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| . | ABSTRACT o

There ns mcrehsung evndence that in muscular dystrophy there may be a baslc_ .
underlymg defect in. cell’ membrane aNd this may also occur in tlssues other
than muscle Erythrocyte membrane has been extenslvely stud:ed to crmcally i
test thls hypothesns of generallsed membrane defect In" the present work
‘rythrocyte membrane protems from dystrophlc mace an?emsters have been{
. analysed by usmg sodlum dodecyl sulfate polyacrylaml e gel electrophoresus,
}'(SDS—PAGE) and two dlmensuonal gel electrophoresns lnvolvmg lsoelectrlc focuslng

in first dlmenslon followed - by SDS PAGE Slnce the membrane protelns hav&;’ ’ r
been |mpl|cated in, the mamtenance of shape scannmg electron mvcroscopy has
fbeen performed on erythrocytes to see if . alteratlons in the proteln proflle are
b_paralleled by alteratlons in the erythrLcyte sl';ape o Ca ' ,
1 On SDS -PAGE, - erythrocytes obtained from both dystrophlc mloe al‘
hamsters have shown the presence of a. more ntens’ely stalned 55 000 dalton o
peptlde band as compared to the respectlve controls suggestlng thls peptlde |s . '
N _present in mcreased amount ih dystrophlc animals, ' Other mlnor changes have
been observed in the proteln profule but\\only thls observatlon has been: most l
'1conslstent Perlodlc acld Schlff stannlng has lndlcated that thls peptlde does not
seem to be a glycoproteln and’ no detectable dlfference has been observed in
the glycoprotem proflle of erythrocytes from _ both dystrophlc m;ce and __
vhamsters Erythrocyte ghosts membrane protems have also been analysed usmg
‘ -lsoelectrnc focusmg in the flrst dimension followed by SDS PAGE in the second
:’dnmenslon On such. electrophoretograms dystrophic hamsters have shown the
presence of an extra protem spoﬂ‘ of 20 000 daltons with - an-. 1soelectr|c pomt» s
oj; 45.  Similar ‘studies of mice- erythrocytes are under progress

- The scanmng electron mlcroscopy -of erythrocytes has shown ,an.v

"lncreased number of dlstorted cells from dystrophlc animals. - Dystrophlc mlce

have ’shown ‘an’ mcreased number‘ of cup shaped "stomatocytes" while dystrophlc
hamsters have revealed an increased number’ of star shaped "echmocytes" in

control animals these ce_lls have been found. to be present in “small

proportion(less than 10%). These . results’ suggest that in animal muscular -

e
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. _ INTRODUCTION | D
The term "Muscular Dystrophy" (MD) whrch was frrst used by Erb, refers to a .f -
o ,_!-:"-'?group, _ of neurornllscular dasorders whcsh are mherntable and ‘are charactensed by
o .a ,./progressnve;“ weakness due to degeneratnon and dusappearance of muscle cells
. (Erb 1891). However a case report by. Dr Edward Meryon, wh;_h was
L f--“l‘.'.pubhshed almost forty years before the term muscular dystrophy was . coined, _
» .'has been cred:ted as the frrst accurate and detatfed descnptnon of MD (Meryon, ?:~_i -_-f";l:‘
"1852 Accordo, . f981) Later in 1868 Duchenne pubhshed data on 13" cases‘“‘ 4
of peralys/e muscu/a/re pseudohypertrophique (Duchenne, 1868). In thns report,
i ,;:;"lhe revuewed the chnlcal course of the dnsease, its hlstology and he described a
"‘_novel tec{uque to confarm the duagnosns by muscle biopsy, prlor to autopsy
Among the.: several forms of MD the Duchenne type stands out as a conslstent
' and well charactemsed dlsease : -Imked mhentance onset of symptoms before -‘
.‘age three years legs effected before arms abnormally hlgh serum enzyme
g ~,-':»actwuty Ioss of walklng abillty by early adolescence end death by the thnrd
decade : -

Despnte & long ’hlstory and mtense lnvestigatlons, “the prlmary cause of
MD is ‘not. known Two of the best known hypotheses conoermng the
"waet:ology of MB 'are those whnoh suggest that the myopathuc symptoms m MD
o ‘anse from abnormahty of the. Iocal cnrcufatton (tbe vascular hypothescs Demos
1861, ,Engel 1975) “of of the motoneurones (the "s»ck'* motoneurone hypothesas T
' McComss, 1977) T S - » | o
‘Fhe "vasoular hypothesus" suggests that MD is. caused by areas of chromc
anoxla wuthm a muscle probably due to capnllary occulslon : AThus, a muscle can
_"'be damaged or. nts regeneratlon. rmpanred by| a defect of the mncrocnrculat:on
'.'f;if""(Ennge 1975L Th& "snck“ motoneurone hypothesls (McComas, 1977) |s based on -
the assumptton that the normal st&te of muscle ftbres ns mamtamed at Ieasf in

'part, by trophac factors “that emanate from the motoneurone termmals " This »
hypothesus suggests that an’ abnormaluty of the motoneurones causes a chromc F
,sultung in patho%gccaf changes m muscle
o ;.Whl‘ﬁ both these hypotheses are'.' "supported by clsmoal observatuons t_he

"llmpaurment in, the trophnc actnon, '

= T . P - B
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difficulties mherent in carrylng out expertmental studles on’ human tlssues have'

made it lmposslble “to test them - crltlcally in ‘man.
- Another hypothesls concermng aetiology, of MD is that abno?mal muscle
cell surface membrane is the pnmary -cause of the dlsorder (Rowland, 1980).

'.The membrane hypothests may be stated as follows»- the . functlonal genetlc fault

.. of MD affects a membrane protem whnch is decreased in amount or rendered

~ dismissed.

“functlonally abnormal because of an.. altered ammo acid sequence. ' ln elther -
~ case, it resilts.- in abnorl"nal composltlon "and altered ’f.t:nctlon of muscle cell.»
surface. membrane Whatever its nature the.” membrane abnormahty m turn
| causes the symptomatlc ‘weakness" and progresslve degeneratlon ‘of n1uscle Cells. -
(lt has been suggested that an abnormal mflux of calcium” through muscle cell
membrane mnght be prlmarlly responslble for the symptoms of MD Duncan,
1978 Horrobln et a/,\1977) However none of ‘these three hypotheses has

been unamblguously proven or dlsproven and therefore none of them . has been

»

The prlmary ‘reason for the |nab|l|ty to obtam unamblguous support for’
any of the above hypoyheses is 'the scarcnty qof blopsy matemal from “human

"patrents . Thns paucnty of the materlal lmposes llmltatlons on the experumental_

.manlpulatlons either in. s/tu or in wtro ~and therefore many workers have

‘turned thelr attentlon to study anumal myopathles (Atkmson et al, 1980; Cosmos
~and Butler 1980; Harris and - Slater 1980). Although there has been mucﬁ‘ ‘
debate about the relevance of such studles it-is generally' agree‘dl that a study,;’_"ﬂ
of those features of ‘the animal diseases that are shared wnth MD in man w:ll'“

‘ prove to be helpful in understanding more about ‘this dlsease-.u‘n man {Harris and
| Slater, 1880). "}: e : . " B _
The -membrene “hypothesis is also supported by the - observatlons that"_‘-"" :
. enzymes, such as :aldolase, (T zvetanova, 1971) and Iactate dehydrogenase (Emery

"1964) show mcreased seltum acpvvty in MD patnents " These enzymes seem to

arise from muscle lRowland 1980) it has been proposed that these enzymes

B f:!-‘:escape from cells euther by physlcal mterr\uptlon of the muscle membrane ‘or

that a functlonal abnormahty of unknown nature has rendered the membrane

5.
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v'abnorir“nally "permeable{ thus .r‘esultiné_ in the Arel'easefof the . enzymes  (Rowland,
‘1980 | S - |

| Blologlcal membranes are mamly composed of |Ipld$ -and proteuns A"'Of
the -various models of the bloldglcal membranes ‘the ‘one _that lS most ‘widely
;:',__accepted is the fluid—mosaic model (Singer- ‘and Nlcolson 1972) TFns model

i jlproposes that most' of the". phOSphollplds present in the membrane form a
bilayer, with the hydrophlhc heads ‘of lndlvudual phosphollpld molecules orlented
toward the interior of the flbnlayer - The “peripheral” - protelns remain assoclated
with the bilayer superfuc:ally yvhlle th'e "mtegral" protelns penetrate the bllayer to
a varying degree Sunce the llplds are assumed to be present in a "fluid state“"'

,_th‘e-j' membrane ' components both the lipid  and protem are capable of

movements as supported by the experimental evidence {Kornberg and McConnell
1871a; Kornberg and McConnelI 1971b; Frye and Edidin, 1970). '

' The membrane studies m MD are full of :conflicting reports (Rowland

_ 1980) Of - the |mportant factors that moght be responsuble for these confhctmg. :
- reports the most promlnent one is the dlfflculty in nsolatmg and purlfymg these :
; membranes for thelr in  vitro characterlsatlon it is not vyet possuble in any-_"
R specaes to purlfy plasma mem‘brane from ‘basel Iamlna or collagen, commonly
assocuated with muscle cell surface. Moreover in MD the muscle is infiltrated
by fat and connectlve tlssue and these contammants may also be present in
sarcolemmal" preparatlons and dlstort analysis of what is presumed to be -

purjfled muscle “cell surface (T akagn et al, 1973) These factors together wuth
- the paucity of .clinical my—about—t—so mucrograms of membrane protem :

is obtal:fd from ohe gram of normal muscle and blopsles from children with' -

MD rarely provnde more than  one’ gram of tissue) turned many |nv\est|gators to
'other célls : Flbroblasts have received some attentlon (Roses et a/, 1880) but
erythrocyte have - beah_ mvestlgated more extens:vely 'because they can be
gbtalned in Iarger quantlty and it .is easy to get pure membrane preparatlons

‘. ) However this approach has its llmltatlons .O the 27 .reported
:abnormahtles in erythrocytes there is controversy about all but one of the 18(.“‘

fundtlons that have been studled in more than one laboratory {reviewed in - N



Rowland " 1980)1' " The irréproducibility  of observations is probably due to

"dnfferences ih experlmental mampulatlons such as use of antlcoagulants buffers,

freezmg and thawmg storage condltlons and other as yet, unknown aspects )

»Moreover some workers consnder this approach to be mistaken because” the
,er-ythrocy_te is ‘a highly speplahs_ed cél, that is not only different in structure
from muscle cells but is - also unable to perform many normal blochemical

functnons e8.g. protein synthesis.

L

Névertheless it is belleved that erythrocytes ‘can prov:de a useful model'

tissue to study” metabohc abnormalltles in genetic dlseases, involving muscle .

(Layzer and Rasmussen, 1974). Nagano (1980) has- combared membrane proteins

from erythrocyte and muscle cells. Band 5 protein . of erythrocyte -is generally
consndered as erythrocyte actin and spectrin may be eqivalent to myosin of the
muscle : A protem snmllar to "connectm in the muscle seems ta exnst_ on. the
inner surface of . erythrocyte membrane So Nagano concluded "..'.the,re ' may be
© NO wonder in thmkmg that erythrocytes are muscle m disguise".- Although
biochemical defects in MD are largely unknown a body of evndence has
accrued that descrlbes subtle abnormahtles of the erythrocytes |n MD lrewewed
in  Muscle and Nerve 2 1980) . This mth the | ev:de_nce of
“morphologlcal defects in muscle membrane (Mokri and. Engel 1975) led to a
- generalised membrane hypothesls that has been recently summarlsed (Rowland
1980; Atkmson et al, 1980) Thus ‘despite all shortcommgs, erythrocyte

membrane has been proven to be’ an extremely useful model.

Several laboratorles have reported a—_vauety__of__abnoj:malmas

erythrocytes from dystrophnc patlents and ammals eg. abnormal shape (Morse.

_and Howland, 1973; Matheson and Howland, 1974,: Miller et a/, 1976), altered

’activi‘tiesvv of membrane—bound enzymes such as Na-K-ATPase (Mishra et a/,- :

1 98_0),‘ Ca*-'Mg—ATPase (Dunn et a/, 1981) and adenylate cyclase (Wacoltz et a/,
'1979) abnormalities .in membrane protem phosphorylatlon (Roses et al, 1975;

-,Tsung and ' Palek, 1880), abnormal phosphollpld composmon of erythrocyte

membrane (Kunze et-al, 1973; Kalafoulis et al, 1977)u altered osmotlc fragahty”

Kim et al, 1 980) altered deformabmty of erythrocyte membrane &ISSIFIIS ‘et al,

1



1981) and altered arythrocyte membrane fluidity '(BUtterfie:ld', 1981» !nterestingly,
there -are ' almost an’ equal number of reports cf’ted in the literature that
contradu:t the above observatnohs (Rowland 1980). . \ ‘

MD being an. mhentable dlsease efforts have been made to find mutant
protel,ns As with the other above mentioned observatuons po|ypeptnde profrles
.of membrane protems on Sodnum Dodecyl Sulphate Polyacrylamlde Gel .
Electrophoresis (SDS—PAGE) has ynelded ‘conflicting results. . No ' 'significant
differences have been' observed between the polypeptide | profules of
" “erythrocytes obtalned ‘from frormal controls and dystrophic patlents by Roses et
al, (1975) and Tsuchlya et al, (1981) On the other hand Das et al, (1976)
' have observed dlfferent/protem patterns of erythrocyte ghosts from“patlents
with Duchenne MD (DMD) Studies on myotonic goat have shown that a proteun
of “molecular vvelght (Mw) 140 000 ‘was markedly -reduced. in erythrocyte
‘membranes frorn 'dise\ased ammals (Atklnson et al, 1980). - Very recently
: Rosenmann et al, (1982) have reported a "mnssmg protein” of MW 56 000 and ~
lsoelectnc ponnt of approxumately 67 in cultured skin fnbroblasts from DMD
patlents Burghes et al, (19_81) have also stu_d_ned cultured skin fibroblast from
patients . - with DMD  and observed differences in the region of MW
35.000- 45 000 which they," however attributed to individual var:atnon rather than
to the disease state itself. They have also suggested that earlier reports of
similar - polypeptide profiles might be due to the low sensitivity of the gel ‘
system which msght not have detected minor peptlde bands Therefore, in the
present mvestlgatwn erythrocyie membrane protems have been studied on
SDS—PAGE using a recently- developed = silver staining technique which is 100
tlme more sensmve ‘than the conventnonal coomassie -blue staining (Switzer et a/,
1979, Moreover high resolutnon two-dimensional electrophores:s, mvolvmg
isoelectric focusing in the first dimension and SDS-PAGE in the second
dimension “has 'also been performed on erythrocyte membrane proteins.
Although this technnque has. be,n widely used to study proteins from other
systems {Celis and Bravo, 1981) it has not so- far been applled to the study

of erythrocyte membrane proteins .in MD
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It ‘has been postulated that a relatlonshnp exrs‘tﬂsF between structure and

mteractlon of the membrane protem and the shape ‘af the membrane {Lux,

1979). Thus, if there is a mutant protein present erythrocyte membrane

;.J t)

is; likely that this alteratnon mlght be reflected as” én altered . shape - of’
- erythrocyte. Therefore, 'scanning\.‘ electron microscoplc sttgdles have been

performed on erythrocyte from "normal' and dystrophlc ammals Although.

alterations in erythrocyte shape from DMD patlents (Milier et a/ 1976) and

' from dystraphic mnce (Morse and Howiland, 1973) have been reported similar
@

data on hamstegs are not available. I w

~In the present study, it has been seen that the proteln profule of

erythrocytes from both dystrophic mice and hamsters is . altered qp‘\§DS—PAGE

two-dimensional electrophoresns has revealed an - extra . protein w@t from-

the number of distorted erythrocytes in both dystrophtc mice and hamsters
. . ‘ F&vt

_dystrqphlc hamsters and SEM studles have demonstrated a marked mcrease in o
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2. MATERIALS AND METHODS
£

‘21 Experimental ‘anima! models

"~ 2.1.T Mouse

Breeder mice of stram C57 ‘BL/6J~- dy2j (dy21 / +)were purchased from '

the Jackson Laboratorues Bar Harbor Malne and were reared in the Bloscnences
Anlmal Services, Umverslty of Alberta Edmontgn Homozygous dystrophlcs (dy2j
/ dy2j were recognised by the symptoms (walkmg inability, muscle weakness)
after 15 days of age. The normal mice were either heterozygotes (dy2j / +)

or homozygotes (+ / +).

2.1.1.1 Blood collsction

Female dystrophic ammals and age and sex matched controls were used’

in  the.. experiments. About 10-12 ‘month old animals were given ether

anaesthesia Thoracic cavity was E;‘openéd by an incision and the blood collected

by direct cardiac puncture “into a heparinised syringe' and immediately poured

. into heparinised vials kept on ice. Usually blood was pooled from four animéls

,

in each group.

2.1.2 Hamster

Dystrophuc hamsters of strain BIO 14.6 were provided by Dr. .

Elbrmk Dept _of Pharmacology, Unwers«ty '.of Alberta, Edmonton '. _This
homozygous lir’of BIO 14.6 was originally derlved from BIO 150 . Anlmals of
strain BIO 146 show various deg_rees of carduorgyopaﬁy. The cardiomyopathic
an?mals were recognised after 55 days of agb “by the presence of whitish dots

of 1-5 mm  diameter located at the lower and lateral. surfaces of tongue

"H(stologlcaUy these lesions. were shown to be. calclfled focal areas of myolysns :

Mhburger 1979) Animals of stram BIO 150 served as controls

\\\\\



Female dystrophic animals . of 10-12: months age and _corresponding

2.1.2.1 Bicod collection

control anlmals were anaesthesised by giving halothane through nitrous oxide. and

oxygen (4:1 v_/v) _flow medlum. The. animals were_ then injected with 6%
nembutal (150 mtcrollters per 100 gm bady weight) and the blood was
collected in a heparlnused syringe by direct cardiac . puncture and poured into
‘hepannls_ed vials 'kept on ice. Most of the time the blood samples were not

Ppooled and were treated separately.

{

-

2.2 Preparation of ‘erythrocyte ghosts

Erythrocyte ghosts from both" mous'e and hamster were prepared by the S

" method of- Fairbanks et al, (1971) whnch followed the principle of hypotonlc
lysis defined by Dodge et al, (1963) Freshly drawn blood (usually 1.5 mi from

mice and 3 ml. from hamsters) was transfered to glass centnfuge tubes kept

on ice. All subsequent operatlons were’ carried out at 2-4 C. The blood was'“

then dlluted with an equal volume of cold BmM sodium phosphate buffer (pH 8)
and 0.15M NaCl (5P,8-S). The suspension was centnfuged in a" climcal
'centrlfuge and the supernatant and "buffy coat" were removed The packed
cells were then washed three times - by _suspension in 5P,8-S and centrlfugatlon
as above - After each spin, t_h_ev ,surface was thoroughly aspirated to remove

contaminating cells. -Ery‘throcytes were then .Iysed by rapidly adding 10 volumes

of ‘cold 5mM -sodium phosphate buffer pH 8 (5P,B. The suspensions were

‘kept on ice for 10 mlnutes and centrifuged for 15 minutes at: 20,000 g
{Sorvall centnfuge RC-5B, ‘rotor SS- 34 at a set‘tnng of 13,000 rpm)' The

resulting deep red superhatants were aspnrated leaving red translucent pellets of

4
packed ghosts over “minute opaque cream  coloured "buttons" The latter were

removed at this stage to minimise contamlnatnon of the ghosts with proteinases.

Each tube was tilted and rotated to allow the - ghost pellet to slide off the
‘tigh,tly packed buttons. " The ghost peliet was then transfered to another
centrifuge tube by using a pasteur pipette. The ghosts were then

least three times’ by Suspension in 5P,8 and centrifugation as above,

PR




- taking care to- remer the "buttons”. © The final "pellets were homogenous and
- white. . no.t' irﬁmediate!'y used, the ghosts were frozen—stored at -40.C. ' The ;
“average yleld of ghost membrane was about 1 mg protein pér 15-2 rﬁl of
.blood Protem detarmmatuons were done by Lowrys method, using bovine
sserum albumm as protein standard Lowry et al, 1951).

€
2.3 -Elsctrophoretﬁ procedures -

P )
234 Sainple preparation

P2y

To 0.2 mi of ghost suspension (1 to 2 mg protéin/mi) enough solid urea’
was added to brmg the concentration to. 9 M urea To this, 1 volume of lysis
 buffer (895 M urea, 2% (w/v) NP-40, 2% ampholytes, pH range 3 to 10 and
.5% 2—mercaptoethanol) was added Once the samples were in lysis buffer,
they were either run |mmediately' or frozen. Samples could be stored frozen
for up to 2 honths without adverse effects. A

2.3.2 Isoslectric focussing. (Firbi'&lmonéion)

Two—dimens'ibnal electrophoresis of membrane protem was performed’~
according to OFarrel (1975) with few minor modifications. Isoelectric focusnr_\g
(IEF) gels were made in glass tubing (200 mm ‘Iength, 3 mm inside diameter and
5 mm vo'utside diameter) sebled at the bottom with parafim.  To make 10 ml
of gel mixture, 5.5 g of urea were added to a side -arm flask, then 16 ml of
30% acrylamlde stock (28.4% (w/v)acrylamlde and-' 1.6% (w/v) bts-acrylamlde) 2
mI of 10% (w/v) NP- 40 1.6 mt of water and 0.5 ‘mi ampholytes, pH range 3
to 10. This gave gel of followmg composmon 85 M urea, 5% acrylamlde 2%
NP-40 and 2% amphoiytes. The flask was swnrled until the ‘urea was drssolved

 then 7 ‘microliters of TEMED were added and the solution was degassed under,
vacuum for 1 mmute iImmediately “after ' addition of 10 mlcrohters of freshly
prepared 10% ammonium persulphate the _ solution was loadéd into the gel tubes.
Care was taken to avo:d trappmg bubbles by - usmg a syrlnge with. .a narrow

gauge hypodermac needie. The tubes_ were filled to approxlmately 70 mm from
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the top. The gel was overlayed with 8 M urea solutuon and after 1 to 2
_hours;' this overlay was removed - and. replaced wuth 20 mlcrollters' of. lysis
buffer. The parafiim was removed and the ends of tubes were covered with
dlalysrs membrane held in place by a 3-mm ksectton of latex tubmg The gels
were. then placed in a standard tube gel electrophoresns chamber (Bno Rad Gel “
BIBCWIS cell, model 155).  The tubes were then filied wrth 0.02 M
" sodium hydroxide The lower reservoir was fllled wnth 001 M phosphonc acnd
and the upper reservoir with 0.02 M sodrum hydroxnde whlch was extensnvely
degassed to remove carbon dioxide. . The gels were then prerun accordmg to:
the followmg schedule, ‘a) 200 volts for 15 mmutes,‘ b) 300 volts -rfor 30
minutes; c) 400 volts for 30 min&tes Then the oower vvas turned off the
upper reservoir was emptied, lysis buffer and NaOH were removed from the"
surface of the gels and the samples were Ioaded using a Hamllton mlcrosyrmge
The sampies were overloaded with ‘lO _mucrohters of sample overlay solution-. (9
M urea 1% ampholvtes,‘p‘l—l range 3 to 10) then with 0.02 M NaOH and the =
chamber was refilied  After the sarnplas were loaded, 'thev gels wgre run at
400 volts for 15-20 hours. ’ The product of the voltage and " the time (in
hours) was always kept greater than 5,000 and less than 10,000 volt hours.
To remove the gels from the tubes, a 20 ml syringe with a lohg:
narrow gauge needle was use%l to force water between the gel and the glass
wall.  Later the tubes were . connected to .,another syrlnge via a short pieoe ‘ of'
Tygon tubing and the gels were slowly 'forced 'out by applying pressure on the
syringe. \ The ‘gels were then either (a) aqumbrated -and immediately loaded on |
the second dimension’ gel, or (b) equilibrated and ‘frozen, or (c) loaded on _gn‘

appropriate second dimension gel without ‘any treatment

2.3.3 Equllibratlon.
| The IEF gel was extruded into 5ml of SDS-sample buffer (10% (w/v) |
glyoerol, 5% (v/v) 2-mercaptoethanol, 2‘%. (w/v) SDS and 0.0625M fris—HCl, pH

6.8) and shaken at room temperature for 60 minutes.



23.4 Sodium dodecyl Sulfete pelyucrylah[de gel electrophoresis (Second
dimension) _ ; F B

In the second dlmenswn the discontinuous SDS gel system of Laemmh

" (1970) was used . Y

2.3.4.1 Apperetus

. q :
Protean dual slab cell (Blo-Rad Laboratones ‘Richmond, Calif.) was used to

" run SDS PAGE. Glass plates used in making the slab gels were 160mm lohg
and 180mm wnde The glass plate sandwnch was formed using a 15mm thnck
spacer. When only SDS- PAGE (wuthout prior IEF) was performed a Teﬂon
comb (25mm teeth) was used Wthh formed 1_5;-:->>sample wells in, which the
. samples were loaded. ' Tl
"',2'3'4'é Preparation- of slab gels , ‘
o -Gels  of -"__10% eerylamide-.';—cieneeritratien were used . in the second
dimertsien. To makei“ 35mi of gel- 'h;}xture the foll}rv_in‘g\v;ere added to a _‘
conical flask: 8.75ml of separating buffer (1.5M Tris-HCI," 0.008M EDTA, pH
89, 115 ml of 30% (w/v) ‘acrylamlde (292% ac’rylamtde and 0.8%
bls—acrylamlde) 035 n‘ﬁ of 10% (w/v) SDS 0035 ml of TEMED and 109 mi
of water. This : gave the gel -the follownng composntlon 10% acrylamide, 0375
M  Tris~HCI, .pH 88, 0 1% SDS. The solution was stnrred and degassed for
5;10 minutes., Polymerlsatlon was started by adding 35 mI of 0.3% (w/v)
ammonium persulfate which was freshiy prepared and degassed for 5-—10
minutes. lmmmedlately after eddlng ammonium’ persulfate, the gel mixture was
poured into the glass sandw1ch (see 234 1. During this step care was taken

to avoid trappmg. .bubbles by using a syrmge' atteched with a narrow 'plastic

tube. The other end of the tube was mserted msldé the sandw:ch and the gel

mixture was injected into the sandwuch through the tube. The glass sandwich -;'
was filled to approximately 20mm from the top and the ge‘l' was . overleyed‘ )
with' approximatel:y' 2 mI of distilled water. The gel was allowed to ‘polymerise .
. 'for approxvmately 45 mmutes then the water and the resudual unpolymercsed gel

mixture were removed and the gel surface was thoroughly rlnsed with water
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The upper buffer chamber was placed over the sandwnch The stackmg gel

mixture (5% acrylamlde 9 1% SDS and 0.125M Trns-—HCl pH 6.8 ) was prepared
as follows: 25 ml of stackmg buffer (0.5 M Tris=HCIl, 0.008 M EDTA pH 6.8

b 17 mi of 30% .iw/v) acrylamide, 0.1 ml of . 10% (w/v) SDS, 0.01mt TEMED_

and 27 ml- water.  This solutnon Awas stlrred and degassed for 5-10 mmutes

Immediately after addmg 3 mi of 0.3% (w/v) ammonlum persulfate whlch -was

freshly prepared and degassed, the gel mlxture was poured onto the separatmgA

gel surface all the way to the base of ‘the upper buffer chamber trough and

' overlayed carefully wnth distiled water. The stacking gel was allowed to

, .polymerlse for 30 to 60 minutes, the water was removed and the gel rlnsed . :

with dlstxlled water.

23.43 Loading Isoelebrlc Focusing gol onto slab gel

A 1% agarose gel (1 g agarose in. 100 mi of SDS sample buffer) was,

" used to keep the cyllndrlcal |EF el in place and to prevent mixing of the
g

protein zones, which migrate out of the cylmder mto ‘the slab. The cylmdrucal

gel was placed on & piece of parafilm stranghtened and placed -close to the

edge of the paraftlm and parallel to the edge. One milliliter of melted agarose

'b'solutnon {80 'C) was then poured in the notch above the stackung gel.- With the’

8ld of a spatula the cylmdrncal gel was qu:ckly transferred from the parafilm

into this agarose solution.

2344 Electrophoresis in eecond dlmensIOn

About 10 *rmnutes were allowed for the agarose to set and then.
electrode buffer (0.025M Tris base, ' 0. 192M glycine and 0. 1% SDS) was poured
':mto the upper buffer chamber and also into the iower buffer tank:’ The “slab

gel together w1th ‘the. upper buffer chamber was then transferred to the lower

buffer tank. . For effucuent . cooling, enough electrode buffer was added to the

lower buffer tank to immerse the slab gel completely.‘ The gels were run at

20 mA per slab gel (sometimes two slab gels were ' run simultaneously) until the

dye front reached the separatmg gel The current was then increased to 30.

mA per slab gel until ‘the dye front reached the bottom of the gel. The

4

3
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'runnmg time was. about 5 hours , ‘

When IEF gels ‘were. directly put on second dmensvon SDS PAGE
without prior equilibration in SDS sample buffer a minor modlfrcatlon m the
above procedure was adopted After securing the IEF gel on the staclung gel

with agarose) ‘the upper buffer chamber . was ﬁlled with "hngh SDS elctrode o
buffer” {2% SDS instead of 0.1% SDS) and the lower buffer - tank with the,' '

regular elec'trode buffer. The gels were then run at 20 mA/ sld: gel for 20 : S

minute.  The power was turned off, -the high SDS buffer was removed and
replaced with the regular running buffer. The gels were then run as usual.
When only SDS- PAGE was perforrrled -iec without prior IEF, the samples
o lNel'B prepared as follows: 1 volume of the ghost suspenslon {(1-2 mg protein
A/ml) was mixed with either 1 volume or. 2 volumes. of SDS sample buffer and
'heated at 95 C for 3 minutes. The samples were allowed to come to room

temperature and If not loaded on the gel’ immediately, were frozen stored at

_—40 104 Sample wells were formed in the stacking gel by inserting a- Teflon .

comb mto the stackmg gel 1mmed|ately after ‘the stacking gel mixture - was‘
poured on the separatmg gel {before.. placmg the upper buffer chember on the
. glass sandwich). After. 30-40 minutes, the comb was removed, the ge| surface
- rinsed  with water and ¢ the sarriples were loaded lusually 50-70 - rmcrollters

contammg 40 80 mlcrograms ~of protein) in the. wells using a Hamllton syrlnge .

‘M‘



'2.3.5° Staining procedures |

2.3.5;_1" Coomassle blue ‘stalnlné' i >

-

The - coomassie blue stalnmg was performed accordlng to Weber and
Osborn (1975) Gels ‘were stamed m stamung solutlon (0 25% .coomassie bnlllant
" blue R 250, 50% methanol and 10% glacnal acetle acad) for 6-8 hours at room
temperature. To remove the excess stain, gels were soaked in’ destalnnng

solutlon (5% methand! ‘in 10% glacnal aéetuc acld) tilt the background was clear.

2352 Sllvor stalning | o o

. The $llVer stamlng procedure was performed accordmg to Wray et al,
(1981). At the end of- electrophoresls run the. gel slabs were removed from’.
thé electrophoresls cell, the spacers removed and the gel plates were prned
'apart with a 'plastic comb The gels were bnefly rlnsed ‘in: water and then
) soaked in 50% methanol overmght with at least two changes. The gels were
‘then stained in ammonical silver nitrate reagent ‘for 15 minutes wuth constant'
gentle agitation. (The sllver ‘nitrate reagent was ‘prepared as follows: 4 ml 20%
(w/vf silver nitrate solution was added dropwise into a flask containing 21 mil-
of 036% sodium hydroxlde + 14 ‘m of 148 M ammonium hydroxide with
.constant swurllng and the volume was made up to 100 ml  —this solutlon must

be used within 5 minutes) The' gels were washed ‘in denomsed water wnth gentle"

agitation for 5 minutes. "The washing was repeated once more and the gels-_ S

were developed by soaklng in developer (freshly prepared by addlng 05 mi of: -
38% formaldehyde to 5 mi of 1% mtrlc acid and makmg up the volume to 1

hter) until - bands appeared. . Usually the ‘bands took less than 10 mlnutes to

: '_'_reach' the desired mtenslty The stain development was stopped by washing the |

gel with water and by placmg it in 45% (v/vimethanol+ 10% (v/v)acetlc acid.

e

2.353 PAS stainlng e o

‘ “The Periodic Acid- Schlff stalnmg was performed accordmg to Nevnlle and"
Glossmann, (1974). Gels were fuxed in methanol washing solution (Methanol
©, 40%, acetic acid 7%, water 53% all v/v) overmght with gentle agltetlon The

axe
" soiution was changed ‘and ' the . washlng ‘Gontinued for at least 8 more hours
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The gels were then placed m cold oxldlsung solution. (1% w/v penodlc acld |n

7% viv acetlc acldl and mcubated in the dark at 4 C for 2 hours. The

"F-"".?;"f'omdlsed gels were then returned to 7%, acetlc ac:d wash solutnon and washed

for 1 hour ’ The solutnon was- changed and the washlng contmued overmght. A :

thlrd ‘wash for 1 hour was performed and the gels were transfered to cold
Schiff reagent and- mcubated for 2 hours at 4 C in the dark. The gels were
then washed with bnsulphlte wash solutlon (1% sodium blsulphlte in 0.1N HCI)
© until the maxlmum colour was developed '

X,
a% e

2.3.6 Measuroment of pH gradlent " / '
e The LEF gel was cit into 1 mm sectlons and 5 successnve sectnons were
pooled together and placed mto lndlwdual v;als contanmng A ml of degassed
'water ' ‘These . vials were capped shaken for 2 to 5 mlnutes then kept at
room t”emperature overnlght The follqwmg .day, the pH was measured usmg a

pH meter - f’ T

: 237 Photography and drying of the gels . : : .
Immedlately after stalnmg the gels were photographed :while stil wet

-Kodak Panchromatnc-x (ASA " 32) fllrn was usedThe photographs were printed on
._Kodabromlde F5 paperThg gels were drled at ‘90-95 C under vacuum.  The

-"negatlves ‘were sdanned in "'Double beam“mncrodénsutometer (Joyce Loebel and

Co. Ltd Gateshead—on-Tyne UK)

¢ 2.3.8 Cloanlng of glass plates -nd tubes

The glass plates were rnnsed with water then washed with - "Alconox" '(, -

"‘Alconox lnc . New York USA ), “rmsed “thoroughly and allowed to dry ovemlght

in an' oven. After each 4 to 5 runs the glass plates were soaked overmght

in - chromlc acud The glass tubes were rmsed with water soaked overmght in _

'concentrated mtnc acld nnsed wuth water followed by . 95% ethanol followed

by acetone. Fmally the tubes were agam rmsed with water and’ oven—drled

-overnight.

TR



2.3.9 Chemicals CEe . ,': ‘

. All the chemlcals were obtained from “Slgma Chemlcal Co. St_ Louis, |
Mo except Ammomum persulfate {(from Kodak _Eastman,_ N,»Y.), TEMED (from
-Matheson Colemanz and Bell, NJ!) and vSodium _ dodecyl 'sulfate' K and K
“Laborato-ries; N.Yl). ..l"VlethanoI used in. sitver 'staining was obtained from Baker
Chemical Co., N.J. .. " | | | o

é.4 Scanning eleotrOn microscooy .
- The samples for SEM swere prepared accordmg to Muller et al (1976).
Blood was drawn by cardiac puncture through, a 23’gauge needle attached to a
_heparm;‘sed dlspos_able syringe. One drop of blood was lmmedlately placed mto.
'a polypropylene‘ test tube, contammg 10 ml of " 1% glutaraldehyde in "0.1M
'phosphate buffer, pH 74 ‘The tube was gently inverted, se,veraI - times ‘to
assure dlstrlbutton of the cells .in -a large volume of flxatvve After set'tling for '
one hour at 4 C, the f|xat:ve was plpetted off and the cells were collected
from the bottom of the tube m a ‘small drop of glutaraldehyde wuth a’ pesteur
p:pette . The cell suspenslons .were allowed to: settle “on, collagen-coated
coversllps for one hour at room temperature - They were ‘dehydrated through a
graded serles of -ethanol and then alr-drled Centrlfugatnon was avoided .in all
the: steps. - The covershps were mounted ° on specnmen stubs using - silver
conductnve paint (Acme’ Chemtcals and Insulatlon Co, New Haven Connectlcut)
and - sputter coated with gold targst, approxlmately 150 Angstrom units thick, in
Edwards S 150 .B sputter coater. The cells were viewed in a Phillips SEM .
505 at 25 kv. The samples were coded and - photographs were ‘taken of
random fields ‘The mncrographs were recorded on Kodak plus X black and‘}\ N
whlte film, ASA 100 using a 35 mm camera and were prlnted on Kodabromlde‘ /

F3 paper. The cells were counted by vasual mspectuon.

R S O R R



3. RESULTS

31 Sodium dodecyl sulfete polyacrylamide 'gel electrophOresls

~.On  SDS-PAGE, proteuns are separated accordmg .to their molecular .

welghts ~The theoretlcal basus of" this phenomenon is duscussed in appendlx l
Fig. 1 demonstrates a typical electrophoretogram of gel in whlch protems

from different sources were loaded on the gel under the condltnons described

in "Materials and Methods | The peptide bands are sharp, flat. and stacked one

above another Fig. 2a shows separation o-f different~ peptide chains loaded in

_a single sample well lwell D). The identity of each band was establlshed by ‘

runmng each protem in separate sample wells. Flg 2b shows a slmllar set of

proteins - but stained _wlth __snlv_er, stain - instead of coomassie blue. With silver

stain bovine serum albumin is not at all stained (arrow). Therefore, in the

‘subsequent runs phosphorylase b is used. The molecular weights for these

polypeptnde chains are taken from ”CRC Handbook of Bnochemlstry . Selected
Data for Molecular Blology" “

The dependence of the moblllty of polypeptide . chains on the logarithm
of the molecular ‘weight is |llustrated in fig. 3 . Most of ‘the: pomts fall close
to the stravght line showing that separation in the range of 15, 000 70,000 is

excellent and that molecular welght of -any’ protem in_this . range. can -be

determmed with a fair amount of accuracy from the electrophoretlc mobllty of'

[

the unknown proteln
Electrophoresis of ghost membrane protein generally yields a pattern m

which six well resolved bands predorninate (fig 4. These bands are arbltrar._ily

lsbeled 1 to 6 ‘according to the notation. of Fairbanks er &/ (1871) Mouse - -
..eythrocytes also welded -a peptlde profilé: su'mlar té that shown -in. flg 4- a e

»

Human erythrocytes also yleld a pattern of mx pred_ommant bands (Fagrbanlfs er
al - 1971) ‘and. most of " these.- bands have been we1l characterlsed *Bands’ 1 andr

ra lapparent mol wts 240 000 and 220 000 daltons respectlvely) are refered to
,-_a spectnn ' The next ma;or band band 3 has an apparent mol wt of

.‘90 000 ‘—100 000 daltons and seems to be composed of a number of; |

17

PSR



-

" 3.1.1.1 Silver staining
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heterogeneous 'molecules (Roses and Appel 1973). . Band 5, or erythrocyte.

"actin, - has an apparent mol. wt of 45, 000 and band 6 which comigrates with *

erythrocyte glyceraldehyde 3~ phosphate dehydrogenase has an apparent mol. wt

of 33,000 daltons Some of the. minor bands have also been characterised:
such as, band 4.1 of apparent mol. wt  77,000has bee_n“irnplicated‘ as one of
the important cytoskeletal <proteins' (Branton, 1981) and bands of 4.5 region have

been imolicate'd-in the monosacharide traneport (Jones and Nickson, 1981) -

3.1.1 Mouse Erythrocyte Ghosts -
. A Y

- Figure 5 shows results of electrophoresis of ghost ‘membrane protein
from- normal and dystr'ophic mice. This pattern of six well resolved bands was
reproducible and . close observation revealed many more ‘minor bands after
staining with - silver stain.  When the peptlde profiles: between norma! and
dystrophlc mouse érythrocyte ghosts were compared a d:fference in the range
of 55,000-60,000 Dalton ‘was observed (arrow). This polypeptide was always
found to be more intensely stained in the dystrophic animals compared to that
in the controla This difference could be due to an increase in the quantity of
the pept:de and is clearly illustrated in dens:tometrlc traces (Fig. 6t . There were

other minor - differences - found occasu)nally and they were probably due to

individual animal varnat»ons However lncreased amount of 55,000 dalton peptnde.

was cons«stently observed in all five but one specnmens studned

3112 PAS Staining )
When stalned for ﬁarbohydrates by PAS proeedure electrophoretograms
of erythrocyte ghosts_ gave --the pattern nllustrated in- fagure 7. - An_intense

stannlng reactuon ‘was. seen’ just behmd the tracking dya and it was presumab1y

due to glycohptds tFanrbanks et al 1971) Four PAS posmve bands - were.

.......

Fan'banks et al (197 1) have reported three PAS posmve bands with the’ apparent
molecular we:ghts of 83 500, . 45,600 and 25 500 from human erythrocytes
. ~

-



Four pairs of normal and dystrophic mice were - studied and no detectable

differences in the -PAS -positive bands:- were  observed.

3.1,2 Hamster Erythrocyte Ghosts

3.1.2.1 Silver Staining
:Figure 8 shows the results\-of electrophoresis of ghost membrane
proteins from hamsters.. As with® the .mouse erythrocyte ghosts hamster ghosts
also gave a well reproducible pattern of six major bands In the case of
hamsters as well, the dystrophrc animals showed an enhanced staining of the
55,000 dalton band and this dlfference was obsg,rved m four out of the six
"spec:mens studied The difference however, - could not be picked up by the

densitometer due to inherent low sensitivity of the densitometer.

3.1.2.2 PAS Staining

PAS stalmng for carbohydrates showed almost an |dent|cal pattern to that
of mouse erythrocyte ghosts (fig. 9. _Four PAS positive bands were observed-
in hamster also. Though silver-stained electrophoretograms of hamster
- erythrocytes showed a difference in the the 55,000 dalton band, no dlfferences
" were observed in the PAS-stained electrophoretograms from all the three pairs

: of ammals studied.

3.2 Two-dimensional ‘slectrophoresis (2- -DE)

SDS PAGE has been proved to he extremely useful analytlcal techmque
for the separatlon and mol wt determination of protein spemes from complex
mixtures. ' However, for extensive analysis of complex systems, 2-DE has_'
' proved to be indispensible. Since in 2-DE each dimension can separata
proteins according ' to independent parameters optlmal separatlon can be.
‘achieved. " in the presént investigation IEF has been used in the first dimension
which separates proteins according to charge and SDS-PAGE in the second

. dimension which separates according to mol. wt . A brief analysis of the
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theoretical basis of charge separation phenomenon is given in appendix. I

.For good resolution |of polypeptides on IEF gels, it is. important that pH -

gradient in the gel be finear. Fig. 10 shows that the pH gradlent _irthe gels
‘used was fairly linear thro%ghout the Iength of the gels. Only at the two ends .
of. gels textreme pH values) the pH Iinearity was not ‘observed. ’_'[his
phenomenon has been observed by others also (OFarreII 1975). oo o

' Fig. 11. clearly demonstrates that 2-DE allows the erythocyte membrane_
to be resolved into a much larger. -number of- components {up to SOR'han are‘
revealed by one dimensional - electrophoresns (15~ 20 bands)..  This has been
observed earlier by others as well (Rubin and MIIIkOWSkI 1978; Thompson et al
1980). Th_e characterisation of many of - these components is far from

complete at present (Jones and .Nick.son, 1981).

. 3.21 Mou'se' Erythrocvtos ‘Ghosts = ‘

Fig. ' 12 shows _‘tw.o dimensional electrophoretograms of mouse eythrocyte
ghost membrane protein obtained from normal (fig. 12a) and dystrophic (fig
12b) 'anima]s The dystrophnc animals showed mcreased staining of two peptlde ’
spot: (shown by arrows) of approximate mol. wt 30,000 and isoelectric point
{ph 4.2 and approximate mol. wt 22,000 and pl 7.0 . No detectable 'difference
was found in the 55,000 dalton regi'on. 'Only one sample has been studied so

far and the study is under progress.

3.2.2 Hamster Erythrocytes Ghosts ’ o

2—6E' of hamster erythrocyte ‘.ghosts showed many more 'spots ‘than' that
shown by . mouse erythrocyte ghosts ° {fig. 1i). . Close " mspectnon of
electrophoretograms from normal (fig. 138) and dystrOphnc erythrocyte ghosts-
(fig. 13b) revealed only one -difference. There was an additional spot present in
the region of 20, 000 dalton and pl 45 in the eiectrophoretograms obtanned'
from dystrophlc ghosts (arrow).  This _differenc,e was consustently observed in all '
the four pairs of animals so far studied No detectable differences in the

region of 55,000 daltons were observe\d.
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33 Scanning electron microscopy
SEM has I:aeenw used -to examnne the surface of  specimens at high
resolutnon ‘ ‘1; .prmcnple it works’ much hke 2 transmnssron electron- mocroscope -

the only dlfference being that backscattered (rebound) and secondary electrons -

are used to . form the xmage rather : than . deﬂected electrons A bnef L
| descnptnon of lmage formatlon in SEM and the- Ilmltatlons of this. techmque is

given in” appendix fll* " SRR S

| Erythrocytes normally appear as bnconave dlscocytes “though in - a normal:
. ammal a mlnor percentage of“c-ellsl can be present in a shape other than the..
' typical blconoave (Mnller et a/ 1976) Some of the most commonly observed '
shapes of . erythrocytes are |llustrated |n flg 14: - A normal btconcave dlscocyte . .
s seen in fug 143 whnle fig. 14b shows a kmzocyte (trlconcave _cell). _These e
cells resembl_e the 'di's'c'oc-ytes only dvfference belng that knvzocytes have an
additionalb concavit‘y Fig. - 15¢ shows a typlcal cup shaped stomatocyte 4he
'term stmatocyte bemg derwed from the mouth hke appaarence 15d' Ty

shows a splcular echlnocyte thelr surface bears pro;ectuons gtvmg them a star '

+
"‘, L "".'.'

‘ hke appearence ‘ K

3.3.1 Mouse erythrocytes
- In controls; the majority of erythrocyte§ appeared as typ;cal biconcave
discocytes (fig 16a. A few stomatocytes and rare)y knizocytes or echnnocytes
were . observed The sparse abnormal forms among cells from normal animals
--could be an artifact of fixation produced by altered sensitivity of older cells
(Miller et a/" 1976). In comparision, dystrophic animals _showed much Iarger
population of stomatocytes {fig 16b). The percentage vaned with the individual
fanimals ('fable 1. but wsth the exception of one anlmal the number of
stomatocytes was always at least fuve times greater in the dystrophnc animals
.than in the controls - In the normal animals = more than 90% cel_ls were

‘biconcave discocyte.



3 3.2 Hamster eythrocytes o ". , _

0. an 17 shows a field of cells obtained from normal (fig. -17a) and
dystrophlc ammals (flg 17b).  As ‘in mice, very few erythrocytes with -irregular
shapes - were observed in normal h‘amsters A large proportngn of the: oells m"
the dystrophnc ammals {fig. 17b) showed surface irregularities involving varlable
protrusions from the cell .surface. They resemble echmocyte and have been
obéerved earlier (Morse and Howiland, 1973) in dystrophnc muce ln the normal_

animals around 10% of the total cells were dlstorted whlle ln the dystrophnc

ammals thls number was mcreased to almost 60% whnle the remaining celis -

were blconcave dtscocytes (T able 2). Very.; few, if . any, stomatocytes_ were.

v'vobs_erved either in the,controls or in the dyétrophic animals.
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"_'.fr_om DM_D patnents.~~ Thns protem has a molecular welght of 56 000 daltons‘; T

dy_strophic patients

‘ | S 4. DISCUSSION
Based on the data derived from SDS-PAGE analysis, it 'can . be stated
that in both mice and hamsters a protein,_of 55,000 daltons shows an increase '
in amount in dystropic erythrocyte ghosts This peptide does 'not belong to.  the

ma;or 6 bands observed in erythrocyte membrane and the slgnlflcance of. thns-'_ ;

flndmg rémains unknown

Earlier reports on the polypeptode composutron ‘of erythrocytes in MD'

-~ have ynelded confhctmg resuits. Tsuchlya et a/, (1981) and Roses et a/, (1975)
“found no differences between peptlde proflles of normal and dystrophtc ghosts

. from humans - Pas et a/ (1976) observed different protem pattern of ghosts

~ from patlents with MD. Howaever, - detalls about the dlfferences were not glven:

- Recéntly Rosenmann et a/ {1982) reported a' ' mlssmg protem" m flbroblasts

[N

~and- isoelectric point of 6.7, and was found to be consnstently absent in. .

Q) "'.
B

' ° The dlfferences s in- vanous reports on proteln analysns could ‘be- due to

the differences in the techmques used by different workers. Erythrocyte

.- membrane is- ~suseeptible to proteolyt:c degradatlon durlng the experlmental'

“ 'manipulations (Faarbanks et al, 1971) In the present study care was taken to.

T

minimize Jthe chances of such artifacts by’ keeplng |solatnon tlme to a minimum
and removing contamlnatlng cells, which exhibit proteolytic  activity (e.g.

leukocytes), at an early stage of the isoiation. -The 'pr‘esen'ce' of protease

inhibitors does not seem to° be very effective since these‘ inhibitors are highly

specufnc for their respectwe proteases (Bhakds et al, 1975) and therefore use

of only one protease inhibitor - wm not necessanly prevent proteolysns ' Another;"_

variable of critical |mportance is the sample preparatnon A shght varlatnon n

the protocol of sample preparatlon can give rise to a’ different peptide profile
on the electrophoretogram (Rubin and Milikowski, 1978); Moreover, | different
staining procedures rnight “show different electrophoretogram profiles for the
same protein mixture. Though coomassie blue stains bovune serum albumm >

silver = stain fails to do so (ﬂg 1a and ,,1b). Dur_mg the reaction of = silver

23



cations  with protsin in’i an alkahne envnronment . protein “amino‘ :i_:g\roups "-ere‘
complexed with' silver (Wray et al,. 1981) : Thus if :fewe’r number of 'free
amino groups . are ' available .in the protem lt wnll not be stauned properly wnth
‘,thns procedure of snlver stam , Slmularly none of the PAS 'positive bands
'observed in human erythrocytes showed up ‘in the gel when . stamed W|th'
coomassne biue - stain ' (Fanrbanks et a/ 1971) Thus qany report of a "dlfferent
pept:d_e pattern’ ° Foa slmllar peptlde pattern ‘is® subject to all of these ~~
variables and ‘th,e' peptide pro_fjle nee_d not necessarily reflécts. thé true ih vivo
situation. Nevertheless, from. the“_,_p'resent{ —’in\}estiget‘ion it s © clear that the-
er_ythrocyte' _rner‘nbranes obtained ,from, normal. and dystrophic animals \"/yhen
subjected to identicel experimental manipulations  (membrane isolation, sample

preparation gel electrophoresns etc) exhibited .a dlfference in " the (protein'

L patterns lndlcatmg that these two _membrane - populatxonsf - at - least. "in. _;some_\_

LI

| 'respects are- dtffer‘ent o e,

Two— dnmensnonal electrophores:s is capable of resolvmg a complex proteln

o 'mtxture ‘ mto -2 much larger number .’ of - compohehts sthan »one—-dlmensnonal .

electrophor'esis (O’Farrel, 1875). Results from the present ‘investigation showed
that. ghosts piroteins'a,re' indee_d resolved. into more components on 2-DE. In
"the~ case ‘of. harn's'ters,- an additional .-protein spot was observed on the
electrophoretogrems of dystrophic ghosts.  This difference was not observed

on one dﬁmenslonal SDS-PAGE due to the- presence of ™~ ahother protein spot

with similar mol‘ (20,000 daltons). Obwously these two peptndes of s:mller_’__

mol. wt have different ‘isoelectric point values. In the prelammary experlments

- 1mice. ., eythrocyte ghosts some dl?ferences were observed .on 2 DE

¢ e o o

C : ielectrophoretograms but this ;Toservatnon requcres confurmatnon

Though SDS-PAGE has been used extenslvely to study membrane proteln o
'proflle in MD, 2-DE "had not been used untll recently This is probnbly the
“first report of two-dimensionai electrophoretnc studies - on erythrocyte membrane
in MD. Recently, -Rosenmann et a/, (1982) reported a "missing protein” from\
fibroblasts of dystrophic patients using. 2-DE Eartier studies on fibroblasts

obtained from patients with DMD showed no difference on one—dimensional
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"'SDS—PAG‘E& (Buréhes““et al,” 1981)" Thls shows ‘that 2-DE is far more useful
than SDS\PAGE in screening for proteins. )
~ Over the past f years, . erythrocyte membrane protems have been

analysed by uslng different two—-drmensnonal gel systems lFalk et a/ 1976 Flubm

and Mlllkowskl 1978 Thompson ‘et al, 1980) " Falk et a/ (1976)r rep,orted' '

-

resoluthn of 30 lndnvrdual components usmg ‘urea, NP—40 lEF followed by

_SDS- PAGE Usmg the similar system up to 50 peptude spots have .been
"resolved in._the present study - (fig. -11). Howevé‘r _from. theeelectrophoretograms ‘
.|t is clear that consaderable amount of . protem has not entered - the -IEF get - and""-
has appeared as a smear on 2-D gels This phenomenon ‘has been observed
by others (Bhakdi -et a/ 197§) and can be prevented by usmg SDs durmg IEF “
sample preparatcon Rubm and. M:llk0wsk| (1978) by usmg SDS dunhg IEE. .-

y sample preparatlon resolved over 200 peptldes They suggested that SDS by

' removing spectrln "and band 3 proteins selectively by aggregatron - prior to

ventrance into. . the gel allowed minor components to enter the IEF gel. They-

oo

did not, however rule out the possublllty that some of the spots obtained on
the electrophoretograms were in part artnfacts - This and the possibility that
SDS binding might affect the mlgratron of protem (by altering the native charge)

were the reasons for not using 8DS 'in IEF . samples |n the present study

Arttfactual spots can also be seen on’ electrophoretograms due to

mduced charge: heterogenlty lsocynate formed by decompos:tlon of urea mlght )

o result An carbamylatnon of protems and ‘therefore a loss of free amnno group

(OFarrel 1975) The loss of a free amino group ‘below pH 85, reSUlts in. a

<umt change— in - the charge of B molecule and hence a shift" in’ p| Thus o

,deam:natlon artrfact results m a. unliorm serles of spots lAnderson and H‘ckman )

' 1979) " The followmg pracautions were taken to prevent carbamylatlon in the

present WO"k all . urea -solutiors  were stored as frozen allquots ‘ampholytes

~were _present m all urea solutions which contact the "protein; .once the protein’
/

was dissolved in urea solution, the time during which it was not frozen was

kept to a minimum ; and finally, the -IEF gels were prerun to remove isocynate,

pKa 3.75 (OFarrel, 1975) vSince' a8 uniform -series of spots _is - largely absent’
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from. the electrophoretograms it s hlghly unlukely that _the additional spot

observed from dystrophic ghosts is a deamlnatlon artifact
The present SEM \studnes showed that a large number of erythrocytes
from both dystroph:c mice’_ and hamsters have ‘abnormal.. shapes. This

observatlon is consrstent with the earller reports of alteratlons in. erythrocyte )
shapes from dystrophlc mlce (Morse and Howland 1973) and patlents with DMD-
" “ahd’ myotonlc ‘MD (Miller et a/, 1976:; Matheson and Howland 1974).  Thus, the

'-phenomenon of - erythrocyte shape altera"\uon seems to be common in vanous

dystrophies. - . - o

Quantltatnon of cells showed that both in mlce and hamsters the normal

S anlmals have “at least 90% of ¢ blconcave dlscocytes “and “few (around ’/10%)

' dlstorted cells. Most of the distorted_ cells were stomatocytes and very few

‘were knizocytes (triconcave cells). Though all the dystrophic animals examined
showed some typical biconcave <cells, distorted celis were presént in increased
numbers.  Interestingly, though‘ both dystrophic‘i mice and _hamsters showed an
increase in the number of dist’orte:d ‘cells‘,. the nature of the distortion was

different in these two specnes . Dystrophic mice showed an lncrease in the

number of stomatocytes while dystrophic hamsters showed an increase in the
number of echlnocytes There ‘was’ eonsiderable vanatlon iR the, percentage of -
.the dlstorted cells” in both dystropic mice and hamsters (46%-73% in- hamisters
“and 35%—67% in mice). Matheson and HOwland (1974} also . observed large

| """,lZO% 98%) Thls shows that both dystrophlc patlents ancL dystrophic -animals can
.nvshow large vanatlons in the number of the dlstorted erythrocytes ,
Thns phenomenon of altered erythrocyte: shape has also been observed ln:- :
. many chmcal dtsorders other than MD. Altered shapes -of eythrocytes have:
‘been reported in - patients thh congenital | abetalipoproteinemia (Brecher and‘

Bessis, 1972); ‘,snckle cell anaemia (Jensen .and Lessin, 1870; Rice—Evans and

Chapman, 1881, beta%halassaemla (Rice-Evans and Dunn, 1982); hereditary

'spherooytosis (Thompson and. Maddy, ’ 1981) -and many other clinical conditions

" (Brecher et al/, 1973). The Mdlecular mechanism of the shape alteration in

\

e

varnatuons Jin the pereengage of -the. - dlstorted cells i, paﬁents wrth DMD. —
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most of these conditions is not knoyyn

. The possnble mechanism of altered erythrocyte shape in MD  also remains
| unknown. It has been speculated that an abnormal phosphollpid comp%sitlon of
.erythrocyte rnembrane in MD might be responsible for  the altered shape
(Matheson -and Howland 1974). Since, treatment of normal erythracytes with
calcnum at a -high pH has been shown to induce similar alterations in shape as

found in MD (Weed and Chailley, 1873), it is possnble that the changes in

‘ . membrane lipid produce an abnormal ‘pattern of cation distribution"(Hoyvland and

Challberg, 1973) which in turn induces shape alterations.  Alternatively, changes
in membrane lipid profile may bnng about the alteratlons by directly influencmg
different membrane proteins and their_ interaction with the cytoskeletal elements y
(Rice~Evans and Dunn 1982).

Lux (1879) has suggested that membrane deformability,  flexibility and
morphology are primarily dependent on and controlied ‘by a submembranous
protein scaffolding composed of spectrin, actin and band 4.1. Spectrin band 2
phosphorylation has been shown to be consistently higher inserythrocytes ‘f\i'om |
patients with DMD (Roses and Appei 1976) _Thus, it is possible -that- altered
- levels ©of * sbeétrm band 2 phosphorylatlon might be ultimately respons:ble for the_'
altered shape of erythrocyte in MD (Fiice—Evans and Dunn, 1982). In hereditary
spherocytosis N a‘s' well, _the -underlyihg. defect : - that.- . induces the‘ shepe

transformation has been attributed to abnormalities in the control of !chtrin

-. band - 2~ phospﬁorylation (T hompson and Maddy, 1981)

The present myestlgation has lndlcated that erythrocytes from both- A

_dystroohic_. ‘mice -and - ham‘sters show altered polypeptide profile as well as
. allnter,ed erytiwrocyte s_l:ape.’ " However, the altereds proteins from dystrophlo '
_animals need to be characterised both th terms of structure and ~ function,
before any link between these two findings could be sought

Alterations similar to those found in the present mvestigation can be-
“produced in vitro under nonphysiologic conditions ' Stomatocytes can . be readily

formed by exposing ‘hormal discocytes to low pH (Bessis and Bricka 1950)

cationic detergent like agents .. (Deutick 1968),. and chlorpromazme (Weed and

-
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Bessis, 1973) E'chinocyt'es can be produced by many factors, among them are

elevated pH (Ponder, - ‘1_948) - anionic detergent like agents and exposure to

lysOlecithin {Deuticke, 1968) ‘intracellular ATP depletlon (Weed et a/, 1969) and

cell ageing (Brecher and Bessns 1972). Thus it seams that erythroc‘yte"s can

react to seemlngly unrelated perturbants wuth a limiteﬂd' number of shape
‘transformations. o ' '

The easy susceptablllty of erythrocytes to undergo shape _transformation
" raises the possnblhty that thése erythrocytes from dyStrophlc anlmals might have
normal baconcave shape in vivo and ‘they undergo shape transformatnon much
more -readily than the erythrocytes from normal anlmals | ‘The mean life' span ‘of
erythrocytes in dystrophic ,hamsters has ' been shown to\ be ‘slig'htiy longer
(67.3+0.7 days) than in the c_ontrois (50.1+1.6 days, '[off_e‘lmire and Boeéman,
1880). This suggests that at any? given' time dystr‘ophic‘hamsters will be having

more aged cells than their‘, normal counterparts. .Thus, as shown by Brecher

and Bessis (1972), cell aging_ rni?;n be in. part responsible for the membrane
~shape distortion observed in the present investigations.  Since “age” corrected
.populatlon of erythrocytes can not be obtained without e*nswe manlpulatlons
4‘usually mvolvnng differential centnfugatnon" fmdmgs from such studies - ll be
difficult to mterpret for its in vivo relevance. it is suggested that the small
proportnon of s#bnormal celis (usually less than 10%) observed in normal
mdnvnduals may be an artifact of fixation produced by the altered sensmvuty of -
older celis. It should be ponnted out therefore that the alterations in the
‘sha‘pe of erythrocytes seen in dystrophic animals are- not necessarily an
‘evidence of their existence as such in vivo. This - ceuld be the result of
mtrms:c bnochemlcal membrane dlfferenCes that respond to fixation drfferently

It is mterestmg to. note that in the present studies dystrophlc mice have -

-showh mcreased number of stomatocytes (fig. 16b) while dystrophlc hamsters B

have shown that of echmocytes (fig. 17b). Mnller et a/ (1976) have reported

an increase in the number of stomatocytes while Matheson and Howland' (1974)

have reported an increase in the .number of echmocytes - from patnents with

. DMD:  Miller and coworkers suggested that this discrepancy was probably due

A
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A to the dlfjerences ln the technnque of sample preparatnpn {procedure of Mlller
AT v e
' and coworkers avouds centnf-ugatvonl ln the present study ~the . protocol ggven

hoa

'by Miller “and" coworkers was followed Wthh ylelded “stomatocytes in- dystrophlc ” :

mice and echmocytes |n hemsters ' Obwously, the dlscrepancy seen earher

-due to some factors other than the dufferences in* the techmque of sample

- - — i

"preparatlon . o ‘ U .,. : C— e

ln summary these flndlngs of altered polypeptlde proflle of eythrocytes :

'from both dystrophlc mlce and hamsters together ‘with the findings of mcreased

_'number of dlstorted erythrocytes m these dystrophic anlmals suggest that

senous conslderatlon should be glven to the hypothesls lmkmg genetic dystrophy_

and systemlc alteratlon of cellular membrane A defect of membrane coulpl

-result m a defectlve mtracellular-extrecellular catlonuc balance whlch would have

»Amore sernous consequences in’ muscle where it forms’ the trnggermg mechamsm
. for excltatlon couplmg lf such a membrane defect is.-indeed wndely dlstrnbuted
. ; in the tlssues ‘of. dystrophlc lnd:vuduals then lt |s lnkely that |t should be - sought
in t:ssues other than muscle. smce the charactenstuc progressnve degeneratlon of

' muscle in MD' renders judgement about membrane functlon almost |mposslble
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A typlcal electrOphoretogram of protams on SDS~PAGE The gel .

was. stalned with silver stain, track A standard protems—’ ovalbumm

.43 000 daltons, carbomc anhydrase 29 000 daltons and cytochrome
c 11 ,000: daltons; tracks B *and:. C: 2,000/ xg -supernatant of “mouse.

heart homogenate 60 mncrograms protem D and E same as in B'
and C except 30 mlcrograms protein was loaded on “the gel; F
and G -,_2,000 xg supernatant. cf mouse -liver “homogenate, 25

micro’gréms protein; H ' and |-same as in F and G except 50

‘mlcrograms protein was loaded on. the gel.
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-Figure:* 2

Electrophoretograms of standard protems on SDS ~PAGE. Flg 2a) -

gel stained with coomassie. blue stain, tracks A bovme serum

. albumin_ 68,000 daltons; B: ovalbumm 43,000 daltons C carbomc

anhydrase 29,000 daltons D: mixture of standard protemS' E
trypsm inhibitor 21,000 daltons; F: myoglobin 17,000 daltons.

Figure: 2b) gel stamed with silver stain showing ovalbumm carbonic

) anhydrase and cytochrome . c The arrow shows posutnon of

bovine serum albumm -which did not show. up in thls -gel. Figure:
2c) gel stained with silver. stain, showing same set of standard
proteins as in fig. 2b wnth addltlonal phosphorylase b 90, 000

daltons.
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Figure: 3

Y

".Log “ molecular - weight “versus- Are}ati‘vg fﬂ)O_bilitV: f(Bf} of . seven.

standard protéins ‘oir‘\ SDS—'PAGE. The ‘numbe.rs on the “graph. »lin"e
shows mol. .wt  X1,000 daltoris. 68' b&yrﬁe “serum “albumin; 43

“lactoglobulin;” '17: ryoglobin. The' data ~were - obtained,; from an-\_. .
‘amalysis of four vgels." S e ' |
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A .typ'i¢al ,electrobhafetbgfam of e.r‘yth.troc'y:cé- igho‘St “membrane
proteins obtained - from normal hamster.  Gel was staingd with

S silver stain, _track A: standard proteins, the number shows mot. wt

..L.ﬂ"’=x1,000 " aéitén“s; ‘B erythrocyte ghost membrane- proteins- showing

a typical six band pattern the details of which are given under

"RESULTS".
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Plate; 4

Figure: ‘5 Lo _

SDS-PAGE .analysis of erythrocyte ghost membrane proteins -from .
normal (track C) and d;sfroph,ic mice (track B).. The a‘rlrow shows
the di,f_'ference' in the pepﬁde staining. ‘Gel- was stained with silver

stain. Track A standard .proteins.~ " "
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Figure: 3 i
Densitometric  trace of SDS-PAGE electrophoretograms of
" eryhtrocyte ghost membrane - proteins from  a) normal and - b
. dystrophic .mice. The ' arrow  shows increased “amount of. 55,-060
dalton baﬁd. Numbdf§ in" a) shows classification of. erythrocyte.

. membrane major proteins according to Fairbanks et al{1971).-
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Plate; 5

Figure: 7

Periodic acid Schiff - stained electrophbretogram of erythrocyte

. B )
ghost ‘membrane from normal- (tracks A and C) and dystrophic
mice (B and D)- The arrows  show relatlve positions of threev

bands. Some bands dsd not show up’ in the photograph.
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Plate. &

Fi‘gul;e:‘ 8

"SDS—PAGE analysis of erythrocyte ghost membrane proteins - from.

normal (track -C} ‘and dystrophnc hamsters B and D) The arrow

'shows the dlfference in the pept:de stalnlng Gel ‘was stained

' 'wrth sulver stam Track A: standard protems T

Y
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F:'gur_e':‘Ql o o e, R oo
o :Penodcc amd -Schiff stalned electrophoretogram of erythrocyte ,
',__ghost membrane from normal (tracks A and cr and dystrophlc ,

hamsters ] and ‘D) The arrOWS show relatlve posuttons of . four i

_bands Some bands did hot show up in the photograph _ 4‘
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- Fige 10 | Y
‘ The pH gradient curve. The pH gradient was measured 'a's‘f.'

described under "MATERIALS AND METHODS".
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Plate: 8

'Figure: 11 : - _ o

A .typical two-dimensional electrophoretogram. of 'er'ythrocyte ghost
membrane proteins from normal - hamster; gel was stained with

silver stain.






Plate: 9

o

Figure: 12

TAv;/o-dimension'a]" ,gell‘ analysis of - eythrocyte  ghost membrane
proteins from a) norfnakand b) dystrophic mice. Circles in the fig
b shows two-épots -which were stained much more intehsely: as
compared to those in the'fig'a
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Plate _l_Q

&@Figure‘: 13 , ‘ ‘
Two-dimensional gel  analysis of  eythrocyte &ho,st membrane
‘. . \‘/‘ . .

proteins from a) normal and b) dystrophic -hamsters. The arrow in

fig. b shows. the additional spot from dystrdphi’c prepartions.
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Plate: 11

Figure:

14

Scanmng eiectron rmcrographs of erythrocytes showmg a normal .
biconcave dnscocyte (fig.. a) and a triconcave kmzocyte (fig. b} in.
the right half of the photographs., The cells were .obtained from
normal hamsters. The' right half of .the. ’photogréph is 4.1 times

7 the left half.
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- :Figure_:' ‘

15

S »

%

Scannmg elec'tron mncrographs of erythrocytes showmg a cup

E ~shaped stomatocyte (flg c) and ‘a star shaped echmocyte (flg d) m ?°

' the nght half of the photographs The r:ans were obtamed from

' ,fls 4.1 tlmes the ]eft half whde m flg a: |t |s 22 tlmesw

1'_}dystrophuc and normal mnce respectwely In ﬁg c the hght half
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Plate: 13

Figufef 16

Y

’Scannin‘é 'elec‘tron 'rﬁi&rogfapr{s of. erythrOthe‘s: obtamed from

- normal (fng a) and dystrophlc (fng b) mice. )fhe arrows. ln fug b
show stomatocytes PN ;e ' R

v
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Table 1: Percer\tagé;of distorted -‘eryt:rocytes in Norhql and ,'Dystfdhhic Mi_bce._v ‘
Controls - . S o BT Lo
Animal no. | Total no of Bicdncave cells Distorted cells” . %distorted ceAI'I.Sl
o cells 'cou’ntad. o } | ‘

165 Y A T ERTEN
284 236 e |
13 e 4

248 . 228 . .20

W N

Total .740 - e80 .60 . 8

Dystrophic . .

—

B S AN N

“Animal no. ~ Total no. of  Biconcave celis Distorted cells % distorted |

lcells counted o e
383 . 49 238 61
62 - 40 . . . 22 o 35
156 . 51 . 105 87
202, 125 - 67 - &7

B Y

}*To«al; : 893 - ‘%65 828 . . ‘sg



. Figure: 17 .
SCannihg electron '. mlcrographs of - erythrocytes obtaine_d from

normal (fng al and dystrophuc (fng b) hamsfers The arr_oWs m fig.
b Show Bchmocytes : . .
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Table 2: Percentage of distorted eryfhrqt:’ytes in Normal and Dystrophic

_ Controls

~ Animal no.

-

P w N,

Total

‘ Dystrophic

Animal no.

- 517

Hamsters.
Tatal no. of Biconcave cell
cells counted |
150 135
189 151
83 75
101 83
503 454
]
Total no. of Biconcav§ cells
cells counted
147 © 50
1585 79 ’
8 - - . 49
125 - 34
22 s

- Distorted cells

15
18 -

.49

Distorted cells’

97
76
a1
91 .

305

% distorted

. cells.

10
10

10

8

10

% distorted -
cells
66

- 49

46
73 -

59
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s - APPENDIX |

Sodium Dodecyl Sulfate 'Polyacrylamide Gel Electrophoresis
o -ln-' _.systems such free eletrophoresus and_~ ion exchange‘ \-

chromatography mlgratlon of proteln ns malnly dependent on the molecular

A

" net charge. However when they move in an’ electric field through a SOlld'

medlum such ‘as polyacrylamlde gel. their movment is affected very “strongly .

by their size (Ornsteln 1964; Davns 1964) Thus if dtfferent proteins,

have equal charg'e their mngratlon becomes the functlon of then' size.
Sodium dodecyl sulfate (SDS) is an amplphlle whlch binds: to protem in a
nonspecmc manner &Reynolds and Tanford 1970a). lt has been shown that

‘a wide variety of : protems blnd ldentlcal amount of SDS on a gram to

gram basis when saturated (Reynolds and- Tanford 1970b) The protemf

’ then has an overall negatlve charge that rnasks its mtrmsuc charge - (Weber
and -Osborn, 1969) resuiting ln a constant charge to mass ratlo' for

_proteins -(Reynolds and 'lanford, 19703 1970b).  SDS bundmg also induc'es-,‘

a conformational change in the polypeotide chains leading to a umf'orm‘
rod-like conflguratlon the length of the structure being proportlonal to its
polypeptide cham length a‘hd thus its  molecular welght « (Reynolgs and,'
Tanford, 1970b). = Thus, ’in the presence of SDs, mlgratlon of a

polypepttde on - polyacrylamnde gel. becomes dlrectly dependent on its: e

molecular weight b

"Theoret‘ical treatment for obtamlng mol. wt values from relative

mobility values of protem-SDS comple)tes in gels have b'en 'gwen by

Neville (1971 ) Acrylnrmde gels are consldered to have an average pore'

 size lChrabach and Rodbard 1971) whqch lS mversely related to the

=

. acrylamide concentratnon T When macromolecules .are forced through the N ‘
g8l by the electric field, " the relatlve mobullty of the macromolecule in the

8 gel, Rf. is retarded bV the gel ngmpared to the relatlve frée moblllty ln.:l :

buffer Yo These relatlonshlps first noted by Ferguson l1964) deflne the

' ) B - e - Lol .
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A | o« -
retardation coefficient, Kr - _ ,

| , ‘log Rf = 163 Yo
- -Kr ___ ' ‘ //‘(\, . .

T

Wnthm certam ranges\ Kr s a- umform functlon ._of _ the,
macromoiecular hydrodynamnc radius or the Stokes radlus ‘Rs, whlch in turn
is a uniform functlon of proteln mass M, for proteln-—SDS complex
‘.FTherefore Kr is a umform funct;on of M Because Protem—SDS:.,
complexes behave in electrophoresns as free dralnmg conles and have
l,app'ro‘ximaj:ely ‘constant values of Yo (Reynolds and Tanford 1970b)-
irrespctive’ of M, in a sungle gel of fuxed T Rf is umform funct:on of M |

(wm'nn the speclfsed range) o _' A .

oy



APPENDIX I

‘ Isoselectric Focusing
Two—dimenSional electrophpresns (2> DE) involves separation ot.
»protems accordmg to two dlfferent propertnes In the present mvestagatnon ’
_IEF "has been used in. the. first dimension and SDS-PAGE in the second‘
'dlmenswn Theoretical basus of protem separation in SDS- PAGE has been
discussed in the - APPENDIX | therefore only the phenomenon of separatlon ,'
accordung to charge will be - dlscussed On lEF gels protelns .are separated‘

dependlng -on the charge as reflected in the isoelectric _point (Anderson '

and Anderson, 1978). The net charge of a protem molecule in an. acndlc ) ‘

- solution is ‘positive because most amino group carry a posmve net charge
and most carboxyllc groups are protonated and therefore electrically '
unch'arged RUS the pH s gradually increased, the number of carboxyllc
groups which carry ‘a negatlve charge will lncrease and the number of
'.posmvely c{ﬁ'ged groups will decrease Thus at a certaln pH value the
: tsOlonlc _point, the net charge of .the proteln molecule wnll become zero.
ln IEF, a stable pH .gradient is establlshed in gel by usmg low. mol.
wt. carrier ampholytes lf a protein is put '"t‘?, this system at a pl{l other,,
than lts IS‘OIOHIC pomt it will carry a' net charge and so it will mugrate to
an approprrate electrode under the mfluence of electric fleld As it
pesses through~ the pH gradient,” the . net charge of the molecule wiill
'cHange ﬁ\ proteln wn‘h eventually reach a pH.. where lts net charge will

be zero and it will s’eop mngr mg This is the lsoelectrlc pount lpl) of the' o

. proteln The pH’ at thls point~ i is, thus, equal to the . nsoelectrlc ponnt which
5. s very close to pr equal to, the lSOlonIC point lVesterberg 1971) The
‘ consequence of thls ls that every proteln wnll mngrate to and focus at its

respectlve lsoelectnc pomt m a stable pH graduent srrespectwe of its ongm

Yo in the gel at the tlrne the current was applled

. The pH gradlent |s generated by |soelecmc focusmg .of speclal' S

: "buffer substances which - .are ‘ called carrler ampholytes" " These are

. . X .'\
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g,er\eralnly isomers - and h'erholegs of aliphatic .p.olyarﬁino”'bOcha"box.y'lic ac‘id}sA
The ampholytes are commercrally avallable as ‘mxtures -of ‘several specnfic
pH ranges ‘'such as, 3- 10, 6—& Thls means that most of the ampholytes_
'ln -] gnven sample have their pl in the cor\responding range and are thus
able - to yleld & pH gradlent covermg thatLrange . _

- Resolving power of IEF (the smallest pl dnfference Apl of proteuns

which still permits | thelr separablhty) can be - calculated—bv-umg

following equation

‘Dkdpﬂ/dx)

"4p1 = —
" =E(du/dpRH)

“

' where K 'is‘. a fector deflned ‘by the crltenon for separatlon
'(numerlcal value of 3 has been - recommended) D-dlfoSlOn coeffncnent in
crn per sec. of t'he protem x-«coordmate along the' dlrectlon of the’
current; - 'E=the field strength at the pomt of focusmg in volts per cm;-

electrlc moblllty at pH close to the - .pl of the protem in cm per volt
vper sec‘-" The derivative de/dx is the value of the. pH gradnent Thus, a -

narrow pH range will yleld a hlgh resolving power



" APFENDIX Wl <

| : of. ' SEM, f-',as,_ compared to _the
conventional transmlsslon -electron mlcroscope, generally lies ir |n a -somewhat |
broader area of mformatvon transfer - rather than in resolution or greaterll
avallable”detall of the |mage (Hayes and ‘Pease, 1968). The SEM mlght be‘
descrlbed as consisting of two systems the probing system into which the
specrmen is placed and’ the dlsplay system whigh forms ‘the vnsual image.
\le the probing ‘system an electron beam is focused on the surface of"‘
specamen at a pomt As the electrons mteract with ‘the materlal of the
specimen,* they mduce a varlety of radiations such as,’ charecterlstlc \X\—rays, ‘
| secondary electrons lemltted from just below the specnmen surfacel an\d\
‘, reflected prlmary electrons. - These electrons lmaunly the secondary
electronsl are collected” ‘by a detector the slgnal ampllfled and is used to
form an ‘ “image” of ‘that point of the " specrmen surface on the - display
cathode tube. = The bnghtness of .the image depends on the amount of |
" radiation (secondary electrot%l leavmg a polnt on the specrmen
" The probmg benrn is then moved to an ad;acent ~spot on the ‘
specimen and . the lnformatlon from' that spot is transfered to the‘
. .hdjomlng pomt on the dlsplay cdathode ray tube Thls is: repeated untll alli". '
e ponnts of the speolmen have been coverad ln practlce the pomts move
: <gwth gréat speed so that, to .the eye. a complete lmage la formed . To '
obtann a permanent. record these spots can be collected aver. a long
penod of tlme on photographlc film produclng an mtegrated pncture of the -
specumen B T A ‘/.' v
“In. SEM magnlflcatlon is defmed as the ratlo pf the lmeer size. of‘
.'the dlsplay raster (array of llnes) to the size of the speclmen raster The ‘
useful range of magmflcatlon IS dactated by the resolvmg power of the
,métrumeng lupper limit) and by tbe lens dOSIQn and placement of - the-.r

speclmen llower limit) and’ is. of the order of ten tlmes at the Iow end tov ‘,' )
, Ly
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fifty thoﬁshnd " time"s' at fhe dppe'r‘ end. -

Resolutnon m SEM is limited - ultlmately by the dlameter of ﬂ'le probe w

: epot. To obtam max:mum current denslty in ‘terms of a mmlmum dlameter.’
‘vof the probmg béam cof" electrons, in a system free of abberations the '
‘_.mmlmum duameter of spot can be calculated by the followung equetnon :
igiven by Langmuir (1937) '
- 4y - kT
do? = — ' '

0. 67TJcp<7- _v ,'

. where do os the Gaussmn probe daameter Jc is the . emnssnon _

i ..b-.'current denstty of the cathode, oV: is’ the electron energy. iis the probe_

- - -:current, a( IS the semf-angle of cor;vergence of the electren probe k -

- is. Boltzmtnns constant and T is the ‘absolute temperature of the cathode. -

In addition to thus minimum’ duameter nmposed by the basuc electron |
_optncal consnderatuon, there are “algo othe\r factors such as sphencal
aberrlttons chroMc aberreuons md ldt:gmatlsm of Iem whnch Ilmnt the
resolvmg power Currently avallable scammg electron mncroscopes generally'
offer a resolutaon of 50 engstrome

e ‘




