
Sewatia. In extracts, however, the inhibitors 
were active against the Pseudomom and Ser- 
ratia deacetylases. Because the lipid A content 
was not reduced in living cells of Pseudomom 
and Sewatia treated with inhibitors (1 2. 20). it ~ , ,, 

may be that our compounds did not penetrate 
these bacteria or were actively extruded by 
them. 

Our compounds were capable of curing 
mice infected with live E,  coli (Table 3). The 
mouse model used for this purpose (Table 3) is 

Table 2. Minimal inhibitory concentrations of 
deacetylase inhibitors against a panel of Gram- 
negatiwbacteria. Bacterial strains were wild-type 
mouse-vi'dent isolates. Minimal lnh~b~tory con- 
centrations were determined as In Table 1. In 
most experiments, concentrations over 100 pg/ 
ml were not examined. The inhibitors did not kill or 
slow the growth of Gram-positive bacteria, yeast, 
or Chinese hamster ovary cells at 100 p.g/ml; only 
bacteria that make lipid A were killed. 

MIC (p.g/ml) 

Bacterial strain L-573, L-159, L-161, 

E. COB 200 to 50 
(MB2884) 400 
Enterobacter cloacae > 100 100 
(MB2646) 
Klebsiella pneumon~ae >I00 50 
(MB4005) 
Serratia marcescens > 1 00 1 00 > 1 
(MB3548) 
Proteus mirabilis >I00 >I00 50 
(MB3125) 
Pseudomonas aeruginosa > 1 00 > 1 00 > 1 00 
(MB3286) 

Table 3. Deacetylase inh~bitors L-159,692 and 
L-161,240 protect mice from lethal septicemia with 
E. coli strain MB2884. A systemic infection was es- 
tablished by intraperitoneal (i.p.) injection of E. coli 
MB2884 diluted in brain-heart broth. Challenge dos- 
es contained 9 to 33 median lethal doses. Antibiotics 
were administered i.p. immediately after the infecting 
dose (0 hours) and again 6 hours later. Five mlce per 
group were tested at each of several doses of inhib- 
itor. The test was terminated 7 days after infect~on, 
and the suwival records of that day were used to 
calculate the amount of antibiotic that should protect 
50% (ED,,) of the infected, treated animals (25). Be- 
fore the actual experiment, two mlce were treated for 
7 days w~th 100 mg of each compound per kilogram 
of body weight (a sevenfold excess over the maximal 
dose used in the infection model) without adverse 
side effects (such as seizures or lethargy) or reduced 
food intake. 

Survlvors/~nfected mice (n) 
after 7 days 

Dose (mg/kg) 
L-159,692 L-161,240 
treatment treatment 

relevant to the clinical situation of bowel 11. C. H. Stammer et a/., J. Am. Chem. Soc. 79, 3236 
(1 957). 

surgery Or The can be 12. J. M. Williamson and C. R. H. Raetz, unpublished 
used to eliminate antibacterial compounds observations. 
that are ineffective because-thev bind to ani- 13. ~t least one equivalent of zinc is present per protein 

mal tissues and T~~ intraperitoneal chain in deacetylase preparations purified to homo- 
geneity (J. E. Jackman, C. A. Fierke, C. R. H. Raetz, 

doses of L-159,692 or L-161,240 rescued mice unpublished observations) 
[calculated median effective doses (ED,,'s) of 14. D. H. Rich, in Comprehensive Medicinal Chemistv 
36 and 15 m~ per kilo~ram of body & i ~ h t ,  (Pergamon, New York, 1990), vol. 2, pp. 391-441. - A . - 
respectively] from an E,  coli infection that was 15. Co"ributors to the synthetic chemistry program 

were K. Barakat, M.-H.  Chen, S. E. de Laszlo, W. J. 
lo@% treatment. This suggests Greenlee, D. 5 .  R. Johnston, R. P. Nargund, A. A. 
that deacetvlase inhibitors could be develo~ed Patchett, J. Pfennig, M .  Steiner, and L. Yang 

for treatment of Gram-negative infections. 
Deacetylase inhibitors might also lower the 
complications of Gram-negative sepsls by re- 
ducing the amount of endotoxin released from 
bacteria when other antibiotics are used as the 
primary therapy (21, 22). 

REFERENCES AND NOTES 

1. H .  C. Neu, Science 257, 1064 (1992). 
2. J. D. Davies, ibid. 264, 375 (1994). 
3 .  B. G. Spratt, /bid., p. 388. 
4. C R. H. Raetz, J. Bacter~ol. 175, 5745 (1 993). 
5. , in Escherichia coli and Salmonella: Cellular 

and Molecular Biology, F. C. Neidhardt, Ed, (Ameri- 
can Society for Microbiology, Washington, DC, 
1996). vol. 1. DO. 1035-1063. 

6. S.  allow& and C. R. H. Raetz, J. Biol. Chem. 
265, 6394 (1 990). 

7. T. M .  Kelly, S. A. Stachula, C. R. H. Raetz, M .  S. 
~nderson,ibid. 268, 19866 (1 993). 

8. R. Vuorio and M. Vaara, Antimicrob. Agents Che- 
mother. 37, 354 (1 992). 

9. R. Godman, W. Kohlbrenner, P. Lartey, A. Pernet, 
Nature 329, 162 (1 987). 

10. S. M .  Hammond et a/., ibid. 327, 730 (1 987). 

16 B. Beal and J. ~utkenhaus, J. Bacteriol. 169, 5408 
(1 987). 

17. K. Young eta/. , J. Blol. Chem. 270, 30384 (I 995). 
18. K. Young and L. L. Silver, J. Bacter~ol. 173, 3609 

(1 991). 
19. T. Grundstrom, S. Normark, K.-E. Magnusson, bid. 

144, 884 (1 980). . 
20. The lipid A contents of sensitive and resistant cells 

grown in the presence of inhibitor were determined 
with a 32P, labeling assay (6). Sensitive cells dis- 
played a 90% reduction in the rate of lipid A synthesis 
and a 50 to 70% reduction in ipld A content in the 
presence of each inhibitor at its MC.  Res~stant mu- 
tants had a normal content and rate of synthesis of 
lipid A in the presence of inhibitor. 

21. J. J. Jackson and H. Kropp, J, Infect. Dis. 165,1033 
(1 992). 

22. J. M. Pr~ns, S. J. H, van Deventer, E. J. Kuijper, P. 
Speelman, Antlmicrob. Agents Chemother. 38, 
121 1 (1994). 

23. J. M. Williamson, M. S. Anderson, C. R. H. Raetz, J. 
Bacteriol. 173, 3591 (1 991). 

24. M. S. Anderson et a/., J. Biol. Chem. 268, 19858 
(I 993). 

25. L. F. Knudsen and J. M .  Curtis, J. Am. Stat. Soc. 42, 
282 (1 947). 

15 May 1996; accepted 3 September 1996 

CKll, a Histidine Kinase Homolog Implicated in 
Cytokinin Signal Transduction 

Tatsuo Kakimoto 

Although cytokinin plays a central role in plant development, little is known about 
cytokinin signal transduction. Five Arabidopsis thaliana mutants that exhibit typical 
cytokinin responses, including rapid cell division and shoot formation in tissue culture 
in the absence of exogenous cytokinin, were isolated by activation transferred DNA 
tagging. A gene, CKI1, which was tagged in four of the five mutants and induced typical 
cytokinin responses after introduction and overexpression in plants, was cloned. CKll 
encodes a protein similar to the two-component regulators. These results suggest that 
CKll is involved in cytokinin signal transduction, possibly as a cytokinin receptor. 

Cytokinin regulates many physiological 
events such as nutrient metabolism, expan- 
sion and senescence of leaves, and lateral 
branching ( 1 ) .  Moreover, it induces cell 
division, chloroplast development, and 
shoot production in cells grown in culture 
(2). However, little is known about the 
biosynthesis and mechanism of action of 
cytokinin (3). This report describes the iso- 
lation of cytokinin-independent mutants of 

Department of Biology, Graduate School of Science, 
Osaka University, Toyonaka, Osaka 560, Japan. 

Arabidopsis, generated by activation trans- 
ferred DNA (T-DNA) tagging ( 4 ) ,  and the 
use of these mutants to identlfy a gene 
involved in cytokinin signal transduction. 

Calli derived from hypocotyl segments of 
50,000 seedlings of A.  thaliaw were trans- 
formed (5) with Agrobacterium containing 
pPCVICEn4HPT, a transformation vector 
with a T-DNA containing a tetramer of the 
enhancer of the cauliflower mosaic virus 
(CaMV) 35s RNA promoter (4). After in- 
tegration of such a T-DNA into the genome, 
expression of genes adjacent to the integra- 
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tion site should become deregulated, thus 
creating a dominant mutation. If a gene 
involved in cytokinin biosynthesis, recogni- 
tion, or signal transduction is tagged, then 
the normal response of the callus to cytoki- 
nin might occur in the absence of exogenous 
cytokinin. Under normal culture conditions, 
Arabidopsis callus requires cytokinin for pro- 
liferation, greening, and shoot formation. 
Thus, to isolate cytokinin-independent mu- 
tant calli, transformed calli were screened for 
growth in the absence of exogenous cytoki- 
nin (6). Five calli were found that turned 
green, proliferated rapidly, and produced 
shoots in the absence of cytokinin (Fig. 1). 
These lines were named for the mutation 
cytokinin-independent (ckil -I through cki J -4 
and cki2). The lines ckil-J, -2, -3, and -4 
were unable to produce roots and normal 
flowers and all were sterile, but cki2 produced 
roots and normal flowers and set seeds, and 
the ability of the calli to grow and form 
shoots in the absence of cytokinin was in- 
heritable. In the same screen, another fertile 
mutant was obtained that formed many 
shoots in the absence of cytokinin, but no 
rapid proliferation occurred. Plants raised 
from the seeds sometimes produced many 
adventitious shoots on cotyledons and peti- 
oles when grown on hormone-free MS me- 
dium [reference in (5)], and this mutant line 
was named many shoots (msh). 

Southern (DNA) blot analysis with the 
enhancer fragment of the CaMV 35s RNA 
promoter as a probe revealed that ckil-J 
contained a single T-DNA insert (7), and 
this insert plus 10 kb of flanking plant- 
derived DNA was rescued in a plasmid, 
pClSl (Fig. 2) (8). 

To examine whether the rescued DNA 
fragment could confer cytokinin-indepen- 
dent development, I converted it to Ti plas- 
mid pClSlTi (9) and introduced it into 
wild-type calli by Agrobacterium-mediated 
transformation (Fig. 3, A to D). Calli trans- 
formed with pPCVICEn4HPT, the control 
vector, produced roots but no shoots in the 
presence of auxin as the sole plant hormone 
(Fig. 3B), but in the presence of cytokinin, 
either alone (7) or together with auxin, the 
transformed calli proliferated rapidly, 
turned green, and produced shoots (Fig. 
3A). In contrast, calli transformed with 
pClSlTi exhibited all the phenotypic char- 
acteristics of the cytokinin responses, in- 
cluding rapid proliferation, greening, shoot 
production, and failure to produce roots in 
the presence of auxin as the sole plant 
hormone (Fig. 3D). Experiments conducted 
in the absence of auxin gave essentially the 
same results. Deletion analysis showed that 
the region covering both the T-DNA and 
the plant-derived DNA that flanked the 
right T-DNA border sequence confers cy- 
tokinin-independent development (7). 

Cognate cDNAs of- this plant-derived se- 
quence were cloned, and one of them, cCKI1- 
16 (JO), was studied in detail. Calli trans- 
formed with p35ScCKI1, a Ti plasmid that 
contained cCKI1-16 downstream of the 
CaMV 35s RNA promoter (1 I) ,  showed all 
normal responses to cytokinin in the absence 
of exogenous cytokinin (Fig. 3, E to H). 

RNA blot analysis revealed that a large 
amount of the CKlJ message of about 3.7 kb 

was Dresent in the ckil-J line, whereas the 
message was not detected in wild-type tissues, 
such as whole seedlings, undifferentiated calli, 
shooting calli that had been treated with a 
strong cytokinin (thidiazuron), or rooting cal- 
li that had been treated with the auxin in- 
dolebutyric acid (7, 12). 

When the 5' half of cCKI1-16 was hy- 
bridized at high stringency (13) with Pst I- 
or Spe I-digested genomic DNA from wild- 

Fig. 1 (top). Screen for cytokinin-inde- 
pendent mutants. Wild-type Arabidop- 
sis calli were transformed with 
pPCVICEn4HPT and cultured in the 
absence of phytohormones for 3 
weeks. Note that a portion of one callus 
is green, whereas most of the trans- 
formed calli are a yellowish color. This 
green region proliferated rapidly and re- 
generated shoots in the absence of ex- 
ogenous cytokinin and auxin. Bar, 1 
cm. Fig. 2 (bottom). Genomic 
structure of the CKll reaion. Sites of the 
T-DNA Insert in ckil-1:-2, and -3 are 
indicated by arrows. Structure of the T- 
DNA lnsert in ckil-1 is indicated, with Y 
hatched boxes representing the tetramer x,P P 
of CaMV 35s RNA enhancers. Orienta- 
tion of the T-DNA inserts in ckil-l, -2, 

(LB)v(RB)- 

and -3 is the same. The position of the I k b  IOkb 
insert in ckil-4 could not be defined be- 
cause, in this strain, there appeared to H 
have been a rearrangement in the up- 

P c y - I  B P s B P 
I I I I l l  I rr l 

stream region of the CKll gene. pClS1 
corresponds to the region between two 4 4 

ckil-3 ckil-2 
Spe I sites with the T-DNA insert. Se- . I 1111111Dy 
quences that are common between ATG TAG 
cCKI1-16 and pC1 Sl are shown below 
the diagram of the genomic structure as solid boxes, together with the presumed ATG initiation codon and 
TAG stop codon for the longest open reading frame. A region of 143 bp of the 3' noncoding part of cCKI1-16, 
which was not carried by pClS1, is not shown. The stop codon is at the Spe I recognition site. B, Bam HI; P, 
Pst I ;  S, Spe I ;  X, Xho I ;  LB, left border of T-DNA; RB, right border of T-DNA. 

Fig. 3. Effects of transformation with the rescued DNA or with tne cvNA of the GKI7 gene fused unaer 
the CaMV 35s RNA promoter. Calli were transformed with pPCVICEn4HPT (A and B), pClS1Ti (C and 
D), pMON530 (E and F), or p35ScCK11 (G and H) and cultured for 18 days in the presence [(A), (C), (E), 
and (G)] or absence [(B), (D), (F), and (H)] of cytokinin [trans-zeatin (2 mg/liter)]. All plates contained 
indolebutyric acid (0.5 mg/liter) and cefotaxime (150 mg/liter). Plates in (A) through (D) contained 
hygromycin (20 mg/liter) and plates in (E) through (H) contained kanamycin (50 mg/liter). 
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type Arabidopsis, only fragments predicted by 
plant-derived sequences in pClSl were de- 
tected. A restriction fragment length poly- 
morphism was detected between the genomes 
of the wild type and ckil -1 (Fig. 4), and the 
sizes of the fragments detected in the ckil-1 
genome were consistent with the restriction 
map of pClS1. This result indicated that the 
T-DNA and the CKI1 gene are physically 
linked in the ckil-1 genome. Southern blot 
analysis of the independently isolated ckil-2, 
ckil-3, and cki1-4 lines indicated that the 
T-DNA also was inserted upstream of the 
CKI1 gene in these lines (Fig. 2). Considering 
the genome size of Archdopsis [lo8 base pairs 
(bp)] (14) and the number of calli screened 
(50,000) and assuming that, on' average, one 
callus yielded two transformation events, as a 
lowest estimate of the frequency, an average 
of one tagging event every 1 kb was calculat- 
ed. The result of this calculation is consistent 
with four tagging events of the gene CKIl in 
this experiment. Southern blot analysis re- 
vealed that cki2 and msh lines did not have a 
T-DNA integration in the region between the 
Bam HI site (Fig. 2) about 7 kb upstream from 
the inferred start codon of the CKIl gene and 
the Pst I (Fig. 2) site about 12 kb downstream 
from the inferred stop codon of the gene. 
These observations, together with the results 
of Northern blot analysis, which could not 
detect the CKIl message in RNA from cki5 
and msh (7, 12), suggest that, in both cki2 and 
msh, the mutant phenotype might have been 
the result of activation of some gene or genes 
different from ckil. 

Sequencing of cCKI1-16 revealed an open 
reading frame encoding 1 122 amino acids cor- 
responding to a predicted protein of 125 kD 
(Fig. 5A). The predicted CKIl product has 
regions homologous to histidine kinase do- 
mains and receiver domains, respectively, of 
the two-component systems (Fig. 5, B to D). 
All of the five conserved motifs found in 
histidine kinases (15, 16), including the pu- 
tative autophosphorylation site at His405, and 
the highly conserved amino acid residues of 
the regulators (16), including the putative 
phosphorylation site at Asp1050, are present in 
CKI1. The deduced product of the CKI 1 gene 
has greatest similarity to the products of LRmA 
(1 7) and BarA (1 8) in bacteria. The predicted 
CKIl protein does not exhibit any homology 

Fig. 4. Southern blot kb 1 2 3 4 
analysis of the wild-type 23- 
and ckil-1 lines. DNA D 

from the wild type (lanes 
1 and 3) and from ckil-1 9.4- I 

(lanes 2 and 4) was di- 
gested with Pst I (lanes 1 6.6-• 
and 2) or Spe I (lanes 3 
and 4), and fragments 
were allowed to hybridize with the 5' half of 
cCKI1-16 (nucleotides 1 to 2652). 

to the proteins of two-component systems in 
regions outside the predicted histidine kinase 
domain and the receiver domain. The two- 
component systems are prevalent in bacterial 
signal transduction systems (15). Recently, 
such a system has also been found in yeast 
(19, 20), and several genes with sequence 
similarities to these components have been 
identified in other eukaryotes (21-24). Like 
manv bacterial histidine kinases. CKIl has 
two potential transmembrane segments that 
flank the inferred extracellular domain in the 
NH2-terminal region (Fig. 5, A and D). There 
are 11 potential signal sequences for N-glyco- 
sylation in the inferred extracellular domain. 

The role of CKIl in cytokinin signal trans- 

duction is not clear. Overex~ression of CKIl 
results in the characteristic effects of cytoki- 
nin action, suggesting that the product acts in 
regulation of cytokinin levels, in cytokinin 
recognition, or at an early stage of signal 
transduction. This being said, unexpected ef- 
fects related to ectopic CKI1 expression can- 
not be formallv excluded. ETRI. which en- 
codes a two-component histidine kinase ho- 
molog, was initially identified as a component 
of the ethylene signal transduction pathway 
(21 ). Recently, ETRl was demonstrated to be 
an ethylene receptor through its ability to 
bind ethylene at its membrane-spanning re- 
gion (25). By analogy, CKIl could be a cyto- 
kinin receptor. It is noteworthy that, although 

HQAEKAKYQ~IFL~FCWP~WF~WF~~QATRREMHKATLINQMEATQQAERKS~NK~QAFANA~HDIRGALAGMKGLIDI 
CRDGVKPGSDVDTTLNQVNVCAKDLVALLNSVLDMSKIESGKMQLVEEDFNLSKLLEDVIDFYHPVAMKKGVDVVLDPHDGSVF 
K F S N V R G D S G R L K Q I L N N L V S N A V K F T ~ D G H I A ~ R A W A Q R P G ~ N ~ ~ ~ ~ L A ~ Y P K G ~ ~ K F ~ K ~ M F ~ K N K E E ~ ~ T Y E T E I ~ N ~ I R N  
NANTMEFVFEVDDTGKGIPMEMRKSVFENYVQVRETAQGHQGTGLGLGIVQSLVRLMGGEIRITDKAMGEKGTCFQFNVLLTTL 
ESPPVSDMKVROEIEAGGDYVSTPNLGLTINTSLGGSMNIRNLSPRFNNCLSSSPKQEGSRVVLLLKNEERRRVTEKYIKNLGI 
KVTVVEKWEHLSYALERLFGFSPVSSMGRAECSLSCPSSRELPFIGMDGIDSRSOLPKRRSISFSAVVLLVIDAKTGPFFELCD 
IVKOFRRGLPHGISCKVVWLNESSTRVSERGDISCSRPLHGSRLMEVLKMLPEFGGTVLKEPPTELORESl.1,RHSFVAERSPKH 
KV~EEGPSSMFNKKLGKRIMASTDSESETRVKSVRTGRKPIGNPEDEOETSKPSDDEFI.RGKRVLVV~DNFISRKVATGKLKKM 
GVSEVEOCDSGKEALRLVTEGLTOREEOGSVDKLPFDYIFMDCVPPEMDGYEATREIRKVEKSYGVFTPIIAVSGHDPGSEEAR . - 

ETIQAGMDAFLDKSLNQLANVIREIESKRH 

B 

C; 

CKIl 986 
LemA 679 
BarA 668 
DhkA 2025 
ETRl 609 
Slnl 1088 

KRVLVVD N 
PRVLCVDD N 
MTVMAVDDN 
KKALIVED N 
GLKVLV MD E 
VKILVVEDN 1 PDYIPM CQMPEMDGYEATREIR 

PDLVL DVQMPGMDGRQATEAIR 
PDLIL 8 DIOMPDMDGIRACELIH 
PD?VPMDC&~PVLDGFQTTK?IR 
HKVVP DVCMPGVENYQIALRIH 
YNMIP d DVQMPKVDGLLSTKMIR 

PIIAVSGHDPGSEEARETIQAGMDAFLDRSL 
PIVALTAHAMANE-KRSLLQSGMDDYLTRPI 
PvIAvTAHAMAGo-KEKLLGAGnsDYL n K P I  
NIVALSAGSSSSF-VQDCLDSG~DSFUGRPI 
LLVALSGNTDKST-KEKCMSFGLDGVLLRPV 
PIVALTAFADDSN-IKECLESGMNGFLSRPI 1 

Fig. 5. (A) Deduced amino acid sequence of the 
CKll gene product (26). Potential transmembrane I3 His405 Asp1050 

regions are indicated with double underlining. CKll 
Eleven potential sites of N-glycosylation between 
the putative transmembrane regions are indicated  is^^^ ~ s p ~ ~ ~  

by single underlining. (B and C) Deduced amino ETRl -HI-(-) 
acid sequence of CKll , aligned with conserved regions of several histidine kinase and receiver domains 
of LemA of Pseudomonas syringae (1 7), BarA of E. coli (18), DhkA of Dictyostelium (22), Slnl of 
Saccharomyces cerevisiae (19), and ETRl of A. thaliana (21). Alignment was achieved with the ClustalW 
program (Human Genome Center, Baylor College of Medicine). Amino acids shown in boldface indicate 
residues that are identical to those found at the same positions in at least three of the other sequences. 
(B) shows the deduced amino acid sequence of CKll aligned with the histidine kinase domains. Boxes 
surround the five consensus motifs that are characteristic of histidine kinase domains, as compiled by 
Perkinson and Kofoid (15). Asterisk at His405 indicates a putative phospholyl group acceptor. (C) shows 
the deduced amino acid sequence of CKI1 aligned with the receiver domains. Asterisk at Asp'050 
indicates a putative phospholyl group acceptor. Boxes surround the highly conserved regions in the 
receiver domains (16). (D) Schematic representation of predicted structure of the CKll protein in 
comparison with the ETRl protein. Open boxes represent histidine kinase domains, open ovals repre- 
sent receiver domains, and filled boxes represent stretches of hydrophobic residues characteristic of 
membrane-spanning sequences. Putative histidine and aspartate phosphorylation sites are indicated. 
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similar in structure, the putative input do- 
mains of CKIl and ETRl differ, suggesting 
separate functions. The simplest explanation 
of the ckil phenotype is that CKI1, acting as 
a cytokinin receptor, when overexpressed 
confers the abilitv on the ex~ressing cells to 
sense low concenirations of endogenius cyto- 
kinin that is normally unable to trigger growth 
and shoot formation. Obviously, further work 
is required to define the function of CKI 1, but 
it and ETRl could represent members of a 
gene family that diverged to respond to differ- 
ent phytohormones. 
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Quantitative lmage Analysis of HIV-1 Infection 
in Lymphoid Tissue 
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Winston Cavert, Kristin Gebhard, Katherine Staskus, 
Zhi-Qiang Zhang, Peter J. Dailey, Henry H. Balfour Jr., 

Alejo Erice, Alan S. Perelson 

Tracking human immunodeficiency virus-type 1 (HIV-1) infection at the cellular level in 
tissue reservoirs provides opportunities to better understand the pathogenesis of in- 
fection and to rationally design and monitor therapy. A quantitative technique was 
developed to determine viral burden in two important cellular compartments in lymphoid 
tissues. lmage analysis and in situ hybridization were combined to show that in the 
presymptomatic stages of infection there is a large, relatively stable pool of virions on 
the surfaces of follicular dendritic cells and a smaller pool of productively infected cells. 
Despite evidence of constraints on HIV-1 replication in the infected cell population in 
lymphoid tissues, estimates of the numbers of these cells and the virus they could 
produce are consistent with the quantities of virus that have been detected in the 
bloodstream. The cellular sources of virus production and storage in lymphoid tissues 
can now be studied with this approach over the course of infection and treatment. 

V i r a l  burden is a critical measure of the 
progress of HIV-1 infection (1 ), but there is 
as yet little information about the magnitude 
of infection in cellular compartments in lym- 
phoid tissue (LT) where virus is produced 
and persists (2-4). A portion of the viral 
load in LT is associated with mononuclear 
cells (MNCs) such as CD4+ T lymphocytes, 

monocytes, and macrophages in which viral 
RNA is readily detected. Virus production, 
and loss of CD4+ T cells from the cytopathic 
effects of viral replication or elimination by 
immune surveillance, can be directly attrib- 
uted to this population, and it is this popu- 
lation that should diminish in response to 
current antiretroviral treatments that block 
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