MS. U S A 1ng
A, o, 1 UTZB

Part if s letter from Dr.0.T.Avery to his brother Roy C,Avery, dated May 15,19#5,
just after hie rotirement from the Rockefeller Institute, when he was considering
moviflg to Nashville,Tennessee. o . ST

 ®Both Dr, Gasser end Dr. Rivers have been very kind and have insisted on my
staying on, providing me an ample budget and technical assistent to carry on the
. .problem that I have been studying., I have not published anything sbout it indeed
have discussed it only with a few bacausa I am not yet convinced that we have
sufficient evidence as yete = CoeL ‘
It is the problem of the transformation of pneumococal types,  You will recall
that Griffith in london, some fifteen yours ago described a technique whereby he
could cheange one specific type intc another specifis type through the intermediate
R form, For examples Zype II —~7 R—> %ype 11I. This he acoomplished by injec~
"~ ting mice with a large amount of heat killed Zype III cells together with a small
inoculum of a living R culture derived feom Type II. He noted that not infrequently
the mice 80 treatad died and from their heart blood he recovered living dncapsulated
Type 111 pneumococci. This he could accomplish only by the use of mice, e failed
40 obtain transformation when the ssme becterial mixture was incubated in broth.
Griffiths originel observations were repeated and confirmed both in our laboratory
and abroad by Neufeld and others. Then you remember Dawson with us reproduced the
phencmenon in vitro by adding & dash of snti R semum to the broth culture, later
_Alloway used filtered extracts prepered from Type III cells.in the sbsence of formed
elements snd ellular debris induced the R culture derived from Type II to become
% typical inospsulated III pneumococus, This you may remember involved several and
repeated trensferrs in serum broth often as many &s five or six before the change
oscurred, But it did occur and .once the reaxtion was induced thereafter whthout .
further addition of the inducing extrasxt, the organimms continued to produce the
Type III cepsule that is to say the change vas hereditary.and transmisseble in .
series in plsin broth thereafter. i = s
For the past two yaars, first with MacLeod and now with Dr. NcCarty I have
been trying to find out what is the chemical nature of the substance in the bac-
terial extract which inddcescthis specific change. The crude extract Type I1I,.
is full of capsular polyssccharide, O’ (somatic) carbohydrate, nucleoprcteins,free
neculeap acids of both the jemst and thymue type,lipids and other cell constitue~
ntse Try to find in the complex mixtures the active principlel! Try to icolate
" snd chemically identify the particular substance that will by itself when brought
into contact with the R cell derived from Type II causes it to elaborats Type III -
~ capisular polfreccharide and to acquire sll the aristocratic distinctions of the
same specific typs of cells es thet from which the extract was prepared] Some
job, full of headaches and heartb by But at last perhaps we have it./ The:
“sctive substance im not digested by orysialline trypsin or chymotrypsin ‘it does
not lose activity vhen treated with crystalline ribonuclease which specificelly
bresks down yeast mucleic scid. The Type III polysmocharide can be removed by
digestion with the specific Type I1I enzyme without loss of transforming activ-
ity of a . potint extract, Lipids can be extracted from such extracts by alcohol
Bnd ether at a mimus X2° 0, without impairing biologicel activity, The extract
cad be de-proteinized by Sevag Hethod (shsking with chlordfoxm and smyl elcohol)
until protein free end biuret negative, When extracts, treated and purified to
to this extent, but still containing Braces of protein, lots of O carbohydrate,
and macleic ncids of both the yeast and thymus types are further frectionated by
the dropvise addition of absolute ethyl alcohol an interesting thing occurs,. . -
¥hen alcohol reaches a consentration of ebout 9/10 wolume there seperates out a
£ibrous substance which on stirring the mixture wraps itself about the glass rod
1ike thread on 8 spool snd the other impurities stay behind as granular precip~
~ 4tate.The fibrous materisl 4is radissolved end the process repeated sevsral times,
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In short, this substence is highly reactive and on ®lementary analyais conforms
yery closely to the theoretisal values of purs desoxyribose micleic acid (thymas)
type (¥ho could have guessed it) this type of neucleio acid has not beem=to my
Imowledge been recognized in pneumococcus befors though it has been found: in
other bacteria.

Cf a mumber of crude enzymes preparstions from rabbit bone, cwine kidney,
dog intestinal.zmecss and pneumococei end fresh blood serum of human,dog§ end
rabbit, only those contalning active depolymerase capable of breaking down known
suthentic samples of désoxyribose nucleic acid have been found to destroy the
activity of oui substarice - indirsct evidence but suggestive that the transforming
principle as isolated may belong 40 this class of chemical subotences Ve have

. isolatedihipnly purified substance of which &s little as:0:;027F 6f & microgramaise

" metive in indueing transformation., In the reaction mixture {culture medium) this’
represents & dilution of one part in a hundred million - potent stuff that « end
highly epecific. This does not leave ‘much room for impurities but the evidence 13 -

—not good enough yet. - IR
- In dilutions of one to a thousand the substance is highly’ viacuu' as are

. authentioc preparations of desoxyribose neucletc acid derived from £ish sperm. .

- Preliminary studies with the ultrs Tentrifuge indicate e molecular welght of appr-
oximately 500,000 - a highly pelymerised substancs.

We are now planning to prepare new baiches and get further avidence of purity .
end homogen§jity by use of the ultrabentrifuge and electrophofésis. This will keep
me here for awhile longer if things go well I hope to 'go up to Daeer Isle rest
avhile #eed-s~ come back refz'eshed and try to pick up loose ends in the problem
end .write up the work,

oo If we 2re right znd of courss that is not. yet proven, then 11'. mesns that
_neucleic acids ere not mersly structially importent dut functionally active:

. substances in determining the diochemical activities and specific characteristics
‘of ¢ells and that by zmesne of & known chemical substence it is possible to induce
predictable and hereditary chenges in cells, This is someth;.ng that has long besn
the dreem of geneticists, The mutations they induced by ex~ray and ultra-violet
are always unpredictable, rsndom, amd chance changes if we prove to be right~and
of course ifet-ip-a big if = then it means that both the chemical natura of the
inducing stifulus is imown mnd the chemical structure of the substance produced
is also the form being thymus miclecic acid, the latter Type III paélyeac—
charides and both are thareffter:raduplicatéd in tho daughter cells and sfter
inmmerable transfers without further addition of the inducing agent the some
sctive and spscific “ransforming substance can be recsvered far in excese of the
amount originally used to induce the reaction. Sounds like a virus - msy be a
gene, But with mecheniene I em not now concerneds One step ut a time and the
first. step is what is the chemical neture of the $ransforming princiile ? Some
one else can work out-therest §f course the problem brietles with- implicauons. It
taucheé'}\ﬁiochmstry of the thymus type of neuclecic acids which are known %o

* condtitute the major pert of chromosomes but have been thought to be alike regard-
less of origin and especies. It touches genetics, enxym hemistry, cell metabol-
imn end carbohydrate synphesis, But to-dey it takes a lot of well documented
evidence to conrvince anyone that the sodium salt of desoxyribose meucleidcacidd
protein frees, could possibly be endowed with such biologicelly ective and specific

. propoties and that is the evidence we are now trying to get. It is lote of fun to

' blaw bubbles but it is wiser to prick them youraelf before some one else trles to." v
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