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Abstract

Background: A 349-residue recombinant polypeptide of
Dermatophagoides farinae, Mag 3, has been shown to
represent part of a larger 177-kD (M-177) allergen with
very high IgE-binding activity. Methods: Cloning and se-
quencing of cDNA from the house dust mites Der-
matophagoides pteronyssinus and Euroglyphus maynei
was used to characterise the polypeptide containing the
Mag 3 sequence. Results: cDNA clones containing the
complete sequence of the E. maynei homologue of the
M-177 allergen were isolated and analysed. The transla-
tion contained not only an amino acid sequence with
90% identity to the 349-residue Mag-3 fragment but also
a further sequence with 90% identity to another IgE-
binding recombinant D. farinae polypeptide designated
Mag 1. The complete sequence encoded a mature
polypeptide of 1,650 residues and a molecular mass of
189.5 kD. cDNA clones from D. pteronyssinus also en-
coded sequences equivalent to the Mag 1 and 3
polypeptides. The M-177 sequence showed strong sim-

ilarity to the lipid transport apolipophorins found in in-
sect lipophorins. Conclusions: cDNA sequence data
show that the D. pteronyssinus and E. maynei homo-
logues of the M-177 high-molecular-weight D. farinae al-
lergen contain sequences equivalent to both the Mag 1
and Mag 3 recombinant IgE-binding fragments. The N-
terminal sequence of the full-length 1,650-amino-acid
allergen showed strong similarity to the insect
apolipophorins which are poorly soluble in aqueous ex-
tracts and exist in the lipid transport particles in
haemolymph. It is proposed that presentation in lipid
particles could be a factor which enhances the immuno-

genicity of this group of allergens.
Copyright © 1999 S. Karger AG, Basel

Introduction

House dust mite proteins have been recognised as a ma-
jor source of allergic sensitisation in temperate climates for
many years [1], and increases in house dust mite allergens
in homes have been postulated as one of the causes of in-
creased rates of allergic rhinitis and asthma seen in industri-
alised nations [2]. The search for house dust mite allergens
started with the discovery of up to 29 IgE binding bands
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seen initially with crossed immunoelectrophoresis [3, 4Jones was performed with 18-25-mer primers designed using

and subsequently by Western blotting using human aIIerd}{@CYeCiorl 6-0t§0 ft"tV:re (Obeord Mczi‘af‘?u'aflggotUPSS’OLE)- Ihg ﬂP'
. . . oximate lengin o € probes varied rrom (0] p. Labelling
serum [5]. Many of these IGE binding proteins have be@l TCel 0 Ly "0l aTp with the GIGAprime DNAlabelling

characteriseq by molecular cloning techriiques., and tﬁg(Bresatech Pty Ltd, Adelaide, Australia).

complete amino acid sequence and three-dimensional struc-

ture is known for some [6—8]. So far, most of the allergens Subcloning and Sequencing 3 _ _
characterised have been small, with molecular weights be-¢DNA from Agt10 clones was amplified with nativ&fu poly-

. ; : - erase (Stratagene, La Jolla, Calif., USA) used according to the man-
low 90 kD; however, it was recognised from the Orlgln{j{'[i‘acturer’sinstructions with the addition of 20pmol of biogihl 0 for-

studies that allergens of higher molecular weight existed [Jarq primer (5AGCAAGTTCAGCCTGGTTAAG-3) and Agtl0

10]. Limitations in cloning techniques and possibly the Sugeverse primer (SCTTATGAGTATTTCTTCCAGGGTA-3). A

ceptibility of these allergens to proteolytic degradation [1Perkin-Elmer 2400 thermal cycler was used to perform PCR, using 40

12] have prevented Significant progress in the Characteri§&0|es as described in S_mith and_Thomas [20]. The amplified inserts

tion of these proteins. were blunt-end clqned _|nt6m_a digested pUC-18, sequenced gnd

N . nalysed as described in Smith et al. [26}11 phage DNA was di-

More recently, a number of IgE-binding polypeptides c8ested withEcaRI restriction enzyme and the insert ligated into the

the house dust mitBermatophagoides farinaeave been EcoRl site of pUC-18 for sequencing. Sequence analysis was per-

described from cDNA clones isolated by immunoassay. Riermed using MacVector software version 6.

combinant proteins from two of these, named Mag 1 and

Mag 3, were shown to bind IgE in 14 of 43 and 9 of 23 sera

from allergic subjects, respectively [13, 14]. Mag 1 and Results

Mag 3 have therefore been proposed as new allergens. Mag

3 appeared particularly important because the natural aller-Isolation of cDNA Clones Containing Sequences Homol-

gen bound IgE at the same frequency and strength as thegous to the Mag 1 and Mag 3 Allergen®ofarinae

major allergen Der f 2. Rabbit serum raised against recom-Rabbit anti-house dust mite antiserum was used to

binant Mag 3 binds several components of house dust nst@een a\gtll D. pteronyssinug€DNA library for clones

extract, the largest being a 177-kD band. This 177-kD prproducing antigenic polypeptides. The clone 2C1Awas iso-

tein has been further studied by Fujikawa et al. [11] and hlased and analysed because it showed strong reactivity. The

been named M-177. 1,145-bp cDNA sequence contained no start or stop codon
This paper demonstrates that Mag 1 and Mag 3 are batid coded for a polypeptide of 381 amino acids, which had

partial cDNA clones from the same large mMRNA transcrip88% identity with the sequence of the IgE-binding polypep-

and provides the amino acid sequence deduced from the fidle produced by the Mag 1 cDNA clone frdbn farinae

cDNA sequence from the house dust miteroglyphus described by Aki et al. [14]. The 1,145-bp cDNA fragment

maynei The amino acid sequence has features sharedvigs then used as a probe to screemthgeronyssinuand

lipid transport apolipophorins, which suggests some inte= mayneigt10 libraries to obtain full-length clones. Three

esting possibilities for the presentation of the natural alleslones were isolated, one from tke mayneilibrary and

gen to the immune system. two from theD. pteronyssinugbrary. These clones, which

are represented in figure 1, coded for polypeptides of 513
(Dp2), 539 (Dp3) and 674 (Em1) amino acids in length.

Materials and Methods They all contained the complete_ sequence of the 2_ClA
clone and a further' Sequence which coded for an amino

Screening oD. pteronyssinuandE. mayneilgt10 andigtll acid sequence which had 87% identity to the IgE-binding

Libraries polypeptide of the Mag 3 cDNA clone described by Fu-

cDNA prepared from liveD. pteronyssinu$l5] and E. maynei jikawa et al. [13].

[16] by the RNAase H method was used to consftgtll0 andhgt The clones however did not contain a start codon so the
11 libraries. Thé.gt 11 library was screened by plaque immunoassays

with rabbit anti-house dust mite antiserum [17] using the method @C1A CDNAwas used to rescreen fepteronyssinuand
scribed by Chua et al. [18] but developediBy-labelled staphylo- E. mayneigt1l0 cDNA libraries for further clones. Clones
coccal protein A [19]32P-labelled DNA probes were used to screeiisolated from théE. mayneiibrary with sequence’ %o the

the Agt10 libraries by the method described by Smith et al. [16, 2 lones described above were used to generate probes spe-

The DNA for the probes was obtained by amplifying regions of... . . .
cDNA clones of interest by polymerase chain reaction (PCR) usil%)fIC for the 3 regions for further screening. A series of

Tth polymerase and primers based on the cDNA sequence [16]. TPéerlapping cDNA clones were obtained from tke
PCR to produce a series of different probes from different cDN®ayneilibrary which encompassed a 5,628-bp sequence
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E. maynei M-177 400 800 1200 1600
homologue complete :
sequence
Emclone 4
E mclone 3
E.:m clone 2
E m clone 1
1A |
D pclone 2
Dpclone 3
D fMag 1
D f Mag 3 __.-........._..

Fig. 1. Positions and overlaps of the sequenced clon&s afayneiand D. pteronyssinuselative to the deduced
amino acid sequence of tke mayneM-177 homologue. Also shown are the relative position.darinaeMag 1
and Mag 3

which included a putative start and stop signal. This  The deduced amino acid sequence encoded a polypep-
mayneicDNA contained sequences corresponding to thiele of 1668 amino acids. A putative 18-residue signal pep-
Mag 1 and Mag 3 homologues. The complete sequeritke has been identified, consisting of predominantly (60%)
codes for a polypeptide which we have narBednaynei hydrophobic residues as described by von Heijne [21-23].
M-177 homologue, following the results of Fujikawa et alThe Gly residue at position —3 (GFy and Ala-! are typical
[11]. A complete series of clones was not isolated from tloé the small neutral amino acid residues strongly favoured
D. pteronyssinu$ibrary, but the cDNA obtained also con-in positions —3 and —1 from the cleavage site, whileGén
tained Mag 1 and Mag 3 homologous sequences. Figura large residue, typical of those found at posi#iofihe dif-
shows the relative positions and overlaps of all the clonfesent cDNA clones revealed a number of nucleotide substi-
isolated relative to the compiled amino acid sequence of tadons which are shown in table 1. Only one of these, nu-
E. mayneM-177 homologue. The position of the sequenadeotide 4025 €T, resulted in an amino acid substitution,
encoded by th®. farinaeclones Mag 1 and Mag 3 is alsoAlal29t — Val1291 The deduced molecular mass of the com-

shown. plete protein is 191.3 kD, and with the signal peptide
cleaved is 189.5 kD.
Nucleotide and Deduced Amino Acid Sequence of The original 2C1A clone fronD. pteronyssinugorre-
E. mayneiM-177 Homologue sponds to amino acid residues 1242-1622. The homologous

The complete cDNA nucleotide sequence of the sequences of Mag 1 and Mag 3 correspond to residues
mayneiM-177 homologue is available from the GenBank310-1650 and 891-1239, respectively.
sequence library with accession number AF149827. The de-A search of the protein data bases showed that the N-ter-
duced amino acid sequence is shown in figure 2. The 50@ihal 220 amino acids had strong similarity to several lipid-
nucleotide open reading frame encoded a start codon roigxding proteins, particularly in regions which were previ-
thionine residue at position —18 (M&) and ended with a ously shown to be conserved. These wdenduca sexta
stop codon after residue H#% An in-frame stop codon is apolipophorin, human apolipoprotein B-100Desophila
present as the third codon upstream of the start methionimelanogasteretinoid- and fatty acid-binding protein (a pu-
There is a polyadenylation signal 80 bp after the stop sigrative apolipophorin), and, to a lesser degree, the vitel-
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1 20 40
MRVIALLLTACLLGLGOAQHCTVACPEKSI POLINPKAQSTYVY SLDARKTVLTPRDSQKVTIKADAEVATIV
60 80 100 120
SSCEAVLRLONVAIDGVPNGAELAAELAAKSFAFGY FNGRILGVCPANDDODWSLNVKKAIVSALQVQFD
140 160 180
ENKDKVEETDFSGTCPTEYRKIRSDDDNTVVMEKRKDLNLCDDRRVDLROTPDOQALGQOLKEI TRHYMHPM
200 220 240 260
DSDIMCRMTLKDKVVSEVDCEERHVIL.VHRSHEPTHLSY VKMMLKQSKDGVARDLGQTDSEPKRPYLSFDH
280 300 320
KHENPTETDVVQVLEKLCTEITEPQASIETSFTFHKLVDKLRYLSAEETATVDESYVKTAICPAHAKRIRE
340 360 380 400
LELDASAFAASDGSIRTLVKAHENQELSVTRSTALFTVAATKAAPNKETVNVLLEVIASERTIRPMLLGE
420 440 460
SVLVRRYCEKSADCASNSGVKDARDAYLARLAVAKDPSERMTIVRALENLNVNTEDVDNMINAMDEIIKS
480 500 520 540
TDREPSLRAAAVNALPSDASHMDRY KSLVMDESMENEARIAAFHKMMONGGMTHIKDL FAVEGDCMEN YV
560 580 600
LTYVDNMOKSNNDLRRRTVARDVELPEKPKREMGITRNIAREYGPYTFEYDVIYPETHENVTRSINGRLI
620 640 660 680
RAKNDKLKELVQIQITONGFDRELNNAMSLLEKKS FQSVMQEVRDTLRMLAQT RKNADDNHHMKY SVKVN
700 720 740
GENVYYTDVFODLKKLKELLVEKRAEKI INERKVDRSIGGVLLDSKLALPTITGLPLVYKEGDNFVLRYDG
760 780 800 820
EFSGEKGDRHIRLNGGVVAGEFYGRVKLLVKDQEMGY EYDGKLAY TPLVDMDIOKKEHS LLLRFNTKDVDQ
840 860 880
HTVERFKQSLREKRATGEEKDYENEVTPESRSDRCESFFLMNYCRKASHIKGLILPNVEYYVMKPEKEVT
D. farinae Mag 3 aa
900 920 540 960
ALELLLKSETEDKTRRYMAELTAVGSPSNKQARAQLEVTKGEQYRVTLKLPEHEFNTEFTINS DKNNLKM
....... L P | G (S D) ¢ EPT - T T IS . 1 S
980 1000 1020

1180 1200 1220 1240 |

1260 1280 1300
ENDIYTLRSTVERDGOLFYENYLTIHKGGKLNLNYRRNDRKILLDLDNATL SPREGTMKLNIKDREYNFAT

D, farinae Mag 1 . VM
1320 1340 1360 1380
KRDPLRYRDITVEGNENAYVEHGKLHLSLMDPSTLSLVTRADGKIDMTVDLI SPVTKRASLEKIDSKKYNL

1400 1426 1440

Fig. 2. The deduced amino acid sequence of 1460 1480 1500
the proposedE. mayneiM-177 homologue.
The presumed signal peptide is underlined. 1540 1560 1580

The stop codon is expressed by the symbol ™= Sy e R grERETRE g B oS oA N

<STOP>. Also shown are the relative posi- 1600 1620 1640
tions and deduced amino acid sequence of NEFKLEVDEPEDSNKAQFSYTFNDY TETEEYEFDPHRAY YVNWLSSIRKYIQTFIVEDH<STOP>

D. farinaeMag 1 and Mag 3. The symbol 2 ""°" Sue e T N.... . N<STOP>
indicates an identical amino acid residue.

logenins. The smallest sum probabilities of the BLAST Discussion

analysis (blastp, BLOSUM 62 matrix) werex@&0-5,

1.1X10-5 1.8x10+4 and 3.2 10-3 respectively. Figure 3  In this paper we describe the deduced amino acid se-

shows the alignments and the regions of similarity of thegeence from the cDNA of the. maynehomologue of the

proteins. high-molecular-weightD. farinae allergen M-177. We
show that two IgE-binding polypeptides, Mag 1 and Mag 3,
are both fragments representing parts of a large polypeptide
encoded by this gene. cDNA clones fr@mpteronyssinus
encoding the same regions of Mag 1 and Mag 3 were also
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10 20 30 40 50 60 70 80

M-177 ..., QHCTVACPESIPQLINPRAQSTYVYSLDAKTVLTPRDSQ. . . .. .. KVTIKADAEVAI. .VSSCEAVLRLONVAID. . . .GVPNGAELAAELAAK
Lipophor .. -GNGKCQIACKGSSSPSFAAGOKYNYGVEGTVSVYLTGADNQET . . . .. SLEKMLGQOASVSA . . ISNCELELSVHNMVLS. . . .. GPDGKKYPCPOGIE
Lipoc-BlOD EEEMLENVSLVCPKDATRFKHLR . KYTYNYEAESSSGVPGTADSRSAT . . . RINCEKVELEVFPQ. . . . LCSFILKTSQCTLKEVYGFNPEGKALLKKTENS
Ret-Fab .+ ENACNLGCPKSDNGLLKYIPGNYYDYSFD. . SILTIGASSDVPNDSDDTSLEVSGSAKIFAKGNCGY TLOLSSVKVTINTRKESVEKKILNSIQ. . - .
vitellog  ............. OOTKYEPSFSGSKTYQYKYEG . VILTGLPEKGLARAGLKVHCKVEI SEVAQKTYLLKI LNPEIQEYNGIWPKAPFYPASKLTQALAS
* kA A AA * kW L3 "ok bbbbbbbbbbbb * & ok ok
90 100 1l1¢ 12¢ 130 140 150 i60
M-177 ..-.SFAFGYFN......... GRILG.VCPANDDODWSLNVKKAIVSALOVQOFDENKDK . . VEETDF SGTCPTEYRKIRSDDDNTVVMEKREKDLNLCDDR
Lipophorin ...KPVRFSYQD......... GRVGPEICAAEDDSRRSLNIKRAITISLLOAEQKPSV. . . ... CQVDVFGVCPTEVSSSQEGGA . . VLLHRSRDLSRCAHR
Lipo-B100Q . . .EEFAARMSRYELKLAIPEGKQVFLY . PERDEPTYILNIKRGIISALLVPPETEEAKQVLFLDTVYGNC STHFTVKTRKGNVATEI STERDLGQCDRF
Ret-Fab .. -KPVOFTLVS......... GILEPQICSDSSDLDYSLNIKRAVVSLLOSGIEAEHE. ... . . VDVFGMCPTHTSTSKVGNAN . . IITKARNLNSCSHR
Vitellog QLTQPIKFQYRNGOV. .. ... GDIFASEDVSD. . . . TVLNIQRGILNMLOLTIKTTONVYCGLOENGIAGICEASYVIQEDRKANKI IVTKSKDLNNCNEK
* * * * o, i LR R R R EEEEELE X kR R kR ek ke ke e *
170 180 190 200 210
M-177 RVDLRQOTPDQALGQRLKIIRHYMHPMDSDLMCRMT . LKDRVVSEVDCEERH
Lipophor EQGRNDFVNSIANPDAGIKDLOVLOSMLNVESKV . NNGVPEKVSAIEEYT,
Lipo-B100 KPIRTGISPLALIKGMTRPLSTLISSSOSCOYTLDAKREHVAEATICKEQH
Ret-Fab EQINSGLVSGKVNEKAGITSSLLLOANY IKESRIVNHLIENVQLTETYKE
Vitellog IKMDIGMAY SHTCENCRKIRKNTRGTAAYTY ILKETDTGTLITQATSOEV

A A A A AnA A

Fig. 3. Alignment of amino terminal of M-177 homologue with the tobacco horn wfvtanduca sexta)
apolipophorin precursor (gi2498144), human apolipoprotein B-100 precursor (gi7l7B88lanogasteretinoid- and
fatty-acid-binding protein (gi1511646) and the vitellogenin precursor (gi3123009) from the white s{érgjeenser
transmontanus)The sequences have had gaps introduced (.) to align the areas of conservation with the homologu
M-177. The numbering is according to the M-177 homologeeresidues showing identity in all or most polypep-
tides; ~ = identity for M-177 and apolipoprotein B-100 only; b = residues forming an amphipatiéet in the lipid-

binding pocket of apolipoprotein B-100 and vitellogenins.

analysed and they showed over 80% identity tdthkari-
naeandE. maynesequences. A furthef Sequence is how-
ever required to complete the analysis for this species. In ac-

Table 1. Nucleotide substitutions in the
E. mayneM-177 homologue.

. o Nucleotide  Substituti Result
cordance with 1UIS nomenclature, it is proposed that these p:;tiegn' e >ubstitiion Resu
constitute group 14 allergens.

The recombinanD. farinae Mag 1 polypeptide was 3144 GT silent
found to bind IgE in the serum of 30% of mite-allergic sub- 3224 A-G silent
jects [24], but more significantly, natural Mag 3 isolated 3288 A silent
f ite extract bound IgE in 70% of sera [13]. This fre- 3990 el silent
rom mi . g - 1IN (] ere . . 4025 T Ala1291-\/g]1291
guency and magnitude of binding was similar to the major 4071 A-G silent
allergen Der f 2. Moreover, T-cell-proliferative responses to 4854 G-A silent

5022 A-G silent

Mag 3 were large and correlated with responses to Der f 2
[25].

Fujikawa et al. [11] have shown that serum raised against
D. farinaeMag 3 bound to a number of bands in Western

blots of house dust mite extract, with the largest band beithggradation products bound IgE more strongly than the
177 kD. The pattern of the bands varied with different egemplete protein [11]. It is therefore possible that the degra-
tracts although bands of over 70 kD were more prominedation process exposes IgE binding epitopes. The presence
The storage of a purified 177-kD protein led to the brea&f proteases such as Der p 1 may also contribute to the al-
down of the protein; this degradation was inhibited by préergic potential of this protein. Further work in characteris-
tease inhibitors. This shows that degradation of this larimgy the IgE binding of the mature protein, both natural and
protein occurs, either naturally or as part of the processasfa recombinant fusion protein, is required.

preparing house dust mite extract [13]. Interestingly, the
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The deduced molecular mass of themayneiM-177 apolipophorins. A further region of interest is found be-
homologue is 191.3 kD, and with the presumed signal papeen residues 39-50 which corresponds to an amphipathic
tide cleaved is 189.5 kD. Since the band identified as birtzeta strand found in apolipoprotein B. This has been shown
ing to anti-Mag 3 serum was 177 kD, there is a possibility be part of the lining of a lipid-binding cavity [32]. Al-
that other post-translational modifications of the protein otttough the sequence is not conserved, the same amphipath-
cur. Fujikawa et al. [13] have shown that the 177-kD protein structure is found in the vitellogenins and also in M-177.
has little carbohydrate or lipid content, but because the teis not, however, present in the horn worm apolipophorin
solving capacity of SDS-PAGE for high-molecular-weighor the retinol-fatty acid binding protein.
proteins is low, it is also possible that the M-177 band was The horn worm apolipophorin precursor mMRNA encodes
closer to 190 kD. Histochemical staining has showthe polypeptides of apolipophorin | and apolipophorin |l
widespread staining for M-177 throughout the internal oglycoproteins. The N-terminal portion encodes the polypep-
gans. tide portion of 80-kD apolipophorin Il and the C-terminal

Fragments of this large polypeptide have also been isegion the polypeptide of the 250-kD apolipophorin I. The
lated using two-dimensional immunoblotting [26]. Twaleavage site is not known. The cDNA for the M-177 ho-
large allergens with a molecular mass of 80-83 and 9&elogue which encodes 1,651-amino-acid residues is con-
101 kD, were isolated frord. farinae extract. Microse- siderably smaller than the 3,300 insect lipophorin. So al-
quencing of these allergens was performed and sequethmeigh the N-terminal sequence is homologous to
alignments of peptides P9 and P15 from allergen a shovegmblipophorin II, there may be fundamental differences.
100 and 93% identity, respectively, with farinaeMag 3. The stop codon of the M-177 cDNA is correctly positioned
Comparison with amino acid sequence data fromBhe because it is found in both maynesequence and the Mag
mayneiM-177 homologue shows similar identity with thes& cDNA fragments fronD. farinae The downstream se-
fragments, while P16 from allergen a and P15 from allerggunence is also a typical 3 region. One possibility is that the
b also show 88 and 100% identity, respectively, withEhe mRNA could be truncated in a secondary processing event
mayneiM-177 homologue. No similarity was seen with inas found for the formation of apolipoprotein B48 from the
ternal peptide P14 from allergen b which had 78% similaapolipoprotein B100 gene [29].
ty with prawn chitinase. The finding that the M-177 protein is an apolipophorin-

The N-terminal sequence data provide some insights likke protein has some interesting connotations. These pro-
to the identity of the M-177 IgE binding protein. The firsteins form part of the haemolymph lipophorins which are
220 residues show high similarity to a group of lipid transhuttles for the transport of lipid from the gut to the liver
port proteins, apolipophorin [27, 28]; apolipoprotein B-108nd to tissues. Lipophorins consist of apolipophorins | and
[29]; and a retinol- and fatty-acid-binding protein (also B and up to 50% lipid to form a particle with a molecular
putative apolipophorin) [30]. They also share some strutrass of about 600 kD [28]. Sometimes, a third transport
tural similarity with the major egg yolk protein vitellogeninapolipophorin (apolipophorin Ill) is present. This presenta-
[31]. All these proteins are large and typically only the Nion as a lipid complex may enhance the immune response
termini show sequence conservation [27, 32]. Indeed, thed it is of interest that other lipid-binding molecules, i.e.
evolutionary substitution rate of the C-terminal of thépocalin, uteroglobin and phospholipase are strong aller-
apolipoprotein B sequence is 4 times the rate found for thens [33]. The ability of lipid conjugation or entrapment to
N-terminus [32]. The conserved areas of sequence whalhance Thl responses has been well documented, but it is
had previously been recognised between these moleculew known the presentation of antigen in small lipid vesi-
were also present in the M-177 homologue. The alignmaés enhances Th2 responses [34]. Finally, it should be not-
corroborates the position of the N-terminal of the M-17&d that the apolipophorins are insoluble in water which may
homologue. All three putative lipophorins have the two Nse a reason why a major protein is only found in small quan-
terminal cysteines (C3 and C7) in a region of high sequeriitg in mite extracts and is degraded.
conservation and the overall molecular structure is the
same. The disulphide bonds have been determined for
apolipoprotein B100. Bonds between C7 and C54 (M-177 Acknowledgment
numbering) and between C98 and C135 correspond to
disulphide bonds in apolipoprotein B100 and are in regions This work was supported by grants from the National Health and
of conserved sequence. The cysteines for the disulphiésical Research Council of Australia.
bonds C51-70 (apoB numbering) are not present in the
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