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For the study of the structure and furction relationship of dystraphin, defective in DMD, und for disgnostic purpeses it is imponant 1o dispose

of untibodics against different parts of the protein, We have made five different constructs fer the expression of fusion praleins containing parts

af the feur domaing af dystrophin, Twe different recombinunt expression veciars. pATH2 and pEX 1. were used. Rubbits were iminunized with

the fusion produsts and several polyclonu! antibodies were raised, At 1 later stuge, monoclonul untbodies were ulso ruised ta some of the fusion

proteins, One polyclonal uatibady, niuned P20 A, is directed against the region covering amine icid sequence 1749-2248 or the nueleotide sequense

§456-6953 ol the mRNA, which corresponds tor e maujor deletion-prone region of the DMD gene. We show the particular value, sensitivity snd
speeificily of the P20 AB in dystrophin unalysis,

Dystrophin: pATH2 fusion protein: pEX! {usion procin: Duchenne museular dystraphy; P20 mulstion hotspot: Pelyclenal aintiserum

I. INTRODUCTION

Duchenne muscular dystrophy (DMD} is u progres-
sive lethal disorder, which affects 1:3500 nawborn boys.
The gene inveolved in DMD encodes a 427 kDa protein
named dystrophin [}] and is the lurgest gene (2300 kb)
known so [ar [2]. Dystrophin is present in low abun-
dunce (0.0192 of ol skeletal musele protein) and is
lacalized atl the cytoplasmatic face of the sarcolemma
[3-5]. In Duchenne patients dystrophin is ubsent from
most, {(>98%) or all muscle cells. In muscle of Becker
(BMD) patients dystrophin is present with altered size
and/or at different levels [6). In order to study the struc-
ture and function of dystrophin and carry out dingnas-
tic studies on muscle of DMD/BMD patients and pu-
tients with related musculur disorders. antibodies
against dystrophin are required. We therefore con-
structed fusion proteins with which we raised antibodies
against various donuins of dystrophin.

Dystrophin consists of four domains (Fig. 1): an N-
terminal domain (A), a central rod-shaped triple-hetical
domain counting 24 repeat units of about 109 amino
acids (B), a cysteine-rich domain (C) and a C-terminal
domain (D) [7]. The domains A, B and C show homol-
ogy with a-actinin, and A and B with spectrin as well,
suggesting a cytaskeletal function for dystrophin [7).
consistent with its location. The A domain is thought
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to bind actin, In the B domuin of human dystrophin
four hinge segments were identified. which may play o
rote in the flexibility of dystrophin in the cytoskeleion
{8]. Demains C and D are highly conserved between
human and chicken, suggesting an important role for
this region of dystrophin in the interaction with other
cellular companents [9]. The D domain is supposed to
be involved in the anchoring of dystrophin with gly-
coproteins in the plasmamembrane [10.11] and shows
strong similarity with a dystrophin-like protein [12].

Five different ¢DNA frugments are selected for the
consiruction of recombinant fusion proteins. Severul
antisera were raised using these fusion proteins as im-
munogens. One polyclonal antibody named P20 is di-
rected against the dystrophin part which corresponids
with the deletion-prone P20 region of the DMD gene
[13]. Ahout half of the deletions found in the DMDY/
BMD gene of Duchenne and Becker patients ure breuk-
ing in this so called P20 hotspot [14). The P20 AB has
been characierized in delail and was found to be very
specific and sensitive, and a valuable tool for dystrophin
analysis. Similarly, the monoclonul antibody MAN-
DRAT raised against the distal DRA polypeptide [15].
is now finding widespread use in the detection of distal
dystrophin epitopes [16-18].

2. MATERIALS AND METHODS

2.1 Pleswiid constenctiong

Humun. fetal dystrophin ¢cDINA clones were obtuined trom M.
Koenip [7}. Nucleotide uand amino acid sequence numbering are ax in
RKoenig ot al. [7] und are depicted in Fig, 1,
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Fig. 1. Mup of DMD ¢DNA restriction sites und number of dystrophin amino acids ysed far the construction of hybrid proteins. The pATH2
fusion prowing are denated with ® and the pEXI fusion profeing with 4. The faur domains, four hinges and interdomain segnient are uccerding
1o Kocnig and Kutikel [B] und are indicated by A, B, C, D, hitched boxes and an arraw, respectively,

1.3, Consteuction af fisivn protein genes

Two different expression vectars pATH2 und pEX! were used 1
abtiin the in-lmme (DM D) gene sonstrusts, Expression of the son-
struets in £ colf yiclded Musion products sontuining different dystra-
phin segiments {Tuble 13,

22,1, Construction af fusien proteins using the pATHY vector
PA0-pATH2 plasmid canstruel

A 1.5 kb fragment of DMD ¢DNA(47-4) (7] abtained ufter digestion
witll Psil{5436) and HindL1IEGYSI) wits subcloned into o purtial (sl
SrindILl) digest of u bucterinl expression vestor pATH2 [19]. which
containg the first 989 nucieotides of the trpE gene. The resulting
recombinant vector fusad 31 kDa of the trpE protein to 59 kDa of
dystrophin (umino neid sequence 1749-2248: Fig. 1), yielding fusion
pratein PXI (Table 1),
TAQ-pATHE plusmiid constriet

A 1.2 kb Fugl (2875-9132) fragment af eDNA(63-1), blupt-ended
with DNA polymeruse | (Klenow fragment), was inierted into the
Smal site of pATH2. The construsted fusion pratein, named TAGQ.
contuined 48 KDa of dystrophin (amino acid sequence 2557-2974; Fig.
1. Tuble ).
DRApATH2 plusmitt vonsivnet

A 1.5 kb Dral (9805.11633) frugment of cDNA(G3-1) was inserted
inte the Smul sile of pATH2, The obiuined fusion proicin, named
PRA, includes the lust 485 amino acidy of dystrophin (amina agid
seyuence 3100-3685; Fig. [, Table [),
2.2.3. Construction of fusion prateins using the pEXI vector
BD-pEXI construct

DMD cDNAIXII0) wis digested with SumMI{407) Dralt1978)
blunt-ended using DNA polymerise | (Klenow) and inserted into the
Smal site of pEX1 (Genofit Ltd). un expression veotar containing the
lucZ gene [20]. The resulting recombinant vestor fused 108 kDa of
B-galuctosidase to 81 kDa of dystraphin (amino asid sequense 67-
$90), yielding lusion protein BD (Fig. 1. Table 1), HD-pEX1 consiruct.

A 500 HindIII(9281) Dral(9805) Srugment of cDNA(G3-1), Blunt-
ended by using DNA polymerase [ (Klenow), was inscried into the
Sawal site of pEX1. The resulting [usion pratein, HD, contains 21 kDa
of dystrophin (umino ucid sequence 3026-319%; Fig. 1, Table I).

2.3, Isolarion of fusivn prateins and use as Sngaugens

The recombinunt plasmid pATH2 was intradused inte £, cofi RRI
cells, which were grown acsording to HofTman ot al, [1}; industion of
the plasinic ehcoding protein enxpression, harvesiing of the ¢ells and
iselution of the fusion proteins were as deseribed [14] except fof the
addition of 0.25 mM proted.e inlHbitor PMSEF during lysazyms traut-
mient and u short sonication to shear the DNA nfter lysis of the cells.

The recombinant veectors pEX1 were introduced into £ coli
POP2116 cells. grown in NZY ut 30°C o log phase and induced for
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90 min at 37'C, harvested (10 min at 500xx) and lysed wy STE (1 3%
sucrose; S0 mM Tris-HCI, pH 8; 50 mM EDTA) with lysozyme (10
mg/mi) contuining Triton X-100 (0.2%). The suspension cantnining
the insoluble fusian proteits was sonicuted far |5 3 ta shear the DNA
and eentrifuged (12,000%g far 1S min ul 47C) cae pellet was resus-
pended in PBS und stored ut ~70°C. Between 5 and i0 mg of the
difTerent (usion proteing were dsoluted from 100 ml induced bacterinl
eulture. The procin concentratinns were deterinined (Bia-Rad protein
uxsay). The fusion proteins were used to immunise rabbits (New Zen-
land YWhite) netording to Harlow and Lane [21), Purification af the
fusion proteins befare their use us an antigen was not found to ke o
prerequisite,

24, fumnmahistochemical staining

Musele tissue was cither fixed direetly 41 room temperature aver-
night in methanolliceloncfeetic seidiwiter (35:35:5:25, viviviv) fol-
lowed by dehydration and embredding in paraplast (Monajeet) [22] or
frozen directly in isopensune chilled in liquid nitrogen and stored wt
=70°C until use. For immunchistoshemical staining. $ gme-thick see-
tions of muscle tissue wera immunostuined us deseribed by Moorman
&l al, [23). The seru were diluted in PBS,

2.5, Gel etecirophurasic and ¥estern bloning

Exiraction and sumpling of proteins from musele biopsies were
neceopding to Hoffmun et al. [1] except thut we used 10x suympling
buller. Gei electroplioresis, protein trunsfer and antibody incubalion
were a8 described by Wassels &t ul. [24]. Fusion proteins wers electros
phoreticully sepuruted on SDS.polyacrylamide gels using u 4% stuck-
ing gel und 4 7.5% resolving pel. To determine the moleculur weights.
prestuined moleculir weight murkers (Sigma} were used, To identily
the a-actinin polypeplide 8 monoslonal antibody against @-actinin
{Sigma) wius used.

Table L

Insert sizes DMD ¢DNA, deduced amine acid sequences and corre.
sponding fusion protein size

Name Expression  Size (kb) Aminoacid  Size (kDa)
fusion veclor insert sequence fusion
proiein {(cDNA} protein
BD pEXI 1.6 68-590 169
P20 pATH2 1.5 1749-2248 3|
TAQ pATH2 1.3 2557-29758 31
HD pEXI 0.5 30263199 128
DRA pATHZ 1.4 3200~3645 BY
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3. RESULTS AND DISCUSSION

3.1. Expression of fusion proteins

In this study two different bacterinl expression vector
systems, pATH2 and pEXl. were used (Table [), The
positions of the resulting fusion prateins on the dystro-
phin molecule ars depicted in Fig. 1 and their analysis
it shown in Fig. 2. The expression of pATH2 fusion
proteins was induced biochemically: besides the pre-
dominuant bands in agresmant with the expected size of
the {usion proteins, some background proteins of the
bucterial host, E. coli RR1 and/ar protealytically de-
graded fusion proteins were coprecipitated (Fig. 2: lanes
3. 4 and 5). Coprecipitation also accurred in another
host strain, £. coli 1046 (not shown). Therefore. new
constructs were made in the pEX cxpression system
(2Q]. The pEX expression system mukes use of a temper-
ature-inducible promoter und shows predominantly the
fusion protein bands {Fig. 2! lanes 7 and 8). In this
expression systerm hardly any degradation preduct was
present and/or the amount of bacterial proteins in the
insoluble protein fraction was rather low, These results
show that the pEX expression system gives a higher
yield of fusion protein compared with the pATH2 sys-
tem,

The insoluble fusion protein fractions obtained with
both systems could be used directly us immunogens in
rabbits,

3.2, Chavacterizatian of the antibodies ralsed

3.2.1. Polyclonal antisera, A number of very sensitive
rabbit antisera are raised with the trpE fusion proteins:
the 30 kDa and 60 kDu antisern raised by Hoffman et
al. [1] and the P20 and TAQ antisera in our study, Th.
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P20 AB reacts both with native and denatured protein
and cun be used at very high serum dilutions on sections
(1:500-1000) as well as an Western blots (1:1,000) (Figs.
3 und 4). Using P2C¢ AB, fixed sections of normal mouse
and human musgle tissue showed a clear staining of the
sarcolemma (Fig. 3A) and in sections of DMD muscle
tissue no dystrophin was observed (Fig. 3B). On West-
ern blots, P20 AB identified the 427 kDa dystraphin
bund besides a minor band of 95 kDa. This appears due
to seme a-actinin crossreaction (Fig. 4: lane 1), since the
95 kDu band on blots was also recognized by a meno-
clonal antibody against @-actinin (not shown), while in
the muscle extruct of DMD patients the dystrophin
bund was absent and the 95 kDa band present (Fig. 4:
lane 2). This observation indicutes the sharing of anti-
genic determinants between z-actinin and this region of
the dystrophin B domain. For diagnostic purpeses the
amount of -actinin identified with P20 AB has turned
out to be a valuable indicator far the amount of muscle
proteins present in the muscle extracts.

The polyclonul antisers BD and TAQ also identified
a major dystrophin band next to a 95 kDa a-actinin
band (no shown). In total 20 rabbits were immunized
with the vurious fusion proteins. So far mast successful
immunizations were obtained using fusion proteins
from the B domain: the 30 kDu and 60 kDua fusion
prateins from Hoffman et al. {1] (not shown) and our
P20 and TAQ fusion proteins (Fig. 1).

Monoclonal antibadies. Fusion proteins con-
taining the deletion prone area of the B domain und the
D domuin of dystrophin P20 and DRA, respectively
{Fig. [}, were also used to generate monoclonal antibod-
ies [15,25), Some P20 monocional antibedies identified
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Fig. 2. A 7.5% SDS.-PAGE of five diffeicnt fusion proteins, Lanes 3, 4 and 5 yre loaded with tepE hybrid prateins: DRA, TAQ and P20, respectively,
Lanes 7 and 8 are loaded with pEX! fusion prolgins, HD and BP. In lunes 1 and 6 molseular weight markers are shown and in the lanes t and
9, irpE and §-galuctosidase, respectively.
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A

Fig. 3. Seclions of humun fixed mussle celly ingubpted with P10 AR
(1:1,000), A. normal human musels: B. DMD muscle. Mugnifications
xA25,

both dystrophin and g-actinin, underscoring the homol.
ogy of their B domains [23].

Two classes of menocional antibodies could be dis-
criminated using the fusion protein DRA as immuno.
gen: one type binding exclusively to dystrophin and
another type binding to a cross-reucting dystrophin-like
protein [15]. Besides the improvement of using mono-
clonul antibodies for dystrophin unalysis, this observa-
tion also shows the importunce of using fusion proteins
as immunogens. Thus antibodies may be raised, which
also identily dystrophin-like proteins. The dystrophine
exclusive antibody MANDRAI has since found wide-
spread use as u specific reagent for the COOH terminus
of dystrophin {16-18].

A panel of sensitive antisera against different parts of
dystrophin is of great value for diagnostic purposes.
Such a sel of antibadies may piupoint the localization
of the mutation in Lhe DMD gene [26]. This is of special
imerest in those DMD/BMI) families {35%) for which
DNA analysis does not eurrently show deteciable ab.
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Fig. 4. A Wesieen blot of muscle exienels separatedd on a 4-7% prudient
2l SDS-PAGE and incubated with P20 AB (1:1,000). C: normal, adult
musele tssue: DMD, DMD inuicle tissue,

nermalities of the DMD gene. [n protein analysis, trun-
cated dystrophins cun be identified {26.27}. which may
guide to further exumination of the region of interest for
small mutations leading to frameshift and/for early ter-
minution of the DMD gene [27].
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