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. ABSTRACT ‘ .

: .

This repart contributes to the‘knowledge of the anti- .

encephalitogenic spinal cord protein {SCP) with respect to

.

_three major areas of study: (1) the Rurlflcatlon and

.~ -

characterization of human SCP; (2) .the nature of the associa-

- tion of SCP with:nervous tissue components and (3) purifica-

tion of cyanogen bromide-derived peptides of bovine SCP.

Human SCP and a protein immuhochemically identical to
! /. , Cr

SCP (SC?QPN) were purified from spinal corde and peripheral

nerves, respectively Pur%f;catlon 1nvolved tlssue extrac-"

> \

- tion with 0.15 M sodium chlorlde, carboxy-methyl‘cellulose

®

chromatography and gel flltratlon on Sephadex G-SO superflne.

Y

SCP and SCP-PN had estlmated moleculanqhelghts of 13,700 and

14,700 daltons, respectively and had similar amino ac1d '

compositions. The isoelectric point of SCP-PN was estimated

Y

to be.9.9. Immunodiffusion analyses withxanti—nhman SCP sera.

‘ 14
<

or anti—bovine SCP sera revealed that human SCP and” SCP-PN
. . ‘

are each composed of two different antigenic forme. Each

antigenic form contalns a distinct 1mmunogenlc "domain that is

1dent1cal to one of the lmmunogenlc 51tes on bov1ne SCP

" Bovine SCP-PN . is ldentlcal to the P

purified peripheral nerve myelin. The bovine SCP-PN content -

of 0.3 M NaCl extracts of whole tissue was. l 3 mg per g of .

¢

tissue. Approx1mately 0.33 mg of SCP PN was found in the
soluble fractlon of 0.8 M sucrose homogenates of bov1ne

\

iii

, protein found in .

a




)

.

. detreased from 19% of he total m elin protexn ‘to_ less than

N N . . .
. N - Y ~
~ - N ~ Lt . h .
. . .- . - « R
- . . R .
~ 4 - ‘.
- . * . . - T - hd
N -
. . € - . A2
7’ ~ ~ . »

-

peripheral nerves. De sitometry'JatatindicaQed that SCP PNy

\{ - h “ e

~t

l%'when purified-myeli ‘was'extractedeWLthnO 3 Mlsodium C e

-~ o AN
o . v -

chloride or 0.05 M hydrochioric abid The bas;c proteins
SCP PN'and lysozyme boﬁn§\t0<mye1nn and sodium.chloride-

extracted myelin when ‘they were added,to a. suspenSLOn of

1 3

3

mYelin 1n 0.8 M SMC$OSe. Pep51n,(an ac1dic protein, did not

‘bindvtO'myelin. The results suggest that in 0.8 M sué&ose,:

'éositivel chakged sce- PN can bind to-negatiyely chargedg

P

—

myelini‘ Myelin-assoc1ated SCP-PN behaves lﬂke a peripheral -

5

membrane protein. o PO - oS

LR L"

This interpretation is conSLStent Wlth earlier research

in which, bov;ne SCP PN was localized by 1mmunohistological

. techniques in axons of peripheralﬁnerves but not in myelin ’

-

.~tissue section is washed with saliis.after fixatien w1th :

L4

sheaths surtounding the axons. The histological fixatives

acetone and 95% ethanol/ether did not render SCP-PN in whole -

tissue insoluble in saline. This result indiqatés-that if a

1

acetone or 95%. ethanol/ether, then most of the SCP~PN in the

r a
".
'

tissue section could be_solubilized. - P 1'

-

Rat SCP-PN was not detected in purified rat peripheral

nerve myelin by 1mmqudafquion analyses and was shown to be

\

protein W1th respect to. molecular

distinct from the rat P

3

S2

saze . Z< - .t R C ' B
-~ . - ,/ . -

Cleavage of bov1ne SCPp w1th cyanOgen bromide resulted

in'three.peptidesr CNl CN2 and CN3, Peptides cNg and CNB.

Lo ;
T s o bt

“ |
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tz.,vélyﬁ.» Therestlmated ﬁxolecnlar Ke:.ght of CNl was

.

+9.00. -dal-tonsﬁ— ~CN2~~was composed o:E --tn(o small peptldes ]

.~ Ja‘

by a dz.sulflde bond
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'CHAPTER 1l: INTRODUCTION

- The molecular components of the nervous system have ’

~

been widely studied éuring the' past half century. One‘of
the aims, with respect to £he biochemistry of‘the nervous
syﬁtém, has been_to characterize and localize proteins in
the nervous system to gain a better underséaﬁaing of thet

functioning of the ‘nervous system at the cellular and

molecular levels. Special emphasis has been placed on the

- -* -
protej thought to be involved in autoimmune diseases of
the nlervoys system. ™~
1972, Yo and MacPherson described the purification -

and immunochemical properties of a spiﬁal cord protein (SCP)
-«

extracted from non-delipidated bovine spinal cord with 0.1 M

NaCl. It has been demonstrated that pre-treatment with .

bovine SCP can prevent experimental allergic encephalomyelitis
K

(EAE)-in guinea pigs and rats (gécPhersqg and Yo, 1971;

MacPherson and Armstrong, 1977; Montgomery and Rauch, 1980).

t
Extracts of human, rabbit, pig, monkey, rat and guinea pig

L
spinal coxrds contain a protein that cross-reacts with anti-

o .
bovine SCP serum. Immunoreactive SCP isolated from the

>

periphe;ai nervous system (SCP-PN) lacks anti-encephalito-
- 7 '
genic activity. ;

It has been established- that bovine SCP-PN is identical

\

. to Egg bovine P, protein (Kies et‘al, 1975; Deibler, Driscoll

F : ‘ >

-~ o




oy~ s gt AR

—— 2
P, is a protein. isolated from purified
ripheral nerve myélin (Brostoff and Eylar, l9729.} Immino-.

"1,4,./

dlffu31on studles u51ng an antl—bOV1ne SCP—PN serum have ~
revealed that SCP-PN and P,.are 1mmunochem1cally identical.
Whlleubov1ne Scp has been demonstrated to be anti-
cephalit genlc, SCP—PN has_no aqtlrencephalltogenlc actlvity
(MacPherson,'lS?é)*but‘has beep found to be neutitogenic in
one species,“the Lewis tat~%Kadlubowski an&'Hughes, 1979;
Ishaque, Hoffﬁan'and Eyhar, 1979; Hoftman et QZ., l980atu

]

MacPherson, personal communication). Thus, SCPﬁapd SC»-PN

have different bioclogical act1V1t1es both in the giinea‘pig

and in the Lewis rat. The amlno acid sequence tha differen—f"

tlates SCP and SCP-PN has not been - determlned f L.

There is dlsagreement in the llterature regardlng the

?

location of SCP-and SCP- PN in the nervous system SCP and
SCP ~-PN have been localized by the fluorescent antlbody
o u L.

technique in axoplasm and g11a1 cells in the central nervotis
system and ln axoplasm and Schwann cells in the peripheral
nervous\systém,.respectively, by MacPherson and Wall:ce-(l990).
In contrast, Eylar et al. (l986);have localized SCP-PN (Pz)

in peripheral nerve myelln and have.hot found SCP in the

]
central nervous system.

H

This study is an attempt to gain more@knowledge of the
biochemical properties and the biolocical activity of quwang:
SCP-PN. \Ihe specific aims were Zl) toxburify ahd characterize
human SCP and SCP-PN, (2) to localize the antl-encephalitogenic

amino ac¢id sgequence in.bovine SCP by preoarlng cyanogen bromlde

;o
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o peptlaes of SCP, (3) o determlne ‘the nature of the associa-

: could form the ba51s for future stud'

i :;;fl.l E#béfimeﬁtal Allergic Encephalomyelitis

- by perivascuiar infiltrafion of lymphocytes and demyelination

- . . .

. ‘1“

}",./ s
tlon of bov1ne SCE PN w1th.pur1f1ed perlphera}/nervedmyelln

soaxated w1th-

-

and (4) to determlne whether rat SCD PN 1s

Purlfled perlpheral myelln ot N

. ~"“‘ .
~ LAt

l

s/on (l) tﬁe;bdssible

antl—encephalltogenlc act1v1ty of -himan SCP, (2}4the'levels

P -
- -

of human SCP in the nervous system o{‘nprmal subjects "and of

patients with neurological’disorders ahd (3) the anti-
encephal;togen1C'am1no acid sequence of bovine SCP. The

s e T
Py e

'results could also resolve the dlscrepancy in the literature

e e te AR Y

[

xegardlng the,locaﬁbzatlon of boylne ‘SCP-PN.

o

_{:1;1‘ Induction o

During the past twenty years, the study of the immunol-
ogy of the;nervous system has been domindted by intens§ive
research on EAE. EAE is an autoimmune disease of the central ~
nervous system that is mediated by T lymphocytes sensitized
to myelln basic proteln (MyBP) (Genatas aﬁd Howard, 1974;
Ortla-Ortlz et al., 1976) ‘

- Rivers, nguntg and Berry (i933) and Rivers and.
Schwentker (1935) demoﬁstrated that encephalomyelitis could
be'experimentally induced in menkeys with repeated injections

of nervous tissue. The animals developed paralysis, ataxia

and urological disturbances. Histological~lesions characterized

-
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~were present .in the Eégffal'nefbous system. Tt was sub-

s x4
sequently shown that one injection of nervous tissue emulsi-

xe

)
oy
A
&

. fied with complete Freund's adjuvant -(CFA) produced an acute
R respdnse within weeks rather than months (Morgan, 1946 Kabat,
. ~Wolf and BeZzer, l%§6, Kabat, Wolf and Bezer, 1948)( ’

[

The patholOglcal.course of EAE in test animals is

. . RuRoe
TONEAR, L ey o :,{-'S:\\-':S‘ 2 “’&fh

commonly evaluated by observing the clinical ‘signs and

@ -

enumerating the histological lesions in the brain and spinal

cord. Two of the early histological events of EAE are the

perivascular accumulation and infiltration of mononuclear,
—

cells in'the central nervous system approximately seven days

.

before the onset of clinical signs (Waksman and Adams, 1962;

Leibowitz, 1966) The demyeiination of axons is the reéult of

4

the phagocytlc action of macrophages on myelln (Lampert,, 1967

Prlneas, Raine and Wlsnrewskr, 1969).
-~ 1 ° *

The central nervous system compoa?nt respon51ble for

tr

EAE has been shown by Laatsh et al., (1962) to be a basxc

protein present in myelin. The isolation and purification of.

i

myelin basic protein (MyBP) is rowtinely accomplished by’ a°

LA e Mgy e L o

three~-step procedure that involves .acid extracﬁion of delipi-

N
3
*
H

, dated nervous tissue, ion exchange chromatography and éel
filtration (Kies, Murphy and Alvord, 1960; Nakao, Davis and
Robcz-Eineteia, 1966; Carnegie, Bencina and Lamoureux, 1967; -
Eylar et al., 1969). The biochemical characterization of MyBP -

culminated®with the publication of the complete aminb acid s

Eequence-of the hpman (Carnegie, 1971) "and bovine (Eylar et‘aZ.,

1971) basic proteins.
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Human and bovine MyBP exhibit considerable sequence

homology. For example, there are only fifteer substitutions,.

deletions or additions in a total of 169 amino acid residués

-

when human MyBP is compared to bovine MyBP. It is inEerest%ng
to note that cen;ral nervous system myelin of rodents of the
suborders MyAm;;pha and Sciuromorpha contains two basic pfo-
teins that differ in moleéular size (Cotman ané Mahler, 1967;
Eng et al., 1968). The smaller protein is related to the
iarger protein by a deletion mutation ihvolving a sequence of
40 amino acid residues (Dunkley and Carnegie, 1974). The
larger rat basic protein is comparable to the: central néévgps
system MyBP of other mammalian species with respect to molecu-
lar size, ;nd the ability to induce EAE‘in the guinea pig.

The smal%ex bésﬁc protein, is much less‘encephalitogenic.phan
the larger basic proteih (Martenson,‘Deibler and Kies, 1970).
For example, 5 pg of the large ba;ic prétein. produced con-

siderable encephalitogenic activity (the results being

expressed in terms of a combined clinico-pathologic. index of

N -

severity of EAE), whereas 5 pg of the small basic protein

produced very low levels of act1v1ty ‘ﬂ

In ah effort to determine the encephalltogenlc regions

of MyBP of dlfferent species, varxous peptide fragments;bave
’ 3 T -~

been tested for their ability td;induce EAE in guinea pigs,

rat and rabbits. The encephalitogenic determ%nant for the

= e

P

guinea pig was found to be a nine amino acid peptide cormtain-
1]

ing residdes 113 to 121 of bovine MyBP (Eylér and Hashim, 1968;

Eylar et al., 1970). Martenson et alzii%975) demonstrated

\

| =




thaf fragments 1 to 42, 37 to 88 and 89 to 152 from bovine
MyBP induced EAE in the rat’whergas_fragmént 43 to.88 was the
only peptide derived from guinea pig MyBP that was capable of
inducing EAE in the rat. Shapira et al. (1971) showed that a
fragment of bovin®, rabbit or human MyBP composed of residues
43 to 87 was encephalitogenic in rabbits. Thus, while the
intact protein will induce EAE in most species of mammals )
tested, the various species respond to different amino acid
.seéuences of the molecule.

fMdreover, it is‘evidént that the immunological response
to the encephalitogen is different when the sensitizing
inoculum contains other antigens. For example, Hoffman,
Gaston and Spitler (1973) induced EAE in guinéa pigs with
spinal cord, MyBP or éynthetic encephalitogenic peptides and
compared the severity of disease that developed. Thé animals
that received the spinal cord or pure MyBP had an earlier

onset of clinical disease, a lowersjtendency to recover and

mor.e inflahmatq;y lesions than animals that were injected with

'
v

¢
The immune response is expressed by cell-mediated

synthetic peptideé.

immunity and humoral immunity./ EAE is a ¥ cell-mediated

responke to My P: Paterson (1960) and Stone (1961) showed
that EAE could be transferred By injecting zymph nodé cells
from rats that had b Sensitized to MyBP into unsensitized
rats.“ The correlation between EAE induction and: the ceil—
meéiated immune response to MyBP has since been repeatedly

demonstrated both in vivo (Shaw et al., 1965; Wenk, Levine and
. v -4

<
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Warren, 1967; Falk, Kies and Alvord, 1968) and in vitro' (David :

and Paterson, 1965; Hughes and‘Field, 1968; Dan and Petersqq,‘ R

L)
- . 'y
~

1969; Ellisch, Waksman and Ruddle, 1971). ' - S

P
-

Direct evidence 6f the if¥olvement of the humoral 1; a
immune response in the pathogenesis of EAE has not been demeA

stratéd. There are several studies that indicate that there ié»-;'

<

no correlation between the severity of EAE and the presence.of F}“

¥

;¥ti—MyBP antibodies (Kibler and’ Barnes, 1962;’Lisak et al.,
1§E9; Falky Kies and Alvord, :1969; Lennon et a\{, 1971).

Howeyer, antibodies directed towards MyBP should not be com-
plg{ély excluded from the pathogenesis of EAE. It'is possib}é
that the é;lease of antibody at tﬁ; target tissue or the rapid
refoval of antibody from circulation by antigens in the target
tisbue can not be detected by current techniques (Brostoff,
1977) . Lerner and Dixon (19665 demonstrated that such. a situa-
tign exlgts in glomerulonephritis. When sheep are made nephri- .,
ic by immunization wifh glomerular basément membrane, the .
serum is found to contain nephri£ogenic antibodies that are d
detectable in the serum only when the kidneys are removed..
Unfortunately, this type of experiﬁent is not feasible to gtudy

the involvement of arftibodies in EAE because the,test‘aﬁimals’ ’ {

would not survive 'in the absence of a central nervous 'system.
' - &2

/ -
.
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1.1.2 Treatment of EAE
1.1.2.1 yelin Basic Protein
Many studies have been concerned with the inhibition of

EAE at different stages in the development of the diéeasé.
, . »

e
ey ndr a SEER Letoakads W fanr.
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to the dlsease—lnduc1ng emulszon.ln CFA.' On the other hand s

o and Cazzulla (l949a, 1949b). Gulnea plgS that were*_pretreated

e
.
.

"™
4
)
4
]

o~ v ¢ “ .. .
EAE has successfully been 1nh1b1ted by fhjectlng MyBP or whole

central nervéus sgstem tlssue emu131fled in 1ncomplete Freund'

- \\,\

o,

adjuvant (IFA) 1nto test anzmals prlgr to ‘the 1n3ectlon of .

MYBP in CFA. The lnhlbltlon of EAE’may be accompllshed by pre- i,

ventxng or Suppre551ng the dlsease. The term preventlon ““
N
zndlcates that the 1nh1b1t1ng IFA emu151on 1e 1n3ected prmpr

'

.*.

suppre551on implies that the EAE 1nducang 1n3ectlon precedes‘
- ¢
the 1nh1b1t1ng 1njectlons.. If the«lnhlbltlng 1n3ectlons are.

.

admlnlstered\after the development of cutaneous delayed type

~..
~ 7

hypersensitivity, but before the appearancquf cllnlca;“51gns,

¥

then a form of suppression knawn‘as desgﬁéitization is‘said

o
* [y

" f “ . / ° T
o

-

to occur (Shew et at.; - 1965) . Treatment is also a form. oﬁ“

< 3
4 e ’

suppre551on ln which the inhibiting 1n§ections are glven after

- ‘\

R Y

the onset of cllnlcal signs (Alvord et aZ., 1965) ;é T -

The preventlon of ERE was flrst accompllshed by Ferraro'

-

--mk*

w1th lnjectlons off whole central nervous,system tlssue emulsi-

fied in IFA failed to deve10p EAE. AIVord et al. £l965) :

. ket 9,-

Y

demonstrated that either MyBP emu151f1ed in IFA or MyBP in -

saline was also efféctive in preventing EAE.'-Injectiops of |

~

- . , KN .
MyBP in IFA as late as 1l days after the'EAE-inducing dose of

MyBP ,in .CFA, were~shown to be effectivé’in‘d%sensitizingythe 5
. s : 5 X 7, .
test animal. ¢ ) .

¢ -

fhe inhibition of BAE after the appearance of clinical

<

signs has, been the major goal in devising e“therapy for EAE. -

Eylar et al. (1972) showed that under certain conditions MyBP
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could be used to éffectively‘treat EAE after the appearaéce of
ciinical siéns in the monkey. The effectiveness of the treat-
ment was dependent 6n animal care, which ihcluded forced feed-
ing and.treatment with antibiotics. However, in these
experiments MyBP and penicillin were not tested individually.
Shaw Alvord and Hruby (1976).demoqstra£ed thas MyBP by itsélf
was" almost completely ineffective in treéting EAE in monkeys.
The conditiqﬁg_undéi which MyBF-couldube used to treat’ EAE
became mogé clearly ﬁnderstood when Alvord, Shaw and Hruby
(19795'found that the tré%fﬁént failed unless an adjunct was
used. The adjunct, e?fhé; an antibiotic or a steroid, varied

with the strain of monkey and, interestingly, the adjunct by

itself was more effective than MyBP.
N

The efficacy of treatment with MyBR for guinea pigs was
illuétrated by Driscoll, Kies and Alvord (1974). Howewer, only
in higAly inbred strain 13 guinea pigs was MyBP found;to be an
effective trea;ment. In non-inbred guinea pigs the response to
treatment was inconsistent. o

The T lymphoéyte participates in a variety of cell-
mediated immuﬂe reactiens. For example, it can carryNout a
cytotoxic function, aid B cells or suéé&ess cellular immune
reactions by other effector cells. Such suppressor T lympho-
cytes can be dsed to transfér unr?sponsivenesé to EAE.
Swiérkosé and Swanborg (1977) demonstrated that the Lewis rat
. could be Fendered unréSponsive to the induction of EAE by the

transfer of QUppfessor T lymphocytes from donor animals sensi-

tized to MyBP to normal syngeneic recipients. Howeéer,'tﬁis

.
H -
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effect was transitory, as the unresponsiveness persisted in -

the recipients for only -three weeks. The authors suggested

£

that the suppressor cells act at the inductive phase’ of the
immune response because no iﬂhibitory effect occurred when
the disease was’ transferred by effector lymph node cells. 1In

<

a subsequent study, Welch, Swierkosz and Swanborg (1978) pro-

' vided evidence to suggest that MyBP-specific suppressor T-

lymphocytes and non-specific splenic adherent suppressor cells
are involved in the regulation of self toleranée in EAE,
Despite the extensive researgh carried out on EAE, the
mechanisms of prevention, suppression and ;reatment of EAE are
not yet completely understood. . Fér exampie, non-encephalito~
genic peptides that are derived from MyBP can prevent the -
disease in guinea pigs (Hashim ahd Séhilling,~1973). Thus,

the mechanism of the inhibition of EAE does not appear to

depend on an intact encephalitogenic determinant.

Do
.
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1.1.2.2 Synthetic Amino Acid Copolymers

The report of Teitelbaum et al. 65671) revealed that =
several linear random copolymers of amino écids had a suppres-
sive effect on EAE in-guinea pigé.  Co;olyéer I, composed of
alanine, glL‘mic acid, lysine and tyrosine, exerted the most
marked suppressive effect. éOpolymer I was also able to
suppress EAE in rabbits (Teitelbaum et al., 1973). Copolymer
I-Was. estimated by Teitelbaum et al. (1973) to be equally
efficient in the suppression of EAE induced in guinea pigs by
either human or bovine MyBP. Ip addition, Copolymer I’ was

’ Q q
‘shown to be devoid of non-specific immunosuppressive activity.

[
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In 1973, Webb et al. demonstrated that ? lyﬁphocytes
from animals sen;itized to MyBP could react with copolymer I.
"This cross—reacFiViEy was demonstrateq both fn viveo and in
vitré. ,Injéctions of copolymer I provok;d‘delayed—%ygé
hypersensitivity reactions in guinea pigs that had been sensiT
tiéed fd MyBP. In vitro, copolymer I stimulated the transfor-
mation of MyBP-sensitized lymphocytes, as measured by the
cellular incorporation of radioactive thymidine. Cross-
reactivity was also observed between MyBP. and all of the
synthetic copolyme;s that were effective in suppressing EAE.
Ineffective copolymers and unrelated préteins did not cross~
react Qith MyBP. ‘Therefofe, the authors 6% this report
suggested that the cell-medidted cross-reactivity between the
copolymers and MyBP may serve ag a basis of Suépression.

Copolymer I has also been used to treat monkeys after
the appearance of the elinigal signs of EAE (Webb et al.,
1975). The validity of this “study is questionable because
only two animals were tested. 1In a similar report, A;non and
Teitelb;um (1978) found that copolymer I successfully treated
EAE’ in three out of four baboons. In contrast to these
results, Alvord, Shaw and Hruby (1979) were gnable to confirm
the suppressive effect of copolymer i. However, the.important

P o
use of certain adjuncts was not completely investigated in the

latter study. Thus, despite the uncertainty regarding the
e .

ability of copolymer I to suppress‘éAE in monkeys and pabobns,
the suppressive effect of copolymer I in guinea pigs and -

rabbits has been established.




1.1.2.3 Bovine and Rat SCP - - . .

In addition to copolymer I, there is another protein
that is not antigenically related to MyBP by the criteria of
iﬁmunodiffusion analysés and the passivé hemagglutination '
test (MacPherson, Armstrong and Tan, 1976) and that.can be
used to prevenE and .suppress EAE. In 1973, MacPherson and
Yb\reported that pre—treatmé%t of guinea pigs with bovine
SCP prevénted the development of the neurological signs of
EAE in an;mals that were subsequently immunized with disease=

inducing ‘doses of bovine spinal cord in CFA. It was demon-

strated that a dose of 300 pg of bovine SCP, the total amount

‘used for the pre-treatment of each animal, was not encephalito-

genic. The'significance of this discovery is that a nd;:
encephalltogenlc protein Wthh is a normal component of the v
nervous system and is antigenically unrelated to MyBP hasgghe
capacity to Qrevent EAE. The anti-encephalitogenic activity
of bovine SCP has been confirmed gy Montgomery and Rauch (1980)
and by Teitelbaum (personal communication). '

Rat SCP has been shown by MacPherson and Armstrong (1977)
to have anti-encephalitogenic activity in the Lewis rat. Two
wéekly injections of 100 ug of rat SCP commencing 21 days
before challenge with rat MyBP resulted in complete?protecéiéh‘
of a¥l énimals'tested. o |

Lewis rats could also be protected from EAE induced with

rat MyBP by using bovine SCP (MacPherson and Armstrong, 1977).

Approximately seven times as much bovine SCP was needed to

t

give the same degree of protection as 300 ug of rat SCP. The




1
-
=

ability of heterologous bovine SCP to protect against EAE in

the rat suggests that rat SCP and bovine SCP share at least.
‘one antigenic amino acid sequence recognized by T lymphocytes.
At present, there is no evidence that rat SCP and bovine SCP
have common immunogenic sites thgt are recognized “by an;ibody
forming cells. For example, immunodiffusion studies using
anti-rat SCP ;erﬁm or anti-~bovine SCP serum revealed that

rat SCP and bovine SCP react only with their homologous anti-

s

serum,
- The successful suppression of MyBP-induced EAE in
guinea pigs using bovine SCP was accomplished by MacPherson
"(1980). Quantitatively, bovine SC; was as effective as MyBP
;E‘the suppression of the.diseésé. Suppression was carried
out by administering daily intradermal injections of 500 ug
of bovine SCP in saline. Doses of 750 ug of bovine SCP in
saline were found to reverse the clinical disease when "the
treatment was initiafed Qithin a day of the first sign of -
digease. éﬁpprggsion was also accomplished by injections of
bovine SCP in IFA. Interestingly, in the same study, bovine
gamma globﬁlin, or even saline, appeareﬁ to have suppressive
activity when three or more injections of these proteins in
IFA were administered between sensitization and disease onset.
in Qiew of these results, MacPherson (1980) ha§ suggested
that the spppressive ability of an antigen may be misinter-
preteq‘when the antigen is freqhently injected in IFA during

the interval between sensitization” and the appearance of

clinicai'symptoms.
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. These resulﬁs queétion the Qalidity‘of the study of
Webb et al. (1975) and Arnon and Teitelbaum (1978) because
these authors used frequent injgctions of copolymer I in IFA
to suppress EAE after sensization. In the study of MacPherson
(1980) , however, the injection of antigens in saline clearly
demonstrated tﬁi suppressive activity‘of bovine SCP and MyBP
and the lack éf this property in~bovine gamma globulin or h
saline.

It has been suggested by Deibler, Driscoll and Kies

(1978) thdt the preparations of bovine SCP may contain small

“amounts of degraded bovine MyBP that are effective in prevent-

ing the i;ductiop of EAE, However, MacPherson ahd Armstroné
(1977) have reasoned that prevention due to contamination of
SCP with MyBP is improbable. A competitive inhib;Pion'radio—.
immunoassay (MacPhérsbp, unpublished results) indicated that
'l mg of purified rat SCP contained a maximum of 30 ng of rat
MyBP. Similarly, 1 ﬁg of bovine contained‘nolg%re that 15 ng
of bovine MyBP. These results were confirmed in an assay /
perférmed by V. Lenon of the Salk Instituté, La Jolla,
Califorﬂia. Therefore, the amount of SCP required for pro-
tection of Lewis rats against EAE ipduced with rat MyBP did
not contain more than 30 ng of bovine MyBP. It is interest-
ing to note that Coates, MéCKéYj;nd Crawford ‘(1974) repoxrted
that at least 10,000 ng of bov;pe‘MyBP was required to pfevent
EAE in the guinea‘pig{

Therefore, it appears that there is an insufficient

amount of undegraded MyBP, by severaﬂ orders of magnitude, in

I

&
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the bovine and rat SCP preparations to be responsible'for the
prevention of EAE, . -

An anomalous situation occurs in the rat. -In this
species, the hoﬁélogous MyBP is ét lgast 100 times less effeé-
tive in inducing EAE than the guinea pig MyBP. Thus, consider-
ably smaller amounts of encephalifogenic'peptides derived from
guinea pig MyBP are abie to prevent EAE inducgd with guinea.
pig MyBP in the Lewis fat. For gxample, Chou et al. (1980)
has shown that appra%imately 200 ng of peptide 66-88 of guinea
pig MyBP can prevent EAE in the Lewi® rat. Informatioﬁ concern-

ing the minimum amount of peptide derived from bovine or rat

MyBP that cah”prevent EAE is not in the literature. To deter-

o
-

mine if‘contaminating peptides of MyBP wefe reéponsible for”
preventing EAE, one would have to determine not only the amount
of thé‘pé;%ides in SCP prepé;ations, but also the minimum pro-
tective dose of péﬁ}%des. )
Thus, the pos;ibility arises that the protective and

- suppressive activities of SCP may be. due to an_amino acid
sequence comﬁon to SCp ahd MyBP recognized oply gy T lympho-
cytes. This proposal is supported by the results of recent
- -

studies (Ramshaw and MacPherson,uunpublished results) that

indicate that bovine SCP and bovine MyBP cross-react at the’
\

f\ééiz level iﬁ vitro. Thus, SCP and copolymer I are similar
in this respect. That SCP and copolymer cross-react witp‘
MyBP at the T cell level s;ggests that this cross-=reactivity
may be the basis for the mechanism of protection rather than

contamination with peptides of MyBP.
]




1.1.3 EAE and Multiple Sclerosis

- Interest in EAE reseaf¥ch has been.greatly sustained be-
cause of similarities in. the pathology}of EAE and%the human
disease, ﬁultiple sclerosis: ultiplelsclerosis\is,a
demyelinating disease of the ceptral nervous system that.
usually occurs between the ages of 15 and 55., The peak
incidence occurs at age.30. It is one of the most prevalent
diseases of the central pervous system and, because young
adults are most frequently affected, multiple scler051s is a

v

serious health problem. Multiple sclerosis is more prevalent
. .

in the tepperate regions than in the, tropics. The prevalence

" rates in lew'and high risk*zones are less than 20 per 100,000
. 4

and greater than 40 per 100,000, fespectiﬁely.' The cause of
multiple "sclerosis is not known and an effective treatment
and cure have not‘been found.

’

Multiple scler051s is a polyphaslc dlsease that is

[

characterlzed by a lengthy time course with exacerbatlons and
remissions (McAlpine, 1972). The lesions of multiple sclero-
_sis aﬁe contihed to the'central~nervous system and frequently
involve the myelin sheath with-.the sparing of axons. Over the
course of the illness the formation ef new lesions usually
corfgiates with exacerbations.

Tissue typing studies suggest that multiple sclerosis _

has a genetlc component (Jersild et al.,.1975; Ebers and

Paty, 1979). For ekample, there is a sxgnlflcant increase in
. " -~

the frequency of HLA-AB and HLA-B7 hlstocompatlblllty antigens
= A

in multiple sclerosis patients. Other studies on the etiology




occur in epidemic form (Kurtzke and Hyllested, 1979). 1In

keeping with this lind of thought, the serum and cerebrospinal

antibody titers to measles virus and, less commonly, to other
viruses (Norrby et al. .1974;‘Johnson, 1975; Norrby, 1978).

These findings have suggested that a latent viral infection

-

‘may be involved in the ‘etiology of multiple sclerosis.

3

though there have been frequent attempts to isolate a virus

s of multiple sclerosis patients, the isolation of
) : < -
ent has never been convincingly confirmed (Wallen

-

979; Huddlestone et al., 1979; Gould et al=, 1979;

Burks et aZ.L 1980).
In 1974, Sheremata, Cosgrove and Eylar reported a tranj

Qient cellular hypersensitivity to MyﬁP in someg ltible
sclergsis patieﬁts during exacerbations. How8ver, this has
not been confirmed and there is no evidence that a cellular
immune response to'MyBP has a pathogenié’réle in multiple
sclerosis. However, during the active stages of multiple’
sclerésis‘certain sﬁbsets of T supprgssor'cells are dec;eased
(Huddlestone and Oldstbne, 1979; Reinherz &t al., 1980).
Thus, the loss of suppressor cells in patients with active
.multiple scléro;is suggests that immunoregulatory abnormali-

ties may be responsible for the acute exacerbations of

multiple sclerosis.
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. between the lesions.
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Although there are significant differences between mul-

b

tiple sclerosis.énd_EAE, it is generally believed that there

\ >

are enough similarities to justify the use of EAE as an
experimental fliodel for multiple sclerosis (MacKay, Carnegie

and Coates, 1973; Paterson, 1973; Kies, The clinical

i
N

symptoms and histological lesions are the twd characteristics

1978).

upon which the comparison of the two diseases is mainly’ based.
' Other common features include the demyelihating and synapse~
blocking activity of sera in tissue culture and an increased
*level of spinal fluid immunoglobulin. ~
Despite the similaritiés, there are/enoﬁgh differences

to sgggest that the two diseases are not comparable., For
example, multiple sclerosis is characterized by‘a lengthy
time course that includes periods of exacerbat;oﬁs and re-
missions. EAE usually follows an acute‘clinical course that
leads to,paralysis and death rather guickly. ,Althoﬁgh in-
flammatory demyelination is ‘characteristic of the histological
lqsions“Iﬁ‘bot@ diseases there are significant diffgrenées

-~

The lesions, or plagues, of multiple

, L]

sclerqsis appear to be of different ages and conféin increased
amounts of immunoglobulin, suggesting lopal production of
immunoglobulin. Inflammatory demyelination occurs'in early
lesions along witﬁﬁmononuclear exudates. Older lesions con-
tain plasma cells, mature lymphocytes and astrocyteé.‘ The

lesions of EAE are all of the same age and contain perivasF

t

E
cular mononuclear cell infiltrates with varying degrees of

~
’

demyelination. |

-
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An encephalitogen related to multiple sclerosis has not

e e

g . been identified in humans. Despite the lack of success in
identifying an encephalitogen, numerous clinicéi experiments
to treat multiple sclerosis with MyBP have been attempted.

\ Unfortunately, all such atteﬁpts have failed (Campbell et al.,

\ 1973; Gonsette, Delmotte and Demonty, 1977; Salk et al.,
1979). "In retrospect, one may criticize these studies in
view of the laek of evidence that MyBP is an éncephalitogen

! " in multiple sclerosis.

Copolymer I has been shown to be as effective as MyBP
in suppressing EAE. Thus, the therapeutic value of copolymer
. I in multiple sclerosis”has been investigated. Unfortunately,

copolymer I failed to be effective in the treatment of multiple

sclérosis (Abramsky, Teitelbaum and Arnon, 1979).

{
!

1.2, Experimental Allergic Neuritis'

Experimental allergic neuritis (EAN) is an inflammatory

[\

demyelinating disease of the peripheral nervous system.
L Waksman and Adams (1955) were the first to induce EAN in rab-

.: bits by-the injection of wholt peripheral nérvolis tissue in
: 2
CPA. Many animal species have since been used to study EAN

-

(Arnason, 1971). The histological lesions of EAN are confined
to the peripheral nervous system in rabbits, chickens,

mon%gys and mi?e, while in guinea pigs, ;ats and sheépf the
lesions extend ‘into the central nervods system.

Brostoff and Eylar (1972) reported that rabbit peripheral

nerve myelin contains MyBP, which is referred to as the Pi*

i .

- -
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protein of the peripheral nervous system. The r(abbit'Pl

protein can produce EAE in rabbits, monkeys or guinéa pigs

-

(Kiygfa and Egami, 1972; Brostoff et al., 1975b),. However,
when rabbits or monkeys were challenged with bovine or rab-
bit peripheral nerve myelin, EAN developed rather than EAE

(Brostoff et al., 1972; Wisniewsky et al., 1974; Brostoff,

Sacks and DiPaula,- 1975a). The authors suggested that the
encebhalitogenic determinants of Pl for rabbit and monkey are
blocked in the intéct myelin membrane.
The proteins.Bb, Py and P2 account for approximately
70% of protein of purified peripheral myelin (Greenfield et al.,
1973). About half the total protein is the P gIycoprotein,
. -- PO is an integral membrane protein tha£ has a molegylar
weight of 28,000 daltons. The rabbit Pl protein has the
- same sequence as the MyBP (Brostoff and Eylar, 1972) and has
been found in purified peripheral myelin in all species
studied thus far. X
The Py protein is claimed to be unique to peripheral

. nerve myelin (Kitamura et al., 1980; Eylar et al., 1980).

Earlier studies indicated that the bovine, rabbit or human \
- Py protein was a major protein of purified peripheral nerve

myelin and that it was not capable of inducing EAN in guinea

pigs (Uyemura et al., 1972; Brostoff et al., 1975b; Uyemura,
Suzuki and Kitamuré,'1978). However, in a few inélances,

purified bovine Pz induced mild cases of EAN in the rabbit

(Kiyota and Egami, 1972; Brostoff et al., 1975). Only the

Lewis rat appears to be susceptible to the induction of EAN




-

2

|
by bovine and rabbit P, (Ishaque, Hoffman and Eylar, 1979
Kadlubowski and Hughes, 1979; Hoffman et al., 1980a;

MacPheréon, personal communication). Hoffman®et al. (198

-
!

0b)

demonstrated that when the half-cystine residues.in bovine

P, were reduced and carboxymethylated, the chemically modi-

fied P2 was a more potent neuritogen than unmodified P2.
R 4
Thus, the status of the half-cystines in P, may have an

effect on the ability of P, to induce EAN.

2
There are several lines of evidence to éuggest that

factors other than the P2 protein (SCP-PN) may influence

the

induction of EAN. The study of Nagai et al. (1978) indicates

that’P2 exhibits full neuritogenic activity equivéient to
PNS myelin when combined with gangliosides isolated from
peripheral nerves. The results of this report raise two
bossibilities concerning the role of gangliosides in the
induction of EAN. First, gangliosides may impart a speci

Q

. gl N . . h - *
conformation to P2 necessary for neuritogenic activity.

proposal is supported by the report of Weise et al. (1980

in which a neuritogeﬁic peptide was isolated from the cyanogen

ﬁ
bromide (CNBr) cleavége of P Thus, while P

2° 2
genic by itself, the presence of gangliosides might enhan
the activity of the encephalitogenic determinant. Second

the gangliosides themselves may contain neuritogenic dete

minants. Nagai_et al. (i976) demonstrated that gangliosi

t

GDla and GM, can induce an immunological disease in rabbi

.

called ganglioside syndrome. This disease is characteriz

oby paralysis and extensive degeneration of the peripheral

&
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may be neurito-
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nervous system. Evidence 'supporting tﬂe involvement of
lipids in EAN was also obtained by Saida et al. (1977) who
reported that EAN sera contéins a high ievglng anti-
galactocerebroside antibodies. EAN sera and antisera direc-
ted towards galaéfocerebrosides bothigesult in demyelination
of peripheral nerve cultures. However, thé extent to which
gangli?sides and anti-galactocerebroside antibodies are

_involved in EAN has not been established.

Y -
o .

It is interesting to note that there is a striking

2
each required to induce disease. Coates, MacKay and Crawford

difference between P and MyBP with respect to the amount of
(1974) reported that as little.as 10 ug of: MyBP could induce
EAE in the guinea pig. However, in the Lewis rat, the only
5t 25b,ug

required to induce EAN (Kadlubowski and Hughes, 1979).

animal in which EAN can be induced by bovine P

Ishaque, Hoffman and Eylar (1979) showed that only 100 to

200 ug of bovine P, were needed to induce EAN when 1000 ug'

2
of acidic peripheral nerve lipid§ was comb%ned Qith ?he
protein. Thus, while' the capacity?of the'Piiﬁxotein to in-
duce EA& in the Lewis rat has been demonStratea, the invo}ve—
ment of additional factors, such as lipids, remai?s ungléar
aE~the present time. .

A

EAN is~used as a laborétory model for the human disease

idiopathic polyneuritis or the Guillain-Barre syndrome

(Arnason, 1971). . Idiopathic polyneuritis is a demyelinating
disease that is characterized by mononuclear cell infiltration
£ peripheral nerves in areas of ‘inflammation (Asbury, Arnason

*

[
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ahd‘Adamé, 1969). The cliniéal features are charactexrized by
»weakhess and pafa%ysis of the extremities. 1In cohtrast to

multiple sclerosis, the prognosis is usually promising, with

' -

a gradual return to normal function in approximately nine

months. . . - oo -

. -

,Kadlubowski, Huéhes ané'Gregsoﬁ (1980) ha&é«suggested
that P, may bé the néuritogen that induces igiopathipépoly—
meyritis. However, if this is.the case, then one must .
explain why the events that induce human idiopathic poly-
neuritis (infection, fever theraﬁ&, surgéry or vacc%gstion)

.give ;iée to the autoimmune response to P2. Alternatively,
it is entirely possible that an autoimmune, response ‘'to P,
'is but one cause of idiopathic polyneuritis.

1.3 The épinal Cord Protein

1.3.1 Bovine SCP I ¥ .

w

The bovine spinal cord protein (SCP) was first isolated

-

by Yo and MacPherson (1972) by extracting bovine spinal cord

- with 0.1 M NaCl. Bovine SCP was detected by immunodiffusion

-

-analyses in tﬁe soiuble poftion of subcellular fractions‘of
bovige spinalxcord homogenates sepéfated by differential

-'centrifugatiog;_ High concentrations of immunoreactive SCP
were foqnd %n,geripheral nerves and, in minute amqupts,lin
bo&ipe brain. ‘Extracts of EPé spinal cords of the human,
ménkey and rabbit containgd two proteins that cross-rfeacted
extensively with an anéi-boviné SCP serum. The precipit}n

«

lirfés formed by the two proteins fused without spurring with

/the precipitin line 6f bovine SCP. @

\ .




Initially, DEAE Sephadex A~50 and CM-cellulose chroma~-
tography were used to pﬁfif} bovine SCP., Subsequently,
MacPherson, Armstrong and Tan 71976) published a simplified

purification procedure and achleved a hlgher yield of bovine

4

SCP. The current purification procedure involves: (1) ex-
traction of bovine spinal cord or spinal roots with 0.15 M
NacCl af pH/é.S; (2) batchéabsorption on CM-52 cellulose;

(3) stepwise elution with sodinm acetate buffers, pH 5.8,
containing increasing concentrations of NaCl and (4) separa-~
tion from impurities by gel filtration on Sephadex G-50
superfine at pHTS.S. . °l

Immunoelectrophoretic analyses in agar, at pH 8.6,

P'ad
-

. L
¢ revealed that SCP had electrophoretic mobilities corresponding

to those of a y-serum globulin and a B-serum globulin. The
Q

molecular weight of bovine SCP ﬁas éstimated by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis to be 13,200.

daltons. .The- amino acid composition of SCP and SCP-PN were

I ot g

similar to each other, but distinct from bovine MyBP. SCP
? .

) ) . ' . .
and SCP-PN each contained at least two half-cystine residues.

/

SCP that ‘was purified by gel filtkration at pH 5.8, formed a

series of polymers when subjected to SDS- polyacrylamlde gel

<

electrophoresis in the absence of 2-mercaptoethanol. ThlS
observation indicated that at pH 5.8, SCP is in a reduced

state.

-

Using the immunodiffusionetechnique, bovine SCP and
SCP~PN were found to be immunochemicaliy identical. However,
~ ! L

important differences exist between SCP and SCP-PN that are
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not revealed by combarisons of the amino acid compositions or

#

by studies with anti-bovine SCP antibodies. The most impor-~

w

tant difference involves the biological activities of bovine
scp and?scp-PN. SCP-PN (P2) is neuritogenic in the Lewis rat
(Ishaque, Hoffman and Eylar, 1979; Kadlubowski and Hughes,

l97?; Hoffman et al., 1980a; MacPherson, personal communication),

but is not anti-encephalitogenic (MacPherson,’1978). SCP is ‘

anti-encephalitogenic in the guinea pig (MacPherson and Yo,

1973; MacPherson, 1980; Montgomery and Rauch, 1980) and in the -
Lewis raﬁy(MacPherson ang Armstrong, 1977); This contrast in
th; biological activities of SCP and SCP-PN may be caused by
minor differences in the amino acid seéuence of the two pro-
teins. Although the sequence of bovine SCP-PN (P2) is known
(Kitamura et al., 1980; Weise et &ZZ, 1980b; MacPherson and
?radghaw, personal.%immunication), bovine SCP has not been
sequenced. . Thus, the probable differences in the amino acid

sequence have yet to be verified.

1.3.2 Rat SCP
Yo and MacPherson (1972) reported that rat spinal cord
contained a protein‘antigenically §imilar to bovine SCP.
Later, MacPherson and Armstrong (1976) demonstrated that
saline extracts of rat nervous tissue' reacted with an anti-
bovine SC? serum, but that, anti-rat SCP serum reacted only
with rat SCP. It was not knan whether the anti-bovine SCP
-

. - e,
serum was reacting with rat SCP.or with a protein that was

different from rat SCP but antigenically similar to bowine




SCP. This question was resolved by MacPherson, Armstrong &nd

Yu (1981) who"showed that rat peripheral nerve contains a

small amount of a component that reacts with anti-bovine™ SCP

serum. This component is not detected by the immunodiffusion
technigue in extracts of rat brain or spinal cord. Purifiea
rat Scé from brain, spinai cord or periphe}al nerves does not’
react with anti-bovine SCP serum. Thus, the anti-encephalito-
genic rat SCP and the protein that is antigenically similar
to bovine SCP are distinctly different proteins.

The differences befween rat SCP and bowvine SCP ére fur-
ther iexemplified by the purification procedure for'rat ScP.

I§“1976, MacPherson and Armstrong purified SCP from rat brain

and spinal cord by: (1) extraction of the tissues with 0.05 M

ammonium acetate buffer, pH 4.0; (2) batch absorption of
impurities on CM-52 cellulose; (3) batch absorption of SCP on
SP-Sephadex, pH.5.5 and (4) gel filtration on Sephadex G-50
superfiﬁe;"‘ '

When ra% SCP was purified-using this method, two
clogely-migrating bands appeared in the“SDS-p01Yacrylamide
gel §lectrophoréhggram of rat SCP isolated from brain or ipinal
cord, while elecgrophoretograms of rat SCP-PN contained only
one band. ' -

The rat SCP had been pu{ified from tissue that had been
frozen at -20°C for at least one year and most of the SCP
could be extracted with 0.1 M NaCl. Later,, it was aiscovered
tpat rat SCP ‘could not be éxtracted from fresh or freshly

L

frozen tissue with 0.1 M NaCl unless the tissue was first

R

] v
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delipidated (MacPherson, Armstrong and Yu, 1981). This

result]suggests'that rat SCP is probabl§ an integral membrane

prétein because the extraction from fresh tiésué is dependent

on the disertion of the lipid bilayer. (Singexr, 1974).
_MacPherson, Armstrong and Yu (1981) have shown that rat

-~

SCP isolated from delipidated tis§ues has an electrophoretic

mobility in agarose;™at pH 8.6, corresponding to that of an |

acidic protein. 1In fact, the isoelectric point of rat SCP

and SCP-PN was estimaped by isoelectric focusing to be 4.6.
In order to ascértain which of the two components

present in rat SCP preparations purified by gel-filtration

chromatography was immunoreactive, SCP was mixed with an

-

anti-rat SCP serum that formed one line with rat SCP in

immunodiffusion analyses (MacPherson, Armstrong and Yu, 1981).
The SDS-polyacrylamide gel electrdphoretograms of the specific
precipitate revealed that the band with the'slower elegtro-
phoretic mobiiity was immunoreactive'rat SCP. The molecular

R

weight of rat SCP and SCP-PN was estimated to be 11,000 dal-~

‘tons by SDS-polyacrylamide gel‘electrophoresis. Thus, rat

SCP-PN is éignificantly smaller than bovine SCP-PN. Moreover,

the amino acid compositions of rat and bovine SCP-PN are
different.

P

It has been established that bovine SCP-PN and bovine
P2 are identical. However, the assumption that the 13,500

dalton component of rat peripheral myelin is rat P is not

]

2
justified because rat Pé has never been isolated and compared,

with bovine P, (Singh, Silberlicht and Singh, 1978).

1




One of the aims of this study is to ascertain if" rat

_SCP-PN is present in purified rat pe?ﬁbheral myelin. This

-

will be approached by comparing tzi/électrophoretic mobili-

ties in 8DS-polyactylamide gels of~rat SCP-PN and the

proteins of rat peripheral myelin. In addition, an anti-

rat SCP-PN serum will pe used to determine if purified rat

~

peripheral myelin contains immunoreactive SCP-PN.

—r

\S

1.3.3 Human SCP

Human SCP was detected by Yo and MacPherson (1972) by
immunodiffusion analyses in saline extracts of human spinal
T~

cord using an anti-bovine SCP serum. Unlike bovine SCP, !

human spinal cord extracts formed two distinct precipitin

lines, each of which fused with the single line that formed

opposfte bovine SCP. In 1976, knowlédge concerning the
immunochemical characteristics of humén'SCP was limited to
this obgervation. Tpe physical and chemical propg;ties were
not known as the progein had Qot been-isolated in a purified
étate. The availability of purified human SCP would/enabié
one tg/pharacterize the protein'and to assess the anti-
encephalitogenic capacity of human SCP.-

Thus, the purification and characterizatioz_of human
SCP was undertaken in this st&dy to ascertain whether human
SCP is more closely related to the acidic rat SCP or the basic
bovine SCP. This objective could be achieved by determining
the molecular size, the isoelgétric point and the amino acid

composition of human SCP. '




" 1.4 SCP-PN and P,

1.4.1 Identity of SCP—PN with P, ..
In a preliminary :epért p}esentea in 1975, samples.of

bovine SCP and SCP-Pﬁ were compared by Kies "et al. f1975) to'(

the BF p;otein that had been isolated by acid extraction from

bovine peripheral nerve myelin by Uyemura et al. (1972)2

That year Brostoff and Eylar isolated the same proéein from

peripheral nerve myelin and called it P The amino acid

¢
compositions of tﬁe proteins were very similar and, in immuno-
diffusion analyses, SCP; SCP-PN, BF and P, were shown to be
immunochemicallx identical using an anti-bovine SCP serﬁm.
Uyemura, Kato-Yamanaka and Kitamura (1977) have also isolated
the BF protein from 0.1 M NaCl extracts of non-delipidated
bovine spinal cord, thereby confirﬁing the reporté of Yo and
MacPherson (1972) and MacPherson, Armstrong and Tan (1976).
Deibler, Driscoll and Kies (1978) subsequently published
the déZ;%ls of the 1975 preliminary report. It was shouwn
that boviné SCP-PN, P2 and BF had the same chemical and
physical properties and were identical when compared by
immunodiffusion analyses. Recently, thg identity has been
confirmed by comparing the amino acid sequences of bovin%

®
SCP-PN and bowine P, (Kitamura et al., 1980; Weise et al.
[}

2

1980b; MacPherson and Bradshaw, personal communiqation).

Nevertheless, while the identity is established, there is

A .

disagreenment With“respect to the cellular location of SCP-

PN in the peripheral and central nerv?us’systems.

Ll
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1.4.2 Localization . | . - .
Yo and M@cPherson (1972), MacPherson, Armstrong and
Tan (1976)9and MacPherson (1978) showed that immunoreactive
SCP exists in’bovine brain, spinal cord and peripheral nerves
in the proportions of 1:10:100, respectively. However, the -

original discoverérs of P, claim that P, is unique to the
peripheral nervous system and is a component of the myelin
membrane (Uyemura et al., 1972; Brostoff and Eylar, L972L.
Although Uyemura, Kato—Yamapaka/énd Kitamura (1977) -have

published confirmation of the Fesu15§ of Yo and MacPherson
(1972) and showed thatJP2 could be ;xtraqted from non-delipi-
dated bovine spinal cord with o.lf@_Nac1, P, is still des-
cribed as a component that is restricted to the,peripheral
nervous system (Ishague, Hoffman and Eylar, 1975; Kitamura

et al., 1980; Weise et al., 1980a).

MacPherson (1978) h;s glways considefed bovine SCP,to
be a cytoplasmic protein because it can be rapidly released
from fresh bovine tissue by extraction with.0.1 M ﬁécl: All
of the immunoreactive SQP—?N can easily be removed from
péripherai nerves. For example, when bovine spinai Toots are
extracted with 0.1 M NaCl and then delipidated, additional
SCP-PN can not be extracted from the delipidated tissue.

-~

This property of SCP-PN ik characteristic of a cytoplasmic N

- and a peripheral membrane protein (Singer, 1974). - -

There is no doubt that bovipe SCP-PN is a major com-—

ponent of purified peripheral myelin (Uyemura et al., 1972;
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Brostoff and Eylar, 1972). That P2 can be released from

purified peripheral nerve myelin by extraction with 0.03 N
- HC1 i;dibates that P, may be clas;ifiéd as a peripheral
membrane piétein (Singer, 1974).
In aﬁ effort to determine whether SCP-PN was localized
in myelin or in cytoplasm‘in vivo, MacPherson and Wallace °

(1980) studied the localization of SCP-PN in bovine pefipheral o

nerve using an indirect immunofluorescent technigue. A ,
3

R LY

rabbit anti-bovine SCP serum was first allowed to react with .

tissue sections which had been fixed in acetone. Fluorescein

isothiocyanate-conjugated goat anti-rabbit IgG was then 4

allowed to bind to the anti—éCRﬁ antibodies on the tissue
section. It was ‘clearly demonstrated that SCP-PN was local---
ized in axons and in the endoneurial space surrounding the
myeiinated nerve fihres. SCP-PN was not detected in thé
myelin sheaths. Appropriate control tissue sections indicated
: F that the staining was specific for SCRgPN. The ability to
localize SCP-PN precisely in tge area‘surroundingﬁihe'myelin
sheath was limited because the stained sites surrounding the
; myelin could not be adequately visualized by this technique.
- ‘However, the authors concluded that because the aNti-bovine ‘
SCP antibodies did not react with peripheral nervg collagen
or blood vessels, which are the major components of the endo-
neurial space, it was possible that the staining of the
endoheurial space was caused by the ﬁresence of SCP-PN in /

Schwann cells. SCP was also localized in the axons and glial

cell processes in the white matter of bovine spinal cord

H

]

E

1

- (MacPherson and Wallace, personal communication). Thus,. the g
. n ]
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. results of MacPherson and Wallace (1980) indicate that bovine

1

SCP-PN is present in axoplasm and, possibly, in Schwann celd
0 cytopiasm. This proposal is consistent with the solubiliza-
‘ e ’

- _tion of SCP-PN from whole ‘tissue with 0.1 M NaCl.

N . In contrast, Eylar et al. (1980) 'also used thg'immuno-

)?:’

N histological technique to localize rabbit P2. Goat anti-

/ rabbit P, antibodies were allowed to react with cryostat sec-
{ i N

Ny
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tions that had been fixed in 95% ethénol/ether. The sections
. were then washed with salinelfér'an unspecified period of-
time ‘before a fluorescein iséthiocyanatefconjugated anti-goat
, antibody antiserum was allowed to react with the tissue sec-

tion. It was found that rabbit P_ was localized only in the

2
\ ) myélih sheaths of the peripheral nervous system.

\ : It is not known if ethanol/ether can effectively fix

| 1 P, in situ in tissue sections so that the P2 is insoluble in
| . saline. Therefore, it is possibré that a>saline wash of the

L ethanol/ether-£fixed tissue sections could result ,in the

kY

_ solubilization of P2._ - \ ) . T~
3 . - )

Based on the results of this report it was coneluded

oy

R

: that P, is exclusive to peripheral herve myelin. It is un- .

: B certain whether this conclusion refers only to the rabbit P,°

protein or whether it is meant to include the P2 protein of
all species. -Whatever the case, there is a disqrepancy‘bé~
tween the results of tﬁe two reports. on the lqbalization of.
bovine SCP-PN and rabbit P2. At pgééent, fhere ;s no confir-
hation of the localization of SCP-PN or“P2 5y_an indépendent

MW'WWAL‘.““M e e A B IS
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investigation that takes into consideration the solubility

R SHRPAR A

of the protein in saline after fixation.

R eI

s

An attempt has been made in this study to explain the
!

l -~

conflicting results of the localization studies. The rationale

+

for this attempt is that differences in thé experimental tech-
nique may have been responsibde for the conflicting results.
Thus, the effects of the fiyatives used in the two studies on
the solubility of SCP-PN” in whole tissue with saline is
examined. ' »

The resolution of the distribution and localization of
SCP~PN may be appgdgched in two ways. If ope assumes that
SCP-PN is present in peripheral myelin in vivo, then it mu;ﬁ
be demonstrated that the localization of SCP-PN in peripheral
nerve axons by tge immunofluoréséent technique is an artifact.
Also, the local@zation of SCP in the axons and glial cells of
the spinal cordimust be explained. On the other hand, if one

assumes that SCP-PN is an axonal protein, then one will have

to demonstrate that the presence of SCP-PN in purified myelin

is an artifact. This study was undertaken to igvestigate the

validity of the latter assumption. Thus, two of the objectives

of this research are to understind why SCP-PN is found in
purified myelin and to accquf for the conflicting results of
the immunohigtological studies. ‘
It is im;;rtant to Aetermine Qﬁether SCP-PN is a periph-
eral or ihtegral myelin membrane protein. An integral associa-~

tion would provide evidence that SCP-PN is g;esent in myelin

in vivo. On the other hand, if SCP-PN is only'loosely bound

-
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to myelin éqq is present-in other cellular fractions, then
it's alleged ipqation in myelin would be questionable.

If scp ogiginates from a non-myelin logatién in the
nervous tissue, then it will be necessary to determine the
property of SCP-PN or Ayelin that is responsible for the

redistribution of SCP-PN into the myelin fraction and if the

mechanism is specific for SCP-PN.

1.4.3 Biological Activity

The central ner%ous system forms of bovine and-rat SCP
have” been demonstrated to have anti-eﬁcephalitogenic activity
in guine? pigs and rats (MacPherson and Yo, 1973; MacPherson
and Armstrong, 1977). However, bovineaSCP~PN'has no anti-
encephalitogenic activity in guinea pigs (MacPherson, I978)
and is neuritogénic in the Lewis rat. Thus, it is probable
that slight, but cri£ical, differences exiSE in the amino
§cid sequenceé of the central and peripheralfnervous‘system

“forms Jf bovine SCP. Indeed, the amino acid compositions of

bovine SCP and SCP-BN are slightly different, but it is not

.
known whether the differences are gquantitatively significant

(MacPherson, Armstrong and Tan, 1976). This question can not

N [

be answered until bovine SCP is sequenced.

)

1.5 Protective Sequence of SCP

The sequencing of bovine SCP-PN (P,) has facilitated

the search for the biologically active determfﬁgnté of sScCp

’

and SCP-PN. Recently, a cyanogen bromide (CNBr)-derived

peptide from bovine P2 has been isolated by Weise et al.
\. ' o

A




‘peptides.

(1980a). Preparations of EhiSrRépggde have been shown to
cause EAN-in Lewis rats. -

CNBr . cleaves protegéé at.methionine residues. The
amino acid composition of Eo;ine SCP indicates that there “ 3
are three methionine resiaues in the pfotein. Hence, the
CNBr cleavage of SCP should result in four peptideé. An
important consideration is that theofewer the number of
points at which SCP is cleaved, the»ﬁighér the probability

of obtaining an intact biologically active site. In this

respect, the use of CNBr is preferred to that of an enzyme

such as pepsin that hydrolizegs*proteins at several sites.

Thus, cleavéée of SCP with pepsin would result in copsiderably
more peptides tﬁan cleavage wifh CNBr. T {
The search for the amino acid sequence of the anti-
encephalitogenic determinant in bovine SCP is initiated in
this study. The primary objective will be to establish a
purification procedure by which sufficient amounts of CNBr-
derived peptides can be obtained for future studies invol&ing

\ -

the assessment of the anti-encephalitogenic capékity of the

>

The study of the anti-encephalitogenic determinant of
SCP is important because SCP might bé used in the treatment” .

LY

of multiple sclerosis.

) » ..

1.6 Nomenclature of SCRcPY . =

~"SCP-PN is called P, protein by Brostoff and Eylar (1972) 5

and has been referred to in the past as the BF protein by
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Uyemura et-gl. (1972) and as the P, protein (London,1971). )

It is evident that

this nomenclature can be confusing for

.

present agd future investigators. Recently, Eylar et al.” -
. - L4

(1979) have agreed thét a general terminology for ﬁefipheral

-~

myelinsproteins be adopted to avoid confusion.

The authors

have proposed that the 14,000 dalton component pregent ;B.

SDs-polyacrylamide gels of peripheral nerﬁe myelin proteins

. e
be ‘referred to as the P

H

proposal, the BF protein is now referred to as P2 (Kitamura-

2 protein. In’accordance with this

et al., 1980). . . . .

Several authors have reported that the P2

found only in peripheral nerve myelin (Brpsfoff and Eylar,

protein is

- 1972; Greenfield et al., 1973; Eylar et al., 1980). This

claim is made regudarly in spite of conclusive evidgnce that

immunoreactive SCP is in the central nervous system (Yo and :

} MacPherson, 1972; Uyemura, Kato-Yamanaka and Kitamura), 1977).
Thus, the term P, has become synonomous with a peripheral -

myelin protein, although there is no qénclusive evidence

thgt,Pz‘is localized in peripherél myelin or is exclusivé to )

the peripheral nervous system,

»y

8
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CHAPTER 2: MATERIALS AND METHODS

2.1 MATERIALS

Hﬁman nervous tissues from pa£ieﬁ%s\who died of non-
ﬁeurological causes were received in the la@o;atory within
12 hours of death. Bovine spinal coros wefo‘obtained within

2 hours of death from a local abattoir. The dural membrane
" i £ v

was removed from ﬁhe human and bovine spinal'cords and, all

- A >
the ne;Ve roots were cut at "the cord surface. Rat sciatic

nerves and spinal nerve roots were dlssected from rats

within mlnutes after decapltatlon. Tissues were either

v -

used immediately or wrapped in plastic film and stored at

-20°cC. .

Bovine .SCP was;propared by the. method of MacPherson,

- ’,w N -
Armstrong and Tan (1976}, exgépt that 0715 M NaCX, pH 4.5,
2 p

was used’to'éxtréct the tissue. The rabbit anti-bovine §EP

serum used by MacPh&rson et al. (1976) was used for this

-
1’

[N . s
'd&udy _ The rat SCP—PN and a rabbit anti-rat SCP-PN serum

’

were prepared in this lanratory. . i
s { ‘

t

Rats Were purchased from Woodlyn Laboratorles, Guélph

Ontario. Female New Zealand White rabblts, 2. 2 - 2.7 kg,

were supplled by R;emens Fur Ranches, Ltd., St. Agéﬁha, Ontario.

Carboxymethyl collulose and 3m chromatography paper

:

were Supplled by Whatman Blochemlcals'Ltd., Kent. Sephadex

v

G-50 superfine was purchased from Pharmacia;"Montreal, »

\

i
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) Cleveland, Ohio..

Il

Canada. Acrylamide, sodium dodecyl sulfate (SPS) and Bio-Gel

‘-PG were obtained from Bio-Rad Laboratories (Canada) Ltd.,

..

Mississauga, Canada,-” Cyanogen bromide, N,N'-methylene-

bisacryl

. e

were products of Eastman Kodak Co. ‘ Rochester, New York.

e “and N,N,N',N'- tetramethylethylenedlamlne (TEMED}

Most of the proteins used as standards for molecular
weight determinations were bought from Sigma Chemical Co.,

St. Louis, Mo., as was Coomassie Brilliant Blue R and bovine

* -
“aprotinin. Bovine serum albumin and horse radish peroxidase

were obtained from Nutritional Biochemicals Corporation,

. . .
Chen Chin polyamide sheets, dansyl chloride and amino

¢

acid calibratioh standards were supplied by Pierce Chemical
co: £ Rockford, I1. Carr;er.amphoﬂ;tes (pH range 3-10 and
.é-ll) were purchased from Brinkmaﬂ Instruments Inc., Westbury,

New York. All other chemicals were reagent grade. *
Ve

Spectropor 1 was obtalned from Sepctrum Medical Indus-
* g
tries Inc., Los Angeles, Calif. Collodian membranes were

purchased from Schleicher &, Schuell Ine., keene, N.H.

- [
n i

2.2 METHODS * ) . * c
2.2.1 1Isolation of Human SCP’ and SCP~-PN -

2.2.1.1 Extracts of Splnal Cords.- and Spinal Nerves
Approximately 125 g of-frozen spinal cords or spinal

nerves were cut into shavings and homogenized with 1,125 ml

A

of 0.1%§ M NaCl to make a 10% homogenate (w/v). Spinal cords

were homogenized in a Tri-R blender at speed 7 for 2 min.

¢ . | a

[
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Spinal nerves were homogenized in a Sorval Omni-Mixer at

speed 10 for 3 min. ; .

.

The homogenate ﬁ;s centrifuged at 14,000 x g for 30
min at'0°q and the Eupernatant was removed by suction. The
precipitate Qas rehomogeniéed in one-third the original volume
of 0.15 M NaCl and centrifuged as above. The supernatants
were combined and adjusted°to pH 4.5 with 1 M acetic acid.
Insoluble material was removed from the supernatant by centri-
fuging as above. After being concentrated three-fold by flash
evéporation, the supernatant was dialyzed in Spectropor 1
against several changes of 0.05 M sodium ;cetate_buffer, pH
4.5, untiﬁithe Eonductivity was equal to that 6f the equilib-

-

rated CM—?? cellulose.

~

. .
2.2.1.2 Absorption of Extracts on CM-52 Cellulose
Preswollén CM-52 celldlose was eéuilibrated with 0.05 M
sodium acetate, pH 4.5. A sufficient amount of CM-52 cellulose,
equal to 50 times the weight of the total pgotein of thg extract,

was added to the tissue extract and stirred for 2 hours at 4°C.

' / — :
Following collection by vacuum filtration on‘a Buchner funnel,

the CM-52 cellulose was Erdnsferred to a 4.5 X 60 cm chroma-

_.tography column. The column was washed sequentially with (1)

0.05 M sodium acetate buffer, pH 4.5, (2) 0.05 M sodium acetate
buffer, pH 5.5, and (3) 0.05 M sodium acetate buffer, pH 5.8,
containing 0.05 M NaCl. ‘E&ch wash buffer was passed through

the‘cg}ﬁmn until the absorbahce at 280 nm (E280) was 0:09 or

less for at leas@wloo ml of eluant.

-
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2.2.1.3 1Ion Exchange,Chromatography

W e w1 RS RSy

M >
. 3

Human SCP and SC?-PN were each gluted from CM-52
cellulose with 0.05 M sodium acétate buffers, pH 5.8, contain-
ing increasing concentrations of NaCl. The two elution
buffers, El and EZ’ contained 0,1 M and 0.2 M NaCl, respect-
ively. Fractions.containing 5 ml of eluant were g%llected
at a flow rate of ‘90 ml/h at 20°C. Areas of the chromatogram
containing SCP-PN, serum proteins or other nervous system
antigens were ideﬁtified by immunodiffusi®n analyses using a
rabb}t.anti—bovine SCP serum, an anti—ﬁuman serum serum and

an anti-human brain extract serum, respectively. -

2.2.1.4 Gel Filtration.Chromitography'

Fractions which contained human SCP -or SCP~PN were
pooled apd goﬁceptrated by flash evaporatioﬁ. The concentra-
ted fractions were dialyzed. in Spectropor 1 against distilled

+

Watgrg The purity of each fraction was analyzed by SDS-

-

UpOIYacrylamide gel electrophoresis as @éscribedhbelow. Frac-

’

et s b e

tions which contained similar kinds and amounts of impurities

were pooled and applied to a 1.8 x 90 cm chromatography col-

umn conpaiping Sephadek G-50 superfiné. Approximately 25 mg
~

of proteih was applied in-‘a volume of 2 ml and eluted with

0.1 M NaCl. Fractions containing 2 ml of eluant were collec-

. ted at a flow rate of 20 ml/h at 20°C. Fractions containing

SCP or SCP-PN were detected by immunodiffusion analyses.

-

e - —
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2,2.2 Preparation of Antisera -
g

Antifﬁuman SCP sera were raised in rabbits by injeét-
ing "them initialiygin the hind foot pads with 0.25 mg of B
purified SCP or 0.5 mg of SCP~-PN emulsified in complete

Freund's adjuvant* (CFA). Injections were repeated intra-

- -~ e

muscularly evefy 3 to 4 weeks for eight months. RabBits

that were producing suitable® amounts of antibodies.were bled

at 3-week intervals and were re-ingected wheq&necesgary to "
maintain the serum antibody concentration aé é satisfactory
%fvel. All sera were stored at-20°C. An£i—human SCP-sera
were tested for the présénqe of ant%bodies directed towards
contaminants by immunodiffusion analyses using various

dilutions ©f human brain extracts and human serum. The

_sera were absorbed with human serum and a human liver extract.

2
-

2.2.3 Immunocheﬁical Analyses, .
%.2.3.1 Double Diffusion‘Analyses

Immunodiffusion analyses were performea according to
the method of OuEhterlony (1953) , gxcept that 7.5 x 2.5 cm ' r
glass slides were used. Theg, slides were covered with 1.2% ‘ .
agarose or 1.3% agar containing 0.05 M barbiturate buffer,
pH 8.6. ;%ircular wells were cut in the solidified gél“in a
suitablé pattern. An antigen soiution and antiserum were

added to appropriate wells,” and the plates_were left at

room temperature for 24 h.

.
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In some analyses the agar contafned either 10% of an ‘

. , /
aprotinin solution (10-20 trypsin inhibitor units per ml) or

0.1 M NaCl in adgition to the Harbituréte buffer to facilitate

the diffusion of the antigens. = . ~

'2.2.3.2 Immunoelectrophoretic Analyses
Immunoelectrophoretic analyses were run according to

. % ’
the method of Scheidegger (1955) on glass microscope slides

coated with either 1.3% agar or 1.2% agarose econtaining 0.05 M °

barbiturate buffer, pH 8.6, using a constant current of 15 mA

per slide for 45 min. -
&

2.2.4 Quantitative Single Radial Immunodiffusion

The human SCP or SCP-PN content of tissue extracts was
estimated by the procedure of Mancini, Carbonara and Heremans

(1965) . Anti-bovine SCP (0.8 ml) was added to 9.2 ml of 1.2%-

' agarose containing 0.05 M barbiturate buffer, pH 8.6, at 56°C.

The mixture was pipettéd onto a warm glas; plate (7.5-x 5 cm).
After the gel had solidified,” wells were punched in the gel,
i;} cm apart, using a Vita No. 12 hypodermic needle from which
the bevél ﬁad been cut. Samples of the tissue extracts were
added to duplicate wells and known concentrations of human SCP
or SéP-PN were added to séléﬁted wells. The plates were
Stored in a moist chamber at room temperg%ure. After 24 to

48 h the diameters of the precipitin circles formed aound each

well were measured. The diameters in mm were*plotted against

the protein concentration in mg to obtain a standard calibra-

tion line.

%

-

42

adls LAt L

s s e i g A

o PROLOG T G T s SR B LA St vt~ D



SV 8 L

<R
HEW

oy

B I

) .
2.2.5 Physical Analyses e
2.2.5.1 pProfein Determination

Protein conceﬁﬁration was determined by the method Qf
Lowry et al. (1951) using either ?ovine serum albumin or bovine

&
SCP~-PN as a standard.

‘ ,
2.2.5.2 Moleclilar Weight Determination ES ,

Estimation of the molecular size of proteins wagwdeter-
mined by SDS-polyacrylamide gel electrophoresis uUsing the S
method of Weber and Osborne (1969). Gels containing 10% poly-
acryiamide, 6.1 M sodium phosphate buffer, 0.1% SDS, 0.13%
TEMED and 0.75% ammonium persulfate were used. Samples con-

! =

taining 5 to SO'ug of protein were incubated at 37°C for 1 h
with 50- ul of 0.01 M sodium phosphate bufEZ;, pH 7.0, contain-
ing 0.1% Sgsiand Seyl of 2-mercaptoethanol.‘ One drop of
glycerol and 4 ul of 0.05% brompheqol blue\were added to the

sample. The mixture was applied to the.top of a gel and

electrode buffer was layered on top of each sample. A constant

current of 8 mA/gel was applied until the bromphenol blue had
moved 6 cm-through the gel. Thehgels were removed from the !

glass tubes, fixed. overnight in 50% methanol-5% acetic acid ’
\ ! o

then stained for' 6 h with 0.25% Coomassie blue containing 5%

methanol and 7.5% acetic acid. Destaining was performed with

E

several changes of 5% of methanol-7.5% acetic acid. The rela-

———

tive mobility of proteins was calculated using the following

formula:

v
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distance of length of gel i
ﬁélative _ prgtein migration. < lbefore staining _
Mobility length of gel distance of
-after destaining : dye migration

58

Proteins’ used as standards were bovine serum dlblmin,

a-chymotrypsinogen, myoglobin, ribonuclease &nd éytoghrome c.
Relative mobilities were plotted as ordinates against the
molecular weights on semi-log paper. -

R

Molecular sizes were also estimated by gel filtration

chromatography. A 1.8 x 90 cm,phromatography'column;confain-

ing Sephadex G-50 superfine was califprated according to the

e

4;gethod of Andrews (1964) with proteins of known molecular
- .

weight. Blue Dextran 2000 was used to determine the void

volume. Gel filtration chromatography was performed under the

v

same conditions as described above. The E

L 4

280 was gsed to

measure the elution volumes of HSCP-PN and the standard proteins.

[

2.2.5.3 Isoelectric Focusing ] - \

The isoelectric points of human and' bovine SCP-PN~were /
determined in an LKB 8101 élect{dfocusing colﬁmn in the manner 7
described by Haglund (1967). A continuous sucrose density
gradient containing 1% carrier ampholytes (pH ;:Ii) and 8 mg )
of protein-was prepared in thé coi;mn. A constant vo%tage of /

500 volts was applied to the column for 24 h. The column was

drained and the E

280 and pH of 1 ml fractions were '‘measured.

-

2.2,6 Chemical Analyses g .

2.2.6.1 Amino Acid Analyses
) :

The amino acid analyses. were performed in the labora- |

—~

tory of Dq.,é. Smith of the Department of Biochemistry,

13




> / i 5
is UniverSity of Western Ontario, in a Beckman 120C automatic ma,

-5 amino acid analyzer. The samples were hydrolyzed under vacuum

£ : ‘ .

L with constant boiling HC1 at 110°C for 24 h. -

‘?- . =

s /

2.2.6.2 NHZ—Terminal Amino Acid Analyses

Han pes

The dansyl technique, wh;éh was-introduced—By Gray

- L. .o _ gl
(1970), was used for the NH,-terminal amino acid identification.

Five‘nanomoles of protein were added to 200 ul of 0.5 M sodium -

o et gt v‘u,\‘«i foows e

. bicérbonate,@pH 9.8, containing 1% %DS. The protein solution
‘was added to 100 pl of dansyl chl?fgde (5 mg/ml of acetone).

After incubating the mixtfire at 37°c for 20 min the protein

was precipitated by the dropwise addition of trichloroacetic
acid while being wigorously mixed. The precipitate was. pelleted

by centrifugation, -washed with 200 ul of 1 N HC1l and recentri-

fuged. The pellet was mixed with 50 ul of 6 N HCl and sealed

i under vacuum. After 6 h at 105°C, the tubés were opened and

dried in a vacuum desiccator at 56°C. £
. A 100 pl aliquot of an amino acid standard mixture was
i dansylated according .to the method of Weiner, Platt and Weber

(1972) ., The dansyl-amino acid standard mixture and the uﬁ;

A

¥y NIRRT

known sample were spotted on opposfte sides of a 6 x 6 cm

et

~ - @\
.polyamide plate. Two dimensional chromatography of the
daﬁsyl derivatives were performed according to the method of
.  a Hartley (1970). Chromatograms were viewed under ultraviolet

L . . , "
§ . light to reveal the position of the dansylated amino acids.
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2.,2.7 é;eparation of Myelin .

‘The method of Uyeﬁura et al. k1972) was qseg to pre-
pare boviné'or rat peripheral nerve mxelin by density “
gra%ient centrifugation of a 15% (w/v).homogeﬁate of fresh
spinal nerves. Myelin was further purified by aﬁ additional
upward flotation step in 0.8 M sucrose. The myelin inter-
face was washed three times in distilled water to remove the
sucrose and lyophilized. In one experiment, 0.8 M sucrose

heald wiony.

containing 0.;5 M NaCl was used to homogenize the tissue.

’

2.2.8 Electron Microscopy

The purity of myelin was assessed by electron micros-
copic examination. &yélin was fixed in 2.5% glutaraldehyde
and post-fixed in 1% osmium tetroxide in a 0.1 M sodium #
cacodylate buffer, pH 7.3, with 5.4% sucrose added. After

dehydration, the samples were stained in lead acetaég‘and' .
|

uranyl nitrate for 1 h prior to embedding in Spurr resin..

Uranyl acetate and R (1963) ledad citrate were used

el

to stain the sectipfis. T g'micrographs were evaluated by

Dr. J. C. Kaufmann of the epartment of Pathology, University

of Western Ontéfio.

2.2.9 Analysis of Myelin Preparation Supernatants

The superﬁé%qgts obtained from the first six éentri-
fugations of éhe myelin preparation were analyzéd for the
presence of beviﬁe SCP-PN. Eachﬁsupernatant was adﬁusted
to pH 4.5, with 1.0 M acetic agid ané absorbed batchwise

onto CM-52 cellulose as described above. After transfer to

1
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a 1l.x 20 cm chromatography column the CM-52 cellulose was
washed with 0.05 M sodium acetate guffer, pH 5.8 to remove

' sucrose. SCP-PN was then eluted froﬁ the CM-52" cellulose
buffericontaining 0.3 M NaCl. The eluates were concentrated

by flash evaporation and d&ialyzed against 0.15 M NaCl. The

"amdunt of SCP-PN in each eluate was then determined by single

radial immunodiffusioen. '

2,2.,10 Extraction of Peripheral Nerves

Approximately 5 g of bovine peripﬂeral nerve was added
to sufficient 0.3 M NaCl to make a 15% mixture (w/v) and
homogenized in an 6mni-Mixer at speed 10 for 3 min at, 4°C.
The homogenate was centrifugeé at 10,000 % g for 30-min at

4°C. The supernatant was refioved and the bovine SCP content

was estimated by quantitative single radial immunodiffusion.

2.2.11 Extraction of Myelin N\
Ten mg of myelin was added to 5 ml of either 0.3 M NaCl

or 0.05 N HCl, pH 1.86. The mixture was homogenized at 4°C

using a Tri-R blender at speed 5 for 90 s. Th¢ homogenate

-
e 4

" was centrifuged at 4°C at 170;000 X g for 20 min and the
supernatant was ;emoved by suction. The pﬁllet was solubi-
lized in 5 ml of 1% SDS by homogenization in a Tri-R blender
as above and heating for 3 min in a boiling water bath. Two
additional samples of @yelin we{gkextracted two and three
times, fespectively, as above.

Myelin extracted with NaCl or HCl in the above mapner

will hereinafter be referred to as NaCl-extracted myelin or

HCl-extracted myelin, respectively.
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2.2.12 Electrophoretic Analyses
SDS-polyacrylamide gel electrophoretic analyses were
performed as above. The quantitative distribution of myelin

proteins in SDS-polyacrylamide gel electrophoretograms was

‘determined by densitometric scanning. Stained gels were

scanned at 540 nm in a Zeiss PMQ II spectrophotdmeter using
a slit width'of 0.10 mm. The distribution of each protein

was calculated from the weights of paper cutouts of the

protein '‘peaks obtained from the scans. -

Analytical and preparative SDS-polyacrylamide slab gel

electrophoretic analyses were run in an EC vertical slab gel
apparatus as described by Singh, Silberlicht and Singh (1978).

Myelin or myelin proteins were solubilized in 1.5% SDS con-

P

taining 0.75% dithiothreitol, 0.002% bromphenol blue and 20%

glycerol in 0.02 M Tris-HCl buffer, pH 6.8. For analytical
slab gels, samples containing 40 to 120 ug'of protein were

-

applied on a spacer gel which contained 5% polyacrylamide, .

1% SDS, 0.15% TEMED and 0.15% ammonium persulfate in 0.5 .M
Tris-HCl buffer, pH 8.8. For preparative slab gels, approx-
imately 3 mg of myelin p£o£eins were used. Electrophoresis
was contiﬂued at a constant voltage of 80 volts for 16 h.

élab gels were fixeé, stained‘ahd destained as above éxcept

that the staining time was increased to 8 h. !

Glycoproteins were stained using periodic acid-Schiff's

|
reagent as described by Segrest and Jackson (1972).

S
e
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2.2.13 Recovery of Protein
Protein.in the SCP-PN + periodic acid~Schiff II -
(PAS-II) bana was recovered from preparative slab gels or
conventional gels. The selected band was macerated with ten
volumes of 0.1 M sodium phosphate buffer, pH i.o, containing
0.5% SDS and stirred for 24 h at 40°C. After centrifggftion
at 170}060 b4 gﬁthe supernatant was concentrated to 2 ml in
Spéctropor 1 by ultrafiltration under positive pressure of
100 ‘mm Hg; After dialysis for 24 h against 0.1 M sodium
phosphate buffer, pH 7.0, containing 0.1% SDS, the superna-
tant was added dropwise éo 100 ml of acetone containiﬁg\l.S%
HCl and slowly,stirred for 24 h at -20°C. Following dentri-
fugation at 2,500 x g, the/precipitate was dried under

o

. L
nitrogen and solubilized, at a concentration of 3 mg/ml, in

R ~
t

1% SDS. v

{

2.2.14 Absorption of Proteins on Myelin
and NaCl-Extracted Myelin

Myelin, which had been extracted twice with NaCl, was
washed once g%th water ang‘lyophilized. Suspensions of 5 mg
of myelin or NaCl-extracted myelin in lZABY of 0.8 M sucrose
wére prepared usiﬁg a Tri-R blender. Either 0.05 ml or 0.25
ml of 0.1 M NaCl containing 1 mg of bovine SCP-PN, lysozyme
or pepsin/ml¢w§s added to the suspension of myelin or NaCl-
extracted myelin. After~further homogegizatién in a Tri-R

blender at speed 4 for 1 min the homogenates were incubated

at 4°C for 30 min. The homogenates were centrifuged at

170,000 x g for 1 h. The floaiing myelin was removed, washed

©

N/
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- 10,000 x g for 20 min at 4°C. ' The peilets were homogenized

. reactive SCP or SCP-PN was established by immunodiffusion -

A

according to the method of Gross (1967) by dissolving 30 mg

* 25 ml of distilled water and relyophilized. ) - v
- ¢
L 4 \
Q 1
[+]
o T - R
* v .
o ]

3

- and lyophilized. The lyophiliZzed material.was washed with .

« \«'); t'\ . . . . Mac

Y o . - ".;

<

twice with 8

30 mig.

subjected to SDS-polyacrylamiae gel elecg¥ophoresis. The,

stained gels were scanned as above. h

—

ml of water and centrifuged at 170,000 x g for °

The pellets were sblubilized in 1% SDS as above and

~

°

2.2.15

-

Effects of Fixatives on the ' o
Solubility of Bovine SCP
! o
-. Two grams of bovine spinal cord or peripheral nerve- °
: Q . .

was homogenized in an Omni-Mixer at speed 8 for 2 min in

»

38 ml of either acetone or 95% ethanol-ether (1:1). . The-

homogenates were left at 4°C for 1 h and then centrifuged at

s

as above with 15 ml of 0.15 M NaCl and &entrifuged. The

supernatant was‘;oncentrated by flash evaporation to 1.5 ml

and dialyzed against 0.I5 M Nacli;_The presence of immﬁﬁo-,

ve

analyses using anti-bovine SCP serum,

1e,

2,2.16 Cyanogen Bromide-Derived Pepéides

°

2.2.16.1 Cleavage ° ’

Cyanogen bromide cleavage of:bovine SCP was performed
v
of SCP and -100 mg 9f CNBr in 2 md .of 70% formic acid. After

48 h the- solution was dilute@ to 50 ml with.distiliéd water

°




l‘,t

“~

-

I3

ml/h.

» .
2.2.16.2. Isolation of Peptldes ‘ =

- - -

Approximately 30 mg of lyophlllzed materlal was solubi-

<

lized 1n "1 ml of 0.05 M acetlc acid and applled to a 1.8 x
90 cm chromatography column conta;ning Bio~Gel P6. The

column was eluted with 0.05 M acetic acid and fractions con-

[ - 3

o . - &
taining 2‘$ﬂ:of eluant were ¢ollected at a flow rate of 15
-~ - = N

K}
< -~

P

2.2.16.3 'Purity - X ,
. The purity of the peptldes was assessed by three

M [

dlfferent electrophoretlc methods, SDS -polyacrylamide gel

electrOphoresﬁs, polyacrylamlde gel electrophore51s at pH

*

-2.7 and high voltag paper électrophore51s.

\ v = - &

Polyacrylami gel electrophoresis at pH 2.7 was per-

‘ @
formed according to the procedure of Jacksoh et al. (1975)

exgeﬁt that the concentrations ef'polyacrylamide in the
@ ' . - \.,
spacer and separation gels wére %ncreased to 7.5% and 15%,
) : ] ) .
respectively. The gels were stained with CGpomassie Blue as
8. . [ . .4 -

£,
described above.- o

i ., -

A method similar to that of Katz, Dreyer and Anfinsen

<

(1959) was used for hlgh ‘voltage paper electrophoresis. '

Approx1mately 2 to 4 mg of peptrde in 1, 0r'2 drops of 0.1 N°

HC1 s 3potted on€§Ze chgcmatOgraphy paperJﬁ Eléctrophoresis

/

- was-earrled out @p pPH 3.7 in a solution containing acetic

. - a

aeid pyridine "and ﬁatér, 10 1: 89" (v/v), at a‘Edhstant volt-

-

x{age of 2,500 'volts for 1 h. .Ascendlng chromatography in

pyrldlne/butanol/acetlc acid/water (21:30:6:24) was carried

e 5.
% . B A

P

51
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o
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out for 18 h. A solution of 0.25% ninhydrin and 0.6% tri-

——
o —e .

meﬁhylpyridineiin acetone was used to stain the peptides.  “.
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' CHAPTER.3: RESULTS_ |

3 ‘ . NN
3.1 Isolation and Characterization of Human SCP .

-

,«3.1.1 _Purification _ -

. N . : :
Immunodiffusion analyses were used throughout the
~m > ;

purification procedqfe to detect the presence of human SCP
\

o

A f
in soluble fractions. Saline extracts of human spinal cords

-

or per1pheral nerves were found to contaln d;stlnct anti-

genic components both of Whlch cross- reacted extens1vely

w1th_bOV1ne SCp, therebywconflrmlng the»results of MacPherson

/.

and Armstrong (1976) .

NFollowing batch absorption of the saline extracts on.

4 - >

CM-52 cellulose, human SCP was not detected in the CM-52

T ﬁ ‘\ g
,cellulose filtrate. Thexrefore, humian SCP bound to the ién
exchanger under the condition specified for absorption. The

°
3

saline extracts of 100 Q of spinal cord or spinal nerves

. contained 1,150 and 66é/mg,of Qrotein respectively. Approxi-
. PO/ L ' -
mately’l,o and 600 mg of broteinkfrom_the extracts of spinal
spiﬁél”nerveéi respecti%gly were .absorbed on, the

ellulose. The elution profile of SCP from CM-52
fellullose is shown in Figure 1. Human SCP was eluted with

0.05 M‘sodium écetﬁte buffer, pH 5. 8 containing ;.ncreas1ngh B

concentrations’ (discontinuous) of NaCl: The elution pattern

of human SCP-PN, "illustrated in Figure 2, was similar to
h s

that of 'SCP. However, SDS—polyacrylamide gel eleétrophoreto—

grams and 1mmunod1ffusmon anélyses revealed that the two

~
i
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Figure 1.

Elution pattern of human SCP from a CM-52

cellulose chromatography-column (4.5 x 60 cm).

Approximately 1050 mg of protein was ansorbed
on 53 %rpf CM—52 cellulose. Thg column was
washed sequentiéily'with (1) 0.05 M sodium
acetate buffer, RH 4.5, (2) 5.05-M sodium
acetate buffer, pH 5.5 and .(3 ) 0.05 M sodium;
acetate buffers pH 5.8,.conta1nin§ 0.05 M
NaCl. Stepwise %}ution of SCP wasﬂzsrried
out with 0.05_ M soiium acetate buffepgf.pH
5;8, containing ;ncreasing concentrations of
NaCl El was eluted w1th 0’1 M NaCl and E,
was eluted W1th 0. £ﬁﬂwﬁacl 'Fractions con*
taining 5 ml of eluant were collected at a

flow rate of '90 ml/h at 20°C. The shaded

Juae
areas indicate the fractlonscontalnlng 895

’
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Figure 2.

v

-~

-

Elution pattern of/h:;an SCP-PN from a CM-52
cellilose column. Approximately 600 mg of
protein was absorbed on 33'g of éM—SZ cellu-
'lose. The column (4.5 X 60 cm) was washed
sequentially with (1) 0.05 M sodium acetate
buffer, pH 4.5,,(2) 0.05 M sodium acetate
buffer, pH 5.5 and (3) 0.05 M sodium acetate
buffer, pH 5.8, containing 0.05 M sodium

chloride. Stepwise.- elution of SCP-PN was

P

carried out with 0.05 M sodium aédetate buffers, ’

pH 5.8 containing increasing concentrations
of NaCl: B, was. eluted with 0.10 M NaCl and
E, was eluted with ﬂ.ZO'ﬁTNaCl. Fractioﬁs

containing'5 ml of eluant were collected at

a flow rate of 90 ml/h at 20°C. The shaded

areas indicate the fractions centaining SCP-PN.
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patterns difﬁéred notably. Peak E, of the SCP-PN pattern

1
contained more contaminants and sdignificantly less immuno-

reactive SCP-PN than peak E,. 1In contrast, SCP was more

- evenly'distributed_Eﬁroughout peaks E; and Ezg;haﬁ SCP-PN.

1

Gel filgration'chromatograﬁﬁ@ in Sephadex ‘G-50 super-

fine was used to separate SCP from impurities of differing

molecular size. Material in peaks Ey and E, from the SCP

2
chromatogram were combined for gel filtration chromatograph§mw

because the protein,compositions of these.eluates were simi;
lar. Fractions cbnﬁaining SCP had to be rechromatographed .
to. remove all the impurities. The elution pattern of SCP ot
is shown in Figure 3. lSCP-PN—contéininétfygctions derived
from peaks,El and E, Qere chromatogégphed separately and
combined following gel ﬁiltration.' Figure 4 contains the
elution profiie of SCP-PN. It was observed that fractionsJ
from the gel filtration chromatograms contaiBing SCP or
SCP-PN formed one band when anﬁT?%ed in SDS-polyacrylamide
gels. Photographs of gel.electrophoretograms of SCP, afteri
.rechromatography, and of SCP-PN, followfﬁg one gel filtratioﬁ,i 4
are presented in Figure 5. It appeérs that all impurities
differing in molecular size were separated from SCP and
SCP-PN during gel filtration.

When human or bovine SCP-PN were subjected to isoelec- .

tric focusing in a pH gradient, one narrow peak was obtained

- s

" in each case. The isoelectrophoretogram of human SCP-PN is

illustrated in Figure 6. The SDS—electrophor@ioéram and the”

- [

)
e L d

L]

v

-
- >




Figure 3.

Elution profiie of human SCP on Sephadex

G-50 superfine. Fractions-ﬁi and E, from

the CM-52. cellulose chromatography were
combined, dialyzea and concentrated to

contain 28 mg of protein per ml.

Approxifmately 2.5 ml of this solution

: coﬁtaining 70 mg of protein was applied to

a 18 x 90 cm chromatography column.
‘e

Elution with 0.1 M NaCl was performed at
20°C: at a flow rate of 20 ml/h. * Two mt
fractions were collected. Fractions 58 to
70 were rechromatographed“té remove«ﬁinor

contaminants.

¢

*
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Figure 4: Elution pattern of human SCP—PN:on Sephadex
G-50 superfine. Approximately 25 mg of the

protein in fraction E, that was eluted from

1

CM-52 cellulose, was applied in a volume of ‘ :

£ ¥ -

2ml toa 1.8 x 90 cm chroﬁatography column.

The column was eluted with 0.1 M NaCl at a

. flow rate of 20 ml/h at 20°C. Two ml )
fractions were cgllected and SCP-PN was.- f
o obtained between fractions 62 and 75. -
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: Figure 5 SDS—polyécrylamide'gel eiéctrophoretograms

¥ :

of human SCP following rechromatography on

- ‘ -7
Sephadex G-50 superfine and‘of human SCP-
: PN following one”gel filtration.' Eath
* electrophofetogram contained apbroxiﬁately ‘
- ) 10 ug|of protein. )
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Isoelectr:.c “focusing; of human SCEN.

Approxlmately 8 mg of SCP-PN was,

-
o

analyzed in & sucrosé density gradient
. rac;

. contalnlng a pH gradlent from 9 to il

.. Fractlons 9 to 14°were foug/ to contalp k

\ Y

SCP PN. a

-

-indicates absorbance at 280.nm.

fhdigétes the-pH of the Efactiong@
; ~5
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1soelectrophoretogram of human SCP-PN 1nd1cate]that all major

1mpur1t1es were.removed from the SCP PN”preparatlons.

-
< g

3.1.2 Physical and Qhemfcal*Analysesg'. i

? Lo ! 8

The molecular weights of human SCP and SCP-PN were /

estlmated by SDS-polyacrylamlde gel electrophore31s to be:

« 13,700 daltons and 14, 700 ﬂaltons, respectlvely A pur;fled

v
sample of human SCP PN was eluted from a callbrated gel

&

P

filtration column of Sephadex’E§§0 superflne at a volume
iz

6f 15,000 + 20% daltond.

o

correspondlng to a moleculg§L
t

A pH gradlent from 9 to 11 was establlshed in a

sucrdse den51ty gradlent. The isoelectric point of human L

-

SCB-PN and bOV1ne SCP PN was estlmated to bé "9.9.

The amlno acad compoeltlons of purified human SCP and .

SCP-PN are presented in Table 1. The value for ammonia -was

x
" not inclﬁded and no cdrreétions were made for hydrolytic )
.losses. ‘Although the amino acid compositions are 51m11ar, @

SCP appears to ﬁpck half- cystlne while SCP-PN contalns 1% oo .

-~

o

‘ of half-cystlne.

-

HCl hydrolyzates of dansylated human and bovine SCP

and SCP- PN were analyzed by th1n layer chromatography , In. g
. P -
each case,’ a dansylated amina acid derlvatlve-correspondlng S

“*to the NHz—termlnal amlno acid coul&;not be, detected Plates

- [

contalnlng up to 5011moIes of human SCP or SCP PN did mot
contain dansylated -amino acid derlvatlves othér than those

- . M ) e > 0

of e-lysine and‘%—tyrosine,' This résult is consistant with

a high hegree‘of homogeneity of the .SCP and*SCP-PN preparations
. 'T" : . * %: P ,
) -~ v . . N . . P L

re T .. ' \




B s chc M i

B et i adaet b ags L Ea O N

- "
ey Y . M Te . e s AR R st o ( . o e i b e ¢ — - ——
Py ( ¢
! [
.
USRI |
. 68
> 4 ¢
. . “© ; d
. } . -
¢
- -~

TABLE 1l: Amino @cid compositions of s
é ] human SCP and SCP-PN. .

&3 ’ . : .
- . Amino Acid composition - . . -
(mol/100 mel amino acid) ~
Scp SCP-PN o=
N L] i r
. - -7
Lysine " 13.9 . 13.7

- ’ s ’- * ‘&

. Histidine ’ 0.5 - 0.4 .

N .
. : - Arginine —:> 4.1 5.3 .
) _Aspartic 2cid 8.6 ﬁ§$ -

Threonine

Serine 7.5 - » 5.8 .

(¥

Glutamic Acid 16.0 11.9

Proline 1.4 1.4

P : Glycine ) 10.7 . 7.9

- . A;anine . * 5.2, ¢

e Y . .
s Half cystine’ < 0.0 1.0 §

. . Valine - 6.4 7.5 ¢ )
Methionine .o 1.5 - 1.7
. = N )
’ .Isoletcine », 8.5 " 5.4 t
* ° ) . . r -
.. Leycine 5.7 . 8.8 K
o :
. Tyrosihe . 2.1 . 1.2 .
. R / . ‘
) Phenylalanine, 3.8/ 3.6 ' )
, ' - -
> N AR -~ «
" N .
v » [ T o . -
s H
. N
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human SCP and SCP PN were often fuzzy and “required 48 h to

'contalns hlghly ac1d sulfate groups whloh lmpart a negatlve

' port 1s lessened conSLderably This 1nterpretatlon agrees

r

and indicate that the two proteins had blocked NH,-terminal

amino ac¢ids. ’ - . - \ T

3.1.3 Immunochemical: Analyses

. ; The immunodiffusion analyses were performed in 1.3%

agar containing 0.05 M barbiturate buffer, pH 8.6. Unggr

these conditions, the precipitin bands that. formed opposite

o

develop, particularly when an anti- human SCP-PN serum was

used. However, when either agarose slidés or agar slide§¢

-
'!

'~ containing 0.1 M NaCl or aprotinin were uséd, the precipitin

lines were distinct andrdeveloped within 24. h, The fuzzy

a .
precipitin lines encountered 1Q§the agar slldes may poss1bly

v

be caused by 1nteractlons between the'agar and SCP.‘ Agar

o

charge to the agar in the b arbiturate buffer at pH 8 6.

Human rSCP and SCP-PN are ba31c~prote1n5¢ Thus, electrostatic

©

lnteractlons between SCP. and the agar mlght 1nterfere w1th
/

the ﬁaffu510n of SCP through thé agar support.

(1

Since agarose gontéins a mlnlmal amount of sulfate, -

adsorptlon of ba51c substances onto the polysaccharlde sup-

- +

ﬁéﬂk ——
1th the study of Brlshammar, Hjerten and Hofsten~(1961) in’

whlch agarose gave rise to more dlstlnct lines of prec1p1ta—

tlon in gel dlffu510n analyses of ba51c antigens than did

agar. Aprotlnln or NaCl in qﬁar appears to 1mprove the

“

dlffu51on of human SCP and SCP-PN in agar. This may poss1bly

e




- . may also determlne the sharpness of a pre01p1t1n line because

P L LT O L

-

S s at———— s s e e e

, AT )

be accomplished through a mechanism‘by which aprotinin:inter—
‘acts with thelacidic groops§5f'agar thereby decreasihg the
numiber of acidic groups -that wdéald otherWise'be amailab;e to - i
i;ieract with SCP or SCP—fN There;is, inaeed evidence that’
indicates that aprotinin has the property of blndlng to - a
ac1dlc sugars (Stoddart and Klernan, 1973) ~1ncrea31ng |

the ionic strength in the gel NaCl could decrease the &lectro-

-

static attraction between SCP. and agar, thereby facrlltatlng

diffusion. Factors other than the ba51c1ty of the antigen

’ % Foi iR

bovine SCP, ‘'which has the same net charge as human scp, did

not, form fuzzy prec1p1t1n lines in agar,

]

T~ When human SCP and SCP-PN andfbov1ne SCP were, allowed

to dlffuse towards an anti-human SCP-PN serum, two distinct

i

prec1p1t1n lines formed opp051te each antigen, the outer

lineé being heavier than the inner line. Th%s is shown in - .

¢

Figure 7a. If the conpcentration of antigens was too high or
if the reaction was allowed to proceed for more than. 24 h,

then the two”precibitin bands widenéd and coalesced to form
- ) . ~ , \

one broad band. : :
The major (outer) "and mlnor ¢inner) preClpltln llnes . :

formed by human SCP and SCP PN fused w1th those of bovine

e ®

ScP w1thout spurring. Therefore, the three proteiﬁéumay be

Y

considered to 'be, 1mmunochemlcally identical. However, the

protelns cannot be consrdered to be equally reactlve because

El
xﬁa—-

the homologous human‘SCP—PN formed- heavier prec1p1t1n bands

than did human SCP and bov1ne ‘SCP when the protelns were

presdﬁt at 51m11ar conqentratlons. L . -@59
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Figure 7. Immﬁnodiffusion‘analysgﬁ of human SCP and

s )

¢ - SCP-PN and bovine SCP in 1.3% aéafose
containing 0.05 M barbituraEe buffer,
pH 8.6. The conpentrétions of the pure -
angigens in tﬁg peripheral wells dre in |
mg/ml and are indiéated on the photograph.
o The slides were photogrgpﬁid after 18 h of
»~ ' development. HC, human SCP; HR, human SCP-

- PN; B, bovine SCP.

Ve

The center well contained an anti-

%
i
_t
k. #he :
é human SCP-PN serum.
i B. The center well contained an anti- 2
§ . bovine SCP serum.
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When human SCP and SCP-PN and bovine SCP were allowed

. . » o ’ . . 2 - »
to react with an anti-bovine SCP serum in immunodiffusion

analyses, %he majdr'and'minor precipitin bands that fbrméd

opposite human SCP and:SC?=PN‘fused‘with the single band
that formed opposite the homqloééus bovine SCP. This is

. . r .
shown in.Figure 7b. Thus, ié“appears that the two immuno- \
- L g
-chemically dlstlnct forms of human SCP and«SCP PN share

. -/ -

.,dlfferent*antlgenlc %etermlnants w1th bovine SCP.

4 .

- In 1mmunoelectrophoret1c analyses in a§arose, human
< .

SCP and SCP-PN also formed two separate precipitin.lines.

- . -

The lines were located in the region of the immunoelectro=
" - phoretograns where theaﬁreéipitin arcs of y=-serum globulins

v are found (Figure 8b,c).

‘It has been demonstrated in earljer studies (Yo apd

¢ re i
MacPherson, 1972; MacPherson and ArQ§trongy 1976; Weir and -
MacPherson: 1978) that when ahalyzed by immunoelectrophoresis

in 1.2% agar contalnlng 0 05 M barbital buffer, pH 8.6, bovine,

rat and human SCP had electrOphoretlc mObllltleS corresponding

4‘

to_that of a 3—serum‘globulin. An gqunoelectrophoretogram
*® .

of human SCE-PN run in agar at pH 8.6 is presented in Figure

‘8a. The precipitin lines‘developed as two doublé arcs.
Weir and MagPhersen'(l978) concluded that thefe were two

: ag}igenic.fbrms of human SCP, each possessing two. distinct
- - v : ‘. A <
.. ‘configurations with different surface charges.. S

A more plausiﬁle txplanation for the fofmation of the -

double arc in agar immunoelectrophoretograms. involves electro-

N K
4

static interactions between SCP and the, agar that appear to

~ \
N
.
%
.

~
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Immunoelectrophoretograms of human SCP in

agaf and of human éCP-PN 4nd bovine SCE
in'agaggée. Analyses were caffied out in
either 1.2% or in 1.3% agar containing
0.05 M barbitu;ate gﬁffer, pH 8.6, at a

constant’ current of 15 ma/slide for 45

‘min. The extract of human spinal cord

aup———

' (HSCE) &ontained 30 mg of protein/ml and

the purified antigens were run at a

concentration of 1 mg/ml.
- . i
A. HSCE and human SCP ‘analyzed in agar:

and developed with an anti-human SCP
serum.

E7S A

Bovine SCP analyzed in agarose and
developed with an apti- bov1ne SCp
serum. .

Human SCP PN analyzed in agardvse and
~developed with an anti-bovine SCP .
serum.
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~Lin—-and a y-serum globulin.

el
be strong enough to cause the migration.of the protein to be

retardéd, thereby producing an eibngated migration zone.

- )
Thus, immunoelectrophoresis of human SCP in agar gives one -

the iméression that SCP has the mobility of a B-serum globu-

However, in agarose humah SCP

<

migrates ia a shorter zone because agaroge, uynlike 'agax,
Yacks the large numbe; of acidic sulfate groups which abpea;
to interfere with the migration'of SCP._G
The.reiativeuamounts of ﬁuman SCP in saline extracts
of human nervous tlssues as measured by quantltatlve single
radial 1mmunod1ffu51on were found to be 1:6:60 £or braipn,

- -

spinal cord and spinal nerves, respectively.

3.2 Purity and Yield of Myelin

! .
Electron microscopic examination revealed that bovine

peripheral myelin was composed of the characteristie lameliar

Subcellular organelles such as

. . ) 13 ? - i t '
mitochondria and nuclei _were ‘absent. " -

-~ . -

fragments (Figure 9).

3

-~

"An average of 15 mg of myelin was obtained per gram

of perfpheral‘aerve (wet weight). Purified myelin contdined’

30% of protein,

3.3 Quantitative Analyses

When 0.3 M NaCl extracts of bovine spinal roots were

analyzed .by quantitative single radial immunodiffusion it

-,
3

was determined that an,average of 1.3l mg of SCP-PN was .

extracted pef gram of whole tiesue.

4

tissue prlor to NaCl extraction did not change the amount of

Delipidation of the

-

SCP-PN solublllzed.

Therefore,

it appears that all of the

76
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~_ 3.5 MyelinﬁExtractions' - : .

~ Iﬁmunoreactive SCP-PN in spinal neryes was present in the
N N M ”Ql \.
soluble -fraction of the NaCl extracts. ' LN

. 1

Bov1ne«SCE—PN Was detected rn ‘the soluble fractlon of

" the initial 0.8 M\gucrose,homogenate of spinal nerves. The °

subsequent supernatants obtained in the course of the myelin
y . . s LN

purification di@ not contain any immunoreactive SCP-PN. The

_amount of SCP-PN in the 0.8 M sucrose supernatant was esti-

-

'mated to be 0.33 mg}g‘of whole tissue.

Y

3.4 Myelip—Associated SCP-PN'

: Purified myelin, solubilized in 1% SDS, was analyzed

, - e, ~

* by Iﬁmunodiffusion and SDS—polyacrylamide gel electrophoresis.

The electrophoretlc pattern of myelln protelns is shown in

~ Figure 10. It can be seen from gel 2 that myelln contalns

at least one protein which hasfhe same electrophoretlc

mobility as SCP-PN. - Immunddiffusion studies revealed that.

immunoreactive SCP-PN was present in purified myelin.
Yoo . . . ' "
e ’ 1
- Follow1ng the extractlon of myelin w1th 0.3 M NaCl,
the den51ty of the stalned bov1ne SCP-PN° band in the myelin
electrophoretograms decreased. consrderably.' This 13}eV1dent
:ln Flgure 10; gel 3, as well as from Elgpres 11a andtllb
which contarn'den51tometr1c seans of gels of myelin and Naci—

. extracted myelin, respectTVely ECP-PN was found in NaCl

extracts of myelln by 1mmunod1f u\&on analyses, but was- not -

‘detected in SDS-solublllzed NaCl-extracted myelln.

-
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\Figure 10,
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'

SDS-polyacrylamide .gel éiectrophorétograms"
of myelin’broteins, bqyine SCf-PN,'ly502yme
an&ﬂpepsih. 'Electropﬁones;s waérperformgd
at pH 7.0 in 10% polyacrylamide gels.

Each gel eontained 20 to 30 ug of myeliﬁ‘
”proteiné or 5 to 10 ug of standard proteins.
" The gels are: 1, bovine ch—Pﬁfxé, myelin;

3, NaCl-extracted myelin; 4, 0.3 M Nacl

extract of myelin; 5, NaCl-extracted myel;n

homogenized: in the presence of SCP-PN;

6, lysozyme; 7,.NaCl-extracted myelin -

homggenized‘in'tﬂe presence of lysozyme;

8, pebsin; 9{_NaCl—extracted myelin

_ homogenized in-the presence of pepsin.
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proteins, either increased or remained relatively constant.

* SCP-PN + PAS-II peak.
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After electrophoresis some of the slab-gels containing _

~

proteins of myelin and_NaCl-extraeted‘myeliﬁ-ﬁere stained
with the periodie acid-Schiff's reagent. Two bands chdrac-
teristic of glyconbteiﬁs'appeated° one‘at.the position of
the P0 proteln and one at the position Of'UMBPAS II protein.

The PAS-II glycoproteln has the same electrophoretic mobility

as SCP-PN in SDS—polyaerylamide gels (Kitamura, Suzuki and

Uyemura (1976). However, these authors have' demonstrated

3

that SCP-PN and PAS-II are distinct proteins that do not

cross-react immunoloéically and that have different amino
A ) * . -
acid compositions. Hence; the band containing SCP-PN and

PAS-II in SDS-polyacrylamide gels will hereinafter be re-

)

ferred to as the SCP-PN + PAS-II band.
The protein compositions of myelin, extracted myelin

and the myelin extracts were calculated from the den51to—

metrlc profiles (Figure ll) of the SDS- polyacrylamlde gels

and are presented in Table 2. It is evident that after NeCl

~

5 .
or HCl extrattion of myelin the percentage of total myelin

protein in t&e SCP-PN + PAS-II peek decreased from 25% to 8%.

Subsequent extractions of myelin with NaCl or HCl déélnot
lower the amount}of protein in the SCP-PN + PAS-II ﬁeak.
.After extraction, percentages of total myelin proteinrg,

of Pl; P protein X, protein Y and the high molecular weight

©

OI

It was-calculated from scan C in Figure 11 that 81% of the

protein in the first NaCl extract was extracted from the

L,
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The P0 protelnrls the major‘prpteln Qf the perrpheral

H
-

myel1n membrane«and is con51dered~to be’an integra)/membrane >*"

protezn {Eyerlyy Brady~and Quarles 1973, Wood and Dawson,

AR

‘ 1914- Brostoff et al., 1975b)-‘ Slnce P was not detected i

gatlon at’ 170 000 % g‘, Cad L - ,f'

v

-

\

0

"~ the percentage of protelns remalnlng in the extracted myelln.a

0
the NaCl extracts of myelln, 1t is apparent that all of ‘the

~

' b Id

myelln membranes were reToved from the extracts by centrlfu-‘

.
- Ve S
P {l - , kR B L A

W4 -
‘.
3

Other protelns present 1n the extracts 1ncluded two

:‘.

unldentlfzed protelns, each cf whlch comprlsedaagprox1mate1y
6% of the total myelln proteln. It 1s eV1dent from Frgure

lO gel 4 and Flgure llA scan B, ihat the 1arger unldentl—

fled proteln had-an electrdphoretlc mobllzty sllghtly §lowerl
than that of PO proteln, whlle the electrephoretmc moblllty
T

of the smaller unldentifled proteln.was slmlia;

-

Pli Thus, the large and small unident1f1ed~ otelns were

. -

measured as P0 ‘and P17 respectlvely, 1n Table .2. d@in 20%°
polyacrylamlde slab-gels, the Pl band was resolved lhto two

bands. "The electrophoretlc patterns .of myelln and NaCl— RS

Pie b

extracted‘myelln -are presented 1n Flgure 12 It 1s’e;1dent -

- [ , - "»’—

that some of the proteln 1n the leadlng band was extracted

from’ myelln by “0. 3 M Nacl., PR :
One would expect that the solublllzatlon of proteln

\_ b R . o

from the SCP-PN + PAS Il band would result ln an 1ncrease in -
{ i, Ko

4’&’:}‘!«

-

However, the Bi,content of extracted«myelln was the same as

-

s
?

that ofénnextracted myelln because some‘bf the unldentlfled

, -\— - .v
| - -
L2

protein in the“Pl band was SGIublllzed in the 0 3 M NaCl

\ 2

&
extract.

-
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SDS-polyacrylamide slab-gel electrophoreto-
grams of myelin and NaCl-extracted myelinf
Analyses wefe carried out in*a discontinuous.
20% polyacrylamide slab-gel'system. Lanes

1 and 2 contained 75 ug of protein from
NaCljpxt;acted and/unextracted myelﬁh,

_respectively.
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- When peripheral nerves were homogenized in 0.8 M
sucrose containing 0.15 M NeCl, the protein in the éCP—PN +
PAS-II band accountedcfor\on}y 17% of the total myelin pre- - —
tein. 'This indicates that the presence of 0.15 M NaCl in .

the homogenizing medium rediced the amount of SCP-PN bound-,

. t
WA T to myelin by approximately 50%. . .

3.6 Bovine‘%CP—PN in NaCl-Extracted Myelin

S
N
s
o B
&
-

>
0)
.~

.~y
DR A 2 £

R Bovine SCP-PN was not detected when NaCl-extracted

&

y

~
TR Y

x'.._ ——_—
CE myélln was eXamined by immunodiffusion analy51s. However,

P

TN

"thls result ¢id not preclude the possibility that the amount
'-..“; o ":'-'{ ‘v‘v . ¢

pf SEP—@N 1n NaCl-extracted myelin was insufficient for 1den-

WS

£

'ta?IqatLph ﬁy lmmunodlffu51on analy51s. Thus, the amount of

P

; .’.‘-',,' 'F"’."l‘y'g* ,’w ,a
SCP%?N i the.total proteln extracted from the SCP-PN + PAS-II

2

v
» ,:, "\uJ

u/f

’;f bant ef SDQ*pgkyaqrylamlde gels was 1nvest1gated Following

',f/“'

A

.ageténe pfscmgxtatlpﬂ of the extracted proteln, the SCP-PN in

[ e
rel

" . &
TR Srae AR

ézsdilne-eo&ubfehffactlon of the precipitate was measured

£ ‘qpéntltatlye sxngl radlal 1mmunod1ffu51on. It was deter-
s, ’J B . .

i‘:\'

:% 3present in the 211 ug of X

& ‘. q\ .
{4 CP‘PN cém rised approximately 8%

p pp
«.- e ‘ \

If SCP-PN + | -

.
e
- epenFoa

,: .

£ed myel.i.nwthe i i

fpnoteln in NaCl extracted myelin.
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proteins to myelin suspensions are'given fn Table 3 It’is./

ev!aent from Figure lO gel 5, and from TaBle 3, that when

0.25 mg of bov1ne scp- PN was added to .a suspenSLOn of*NaCl-'
extracted myelin in 0.8 M sucrose, the proteln in theSCP—PN +
PAS-II band of the electrophoretogram of the water—washed

myelin pellet accounted for 36% of the total myelln proteln

The addition 6f, O 25 mg of SCP PN to unextracted myelln
resulted in an lncrease of proteln 1n the SCP-PN +. PAS II
peak from 25% ;to 44% _of ‘the toial myelln proteln. .Thus, it

is apparent that NaCl-extracted myelln is capable of'rebind- X ‘

<.,

ing SCP-PN: and that myelin can blnd ‘more. SCP-PN than what is

normally found in purlfled myelin. - = v

However, the data in Table 3 indicate that the amount,

of protein that was bound to myelin ; greater than the . .

amohnt_that‘was added. For example, the

nt of protein
\ W . -

in the 5 mg of myelin was apbroximately 1.5 m .IprpfOXi—

mately 25% of this amount,. or 0.38 mg was SCP— Q‘+ PAS—II.

-

If one assumes that all of -the 0.25 mg of exogenous SCP PN
was bound to the myelln, then 0.63 mg of 1. 75 mg of°mye11n
proteln would be SCP{BN + PAS~- II Th}s value is 36% of the:
total protein. An explanation fo; this discrepancy involves
the method used to estimate the percegptage of total protein.
The amount of dye that a protein hinds and/or the amountnbf o KR

- * f \

light that a stained band transmits are not linearly correla-

ted with the amount of protein. For example, it was deter-

, .
mined that as the*amount of purified SCP-PN in SDS-pdlyacpyl-

amide gels 'increased, the weight of the densitometr®c scans

of’the peaks increased ‘exponentially. Thus, some of the
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values in Table 3 indicate that more protein had bound to

.

myelln than the amount that had been added.

<

It will be seen from Table 3 and Figure 10, -gel'§,

that lysoZyme, a basic protein which does not occur in myelin,

:

bound to myelin gnd'Nagl—extrécted myelin under the same

-

conditions as described above. Pepsin, an acidic protein

isolated from gastric secretions, did wnot . bind tohe;ther'
myeljin or NaCl-extracted myelin., - - ) T

e

3.8 - Fixative-Extraction of Tissues -
Bovine.spinal nerves were homogenized with-either

- N - !
acetone or 95% ethanol/ether. The ;psolubleQ&raction was

extracted with 0.15 M NaCl and analyzed to ascertain whether

bovine SCP-PN was rendered.insoluble by either of the organic

4 R

solvents.. Immunodiffusion studies on the NaCl extracts re-
.

°vealed that neither acetone nor 95% ethgnolyether could

% .
prevent the solubilization of SCP-PN by 0.15 M NaCl.
e
, ' .

3.9 Rat SCP-PN and Peripheral Myelln

Exammnatlon of slab ~gel electrophoretograms (Flgure

13) containing purlfled rat SCP-PN and rat perlpheral myelin

proteins cféarly revealed that there was no band in the

4

electrophoretogram of‘myelln proteins at\the p051t10nlto
which rat SCP-PN migrated. Thus, as one might expect,’rat ~

SCP—PN‘wasinqé detected by {@munodiffusipn analyses in rat

. péripheral myelin solubilized in SDS. These findings

indicate that rat SCP-PN is not a cdmpoqent of peripﬁeral
€ . - « Vs . ‘ [yrs

myelin. S S
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SDS-éolyacryiamide slab-gel electrophoreto-

grams of rat-SCP-PN and rat peripheral nerve

e

myelin proteins. ' Analyses were carried out

/in a discontinuous,” 20% polyacrylamide slab-

1 a4

gel system. The lanes contain:

1, a mixture .
of delipidated rat ﬁeripheral nerve myelin

(65 ug) and SCP-PN.(12 ug); 2, delipidated

rat peripheral myelin (65 ng); 3, SCP-PN

(12 pg). The bands containing Py, Py and

, were determined by coﬁparing the electro-

phoretogram to that of Singh, Silberlicht
. 14
and Singh (1978). s .
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MacPherson (personal communication) has determined
that the molecular weight of rat SCP-PN is approximately
11,300 daltons. However, the ?2 protein of rat peripheral

myelin has a molecular weight- of 13,500 daltons according

to Singh, Silberlicht and Singh (1978). Therefore, rat

$CP-PN is not equivalent to the P2 protein of rat peripheral

myelin with respect to molecular size or immunochemjcal
reactivity.

E

3.10 CNBr-Derived Peptides -

Atteméts were made ‘to burify each of the CNBr-~derived

peptides of bovine SCP. The elutioh<pattern of the peptides

from Bio—Gel‘PGjis illustrated in Figure 14. The three -

major peaks were designated CN1, CN2 and CN3 with(ijégect to

the elution order from the column. The’purity of
) ¢

ch pep-
tide peék was analyzed by three different electrophoretic
methods.

. 1

A photograph of the SDS-polyacrylamide gel electro-
N ~

phoretograms of bovine SCP, CN2 and CN3 is shown in Figure

15.© SCP, CN2 and CN3 each formed one band in the SDS-gels

¢N1 contained uncleaved .SCP and partially cleavéd SCP. 1In

polyacrylamide gel electrophoresis at pH 2.7 all of the

‘migrate from the origin. Nor did CN1 migrate in

samples of CN1 formed one band indicating that a1l of the

components had the same mobility as SCP. CN2 and CN3 each

formed one band. CN2 had the fastest mobility of the three

éepti&és. ) ,
.During high §oltage papef electrophoresis CN1l did not

the second .

[y

.

Y




Figure 14. - Elution pattern of CNBr-derived peptides
of bovirfg‘ SCP on Bio-Gel P6. Approximately
30'mg of lyophilized material was applied

in 1.2 ml to a 1.8 x 90 cm chromatography

| column. Fractions contéining 2 ml were

collected on elution with 0.1 N acetic

aci%;?h:g‘iigy rate of 15 ml/h. | \

{
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X Figure 15. SDS-polyacrylamide gel electrophoretograms
6f CNBR-derived peptides ofihbvine scp.
Electrophoresis was carried out in-15%
polyacrylémide g?ls for 6 h at 8 mA}gel.:

-

- The gels are: 1, SCE‘(QDyg); 2, CN2

{\,

(3 ug); 3,. CN3 (5 pg). The High

molecular weight component in gel 1 is a

dimer of SCP. o ’
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*\: peptides joined bfié'disulfide bond. First, two peptides

o

N T . . .
dimension duripg ascending chromatography. It is apparent

o A
—wthat undér the conditions of electrophoresis anqg chromatog-

g —— -

"8
raphy the components of CN1l were insoluble. -CN2 and CN3

each had one component that ﬁigrated towards the anode. -

However, when CN2.was treated with 2-mercaptoethanol priof
b L4
to electrophdresis, two distinct peptides were discerﬂed.

The amino acid compositions of CN2 and CN3 are given
iq\Téble.4n . Homoserine was not detected because several

imes the. usual amount of sample is required to enable

serine cohtent)to be accurately deﬁermin;d. The two

peptides differ ndﬁablyvin that CN2 .contains five valine

° ~ s
.residues and two half-cystine residues. CN3 does not’con-

R tain half-cystine and has 1 valine residue.’ .

The amino aci@ sequence of protein P, (SCP-PN) pfoﬁased

. 2
by Kitamura et al. (1980) is given in Figure 16. It cgn be /

o -

predicted ‘from thé position of the methionine residues that
. . l ~ &

the action of CNBr on SCP-PN should produ€e four peptides:.

two -small peptides ag,fhe COOH~-terminal (CB3, CB4), one pep-

12

tide at the NHz—terﬁinal (cB1) and‘a larger éentkally—located

peptide (CB2). The amino acid compositions of CBl, CB3 and
2 . i ’
CB4 are compared to the amino acid compositigns of CN2 and
i - .
, - CN3 in Table 5. The similarities suggest that CN3 is derived

from the NH,-terminal end 6f scp (cel) while CN3 appears to -
. . - .
be equivalent to the two small peptides at the CO®H-terminal °

.

* end of SCP-PN (CB3 and CB4). Thus, Egeie are three lines of

evidence whichnstrongly suégest that CN2 is composed of two
. \ N ' .

-~

\ | k\ | |
* .
- . .
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. § . ‘ .
- . ' TABLE 4: BAmino acid compositions of CNBr-

derived ‘peptides of bovine SCP.,
(Results are .the averages obtained

\ -~ from two analyses).

. Amingﬁacid - composition .\i\\‘\

? (mol/100 mol amino acid)

; : cN2 CN3

: o - P

) Lysine ' 22,5 A 12,5
' 04 Histidine’ :
- Arginine 6.7
’ Aspartic Acid 5.3 15.4 ‘
. Threonine " 4.6 . 5.6
Serine ) , “12.3 ,
Glutamic Acid - 12.8 ST 1306 e,

! Proline ‘ P L
: ) Glycine . . 8.1

: Alanine . '
1 Half cystine . 10.5 . ST
3 ‘Valine : 28.7 . 7.7 - .
i . - [
y N P hd
% /7 - - Isoleucine ' 4.5 .
| o, '
t Leucine. il 9.6

» \
Tyrosine - 4.4 5.4
'/ 4 N
Phenylalanine 9.8 -
. ¢ o
) /
) ¢
) % > . .
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The complete amino acid sequence of bovine ‘

3 -

P, SCP~PN)." The sequence'is from the* -’ ‘ R

report of Kitamura et al. (1980). The
: 7. -

sequénce of SCP-PN determined By ' )

.

< - T
communication) jis identical to that |, . -

MacPherson and Bradshaw (personal

present here.. . e
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N—Ac~Ser~Asn-Lys Phe«Leu~Gly~Thr-Trp Lys~Leu-Val Ser—
————="-CBl 201;—— CB2
Ser- Glu-Asn- Phe—Asp Glu-Tyr-Met Lys-Ala—Leu?Gly-Val~
4 - - 30 CB2 - ~ - .
Gly—Leu-Ala THr-Arg-Lys- Leu-Gly—Asn-Leu-Ala—Lys-Pro-
0 ' CB2 ———55
Arg-Val Ile Ile-Ser- Lys~hys—Gly-Asp~Ile -Ile- Thr-Ile-

, S
CB2 *——ts -

- -r——"-‘—

»

' Arg-Thr-Glu Ser-Pro—Phe-Lys-Asn-Thr-Glu Ile-Ser-Phe-

70 CB2
Lys—Leu-GlyrGln—Glu-Phe Glu-Glu-Thr Thr-Ala—Asp—Asn-

Arg Lys Thr Lys -Ser-Thr-Val- Thr—Leu-Ala—Arg-Gly—Ser—

' 2
T CB2 ‘? 100

Leu—Asn—Gln—Val Gln-Lys- Trp-Asn Gly-Asn ~Glu-Thr-Thr-

o CB2 - CB3Y ‘e« '
. 110 —1F

Ile~-Lys-Arg~Lys~ Eeu-Val—Asp—GlyFLys—Met—Val-Val—Gluez
“—— CB3 .“‘2 — CB4
Cys-Lys-Met- Lys—Asp-Val—V l£Cys-Thr-Arg Ile—Tyr -Glu-
130

Lys-Val
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TABLE, 5:

Comparison of the amino acid compositions of

CNBr-derived peptides of bov:Lne SCP and bovine

P, (SCP~PN) 4, =

b

The value for homoserine was not estimated.

AN

o

Amino acidb Composition (minimum number of residues)
- . Scp ) . " P,
N . CN2 oN3 Yy "C’IB(3) + 4) CBl |
' - ' T .

Lysg'.ne 3 2 ) 3 2
Histidine T '
Arginine’ . 1 .1
Aspartic Acid 1 -3 r; ’ .i 3
Threoni'ne;' - 1 17 :’/= ’l 1
Serine ) 2 y 3
Glutamic Acid 2 5 - .2 2

" Proline ' ’ =z )
Glycine : S S l
\Alanine T /
Half, Cystiqé ca 2 2 _j
valime . - s . s 1
'Is:o:leucine ) ’, / 1 l' -
Leucine - - 2 ) 2
'-I‘yr"c,)sine 1 1 1 1
Phgnyla;%anin_e 2 2
apa.}tié of Kitamura et al. (1980)
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-were detected in the paﬁer electrophoretogrdnis of reduced

° -

CN2. Secondly, CN2 contains two half-cystine residues.

<

Thirdly, the amino acid composition of CN2 is very similar

to that-of CB(3 and 4) of SCP-PN.' This sequence.contains

- v

two half-cystine residues and a methionine residue.

The ability of each peptide to form immunOprebipipates

.

with an anti-bovine SCP-PN serum was tested by immunodiffu- &g
sion analyses. Peptide concentrations ranging frﬂﬂ/O.Z to
3.0 mg/ml were used. However, none of the peptides.formed
precipitin lines. -~
. P .
z . /’. - ~
> ' / . -
- X . ‘
. 1
=
’ A e
. 4
L4 - . )’_.———.J
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" or bovine ScP friom the ion exchanger.

1.

CHAPTER 4: .DISCUSSION

4.1 . Himan SCP arid SCP-PN _
4.1.1 Pﬁrification and Characterization

During-the early studies on SCP, Yo aﬁd MacPherson
(1972) had 1dent1f1ed a componerrt in 0.1 M Nacl extracts of
human splnal cord that formed two prec1p1t1n lines when
allowedSiS react w1th ankéqpl—bov%ne SCP serum in immuno-
aiffﬁsion tests.’ Thus,40“15 M NaCl was used to effectively
extract human SCP and SCP-PN from the tissue.

The purification procedure for human SCP and* SCP-PN
study is.very gimi;gr to the method used to.purifébbovine

SCP (MacPherson and Armstrong, 1976). Moreover, the

" chromatographic properties of human SCP or SCP-PN on CM-52

cellulose are similar to those of.bovine SCP or SCP—PN.r For

g;ample, an increase in the concentration from 0.1 M to 0.2

~ v o

M of NaCl is required for the complete removal of the human

.

,When basic prqfeihs bind to cgllulésic ion exchangers,
strémgboﬂds are formed. ,This can result in poor resolution
and'unSatiéfactory chromatog;aphicjresuits (Khym,,1974)n
For example, the effect of linear and step gradients of
NaCl on the ch:omatbgraphic’behavior.gf polylysine peptides

hds Been examined by Smith and Stahmann (1969). Interest- .

" ingly, it was found that an 0.1 M increase in the salt

e

& [
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concentration of the eluting buffer was required from the time
that the migration of -the peptides was first detected until
they moved freeiy down the column. The need to use two

4 - . -
buffers to completely elute human SCP may reflect strong

bonding Between SCP and the ion exchanger. However, this

chromatogfaphiC‘property of SCP may be .indicative of chemical

¢

differences in the-SCP eluted in El and E2. For example,

©

the immunodiffusién analyses indicate that human SCP and
S%?—PN éach contains‘two distinct populations of molecules.
Hence further work is needed to clarify thié pfobl§m:

| éontamihating proteins were not detéc£ed in prepa;é-

- LN i
tions of human SCP 'and SCP-PN by SDS-polyacrylamide gel

"electrophoresis or in the NHZ—terminal amino acid analyses.

These results indicate a high degree of homogeneity in the

preparations of SCP and SCP-PN. ' Ty

)

Although human SCP and SCP-PN have similar chemical

~and immunochemical.properties, they are hot™ identical.

Human SCP-PN has:a slower mobility in SDS—pol§acrylamide‘
k2
gels and contains less glutamic acid.

The acidic¢ amino acid content of SCP and SCP-PN is

approximately 24% while the basic amino acid content is
approxima®ely 19%. However, the isoelectric point of SCP-PN,
9.9, indicates that SCP-PN is a basic protein.: The similar- ~

ity between the elutioh properties of SCP and SCP-PN from

M:& e . L ’ » a *
6M352 cellulose indicates that the isoelectric point of SCP -

is similar to that of‘SCP-PN.‘“Thus,~}t éppears that a num-

ber of ‘the acidic residues of ECP and SCP-PN are amidated.
+ qQ .

a4
i




i

The amidation'of theée residues would deérease the contribu-
tion of the acidic residues to ther net charge of the §rotéins
thereby p;oduciﬁg a basic ﬁfoﬁein. SN ;
The amino acid composition of human SCP indicates tﬂat
there is4no half-cystine in. the proteiﬁ. However, Fhere is
reason to' suggest that this result should not be regarded as
conclusive. Due to a shortage, of-material, .only two prepdré-
tions could be analyzed. /Thus, a few comments regqrding

the possible presence of hélf-cystine in SCP are in order.

It is evident that bovine SCP contains two half-cystine

<
L]

residues because bovine SCP can form polymers in SDS-poiy—

' acrylamiae gels in the absence’ of 2-mercaptpeth;nol. Sequen;e
studies (Kitamura et al., 1980; Weise et.al., 1980b) have
established that bovine SCP-PN (P2)'éiéo céntains two half-
cystine residues. Yet‘the amino acid composition of bovine
SCP-PN (P2) also contains two half-cystine residues. Yet,

the amino acid compositionlzf bovine SCP publf?héa Eg
MacPherson and-Armstrong (1976) indicated that SCP contained-

only 0.5 moles of half-cystine per 100 moles of amino acid.’

Moreover, in earlier studies of the amino acid composition

of bovine P2’ no half-cystine was detected (Brostoff et al.,
1974f} ’Furthermore, it was observed that human SCP-PN

occasionally formed polymers during gel filtration chromatog-

pr—

raphy. Therefore, the possibility-that human SCP contains.

half~cystine can not be excluded until further studies are

conducted.
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It has been established that bovine SCP and SCP-PN

L4

(P2) do not contain histidine (Broétoff et al; MacPherson,

Armstrong and Tén, 1976; Kiﬁamura et al., 1980; MacPherson

content of SCP-PN preparations has been used as an indicator
of contaminating proteins or peptides. It is evident from
the amino acid aﬁalyses that prepéiations of human SCP and

SCP-PN conkain histidine. Further work will be required to

establish whether histidine is present as a contaminant or
is an amino acid residue of human SCP and SCP-PN. The

results of Uyemura, Suzuki and Kitamura (1978) indicate that

3

. - .
human P, (SCP-PN) contains 1.5 moles of histidine per 100

moles of amino acid. Therefore, at the bresent timq;ip

would be incorrect to attribute the presence of histidine

~

. - ,
in human SCP and SCP-PN to corntaminating proteins or pegéidesi

The amino acid compositions of human SCP and bovine .-

e

SCP and human SCP-PN and bovine SCP-PN are similar except

that a small amount of histidine was‘detecteq in both of the

e »

human prqteins. The NHz—terminal amino acids of human SCP
“and bovine SCP-PN are blocked. Human SCP aﬁd‘SCP-PN are
immunochemically identical to povine SCP by the critgrion of
immunodiffusio;”énalysis. It is not surgriéing that the
chemical and physicai propertieg of human and bovine SCP’
were fqﬁid to be similar, The'distribution of bovine and

human SCP in the nervous system is also the same. Thus, it

id evident ‘that human SCP and SCP-PN are more similar in

t




«®

-

chemical, physical and immunochemical properties to-the basic
bovine proteins than to the acidic rat proteins.

N ; ) :
The extraction of SCP and SCP-PN from~whole tissue ,

with 0.15 M NaCl suggests that the human SCP is a cytoplasﬁic

protein or a periphéral membrane protein. However, in 1978, |

Uyemura, Suzuki and Kitamura purified and characterized a

protein named BF-P_, from human peripheral nerve myelin.

2

Human BF-P, was shown to be, immunochemically identical to

2
bovine BF (SCP-PN) by the criterion of immunodiffusion -

analysis. These observations suggest that human SCP-PN is

—

identical to the humanABF-Pz. ’ o
4.1.2 Immunochemical Characterization <3
)

When saline extracts of human, monkey or rabbit spinal -~

4

cords were allowed to react with an anti-bovine SCP serum

-

in immunodiffusion analyses, two preciﬁitin lines appeared
dpposiée the wells. These precipitin bands fu;ed, without:
qurriﬁé, with the.single line formed by the homologous

bovine SC% (MacPherson and Armstrong, 1976). This result

indicated that human, rabbit or monkey SCP was composed of

-

two immunochemically distinct antigens both of which cross-
reacted extensively with bovine SCP. To explain this phe- .
nomenon, Weir and MacPherson (19ﬂ8) hypothesized that bovine

¥

SCP contained two different immunogenic amino acid sequences.

and that human SCP contained ‘two different populations of
molecules, each of which contained only one of the two

- ' R . /’ . .
immunogenic regions at present in bovine SCP.

N

When the

hY
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electrophoretic profiles of human SCP and SCP-PN contained

R ) - - . -
antigens were compared by immunodiffusion analyses using an .

anti-human SCP-PN serum or an anti-bovine SCP serum, bowine.

P

SCP formed one line with the homologous serum and two lines

with the heterologous serum while human SCf fo;med_two lines .
with both sera. - :
Humap# SCP and SCP-PN each formed o;e band' in sbs-
polyaérylamide gel electrophoretic analyses. TSC?-PN formed
one narrxow peak in isoelectrofocusing. analyses. Thus,  the
two antigenic forms could not be separated on the basis of
molecu}af weight or charge. Thereforé, the differences that
exist between the two immunogénic amino acid sequences may
involve minor substituf&ons or deletions that cannot be

detected by SDs-polyacrylamide gel electrophoresis or iso-

electric focusing.

Weir and MacPherson (1978) have noted that immuno-

two continuous patrallel lines in the form Gfa -double arc.
It was suggested that SCP and SCP-PN each contained two .

\
molecular forms that had the electrophoretic mobilities in

s

agar at pH 8.6 of a B-serum globulin and a y-serum globulin.

This studycsuggests that the extended precipitin lingﬁ/
. . ¥

observed in immunoelectrophoretograms pe(:jrmed in agar slides -

are due to interactions between SCP and the acidic sulfate
groups of agar. It -appears that thg,electrostatid interac-
tions between the basic SCP and the negatively charged agar

support are stroéng endugh to interfere with the migration of
. | .
\ {
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protein. Hence, a trail Jf SCP is left behind as it migrates

towards the cathode.
The suggesfiog by Weir aqé MacPherson (1978) that the

8 ' polypeptide'chéins of SCP can be realigned in such a way as
to yield two differently\charged configurations "appears to
be improbable. kOnly ;ne form of human and bovine SCP has
been detected in SDS-polyacrylamide gel eleétrophofetic
anqusés and in isoeiéctriC'focusing analyses. Uyemura,
Kato-Yamanaka and Kitamura (1978)-determined from circular

dichroic spectra‘ that bovine "SCP-BN has a é—cﬁﬁformation

0" - . -

with virtuélly no a-heliceal structure. Tﬁus: it appears

. bunlikely that a small protein of ﬁostly B-conformation cduld

i

: rearrange its~polybeptide chain in such a way as to internal-
~ .

. _ -ly mask or exposé charged residues, thereby changing the
. e ' -
a overdll charge of the protein from that of a basic protein -
to that of a neutral protein. 4 )
E .

1
4.1.3 Future Studies

"~ "

. The characterization og human SCP and STP-PN was limi—1

T . - A

-

ted in this study by the amount of purified protein that
could be isolated from the human nervous tissue. The questions
raised in this report, such as the presence of histiaing“gnd

. cystine in the human proteins deservce further investigation.

hY

Perﬁaps; the most important reason for continuing the

study of human SCP is to-invkstigate its biological activity.

The similarities between bovine and human SCP suggest'that

an anti-encephalitogenic amino acid sequence might also
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occur iﬁ~hﬁm§n SCP. Therefore, it is necessary to determine

whether SCP can prevent or suppress EAE induced by human

myelin basic protein.

“

4.2 Cellular Location of SCP-PN

The results of earlier studiés (Yo and MacPherson,

i973; MacPherson and Armstrong, 1976; MacPherson, 1978) indi-

cate that all of the immunoreactive bovine SCP-PN pould be

-

solubilized by homogenizing tissue with 0.1 M NaCL® In the
present report, the SCP-PN content of bovine spinal roots.
was estimated by single radial immunodiffusion to be 1.3 mg/g

of tissue. However, Ehe solub;e fraction of 0.8 M sucrose

~homogenates of spinal roots contained approximately 0.33 mg

of SCP-PN per g tissue. 'Thus, the amount of SCP-PN in the &
\ T : R ) s
sucrose-insoluble fraction was likely to be the difference

between the former and latter walues, 0.98 mg of SCP-PN/g of

. . ”
tissue.
L]

Alternativeﬂ&, the SCP-PN content of the sucrose-

\
insoluble fraction can be compared to the estimated amount’

-of SCP-PN in purified myelin. The amount of SCP-PN %‘PAS—II )
decreased from 25% to 8% of the total myelin protein when \
myelin ?as extraééed with 0.3 #l M NaCl. Since SCP~PN accounts
for 1ess\th§n i%'of the protein in NaCl-extracted myelin,

SCP-PN and-fAS—II compfised apprbximateiy 19% and 6% of the

total myelin protein in purified myelin. The yield of myelin

' prtéin obtained was 4.5 mg/®%of tissue. Therefore, 0.86 mg e

of SCPsPN/g of tissue was present in the myelin fraction.

Because the yield of myelin is lower than the amount of
/]
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myelin in the tissue, the value of 0.86 mg of SCP-PN/g of

tissue closely agrees with the value of 0.98 mg of SCP-PN/g

.

of tissue.

-~ The problem of determining whether a protein is,
integral%y or peripherally associated with a memﬁrane»is.
that there are excéptions to the criteria that have been

,proposed to distinguish between integrET and peripheral mem-

brane proteins. 'Singef (1973) has proposed the following
criteria to distinguish between peripheral and integral mem-—
bfane proteins: (1) Peripheral membrane proteins can be

removed from membranes under mild conditions that do pbt dis- i

rupt the lipid bilayer. . Such conditions include low concen-

- tration of electrolytes or weak acid§ and the presence of

metal chelatiﬁg agents: (2) Sdlubilized peripheral membrane

: .
\ , proteins are free of lipid, whereas integral membrane proteins

are lipid-associated when solubilized. (3) Peripheral mem-

1 . ' . P
brane proteins are soluble and molecularlyﬁiiiﬁersed in neutral
' L4
@ - aqueous buffers. 'Integral meﬁbrane~proteins are solubel in
%

neutral aqueous buffers.
\

| . The first criterion can not be used as.an all-inclusive

y ﬁeans,by which membrane proteins can be classified., For

s g R SRR AT IARY A IR Iy e ¢

éxample, the mitochondrial ATPase (Pullman et al., 1960).%and

¥ . -

g

calsequestrin from sarcoplasmic reticulum (MacLennan and Wong,
, , \

. \
1971) are two peripheral membrane proteins that require deter-

~ 3

gents ‘or chaotropic salts to release them from their membranes.

There are also exceptions to the second and third cri-

A s ot e 4 v

teria. Tennenbaum and Folch-Pi (1963) were able to convert

7
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" the proteolipiﬁ“grotein of céntral ﬁye}in to a water-soluble

lipid-free form B§ reémoving the organié solvent by dialysis.
Although the properties of bovine SCRP-PN fall within
the thre; criteria cited for periphéeral membrane-protein, one
may still argue tha£ a portion of the polypeptide could be ’
embedded in the myelin membrane. Howevér;f%kis possibility
appears to be‘remote, if not due to a lack Qf évidénce, then
because of the ease by whicﬁ SCP-PN is releaéed from wﬁole
tissue and purified myelin, not ogly by salt, but also by
sucrose. SCP-PN can be completely extracted from myelin,

3

except for a small amoiij[thai is possibly .trapped in myelin -

‘vessicles.

The SCP-PN content of the soluble fraction of 0.8'M
sﬁprose homogenates of whole tissue was 25% of'tﬁé SE?—PN
content of-whole'tissue.. The presénce of SCP—?N in the 0.8
M sucrose mdy reflect the cellular Locétion of SCP-PN.

During the homogénizatioﬂ of spinal nerve .roots iﬁ 0.8 M
sucrose, cytoplasmic componénts afe released into the gucrése
upon the diéruption of plasma membranes. On the other hand,

until the myelin sheath is osmotically shocked in water, it

remains in a comS%ct lamellar form‘(Spohn'and Davison, 1972). P

If SCP-PN is‘g cytoplasmic protein then its.presence in the
soluble fraction may reflectxéhé inability of myelin to bind
all of the SCP—PN'by electrostatic attraction. Alternatively.
it may reflect the ability”of'the/tissue—derived electrolyte ..

to limit the amount of SCP-PN that binds to myelin.

-
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If SCP-PN is loosely-bound to myelin in vivo, then *

s

the SCP-PN in the soluble fraction could simply be the amount

of protein released from myelin membranégs that are exposed to

3

the tissue-derived élecﬁfoly?e\gn fqe\0.8:M'suér€s%.' There- '
férg, the presence of SCP-PN in’fhe soluble fractiég could
refiébt eithéf a cytoplasmic or myelin origin of'SéP—PN.

~ The results of the myelin-binding experiments indicate
that the basgic proteins lysozymé and SCP-?N_&gn bind to
peripherai myelin membranes. The binding of lysozyme suggests
that the biﬁding is non—épe;ific because lysozyme is not a
myelin protein. In fact, the lysozyme used in this, study was
isolated from the egg white of chicken eggs. If SCP-PN is a
cytoplasmic protein that binds non—specifically/to myelin;
‘ then the presence of SCP;PN in purified my%lin appears to be °
the result of two factors.

First, SCP-PN ig a basic protein w%th an isoelectric *
point of 5.9. .Myelin, according to the results of Hulcher
(1963), behaves as an anion in aqueocus suspensions due to its -
phospholipid content. Secondly, 0.8 M sucrose, the solvent
used‘to homogenizé peripheral nerve, contaiggmgmvery low
concentration of €lectrolyte, Thds, the ionic strength is
very low. Thus, in the homogenate of whole tissue, most of

the cationic SCP-PN could bind to th%'anionic myelin membranes
: . , S
and remain bound throughout the purification procedure. The
high ionic strength of 0.3 M NaCl favors the dissociation of ‘;]

electrostatic bonds. Therefore, almost all of the SCP-PN

-

remains in the soluble ‘fraction.
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. On the basis of this line of reasoning, if the ionic

strengﬂh'bf the homogenizing medium were tq be increased,
then one would expect the amount of *‘SCP-PN in purffied myelin
ESNBeérease. Indeed when peripheral nerves were homogenized
in 0.8 M sucrose containing 0.15 M Nacl, the‘émount protein
in the SCP-PN + PAS-II peak decreased by approximatéZi 33%.
Because PAS-II is insoluble in\acid and saliﬁe (Kitamura,
Suzuki and Uyemura; 1976) yhe decrease in the ‘amount of pro-
tein in the SCP-PN + PAS-II peak was likely caused entirely

by the extraction of SCP-PN. A similar effect of electrolyte
was reported by G;eenfield et al. (1973), who found that the
P, content of rabbit sciatic nerve myelin purifi@d by homogen-
ization- in 0.32 M sucrose was 25%_gréater than the amount of =
P, in myelin purified by.the cesium chloride method.

Thé binding of SCP-PN and lysozyme to myelin only
suggests that the binding is non-specific ‘apd 'is due to electro-
static interactions. It does not prove that SCP-PN 4i$ a cyto-
pias%ic protein, but rather provides a plausible mechanism by
which the presence of SCP-PN in myelin can be explained.

Although, pepsin was not*'able to bind to myelin under
the conditions of the myelin-binding experiment, the binding
of other acia}c proteins to myelin can not be excluded. MHOW_@p
ever, the mechanisms by wﬁ%cﬁ acidic p;dteins bind to myelin

deserve further consideration.

.

Interestingly, serum albumin not only binds to periph-
eral myelin, but is also present as a contaminant in purified

peripheral myelin (Roomi et al., 1978). Albumin-is the prin-

cipal protein cémponenf of plasma. One of the functions of
. t ;

-
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v albumln is to transport various lipids and hormones. The -
means by which albumin binds to myelin 1s not known. In
view of the lipid binding properties of albumln, it is pos-
sible that the albumrp binds specificaliy to particular lipids
in the myelin membrane. o _ ' !

The presence of albumin in purified perigheral nerve

myelin indicates that the proteln comp051tlon of purified /
myelin does not reflect the composition as_it-occurs in VivoL

Therefore, it is possible that myelinfcontains other proteins

that are artifactually redistributed into the myelin fraction

during purification.” Several investigators have questioned
. sy .

. -
whether proteins derived from non-myelin membranes contribute

to the protein composition of purified myelin., ‘For example, !

DeVries (1976) -isolated a membrane fraction from the bovire

®

brain that was enriched in axonal membranes. It was found ’

“that the electrophoretic profiles *of the high molecular
- .

weight broteins of this fraction and of the myelin fraction
were similar. Although the evidence is circumstantial, it

v 1s possible that some of the proteins of either of these two
= {" - e "y | 4

v

membrane fractions originate from the other.

- The enzyme 2', 3'-cyclié nucleotide-3'-phosphohydrolase,
/’T\has been used as a marker erizyme of central myelin for many

years '(Kurihara and Tsukada, 1968). Shapira ei al. (1978)

~

e have assayed various membrane fractions of rabblt braln for

the activity of this enzyme. The llghtest membrane~fractlon

’

that contalned multllamellar myelln had the lowest enzyme

i - -

activity. The heaviest membrane fraction contained single
E- 4

L)
membrane fragments and had the highest enzyme activity. The -

A “«
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" previously combined with thé "antigens in a tissue.section.

- -

authors concluded that 2', 3'-cyclic nucleotide-3'-phospho-

hydrolése méy'bq absent in multilamellar myelin and may be

associated with a denser membrané such as glial plasma

-

membrane.

) . §
The contamination of non-myelin membrane fractions-
with cytoplasmic protéins has been estdblished. For example,

MacFherson aﬁd_Kleine (1978) demonstrated that rat synaptic

plasma—membranes contain many components of_the'solublé

~ «
fraction derived from rat brain.

To determine the celLuiaﬁfand subcellular location of
a particular protein, a specific method is required that can
clearly and unambiguously reveal the loéalization of the °
protgin. It is not surprising that the investiggtors of

SCP-PN and'P2 have used an immunchistological techpidue to

localize  this protéin gyacpheréon and Wallace, 1980; Eylar
/

. et al., 1980).~ However, 'the results of the two studies are
M N

-

contradictory. . °

The mﬁitiple layer.or sandwich technique introduced by

‘o

) ~ R ”
Weller and Coons (1954) employgﬂ;n anti-gamma globulin serum
v .

conjugated to a fluorescent dye to locate antigens in situ.

. The conjugéte binds to antigen-specific antibodies that have
. . .

£ .

LEY

s Lo
This technique combines specifici;y and §ensitivity of anti~

bodies with the precision of microscopy. . ~-

'The localization of bovine SCP-PN and~;abbi£ Pz'was

Vi

accompliéhed b& using antibodies that were specific for

e
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their respective proteins. However, the»fixation and wash-
e . " - I8
ing of the ‘sections differed in, the two studieés. MacPherson

o

< and wallace (1980), used acetone to fix cryostat Sections of
. 4 iri— - -~ -

bovine epinal nerves-.which were then dried under an air, o _ :
éry?r. Eylar et al. (1980) fixed the sections in 95% ethanol/ -
ether without drying ahd then washed the sections with saline
for an-unspecified period of time. - o

| Before discussing the petential effects of the differ-
&nces between the two fixatidn methods, a few commenté -

regardlng the purpose and mechanlsms of tissue fixation in

immunocytochemistry are in order. Accordlng to Na@‘n (1969) -

the maln-objectlve of flxatlon’is to obtain a preparatlon

that contalns the antlgen in situ in a snff1c1ently insoluble

A

form. The antlgen must not be modified or denatured in such 2

9

. a way that it w1ll no longer react thh the specific antlbody

-

'Furthermore, fixation must occur with minimum morphological

{
disturbance.

e - . F 71 - .
The mechanisms by which fixatives reduce the solubility

&

oﬁ:pfotein include: (1) covalent modification as with gluta-

raldehyde, (2) chelation of proteins with heavy metals,

:
4
5
k
‘?'
x
e
a3
=
1
i
3l
B2e
%3
3
A
3

¢3) precipitation duefto charge reduction and increases in

/.

R,

hydrophobicity as with picric acid, {4) precipitation because

Mo

Sy

N
T

’."of water removal as with ethanol or acetone and (5) denatura—

Loty

tlon as w1th heat (Sternberger, 1974) . Among these fixatives,
0 -~ ° »
ethanol and acetone are the two most commonly used fixdtives

for the fluorescent antibody téchnique. ‘ oL
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The extraction of SCP from bovine spinal roots with

" " ey
e po R

0.1 M NaCl.@ftdr the tissue had been homdgenized in acetone

or ethanol/ether clearly demonstrated that neither fixative
™ B et

rendered SCP-PN (P,) insoluble ih saline. This result

2

indicates that washing crysotatﬁﬁections'after fixation
would favor the solubilization of P2 from its cellular loca-
tion in a tissue section.

The problem of fixing highly soluble proteins has been

encountered in other studies. Morikawa et al. (1968) found

e AT TR 2RV PRI oA Wﬁy L

S B

that ribonuclease was localized within the confines of

<

-

lysosomes in alcohpl-fixed paraffin sections of mammalian
. b

.

pancreas. However, if the tissue sections were fixed in

©

pbosphate*bufferedlformalin, then an indiscriminant cyto-.
- L g

plasmic fluorescence was observed. . Similarly, Engelhardt
. 1 o o

et al. (1971) was dble to localize a-fetoprotein in liver

. . ) 0
“cells iny when the tissue sections were fixed with ethanol/

”~

4

acééic‘acid‘and embedded in paraffin. The a-fetoprotein wggu
o
not found in cryostat sectjons that had,been fixed in ethanol

LY

)

.
or ethanql/a:rtic acid and was not clearly visualized in -
acetone~fixe

seStions that were not paraffin-embedded.
Therefore, the question arises as to whether' SCP-PN

<

. N ' N

(P2) was subject to solubilization and re-distribution during
the fixation process in either or hoth ‘of the localization
studies. It is doubtful?that displacement of SCP-PN from

myelin to axons could occur during acetone fixation because
® ; ° y !

. SCP-PN'is completely insoluble ‘in acetone. Furthermore, it

e ~

—

e
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is difficult to explain why SCP-PN would leave myelin, a mem-

brane to which SCP-PN readily binds. On the other hand, it
o -
is quite likely that if P, is present in cytoplasm and axo-

plasm, thenp'after fixation, the P, would diffuse out of the

2

) . |
section during the saline wash and be redistributed onto
myelin.

Wachsmith et ail. (1975) have demonstrated that 70% of _

-

the aldolase, a cytoplasmic ‘enzyme, can diffuse out of an

aéetoneqfixed kidney section in one minute. However, when

an anti-aldolase serum is applied to the fixed sections, the

aldolase is ¥ixed in situ by precipitation with the antibody.
The results of the tissue extraction experimentféuggest

that the fixation and treatment of tissue se?tions containing

\ . . .
soluble antigens, such as SCP-PN, deserve more attention.

It is obvious from the results of Eylar et al. (1980) and

% ‘ ‘
MacPherson and Wallace (1980) that the localization of SCP-PN:
(P2) has not been cohclusively established.

However, in view of tHe problems that are inherent with
[ i

. { .
the fixation of soluble antigens, it appears that SCP-PN is

more likely to be localized in cytoplasm. The results of
this study have formed a plausible mechanism which can account

L] o

for the presence of SCP-PN in purified myelin.

To conclusively establish théflocalization of SCP-PN,
the fixation of tissue sections will have to receive more

N

attention in future §tuéies. It is important to determine

whether omitting the saline wash of the fixed tissue Sectigns
g :

affects the localization of P2. , .

»

«
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4.3 Rat SCP-PN and Rat Myelin

The results of this investigation clearly indicate that

rat SCP-PN;wutiike bovine SCP-PN, is not present in purified
rat perip?eral nerve myelin. A plausible explanation ior

the absence of rat SCP-PN in myelin is that rat SCP-PN is

an acidic protein (MacPQerson, Armstrong and Yu, 1981). Thus,
one would not expect rat SCP-PN to bind electrostatically to

myelin during whole tissue'disruption. The significance of

‘this result dispells the widespread belief held by myelin

chemists that t%e three main proteins of peripheral nerve
0 Py and P, proteins (Kitamura, Suzuki and
Uyemura, -1976; Roomi et al., 1977; Quarles et al., 1978;
Singh, Siiberlicht‘and Singh, 1978; Smith and Curtis, 1959;
E?lar et al., 1950} Weise et al., 1980a). Unfortunately,
the nomenclature has been used indiscriminately for all
species. The 13,500 daiton‘component of the peripheral
myelin of the various species studied by SDS-polyacrylamide'
gel electrophoresis has been assumed to be equivaient to the
bovine P2 protein selely On the basis of molecular weight.
However, the reeults in this report have demonstrated that
rat SCP-PN distinctly differs from rat‘P2 in tilecular size
and in immunocghemical reactivity. -

Moreover, Greenfield, Brostoff and Hogan (1980)
reported that the alleged rat P2 protein exhibited cross-

reactivity in a radioimmunoassay for MyBP but not in a radio-

immunoassay for bovine P, These authors concluded that the

il
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rat P2 protein of peripheral nervous system myelin was

analogous to the small basic protein of the central nervous

system.

It appears that the assumption that SCP-PN is identi-
cal to P2 in all species has l?d to the misinterpretation

[

of results of previous studies.

For examples, Trapp et al. (1979) used: the peroxidase-

) antiperoxidase method to 1ocalize the PO, Pl and P, proteins

in the rat nervous system. However, the antisera used in
this study were directed towards the proteins from the
bovine nervous system. The anti-bovine P2 serum stained only

selective myelin sheaths, the staining being concenfrated

-

in the Schmidt-Lanterman incisures. A Schmidt-Lanterman

-

incisure is a split in the ?ajor dense line of myelin that

v

contains Schwann cell cytoplasm (Hall and Williams, 1970).
fhe authors concluded that the rat P2 éfotein is not present

in all myelin sheaths and suggésted that the synthesis of

-

P, has to be triggered or that only a select poéulation“of

Schwann cells are capable of synthesizing P2.

it is evident that the anti-bovine P2 antibodie; were,
not localizing the alleged rat P, protein which now appears
to .be related to the rat small MyBP. In fact, thé protein
that was I6calized in the Schmidt-Lanterman inéisures was l
probably that protein present in low concentraﬁion in extracts
of rat pe%ipheral nerve that c;Zss—reacts with.bov;ne'SCP—PN
(MacPherson, A;mstroﬁg and Yu, 1981). The staining that was

A

\

'}
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seen in the Schmidt-Lanterman incisures does not necessarily

-
mean that this is a myelin protein. ° There is no evidence in
- re

the report of Trapp et al. (1579) to suggest that the stain-:*
ing was not due to the présence of the protein in the Schwann
cell cytoplasm contained in the clefts.

The results of this study and of Greenfield, Brostoff
aq@ Hogan (1980) indicate that it is incorrect to use the

mobility of proteins in SDS-polyacrylamide gels as the sole

means of identifying proteins. A more specific method, such

B _%
as immunochemical reactivity is required. §
4.4 CNBr-Derived Peptides of Bovine SCP
According to Gross (1967), CNBr reacts only with . .

*, .
methionine under acidic conditions and these conditions are

mild enough to avoid non-specific cleavage. Thus, CNBr was

.

used to cleave bovine SCP into three peptides. ,

The two smallsfpgeptides, cN2 and CN3,’were successfully
purified in this’'study. Preparations of CN3 cqﬁfained one
component., Howevér, CN2 was shown to contain two péptides
aftér reduction with 2-mercaptoethanol: Under non-reducing
coﬁaiéions, high voltage paper electrophoresis of CN2 revealed
the presence of ohe component that was equivalent to two pep;
tides linked by a disulfide bond. «

~The amino acid coﬁbositions of the s< 1 CNBr-derived
peptides 6f bovine SCP are very similar to certain amino
acid sequences of bovine SCP-PN. Earlier studies by’

%8

MacPﬁerson, Armsfrong and Tan (1976) revealed that only ’




e AMEV SIS e e

7

minor differences exist between the amino acid compositions

of SCP and SCP-PN. Fuithermore, t@e two forms of the protein
were shoﬁn to be identical by the ;riteriqn gf immunodiffusion
analyses. Thus, both proteins contain ciosely related or
identical antibody'binding sites. The similarity of;other =
physital and chemical éroperties/suggests that the amine acid
sequences of SCP and SCP-fN are very similar. If one assumes'
that the sequences are similar, then it appears that CN2 and
CN3 are derived from the COOH—terTinal and the NHz—terminal
ends of SCP respectively.

-~ CN1 appears to‘be a large peptide that contains the .
majority of the amino acid residues of SCP. 1In Fhe present
report it was not possibie to compare:-CN1 and Epe sequence of
SCP-PN between residues 21 and 113 as CN1 contained uncleaved
and partially cleaved SCP and could not be separated from SCP

-

by gel filtration on Sephadex G-50 superfine or Bio—Gei P6.
It is interesting té note that Weise et dl./k1980) purified
all 3f the CNBr peptides of P, using only one gel filtration
step.thowever, the purity of the peptide preparations was
not revealed. - -~

The presence of uncleaved and partially cleaved SCP in
. -
the reaction mixture presented a problem when attempts were
* . g 7
made to purify CNl. Purified CN1 can be obtained by gel fil-

tration only after SCP has been completely cleéyea‘by CNBr or

‘when CN1 can be separated from the unreacted material by

.
x o ~

another method. Cleavage at methionine residues may be limi- "

\ ’ .
ted by the formation of methionine sulfoxide which is

-
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resistant to the reaction of CNBr.

uncleaved and partlally cleaved SCP'could p0531bly be reduced

However, the amount of

by determining the optimum condltlons for CNBr cleevage.
Some of the conditions that should be investigated include

the solvent, the ratio of CNBr to methionine, the temperature
: -

and the duration of the reaction. Despite the presence of

uncleaved material in CN1 preparatiohs, it may Be possible
to purify CN1 by other procééu:es‘such as iioelectricﬁfocus-
ing or ion exchenge chromatographyf |
CNBrﬁreacts with methioniqedresidues to form a:mixture
of homoserine and homoserine laé;one. .However, if the
methienylfside chains are oxidized to the sulfoxide or sulfone,
then the reaction with CNBr'wili not occur. Thus, the incom-
plete cleavage of bovine SCP may have been the resugt of the j
formation of sulfoxide or sulfone groups. The use of gel 3

filtration to purify CN1 Will be successful only when the

ek

conditions of the reaction are such that SCP is completely

cleaved.’ - Yo

It is interesting to note that when rabbit P2 was

reacted with CNBr, the protein was not completelf‘degraded

~

(Ishaque et aZ.,?l980) Rabbit CN1 contalned uncleaved and

©

partially cleaved P,. However, purlfled rabbit CN1 was ob-
tained following gel filtratioﬁeon Sephadex G-75 fine using
0.2 M acetic acid as an eluting buffer. A 70% yield of*

purified CN1 was recovered.




The gel filtration pattern of the CNBr peptides is

uﬁusual with respect éo the elution order of CN2 and éNB.

- If it Es assumed that Fhe CN2 "and CN3 are idénticél to the.
equivalent peptides of SCP-PN, then the molecular weights
of CN2 and CN3 would be approximately 2,100 and 2,400
daltons, rgspectively. Thus, one would expect Cﬁ3 to be
eluted before CN2.- However, CN2 was eluted before CN3.
In the report of Weise et al. (1980), it was shown that CN2
derived from‘P2 contained more amino acid residues than CN3

and that CN2 was éluted,f;om Sephadex G-50 before CN3.

’

“There are two factors that may influence the elution order

of CN2 and CN3. First, molecular interactions may occur
beétween CN3 and the gel matrix that could retard the movement

of CN3 through the molecular sieve. - Secondly,fdespite aﬁ‘

-

‘ IS .
assumed difference in molecular weights, the conformations

- .

of CN2 and CN3 may be such that the apparent molecular size

-ty

of CN2 is Qreater-than that of CN3. %

<

In molecular'gieve chrematography, ideal chrematographic
behaviour requires that the doncentration of solute in the
solvent of the void Volume'i§ equal to the concentration of
the solute within the stationary phase (Morris 3gnd Mbrris,
i976). .H;;evér, when non—i@eél'chromatoéraphic ehaviour .
occurs, the solute concentration within th%’statibnary phase
is greater‘tha the soiﬁte concentration outside. Thus, the

-soiute‘is being artif;ctually concentrated in the'sﬁationary

phase. Gelotte (1960) suggested three types of interaction

that could give rise to non-ideal chrématographic behaviour:

Y

g
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CNBr peptides that the area of the CN3 peak is considerably
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k-3

aromatic adsorption, ion exchange or ion exclusion. Ion ex-

change effects have been noted on Sephadex which contains a " g
- - . ’ ] b

low carboxyl content while ion exclusion occurs mostly witth
-~ L4 ¢

acidic solutes. Upon the examination of the aromatic amino
7/ -

acid content of CN2 and CN3 (data of_Kitamura et al., 1980)

it is evident that CN3 contains 3 aromatic residues while

there is -only 1 aromatic residue in CN2. Thus, it appears

that CN3 exhibits non-ideal chromatographic behavior on
Bio-Gel P6 possibly due to interaction of its aromatic
. N '

residues with the gel. : -

It is evident from the gel filtration pattern of the

greater than tha£ of CN2. CN3 contains two phenylalanine‘

residues wherea

CN2 does not contain phenylalanine. ‘The

light at 230 nm. JThus, the difference in the area of the -

N " \ .
CN2 and CN3 peaks could reflect the increased absorption due

£o the presencé £ the phenylalanine residues in CN3.

N
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. CHAPTER 5: CONCLUSIONS

1
e

Humanﬁgag and SCP-PN were purified from spinal cords
aﬁ %inal nervés, respectively, by extraction with
0.15 M NaCl; ien exc%;gge chromatography and gel
filtration on Sephadex G-50 superfine. Human SCP is
closely related Lo'the anti-encephalitogenic, bovine
SCP with respect to immundchemical reactiviEy and
amino acid composition.” Human SCP is distributed

in the brain,  spinal cord and spinal nerves in the

proportions of 1:6:60 respectively.

~ -
o , L

Purified hgman SCP and\gpP-PN formed one band in SDS-
polyacriylamide electrophoretograms and had estimatedl
moleculalr weights of 13,700 # 1,370 and 14,700 *
1;470 daltons, respectively. The ié;electric pqiht
of human and bovine SCP-PN was 9.9. The amino acid
compoOsitions of human SéP and SCP-PN were similar
excéb£ that SCP contained ll.%% of glutamic aéid,
whereas SCP-PN had 16% of glutémié acid.

~d ,
Immunodiffusion analyses using an anti-human SCP-PN
serum or aﬁ'anti-bovine SCP serum revealed that human

SCP and SCP-PN each contain two distinct antigenic

forms. The major forms and the minor forms of SCP
- 4
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\

.

and SCP-PN are immunochemically identical to each
6Fher. Iﬁmuﬁoelectroéhoretic analyées indicated -
that huéan SCP and SCP-PN and bdvine SCP have the
electrophoretic mobility of a y-serum globulin in

-

agaroée'at pH 8.6.

Bovine SCP-PN (P2) was detected in the soluble frac-

tion of the 0.8 ﬁ sucrose homogénate of bovine

periphgral nerves and in purified peripheral: nerve

myelin by SDS-polyacrylamide gel electrophofesis and

by immunodiffusion ana%yseg: The SCP-PN content of

the soluble fraction of the 0.8 M sucrose homogenate :
and of the 0.3 M NaCl homogenate of péripheral nerées

-

was 0.33 and 1.33 mg/g of tissue, reSpectively.
= |

When myelin was extracted with 0.3 M NaClithe bovine :

SCP-PN content decreased from aRproximately 19% to

less than 1% of the total myelin protein. The protein

which comigrated with SCP-PN in SD&%polyacrylamide gel

~

electrophoretograms was identified as the PAS-II o~

-

glycoprotein.

The basic proteins SCP-PN and lysozyme were shown to
bind to suspensions of myelin and NaCl-extracted
myelin in 0.8 M sucrose. Pepsin, an ggﬁdic protein,

did not bind to myelin or NaCl-extracted myelin .under

the same cqn@}tions. //,

AN e
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(9) -

[

Acetone anhd 95% ethangﬁ/ethe;; 1:1, were found to be

poor histological fixatives in as much as they were

s

ineffective in preventing the subsequent saline-
solﬁbilization of bovine SCP-PN from whole tissue
which had been homogenized in these fixatives.

. -
The results suggest that ~bovirie SCP-PN (PZ) is a

cytoplasmic protein, and during the homogenization

of peripheral nerves in 0.8 M sucrose, most of the

p051tlvely charged SCRzPN released from the cytoplasm -

binds to negatlvely charged myelln and remal?s asso-

ciated with myelin thrduggout the purification

procedure. This interpretation is consistent with

previous immunohistological studies in this laboratory
in which SCP-PN was localized in axons and possibly,
also in Schwann cell cytoplasm.' In these studies the

2.
tissue sections were not washed with saline after ™

‘acetone fixation but were first fgcqbatgi witH anti--

1

bovine SCP serum.

Rat SCP-g; was not detected .in rat peripheral nerve,

myelin and was shown to be distinct from the rat P,

protein on the basis of molecular size and immuno- ‘
. L N

chemical reactivity. % ' .




W R s A SRR RO ETY. Y SaN e e

4

’

(10)

(11)

_vqltaée electrophoresis. Preparations of peptﬁ@eigNl
. &

" A comparison of the amino acid ‘compositions of two of

.
.
b . -

3

Cleavage of bovine SCP with cyanogen bromide produced
three peptides. Following gel filtration on ﬁiéfcel‘

P6, peptides CN2 and CN3 were found to be pure by SDS-
. ’

polyacrylamide gel electrophoresis, discontinuouﬁ

polyacrylamide gel electrophoresis at pH 2.%. and high
A " ) uf):

cqﬁtained unclgaved anéfpaftiélly &ieaveq SCP. Most

of the preparations were estiamted to contain approx- -

H

imately 90% CN1. - . v

the CNBr peptides of bovine scp w{ph~those publish

by Kitamuga et al. (1980) for bovine Scp-pN ( 2)

suggesEs that the primary structure of the two

. X
proteins is very similar. CN3 contains approximately

-

18 amino acid residues and appearg\torbe derived from

the~NH2—terminal end of “Scp. CNé is derived from the -

- »

‘COOH-terminal end éﬂq contains approximately 19 amino

acid residues. CN2 is'comﬁbsed of two/peptidesaﬁéyngg

. by a disulfide bond. "CN1 is a large peptide which has \

(12)

‘None ofs the peptides formed precipitates with an *

P
;.

an estimated molecular ‘weight of 9,006 t 900 daltons.

AN

N

L

Y

anti-bowine SCP serum in immunodif fusfon .analyses.
l 3

.
. ~
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