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1. Introduction 

Data concerning the eukaryotic messenger sequence 
complexities broadly differ according to the tech- 
niques of measurement. The analysis of hybridization 
kinetics of cDNA to mRNA template tends to under- 
estimate the complexity as compared to saturation 
hybrid~ation of single copy DNA. This discrepancy 
has been considerably emphasized in the case of 
mouse brain poly~A)RNA. The data range from 
w 10 000 sequences [ 1 ,l’@J to 100 000 f 121. Causes 
for this discrepancy are not totally explained, how- 
ever, by the difference in the technical approaches, 
since important variations also appear in the results 
reported by authors using the same technique. For 
instance, using cDNA, -19 000 sequences were found 
[2] as compared to 11 600 [ 11. In many cases, these 
variations may be explained, at least partly, by differ- 
ences in the experimental protocols or (and) by the 
use of two different analytical methods (computer 
analysis or linear plot) for obta~i~g best fit to the 
data. 

Independently of the technical approach, and its 
obvious impact on the quantitative conclusions, a 
higher sequence complexity has been claimed [2-51 
for mouse brain than for other tissues. These authors 
generally interpret the high level of poly(A)RNA 
sequence complexity as reflecting the high hetero- 
geneity of cell types constituting the brain. 

The possibility has not been totally excluded, 
however, that a neuronal cell per se, perhaps because 
of its very large potential in estabB~g homotypic 
and hetero~p~c contacts, would express more genes 
than cells from any other tissues. 
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Here we have made a particular attempt to: 
(i) Determine the level of messenger RNA com- 

plexity in mouse brain, by cDNA measurement, 
in following exactly the same experimental 
protocol and linear plot method for analysing 
the data, as we did for the neuroblastoma, a 
clone deriving from mouse nervous system; 

(ii) Compare the level of complexity of whole brain 
to that of a major area, such as the cortex, in 
order to explore whether they exhibit differen- 
tial modulations in the level of gene expression. 

The present data indicates that the total com- 
plexity level of adult mouse brain tissue does not 
significantly differ from that of an homogeneous 
neuronal population such as mouse neuroblastoma, 
although exhibiting a somewhat higher value. This 
result renders unlikely that cells from a neuronal 
lineage display a higher register of gene expression 
during their ontogenic development than other 
somatic cells from the same individu~. Interesting 
quantitative vacations in the distribution of messenger 
sequences are observed when comparing cortex to the 
total brain tissue. 

2. Materials and methods 

2.1. Animals 
Brains and cortex were obtained from week 7-8 

male mice (BALB c). They were rinsed in Tris/ 
NaCl/Mg buffer (IO mM Tris-HCl, 0.25 M NaCl, 
10 mM MgCls) conta~~g 250 pg[ml heparin and 
500 &ml emetin (rinsing buffer), before storage at 
-80°C. 
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2.2. Extraction ofpolysomalpoly(A)-containingRNA 
The whole procedure was performed at 4’C. Brains 

(generally 100) were ground with mortar under liquid 
nitrogen. The powder was homogenised in a Dounce 
homogenizer with 2 vol. rinsing buffer containing 
25 pg/ml spermine and 0.5% NP40. Nuclei were 

intact after homogenisation as checked by phase con- 
trast microscopy. The homogenate was centrifuged 

10 min at 12 000 X g and the supernatant spun on a 
double sucrose cushion (rinsing buffer) in the SW-27 
rotor at 23 000 rev./min for 17 h. The pellets were 
resuspended in 50 mM Tris-HCI (PH 7.5)/100 mM 
NaCl/S mM MgClz (1.5 ml/tube) and the RNA was 
extracted by CsCl buoyant density centrifugation 
[6,7]. All solutions and vessels were sterilised by 
autoclaving. Plastic materials were rinsed with 50 mM 

NaOH. 

2.3. Preparation and titration of polysomal poly(A)- 
containing RNA 

Polysomal poly(A)-containing RNA was prepared 
as in [8]; all titrations were performed, using the same 
batch of poly([3H]U) [8]. 

2.4. cDNA synthesis 
Polysomal poly(A)-containing RNA from whole 

brain and cortex was copied into cDNA using avian 

myoblastosis virus reverse transcriptase. The reaction 
mixture (0.25 ml) contained: 40mM Tris-HCl (PH 8) 
at37”C,100mMKCl,5mMMgC12,10mMdithio- 
threitol, 1 mM EDTA, 0.64 mM dATP, dGTP, dXTP 
(Calbiochem), 0.075 mM d[3H]CTP (5200 cpm. 

pmol-*) (Amersham), 200 pg/ml actinomycin D, 

5.6 pg/ml oligo(dTIz_ rs), 24 pg/ml RNA poly(A) 
and 480 U/ml reverse transcriptase. This mixture was 
incubated for 15 min at 45°C and the reaction stopped 
by the addition of 0.45 ml HsO, 0.2 ml 1 N NaCI/ 
citrate, 0.05 ml 0.5 M EDTA and 0.05 ml 10% sodium 
dodecylsulphate. The cDNA was extracted and puri- 
fied as in [8]. The specific activity of cDNA was about 
4 X 1 O6 cpm .pg-‘, for a total quantity of 0.5 pg. 

3. Results 

3 .l . Preparation and characterization of polysomal 
poly(A)-containing RNA 

Poly(A) RNA was prepared from a purified popu- 
lation of polysomes exhibiting a high polysomes/ 
monosomes ratio. Only polysomes sedimenting faster 

than 100 S were used for RNA extraction. Poly(A) 
RNA was separated from non-poly(A) RNA by at least 

2 passages on an oligo(dT)-cellulose column. The 
number average-size was determined by hybridiza- 
tion to poly( [ 3H] U) of poly(A)RNA from each frac- 

tion of a sucrose formamide gradient as in [8]. The 
calculated number average nucleotide length was 

taken as 1750 for both brain and cortex. The average- 

size of the poly(A) tract, obtained by centrifugation 
on sucrose/formamide gradients as in [8], was esti- 
mated to represent 10% of poly(A)containing RNA. 

3.2. Polysomal poly(A)-containing RNA sequence 
complexity 

The conditions for RNA-DNA hybridization and 

detection of the hybrids were performed according 
to [9]. Here the RNA/DNA ratio ranged from 125, 
1000 for 0.6 pg cDNA/ml. The cDNA size was 
estimated as corresponding to -400 nucleotides. 

Knowing the hybridization kinetics of any RNA 

population, it is possible to determine its sequence 
complexity by comparison with the hybridization 
kinetics of a standard RNA of known complexity 

[ 10,l 11. 

For that purpose, we performed homologous 
hybridization, in vast RNA excess, between poly(A)- 
containing RNA from whole brain and cortex and 
their corresponding cDNA. The hybridization kinetics 
are shown in fig.1 for whole brain and fig.2 for 

Fig.1. Homologous hybridization kinetics (whole brain). 
c[ 3H ]DNA from whole brain was hybridized with its poly(A)- 
containing RNA template. For rot values < 0.5 mol 1-l .s, 
hybridization reaction contained 75 rg RNA/ml; for rot 
values of OS-15 mol .I-’ .s, 300 pg RNA/ml; and for greater 
rot values, 650 Ecg RNA/ml. The extent of hybridization was 
determined by S 1 nuclease digestion. Each point was 
corrected for 0.8% background of S, nuclease-resistant 
cDNA (self-annealed fraction), obtained by digestion of 
cDNA after incubation with E. coli ribosomal RNA. rot is 
the product of RNA concentration (mol nucleotide .I-‘) 
and time (s). 
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Fig.2. Homologous hybridization kinetics (cortex). c[‘H]- 
DNA from cortex was hybridized with its poly(A)-containing 
RNA template. For rot values S 2 mol .1-l .s, hybridization 
reaction contained 62.5 pg RNA/ml; for rot values of 
l-70 mol .1-l .s, 310 pg RNA/ml; for rot values > 65 
mol .l-’ .s, 840 c(g RNA/ml. The extent of hybridization was 
determined by S, nhclease digestion. Each point was corrected 
for 1.4% background of S, nuclease-resistant cDNA (self- 
annealed fraction), obtained by digestion of cDNA after 
incubation with E. coli ribosomal RNA. rot is the product of 
RNA concentration (mol nucleotide .l-‘) and time (s). 

cortex. From the examination of these curves one 

can conclude that: 
(i) By a rot value of 100 mol .1-l .s, for brain and 

for cortex, the hybridization appears to be com- 

plete ; 
(ii) The kinetics of the hybridization reaction are 

heterogeneous, the curve extending over several 

rot decades. 
This indicates that the hybridization reaction is a 
composite of several reactions each of which 

corresponds to an abundance class where all the differ- 
ent mRNA species are present in the same concentra- 
tion. Table 1 for brain shows, after numerical analysis, 
the calculated RNA abundance classes, their rotljz 
values, their base sequence complexity as determined 
with globin mRNA used as a complexity standard 
and the number of different average-size mRNAs. 
The analysis reveals that a good fit is obtained using 

RNA frequency distribution in 3 classes representing 
26%, 49% and 25% of the poly(A)-containing RNA 
population with complexities of 1.47 X 10’) 
4.54 X lo6 and 1.67 X lo’, respectively, for the 
abundant, the intermediate and the rare class. The 
number of total different sequences is -12 200 
sequences assuming that the mRNA number average- 
size is 1750 nucleotides. The corresponding data for 
cortex are shown in table 2. The abundance classes 
represent 2%, 41% and 30% of the RNA population 
with complexities of 2.7 X lo’, 2.45 X lo6 and 
1.86 X 10’ nucleotides. The total complexity appears 
to be very similar to that of brain and correspond to 
about 12 200 sequences of the same number average- 
size. 

Table 1 
Numerical analysis of homologous hybridization kinetics: mouse brain 

class Fraction rot ,I2 Base sequence 
of abundance of hybridizable 

cDNA (a) Obs. Corr . Complexity in No. different 
nucleotides (K!) mRNA species 

Abundant 0.26 0.31 0.08 1.47 x lo5 84 
Intermediate 0.49 5.1 2.5 4.54 x lo6 2592 
Rare 0.25 36.8 9.2 1.67 X 10’ 9562 
Total 1 .oo 12 238 

The analysis of brain hybridization curve was by the method in [ 131. (Y represents the fraction of hybridizable cDNA reacting in 
each abundance class. rot+ values are expressed in mol .l-’ .s. Corrected rot+ is given by rot+ X a. The effect of this operation 
is to correct the observed rot ,p to the value it would have if the RNA of the considered abundance class were pure and com- 
prised 100% of the total reactron. The sequence complexity of each abundance class, NT, is estimated as following: 

NT = 1200 X (corrected rot ,jz) 

6.6 x 1o-4 

where 6.6 X 10T4 corresponds to the rot ,I2 of the hybridization reaction between or+@ globm mRNA (sequence complexity = 
1200 nucleotides) and its cDNA. The number of messenger RNA species is calculated considering an average size of 1750 
nucleotides 
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Table 2 
Numerical analysis of homologous hybridization kinetics: mouse cortex 

class Fraction rot 1/Z Base sequence 
of abundance of hybridizable 

cDNA ((Y) Obs. corr. Complexity in 
nucleotides (Nr) 

Abundant 0.29 0.52 0.15 2.71 X 10” 
Intermediate 0.41 3.29 1.35 2.45 X lo6 
Rare 0.30 34 10.2 1.86 x 10’ 
Total 1 .oo 

The analysis of cortex hybridization curve was performed as for brain hybridization kinetics (see table 1) 

No. different 
mRNA species 

155 
1400 

10 618 
12 173 

3.3. Comparative distribution of whole brain and 
cortex poly(A)-containing RNA in frequency 
classes 

The experiments described thus far demonstrate 
that the polysomal poly(A)-containing RNA popula- 
tions from both whole brain and cortex have essentially 
an identical complexity but a different distribution 
between the 3 abundance classes. Such a result can be 
confirmed by cross-hybridization at saturation 
between the cDNA transcribed from whole brain and 
poly(A)RNA from cortex. Figure 3 represents this 
heterologous hybridization reaction and, for compa- 
rison, the homologous kinetics for the cDNA 
participating in the cross-hybridization (solid line). 
It can be seen that: 
(i) The cortex RNA is able to hybridize to whole 

brain cDNA with the same efficiency as the whole 
brain RNA, thus indicating that cortex RNA 
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Fig.3. Heterologous hybridization kinetics. Whole brain cDNA 
was hybridized with cortex poly(A) RNA. For rot values 
< 0.5 mol -l-’ .s, hybridization reaction contained 64 ~g 
RNA/ml; for rot values of 1-15 mol .1-l .s, 255 fig RNA/ml; 
and for greater rot values, 440 pg RNA/ml. The data are 
expressed as in 4.1, for both heterologous hybridization 
curve (A-A) and brain homologous hybridization curve 
(e- - -0) plotted for comparison. 

comprises all the sequences present in whole 
brain RNA; 

(ii) The heterologous kinetics differs from the homol- 
ogous one at a rot value characteristic of the 
intermediate abundance class. 

A proportion of the intermediate class cDNA hybridizes 
at higher rot values with cortex RNA, thus showing 
that these mRNAs are rarer in cortex mRNA. 

Then considering point (i), the best assumption is 
that some sequences relatively abundant in whole 
brain are less frequent in cortex. The rare class in 
cortex mRNA represents 87% of total complexity as 
compared to 78% for whole brain mRNA. 

4. Discussion 

Here we have attempted to determine the poly- 
somal poly(A)+ mRNA sequence complexity of whole 
brain, using exactly the same technical procedure 
employed for the analysis of neuroblastoma cells. We 
were also interested in comparing the messenger 
sequence complexity of the cortex, a major area of 
the brain, to that of whole brain, 

Our results show that mouse brain poly(A) mRNA 
population contains about 12 200 different sequences. 
According to [ 121 brain polyadenylated mRNA 
would comprise > IO” .averaged-sized sequences. This 
very high level of complexity (1.4 X 1 O5 kilobases) 
is partially explained by the technical procedure, i.e., 
the saturation of single copy DNA by an excess of 
RNA. This technique is able to detect sequences 
representing a very small percentage of poly(A)RNA 
which may not be detected by cDNA measurement. 
In contrast to this situation, the same values of mRNA 
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sequence complexity from both kinetic studies using 
cDNA and single copy DNA titrations were obtained 
for the avian liver [ 131, for yeast [ 141 and for an 

embryonal carcinoma cell line [ 151. 

The discrepancy in brain mRNA sequence com- 
plexity obtained by single copy DNA titration and 
cDNA kinetic analysis may reflect the fact that 

much of the sequence diversity is contributed by 
many different cell types. This can be detected by 
single copy DNA titration because it is sensitive to 
diverse abundance classes representing a small mass of the 
mRNA. Such a class may go undetected as a reacting 

component in an RNA/cDNA hybridization. Single 
copy DNA titration can be considered as more 
adequately reflecting the tissue cellular heterogeneity 
than providing an actual index of sequence com- 
plexity for the major cellular component of the 
population under study. 

The 12 200 brain sequences evidenced by our 
analysis are in agreement with the 11 650 sequences 
[l] and in contrast with the 19 000 sequences [2]. 
Our data favour the idea of a higher level of RNA 
brain complexity, when compared to the 7200 
sequences that we found in a neuroblastoma cell line 
derived from the,mouse sympathetic nervous 

system [8]. 
The cortex complexity appears identical to that 

of brain within the limits of sensitivity of the tech- 
nique. However, the sequences are not identically 
distributed in the abundance classes since the cortex 
exhibits -1000 more rare sequences and twice as 

many abundant sequences than whole brain. Con- 
versely, there are less intermediate sequences in the 
cortex (1400 versus 2600). This situation requires 
further examination. First, every sequence evidenced 
in the cortex should be present in whole brain since 

cortexis contained in whole brain. On the other hand, 
some sequences present in brain might be absent 
from the cortex. Quantitative considerations make 
this hypothesis improbable since homologous hybridi- 
zations reveal that cortex comprises as many sequences 
as whole brain. Consequently, one should be dealing 
with quantitative transitions between the abundance 
classes of sequences common to both brain and cortex. 
This assumption is confirmed by the examination of 
the heterologous hybridization of brain cDNA to 
cortex poly(A) RNA which provides interesting 
information. Practically, all the cortex sequences are 
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present in the whole brain polysomes. Within the 
limits of the technical sensitivity the heterologous 
and homologous kinetics are apparently identical at 
the level of low r, t values. The difference in the num- 

ber of abundant species evidenced by homologous 
hybridizations corresponds to only 0.58% of total 
complexity. Conversely the kinetics are significantly 
different at the level of medium rot values, reflecting 
the absence in the cortex intermediate frequency 

class of sequences representing 9.8% of total com- 
plexity. These sequences have transited to the rare 
frequency class since the heterologous kinetics is dis- 
placed to higher rot values. 

Using single copy DNA titration, a similar 

degree of complexity in whole brain and different 
major brain areas was claimed [ 161. The authors 
consider that their studies do not eliminate the 
possibility that significant fractions of total poly(A) 

RNA sequences are quantitatively region-specific 
since their single copy DNA titration does not provide 
any information concerning the transition of sequences 
between the frequency classes. We confirm this 
hypothesis when showing that whole brain and cortex 
exhibit an identical sequence complexity accompa- 
nied by a significant quantitative variation in the dis- 
tribution of some common sequences. The transition 
of a significant fraction of cortex sequences to the 
rare frequency class may be related to the very high 

level of heterogeneity in the neuronal population 
composing this area. The analysis of the sequence 
frequency distribution in other major brain areas is 

under study. 
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