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SUMMARY

The myelin-deficient mutant Shiverer (Shi/Shi) lacks basic protein (MBP)
in the myelin of its central nervous system (CNS). Less than 3% of the normal
content in MBP is present in a brain extract of Shi/Shi as determined by radio-
immunoassay. Indirect immunofluorescence is negative when using specific
anti-MBP serum. The importance of Shi/Shi (as compared to other hypomelina-
ting mutants) stems from the specificity of this genetic lesion, i.e. the lack of
basic protein.

The inner surfaces of the unit membrane of oligodendrocyte (OD) processes
involved in myelin formation fuse to form a single major dense line (MDL)
while the intraperiod line results from close apposition of the outer leaflets
of the same unit membrane. The electron densities in myelin period represent
protein, and the clear spaces lipid {17]. Myelin basic protein (MBP) is inacces-
sible to anti-MBP antibody in intact myelin and becomes accessible only when
the membrane is disrupted [9,10,14,23,24]. Also, techniques which involve
labelling of the external surface proteins do not reveal MBP unless the nerves
have been mechanically disrupted, thereby exposing the internal cytoplasmic
surface of myelin [8,19]. These indirect approaches have led to the conclusion
that MBP is located on the inner surface of the membrane bilayer correspon-
ding to the major period region of the myelin sheath. On the other hand, it was
found [5] that the lack of MBP under conditions which removed only MBP
from myelin, led to the collapse of the structure with disappearance of the
intraperiod line. This:result was interpreted as evidence of the location of
this protein in the intraperiod line. The Shiverer dysmyelinating mutant (Shi/
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Shi) [2] coptains a myelin«leuaid ofits MDL [13; 21]“ IR

C3H/SWV nfice and Shz/Sht muta,n!s of the same’ ‘3train were kmdly
provided vby Prof. T Bird (Departmenﬂof Neumldgy aid ¢ enetxcs, Veterans
Admmlsttatlon Hosg;tal Seattle, U.s. A ); Jxmpy mutants ere,,p'rocured from
the Jac q,Laboa:atqt,y. ']Ihﬁse Strains were vaiged, rh\pgmepadmgnv(msmm
U. 134). ~month-old’1im were used for bioché?mcal qnal;esm 4ng immuno-
chemxstry-’ “prxd analym as;perfonned as: descnbeﬂ 20}, MBE\Was Drepared
after dehpigaﬁqn overmght{ of human ‘White ‘mattey by "homngemiation in
chloroforth/methanol, 2 ::1'(v/v), 6.6ml/g fresh wt.:Affer Centrifigation 30
min at 48 000 &, the pellet was’ acetone-washed (2‘ml (-3 1mt181 “frest} wi.yand
dried. Acx& extract wad nfade in 0.1 N HCI'(pH 1.7)(20. mig tnitial fresh wt.)
overnight at 4°C and centnfuged 40 min'at 16,000°g: The’ supqrnatant was
dialysed 42h against distilled water and lyophlhzed ,Punﬂcaf.ion was performed
on sulphoethy!'Sephadex ¢-50 [11}. The protem Ypurity: was che‘ckéd By poly-
acrylalmdegel electrophoresis, [16]. A single: band was obtmfxed., Specﬁ;c anti-
bodies were raised in the rabbit by usmg’a proéeldt.ireP mvolv1xig double. emulsion
of MBP. The emulsion consisted of 2.5 mg/ml of'MBP jn.aqueous solqtlon
(1 vol.) and incomplete Freund adjuvant (3 vols. )’A‘fter vortex mixihg, 1-vol.
of this emulsion was distributed under magnetic'stirring twer 4vols: bt 4'10%
solution of Tween 80.The-dispersion Was controlled by hase cqntrast micro-
scopy. Each animal received-a total of 3 mg of MBP. The lmmui}e‘sera were
obtained and checked by & complemeﬁt fixation: test"[ 14 }hb’le protems
were extracted from forebrain with a barbital buffer of. pH 342 ml/g wet wt.)
by using a Potter-ElvehJexh homogenizer. The supematant “as collected after
centrifugation at 100,000 g.and used for. deternination of MBP With' th,e radio-
nnmunoaas?r Specific activity of the labelled.-MBP prepared A¢cording to-ref. 3
was about 5 iCi/ug. Bneﬂy,§100 yl of several dxlutmns iof the;extracts (or'of
the human MBP standard solution) and 5@ ul'of 4:1/800° dﬂuthn of the anti-
serum were added-to 350 ul* of,0. 05 M phosphate bu{ter’o 02§ M containing
calf thymus histone (pH 7.8). After 15—18 h at:4°C, §0 ul (about 3. 000 cpm)
of MBP tracer solution was added. The, free and ’bound frgctlons wete Geparated
on charcoaldextmn after an: addltlonal 4h mcubatlon at 4°C; As- the competi-
tion curves obtained w1th the dﬁutlons of the extracts were para.llel to-the
human standard curve, the mouse MBP. content could be meaSure’d. For the
unmunohlstochemlcal investigatlons, brams were. ﬁxed 'n 3%. fonna;m ‘in
phosphate by ered solution (PBS, pH 7. 2), 0.12'M, overmght at 470 Washed
for two days jn several baths of the buffer solution cgntaining 8% glicose-at.
4°C, then dehydrated arid:embedded i in parafin. 4 pm coronal sectwns’ werg_
placed on gelatin-coatéd’ glass ‘slides. Aftepﬂryu;g, removil of iy ™
rehydration, sagtionsiwere fhcubatéd first With normal sheep antlserum (1/20)
during 20 min and treated at room temperature hy an indirect-immunofluore-
scence technique [4}. Weéused a ﬂporescem-labelled anti-rabbit seruth (Instltut
Pasteur; France) diluted to 1/100.; The, slides were-examined ufider #h epi:
iluminatich UV mxaogcqpe@qulpped with arrinterference’ pfunaryhtllﬁeru N
(KP 800, arid LP, 455) and a HBO 200 excitation lamp, Anti-MBP. sera,were. -
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" absorbed mth ‘MBP eoupled to CNBr actlvated Sep};arose 4 B 30mg of MBP
..yere fived on 2:g of Sepharose td abort 3. mal of  antiserum by.incubating for
¢1 trat room-temnperatare s After adsorﬁtloﬁ tff e sera. wexe.negatlvejwhen tested
. s-«_hymnmsiement fixation with MBP as antigen,” | ... e g Dep
9t/ o With! 3 dnti-MBP sefa, iritense’ Mmuﬂoﬂuorescexit stammg ‘Wag seen. in
wmyxelﬁf bf CNS tissue seetions'in 'nbrthal C3H/SWV 1 mice (10, animals with
5.seqtions takeén from différent’ pai'ts of‘the brain). The ﬂuorescen,ce was only
1cpresent in. myelin and visible in coronal and sagztta'l ,sechons {Figs. 14, :B). The

i aeme,result 'was obtairléd in midbtain, pons and cerebellum, Jncubations of

-geetions of thessamé levels with either prelmmune rabbﬂ: sera nprmal rabbit
moz ansi-MBP sera 'absorbed with' MBP, demonstrated,a complete absence

- of zeactibn with the tissué. Brain sectiorls of Shi/shi incnbated. withythe anti-

i 3«MBB sera remained unstained whatever the se{um qr ghe eoncentratlpn of the
antiserum used (Figs. 1C, D). Radio-immunoassay. pgri‘quedm forebrain
¢a1.ektracts-of 3-month-old mice showed that when expressed in relative amount

per weight, only 3% of MBP present in the normal brain, pf the same.age was
ar: Pecovered in Shiverer. The same percentage was found for,l,&day-old Shiverer
1> mice: It should -benoted that in Jmipy of the same qge, where. dysmyelination
auisi-isevers more pronounced, 20~-30% of MBP is present. The resultqtof the quanti-
tative lipid analysis are presented in Table I. The amount of lipid is 73% of
normal. Cerebrosides plus sulfatides are largely reduced:.20% of normal.
The present study demonstrates the lack of MBP in the CNS of Shi/Shi,
whereas a decrease in the myelin content was, observed by.electron microscopy
s andsconfirmed: by hpxd analysis. Cérebrosides and sp]zfatldes,,whlch .are-essential
seomponents of myelrn ‘were most affected The q;nount of these glycolipids is
+20% bf normal.' By comipérison, thelr level is mfenqr to.that fqund in Quaking
e ~irFive:¢(88% of notmal) (1] and superior | to Jlmpy s (2-—5% of normal):[12,18] .
The MBP defect cannot be the mere consequence of a deficit in myelin, since
"in a case where the deficit is even more pronounced than it is. in Jimpy, the
MBP can still be detected by radio-immunoassay and immunofluorescence
(Dupouey et al., unpublished data). The hypothesis of an antigenic abhormality
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TABLEI L , Ce et
COMPOSITION OF BRAIN mes IN THE SHl'VERER MUTANT AND LI’I'I‘ERMATE
| CONTROL" | .

it

& The resul‘l:s are mean velpel from at leut 3 determmatwns from ‘S sepa.rate bta.ms

i Sri

Sekov o

mg/g wet wt of brgm . — . Normd o Shlverer par L
.JTbtalhpid'extrd_ct o " 95.6 69.9 o
Cholesterol - wi e e eor 2000 - ~.18:8 ¢ i e
'=~"7Phblﬂh611pldﬁ l 54.1 T 41.‘8;"_""‘ e
Glycolipids (cerebroudes +sulfat|des) s A9 e s ARGT L et

- Gatigliosides {NeuAc content) 0.86 0.73
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of the MBP cannot be ruled out a priori since both techniques used for the
detection of MBP are based on its upmun.ochemmal properties. However, we

. do:nét'favout this inf‘erpre%atlor; for two reasons. (i) MBP presanfs several
7 s distant anhge‘mé Hites along its pﬁl 'peptlde chain {6]-and the,probability of
Cs simultAteotis nilttatiss i Ioﬁy (u) he:parallellsm, of the compietition clirves
obtained with the dilution 6f t mouse brain extrapts ta the hiunin MBP
.+ standard’ chtvé argues I’ ”ifavour #.gaed, recognition of thie MBPidr the
¢ ShijSHi*brain extxacts by a.ntlbodxes raised -against-human- MBP:Thus;:we
. ~eoncludé that this mutant is. c} ptenzed by ‘an, almost:-total absence of
" MBP. Wé'also ‘Hemonstraﬁea the ost.total abseneeof the-major-dens#:line

“in’

‘CNS myelin { 2‘1] Thus, we propose thatthe MBR is Jocalized in the cyto-

~plashiic leaftet'of the ofig endrpgfml membrane . From our data; it:appears
-+ thdt the'itfitial steps of mye‘hnatlon can occur in absence.f MBP.: . Therefore,
* the’ rolé ‘of this’ protem as an mator of myehnatlon, -previously: préposed

eT

i3 B ' should'be uestloned In eed in Shl/Shl ‘the myelin sheath-is'manu-

. Taetitred by the oligode: 'dfogha aqd Wraps ;noqnally around the axon whereas
RN the MBsz*a-lmost absent o PSSR T

~From 4 genetic pbint of v1ew, 1t,yvoqld be of mtemst to check the~presence

of‘-MBPm penpherai tnyelm of Shi /Sh} Sh.werer mutation canstitutes a:model

4o 'gain ) Hew ﬁa‘éight“‘n'fto ‘the relatxonshlp of ,structu}'e and chemical composxtlon
‘ofmyehn* R R AL SRE
T D ek - ’ 1 ERRRACTAPSAT B S th Aot
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