
tic chromosonlal translt~ation, t(18;X) 
(ql  1 :q l  1 ), thc breakpoint on chromoson~e X 
has bccn assigned clcarly at Xp11.2 (-39).Thc 
elk-1 gcne rnay bc a candidate for involvcmetlt 
in this tr;u~slocation. elk-2 also maps to  a 
chromosome region, 14q32, which may lbc 
near characteristic trc~rlslocation brcakpou~ts. 
Chroniosonic band 14132, the sitc of thc Igf i  
and the putative oncogcne TC1- 1 (31, 40) is 
frequently rcarrangcd in U and T cell tumors. 
B cell ncoplasias exhibit chromosornd rcar-
r:mgcnients within thc IgH l o a ~ s  at 14q32.3, 
whereas in T ccll neoplasias with translocation 
in 14q32, the 14q32 breakpoint usu:Jly oc-
curs centromcric to thc IgH locus (31, 41). 
The hurnai proto-oncogcnc AKT-1, a homo- 
log of thc viral oncogenc v-ukt, has also been 
assigned to chromosome b;u~d 14x132 ccntro 
mcric to  thc IgH l o c ~ ~ ~  (42). It rcmains to be 
secri whether c~lk or  rclated sequcnccs play a 
rolc in the pathogcncsis of thesc malig~lancies. 
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Immune Response to Cholera Toxin Epitope 
Inserted in Salmonella Flagellin 

Bacterial flagella are potent inltnunogens and aromatic-dependent (aro) Salmonella as 
live vaccines evoke humoral and cellular immune responses. Such strains expressing 
epitopes of  protective antigens as inserts in flagellin would provide a novel way to 
vaccinate against diseases caused by unrelated pathogens. A synthetic oligonucleotide 
specifying an epitope of cholera toxin subunit B was inserted in a Salmonella flagellin 
gene. The chinleric flagellin functioned normally and the epitope was expressed at the 
flagellar surface. Parenteral administration to mice of an aroA flagellin-negative strain 
of S. dublin expressing the chimeric flagellin gene evoked antibody to cholera toxin. 

ECENT DEVELOI'MEN'TS IN VAC-

cine co~lstruction include thc usc of  
.sy~lthetic pcptidcs of rclcvant anti- 

gens from various pathogenic microorga- 
nisms ( 1); thc constructio~l of Salwroti~ll~z 
strains made nonvirulc~lt by irreversible mu- 
tations and thcrcfore safe for use as live 
vaccincs (2); and thc usc of  these avirirlent 
strains as carriers of clo~led genes that speci- 
5 foreign proteins to  obtain an irnmune 
rcsponsc to  hctcrologous protectivc anti-
gens (.?), in much the scmc way as vaccinia 
virus carrying forcigl gcncs has been wcd to 
confer protcctiorl against, for instance, ra-
bies (4). Wc have combined thcsc approach- 
cs by inserting a synthetic oligonucleotide 
into a cloned Salmatzr~lla flagellin gene; mice 
givcn a Solrnorzc~lla livc vaccinc cxprcssi~lg thc 
recombinant flagellin gcne showed an inl- 
mune rcsponsc to  thc inscrtcd epitopc. 

Thc flagcllin gcnc used, HI-d, determines 
the phasc-l flagellar antigen, d ,  of Salrnorzella 
mtrc~tichen, a protcin of  509 arnino acids; its 
secluc~lcc includes a "hypcrvariablc segmcnt" 
of ahout 350 by with no more than 30% 
amino acid idcntity to  thc corresponding 
sequences in Salmatzella flagcllar antigcns i, c, 
u ~ da (5, 6). Epitopes of flagellar antigens i 
(7) and d (8) have been identificd in the 
hypcn~ariablc regions of  genes HI-i of S. 
typhimrrriurn and HI-d of S. muenchert. A 
chromosomal Eco RI fragtncnt containing 

Dep:irtrncnt of M~crobiologv and 1mm11nolo Stan-
fi)rd Univcrsihr School nf '  Medicine, Sningh, <:A 
W305. 

"ro wtiorn corrcslmndcncc should be addrased 

M I - t i ,  originally cloned in plasmid pBR322 
(S) ,  was transferred to  pUC19, a plasmid 
lacking Eco R V  sitcs, t o  produce plasmid 
pI,S405; the in vitro dclction of an Eco RV 
fr:~gn~cntgave plasmid pLS408, with a 48-
hp dclctio~l in thc hypervariable region (Fig. 
1).This delction rcduccs but docs not abol- 
ish flagcllar filrlction (as inferred fro111 thc 
nlotility of a flagellin-ncgativc strain carry- 
ing pIS408) and rernovcs one or  more 
epitopes of  antigen d ( 8 ) .  'Thc remaining 
Eco RV sitc of  pI,S408 allows thc blunt-end 
insertion of oligonuclcotidcs. 

The epitopc choscn for expression in fla- 
gellin, pcptide CTP3, consists of rcsiducs SO 
to  6 4  of the B subunit of cholcra toxin (9) ;it 
clicits both polyclo~lal (10) and tno~loclo~lal 
(11) antihocks that bind to the peptide .*nd 
bind and neutralize cholcra toxin. A sy~lthct-
ic 45-hp, doublc-stranded oligonuclcotide 
specifying CTI'3, with codon usagc corre- 
spo~lding to that in sequc~lced Salmonella 
flagcllin gcnes (and with a ncw Cla I site to  
facilitate analysis) was inscrtcd at the unicluc 
Eco RV sitc of plasmid pIS408  (Fig. 1). 
Wc transfornicd competent cells of a flagcl-
lin-deficient Escherichic~ co/i strain, CL447 
(12), and sclectcd for ampicillin-resistant 
colonies. Thc oligonucleotide inscrt irn-
provcd flagellar fi~nction, as judged by the 
rate of sprcad in semisolid mcdiurn of cloncs 
with thc insert. 

Recornbinant plasmids were sequenced 
by tneans of a 15-bp pritner located 30 bp 
downstream from the insertion point. Plas- 
tnids h m d  to llavc a single complcte copy 
of the 45-bp scquence in correct orientation 
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(or with 9 bp missing from one or the other 
end) were transferred to Salmonella hosts, in 
which the cloned flagellin genes are better 
expressed than in E. coli CL447. The chosen 
plasmids were used to obtain ampicillin- 
resistant transformants from S. typhimurium 
LB5000, a restriction-negative and modifi- 
cation-proficient strain (13) that is non- 
flagellate because of mutationJaA66, which 
abrogates expression of the flagellin genes. 
Phage P22 HT10511 int was used to trans- 
duce the now-modified plasmids to S. typhi- 
murium SL5676, which has a deletion at H2- 
1,2 (the gene specifying the phase3 flagellar 
antigen of this species) and a TnlO-generat- 
ed deletion or deletion-inversion at HI-i that 
does not affect the function of adjacent Ja 
genes. The ampicillin-resistant transductants 
obtained had functional flagella, as shown 
both by rapid-spreading growth in semisol- 
id medium and by translational motility of 
nearly all the bacteria of log-phase broth 
cultures examined by low-power, dark-field 
microscopy. Protein immunoblots of lysed 
bacteria or disaggregated flagella showed 
that a single band bound both rabbit anti- 
body to flagella antigen d (14) and mouse 
monoclonal antibody to CTP3 (MAb 
TE33) (Fig. 2). MAb TE33 immediately 

- Hypervariable raglon 

ooao 
Q l T O J 1 Q l T C C G D O T A W W U C - T C T C M ~ u J I C C T  
Val Glu Val R o  Gly 8.r Cln 81. 11. A.p &r Gln Ly. Lys Ala 

Fig. 1. Structure of plasmid pLS408 and the base 
sequence of the synthetic oligonucleotide used as 
the insert. This plasmid was derived from pUC19 
by the insertion, at its Eco RI site, of a fragment 
that includes gene HI-d from S. muenchen 
ATCC8388, originally cloned in pBR322 (5) as 
pLS402, followed by the in vitro deletion of an 
Eco RV fragment, of 48 bp, in the hypervariable, 
antigen-determinant segment of HI-d. The oligo- 
nucleotide used, shown at the bottom, was de- 
signed to specify peptide CTP3 with codon usage 
according with that of sequenced Salmonella fla- 
gellin genes (5, 6) and with a Cla I restriction site; 
it was made by annealing two 30-base synthetic 
oligonucleotides and filling in the single-strand 
regions by Klenow fragment treatment. The 
product was blunt-end ligated to a phosphatase- 
treated Eco RV digest of pLS408. 

immobilized and rapidly agglutinated bacte- 
ria of strain SL5676 made motile by 
pLS411, the plasmid with the insert-bearing 
flagellin gene, but had no effect on the same 
strain made motile by plasmids with the 
wild-type gene or on that with the 48-bp 
deletion. Exposure of the foreign epitope at 
the suhce of the flagella was detected by 
gold immunolabeling (Fig. 3) of the flagella 
of Formalin-fixed bacteria, with MAb TE33 
as the first antibody. 

For tests of immunogenicity we replaced 
the phase- 1 flagellin gene, HI-g,p of aromat- 
ic-dependent live-vaccine S. dublin strain 
SL1438 (3) with a flagellin allele inactivated 
by a transposon, HI-i::TnlO; as S. dublin is 
monophasic, the resulting strain, SL5928, 
was nonmotile but became motile when 
transformed with plasmids containing either 
the wild-type, the deletion, or the chimeric 
form of HI-d, just as observed for the flagel- 
lin-negative S. typhimurium host, SL5676. 
The pUC-derived plasmids are stable in the 
live vaccine strain used, as shown by the 
ampicillin resistance of all of more than 100 
colonies from a bacterial suspension after 
two passages in broth without ampicillin 
and by the ampicillin resistance of all colo- 
nies recovered from mouse livers at autopsy. 
We immunized C57BLI6 mice with three 
intraperitoneal injections of 5 x lo6 bacte- 
ria, either Formalin-killed or live, at 7-day 
intervals. A week after the last injection the 
mice were bled and their sera were tested 
by enzyme-linked immunosorbent assay 
(ELISA) for reactivity with CTP3 peptide 
or whole cholera toxin (Fig. 4). We detected 
antibody to the inserted epitope in all the 
sera; all sera reacted as strongly with cholera 
toxin as with the CTP3 peptide. 

Epitopes of gp120 of human immunode- 
ficiency virus type 1 (HN-1)  (15), of Plas- 
modium berghei circumsporowite protein 
(16), of an epitope of the M protein of 
Streptococcuspyogenes type 5 (17), and of two 

epitopes of surface proteins of hepatitis B 
virus (18) have also been expressed with this 
system. In all of these investigations an 
immune response to the foreign epitope was 
generated in mice, rabbits, or guinea pigs 
afier administration of either an aroA live 
vaccine strain carrying the recombinant fla- 
gellin gene or killed flagellate bacteria or 
flagella of such a strain. Thus, the hypervar- 
iable region of HI-d is a useful site for the 
insertion of foreign epitopes into the flagel- 

Fig. 3. Immunogold labeling of the CTP3 epi- 
tope at the surface of the flagella. Strain SL5676 
harboring either plasmid pLS411, which has the 
complete CTP3 insert (A), or plasmid pLS408, 
with the in vitro deletion but not the insert (B), 
were labeled by treatment with MAb TE33 and 
gold-conjugated goat antibody to mouse IgG 
(Janssen) for electron microscope visualization 
( x 30,000). 

Fig. 2. Protein imrnunoblot 1 2 3 4 5 6 7 8 9 1 0  
analysis of SalmoneNa typhimur- 
ium SL5676 harboring various 
flagellin plasmids. Bacterial ex- 
tracts were reacted with rabbit 60 kD-' 

antibody to flagellar antigen d 
(lanes 1 through 5) or with 
MAb TE33 (anti-CTP3) (lanes 
6 through 10). Lanes 1 and 6, 
pLS402 (parent plasmid); lanes 2 and 7, pLS408 (the in vitro deletion mutant); lanes 3 and 8, pLS411 
(complete CTP3 insert); lanes 4 and 9, pLS415 (insert lacks the first 9 bp of the CTP3-specifying 
oligonucleotide); lanes 5 and 10, pLS416 (insert lacks the last 9 bp of the CTP3-specifying 
oligonucleotide). TE33 is an immunoglobulin G1 (IgG1) mouse MAb to a peptide (residues 50 to 64) 
of cholera toxin subunit B (11). TE33 antibodies from ascites fluid of BALBIc mice were purified by 
precipitation with 45% ammonium sulfate (twice) and chromatography on a DEAE-Sephacel column. 
Bacterial protein extracts were subjected to electrophoresis on a 10% SDS-polyactylamide gel and 
blotted onto nitrocellulose sheets, which were probed with the indicated antibodies and then with 
peroxidase-conjugated goat antibody to rabbit IgG (for antiflagellin) or peroxidase-conjugated goat 
antibody to mouse IgG (for TE33). The absence of amino acids 50 to 52 of the epitope in pLS415 (lane 
9) did not affect the binding of MAb TE33, but the absence of amino acids 62 to 64 (lane 10) reduced 
binding of this monoclonal antibody. 
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Reciprocal dilutions 

Fig. 4. Antihody response of five mice inunu- 
n i ~ dwith SL5929, a Salmonelln duhlitz live vaccuie 
strain that expresses thc chimeric flagellin genes; 
Cl, bcforc inlmunization, H, after immunization 
with SL5929. Reactivity of mouse sera with 
wholc native cholera toxin was mcasurcd by solid-
phase ELISA ( 9 ) ,  with peroxidase-conjugated 
goat antibody to mouse IgG (TAGO).Micc wcrc 
irijccted i~itraperitoneally three times, at weekly 
intervals, with 5 X 10' Formalin-lulled hactcria; 
sera were collected 7 days after the last injection. 
'The bars represent the mean opricd density for 
sera from five mice (SE <IS% for all dilutions). 

lar antigen, and the altered Sal r r~or l f l la  
strains, when used as vaccines, can cause the 
production of antibodies specific for the 
foreign epitope (19, 20). Some inserts three 
times as long as the 16-amino acid deletion 
are compatible with flagellar hnctioti (18). 
This flexibility indicates that it may be feasi- 
ble to insert several epitopes of a protective 
antigen (at one or more sites), to increase 
the chance of an imm~me response, despite 
the probability that a givcn epitope will be 
ineKective in sotne subjects of an outbred 
population. 

Some in-frame inserts did not confer mo- 
tility on a flagellin-negative host; we are 
investigating what constraints exist for re- 
tention of hnction. In res~llts to be present- 
ed elsewhere, we provide evidence that an 
epitope placed in the flagellar filanlcnt pro- 
tein can elicit a cellular inunune response, as 
shown by proliferative response of c~lltured 
spleen lymphocytes to the relevant peptide 
(21). The ability to (i) synthesize pepticles 
for the identification of antigenic and pro- 
tective epitopes froin pathogens, (ii) insert 
the corresponding oligor~~rcleotides into fla- 
gellin genes, and (iii) use safe and etfcctive 
live vaccine strains of Salmonc~llathat ind~lce 
cellular and humoral immunity makes possi- 
ble the construction of vaccines for protec- 
tion against infections for which immune 
prophylaxis is presently not feasible. 
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Heritable Allele-Specific Differences in Amounts 
of apoB and Low-Density Lipoproteins in Plasma 

Dov GAVISH,ELIOTA. BKINTON,JAN L. KRESI,OW* 

Low-density lipoprotein (LDL) concentrations correlate with risk of coronary heart 
disease, and genetic variation affecting LDL levels influences atherosclerosis suscepti- 
bility. The principal LDL protein is apolipoprotein B (apoB); apoB is not exchangeable 
between lipoprotein p,articles and there is only one apoR per LDL particle. Plasma 
LDL therefore consists of two populations, one containing apoB derived from the 
maternal and one from the paternal apoB alleles. Products of  the apob gene with high 
or  low affi i ty for the MB-19 tnonoclonal antibody can be distinguished, and this 
antibody was used to  identify heterozygotes with allele-specific differences in the 
amount of apoB in their plasma. A family study confirmed that the unequal expression 
phenotype was inherited in an autosonla1 dominant manner and was linked to  the apob 
gene locus. Significant apoB genetic variation affecting plasma LDL levels may be more 
common than previo~isly appreciated. 

constituent of several types of lipo- 
.protein particles and exists in two 

forms, B-100 and B-48. The B-100 protein, 
which is madc primarily in the liver, is 
virtually the only protein in low-density 
lipoprotein (LDL) aid mediates the interac- 
tion of LDL with its receotor (1-4). Defects 
in the apoh gene have lken desc;ibed that 
result in ditninished plasma apoB in the 
disorder hypobetalipo~rotei~~cm~a(5-8). As 
a consequence, hotnozygotes have little or 

no plasma LDL cholesterol, whereas lietero- 
zygotes have approximately 30% of normal 
levels (5) .These observations suggest that 
other defects in the apoh gene might also 
infl~rence LLjL cholesterol levels. 

We now report that there are heritable 
differences in the contribution of specific 
alwb alleles to plasma apoB concentrations. 

'The R~rkcfeller IJn~versmw. 1230 Ynrk Avcnuc, New 
York, NY 10021 

whom corrcywndencc should he addressed. 

SCIENCE, VOL. 244 


