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ABSTRACT

The purpose of this study was to e]ectrophoretica]]y examine proteins
from mice of different ages to determine whether genera] changes bccurred in
protein levels during senescence;and to relate the data to specific ageing
hypotheses involving proteins. Proteins from whoie‘brain, brain regfons,
soluble and ribosomal brain fractions, from young adult and senescent mice,
were totally solubilized and subjected to polyacrylamide.slab gel electro-
phoresis. The resulting gel patterns were then compared by examining the
intensity 6f gel bands of the same migration—distaﬁce. Positive controls
were used to establish the high sensitivity of the electrophoretic method.v
For example, band intensity differences were observed when brain proteins
from different species, different periods of growth and development, normal
and mutant mice, and different brain regions were compared.

Virtually all band intensities and therefore corresponding brain protein
concentrations were unchanged when patterns from senescent mice were>compared
to patterns from youﬁger adult mice. These results provide evidehce against

ageing hypotheses involving: 1) gene function Ioéses,‘ 2) progressivé

\programmed ageing, and 3) protein crosslinking.

The few, select, protein bahd changes that did occur provide evidence -
that: 1) the volume of the brain vascular system decreases with age, and

2) the brain S-]OO protein concentration increases with age.



INTRODUCTION

_Ageiné.studiesvat the cellular level have taken many approaches. A
_genera] questidn still persists: Do ageing effects occur ét the ce11u1ar
level? >This‘qUestion will be answered by age-dependent studies of cell
structure and function; |

A major intracellular function/activity is gene eXpression. Thé follow-
ing summarizes how information within the nucleotide sequence of DNA is

ultimately expressed through proteins [22,23,38]:

DNA =—————>>DNA Z —> RNA ———> Protein
(replication) (transcription) (translation)

Clearly,-maﬁy aspects 6f gene expression could be studiéd to monitor cell
function. Gerontblogica] studies of gene structure and expression have
included, among others: DNA and chromatin melting points [20], repetitive
DNA [7], RNA t6.DNA hybridization [7], F1 histone/DNA(ratios [37], amounts of
DNA per cell [10], rates of RNA turnover [24], rates of label incorporation
into RNA [20]. The major difficulty in all of the fdregding experiments is
the cbrrelation of observed molecular changes with actual functional losses.

In short, many such changes can_be described as "“molecular changes in search

A4 ]

of ageing effects." For example, the relevance of an age-dependenit change
~in repetitive DNA is obscure if that portion of DNA does not code for proteins
or is never trénscribed.

In this sense, the study of the protein gene produét is more to the
point, since ageing very likely involves functional changes which are enzyme
dependent. In each of the following hypotheses: somatic mutation [6],
programmed ageing [1.19,21]; error catastrophe [29], tréns]atioha] ageing

[2], protein crosslinking [3], and the more general, failures of regulatory



mechanisms in protein synthesis'[]8]. the postulated functional losses are
ultimately determined by proteins.

There are many ways of comparing proteins from young and old animals.
Working with the total protein of a tissue, one can ask if age-dependent
changes in‘the amount of protein per unit wet‘weight or per cell have |
occurred. Other comparisons, usin§ the rate of uptake or loss of radioactive
amino acids in total protein, could provide some insight into the protein
synthesis/degradation aspect of gene expression.ﬂ HoweVer, interpretations
of radioactive label studies are oftén complicated by transport éspects of
metabolism and by label reutilization [15]. However, total protein studies
obviously lack the sensitivity to .detect large changes in individual proteins
that are present in tissues at low concentrations. Compérisons of individual
proteins in young and old tissue homogenates are often based on enzyme
activities per unit protein or per unit DNA [40]. Yet, any age-dependent
differencés noted in a given enzyme activity, besides reflecting the level
and quality of a given enzyme, also depends on the concentration of activators,
inhibitors, cbenzymes; substratés; products and ions in the tissue homogenates
~ [40], thus making changes quite difficult to interpret.

To reduce complexity, many investigétors have undertaken fractionation
studies of young and old tissue homogenates to compare component proteihs in
such fractions as nuclei, chromatiﬁ, mi tochondria, aﬁd ribosomes. Subsequent
interpretation of age dependent differences in component protein is simp]ified’--
at least concebtua]]y. Artifactual age dependent protein differences can
easily be expérimehpally produced since-equal extraction efficiencies and
proteb]ytic enzyme activities cannot be guaranteed when'comparing young and
old tissue. 'While age-related differences due to changes in extréction or
proteolysis may in themselves be important, such changes could generate faise
age?related differences in extracted proteih levels and lead to false

interpretation.
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Further efforts to simplify comparisons have sought to isolate specific
proteins from ydung and old tissue homogenates. Specific enzyme activities,
peptide maps, amino acid cbmposition and amino acid sequence are parameters‘
which can be Combared. However, the possibility of selective fractionation
and proteolysis still exists. In addition, single pfdtein studies, by their
nature, are limited to a very small proportion of a tissue's protein.

Our approach to the proteolytic, frationation and complexity problems
was as fo]]owé, Greater sensitivity than former studies which compared total
prbtein and greater breath than the specific enzyme studies can Be‘achieved
by electrophoretic separation of the total comp]emeptbqf brain proteins into
a hundred bands of different molecular weights and intensity levels. Dufing
brain homogénizatjon enzyme inactivation and total protein solubilization was
achieved, thus eliminating fractionation and protéo]ytic_difffcu]tiesf
Although, to reduce complexity, ribosomal fractions wefe also examined,:
fractionation and proteolytic problems were re-introduced.

The rationale of the present inves;igation was, while minimizing prote-
olysis and achieving complete protein solubilization, to survey brain proteins
from'mice ofvdifférent ages; High resolution gel electrophoresis was used |
to determine vwhether general changes occurred in brain brotein levels during

senescence. Specific protéin levels are determined by their rates of

synthesis and degradation [30]. Since protein degradation contiwues into

senescence [25,26], the maintenance of protein 1evels requires a genetic
apparatus capable of syntﬁesizing new protein. By measuring tissue protein
levels (gene product), with'increasing age, we are thus monitoring gene
function and, therefore, cell function.

Correlations of loss of function with changes in protein Hevels have
been cited by Schfmke [30], thus it would not seem udreasonab]e to expect

band intensity changes in protein gels of aged tissué{: Indeed, electrophoretic
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studies of mouse brain proteins by Grossfeld and Shooter [17] had shown a
major protein band change between mice of ages 1 and 2 years. One aim of

<

our research, using much more sensitive gel techniques, was to repeat and

characterize this apparent age-related change of brain proteins.
METHODS

Virgin, LAF1 female mice were obtained at the age of 12 weeks from
the Jackson Laboratory, Bar Harbor, Maine. A group of 90 mice were pnt
aside for survival curve determination. Mice from another group were killed
between fhe ages of 1?7 and 134 Weeks to provide o]d brain tissue. Young |
adult brain tissue was obtained from mice netween the ages of 17 and 36
weeks. Studies comparing mutant and normal brains used C57 B1/6J mice
(Jackson Laboratory). For convenience, studies comparing brains in different
stages of development (two days andv22 days) used female Sprégue-Daw]ey rats
instead of mice.

Samples were completely solubilized before being loaded onto the gels.
Whole brain, brain regions, soluble proteins, rbeSOme] proteins and a set
of proteins of known molecular weights were individually disso]ved in sodium
dodecyl sulfate (SDS) sample buffer. This buffer consisted of 0.064M Trizma
HC]I, pH 6.8; 5% g]ycerol; 5% g-mercaptoethanol and 2% SDS (w/v). |

Animals used for whole brain studies were anesthetized with ether and
decapitated. After removal, whole brain (including olfactory bulbs and
medulla oblongata and blood) was rinsed in 0.9% NaC]_solution and blotted
dry. Each brain was individually homogenized in SDS sample buffer using a
tissue weight to added buffer volume ratio of 1g to»]Omle One volume of

each homogenate was then diluted with 3 volumes of sample buffer, stirred,

]Trizma HC! - hydrochloride salt of tri(hydroxymethyl)aminomethane from

Sigma Chemical Ca.
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then heafed in boiling water for 2 minutes. During this time the solution
‘becomes tota11y.tfansparent. Centrifugation for 5‘minﬁtes &t']OOO g produced
a very small faint white pellet. This small pellet was not Tikely protein
since protein determinations [14] on the supernatant and_the’initial homo-
genate indicated that brain proteins were completely solubilized.

Animals used for regional brain studies were anesthetized with 0.5g
of Na-pentobarbital per kg of body weight, administered inttaperitonea]]y,
~and by cardiac perfusion with 0.9% NaC], all noticeable blood was removed
from the brain. To minimize proteolysis during brain dissection, the.various
regions wefe témporari]y stored on dry ice (-79°C). Bfain regions from 5
young and 4 old mice were pooled. The pooled regions were then dissolved,
using the prdceddre described fof~who]e brain. Whole blood was also dissolved
in SDS sample buffer (50u1 blood per 1.5m} buffer).

Soluble and_ribosomé& proteins were extracted from.S pooled young and
5 pooled old mouse brains closely following the technique of Zomzely-Neurath
and Roberts [41]. One gram of brain was homogenized in 9ml of 50mM Tri zma-HC]
(pH 7.4), 25mM KC1, 4mM MgCl,, 250mM sucrose (TKMS), then centrifuged at
15,0009 for 15 min at 4°C. Soluble and ribosomal proteins were in the super-
natant (micros&ma]lfraction). To increase overall microsomal yield, the first
15,000g pellet was resuspended in TKMS, again céntrifuged, and the microsqmaT_
supernatants combined. Adding Na deoxycholate (DOC) td the microsomal supef-
natants (to 1%) and centrifuging (100,000g for 2 hours), producedvDOC:so]ub1e
proteins and ribosomal pellets. The DOC supernatant was then dia1yzed, its
protein precipitated with 10 volumes of 95% ethanol and subsequently
centrifuged. After drying, the resulting pellet was re-solubilized in SDS
sample buffer. Ribosomal pellets were directly solubilized in the same
buffer. ‘ |

The foljowingApfoteins were used as molecular weight standards:

cytochrome ¢, 12,400 daltons (12.4K) ; oVa]bumin; 43K; glutamic dehydrogenase,,



50K; a]bumin,'68K; phosphorylase a, 92.5K; galactosidase, 130K; myosin,
200K. The above proteins were mixed together and diéso]ved in SDS samble,
buffer. An a]fquot loaded into a gel slot contained'Z g of each protein
in 25 1. |

Since all samples were compléte]y so]ub#]ized, all protein componeats
are representéd in the'aliquot loaded onto the gels. Protein samples were
then subjected to. discontinuous SDS po]yacrylahide-ge] electrophoresis [12],
in a thin slab [33]. The gel apparatus (Hoefer Scientific Instruments,
San Francisco) Sandwichés a 0.75mm thick slab gel between 2 glass (30cm long,
18cm wide) plates. A slab gel handles 10 samples in 10 separate slots. Each
slot was loaded with a young or on brain sample which contained approximately .
50 ug of protein in volumes up to 40 pul. Typically, 600 dc volts were applied |

across the slab gé] for 5 hours. Gel bands were stained by Coomassie blue (Sigma)

 reacting specifically with proteins. Proteins which migrate into the gel

are repreéentative of those loaded since there is no evidence for selective
precipitation of specific proteiné‘at gel origins [36]. Gel patterns resulting
from the e]ectrophorésis of equal amounts of young and old protein were
compared visually on the basis of the intensity of bands of the same migratica
distance. Densitometer scans were not more sensitive than the eye. The |
densitometer merely quantifies an obvious visuaT}differehce in peak intensity}
Where bands are of uneven quality (ribosomal bands in fig. 6) vicual |
comparisons are still possible by selecting two bands in the young, taking

the ratio of their intensities and comparing this ratio to the ratio derived
from comparable bands in the old. Although SDS gels generally resolve proteins -
as a function of molecular weight, our intention was to compare only band
intensities--not to look for agé differences in gel band mobility. Gel
densitometer scans were Qsed to insure that the intensify of each band
increased linearly with protein loaded onto the gel [36]. Further details

of the gel system and operational procedures are available elsewhere [36].
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 RESULTS

Survival data indicated a median lifespan of 125 weeks (fig. 1) which
was greater than_the‘highest value reported in the,literature}for LAF1 mice

[27]. This median value may still be less than optimum since it includes
animals which were removed and killed because of gross tumors .

WhoTe brain weighed 0.42g in 12, 104 and 156 week old mice. Brain
proteih was approximately 100mg/g wet weight of whole brain for the three
ages.

In general, the SDS slab gels resolved between 80 and 100 bands in gels
28 cm in length. Relative band mobility was genéra]]y a function of the
protein mo]ecuiar‘weight.

The sensitivity of the gel technique was shown by positive controls--
cases in which'prdtein differences were known to exisi between the brains

'}compared. In fig. 2, qua]itatiie and quantitative differences between

adult rat and mouse whole brain proteins are shown. :Four of the greatest
differences are arrowed; many additional minor differences were obvious on
the original gels. The differences were confirmed with one other rat-mouse
pair in many other gel runs. Protein changes during growth and development
have been well documented [35]. Rat brain proteins from two diffavent periods .
of development are compared in fig. 2. Arrows indicate the more obvious -
protein level differences. These same differences were confirmed with

another pair of rat brains in other gel runs. The deveiopmentai differences
were more prominent than the species differences. The'next pair of positive.
controls were braihs from C57B1/6J normal and quaking mutant mice. Quaking
mutants have been shown to be deficient in myelin proteins [16]. In agreement,

our -results show that three band intensities in fig. 2 were lower in the

/
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mutant. These same differences were confirmed with another mutant-normal

pair.

In all whole brain comparisons in fig. 2, unequivocal band intensity

differences Were'observed. Using the same gel procedure, comparisons of

whole brain proteins from mice of different strains, sexes, and learning

ability also showed positive differences [36]. Each brain region, morpho-
logically and functionally distinct, exhibited positive, reproducible
diffefences when_comparéd to cortex (figs. 4 and 5). Pronounced

differences were also observed between whole brain, soluble, and ribosomal
proteins (fig. 6). Sensitivity was sufficient to detect changes in protein
concentrations,.as measured by ggi band intensities, in'a]1 positive controls
tested. No. data has been excluded in which changes were absent in pos1t1ve
controls. Neqat1ve controls are also requ1red to show that changes are not
readily introduced'by the gel procedure itself. Running the same protein

sample on the same gel should show no change. For example, the relative band

intensities in the two slots which ran young ribosomal proteins in fig. 6

are identical.

~ Brain proteins from young adult and senescent mice are compared in
figs. 3 through 6. In fig. 3, whole brain proteins from 4 individual
young (17 weeks) and 4 individual old (127 weeks) mice are compared. In
terms of relative intensity of bands of the same migration distance,‘two _
differences were obsefved between young and old. Thé.arrOW'nearest the
origin points to apbarent age differences, not reproducible on QUbéequent
gels; however, the Teading "arrowed" band, in front of the 12.4K markér,
is lighter in the oid.‘ Later gels (fig.‘ﬁ) which‘ran blood as a cohtro],
suggest that this 1e§ding band is hemoblogin (Hb). The chains of Hb have
a molecular weight.of 15.5K, markedly greater than cytochrome g‘(12.4K),
yet Hb migrated faster than cytochrome c. | |

The Hb‘chains, then, violate the SDS gel generalization that migration
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rate depends solely on moiecq]ar weight [39]. Excluding the Hb band, there
- are no detecfab]e age differences.

Pooled ybung (36 weeks) and old (131 weeks) cortex,.pons-medulla, and .
cerebellum protein patterns are compared in fig. 4. Lines indicate where
thé bands of the pons-medulla and the cerebellum have different relative
intensities when compared to cortex bands of the same migration distance.
Cerebellum appears to have major bands (2 lines bé]ow the 43K marker in
fig. 4) which are unique. There are no detectab]e'age differences.

Young and old caudate nuclei, hippocampus, hypothalamus and septum
protein patterns are compared in fig. 5. Lines indicate where the bands
differ in their relative intensfty from thosé of the cortex in the brevious
fig. 4. Since caudate nuclei and the septum did inclyde some cortex tissue
after disseétiOn, it is understandable that the differences were not more
pronounced. The curved bands in 0-Cau.Nuc., Y and O-Hip. and O-Hyp.
(fig. 5) and band instabf]ities caﬁsed by gel conditibns and are not
reproduciblie. Again there are no detectable age differences.

Soluble and ribosomal protein patterns from young (28 weeks) and old
(134 weeks) brain aré shown in fig. 6. = Soluble proteins had over 50
bands. The four lines linking the bands from so1ﬁb1e young and old brain
| proteins indicate intensity differences. Although the first two band
differences (closest to the origin) were not confirmed on subsequent gels
with better Eeso]ution, the band differences nearest the 12.4K marker (ati LT
approximately 16 and 24K) were confirmed on higher resolution gels. Both
band intensities increase with .age. o

Protein yields in the ribosomal pellets were 0.38mg/g for young brain
and 0.42mg/g for old bfain. Approximately 55 bands were observed in the
ribosomal protein patterns illustrated in.fig._s. ‘The bands are meve

diffuse in the old pattern.

Diffuseness of gel bands is characteristic of'proteolytic degradation
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and/or high salt concentrations in the sample buffer. Since MgC]2 was
used during the ribosomal preparation, greater diffuseness in the old
was probably the result of a greater Mg++ ion concentfation. By select-
ing two bands in the young, taking the ratio of fheir intensities and
comparing this ratio to the ratio derived from comparable bands in the
old, two differences are apparent between yodng and old. The ribosomal
band intensity difference at 30K was unconfirmed on subsequent gels with
lower band diffuseness. The band difference very near to the origin, too
gréat (in excess of 300K) to be a ribosomal protein, indicates an intensity

decrease in the old.

DISCUSSION

Our results, which show no change in brain weight or whole braih
total protein concentration, are iﬁ agreement with previous reports on
mouse brain [13,28,34]. As discussed previously, total protein studies
lack the sensitivity to detect large changes invindividuél proteins that

are present in tissues at low concentrations.

Gene Hunction, Gene'Product and Aageing

Whole brain protein patterns in fig. 3, excluding the Hb difference;
indicate that major brain protein concentrations are maintained, even in
senescence. Additional data, compéring whole brain protein patterns of
15 and 156 week old mice agreed with the above observation. Densitometer
comparisons found no differences between the major peaks of young and old
patterns [36]. Combining all data, 10 individual young and 10 individual
old whole braiﬁ patterns were indistinguishable from each other [36]. Brain
region protein patterns (figs. 4 and 5)‘also indicated that major protein
concentrations were maintained in older mice. One:codid argue that whole

brain and brain regions are too complex to survey, and that despite the
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success with_pbsftive controls, many small protein dffferences could go
undetected. Hundreds of different brain proteins have been detected [31]
and many thouéand more may.éxist. o |

Simplification and a more complete survey wou1dvresu1t if a select
package of young and old protein product were isolated and compared.
Ribosomes which are crucial for protefn synthesis have approximately 100
proteins [11]. Protein turnover is size dependent, Targer proteins |
degrade more quickly [9,15]. Ribosomal protein turndver continues into
senescence [25];. Therefore, if gene function was'ldst'With age, it would
be reasonable to expect: 1) a decrease in the yie1d of i$o1ated ribosomes ,
and 2) a greater proportional decrease in the band:intensities of the
larger proteiné in the older ribosomal samp{e. 'However; the yield of
ribosomal protein did not decrease with age, nor did the proportional
band intensities.change in the older ribosomal proteiﬁ.patterns.v

Excluding the Hb bands in fig. 3 and the high mo1e§u1ar weight,
non-ribosomal band in fig. 6, there was no evidence for decreased concen;
trations of major protein bands in:o]der anima]s.‘ General, steady stafe
(constitutive) protein concentrations were main*ained even into senescence;
in spite of continual degradation, thus providing evidence against the
idea that ageing éffecfs are the result of a major failure in gene function.

As mentioned previously, protein levels are détermined by their rates
of synthesis and degradation. Menzies and Gold [25] have observed that
prdteins of rat brain ribosomes had degradation half-lives of 7 days and
18 days for young and o1d respectively. Since both our yield and gel
patterns of ribosomal proteins were constant with' age, and since the
degradation half-life slowed to 18 days, the rate of brain ribosomal

protein protein synthesis must also have been slower. One can conclude,

therefore, that an age-related change occurred in gene expression which



was involved in brain ribosomal protein synthesis. A slowdown in
protein synthesis could result in a loss of adaptability in a stress
situation--leading to a higger mortality rate. Another viewpoint would
be that s]ower'protein synthesis was simply due to less demand or a
more efficient metabolism in the old, and that the cépacity for youthful
protein synthesis rates was still there. In light of this apparent
decrease in ribosomal protein synthesis, it is interesting to note that
the only reproducible difference between the young and old ribosomal
protein bands is the band nearest the origin (fig. 6). This band,
which decreases in’the old, has a molecular weight in excess of 300K. -
Very few proteih subunits are greater than §OOK [8].- Some RNA polymerases
have subunit weights of 400K [8].

If this band is interpreted to be an RNA polymerase involved in
transcription, its decrease with aée could proVide a bans for a decrease
in the rate of ribosoma] protein synthesis discussed above. CéUtion |

should be included in this interpretation since fractionation and

proteolytic differences could have generated this band difference.

Ageing and Growth

Our studies show that while protein pattern changes.are quite
dramatic during growth and development (fig. 2), no major changes |
occur in the adu]t—-even in senescent mice. OQur data,_therefore,
present strong evidence against the hypothesis that mammalian ageing
results from a confinuatibn of the progressive geﬁetic-program involved

in growth.

Crosslinking and Ageing

Total solubilization and electrophoresis of whole braih, brain
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regions, soluble and ribosomal proteinS'revea]ed’norapparent increase
in the average protein molecular weights. Although our method would
destroy disu)fidevcrosslinks, other intermolecular covalent crosslinks
should have remained unperturbed. A]fhough these'studies are limited to
mouse brain'pfpteins, the lack of an age-re]ated siéé increase is an
- argument against the hypothesis that protein intermolecular crosslinkage

is among the universal effects of ageing.

Brain Vascular Volume

As mehtibned in the results, non-perfused whole brain protein
patterns shown in fig.‘3 indicate thét the leadihg band, Hb, decreases
in older brains., Brain regions, dissected from perfuéed brains, do
not show this band difference (figs. 4 and 5). Silini and Andreozzi
have shown that Hb concentrations in mouse blood were highest in their
oldest (921 days) mice [32]. It follows, then, that the Hb decrease
probably relates to a brain blood volume decrease with age. This age-
related blood volume difference is significant, reprqducib]e, and,
Since it may reflect a decréase in the volume of the brain vascular
system, could provide a basis for brain fuﬁctiona]v]osses with age.
Studies which report age changes- as intrinsic to brain cells should
take into account the consequences of a possible detreased.vascu]ar
volume. However, the blood volume difference noted could be due to
an age-related change in the response of mice to ether. Therefore,
this result should be checked using a different method of ki]]ing, |

decapitation without ether, for example.

S$S-100 Glial Cell Protein

~ Two reproducible, age-related band differences in the soluble
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fractions of brain proteins appear in fig. 6 at approximately 16K and
24K. Both band intensities are greater in the older fraction. Since
the S-100 protein of glial cells has a molecular weight_of 24K [5],
'S-100 proteins may be in the band at 24K. An increase in this band
could be due to an increase in the number of glial cells with age--
thus supporting the observation that glial cell densities increase
with age [4].’ A greater concentrétion of S-100 per glfa] cell could
also explain this increase.

An overé]] increase in S-100 concentration with age agrees‘with
the immunochemical assays of Cicero et al. [5]. Further.evidence,
such as amino acid analysis, is'requifed‘before the 24K band can be
positively identified as S-]OO protein. Which protein(s) are involved
in the 16K band {ncrease is an open question.

#
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| R, adult rat with M, mouse; RZ,Vz'day rat with R°“,
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FIGURE CAPTIONS

Survival curve for 90 female LAF1 mice, compared with a

survival curve from the literature.

SDS slab gel comparison of whole brain proteins from:
22

22 day-rat; MN, normal mouse with MQ, quaking mutant

mouse. Arrows indicate band differences between the

two animals compared.

Gel comparisdn of whole brain proteihs from four individuaT
young (17 weeks) with four individual old (127 weeks) LAF1

mice. Arrows indicate apparent age differences.

Gel comparison of proteins from the following pooled young

(36 weeks) and pooled old (131 weeks)'modse brain regions:

cortex, pons-medulla, cerebellum. Lines indicate where the

bands of the pons-medulla and cerebellum differ in relative

intensity from those of the cortex.

Gel comparison of proteins from the following pooled young
(36 weeks) and pooled old (131 weeks) mouse brain regions:
caudate nuclei, hippocampus, hypothalamus, septum. Lines .

indicate where the bands differ in relative intensity from

1 those of the cortex in the previous fig. 4.



Fig. 6

.FIGURE CAPTIONS (cont.)

Gel comparison of protein standards (M{), and'mouse proteins

from blood (B1d), whole brain}(Br), and from pooled young

- (28 weeks) and o1d (134 weeks): 1) soluble whole brain

proteins 2) ribosomal proteins. Lines linking young and

old bands indicate apparent differences.
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SURVIVAL CURVES OF LAFI ¢ MICE

o Nowell and Cole (638)
® Present experiment (90)

1 N B I T I B R B R T ol

20 40 60 80 100 120 140 160
AGE (weeks) '

XBL7110-5379

Fig. 1



w25=

SDS BRAIN PROTEIN GELS

R M

Fig. 2 XBB 752-1545



=2 b=

SDS BRAIN PROTEIN GEL
Young old

2 3 &0 2 3 4 1

ORIGIN
130 —
~ 92.5—
(24
=
S 68—
S
©
S
S 50—
s 435—
=
=
12.4—

Fig. 3  XBB 742-945



2T~

SDS BRAIN PROTEIN GEL

Pons-Med . Cerebellum

CBB 742-973



Fig. 5 XBB 743-1887



Bld Br _Soluble MW_Ribos

Fig. 6 XBB 743-1888



OJ‘.%UaEQ;‘J\,;ij

LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.




-

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





