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STUDIES ON THE CHEMICAL NATURE OF THE SURSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES

Inprerion oF TRANSFORMATION BY A DESOXVRIDONUSLEIC Ao FRACTION
TsoLaTeD FroM Pranusococcous Tyvrn IIX

By OSWALD T, AVERY, M.D,, COLIN M. MacLEOD, M.D., axp
MACLYN McCARTY,® M.D.
(From the Hoespital of The Rockefellor Fustituie for Medical Research)
Prate 1
(Reocived for publication, November 1, 1943)

Biclogists have long attempted by chemical means to induce in higher
organisms predictable and specific changes which thereafter could be trans-
mitted in series as hereditary chameters.  Among microdrganisms the most
striking example of inheritable and specific alterations in cell structure and
function that can be experimentally induced and are reproducible under well
defined and adequately controlled conditions is the transformation of specific
types of Pnew us, This ph wenon wag first described by Criffith (1)
who succeeded in transforming an attenunted and nonencapsulated (R}
wariant derived from one specific type into fully encapsulated and virulent (8}
colls of a heteralogous specific type. A typical instance will suffice to illustrate
the technigques originally used and serve to indicate the wide variety of trans-
formations that are possible within the limits of this bacterial species.

Griffith found that mice Injected subcutancously with a small amount of a living
R culture derived from Preumococeus Type IT together with a large inoculum of
heat-killedd Type 11T (8) cells frequently succumbed to infection, and that the heart’s
blaod of these animals ylelded Type LI paeumocsccl in pure culture, “The fact that
the R atrain was avirulent and incapahle by itself of causing fatal bacteremia and the
additional fact that the heated suspension of Type IIL eells contained no viable or-
ganisms brought convineing evidence that the B forms growing under these condi-
tions had newly acquired the capsular structure and bislogienl apecificity of Type LIL
pnecumaeocc,

‘The original observations of Griffith were later confirmed by Meufeld and Levin-
thal (2], and by Baurhenn {3) abread, and by Dawson (4) in this laboratory. Subse-
quently Dawson and Sia (5) succeeded in inducing transformation {n witrs, This
they accomplished by growing B cells in a fluid medium containing anti-R serum and
heat-killed encapulated S cella, They showed thar in the tese tube as in the animal
body transformation can be selectively induced, depending on the Eype specificity
of the 8 cells used in the reaction system. Later, Alloway {6} was able to cause

* Work done in part as Follow in the Medical Sciences of the Nationol Research
Counell,
137

La trasformacion quimica de pneumococos hacia que cambiaran sus
caracteristicas de una generacion a otra.

1944

Colin McLeod

Oswald Avery Maclyn McCarty

ribose type is the fundamental unit of the transforming principle of Pneumo-

CONCLUSION

The evidence presented supports the belief that a nucleic acid of thedesoxy-

coccus Type III.
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E wish t0 suggest s stroeture for me aalt
of deoxyribose micleic soid (DUNAL). '[‘hu

w(4

Issuwing of Belmant Report
on the use of
humnon subjecks
in research

AyiFogen-bondsd to 6 single hese from the other
chain, w0 thet the two lie side by side with identical
2-co-ordinatea. One of the pair must be s purine and

strueturs has no atures which are of
binlogical intorest,

A atructure for noeleic acid has already been
proposed by Peuling and Corey?, They kindly made
their manueeript available to ws in advence of
publicati Cheir model consists of three inter-
twined chaine, with the phosphates near the fire
ixie, #nd the basos on the utsids. In our opinion,
this atructure is unsatisfactory for two
i1l Wa believe that the materiel which
K-ravy dingrams is the salt, not the free aci
the acidie hydeogen atoms it is
woukd hold the struct
negetively charged phosphates near the axis will
repal ench other. (2} Some of the van der Waals
distances appesr 10 be too small.

Another three-chain structure has also hoen sug-
gested by Fraser (in the pross). Tn his model the
phosphates are on the outside and the beses on the
inside, linked together by hydrogen bonds. This
structure &8 described is rather ill-defined, and for
this reason we shall not eommendt
on it.

We wish to put forward a
radically difforont strusturn for
the sst of denxyribose nuclaic
acid,  This structure haa two
helical chains ea led round
the same Axiz {see diagram). We
have made the usual cheomical

the other & pyrimidine for bonding to oceur. The
hydrogan bonds are made as follo parine position
1 to pyrimidine poaition purine position & to
pyrimiding pos [y

T it is nesumed thet the bases only seeur in the
structure in the most plansible tawtomeric forms
(that is, with the koto rathor than the enol con-
figurations) it is found thas only speeific pairs of
basss can bond together, These pairs are : adenine
{puari with thymine (pyrimidine), and guanine
{purine) with cytosine (pyrimidi

Tn other words, if an edenine formms one member of
& pair, on eithor ohain, then on these asumptions
the other member must be thymi similarly for
guanine and cytosine. The sequance of bases on o
aingle chain does not sppear to be restricted in any
way. However, if ouly specific pairs of bises can ber
foemed, it ve that if the sequence of basss on
one chain s given, then the sequence on the other
chain is automatically dsterming

It hues been found experimentolly®™* thai the ratio
of the amountes of adenine to thymine, and the ratio
of guanine to eytos e to unity
for deoxyribose nucleie aci

It iz probably impossible to build this structure
with & ribuso sugar in place of the deoxyribose, a8
the extra oxygen stom would make too close s vin
der Waals contact.

The previcusly published X-ray data®* on deoxy-
ribose mucleic eid are insufBcient for & rigorous teat
ur vur strusture. So far as wo oan tall, it i roughly

aasumptions, namely, muL anch
chain eonsiste of ph i
estor groups jeining B-p-d
ribofuranoss rosidues with
linkagea. The two chaina [but
not their bases) are related by a
dyad perpendienlar to the fibre
axis. Both chains follow right-
handed heliees, bub owing to
the dysd the sequences of the
atome in the two chains run
in waite directions.  Eash
chain  loosely resembles  Fur-

. berg’s® modal No. 1: that is,
= the hases ore on the inside of
: - the helix and the phosphates on

The faure s gy ) o oo
he e the outside. The configuration
ol of the sugar and the atoms
near it is closs to Furberm's

‘standard configuration’, the
sugar being roughly perpandi-
lnr to the sttached b, Thare

12 rmarke ow e axie

with thy oxp 1 data, but it must
hn regarded as unproved until it has been ehecked
Bgainst more exact rosuits. Some of theso are given
in the following communieations. We were nob wwisre
of the detnsils of the resulte presented thers when we
dwvised our structure, which rests mainly though not
ankirely on published experiments! data and etereo-
ohermical arguments.

Tt has nobt esonped our notive thet the specific
pairing we have postulsted immedistely suggests s
possible copying mechaniam for the genstic material.

Full detsils of the iy, including the eon
ditions assumed in buil it, together with a set
of so-ordinates for the atoms, will be published
olsowhere,

Wa nra much indebted to Dr. Donohue
constant advies and criticiam, cspecially on inte
wtomic distances. We have slso been stimulsted by
& knowledge of the genersl nature of the lmpuhllslwd
experimental resulte and ideas of Dre. M
Wilking, Dr, R. E. Franklin and thoir oo \wr'k. s m

=

Senger and
Maxan & Gilbert
develop DA
sequencing methods

1977

dotobose
esdablizhed

1982

Francis H.C.Crick

James D. Watson
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“Un gen, una proteina” (1958)
Paradigma de la Biologia Molecular

George W. Beadle Edward L. Tatum

(Neuroespora crassa)
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“Determinacion del codigo genético” (1966)
Adenina (A)
Timina (T)
Guanina (G)
Citosina (C)
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Primera publicacion de la hibridacion del ADN sobre
muestras citologicas (1970).

Mary Lou Parduel Joseph Gall
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Invencion de la PCR (1986)

Kary Mullis
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Nucleo Cromosoma

Célula
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Nucleo Cromosoma

Célula

Genes
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Nucleo Cromosoma

Célula

Genes

Bases (nucledtidos)
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Conceptos basicos:

Gen

Cromatina y cromosomas

Genotipo y fenotipo

Mutacion

Enfermedades “genéticas” y herencia
Diagnostico genético
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Gen

Gen: secuencia de ADN compuesta por nucledtidos (A,T,G,C) donde
esta la informacion para la sintesis de las proteinas.

El orden o secuencia de las 4 bases determina la proteina producida.
Todas las células tienen todos los genes.
Tenemos dos copias de casi todos los genes.

Los genes estan formados por una doble hélice de DNA, dos cadenas
complementarias.
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¢, Qué es el nucleo celular, la
cromatina y los cromosomas?
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El nacleo celular es un organulo complejo que contiene la mayor parte del
material genético celular. Su funcion es mantener la integridad de los genes
y controlar las actividades celulares regulando la expresion geénica.

La cromatina es la union del ADN con proteinas para mantener la
integridad del material genético.

Eucromatina: cromatina activa, genes que
estan siendo transcritos. Esta mas
descondensada (rojo).

Heterocromatina: empaquetada mas
densamente, genes inactivos (gris).

Los cromosomas:el maximo nivel de compactacion
gue alcanza la cromatina durante la division celular.

www.sistemasgenomicos.com
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Los cromosomas permiten la  transmision de la informacion
genética a las diferentes células en los procesos de
division celular.
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Division celular:
_ +

Compactacion de la cromatina
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Los cromosomas recombinan entre si durante la division
celular de las ceélulas germinales (0vulos y espermatozoides
Esto permite la formacion de cromosomas nuevos. Da lugar
a individuos unicos, genéticamente diferentes a los padres

N’
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Entrecruzamiento
CromOSémiCO Www.sistemasgenomicos.com
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Genotipo y fenotipo

Genotipo: toda la informacion genética de un individuo.

Fenotipo: la expresion del genotipo en un individuo concreto y
en un ambiente concreto (rasgos morfoldgicos, bioguimicos, de

desarrollo, comportamiento, ...).
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“Mutacion”

Es un cambio en la secuencia del ADN.

Normalmente se habla de mutacion cuando el
cambio da lugar a una alteracion patologica de la
proteina y como consecuencia una disfuncion.

No todos los cambios son patologicos.
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