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Experimental Allergic Encephalomyelitis in Lewis Rats:

Chemical Synthesis of Disease-Inducing Determinant

Abstract. Two amino acid sequences from the same regions of guinea pig and
bovine myelin basic protein which induce experimental allergic encephalomyelitis in
Lewis rats were synthesized. The sequences of these two regions may be defined by
residues 69 to 84 of the bovine basic protein. The encephalitogenic sequence from
guinea pig basic protein (peptide $49), H-Gly-Ser-Leu-Pro-Gln-Lys-Ala-Gln-Arg-
Pro-Gin-Asp-Glu-Asn-OH, is a much more potent encephalitogen than that of H-Gly-
Ser-Leu-Pro-Gln-Lys-Ala-Gin-Gly-His-Arg-Pro-Gln-Asp-Glu-Asn-OH (peptide S8)
Sfound in the bovine protein. The primary structures of the two determinants are similar;
however, a Gly-His deletion from the guinea pig sequence is noted. Study of the
encephalitogenicity of peptide S49, peptide S8, and the parent proteins suggests that
the difference in the encephalitogenic potency of the parent proteins in Lewis rats is
due to a natural modification in the primary structure of their respective encephalito-

genic determinants.

The myelin basic protein (BP) isolated
from the central nervous system (CNS)
of a number of species was shown to in-
duce experimental allergic encephalo-
myelitis (EAE) (1), an autoimmune de-
myelinating disease of the CNS similar in
many respects to multiple sclerosis in
man (2). The BP from guinea pig CNS
tissue is a much more potent encepha-
litogen in Lewis rats than the BP isolated
from CNS tissues of bovine, chicken,
turtle, and frog (3, 4).

The complete amino acid sequences of
BP from bovine and human myelin were
elucidated (5, 6). Physical, chemical, and
immunological properties of the BP from
human and bovine myelin are similar (5,
6, 7) despite 11 amino acid substitutions
at various positions along the polypep-
tide chain and the presence of His-Gly
8) sequence in the human BP between
residues 10 and 11 (6). The residue num-
bering system reported for the sequence
of bovine BP (5) is used throughout this
report. Of particular relevance to this
study is the amino acid sequence of two
specific regions from bovine and guinea
pig BP, which induces EAE in Lewis
rats (4, 9). The two regions may be de-
fined by residues 44 to 89 of the bovine
sequence. Comparison between the
amino acid sequence of the bovine BP
and the corresponding region of the
guinea pig protein reveals a serine substi-
tution for alanine and proline, at residues
75 and 80, and the deletion of the Gly-
His, residues 77 and 78, from the guinea
pig sequence (10). We now describe the
chemical synthesis of two peptides and
study their respective encephalitogenici-
ty in Lewis rats. The results show that
the difference in the encephalitogenic po-
tency between the two synthetic se-
quences and the parent proteins may be
related to alterations in the amino acid
sequence of the corresponding regions of
the polypeptide chains.

The EAE assays were carried out in
350- to 400-g Lewis rats (Microbiological
Associates). Each male Lewis rat was
challenged in the left hind foot pad with
0.1 ml of emulsion containing the desired
antigen concentration and 0.1 mg of heat-
killed Mycobacterium butyricum (Difco).
Control rats were similarly challenged
with 0.1 ml of emulsion without antigen.
Synthetic peptides were prepared from
BOC-glycine-resin ester (Schwarz/Mann)
by an adaptation of the Merrifield solid
phase method (/7). Details of the syn-
thesis including methods of coupling,
cleavage, and peptide purification have
been described (/2). High-voltage elec-
trophoresis and paper chromatography
of each purified peptide showed a single
spot with ninhydrin stain. Amino acid
analysis of each peptide (110°C for 24
hours in 6N HCI) gave values close to
whole integers of expected amino acids.
The synthesis of these peptides was
uneventful. The coupling reaction at
several amino acid positions along the
chain showed the expected residues,
indicating complete synthesis. Recovery
of synthetic peptides ranged between
40 and 60 percent of the theoretical
yield.

Animals challenged with bovine BP,
guinea pig BP, or with synthetic peptides
developed clinical signs of EAE between
day 10 and 22 (Table 1). The devel-
opment of hind leg paralysis (HLP) and
incontinence in challenged rats followed
weight loss, lethargy, and weakness of
the tail and limb. The development of
front limb weakness was observed only
in rats with severe HLP. Although these
clinical signs did not severely impair the
ability of the individually housed animals
to reach for food and water, diseased
rats continued to lose body weight even
after they recovered from HLP. Never-
theless, the majority of these animals re-
covered from disease.
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Table 1. Encephalitogenicity of bovine, guinea pig myelin basic proteins, and synthetic peptides
in Lewis rats. Saline solutions of the antigens were emulsified with complete Freund’s adjuvant
and 0.1 ml of emulsion containing the desired antigen concentration in addition to 0.1 mg of M.
butyricum. The amino acid sequence of the bovine BP which contains the sequence of peptide
S8 has been reported (6). Also, the sequence of a region of the guinea pig protein containing the
sequence of peptide S49 has been reported (/0). The residue numbering system of the bovine BP
6) is used and deleted residues are designated by —. The number of animals with hind leg
paralysis (HLP) are listed separately from those developing weakness of tail and limb without
HLP. The total clinical incidence is the summation of those with HLLP and those with weakness.

Weak-

Day of onset ness HLP Total
Challenging Dose e of inci- Cil:;' Mor-
antigen (ung) Weak- tail dence inci- tality
ness HLP a.md dence
limb
Bovine BP 50 10-16 11 5/6 1/6 6/6 2/6
Guinea pig BP 50 10 10 - 8/8 8/8 1/8
Peptide S8 (69-84) 100 18-22 21-26 3/6 3/6 6/6 1/6
50 20-22 21-26 2/6 4/6 6/6 0/6
Peptide S49 25 11 13-15 - 6/6 6/6 2/6
10 11 11-16 2/6 4/6 6/6 3/6
2.5 11 12-25 3/6 3/6 6/6 4/6
M. butyricum 100 0/6 0/6 0/6 0/6

The encephalitogenic potency of syn-
thetic peptides S8 and S49 is demon-
strated in Table 1. There was no dif-
ference in the total clinical score be-
tween the proteins and - synthetic
peptides. Regardless of the species from
which the proteins or the sequences of
the peptides originated, 100 percent of
the animals developed signs of disease at
the doses tested; however, the day of on-
set and the severity of the clinical signs
of disease varied with the origin and the
dose of the respective antigens. A single
challenging dose of 50 ug of the guinea
pig BP induced HLP and incontinence in
eight of eight rats compared with one of
six rats which developed HLP in the
same dose of the bovine BP. The day of
onset of clinical signs of EAE in rats
challenged with bovine BP ranged be-
tween day 10 and day 16. In contrast, all
animals challenged with guinea pig BP
developed tail and limb weakness, in-
cluding HL.P on day 10 after challenge.

The development of EAE in rats chal-
lenged with peptides S49 and S8 fol-
lowed a similar course observed for BP-
challenged rats. The onset of clinical
signs of EAE in rats challenged with pep-
tide S49 occurred on day 11 with a range
of 11 to 16 days for the development of
HLP. In addition, one of the rats chal-
lenged with 2.5 ug of peptide S49 devel-
oped HLP on day 25. The number of ani-
mals developing HLP increased with in-
creasing doses of peptide S49. At the
highest concentration tested (25 ug) pep-
tide S49 induced HLP in six of six rats.
Doses of 10 and 2.5 pg induced HLP in
four and three out of six rats per group,
respectively. The appearance of clinical
signs of EAE was delayed and was less
severe in rats challenged with peptide
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S8. At 100 and 50 ug, the onset of clinical
signs including HLLP ranged between 18
and 26 days. On the basis of the in-
cidence of HLP, peptide S8 was less po-
tent than peptide S49. Challenging doses
of 50 and 100 wg of peptide S8 were neces-
sary to induce HLP in the same number
of animals observed with 2.5- and 10-ug
doses of peptide S49. The development
of HLLP in animals challenged with pep-
tide S8 was not accompanied by in-
continence and did not lead to a high
mortality observed for lower doses of
peptide S49.

The encephalitogenic activity of the
myelin BP and its ability to induce de-
layed type hypersensitivity in experi-
mental animals have been related to the
primary structure of specific peptide re-
gions of the polypeptide chain (/2). Dele-
tion or substitution of specific residues
from the linear sequences of these re-
gions destroyed the encephalitogenic ac-
tivity of the corresponding peptides (I3,
14). In contrast, deletion of Gly-His, res-
idues 77 and 78, from the bovine peptide
S8 gave rise to the guinea pig sequence,
peptide S49. Such deletion did not de-
stroy or reduce the encephalitogenic po-
tency of the resulting sequence but en-
hanced it.

The EAE response of the Lewis rat
varied with the species from which the
BP was derived. These findings confirm
previously published results (4, 9) and
further show that the difference in the
encephalitogenic potency between the
two proteins is not related to the alanine
substituted for serine (residue 75) or for
proline (residue 80) but to deletion of the
Gly-His from the bovine sequence. This
conclusion is supported by the data pre-
sented and defines the encephalitogenic

sequence from both proteins responsible
for EAE in Lewis rats. The difference in
the encephalitogenic potency between
the bovine and guinea pig proteins is
demonstrated by a similar difference in
the potency of peptides S8 and S49, re-
spectively. Comparison of the sequences
of the two peptides revealed several in-
teresting features in common with the re-
spective parent molecules. Both pep-
tides are encephalitogenic and contain a
GlIn-Lys at position 73 and 74, previously
shown to be essential not only for the
encephalitogenic activity of the H-Phe-
Ser-Trp-Gly-Ala-Glu-Gly-GIn-Lys-OH se-
quence in guinea pigs (12, 13, 15) and H-
Thr-Thr-His-Tyr-Gly-Ser-Leu-Pro-Gln-
Lys-OH sequence in rabbits (/6), but al-
so for the induction of delayed type skin
hypersensitivity in both species (12). The
sequence of peptide S8, H-Gly-Ser-Leu-
Pro-GIn-Lys-Ala-GIn-Gly-His-Arg-Pro-
GIn-Asp-Glu-Asn-OH, contains a Gln-
Lys at position 5 and 6 from the N-termi-
nal end. Deletion of Gly-His from the
peptide S8 brought the GIn-Lys into
proximity to the GIn-Arg sequence and
gave rise to a more potent encephalito-
gen found in peptide S49, H-Gly-Ser-
Leu-Pro-Gln-Lys-Ala-Gln-Arg-Pro-Gln-
Asp-Glu-Asn-OH.

In a study of synthetic polypeptides,
Gill and Doty (I7) proposed that the im-
munologic reactive sites may consist of
short amino acid sequences found in the
nonhelical regions of the polypeptide
chain; others concluded that the size of
the combining site of poly-L-lysine with
antibody could be represented by a pen-
ta- to hexapeptide range (I8). In this re-
gard, the encephalitogenic determinant
for the Lewis rat might be defined by a
five- to six-residue sequence around the
Gln-Lys or the Gln-Arg. Deletion of the
Gly-His which separated the GIn-Arg
gave rise to a GIn-Lys-Ala-Gln-Arg se-
quence and enhanced cellular recogni-
tion of the resulting antigen. Another
glycine and histidine residue deletion
was reported for the bovine BP when the
sequence of the latter was compared to
that of the human BP. Although the rele-
vance and significance of this deletion
from the bovine BP and its insertion be-
tween residue 10 and 11 of the human BP
to the encephalitogenic potency and spe-
cies susceptibility of the respective pro-
tein is not readily recognized, it is impor-
tant to recognize that the insertion of
His-Gly in the human BP did not alter
the position or the proximity of GIn-Lys
and Gln-Arg found in the NH,-terminal
region of the human BP, NH,-Ac-Ala-
Ser-Ala-GIn-Lys-Arg-Pro-Ser-Gln-Arg-
His-Gly-Ser-Lys-Tyr-. In the human BP
sequence, the Ala-Ser-Ala-Gln-Lys se-
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quence has been shown to induce de-
layed type hypersensitivity (/2) unac-
companied by clinical or histological
signs of EAE; however, the encephalito-
genic potency and species susceptibility
to this region of the myelin BP need fur-
ther definition.

G. A. HASHIM
Departments of Surgery and
Microbiology, St. Luke’s Hospital
Center and Columbia University,
421 West 113 Street, New York 10025
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Prelytic Damage of Red Cells in Filtrates

from Peroxidizing Microsomes

Abstract. When liver microsomes are incubated in the presence of reduced nicotin-
amide adenine dinucleotide phosphate (NADPH), their constituent lipids undergo
peroxidative degeneration. If erythrocytes are present in such a peroxidizing system,
they hemolyze. Filtrates obtained by ultrafiltration of peroxidizing microsomal sys-
tems were found to have the capacity to produce prelytic damage in red cells. Filtrates
obtained from microsomes that had not undergone peroxidative lipid decomposition
were inert. The toxic activity in the active filtrates was not due to continuing oxida-
tion of NADPH nor to continuing liver microsomal lipid peroxidation. Neither the
chemical identity of the toxic product or products in active filtrates nor the mecha-
nisms involved in the erythrocyte damage are known at this time.

Peroxidation of lipids in biological
membranes is an abnormal and destruc-
tive phenomenon. It has been implicated
in a variety of pathophysiological condi-
tions that often, although not always,
arise from toxigenic sources (/-10). If
one assumes that lipid peroxidation is a
critical vector in a particular condition,
the question remains as to the exact
mechanisms whereby the pathological
involvement of the structure and func-
tion of the cell as a whole can result from
a process that, at least initially, occurs at
a circumscribed locus. In other words, if
lipid peroxidation is induced at one loca-
tion within a cell, for example, the cy-
tochrome P450 locus of the endoplasmic
reticulum, what are the critical events
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which eventually result in destructive
manifestations at other locations? One
possibility is that toxic metabolites aris-
ing from a particular site have the capac-
ity of inducing pathological effects else-
where in the cell. We use erythrocytes as
a biological device to give evidence that
such toxic metabolites of lipid per-
oxidation most likely exist.

When liver microsomes are incubated
in the presence of reduced nicotinamide
adenine dinucleotide phosphate (NADPH),
without any exogenous electron accept-
ing substrate, lipid peroxidation occurs
(11). It has been reported that when eryth-
rocytes are added to a peroxidizing micro-
somal mixture they hemolyze (/2). Giv-
en the generally deleterious effects with

which lipid peroxidation is associated, it
is possible that the agent responsible for
the red cell lysis is a product of this mi-
crosomal peroxidation. Supportive of
this idea would be the recent finding that
erythrocytes incubated in the presence
of linoleic hydroperoxide undergo hemol-
ysis (13). However, when this phenome-
non was previously investigated, the
conclusion was reached that microsomal
lipid peroxidation was in no way respon-
sible for the erythrocytic hemolysis (14).
Rather, it was concluded that a free radi-
cal species (most likely hydroxyl radical)
emerged from the microsomal electron
transport system and directly induced
the hemolysis. On reinvestigating this
phenomenon we have obtained evidence
that microsomal lipid peroxidation plays
a more critical role in the hemolysis than
previous investigators suspected.

Among the experiments that suggest
that microsomal lipid peroxidation may
be the decisive event expressed ultimate-
ly in the erythrocytic damage are the
following. When malonic dialdehyde
(MDA) production and hemolysis are
monitored in the same incubation mix-
ture, MDA appears well before the red
cells lyse (Fig. 1). Since the appearance
of MDA is used to infer that microsomal
lipid peroxidation has occurred, this par-
ticular sequence of events is consistent
with the idea that some product arising
from the peroxidation process in the mi-
crosomal membrane is responsible for
the subsequently occurring erythrocytic
damage. MDA is most certainly not the
hemolytic agent since, when it is added
to erythrocytes at concentrations one
hundred times in excess of what is ob-
served in Fig. 1, no hemolysis can be de-
tected.

Furthermore, no hemolysis occurs
when red cells are incubated in the pres-
ence of microsomes, NADPH, and the
terminal substrate aminopyrine. Active
electron transport occurs in this system
as evidenced by production of formal-
dehyde; however, lipid peroxidation
does not occur in presence of the sub-
strate. Thus, mixed function oxidase ac-
tivity per se is insufficient to induce
erythrocytic damage; rather, peroxi-
dation of microsomal lipids seems to be
the requisite precondition for subse-
quently occurring red cell hemolysis.

These experiments led us to carry out
much more critical experiments. These
experiments have demonstrated that fil-
trates derived from peroxidizing micro-
somes retain the capacity to produce
prelytic damage in red cells. This phase
of our work was facilitated by use of mi-
crosomes recovered from calcium-rich
media (/5). These aggregated calcium
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