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Bevort of Lr. avery (assisted by Dr. WMcCarty)

Studies on prizumococcus. The results of ewriier work on the

chemical niture of the substunce inducing transformeation of pneumococcal
types were briefly summurized in the last report to the Board. This year
& puper dcading in more astuil with the chemicsl propsities end biological

.

spaciricity of the aciive principle was publishec in the Februwry issue of

the Journzl of Experimcntal medicine. Further work is now in progress on
certein cepécts of the problemn, the elucidation of which, it is hoped, may
provide acullionel evidence in support of the belief thut @ nucleic acid
of the desoxyribose type is the fundumentul unit of the transforming agent.
In order toc establish the validity of thic concept ana to wequire a fuller
knowledye of the biochemical factors involved in the phenomencn of trans-
formation in vitre, the follewing pgrublems ure under investigation at the
present time: (1) the isolation and puritfication from wninel tissues of
the enzymc capabice of depolymerizing dcséxyribonucleic vwcid; () the re-
versible inactiveation of the transforming principle by known chemicul

substances.

1. Desoxyribonucleodepolymersse. In the paper referred to

above it was pointed out that among various crude preparations of enzymes
tested only those thut proved capable of depelymerizing cuthentic samples
of desoxyribonucieic ucid were found to destroy the biological activity of
the transforming substunce. This wus true irrespective of the presence of
other enzymes such us protewnses, phosphatases, cr esterases und regardless
of whether the prepsratiuns were obtuined from pneunococeal celis, from the
blood serum ur orgens of dirferent memmalizsn species. The fuct that enzyme

preparations which depolymerize desoxyribonucleic acia of animzl origin

also inactivate the traunsivrming subutence and the uadditional fact that
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the enzymes invelved in both of those reuctions are inactivated at the
gsame tunpersture and are inhibitea by souium fluoride are presumptive
evidence that the transioraing principle itself 1s a nucleice acid of the
desoxyribose type. Lorsequently, it seemed of prime iuportance to isolate

this enzym

lel)

in pure form, free from other enzymes, in order to prove thet
the loss of transforming activity is ectunlly due to a single enzyme
zeting specitically upon the bucteriul nucicate which is believed to be
jaentical with the transforming substence. If unuer these conuitions
depolymerization resultea in loss of biologicul snctivity, it would prove
beyond reascnable coubt that the nucleic acia ana the trensforming agent
are one znd the satie substance.

Preparations of desoxyribonucleodepolyncruse extrachted from
commerciai prnercevin and puririec by fractional yrecipitution with
i'v]gb‘OA hzve been found to possess high wctivity in concentrutions zs low
as L pgm./cc. The netivity of the enzyme is measured by its capacity to
reduce the viscosity of highiy polymerized desoxyribonucleic ccid isoluted
from calf thymus. oimilarly, minute zmounts of enzyme protein have been
shown to bring about rapid «nd complete inactivation of the transforming
substance. Dr. flicCarty bhus developed quantitutive methods for the measure-
- ment of enzyme activity.

Magnesium and munganese have been founda to activate the depoly-
merase. The fauct that Mg scrves as activator ieg in accora with the finding
that fiuvoride inhibits the action of this enzyme. In the case of other
enzymes which are activated by Hg, the inhibition by fluoride is attributed
to & combination of magnesium, fluoride and phosphate which removes the
megnesium ions from participaiion in the enzyme uction. Beczuse of the

fact thut citrate is xnewn to form a soluble complex with calcium, it




seemed pogsible that a simiiar reuction might occur with nagnesium and
Lhet consequantly cltrate might serve to inhipit the action of the enzyme.
This wuas founa to te the cuase, and murked inhibition of depolymerase
activity cun be effected in the presence of citrate. osimilarly, the in-
swctivating effect of wepolymerase on the trunstorming substince is in-
hibitea by citrute.

In the present attempts to purify the aepolymerase it hus not
as yet besen possible to free the prepuration complictely of all truces of
& trypsin-likc enzyme. The preteolytic wnction of the latter results in
considerable loss in activity of the depolymeruse during the preparative

procequres. wicthous for overcuming this aifficulty and selective meauns

L]

or sepurating the depolymurase in pure Lfornm ure under investigation.
Although tryptie encymes are presunt, there is ample ¢vidence that they
are not responsible for inuctivition of the trunsforming principle, since
it has been shown that neither crysteiline irypsin nor chymotrypsin has
any demonstrauble effect on trensforuming activity. morecover, these prote-

- ases are not innibited by fiuvoride or by citrate.

.

2. Leversible inucctivation of the transforming substance. In

the course of isolation sna purificution of the transforming ugent it wus
found that pneumococcal extructs treuted with escorbic acid completely
lost their transforming activity. A more detuiled study of the nsture of
this inuctivation is now béing czrriea out using highly purified prepara-
tions of the trunsforming principle. A solution contzining 3 mg./cc. of
active substance, of which U.02 ugm. suffices to induce trunsformetion, is
completely inuctivated wfter contzct for 5 minutes with sascorbic acid in
0.01 M concentration. Traces of copper which are xnown to catalyze the
auto-oxiaaticn of wscorbic acid huve likewise been found to catzlyze its

action on the transforming wgent. A concentration of 0.00% M ascorbic
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acic, which by itself brings about only partial inactivation, cuuses
complete loss of wctivity in the presence of minute traces of copper.

Hopkins and dorgan have shown that recuced glutathiohe completely
prevents the oxidution of ascorbic acid even when the lutter is catalyzed
by copper ions. as little as U.UJL W concentration of glutathione has
been founa to protect the transforming principle from inectivation in the
presence of 0.0L M ascorbic acia. Thus, it appesrs that the oxidation of
the ascorbic acid is & necessary step in the inuctivation of the trans-
forming agent. wsore significant is the fact that transforming substance
which hes been compietely inactivated by ascorbic acic cen be quantita-
tively resctivated by subsequent treatment with gilutathione. Thus, the
reaction is a reversible one appurently uependent on the oxidation and
requction of biologivally impovtent groups in the nucieic acid molecule.

A variety of other oxidants, such as ferricyanide, cytochrome C,
flavine phosphate, and a-tocopherul phosphite, tested under similar condi-
tions, do not affect the activity of the trunsforming substance. Un the.
cther hand, iso- and giucouscorbic mcid, which possess litvle or no
vitemin C activity, are just us effective in bringing about the inactiva-
tion of the transforming substunce as is ascorbic ucid itself. The in-
activation induced by these chemical analogues cin be prevented when the
reaction is carried out in the presence of glututhione. Among other
substances tested, catechol has been found to behave like ascorbic acid
in producing reversible inuctivation of the transforming substunce. It
is noteworthy thut capechol, gscorbic zecid and its derivatives all possess
in common dienol groups, thet their action is catalyzed by copper ions,

" ond that their effects can ve reversed by glututhione. The loss of ac-
tivity induced by these sgents cun be restored by the .ction of other

sulfhyaryl compounds such us eystelne and thioglycolic acid, although
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uneer these conditions rewctiveation is quuntitatively notso complete us
in the cuse of glutathlone.

I+ is hoped thet @ study or the reversible inactivation of the
tronsloraing substince will orford @ clue to the natwre of the chemical
groupinge @ssenticl to 1ts biological activity. n swvey oI the agents
crpaule ot cousing the innctivation anu cewctivation, definition of condi-
tions under wiich the rewctlons oceur, anc .. search for menifestations of
the chuange in the molecule other than thot cf 1ose of biological activity
(2., chinge in ultraviolet ehsorption spectrun) muy lead to identification
of the prrviicular groups involved wnd ineir reiation to the bilologicuil

zotivity of the molecule ws & whole.
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