
mere-bind~ng factors. Altered spatial orga- 
nization in the nucleus, or an altered telo- 
mere structure, could also make lnutant 
telomeres inaccessible to factors that nor- 
mally act to separate sister chromatids. For 
example, the yeast DNA untangler topo- 
isornerase I1 is required for anaphase chro- 
matid separation (24), as is proteolysis of 
noncpclin proteins such as Cut2 (18, 25). 
The  cut2 and cut1 lnutant phenotype (26) is 
strikingly s~milar to that of Tet~ahynena 
te~-43AA: The main bod~es of the slster 
chromosolnes are pulled apart, but the telo- 
meres relnain localized late in anaphase, 
while the cell cycle continues (20). F ~ ~ r t h e r  
i~lvestigations into cells with altered telo- 
mere structure will help define the mecha- 
nism by which sister chromatids cohere and 
separate in a timely manner. 
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Immune Hyperactivation of HIV-I -Infected T 
Cells Mediated by Tat and the CD28 Pathway 

Melanie Ott, Stephane Emiliani, Carine Van Lint, 
Georges Herbein, Jennie Lovett, Narendra Chirmule, 

Thomas McCloskey, Savita Pahwa, Eric Verdin* 

Human immunodeficiency virus-type 1 (HIV-I) infection is characterized by a chronic 
state of immune hyperactivation in patients. Infection of human peripheral blood lym- 
phocytes with HIV-I in vitro resulted in increased interleukin-2 (IL-2) secretion in re- 
sponse to T cell activation via the CD3 and CD28 receptors. Expression of the HIV-I 
transactivator Tat recapitulated this phenotype and was associated with increased IL-2 
secretion in response to costimulation with CD3 plus CD28. IL-2 superinduction by Tat 
occurred at the transcriptional level, was mediated by the CD28-responsive element in 
the IL-2 promoter, and was exclusively dependent on the 29 amino acids encoded by 
the second exon of Tat. 

Symptoms of immune hyperactivation in 
HIV-1-infected individuals are noted 
throughout the course of infection and in- n 

clude spontaneous lymphocyte prolifera- 
tion: exnression of T cell activation anti- 
gens; lymph node hyperplasia; increased cy- 
tokine expression; and elevated levels of 
neopterln, PI-microglobulin, acid-labile in- 
terferon, and IL-2 receptors ( 1 ,  2). Immune 
hyperactivation is probably cr~tical for the 
maintenance of the infectious process, as 
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HIV-1 cannot infect resting T cells (3, 4 )  
and therefore depends on a pool of activat- 
ed T cells in the host. Proposed mechanisms 
for this immune hyperactivation ~nclude 
the persistence of virus and viral antigens 
throughout the course of the disease, the 
presence of a superantigen encoded by HIV 
or another microbe, and the presence of 
autoimmune phenomena (2) .  

We considered the possibility that 
HIV-1 infection itself could lead to the 
superactivation of infected T cells. Periph- 
eral blood lymphocytes (PBLs) were ~nfect- 
ed with the primary viral isolate HIV-I,,,, 
(5)  after activation with antibodies to CD3. 
Cells were then restimulated with antibod- 
ies directed against the CD? and CD28 
molecules. These two receptors play a crit- 
ical role In T cell activation; the CD3 
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complex is associated with the T cell recep- 
tor and is its signal-transducing subunit, 
whereas the CD28 receptor has recently 
emerged as a costimulatory receptor neces- 
sary for the full program of T cell activation 
(6). Restimulation with antibodies to CD3 
plus CD28 (anti-CD3+CD28) at day 3, 
when reverse transcriptase (RT) activity in- 
dicated active viral replication, induced a 
marked superinduction of secreted IL-2 in 
infected cells as compared with that in un- 
infected PBLs (Fig. 1). The same results 
were obtained when intracellular IL-2 pro- 
duction was measured by flow cytometry 
(Fig. 1). This superinduction of IL-2 secre- 
tion was strictly dependent on CD28 co- 

stimulation and did not occur with anti- 
CD3 alone (7). This initial experiment in- 
dicated that HIV-1 infection alone is asso- 
ciated with a hyperresponsiveness of T cells 
to costimulatory activation signals. 

Because the HIV-1-encoded Tat pro- 
tein is a potent transcriptional activator of 
the HIV-1 promoter, it might also affect 
the transcription of T cell-specific genes. 
Two groups of workers found an increase 
in IL-2 transcription (8, 9), whereas two 
other reports described an inhibition of 
IL-2 transcription (1 0, 1 1 ) in response to 
Tat. These contradictory results, the ab- 
sence of data on viral infection, and the 
unphysiological reagents used to stimulate 

IL-2 transcription have limited the impact 
of these observations. 

To examine the role of Tat in T cell 
activation, several Jurkat cell lines that sta- 
bly expressed either the one-exon form of 
Tat [72 amino acids (Tat72)l or the two- 
exon form of Tat [lo1 amino acids 
(TatlOl)] were established (1 2). TatlOl is 
expressed both early and late in the virus 
life cycle, whereas Tat72 is expressed solely 
in the late phase (13). Five Jurkat clones in 
each group (Tat72, TatlOl, or control 
clones containing an empty expression cas- 
sette) were selected and further character- 
ized. Flow cytometry analysis showed simi- 
lar amounts of cell surface expression of the 
following markers: CD3, CD4. CD25. 

Fia. 1. Hvpersensitiv- 1500~ T 15r T 1500, 
i<of HIV-{:infected T 
cells to CD3+CD28 co- 
stimulation. PBLs were 3 
obtained from Ficoll- 

, Hypaque (Pharmaciak 
purified PBMCs after 
three cycles of adher- -HIV +HIV -HIV +HIV -HIV +HIV 
ence-mediated depletion 
of macrophages. Nonadherent cells were treated with immobilized anti-CD3 (33) and infected with HIV,,,, (5) 
(5 X lo5 pg of p24 antigen per lo7 cells). Forty-eight hours later, cells were stimulated with antXD3+CD28 
(1 d m l )  (33) or an isotype control. IL-2 production was analyzed by measurement of the secreted 11-2 
concentration in supernatants by enzyme-linked immunosorbent assay (ELISA) (R&D Systems) or by flow 
cytometry analysis of intracellular IL-2 production with the use of brefeldin A treatment and a phycoerythrin- 
labeled antibody to IL-2 (Pharrningen) (75). Viral production was estimated by measurement of RT actiwty in 
culture supernatants. Data averaged from three independent donors are shown (mean ? SEM). 

Fig. 2. Characterizat~on of A 
HIV-1 Tat-expressing clones. 
(A) RNase protection analysis. Control Tc.173 Tat101 ACH2 
Rve representative clones - - 
containing Tat72, Tat101 , or Clone i 2 3 4 5 I 5 1 2 3 4 5  - + n t  
an empty expression cassette - ---- - - 404 

were analyzed by RNase pro- TatlO1 -) ..* .a b 
tection assay with an anti- 
sense probe corres~ondina 
to ~atl'01 mRNA (1'4). Thi 
probe protects two fragments . . 
i f  234.and 327 nt that corre- 
spond to Tat72- and Tat101 - GAWH -b gg 
specitic transcripts, respec- 

corn 
tively. RNA from ACH2 cells, 
untreated (-) or treated (+) B c 
for 8 hours with tumor necro- , ooo sis factor- (800 U/ml; Gibco- = 
BRL), was analyzed with the 'g 800 
same probe for comparison. 3 
AII samples were also ana- 

2 600 600 

lyzed with an antisense probe 2 400 400 
corresponding to the mRNA 0 0. 

for the GAPDH gene as an in- $ 200 200 

temal activating control activity. (30). Tat (B) activity, Trans- 0 12345 1 2 3 4 5  1 2 3 4 5  "/ 0 0 200 400 600 800 

measured by the Tat-depen- Control Tat72 Tat101 RNA (cpm) 
dent transactiiation of the HIV 
promoter, was tested in fie clones containing Tat72, Tat1 01, or an empty expression cassette by measure- 
ment of CAT activity in cell lysates after transfection of pLTR-CAT. This construct contains the HIV-1 LTR 
driving the expression of the CAT gene (30). Average values (+.SEM) of two transfections performed in 
duplicate are shown. (C) Correlation between Tat expression and CAT activity. Basal Tat-specific mRNA 
levels, quantified by phosphorimager analysis (Instantlmager, Packard, Downers Grove, Illinois) of Tat-specific 
protected bands shown in (A) are plotted against Tat activity, measured as LTR-CAT activity. 

CD26, ~ ~ 2 8 ,  CD45, and human leukocyte 
antigen DR (7). Expression of Tat mRNA 
was demonstrated in these clones by ribo- 
nuclease (RNase) protection assays with an 
antisense riboprobe corresponding to the 
full-length Tat (14) (Fig. 2A). The amount 
of Tat mRNA in these clones falls within 
the range observed in HIV-1-infected cells 
as shown by comparison with ACH2 cells 
(Fig. 2A). Tat was detected in these clones 
with a fluorescein isothiocyanate-labeled 
antibody directed against Tat (Intracel, 
Cambridge, MA) and flow cytometry anal- 
ysis after permeabilization of the cells (7, 
15). Tat proteins produced in these clones 
were functional, as shown by their ability to 
activate transcription of a transiently trans- 
fected construct consisting of the HIV-1 
long terminal repeat (LTR) placed up- 
stream of the chloramphenicol acetyltrans- 
ferase (CAT) reporter gene (16) (Fig. 2B). 

To assess the response of these Tat-ex- 
pressing clones to T cell activation signals, 
we measured the secretion of IL-2, a crucial 
cytokine in T cell differentiation and pro- 
liferation. Clones stably expressing TatlOl 
secreted 10 times more IL-2 than did Tat72 
or control clones in response to costimula- 
tion by anti-CD3+CD28 (Fig. 3A). 
Amounts of secreted IL-2 positively corre- 
lated (correlation coefficient r2 = 0.92) 
with the TatlOl activity present in the cells 
(Fig. 3B). This correlation was not observed 
for Tat72-expressing clones (Fig. 3B). 
TatlOl-mediated IL-2 superinduction was 
sensitive to low doses of rapamycin (1 nM), 
an inhibitor of CD28-mediated signaling. 
TatlOl clones were hypersensitive to CD28 
signaling, as demonstrated by the increase 
in IL-2 secretion and by their ability to 
respond to reduced doses of CD28 (0.1 kg/ 
ml versus 3 pg/ml) (Fig. 3C). 

The same superinduction of IL-2 secre- 
tion in response to anti-CD3+CD28 was 
observed in PBLs treated with exogenous 
TatlOl but not with Tat72 (Fig. 3D). The 
superinduction was proportional to the 
amount of TatlOl (5 versus 10 pg) and did 
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not occur in PBLs stimulated with anti- 
C D 3  alone (Fig. 3D) .  W e  cannot cotnplete- 
Iy excl~lde the  possibility that Tat101 was 
more readily taken up by these cells, which 
could account for the  difference observed 
between Tat72 and Tat101. These observa- 
tions therefore confirm, in  nontransforlned 
pri~nary cells, the  results observed with the 
stable Tat-expressing clones. However, be- 
cause T a t  concel~trations in infected indi- 
viduals are lower than the  concentrations 
used here (17),  it is likely that Ta t  cannot 
f ~ ~ n c t i o n  as an  extracellular mediator to  in- 
crease CD28 responsiveness and that its 
activity is litnited to the  infected cell. 

CD28 costilnulation induces IL-2 secre- 
tion by stimulating IL-2 gene transcription 
and by increasing IL-2 rnRNA stability (6). 
In  agreement with these observations, am- 
plification of reverse-transcribed 1nRN.A by 
the  polymerase chain reaction (RT-PCR) 
with IL-2-specific primers delnonstrated 
that Tat101 clones contain five times more 
IL-2 rnRNA than do  controls after 
CD3+CD28 costimulation (7) .  T o  exam- 
ine the  effect of Tat101 a t  the  transcrip- 
tional level, a reporter constr~lct with the  
IL-2 promoter cloned upstream of the  re- 
porter gene luciferase (pIL-2luc) was trans- 
fected into clones expressing Tat72 or 
Tat101 or into control clones. In  Tat101 
clones only, the  IL-2 promoter was superin- 
duced in response to CD3+CD28 costirnu- 
lation and, to a lesser extent, in response to 
anti-CD3 stirnulation alone (Fig. 4A) .  N o  
promoter activity was detected in  the  ab- 
sence of stitnulation (7) .  A sitnilar superin- 
duction of IL-2 protnoter activity in re- 
sponse to CD3+CD28 costitnulation was 
also observed ~ v h e n  an  expression vector for 
Tat101 was cotransfected with pIL-2luc (7) .  

T h e  mechanism of action of the  Tat101 
protein o n  IL-2 transcription was examined 
by determination of the  binding of tran- 
scription factors to  regulatory elelllents 
within the IL-2 promoter. Gel retardation 
experiments were done with double-strand- 
ed oligonucleotides corresponding to  bind- 
ing sites within the  IL-2 protnoter for the  
transcription factors nuclear factor of acti- 
vated T cells (NF-AT),  AP-1, N F  kappa B 
(NF-KB), and the  CD28-responsive ele- 
ment (CD28RE) ( 18). Specific and induc- 
ible bindiqg of nuclear factors to all four 
sites was detected as early as 1 hour after 
CD3+CD28 costi~nulation (Fig. 4B). Al- 
though factors binding to  the  CD28RE [nu- 
cleotide ( n t )  -154 to n t  -1431 were signif- 
icantly superinduced in  Ta t  101 -expressing 
clones when colnpared to controls (Fig. 
4B), factors binding to  other sites were un- 
affected by Tat101 expression (Fig. 4B). 
Superinduction of CD28RE was weak in 
response to CD3 stimulation alone and did 
not occur in Tat72-expressing clones (7) .  In  

addition, factors binding to the CD28RE of 
the  IL-8 promoter (19) were sitnilarly su- 
pe r ind~~ced  by Ta t  10 1 expression (7) .  As 
the  CD28RE is related to  a NF-KB billding 
site (20) ,  the  absence of change in factor 
binding to  the  IL-2 NF-KB site was unex- 
pected. Nevertheless, examination of two 
additional NF-KB sites from the  lympho- 
toxin and the  HIV-1 prornoter (21) con- 
firmed that Tat101 does not affect NF-KB 
bindiqg (7 ) .  Additionally, usiilg specific 
antisera, we have confirlned previous ob- 
servations tha t  the  CD28RE binds a cotn- 
plex composed of members of the  NF-KB 
family: c-Rel, p50, and RelA (22) .  

Mutation of the  CD28RE in the  IL-2 
prornoter (plasmid pIL2-lucmut) abolished 
Tat101-mediated superinduction in re- 
sponse to  anti-CD3 + CD28 (Fig. 4A) ,  
dernonstrating that the  CD28RE is critlcal 
for Tat101-mediated increased transcrip- 
tion of IL-2. T h e  CD28RE is also sufficient 
for the  Ta t  response, because a lninilnal 
construct containing three multi1neri:ed 
CD28REs clolled upstream of a minimal 

promoter (thymidine kinase) was respon- 
sive to Tat101-mediated s~~per ind~ lc t ion  in 
response to  CD3 +CD28 costimulation (7).  

T o  prove tha t  the  superinduction of 
IL-2 secretion observed during the  course 
of HIV-1 infection (Fig. 1 )  was indeed 
caused by the  second exon of T a t ,  we 
generated a mutant  infectious clone of 
HIV-1 by intro~iucing a stop c o ~ l o n  a t  
amino acid 72 in  the  T a t  open reading 
frame (ORF)  ( H I V l t a t e x o n 2 ) .  This  mu- 
tation does not  affect the  sequence of Rev, 
which is encoded i n  another O R F  in t h e  
same region. Wild-type H I V  and 
H I V l t a t e x o n 2  replicated in  PBLs with 
almost identical kinetics (23) .  Both virus- 
es were used to  infect PBLs, and the  re- 
sponse of these infected populations to  
different T cell activation signals was mea- 
sured in  terms of IL-2 secretion. Wild-type 
HIV-1 infection was associated with a n  
increase in  sensitivity to  C D 3 + C D 2 8  sig- 
nalillg reflected in  greater IL-2 secretion 
in comparison to that  of uninfected PBLs 
(Fig. 5 ) .  This  increase in  IL-2 was strictly 

il:::l - :*-*;J,!;;;I/ ' 400 

0 
Uninduced Anti-CD3 Anti-CD3+28 0 200 400 600 800 1000 

LTR-CAT (cpmlrnin) 

D 

T 

0 0.1 0.3 1 3 9 5 10 5 10 Tat (@In-I) 
Anti-CD28 (pglrnl) Anti-CD3 Anti-CD3+28 

Fig. 3. Up-regulation of L - 2  secretion by TatlOl in response to CD3+CD28 costimulation. Exponen- 
tially growing Jurkat clones were activated with monoclonal anti-CD3 In the presence or absence of 
cost~mulatory monoclonal ant-CD28 or a control sotype antibody (33). Supernatants were hatvested 
24 hours after the addltlon of antibodies, and IL-2 concentratons were determined by ELSA (R&D 
Systems). (A) L - 2  concentrations (mean 5 SEM) In response to CD3, CD3+CD28 (1 p.giml) costimu- 
ation In control clones (white bars), Tat72-expressng clones (hatched bars), and Tatl 01 -expressing 
clones (black bars). (B) Correlation between IL-2 secretion In response to CD3+CD28-mediated 
cost~mulation and Tat transactivating actvlty measured by CAT assay after transient transfectlon of a 
LTR-CAT reporter construct (see Fig. 1 B) In Tatl 01 ( s o d  clrces) and Tat72 clones (open circles) (C) 
Clones stimulated wlth ant-CD3 were treated with Increasing concentratons of anti-CD28 (0 to 9 
pg im) .  Mean IL-2 values (i-SEM) of TatlOl clones (sol~d crcles), Tat72 clones (open circles), and 
control clones (open trlanges) are shown. (D) Effect of exogenous Tat on L - 2  secretion in human PBLs 
in response to anti-CD3 or antl-CD3+CD28. PBLs (10%eIs) were Incubated with no Tat (white bars), 
5 or 10 pg  ofTat72 (34), (hatched bars), orTatlOl (34) (black bars) in the presence of sulfated protamne 
(1 00 p.gim) for 15 m n  at 37°C (35). Cells were then duted into regular culture medum and stlmuated 
with ant-CD3 or anti-CD28 as descrbed above for 24 hours Results, averaged from three independent 
experments, are expressed as fold increase over untreated controls 
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dependent on the second exon of Tat, as 
infection with HIVAtatexon2 actually re- 
sulted in a suppression of IL-2 secretion in 
comparison to that of uninfected PBLs 
(Fig. 5). Modulation of T cell activation 
by HIV-1 was dependent on the successful 
completion of the virus life cycle, as no 
effect was observed on IL-2 secretion 
when the infection was performed in the 
presence of the reverse-transcriptase in- 
hibitor azidothymidine (AZT) (Fig. 5). 

The function of TatlOl described here 
fulfills many of the proposed activities of an 
HIV-encoded non-specific activator of the 
immune system. Because signs of immune 
hyperactivation are present in HIV-l-in- 
fected individuals, we propose that HIV-1, 

in part through the second exon of Tat, 
directly modifies the degree of immune ac- 
tivation in infected individuals. Increased 
IL-2 concentrations in the lymph nodes of 
HIV-infected patients might prime resting 
T cells for infection by HIV-1 in an anti- 
gen-independent fashion. Such a possibility 
is supported by the observation that in- 
creased IL-2 levels have been observed in 
the lymph nodes of HIV-l-infected indi- 
viduals (24, 25) and that IL-2 treatment 
alone of peripheral blood mononuclear cells 
(PBMCs) is sufficient to prime these cells 
for HIV-1 infection (22,26). Taken togeth- 
er, these observations suggest that increased 
production of IL-2 by HIV-l-infected cells 
within the confined environment of the 

Fig. 4. Activation of IL-2 production by TatlOl A 
occurs at the transcriptional level and is mediated 
by the CD28-responsive element. (A) Transient 
transfection assays of plL-2luc into Jurkat Tat72, 2 Tatl 01 , and control clones. DNA from plL-2luc (in 
which the human IL-2 promoter drives the report- 
er geneluciferase) or from plL-2lucmut [a mutated .F 

construct lacking the CD28-responsive element { 4 

(36)] were transfected into Jurkat clones express- 2 - 2 
ing either Tat72 or Tatl 01 (0.3 pg of DNA per 5 x 
lo6 cells) cells with the use of the standard DEAE- Ant-CC3 Anh-CDj-28 Antt-CC3 Antt-C@:-28 

dextran technique followed by an incubation with plL-2lucwl plL-21ucmut , 
2 2 

0.1 mM chloroquine. Twenty-four hours after B 
transfection, equal numbers of viable cells, as de- gg 

C a m 1  Control TatlOl TatlOl --, 2 
termined by Trypan blue exclusion, were induced Time - - - - ? E 9  

with either anti-CD3 or antCCD3+CD28. Cells (hours)b 1 3 6 0 1 3 6 0 1 3 6 0 1 3 6 4 21" 
were harvested 18 hours later, and luciferase ac- N F - ~ 1  
tivity was analyzed according to the Luciferase 

u 
Assay System (Promega) with a luminometer AP-. II 
(Turner Designs Luminometer Model 20, Pro- 
mega). Values, normalized to protein concentra- N F - ~ ~  O U U  
tions, are expressed in fold increase over unstimu- 
lated controls. The mean (2SEM) of three control C ~ R I  # w w  
clones (white bars), three Tat72 clones (hatched 
bars), or three Tatl 01 clones (black bars) in one representative experiment is shown. (B) Gel retardation 
assay for factors binding to the IL-2 promoter. Double-stranded oligonucleotides corresponding to 
NF-AT (nt -283 to nt -250), AP-1 (nt -149 to nt -133), NF-KB (nt -202 to nt -185), and CD28RE (nt 
-154 to nt -143) binding sites in the human IL-2 promoter were synthesized (Genset, San Diego, 
California) and were 32P-radiolabeled (37). Nuclear extracts were prepared with the use of a rapid 
protocol (38) from two Jurkat-control clones and two Jurkat-Tat1 01 clones stimulated for 0, 1,3, and 6 
hours with anti-CD3+CD28. Gel retardation assays were performed as previously reported (30,37). For 
competition studies, a 50-fold molar excess of unlabeled double-stranded oligonucleotide either ho- 
mologous or heterologous to the probe was co-incubated with the 32P-labeled probe before nuclear 
extract was added. 

lymph node creates a permissive environ- 
ment for the propagation of the infectious 
process by priming unactivated (or partially 
activated) bystander T cells for infection. 

Because CD28 costimulation is a critical 
modulator of the expression of other genes 
important in T cell differentiation besides 
that encoding IL-2 (1 9, 27), it is probable 
that Tat causes the up-regulation of several 
genes in addition to that encoding IL-2, 
thereby contributing to the chronic im- 
mune hyperactivation observed in HIV-in- 
fected individuals (1, 2). The fact that the 
CD28 pathway is specifically targeted by 
HIV during the infectious process reempha- 
sizes the relevance of CD28 costimulation 
as an important therapeutic target for mod- 
ulation of HIV infection and pathogenesis 
(28). 

Fig. 5. The second exon of Tat is critical for HIV-1- 3000- 
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A Plastid of Probable Green Algal Origin in 
Apicomplexan Parasites 

Sabine Kohler,"? Charles F. Delwiche,*+ Paul W. Denny, 
Lewis G. Tilney, Paul Webster, R. J. M. Wilson, 

Jeffrey D. Palmer, David S. Rooss 

Protozoan parasites of the phylum Apicomplexa contain three genetic elements: the 
nuclear and mitochondria1 genomes characteristic of virtually all eukaryotic cells and a 
35-kilobase circular extrachromosomal DNA. In situ hybridization techniques were used 
to localize the 35-kilobase DNA of Toxoplasma gondii to a discrete organelle surrounded 
by four membranes. Phylogenetic analysis of the tufA gene encoded by the 35-kilobase 
genomes of coccidians T. gondii and Eimeria tenella and the malaria parasite Plasmo- 
dium falciparum grouped this organellar genome with cyanobacteria and plastids, show- 
ing consistent clustering with green algal plastids. Taken together, these observations 
indicate that the Apicomplexa acquired a plastid by secondary endosymbiosis, probably 
from a green alga. 

Apicornplexan parasites contain two ma- 
ternally inherited extrachro~noso~nal D N A  
ele~nents  ( 1  ). T h e  ~nitochondrial  genome is 
a ~ n u l t i c o p ~  element of -6 to 7 kh encod- 
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ing three proteins of the  respiratory chain 
and extensively frag~nented r~hosomal 
RNAs (2 ) .  In  a d d ~ t ~ o n ,  these parasites con- 
tain a 35-kb circular D N A  molecule 1 ~ 1 t h  
n o  s~gnificant si~nilarity to known m ~ t o -  
chondrial genomes. T h e  35-kh element IS 

s ~ ~ n i l a r  to chloroplast genomes, containing 
an  inverted repeat of r ~ h o s o ~ n a l  R N A  genes 
and genes typ~cally found 111 chloroplasts 
hut not ~ u ~ t o c h o n d r i a  (,poB/C, tl~jA, and 
clpC) (3) .  T h e  35-kh D N A  IS also pred~cted 
to encode a complete set of tRNAs, numer- 
ous ribosomal prote~ns,  and several uniden- 
tifled open reailing frames (3) .  

p24 secretion n to  culture supernatant. ~ndotoxln forna, San F-ancsco, CA 94113, US'A K'e used in s ~ t u  hyhridi;ation to  deter- 
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