
Revort of Dr. avery (assisted by Dr. McCarty)

Stucies on pneumococcus. The results of euriier work on the
 

Chemical niture of the substance inducing transformation of pneumococcal

types were briefly summurized in the last report to the Board. This year

& paper acaiing in more detnil with the chemical propsities and biological

specificity of the active principle was publishca in the February issue of

the Journsl of Experimentsul mecicins. Further work is now in progress on
 

eertcin wspécts of the problem, the elucidation of which, it is hoped, mzy

provice acultionsl evidence in support of the belief th.t a nucleic acid

of the desoxyribose type is the fundumentul unit of the trensforming agent.

In order to establish tne validity of this concept una to acquire a fuller

knowledye of the blocnemicai factors involved in the phenomenon of trans-

formation in vitre, the following problems ure under investigation at the

present time: (1) the isolation and purification from uninl tissues of

the enzyme capabie of depolymerizing dcvoxyrivonucleie ucid; (2) the re-

versible inactivation of the transforming principle by known chemical

substances.

1. Desoxyribonucisodepolymersse. In the paper referred to

above it was pointed out that emong various crude preparations of enzymes

tested only those that proved capable of depolymerizing authentic samples

of desoxyribonucieic ucid were found to destroy the biological activity of

rithe transforming substance. This wus true irrespective of the presence of

other enzymes such 4s protenses, phosphatases, cr esterases und regardless

of whether the prepsrations were obtuinea from pneumococcal cells, from the

blood serum ur organs of dirferent mammalian species. The fact that enzyme

preparations which depclymerize desoxyribonucleic acia of animal crigin

also inactivute the transforming substance and the udditional fact that
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the enzymes involved in botn of those reactions are inectivatec at the

game temperature and ure inhibliea by soulum fluoride are presumptive

evidence that the transforming principle itself is a nucleie acid of the

desoxyribose type. Consequently, it seemed of prime importance to isolate

this enzvm a
o in pure form, free from other enzymes, in order to prove thet

the loss of transforming activity is actuelly due to a single enzyme

necting Specilficaiiy upon the dbucterlul nucicvate which is believed to be

jaenticeal with the transforming substance. If unuer these conditions

depolymerization resultea in loss of biologicul activity, it would prove

beyond reasonudls coubt that the nucleic aciau ana the trensforming agent

are one &nd the same Substunce.

Preparations of dusoxyribonucleodepolymeruse extrectca from

commercial pancreetin and purifiea by fractional precipitution with

igo, heave been found to possess high activity in concentrutions es low

as 1 pem./ec. The activity of the enzyme is measured by its capacity to

reduce the viscosity of highiy polymerized Gesoxyribonucleic ecid isolated

from calf thymus. Similarly, minute cmounts of enzyme protein have been

shown to bring about rapid end complete inuctivution of the transforming

substance. Dr. iicCarty has aeveloped quantitative methods for the measure-

-ment of enzyme activity.

Magnesium and munganese have been founda to activate the depoly-

merase. The fact that Mg serves as activator is in accora with the Yrinding

that fiuoride inhibits the action of this enzyme. In the case of other

enzymes which are activated by My, the inhibition by fluoride is attributed

to & combination of magnesium, fluoride and phosphate which removes the

mégnesium ions from participation in the enzyme uction. Becnuse of the

fact that citrate is known to form a soluble complex with calcium, it

 

 



 

seened possible that a similar reaction might occur with magnesium and

that consequently citrate might serve to inhibit the action of the enzyme.

This was founa to ce the cuse, and marked inhibition of cdepolymerese

activity can be effected in the presence of citrate. oimileriy, the in-

activating effect of cepolymerase on the transforming substince is in-

hibitea by citrate.

In the present attempts to purify the aepolymerase it has not

as yet been possible to free the preparation compictely of all traces of

@ trypsin-Like enzyme. The proteolytic tection of the latter results in

consiaerable loss in activity of the depolymerase during the preparative

procedures. wiethous for overcoming this aifficulty ana selective means

r
y or sepurating the depolymurase in pure form ure under investigation.

Although tryptic ensyaus are present, there is ample evidence that they

are not reSponsible for ineetiv.tion of the trunsforming principle, since

it hes been shown that neither erysteiline trypsin nor chymotrypsin has

any demonstrable effect on transforming activity. moreover, these prote-

-ases are not innibiteu by fiuoride or by citrate.

e
2. keversible inuctivation of the transforming substunce. In

the course of isolution ana purificetion of the transforming ugent it wus

found that pneumococcal extracts treated with escorbic acid completely

lost their transforming activity. A more detailed study of the nuture of

this inactivation is now being carriea out using highly purified prepara-

tions of the transforming principle. A solution contsining 3 mg./cec. of

active substance, of which U.02 wem. suffices to induce transformetion, is

completely inactivated after contact for 5 minutes with ascorbic acid in

0.01 M concentration. Traces of copper which are known to catalyze the

auto-oxiaation of uscorbic acid huve Likewise been found to catalyze its

action on the transforming uwgent. A concentration of 0.JOL M ascorbic
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acic, which by itself brings about only partial inactivation, cuuses

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

Hopkins and Morgan have shown that reauucea glutathione completely

prevents the oxidation of ascorbic acid even when the lutter is catalyzed

by copper ions. as little as 0.001. hi concentration of glutathione has

been founa to protect the transforming principle from inectivation in the

presence of O.UL M ascorbic acia. Thus, jt appears that the oxidation of

the ascorbic acid is u necessary step in the inuctivation of the trans-

forming agent. wore significant is the fact that transforming substance

which has been compietely inactivated by ascorbic ucia can be quentita-

tively reactivatea by subsequent treatment with giutathione. Thus, the

reaction ig 4 reversible one apparently aepencent on the oxidation and

reuuction or biologiceliy important groups in the nucieic acid molecule.

A variety of other oxidants, such as ferricyanide, cytochrome C,

flavine phosphate, and a-tocopherol phosphate, tested under similar condi-

tions, ao not affect the activity of the transforming substance. On the

other hand, iso- and giucosscorbic cia, which possess little or no

vitemin © activity, are just us effective in bringing about the inactiva-

tion of the transforming substance as is ascorbic ucid itself. The in-

activation 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 inactivation of the transforming substunce. It

is noteworthy that catechol, uscorbie ucid and its aerivatives all possess

in common dienol groups, thet their action is catalyzed by copper ions,

“end that their effects can ve reversed by glutathione. The loss of ac-

tivity induced by these agents cun be restored by the zetion of other

sulfhyaryi compounds such us cysteine and thivglycolic acid, although
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unaer these concitions re.ctivation is quantitatively notso complete as

in the cuse of glutathione.

It is hoped that a stucy or the reversivie inactivation of the

bromsforming Substonce: wiil eTford & clue to the nature of the chemical

groupings essenti:t to its diological activity. « curvey or the agents

Gipavl. of cousing the inuetivation anu veuetivation, definition of condi-

tions under which the reactions occur, urd «. seorch for manifestavions of

the chunge in the molecule other than tht cf ioss of biological activity

(e.g. Chenge in uitraviolet ebsory,tion spectrum) may Lead bo identification

of the puriicuina groups involvea and tneir relation to the blologici.l

wevivity of the molecule 45 a whole.

Public.tion

Avery, U. T., lincheod, C. M., eng iaelarty, Wie, Transforme tion of pneumo-

coccal types incvuced Ly a desouyribonucleic acia fraction iso-

lieved from Pneumococcus Type Til. J. bxp. Mec., 1944, 79, 137.

 


