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1. Introduction 

The expression “encephalitogen” in the title refers 
to a basic protein(s) of the myelin in the neural tissue. 
Injection of this protein into experimental animals 
produces an immunological reaction known as experi- 

mental allergic encephalitis (EAE) which results in pa- 
ralysis. 

Three encephalitogenic proteins with different 
mobilities and varying molecular weights have been 
isolated previously by Nakao, Davis and Einstein [l] . 
The question arose whether these encephalitogens are 

present endogenously in the neural tissue or whether 
the two smaller ones are enzymatic breakdown pro- 
ducts of the larger’one. There was some evidence to 
suggest that the smaller molecular weight encephali- 
togen may have derived from the larger one through 
action of a proteolytic enzyme present in the neural 
tissue [2]. 

The encephalitogen was incubated with a purified 

acid proteinase isolated from bovine brain [3]. After 5 
hours, the substrate was degraded with the formation 
of three distinct protein (polypeptide) bands as moni- 
tored by acrylamide electrophoresis. One of these 
proteins corresponded to the protein reported earlier 
and was tested and found active. 

In tracing the encephalitogen in the myelin, a 
novel use of solubilization of all the proteins and 
electrophoresis were employed. The electrophoretic 
pattern indicated that encephalitogen, after the lengthy 
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process of purification, had the same position as ori- 
ginally present in the myelin. The present communi- 
cation offers evidence that for the activity, only a por- 
tion of the protein molecule is needed. 

2. Experimental methods and results 

The encephalitogenic protein is a constituent of 
the myelin. The exact number of proteins present in 
the myelin was not known previously, because chloro- 
form methanol, used for solubilization of the myelin, 
is not suitable for electrophoretic technique. Based 
on the method of Work [4] for ribosomal proteins, 
phenol-acetic acid-water was used for both extrac- 
tion and electrophoretic separation of the myelin 
proteins. Fig. 1 shows that the encephalitogen, after 

a lengthy purification procedure, retains the same 
electrophoretic position as in the original myelin. 
(The myelin was prepared according to Autilio, 
Norton and Terry [5].) 

preparation of myelin on a large scale is a 
lengthy procedure, therefore, bovine spinal cord was 
used as a source for isolation of the encephalitogen 
(fig. 2). Details for isolation of the encephalitogen 
are reported elsewhere [6]. 

The acid proteinase was prepared from bovine 
brain cortex by the method of Marks and D’Monte 
[7] based on the technique of Barrett [8] worked 
out for liver proteinase , as summarized in fig. 3. 
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Brain proteinase activity was established with hemo- 
globin and then utilized for experiments with the 
encephalitogen. Three techniques for assay of the 
activity were employed: 1) pH Stat method, 2) nin- 

hydrin reaction of liberated peptides, and 3) electro- 
phoresis of the breakdown products on acrylamide 
gel. The results obtained with the three techniques 
proved that the encephalitogen is a substrate for the 
acid proteinase. Most relevant to this report is the 
electrophoretic experiment. Here 3 mg of encephali- 
togen were dissolved in 0.8 ml of Na acetate buffer 
pH 3.8 and reacted with 100 pg of the acid proteinase 
dissolved in 0.2 ml buffer and incubated at intervals 
from 10 min to 24 hr. As a control, the encephalitogen 
was incubated for 10 min and 24 hr. After incubation, 
the mixture was immersed in dry ice and acetone 
mixture and freeze-dried. The degradation products 
were electrophoresed on acrylamide gel with urea, 

BOVINE SPINAL CORD 

1 2 3 

Fig. 1. Acrylamide electrophoresis of neural proteins. 1. Pro- 

teolipids. 2. Enceph. prep. 3. Myelin. Gel lo%, buffer phenol, 
acetic acid, water 2 : 1: 1; V 250, length of run 24 hr; 7’ 4oC; 

stain, 5% Amidoblack in acetic acid, methanol, water 1: 4: 5. 

LIPIDS REMOVED WITH CHLOROFORM METHANOL; 

SlMULTANEOUSLY EXTRACTED WITH HCI, pH 1.8 
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COMBINED AND PRECIPITATED 
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NaAc pH 4.6 
FRACTIONATED ON P-10 
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CHROMATOGRAPHED 
ON SEPHADEX G-75 
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ON SEPHADEX G-100 

PEAK- PEAK 2 = G (I-IOMOGENEOLJS PROTEIN) 

Fig. 2. The isolation of encephalitogen G. 
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Fig. 3. Preparation of acid proteinase. 

as in the method used for histones by Mauritsen et 
al. [9]. The formation of breakdown products with 
time is illustrated in fig. 5. The results demonstrate 
complete breakdown of the encephalitogen after 5 
hours’ incubation, yielding 3 smaller proteins (poly- 
peptides). These degradation products retained EAE 

activity and one of the proteins corresponds to the 

smaller active protein previously isolated and de- 
scribed [ 1,2]. This polypeptide has now been iso- 
lated from the enzyme incubation mixture and was 
found to be encephalitogenic [lo]. 

The pH dependence of hydrolysis of encephali- 
togen G and denatured hemoglobin was studied under 
conditions previously described for hemoglobin [3] . 
In the present study, incubation volume was 1 ml 
containing 100 pg purified acid proteinase with 5 mg 
denatured hemoglobin or 1 mg encephalitogen G. In- 

Fig. 4. pH dependence of protein breakdown. EncephaBtogen 
G = -o-; Hemoglobin = ---e---. The buffer system: 50 mM 

barbital-acetate (range pH 2.6-9.4). 

cubations were continued for 2 hrs at 37O and 0.5 ml 
of 18% TCA was then added; the acid soluble ninhy- 
drin positive materials were read at 570 rnE.c after 

appropriate dilution with 50% ethanol. With both 
proteins maximum breakdown occurred at pH 3.2, 
as shown in fig. 4. In the case of the encephalitogen, 
a second smaller peak was observed at pH 6.5. 

3. Discussion 

The various molecular sizes of encephalitogenic 
protein reported by different investigators [ 1 l-131 
may be attributed in part to methodological differences. 
We obtained molecular weights of 12,400-20,000 by 
ultracentrifugation, 15,800 by calculation of the 
lysine and arginine content of peptides obtained by 
tryptic digestion and 37,000 by gel permeability 
measurements [ 1,141. Similar differences in molecular 
weight determinations were found by Tomasi and 
Kornguth [ 151 who reported values of 20,000 by 
ultracentrifugation and 50,000 by gel filtration. The 
isolation of three encephalitogens with distinct mole- 
cular weights may indicate that they are native to the 

neural tissue or are aggregation products or result 
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1 2 3 4 5 6 7 8 9 10 11 12 

1. Control 4. 20 min incub. 7. 60 min incub. 10. 5 hr incub. 

2. 10 min incub.* 5. 30 min incub. 8. 2 hr incub. 11. 24 hr incub. 
3. 10 min incub. 6. 45 min incub. 9. 3 hr incub. 12. 24 hr incub.* 

* no enzyme added 

Fig. 5. Acid proteinase activity on encephalitogenic protein G. Acrylamide electrophoresis: gel 15%, soaked in buffer containing 

4M urea; buffer: formic acid, acetic acid, water 1: 4: 45, current 50mA, length of run 7 hr, T 4W, stain: 0.5% Amidoblack in ace- 
tic acid, methanol, water 1: 4: 5. 

from enzymatic breakdown. Preliminary experiments 
indicated that enzymatic degradation was probable 
since extraction at pH 3.2, which is the pH optimum 
for the acid proteinase, resulted in three encephalito- 
gens; extraction at pH 1.8, at which there is only min- 
imal enzyme activity, resulted mainly in one compo- 
nent which represented the largest molecular species. 
The acid proteinase has been isolated from brain [3], 
with an optimal activity of pH 2.8-3.2. Our contention 

was that this enzyme is present in the pH 3.2 extracts 
and was responsible for the subsequent degradation. 
The availability of purified enzyme now provides 
conclusive evidence that the acid proteinase can de- 

grade the encephalitogen into smaller active com- 
pounds and this could account for the transforma- 
tion of the large to the smaller molecular weight com- 
ponents. 

Studies on the pH dependence of encephalitogenic 

breakdown show maximum activity at pH 3.2 and 
this is identical to that previously reported for de- 
natured hemoglobin as the substrate [3]. Purified 
acid proteinase preparations contained activity at 
pH 6.5 with encephalitogen G as the substrate. 
Since activity at this pH was absent with hemoglobin, 
it was concluded that typical neutral proteinases 
were absent. This finding suggests the interesting 

possibility that proteinase preparations contain addi- 
tional enzymes which specifically hydrolyse encepha- 
litogenic proteins at higher pH. 
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