Studies in Bacterial Genetics: an interim report $o the Director,
Jane Coffin Childs Fund, July 1, 1946.

Growth involves the integrated synthesis of a series of substances:
a,by.e.s The steps in the synthesis of these suhstances are controlled by
a set of genes, essentially homologous to the substances, which we shall designate
as A, B,e.ee. Or more specifically, A+, B+, £F##/ evee.. We use the + terminology
because it is possible to modify the activity of specific genes so that the synthetic
step under their control is blocked. Such genes are designated A-, B-, ,...This is
demonstrable in Neurospora, where the occurrence of A~ rather than A+ 1s associated
with the inability to synthesize a, and the consequent appearance of a as a nutritional
rquirement of the strain. Such strains are known as biochemical mutants, since the
modi@ication of the homologous gene is a mutation., The mutation of a particular
'gene' has been achieved only in the pneumococcus transformatbbns. In Neurospora,
gene mutations are randomly induced by radiation, and detected by the alteration
in grwoth factor requirements in the resulting strain.

By similar treatments, it is possible to isolate strains of Bacteria (E.
coli/in particular)with similar alterations in nutritional requirements., Because of
the evident analogy with Neurospora, we believe these alterations to be based on
gene mutations, and it is the purpose of this inveshiétion to use these characters
in investigating the genetics of bacteria, On the basis of the Neurospora work we
can make partial deductions of the genotype on the kxdm basis of the nutritional
behvaior of a strain. If a substance k is not required by a particular strain,
it 1s K+, However there may also be present K- 'genes' masked by the activity of
K+. e proceed now to our experirents,

There are two modes of approach, in general: the study of the appearance
of K- strains after various treatments, particular with respect to the time of
such appearance which affords evidence of the segregation of K- from K+; the other
the appearnce of new types in kixed cultures., While we are using both approaches,
it is developpents in the akx latter which Mmve proven so exciting as to be the

basis of this re-uest for extension., The main result is that there dppear,



under certain condiiions in mixed cultures of[ A-,B-,C+,D+,...Jand [A+,B+,C~, D=, +eses)
cells of wild type or prototroph constitution, 1.e. [A+,B+,C+, Dt e0eel.

The interpretation of this result depends on the results of certain
other experiments which occupied most of my first three months on this project.
Firstly it was necessary to use double mutants [K-,B~, ++++] rather than only
single mutants {K-L+ +++] becagukb had previously been found (Ryan and Lederkerg
unpubl,) that the change from K- to K+ occurs in generall with a measurable fre-
quency of the order of 10-8. However, the mutation of diffepent genes K- and L~
to their + analogues is independent add should ocﬁ;r‘:;;m;y;n cted (but un-
measurable freguency of the order of 10”15. It was necessary to deomnstrate
this independence, and in my experiments I have found no instance of the occurrence
of a wild type ( [Kt+L+] ) in cultures inoculated with [K-I~].

Secondly, it was found during the last three months that different
mutanss can interact through the medium, so that a mixed population might grow
on minimal medbum : If K+L~ and K-L+ are inoculated together, the former manufactures
and releases into the medium sufficient k for the latter to grow, and converssly.
tnalyeis of the populations after such 'syntrophich growth demonstrated this pheno-
menon independently of any genetlc interaction that might have teken pJ.ace;
A similar situation applies to the combined growth of a pair of Houble mutants.
If k is proline(so that K~ is proline-less) it was found that K+ produces con-
slderzable quantities of proline and releases it into the medium during early growth
but it is evidently reabsorbed in the 3ddter p hases of the growth cycle, an indi-
catlon that there exists a continual interchange between cells and medium.

In view of the occurrence of syntrophism, assurance would be required
that the prototrophs (A+B+C+,...) mentioned above did not merely represent cells
temporarily stuck together., The stability of these protrophs wwas tested, and
confimmed, even when most of the cells had been killed by ultraviolet. “nder

thess conditions one would expect many cell pairs to have been represented



by only a single mutant survivor; none were found under ideal testing conditions
covering thousands of cells, Further ewidence that these prototrophs are
geretically unique is provikded by the results of certain experiments stifll

in progress wherein bacteriophage susce;titili.y was used as a marker, We
found, to our surprise and fortune that the = coli strain we have been using

is susceptible to virus T-1 which s be«n the sﬁbject of investigation by the
Cold Spring Harbour Group. Designating r-sistance and susceptibility as Tlr and
Tls, the former obtained in various straeins by mutation and selection, the
followlng'crosses'were undertzken : [ A-B-C+D+T1r] + [A+B+C-D-Tls] a wild type
susceptible strain could readily be isolated. [ A+B+C+[+Tls]. If cells had merely
been stuck toget her one should have been 1:ft with & large proprtign of resistmnt
mutant cells after applicst on of the virus,

Spontencous mutation has been eliminated as the =ource of these

monotonously + strains., ‘e have looked for these because they are patently
the easiest to find in large populations, and their rete of occurrence in

our best experiments has not exceeded 13—6 « To complete the proof that gene
recombination is the basis of these results it will be necessary to isolate
Zux gene recombinant types ( such as [A+B=C+D-] a;d other permutations of +,-)
from A-B- and C-D-..'crosses', There is & little evidence that tley may ocgqur,
The possibilities of the detailed genetic mechanims = occurrence of linkkge groups,
haploidy or polyploidy, the life cycle, etc. are too manifold to be adecuately
investigated in one swmmer.l could, I think, accomplish a great deal in another
year, and if these suppositions turn out correctly, open to investiggtion a broad

field obscured hitherto by the lack of basic knowl edge of micrébial inheritance,



