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The purpose of this study was to record basic

cytoplasmic and membrane protein patterns in the right and

left cerebral hemispheres, lateral hemisphere and para-

flocculus of the cerebellum, and the medulla oblongata of

the white rat, Rattus norveg^icus Berkenhout. The study also

attempted to determine; (1) if a difference existed betv^een

brain protein patterns of male and female rats; (2) if
a difference existed betv;een individual and pooled brain

extracts; (3) if a difference existed between brain protein

patterns of young and mature rats; and (4) whether oi* not

electrical stimulation of brain slices would affect basic

protein patterns.

Equal numbers of cytoplasmic protein bands at

corresponding Rf values were found for the cerebral

hemispheres. Likewise, sections of the cerebellum

closely correspbnded in the number of bands and Rf values.

Comparisons of the cerebral hemispheres, cerebellum,

and medulla oblongata shov/ed some differences. The

medulla oblongata had fev/er protein bands than the cerebral

hemispheres but more protein bands than the cerebellum.

In all brain sections, cytoplasmic protein complements



were found v;ith similar Rf values implying that certain

proteins are endogenous to all brain tissues. Patterns

of membrane proteins were found to be essentially the

Same in all brain sections.

No difference in protein patterns was noted between

male and female from extracts either of cytoplasmic or

membraneous origin, and no difference was noted between

the protein patterns of pooled and individual extracts.

A difference was noted between cytoplasmic proteins

of young and mature rats. Young rats had fewer bands of

protein than mature rats; however, all bands present in

the young rat extract corresponded in Rf values to bands

found in the mature rat extract. One significant difference

was noted between membrane proteins of young and mature

rats; one peak was more pronounced in the mature rat

than in the young rat extract.

Electrical stimulation of brain slices apparently

did not affect cytoplasmic proteins; no readings were

obtained with membrane protein gels.
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INTRODUCTION

It is currently accepted that the higher animals

as well as many lower animals are able to learn. One

present theory proposes that learning involves the

synthesis of new proteins (1). Even if this theory is

incorrect, brain functioning still depends upon proteins

since enzymes are involved in the biochemical cycles

supplying energy to the nerve cell. Therefore, know-

ledge of brain proteins is relevant to the understanding

of brain fianction.

Nerve impulses are transmitted across the synaptic

gap by neurotransmitter substances such as acetylcholine

and norepinephrine. These neurotransmitters increase

the membrane permeability of the nerve cell body

allovâng the influx of sodium and the outflux of

potassium. If enough sodium enters the nerve cell body

raising the resting cell potential to a certain threshhold

value, the nerve cell body fires an impulse, called an

action potential, vdiich travels dov/n its axon.

It is hypothesized that when neurotransmitters are

released at a synapse, they diffuse into the cell body and

nucleus of the second cell and induce the formation of

one or m.ore new proteins. The newly synthesized proteins

enable the nerve cell body in some v/ay to respond to

subsquent incoming impulses. The nev/ly synthesized

proteins may be cytoplasmic (soluble) or membrane bound



2

(insoluble).

DITA controlled RIAV synthesis has been related to

synthesis of nev; proteins (1). Studies on the relationship
of RhA, learning, and the synthesis of proteins have

been recently undertaken, Barondes and Jarvik in 196*+ (2)

were able to inhibit brain PdiA synthesis with injections

of actinomycin D*, learning and memory of mice v/ere apparently

not affected. Zemp, et al, injected labeled uridine into

mice and then trained the mice in a shock avoidance

matrix; an increase in labeled RNA v;as noted for the matrix

trained mice possibly representing an increase in MA

sj/nthesis which the workers considered to be indicative

of the molecular base of learning. Flexner and Flexner

in 19^>3 (^) injected puromycin intracerebrally and found

a corresponding loss of memory in matrix trained mice.

Yarmolinsky and de la ilaba (5) had previously discovered

that puromycin inhibited protein synthesis in a cell free

system, Agranoff and Klinger (6) injected puromycin

intracranially in gold fish and found an impairment of

memory for fish trained to avoid a shock response.

To study learning s.nd its relation to protein

synthesis, basic protein patterns must first be determined.
The method of disc electrophoresis on polyacrylamide gel

as developed by Ornstein (7) offers the most sensitive

method for separation of crude protein mixtures. Disc

electrophoresis allows for quantitative, reproducible
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separation of crude proteins using small amounts of sample

material. The various types of proteins are separated

into distinct discs which can be stained and recognized.

Disc electrophoresis is readily applicable to the

separation of brain proteins both soluble and insoluble,

and can be utilized for the determination of basic

protein patterns in tissues. Brunngraber and Aguilar

in 1962 (8) være able to extract membrane proteins using

Triton X-100. In I963, Vos and van der Helm (9)

successfully separated brain proteins using disc

electrophoresis.

For this study, disc electrophoresis was utilized

for the determination of basic protein patterns of the

cerebral hemispheres, the cerebellum, and the medulla

oblongata of the white rat. Rattus norverlcus Berkenhout.

Studies to determine the effect of electrical

stimulation on paired slices of the right cerebral

hemisphere v/ere also made. Oreggo and Lipmann (10)

reported that protein synthesis in brain slices remained

steady for four hours at 37 0; however, electrical

stim.ulatlon inhibited protein synthesis when anplied from

0.5 to 3*0 volts for fifteen minutes or longer. A

comparison was made of brain protein patterns in male

and female and in young and mature rats. Protein patterns

were corapared between Individual and pooled brain extracts.
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This thesis, therefore, involves the study of brain

protein patterns through a sensitive method so that laost

protein differences could be detected in experimental

situations,
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PIATÏÏRIALS AND i-'IEÏKODS

Protein Extractions

Animals were lightly anesthesized with ether and

the brain was removed. Sections of the rat brain were

identified according to the laboratory manual of Robert

Chiasson (11). The right and left cerebral hemispheres

were removed and separated; remains of the olfactory

tract were removed from the ventral surface of the

cerebral hemispheres. The lateral hemisphere of the

cerebellum and the paraflocculus were also removed and

separated; the vermds and portions of medull.a tissue

were removed and discarded. Medulla oblongata tissue

v/as then removed, A pool of the separated brain sections

was made. The pooled, separate sections were weighed and

O.01 K sodium phosphate buffer, pH 6,8, was added in a

one to five weight to volume ratio. The sections were

ground in a chilled glass homogenizer and centrifuged

at 5 C at 28,000 xg for twenty minutes. The resulting

supernatant-v/as decanted and frozen^ labeled as cytoplasmic

soluble protein.

In a modification of the method of Briomngraber and

Aguilar (8), a non-ionic detergent, Triton X-100

(p-Iso-octylphenoxypolyethoxyethanol), was added in a

one to two weight to volume ratio to the pellet to extract

the membrane proteins. The resulting, solution was
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again centrifuged at 28,000 xg for twenty minutes; the

supernatant was decanted, labeled, and frozen. In some

extract preparations, the pellet from the first phosphate

extract was rewashed by resuspension in 0.01M sodium

phosphate buffer and recentrifuged at 28,000 xg. The
triton extract was then prepared as above.

The protein concentrations of the various soluble

brain extracts were measured by the spectrophotometric

method of V^arburg and Christian (12); the protein was

diluted to 4.0 mg/ml before addition to the sample gel

so that each sample contained about 200 ug of protein.

Preparation of Gels

For the preparation of the polyacrylamide gels used

for electrophoresis, chemical formulations supplied by the
1

Canal Industrial Corporation were used. A standard gel

of 7^ cross linkages, pH prepared in the

following manner, A six cm section of glass tubing

with a diameter of five mm v;as used for each gel container.

Lov;er gel solution of buffered acrylamide, pH 8.8-9.0,
v;as combined with amjnonium persulfate and added to a

depth of five cm in the gel container. A layer of water

one-half of a cm in depth was then layered on top of the

lov;er gel which functioned as the separating gel.

Ammonium persulfate catalyzed the polymerization of the gel

1 -
Canal Industrial Corporation, 5635 Fisher Lane, Rockville,
Maryland 20582
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through the formation of free radicals; polymerization

was complete in forty minutes.

After polymerization of the separating gel, the

water layer vas removed and a stacking gel, pH 6.6-6.8,
of acrylamide v;ith riboflavin was layered to a depth of

one-half cm on top of the separating gel in the glass

tube. Before addition to the separating gel, the stacking

gel v/as diluted one to one with 4o^ sucrose in order

to obtain the proper acrylamide monomer concentration

and to obtain the necessary density to support the next

gel layer.

A third section of gel, the sample gel, v/as then

layered on top of the stacking gel. The sample gel

solution contained stacking gel solution and protein

sample solution In a one to one ratio so that both the

sample and stacking gels contained about the same amount

of cross linkage which was small compared to the

separating gel. Polymerization of both the stacking and

the sample gel was effected through exposure to flourescent

light for fifteen minutes which caused the production of

free radicals through the interaction of the light with

the riboflavin.

Electrophoresis

The gel container was placed in a holder and suspended

between upper and lov/er chambers filled with a tris

glycine buffer with 0.005^ bromphenol blue (see diagram 1)
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Electrodes vrere Inserted in the upper and lower chambers;
a Heeth kit power supply provided a source of direct

current of seven milliamps per tube. The bromphenol blue

in the buffer functioned as a tracking dye forming a blue

disc which migrated from the upper chamber dom the sample,

stacking, and separating gels tov/ards the lower chamber

ahead of the advancing protein discs. V/hen the bromphenol

blue disc reached the end of the separating gel

electrophoresis was assumed to be completed.

Analysis of Protein Patterns

The gels v/ere removed from the glass tubes,and the

separated protein bands v/ere stained by immediately placing

the gels in a solution, of aniline black in 7% acetic acid

for forty minutes. After staining was complete, the

separating gel was washed with v/ater and placed in a des-

taining tube for the purpose of removing all dye molecules

which were not bound to the protein molecules. Acetic

acid (12^) was added to the upper and lower chambers of

the destaining apparatus (see diagram 2), and a current

of eight milliamps vías applied. The charged dye migrated

to the lov/er chamber; destaining usually took approximately

ninety minutes' per tube.

After destaining, the separating gel, exhibiting blue

discs of protein dye complexes, v/as scanned on a model F

Canalco microdensitometer. The absorbance of each disc

Was recorded by a serve riter Texas instruments recorder.



Using the tracings of the recorder, the Rf value of

each band was calculated by dividing the distance that the

band had moved by the distance the bromphenol blue had

moved. The distance that the tracking disc of bromphenol

blue had moved was dèfined as 100/^, and a Rf value of

1 .0 was assigned to it. The height of a peak v;as considered

to be indicative of the intensity of the peak; however,

all protein complements probably did not have the same

affinity for the dye. Therefore, the height of the peaks

vras qualitatively dependent upon affinity for the dye.

Because of the qualitative nature of the study, variations

in average Rf values were expected; the current carried

per gel container varied during electrophoresis.

Coranaratlve Studies

Albino rats of the Holtzman strain vrere used.

Cerebral tissues of young female rats were comipared v/ith

those of mature female rats through extraction and disc

electrophoresis. In the same manner, cerebral tissue

from male rats was comnared with those from female rats.

Also, cytoplasmic extracts of cerebral tissue were

prepared from individual female rats; the protein patterns

obtained were compared to the patterns of the pooled

cerebral extracts from.- females. All tissue from the

different regions of the brain will be hereafter referred

to as sections. The left cerebral hemisphere will be

called section one; the right cerebral hemisphere, section
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two; the lateral hemisphere of the cerebellum, section

three; the paraflocculus of the cerebellum, section four;

and the medulla oblongata, section five.

Stimulation of Brain Slices

For experiments with stimulated brain slices, the

right cerebral hemispheres v;ere removed from female rats

by the method previously described. In a modification of

the method of Oreggo and Lipman (10), slices were made

approximately one mm thick. Odd and even slices vrere

pooled and placed on platinum electrodes (see diagram 3)

which were inserted in chilled Erlenmeyer flasks

containing Krebs Ringer Phosphate solution (13) with
0.01 M glucose and 0.0125 E calcium chloride. Control

flasks were similar to the experimental flasks except

that the controls lacked electrodes. Oxygen was bubbled

into the flasks for ten minutes.

The Erlenmeyer flasks were placed in a v/ater bath

and allovæd to warm to 30 0. Flasks were then placed on

a rotary shaker. Those with electrodes were attached to

an electrical system of rheostats which reduced line

voltage- of 110 to 0.2 volts. The control and experimental

flasks were allowed to run for two hours. At the end of

each run, brain slices were removed; protein extracts

were prepared; and disc electrophoresis was carried

out by the methods previously described.
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Diagram 1. Gel container suspended between upper
and lov;er chambers
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Diagram 2. Destaining apparatus suspended between
upper and lower chambers
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Diagram 3. Electrodes with brain slice



RESULTS

A typical gel is illustrated in figure 1, The dye

band at the far left of the photograph v/as defined as

having a Rf value of 1.00 or as having traveled 100^
of the distance. A typical tracing is illustrated in

figure 2. Again, the dye band at the left of the

tracing was defined as having a Rf value of 1.0

CoMuarison of Brain Sections -

Phosuhate Extracts

The average Rf values for the proteins in extracts

of the right and left cerebral heraispheres, lateral

hemisphere and paraflocculus of the cerebellum and the

medulla oblongata are given in table 1. For complete

data collected see appendix A. Figure 3 shows a

comparison of tracings of extracts from the cerebrum,

cerebellum, and medulla oblongata.

Section One

The left cerebral hemisphere had sixteen peaks.

Peak eight, Rf of 0,82, was not strongly defined and was

present as a shoulder on peak nine. Peaks ten and

fifteen were the tallest indicating the most strongly

defined bands of proteinf peak sixteen was present as a

shoulder on peak fifteen.

Section Two

In the right cerebral hemisphere, sixteen peaks v;ere

also present. Peak eight was again present as a shoulder
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Figure 1. Typical gel with dye peak, Rf of 1.0,at far left



Figure 2 Typical tracing with dye peak, Rf of 1.0,
being the tall peak at the far left of tracing
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Table 1. Rf values of brain sections one through
five

Band
number

Section
one

Section
two

Section
three

Section
four

Section
five

1 1 .00 1.00 1.00 1.00 1 .00
2 0.9^ 0.95 0.96 0.95 0.95
3 0.84 0.84 0,86 0.85 0.87
h 0.80 0.83 0.84 0.84 0.77
5 0.78 0.82 0.76 0.75 0.68
6 0.73 0.73 0.68 0.68 0.62
7 0.66 0.68 0.61 0.63 0.57
8 0.62 0.64 0.52 0.50 0.53
9 0.60 0.61 0.45 0.46 0.46
10 0.47 0.47 0.4l o.4o 0.41
11 0.39 0.43 0.34 0.35 0.35
12 0.34 0.37 0.18 0.19 0.32

0.30 0.34 0.17
0.22 0.24 0.08

15 0.18 0.18
1.6 0.11 0.13

of peak nine. Peak fifteen v/as again the most strongly

defined peak of the section.

Sections Three and Four

Peaks of the lateral hemisphere and the paraflocculus

corresponded very closely in appearance and position.

In both sections, peak nine was found as a shoulder of

peak eight. The most clearly defined peaks were eight

and twelve v;ith peak twelve being the tallest.

Section Five

The medulla oblongata had fourteen peaks. . Peak

four was higher and more clearly defined than peak three;

peak thirteen was the tallest peak.
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Table 2. Rf values of once v/ashed and twice v;ashed
brain protein extracts of brain sections
one and two

Band
numver

Once washed:
section one

Once v/ashed:
section one

Twice Via shed:
section tvio

Tv/ice
v/ashed:
section
tViO

1 1 .00 1.00 1 .00 1.00
2 0.9^ 0.95 0.93 0.96
3 0.82 0.30 0.80 0.81
k 0.78 0.75 0.77 0.79
5 0.71 0.71 0.70 0.73
6 0.65 0.68 0.65 0.66
7 0.>h-6 0.50 0.46 0.48
8 0.38 0.^2 0.39 0.4l
9 0.32 0.34 0.32 0.32
10 0.2^ 0.23 0.23 0.23
11 0.20 0.17 0.20 0.18
12 0.12 0.12 0.14 0.14

IrÂton Extract

The Rf values of the once washed and the twice washed

triton extracts are given in table 2, Nothing significantly

different in Rf values was noted bet^^?een the once washed

and the twice viashed extracts.

Rf values for the triton extracts of brain sections

one through five are given in table 3» For complete data

collected see appendix B. Figure 4 is a comparison of

tracings of triton extracts from the cerebrum, cerebellum,

and medulla oblongata. The overall patterns være different

from those of the phosphate extracts in that all triton

peaks were not well defined and the faster traveling protein

complements of the triton extracts were not well defined*
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Figure 3» Comparison of phosphate extract tracings
from the cerebrum (A), cerebellum
and medulla oblongata (C)
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Figure Comparison of tracings of triton extracts
from the cerebrum (A), cerebellum (B),
and medulla oblongata (C)
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Table 3» values of triton extracts of brain
sections one through five

Band Section
number one

Section
two

Section Section
three four

Section
five

1 1 .00 1.00 1 .00 1 .00 1.00
2 0.9^ 0.95 0.93 0.92 0.95
3 0.82 0.82 0.80 0.80 0.82
4 0.78 0.77 0.72 0.72 0.72
5 0.71 0.70 0.65 0.66 0.67
6 0.65 0.65 0.46 0.46 0.46
7 0.46 0.46 0.37 0.38 0.4l
8 0.38 0.39 0.31 0.32 0.33
9 0.32 0.32 0.24 0.24 0.26
10 0.24 0.23 0.19 0.18 0.20
it 0.20 0.20 0.16 0.16 0.15
12 0.12 0.14 0.14 0.14

Section One

The left cerebral hemisphere had twelve peaks with

peak two being very broad. Peak ten was the most clearly

defined and the tallest.

Section Tv;o

The right cerebral hemisphere also had tv/elve peaks.

Peak two v/as again very broad;' peak ten was again the most

clearly defined peak.

Sections Three and Four

Peaks of the lateral hemisphere and paraflocculus

corresponded in position and appearance. Peak ten was

the highest peak in both sections.

Section Five

The medulla had eleven peaks with peak ten, Rf of

0,25j the most clearly defined.
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Cornu-rison of Male and Female Cerelral Hemispheres

Table 4 lists the Rf values of the extracts.

Phosphate Extracts

Sections One and Two

All peaks were well defined in both cerebral

hemispheres. Peaks in the male rat extract corresponded

in position between left and right cerebral hemispheres

and betv/een the left and right cerebral hemispheres of

the female rats. No difference was noted between the

sexes.

Triton Extracts

Rf values are given in table 5»

Table 4. Rf values of male and female phosphate brain
extracts of sections one and two

Band
number

liale :

section one

Male ;

section two
Female :

section one

Female :

section two

1 1.00 1.00 1.00 1 .00
2 0.95 0.94 0.94 0.95
3 0.85 0.84 0.84 0.84
4 0.73 0.82 0.80 0.83
5 0.79 0.79 .

0.7s 0.82
6 0.73 0.72 0.73 0.73
7 0.68 0.68 0.66 0.68
8 0.63 0.62 0.62 0.64
9 0.59 0.58 0.60 0.61
10 0.49 0.48 0.47 0.47
11 0.42 0.42 0.39 0.43
12 0.37 0.37 0.34 0.37
]3 0.32 0.31 0.30 0.34
l4 0.22 0.22 0.22 0.24
15 0.16 0.16 0.18 0.18
16 0.08 0.09 0.11 0.13
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Table 5. Rf values of male and female triton
brain extracts of sections one and tv;o

Band Male ;

number section one

Male :

section two
Female :

section one

Female :

section two

1 1 .00 1 .00 1 .00 1 .00
2 0.96 0.94 0.9*+ 0.95
3 0.86 0.84 0.82 0.82
4 0.80 0.79 0.78 0.77
5 0.74 0.72 0.71 0.70
6 0.68 0.64 0.65 0.65
7 0.50 0.46 0.46 0.46
8 0.44 0.40 0.38 0.39
9 0.33 0.30 0.32 0.32
10 0.24 0.22 0.24 0.23
11 0.19 0.17 0.20 0.20
12 0.07 0.11 0.12 0.l4

cpjnp.arisop, jQf .ijidj.xLd}ial Animal P.a4.iexAs,
« with Pooled Samóles

Results from the unpooled extracts are given in

table 6. A close correspondence in positions was noted

betvreen the brain sections and between the individual rats.

In addition, Rf values of sections one and two of individual

animals corresponded to the Rf values of sections one and

two of the pooled rat extracts. Peak two was faint in

rats "Y" and "Z". Peaks eight and fourteen were poorly

defined in all three rats.

Comparison of Old and Young Rats

Phosphate Extracts

Rf values for phosphate extracts of young and mature

rats are given in table 7» Figure 5 is a comparison of

tracings of phosphate extracts of young and mature rats.
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i

Figure 5» Comparison of tracings of phosphate
extracts of (A) mature rat, (B; young rat
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Table 6. Rf values of unpooled
of brain sections one

"X", "Y", and "Z"

phosphat
and two

e extracts
from rats

Band
number Rat x'

Section
Rat Y

one

Rat Z
Section two

Ra.t X Rat Y Rat Z

1 1 .00 1.00 1 .00 1.00 1.00 1 .00
2 0.95 0.97 0.98 0.96 0.97 0.98
3 0.85 0.89 0.91 0.88 0.89 0.91
h 0.83 0.88 0.89 0.87 0.88 0.89
5 0.80 0.82 0.85 0.80 0.82 0.85
6 0.7^ 0.78 0.80 0.76 0.77 0.80
7 0.68 0.72 0.74 0.71 0.71 0.74
8 0.62 0.65 0.65 0.63 0.64 0.65
9 0.59 0.62 0.64 0.61 0.61 0.64
10 0.49 0.54 0.57 0.52 0.52 0.57
11 0.44 0.48 0.49 0.45 0.47 0.49
12 0.39 0.43 0.4l 0.38 0.38 0.4l

0.34 0.38 0.37 0.34 0.32 0.37
14 0.26 0.24 0.26 0.22 0.22 0.26
15 0.18 0.19 0.20 0.18 0.18 0.20
16 0.10 0.12 0.11 0.11 0.08 0.11

Sectlojl Oiie

For section one, twelve bands were present in the

yoimg rat extract and sixteen bands in the mature rat

extract. Peak sixteen, present in the mature rat, v/as

absent in the young rat extract. Peak three of the mature

rat extract was not present in the young rat extract.

Peak fifteen of the old rat extract v/as very tall and

well defined; the corresponding peak in the young rat
extract v/as not well defined.

Section Two

The young rat extract, the right cerebral hemisphere,
also had twelve bands; again, the mature rat extract had
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Table 7» Ibf values of sections one and two,
mature and young rats; phosphate extracts

Band Young rat: Mature rat; Young rat; I-îa.ture rat;
number section one section one section tv;o section two

1 1 .00 1 .00 1.00 1 .00
2 0.93 0.9^ 0.91 0.95
3 0.80 0.84 0.82 0.84
4 0.73 0.80 0.77 0.83
5 0,66 0.78 0.71 0.82
6 0.59 0.73 0.65 0.73
7 0.52 0,66 0.59 0,68
8 0.44 0.62 0.44 0.61
9 0.36 0.60 0.38 0.52
10 0.32 0.47 0.34 0.43
11 0.25 0.39 0.30 0.37
12 0.17 0.34 0.17 0.34

0.30 0.30
14 0.22 0.24
15 0.18 0.18
16 0.13 0.13

sixteen bands. Peak sixteen of the mature rat extract was

again missing from the young rat extract. Peak three

present in the young rat corresponded in appearance to

peak three of the mature rats. Peak fifteen of the old

rat extract was again tall and v/ell defined; the corresponding

peak in the young rat extract was not v;ell defined.

Triton Extracts

Protein Rf values from triton extracts of mature

and young rats are given in table 8. Figure 6 is a

comparison of the tracings of triton extracts from

mature and young rats.

Sections One and Two

In both cerebral hemispheres, eleven bands were



27

Figure 6. Comparison of tracings of triton extractsiiigure D.
mature rats, (B) young rats
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Table 8, Rf values of triton extracts of yoimg
and mature rats, brain sections one and two

Band
numbers

Young rat;
section one

Mature rat :
section one

Young rat :
section tv70

Mature rat:
section tv/o

1 1 .00 1 .00 1 .00 1 .00
2 0.95 0.94 0.94 0.95
3 0.78 0.82 0.89 0.82
k 0.73 0.78 0.77 0.77
5 0.66 0.71 0.65 0.70
6 0.4? 0.65 0.46 0.65
7 0.40 0.46 0.38 0.46
8 0.33 0.38 0.33 0.39
9 0.28 0.32 0.27 0.32
10 0.19 0.24 0.18 0.23
11 0.1 5 0.20 0.13 0.20
12 0.12 0.l4

present in the young rat extract and twelve bands in

the mature rat extract. Peaks corresponded in Rf values

between the tv;o extracts. However, peak ten of the young

rat extract was much less well defined and of a smaller

volume than the corresponding peak in the old rat extract.

Stimulation of Slices

Phosuhate Extracts

Rf values for control and stimulated slices are

given in table 9» All peaks were short and not v/ell

defined. Peaks three and four, both control and

stimulated slices, v/ere present as a broad double peak.

Peak five was esoecially low. No difference was noted

betv/een the unstim^ulated and stimulated slices.. A

correspondence was noted between Rf values of peaks of
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the control and, stimulated slices and between Rf values

of peaks of section two. Sixteen peaks were present

in both control and stimulated slices.

Triton Extracts

Triton extracted gels were not readable. The

protein concentration was so snail that only very faint

bands were present on the gels.

Table 9» Rf values of phosphate extracts from
brain slices stimulated at 0.0 volts
and 0.2 volts for two hours

Band
number

0,0 Volts 0.2 Volts

1 1 .00 1 .00
2 0.95 0.92
3 0.85 0.83
k 0.82 0.82
5 0.80 0.79
6 0.76 0.75
7 0.72 0.70
8 0.65 0.6^-
9 0.61 0.58
10 0.Í+9 0.45
11 0.4l o.4o
12 0.37 0.36

0.33 0,30
Ik 0.21 • 0.22
15 0.19 0.19
16 0.11 0.11
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DISCUSSION

Brain tissue extracts prepared with sodium phosphate

were labeled as cytoplasmic or soluble protein; proteins

extracted with triton X-100 were labeled as membrane

or insoluble proteins. Hov/ever, a small percentage of

membrane proteins may have been present as contaminants

in the cytoplasmic extracts. Efforts to obtain relatively

pure extracts were undertaked; however, it should not be

inferred that the extracts consisted only of either

cytoplasmic or membrane proteins.

,The cytoplasmic protein patterns of the right and

left cerebral hemispheres were found to be similar. The

results indicate that the same nimiber of major proteins are

present in both hemispheres at corresponding Rf values. The

close correspondence between the protein complements of

the lateral hemisphere and paraflocculus implies that no

basic difference in the protein patterns exists betv/een.

the sections of the cerebellum. Differences were noted,

however, in different major subdivisions of the brain.

For example, the medulla had more bands of protein present

than the cerebellum but fevrer bands present than the

cerebrum. In all brain sections, bands were found with

similar Rf values implying that certain proteins are

endogenous to all brain tissue.

The difference found betvæen the protein complements

of the various brain sections does not necessarily imply



a difference in function; unlike proteins may perform the

sane functions. Overall cytoplasmic protein patterns were

very similar in appearance; many peaks viere of the same

size with similar Rf values. This viould perhaps be

expected considering that certain proteins, e.g. glycolytic

enzymes, are necessary for cellular functions.

Membrane proteins differed in number of bands present

and Rf values from the cytoplasmic proteins. The close

similarity betvieen the number of membrane proteins present

and their Rf values in the various brain sections seems to

indicate a similarity in protein composition which

presumbly reflects a similarity in membrane composition.

In the check of the technique of insoluble protein

extraction, the similarity of patterns of the once washed

and twice washed triton extracts indicates that

cytoplasmic proteins are effectively removed v/ith one

sodium phosphate extraction. These results indicate that

differences noted between cytoplasmic and membrane proteins

do exist; cytoplasmic proteins were not major contaminants
in the triton extracts.

Equal numbers of protein bands from male and female

rats indicate no sex difference in brain tissue in the major

protein complements. Both cytoplasmic and membrane proteins

corresponded in Rf values.

Results of the unpooled phosphate cerebral extracts

from three rats indicate no basic individual variations
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between rats. Apparently, the cytoplasmic and membrane

protein patterns found in the pooled extracts are the

same as those patterns of individual rats. The results

indicate that the pooling of brain tissue is a fairly

safe procedure in these protein studies.

The difference noted between the number of protein

bands present in the nerve cel], cytoplasms of young and

mature rats seems to imply a correspondence between age

and number of proteins present. However, similar major

protein complements may be present in both mature and

young rats with some protein bands not being as evident

in the young rat extract. The protein patterns from

mature rats had sixteen bands; protein patterns from

young rats had twelve bands. Peaks present in the young

rat corresponded in Rf values to peaks present in the

mature rat,

A similarity in the number of membrane proteins

between the young and mature rats suggests that the basic

membrane protein complement is present at a young age.

However, the hypothesis that membrane proteins are

involved in learning has not been nullified, and differences

in the appearance of membrane protein bands indicates that

a theory is possible. The theory does not necessarily

require that a major protein band should increase with age

and therefore experience; the difference found between band
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ten of the young rat and the comparable band of the mature

rat extract may be unrelated to learning.

Results from the stimulated brain slices indicate

that cytoplasmic proteins are not affected by electrical

stimulation. We had postulated that learning ’■.'aJ

involved with a change in proteins. Results do not

necessarily imply a role for cytoplasmic proteins;

hov/ever, further study is required to support of to

disprove the hypothesis.
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SWiARY

Disc electrophoresis on polyacrylamide gel was

used to record basic cytoplasmic and membrane protein

patterns in the right and left cerebral hemispheres,

lateral hemisphere and paraflocculus of the cerebellum,

and the medulla oblongata of the white rat, Rattus norvégiens

Berkenhout. The method of disc electrophoresis was

also used to determine; (1 ) if a difference existed

between brain protein patterns of male and female rats;

(2) if a difference existed between individual and pooled

brain extracts; (3) if a difference existed between brain

protein patterns of young and mature rats; and (4) whether

or not electrical stimulation of brain slices would

affect basic protein patterns.

Equal numbers of cytoplasmic protein bands at

corresponding Rf values were found for the cerebral

hemispheres. Likewise, sections of the cerebellum

closely corresponded in the number of bands and Rf values.

Comparisons- of the cerebral hemispheres, cerebellum,

and medulla oblongata showed some differences. The

medulla oblongata had fewer protein bands than the

cerebral hemispheres but more protein bands than the

cerebellum; however, in all brain sections, cytoplasmic

protein complements v/ere found with similar Rf values.

The correspondence between protein complements of the

various sections implies that certain proteins are
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endogenous to all brain tissues. Patterns of membrane

proteins were found to be essentially the same in all

brain sections.

No difference in protein patterns was noted betv/een

male and female from extracts either of cytoplasmic or

membraneous origin, and no difference was noted between

the protein patterns of pooled and individual extracts,

A difference was noted between cytoplasmic proteins

of young and mature rats. Young rats had fewer bands of

protein than mature rats; however, all bands present in

the young rat extract corresponded in Rf values to bands

found in the mature rat extract. One significant difference

was noted between membrane proteins of yoimg and mature

rats; one peak was more pronounced in the mature rat

than in the young rat extract.

Electrical stimulation of brain slices apparently

did not affect cytoplasmic proteins; no readings v/ere

obtained with membrane protein gels.
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ÀPPENDIiæS

Appendix A. Phosphate extract Rf values of brain
sections one through five

Section Section Section Section Section
one two three four five

1. 00 1 .00 1 .00 1 .00 1 .00
0. 94 0.93 0.07 0.96 0.96
0. 87 0.84 0.67 0.83 0.86
0. 81 0.81 0.85 0.83 0.85
0. 77 0.78 0.82 0.82 0.77
0. 74 0.75 0.76 0.73 0.70
0. 67 0.65 0.70 0.68 0.62
0. 62 0.63 0.64 0.64 0.51
0. 60 0.60 0.63 0.61 0.47
0. 47 0,48 0.50 0.47 0.4l
0. 38 0.39 0.44 0.43 0.34
0. 34 0.35 0.43 0.42 0.19
0. 30 0.31 0.37 0.38
0. 23 0.22 0.31 0.36
0. 18 0.18 0.17 0.19
0. 12 0.10 0.13 0.13

1 .00 1 .00 1 .00 1.00 1 .00
0.94 0.93 0.97 0.94 0.94
0.85 0.85 0.86 0.87 0.84
0.83 0.84 0.83 0.79 0.77
0.75 0.76 0.75 0.70 0.69
0.69 0.68 0.69 0.64 0.63
0.62 0.62 0.62 0.59 0.54
0.49 0.49 0.50 0.55 0.54
0.43 0.45 0.47 0.48 0.46
0.40 0.39 0.4l 0.42 o.4o
0.33 O.3Í 0.34 0.39 0.37
0.18 0.18 0.19 0.34 0.32

0.18 0.17
0.09 0.08

Appendix B. Triton extract Rf values of brain
sections one through five

Section Section Section Section Section
one tv;o three four five

1.00 1.00
0.94 0.94
0.82 0.83
0.79 0.77
0.71 0.71
0.65 0.65
0.46 0.47
0.38 0.38
0.32 0.32
0.24 0.23
0.19,0.20
0.12 0.12

1.00 1.00
0.94 0,96
0.82 0.82
0.78 0.76
0.69 0.71
0.64 0.65
0.44 0.46
0.38 0.39
0.30 0.33
0.23 0.24
0.19 0.22
0.13 0.15

1.00 1.00
0.94 0.97
0.80 0.80
0.72 0.71
0.65 0.65
0.45 0.48
0.36 0.37
0.32 0.31
0.22 0.25
0.19 0.19
0.16 0.15
0.14 0.12

1.00 1.00
0.92 0.93
0.80 0.81
0.72 0.73
0.65 0.66
0.45 0.47
0.37 0.40
0.31 0.34
0.24 0.26
0.18 0.21
0.15 0.18
0.13 0.15

1.00 1.00
0.94 0.96
0.82 0.82
0.70 0.72
0.67 0.66
0.46 0.46
0.45 0.39
0.33 0.33
0.27 0.25
0.20 0.19
0.13 0.15


