
some crabs in the experimental tank 
developed poor coordination on day 4. 
By day 5 all experimental crabs were 
uncoordinated. Instead of scurrying 
away when threatened by a hand, as 
usual with the control crabs, they 
moved a few centimeters, lost coordi- 
nation, and rolled over once or twice 
before regaining equilibrium. This was 
repeated several times as the crab 
moved 10 or 15 cm. Such awkward 
and sluggish behavior is unusual and 
would almost certainly affect survival 
under natural conditions. 

On day 11, the crabs were killed and 
the muscles of the large claw were ana- 
lyzed. Controls showed no change in 
residue concentration (0.240 ppm) or 
metabolite distribution. The mean of 
the DDT residues found in the crabs 
that had fed on the contaminated detri- 
tus was 0.885 ppm (34 percent DDT, 58 
percent DDE, 8 percent DDD), repre- 
senting a threefold increase during the 
10-day experiment. Wilcoxson's two- 
sample test showed that the probability 
was 95 percent that this difference was 
not due to chance. The poor coordina- 
tion coincided with the increase in 
residues within the experimental group, 
a factor that may explain the disap- 
pearance of fiddler crabs from the 
Carmans River marsh more than a 
decade ago. 

Organic detritus particles with their 
associated bacteria and other microor- 
ganisms in marsh sediments appear to 
be a reservoir of DDT residues in the 
environment, small particles sometimes 
containing residues thousands of times 
greater than the concentration occur- 
ring in water. Fiddler crabs assimilate 
and concentrate these DDT residues in 
their muscle tissues from the organic 
detritus, a process that probably also 
occurs among other marsh inhabitants. 
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Encephalitogenic Protein: Structure 

Abstract. Amino acid sequences of encephalitogenic proteins from bovine 
cord and rabbit brain are reported. The bovine protein contains 45 residues. The 
rabbit protein is identical except for two isopolar substitutions, a dipeptide and 
amino acid deletion. Analysis of this protein and a 140-residue myelin ,basic pro- 
tein indicates that the smaller protein is a portion of the larger encephalitogen. 
The larger myelin protein contains at least two encephalitogenic sites. 
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Experimental allergic encephalomye- 
litis (EAE) was initially produced in 
animals by injection of whole central 
nervous system tissue (1). It has now 
been shown that the encephalitogenic 
activity of whole tissue resides in a basic 
protein (or proteins) of myelin (2). 

We have reported the isolation and 
partial amino acid sequence of proteins 
of small molecular weight (4700) from 
bovine and rabbit central nervous sys- 
tem tissues that are encephalitogenic in 
rabibts (3, 4). The full sequences of 
these proteins have now been ascer- 
tained, and their relation to the basic 
protein of myelin has been established. 

Isolation of the proteins used in these 
structural studies has been described 
(3). Bovine spinal cord or rabbit brain 
was defatted in a mixture of acetone 
and ether and extracted in sodium cit- 
rate buffer, pH 4.3; the extract was 
then chromatographed on carboxy- 
methyl-cellulose and Sephadex G-50. 

Twenty-four-hour tryptic and chymo- 
tryptic digests of the protein were sep- 
arated by two-dimensional chromatog- 
raphy and electrophoresis. The papers 
were stained with 0.01 percent trinitro- 
benzenesulfonic acid (TNBS) in bu- 
tanol, developed in pyridine vapor, and 
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viewed against a black light (5). As 
soon as the spots became visible they 
were eluted from the paper in 0.01N 
HC1. Excess TNBS was removed by 
chromatography on Sephadex G-10. 
The following procedures were carried 
out on each peptide: hydrolysis in 6N 
HC1 at 110?C for 24 and 96 hours; 
amino-terminal analysis by the fluorodi- 
nitrobenzene method; analysis of amino 
acid sequence by the subtractive Edman 
degradation; and timed digestion with 
leucine aminopeptidase and carboxy- 
peptidases A and B. All amino acid 
analyses were carried out on the Beck- 
man-Spinco model 120C analyzer used 
in an accelerated system (6). 

The results are shown in Fig. 1. All 
seven of the primary tryptic peptides 
except T2 and T6 were sequenced in a 
straightforward manner. The sequence 
of peptide T2, Gly-Ala-Pro-Lys, was 
assumed to be correct since leucine 
aminopeptidase should not have re- 
moved glycine if the order were Gly- 
Pro-Ala-Lys. Peptide T6 proved re- 
sistant to attack by both carboxypepti- 
dase and the Edman degradation, and 
digestion with leucine aminopeptidase 
was limited. This problem was resolved 
by treatment of the peptide with 0.03N 
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HC1 for 12 hours at 110?C. After sep- 
aration of this dilute acid digest on 
Sephadex G-25 and paper electro- 
phoresis at pH 6.5, two peptides were 
isolated-peptides 24 to 27 and 28 to 
35. Removal of the NH2-terminal as- 
paragine, residue 28, of the second pep- 
tide by more prolonged hydrolysis (24 
hours) in dilute acid was required for 
sequence analysis, since this residue had 
been converted during hydrolysis to as- 
partic acid (Fig. 1). 

Glutamine and asparagine residues 
were proven by analysis of complete 
enzyme hydrolyzates of the appropriate 
peptides on the amino acid analyzer. 
Residue 28 was assumed to be aspara- 
gine by virtue of the net charge on pep- 
tide T6, which was determined from its 
migration in electrophoresis at pH 3.6 
and pH 6.5. Other peptides also mi- 
grated in electrophoresis as predicted. 

Reaction of the whole protein with 
fluorodinitrobenzene is followed by lib- 
eration of the entire phenylalanine con- 
tent of the protein as dinitrophenyl- 
phenylalanine (DNP-Phe) (3). This 
serves to establish T1 as the NH2-termi- 
nal peptide. Peptide T8 was considered 
to be the COOH-terminal peptide since 
it contained no lysine or arginine; and 
histidine, tyrosine, and threonine were 
released in that order from the whole 
protein by carboxypeptidases A and B. 
The overlap peptide T3 was present to 
some degree even after prolonged tryp- 
tic digestion, whereas Tg disappeared 
during the first few hours. Peptide C1 
was isolated from a chymotryptic di- 
gest. Treatment of the whole protein 
with TNBS to block hydrolysis at the 
lysine residues gave the following tryp- 
tic peptide: Gly-Ala-Pro-Lys(trinitro- 
phenyl)-Arg. The latter established the 
link between T2 and T4, and, thereby, 
suggested the order of the remaining 
peptides, T3 and T6. This order was 
confirmed by the following: dilute acid 
hydrolyzates of the protein were chro- 
matographed on Sephadex G-50, and 
the major peaks were subjected to 
paper electrophoresis at pH 6.5; pep- 
tides 16 to 45 and 22 to 45 were iso- 
lated from a 1 /2 -hour hydrolyzate, and 
peptide 28 to 41 was isolated from a 
12-hour hydrolyzate. 

Analysis of the protein prepared from 
rabbit brain by these same techniques 
revealed that glycine-2 and alanine-29 
had both been replaced by serine, and 
the dipeptide glycine-16-histidine-17 
and glutamine-30 had been deleted. 

The relation of this protein to the 
higher-molecular-weight encephalitogen 
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isolated by Kies et al. (7) has been ex- 
plored. The preparative method of Kies 
and Martenson (8) was followed: fresh 
bovine cord was defatted in 2:1 chloro- 
form-methanol and the dried residue 
was extracted once in distilled water 
and then in dilute HC1 at pH 3.0; the 
acid extract was dialyzed and lyoph- 
ilized. Further purification was achieved 
by chromatography on Sephadex G- 
150. Total amino acid analysis is shown 
in the first column of Table 1. A 24- 
hour tryptic digest of the protein was 
separated by two-dimensional paper 
chromatography and electrophoresis. 
Time for full-color development was 
allowed after staining with TNBS, and 
20 major spots were identified. These 
were eluted and hydrolyzed for 48 
hours in 6N HC1 for amino acid analy- 
sis. The results are shown in Table 2. 
Peptides Ta, Tb, Te, and Th correspond 
exactly to the amino acid composition 
of peptides T3, T4, T5, and T2, respec- 
tively, of our low-molecular-weight pro- 
tein. These peptides also appeared in 
identical positions on paper. In order 
to obtain a value of around 400 nmole 
per residue for peptides Tb and Te, the 
residue values of Ta must be divided 
between the two, since Tb and Te are 
derived from Ta. Peptide Ti of Table 2 
appears to be either an incompletely 
digested core or a mixture of several 
peptides. In either event it contains the 
proper amounts and ratios of the ap- 
propriate amino acids to constitute pep- 
tides T6 and T9 of our protein except 
for low amounts of histidine and valine. 
We are aware, however, that in our 
protein the Val-Val-His sequence is re- 
sistant to acid hydrolysis and requires 
96 hours or more to liberate the indi- 
vidual amino acids. Peptide Ti also 
contains amino acids other than those 
in peptides T6 and Tg. Peptide Tq cor- 
responds to T1, the NH2-terminal pep- 
tide of our protein, except for an addi- 
tional phenylalanine residue; that is, 
Phe-Phe-Gly-Ser-Asp-Arg. This peptide 
moved further in chromatography than 
did Tl, as expected. 

These data indicate that our protein 
is a portion of the large encephalitogen. 
The split which has occurred between 
the Phe-Phe linkage of Tq is at a site 
consistent with the suggestion of Ein- 
stein and others that a brain acid pro- 
tease is still active after whole tissue is 
defatted with an acetone-ether mixture 
(9). This enzyme is presumably inacti- 
vated during extraction with the chloro- 
form-methanol mixture. 

The number of times that each amino 

acid occurred and the total number of 
residues (last column of Table 2) com- 
pare favorably with the corresponding 
figures for the whole protein (column 1, 
Table 1), in view of the many factors 
tending to reduce recovery of certain 
peptides and amino acids. For example, 
the extent of elution from paper varies 
for different peptides and low yields of 
the NH2-terminal residues and of lysine 
would be expected since full-color de- 
velopment of the peptide maps with 
TNBS was permitted. In addition, acid 
hydrolysis was carried out for only 
48 hours, and this could have led to 
low values for certain amino acids. 

Amino acid compositions of other 
encephalitogens of higher molecular 
weight (9-12) are compared in Table 1 
to the Kies and Martenson preparation. 
The analysis of Kornguth (10) report- 
ed as moles percent has been converted 
to percentage of residues, 140 residues 
being considered the total. In the analy- 
sis of Einstein and Chou (9) the total 
number of residues has been adjusted 
from 100 to 135 and, in that of Eng et 
al. (11), from 82 to 141. There is sur- 
prisingly good overall agreement. Some 
of the variations can be explained on 
the basis of the procedure for acid hy- 
drolysis of the protein. As already dis- 
cussed, the Val-Val-His sequence in our 
protein is quite resistant to acid hydrol- 
ysis. 

Also included in Table 1 are the 
amino acid compositions of two other 
active fragments of the larger encepha- 
litogen. Einstein and Chou obtained 
their fragment by digestion with a puri- 
fied acid protease from brain (9). The 
NH2-terminal residue was phenylala- 
nine, but no sequence data are avail- 
able. Eylar and Hashim (12) have 
isolated a peptic peptide which is active 
and have sequenced 16 out of the total 
26 residues as follows: Ser-Arg-Phe- 
Gly-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Ser- 
Pro-Phe-Gly-Lys followed by Lys, 2 
Arg, Asp, Ser, 3 Gly, Ala, Tyr in some 
sequence. The sequenced portion, ex- 
cept for the NH2-terminal Ser-Arg, 
constitutes a tryptic peptide which in 
composition corresponds closely to a 
tryptic peptide of the Kies and Marten- 
son preparation (Tr, Table 2). Each 
contains a tryptophan residue, presum- 
ably the only one in the molecule. 
Therefore, the fragment obtained by 
Einstein and Chou, which also contains 
a tryptophan, probably includes the 
peptide of Eylar and Hashim, and al- 
though our fragment could be included 
it fits the other half of the Einstein- 
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Fig. 1. Structure of an encephalitogenic basic protein from bovine spinal cord; T. and C1 refer to tryptic and chymotryptic peptides; 
dnp signifies the position of the dinitrophenyl group when these peptides are treated with fluorodinitrobenzene; NH2Phe is the NH2- 
terminal residue; HisCOOH is the COOH-terminal residue, and the protein is a continuous polypeptide chain of 45 residues. 

Table 1. Amino acid composition of encephalitogenic protein and fragments. 

Basic protein (No. of residues) Active fragments-bovine 

Amino Bovine (No. of residues) 
acid Human Swine 

residue (Kies & (Einstein (Eylar & (Eng (Kornguth (Einstein (Eylar & (Kibler & 
Martenson) & Chou) Hashim) et al.) & Tomasi) & Chou) Hashim) Shapira) 

Lys 12 10 13 12 11 6 2 3 
His 8 8 9 10 8 4 0 5 
Arg 14 14 16 15 14 6 3 4 
Asp 10 9 9 10 9 4 1 4 
Thr 6 6 6 7 6 3 0 2 
Ser 13 13 13 13 12 6 4 3 
Glu 10 9 9 8 9 5 2 4 
Pro 11 10 9 10 11 6 1 4 
Gly 21 20 20 20 21 12 7 7 
Ala 12 11 11 10 13 5 2 4 
Val 3 2 4 3 3 1 0 2 
Met 2 2 2 2 2 0 0 0 
Ile 3 2 3 3 .3 1 0 0 
Leu 8 8 8 7 8 3 0 1 
Tyr 3 3 3 3 4 2 1 1 
Phe 7 7 6 7 7 3 2 1 
Trp 1 1 1 1 1 1 1 0 

Total 144 135' 142 141 140 68': 26 45 

* Total residues adjusted to values comparable to other preparations. See text. 

Table 2. Amino acid analysis of tryptic peptides from the low-molecular-weight encephalitogen. The tryptic peptides are given at the head of each column. 
The corresponding tryptic peptides from the low-molecular-weight protein (Fig. 1) are indicated at the foot of the appropriate columns. Results are 
expressed as nanomoles of amino acid and, for the common peptides, as molar ratios relative to lysine or arginine (figures in parentheses). Tryptophan 
was identified with Ehrlich's reagent. The total number of residues was calculated on the basis of 400 nmole for one residue; the total number is 127. 

Amino Content of tryptic peptide (nmole) Total 
resi- acid 

Ta Tb Te Tf TT TT T T T i T T1 Tm TT, T. o, T T, T, T, T dues 

Lys 157(1) 177(1) 336 341 423(1) 668 680 400 415 287 255 10 
His 324(2) 332 200 296(2) 874 450 210 7 
Arg 268(2) 156(1) 280 150(1) 594 488 450 130 315 280 343 900 321(1) 185 115 399 13 
Asp 175(1) 124(1) 770 556 543 251 350 352(1) 100 150 782 10 
Thr 809 649 425 395 6 
Ser 181(1) 185(1) 316 248 318 604 767 536 314 360 355(1) 295 450 424 13 
Glu 200 1420 952 545 8 
Pro 200 455(1) 1130 1304 230 400 479 225 237 12 
Gly 529(3) 370(2) 158(1) 192 326(1) 832 1079 638 605 280 364(1) 1100 376 829 19 
Ala 350(2) 410 288(2) 464(1) 450 502 499 280 8 
Val 200 180 1 
Met 112 122 1 
Ile 144 167 345 2 
Leu 650 414 770 270 390 699 8 
Tyr 368 342 155 2 
Phe 566 400 233 545(2) 376 163 6 
Trp + 1 

Ta T4 T, T2 T, and T, 
T, plus 
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Chou protein just as well. More work 
such as tryptic peptide composition and 
sequence analysis of the Einstein-Chou 
fragment and the larger protein is nec- 
essary to identify the relative order of 
these three active fragments in the 

larger encephalitogen. In any event, 
there is no overlap between our pro- 
tein and the Eylar-Hashim peptide, thus 
indicating the presence of at least two 

separate encephalitogenic sites. To- 

gether these two fragments represent 
approximately half of the larger pro- 
tein. 

Since our active fragment has been 
tested only in rabbits, and the other 
two only in guinea pigs, it will be im- 

portant to determine activities in other 

species. In rabbits, the critical amount 
of our protein for encephalitogenic ac- 

tivity seems to be 50 /tg. Injections of 
100 or 200 jtg produced experimental 
allergic encephalomyelitis (EAE) in over 
90 percent of injected rabbits with the 

average day of onset being around 14 

days (3). In most experiments, 50 ,ug 
exhibited the same degree of activity, 
while in other experiments the incidence 
was lower and the day of onset was pro- 
longed. Below 50 jtg activity fell off; 
that is, 25 jtg produced EAE in three- 
fourths of the rabbits with an average 
onset of 17 days, and 15 /tg produced 
this disease in five-eighths of the rab- 
bits with an average onset of 25 days. 
A tryptic digest of our protein was in- 
active but peptide 16 to 45, obtained 

by dilute acid hydrolysis, produced 
EAE in two out of two rabbits on days 
14 and 21, respectively, in a dose of 

approximately 25 ,ug. 
The amino acid sequence of the en- 

cephalitogenic protein from bovine 
cord and rabbit brain reported here is 
also of importance since we are dealing 
with a membrane protein. One might 
predict that such proteins must have 
unique properties that result primarily 
from their amino acid sequence. It is 
interesting to note (Fig. 1) that por- 
tions of our protein can be fitted to a 
repeating sequence of three apolar 
amino acids followed by two polar ones 
(residues 1 to 15 and 37 to 44 in 
the bovine preparation, and residues 

through the NH2-terminal aspartic acid 
of peptide T6 and 37 to 44 in the rabbit 

preparation). In a discussion of inter- 
action of membrane protein and lipid, 
Wallach (13) "conjectured that the dis- 
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central axis of each subunit, or both, 
possibly producing aqueous channels 
which penetrate the membrane." This 
requires that the protein segments have 
a polar face opposite the apolar one. 
Such an arrangement could be made 
with a repeating sequence of polar and 
apolar residues. 

The foregoing evidence suggests that 
only one basic protein exists in bovine 
myelin and that this protein contains 
more than one encephalitogenic site, as 
demonstrated by sequence analysis on 
encephalitogenic fragments which have 
been shown to be part of the larger pro- 
tein. It is conceivable that other por- 
tions of the protein are also active. 
ROBERT F. KIBLER, RAYMOND SHAPIRA 
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PAMELA SELDEN, FRANK CHOU 
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Knowledge of the chemical nature 
of "natriuretic hormone" has thus far 
been acquired from an active factor in 
the plasma of dogs, cats, and cows 

sampled after a variety of stimuli (in- 
fusion of saline with and without col- 
loid, carotid-artery occlusion) as well 
as from uremic man (1-3). This evi- 
dence suggests that the molecule con- 
cerned is not precipitated with plasma 
proteins, is heat-stable after protein is 
removed, is polypeptide in nature, con- 
tains at least one basic amino acid and 
at least one free amino group, and has 
a molecular weight of less than 20,000 
(2) or less than 2000 (3). Until the 
exact chemical identity has been estab- 
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lished, there is no way of determining 
whether the various experimental re- 
sults deal with the same molecular en- 
tity. The cow is an adequate experi- 
mental animal for the production of 
saluretic responses to such "volume" 
stimuli as the infusion of isosmotic, 
isooncotic dextran, accompanied by the 
appearance of natriuretic activity in 

plasma (4). There is the particular 
advantage that fairly large blood sam- 
ples can be withdrawn. 

Six cows were investigated by de- 
scribed methods (4). A cardiac cathe- 
ter was introduced through the external 
jugular vein into the innominate vein 
in order to collect blood mixed with the 
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Plasma Saluretic Activity: Its Nature and 

Relation to Oxytocin Analogs 

Abstract. Plasma natriuretic activity was evoked in cows and dogs by infusion 
of saline with or without dextran. Deproteinized samples were fractionated on 
both Sephadex and Bio-Gel columns; the activity was separated, the approximate 
molecular weight being in the region of 1000. Incubation with chymotrypsin de- 
stroyed the activity, suggesting that it might be a polypeptide. A similar activity 
in blood resulted from intracarotid injection of either oxytocin or either of two 
synthetic analogs. Possibly the latter are saluretic by virtue of a releasing action 
on some intracranial structure for another natriuretic peptide. 
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