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

Studies on przumococcus. 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 Experimcntul medicine. Further work is now in progress on

certein cepécts of the problemn, the eclucidation 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 thisc concept ana to wequire a fuller
knowledye of the biochemical factors involved in the phenomencn of trans-
formation in vitre, the following 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 inactivation 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

i

the transforming substunce. This wus true irrespective of the presence of
other enzymes such ws 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 scia of animzl origin

also inactivate the traunsivrming subustence and the uadditional fact that
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the enzymes invelved in both of those reuctions are inactivated «t the
gsame tunperature and are inhibilea by souium fluoride are presumptive
evidence that the transioriing principle itself 1s a nucleice acid of the
desoxyribose type. Lorsequently, it seemed of prime iuportance to isolate
this enzyme in pure form, free from other enzymes, in order Lo prove thet
the loss of transforming activity is ectunlly due to a single enzyme
zeting specitically upon the bucteriul nucicate which is bzlieved to be
jaentical with the transforming substunce. If unuer these conuitions
depolymerization resultea in loss of biologicul sctivity, it would prove
beyond reascnuadle coubt that the nuclieic acila @ana the trensforming agent
are one znd the satie substince.

Preparations of desoxyribonucleodepolyncruse extrachted from
commerciui punereevin and paririec by froctional yrecipitution with
i'v]gb‘OA hzve been found to possess high wctivity in concentrutions zs low
as L pgm./cc. The nctivity 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 inactivuation of the transforming
substance. Dr. ficCarty bhus developed quantitutive methods for the measure-
- ment of enzyme activity.

Magnesium and munganese have been found to activate the depoly-
merase. The fact that Mg scrves as activator ie 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 fluorice 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 possivle that a simiiar rewction might occur with magnesium and
thet consequantly citrate might serve to inhiobit the action of the enzyme.
This wus founa to ve the case, and murked inhibition of depolymerase
activity cun be eff'ected in the presence of citrate. oimiterly, the in-
wectivuting effect of vepolymerase on the transtorming substince is in-
hibited by citrute.

In the present attempts to puriiy the cepolymerase it has not
as yet been possible to free the prepuration completely of all traces of
& trypsin-likce enzyme. The proteolytic uction of the latter results in

i
consiasrable loss in activity of the depolymeruse during the preparative %

procedures. cthous for overcuming this difficulty and selective meuns
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or sepurating the depoiymerase in pure forn ure under investipation.
Although tryptic encymes are presunt, thero 1s ample evidence thaut they
are not responsible for incetivition of the trinsforming principle, since
it hus been shown that neither crysteiline trypsin nor chymotrypsin has
any demonstrable effect on trensforming activity. woreover, these prote-

~ases are not innibited by fiuvoride or by citratle.

.

2. Keversible inuctivetion of the transforming substance. In

the course of isolution wna purificution of the transforming ugent it wus
found that pneumococcul extracts treuwted with sscorbic acid completely
lost their transforming activity. A more debtuiled study of the nature of
this inuactivution is now béing carriea out using highly purified prepara-
tions of the trunsforming principle. A solution contzining 3 mg./cc. of
active substunce, of which U.02 ugm. suffices to induce transformetion, is
completely inuctivated wfter contuct for § minutes with ascorbic acid in
0.01 M concentration. Traces of copper which are known to catalyze the
auto-oxiaation of uscorbic wacid huve likewise been found to catzalyze its

action on the transforming egent. A concentration of 0.001 M ascorbic
g




acic, which by itself brings aboul only partial inactivation, cuuses

complete loss of wuctivity in the presence of minute traces of copper.

Hopkins and iorgan hove shown that reduced glutathione completely
prevents the oxidution of ascorbic acid even when the latter is catalyzed
by copper lons. a5 little ws U.001 W concentration of glutathione has
been founu to protect the transforming principle froum inactivation in the
presence of 0.0L M ascorbic acia. Thus, il appesrs thut the oxidation of
the ascorbic acid is u necessury step in the inazctivation of the trans-
forming agent. wore significant is the fact that transforming substance
which has been compietely inzctivated by ascorbic acid can be quantita-
tively reactivatea by sutsequent treatment with glutathione. Thus, the
reaction is a reversible one appurently dependent on the oxldation and
reauction or bilologically impoirtent gioups in the nucieic aclid molecule.

A variety of other oxidants, such as ferricyanide, cytochrome C,
fluvine phosphate, and a-tocophervl phosphate, testea under similar condi-
tions, ao not affect the activity of the trunsforming substance. On the.
¢ther hana, iso- and giucouscorbic =cia, which possess little or no
vitamin C activity, are just as effective in bringing about the inactive-
tion of the transforming substunce as is ascorbic ucid itself. The in-
activution induced by these chemical analogues can 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 substince. It
is noteworthy thuat capechol, uscorbic zecld and its aderivaiives all possess
in common dienol groups, thet their wction is catulyzed by copper ions,
und that their effects can be reversed by glulauthione. The loss of ac-
tivity induced by these wgents cun be restorea by ithe cction of other

sulfhyaryl compounds such us cystelne and thioglycolic acid, although




unaer these conditions rewctivetion is quantitatively notso complete as
in the cuse of glutathione.

It is hoped thet @ study of the reversiblie inuctivution of' the
tronstorming subtlonce wiil olford & clue o the natlure of the chemical
grouping. essentitd to 1ts diologleal actlvity. » curvey or the agents
crogzbie ot cousing the inuctivation ano cewctivetion, definition of condi-
tions unier which the rewctions occur, and @ search for menifestations of
gne change in the molecule other than thot cf iovs of blologicnl activity
(e.g. chinge in ultraviolet absorption spectrun) muy lead to ldentification
of the prrtieniir groups involved wnd iheir relation to the blologicel

zevivity of the wmolecule &s a whole.
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