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tissue and serum lipid concentration and 
composition (1). 

Animals were kept in individual pens 
with concrete floors; all received an iso- 
caloric diet containing 0.3 percent lino- 
leate calories and yielding 4500 calories 
per day (Table 1). Twenty-two animals 
received this diet alone. Fifteen other 
animals received a daily injection (be- 
fore feeding) of an aqueous solution of 
nicotine hydrogen tartrate equivalent to 
1 milligram per kilogram of body 
weight, administered subcutaneously at 
the top of the forehock, in addition to 
the control diet. All animals were 
weighed weekly. Animals were killed at 
intervals for morphological study; thus 
only a relatively small number of ani- 
mals remained for long-term observa- 
tion. 

All animals thrived for the first 6 
months of the study, after which eight 
pigs on the low fat diet (without nico- 
tine) remained and these lost weight 
steadily although they continued to con- 
sume their entire ration (Fig. 1). These 
pigs suffered from severe skin irritation 
with scaling, and seven of them died. 
Autopsy revealed no recognizable or- 
ganic disease. The eighth pig was saved 
by isocaloric substitution of maize oil 
(28 g/day), from the age of 20 months, 
and gained 14 kg in the 21st month. 

The changes observed are those pro- 
duced by essential fatty acid deficiency 
(2). This is supported by the reversal of 
the condition by increasing linoleate 
calories to 2 percent with the maize oil 
supplement. In contrast, none of the 15 
pigs receiving nicotine hydrogen tartrate 
showed either loss of weight or skin 
irritation, and all of them continued to 
thrive. By 35 weeks there were marked 
differences in the weight of the eight 
pigs receiving a low fat diet alone and 
the five receiving a low fat diet with 
injections of nicotine hydrogen tartrate 
(Fig. 1), and marked physical differ- 

tissue and serum lipid concentration and 
composition (1). 

Animals were kept in individual pens 
with concrete floors; all received an iso- 
caloric diet containing 0.3 percent lino- 
leate calories and yielding 4500 calories 
per day (Table 1). Twenty-two animals 
received this diet alone. Fifteen other 
animals received a daily injection (be- 
fore feeding) of an aqueous solution of 
nicotine hydrogen tartrate equivalent to 
1 milligram per kilogram of body 
weight, administered subcutaneously at 
the top of the forehock, in addition to 
the control diet. All animals were 
weighed weekly. Animals were killed at 
intervals for morphological study; thus 
only a relatively small number of ani- 
mals remained for long-term observa- 
tion. 

All animals thrived for the first 6 
months of the study, after which eight 
pigs on the low fat diet (without nico- 
tine) remained and these lost weight 
steadily although they continued to con- 
sume their entire ration (Fig. 1). These 
pigs suffered from severe skin irritation 
with scaling, and seven of them died. 
Autopsy revealed no recognizable or- 
ganic disease. The eighth pig was saved 
by isocaloric substitution of maize oil 
(28 g/day), from the age of 20 months, 
and gained 14 kg in the 21st month. 

The changes observed are those pro- 
duced by essential fatty acid deficiency 
(2). This is supported by the reversal of 
the condition by increasing linoleate 
calories to 2 percent with the maize oil 
supplement. In contrast, none of the 15 
pigs receiving nicotine hydrogen tartrate 
showed either loss of weight or skin 
irritation, and all of them continued to 
thrive. By 35 weeks there were marked 
differences in the weight of the eight 
pigs receiving a low fat diet alone and 
the five receiving a low fat diet with 
injections of nicotine hydrogen tartrate 
(Fig. 1), and marked physical differ- 

tissue and serum lipid concentration and 
composition (1). 

Animals were kept in individual pens 
with concrete floors; all received an iso- 
caloric diet containing 0.3 percent lino- 
leate calories and yielding 4500 calories 
per day (Table 1). Twenty-two animals 
received this diet alone. Fifteen other 
animals received a daily injection (be- 
fore feeding) of an aqueous solution of 
nicotine hydrogen tartrate equivalent to 
1 milligram per kilogram of body 
weight, administered subcutaneously at 
the top of the forehock, in addition to 
the control diet. All animals were 
weighed weekly. Animals were killed at 
intervals for morphological study; thus 
only a relatively small number of ani- 
mals remained for long-term observa- 
tion. 

All animals thrived for the first 6 
months of the study, after which eight 
pigs on the low fat diet (without nico- 
tine) remained and these lost weight 
steadily although they continued to con- 
sume their entire ration (Fig. 1). These 
pigs suffered from severe skin irritation 
with scaling, and seven of them died. 
Autopsy revealed no recognizable or- 
ganic disease. The eighth pig was saved 
by isocaloric substitution of maize oil 
(28 g/day), from the age of 20 months, 
and gained 14 kg in the 21st month. 

The changes observed are those pro- 
duced by essential fatty acid deficiency 
(2). This is supported by the reversal of 
the condition by increasing linoleate 
calories to 2 percent with the maize oil 
supplement. In contrast, none of the 15 
pigs receiving nicotine hydrogen tartrate 
showed either loss of weight or skin 
irritation, and all of them continued to 
thrive. By 35 weeks there were marked 
differences in the weight of the eight 
pigs receiving a low fat diet alone and 
the five receiving a low fat diet with 
injections of nicotine hydrogen tartrate 
(Fig. 1), and marked physical differ- 

Table 1. Composition of isocaloric diet. 

Substance Composition (%) 

Barley meal 70.0 
Fine Millars Offal 20.0 
Extracted soya bean meal 7.5 
Salt 0.5 
Ground limestone 0.5 
Sterilized bone meal 1.0 
"Eves" No. 32 (totally digestible) 0.25 
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Fig. 1 (left). Weight of four pigs. Num- 
bers 137/5a and 139/5a were fed a low 
fat diet with nicotine supplement; 115/1 
and 101/1 had no supplement. The other 
animals are omitted for reasons of clarity. 

ences were observed between animals of 
the two groups. 

The manner in which the nicotine salt 
produces this striking effect is not clear, 
but it may act by sparing the polyunsat- 
urated fatty acid stores of the body. 
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Histone Structure: Asymmetric 
Distribution of Lysine Residues 
in Lysine-rich Histone 

Abstract. Structural studies on a 
very lysine-rich histone show that the 
carboxyl-terminal half of the molecule 
is enriched in lysine (and proline), 
which suggests that it is a site for bind- 
ing to DNA. The amino-terminal half, 
containing most of the acidic residues, 
resembles small, nonhistone proteins 
and so might have specificity for factors 
other than DNA. 

The lysine residues in lysine-rich 
histones are not uniformly spaced (1). 
We now present evidence that most of 
the lysine residues are packed within 
the carboxyl-terminal half of the poly- 
peptide chain and that other amino 
acids are clustered within certain re- 
gions of the histone molecule (2). 
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Table 1. Amino acid compositions (moles of amino acid per mole of peptid{ 
derived from rabbit thymus lysine-rich histone, which has a molecular weight o 
(8). Abbreviations are: NBS, N-bromosuccinimide-treated; Asp, aspartic acid; 
Leu, leucine; Lys, lysine; Phe, phenylalanine. 

Rabbit NBS Degradation Chyot Amine a peptides Chymotryp Amino peptides peptides Amino thymus 
acid 

peak3 N N 2 A B III VI 

Lysine 61.2 52.6 12.2 11.1 46.7 45.0 8.3 
Histidine 0 0 0 0 0 0 0 
Arginine 2.8 1.1 1.7 1.9 ( 0 1.6 
Aspartic acid 4.7 4.0 1.1 4.0 1.6 , 1.2 1.0 
Threonine 8.0 6.2 1.9 4.1 5.0 3.3 2.0 
Serine 12.0 7.3 4.1 8.1 5.4 3.9 4.3 
Glutamic acid 7.6 3.7 3.9 7.0 2.0 1.7 4.9 
Proline 21.8 16.7 6.2 6.9 15.9 16.3 5.8 
Glycine 15.5 9.2 5.4 7.7 6.9 5.5 3.7 
Alanine 56.0 37.2 19.2 20.8 32.3 33.8 14.2 
Cystine/2 0 0 0 0 0 0 0 
Valine 9.0 6.6 2.3 4.5 4.7 3.8 2.1 
Methionine 0 0 0 0 0 0 0 
Isoleucine 1.8 0.9 0.9 1.8 0 0 1.0 
Leucine 9.0 5.0 4.0 6.2 1.7 1.7 1.7 
Tyrosine 0.8 0 0 0.9 0 0 0 
Phenylalanine 1.0 0.8 0 0.3 1.0 0 0 
NH2-terminal None Asp None Lys None 
COOH-terminal Lys Lys None Lys Leu 

The histone chosen for study was 
one fraction (peak 3) of the comple- 
ment found in thymus glands from 

young rabbits (3). This fraction ap- 
peared molecularly homogeneous when 
studied by chromatography, electro- 
phoresis, and amino acid analysis (4). 
Investigation of terminal amino acids 
failed to indicate the presence of an 
amino-terminal amino acid and re- 
vealed the carboxyl-terminal sequence 
to be lysyl-lysine. 

The molecule has no tryptophan, 
histidine, or sulfur-containing amino 
acids, but has a single tyrosine residue 
(3). Oxidative cleavage at the tyrosyl 
residue with N-bromosuccinimide (5) 
broke the molecule into two pieces. 
The two peptides, designated N1 and 
N2, were obtained by chromatography 
on Sephadex G-100 (Table 1). The 

amino-terminal residues A 

gated by the dansyl chlo 
(6); carboxyl-terminal re 
determined by digestion M 

peptidase A and B. 
Peptides resulting fron 

degradation (7) of peak 3 
in water at 4?C for a lor 
also analyzed. Two peptide 
as A and B, were isolate( 

chromatography (Table I 

amino acids were not dete 
Peak 3 was also subject( 

tryptic cleavage (10 mini 
to substrate ratio, 1:450 

major peptides released 7 
by chromatography on ' 
100 and by paper electro 
were designated III, VI 
VIIC (Table 1). 

The various sets of p 

Amino End 

Vl -( ~--VIi Ifc VbIII 

RESIDUES 

Total 51 25 24 116 

Lysine 8 5 3 45 
Proline 6 0 0 16 

Acidic 6 5 2' 3 

Hydrophobic 5 5 6 6 

Fig. 1. Alignment and partial analysis of peptides derived by various 
peak 3 of rabbit thymus histone. Acidic residues are aspartic acid plus 
hydrophobic residues are valine, isoleucine, leucine, tyrosine, and phen 
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e) of peptides aligned as shown in Fig. 1. The order 
;f yut 

ygly,00 
of the peptides in each set was deter- 
mined in the following manner; pep- 
tide N2 yielded no amino- or carboxyl- 

tic peptides terminal amino acid upon analysis, and 
~^ 

-II Vit contained the spirolactone derivative 
of tyrosine, as determined by the ab- 

209 4.6 sorbancy of peptide N2 at 260 nm. 
0 0 
0 1. Since oxidative cleavage occurs on the 
0.5 3.0 carboxyl side of tyrosine, peptide N2 

2.7 ?06 must have originated from the amino 
1.4 2.1 terminus of the histone molecule. Anal- 
0 0 ysis of terminal amino acids of N1 and 
4,5 3.4 
1.5 3. N2 confirmed this placement. 
0 0 Peptide A originates from the amino- 
1.9 1 3 terminal portion of the molecule since 
0 0 
01. 1.0 it contained the single tyrosine residue, 
2.8 2.2 whose derivative was at the carboxyl 
80 o10 terminus of peptide N2. Peptide B 0.9 0 
Gly Lys contained the single phenylalanine, and 
Phe Leu must represent the carboxyl-terminal 

portion of the molecule. 
The four chymotryptic peptides were 

ere v asti- aligned in a similar manner, their were investi- . . ... 
ride method amino acid compositions and amino- )ride method 
sidues wemre and carboxyl-terminal residues being 

taken into account. 
vith carboxy- In each method the fragments ob- 

tained account for all the amino acid 

afe troteot residues of peak 3. The small differ- after storage ences observed can easily be attributed ag time were 
s, desinated to experimental error in amino acid es, designated 

d by IRC-50 analyses of the various components. In 

I Tminal accounting for various portions of the 
). Temn molecule, all the data are internally 

ermined. consistent. For example, compare pep- 
dto chnzymo- tide N2 with peptide A, peptide III utes; enzyme h 
. Tes efour with peptide B and peptide N,; each 
). The four 

.ere isolte set of peptides from one method con- 
were isolated 
wephadex Gis firms the information derived from Sephadex G- 
)phoresis and another 

[hVIrei, and Striking differences in the lysine dis- 
tribution are apparent from Table 1. 

eptides were The carboxyl-terminal region of the 
molecule (N1, B, III) is particularly 
enriched in lysines whereas the amino- 
terminal region (N2, A, VI) is de- 

Carboxyl End 
pleted in lysines. The amino-terminal 

region has an amino acid composition 
not unlike that of small proteins such 
as ribonuclease and lysozyme. 

Distributions of other amino acids 
are also unusual (Table 1). The amino- 
terminal peptides (N2, A, VI, VIIb, 
. VII) contain almost all (about three- 
fourths) of the acidic residues and a 

large majority of the hydrophobic resi- 
dues. In contrast, the carboxyl-terminal 
half (see peptide III) has very few 

hydrophobic residues. One interesting 
region is the quarter of the molecule 
represented by peptides VII, and VII,. 

methods from This region is completely devoid of methods from 
glutamic acid; proline, a remarkable feature in a pro- 
iylalanine. tein with such a high content of proline. 
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This arrangement of amino acid resi- 
dues within this histone raises the pos- 
sibility that the carboxyl-terminal re- 
gion: might be designed to interact 
strongly with DNA, whereas the amino- 
terminal half might be designed for 
specific interaction with some other 
agent, for example, one which is in- 
volved in processes of repression:and 
derepression. 
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Spreading cortical depression (SCD) 
(1) consists of repeated waves of de- 
pressed electrocortical activity that can 
be induced by topical application of 
KC1 to a small area of the cerebral 
cortex. The depression spreads to the 
rest of the cortex of the hemisphere on 
the side to which KC1 has been applied, 
but not to the other hemisphere or to 
subcortical areas. Ruscak (2) has shown 
that SCD in anesthetized rats is accom- 
panied by decreased incorporation of 
35S-methionine into total brain proteins. 
We now report experiments which ex- 
tend his findings to conscious, freely 
moving animals, and which suggest that 
none of the soluble proteins is preferen- 
tially affected. 

Male Sprague-Dawley rats (250 to 
350 g) were used; we implanted bi- 
lateral epidural cannulas on either side 
of the sagittal suture just anterior to the 
lambdoid suture (3). The cannulas were 
filled with sterile, 0.9 percent saline. 
Between 24 and 48 hours after surgery, 
unilateral SCD was induced in con- 
scious rats by rinsing one cannula with 
10 percent KC1, and the existence of 
SCD was verified by observing the loss 
of the placing response in the contra- 
lateral hind limb (4). Leucine-4,5-3H (5 
c/mmole, Tracerlab, Waltham, Mass.) 
was then injected intraperitoneally in a 
dose of 3.5 j/c per gram of body weight. 

After the period designated for the 
incorporation of the tracer, the animals 

24 JANUARY 1969 
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were killed by cardiac perfusion with 
cold saline under sodium pentobarbital 
anesthesia, in order to ensure the re- 
moval of blood proteins from the brain. 
The brain was exposed and sectioned 
transversely through the posterior col- 
liculus and the longitudinal fissure, and 
the cerebrum (minus olfactory lobes) 
was quickly removed. The left and right 
halves were separated, rinsed in cold 
saline, and immediately frozen in a mix- 
ture of dry ice and acetone. Each 
hemisphere was divided roughly into 
"cortex" and "brainstem" (5). 

Extracts of the cortex and brainstem 
of each hemisphere were prepared in 
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sodium-potassium phosphate buffer (pH 
,7.4, ionic strength 0.1) by homogenizing 
in a Ten :Broeck tissue grinder at 0? to 
40C, with 10 ml of buffer per gram of 
tissue (wet weight). The homogenates 
were centrifuged for 1 hour at 50,000g 
in the No. 40 rotor of a Spinco model L 
centrifuge. The pellets were discarded, 
and the clear supernatants containing 
the soluble proteins were analyzed. The 
proteins soluble at pH 7.4 in the extrac- 
tion buffer were separated into two 
classes, designated as pH 5-insoluble 
and pH 5-soluble proteins. The specific 
activity of each of these two fractions 
was determined by first bringing a por- 
tion of the extract to pH 5. About half 
of the protein precipitated. After centri- 
fugation, the soluble fraction was re- 
moved, and trichloroacetic acid (TCA) 
was added to precipitate the remaining 
protein. A portion of each brain extract 
at pH 7.4 was also added directly to 
half the volume of 30 percent TCA in 
order to precipitate all the protein. The 
washed pH 5 precipitate and the two 
TCA precipitates were dissolved in 97 
percent formic acid. The formic acid 
solution (0.2 ml) was added to 20 ml of 
scintillation fluid (6). Radioactivity was 
determined by counting in a liquid scin- 
tillation counter equipped with an ex- 
ternal standard and corrected for 
quenching (6). A portion of each TCA 
supernatant was also counted by adding 
it directly to the scintillation fluid. The 
protein concentration of each extract 
and each pH 5-soluble supernatant was 
determined (7), with bovine serum al- 
bumin as a standard. Specific activity 
(count min-~ mg-1) was calculated from 
the radioactivity (count min-l ml-t in 
protein) and the protein concentration 
(mg ml-1) of the extract. 

We first determined the kinetics of 
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Fig. 1. Change with time in specific activity of total soluble proteins (0-0) and radio- 
activity of the acid soluble fraction (O-EI1) of rat cortex, after intraperitoneal injec- 
tion of 3H-leucine (3.5 uAc per gram body weight). Each point represents the average of 
determinations on two or more animals. 

393 

Time (min) 
Fig. 1. Change with time in specific activity of total soluble proteins (0-0) and radio- 
activity of the acid soluble fraction (O-EI1) of rat cortex, after intraperitoneal injec- 
tion of 3H-leucine (3.5 uAc per gram body weight). Each point represents the average of 
determinations on two or more animals. 

393 

Amino Acid Incorporation into Rat Brain Proteins 

during Spreading Cortical Depression 
Abstrast. Unilateral spreading cortical depression was elicited by applying 

potassium chloride solutions to the dura of conscious, freely moving rats. In- 

corporation of 3H-leucine into soluble cortical proteins was decreased in the 

depressed hemisphere relative to the control side, while soluble brainstem pro- 
teins from both sides had the same specific activity. Various subfractions of 
soluble cortical proteins were affected to equal degrees. 
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