Life’s Genetic Matenial 77?7
Transformation or Resurrection: Fred Griffith’s Research Discovery
Directions:
¢«  Read the information about Fred Griffith’s classic experiments with mice
& Summarize with pictures and words his step by step experiment
¢ Summarize his experimental conclusion .... What was his BIG discavery?
The Experiment:

The Conclusion:

Fvidence That DRA

Caw Transform Bacteri
We can trace the discovery of the genetic between:bacte_ "
role of DINA back 1o 1928 Frederick Grif-
fitk, o British medical officer, was studying

" Bactena o* the "8" smcolh) strain of Szreptococms pneumonias ars
| pathogenic because they have a Capsule that protects them from an animal's defense system,
Streptococcus proumoniac, 3 bacterium that | Bacten of the "R” (rough) strain lack a capsule and are nonpathogenic, Frederick Griffit
causes pneumonis in mammals. Griffith iniected mice with the two strains as shown beiow!
hiad two sixains (varieties) of the bacterium, Living 5 celis Living R celis Meat-kiled Miture of heat-kiled 5 ¢
a pathogenic (disease-causing) one and a {control) {contro) 5 celis tcontrol) and living R celis
nonpathogenic (harmlezss) sirain, He was i T
surprised to find that when he killed the
pathogemc bactﬁr & with heat and then
mixed the celi remaims with living bacieria
of the nonpathogenic strain, some of the
living celis became pathogenic (Figure
16.2). Furthermore, this new wait of path-
ogenicity was inherited by all the descen-
dants of the wransformed bacieria. Clearly,
some chemical componen: of the dead
pathogenic cells caused this heriwable
change, although the identity of the sub-
stance was not known. Griffith called the
phenomenot ransformation, now de-
fined as a change in genotype and pheno- . :
type due 1o the assimilaton ol external i T Living 5 cefls
DNA by a cell. (This use of the word trans- I B ;Tg;g‘giﬂ‘;a
Jormation should not be confused with the o
conversion of a normal animai cell w0 &
cancerous one, discussed in Chapier 12.)
Griffiths work set the stage for a
14-year search for the idenuty of the trans-
forming substance by American bacteriol-
ogist Oswald Avery, Avery purified various types of molecules
from the heat-killed pathogenic bactena, then tried 1o trans-
form itve nonpathogenic bacteria with each type. Cnly DNA
~ worked. Finally, in 1944, Avery and his coileagues Maciyn
MeCarty and Colin Macleod announced thal the transiorming
agent was DNA. Their discovery was greeted with interest bul
considerable skepricism. in part because of the lingering belief
that proteins were better candidates for the genetic malenial.
Moreover, many biologists were not convinced thar the genes
of bacteria would be similar in composition and functon w
those of more complex organisms. But the major reason for the
continued doubt was that so listle was known about DNA,

& Griffith conciuded that the tiving R bacteria had been transformed into”
pathcgfmc S bactena by an unknown, heritabie substance from the dead 5 cells.




howr researciers discovered tha! deoxyribonucieiz acid {DNA), strain survived, However, when Griffith injecred mice with 2

g nucleic acid once thoughy unremarkable, is the molecuier basis mixture of heai-killed virulent § cells and live avirulent I cells,

of inheritance. We explore the unique fearares of DNA, inciud- a mgh proporiion of the mice died. Griffith then isolated Living

L o . L i 3 the dead mice.

ing s replication (see protograph), that enabie it to carry owt 5 Celm from tn»e{aead e . .

s role. & ’ Because neither the heat-kilied § strain nor the biving ] strain
is role.

could be converted to the irving virulent form when injected by
itsell in the control experiments, it seemed that something in

— - the heat-killed cells converted the avirulent cells to the lethal
EVIDENCE OF DNA AS form. This type of permanent genetic change in which the prop-

THE HEREDITARY MATERIAL erties of one strain of dead cells are conferred on e different
i strain af living cells became known as transformation. Scien-
I tists hypathesized that some chemical substance (the “trans-
! (7| Summarize the evidence that accumulated during the forming principle”) was transferred from the dead bacteria to
i 1940z and early 1950r demonstrating that DNA is the the Iiving celis and cansed transformation.
genetic mat eriai‘ in 1944, American biologist Oswald T. Avery and his col-
FROCESSTEE leagues Colin M. Macleod and Maclyn MeCarty chemically
identified Griffith's transforming principle as DNA. They did this
through a series of careful experiments in which they lysed (split
open) § celis and separated the cell contents into several frac-
tions: lipids, proteins, polysaccharides, and nucleic acids (DNA
and RNA). They tested each fraction 1o see i it could wansiorm
Iiving R cells into S eells. The experiments using lipids, polvsac-
charides, and proteins did not cause transformation. However,
when Avery treated living R celis with nucleic ncids exrractad
from S cells, the R cells were transformed intwe 5 ceils.

tearning Objective

During the 1930s and early 1940s. most geneticists paid little
artention 1o DNA, convinced that the genetic material must be
protein. Given the accumulating evidence that genes contro]
production of proteins (discussed in Chaprer 12}, it certainly
seemed lilely that genes themselves must also be proteins. Sci-
entists knew proteins consisted of more than 20 different kinds
of amino acids in many different combinations, which con-
ferred unigue properties on each type of protein. Given their
cornplexity and diversity compared with other molecules, pro-
wins seemed 10 be the “stufl” of which genes are made. ‘ . L e .
in contrast, scientists had established thar DNA end other Although nfax':.her the rough R} s nor the heat.kll??c smooth &)

R e e strain couid kill & mouse, & combinetion of the two dic, Autopsy
nueleic acids were made of oniv four nucieotides. and what was o the dead mouse showed the presence of iving S-strain prsumo-
known about their arrangement made them reiatively uninter- toce. Thess results indicated that some substance in the heat-kified
esting to most researchers, For this reason. several early clues to 5 ceils had wransformed the living R celis into a virulent form. Avery

the role of DNA were not widelv noticed, and his colisagues later showed that purified DNA isoiated from

! the 5 cells confers virutence on the R cellz, establishing that DNA

carries the necessary information for bacterial transiormation.

SRGURE T i Griffith's transformation experiments.

DNA is the transforming
principle in bacteria

One of these ¢iues had its origin in
1928, when Frederick Griffith, a Brit-
ish medica) officer, made a curipus
®ebservation concerning two strains of
“Preumoceccus bacteria (Fig, 11-1),
A smooth () strair. narned for its R cels S selis
formation of smooth colonies on z injected injectad

- %0lid prowth medium, was known 1o :
- exhibi virulence, the ability o cause
« "Bistage, and often death, i its host.
+ Mhen living celis of this strain were
- Anjected tnto mige. the animals con-
Tracted Preumonia and died. Not sur-
Pﬂsmgly the injected animals sir-
¥ ¥ved if the cells were first kilied with
“al 4 related rough (R) straip of
Pacteria, which forms coiomies with a
it‘:f&surface‘ was known to exhibit
®hLe, or inability to produce
ORenic effects; mice injected with
Rither Uving or heat-killed cells of this

Meat-kllied F.cells end heat-Kilied
& oells-injected 5 sells injesied

Wouse lives

thouse lives
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Other DNA Researchers of Interest:

Friedrich Meischer in 1869 isolated DNA from fish sperm and the pus of open wounds. Since it came from nuclei, Meischer named
this new chemical, nuclein. Subsequently the name was changed to nucleic acid and lastly to deoxvribonucleic acid (DINA)..

During the 1920s, biochemist P.A. Levene analyzed the components of the DNA molecule. He found it contained four nitrogenous
bases: cvtosine, thymine, adenine, and guanine; decxvribose sugar: and a phosphate group. He concluded that the basic vnit
{nucleotide) was composed of a base attached to a sugar and that the phosphate also attached to the sugar. He (unfortunately) also
erronecously conciuded that the proportions of bases were equal and that there was a tetranucleotide that was the repeating structure of
the molecule, The nucleotide, however, remains as the fundemantal unit {monomer) of the nucleic acid polymer. There are four
nucleotides: those with cytosine {C), those with guanine (), those with adenine {A), and those with thymine (T).




