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'jfThe rad c911 membrane ccns1sté of a 11p1d b11ayer

. T‘Bd 0911 membrane Pl"Otﬁ‘l nS r ‘:‘J B Cow

Ir

.f1._1ntroduction

_.:.supported by a haxagona1 1attice o& 1nteract1ng °ﬁ1¥é' A
~'§tructura1 prnta1ns 1nclud1ng spectran, actin and.band
T'”f 4 iz (l.,'il.:,l Dsr1¢k and Pa1ak. 1987) ﬂef1ciencies and
.udysfunctiana of th93e prate1n components lead ao e
.."jﬁstab11ity of the mambrane and a1terad shape,,res§f§¥ng
- jf1n damage dur1ng c1rcu1ation and prematura remavaT,

e  -:ma1n1y by the sp]een (Hatton and wgaﬁhera11. 1991)

. com

*Heraditary haemnlytic an&em1as, Hareditary El1spt6cytnsis
'. f(HE); Hered1tary Spherocytos1s (HSJ and’ Hereditary "
“t_Pyrap01k11acytn51s fHPP), are asanciated w1th defectﬁve :ﬁg=

o

In this study, three aspects were jnvegtigated.® .

. Wiy Tl
YL

7 In Part I, the mo1ecu1ar dafeat 1n two 1aca1 subaacts,.?-; '
"'present1ng w1th c11nrca1 s:gns of HE. was determaned.ug,[:fj
jWith tha ava1lab11ity of tﬁé DNA saquences fo;'both
.:'._;u and ﬁ spectrin, the po1ymerase chaiﬁ raaction (PBR)

":fcou1d be gmp1oygd to amp11fy DNA from 1ndividua15 W1th HE

" and HPP, to be foiiowed by DNA saquenc1ng and eventua11y

”*._ﬂthe e!ucidat1on of the moiecu?ar defects 3nVa1ved Known
" ffdefacta resu1ting in HE were screened’for The~defact wﬁs f

S def1ned as SpaIf74. charactar1z-d by an 1ncraasa in 3



AL gssoc1at1on and thus instabi1ity of the membraﬂe‘

E descr1bad 1n twa’unre1ated B!@ck 1ndiV1dua15 fram Thea1

ff cf 1mportaﬁce 1n 11nkage anajy51s._

T _,-E._'.'.' c

ey

S S e TR Ty T e T

749k0a po1ypeptide,lead1ng tu daﬁact1va heteradﬁmer sa]f—  -
Thef;fﬁffé

pb1nt mutat1on resu1t1ng 1n the membrane defact wa_
o

{coetzar at a}., 199?) Hare, the ch&nga (_ﬁT 8 IGT) 1s

pnpul ati nns L A e

Part 11 dea1s w1th the presanca and\frequency af a Taq1
i

.'}'fBStPiGtioh fragment Iength po]ymnrphism (RFLP} 1n the

_ihumanr*'\;hrowd B speotr1n gene in a graup af contraﬁs

e

.'L‘\'

ER

25 1n Part III» a meah * standard dev1ation”(SD) for

i K =

";arythmucyte memb fnai§rate1n contant expressaﬂ as a

- ; rat1u to band 3, waa astab11shed 1n 1oca1 coniraT -

:6911u1ar mambranes prbvﬂde campartmentalizatian and

4

-’ . Prevfously descr1bad 1n two unra]a&ed New 2ea1and kindred%;*

B -;and patiants W1th knuwn a spactrin defacts. This tudy 15  2

ffind1v1dua1s. This pruvidaﬂ a refaranca in: our 1aboratory g ;

;;an& enab?as compar1aon and diagnos1s of TQcaT cases uf HEf 4

'.fjbarriers to contrb? movement of solutes and moTacuies.; ﬁ5"

-}Thay are haterogeneous structures (Mi1lér and‘ﬁay4 1992} i



Tha 11pid b11d&er provides the specia13:ad funct1on of

act1ng as a; b,rr1er, as we11 as & host gf other

fuﬁbt1o¢s* ”! examp1e, traﬂsport of spe¢1f1c mo1e¢u1es

:w”' 1n or out afltha cel], cata1y51s ‘of membranala35001ated  2

'5*3_;anima1 ce]l plasma membranas- Thay form bﬁIayar&

. o -

react1ons anq signa! transducttan, aftr1butad tg the

” :1ntegra1 prnﬂe1ns (Shchet and Bicknesa, 1993) Lipid

'""¢m01ecu1es const1tute approxamate?y §B % af the mass of

' apontanaously 1q the aqueous environment of the ce11 (In
A]barts at a?.. 1983} Thraa types pf Tipids are fOund 1n
ceﬂ membranes. o .' = S \\ : - i
o phospho11p1d. - - : SIS , .
11) cho1astero1, S
1'i 1) 9.1¥C39_31P'1_d5 . e
Cell shape anﬁ defarmab11ity are. def1nad by a membrané
ske1eton campr1s1gg actin f11aments,-1ntermed1ate 1”’ W:.
f11aments and m1cnotubu1es,gas wa11£§3 ‘a- grnup of ._fyf;gf
skelatq1 prote1ns (Pump11n and B?oeh. 1993) The membr&ﬁa |
7\  ske]ston is daf1neﬁ as the 1n501ub1e rasidue wh1ch N
rema1ns after extract1on of intact (rPd} ¢e115 ar- th$1r
1snTated membranas w1th tha non:on1a datergent Tr1%on X- %“
100 (Lux, 1979) L e e
Membrana skelatons have severai d1stinct1va features.: *

. Firstiy, they are based on a protein (for examp?e.
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,gistability and prav1des mechan1caT support foratbe 11p1d;_g57

"Jprote1ns (Pump!in and B1ach. 1993)

':nwhich squestSEthat mo1ecu1es 1n the fﬂu1dﬁp

,_surfaca'.ﬂ_::_;Z&Lﬁ 5}n.3; u*ﬁi?uﬂ";“

"bi1a¥GF and, ﬁﬁi?31ys enables at&aphment ef associated i;g}l

Risnotipta

: membrane b1]ayer ara randomized by tharma1 maff‘fﬁ“”ﬁ;ffT“.
fT;nather, 3% is iproposed by Edidin (1992) that cell
L :membranes consist qf 11pid an& prot91ﬁ doma1ns, whqse {¢1ff.

.”:QQMPOS{tian and funct1on vary a1ong the ca11 mambrane:-*f”'

s

;1 2 Erythrucyte membranes

*“Tha erythrccyte membrane has provided 2 mudQJ for thef;

"f}study of ¢311u1ar membranes ovar the past two decadea and

":Jhaﬁ Sarved as a va1uable system for studying membrane j:
” ~€ ;atructure (Luna and H1tt; 1992. Shahet and Bicknese, |
1119933 by means of b19chﬂm1stry and. eiectroﬂ m’°r°5°°PV- .
'i=The eiucidation ofhfhe'erythroid membrane structure has 11 :
.:' '1ead to proposa1s of non*BFYthroid skeIeton structure |

'f(Pump11n and BToch, 1903). uonwerytbfo1d isoforms of tha
a- lmaJor membrana prute1ns have been 1dantified1 The study
..?ﬁ.of the erythracyte mambrane provides 1nstsht 1"t°   -

'};spec1ai1zad mambrane domains and pow'the membrana gf 



=v=*and B1cknase are able ta measura dxstancea betwaen

o' ';”Hanaem1as,

;-;the highly spen1alizeq L}pid b11&yer ﬁomaosit1on apd
| :fassaciated mambrana ake1eton prntazns (revieWad in S
~ ‘sheetz, 1983; Shphet and BeutTer, 1990) Reqanuy, e

 ? _Gaacard et as., (1993) propnsad ths existence of'

membnanas. S

 *Hf{f3uoresaencq rasonaace energy transfsr, aingla phqton

CLoe

'*}rad1n1um1nascsnce-and tatq! 1nterna1 refTect:oﬁ,aShohat.

ré.:;. B

’ﬂ{;moje&ﬁTasxin mambranes. from a few Angs;roms tq frant1on§  "
waﬂof a m1¢p¢meter,-1n their qpinvan. subt1e raarrangeméhts lf?

'iof arch* acture may bs 8. mechanlsm far 59““’31 haamolyt1u R

-t

'}gThe ncrmaI bahaviour of the rad ca11 membrane depands an ,

”ﬂ ._funct1ona1 phospho1nosit1de damatns 1n human erythrocyte

ottt
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| ”-ii : i‘marGhE51 (1?80) sugg&stéd a 11nk betweeﬁ spectrxp aﬂd

""f¥:random1y. asymmetrica!Ty d1str1buted between thé 1nner

":Qand outer 136f1ets of tha 1ip1d h1Tayer ﬂqgf;awsi;*qv

: h.ﬁjPhQsphat1dylsarnne and phasphat1dy1athauo1amina an'ffj

f7 9 ncantratedgin £hé" 1nner TEaflata Wn115t

':*ﬁphasphat1dy1cho11ne and sphinggmyelin are Qﬂncentfﬁtef i

W'fﬂftha outer Teaf1at (Op dgn Kamp qéé?g)

o

Litmaﬂ; Hsu and

W

 Spec1f1c mambrane 1ip1ds. The assac1ation between

,1

fphosphatadylethanalam1ne and phosphatidylser1na and

5~§ pectr1n_1s';eyigwed 1n 'hohat and Beut1ar f1990);ﬁtﬂ;gf   '

fSaactr1n ébﬁvband 4 1 b1n _with low aﬁf1nity t0r~3f?*f 

'31.i“egahﬁVE1¥ chargad phosph011p1ds 1n the lipid b11ayar.

'“{auch interact1ons baing requvrad for stab11itv of. thé

.ﬁ}f"membrane (Bennet; 1939?’ The structura1°organizat1ah aﬁd
hfantera¢t:ons of membrﬁna skeIetal protains hava a role in -
o “regulating the rata of transbiiayer W°V°me“t °f 11p1ds
'éf?across the arythraﬂyte membrane (M°ﬁa"da9 ﬁt a?,, 1985}
'::fiﬁThat ia, they contributa to ma1nta1n1ng thSph011pid :.. B
T_f__fasymmetry 1n thd membrana 11p1d b11ayar.-_;f;q¢fr y.z'j-fa~“

. e
\',l E

"Snactr1n, a water-so?ub1e, hwgh mnlacu1ar weight prote1n. ; 

115 the key eamponent of tha erythrnayte membrane ske!eton o

 "  (Litmaﬂ, Hﬁu' ﬁd Harcheai, 1380, Pump]1n anﬂ B1och.
;'1993), compr1s1ng approx1mats!y 75\% of ita mass (Cahen,

” _1983) Tha functional units of spectrzn ara tetramers 5;_ ;ﬂ



"ﬂi;fgrythragyte,mambranas and 15 requ1rad for mschanwcal«

31;?'stab111ty {Ed1d1n,_1992) Junptiona1 cump1exes at the

'F;ﬁcantre and at six corﬁars«of Bach hexaQOn are T1ﬂk&d t°

'72farythrncyta membrane ske1eton is arranged in'a hexagonaT_fF"

E1attica {L1uf Derxck and Pa1ek; 1987). of 3Pe¢t"{n fa°tT“ :

:ilgaad band 4 Ay (F1gura 1} Th1§ 1att1ce presaﬂﬁs domaxﬂs

“-_ 'the adjacent»camp?exes by f11aments of spectr1n

“*gff’tetramefﬁ- spectr1n cross bridges betwean adjacent

'3unct1onal comp1axes ﬂFé’coﬁVolutad and relaxed L1u,,;fji; 

":-=uar1ck and Pa1ek (1937) propusa that thia contributas to

'}Fthe f1ex1b111ty af 3pectr1n and is 1mportant for

'*idaformab111ty of th& 1ntact erythracyta an 1ts 120 day |

: i
Journey through tha eircu1at1an Whan Spectr1n was

_ 5extracted from tha mambrane and incubated at 37’6 under ;T k

’hypoton1c cond1t1ona. there was an 1ncrease 1n dwmer

";.cantent (w1th a cnncomitant denreaae in tetramer cantent

-Tto 50 %) (Liu and ﬁa]ek 193&5 Furthar stud1as of

. membrane ske1etons enriched w1th spectrin dimars revaaied

'“Ff_cons1darab13 d1srupt1an af the haxagona1 1att1ca (Liu,;'f7 

Sy

L] R
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Fig re 1. Schemat1c d1agram of hexagona! 1att1pe uf rad

'. c91 membrane.

o Aspread meshwark reprasent1ng _pectrin
-~ tetramers (SpT) and their inte hat1on wrth
-actin, band 4.1 and ankyrin. . / : L
(L1u, Darxck and Palak, 19&?) -;'

...“._. S



1-act1n and does nat appaar tq ba d1rect1y vua band 3.;5

'”ﬂ;xgvesicles and to- rnght sida nut membrane ves¥b1es Tha1r Lﬂ,

S ——

'w3fﬁresu1ts suggested that the atgrchment of spectr1n tn the 3_
'7T3f cytop1asm1c surfaca of the mambrane is dua ta m se!ect1we";

*prrotein-protain 1nteract1on, 1ndépendent of erythﬁﬁcyte

ra:.n'

3 ijHowevar, band 3 cou1d provide a Q?4mary ﬁmbhorage for an i

9 ntarmad1ate prota1n, to which Speﬂtr1n 15 bound

fg anchored to ihe mgmbﬁanelny ankyrin and prote1n 4 1

f7(Figure 2) Ankyran 1inks the an1an sxchanger (band 33 to

CE(DEV15. navis and Bennett, 1989)

.’7fthe B subun1t7of spactrin (Bennett and étenbuck, 197Q,a _f”;
 Bannatt and Stenbuck. 1980' WaaVar and Marchaai, 1984;f;5t:

'wEaverﬁ~Pasternack and Marchesi. 19&4)‘ Ankyrin 1nteracts -

W

'fjjwith a numbar of membrane prote1ns and is thua capab1a of e

]1nk1ng thesa prote1na to the 5pectr1n~act1n sheleton
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F19ure 2, D;stribut1on of prota1ns 1n the rad ce11,l .

. membrane,
Lo S schematic’ d1agram by Pa1ek (1987) dep1ct1ng
A o ~ -the distribution of proteins in the. red ce11
- o membrane and tha1r ﬁasociatinns. - |

-y
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 }Ha5s0c1atES with fhe 1nnerosurface of the red ce11

1':1992) Much attantion has haan focusedfon tha spac;rin-:

' _spactrin se1f~aasociation and spactﬂmn-actin~4 1

“ff .pr°ta‘“ °°mpﬁ93 Uf band 3:_4 3 and 4 2 Pastevnack et
* -3?., (1985) showad that band 3 b1nds nroteﬁn 4 1 agd

: Dranckhahn, 1992) and glycanhorin c (Andarsnn and
"f}Lavrieh, 1984 Anderson anﬂ uarchesi, 1985) tFigure 2)

'”'l_af protein 4 1. Both bindwng motifs are h1gh1y conserved
wand it 1s suggested that they may ba associated with 6ha
'QV'b1nd1ng of 4. 1 to gTycophorins (J&ns and Dranckhahn. |

’Q,ankyr1n association may also ba important ELuw et a?,,

the 11p1d b11ayer is essent1a1 forfred b1ﬁod ﬁa11

T,TPtrace11u1ar PH was 1ncreased abave 8. 5' band 3 was

-:;thmf\, HBu and Marchesi (1930) showed that é@hctriqy
_  'membrane by a non~co¢a1ant,assoc1ation with a, mu1t1~;-%fff[.
':3‘;?enables thé formatwon af the spactrih*act1n~4 1 comp1ex.?fy”

é ”fﬁProtein 4 1 binds to both n and ﬁ+spectr1n near tha endS“gff

a ~ of the fhtramer (Ty1er& Raiﬁhardt aﬁd Branhqa, ?950) andﬁ
*f{ia1so binds béﬁd 3 {Pasternaak et ai., 1%85; d&ns and

B Argln1ne~r1ch c]usters of- the cytop?asm1a domavn of bandjf'

'T_3 sgrve. as a b1nding 31te for the membrane-binding duma1n ;

e interact1ons but 1t ‘has baen suggeated that tha band 3- ;ﬁﬁ
= 1991). Band a—ankyrxn 11nkage of tha membrana skalaton ta'
'fstab111ty in. the presenca of mechanical strass When the -

_ _9Eadua11y ra?ea&ed from the membrana, Teavmqg tha 'ﬁ.ﬁ9""

h -j'skeleta1 1nteractions 1nta¢t; but: rasu1t1ng 1n l ”:ﬁﬂ£_; 



£ )

“3'}“"”A11 of tha majOr érythroéyte membrane prOta1hS ara

'5_a¥¥ected by ana nr mora pust-trans]atwonai mod1f1eation

ﬁnstability af the membrane, This 1ead to the conc1u$10n B
thah,vert1c31 11nkages between the lip1d biiayav aﬁd the

g.ﬁskeletai prate1ns ars crucia1 *or machanica} integr1ty -'f f

(qu et ar., 1991)

1 3, Na:nc membrana,and membrana-skaieta1 grgfa1na

J\’

"evants,_for axampTe, ox1dat1on anﬂ prutaolysis may be *JQZT

li;ﬁfidetrimanta1 %o prqﬁein function; Wh?TSt Ph°59h9r31at‘°“ ’ ?
'::'_and fatty aqid acy]atign may faci1itate funct1an by %

g

.'  mud1fying the properties of a protewn (as pev}ewed by i] "

-”cohan and”6a§§ard 1992)

._.!.'_

'?f;The membrane prote1ns are resoTVed accord1n9 to the

 'methoda of Laamm11 (1970) and: Fairbanks, Steck and

1f'wa11ach (1971) by means of aodium dodecyl su1phate

";Spectr1n is & heﬁa{odimsr con51sting of ana -
..AK (Mr 240 kna) and ag {Hr 220 kDa) aﬂbunit (Steck.--

J5 f7pa1yacry1am1de ga1 e?ectﬁbphurasvs (SDS PAGE) (FTQUF& 3)
”“L_ggreV1eWéu hy Zai1, 1936. Shoh%t and Beutlar, 1990)* - __q;

" g;,é..'l // X

.. 1-. Spectrin iﬁ.jwk*' . _', 9f§"¢' ‘--ff _ S

-
n = [ S

7

: =”1974- Harchas1. 1979, w1nka1mann and Forgqt, 1988;

JLGa%Iagher and Forget, 1993) Tha mn1e¢u1ar weights of the

f'spectrun subun1ts were estab1ished in1t1a11y by maanSnd+

N
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© Figure S,HFa1rbanks SDS—PAGE nf the erythrocyte membrane.
... . A schgmatic diagram of proteins of the red csll
membrane, electrophoresed under reducing

- conditions using the method of Fairbanks, Steck

- and Wallach (1971). The proteins are resolved
according to size and 1abeTTed aecord1ng to

'-;;Steck (1974) e



f SDS~PAGE. Subsequant clanwng qf the cDNA of the u and B

”'Qspectrin subunits (Sahr et a? B 1990, Praha1 et a?.,;

f1987* W1hke1mann et al,, 1QBB) revea1ed that the actua?
| ;;mo1ecular we1ghts are s]ight]y h1gher th%ﬁ those

.”;_ 1nd1cafed. - _i_rf't*

"”'[ ;aoth Lhe a and tha ﬂ subunits consist of mu]t1&1e

| _;homo1ngous segments, with a perindic1ty of 106 am1no ?*’"

-acids. ;r-nas been praposed that each hamoTogaus segment S

__}ffa1ds 1ntn a bundTe of three a helices {Spe:char and
LJ_Marchas1,-1sa4°*?ﬁa et a?.. 1990) (Figure 4) e

e L

o

”?jThe a and B Subunits of spectrin 3590c1aﬁ§ ln

”“-__hateradimars wh1ch 1n turn are arrangsd head—to haad to

form tetramers and qugomers (Morrow and Marchas1, 1981) o

- The subun1ts combine 1n an antiparai]e1 fash1on tn form

' hetarodimers, appruximate?y 100 nm. 1ong (Shotton, Burka f '*

]:and Branton, 1979). This (51de-to side) assoc1at1oﬁ isa.

two-step process which pccurs with high affnnity ‘“_:}'

s - saconds (spe1ahar, wag1arz and DeS11va, 1992) The

Cfirst step invoTves cqntact of complementary nuc1eation .

' '_a1tes un eanh subun1t, 1a¢ated near “the actinwbinding

;'s1ta af tha heterodimer at tha ta11 end uf the maTacuia

,;In aach nuc1eatiun sita thara is an &bres1dua 1nsertron N
-31n the novmal 106~ras1dua rapeat unit. S1nce thev |

| ”:ﬂ.ly.
 'rapeg§1ng 105*P$$idUQgMQgif-1S hi9h1¥ cdasarvgd,.1t_is..: =f



* .

. ha11ca1 atruatura of spectrin.,
- Both the o and B .chains are cpmposad of

‘multiple triplie helical segments connected by - -
short non-helical regions. The- figure dapicta~

- heterodimer formation. between the aming-
‘terminus, al domain, of the o chain and th@ -
- carboxy terminus, Bl domaip, of the g chain..

The latter conta1ns the phusphoryiatian 5itas ”f |

'*{I.ﬂ'ﬁ(Spe1cher and Marchesis 1934: TSB 9* 37'1
© 1980).. -

Dz

: _n‘)

o ;_'¢__:f._- LA e

4 .  ";'; Figure 4. Schanatic representatian bf thg#gropoged a   1] .



L f';-_.}’ams DeSﬂva, 1992)

T

ﬂ_ to Fcrm a twasted rope»iike structura (Speicher, WEQTarsz

=gf[Thera ara non~

w

ﬂ.thought that the insert1on confers conformationa1 o
'Pfﬂpert1ea on the nucleaﬁion rag1oﬁ?and that this may bel;z
'7$re5ponsab1e for the 1ﬁ1t1a1 associat1on The remainder ofgfi

1;the subun1t cha1ns quackly assaciate aiong th31r lengths,f;'

 ;w1nograd, Hume and ﬂrantbn (1991) provide axperimenta1
'favidence that re1atas the boundaries of tha folded, '

g fcanformat1ona1 j 1t o the saquence of repeat1ng mot1fa,gffﬁ

mg1ogous-segments at-the-am1no termina1

'Zf'of a spactr1n and at tha carbcxy tarmiha1 uf ﬁ spectrin. ”f 

'3f”These part1a1 sagments are thought tu have 1ncreased

'“stuscept1b11ity to proteo1ya1s which may play a8 ru1e 1n

'V.._dafeutive apectrin heterodimer 591f-associat1an 1n mutantﬁfT

 : .jspectrin variants (W1nograd, Hume and Branten. 1991)”,

Loy .

'.ﬂ Funct1ona1 domains have been 1dant1f1ad on both subun1ts.f 
i  this be1ng 1nd1cat1ve of a muTtifunct1nna1 protein' o |
n j(Morrow et a?., 1980. Speicher et a?;. 1980) S1m113r1y.. €
 ;structura1 doma1ns were 1dant1fied (Spaicher at a? Kl ”..
: 1982, Yurchenco et a?., ?932) Tha spectrin haterod1mer
f-fhas nine struotura1 doma1ns,..reao?ved after 11m1ted f5 
H*7tryptic digast1on at 4°G {F1guﬁg 5) F1V& doma1ns (aI-V)
f wnre defined fqr the a chain, wh113t fOur dnma1ns (BI*IV)'E

"*:wera defined for thu B chain (Speicber ot a"‘ 1932*.=
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St - Schematic representation of the,12 kDa rapeat
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Anatﬁay of thefapectrin moIecu1e.sa~-“{u

- units (108 amino acids each) of the da ang 8 s
- - subunits of spectrin. The repeats are nnmbared N

 from the amino terwinus of each subbnit, : -

- arranged fn an antiparallel fashion. The - =
oo tryptic peptides (T, size given in kDa) and tha_~
- corragsponding doma1n des1gnat1an (Raman S

 nuneralis) are shown,
- {palaek, 1987; modif1ed from Speicher and
__-Marchesi, 1984). L o

: .



Yurchenco et al., 1982), .
Spectr1n hetarod1mers aasociata head-t_”haadkta_formV
"55 stranded conformatxona! un1t (Flgure 4%. differ1ng from

jf_ the ﬁegt of the maTe¢u1a (SPﬁTGheV 3* érf*

.l 011gomers can a1so form by maans nf 1ngert1on uf

tpframera. 200 nm 1ong {De511va et a?;; 19321 O

Farmatian af the head“t°“head COMPTEN Prgdunes a t%ipta_'V"

}1993”{wHighar”;iﬁ

el 0

add1t1oﬁa1 d1meﬁs at the tetramar s1te (Morrnw and
Marchesi, 1981) Tha.tatramEr binding 51te has heen N
datarmined as a d13creta reg16n near the'am1no tarmlnal

qf o spectrin (uI doma1n) and a compTamentary region near:” 

‘ff the carboxy terminal of the B subunat CSpeicher et a?i,-:”

1993) Whera heter0d1mer se]f-assuciat1on 19 defectlve. -
tha tetramﬁr-d1mer equilibrium sh:fts towards spectrTn ;f;§1
d1mers (DeSilva ef 513, 1&92). The magor1ty of S§ectrin '
mutatfnns 1eading to haema1ytic anaem1as ara ]oca11zed tbi  
th1s rég1on and are known to d1srupt tetramer | _: .
association. Spactr1n is e1uted fram tha membrana 1n tha

\‘,\

~form’ of tetramars and dimars (Ung@wickell and Gri%zer,_.

qooh

1978). In 391ut1on.lthe apectrin d1mer-tatraMQr }"

? equxitbr1um dapends on’ temperature and sa1t B

concentrat1un. Liu and Pa?ek (1980) demnnstrated that ;“1;

'3 _spectr1n d1mer5 and tetramers ara 1n a reuarsih1a -

qu111br1um 1n the mambrane and that th1s envxranment

favours spectr1n tetramars. It was alsa shown that

Y erememin

': ffj3;._'°



3 _canverswon of speetr1n tetramers te d1mers, 1nduced hy

'v-incubat1on of membranes 1n hypaten1c aand1t1ens at 3? °c.

';'3;1eads te d1m1nished atructura1 stab111ty qf the membrane-_f;f

"°{In many prote1ns, 1nc1ud1ng major erythrapyte prote1ne,-ﬁ

ffphesphary1at1on or other forms of post~trans]lt1ona1 \

\

-1fmed1$1cat1en,_may be & mechaniem fer regui”‘_en niE;

R o

' -ﬁi fprpte1n Funct1en or dysfunet1on in erythepwd d1serdere

f“(Cohen and Gascard 1992) Spectr1n d1mers can be

'”f;iephoaphoryTated,.and 1t has been shoWn that four :;-“33’7*”5"

'e!;Phosphorylat1en sites ex1st These are ﬂlustered at the :: ff

R

'qextreme carboxy term1na1 end af B spectr1n (Harr1s and

"}w_Lux, 1980) Liu and Pa]ek (1980} estab11shed that the }g]fe'n

f'spectr1n tetramer(dmmer equ111br1um 13 not 1nf1uenced by

;',{ﬂspectr1n bhospheryTatienddephesphorylat1on _ f..,

eeThe human o, spectr1n gene 13 1ocated on chromosome | _

 1q22 1q25 (Huebner et a? a, 19951 Prcha1 et ar., (1987)

 _}eharacter1zed cDHA c]enes for human erythrecyte B _
;snectr1n._The B spectrin gene was ass1gned to chromosome f

 ;14 (Prcha] et ar,, 1937v W1nke1mann et av,, 1988}
LS . o - . .

':-e;In 1990. the fu11 Iength cDNA sequence of both the a. .

. (Sahr et a?., 1990) and the B (W1nke1mann et aI o 1990)

' _-~human erythro1d spectr1n genes were pub1ished. Sahr et

J_iaii; (1989) determ1ned the sequence and 1ntren exnn




-';  5 carre1ate w1th tha 106 aa repeat structure.

..f:boundarjes encud1ng the uI doma1n of human spectr:n%

'}*Katu]a et a?., {1991} daterm1ned the exon—intron

_ fSevera1 palymurph1sms haVe been reportad 1nvo1v1ng the

 all and aIII doma1ns ofa- spectr1ﬂ= as well as the BIl

'-f”1999, D}Pan1a et a?.,:1931)

.':ff-

U

: forganuzat1on af the a spéetrin gena, whxch does not L o

. E _r’;-:_s;.:\.-' T

adomain Df B snectr1n (reV1ewed by °a1ek and Lambert,:?_;frﬁﬁ

......

:”-ﬁjuAnkyr1n (3150 known as 2 1) is a 210 kDa g]obu1ar B

'-pratezn, whase funct10n 15 ta anchor spectrﬂn to the
..}ﬁcytop1asm1c reg1on of bdnd 3 {F:gura 2) Protein 2 1 is
- ;the progen1tor of erythrgcyte membrane prote1ns 2 2 2 3
"wand 2, 6, raV1ewed by steck‘¥ﬂ974), by a cascade of '

:7a1ternat1ve sp11c1ng {reV1ewed by Bennett 1992),,

' 'Isafarm—specif1c a1ternat1veﬂﬁpfq:1ng of wrote1n 2 2 mRNA_L

‘\.J

o removes modu1atcry doma1ns, resultnqm \n a1tared “-i”

'ta s1gn1f1cant1y Hé5

| _b1nd1ng funct1cn of ankyr1n (Ha?1 adk—ﬁynﬁﬁtt, 1987,”§_:¥ };}

-

= iﬁAnkyr1n can be pﬁw§hhgry]ated in vrtra and th1s was shown' ;

.T;é1ts dff1n1ty far e1ther

phosphory?atad or unphosphory1ateﬂ Spectr1n tetramers but

..h']'

o200

Hfﬁprnteo1vt1c avents (S1age1, Goodman and Branton, 1980) orf'*



' ig*;Soang and Taa,_1985)

"“:J?af prate1n 2 1. oneaassoc1ated w1th bznd%ng band 3fand*f

:E;:;not sﬂéctri”
3 ﬁphnsphory1ag1on may proV1de an 1mpartan

'3lﬁitha ragu1ation of the arythrocyteggembrane ske1aton}(vuh'ff

“'fWa111n et a?., (1984} 1dentifiéﬂ two functroﬂnT domatnLi

”'ﬂtha other 1nuo1vad w1th b1nd1ng spectr1n, At the same

3'_f_spectr1n b1nding (Bennett 1978. DaV1s anﬂ Bennatta

y .

“d1mers. It 15 suggested thfﬁ

mechani sm ‘For. “

"“d'{#uiﬁﬁ ﬂ'-’“'
oy

2'1 ”tzme, Marchesi and h1s cogﬁeagues 1dentif1ethwo

 fr structura1 domains. after 11m1tad d1gestid &tfo €, w1th

' :trypa1n tWaavar and Marchesi. 1984) Ona w&s a basfc
s ,_dumain (82 kDa). sénsat1¥s to proteo1y31s and the ather _
Y ':f ;' lwas ] neutraI phasphory?ated domain of 55 kDa‘ Tha ant1ra  ﬂ

”'f 5cDNﬁ for thG ankyran gene has been clqned (Lambert &t

*,.Tar...199a; Lux, John and nannett, 1990) Th1s, as 1ead tb,;:

,._}refinementa of . the aize determ1nation uf tha ankyrin =
' ;domains<and tha ass1qnmant nf functions. Ankyrin cansistsfwz
ﬁf:of threa doma1ns. Tha N'-tarm1na1 (89-95 kDa) membraneﬂ'  f¥

';b1nd1ng domain has a s1te for band 3 (Davis and Bannett,-ﬁT*
:;1984b- Weavar, Pasternack and Marcheai, 1984, Dav1s anﬂ o
BT Beﬂﬂatt- 1999) Lux, John and Bennett (1990) das?prbg 8 j,f 
_~ ___33 amino ac1d repeat mot1f from cDNA 1nfarmatiun, ﬁﬂth1n .
35 the N'—termina1 Th1s motif is. cansarvéd,1n protains 'ﬂ  -
'  ’"V°1V@4 W1th tha c911 cyc1a aﬂd diffar&ﬁtiation. Thare s

'Tj1s an hﬁtarmediatb d0m31n (62 kDa) asaoc1ated w1th




: __(Lamber'l: e'!: *@u.. 1990)‘

"ng Band 3 15 the major erythrocytu transmambrana prote1n

"; Lumbardo, Wi11arﬂson and Lé%} 19&2), 4 2 and soma

*fs1934a) anﬂ a c'—terminai Pegulatary doma1nE(50-55 kﬁa)

put it is found in: xetrameriq form 1n tha membraﬁe
. (raviewed by Steck. 1978, Zai1 1936) Band 3 has\%wo

*r_*(waavar._PESterﬂdﬁk and Marchas1, 1984, rev1ewed by

~1 3 Sq Band 3

:(Figure 2}, compr1s1ng 25'% nf the tota1 mambrane Band 3

'”(monomer) has & mo1ecu1ar mass of appruximaﬁeiy 90 kDa,

'- doma1ns. The 55 kDa g!ycosyTated tnmnsmembrane doma1n¢

'finc1ud1ng the carbuxy term1na1,'1s invo¥vad in th]oride— °

". 'Fﬂma1n (40 kDa) prav1des b1nd1ng s1tgs for ankyrﬁn (pr~_

f’l“{\

eﬂ q?.,:1991). nrote1n 4 1. (Jdns and‘nrenckhahn, 1992,

g1yc01yt1c gnzymes (reviewed by COhen and Gasrard. 1992).uQ 

Phosphory1aticn of band 3 15 mainty on sar1na andbf"

: where tyrosiqp phosphory1at1on nccura. enzyme b1nd1ng

(glycera1dehyde~3 phosnhate dehydroganase.-_:-  R
phosphofruotok1nasa dﬁd a1do1ase)@1s inh1bited It 15

A

5]fb1carbonate éxchange, whwlst tha cytop1asmib u4uterﬁ1na, _ :

'.;_- A

o

suggastad that phosphary1at1an af band 3 méy regu?ata tha

N

'fthraonine rasiduas ‘of tha Gvfop1asmic domain, Hnwavar,"' i



: :“an1an transpart funct1an af tha prota1n (reviewed by
;{= c¢hen and eascard, 19923 | L

“ The fu 1 Tengtn cDNA sequance uf band 3 has been

”ﬂdaterminad (Tanner. Martin and H1gh. 1938)‘ The gene for;;?'

31;i band 3 has been 1oaa11zed ta ahromosome 17 (Showe.ff;g;

"Ba11ant1na and Huebnar, 19&?)

 31 3.1. Prote1n .
~[Prote1n 4.4 sarvas a dua1 functinn‘ It increases. the

.: _aff1ﬁ1ty of - asaoaiation batwaan spectrin and F-act1n anﬁ |

o 1inks the ska1aton to thﬁ mambrane. by association w1th

gTyaqphorwns (Lato at a?.. 1986- Shahquh, Verkman and

~ Shohet, 1981) and the N‘-term1nus of band 3 {Lombarda. ]7

_ _.w111ardaon and LOW; 1992). Band 4. 1 bands to 1ip1ds. o
_,mamely phOSphat1dylserime (CQhan ef aTa, 1983) Frata1n  ;

**aund 1h non~erythraid ce]1a. The gena for band 4 1. haa

been asn1gned to chromoaoma 1 (Conbay at a?., 1936)

¢

“protein 4,1 exh{bi£§ tiasq9- and-déﬁeibpﬁaht spaq¢#€¢'--
'_fheteroganeity in mo1eau1ar waight. subcaTlu]av :
~:1oc31izat1¢n and brimary amino acid sequence (coany et
: 'aJ., 1991). Tang et a?., (1990): Huang et a?,, /?593)

' 7ﬂ'daterm1nad that ccmbinaiur1a1 sp11cing o# exdns generates;

'Qﬁﬁt 1east f1ve 1sofurms in compiex txssue-apec1fic ‘

£
. 0



e Y ' A

R

U patterna. Gna motxf is spec1f1ca11y expresaed dur1mg ifﬁffﬁﬂ

?'erythro1d maturation and 15 raquirad for ﬁrytﬁ?oad
";spectr1n-act1n binding._ 2 e :

. . a_‘;!:”'_.
. >

"Dramatic changas 1n morpho1ogy and membrane mechanica1

. 1propgrtiEB; Iargely due tu tha raorganwzation uf the .

Timambrane skaleta! protain na*wark, ocaur durung erythroid

- d1ffarentlation..1t has’ been shawn that proteina4 1

-_:1soforms arﬂ exprassed and 1oﬁ?11zed diff&rentia11y  ?%#[*
during arythrupafh§1s and ‘that they havé—dvverse '“  
| ] funct1ons, whxch have yat to be astabT1ahed (Chasis et

al., 1993). conboy ot a!., (1986) c1cnad tha prote1n 4 1

-_}anA in: ordew to charactar1ze the funct1on af prota1n 4. 1

'1n arythruiﬂ and nonnerythro1d cells.- -E??jf'ﬁgf“f{ 7-9j1“:
. = e BRI S

' ' ' o ”fﬁ
"fbé majﬁE i§6¥arm"1n7huméﬁ”érﬁ£ﬁﬁ6¢ytés'i§.é d@ﬁbféﬁidf;°u“”
 approx1mate1y 80 kDa. The diffarance 1n mobrTity betwaen
the twa paTypapt1des is due %o 1he deam1datioﬁ%of two
_ asparagﬁns ﬁas1dues at positions 478 and 502 in the
'garboxyntermina1 reg1mn of nrute1ﬁ 4.1 (Inaba et a?.,

 1992). Daam1dat1on ut “the 502 residua occura more s?ow1y

- khan at the 4?8 rea1due and progresses as tha arythrocyte  _

'matures. Th1s is responsiblé for tha abserved sonversibn
' =of 4 1b ta 4 1a. Tha rat1a of 4., 1a to 4 1b .ncreasaa as
red b1ood ce115 age. that 15, ﬁmmature ca11a have a

'decrﬂased ratso (Mua?ler et a?., 1937). Daamidat1an 15 -

[

'§”24ff;”'f:$f' .



_  the molacuia, wh1ch may affect the biocham1ca1 ' |
.  Ghar«cter1st1cs and funct1ons of ppote1n 4 " dur1ng 'f:;"

" f;;erythracyte aging

'-: _and 4 1b respactively (Tang et a? ,_1990)
.'[1 3 5 Protein 4 2°

' :Prota1n 4,

.'o

:'-_Tthua a marker of ag1ng. Inaba et a?.. (1992) suggast that

w-deaﬁﬁdation may a130 resu]t 1n a conformataona1 ahanga af

ti

’.4- .

.'_ It 1s suggastad hy COnbay et aI., (1991) that thara are
'FTqunctianal domains in prota1n 4 1 respons1b1a for _-.Tf
  ﬁf1nteract1on with other membrane skaleta1 proteins ﬁnd ;f .w.
f57that devs?opmantal1y contrn11ad a1tarnatxve RNA splicang”’*
' §;‘“ the apeetr1n-act1n binding regqnn mav ragu1ate tha '
-- fbinganes1s nf mambranes and tha machan1cs of o
- arythropoiuéi“. Fﬁur funcf1onai doma1ns ware orig1na11y
'_;describad by Latd - and- Marcha31 (1984)* These doma1ns
 ~_iinc1ude 3 30 kDa N'wterm1na1 mambrane»bind1ng doma1n _f:
;_(Andarson and Lovruen, 1984} w1ﬁh g1yc0phor1n and ATP-
| _bind1ng ab111ty (Pasternack et a?.. 1985).thn _
" :phnaphory1ated dnma1ns af 16 and 10 kDa and a c'-term1na1_f;
“f:spectr1n~b1nding domain af 24 and 22 kﬂa in protein 4 1a_ .

L ] e BRI - R ..l'\ :‘. .

=

_Tha fuﬂctian of band 4 ? tpallidin], 72 kDa, 1$ Uﬂkﬂﬂﬂh. G

"-2 ::snmpﬁ ses 5 * by nass qf 'Ehe i*ad cﬂ'l"L B

',_onatha;*nnarﬁsurfaaa of ﬁhﬁ-membraﬂa‘-rt is;assaa1ated. o

B

. 25 B :



’:(Korsgren and CQhan. 1936, Korsgran and Cohan. 1988*

5  ]Nana1d et a?.. 1992) and has an 1nteraot+nn w1th amkyrin

'Z5f in so1ut1on (Karsgren and cchen._1988) 5f-ja,*~5‘3”

ﬁa; fw1th band 3 or membrana 11p1d3'-'

:“_3_1 3. 6. Prote1n 4.

l5 : Mspectrin tatramers dUr1ng rad ce11 deve?opment.?

. '-f_.a ? Actin

” 'f7Tha fu11 1ength cONA has ban cibned (Korsgren et al.,:;;
”'a~ffﬂ9903 and the pratein 4 2 gena has baan assigﬁed tn Tl
fchromosome 15 (NanETd et ﬂ?.a 1992),4 .

' -fn¢Amgmbrana b1nd1ng and way Fac111tate the assay1at1on

[

.__'I‘-_.

_ jfThe funnt1¢n of prota1n 4 9 (damatin) 1n the red ceTT is
' unknown. Pruta1n d 9 is a 48 kna phosphoprctein It 19

'”5?jit has baen shown to coaadim#nt with ant1n (Siegel and
'__Branton, 1935).- t was sugga$tad that prota1n 4 9 ha1ds

":shnrt actin fi1aments togather to. a11ow intera¢t1on wwth

3 Iy
B ,}I_'r_'-—u. ¥

q

- R ) EE ’ : ) : - e .
S SR :

'LW1%h high affinity, thh tha cytoplasm1c domawn of band 3

':}'It has been shown tnat prota1n 4 2 15 N‘-myr1atoiated |

-_f(Risxnger. Dotimas and cﬂhen, 1992). Th1s 1s 1mPcrtant 1 :

'jp0551b1y 1nvq1vad 1n organ1z1ng,arythracyte act1n. 51nca- -

’Erythrocyta aétin is 3190 known as band*ﬁl as sean an ;'}:”?

',_“{jsus-PAGE (Figure 3)._It1has a'mo1acu1ar mass of az: koafl*@ff

"_=s.. N

28



't,f po1ymer1zatian 1n rasea?ed mhmbranas Teada to %bnarma1

':_ZMorrow and Marches1, 1982) (Figures 1 and 2) ; *'-5

”f'cump1ex‘ HHMan érythrocyte actin resembTes muscle act¥n¢”?ﬂ5

"f%_mainta1ﬂ grythrgcyta mambrana defbrmabiﬁit

| .‘._ 1 3 9- Bapd 7 : V ..Q ) I.:lb\;. Jﬂrr' . | a o n_.; . . C
“.~1faand 748 resaIved on FairbankQ*SDS-ﬁﬁGE aﬁ a éﬁ kDE  ;?'6

'_defarmab‘il'l'ity tNakashima ahd l‘pauﬂﬁ"" 19793 Thﬂt s,

L b B
: actin funct1ans as a mambrﬁne struétural e!ement tn"*“~*

Coee o e

-;and,-1n red GB118; 15 ma1n1y nf tha B act1n 1sotyp?
: =
..F1ftean F~act1n monamara are bundlad at each Junctaonal

g ;complax of the haxagana1 ske1eta1 Tatt1ce (AtkinSOP,ﬂ __qgrj

-* ﬁct1n copurif1as with spectrin 1n a funﬁt1una1 _h'j;y}*ﬁﬁ“

'" " fshape, Pwndar et a? (1918) and is an important

”:g_ icgmp0nﬂnt of tha speqtrin-actinwband 4 1 ske1eta1

I

y' . :..\"

o, o) X

1"_

. (;_

- PAGE aystam thrae components are detarm1ned, that is,
30 kDa, 28 kDa and 26 kDa‘tLanda, Ihiamann and Hahtzer. @

"'i_19823‘ Band ? 15 nated in rana1 tubn?es and is be11eved‘L
. - . . rp.."__:..”..;‘(\" .

oo

e

. ':ﬁfre1at1anship invo1¥ed in thawmhjntanance uf red 09%1' ﬂﬁff5f

T*The 1ncurporat1on of agents 1nf1uenc1ng aetin _D:f, Jﬁ C

'igBand 6 15 a1su known as g1ycera1dahydé 3-phosphata ﬁf'ﬂJ:'. 

el d Sy e B R L

'_'prnta1n, wﬁi1st on tﬁa LaemmIi di@contxnuuus Buff&r snsw-._?

L



‘fi](Preston and Agre, 1991); Band 7 may be 1mportant 1n;f}

'fjj}B;io G1ycopha 1ns

Y

"fto be a. mamber nf an anciant mamJ&ane channe1 ?ami?yﬁj

_erythrocyte dahydrat:un 1n sickIe disiase and in

.i;s'f.berturbationa af water and e1ec§ro1yte ba1ance 1n :
”. ¢'£tamatocyt1c rad ceT1s (Landa. Th?amann and Mentzer,fﬂﬁﬂ4?T'

_nfrf;;*"- SRR

Giycophorwn A, B, c and“ﬂ beIang to a graup of red b1oad'
S

S - - *m
ﬂy.ce11 transmembrane proteins (rev1ewed by cartron and

"3?,Td1verse in f“““*‘“"-fv_ff'T

"provides a negatave sqrface charge on mature erythrnayte

'   fRahue1, 1992; Chd$15 and Mohandasi 1992) Thay are L3-5371uﬁ

| }nkj }_  :_1, __;; 5;;,._';,3““-; K,   g §%31_

7G1ycophar1n A {GPA) haS~a high smaljs acid mgntent which

'”L:membranes (chas1s“ﬂnd Muhandas, 199@) Thmé/m1n1mizes L

'-j;ca ﬂncell 1ntera¢t1oTa in the c{i9u13t1on. G]ycophar1n A _
car{ifs the MN bTOOdVgraups. whi]st giycophor1n B carries}f,

lll B

' :f the xgpoup (Cartron and Rahuel, 1992)

.Il:

':The cytop1asm1c doma1n of glycaphurin c (GPG) interacts

"*;w1th pratain 4 1, thus contr1but1ng to the regqjatxon of

.erythrocyta ahape, defnrmab111ty and stab11ity (Andarson
"'and Lovrieu, 1984"And$rsen and marches1. 1985, Reﬁd et :

a?‘. 1990) .'t-;lj_”; o -,fﬁr;_;j'_*“;;a ;_v};ﬁ'“'

e



. “fg funct1on (Vaysse, Gattegnq and Pi]ardeau, 1982)

Erythrocytes are heterogeneous W1th respect ta density.

si?e. osm¢t1c fragi11ty, rhenTogy. metabol1sm and ? ;”ifff 

Ao
Fract1anat1on af erythrocytes accord1ng to dens1ty

k.

rasu!ts 1n separatron accardingfto age. That 13,

tha q]der tha cei! the graater fhé dans1£y (Vaysse, _R”lﬁw*

Gattégno and P11ardeau, 1992) ”f :f-jg;g,-5”

The rgmoval af %armal erythk°°3$95 ffﬁm tham¢1r¢u13t1an,.ij
by tha spieen. 13 due t0'-~} y;3; _; ~ ,* P '

Ji ;;__]__

QV}ﬁ«:i) mod1f1cat1on of phnspho11pids Or‘daareased R

- asymmetry of phosphb1ipids, _“ . “f _“7,f_5f-"J
1‘) m°difi°at‘°“ °f cabehvdPate re31dues,.”ﬂjft-:f-“

it

.a;;;1i1) mod1f1cation of prateins. such as degradatiqn
of band Glby calpain (Kosowar, 1993}

. 5'.".;':-- : C
a o

OTdar erythraid ca11s are marked by the exposure af a

. h~
senescaﬁt ?911 ant1gen on band 3. These ca?ls are '

- tarﬁatad for qestruqtion by phagocytosis (Kasower. 1993);§ )

ﬂ ”-_m

.‘:\,

Erythrocyﬁas with membran@ defeats are prematurely

i

o remuved +rom the circulat*qp, requ1t1ng 1n haemoTxt1¢ ;"'

anaanu as.

o

ol e T
| S LR e T
. . - ._ . ) -b_ @ . - o ' . . .

G-k S o,

-
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75; 1 5 1. Hereﬂitary spherocyto31s (HS)

_fthan those wifn the apparanify recessiva farm (as

}v'i 8, Disordars ofnthe rad ce11 membrane _ o
”-Def1c1encies orxdysfunct1ons bf red ca]! membrane _ |
'ﬂ;kéletél proteins 1ead to erythrocytes af abnorma1 shape&f_ﬁ
_ﬁnd with a1tered deformab111ty._1ncreased mambrane  “ 

: f’ir1gidity resu1ts in premature removaI of. arythrocytes

'fi from the ¢1rculat1nn. resu1t1ng in haedb1y51s.~a7

 _fThe progress1ve loss af mambrana surfaca area Taéds\to   _'
°1ncrea51ng1y Sphero1da1 ce!ls. wwth increased osmot1c
_fragi11ty. Thia rasuits in 1ncreased membrane rigid1ty
.:- and 1ncraaaad sugcapt1b11ity to destructian 1n the  __
_ sp1ean. Vertica1 11nkagas betwaen tha 11p1d bziayer and f:  
'”the mEmbrane ska1eta1 prnieins ara 1mportant for the
 ~mechanica1 1ntegr1ty of the membrana (Low at a?., 1991).:€ 
"-::fTﬁis mechan1sm is important in the pathobiniogy of Hs o
'_'(Fagum 8 (P&\ak, wemi. . "

Cn

"'Maat ind1vidua1s w1th HS have a spectr1n defic1ancy,:':
';;howevar, def1c1enaies ur dafects of ankyr1n. band 3 and
7'_ 4 2 have a]so been 1dant1f1ed in pat1BNtB prasantxng W1th

Sﬁs {rev1ewad by Pafek and Sahr. 1992) subjacts “‘%h the

.' :autosama1 ddminant farm of- HS ara c11n1ca11y léss sevaragfﬂf

ST ’

'“-raviewad by Lux and Becker, 1&89)3 Comp11cations 1nc1ude'

' mi1d to moderata anaemia. splenomegaiy and Jaundice '

;g?ﬁ' -j:ﬁ- ;_”_n_ﬂ_*



e S e b
' “."'___VEHTICAL DEFEGT‘_:"_-- _____:HOH]ZONTAL DEFECT ;

Waakenad membrane skaiaton

- Desiﬁbillzanon

1 or otd bjayer f?ﬁ?‘ffyif’, T NG
PR . Mi'd defect‘s' Ssvere de”‘ec’ts. o

- e s .7 -Dbformation -+ - Fragmentation..

mmmme;qu.memme-mWMWmh

K membrana surfa;:e area - - . recoyery o HPF'° _
_ o LT e Elliptooytes

L ‘.3'_ P

Figure B Pathobiaiogy of the hembrane-iesion in’

hered1tany ‘haemoTytic ‘anaemias. L

_ . Vertical linkages between the 1ip1d bi1ayer and,..
 theo membrane skelats] proteins ara crucial for
membrane intégrity and mechanical stability.
-ﬂDaatabihzatfion of tha lipid bilayer Teads to.a -
" loss of membrane material, resu1t1ng 1n ﬁ_:- o
1ncrea*sing'ly spharo'ida'l caﬂs. L C

.;Defectxve bataradimer salf—assacxation resu!ta s
~ in a weakened skeleton. In wild defects, this =
. leads’to a defective.recovery from elliptical -
- deformation. ‘More severé defects are associated -
. with. destagbilization of the wmembrane, resu1t1n9

¥£ﬂ~fy f;f;:. in poikilocytosias. In addition, HPP-

- ‘arythrocytes’ are partially deficient in v L
© " spectrin and as_ a result they, 1ose surfaca area: ‘
* . and form microsphardbytes. B LR

(Pa?ek 1987) S L __; ?;_}.&

P\



'jfﬁi; :

'f;l°1 B.g Hered1tary a111ptocytos1s (HE)

=3

f-Th1s sEct1on 1nc1udes a d1scusszcn of Heredltary

:fnyropo1k11ocytos1s (HPP) 1In pertphera1 b1oud smears From f};

.'ithe pe:fphera? bTaod smear, Th1s 13 a moiecu?aﬁ?y

" 3heterogeneou3ggroup of pat1énts whose red ce]is a?e

'Jf_pat1ents with HE thehmé3or1ty of erythracytes are _
-f'e?11pt1ha1 (F1gurb 6) Hawever, th1s cand1t1an 19 aftan
' 7_ symptom1ess, and in some casas the percentagef}l;ff* T'

_i_eT11ptocytes is- as 1ow as 10 %, and detEQted by Chance‘. e

DA

\-_,__ .

;HPP 15 a severe, recess1ve haemo?ytic anaem1a assoc1ated

'5fw1th pO1k11cqytes m1craspherocytes and fragmentat1on on-"”

o
.L\.

a3_3en51t1vg to thermaT strass and who are comman1y compound

':Pa1ek gnd Sahr, ﬂ992) (F1gure 6}

'*heterozygotas for defect1ve spectrin heterodumar seﬁf~

'bf_assoc1at1on and decreased spectrTn content CreV1ewed by

- ) 0 o e o
i . . . e ] PR E

- 'f‘l.

“:gIhere 15 a marxed heterog%ne1ty 1n tha cl1h;ea14?f""'\

 fexpre5s1on of HE and HPP ranging frcm an asymptomatic

'carr1er state to severe transfu31cn dependent haemblyt1c
'anaem1a (COetzer at- a?., 1990a). c11n1ca1 features. when
'":present, 1nc1ude mi1d haema]ys1s,_per1od1c Jaund1ce and a. |
.fdegree of-sp1enomega1y (Nurse, Boetzer and-PaTek,-1992).;”1*”'

_HE 1s 1nher1tad 1n an autosoma1 dom1nant fash1on {Fa1ek

"f'_:and Lux, 1983).-_ N

32T'-j L 'f f  '.pi"”'



' ;_{30911 membrane d15°ﬁders (rav1ewed by Lux and Becker:

jlgdefects, invo1v1ng pratein 4;2 or the gTycnphor1ns havdﬁff;[

éﬁt*afmd1béu1ar Tevé1 HE 13 a hetarogenaaus group of red

- 1989* Pa]ek and Sahr, 1992) seueraI d1fferent mambrane

”Tdefects giva rise to e11+ptica1 morpho1ogy, Severa1 band

4. 1 dafects haVe been descr1bad treV1awad by Palek, 1987, |

© Palek and Lambert; 1990; Palek and Sabr, 1892). Other

 been 1dent1f1ed 1n HE. but ara less commnn. It has heanf ;3'
'¥inoted that a decrease in protein 4. 2 13 seen 1n savera1: f }

:;typas of 1nherited haemo1ytic digordars (cohen. Dot1mas ,'f;

'Jcand Karsgren, 1993)y assac1ated w1th 1ncreaseﬂ nsmot1c

J fragiTi%y and abnorma1 red ce11 shape (Ha;fer et a? by
”1f199£) Speétrxn mutatxons are most comman, usual!y ;_ |
 ¥: f1nvo1v1ng the spactr1n hatarod1mar sa1f~3950ciat1on sita
1 :(rev1ewed by PaTak. 1987) At the prote1n levei, thws_7f_ f 
_1deFEct can ba detactad by ana1ysis nf the content of N
:;spaatrfn dimers and tetramars 1n spectr1n axtracts. Tha

"{?ipercentage of spactr1n dimars is 1ncreased in these
 pat1ents (sae be1ow) AJ1 patients with HPP are also f? T 
'  part1a11y def1ciant in spectrxn (coatzar and Pa1ek.'
.'-.1933). . S e

e Lo

T

-_;At the 1eve1 of prote1n structura, abnarna1 spactrin

-.variants are 1dentif1ed by 11mited trypt1c d1gast1on, -77T"




W'*as thg most prnminent spat on 2D SDS-PAGE The qI domain

'reproduc1b1a pattarn of pept1des, that can be resnTVEd by

_Pﬁ]ak. 19é7) éﬁn nbrmai 1ndiV1dua¥s, the spactr1n
1

iheterodimar s

'-nne (1D) or twa d1men31ona1 (20) SDS~PAGE (revxewad ﬁy

f—assoc1atian s1te, tha aI doma1n. appears %

' Ef;éf a éhectr1h is an 80 kDa fragmant u§ua11y resxstant tu

| ”ffjfurther 1im1ted tryptwc digastjan (Sﬁeicher et ar.,

Jffin d1gests of apettﬁ1n from patients wi@h HE with

y n._defecttve hetarodimer sQTf-assun1at1on New Spots ara

.,:(Lawier et a?.. 1934)"-:_3_ ;;_-?f;i.

"

351982) In cantrast, the 80 kDa apot mu mark&dly decpeased "w

-uviaib1e af 10wer masa. commbnTy 74, 46 tLawier,_&% g?.,f?;, 

' :19341 or 65 kDa {Law1er et a7.. 1985).:These spactrint

-,varwants are deS1gnated Spa1}74, SpuI/46 and Spaxxss

.:respecttve1y. A SpaI/EOb varianﬁ hasdaiso haen desarabed

;_(Marches1 Bt a?., 19$7} Tha abnormal peptides or1ginate .

 ,from the uI domaln of a apeotn1n and can be demanstratad

f by the use of pa1yc1cna1 antibod1éa against tha at domain

- 'At tha 1eve1 of spactrin funct1un, most defects 1n the

'jired ce11 membranes of HE sub;ects are characterized by

'5dafactive se]f-association oF spectr1n dimers to fﬂrm

'~_tetramer5.-Whis 15 studiad by daterminat1on of the

"ﬂistribut1oﬂ of apec?m%p dimers, tetramara and 011gomers.

 f-at 4° c._1n cruda spectr1n axtracts af the“rad ceTi

i ST
] _“_:.



e T . R P .
&5 . . . B

: "prbpartion of spectr1n dimers an \

_'f=:§the tota1 speﬁtrin d-%ér and spartrin tetramet ndhtﬁnt..f[;?
:;1;A11 1nd1vidua1s w1tﬁ aI spactr1n&u G

 ﬁ"f1nd?aased parcantage of spaetrin dimers; The P°r°3“€§9e

ff:éthe dlsorder (qutzar ‘at a?.,44987
[11990b) Factars in$1UQNc1ng th1s p"amatar 1ncTuda .
"' ffdnct1ana1 dif&erancas batween spectrfn mutants, tha

'"-1 _amounts nf Spactr1n mutants prasaﬁt the stab?]1t§ u? the

__ﬁ spe¢tr1n exrsts ma1n1y in the tetramer1c form (Spﬁ s_n“'
"ff.i 3.8 %).fus subjecté w1th the.Spallas vartant have a

. 4_ 'g_

~:..membrane (L1u qf ar., 198f 0 by m&ans of nnn—denat r1ng”h  f

ﬁﬁﬁt1bﬂ ?;étﬁa'
'janq?uratzer, 1973} N

‘ fktraet rafleqts tne1r d1

ar1ants axh1b1t an

*:ﬂpectrin d1mers carra?ates w&t0%¢h9“311n1ca1 sevar1*y nf

. etz#r‘ Et : .

)

Z:,f

[’

”=_mutant’and tha possib111ty of a super1mpasad genet1c

 “jdef@ct, 1nv01v1ng spectrin synthesfs. Hence, HPP

subjects. hav1ng the h1ghaat ﬁercentage o$ spactrln

5d1ﬁars (Spb) as we11 as ‘& decreasad spaétrin canﬁent, g: .
- :present wrth the most severe haemo1yt1c anaem1a tcéatzen ;f

"Tq1et ale, 1987' caetzer at aT ‘s 1990b) In coniro1 subject5 '*

fﬁiiamaIIQﬂ ihcrease 1n 3pD percentaga (SpD = 18 4 t 438 %)'_i;x
_ 1Whﬁ" GOMparad with the Spn:/74 ar Spu1f46 variants (spp I
j'as 4 a -3 %) (Ooetzer ot af,. 1937). a =

."o P

':55};
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i

';snuI/zi is the variant that muat aevare1y affects ;_3'¥ _u

" individuals, followsd by Spal/46 and finally, Spal/es,
"_:gwh1ph is tha mi?dest dafe%t (COetzer et ar., 1990&).

s mutat1an at pos1t10ﬁ 207 in the nI dumain of tha a: 5_j*9f

'  ; Mo1ecu1ar anélyais nf apentrin variantg has revea1ed

: rj.severa1 po1nt mutat1ans (rauuswgd by Paiak and Bahr.-
'-f;f1992) The spa1/46 abnnrma11ty s hatarogeneous, wi@h,
'- :jthrea different mutations thus far deécrxbaﬂ (rev1ewed by
_ _: Pa1ek and sahrf 1992?. Gne of these mutatiuns, atud1éd by
L':LJGa11aghér Lt a?., (1992), was 1daﬁt1fied as a poini

L

*uf;spectrin chaun. caua1ng the reﬁiacemant af ‘a high1y

'conservad 1eucina reszdua with a pru11ne, Paa1t1nﬂ 207 13 -

o 51~residues away from the amina terminaT sida of &he

'  abnorma1 tryptic c1eavaga site. The mutation ocgwra in

halix 2 directIy opposite the abnormal oleavage sita in ; T

' -halix 3, thus providxng support foh‘%he nropaﬁad trip1a

N
Ca

|  haterod1mar salf—associat1on.

ha11ca1 mode1 ‘of spactrin repaats/(Fiaure 4) Furth?r,
pro1ine.1s a ha11x breakar. thus it was pradictadﬁiﬂat

- the disruptibn of tha uuha11ca7 structura may rwsu?tfin a

' 1.defective spactrin chain and hance dafactive spactr1n f%

T o L e

; 'Tha SpuI/BS variant 15 dua ta a 31n919 mwta£1an 1“V°1V1"9

Tan ﬁnsert1on of a 1euc1ne reaidbe at positian 154

in

':";(cqatzhr at a?., 1990b) The SpuI/?4 var1ant is. the most

T o Hf

"
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'*'mutat1ons att 91V9 r1se t“ the spectrg*

;j _incraased amounts of the ?4 kDa pePt1dﬂ-.; :

. mu1ecular1y heteroganenua group. characterizad by an ' 5'”

'_hetarngeneous at. the mo1ecu1an 1eve1 and mutag1ons at |
| '_'-f1ve d1fferant ﬁodans have been noted (revrewad by ga1ek'ff1
o :jzand Sahr@ 1992). e | . -

-iﬁ?coetzer st ar., (1991) dﬁscr1ba a "hot spat" at codon za;?j’

'1f af aﬁgpecfrin associatad W1th four known point ﬁqzat:ons. ;

e

f.?he arg1n1ne res1due at codan 28 15 changed ta hwstidineﬁf: 

. cysta1ne, serina or lauaing%«ghe arginfne residue at -

|
\‘

'1fjf_fnoa1t1on 28 seems to be required. for funationaI stabi11ty"

'j ahd se]f—assuciat1on of spectrin hate‘adxmars. These

var1an§189uI/7¢

'-f:Tha amina 3Crd changa a1tars the confoﬁmﬁtion of ﬁhe _
“_'prgtean, mak1ng a. norma11y prﬂtectad sita at residue 45

or: 48 mora access«b!e to trypt1c dzgastion; rasu1ting in

&

l . ) . . e - " . . _f\. .
. . . o ST s,

o

iij1oyd at a?.. (1991)Lﬁ§nf1rMed that the arginwne ras1dua
'f at quon 28 may be mutated ta serine or 1euc1ne; and
'anqrthar datermhned that a pownt mutat1an at cadon 48 :
'.changas 1y51na to arg1nina. 31mi1ar1y reaultinq 1n tha L
:.Spalfrn variant. Point mutat1ons at cadons 43 and 49 a1so i

rasu1t in tha Spa!/74 variant (Mor1e et a!., 1990). .

;\,

A R
LA

In conc1usiun, HE Spa1}74 variants ba1ong ta A



- _ﬁ;and tha c11n1ca1 m&n1fesﬂations nf HE (FiBUPB 6)

_5a1tered trypt1n d1gast pattern and. an. 1ncreasad D oo

f'percentaga._The mutatinn predamﬁnantly involvus °.f;;;2;; 

._s;}actmnrk huwever, more rara1y B spectrin may ba gsf ﬁ-~7“
' 11mpI1¢atad tLacomte at a!., 1993; rev1awad by Pa]ek'and
| “TSahr;f19923 In both cases, thara 1s dafactzva H |
| ;;haterod1mer ge1f~assoefat1an anq}henaa &acraasad épﬁﬁtrin
. ::tetramer assemb1y on the mambrane, Tha hor1znntal(
':';1ntaractinns af the mambraqp skéiaton arb comprom\sad
Hi.(Pa1ek. 1987) Th1s raduc@s tha stab111ty qf tha iﬁf-f
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| 32. Part. l- Characterizatzan of a membrana defact in two

}:1ocal cases of Herad1tary EITiptacytos1s

I T

” The moiecu1ar characterizag1on of membrane defacts

“rlffﬁwa 1aca1 probands. ?f

-'Q . . ﬂ

!mo1ecu1ar defacts‘ Thpse t@chn1ques ware appliad nn

:determ1ping the mn1acu1ar defact associatad w1th HE i

...,J'

f{requ1res tachn1quaa such as’ tha pu1ymerase cha1n react1on .

2‘1 Subjacts 1_.1ﬁ  ,9?“'=ﬂ“wfe1j¢§""" -;-

'” j Tﬁn unreIated b1ack South African(yrobands pres&nted with

\
::_'I:HE {P«;gwre 7) (T‘abja" I)"

The f1rst (TM}, a 14 year o1d male. was ﬂrav‘ﬁuslyd'ﬁ'
describad by Coetzér and 2311 (1931J 19&3)' by maan& Qf

”l prota1n ana1ysis on1y, when he pweaented with HE

;:t; fas$°c1§ﬁgd with 5qanata1 poiki1ocytasis. TM has a

_haemog1obin {Hb) Eeva? oftﬂo 6 gfdi, wh1ch is dacreasad _'
"'with raspact to the normal va1ua due to the anaemia R

'(TabTe I)‘ The paoked ca11 vu1uma or haematocrit tHct) 13

f decreased and haemonsis was ﬁated 1n the par1phera1

':thood samp1e. Mean ce11 volume (MCV) 13 dacraased,_

7-f'ind1cating a m1crocyt1c anadﬂia,_neticu1ocyta praduction  5

.

e

a8



5

!-- Figura ? Par1pheral Blood smears.

o . Peripheral blood smeara, sta1nsdqwith wg%ght
oo Giemsa stains aﬁoW1ng
S .- . 7. a) Erythrocytes) from a: norma! ind1v*dua%*
B) Erythroctytes’ from TL, with _
. - =liiptocytogisy
S o) Erythrocytes from Tm (mother) who 15
~ .7y haematologically normal; _
ot - - d) Erythrooytes ’From TM, m'th
BT e e D 'e'i'hptocytasis,. B

>y
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_ ;Tab‘ie 1. | cT‘ﬂica'] data. LR
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€«..

”kafsy*;k'-ﬁgti;}¢1-~sa

[;aws increased in aﬁder tq ﬁaqpensate for %hq anaemia, :},ffq{

.- "' Neither proband has been ... .énectomised..
T R oty S s

ff' 'Dr T coetier in urdehmto obta1n b1oqg specimena fram _f;;il'
::  norma1 and affeﬁtad individua1s g pg_, - €-_  f"'§3¥§$g§_fi

_?,ﬁ &2 2. uatar*ﬂjs and mathods

.ﬂfchamiaais USed for prnteiﬂ analysis ware reagant grada

i::M1111~Q water‘-_

'EThare ara 0o sib11nge and on1y the mother 19 Qbai1ab1e

fisida of nornal (Tab?e I)a

“Human gthics clearanra (# 25/1]92) was ﬁbta1ned by

"iiThﬂ Secﬂﬂd PPOband (TL) 18 asls year~o1d bTack ma!g} TL
 has a 1ow haemoglab1n Teva1 (Table I) and tha hﬂém&tﬂ¢;1t
'fda decreased due to haem& v11s.-The Mcv s witHin fhg u§ﬁ if

L g S Sy 2
'- unarma1 range, howevar. retucu1ncytg product1on is cn.;,@ﬁx

I I gy rﬂ

_g  f1ncraagad. No s1b11nga are availab1e>for study and on1§*’

the father was 1nvest1gateda He is haemata1agina1]y

a

norma1._:_* J *_f-tj . ..__,;1"_f;§f. '¢;_; 97"

o & e T A . T T e T o Y
- o . ! . | o
12

;"\‘=_. L.

:7and 311 snlutions WQre prapared using distiTIed,f- --fdp |
'deionisquxqatar..Molacular b1o1ogy grade raagents were =

"\:used ICN DNA ana1ysia and solutaons wera prapared in’ bﬁf

Ty et

I« DA R
42 e




.ﬂﬂ -

"ff_APPand1x.._'ﬁ”}ﬂff“'";“i'

'*. hypaton1c buffer

i

;. 48

".."‘_1 o

'ff; A 11st uf chemxcals and- suppliens 15 prqvidad::n Eha '

2 e 1.. Erythrocyte mbram& protmn analys'is T
:5“;5fThe methgds gmp1myed ware dagcrabed prev1nus1y by Dﬂdsﬁs

;fch§11 and Hanahan (19531 and coatzer and #ﬁiek (1986”“5 “
'__jﬁagd.ce11 membranew"ghasts“ were prapared by 1y§ ' :

hﬁj3¢gntrffugat1nn._a1ood was ca11ecteﬂ from patments and

“7f5buffy cﬁﬂts used fur ganomic DNA extraation €2 2 34 1. )

 tan vo!umes of ﬁon physao1ugica1 safine (0 9 % Nac1).
 £0 remove any r951dua1 whita ce11a. Uha to twa m1 red

=b1ood ca1la we“a 1yaed by the addztian of 40wm1 1c$ncn1d

'n”:jﬁypotonic buffer was pramarad as fuliows.”_b"';l 
‘3 mM NaZHPO‘ |
é-1mmsmm | e
S Adj\\ue\t pH to. 8 n wifh NaHQPDp - S
'“- ' A 40D M stnck of PMSF waa praparad frash in DHSG and was

'H;adﬁed to. a finaT qpncentrat1an of 0 1 mM in tha buffer,;_f'r

A

'55uae. Thg buffar was then aoolaﬂ tq 4“@.4

;yﬁfisuitabia healthy controls in ACD and centrwfuged at 800 g

'-ijat 4 c, for @an mmnutea._The plasma was asp1fﬁt&d aﬁd ﬁhe

”°?Tha aﬁ&throoytss werg waahed three times 1n approximataiy

T*}W1thiv190rcus st1rr1nu. at raum temperatura, Just hefore



. : a“Backman 02ﬂ21 centrifudkhfar 15 m1nutes at #‘Q Thac_;;
°¥f}¢f3 ﬂ' supérnatant was carefu11y aSﬂiPdted The 9m311:.t19ht1yf,Tf
| packad “button" of white ra1ls underneath the “ghost" S

. pe!1at mas removed to pravent contam1natgon of tha red

ffj;g; ca11 membranes with protqﬁsesﬁizhe_“ghoats" were waahed

_ fhrea t1mes sn tue hypoton1¢ Tysis buffer=uﬁt11 a1most_f3fff

whita mambrahas ware Obtained and tha membranﬁs

ﬂésuspanded in apprax1mately Qne VO1uma of 13915 buffaﬁ»*?

w '

_zfﬂ Ffve a%tquwts of membranes (ao p& each) wers suiub11gzqdiﬂf:

g

(2:2.14:2,) ‘and stored at -20 C for SD5-PAGE analysis. The
:ramaindﬁr was used 1mmed1ate1y for spectr1n extraction,'_f_
after ramQV1ng aquuats for Prntazn daterminatian._ig;f iffi'
2 2 1 1. Prutein determinat1on “53;.__ IR _
The gmaunt ef protetn 1h the membrana sample (#9) was ﬁ“ o

B estimatad uaing the metmd of Bradford ns?s) " Bradford Lo

reagent was prepared aa fd11ows.;.“':””

Loy
T 3



"” fStora at 4°c in the dabk.i_i_'_3 ~;”:,fx'a“

.

” 3350 mg CGQmassie br1liiant biua G-zsn RS o
| 25 w1 95 % ethano1 N" .-7371*~f fif1 j.f*fﬁ;ﬁi,[~3~

'3Til'50 mi 85 % thsphorvc acid (wfv) iiff.fﬁﬁvf;;f.f'? i::J

il

' fMaka up tb 500 m] with water and f11ter through

o Whatman No. 1 - oy . {.( .0"

ﬂ\% RN I ' :ﬁ:: 3 .}h:*i;;'¢;gﬁj#"
S | '

a .

j':Membrane a11quota, af 5 p1 aach. were pﬁé%ared by add1ng |

one to two pI 10 N NaUH ta so1ubi11:e tha memhranas and

hence tn prevent undereatimation of prote1n cahtent. and Tiﬁ

ey 7jane m1 Bradford reagant The samp1es ware mtxed by gent1e: f

oA

2201, 2._Laemm11 sns-nnaz

'-"-;¢ .,;_vortexing, f011QW1ng,wh1ch the samp]e waa assayad
: fm qurve of . d113ﬁ122ﬁ ef Bs _
'7from 1 37 ugfm1 to 20 55 uﬂf' ;fi

spectraphotometrical}y at 595 nm, agaxnst a atandard

s

A1bum1n, fra¢t1on v). ran91n9

»
. A
}
i

gg’"

limambhane prote1n anaiys1s was carr1ed out by

?_e1actrophanes1s of the pratsmns in the Laamm11

| 'g'discontinuoug\buffer Bvstem (1970)




Th& Laemm11 resoTv1ng gel with a final concentratinn of

; $;;

12 % acry1am1de was preparad as f¢11ows fjjj]Tx*-"f
| ._”_._,F t:1_1$;,qnyﬁ _i:_. ;:,:”3_
L 1zt a0 %aoryamide twv) T
° :ff?ijfﬁ'-fa 2 mi 1 %.b:s (w}w} o iﬁ*mf'y_"_':_: Sl
. if T 5 m1 4x resn1v1ng ge1 buffer (1 8 M Tr1s pH 3 BJ :2f¥f
L o 16 m1 10 % 805 vy R
B _"“T 0 m1 water N '”:._ L
L 'ffb 2 ml 10, %, APS (wfv) (féééh);,f ;7": I
- f:.g  ff:}fo 018 w1 TEMED ?sz'if:I? '  §'1 }775:;::"”';Jﬁfzs'
| o | | . o

| jflonce poured 1nto the. 9@1 apparatus (Hoefer 12 cm X 15 cm
e 0. 15 cm). the gg] waa a?ar1ayarad with 300 pi
531sopropa"°1 and a11owad to sat ﬁar 80 m1nutes. Once
'577: }pg1ymer1zEdn *he ,soprapano1 Was remaVed
-QTha"4 % 5€Q5k1ng ga] wasgnrepared as fo110ws*_."' .
S _— Y '
e 1 3 m1 30 % acry1am1de CW}V) 5      %%i“_;_j ; ;
5"f1 c m1 1% b1s (wfv) | -.:.. f | : -
|  2 s m1 4x stack1ng 991 buffer (0 5 M Tr1s pH 8. ﬁ)
'“a 02 m1 10 % sns {w/v) o
, :4 9 m1 water :“T_.” : ,_; | :_ :K¢%@.;_ .
 ,” fa 2 m1 10 % APS (w/v) (fresh) T
'zfo 0075 ml - Temen, | =

and was @uured on top. uf the raaa1V1ng gaI, thus forming

o



;running buffar (3 03 g Tris, 14 4 g Glycine. 1 g SDS 1n 1

”3;ﬂﬁhé~ﬁ{5¢°“f{ﬁuﬂﬂﬁ3?95f9@;

'"7Tsuspen51on so?ut1on to Four vquma5 0f memhranasffﬁnd

=Ef e1ectrophoreaed at 75 V for 18 tq 20 nours, 1n Laemm11

"f11tre water).

':fErythrocyta membrqpes (2 2 1 ) 580 nl) were soTub1lwzad
:*nn Sx suspension salut1on (50 mM Tv1s, 5 mM EQTM. 5 %
ff;sos 25.% sucrose, pH to a 0 w1th HG1) (add one vo1ume

N

rjffzo p1 20 % (v/v) B-mercaptoathano1 Tﬁe aampies weve K o
lffboi1ed far one minuta. A11qyots of 45 pgﬁand 5ﬂ yg were_ ”'?

Wi
I.,,.r_

B SR-2 jp

R RO
E amu-wf-c
B '\

. After a?ectFOphores1sR the ge1s ware sta1ned Tn Cmeassie

e -:'fsta-in (0.5 g Coomassie. R-250. 250 m 'iSQpropana'l, 1&0 e;n‘! S _'

"acetic ac1d 1n 1 11tre and f11tared thruugh whatman

'~;ﬂo.1), fbr threa haur: ta overn1ght, 1n urder to

"vlsua1isa the‘bro¢e1ns. Tan percant acatic au1d waa used

”;[to destain ge1e. Quant1tation df membrane protains, by

*:'fscann1n9 den31tometry at 525 nm using a green fi1ter. was

':_-carriad 0ut using a He?ena Quick SQan Jr TLC

'i

'ﬂ'~3y"- .ffﬂf'-*

&

7'fdens1tomatar Tha area ‘under the pdaks was quaﬁ\itatad. e

and the prute1n 4 1 contént exprassed as a ratwo to band

T S R T R PR o




. =~'{  wa1¢ach (1971), was amplayed 1n order to rasu ve 311 the

o 2 2 1 3. Fmr‘banks SBS-PAGE S T F
“f_The non T;near gradient (3 5 = 17 % acry?amvda) Fawrbanks -

© L !r\

ge'i. accor*di hg to ‘the methaq1\pf Fm rbanks, Stack an'd

'*3¥',anpanents of the red caTT membrana  fﬂf k u;””'f

B R S

% 40‘% acr&\am1de/1 5 % ﬁﬁs*%w/v) ;rya,ﬂ'*#' LS 3#4 m1
. 1Jr . - R

\'idox Tr1s-A¢atate buffer ]*f 7.fL 34w S 9,8 W _?f

10 *,1 SDS (H{V) B - .' ._._:\i; “.t-', {f BE ml K 0 16 ll'l']-.'_ _' .‘
Water 2 RS %y ’

':ffjas % g1yc$r01 cva) ﬂ.;':
___;w % APS tw/v) (fre&'?) N

| TEMED   - ﬁ | . 'f_ . .
”l{ 0.5 % TEMED {y/v) .::7  6.

'ffi~g'ﬁ;5?ﬁ1gg :u

q *’ A 10x Tr1s~Acetate stock buffar was preparod (400 mM fflﬁ_
"V_Tr1s. 200 mM Sodium acetaﬁe, 20 mM EDTA, pH to 7 4 with~

=ﬂiglaC1aﬂ acat1c au1d)




The'ga1 was paured 1nﬁo a Hoefer ge1 apparatus (12 o
15 cm % 015 cm), using & Hoefer gnad1ent makar. as.;fff”’

fo11ows':

%

73f1( The grad18ﬂt maker has two reservdlra separated

"5f”by a screw tap, fhe frunt raservoir cnnnected ta a _jj;_

f ¢2 Clc‘a both taps. _-'~ L

-5}_% m1xture (34 5 miy to tha rear re&erqur.“

'[]psrista1t1c pump via a secand scraw tapi a.f  §[ﬁ ;ﬂfu

| R R T
.8, Prepare both acryiamide m1xtures and a d tha 3 5

'1\‘: B -I

"-:  54, ﬁdd the 17 % acry]amxde mixture (8¢5 m1) tﬂ th?

' hfront resarvoir._.-

' 'i5 5t1r both ge? mthuraa at a moderate speed during'_ 

' ;7gfth@ pp@paratinn and pouring of ‘the 931-

-]6 Opan the 1ntarconnecting scraw tap and a1low thh

".1ntercannect1ng chambar to f111 with 3, 5 %

"-;:'acrylamida m1xture. CTose tha tap._. ;_' *ffﬁ;.;T5; 

L Q? A. qjunger 15 1owarad ?ntu the 17 % acrylamide

n_j (front) reservoir unti1 1t is about 2 mm from theg; o
JQqurface o+ the 11qu1d. 1n nrder tu prevent £ '

: qua11sat{on of the ge1 qixtura vo1umea whén tba-'*

1 i“tﬁ”°°"“90tiﬂ9 tap is nﬁeneda_

”'f;a CIamp the tubing at the top of tha p1qngern_;ﬂ§ :

":;9 App1y tha pump at a modarate ﬁpeed..:}d-f'q'

| " _10 Opeh ‘the screw tap batween the y*ad1ant maker: :

. ﬁand tha pump.



. and: dBnS‘ltalna'tr"[c amnyass C§Pl“iﬁd“‘bu&: as dest:r‘lbed 'For SR

"-f=.for 20 mxnutes. wwth 30 vn1umes of 1ce co1d 1nw Tun1¢

Bpen the 1ntercannacting scﬁhw tap. to aT?ow the_§  

"" _gB3 m1xturas ta m1x.g_51 1;[52< ~§ﬂﬁﬁ:J¢;;y1§J ﬁ,;*# o

":'}42 Tha 17 % acry1am1de m1sture Js: pumped Qut first fff*

L and %s ovar1ayared w1th dacreasing concentrat1nns nf 5fa

'7:.fa°vy1amide. fﬂz,ﬁ\ffxgﬁf-;;,r. L

’:"f Membrane aiwqunts.wera sb1ubiiized as far Laemm]1 snsu-
PAGE (2.2.1.2.). Aliguots of 20 and 25 ug were S

ﬁ_alectrophorasad at gg v for 18 to 20 hours. 1n 1x Tr1s-

'fﬁcetate buffer wmth 0. 1 % SDS. (w/w). Ge1s were: stainad

f, Laemm11 SDSwPAGE (2 2, 1.2, y Memh#ane prota1n content wasLﬁ .

o {;expresﬂéd as a ratia ta band 4.

3 2 2 2. Sp.ctrin extraﬂﬁinn  'f{I:;f-~ _ : . _
"f spactr1n was extracted aa descr1b§d by Goatzar and Paiek  :.
_ _ (1936}, at 4“0. “The pe11at of whita membranes was washad  ;
"5 }nnca at 17 000 fpm (in thn Backman 3&—1? rotar¥ at 4‘ |

59 .

| ’strangth speatrin extraﬁtion buffar (D 1 ‘M Nayﬂ%h,--_
f_lo 1 mM EOTA, 0.1, mm PTT, PH to 8.0 with NaOH);- “This
'”.,;buffar was prapared frash. Tha supernatant was. asp1rated “f 
'iand tha membrane pe11et)was resuspended in. 0 5 Vblumes cff "'
-“ﬁthe rema1n1ng buffar-_Tha sample was 1ncubateu overn1ghf
:-on 1ce, 1n ordar to éxtract speatr1n from the memhraﬁes,

"' {and ghen u1tracentrifuged in a aacaman u!tracentrifuge at 



e g
3 added to nine vo?umas of the hw oton1c extract, mak1h9

1“;<the extract 1satan1c Twp a!iGUQts 0f 5 u1 each were :f;;;; 

:remcved fqr nratavn defqrmwnatson (2 2 1 1 }

; W_G_method of L1u et a?., 1981 ‘as fo110ws.“5“

'*lfr1 % agarose (w/v}  ;;-ﬁ ;j_';_fﬁgfm;; 15 ﬁ mjff;

; f_45 000 rpm in a Tiﬁﬁ rotar for 30 minutes at 4 c The
”_I' ,spectr1n-contain1ng supernatant waB Qﬁrefg]!?‘rQMOVEd
' fff0na volume of 10%. digestmon buffer (100 mM NaPO“ 1 5 M

Zf_uac1 su mM B-Marcaptaathano1 :50 mM EDTA, pH 7 s) was

o6

~;:;2 2m2 1. uonvdenatur1ng qeilg.gatraphareats --.f' ;f;:: J;%¥:

. .'O

One sat of tube 9318 (15 tubas af 15 cm ® 0. 5ﬁcm), poured

ke a height of 8 bm. was prepared.:accord1n§\t° th* ;i ?.

f( \.

“?L'jj' 1 % agavése was dissnlvad by heatung in wate ﬁandff_fl

e

coo1ed ﬂown o 42“6; _f." ;f-3*3y '_?1:*';Taﬁf"f':“ ﬁ
) 1he fo11aw1ng were m1xed togather as dbscribed _ o
- bem.__-'=.__._- ST 3 “ SRR
40 % acry) amide/f 5% bis (w/v) B 3, 1?’3 wt
. 10'x Tris-Abstate buffer (2.2,1.3.) 5.0 I
 _Water f_*f”'f*.. 'g - -: ?; 71;_ ?_ j  2égD {_ﬁj Qi”i
R } % APS (freah) ' *_;igghj}i%";{;':_,é;sﬂ[ m1;1 yj{
'”"; 0 5% TEMED LT 2 me

- ‘{.' .

The acry1nm1da, 1Bx buffer and 'watar.mare mixed ahd

- p1aced at 42 c. The aaarose’w_s prepared and adﬂad to. the  '

B R



LEffftubés, whzch were covered at tha bottomnwitf Parafi?m,g
) Ewas pTaeadwih a 3?‘8 watar %ath and the fubes Ware ful]ed

-f;f},g_ﬁff}iw1th tha m1xture, Tha gs] surfaces were overlayare& with

‘41f&2 to 3 mm of wa&er Thv rack was placad in a ba91n uf _ce

'””for_s minutes to set tha agarose in the ge1s and care wast,:~
: RS

” fﬂaken td k&ap tha tuhes vertlca1. Tha—geis wera a?lnwed

“1{fftu pnlymerize-at room tamperature for 30 m1nutea anﬁ thenij -

".fstorad at 4‘0 under 1x Tr1a-Acetate buffar and’covared

.:W1bh ParafiTm. . .sf;Jﬁf R r:““*wﬁ*r'rﬂi;"~=%'-*”““ﬂ"'

'”3;'Tan and 15 ug a11quots of iaoton1c apactr1n were prepared;;ﬁf

_Tifor electruphoraa1s by tha addition of 1/10 vo1ume of g

k]

”“:“(?n % w/v) sucrose in. 50 % (w{v) bromaphanuI b1ua ta tha

_ 'Bample The samp!a Was app11ad tc th@ tUbe at 4=c and
”Z_fg1ectropharesed at 20 to 22 v for ia td 2ﬁ ‘hours at 4oc‘

T Tris-Acetsite | buffer with 80 k1 B-Mercaptosthanol
_J]pe” 1*tf9: Pr8~coo1ed Aftar e1ectrophores1s. tha gaTa
 ;:were extruded f”ON the tﬂbes“and atﬂined in CGQmﬂssie L

£¥:¢f5ta1n (2 2 1. 2y ) Densztometryc analy51s of ihe samn1aa
ﬂfiwas berformed as dascribad prQV1ous1y {z 2 g 2n @n Ordar?

  nto obta1n tha percentage $pﬂ/(spn * SpT), ﬂccqr¢ﬁng to :3.



”55T;2 2 2 2 Trypt1c d1gest af spectrvn ex%ract

'3.,7af trypsin to spectrtn_"L1mited dig@ﬁtiﬂ“ (Lawier:et“a?
'<- _(19343 was parfgpmed at 4°c on ice far 13 houra aad ‘was

 fi;;a1iquoted 1nto 2x 60 ng for nne dﬁi;
. SDS-PAGE (2.2 2.3.) and 1mmundb1ott;ng (2:2,2.4.3 and zao
*Ti*pg faf freaze-drying, 1n a 1 5 m1 Eppendorf fube,:,f

"ffOne mgfml‘%rypsin*TPCK was prepared 1n water and addeﬂfﬂ'>5
to- 500 ug 1sotoﬁio)spactr1n i the rat1o df 1 189 (wfw}j'

'istopped by the add1ﬁﬁon*nf 50 mH PMSF (praﬁavﬂw

aq;to a f1na1 concentratipn o? 5 m_' Tha samp1a was

nsiona1 (13) ;;f

t%ﬂg“f¢1lawed by ‘two dimenaiunai (20) ana1y$is ge 2.2.5.0% R

"hﬁ 11 55 m1 water }'

.“. . .
’ - Jn.;j'. .

"i2 2 h 3‘ Ona diman31ona] ana;gsis of tryptic digestb .
_Tha trypﬁic d1gast of spactrin was analyaad 1n1tia11y by;;  

’-ﬂLaemm11 SDS-PAGE (10 % fina1 acry1am1da{. prepared as
 fo110ws.~;rﬁ o o o :

o g fPi?j-an R

_zi:?;5::m¥ 4o % agry?amwdg]1 5 % his _ ;
'?75"’”1:4x res°1v1na get buffen ([*5 W Tr1s pu 8. a};;_fé
018 m1;2oJ% DS (w/v) : r._ﬂv.;;;=',¢4;.=

0.3 ml 0.2 M EDTA (pH 7. 4)
Tc; :1 5 % APS.(w/v) (fresh)
0. 5.% TEﬁEn (v/v)

-

R




SN

o if7ifﬁ{b$3'mfﬁ_2o % éns (w/v)
S0t ml 0.2 M OEDTA (pH 7. 4}

"7?*1-§'f1ﬁ1-50 5% TEMED va)

_:fru 335 m1¢i40 % acry1am1def1 5 % bis L
”_ f§ 5 :mj f4x stack1ng gel buffer (0 5 M Tras pH B a)
|  4€62  51f_water o e | | ' -

';f}bi fﬁ1jf1 5'% APS (w/v} (fresh)

:fﬂf;Tha Bﬁmug a11quots of samnle WBPE electropharesad at .
'85 V far 18 tq 20 hours 1n Laemm1i running buffer ;f*;ff'

-_ﬁﬁ{z 2. 1 .2, 3 Aftar electrophoras1s&ftha ge1s wera

ﬁ?fdismantiad and sta1ned w1th Cuomaﬁs1e stain (2 2 1 2 ) or

”twestern b1otted onta nitruoelluTosa for immunadetact1on

\-Wpalyc10na1 rabb1t ant1~human pr1mary antibody praparaﬂ

' 2 2 2. 4. western b1ot analysis nf tryptmc digest _
' In order tp pcsit1vely 1dent1¥y SpnI var1ants 1t was

_fnecessary to bTQt the 10 Laamm11 931 and praba w1th a

_ a9ajnst the SpuI domain tcaetzar and Pa1ek. 1986). i
faTha ge1 was scaksd in transb1ot buffer (25 mM qua’ ";';;,

.'192 M Glyc1ne, 20 % HethanoT) (Towbxn. Staehe11n and

'geordan. 19793 together w1th nxtroce!luiose mgmbrane, forlj-u

”_bwnttwng, "The b1ot was prepared by sem1-dry b]att1ng onta =  

.j_nifroca11u1osa with a Bio-Raﬁ apparatus af

-]




S

Ty

_.__:15 V/150 - 200 mA for 30 minutas at A'C‘ The b1ut was

fftransfar H’A chaeked by.$u§gj~ﬂ_5.g,a:;.

‘
Vel

fta_-

§? . ,

"p.f?r1nsed 1n TBS {0 05 M Tris, 0 9-% Naci, pH ? 5} and '.'jr°1eid<1

.':Dn blott1n9 paper at ronm temperatura. Eff1c1ency of

(i) i sta1n1ng the res1dua
52 2 1 2 ); SRR .n-'¢?3"-- = o
(11} placing the biot in Ponﬁa u;S sta1n. d11uted i.i -

5 S
n.1n 10;“in water, foﬁ two to fivm m1nutas. The stain i

f-,:ﬂ—waﬂyes off cump1ate1y with\yatér andadaes nat affectﬂi_

the 1mmunodetection ffglr*ﬁf_T§~{ H¢gf¥3f?ﬁ“f*ff

a -

’fﬂFar 1mmunnﬂetect1on tha b1nt was 1ncubatad 1 3 % BSA 1n_j
."_TBS/G 05 % Twéén 20. for 1 hour, A11 gubsquth _if  ; :;“f”
:7 ncubat1ons ware carried nut at rnpm temparature, wath _
}_éhaking. The b1ut was washad th::: times for f1ve minutegif;
| 7 each in TBS{D as % meen 20 The pfr"lmar‘y ant'l body (rabb-;t'fﬂ--{'
":'_"_"anﬂ-ﬁo kDa) (W‘epamd by or 3 Law'lar, Dept’ cf ' __
."Biomed1ca1 Research 8¢ ETizabeﬁb?s Hoé;itai Bostnn} was?f;
,;.:_'}_-_'d-mtad 1 4n 1000 w'ith 4 % BSA in, JBS. This muw be' o

- *fh’stored fon sav3ra1 months at nzn*c and ra-usad ~ '[Q'h'

F

I .A5““°°8Sfu!1v three t1mas. The bTot was~incubated for 13' .;f
if t° 20 hOUPS and than Washéd as bafbrg. The a?condav i
~£ iant1body (shaep ant1-rabbit Iga~peroxidase) was d11uted 1f _

i 1000 w1th 1% BSA in. TBS for use and ‘could b@ storud ;,"
.'.7at 4“0 for 1 week.;After wash1ng,_the b1g§ was incuba ed

. 1 }:  : _   Qf.'i5:f iTési_ 5; ;j: ;,, 1.};“~ i



S "'(:.

'jin the sacondary antibody fbr 1 hour. The blot was. washed -

'twj;twice as. before and then tks ¢o1our deve1opment and

a : _;v1aua11sation of bands was earr1sd bﬁt aé fa1lnws'3‘“@5”:

 Qf3g mg 4ach10P°‘ _naphthOT' dxsso1ved in ig,__n
“_ 10 mT cn1d methanﬁ1 _. ﬁ}s i
40 "ﬂ 'ICE"'GO-Id TBS

'5..Tha b1ot was 1ncubated far apprax”fateﬁy>2 m1nutes. or

- .sta1n1ng.: EER

T

o 2_5- pt --_30..%__52_0_2 asilded JIJS'I: ba‘f’or-e mcubaﬂ:wn

[ L.
W dEEmm—R . L

,'5f10nger 1f requirad. untiT the ban&s ould be vraua11sedu

1'_Ffand then rinsed with - water to remuve any background

[{2 2 2 5. Iso~a1ectr1c focu91ng (IEF) and EB SHS ﬂFAGE

f- wera carr1ad out.;_

_'For 1mproved rasnIut1un of any changes 1n trypt%c d1gast |
_. ¢pattarn 1n a pat1ant aﬁﬂgared w1th‘a cantrol spectrin gﬂ_ |
'Jjaxtract, IEF analysis, based on a modifiad method of F
:O‘Farrelﬁ (1975) and QD SDS-PA@E (Law1er,ef af.; 1984). .i_ 

i3Tha g1ass tubﬁa (16 cm X 0 3 cmj weréh ashed %n nhromic

f"ac1d, rinsed w1th water and ethanol_:

driag at’ an c and

':fsaaied at their basea wwth Paraf11m..They-W§re p1aced

i

e

"_vart1ca11y 1n a rack and markad to 12 cm.-Tha 961'm1x;ure

.,”was prepared as pranz, :f'fFﬂf'fﬁ-_f; “




ﬁfﬂf;pfj[g:frﬁ'ﬁ'i “ﬂ;'%:”i'f.

“5.: to 10 m1 with water.

.'L   :Th9 m1xtureamas hBatGd at 4050 and ﬂhen tha upga had

Lo

EA

) fresh by m1x1ﬁg 2 838 g acry1am1:;

=”;:f?f mg naht

.T5 hﬁ1 8 m% watar *”?":

Cb amphoAyte pH 8 - 10 y FE R T

(T) The acrylam1de m1xture for IEF ga;s was prﬂpared a57;f_;
and n 162 g b1s in

e o e
; 5 m1 watar and, once d1sso?ved._the volume was mada u_;_”'”

7:Efx5 5 g urea }?q“fffﬂffkff}°ﬂ3ﬁ   §aMffﬂ§¥f”f'T'

-*~o 2 m1 amphoTyta pH 4 - e '*5i;2”§f}..u

'“*j da up. to 1n mt with water. Ten u1 10 % APS

:”f(w/v} (f?esh) was addad and the mixtura was degassed for
'*_fi m1nute, bbfbra tha add1tion of 200 pl NP 40, and 7 u1
'egTEMED The mixture ‘was 1nvert%d gently, Tan to twe1ve .

-3*gela wara paursd ta tha 12 em mark. uaing a Byr1nge and a L

Tong naedla, tak1ng care nut to trap a1r bubb1es, They

were overIayered w1th 10 p1 ﬂ M urea (atarad at room |

: temperature) and al1awed ta sat for 2 houra. at which

time the UPBa was rsp1aced w1th 20 y1 1ysis buffer CQ 5 M _

' :uraa, 2 % NP~40 (wjv). 0%8 % amphoiyta pH 5—7 (v/v), a a

' *E?



W

% ampho1§te pH'4~B {v/v). 0 4 % amphoiytg pﬁ a~10 {v/v),ef A{

5 % ﬁ-marcaptqethanoI (w/v)) and Teft tc set for a

further two hours, Tha gaTs cou1d be stored at room

tampe%ature for not mare than a weak bafore use.”

igltpnph°"951s Of fraeze-dried samp1es (2 2 2 2 )

tubes@wera pTacad in the runn1ng tank.-remov1ng any a1r R

bubb?as'which may hava become trappad un@erneath The

=1f “1ys1a*buffar was removed from tha surf&'alpf aach tube

gel and replaced w1th 20 ui af fresh bdffér; This was o
,  ovarlayerad with frash?y degasséﬂ cathoda buffar (9. 02 N  '
NaoH, dagassad for 1 huur) “and the- upper raserva1r o ”'1
fﬁ11ed. ?he 9a1s wera pre-equ111§%atad as fQT1OWSa'    ? mf;i

205 V.i'” 157m3nutesf*'

| 300-v; . 30 minutes . cwe

 \z %,-4qo:v,zi“f30 miHQﬁé§f1: | .?':"*

o , ? A.*F"r.ar the eQU111bration. the cathuﬂe buffer was ramoved -

from the tank and fram the tops nf the ge]s.hTen #i of
ovar1ay so1ut10n (9 M urea. 0. 4 % ampho1yta pH 5-7, 0. 4 % o
amphoiyta pH 4-6, n 2 % ampho1yte pH 3-10. storad at -

-20‘3) was syrtﬁgad onto the rema1n1ng 1ysis buffer whichf’

;;- o  ” was then removad, taking care not to’ m11aw any &athoda?%Vf-i;




”;5buffer to tauqﬁ tﬁa tap of the 931. The Treeze—driedf_

¢vf1yiald 2 mg}m1. The samp1e was then 1uaded anta the geT*

3‘f;¢samp1e tzoo pg) was resuspended iR 130 u] 1ys1s huffer taﬁj;f

‘ ,jfunder fhe owarﬁay $D1ut10ﬂ. Fresh degassed eahhodé bufferﬁfVQ

’5ﬁﬁwas syr1ngad nvar tha over1ay saiut1an and ﬁhﬁ“uppar tankf}j;
o ??s&%:11ed as bgfore The aamples ware e]actrpphoreaad at;:f;
dﬁ?/d% V for 18 hours (3 kV hnunﬁ} and than for a’ further :fg f;

ebn v for 1 hour

e

After focus1ng, the tOps of the 9919 wera maqked W1th

'" ﬂ 'bromopheno1 b1ue and then ﬁgé gels wara extruded and

o ﬁequ111bratéd in O'FarraTT buffer w1th B—mercaptaethanQT

VfTG’FanreT1 buffer was prewared as fo11ows*}5-

* {far 2 hours bafbre Iaad*ng ontﬁ the second damensaon SDS-u ;

-' PAGE or anapwfreezing for storaga at -70 c."i g

o Ci"

R A . & .

-}f n 0625 u Tr1s pH 6. 3, ST
.Lienaka up to 95 w1 w1th water‘:.jff;f-.;-ﬁffﬁf

..

-

e

g

"’-"‘D

'","For use. 9 5 ml 0'Farre?1 buffer was addad to 0 5 it 53%   :;
' o R

7Imercaptoathan@1.,'ﬁfﬁﬁygif“

' 7L;The second d1men51qn was run on a 1& % $D$nPAGE LaﬁWM1T

5 systam as dascribaﬂ prev1ou51y (2 2 uqa ), except that



" thie gel dimensions were 12 cm x 15 em X 0.3 om..

?fTha euu111bratad IEF ge1a wera pIaGed ontn théﬁafaﬁking

'*:,fge1 sﬁrface, tak1ng cara to av01d a1r hubb?es._One %

f”Vagaroae was d1sso1ved by heat1n9 in 9 5 ml u'Farrel?

'; “f;byffer and D 5 mT B-mercaptoethanal was addedg Just pr1or  ;_
BTy p1pe+t1ng the warm 11qu1d agarase mixturq,ovar tha
“:ﬁIEF gel, 0ne well was formad for }uad1ng mambranee as. ff:¢f@

's1ze markers..The 1so—electr1ca11y anused prot31n$ were f -

' f;e1ectrophore$gd acc&?d1ng to saze (kDa) thraugh the

' f ]5econd dwmens1an at ?5 v for 13 to 20 hours at ronm  1

“';atemperatura..in Laamm11 runn1ng buffer. The geis were

sl

1then v1sua11sed as dascr1bed prev1gusly usihg chﬁmassie

ffsta1n (aﬁz 1 2 )

 1_2 2 3 Mo?acu]ar characterazafion of membrane defect
” *Mo1acu1ar b;oingy mathods wera amployed to further ,fj”._-
_;;gnvest1gata the spectr1n var1ant 1dant1fiad by means of
7ffthe Pfﬂt91ﬂ ana1y51s described above4 General methbds |
;g 5were empToygd accord1ng tﬁ Maniatia, Fr1tsch and Sambruok
",(1989). o N . e _

g, 2. 3 1, Extract1on of genom1c DNA

IIJEGenom1c DNA was extractad by the method cf}Sykes (1933)_:.“
-_Biood was cu]leot&d in ACD tubas. centr1fuged fnr 10 .

' m1nutas at 800 g and buffyﬁyoats wara ramnted. Buffy

. ..__ﬁ..._ ” .




"”fly1m1d a whitish pe Pt

"'“To each tube. 5 m nhT‘

’jfcoats cou1d b; frozen at-ﬁ70°c or used 1mmed1ata1y The
'jfsamplas were dacanted 1ntq Sﬁ m1 con1caI centrifuga tubes

"i_and an eqﬁa1 vo1ume qf sa1fne solutinn (0 2 % Tr1tan x—-.

'f_centrifugad aa abo :and the supernataﬂt discarded to

. The pe??at was'ﬂ1apersed W1th a

o  1:1&PQE diaMEiﬂr QTJL grod (3 Mm} dn- a few drops of DNA
| -f7_=1ysrs buf*er c? M-urék o 3 M Nae1, 10 mM EDTA, 10 mM

| ”ﬁﬁ?;Tr1s pH ? 5) and then woryed 1nto so]ut1on to a: f1na!

i‘\

 _ vu1ume of 16 ml.'ﬁMﬁ%ﬂ 10 % SDS WEre added tu each pubem
'”"'_ sw1rTad gentlv and 1eft tn atand for 10 m1ndtas at 3? “G.k, f

*:farm:and 10 m1 Tr18*saturated

phenq}ﬂ &are added; V1goruusiy 3haken and centrvfugad at ‘

800 ¢ g'fn& 10 m1nufas, st room temperatupﬂ,\*'"““
- iy : Tr“l swsatuzsated pheno'l was prepared as f01‘lows,

Eif:.i{ (1) Ma1t 250 g phenn1 at 65 °C.

'-f:j;  :3?(i13 Add 0. 25 9 ‘of the ant1-ox1daqt 'j;__  @4;-'

o B-deraxyqu%nalina (to a f1na1 cancentraﬁion of

. 3




':?}; waper)»_.- ERRE

"(atored at u20°c} was addad The DNA waa 9pa01ad onto a'. >jj

o PO L . &

 -9.§,::.;:;=;;;

SRR

greater than 7. 3 (a\jﬂnd1cated‘by pH 1ndiaatur

. _-!‘;.

(W) S‘tm’e 1n ‘a d 01:1:1 ea'l"l-"c R
"kalfﬁ]’_fﬁ;f ]L;{ f”' Lo

icf .Tha aquaaus phase was rémoved and extraétad a931n W1th
.8 il ch1oroform (300 g for fﬁxe m1nutes at roaom oo
: -f"temparatuﬂe) The aqUenus phase waa transfarreﬂ to a

3]ﬂ50 m1 conical flask and 10 m? 1ce—cn1d isoprOpanu1

"?;glass(nid' 1mmediata1y upon add1t10n af the 1sopropano1 o
f'and diéx\Ived QVerhight 1n D 25 - 0.5 m1 TE (10 mM TP1Sr:  .
"1 L EﬁTR& pH a 0) o S

-k

Taa

"“‘.u""

. ‘__:. "u li-.' RN 3. S
T \\. oo . e
N g

]

;2 2. 3 2. Quantntatton and a1actrophores1s of extraﬁted e

]



”f: 0ne MY nf ﬁNA, to which 0.'5 vqumes of 1x DhA geI

a0

fff1 % agarosapga1 preparad 1n 1x TAE buffer, w1th 2 5£p1
"ethidium bromide (10 mg/mT) per 100 m1. | RN '

;_iThe buffer (50x TAE) wau prapahgd as fh11ows,;5@fi;f;t,-f

 11 JDNA gel 1oading dye (10x) was prepareﬁ as fo?lows*

4 0.1 WEDTA pH 8.0 #,,

Lo i:). .
o it .

”*The DNA qua11ty was determineﬂ by eTectrophnrqpis qn a.§ } ;

.)

_;x121° j9 Tr1s e M

. TJ2B 55 m1 G1ac1a1 acet1c acid i
| 20 m'l wwmo M EDTA pH. 8. 0. |

_ ;Make up to 500, m1 with water, and di?ute 1 1n 50

“3gw1th waterp to a wgrking strangth.,-_zlfﬁaw

|  1oad1ng dye was added,:was_1oadad 1nta aach wal! and _ _
| PeTectroghoresed at 100 v for approximata1y one huur The o

- DNA was vwsuaT1sad under U¥ transi11um1nat1on. at 302 GLP R

’ ‘:]‘ ..'c.ms

R 50 % lecero1 f  : ﬁ- -:_. _ ;f”],a'['_V' Z;T‘f”*'i'.
0. 25 % bromapheno1 b1ue R |
0 26 % xy!ene cyanaT

' Di1ute 1 1n 10 to a wnrking strength w1th water..

'f_a 2. 3 3 Pulymerase cha1n Raaction cpca)

..a Am ” 'Ic b on of l DN . -ﬂ__.:.
'-Amp17f1cat1on 0f specif1c exons of m apectrwn fnum

s:,-

R )



i'genomic DNA was carr1ad Out by means of_PGR (Sa1k i8t_ 'hLH.

"* a?., 1988) us1ng Taq DNA poiymarase‘ In order tn further
investxgate tha Spal\defect, exon 2 Saa 9 --88) was '_ 
: ama?afied us1ng o;:gomer pramers somp1ementary ta Peg1ons

- af 1ntron f]ank1ng the requ1red exun sahuence :Sahr et

o Sy
f*:_Tha Upstream ﬁr1mer._a 21mer,_was des1gnatsq-ﬂﬁ |
'._-(5' GAGATATAAGCGGGGCAN:AT a1y and the downstraam pr‘imer

o "’pz, s1m1‘lar*'[y a amer; (5* TAGaeTchcrcTaanecMT 3. Kty
: o R |




!f .

Raact'mn m x

;“*fJbeilﬁﬁe f1j

”LCompanent 5‘3757fl'; _ff?ﬂ?fif1; 7ji_

"C;;;ffstar11e water

:'f 10x react1un buffar %;Jj; ?i  iﬁ ﬁi; ;:;;~1*“1f;2;a ;JH
FgFQATP ‘g1o mﬂ) _H.;.:Ifﬁé€? ﬁif3f}}ﬂ3? S

-' u;ew (m mM) _' Cawm
- dGTE {10 mu) e Caw -
dTTP (10 mu) ) 2 W |
T‘} DNﬁ palymerasa o _!;D 5 HJ '.g:S:U; ¢  MR
o {5.U{u¥) ,71:”;':'?Tﬂif *-";1‘f'; - f ;: ;: . ._

0

Genqmic DHA template I [ B B T T

Tota}
.‘ia ;f. _

£

”10x reaction buffer (aupp11ﬁ( vith the anzvme)

500 mfd xc1. 100 - 'l'r';s, 1% 1- qton x-wo, upH 9.
o o _ \,l o _

'-ﬂ_fTha reaction was 0varlayered w%th 50 tn 100 ul m1ner§ﬂfﬁ_§ _”

[.0%1, to prevenﬁ evaporat1on.

85



fﬁ HTVFf"'

The reaat1on was amp11fiad for 30 cyc!ea, uaﬁng a. Perk1h

f' " ETmar cetus thermal cyc1er, ona cycle cunsisting uf o °

94‘0. 1 m1nute, (denaturataoﬂ).__ ;;'“ ffj;ﬁ S
55°C. 1 m1nutqb (annea11ng}, “ | s
?2 C, 2 m1nutes, (extens1on) T

o A _\;._

.'s of PCR nroduat

'iﬁ'knawn codon 23 mutaiTuns usxng PCR as descr1bed, with

i f'pr1marq Pz and P3.-The ampTif1cat1on product was checkad

"'"by e1ectraphore31s of a 10 pl a11quot an a 1 % agarose

get, against a. BNA ma1ecu1ar wetght marker (100 bp

_ ;If the produgt was’ a srng?e, cTean hand the remain1ng

sﬁfjan equa1 vo1ume of watar added To th1s, 50 at each bf

" :Tr1s—saturated phenol and uhToerorm were addad and m1xed

in a: microfuge. The aqueous phase WBE removad and 0. 1'

:,lvo1umes af 3 M Na Acetate pH 5 2 was added. The DNA was

" _precip1tatad by add1ng 2, 5 vo?umas nf 1ce«ca1d abso1ute
'- f.ethanq1 and p1aced at —?O“C for 15 minutes. Fu11owing

. th1s the samp1e was centrifuged in a m1crofuge fnr 1“

i

__g:J:mlnutes_ The paIIat was washed far fiva m1nutes in a

TG

"th0r0u9h1y. The mixtura was cantrifuged fqr threa m1nutea; 

5 7DNA from normal and affgated ind1vr8uals was scraened for -

”'-Tadder}, in ordar tn deteﬂmine the corraqi product size._.

90" u1 of product was transferred to 2 new 1 5wl tuhe and 3_




3f_“gcnnd1tlnns._-f5 el

QAhaII at 37“6, for 4 hours. unda" the f011OW1nQ

' g ,AhaII

': If'the PCR praduct was nat a a1ngla, c1ean“band, the nNA
Fwas e1actrophoresed on a ﬁ%eparatxve aQaPQSG ga1 and the
n;norract pruduct eiutad_by maans of a sp1n co]umn :

-'_-_.(2 2.3, 8b. )

gThe BNA was raéhspended in 15 p1 water and digeﬁted w1th

. “»mj;. .;“5  :u. ;” ?    1 PR

TONAL IR S e

"nwater ;_.@._ :L-H1 B glf_ :_::; |
- 10x. buffar 2t *]2 0 uTi .;'3w-fjf;1ﬂqf;51;g

. . : . . . oM

" * 10x buffer 2 (supp11ed wmth the enzyma}

-_'soo mm Nam, m mM 'rr-aa. 16, mM Mgmz. 1 M- :m',
- H ? LB ' o |

'* -The rasu1t1ng rastr1ctaon paftern was ana?ysad on a 2 %

Yo

R agarose ge'l (mo'iecmar- hio‘lagy gracle), | m ‘lx TAE buff@g:;

AR



..“_ -

”'f}_z.a,a 4. ATIe?e-Spec1f1c Oligonucieotxda Hybr1dization

f;ﬁ;Ganam1c DNA from ﬂorma1 and affected 1nd1V1duals,

“'”'_-'.ampHﬁéd usmg Pz and Ps (2 2 3 aa )

Preﬂ_ratiun of s?ot b1ot

9 : {:;

'5  1nc1ud4ng pos1t1ve and negat1ve cantro1s foriﬁach Gf thﬂ

-

I - . g o A S \. W ’

BT

"1a ;“Ten pT af PcR product was denatured by add1ng 190 u1

'3'ffdenatpr1ng 301ut1qn (0 4 M NaOH 25 mM EDTAJ and boiTed

lf,jjsa7) :;Lf{%“'

. .Z:f-?

'ﬂFour piepes of Whatman SM fiiter papar. as we11 as a

' ffor 2 mwnutes Tha DNA was snap ch111ad on 1ce foﬁ%15 ¢9 j

"77f”m1nutes to maantaln ss DNA {Kégan. Doherty and G1tsch1er,,.

la,

- P
¢
e .

'. .ny1on mambrane, were cut tc fit axaet1y into the B1b—Rad
| :STQt bTOt aPpaRatUS and’ the un1t Was saa?ed t1ght1y,,yﬂf""

'fVThe f11tar papars and nylon membrana wera Pre-wet Wi%ﬂ

 ‘f water and a vacuum applied unt1l‘the membrane was Just ;j;ﬁ-

:{;dry.'W1th the'vacuum off, the DN& (200 uT) was 1naded’
'f1nto"the appropriaﬁe welTs. fu11mw1ng which the*vaéhum -
'fwas re app?1ed and the DNA was dapnsitﬂd on tha mambrane. ~.

 ;Tha samp1a was washed onaa with 400 p1 an SSC (3. M NaCT,

 :nO 3 " NaCftrate). and the vacuum app1iad unt11 tha

”l membrane was ' dry. S



 ?’The apparaﬁﬂs was d1smantlad and the 510 blét was r1nsed7:ff

(7

R P% Narma? Aso, aa 25 = 91 Tm“es*c (ant1$anse)

B

=

| f“ff-s' CACT1CCTGm_§pCTCTGCTG 3*-1'” )

'ﬂ iPﬁ Mutant Aﬁn

o N
¥

°fdethcts Arg (ceTg o H13°(GAT), at

'bodon 28, TmeS‘c (sansa) 'ﬁajw _q;5|&~

5 caeGAGAGscATCAGaAAGTG 3'3f”_-f:{ df-j}_*=5

"Z_PM Mutant Aso, detects Arg (CGT) to GVS (TGT) at
7=ffcodon 28, Tm sa*c (sense)
s CAGGAGAGGMQ_QAGGAAGTG 3'3“'

’ '..;} T R A

"*,_Qeﬁ Mutant A80; detects Arg (ceT)'to'Ser CAGT) at

;cadon aa Tm ee*c (sense)

5 CAGGAGAGG_@_CAGGANGTG 3'f“_¢5j

e

'“;f w1ih 2; SSC (di]utad w1th watera and bakéd at’BO'C for L

B o



'-*The end 1abe111ng;raact1on (Man1atis. Fr1tsch and

| iﬁsfﬁﬂmnggantJﬁf'i_ .
':;7011gnﬁualeot1da (D 5 ug/p1§
;; _water '_h '_',_' ”__ e

1 2x’n Q1ynucleot1da kwnasa‘buffer SUAB AR
- (140 mi Tr1s, 20 mM ugc1p 10 mM arr,,-; _fj;f;_:f;;¥;7** o
|   ::pH 7.6)° -%;T, tfyh n_q  A
'”'ﬂf_fx-ﬂP«aTP (8000 Ci/mmn1)
.'t 'Q pq1ynuc1aotlﬁe kinase (B U/p])

i"f;?The reaction was incubated at 3T“u for 60 minutas a"ﬂ

::" ;codun 28 Tm 66°C~(5ensa) T
sticAeGAGAchxrcAaGAAGTG 3'

' cce'gc) ) inc(A+T). ,ff"*v¢

(Itakura. R0551“and Wa11acé, 19§4).;-55“f§7??

 .:sambrqak._1989) of thacaiigonucle0t1da probeé waa capried

‘ ol .ﬁr__; \\,5

"_hthen stopped by add1ng g o 0.5 M EDTA pH 8. u._};;_;fj_ng:*'




zt)and mixad:we11 The suspenhlon was 1ncuhated at room’:"””

o Spec1fic for?ﬁess than 200 bn nf DNA, Three va1umes of
H1gh sa1t Bind1nd énlumion wane added ta thé tarminated

veactwen mixtura (30 pl) E1ght ui G1aasfog wera addgd

'f was centrxfugmd in a%m1crofuge’for approx1ﬁate1y 15

-

';Bupernatant was d1s¢arded and’ 300 pl Ethann1 th“-%dded

N

f75cén£rifug"

”"-~ irn9moved befare elut1ng the DNA from the Glassfog

ffffnr fiva mxnutas to eTute the DNA and then cantr1fuged

Tf for ang m1nute in a.microfuge The elut1on was rapaated

o

'ffg1v1ng a f1na1'001ume of 100 u1 Dna p1 of th1s was addedﬁ-

f to 5 m1 tolusne snint11iant and the amcunt nf radio-"

*' 7.cuunt1ng, using a B counter (Packard)

' “chybr1dization bag~";f §i

.The bakad b1ut was prahybrid1zed for 1 haur at 61“0 1n -wig'

Lapprnximate1y 8 ml prehybr1d1zatqon sdiutién. 1n a seaIadJ:.

.. b

;5 The Eébe11ed_probes Wera pur1f1ed using the Marmaid k1_ 5L;?f

‘;-

fxf{temperature, w1th vortex1nQ3 After 10 mmnutes, the samp!effﬁ{

‘r[fseconds:fto pa1lat the. DNA baund to Lhe GTassfng- The }3ﬁ5¥-

f sgt0 the p911et Th1s was r&suspendad by vartexxng and was'5F_
br1ef1y t& wash thé DNA—containing pe1letgz;pi:f¥
’?-Thns 5$Qp~was'repeated\%ytca and a11 traces of ethano1 “

: ; ;pa11et was rasuspended in. 50 p1 watﬂr,_1ncubatad at 59 c ]17}

5-f;ﬂ;1abal1ad probe (cpm) determ1ned by 1iquid se1ntil1ation _} 



TS I R R R

Temm e e T e

DR A11quqx anﬁ stora frozmn. S

| __3 3 M NaCT
"_f_;QO 2 w NayﬂuQag
o oz M EDTA

'ngs% e T L
“iMade up to. 50& ml w1th watar?}}f_} Jf ' :

e _5 -_ -0. m.‘lf .. - _;. : on Denhquts- : !

2.8 w10 $05
'1'30 0 m1]  ['__-water

fg po1yv1ny1pyrrolidine

© ¥eluse  Component '
R ESE PW;_?,eﬁg ss#é"”'““”"

’Eﬁﬁmuu ;'%;;éng5!'”

_ ”-:rama1n1ng prehyb%idization sulutinn in
S \‘_the b'lut. The b‘Io‘I: was mcubated for 2
| '___"61 c. -

Y

L .fTha f011owing solutions ﬁéﬁefnhéﬁﬁhéd{ﬁ}-'°*:""L

e Al s'x _Dﬁ.'_nhardta.__golutwn
- 5 ¢ Ficoll (type 400) -

I
CoEx

s

e

 Abnut 4 m] of prehybridvzat1on so1ut1on was ramcved and

20 - 50 ut labelled probe added (20 i 4:0 x wﬂ cpm) to the

the bag canta1n1ng

to 4 haurs at .7'1wﬁf-



| The bln_[waa'washed in solutions of 1ncrea51ng

str1ngency, with sh;k1ng, as fo119w5*-

__:j

)' 2x sspsxn 1 % sns

“:jf“ if 111) 1x SSPE/& 1 % SDs .Tﬂ*“

2* 4 manutes,_55 C,_f]f”-"=~

The blot was thgn axposed ta x-ray f1¥m,?’""' v
eyl ,

'}_&“fff  hour to nvarnigﬁt. w1th 1ntansify1ng :st':d":aeazm“dg"""'W

R

The sequenczng ga? was poured tha day before 1t was ta he

*f, uaad and a?1owed to poTymer1za avern1ght,ff y S

e L

R

The sequenC1ng geT p1ates (40 cm X 30*¢m x 0 004 cm) wera

"_  washed three tlmeﬁ with Extr&h and r1n§ed wei] W1th

O

water bafare W1p1ng with 70 % ethano1 They wera

Toe asaemb1ed, takxng care to sea1 them PPogeriy by means af g

tapa and clamps nn the s1des.-'

-




43 % acry}amiﬁgJQfx;i:vﬁﬁ{if,g'*
'f2 % h1$ RN

Urea

"f Water

| *hiifwfd1ox Tas* '-555£;f¥f5%:..'3

ST LE 10x TBE~ 54 g Tr1s. 27 5 g«soric aa1d, 2 o m1 o 5_M .

“:J';‘EDTA. PH B 0 Makewup to 500 m1 w1th water.f'f-ii*-j °f§"

T ““'"_T?J Ty

f'ﬁfTh1s was stirred. unt11 the ureg had disso1V8d aﬁﬁ°th9“ o

o .

'.l;the fjow Thg gel was i.'°“ed tc po?ymerlze overn1ght atgﬁ J

'7gthegnata1ysts wara added (0.6 Eﬁ 10. % APS, 15 u1 TEME&)_¢7’“
'“vTha gei was paured usrng a 25 - p1p9ttE. Iifting 0“9 .

o (S
Ca Ao

o curner of ths assemb1ad geT p?ates 1nit1a11y, to. guxde

Vﬁ”room temparature. covered with ¢11ng-wrap.-.;“f“’“”'z'” .

:_.3_ﬁ5uffer for e1actrophor€s1s (1x TBE) was prePaPBd by

S di1ut1ng_10x TBE 1 in tn'ﬁith water. -

C \l.‘l j@

=;  ?F°r sequencqng, the ge1 was asshmb?ed 1n the BRL mode1 52

'"1.2 3aquenc1ng apparatus and pre-run for 30 mTDUtES! at 30 w,

.:'f-:to a surface temperatura of 150 C. 7-3 F-U

o - .'@.



b G

LT "
o ’

“) Birgct SEQ enc1ng_bf?§“pi1fied g &
Tha PCR products tu be saquencad ware ana1ysed cn

i % agarase ge1s‘ Approx1mat91y 100 ng of amp11fied DNA

was aIectraphorasad on a 1 5 % praparatiVe gel (ma1mcu1ar
b1n1ngy grada), 1n 1x TAE buffar. The DNA was recovarad
frpm the agarbse by a sp1n e1ution mathod (Vaux, 1992),
replacing gIass f1bra f11ter w1th Whatman No. 1 fi1ter
paper. The 5p1n coiumﬁ was preparad by cutting the 11d
aff a 1 5 ol Eppendarf tube. Fhe gei s?wce was . p?aced 1n
) 0 5. ml tube wh1ch had been cut in han and parfarated

ffave t1mas 1n the basa w1fh a 26 gauge needle Thxs was

placed 1n a cap1ess 0. 5 m1: tube, wh1eh was. perfaratad  _ 

onae as above and packaq with 2 mm x 2 mm Whatman No.;1;

f11ter paper. Tha ent1re cqlumn was than p1aced in the

"y“ micrnfuge, dn order to e1ute the DNA from éhu“geI The

progreas of Blution was monitored by v1aua31sat10n of

5

e

'fy._

o eghid1um brom1ﬁeﬂ1m ihe eluata wzth uv trans111um1nat10n.'

i

The rauovered DL ; in 1x TAE buffer, waa transferred to a -

'il_sampﬁa was then phannT/ch1oroform extracted and ethanoI

- prec1pitatad as bafora.z'

'Thé DNAfﬁés seqﬂéhcad f0110ﬁfng the.$equén;ée didéaxy

' ehain tarm1ﬁation Peaation protoco1 (Sanger. Nick1en and

CQu1son, 197?)

__;j cap1es§ 1.5 m‘ tube and cantrifuged for fiva winutes in a

o

o new.1,5 ml tube and an aqUa1 volume of water addad. The  *¢¢



e ..: Lf/}

"' '_uNA ta occur. and was then used immad1ata1y.;

_  F1rsr1y: four tubes ware 1abelléd G, A, r~;c (3d f111ed
W"lth 2 5 }l" af ‘I;he approp%,la_ta d1daaxy t&l"nﬂ I'!a.'l‘.‘lon‘J .__M..;#

SRR 5 l?

_ ;_-sp1n~c1aaned%pa11et 1n 6 5 p1 water. 2 pﬂ Sx SQquanasa
Tﬂ react1on buffar (200 mM Trxa, 100 mM MgC12, 250 mm Nac1, »

o pH7.8) mad1f1ad w1th 10 %, formam1de (Zhang, Reading and  TQ

L:; ;De1ssaroth, 1992) and 1. 5 uT sequenc1ng primer (O 02
-;TPQ/M1), eitheriﬁ or Pg,‘1n a five~fn1d mciar excas? nf

“_;_ta danatura the ds DNA and th&n snap ch111ed on dry 15@
': ;for 1 winute. After a 15 - 20 aecond Spiﬂ iﬂ a m:crofuge

"f_'tha samp1e wa& placed on 1ce, for annealing of pr1mer to—i

, . e
o .. .

% .. o

A ] ﬂ , i

.
% . . o
Ve i

o
3

18

. _m1xtuna. Each m1xture cantatns 30 pH darp, 80 uM dATP, 3°fif
5 ; ,pH drTe,. Bo e dcTP and 50 o Naﬂl&e:n addrt1qn the - :;

o  : ;m1xtura cnntains 8 pM didégxy_dGTP (ddﬂTP),uiha A m1x, 8_ -
- IJ-M ddATP; the T muc, 8 }IM ddTTP and the c m.‘x 3 l-‘“ ddCTP.‘

*Thﬁ tampﬂata was Prenarad~by resuspending the air-dried,_  .

*’Pr1mer tn DNA. This suspens1on waa boilgd for 10. m1nutes,;wf

b i



PR X

'7fTo the annea?ad tamp1ate~primer m!xture (10 ul) the R

' ' fo11uw1ng wera addad in order to 1ncarporate rad1o~'i7-=

-ﬁJiﬁabe11ed dATP 1nto the BNA temp1ate%

o

:-ffé ;'"(For usﬁ w1th rad1o»1abe?1ed dATP,._ o
) 1.5 WM dGTPg_;.ﬁ BM dTTP, 1.5 pM dcTP,
 ;¢11uted 1% 4 with water)

A "qauPdATP (3000 01/mmo1) (10 pc1/u1) f 9;g'gf; :

 :'€f.;'Sequenasa enzyma Vﬂra1on 2 0 Vj R - _f‘g;dfg1ff _

gQ(di1uted 1 + 7 w1th“enzyme d11ut1an

‘j_]buffar,.&o W Tris: pH 7. 5..5 mM DTT. f);*“'"z

- i30 5 m9/m1 BSA)

SR
..:r‘,

B

e j'LabeiTinQ nuclﬁot1da mix: r -f'?f.'3} 2 0 Uk

.:.“ :

B w
i

'__The'ééactithwas mixed*théhﬁﬂghiw;"bpripetté.1ahd;?}f

'¥_1nnubated at room tamparature for two minutes. Eddh ofi'__ 

".fA. T and c tubes. Each reaction was mixaﬂ thoraugh1y and

i "-.'.-. i

a 1ncubated at a7° { for & m1nutas. The raaction was stoppéd
;7w1th the add1tian of 4 u1 atop soTut1Qn '95 % formaM1da, ;
742& mm’ﬁnTA, o, 05 % bromaphenoI b1ue. 0. 05 % xy1ena

"_cyanol) and p1aced on 1ce.

-\.‘-.

o

Ta L

N T &

" ;warmed aﬁ 37°¢C and after cumplﬁtion of the 1aba111ng

the tubes (G, A T. c}, praparad 1nit1a11y, was, pre- '”

' reaet1on, 3. 5 p1 o% it was transferrad tﬁ eanh of the G,

.&#ﬂ

SNk



f; The~prepared samp1es ware heafad 1n a %eating b1gck to

) o*c *orqﬂ m1nutes and 2“u1*1oaded 1ntn each wa?? af a

-f?;sequenc1ng ga1 1n the ordar G-A-T-G. The sample was

*..fcentrufugad br1ef1y and pTace& an 1q§. Each loéﬂing was

,run for 1 75 - 2 0 hours at cnnstant powar (60 W), with

T*_non-]im1t1ng parameters (40 MAs“E 4 k i 031“9 a ccﬁsnrt

F;ZM1ﬁrocamputar a1eatrbphores1a power supp y. Aftar a «fﬂ?"”w”

'ff5f1nad1ngs tha 931 was removed fram the»apnaratuﬁ and thé?

-

'75  ;p1atas priggd apart&*iéaving tha ﬁei nq ona p?ate. A used

. -{?\JL i

'Fffx-ray f11m was p1aced un topfﬁ, iﬁﬂ*é% &gd'gty gﬁ1 was

 ;then lifted off fhe ﬁ1a&§. coveff -ﬁ\ {pgAQrab and .

z?..'. S

-1ng curmx

”'_autoradiographed with intensxfn;a ,A%raé

'1{:rff¥h (AgfaJ The,ge1 was exposed fnb ﬁ ~g4 bUES at uaﬁ‘

\\ -
L

_ B S
A._and then devqnoped, uaing tha faci1111us‘ by k1nd o'ﬁr,[q_
“7 perﬁ%ss1on, of tha Jnhannasburg hqsputa1 xwray staffu

LR

........
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'i*i_'i2 3 Resu1ts o

| ; "2 3.1. 1._Laemm11 SDS«P&GE

‘Af;2 3. 1.:Eryihrooyte membrane protejn anaiysis _ 3 ::': ; -

- ._¢disccntinuous buffer system. The ga1a wera Caogiss1e-"“;”::i
: sta1nhd. Tha membrane a1a¢tropharati¢ pnof11a Qff the twaff"f

'~probands (TM and TL) 15 prasanted 1n ngure S The %ﬁ"f;' E

_f;proteun hands ara 1nd1catad. The prnf11a was norma!, as _j ,;

f; comparad WTth contrq1s, with the except1nn nf band 4 1b a

~in M ﬂnd TL: Wﬁﬁﬁh was incraased and hanca the rat1o af* “
- °

.:'€:4.1af4 1b. in TM and TL. was decraased re]ative to'”'~ "

j_fcontro1s (TabTe II) Th1s 13 uaua?1y an ygd1cat1an nf an_fff

: 1ncreasad ret1cu10cyta count A1T quant1tated va1ues were __

..' *':fotharw1aa within the norma1 mean t gsn. estab?ishad in

. our Tabaratory {Part EU 8 TM {mothar) and TL (fa&har)

'.wera both norma1 (Figure a, TabTa II)q Prote1n 4.1 rs the;;'

pr1ncip1ﬁ prota1n quant1tated from the Laemm11 991’ as 1t L

is best resolved under thase cond1tinns._1nxo the 4, 1a

 __and 4, 1b isaforma Ankyrin and specirin content cannut bE;fl

:-',ca1cu1ated as ankyr1n co—migrates with B speatrin un the

fm%mehS%JmE ;;.  ¢;‘¢Y-;Fj ”

-

e 35_:n tha f1gure, pn1y the 45 Hg 1oad1ng is shown. but 1t

"'shouid be uoted that both 45 and 50 ug Tuadings wara N
ZVifsQahned and Quankatated' S j' L ij f V -”I:._ N



T

n&wm#dwﬂ'

-'Laemn SDS-PAGE. ' | -
Forty<five pg a11quots of SDS-soluba11zed

membrane extracts were electrophoresed and
Coomassie-stainsd, after which quant1¢atiun of

defisitometric scans”of sta1ned ge?s was carried f:~
out (Tab%a II) | R

Contt‘o'l ; L N -
™o I Y S
COntrQT S S SO _
control L
_TL (father)

ao



. Table IN. E

ﬁ:;Ldemm]i SDS PAGE..E;iﬁ:. F?i;m

subject . . 4 1a/4 T sa/42 - .

| TM (mother) = . 1.36 . 1.25
.”   TLu{f%?h¢%) :i-ﬁ?i;5# ;F ;f'-ﬁ1;42  i:;

-:\-\_'-__Ctmtro‘l""_-'":':-_' 1 4 :t O 18 1 5 i 0 19

o Representatwe danmtometmc acan of Laemmh SDS-PAGE
- _(Praband TM) _ B S

49 :;ﬂa: 46

1" v

'” 3;ﬁ;ﬂf, .

4"

Lo

- 8_1__ o m}}g
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2 a 1, 2. Fairhanks SDS—PAGE

A11quots af sa1ub11ized membrane aamp]ea (20 and 25 ug)
were 513GtF0Phor953d ué1ng tha Fa1ﬁbanks SDS—PAGE gystem,! [f

a rat1o tn the 1ntegra1 protein, hand'3i u and ﬁ;vbectrfnfﬁ¥ 
are resoTved and ankyrin (band 2 1) migfates separatewy o
to B spectrin. Threa uf the ankyrin ca;ca&ﬁ bands (2 1,
2 2 and 2 3) are 1dentif1ed. -“’: ' esol

-1nto tha a and I3 fqrmsh The most anoda1“proteinﬁ__nggpﬂnr L

3 The quantitation o$ membrane protetn contentinf tha

'“.4

(ngure 9)

probands (TM and TL). as wa11 aa TM’(mother) and TL

(fathar), showed no. differancas, ra1at1ve to canﬁrq1s :
(T§b1e III}, with1n a _mean 3 230 Hoth 90 and 25 pg ; ”' ::
1oad1ngs of membrane proté1n were scanned and ”':' |
quantatated however, on1y the 20 ng 1oad1ng 1s shown" E'lT
(F19ure 9) | | ' B .

e

€.
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| Figure 8.

TR

. '.:\-;;'- K

‘!

-.Fmr-hé.rﬂ:s sns-pm;g_ . - R S o
‘Twenty pg aliquots of Sns~sn1ub11ized membrane

. extracts were electrophdresed and Coomassie-

stained, after which quantitation of

_'Jdansitometric SCans. of sta1ned ge1s was Larrxed
_;'aut (Tab\e III)i. SRR S

S g._._.m“

fz TM L -'“TIH'I_'__'._ o “N f__ {rx
.8 TM (mother) . - v,
4 gontrol oo
'55 Contt°} ﬁ?i-.f:"-v ..Q,ﬁﬂ':»-.'
“8 TL (father) = o ST
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Tab1e III Erythrocyte memhrane'prote1n ratmos-

Favrbanks SDS—PAGE. -

Ma 2 m:a

: — a2 . 17 4*" +4 gﬁb
qutrn'l 1 ‘l‘ltﬂ 055 ‘I ‘{2i0 ’H D 23:!:0 03 1&00"'{1 77 U é?ﬂ:ﬂ 056;_:___":3"-':

m(mother)y‘l us' -:j*;
-*n-_-‘._- DRI H I
TL(Father} 1. 0337‘5

o

ReprESentat1ve dens1tnmetr1c scan of Fa1rbanks SDSMPAGE
(Prqband TM) o o T

.__'.:.“ B

7S



" ﬁ¢72 3 2 1 Hnn«denaturnng PAGE

,.PE;Ten and 15 pg a11qu0t$ of BPQCtrin wera

2 3 2. Spactr1n analysis

VS

"??7§fdenatur1ng PAGE in order“infdetarmine 5_1 ””'¢W‘;“"%

- "'._-"'_.'(thure m). 4% trameuw), whnat T
5fl 5PD %, within tha norma1 rahge (2 5 %-— H1

“'-5 '011gamar (Spﬁ). SpT and Spb bands.-ﬁf”+f

t..'.:-.'.-.i"ft” a"‘* TL hava- an mcramad Spn'% | Figu'i' i nd- ...
_157 % (Tabla IV), raspect1va1y, as compared with“¢q§tro15 L
! ‘Faad SpD 'x, g
3(fathar} has

*'{< 10 %). TH (mother) a1so has an indr

'.cz %), ‘l‘he o

*f  f19ure shows only the 10 pg a11quot uf_spectrwn, reso?ved

ﬂlinto h1gh mo1ecu1ar waightacompIex (HMW), speatrin

O




Figure 10 Han—denatur1ng PAGE._

';_'a1ectrophcresed and subsequently . Goomass1éf7-”':'r
gtained, SPD content was guantitated from ' -
~ densitometric scans of Coomassie-stained non= ..

“YTen pg atiquots of spectrin extract wera

denaturing PAGE gels and expressed as’ a{- {_

':‘percentage af total SpD and SpT (Table

. High molecdlar weight complex (HMW) and . o
spectr1n n1igomers (SpO) are 1hd1cated.h~ﬁ .g\.-“

ta Control ; S *;_.f'.,' ; “;E&yﬁ. AR
“ b TM (mgther)ﬂf'.”'- A
26 COntr01 R
- 3e CQntro1 e T
L F TL (fatherj;'

49 Contro1 :

hoTL




Mbabrane spectrin dimer (SpD) content

7SpD contant 15 expressed as a percentage of

- total SpD and SpT.

- sybieet 0 ; , SpD/(S0D + T

oo

W

=3
ea
ba,

&

L

87




o fﬂ 3 2 21 Ona d1mens1oha1 ananysis of trypt1c ﬂ,gest of

; spectrzn J;::3f.nff '. e S
hiSpactrin waa extracted fram tha arythracyte membranas and* 

:'subje¢ted to ]1mitad trypt1c d1gestian at. 4°G. Tha

"”-“reau1ting digast pattarn was reao1ved by Laemm11 SDSm  : o

- ,PAGE Tha pattern was ana1ysed and comparad w1th controT.'“"

: digeats Minar differences mny be noted batween
 -1nd1vidua1 contro1 spectrin trypt1c d1gest pattarns |
; prh?arad on d1f¥erant days. It is for th1s nggan that
' 'contro1 spectrin i a?ways prepared and elactrOpharased |
Cat tha same t1me as spectr1n from the subgects, to aTiow}ifi"

'_for d1rect compaw son__-- 4i1"

Th¢ Pf°band§ TﬁT(F{§ufé:1t§);_TL:tFiguré 1za§_§pd-Tui;* o
 (mntb¢rj:(Fi§uEa 133);§jl-héd;an incFEaaed ban§:g£. ::ﬁ-"
74 kDa. A concomitant decrease in the 80 kDa band,

f‘rQTativa ﬁn tha'auntroi.'was hotéd} Tha 80 kDa-band

'*; reprasentﬁ tha nqrma1 at domaan of. spectr1n. It is’

 .1acceptab1a ta note anma ?4 kDa product 1n norma1

1nd1vidua1s. as a result of* 11m1ted trvnt1c c1eavage
occurr1ng natura11y at that pcint weatern b1ot ana1ysf"
_ 'cf tha tryptic digeat. using a po?yciana? ant1-$p uI _
| -_domain antibody, confirmeﬂ tha resu1ts and 1nd1cated that »
Jﬁ_;the 1ncraased 74 kDa band obsawved was of SpuI %Pm&in
'or1g1n 1n TM (Figure 11b). TL. (Fugure 12b) an ™
' ;'gmcthac) (F1gurg 13b):3 Th1s 1s 8 previousTy described



F1gure Ha, Limited trypt1c d1qest of spactr1n#_'

Sixty ug digested spectrin was
_e1actrophoraaed thicaugh one. d1mens?ona1

_  """ ‘Lagmmli SDS-PAGE and Goomassiesstained, in

order to visualige ad increase in the 74 kba vt
- peptide and a concomitant decrease in the 80 “f
- kbDa peptade. as cbmpared with A aontro1. MRS

1 TM
2 Gontrol

Figure 11b. Western blbt aﬂn1931s nf Ilmited tryptmc |
d1gest of spectrin.. .

'; ant1~spn1 ant:bady.__

o 2 control

- Digested Speétrih wAS s1agtrob1atted ontu L
nitrocellulose and probed” usﬁng & po1yc1ona1..

o

BEERE



&

F1gura 12a..Liuited tryptic d1geat nf spectr1n.¢
Sixty ng dipested spectrin was - L
- slectrophoresed through- one d:mana1ona1 _
o Laemmli SDS-PAGE and Coomassie-stained- to
S wisuatise an increase. in: the T4 kDa papt1da :
| and a-concomitant decrease.in the al 80 kDa -~
pept1de£ as- compared w1th contru1a.:~ Y

M Mambﬁanas S T’-ﬁ._ IR
SRTLL e m T s

o 2 Contro1 S ’._* .
Figure 12h. western biot ana1ys1s of 1im1ted tPYﬂtic ;.g_ .
digﬁst of spectrin. . ,
sy Bigested spectrin was. a1actrob1atted apto i T
o W nitrotellulese and probed using a hglyc?bnal _—
Ye uanti«SpaI ant1bady-.,-,z_ . : . LT

AT Membranes: . o o
T . Cﬁﬁ%rﬂl > J UL W
P - 1 R T

90




i

K

Figﬁre 13b, western hIot an&lysmﬁ‘of 1imit¢d trypt1cwf}
ﬂigest of aﬁectr1nu i

N
=

. ;.{,_

Sixty pg digested spectrin- was

'i electrophoresed through ane dimensional .

Laemili SDS~PAGE; to visualise the re1at1Ve
‘amounts.of 80 kDa peptide. and 74 kba: peptide.
as compared with controels. The bandsg -
indidated («) at" approximately 85 Kba-are.

- somatimes observed. They have na baaring on

R

¢1 TM (mother) = . n, S
-2 Coptrel . o L L S
“ Bands at appraximate1y 5b kna“';_- S

a . . P

e

'}anti-SpuI ant1body. . ; R

the membrana dafect

M Membranes

TM (mother) 574

ﬂigasted Spectrin was e1a¢mr191oitad onto :
nitrogeV1uTose snd pﬁobed using a pa1ye10na1

\ \_..
a C

f):_',\\

B oo T e

o

133._L1m1ted tryptic digast of spggtpin.  Lff'£f ;,::”

¢ Lf



e

{3

ﬂ. B

- Figure 14. Limited tryptwc digsst:on af spectrwn,.””'é”

S, UStwty pgo digested gpectrin was alactrophorasad
. s through one dimepnsional Laemmli SDS-RAGE
" and Coomassie-stained to visualise the 86 kDa

~‘peptide. There does.

ot appear to any’ ihcrease

. 74. kDa peptide in TL. (father), when compared
w1th tha control QWastarn blot not shown)

M Mhmpranas L5
1 Control:

}'.2' TL {father)"

Low L’i‘\‘

d'.



.l:var1ant, name1y, Spu1/74 TL (father) was norma1 w1th
=respect to Spectr1n trypt1c digest pattern with no :

_f"1nnraased 74 kDa band (F1gure 14), when campﬁrad to the. 5”'

”"3f contra1 western b?ot ana?y51s uonf1rmed the resu}%\(notff-” ”

shown)

Q'Two bands at approximgxgly 55 kDa (Flguré 13)l 1nd1cated '
ffby - were nnted 1n some trypt1c d1gest pattarns. Thay

'-7;wera however present “h the aontrn1 d1gest as WBT1 and

B ”the{efore,_do not have any bear1ng on the membrane

h5 fpr¢band TM (F1guﬁe 113) Th1s pro

'idefect.- ft

*_pd?ym*bph1sm

. bl .

| -[g same var1ataon 1s noted 1n the 1ower mo]ecg}ar wevght '*f- -

 _band of‘the 1im1thd tryptic d1ge Jf spectr1n 1n the
3

1y represents an aII “ ff

;'“=2 3. 2 3. Twn d1men31nna1 ana1y31s of tryptmc dzgest of

 'spectr1n

Z';fIn order te further ana1yze the spectr1n var1ant the iar4=

;tryptic d1gests of prcbands ™ and TL were sﬂb;abted to

‘ 180~91ectr1c focusing, ¥o11owed by ZD SDS~PAGE for

1 1improved reso?ut1on¢ _'_.“  |__ :' ;; ”f.':  3ﬂ'f ;_g;'

S F1gure 1$b shows proband TM haV1ng an. 1ncreased 74 kDa

S .

'f spot (1), w1th a dacrease 1n tHe 80 kDa 3pot (14), -

Ty



'-5{ focused It dqes not affect the pattern

"i-} cont?oi {F1gure 163)

ra13t1ve to the contro1 (F1gure 153) Tha doma1ns af

e po1nt and then accord1n9 tﬂ 5123# were batter resn1ved

'z under these”cond1tiohs and;no othar d1fferences BOUTd:be '.:{q

: detected The smear 1n huth TM £F1gure 15b) and the
”[icontrcT (Fagure 15a), 1ndwcated by ¥, appears to. be

_ excess samp1e TQaded onto the IEF ge? and Wh1ch Was nOt    ,f,

suff1c1ent to V1sual1se a11 the spots. Sns*sa1ub111zed

"; membranes (M} are ind1cated 1n order to s1za tha spots.fi f:'f

"J)'

E Trypsxn digested spgctr1n frnm proband TL was 150—u"

' Ana1y31s showad an 1ncreased 74 kDa @pot (1), W1th a  f-'

”1 decre&sed 80 kDa Spot Q11) (F1gure 16b), ra1at1VE to tha

ey .
B Cow

_r[the resqutian

o e1ectr1ca1¥y foaused and then resaived on JD SnS—PAGE.-_

T

SN

'"Fg spectr1n, SBparated  n1t1a11y accord1ng to 1so-e]ectr1c-;?_ 

RN and the amuunt Qf prnte1n Wthh was actu&]?y facused was .1 

)



F1gure }5 Two dnmsn51ona1 SﬂawPﬁGE-

o
ki

Following Timitéd tryptic d1gest1an of
spectrin, samples (200 lg) were ana]ysed by
. iso~alectric focusing on a gradient of pH 5~7
“and, after aqui11bration. -@lectrophoresed in -
~the second dimension, using 20 SDS-PAGE,. I the
“affected individual (TM), an 3increased 74.kba
péptide Li =) is observed withva . concamitant

a dacrease in tha normal 80 kDa peptide (i w);
E The. smear (<) is ‘most- 11ke1y due ‘to excess -
~sanple Toaded onto the IEF ge] whwch has. dbt
""en raso1vad oL e T
a Contr01 3-_'- ST SR o
b T™ e T §o
“~“9mbr3ﬂ59';, T




P

- .

Fﬁgure 13 Twu dimans1ana] SBS*PAGE. ?g :::.,, o

oy
A

LA

Following limited tryptic digestion. of -

- spectrin, 200 g aliquots were analysed by'1$Q--5:
. alectric focusing on a gradient of. pH 5~7 and,
—after eqiilibration, electrophoresed in the

-i_sscand diménsign, In the-affected 1ndividua1'

-norma1 80 kﬁa pept1de (ii 4) IR

L '.-'-a COntPOP ' 'ﬁ' IQ"'}' O
B TL S

-';(TL). an increased 74 kDa peptide (i =) is -

obseried with a concomitant decréass in the

| ~ Membranes SRR

S

LA



,q,: 2 3 3' unlacu1ar character1zat1an of mEmbranp defect

':* exon 2 af a spactrin

"T%;ﬁfeenom1c DNA was: axtractad from buffy coats frnm the

| d-'.f_{
7:{ (3 3 1. Ampi:facataon and restr1ct1an enzyme ana?ysrs of R

' %fffﬂrobanda (TM and TL):aTM (mothar). TL (father) andor-“”

'ff;;fsqmtabie contrn1s A?1qudts were e1ectraphoreagd uh an TTifl

uff }agarnse ge1 to check for the abSence of degradat1on

o f{(Fxgure 1?} DN& was PCR amp?if1ed u51ng specif1e primersf;f;

&

”iji(F1gure 18) to produce a 348'bp fragmant, repreéant1ng

if';QW1th SpaI/T4a?
'n*fspactr1n abolrsh an Ahaxl restr1ct1nn s1te and hanca ﬁha-?~

' ?jf}PCR amp]1f¥ﬂd and pur1f1ad produnms ﬁare rastricted’with {_[ 

'"'exon 2 nf n spectrin*.the regian most qumun1y assac1atad75ff

Mutat,ana at cndon 28ﬁ1n axdn 2 of q

ﬁf'AhaII and electrcphoresed an 2 % agaruse ge1s.'f--f' ”;""

"f fThe probands TM (F1gura 19a. 1ané 4) and TL ¢Figure 19b,, 3

o flane 2) as waﬂ] as TM (mothar) {F1gure 19a, Tana 5) h -
’»fshowed three bands aftar AhaII digest16n The ﬁntact 348 :” 

'_" bp fragment raprasents the mutant a11é1e whicg,has 1ost

T_the AhaII S!té. The nther,_norma1 a11e1a, rastrjcted o
.:°°mp13t°1y 1nto 222 bp and 126 bp fragmants TL (father} o

o  was norma1 and restracted GOMDTQteJY (F19ure 19b, Tane

 33) A paa1tiva controT preV1ous1y charactar1zad as. b&1ng;i _
_:;heterozyguus for a codOn 23 mutaticn, ia 1nc1uded {F1QUrg.;:i
'\19a, 1ane a) | o - R |



F1gure 17 Eiactrophores1a af extrmctsd genomiw Dﬂﬁ.
: - Genomic DNA was extracted and 0.5 = 1.0 pg was .
k= n\1x TAE, -=

= -_'-:u"a1actrop orgsed oh.- a 1 % ros;
R Qhackbthe quality. ﬂqg /

1'Lane$ 18 represent iﬁ{ ffK;~-f
’ ---degraq@da DNA. ‘Tha MY bt




- Ftlgure 18. Ammﬁwatwn of &xon Z of. a spectrin,

q

7
A

Genomic DNA (from the two affected: indiﬁidua1s F 
C(TM. and’ TL), two controls (nornal individuals) .
and two individuals. previously shown to be |

. positive for the Spal/74 défect at. codon 23;

~ oligonucleotide primers;

" 2 TL

- wag PCR amplified using P, and P4 :

ip proéﬂce a 348 bp -
fragment, corresponding to exon 2 of @ = . - .,
‘spectrin. The product was e?ectrophorased on a-
4 % agaross .gel, with sthidium bromide, in ?R
" TAE buffer ‘and visua1ised under UV R
} transi11uminatxon- & R

=y TM

-3. Contral- jta- ' : S S

M 100 bp Q'H'_r siza marker T
4 Cdantrol {2} I

- 5 Positive control (1) _ o
_ 6 Paa:t1ve cnntra! (2) B S



Fbgure 19.Ahall restr1ction enzyme ana!ys1s;

'._'.Ji.' o

Genomic DNA was PCR amp11f1ad{ producihg & - o
348 bp product which was digesied with Ahall -
“and: a?ectraphoresed on-a 2 % agarose gel. wwth___

ethidium. bromide, 1in ;n—TAEnbuffer. Lane 145
repreﬁents the undige&ted contro1 S

H‘1nto 222 hp and 126 bp fragmenta.,'_ 'ﬂ” :

 3  23 106 bp laddar s1za marker  ;55 0
U qep o E o

~~-'; b) The proband (TL). lana 2, has both the
o mutant. allele and the norma] allete, TL

{father), lane 3, and the norma] contro1 Iéﬁe

_', 4,:réstr1ct comp1etaiy.

o
v

" a) The proband (TM}, lane 4, and. ﬁip mothar._ "_;1;
- tane ‘5, as well as the pus1tive coptrol. SN
previousiy characterized as having. a mutatinn
at codon 28, lane 3, are -all heterozvdous for f .
~the 'mutant allele (348 bp) {which has lost the

" Ahall site and thus’remains intact) and the - °
normal allele, whith is restricted inte 222 bp
“and 126 bp fragmeihts by AhalX. The controi’
“individual, Tane 2, is complétely restricted .
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2 3 3 2. A11e1e-spec1f1c o1agonu01antida hyhr1d\&ation

{ASQH} ; ._ o H-._ - :__,.& ._. 3_

a¥

AhaII restrwct1o% d1gest rasu1ts for TM, TL and TM

(mother) detarm1ned that a mutat1on ex1sts in codon 28. c

TL éfather) waa nnrma1 The taur known base changea at

cadan 2a can be dafactad by maans of a11e1e-specific
o

e

knawn mutatuona are

) - -i)” f bc‘i’f’ (Arg p H-is) -. - q ..

_li i1i) Cat » Tat {Arg 5 cys){;?;f~-~=' o

I53.111) CGT - AGT (Arg 3 Serj?' f"
) c&r > cTT (Arg » Lau)”;’

i .

9%

(jj

S

Genow1c DNA was POR amp1if1ed using primers spac1f1c forﬁ

", &xon 2 of a spactrin (Figure 26). The probands (TM and

TLJ. as we11 as negat1ve controﬂa, wera amp11fiad._J

Subjects previous1y describgd to be posit1v® for each of;"'

the kﬂown ahanges were ay%o amph1?ied. as positiva
cuntrn1s. ?.:';_;  . o 5'fm :;_g-£9 3__

The amp11f1ad%DNA was s1ot bTOttad and hybridized with

'eanh of the four u1igonuc1eotzdﬁ probes. All 1nd1viduais =

hybridized with tha nonma1 a}1e1e—spacif1c

- o1ignnuc1e0t1da (As0) (Figura a1(i1)a, 1anas 1-73 Thé;_r

’ )‘J"

) _—‘::!.;./ o - PR : .\ . ] . E S L o . . g
5 o - o .-1_ o \‘?h ) . o . . _. . N I .

VL



_F1gureﬁeo Amp11f1cat1anooi ganamic DHA' for Asﬁﬂ.." '
- Genomic DNA was PCR amplified using primers. P,
o s Py A 348¢ bg fragmant wag produced, .
'%_r presentative of exon 2 of .a spectrin. Ten. p1
- of.each PCR reaction was electrophoresed to

check the quality, following which glot hlots.

_wera preopared. Samples praviousiy charattarize
28 'having known point mutations at codon 28
.jwara inc1uded as. pﬁg1tive controTs, e

S T™
TM.
TL
I '
-,Cantroi (1)

100 bp 1addsﬁ size marker

2

a

4
. :\5 )

_ a' cnntrv (2) -
7 - Positive contiol Arg
8 Positive control Arg
9 Positive contral Arg

-;10 Pasitive tontrni Awg

AL

, ._@$ ?f”:'-1D2

e

.

.
»
»

Sar

Lau -

Cys ..~
> His =

TR



F1gure 21 A11alaﬂspecific o1igonucleot1de hybrau«zatzon..f -
.7 Exnn 2 of a spectrin was PCR amplified and sTot - ;.
shlots prepared. 01igonuc1eot1de probes to the

normal codon 28 sequence as well as four known -
point mutations at codon 28 were anj-labelled < -
_ -znd the blota hybr1ﬂized at 61“6 for 2 to 4 S
- hours. o T

R

ff.(1) PCR ampiifieﬁ DNA from controI 1nd1vidua1s o
{1 to 7) hybridized with ths normal- ASO prnbe,

'-5to demonstrate a gaoﬂ slot. blot. -

(11) v Eontro1 _ o s :
2 TM ST St L
BT B ' ' e e
‘4 Pasitive contro1 Arg . Sarz.;~f_I-~q e
- &5 Positive control Arg » Leuw - v 0
6 Positive control Arg » Cys
7-Pos1tive contro1 Arg + Hi&f'_@f
! Norma! Aso Arg (CGT) S
* b Mutant ASO His. (CAT) _-_' AR
¢ Mutant ASQ Cys (TGT) S
d Nutant ASO. Leu (CTT) _
o 103 o :

[




-
A

L pos1t1ve*control (&rg 3 H1s) hybr1dvﬁld wwth the mutant
lijASO (H1s) (F1gure 21(11)b, 1ane Ty Posit1ve &ontro1 (Arg

:  i* Cya) hybr1d1zed with the mutant Aso (Cys) (F1gura *ffﬂ;ﬁ

 -i21C11)cs_1ane 6) Fositive coﬁtrol (Arg > Lau} hybr1d1zed .}
7fwith the. mutant ASO (Leu) (F1gure 21(11}8, 1ana 5), R

“};JIHybr{d1zation thh the mutant ASO (Ser] 15 ﬁot Bhown. TM 54<~
5; and TL, (Figura 2ﬂ(1ﬁ)c. Ténas 2 and 3) hybr1di2ad 'K[iﬁ'

| '-_ﬁspecmca'ny with the mutant ASO (Cys), indica_,i;ing that

f fth1s is the mutat1on 1n both casas. ance FM and s : fﬂf L:;

.f_fhhyh 1d1ze with ‘the normal ASO and tha mutant (Gys) aso

3 :they are heterozygau§ far tha mutat1on at codou 23 dn
-:-1exon 2 of o spectr1n.fh e ' ’
'ﬁ Tha haTo appearanca of the DNA s?ot;wffxgure 21(1)) is an
:ﬂntafact which mcst IikeTy arose during praparat1an of
the élbt-blot. This appearanca was noted on~$avera1 '
occasuons but d1d not affect the qgsu]t ar spac1f1city of =
hybrid*zation. F1gure 21(1) raprusénts a s1ot blat nf PcR  .f

amp!ified DNA)frnm conﬁrn1 indiV1duaTs. hybr1dwged with

I
the norma1 ASO._1nc1uded to show d1screte slot handa

L U__ P

2 3 3 3 §hlre¢t'saqnaﬁ¢ing nf ds DHA”"
PCR amp11f1ad DNA uflwu and TL was e1entraphonesad on a
praparative agarnse 961 (F1gure 221 apd purified for ds o
d1ract sequanc1ng of exo 2 af u spec% in, D1ﬁbcf ) ]ﬁz?id'

Ur id by Asou. Ba-l:h -

- $aquencing_upnfjrmed»tha esu1t obtaxn



F1gura 22 Praparative agarase gei h!ectrophure51s. ,
_ - Genomic. DNA was PCR amplified using Pzand Pa 'f
"and approximately: 100 ng of product was o
. . electrophoresed on'a 1.5 % preparative agarose .
Y - 11 | gé obtdin 4 pure product, without any faint
: *'ﬂ;ﬂ..fgpontamin#ting bands, fepresaniing exan 2.of &
.., /spectrin. The 348 bp bands ward excised and the’
ST L ONA recovered from the agarOSa by a sp1n ' :

: e1ut10n methad.-- . .

| _2__1 TM h:_ R T .'Ftﬂ- el
e 2 TR L B R
. ﬁ;?ghM 100 bp Iaddar aize markar oo
s W B TR . .
" ﬂ.



“75-gﬂgauid be datarminéd that TM and fL ara haterozygaus for  €;7Y

ﬁ'probands w@ra shayn to have the cadon 28 mutat1an tArg > .

| 'g7ficys)._:_l;,*-”_]f" f”j' _";;_§i : ”i : S

”}Exon 2°of a Spectr1n wasdsgquenced u31ng Pv {Fﬁgure 23).“  :

. 'f fIn this or1entat1an the sanseﬂsgrand was sequenced; Bothb ;;L
"  jgprubands {TL, Fﬁgure 233, TM@ Frgure-zab) exhﬁb1tad thé |
ﬁ Esama basa changq, that 15, GGT » TGT Th1s changes the

| 'érg1n1ne rasidua to cysteine. This is é known mutation -
"{iifoccurring at the “hut spotn codan 28. Direct saquencing.

”:fﬁfenabies one. ta saquenaa both alTe!ea at onca, thus, At f;?

'i;7the mptétion, since bnth tha normal “C% anﬁ mutant “T“

'-:_Vwere seen at t a sam& pos1taan Qn thb ga'li -f; L _%;fﬁf"

I 4

Fuﬂthar cohf1rmat1on of tha mutat1on was eqtab11shed;by
_ Eirect sequenc1ng of ﬁhe antisensé strand. Exmnaa nf a. ;; »w°
__'vspectr1n ofﬂTL and TM was ﬁCﬁ amp11f1ed and sequencad
w'ith Py (qura 24a and 24b). In this or--,anta:-tion the = .-
¢hanga reada ACQ » AC& ?: IR _".f;;”i

S ’ i R ’ (L

LR TR : o R o

”H, The ent1re exan was aequencad{and’no furthar ch:§995~w9re e
__*\%discovarad in e1ther prohand Tha intran/exén boundar1es

were nohmaT. both 5‘ and a' to the ex&n (data not shown)

R P
vy N :



Figure 23.Hutant DNA sequence of a part nf the a ?.f'
spectrin gene. in T™M and TL. .. -

.Genomic DNA was PCR amp11fiad and the sanse

. strand sequenced directliy using Py The pn1nt_;_,

C bhTM

- mutation detectad in codon 28 of exun 20f a -
- - spectrin chdnges the normal sequence CGT:(Arg)
- o TET (Cysé Both probands (TL and T} were
_hatarozygou for the mutant a11e13._". )

CaTL

)

AR



»

f"5°spectr1n gene in TM and TL, ' T
o ‘Genomic DNA was POR amplified and the' antiaeuse_ .

TR e e

AR TR S

] Figure 24.Mutant DNA sequance of a part of tha a.

. '_strand lequehced directly using Py, A point
ST mutation in codon 28 of exon 2 of a gpectrin

- .was detected. This changes the normal sequence
CGT (Arg) -to TGT. (Cys). In this.orientation the

" change reads ACG to- ACA. Both prabands were
-haterozygqua for themmutation : -

aTL e *;i;

__‘._;.._



3T?In bath probands. TM’and TL, erythracyte mambrans prntain

P

' ¢ontant, expressed as a rar1o to baﬁd 3. was normai. TM

m;7 1(mothar) and. TL,(father) were a1m11ar1yonorma1 Tha ratxo o

'”Lf]of 4 1a ﬁ 1b. as seen on Laammii Sbs PAGE, was decreased

-%fwn TM and TL, whhn compared w1th contr01s, és a resu1t of

':\1ncraaqad ret1cu10cytas to cgmpensate for tha anaem1a

9.

Vj of prutein 4. 1b, wh1ch dacraasea as
;fef a? T 1992 Mue1ler et a?., 1987)

Immature erythrocytes are charactsrﬁfﬁiﬁby a predom1 a qa- f;

§

:”_’Ouantwtation of SpD contant. axpressad as a pefceﬂtagé 5f[i

.'5 the tota1 SpD and SpT content. by means of noh—denaturing,  -

"j;PAGE, is a good indicator of the~status nf the

';jerythrocyte membrana spactr1n TM and TL both had vast?y

I wineraased SpD parcsntages, 58 % and 57 %. reapactiVQTy,-‘

compared with contro1s (< 10 %0 The SpD % of TH (mother)":

C was increased (34 m but’ was riat as _’n'igh as TH. "o

ff(father) was norma1 These resu1ts cnnf1rm that ™

| f_(mofher) 13 hﬁematalugical1y norma1. but 1s an

EI'asymthMat1c carrier nf the ma1acu1ar defect (GaetzEr et o

ol 19373

”;~;An increase in the percantage SpD 1mp11es that there 13

l_defact1ve spectr1n us heterod1mer se1f-association.

 -Stud1es have shown that the aB dnmars of spactr1n

N
]

¢e11 agés (lnaba;,ﬁ"



A

\J-var1ants ara)unabla to assnciate 1n a haad-tn-head:: L
I_fash1on CPBV1ewad bﬁhPaTek and Lambert, 199 ﬂ.:That is, ';%f
'5flt&é“functianal uﬁ1ts af spectr1n, tatramunﬁ* c&nnat ba fj o

| that the ?4 kDa band ar1g1nates from. ﬁhe 80 kDa band.-~v-'

; f formed and assemb1ad nntOfthe membrane,_Th1s d1srupts the

. _:f;VerythrnaytaﬁgembranA sReletnn and 1eads to 1nstab111ty of
 |gf;tha mamhrana:(Figura 6) {March551 et af., 193?, Cbetzar
ﬁfffet a?., 199a5 Tse gt a?., 1990 QF1oyd ot ar,. 1991)

_ffESpD stud1eg 1nd1catad that the functmona1 unit af
_..%1$pactrin in the prdbands (T“ and TL)“‘S °°m“r°m‘sad At
U the structura1 1eve1 of ‘the ?"Qte‘“ the dafBCt wes

:i’further bharacterized by ana1ysis 6f the tryptic d1gest.  5

-  ”L1m1ted tryptic d1gest1on of spectrﬁn at 4“0 y1e1ds a o

"ﬂ;\gigest pattern on Laemm11 SDS*PAGE TH. TM (mnther) and
” f_:TL a11 showed ﬁ o sama pattern‘ An 1n¢rea§ed band at 74
“kna was obsagyed. w1th a concam1tant decrease in the ao

| k«a band western bTOtting and immhnadetactian conf1nmedﬁ

!I’

'ﬁirapggsent1ng tha norma! c]eavaga Bite of @ spectr1n.‘The
_' 74 kDa band represents the product of enhahned c1aavage
 ' :at a norma11y protected Q}te. Th1s”spectrin var1ant is
:',des1gnated Spnl/74 and has haen pFQV1Bu31¥ descr1bed '__ _
- (MorTe et ali, 1090; Costzer at al., 1991; Floyd et al.,
”“71991), T:::_ﬂ ._;.. : 'T”  f"ﬂ'“ } a7-':";f"IVJHQZafﬁf



) f;TL (father) was normai, with respect to SpD contant and |
”'7:trypt1c dagesi* TL (mother) 15 unav¢11ab1e for study, j_fT7
"'-ff_therafore, ¢ne muat assume fhat the mother carries the

'.:?fspa1{74 mo1acuTar defect

"fTwo dimensanna] ana]ya1s of the 11m1ted trypt1c d:gest o*
w"*fspectr1n prcvidad 1mproved reso1ut1on and conf1rme& the

--ﬁ_ resu1ta qf the one dimensinn&i ana1ysis ;”"'

]

“'f;;sevara1 differant mutatioqf have baen dEScrwbad far
'-{'Spa1/74 and hanca tha probands were scraened far thQ
"-__ presence of fhase defects.-F1rst1y. PCR amp11f1ed genom1c
'_'DNA was sub;ecw*d tn Ahalx restr1ction dwgastion. Thxs
'-   determ1nes whather or ﬁbt tha malecuiar defect occur: at

'.codon 28" in exon 2 oﬁru speatr1n.:00don 28 appeprs to be

r

“hot spot“ for mutat1bns {coetzer et a? y 1991)

: ;C)%
_]fngarose ge1 anaT:sis af tha restrict1on digest detarminad

that T (fathar) was normal, whereas TM, ™ cmother) and -

Al

- T were: hatar%zygous for a mutatiﬁn in codon 23 1n ex&n 23

7of a spectr1n TM. ™. (mothor) and TL showad thrae bands. ;f{

' Tha 348 bp fragment represants the mutant a11ele. wh1ch
';;has 1ost the AhaII s1ta due to the. point mutation 1n

"aodon 28, wh11st the P22 bp and 126 bp fragmants

'-j_frepresent the W11d type a11a1e 5 : _Q_ij;f;'f", ” e

W
L



A

T

'ﬁj;?Second1y,ma]1e1a~5pec1f1c o11gonucTeot1de hvbPidiZ&t?Oﬂ -
..%é _(ASOH) u51né\Jrobes spec1f1c for the four known codon 23 f:-{T
':;po1nt mut&t1nns confTrmed the PCR-AhaII restr1cf1on
'“fd1gest resu1ts and determ1ned that both pﬁbbaNdS Were IQ@T'i 

d”ffheterazygous for same change, that 15, Arg > Gys (CGT »

Cm

n;iTGT)‘. _  &'¢.    7:- :w_ ,  | fJf””

.-w_.

 =Th1rd1y, d1rect sequgncing of ds DNA us1ng PCR pr1mersq '

| “ﬁ,xbonf1rmad the resu1ts obta1ned by ASOH ana!ys1s

PR -
'_'\\

..':f Both b?ank South Afr1can probands therefore carry a "hot
'i~_spot" mutat1on at codon 28 and 1nteresting¥y, iH1s Arg f;;';
: inys Qhange has on1y prevxousTy baen 1dent1f1ed 1n two

“ﬁnre1§ted wh1te New ZeaTand k1ndred (Goatzer et a?
“. f1991J The authors cnnc?ude that the CG d1nuc1eot1das at” “
'codon 28 qndar1ie a "hot spot" fur mutat1on, most 11ke1y .:
-i due to methyIat1on of tha C res1due. wh1ch then ._
"spontaneousTy deam1nates to T, as noted 1n the~probands i )
';'(CGT > TGT)R Thxs mutat1on 13 not recurrent It shou1d bel”z  
'Jnoﬁed that hap1otype ana]ys1s was hot carr1ed out in. the
: 1nca1 kindred, so 1t 1s not knewn whether th1s mutat1an_g':.

o occurs ‘on the same hap1otype as- the New ZeaTand kindred.

v

'ﬂuf*Arg1n1ne is a he11x stabb11zﬁr and aISo hﬁs a ro]e i - “
'EVStab111z1ng a1ectro§@§£ﬁc 1nteraationsl part1cu1&r1y

,_batween subun1ts nf o11gamer1c ﬁFt“awns (Mrabet et a?.,

o A

o

-a‘_i1é



b3ﬁ_1992) TherefDPE. where the arg1n1ne res1dhe 1s

n”:the head reg1on of a spectrqn 15 d13rupted (F1gure 25L

'*tJThe spectr1n QB heterod1mers cannot farm tetramers ahd

i




o Fighre 25. Schemqtic d1agran gf the spactr1n hetarud1mer -
*.s&lfnassOciatian site. o

i

LK}

Spectrin B heterdhimer sa1f~assoc1atia@ is '
weakened in association with Spal/74- variants._
The codon 28 mutatian alters the’ caﬁfcrmatian
- of the head region of a Spectrin, The x marks

the position of tha mutation in codon 28 of
“helix 3 of exon 2 of o spectrin, which gives
‘rise to enhanced cleavage by trypsin -at «the |
normally protected site at position 45 (Arg) or.
48 (Lysg) (a) and the nbserved 1ncreased ?4 kba
peptide.- . ) _ _ R

: Iy



In cqgg1usion,Jtheﬂprobands, TM and TL. have been

.r7 .characterized at a moTecu1ar 1eve1 aoth probands carry _
:2  the Spal/74 var1ant and are hetarazygous for a “hoﬁ SpotEj;k
.7'901ni mutat1on (CGT » TGT) in codon 28 in axan 2 nf u
" Fspectr1n, whiqh rasuits 1n the incorporat1on af a :
"fcyste1na residua instaad nf an anginina res1dua 1nto the_ f7
.;-n Spactrin subun%t during trans?atxon. At the prote1n )

'": :Teva1, the amino dﬁid subst1tution a1ters tha '

W conformatian oﬁ}tha head region ‘of apectr1n uﬁ

heterod1mers such that they cannot form tetramers on thei

“" ~erythraoyta mambrana and hance the percantage SpD. o
-; reTat€ve to tha tcta1 SpD and SpT, is 1ncreasad thanced-
’f_cleavagq at a norma11y protacted site g1ves r1sa to the A

'1ncreasad ?4 kﬂa tryptic papt1de ubserved.-

]

' TM (mather}, who 1s haemat01o91ca11y norma1 ‘was .

conffrmed to bs an: asymptomatzc carr1er for the moiacu1ar -

| defect. ™ (father) was norma1 Cdn a11 raspents. _ J£_~ -

_Thua.-tha pnabands. TM and TL. ware charactar%zed aa
'fhavzng the Spalj?4 varwant due to a mutat1on 1n codon 28 ff
| of a spectrin, 1aad1n% to the cl1n1ca1 manifestaﬂ1ons of:ff

”*.“Efi,g;mi*'“'_ﬁ?-w“'ﬁ ”..?~._;-f ,Hf- o  g ;3:3:;;’~

. R D
Lo

o

_This work is in preparation for publication,

14



':nerythro1d B spectr1n gane was

]l‘removed for axtraction of genomic PN (2 2\3 Sh

":f  3 2 Hateria!s and nethods
-~3 2, 1 nascv1pt1on of anA probe

3.2.2. Taq1 digestwnn of ganonic DNA '\‘ |
JT_Ten to 15 pg. of genomic DMA (2. 2.4, 1.), d11uted in TE.

'-:were dlgestad as fo1lows'

10 U/ul Tagt "“_75“]'1H1-'_(50 uwy
fWatar to ﬁ&ke V01Umg to ¢ 100wl .

. o
'.\

S 3 Part II A Taq1 ﬂolymorph1sm in the human erythroid B:iff
| "_fspectr:n gene Cple e T T -

55f3 1 Subjacts ':fg ; ;:3V"

"”“75 ?The frequency of a Taq1 pa1ymgiphism inéfhe human:fff :  .
stimated From 84 aTleles ﬁi'“
R ;f ¥ffaf unreTatad norma1 1nd1V1dua1s and HE patients wfth

: f.fema1e. from 1oca1 and North Amer1can pupu1é¥1ans._.;f,_fff

'-known o3 spectrin defects. bath bIack and wh1te. ma1e and. "

. E
& .

"Blaqd was co11ected 1n Acu tybes and tha buffy coats

S : _ . i .-b? B
4 B DR

T

”f f'A 738 bp erythrozd ﬁ-spectr1n cDNA probe (supplied by
.'3 Prcha1 Un1vers1ty of ATabama. Birmingham, Prcha1 et .
: ]aI‘,SFQBT) was hybridized to Southarn blots of“genomic f v

. DNA‘ .I .”_:.'  f": - ”v_ ._::,_'f. ﬁ&n:'nff :..' E :Lo.i_

P . ?
. ) U

-”...

'7.?d?ﬁﬁe;.--?%1n31

=.-7DNA ;f'f-:'¢<'3ﬁ.Qf'” etk pl o (10-16 ug)
- 10% buffer *. - 0 40 W) {(Ix)

100 mM spermidina ST . 4. W4l (2.8 mﬁiﬁv-f:'

L
A e



A

_5 110x buffar {supp11éd with the gnzymé) iy
7,100 mM Tris, S0 aM Mgc1p 1 ] Nap1, 10 mﬁ 3,,
_fimercaptoethanof B s |

'- fThe react1on waa stopped wtth the add1tipn of 2 5 p1

' ﬁQ 0 5N EDTA.pH B 0. The m1xtura be1ow the m1nara1 911 was
1ff7ftrangferrad to a naw tube and 10 n1 3 m,NaAcetate pH 5 2
'jt:__added. fo11awad by 250 u1 ica-ca1d absoTuta ethann1. The
a“:afdigested product waa precipitated at —?U“G“for 30 mxnutes

“._and than centr1fuged 1n a. m1crofuge for 10 minutas Tha i. ff

o

pe?1et waa washed oncs 1n 70 % ethana] and 1eft to a1r~, '.

L

©dry. The DNA was reauspeqded in 20 yl TE and 2.5 p1 10x

'951 1nad1ng dya was added (2 2 3 2 ) '}-1_*,7*3;u;j 1;: 1ﬂ?

. 5
i;_ :

- a T :ﬂj

2 3._§haparation of sontharn b!ut i=~_ e

' iA D % agarase ge1 (20 cm x 25 cm) was prepared 1n 1x

 TAE buffer. with 2.5 w1 athidium bromide (10, ma/n1) per    .

- '1dd1geste&'samp1es :"_-'. 35_jl'_';?ug?ﬁ,'yf gf_;f9

__'_100 m1. The samp1e3 wené 1uad9d 1nto the we11s ahd _
jjezectrophcresed for 24 - aa hours at 25 v (20 - 22 mA),f.

ﬂ

' fi.Two 1ambda BNA ma1enq1ar ue1ght markers. (EGDRE{H1ndIII

 5janU BstEII d1gests), were a1ectr0phoresad albngs1de the

S

ZI:J_-T '-i ' :'f'  Jf11G.

Cm



"ZLAfter wasb1

_'f ;souﬁhern b1ot was then ring
“:_ao*c for 2 hours. tu f1x the DNA. bafora
'ff;prahybr1d1zat1pn ' :

fﬁincubataé%1n 0. 25 M- Hc1 for 10 mxnutas (Southern, 1973),_gﬂ;@

f?

d 1n 2x SSPE and bakedaat

R LR i
SR . . L o '[_',.
i

 “3&2 4 Random primad 1ahal!ing of cDH9 ﬁrohe j.f':'

'-1abal1ed 1n arder to be ablb tc 3129 Eﬂé pa1ymorph1of;y o

@ oo
fo
o ;

Y

'a  to depurinate thd“DNA. Afterxwash1ng 1n twﬁ changes Df

in water, tha gel was cap¥1lary b1atted

Vﬁfblutting buffﬁr, the proceag tuking 12 “ 24 hours The

. Ty products. acgord1ng to tha DNA mo1?gu1arQWQight markars¢

'”ffAftar alectrophoresis,_the gei was photngraphad and

"j:;watgﬁ the geT_was 1ncubatqd 1n denaturatibn sa1uﬁian 4';j

"'7:0 nn1 m EDTA) fbr 2x 20 minutas._~’f,;;;j;}v¢a§fj¢;fff~-“'o”'

.'Oﬂtﬂ ny1on membrana (Sauthern. 19?5), u31§g 20x SSPE as a 4“"

' isiThe GQNA proba was ?aba11ad to h1gh¢act1v1ty us1ng a'_f i;ﬁ':
'15aandom Pr1mad DNALLabeiiinQ K1t‘:Lambda BNA wis a1aa f';'” -

5



“-';1;_'i) B Spectrif‘cnna prube fV‘;”i¢r¢%iafg”5*?- 1i} Lanhda D"ﬁ

ﬁnghe DNA.to be 1ab91]ed was danaturad by boi!ang for 5 _ﬁz;
:i;m1nutes, snapmcooiedqon 1ce, and the 1ahe111ng react;on

3}_carried out as fo110ws.¥fij f’ ;:j-~_', fi-}3 ;;;@;ff_;

B Ty {25 ngﬂ DNA- - ’*-_ S 2 Wl (25 ng)
Cpwl - dCTR €0.5 mmol171) |
C il _:;;.Jj.dGTP (0.5 mmolt/1) _
e B TY e cAYTR (0.8 mm91/11 Cpll
2 ut (%) .Rﬁaation mix’: [y} (1x)

1 [l

1

1

a ,_2

5 @l (50 yc1)- PAATP. (3600 cufmmo]) ?-u1 (40901)
o

At

RS w»l (2 U) Klenow. ‘enzyme (2 W
o 47 u'l A Water S l-ﬂ AT

: e T ﬂ\
Reibtion m1xture-'_._.ﬁ_,(

THexanucleotide mixture 1n 1@3 concentrated reaction S
’ 7buffer,rprov1ded byﬁtha manufactﬂrer in the k1t

| }_

'_\”The reactian was 1ncubated at 3?’c<for 45 minutes ; §'.f'

';{and stoppad- with the addition #f 2 w1.0.2 M EDTA R
_ 'pH 8 0 The 1abe11ed DNA was'_urlfted us1ng a Geneciean | |
o k1t Sod1um iodade so1ution (150 ul} was added’ta 9ach ;:f

?raact1an. fo?lowed by B ul'ﬁ assmi1k The M1xtura was

o 4ncubated an‘ice for f1va M1'utés,_and inverted once of

ftwice during 1ncubat1cn The DNchanta1n1ng Glassm11k was
:-prec1p1tated by centrifugat1on for 30 saconds andﬂthe o
l pe11et washed thrae t1mes in 300 pl HEW {new athanat

" wash). The DNA was aluted from the Gﬂassm11k by means of
'filncubat1on at 50 c for 3 minutgs,_1nto 50 ui TE. fo11owad

tby ventrifugat1on for 1 m1nute. The eTut1on step was' 

: rapeated. tu a final Vo1ume of 100 uT. Three p1 uf eanh



Do

CE Ty

:]Thﬁ b?ot was prshybr1d§zsd at 85‘0 ﬁar 1 hmur, 1n 25 m1 _:; j

' - scint111at*oﬁ utht?nQ‘(Q 2 3 4b ;

e

V8. zaw  20x 8PE (212.3, 5.(:} Q L ey
Y _ _;,Eax Denhardts t2 2 3 5. c) 'a]«- B%

ot 25 ml*" u.;;10 % Susu_ SR

N m1 .watar o

g rah br1d1z t n squt o ' ;*.”"

3 2 5: Hy8r1dization af SQGthern bTot

ﬁijrehybr1d1zat1onfs 1yt1on was prepared as fo1lcws*ﬁfff?75'*‘?

[f1na?]

0 5 %

| “%;fOHa m1pr a 16 mg/m1 sulutxon Rg aaIman #perm ﬁNA was : |
. _denatured by boiling and ch111e on ica forlﬂn m‘“”tﬂa,:j“-ﬁﬁ
,_f:before additian to tha prehybridizaﬁion 3070t1an.__%_' i_'-:'

'-..\ Com G F

:The pur1fied, 1abe1lad probes wera &eiatured by boi11ngﬁ75 

and’ were addad tc—tha prehybridiz&tion so1ution, together j_%

"_w1th a furthar 10 mg $a1mon sperm DNA“ The b10t was

 hybr1dizéd overn&ght at BE‘C,Ziﬂ a plastic'canta1nerk= _--fﬁH

;ffgfff :'i_li;19 iilf;l ; 75i; fiﬁf:i€*’;:?i.;



e o el . f“*—_‘} .

15 m1nutq§, r00m temperature

'0

"-fflnjl‘ftf_; 15 m1nutas,'room‘tampa;ature Pl
111) r.: m sspezn 1 % sus o e
W e

10 m-nutes.- 50°C S
e ~n  . .fﬂt.f f?;ﬁﬂffFIlﬁf'iﬁ;y; éTi..“.

The b?nt was exposad to x—ray 1i1m thh 1ntene1fy1ng) '

ﬁmxfcfgﬁns for 2 days or 1ongar.¢at ~?0’C, and the

{fﬁf autorad1o§raph deve1bped, 1n order to visqalisa tha ii

T
-..___,/-»-—

bands. =

7 L UL L . T

e
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ﬂ,a 3 Resu1ts -cf*;f*f_;:ﬂ' :
'*_ 3 a. 1 Sauthern blot ana}yszs_cj

"’7}b1ot R T

. :.Tacﬂ po‘l ymorph'l sm

: '-f""_'__'_-'1abe11ed mth a”PdATP and "'-'hybm m zed w'H:h the pr'epal‘ed

o r.'-."

|  ;¥:The m&rkera (MT lambda Eé;RI/H1nd'II d1gast, and M2,

'r¥:;;1ambda BstEiI dxgast) a110w 31:3 datarmanat1oﬁ of the
'bands (F1gure 28).. The BatEII markers wara used tn '
*-pruvide & standard curve. The 109 va1uas af tha 91zes

4,fkb) ware p1utted aga1nst disyﬁnce moved (cm) Tha

~'d1sﬁances " vad by tha unknown band 31zes wara read off

'flog. In this way the sia@s were ca!cu1ated to be .”*

-».:_n-,.

(11) M1dd’la band 3. 4 kﬁ-}-_"“_ v

(”” B"t“‘“ band 2.7 kb'. S

"Q“faenomic DNA was d1gested w1th'Taq1 and e1actraphoresed’on'*5ff

. }iF1gure 2? shows twa auterad1ographs of Southarn b1ots. zﬁ. “

B

__Eagainst 59/ x—ax1s and the kb value determ1ned by 1nvarse o

A 3 4 kb band was canstant 1n a11 cases (F1gure 2?) Thrs L

band was a1thef aSBOQTath with a 3 5 kb bahd, Iana 21.=~

or a 2 7 kb band, 1ﬁna 2 or both, 1ane 1. Réso1ut1on was

s

P

8

4

g o
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F1gure 26 Preparativa agarnse gel for Sanuf:hem
bmtt-i ng nf genomic Rﬂ ' S
_ . Genbmic DN 1anes 1 to 5. was d'lgestad mth :
© - Taql endonucleasi and. electrophoresed on.a - = -
0.7 % agarose ge} in 1x TAE buffar, ﬁrvmr to
SQuthern biottmg. T _ T

o



Fﬁgure 27 Autorad1ograph of Sauthern bl@tu

Southern biot of genomic DNA d1gasted ﬁu&u Taq1
_-'(1ane$ T 4 28) and. hybr1dized with a cDNA

© human erythraid B spaqtr1n probe. A uonstant .
“band. at 3.4 kb is seen.in all cases. agsociated
with either a 3.5 kb band Tane 21, or a 2.7 'kb
5 band, lane 2, gr both Tane 1. _ T ¢”;-;

' M1 Lambda EcoRI/H:ndIII d1gest

M2 Lambda BsﬁEII digest L

azs
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Distanca moved (om} -

A

s a1 ez a8 a4 _as a7 a 3y 4

Lag BstE,’JI s;ze marker

F1gure 28 5129 detarmination of‘po1yuorph1c a11e3a8

~ Thé sizes of the three bandé observed on tha TR
_ -autoradiographs’ of Southern blots {Figure 27) =
'/ were determined with reference to a standard '

©. eurve, produced by plotting log (kb) BstEII

”*f__d1gqpt size. marker banda against digtance moved

fomp

RN Top band % 35 W
(11} ‘Middle band - 3.4 kb .
2T kb

L (i) Bottom band .

T



e ff]

.._..I_.Tam; @ Lo

a   Stud1es of Mender

and midd1e banda..where resu1ts were ambiguaus tha ;,‘j,g”igi

.,zﬁﬁ_samPTes wera repeated The pattprn observed represents aivﬂf?

”‘ih;ihltwa-a1le1e ﬁa1ymbrnh1sm depictﬂd schema%mca]1y 1n F1gune :5}3

.f\”?frepresEnts the 3?1@13 wﬁthout an add1twona1 Taq1 s1ta;f“ﬁuﬁ
.'2Q' yia1d1n9 banda df %_4gkb and 3, 5 kb,.on d1gest10n w1th

f‘ysk“_.

qinheratance in three famj1ias showed

[\.

§

':-fcodomznant segregation of the polymorph:Sm and conf1rmedu.{ﬁ'

°-:b&nds ware seen in the parenta, that is, 3 5 kb 3 4 kb

70bBEPVBJk¢vT:

T '.r_i”_ e

i_ the proposed theury The he?erozygosity was 40 % ?am1ay |

| .:f;S ;%sents the pattern of 1nhar1tance (F1gure 30)r4 The ;¥ 
iﬁ?if?parents are both heternzygous fur the pn1ymorphism._ ;*"
-3haV1ng both the A a!Jela and the ‘& 311919. A11 three -

 and 2.7 kb The first (1) and ?hird (ii1] chiluren ara i:-.
@f:homozygous fqr tha A a11a1a, having nn1y tha 3‘% kb and -
..f :2 7 kb bands Thn secnnd (11) ch11d was- homozygous for
tHe a au'xe..omy the 3.6.kb and 3.4 kb bands were.

CoRy
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Figﬁre 29

r;*""‘..' - R . B

c’f..’

{a TEs K '_ YV T EARG -

SQhemat1q d:agramﬁof Taq1 polymbrphism.i"

A a11e1e. with an Bxtra Tagl site, proQud1ng._ 

- 3.4 kb. 7 kb andﬁa 8 kb fragmants‘

'L-..a allels produ ing :

3 __The cDNA probe bindshf

on Taq1 digestion..

u&f Taq1 aitéa = *;Efmﬁ



[ o : o
. 1 .
° R4
.. (..I " L

S kb G kb (im '._._k?*

\}..

?ura 30 Msnda11an inheritanca of two—a11e1e
ymr‘phisn._ S "
Family § raprasents tha pattarn of 1nheritance
- of the polymorphism. The parents are-both
* heterozygous for the polymarphism. The
offepring are homozygousz for either a‘l'leﬂe. _
o - Band &1 zag were observed, as mdicated.




" "':ﬁ'_.":-_".'_Am ahc -Frecauenm es wet*e detarminad by 'ca culatﬁ“ﬁ the
. ;ﬂ::'_:ﬁumb&r of e‘lthar- a1‘le‘ie A m- a11e1e a ovgf\ the tptﬂ |
- number of a11e1es stud1e& (Tab?ﬂ Vl A total “f 84

6'”_"3113135 from unre1ated .ndividuals were stuéﬂhd.;_z;Li~*tf“hz

"”]analysis.x here xeni

 *zx2 rontingency table determ:ned that thﬁ frenuency qf _
R 'tha polymorph1gm~in thﬁ B?ack popu1gtion shbwéh no .,__.;

0

j'popu1ation._

- signlficaup diffarenca tn that cf the caunasian

R a{\.’_”' T .
. g

1 43 3 ﬁ 5 > p > ﬂ 2. using tha

T
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Tab‘le v. Frequency (f} of no'lymorphisra ucc;urrence -m

Caucamans and B'lhcker (esﬁnatad -Fr-mn 84 a] 'le'les of
uhre,‘latmi 'imﬁ\ndua?lsi " o

L.

A'I'Ia*leA
2 7 3 118 kb

RS

f—j.df.‘-_i‘ré?i_" s

C om0.e11

Mla
3 5 IQ)

.0. .ﬂ'
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:"”7;3 4 D@scu951on

”ffThe B spectrin gene 13 1aca1mzed on’ cnromosoma 14 (Prcha1

' was 40 %. ' '

:.=aasoc1ated w1th any disease.~-

"'f  et a?.. 1987, wlnkeimann et a?., 1988) The ﬁestr1ct1on ffﬁ#f
ii%fragment 1ength po1ymarph1sm (RFLP) ﬂescrubed rapresents B
::a two-a11e19 pa1ymcﬁph1sm~on tha human erythra1d B
” 'T[ffspactr1n gene The po1ymorphism 15 charactar{zad by fhe

zi*praséhce or absence of- a,ifq1 restr1ct1an sita\aﬁd was f @:-7

detected by hybr1d1zat1on of Sauthern bjots w1th a ?38 bp _
B spactr1n cDNA probe. Th1s probe dbtecteﬂ thrae bands.;;-,-'

M:; nama1y a constant ﬁhnd at 3. 4 kb assac1ated w1th e1ther a o
RENEE 5 kb band or a .a 7 kb hand, or both. as abserved on * ‘
 autoradiographs. Stuclies on three fami'l'les estabnshed -
"1 that the po1ymorph1sm was fnharitad Ain a Menda1ian '_
”}f'fashion. Stat1st1ca1 ana1ya1s nf the rasu1tsh by means of ,gL
' ;the X tast, estab11shad that there was na- s1gn1f1cant -
"difference batween tha frequancy’bf nccurrence in B?ack
ﬂzand caucasian popu1at1ans. The popu1ations wara asaessad

ﬂi1ndepandant1y and combinad (TabIa V). The hatarozyg031ty

"Knowledga of this po1ymorph1sm and 1ts moda oT N
:1nharitanca may provide information 1n 11nkaga analysis
T*and enab1e one to. aacriba Spactr1n defects to one or the f'

“f”other subunit uf spentr1n. The po?ymorph1sm 1tseif is not

.
b

SR
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"' “puh11cat1on.

quS 5 conclus1ans | .fq?fﬁw;iff?f[ f”

';dataqted 1n tha human erythroid 3 spectrin gene The

_fﬁpalymorph1sm 15 d1str1butad 1n both Black gpd Caﬁnasjan
"fpopy1at1ons and there 1§'nu s1gﬁ1f$cant difference ih the

jﬂpopulat1ons..

| 5-;Fy£hrnid B spectran gana“ has been submittad for

s

lf'In conclua1qn, a twaaa11ele Taq1 poTymorphism was

'1?pn1ymorphism is inher1ted in a Mende1ian Fashian and can

‘ba: usad fh 1inkaga stud1as by ana1ys1s af tha RFLR&. Ihe f;ﬁﬁ

K

N frequenc1es of tha po1ymarphism batween tha twq

[ %J**puscr{pﬁ entit1ed "A Taq1 po1ymnrph1sm 1n tha human




'_f]erythrocyte membrane protein-aaau °

= ;81aad waa cn11acted 1n Acn from narma1 1ﬁﬂ1v1dua1s fram

*”were ana1ysed and quant1tatad_.ﬁ

a Part III. Dens1tometrxc ana1ysis anﬂ guantitation of

'vn'ioca1 popu1atfbns ,1; 
Sub;acts ' e b

. '!::I-‘ :

 ci”1aca1 popu!at1cns Erythrocyte membrane proie1n rat1oa

?f fifrum b1ack and white ind1viduaia, both mala and fﬂma1e,.;¢j;;

o

.”'7f4 2 Natar1a1s and methods % 2,:; f.f_ ”;;%%m'=*?a'

v

' ﬁfcentr1fugat1on (2 2. 1 ) and‘arter protein datarmiﬁat1on f?'

"{(z a.t. 1 ) the membrane proteins were reso1ved on Laemm11

as a rat:o to band 3) ware abta1neﬁ hy scann1ng

iErﬁthrocyta meﬁbranes were prepﬁred hy means of Tys1s

‘-_'-'_(a 2.1, 2 ) and =Fai»r-banks (2.2,1.3.) SDS-PAGE. The ga'ls *,;_
7_wara stained in Coomasaia stain.-Normal va1gas (maan * ? 43

'*-sn) fop erythrocyte membrana protexn content (expressed

&.

5_ :dens1tametry1bf the stﬁgned 9315 The ga1s were scanned

©at 528 nm on the He'lena chk Scan Qr- Tt.c dansitometer '-

v
and quantitatad by ca1cu1at1ng the area under the e

_Pe1evant peaka. A

'.In SOme patients present1ng with haemo1yt1c anaam1a, 1t

Jwas p9351b1e to obta1n a rat1¢u1ncyte count, and this was

carre1atad w1th the 4 1a/4 1b. protain ratiai

" 1In some samples, spectrin was extracted from the -
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o

=]
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119ht1y incraasad compared w1th thosa reported fﬁr

": fone 1oad1ng of aach 1s showﬁ 1n the f1gure. Laamm}ffqns-f“]g
"75PAEE was used ta quant1tate the 4 13/4 1b rat1o aga
| :ﬂjprbte1ﬂ 4~1/4 2 rat1o. Ankyr1n ca~migrates w1fh spectr1a

”“fﬁ_and hanca cannut be quant1tated from the Lqemm11 931

'}ﬁexprassad,as & raﬁio to hand Gi ;fﬂvﬁ-'ﬁa;ju*:“””

 e1ectrnphoresedf”n Laemm11 (F1gure 31a) t45_mnd”50¥pg)
“and’ Fawba ks (Figurevmb) (20 and 25 ug) sns-PAGE'.

.\?-

"*Faxrbanks SDS-PAGE was emp1oyed to’ reso1ve the remdﬁnder kg;Q

’ 2"3ﬁf tﬂp mﬁﬁbrane protains wh1ch wera thaﬂ quantatated and

T o _ _ s e
“-Tﬂe mean 2 SD of erythracyte membrane prute1n qnntent 1s-

 £hown 1n Tab1ea.v1 and“vrl The range ind1catas the ifﬁﬁf*f

7 1nd1v1dua1s. The va1ues obta1nad 1n our 1aboratory are

o h1ghast and the 1owest vaTue obta1ned for contro1 %yf

11f

. 13b°rat°ri“5 i“ the U5ﬁ {personai commun1cat1onn,T;fif;'” -

".

'_'4 a 2. Corraiatmon between 4 13/4 1b and reticuiocyta %
'“ﬂf'Patiants prQSEnting with haemo1ys1s usua11y had a

 ﬂdecraased 4 1al4 1b rat;oﬂ Haemo?ysing subgects are e

ol

'f:'aséoc1atéd w1th an 1ncreased reticu1ocyta percentage. dua - f

_.a..



F1gurq 31 sns-PAﬁE uf control ind1V1duals.-. _
‘Membranes of contraT individuals were . ° R
S _;_*_a1ectrapharased on SDS-PAGE and Coomassie~
~" .- 'stained. Quantitation of densitometric scans of

_sta1ned gels vas carried out-. (Table VI, Tab1e :"”

VII). SR

- _a) gaeMm11 SDSwPAﬁE, Lanes 1 énd 2 repreaent 45
g aliquots of SDsnso1ubiT1zad mambranaa of
'control 1nd1vidua1a._ 

9Tb} Falrbanks SES-PAGE. Lanes 1 anJ 2 represen@
258 pg aliquots of Sns-so1ubi1izad memhrane of“
;Efcantro1 und1v1dua1s. g=~«

Ry




Tt T

-Laemn sns-mar;, LR

_4 1a/4 1b 4 1/4 2 4 1+4g_&,

_ .'_1 4 s: o 13 1 5 & 0.19 o 33 0. na'__': |
Ranga {1 14-1 as] [1 11-—1 aa] [o z-o 541_-'_;_*' :

=49 - n=46 - - a7 :

ol

. Tablg’:-vr‘.' __ Er‘.vthracyte l!ellbrane pmta‘in rat‘los. _ N

Ty
LT



- Table vu . Erythrocyta mambrane prote'ln r:_;h as. SO
e Faa rnanks SDS-PAGE. o |

m 2.1/b b3 "'a". iia 2 '_'.'4_-,"144-'..?}6__3

PR mn nss 1.1k, "o 23}0 03 RF 0080.17  0.37:0.056
S aangen 0-1.27] [0.80-1, 323 [n 13—0 341 | [u -1, 451 {o zv—n”sn

) | =4 =8 =2 37 =3

"'\w_
L




| QﬁfﬂEContra1 ind1v+dua1s fn»— 1B)i6ére St

'3f4 3 3. Han-danaturing PAGE of spactr1n axtract

s”ﬁanaemia,;.;q

.

“ee

/

B z."‘} ] e

o

_{"’_.. o

SR

A sﬁéiT;nga1sﬁ%ﬁ5b§*s£ﬂd§'5?'p&t%eﬁfs (n =

1'“fijsﬁpwed that thara was a trend towards ﬁn inversa

. |;1:_ .

"ffto cnmpensatory éﬁ&thrbayte product1an as a resu1t of

'7f7 percentage €F1gure 32). That 13, as the wetmcu]ocyta

| ”*°f;?1ncreased retxcu1ocyte count (narma1 range*; B 5«2 G %J

'}f re1ationsh1p betwaen the 4.1a/4 1b rat1q\and rat1cu1q vﬁ

"ga percentaga of tota1 SpD and SpT (Figure 33), Th1s jf

"”i“diVIdﬂaTS‘_In th1s casa. the maan 3 SU was 1ess thanff -

.::% over controIs (Tabia VIII)

I o

"htghest and 1owast vaiue obta1ned for contro1

” 10{X as’ raported prévfous?y for norha? 1nd1V1dua15

TR

.*1 {coatzer et a?., 1987)

:'O_ -

e

*ggf;if

S

o880

PEEE

"«Tf parameter aiiows d1ag !p1s of th& var1ants nf HE and HPP

"*i" subJerts anﬂ carr1ers, on the basis of an 1ncrease in SpD

'fpercentaga increasas, the 4 13/4.1Q rat1o decraasas.y.. r}f_w

Thﬁ”a was W1da sqatter due to the sma]1 samp1e number.;i*“

10) W1th an R

ud1ed W?th respect td“'

 :iestab11sh1ng a norma1 range of SpD ccntent. expressed as ~7f

The range 1nd10ates the ;7"“"”



g atasatb
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F1gure 32 Retiuu1ocyta % vgraus 4 13}4&1b ratio- :

_ The graph shows an inverse relation betwean
reticulocyte % and 4.1a/4.1b Fatio; in.
individuals with haem&lytic anasmia (*)

-~ {n = 10); having an increased’raticulocyte %

> 2.0 %). In normal individuals the mean : SD

_-_3?; tha 1a/4 Tb rat1o is 1 4 0 18 (Tab1e

1‘39;

o
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. _u

F1gure 33 Non-danatur1ng PAGE ‘ '
Ten and 15 jig aliquots of apectrxn extract from
- gontrol individuals ware e1actraphoresed apd
- Coomassie~stained, Tanes 1~-4. S$pD conteént was:
guantitated from densitometric scans of fion-

“denaturing PAGE gels and was expressaed as a
- percentage of total SpDh and SpT (Table VIII)
- High moTecular weight complex (HMW) and

.- spectrin qligomers (8p0) are indigated..

140



BT T

o . '0-

Tab!e VIII Hembrane spectr1n d1mer (spD) contant (%0--°

Spn caﬁtent 13 axpressad as @ narcentage of

35 “ﬁafta'l spu and s.s“r. A

P
\ .
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0
P}

- .
:« 60ntwo1 1nd1v1dua1s were studmed w1th respect tu

:'protein content, axpreﬁssd'as a ratao to banﬁ 3. In aur

5 This may he due ta differenceﬁ in ge preparaeiﬂn,_f*'

i N R
'j=chem1¢a1s and sta1n1ng pracsduras. . ' Z
I P« L

' ;fﬁStud1as oF 1nd1viduals ui*}ﬁan

i

(n = #ﬁ) show a trén# “0war ﬁ%\ ag%-—re'latwnship

n’ih., .{
3 2% b
between ret1cuincyta pe"caﬂgu nd°4'%

- “}tn daammyat1on of asparagine res1duaa LE prate1n 4. 1 tha

"?;# 4 Dlscusslon 'Lfi?r?"f.5 .;3_ ;ﬂ€_'f °'ff§ f5;ifi";ff s
' f;astab11sh1ng a narma1 ranga & SD of erythrocyte membrane f’;f

?1abnratory the va1ues are’ on1y a11ght1y highar than those  - 
irenorted previous1y (personéﬂ comﬁ&%mcat1¢n' T Coetger)#fﬁ._
§

ﬁa,4z1b rat1?- \ue f;"

\.J .

amaunt of tha 4 1b- form deoraas&s as arythrocnySJmatura

aixhaba ot al., 1992) That'is\ tha greater the

'_r@ticulocyté paraentage. the Tower the 4.1a14.1b rat1o. o

The 4 1a 4, 1b ratip 15 thua an 1nd1cat1on of tha age cf

'iStud1as of Spn contant, axprasaed as a percentage of

,: tota1 apD and Spik in norma1 1ndiv1dua1s astab11shed a .
' f  mean i SD of 7,38 3 2 8 %, wh1ch correlatas with 3: f3-'
: -\;;pub1iahed values (Coetzer at a?.: 1987)
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  4 5 cunc1us1ons fff'f?ffiffffffiju

'-; ;1n conc1us1on, the narma1 va]uea t SD eatab1sshed for usei{f%

'r 1n our 1aboratory wera w1th1n the rangas found

73' ipopu1at1an prasant ";j Hf_]fa"f;."

V,previousty, for both erythrocyta mambrane prote1n contaniﬁ*ﬁﬁ

i_fand SpD content,nlt was nbsarved that’ a trend sxistad

NT batween incraaaed raticuTocyte percangxﬁe and -

dacﬁéased

”.14”1u 4. 1b ratiou This ratio 13 an 1nd1catnﬁ;_f ‘the ce11 _TLF'

=




.3  Acry1amide: .___ o

,f: ﬁaII

3HAPS
. 'AmphoTytas

o B counter

|'~t b1a
_.BSA

S oAt o
. -DNA mo1aau1ar weight_ 

 DNA thermal eycler

Agarase. .n_v~_;ggfj
GTG (mo]anu1ar
biology grade) '

hgarase gel systems.,..'f” ' .
- 'Hybaad Ltd. Tedd1ngtan, T

- Hybaid maxi e
(20 om %X 25 cm)
5ing1e placa min1gei

B1o1yté ﬁﬁ 5~ 7
.. Biolyte pH 4-8
H 3 -4

Biolyte pH 0

'1'4-ph1oro-1-naphthof- -
© Goomassie G-250
- Coomassie R-260

o aate
codete )

dGTP

‘markar

oot T
"' Ethfd{um'Eﬁ6mide' |

" Flco11 (type 400)
' _Fi1tar paper

',.TFormamada o

-f'.Geﬁedlaaﬁ kﬁt_"-
- Gradient maker .

_ Boehringer Mannheim, &
: Boehr1ngar Mannheim, Germanyn~

""fﬂseaxem. ch. Rock1and, ME. USA

Middlesex, UK o
L OMEG" Scient1f1c. Gﬁaremont,
- Cape. Town, South Africa -
pr Eng1and(ﬁiolabs, Bever1y,
-USA "
Stratagehe, La 60113, CA, USN

_' BiavRad, Richmond. CA. USA -
- B1o-Rad, Richmond, CA, USA

~Rad, Richmond, CA,- USA

4ted Technologies, Packard,_ L

UQWﬁars Grove, I11,, USA"
BHH‘ Pno1a, Engtand

ermany R
$1gma, St Louis, MD, USA 3y
Bia—Rad, Richmond, CA, US&
BDH, Pooie, Eng1and .

Boehr1nger Mannha1m, Garmany-f
* Boehringer Mannheim, Ggrmany
rmany

100 bp ladder, BRL,

' G&ithersburg, MB, UsA -
~‘Perkin Einer Getus Gnrporat1on;_;

Norwalk; CT, USA
Promega. Madxson, WI, USA

Boehringar Mannha1m. Germany _'

Pharmacia, Uppsala, Sweden

- Whatpan International Ltd.

" Maidstone, England o

NoIacuiar biology grade,
Merck, Garmanv '

BIO 101, La ao11a, cA, USA
SG series,; Hoefer SGiantiflc
Instruments (HSI), San .
Franc1sao. CA, USA .

e ._ . - - A

- 144 ’ ' _  fff'_ R

5"§bpendix. List of cham1cats. equ1pment and suppTiers' L
_.Ho1e¢u1ar bin!agy Qrﬁdea o

_Fract1an Vi Baehringab Mannhe1m.'”



-

g ﬁ»MarcaptoethanoI
vMicrcfuge -

. ’M1crofuge tubes
3_M1neral oil .

_fiPAGE system f:

- phencl |
PMSF '
-Po1yviny1pyrr011dine

”V_Powar suppTy

- Randoi pf1m98 DN#.:

'”Heat1ng b1ook

'fTHyhr1d1zat1on bags
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