should be regarded as mutageps; or nore_ﬁrecisely, as anti-mut&gens,
produced by still a difrerent class of anti-muterons, other tnan that hitherto
considered. The process whereby these anti-mutagenic enzymes act consists in

excising the small section of altered DNA énd replacing it with a particular

 sequence/ececees

13. (contd.) it would seem more likely that once one chain, A, is altered within
a certain section, X, an enzyme would then excise the corresponding section, Xg,
from the complementary chain, B, and in place of the excised section would insert
nucleotides which now would complement with those making up the substending
section, X5, The result would be that the base sequence of chain B would have
been altered within the section, Xp. The nature of this alteration would hence
correspond in code to the alteration effected within X,. Therefore, in this
situation an enzyme would also be acting as an auxialiary contributor to mutagenesis..

15.
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sequence of bases which corresponds to the original DNA code in that region. :
Oltf'

)</ Some of these enzymes need light in order to carry this out and for this reason

have been referred to as photorepair eystenﬂ by-¥Witkifl. Others do not require
light and thersby have been referred to as the dark repair eystema.tUFTFﬂﬁﬁﬁﬁﬁiﬁz
6 r~v<ed
These enzymes only exciss sections which have been altered, and ere,therefore,
specific in their mutagenic (anti-mutagenic) activity. This wouldfnot be sur-
.prieing if such enzymes have affinities only for shapes along the DNA molecule
which can only come into being as a result of the realteration of DNA through
mutation, as an alteration of DNA at a particular region would cause the
creation of a new pattern of hybridizetion of electron orbitale at that eection.
The efficiency of a living organism would not only have such repair enzymes act
on nutatione wrought by U.V, and X-rays, but it would seem quite probable that an

organism would nave such repair enzymes efface nntations effected by the organism's

own muterons,

If there be a class of enzymes which negate mutations would it not seem |
possible that there also exists a class of anti-repair enzymes which cause mutations :
by not acting in conjunction with any other type of mutagen.' Such 1ndependent |
mutagenic enzymes like anti-mutagenic enzymes (repair—enzymes), would excise

sections of DNA, but unlike the eltered portions chain excised by the repair

‘enzymes, these sections excised by the mutagenic enzymes wonld be normaléDNA

(;thé(( ;sections, and, moreover, would 1nv°1v°_ESEE_EEEEE§* not just one. The mutagenic

Lol =

'y

J

)

enzymes would then replace such sections with different base pairs, or with the \"nsri?

same base pairs but in different sequences; or may not replace the exoised pilece

“at all, and taereby produce a mutation in this fashion, as well. As one will - ”&;ﬁég
recall, such a process whereby an enzyme\o;~;nc&mee”exo;sed a QQEZIZQHQf\SES”bNA

chuin and then replaced it with an abnormal sequence of bases was made in

reference to a discussion pertaining to the action of a chemical mutagen, ethyl

etnane/......
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graded shapes, and would therefore ohly be able to effect exchanges between these

ethane éulfate._ However, in this case, such an enzymé only carries out this

activity in conjunction with another type of mutagen and can therefore only be

‘regarded as an auxiliary or associated mutagen. The independent enzymatic

mutagens, on the other hand,'would and could carry out this same process without
the aid or stimulus of any other type of mutagen. Not only could such enzymes
cause,excffigff,)bux they could also effect the inversion of small portions of

DNA involving only three or four base pairs, }ﬁbreover, they could effect the Aﬂij?

exchange of différentjsmall portions.of DNA from one region to anpther region,
such portions capable“of being as small as one base pair.l4 This would entail
the bNA molecule taking on the status of a substrate on which'differentvéniymés
are able 39 act. It is well known that ecertain enzymes break down DNA. More
important, it is known that certain enzymes act on DNA by attaching glucosQ and
cellobiose to its JH groups. This occurs in the T-even series of-:ba.;:?t‘ereophage's,
and demonstrates that DNA is capable of acting as arsubstrafe in enzyme - oatél-
tyzed reactions other‘than degradation. In this comnection, other énz&me—
catalyzed reactions‘aould involve the conversion of one specific base into another,

thereby serving to alter the code.

One can think of these independent muxagenic énzymes as be;ng'apeoific, as
mutagens, in the same way as the ordinary chemical mutagens previously discussed.
A given independent enzyme would only have specific affinities for two or three

different shapes which only exist at specific regions along the DNA-continuum of
/L .

particular regions. Such exchanges could conceivably ocour @s well, between
specific regions of different and non-homologous chromosomes. Conceivably, one

of the enzymes could also excise a portion of a chromosome, then translocate such

14. The exchange or reshuffling of nucleotide pairs can Be réferred to as

transnucleotidation.
. L3
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a section to the homologus (or non-homologus), and in turn etteeh‘it to the

homologue, thereby creating a duplication of certain genes or base sequences

in the homologue. An exchange in such a case would not be reciprocal.

A variant type of independent enzyme - mutagen gould be seen as only being
able to bring about an inversion involving only a‘epecific region, in as much
as it has an affinity only for that region, whilst another type of enzyme could

’only excise a small section of DNA from a specific region, and in turnvreplace
the excised portion, which is disregarded, with an abnormal seQuence of bases,

obtained from the purine and pyrimidine pool of metabolites. The nucleotides

may be inserted individually and therefors randonly; or even as likely the
nucleotides may at, first, be coupled together randomly into groups, or eete of

three or four by one enzyme,15 and then inserted as groups or ‘sets by a difter-

sont enzyme. More epecifically; different eete‘of nucleotidal etructures ‘would

be synthesized and a pool of them eventnally formed. The ineerting ennyme would

be specific for only.one set of a specific sequence, as well as a set which is

complimentary to the first, and thus would only couple itself to these two com-

tplimentary sequences. The enzyme would then join the sequencee'into a duplex,

wherein their respective bases compliment with one enother; Upon the completion

of this, the enzyme would then insert the duplex-sets into the place trom which

the original excision was made, thereby producing an alteration of the DNA code
at that particular region.

In fact, there does exist in cellelar systenms, twenty or more variant enzymes,

of which each is specific for a particular sequence of ribonucleotides. These

different sets of joined ribonucleotides are known collectively as t-RNA. The

enzymes/cecees

15. Indeed, Ochoa has discovered an enzyme which couples nucleotides together
randomly without regard for a template.
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enzymes are specific in that each of the tventy attaches respectively a epecific
amino acid to a specific t-RNA molecule. The'importance of such a system from
the standpoint of this discussion is that a variation of such a system could be
extended quite readily to include different enzymes being specific respectively
for different sets of joined nucleotides, while at the ‘same time having respective
'apecificities for different regions of the ﬁNA molecule. |

In looking back over tne independent enzyme-mutagens discussed, one may put
them into different classes. One class would only bring about inuersions;
another would only eventuate exchanges, still another would only modify the beses,
while yet another would only mediate the insertion of epecific base—eequences,vf'
upon excision. Each member of each class would act only ona epecific region (or _
_regions) of the DNA molecule. The possible specificity of independent enzyme
mutagens would be quite in f£itting with the general character of the enzyme, in 80
far as the importance of an enzyme, in part derives from that chemical fact that
a given enzyme can only be specific for a few substrates. Considering & substrate
as large and as complex as DNA, one is able to think of different enzymes each of

which acting Specifically on different regions of the molecule.

" These independent-acting—mutagenic-enzymee would each, ns ‘the non—independent- Ca
acting-enzymatic mutagens, be produced by a epecific muteron, but it ie also | u
possible that a non—mutcgenic enzyme could be converted into an independent or
non-independent enzyme-mutagen by its being acted upon by yet,another enzyme.

In this situation, one enzyme would be serving as a complex substrate for yet |
another enzyme to act upon, with the result being that the subetrate is converted
into a different molecule, The enzyme effecting the ccnvereion or modification
" of the other enzyme could in a sense be regarded as an‘indirect-enzymatic
mutagen, in as much as it is effecting the creation of a mutagenic enzyme.l The

phenomenon/. eesse ’
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phenomenon of one enzyme serving as the enbstrute for as yet enother enzyme does
exist and an example of this phenomenon shall be given later, as well as the

general implications of such a phenomenon as they relate to mutational activity.

Up to now no direct evidence has been cited in thig paper which shows that |
mutational activity of some or many genes is under ‘the control of, or is determined
by mutator genes (or muterons). However, there appears to be some evidence for
their existence in lowerborganisms. !hnofeky; in 1965, discovered that a certain’
gene in E. Coli and Salmonella induces transversions in a‘particular region (gene).

He infers that it acts through or via the production of some mutagenic substance,

' because it also induces mutations inﬁzagee residing in the bacteria, It is quite

possible that such a nuxagen is an enzyme" In T phnge, e ,

one of the genes whica controls DNA replication by producing a DNA polymerease can
undergo a mutation witn the result that it procesds to produce an abnormal or

altered DNA polymerease, which in turn, causes mutations in other parts of the

- phage DNA during replieetion, by inserting incorrect bases. This would be a good

example of a mutator gene. Also, it shows that a non;mutator gene can be eonverted
into a mutator gene through a nntation.in the former. Furthermore, this would be

a clear example or snpport for the existence of mutagenic enzymes, and more
important, a beautiful example ofya DNA molecule causating a mutation‘within itself.,

In this connection, it would seen quite feasible that e.epecific gene (or a section

. of DNA) could bring about a mutation Véithin iteeib by producing a mutagenic

"f enzyme which only acts under certain temperature conditions, while it is inactive

under others. This may, in part, explain why changes in temperature bring
5 about mutations. When and if a gene does bring about its own mutationm, it might,

as a result, produce another type of mutagenic enzyme which is capable of bring-
ting about another‘mumation in a different portion of the gene.  Again the

result may be the production of still another type of mutagenic enzyme which in

turn/eae..
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turn would modify or alter the gene in still another vay; anﬁ the latest

altered form would produce still another type of mutagenic enzyme ... and 8o

on. | Such a oycle whereby a gene aelf-induées mutations within its own structure
could go on for a great length of time until a non-mutggenic'enzyme 1s‘produc§d."
 And if such a nongﬁutagehic'enéyme proves highIY‘beneficial for the squiValfof
the orgahism, the gene in its latest form or structure would be selected fdr |

and hénce be maintéined in the genome over many gené?ations. A gene, cﬁpﬁblev. 
6f erfecting.mutations within itself,‘could be rpgardéd as a self;mutating
muteron, and the genome may be made up of a fair number of thése self-mutating

muterons,

It has been known for some tiné tﬁatvaone pgrtaﬁof a_éeh;ne q:o not
.tnecessarily chiqmosomalvin naﬁuie‘bqt feprésent‘hatilé bodies céntaining gbhé&fc
‘material residing in the cytoplasm and tianémitted og&#idb thé'hhcféus toithe
pyogeny, by means of the egé;cytoplaaﬁﬂih.highef organism5;7  365§ b6dies haVe
all the properties of chromosomal genes in that they are a stable system of i
self-perpetuating bodies with clea?»effects bn_tpenphéndtyﬁe.‘ EMbreq§er, such
bodies or episomal genes are~c;pable of‘ﬁutatioh. ~chibrgp}a§ts the effectdrs'
of photosynthesis are one good examﬁe Ar,_such bodies eeo

"In maize, Rhoades has made a study of the relation between a
plastid abnormality fa mutated episomal gend) and a regularly
transmitted (chromosomal gene]. He found that maize plants
homozygons for a recessive alleleij (iojap) in chromosome .
V1I may be variegated, with yellow or white ... striping, or
are all white in which case they die as seedlings, owing to
the presence of defective [mutatedjcolorless plastids [which
are unsble to bring about photosynthesis.] Reciprocal
crosses of 1j/ij striped plants with normal green (13/14)
ones give different progenies ... When normal green plants
(13/13) are used as females and pollinated by pollen from
1j/1j (striped) plants, the F] plants,_Ig/ij'are whole green
(normal) ; but when 1j/ij /striped plants) are pollinated by
Ij/1j-pollen for F) plants (13/43) are of three different
kinds ; normsl green, striped and all white (non viable)
seedlings.  whether or not the Fy plants, all of which have
the same [ﬁhromdsomal} genotype, 1j/1j develop varigation
oé;iouslyAdepends on the ovules from which they arose, that
i.s XX XER] ’ T - : ‘
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is on the source of the egg oytoplasm ... When the striped
\ Fy plants, ... as females, are tegt-crossed with normal Ij/Ij,
“ as males, they produce in some cases only normal green, in
some cases striped, and in othersonly white seedlings., Some
of the latter are 1j/1j, but even when they lack the 1j allele,
they inherit the abnormal [mutated} plastids. Rhoades has .

c {r, s ome given additional evidence for the conclusion that under the

influence of 1j/ij [chromosomal} genotype, plastids {episomal
genes) may become permanently changed to the colorless state
and that this change (or mutation) is perpetuated when the
allele responsible fgr the change [mutation] is replaced by

" its normal allele,"10 | 2 -

Hence the preceding would be a good example of a gene (ij)'in a higher organism

causing or inducing a mutation in another gene even though the latter hﬁppens‘to

be a motile episomal geng transmitted via the cytbplasm.?

~

Even more striking would be the induction of afnutatién or mutations in

chromosomal genes by episomal géneé (episomes), In fact, there 1§=g6od @Qidénée

for the existance of such a phenomenon. ‘

"Dawson and et al have desoribed a leucineless strain of =
Salmonella typhimurium infected with an episome which caused
a high frequency of mutation to prototrophy ... An episome .
influencing the mutation rate for streptomycin resistance in
E. coli has also been described [by Gunderson in 1963} ...
Ginozoa and Painter described ... a resistance-transfer- ‘
factor fa resistance transfer epiSomal,genq’ which carries
information for moderate drug resistance to chloramphenicol
and dihydrostreptomycin, and mutability to high-level
 resistance. After elimimation of the episome from high -
“level resistant strains, a lqw,,non-transférable[resistance
was generally retained. It was deduced that high level
resistance was obtained by coping the information for resis-
:tance carried by the eplsomal particle {gene) in the chrom-
sosome. " ~ ‘ R 1 o

These episomal motile mutator genes or muterons would represent still a
different class of muterons from the ones previously considered. The 1atter“
represent non-motile nutator genes which make up permanent sectiohs of the

chromosomes./eeeees

T6. Dobzhansky, Principles of Genstics.

17. D. Sompolinsky et al, #Transferable resistance factors with mutator effect,“ ;
"Mutation Research®, March/April 1967. :
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chromosomes. Mbreover, they only appear to be capable of producing mutations
in other genes- through the production of some type of mutagen 0.8 mutagenic
enzyme,'and.thererore their mutator effects are not brought about by the.
nuterons making direct contact uith thevgene that is to‘be mutated. However,
as we have just seen, in the cases of some episomal’muierons, the mutator effect
only takes place through the'direct physical contact of the episomal muteron
with thefgene to be mutated. | | | e

In maize, MeClintock has found strong evidence for the existence,of episomal
muterons or what she refsrs to as ‘controlling elements" They reside inbthe
nucleus and effect mutations by msking direct physical contsct with the region of
‘the chromosome to be mutated. These episomal muterons of which some may be
composed of RNA, a slightly variant formcf the genstic material, are capable of |
moving from one part to another of the same chromosome, or from one chromosome
to another. a given controlling element is able to insert itself into a given
gene or chromosomal region and produce a mutation thereby. Upon effecting the

mutation, the episomal muteron can then transpose itself to another gene (or
;region) on another chrcmosome, and in turn, effect a mutation there. Such con-
'trolling elements can easily agsure their transmission to progeny by attaching
themselves to gametic chromosomes. During such a period, the episomal muterons :
would be in an inactive condition, wherein, they would be incapable of effecting

mutational activity.

MeClintock, in fact, believes that certain other episomes in the nucleus have,
the regulatory ability to switch on or off the mutation inducing activity
of the episomal muterons once such nuterons make contact with the chromosomal gene.
. Furthermore she believes there is evidence for different regulatory episomes being

specific respectively ror different classes or groups of episomal muterons. The

episomal muterons do not have the ability to switch themselves on or off, and once



‘s given muteron is‘ewitched off it must await the presence of a particular
gulatory episome for it to be switched on.de nova, even though the episomal
regulatory element does not have to neceeearily situate itself adjacent. to the
- place where the episomal muteron is inserted. The gbsence of a particular
regulatory episome, as a result of its becoming lost, may leave the'episomal
. puteron permanently switched off until the particular type becomes present again,
through a sexual fusion, or even through one of the other regulatory epiSomes
jtself undergoing mutation. " In fact, it appears that regulatory episomal genes
can mutate to episomal muterons and vise versa, though once a regulatory episome
-becomes transformed through mutation into an episomal nuteron, it cannot switch
on or off neither itself nor the activity of other notile muterone.{ The
procesS'whereby a regulatory episome becones an epieomal muteron ean quite '
conceivably be ef fected through the action of a mutagenic enzyme produced by a
non-motile chromosomal muteron. It is also known that a class of regulatory
eplsomes are able to activete or inactivate chromosomal genes by inserting them-
sselves in such genes. Though MeClintock believes that the activities of such
a class is itself under the control of still other regulatory episomes, it is
quite conceivable also to see such a clgss as operating, at times, independently
of other regulatory episomes. For example, one can see such a class as being
divided into two sub-classes, one of which contains regulatory epieomes which
~only inactivate active chromosomal genes, and another which only activates
inactive chromosomal genes, by enabling such chromosomal genes to produce MPRNA.
A specific type of inactivating episome could only inactivate a Specific group.,
of chromosomal genes, whilst only & specific activating episome could re-activate
such a specific group by transposing {tself from one {nactive (or ewitched off)
chromosomal gene to another.A Such a class of regulatory episomes should be
distinguiehedvfrom the regulatory genesgof the Jacob-Monod system, in so far as

the/eeeeoe
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the regulatory genes of the Jacob-Monod eystem are ohromosomcl genes. It is

such a system which would normally control the activity of the chromosomal
muterons, but it is also possible, as well, that the episomal regulatory genes

are capable of inactivating or activating chromosomal muterons.

.

Once activated Specific chromosomal muterons could cause mutatidns in

: eoisomal regulatory genes, end in so doing, cause them to be eonverted into

episomal:muterons, or into episomal anti-muterons, the latter being either cap-
table of negating mutations eventuated by episomal muterons or. those wrought by
chromosomal muterons. By the same token, some episomal muterons could be

capable of converting chromosomal muterons into chromosomal anti-muterons, andi

v1se versa. A speciric chromosomal muteron could as well be mutated by L

bspecific episomal muteron into a different chromosomal muteron, oapable of
producing another type of mutagenic enzyme, as a result. Of course, in this

| light, it is also conceivnble of variant chromosomal muterons acting on one
~another via mutagens, with the result that they are all mutually converted into

other divers types, capable of. producing different mutagens as from before, with

the ultimate result that an entire new set of genes, or regions thereof, arevopened e

to mutational activity. Some of the latter may themselves be converted into |

chromosomal muterons; through such mutational activity, and in turn,

mutagens which open still'other genes to mutetional activity or produce mutagensk .

which mutate muterons.

Also, we have seen that a few or even many chromosomal genes could be self-
mutating muterons with the result that almost a non-terminating collection of

self—mutating cycles is capable of being brought into existence. Such cycles ﬁ

~ecould only be broken through the production of non—mutagenic enzymes, a change in

temperature, or thrpugh the intervention of either chromosomal anti—muterons or’
episomaleanti-muterons. Moreovar, such cycles could be induced by muterons

nutating/eeesss
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muteting genee into self-mutating chromosomal nuterens. It'is also oonceiveble
that some of the mutagens produced by eelf-mutating muterons are specific for
other genes, and when such genes mutate upon the action of such mutagens, they

- may as well become self-mutating muterons.. These in turn could produce mutagens
capable of inducing still other cycles of. eelf—mutation, though some mutagens '
produced may transform some chromosomal muterens into chremosomal anti-muterons
capable of breaking the cycle. Furthermore, it is feasible that not only could
a group of self-mutating muterons be undergoing mutation as a result of the
behaviour of their own respective self-produced and self-acting mutagens, but
'also as a result of these very same self—produced and self-aoting mutagens acting,
as well, on the eelf-muteting muterons in the group uhich ere not their respective

producers. However, ‘such a mutual 1n£luence of eelf-mutating—muteronS”on ene

| another during the cycles of eelf-induced mutation may not be general, but cir—

scumseribed to only & small group of eelf-muteting muterons.

A mutational cycle in an organism may not only be of the eelt-mutating— r
.muteron variety, but include a system of many elements cepable of inducing in one
another an endless round of mutations. A aimple exemple of aueh a system may
'include one episomal ‘muteron, termed A, one episomal enti—muteron,vtermed B, two
chromosomal muterons, termed F and c respectively, one ehromosomal anti—muteron,?
termed D, and one normal structural gene - a gene which ls neither a regulatory ,;
gene nor a muteron (or anti-muteron) - termed Sl. The eycle may'eommence by c
inducing a mutation in §, only to be negated by the ection of D. However,’A‘ g
may tten induce another mutation in S, but this in turn may be altered to Sg.‘
Upon this happening, C may effect a mutation in F, transforming 1t into Fx.

Fy may then induee a mutation in Sy, eaueing it to become Mx a muteron."”The
muteron, Mk, nay then act on C, transmutating it into Gx Ox may, in turn,

‘ mutate A into Ay and Ay may in turn mutate My into Mz, atill another muteron, but

a-/eeee.o

26.



a muteron capable of self—mutation. Hz may then proceed to mutate itself into
Mz . Mgy may then mutate itself into “zz ’ M¢2 into Hga, and’Mz3 into M“L’
and 80 On. | Upon the creation of Mzzo, the gene would no longer be self—mutagenic,

but act as a normal muteron.

\

The mutagens produced by Mzz ‘may then act on ‘A converting it into As.
Ay may then act on D, converting it into a muteron, Dg. Dm nay, in. turn, act on
Ay, converting it into Ay, and Aq may then act on M, 320 converting it into Z, and -
this in turn eee and so the cycle would continue. The system would not involve
all elements at all times and at one point may temporarily create a sub-self
mutating muteron system which, in efrect, ultimately provesto be a major factor c
in the continuance of the overall cycle. It is also important to add that
mutagens produced by this particular cycle may as well influence other mutational
cycles, and after a time, such & particular cycle may &s well be influenced by g
cycles outside i£551f.' The number of possible multifarious mutational cyclesni
which could'be in existence 1s high jndeed, and time does not allow for all of

their respective descriptions.

Though, it must be said that the same type ot specificity\applies to the
interaction of muterons, as between the interaction of nuterons and structural;;n
‘genes. A specific episomal muteron would be specific for a given chromosomal,
’nuteron by the virtue of the latter nuteron having s specific shape in one of its
regions, for which the episomal muteron has an affinitm and to which it 1s drawn
as a result. However, we have described cases where a given episomal muteron
is capable of causing mutations on a small number of different/chromoSOmalvgenes;'_r‘i
This would be possible if these chromosonal genes have in common a region with7a;"
similar shape.' In such a case episomalpmuterons could best be described as being

specific for only a particular group of chromosomal genes, albeit there may exist

85/ ecens



as well a fair number of episomal muterons, each cepable of causing a mutation

in only one specifio chromosomal gene, and in no other.

The presence of’ vcriegated )uterons capable of inducing cycles of mutations

Nt ™
may lead one to believe that the frequency of mutations is much higher than we

-suspect. The reason as to why one would not suspect a high frequency of mutations

is simply that many of such mutations would not manifest themselves in physioal
or morpholoaical terms, but in unobservable netebolic modifications which are not
necessarily accompanied by morphologioal changes In fact, & high degree of
mutational activity lasting continuously, over many long periods of.the organism's
adult 1ife may be the rule rather than the exception.: Any deleterous mutations, \
arising, could in many cases ‘be negated tbrough anti—nuteron ectivity; the gene L
then could be mutated by another muteron, with the result thet in thie oase, a |
beneficial mutation is produced. In the case of higner organisms such intense
mutational activity may occur more often after the organism has pessed through its
'em@bologicai stages so a8 not to interfere uith the developmental processes uhioh

are under ‘genetic control.

Such developmental proceeses necessitate epecific combinations of genes to

‘be activated at epecific times end in specific regions of the organism. Specific,i.:'

combinations of genes ecting et speoific times end regions results in cells of

differential structure and chemist y at different timee and in different regions, c;i

and such differentiation leads to the formation of different orgens end orgnn

systems.

At a very early stage development any group of celle has the potentialiof‘;

' comoetence to development into any future organ of the mature organism. ;ﬂouever;

at/eeeees

18. Also, many genes occur in duplicate, one copy (alleleo residing on each hom-
tologous chromoSome. 1f mutations occur in only one member ‘of each reSpective
pair, with a subsequent inactivation of such mutant genes by controlling (regul

. atory) genes, ‘and if, furthermore, the non—mutated cggies continue to be active,
then the existance of the new mutant genes would
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at a much iaterppriod of denelopmenx a given group of cells loses such toti-
:potentiality, and thereby has its potential restricted or delimited to the
capacity of only being able to follow one specific developmental pathway, out of
many divers ones. Such delimation or restriction of developmental potential of
a group of cells is believed to be due to many genes in those cells becoming

‘ permanentlyvinactivated or switched off, genes, which if active, would give the

cells the potential to follow other pathways leading to other organs.

An organ is the result of a temporal sequency offspeeific combinations of.
acting genes. During development, the specific combination of genes acting at
any period of time is different from a combination ecting at any other time.

Each specific combination of genes acting in a cell produces a specific synthetic
effect or product, that is to say, the effects or products produced by the genes
in turn modify one another, producing a resultant effect, which is not usually
the. eame as that produced by another combination. The same active gene could
be a part of a temporal sequence of three different combinations, and produce a
different effect in each. Actually, it would be more precise to say that ‘the
product produced by gene A becomes modified‘in three different ways~when gene A
is a part of three different combinations of ecting genes. Therefore, three |
different gene combinations would serve to produce at tnree different times, three
different products. The final modified or resultant product at one of these
times would owe its existence, as a modified product, not to one ‘gene, butto more
than one gene. In this sense, the specific combination of genes must be
freéarded as a complex unit which effects into existence ay specific modified
~product.  For this reason, such a complex unit must in a sense be regarded as a
gene,  However, its existance as a complex unit would have. temporal boundaries .
witbin the cell for at time ty, it would exist, but at time 13, it would cease .
to exist, being replaced by or changed into another specific combination of
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activated genes, or complex-unit.  Because of the 1mpermanent or transient or
changing nature of such a(complex;dnit, I have decided to refer to such a unit

as a fluxon. The fluxon would advert to another meaning of the term "gene".

A given cell may have tw§ or.nore fluxons in existence at the same time, and
they would beldelimitéd from one another ﬁy virtue of their respective resultant
products, in turn neitner modifying one another nor wérking togetber as & team
' of enzymes on a series of chemical steﬁs leading to some other producf}.19 ,’If-
such enzymes (productg) did work together, thén the fluxons prqducing them must,
themselves, be regarded'ag making up even more complexvfluxons. Moreofer;png of
the enzymes involved in ‘the aforementioned sequence of cheﬁical steps ﬁgy alsq.be
invplved in another sequence of steps le;ding to a diffeient product. 1f this‘v
be tne case, the fluxon producing this enzyme ﬁust,itself b; fegarded_és:ﬁéking
up two different complex fluxons. Also, in this ¢ognectioﬂ, it tﬁe}résulignt-prof
sducts created res§ect1§e1y by three diffarent fluxons eventuated.in'a‘tqmporél |
seguence, in turn, nodify one another, after such fluxons are no longe; in exis-
ztence, the fluxons,.at any fate, must be regarded as if in existence and as if
in existence ami s if making up & complex‘fluxon because of tne 1nt§raction of their

respective producté;zo

| At a given time, in a-given region, a group of cells would have ﬁhe;éamé
fluxons, while at anotﬁer region, & groﬁp of cellé uoﬁld exiét in ihicﬁ each member
of the group would'havé the sume fluxons as the others in the group, but the
fluxons of this latter group would be variant from those of the first group
mentioned. in addition, fluxons would be vﬁriant from region to fegion, whereby

the/.....'

19. Also, if the products of two or more different fluxons combined together to
form a resultant complex product, different in properties from that of any one of
tne individual products, tanen such fluxons must be regarded as making up one com-
splex fluxon as opposed to their being delimited from one another. ‘ :

20. a fluxon may be equivalent, also, to one activated chromosomal gene if the
product of tuat gene is not modified by other genes.
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the chemical products produced in any one region would be different from most of

those produced in any other region.

At time y, each of the cells of region K, could be seen as having fluxon 1,
'mach of those of region L, fluxon 2, each of those at region M, fluxon 3.
However, at time 2, eacnn of the cells of region K, would have fluxon 10, each ef‘
those at region L, fluxon 20, and each of tnose of region M, fluxon 30. /The'i
existence of a given fluxon at a given time and space (region) would be deter-

mined or eventuated by the chromosomal regulatory genes of the Jacob-Monod

system. In this connection, a substance or substances, produoed in one region,
.P, could enter the cells of another region, U, and in turn induce specific
operator genes to switch on (or off) the particuler structural genes over which
taey exercise'controi, ‘thereby producing neu fluxons in thet region, and as a
result, new products. Some of these products may ‘then move into another region '
of cells, R, and induce the creation of ‘new fluxons within thst region, by
inducing certain (specific) operator genes to suitch on the perticular structural.
genes which they oontroi, while inducing other epecific operator genes to switch |
off other perticuler etructural genes, Some of the products or the new fluxons
in region R may then move into region P, end induce new fluxons there.»g Some of,
tue new products produced in P may hencefortu move into region U, and induce hew
: fluxons to form in that region, wherein new products uould soon ensue. Some of
tnese products may enter region R with the induction of new f£luxons, ensueing as
a result . Some of the products of these latest f1luxons of tais region may then
enter region P, again, end causate the formation of still newer fluxons in the
region, and the products of this may enter region U seo and L on. Such a cycle

may be one of many divers ones as may exist in developmentel systems.

As was implied earlier, a cell is able, as well, to self—induoe a temooral

sequence of variant fluxons, therefore not requiring inducing-substances produced

bY/eeeves
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by other cells of other regions, Such a system of‘seif-inductiom would of
necessity be cyclicai. The cycle may begin by a fluron A producing a substance
X. X then induces the creation of three new ftuxons, B, C, and D, and'the’ter-‘
 smination of fluxon A,  Fluxon C produces a substance, K; which induces the )
 formation of fluxons s, T, V, and Y. Fluxons v and Y may then produce substances :
which cause the terminatiou'of fluxons C and D, and the induction of fluxons E and
L. The substance produced by L may then induce the formation of still other

fluxons and the termination of others ... and so om.

Specific substances would be drewn respectively to specific operator genes
by virtue of the sume mechanism which determines the specificity of mutagens;
Vthough with regard to the preceding paragraph, it would seem as likely that a
~ given substsnce could be specific for a particular group of operator genes rather
~ than for just one particular operator‘geue. of course, another given substance

maydonly hsve an affinity for one particular operator gene.

The 1nactivation or activation of structural genes may not_only'be attrib-

:utable to their being switched off or on by operator genes; For exsmple,’a
‘fluxon of oue chromosomal gene may produce polypeptides which are able:to attach
toemselves length-wise to five different sequences of bases corresponding to five
smﬁﬁcym&tumdma,mD,md&rwWﬁudm Byﬂﬁ&ﬂgmmWWw
to the bases of these genes, they prevent such genes from producing M-RNA.

Since the genes arc hindered from producing M-RNA, they must be regarded as
insctivated. The insctivation of these five genes by ‘the process results in a
-new combination of,genes jnteracting together, and therefore a hew £1uxon.
However, at a later period of time, a chromosomal gene may produce -an enzyme cap-
:able of severing the protein from the bases of genes A and D only, thereby

activatimg those genes, with the resultant creation of a new fluxon. Still, at
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a later period of time an enzyme may be produced‘which is capable of sevefing
the protein from the bases of gene G, allowing for its activation, while another
fluxon produces & protein which attacnes to the baseeot gene D again, resulting

in its inactivation.

The activating enzyme uhich severs the protein from & gene's bases would have
a specificity for that particular gene, or maybe even for two or three additional
genes. Thé mechanism of this specificity would be the same &s that on which the

specificity of mutagenic enzymes is based.

The action of & mutagenic enzyme on & particular ohromosomal gene, mcking up &
particular fluxon, would result in the creation of a new fluxon, not normal to the
‘organism.  For example, if a fluxon is composed of the acting gencs, A, B, and G,
and if a mutagenic enzyme acis on C mutating it to D, the £1luxon A—B-D, would
tnenceforth result, and in turn, a new product. Such a mutational event, and tne
consequent production of anabnormal fluxon (that is a fluxon which is not only
unique for tnat particular organism but is temporally and spatially out of place,
as far as tne normal developmental pattern is concerned) may very»well result in

a slightly abnormal phenotype.

_ Moreover, a mutagenic enzyme :ould act on a given operctor gene, mutating it
1o tae O° state. In such a state the 0° gene cannot be induced to switch off the
'particular structural genes which are uﬁder its control. If the~existence of a
particular fluxon calls for the switching off of these two structural genes, such
a particular fluxon could not come to be, and in iis place, therefore; an abnormal

fluxon would be produced.

As we have recently seen, new fluxons, as a part of normal development, may
pe created by specific enzymes activating specific genes through the severing of
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proteins from the bases of such gehes. At a specific time, a given normal

" fluxon might be created due to the severing of a protein from the bases of a

smdﬁcym,&by@emmewwwﬁbyamﬂmuugw%P, However,
gene P may mutate to Z as e‘result‘of muteron activity. The consequence of

the mutation would be tnaf the gene may produce a diffegent enzyme.  The enzyme,
being differeht, may be specific for a gene other than S, let's sa& T, and would
then proceed to sever a protein from T's bases thereby activating it. The
activation‘of T rather than of S would serve at that time to pfoduce an abnormal
fluxon. The creation of abnormal fluxons must be regarded as the creation of
complex-mutations. The basis of such complex-mutations vould ultimately rest
on mutations having been 1nduced in cnromosomal genes. As such, these complex-
mutations (abnormal fluxons) would most likely appear again at the corresponding

developmental stage(s) of the organism's progeny.

Upon an organism having achieved its developmental maturity; ertain chrom-

tosomal genes would.have.become permanently inactivated, while other chromosomal

genes would have become permanently active. Yet, what delimits one active

chromosomal gene, eSpecially when both are adjacent to one another? Earlier in
this paper, a gene was defined in one sense as being an arbitrary section of a
chromosone, und ac we know, each section of a chromosome corresponds to a specific
sequence of purine and pyrimidine bases. | If this is so, then each specific and
adjacent gene makin, up a chromosome would beequivalent to a specific sequence of
bases. But, since these specific sequences of bases are continuous witn one
another, for in as much as laey are but parts of an overall continuum of &
specific sequence of bases, which corresponds to the chromosome as a whole, what
would serve to delimit or demarcate one sub-seduence from another? = Enzymes

may be the agencies involved in such demarcations. Different enzymes would.be
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. inserted by other genes at specific poinxs or positions along the chromosomal
z continuum of bases, thereby sectioning off Specific sub—sequences of bases. The
transcription of a particular sub-sequence (gene) into a particular chain of
ve o M-RilA would then commence.at one enzyme, and proceed unidirectionally to the

. . position of another enzyme, where such transeription would be hindered and in
o o turn, terminated. The specific M-RNA thus}produced would then proceed io the
;"f ribosomes. The particular code of the M-RNA would there be translated into a

k(’( }’ specific polypeptide chaln made up of specific amino acids arranged in a specific
N

r(hdy
b ~  order. Sectioning in a fair number of cases may also be eventuated by enzymes
e
e inserting small polypeptides of three or four amino acids at different positions
A ppinn ,

< ” along the continuum of bases. Such would hence also serve as commencing and

terminating points for M—RNA transcription. The small polypeptides could be

obtained through the degradation of proteins.

. As long as tne enzyme and small polypeptide demarcators remained fixed in
,iﬂlm,(! their positions tney would be transmitted along with the ohromosomeS’to the next
CenRre .generation, and by the same token, the particular base-sequences demarcated by
tnese fixed delimitors would as well be transmitted, The size or length of these
different sections (genes) would not necessarily be equal, and some may cohsist of
thousands of bases, while others may only consist of one hundred., The result.

would be the production of polypeptide chains of different length.

However, not all of the enzyme and small polypeptide demarcators may remain
respectively in one fixed position throughout the organism's lifetime, but be
moved from one position to another by a specific class of enzymes, the re-positioning
‘enzymes, with the result that new sections are produced made up of groups of new
l base sequences. These latter groups of base-sequences would be different from -
iany particular base-sequence group contained in a section that existed before'the
_re-positioning. The result of such re-positioning would be snown in the production
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. M-RNAs different in bases sequence from those produced before. Thelfollowihg ' l
diagrams may'méke the preceii?g more clear: R (.7) : | }/
| ¢ —cc A&
1) T(,/_C | |
ST AET /\cgrccc cg/TTTM/M/, | | \
i ' ,/ .
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Diagram one 1s symbolic of one chromosomal continuum. of bases with enzymes (x)

and (¥ inserted respectively at different points along the continuum., The
'formatioﬁ of M-RNA (a) is shown a8 commencing at the"beginning of the chromosome
and terminating at enzyme (x) Thé formation of M-RNA (b) isshown as commen-
:cing at enzyme (x) and as terminating at enzyme (y). The transcription of

M-RNA (c) is shown as commencing ‘at enzyme (y§~and as terminating at the end of

the ch . LT~ - |
(:’._), o ~\ —r o p ASGTET & pE
A7 ‘/‘T A -

G’ SN ey L-}'————’ S

”_vf.(} S s ccc U /(/y(/(/(/((/l(dc/c
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Diagram two shows that the sequence of bases between.the two enzymes, and between
an enzyme and the end of the chromosdme is different ffpm before, as & result of
the enzymes demarcators having been're-positioned by other enzymes‘(enzyme
re—positioners). The result is manifested in the transcfiption of only two
M=-RiiAs, (d) and (e), different in tneir respective codes, and different, as well,
in tneir codes from the three M-RNAS produced pbefore the acts of re-positioning.

A chromosome would have thousands of more bases than depicted in the disgrams,

a.nd/o--ooo
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and the re-positioning may involve more than two enzyme (or polypepﬁide)

demarcators.

The permanent remofal of some of these demarcators would result in longer

_ sections, and as a result of such a lengthening of sections, new overall base-
'sequences would have come to reside between the demarcators remaining.  The
creation or 1nc1usion of new base-sequences between given demarcators can, thence,
not only come about through the re—positlonino-of such demarcators, but through
"the permanent removal of some, &S well., 1If a specific gene is equivaleﬁi to a
specific seguence of bases, &s defined by the Specific'positicns of two enzymes,
or by the specific pcsition of one enzyme and the one end of the chromcsome, the
re-positioning of those enzymes or the permanent removal of one or the other of
those enzymes would mean the termination of the existence of that specific gene;

Yet, the very termination of that specific gene would be commensurate with the

creation of new base-sequences between some of the demarcators as & result of the

re-positioning, and such a demarcation of new base sequenceSwould be equivalent

to tne creation of new genes.

The re-positioning of some demarcators, or their removal, and the concomitant ¢

termination or creition of particular genes, which is the result, may occur within

certain periods of development, and, as & normal aspect of such development.

At certain periods of development repositioning-enzymes would be produced
which would reposition the enzyme and polypeotide demarcators. Each of the

re-positioning enzjymes would be capable of moving only one Specific demarcator,

and to only one specific position. Each specific period would see the production:

of only two or tnree re-positioning-enzymes. After having brought about the

re-positioning at a particular period the two or three repositioning enéymes '
would be degraded.
At/.nl...
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At abparticulaf period of time, therefore, certain genes would be terminated,
whilo others would be created in the very’termination of the former. At a lator
period of time, the latter wouid, as Qpll, be terminated, and others created as

a result. The existence of some particular chromosomalogenos in a given orgahism
would thus be transient. The existence of some particular chromosomal genes, and
the length of time allowed their respective existences, would ultimately be

determined by, or conditional on, the exlstence of stlll otner genes, in as much

 as these latter genes would be bringing into existence the re—positioning-enzymes.

Most chromosomol genes 1 suspect would not be transitory in nnture but remain in
existence throughout the life of the organism, in so far as the majorlty of
demarcators defining theilr respective existences would normally remain perman—.
tently fixed in tneir respective positions, eyceot during the times of chro'noso'n,mlv:
replication, wien they would be moved.temporarily from tueir respective positions
so as to ellow tne replication to proceed. As for fhe new or replicated

caromosomes produced, a new asgortment of demarcators would be insertec into the

normel positions.

The termination or creation of some genes as due to tﬁe re-positioning of
demarcators cannot be regarded as mutations since the "terminated gene" would
reappear again at a specific period during the- development of the progeny. In
£ne progeny, 1ts existence would soon be terainated agaln, only to reapnearl de
nova‘at a.speclfic time in the development of the progeny's off-spring ..o and T
on. 1he termination and creation of the same transient genes at tne same
particular times would be repeated ogain and again in succeeding generations.

The continual, though, short existence of the same transient genes in subsequent

generations {1lustrates a lack of mutational»activity‘as far as taese genes are

concerned,

The phenomenon of a transient gene being created and then terminated after
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a saort period of time is highly analogous to a non-transient gene being switched
on, or activated, at a certain period of time, and tnen switched off at a later
period of time, When a non—transient gene is in thesﬁctive étate,'it is as if
the gene does not exist, since there would be no way of detécting'its existence
while it is inactive. Nhen‘suéh a gene is switcned oh it is as if it were
created anew, since its existence may.now probably be detectable.  anhen such a gene
becomes switcned off de nova, it would be as if its existence was terainated.
From the point of view‘of a gross observation, the distinetion between a transient
gene and one which at one moment is switched on, and at a later'moment is switched
off, would not be clear. 1n fact, because of ourrimperfect perception, wnat in
some-c5ses we refer 1o as a gene being activéted may be in reality'a transient
. gene. A transient gene would refer to still another meaning-wnicb één be applied - -
to the term 'gene'. The lengta & a transient gene or section may be as small as
to onl& include taree nucleotides, or waat is also'referred to as a codon. In
some cases it may even be as 'small as to only include two nucleotides. The
M-RiiAs of codon Lengtn may taen be joined end to end by certain enzymes, forming,
tnereby, & longer MthA or a new sequence. | More in this regard shall be elucidated

~soon.

if a gene producing a specific re-pqsitioning enzymé, X, was mutatéd by a
muteron, a different type of re-positioning enzyme, Y, would be produced by the
gene, as a result. . Being different, 1t may move demarcator P to position R, |
Whereas normally at the time enzyme x, if it nad been produced instead, would have
been specific for demarcatorls, and would have moved it to position T. The
result of this production of a different (mutant) re-positioning enzyme with
specifities different from tnat of a non-mutant re-positioning-ehzyme would be
the causation (creation) of transient genes which are hot otherwise created at

tnat specific period of development, if at all. Such abnormal transient genes
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produced by a mutahtZre-positioning-enzyme nust be regarded as being themselves
mutations. Different groups of mutant re-positioning—enzymes broduced during
Variant‘periods of development would cause the formati&n, in those respective
periods of development of many abnormal transient genes or mutations. As such,
these mutant re-positioning-enzymes must themselves be regérded as mutagens, and
the mutant genés proddcing thém; as muterons. Also in some cases, a few
mutant—demarcétor.enzymes may be produced which.are capaple of re-positioning

_ themselves., 7Tnis, as well, would result in the production of abnormal transient
genes. 1t is quite possible tnat tw§ or three mutant genes (mutérons) nay
togetner contribute to the formation of one mutagenic-feoositiéniné enzymé

(or mutagenic—demarcating enzyme). _ For this reason, these genes (muterons)
must be régarded as making up a fluxon, and in this case, a fluxon becomes

equivalent to a complex-muteron.

One may wonder aé to the spebific mechanism whereby three or four active
genes worsing 4s a fluxon (or compleS'muxeron) may produce some given protein
or enzyme. Cne possible variation of such a mecnanism may be as follows: A
geﬁe A proguces polypeptide A. Gene B produces a polypepticde 3. The two chains
combiné producing a two~chain resultant product 2. Geneyc §fodgges s polypeptice .
whici napﬁens also to be an enzyme, C. C tnen acts on E COnvgfting it into |
anotner type of protein, 5, which hapoens also o be an enzyme capable of acting
on C. S taen acts on G, modifying it into protein x. X then 6ombines with S,
producing still dlfxerent protein, 2, as a result. Z would be the final resul-

stunt product of tae genes A, 3, and C.

It appears that the production of Z involved the alteration of the primary

amino-acic sequences of the respectiive pOlJDCOulGCo, gfter such primary secuences

‘dere/ooo..c
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were formed on the ribosomes.

"There gre a number of good examples among the proteins which
illustrate processes of alteration which occur after formation

‘of primary amino-acid sequences. A case in which a good deal

of detail is known is that of chymotrypsin. ~ This proteolytic
enzyme is derived from the zymogen chymotrypsinogen through
specific actions of proteolysis. Activation can occur slowly
through the action of trypsin to give«(~cnymotrypsin or by a

fast sequence involving auto-catalysis through the steps:
1) _Chymotrypsinogenm% “<7Chymotrypsin
2) T Chymostrypsinﬂyfmlsjﬂagcwmotrypsin

... Here it may be presumed that the single primary chain of
chymotrypsinogen is tnat designated by DNA through M-RNA, but
this is not the functional enzyme. Full activity is achieved,
however, by the splitting of one peptide bond ( Ileu-Arg) [by
trypsizj giving two chains linked by cystine. The
autocatalytic action of viT-caymotrypsin on itself [meaning that
one given complex molecule of +/T-caymotrypsin acts on another
given complex molecule of ~7i=-chymotrypsin} simply shortens one
chain - {producingkflcnymotrypsina ve. and ... ¢ chymoirypsin

is produced by & second break and a peptide loss to give three

separate chains bond together ...

Although different in details, conversions of trypsinogen to
trypsin, pepsinogen to pepsin, and fibrenogen to fibren - in
blood clotting - all involve the same principle, that of limited
and specific proteolysis of nonfunctional protein to entities
with recognisable and measurable functions. In these cuases,
then, part of the synthesis of specific enzymes occurs after
designation of primary sequences with participation of other
enzymes and products or intermediates (eutocatalysis), and all
components and reactions participate individually and collec-
:tively in metabolic control.

Witn increasing recognition of the participation of meero-
'moleucles as sudsirates in reactions {such as the above) which
@ﬁier or yield biological specificity, it should be profitable
to give serious consideration to other possible kinds of

reactions involving enzymes acting on other enzymes or proteiné)

+hat might be significant in this regard. In proteins there

numerous possibilities which include amidation and dezmidation .
of carboxyl groups in side chains [which would serve to convert
one specific amino acid into another], otner substitutions suca

. as alkylation or acylation d side-chain nydroxyl or amino

groups [(which also serve to convert one partlcular amino acid
into another), actual cnanges in side changes such as one-carbon
trunsfers to interconvert glycene and serine, and alteration of
primary chains by transpeptidation. = These and similar pnenomena
remain to be discovered, though a recent unconfirmed report [by
Zubay in 19¢2) suggsfts tne occurrence of deamidation after
protein syntuesis.” ,
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The phenomena of enzymes or proteins serving as substrates for as yet othef
enzymes, and the‘resultant creation ol new enzymes or'proteins, withonew amino
acid sequences, as a consequence of thelr role og substrates shows very clearly
that not all amino acid sequences are determined by M-RNA molecules through the
process of translation. Even though one or two enzymes acting on a protein are
| themselves produced bj genes, and therefore by M-RNA templates, the actual
modifioation effected by these enzymes on.the third enzyme cannot be said to
correspond to any physical existing template or ribonucleotide code. In fact
the modification corresponds to or is based upon certain enzymes having the
properties of being able to act on a specific subsirate in a specifie way. Yet,
'even more important, an enzyme (or enzymes) has. the property to create over and
over again the same type of modification in dlfferent molecules of the same Dro
ttein substrate.  This capacity on the part of an enzyme to bring aboux jidentical
alterations in different molecules of the same substrate seems to menifest some

type of mnemonic code inherent in tae enzyme structure_which has the enzyme

duolicate past actions. Quite reasonably, such a mnemonic code as embodied by
the particular enzyme may in some sense be regarded as the particular template
wnich corresponds to the particuler elteration created. From this point of view,
. the particular enzyme which effects an alteration on another enzyme or protein
must to a fair degree be regarded as the template on which such an alteration is
‘patterned. If a partlcular enzyme, eflecﬁl;; aﬁ-elteration jn a protein, is
{tself a direct produot of one particular gene, the mnemonic code of that enzyme
must be regarded as a furtner extension of the gene's code though an extension

wnich does not ‘actually exist until the enzyme is brought into being, and which

does not exist in terns of a nucleotide sequence.

Different alterative-enzymes each of variant mnemonic codes could bring
sbout respectively dlfferent alteratlons on different protein or enzyme substrates

0/ ceeane
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or as has been impliéd,different alterative—en;ymes could each effect respectlvely,
and in turn, a particular, or chafacteristic,'alteration on the same protein or
enzyme substrate. Each particular alteration effected would be patterned or
determined by the particular mnemonic code. Moreover, the particular protein
substrate to be acted upon, the particular regions where such chemical actions
would take place, and the particular type of chemical action eventuated, would

all be determined or patterned by the given mnemonic code. In this comnection,
enzyme specificity, in general, may be the expression of tae given mnemonic éode.

' As such, the code may be related to the particulaf shape of the enzyme, as
deiermined by the particular configuration taken on by enzyme's hybridized electron

orbitals.

I»Iould the éossibility of alterating-enzymes hé.ving some type ‘of.‘mnemonic'code
give them the status of genes? One of the major characteristics of a chromosomal
gene is that it has tne ability to make duplicates or copies of itself (or its
'code). e have seen how an enzyme X can act on a protein Y as a substruve, and
convert, or alter sucn a protein into an enzyme Z. Je have also seen now an

enzyme X can act on another molecule of IEnzyme X and convert such an enzyme into

i

a protein . Can it not also be possible that an enzyme X can act of. a protein
G and convert or alter such a protg}n into another molecule of enzyme X?

_ Moreover, can it not be possible that an enzyme X is able to act on a pdrticular
class of five or six different protein Substrates, and change all of such into
molecules of enzyme X?  Furthermore, canvit'hot‘be possible that an enszyme is
able to‘act’on a protein T, and convert that protein int§ enzymeiv, waica in turn
has the capacity to act on a p:otein P, converting it into a molecule of enzyme X7
The mnemonic code of enzyme X would, in tais light, be quite versatile, for not
only could it effect directly, or indirectly, a smoll number of variant. reactlons
which would, in effect, lead to the creation of more molecules of enzyme X, bub

the/o.oo}c.
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the two or three metabolic resctions which are required for the normal functioning
of the organism. A small number of enzymes may create additional molecules of

tnemselves in the manner of enzyme X.

Another possible process'whereby an enzyme could produce & duplication of
itself may be much more indirect than the previous ones mentioned, and may require
the help of other enzymes which are not indirectly or directly created by the
enzyme to be replicated. For examole, the reader will recall that_different
M-RNA molecules of codon length may be produced by transient genes. It is‘
possible, therefore, that, in some cases, the enzyme to be replicated, whlch we
shall call 2, works together with certaln other enzymes in joining together these
' M;RHA molccules (or codons) into a much longer molecule of M-REA, having &
speclfic sequence of bases, which when translated would give rise to a molecule
of enzyme Z. In commencing the syntnesis of such a large n—RhA molecule of a
specific code, an enzyme A would only‘be capable of joining codon X to Codon A,
giving rise to the specific»sequence of bases, T. Anotner enzyme, only capable
of joining codon P to sequence T would then proceed 1o join P to T;_giving rise
to sequence U.. Another enzyme, capable of.joining codon E to seguence U will
tnen proceed 1o do so, producing sequence v. Another enzyme caoable of only
joining codon X to seguence Vv, then proceeds to do so, glvino rise to sequence Woees
" and so on. In this way, a Specific M-RNA template could be produced tarough
the ectivities of soecific ‘enzymes., It 1s as if the mnemonic codes of tne res-
tpective enzymesinvolved are comoxned somehow into a complex code which corresponds

to tne specific template of M-RNA to be produced.

Lne process whereby some enzymes are able to duplicate taemselves is of
course dependent on the exlstence of certain protein (or M-RNA codon) subsirates.
'\!\
Yet, a caromosomal gene cannot make or oroduce a way of itself w1thout the ex1s—

stence of certain substrates, namely specific nucleotides. 1n fact, a
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chromosomal gene, &s we have seen earlier cannot effect the duplication of

-«

’ itself without the assxstance of certain enzymes, the DNA polymereases.» Since
E?V‘ an enzyme, Such as enzyme X may be able to produce reolicas of itself, such an
t;:i:’/enzyme, tnereby, would fulfill the major characterlstlc of a chromosomal gene,

Py e,;.< and moreover would mot be as dependent on extrinsic factors (i.e. DNA polymerea.ses)
3401’ as chromosomalvgenes_are iﬁ carrying out the production of such dupllqathns.
W ~

cf;,lf,?‘ \ A ’ . ' '

i et Anotner characteristic of a chromosomal gene is that it can be transmitted

Y

to the progeny. Enzyme X and the otner enzymes which might produce copies qf
tuenmselves, could be transmitted to the progeny via tne egg c&toplasm, or they
can attach themselves to the chromosomes of the germ cells, and be transmitted
with such chromosomes to the progeny. Once in the zygote taey could disengage
theﬁselves from the chromosomes, enter the cytoplesm, and there proceed tb
produce replicas of tnemselves by acting on the protein substrates existent in
the cytoplasm, taereby, producing 2 sizable nool of such duplicates. As the
zygote cleaves 1nto daughter cells, two or taree replicas, such as of enzyme X,
would be existent in each of the daughter cells. In each of these daughter
cells, a duplication, sucn as of a molecule of enzyme X, would proceed to create
mére replicas of itéelf by acting on the protein and enzyme substrates present
in the cytoplasm. In each cell produced through mitoses, a duplicated enzyme,
such as vof enzyme X, would proceed to produce three or four more duollcatlons
of itself. Once procuced, one Or two of these duplicated enzymes would then

proceed to effect one or two specific metabolic reaction322 waich would be but a

small part of tae total metabolic reactlons required for tne cell's survival.

" -During mitotls, tae remaining‘duplicated enzymes would proceed into tne daughter

cells vis the cytoplasm, where in turn tney would form copies of themselves «.e

and so on.

52. 4Laese duplicating enzymes nay also contrlaute to tie formatlon of demarcator-
enzymes by acting on rrotein subsirates.  Also tiey may join small nolyﬂCOulues
‘{ogeiner 50 43 to form long anino acld-sequences (or. orotelno)
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If a particular chromosomal gene happens to produce an enzyme capable of
creating coples of itself, and if furthermore, such a gene becomes lost from the
genome of the species, tne enzyme could, nevertheless, be maintained throuohout
future generatlons ‘of the species by virtue of iis capacity to produce replicas
of itself, and by virtue of the replicas having means of transmission. 1n fact,
muny enzymes cupable of producing duplications of themselves may have continued
to maintain tueir resoectzve éxistences throuon the generations long after their
particular initial creators (specific chromosomal genes) ceased to exist in the

genome.

1t would seem from what has been said that certain enzymes thus take on the

status of being genes, tnouvh genes, different in strubture from that of chrom-
:osomal genes, and naving a code which cannot be regarded as & specific sequence
of nucleotides. The oossible existence of this new class or system of genes,
nieh 1 shall refer to as genezymes, should not appear strange when one recalls
thet even thougn the chromosomal genes {or transient genes and fluxons) ultimately
deternine "tne recurrence in successive generatlons of 1ike forms of metabolism",
14 is the same enzymes in those successive generatxons wnlch directly effect such
recurrihg metdbolic forms into existence tarough the action of specific catelysis.
The only distinction between these enzymes and the genezymes would be that tne
latter would be‘able to maintain their respective existences independently of

ecnromosomal genes.

1f some genezymes do effect the recﬁrrences of some metabolic patterns in
successive neneratidns, it would stand to reason taat modification or alteration
of suen ﬂenezjmes into otner specific oenezymes by enzymes would serve to cause
alterations in those matabolic patterns, ani these eltered patterns would be
maintained as such in subsequent generations as long as the altered enzymes

produced/......
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produced coples of.themselves. Such altered genezymes must be regarded as
mutations, and the enzymes effecting the particular a‘terations must be regarded
as mutagenic enzymes produced by muterons (or fluxon-muterons). In fact, a few
genezymes may be capable of altering some other genezymes into different gene-
:zymes.' As such, the genezymee inducing the mutations must be regarded as |
genezyme—muxerons. They muy effect alterations by acting directly on.the
genezymes L0 be mutated,'by producing mutagenic énzyues from protein substrates,
or by effecting specific cnemical reactions wnich would result in the production
of nonpenzymic chemlcal mutagens capable of bringing about smidation, deamidation,

alkylation, and acylations of specific amino acids.

‘One or two genezyme—muterons may even be capable of eventuating specific
mutations in chromosomal genes or effect alterations in the base sequences of
the M-RiA molecules. The latter type of alteration would be maintained as &
mutation in subseguent generations as long as the particular genezyme responsible
for the alterztion in ine particular i ”—R\A is maintsined througn the subsequent
generations. Genezyme-mutcrons, by zcting on caromosomal genes, M~-RNA molecules,
and on génezymes would be one of tne main agents residing withiﬁ an orgunisa

‘capable of inducing a high frequency of nutations.

The existence of tne genezyme-muterons plus the other numerous agents capable

of determining or directing or controlling mutational processes within an organism

makes it tnat more 1ikely that =2 fair degree of mutati-nal activity lasting for
hajbr periods of the organism's lifetime is the rule rataner tnan the excepilion.
1f such is the rule, the organism would, during these periods, be constantly
changing its genotype. Secause of the falr degree of.mutational activity, eacn
change in the long succession of graded cnunges wguld be of a significant degree.
More important, soch a series of cnanges in gehqtype through the lifetime would
be an evolution. As such, tnis would be an exazple of evolution not taking’

place/......
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place ovef a large number of.sucdessive generations, but witnin the life spﬁn

of one organism. 1t is oquite possible {hat the degree of evolution effected by
some organisms within thelr respective life times, through the intense and
enduring activity of taeir respective muterons n ay be comparable to the degree of

evolution whica normally in otners of relat1ve1y less muteron activity would

‘require tnousands of generations.

Such an evolution of genotypes takin# place through an organism's lifetime
could be quite independent of environmental influences or pressuree, and would
pe inner-determined or inner-controlled by virtue of the organism contalninu
within itself, muterons, anit-muterons, and regulatory genes aeting in a
speeified and non-random manner. The fact thax’manyrmutations occur only at
specific times and in specific genes, the likelihood that tne activities ef nany
muterons canvbe controlled or regulated, the‘likelf eessibility that many
muterons have a specificity of actlon and that such specificity can be modified
in a controlled panner, the possibility that mecaanisms exist wnlcn can negate
deleterous mutations and replace them with beneficial nutations, tne possible
existence of mutationa nal cycles, jndeed would show or imply that mutational
eetiviﬁy is more organized'than chaotic. - In this paper descriptlons of models
of possible muteron interactions, as well as models depicting the possible
interactions between muterons, and anti-muterone, showed that such systems could
be of organized natures. Moreover, it became clear that mutational systems
have some mechanisms in common with deveIOpmental systems, the latter being known

to be quite organized.

Even though such inner determined mutationel activities may represent a

degree of organization, many accidents may, nevertheless, occur. 1in fact, the

result of some inner-directed putational activities may be sudden disorganization

within certain parts of the organism.

IVAR
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A-good‘example of disorganization suddenly occuning within an organism
would be the prenomenon of cancer, wherebj some cellé lose the normal control
devices which keep sﬁch ceLls from dividing. As a result, the cells divide
without cessatioﬁ, and such unceasing division is chaotic and causes a dis-~
torganization of the tissues or organs in which such cells exist. There is

eVidence which siows that canqer may be due to some type of alteration within

a gene, [Ior example

nghen a cancer cell divides, the two progeny cells are usually
morphologically identical to the parental cell. The factor(s)
that gives cancer cells their essential guality of unrestrained
growtn is thus regularly passed on from parent to progeny cells.
These changes persist not only in tumors growing in intact
animals, but also in tumor cells growing in tissue culture.
Yundreds of generations of growth can occur in tissue culture
without appreciable reversion to a normal state. The
permance of such changes is shown not only by perpetuation of

a typilcal morphology, but also by the ability of progeny cells
to cause new tumors when injected into a tumor-free animzl of
genetic composition similar to the one from which the original
tissue was obtained. (Thus) the heritability of the clianges
allowing unrestrained growth makes us consider the possibility
Lhat an alteration nas occurred at the caromosomal level."

Many of sﬁch mutatiohs‘leading to cancerous cells could be due to muteron and/or
genzyme muteron activity. The fact that some viruses nave been found to cause
some cancers in higher organisms may indirectly supnort the possibility tnat the
majority of eancers in hiéher orgénisms may be specifically due (in lafge-part)

to the action of episomal muterons residing in the nucleus.

The best known of the cancer causing viruses 1s tie RiA virus, Rous sarcoma.
This virus induces tumours in caickens. Also, some DNA viruses can induce
tumours. One of tue best known is polyoma, and waen injected into newborn mice,
such & virus can cause a variety of cancers.

"yhen a nolyoma virus enters a susceptible cell it may suffer
two possible fates. Most commonly, it multiplies like a
conventinsnal virus and produces a very large number of new

virus particles. The site of polyoma reproduction within

ltS es s e
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'its host cell is the cell nucleus. A single nucleus may
become filled with millions of particles, a process during
which the normal nuclear functions are disrupted and the
host cell necessarily dies (a lytic infection). Huch more
arely, the virus enters the cell and forms no new particles.
Instead, the infected cell becomes transformed into a
morphologically distinguishable cancer cell ... /the trans-

.

:formed cell taen begins to nultiply in the disorganized

and easily jdentifiable fashion of a cancer cell ... DO

jnfectious polyoma particles are present in transformed

cells. It is, of course, not surprising that the nucleil

of. transformed cells are not filled with viral particles.

This would probably result in cell death. The fact is,

however, that no particles at all can be detected. It

appears as if the virus enters the cell and then vanishes.

This phenomenon immediately raises the guestion of whetner

only tne polyoma chromosome is presgent, perhaps integrated

into one of tae host chromosomes. "<

~Such an integration may iﬁvolve the virus DNA having inserted itself into the
host chromosome OT becbming a continuous part of such chromosomekthrough the
process of transduction,  The process of transduction would be in keeping with
thne penaviour of lysogenic bacterial viruses. No matter the exact manner by
wnich the virus impinges on the host chromosome, the result of such an impinge-
sment Jould moét likely be a mutation in the chromosomal gene (or geﬁes) with

whien the virus is making contact.

The similarity. between such mutator-viruses and the motile episomal
muterons residing in ihe nucleus is quite eﬁident, especially’wpen‘one realizes
tnat viruses are in effect nothing but motile pieces of genetic'mgterial

surroundecd by some protein.

in fact, some of the cytoplasmic episomes, such a§ the milk factors and ine
sigma particles, are believed to be types of viruses. Even more interesting is
that tne milk factors are capable of inducing mammary tumours. 1f some cyto-
:plasmic-motile episomes are capable of moving, once and & walle, 1o tﬁe'nucleus,
ané waen in tuae nubleus, capable of inaucing mutations which lead to cancer, tnen

it /eeesee
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i1t is quite reasonsble to believe that the episomal muterons which reside all
the time in the nucleus are the major agents of cancer jnduction. Of course,
the chromosomal muterons and the genezyme-muterons may also effect some

mutationswhich lead to cancerous cells.

It is quite possible that a high numbef of mutetions which would have given
rise to cancerous cells are negated by episomal enti-muterons. ;.. This would imply

that the frequency of cancer in populations would be higher than it actually is

'if it were not for the anti-muterons.

The results of some experiments performed by Nieu would seem %o supply some

type of basis for the existence of cancer negating agencies composed of genetic .

material. Nieu took some REA from non-cancerous cells and injected it into
cancerous cells. Soon after doing this, he observed that the cancerous cells
became transformed into normal cells. 1t would seem reasonable to conclude that
the Riid somehow negated tne mutations which mude the cells cancerous.  As such,
it would have benaved in the manmer of the episomal anti-muteron postulated to
have the capability of negating mutations wnich could or have given rise to
cancerous cells. It is quite feusible that a fair number of episomal anti-

muterons are composed of RilA.

The possible existence of episomal anti-muterons capéble of negauting,
specifically, mutations which determine tﬁe existence'of cancerous cells may nave
definite medical implications. - If an extract of such hypothetical anti-ruterons
could be prepared, and in turn injected into human cancerous tissue, such tissue
may very well be transformed into normal tissue. In fact, any muteron capable

of trunsforming a cancer-mutation into a non-cancer-mutation would be a‘potential

" anti-cancer agent.
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The possibility that cancer is the result of an organism having attempted
to evolve witﬁin its own life time seems quite reasonable in light of what has
been said. That a fair number of organisms have inherent within tnem safe-
guards, or controls, against the occurrence of cancer, or controls capable of
negating cancer soon after it is created, also, seems feasible. Not all cells
within an organism may have such safeguurds, however, nor may all € such controls
be ecually effective in negating cancer-mutations. Even so, the existence of
such controls has a deeper meaning, for in as much as they would allow an
org*nlsm to engage in a high degree of mutational activity without allowing such

mutational activity, in fair part, to bring herm to the organism in question.

Even thouzi some organisms may be capable of evolving,meny genotypes within
a lifetime, the contlnuation of such an evolution would, nevertheless, necessitate
the existcnce of numerous subsequent generations,  The creation of new gener-
:ations would mean the creation of new genotypes‘as a result of new.gene
combinations coming together during successive sexual fusions. Yet, the creation
of new genes in the gern and somatic cells, and hence new genotypes, would
oontinue to occur within the respective lifetimes, and such creation, in mosf

part, if not all, would be eventuated by inner-directed mutational activity.

Even muxations ocourring in somatic cells, while not in tﬁe germ cells,
could, nevertneless, be transmitted to progeny. Such mutant genes could produce
M-RiA templates, and these M-RiNA molecules could then move via the blood stream
to the gern ceils into whica they would enter through the help of enzymes tnat
would sever small portions of tae respective ceil walls. Once in the cytoplasm
of tne germ cells, the Ji=RNA molecules would thnen proceed to oroduce DNA molecules
corresponding in base sequence to those of tae different M-RNA base secuences
. (Wagner does cite possibilities where M-RiA could syntnesize DNA molecules).

once/eeeess
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Once produced the DNA molecules would move into the nuclei of the germ cells.
Sections of tne chromoeomesvcorresponding to the length of the non-mutant genes
would then be excised by enzymes. In their places, the DNA molecules corres-
.oondin° to the mutant genes of the somatic cells would then be respectively
inserted.  Each one would now be residing in the place where its non-mutant
allele had been. Beino-now parts of the'germ.cell chromosomes, such duplicate

somatic cell mutations could-then be transmitted to progeny.

The likely possibility that most of the variant genes transmitted from
generation to generation have been eventuated by inner directed mutation elther
in the germ cells or in the somatic cells, or both, and the fact that the major
L mechanism of evolution depends on the existence of such’ va,riant genes would seen
to imply that evolution has an inner-parameter, meaning that evolutionary change
tarough time is to some degree effected or determined from within, that ‘not all
evolutionary change is dependent on merely the random shuffling of different
genes togetner so as to give randomly new combinations, nor on merely selection
pressures; nor on merely random sampling. The very variation whica can be the
source of new combinations, the very variation on which selection pressures
operate may ultimately be controlled from witnin, may ultimately be dictated from

within by muteron and genezjme-muteron systenms.,

jot only the varlation between genes, but “the number of chromosomal genes
enistent today may have ultimately been determined by inner'agents. The creation
of polyploid orgunisms (which means the increase in the number of genes existent
in such organisms; may have been due in part to genes and/or genezymes determining
the production of chemiculsz‘ which destroy the mitotic spindles created during
successive mitoses. Moreover, the phenomen of polyploidy may also have been

due/l.O...
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due in part to genss, controlling the replication of chromosomes (DNA) in the
fertilized egg, having been mutated by muterons to such a specific state whéreby
they permit26 chrbmosomes to replicate frequently without the corresponding

existence of eelf cleavage. After such a series of replications the mutation

may tnen have been negated by an anti-muteron into the normal sfate.

The increase in the number of genes in a polyploid organism means that taree
or four or five identical cOpiés-etc.of the same gene.would exist in the same
organism, However, different muterons could then effect different mutations
within each set of‘identicgl'genes with the result that variant genes are produced
within each set. In this way not only would the number of genes be incréased
but the number of variant'genes as well. The source of both phenomena in this
case would have come from within. . Even the increase in the number of chromosomal
genes alone would result in a new combination or genotype (gene) through tﬁe
creation of identical chromosomzl genes. The creatlon of such -a new combin-
:ation or genotype would constitute a fluxial-mutation, also determined from

within.

In many organisms non-feciprocal translocations between homologues effected
through tne agencies of ﬁutagenic enzymes could have léd to gene duplicatibns
on the same chroﬁosome with the result that the progeny of such organisms would
have had a greater number of genes than the parenﬁal generation., Many of these
duplicated genes could then have been mutated by muterons into varlant forms.
This process, as like the othér, would be a gobd example of how the major
mechanism of evolutionary change is generated from within. In point of fact,
it is known that the existence of the variant genes (alleleé) producing the
variant hemoglobins is ultimately based upon repeated non-reciprocal trunslocations

having/oottl‘
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having taken place between certain homologous chromosomes through the generations.

The irreversibility of erlutionary divergence may AISo, in great part, be
determined from within.  For example, different races or populations, thougp
capébie_of interbfeeding may to a fair degree differ réspectively in the types of
ﬁuﬁerons each has. Because of these respective cdifferences, mutations induced
in one race, for most part, probably would be variant from those induced in
anotner race. If the muteron activity is intense end continuous over the |
genarations of the respective populations such populatlons or races in a short
time would have come to differ greatly in tbelr respectlve genes. The result
of such great genet1c differences would be that the two populations would be
uneble to interbreed as before; they would have become reproductively 1solated.

"The attainment of the species status, that is the advent of
reproductive isolation between populations is, biologically
considered an event of fundamental importance. This is

because evolutionary dlvergence becones irreversible at this

v stage."

The 1rrever51ollity of such evolutionary divergence as we have just seen'can be
completely based upop the differential effects produced by muterons, and thus

can be entirely determined from within. It would seem therefore quité likely

that speciation in general is to-a fair degree inner-~determined.

In some situations new resultant species can be indirectly created from a
crOas between two different specles. The allotetraploid Raphanobrussicia is a
good example of such resultant specles created ind1rectly3 in that

nit is fertile,~frue breeding, and to a considerable extent
isolated reproauctlvely from 1ts progenitors, the radish
and the cabbage." b7Ap¢ '
The direct result of such a s is the production of an allodiploid radish-

1
ls ross
cabbage hybrid. However, s;;h ybrla is unable to produce viable gemetes, and
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tnis éttests to tne reproducti#e incéﬁpatibility or isolation of the two
progenitors. 1f, however, the hybrid is transformed from an allodiploid to

an #llotetraploid, a new species is tuereby formed, capable Qf producing viable
gametes.  Such a transformation is effected through the respective doublingé

of the radish complement of cﬁromosomes and the cabbage complementkof chromosomes.
If such a transformation was brought about ihrough the activities of muterons

(or genezyme-muterons), then such a transformaﬁion must be regafded as having
been inner determined. It is quite possible in this light that in many cases
the sudden creation of newvresultant species, such as Raphanobrassicia, may

have had a major inner-component.

It is fairlybreasonableyto believe tpat evolutionary cnange can oceur over
thoﬁsands of years quite independently of ahy environmental faétors, eSpecially
when,bas’Stern points out, a great many mutations are neutral as far aé |
survival is concerned. It is known thdi evolutionary change ecan occﬁr indep- |
sendently of selectiﬁn pfessures over a certain period of time through the
procegs of random drift, brough£ about by random sampling in successive gener-
tations of smail.populations. However, evolutionary changeé maintained by
random sampling alone cannot go gh for an indefinite périod of time, in as much
as specific genes (alleles) tend towards fixationm, with the result that new
genotypes can no longer be created in subsequent generations. However, constant
and intense mutational activity, wrought by'muteron‘systems, coupled with the
process of random sampling, would keepvfixation from occurring, and the result
would be that random drift could continue for thousands of years.. Hence,
constant muteron gcﬁivity coupled with random sampling could maihtain’in small
populations evblutionary change for gréatvlengths of time, quite independently
of the envirommental factérs which always have béen believed to be necessary

for any evolutibn to have occﬁrred over gréat amounts of time. In this light,
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. ¥ cases of microevolution may exist which came about quite independently of tae
external environment, though quite dependently on the inner-environment composed
- of muteron systems, and on the process of random drift, which in itself, would

require for its maintainance through time, the activities of the inner environment.

By stipulating the possibility that evolution has an inner component I by no
means tend to. imply that evolution has some pre-determined end. The existence
of such an end remains an open question, and a discussion pertaining to this
guestion has remained bgyond the séope of this paper. One of the majof points
I should make, hﬁﬁever; is that evolutionary processes, by virtue of having a
possible inner-wechanism capable of acting in some organized manner may have a .
degree of inner order as opposed toléomplete inner-randoﬁness orbchance; not only

. would evolution have come to pass through the random activity of the external
agenfs of mutation, the external pressures of environment, and random sampling,
but through the organized activity of internal mutation agents, as well.. ot
only could such inner hechanisms have created greater numbers 6f variant

chromosomal genes, but could have eventuated, as well, sgpplementary systems of
heredity, such as the genezymes. The creation of such additional avenues of
transmission from within would allow for that many more a&enues on.which inner-

directed change would operate.

From such would result.theienchancement'of the inner component of evolution.
The‘question as to what length & time evoluﬁion has had an inher—parameter as well
as an outer may never be answered. But the fact some viruses are capable of

self-induced mutations may lead one to suppose that the inner-parameter emerged

with the first emergence of life itself.
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~agner, Genetics and Metabolism.

.Jatson, Molecular Biology of thevGene..

Hayes, The Genetics of the Bacterla and Their Viruses.
waddington, The Principles of Embrology.

Falconer, Introduction to Quantitative Genetics.
Stern, Hduman Genetics. |

Perutz, Proteiné and Nucleic Acids.

D. Sompolinsky et al, Transferable resistance factors with mutator effect,
Mutation Research, March-april 1967.

Lectures presented by Doctors: Auerbach, Clayton, Kascer, Kirby, Clark, Blsnop,
and Birnsteil.
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