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Ihere 1s considerable c1rcumstant1a1 ev1dence 1mp11cat1ng nroteln
;and RNA >ynthe51s in memory consolldatlon and 1ncr0351ng interest in
work dlrected toward elucidating the macromolecular’chemlcal processes
underlying'iearningl’z. A derepression model hds:been advocated by
4Bonner who also suggested a method by whlch the model might be tested.
Newly 1nduced RhA molecules would be gene products vpresent in the brains
of learnlno animals but not naive animals, and they should be able to be
vpulse labeled and detected by competltlve hybrldlzatlon experlments

The ”detectlon of RNA species unigue to a behav1ora1 task" by com-
petitive. hybrldlzatlon has now been reported by Machlus and Gaito%,5,6,
When SQ_pg of DNA was hybridized first with 50 ug of unlabeled, naive
brain RNAJend then with 50 ﬁé of labeled, learhed BrainyRNA, there was
about SO%rtompetition. But when the DNA was hybridized first with
: unlabeled ‘iearned RNA and thenblabeled naive.RNA no radiéactiVity
- was observed there was apparently 1000 competltlon This Was taken as
ev1dence that there were new spec1es of RNA in the brains of the trained
rats. Our data show no differenees between thedRNA from trained and
naive rétsQ. Control experiments. and consideratieﬁjof other data in the
literature for hybridization with nucleic acidsvfrqm higher organisms
lead us»to'believe that the competition values:reﬁorted by Machlds and
Gaito are unrealistic and incorrect.

We have attempted to reproduce their results as follows: Sprague-
Dawley’male rats, 200-250 grams, were injected intraventricularly with
40 uc SjsH-uridine in physiological saline or with physiological saline.
Naive rats were returned to their home cages and=Sacrificed 90 min after

injectiOn.' Trained rats were put into a training apparatus 60 min after
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ihjecfieh-ahd allowed to beeome accustomed to ﬁhe'hOX for 15 min, end
then were glven 15 min of shock avoidance tra1n1ng, 15 trlals in 15 min.
They learncd the task well w1th1n 4 or 5 trlals At the end of the
tralnlno pexlod the rats were sacrlflced 1mmedlately, and total RAA was
vprepared from whole brain by a hot phenol procedure ‘DNA prepared by
the procedure of Marmur’ was denatured, 1mmob1112edaon nitrocellulose
membranes ehd'hybridized in 1 ml of 6 X SSC at“66 degreees. Fifty ug |
of DNA'ﬁee hybridiZed first with So.hg of unlaheied competitdr RNA fof-
12 hr, then 50 ug of labeled testor RRA was added and the incubation
was contlnued for 12 hr. Adding the testor RNA to the vial after pre::
incubatieh ef the competitor RNA with the DNA should maximize the observed
competltlon h | |

Two experlments (Table 1) were performed under conditions comparable
to those:descrlbed by Machlus and Gaito, same gmoghts of DNA and RNA,
same incorporation time for:the labeled RNA, séﬁe:temperature and time
for andealing,.etc. No statistically significanﬁidiffefen;es between
trainedhahdvnaive RNA were ebSefved. All combinations ef éompetitor and
testor shoWed equal amounts of competition, abeut136%. Small differences
between“trained and naive could go undeteeted, bu;‘these competition
values efeltotally different from thedIOO%‘reported by Machlus and
Gaito. Coﬁpetitor RNA only partially blocked*euBSequent hybridizétion
with- testor RNA even when competitor and testor were identical, A and C.

A control experlment was performed in wh1ch 50 ug of DAA was |
hybrldlzed for 12 hr with increasing amounts of 90 min pulse labeled
brain RNA; There was a nearly linear increase in the amount of hybridized-

RNA in the range between 50 and 200 ug of RNA, which demonstrates that
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56 ug oflthis RNA does'not saturate its complementery gene sites on
S0 ug of TNA under these conditions. Without satﬁretioh of complementary
gene sites.we could not expect complete competitidh: A competition curve
with Sotugsof DNA, 50 ug of testor RNA and increeeing amounts of competi-
tor RNA showed ‘only about 50% COﬂpetltlon with 200 ug of competitor RNA.
These observatlons are consistent w1th numerous others in the literature
which show that very large excesses of short- term pulse labeled RNA from
higher organlsms are required to approach saturatlon of complementary
DNA gene sitesg’lo’ll: and very large amounts of competitor RNA are
requiredafdr effective competitionlz»ls. Large emeunts of competitor
are espec1ally important when the competition is accompllshed by pre-‘
incubation rather than 51multaneous 1ncubat10n 14 15 16

The reason for the lack of eff1c1ent competltlon with nucleic acids
from higher organisms seems'to be that many of!the RNA species synthe-
sized;in the cell are,ptesent in such low concentrations that we camnot
expect them to hybridize under the usual conditien$i7. Most of the
hybridization normally observed is probably dﬁe to.reassociation'of
RNA with redundant genesl8. 1In presaturation-competition experiments,
unless we use very large amounts of RNA, we can expect only a small frac-
_tion of the messenger RNA species to hybrldlze durlng the first incubation.
Durlng the second incubation, most siteés codlno for messenger RNA will
>t111 be Ircc, so little competition will be observed.

Competltlve hybrldlzatlon now has considerable popularity as a
techniqhelfor demonstrating altered RNA metabolism in,higher organisms,

for inétance during the course of embryonic developmentl?,20, during
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1iﬁer're§eneration21r22, in malignent versus nofnaiice11523»24 and fol-
lowing hofnone treatment22:25o26»13. Unfortunateiy3:much of this type
of worh‘is'difficult to interpret feliablyQ Setetnivpoints should be
~ kept in‘nind Generally the hybridization'of ﬁNA‘from'single copy genes
is not clearly distinguished from that of RNA whlch is the product of
repetltlve Genes Some messenger RNA molecules may be coded for by
repetltlve genes, but most are not2’. Hybrldlzatlon in these systems
is not strlncently locus spec1f1c and the amount of competition observed
depends strongly on the ionic strength and the anneallng temperature12
Much, 1f not most, of the RNA synthesized 1n the cell turns over very |
rapldly and never leaves the nucleuszg, and after a short-term pulse,
much of the label w1ll be in thls type of RNA wh1ch is not functlonlng
as messenget RNA. Slight changes in precursorepools can thus cause
differentipopulations'of.RNA species tovbe labeled, and eonld lead to.
competitEVe hybridization data which might erroneously Be interpreted
as demonstrating induction of new species of'RNA;V.This last considera-
tion isvesoecially inportént'for evaluating futnre hybridization results
relatingtiearning and brain RNA metabolism, ashitieppeérs that with the
traininé situations which produce an.increaseiin,the incorporation of
" RNA precnrsors there are also ill-defined, regionai, tfansient chnnges
in preoursor pool concentrations29,30. chertheloss; the technique scems
to be‘fniriy sensitive and under thc proper eonditions and with the
proper controls it may well be capable of prov1d1ng valuable 1nformat10n

about braln function.
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| Table~1;Anybridizetion Competition with Trained ehd Naive RNA

et»bempetitor RNA Testor RNA f%}CQmpetition + S.D.
A7 naive - naive . ;'-_736;1.T 3.1
naive "'ev .‘ tfained' 'Lef_:32.7 * 4.9
C trained © trained  38.0 ¥ 2.3
D _ . naive = . - trained  °  35.8 % 4.8

In the;fi%st experiment, A‘VeTSUS.B; naive and tfained RNA were’
eompafed’as'testor, and in the’éecond experimeht; C.Versﬁs D, |

' haive‘éndgfrained RNA were compared as compet;terf . RNA was pre-
pared?ééﬁgrately from the brains of 4 rats fer.each type of RNA
in'eaehzeﬁperiment. Each competition value waé'calculated from

4 indebehdent’determinétions pefformed in duplicéte. The specific
act1v1ty of the labeled RNA was about 80 cpm/pg ‘ Ribonuclease
re51stant hybrld RNA w1thout competitor represented about 1.5%

-of the 1nput label, or 60 cpm
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