
probe. After post-hybridizaton washes, nonspecific 
bnding of antbodes was blocked by immersng the 
sections in 5% nonfat milk in phosphate-buffered 
saline (PBS) for 30 min. Sectons were then treated 
w~ th  a 1 :300 d u t o n  of CD68 mAb (Dako, Carpnte- 
ria CA) at 4°C overnght. After washing, slides were 
developed with a peroxdase-conjugated secondary 
antibody and damnobenzdene substrate accord- 
n g  the manufacturer's protocol (ABC E t e  kit: Vector 
Labs. Burlingame. CA). The sect~ons were then 
washed in PBS and 0.1 X PBS, dehydrated n etha- 
nol containng 0.3 M ammonum acetate, and coat- 
ed w~ th  nuclear track emuis'on. After developmen:, 
the s d e s  were br~efI)lcounterstaned in hematoxyin. 

18. Longer autoradographic exposures of 7 to 10 days 
increase the sensit~vity of n situ hybr~d~zat~on. To 
determine the limits of detection of H V  RNA, we frst 
measured the background signal over MNCs and 
FDCs from the bindng of antsense H V  RNA probe 
to LT sectons of HV-seronegatve n d v d u a s  and 
from tne nonspecflc ondng  of the sense HI\/ RNA 
probe to LT sectons of HV-seropositive indvduas. 
Dividng the number of sve r  grans determined by 
quanttatve Image analysis n randomly selected ar- 
eas by the number of cells in those areas provided a 
maxmum estmate of background. Backgrounds by 
both approaches were one or two silver grains per 
MNC for 10-day exposures. An MNC w ~ t h  one H V  
RNA copy will show 24 grans over background w ~ t h  
such long exposures and w be easily Identified. The 
lower i m ~ t  of detection for MNCs IS therefore about 
one copy or HIV RNA per cell. For the FDCs, we 
measured the area of germinal centers (GCs) and 
determined their average backgrounds to be 2.3 
grains per 1 t3 mm2. The Poisson probability that x 
number of grans dfiers from a background average 
of m grains is 1 - mx expi-rn) m(x!)-I (22). For a 
probabty  P > 0.99 that there IS a sign~ficant in- 
crease over background in a GC, the s~gnal over 
FDCs would have to be more than seven grans per 

mm2. For example, the GC shown n Fig. 4 8  
had 450 grains n an area of 0.05 mm2, or 9 grains 
per mm" and thus fulf~lls this condtion; from 
the number of silver grains over background, we 
calculate that there are 146 copies of HV-1 RNA in 
t hs  GC. The limits of detecton of v r a  RNAfor infect- 
ed cells expressed per gram of tissue depends on 
the number and area of the sections examned. For 
example, we usually randomly sampled and exhaus- 
t~vely screened 40 8 -km sect~ons averagng -5 
mm2 each, cumulat~vely equivalent to -1.2 mg of 
t~ssue, If these sections contained no MNCs w ~ t h  
HV-1 RNA, th~s frequency would be 1 -625  cells 
per gram. For the FDCs, we determined ~ t h  the long 
exposure an average detectable copy number of 
-20 copies per GC and thus a lower detect~on 
threshold of -1 O4 copes per gram of LT. 

19. For DNA PCR analyss, nuceic acids from guandne- 
H C  extracts of flash-frozen tons  biopses were pre- 
cip~tated out of 70% ethanol, peleted, ethanol- 
washed, and resuspended in 10 mM iris-HC (pH 8.0) 
containng 1 mM EDTA and 0.596 SDS. The suspen- 
sons were then treated w~ th  ribonucease A (RNase 
A, 20 pg lm)  for 1 hour at 37"C, Incubated w~ th  pro- 
tenase K ( I  00 pg/m) at 50°C for 3 hours, and f~nally 
extracted w~ th  phenol, phenollchloroform, and cho- 
roform before ethanol precp~tation and wash. Control 
DNA, with and wthout HV-1 provra DNA, was sm-  
llarly extracted from ACH-2 cells and H-9 cells, re- 
spective1)l. Nested PCR was performed w~th the use 
of two sets of prlmers des~gned to amplify a con- 
sented regon of HI ' -1  gag. The prmary ampifcaton 
reactons contained 1 p g  of each DNA spec men. 1 x 
PCRI reacton buffer (Perkin-Elmer), 2.5 mM MgCI,, 
200 mM deoxvnucleot~de tr~hosnhates 1 LM Drm- 
ers (30-nucedtde ogomers: 5'-'GTCAGCCAP(AAT- 
TACCCTATAGTGCAGAAC-3', 5'-ACATAGTCTCT- 
AAAGGGTTCCTTTGGTCCT-3') and Ampl~taq 
polymerase (0.08 Ulml, Perkn-Elmer) n a 100-m vo-  
ume. DNA was amp fled 25 cycles at 94°C for 45 s. 
60°C for 45 s, and 72°C for 3 mln The secondary 
(nested) reactons contaned 2 p of the primary am- 
p i led  reaction mxture w~ th  otherwse the same con- 
stltuents, except for prlmers (20-nucleot~de 011- 
gomers: 5'-TCACCTAGAACTTTAAATGC-3', 5'-AT- 

TTAATCCCAGGATTATCC-3'). Ths second ampifi- 
catlon was 30 cycles with the same cycling 
parameters. RT-PCR react~ons were performed on 
RNA contaning fractons of the guanidine tssue ho- 
mogenates and were processed and PCR-ampfed 
in the same manner, except that deoxyrbonucease 
pretreatment was substituted for RNase A pretreat- 
ment and reverse transcription using rTth polymerase 
(Perk~n-Elmer) was Included before ampl~fication. 
Southern (DNA) blots were hybr~dized to a cocktail 
containng three ol~gonucleotide probes labeled at the 
3 '  te rm~n w~ th  ;32P]deoxyadenosine tr~phosphate 
spec~fic for sequences internal to the nesi'ng primers 
(30-nuceotide oigomers: 5'-CATGGGTAAAAGTAG- 
TAGAAGAGAAGGCTT-3', 5'-GGGACATCAAGCA- 

20. J. Embretson eta/ .  , Nature 362, 359 (1 993). 
21. Ths marked reduction in lymphoid v r a  load trans- 

lates n t o  a sow  but commensurate repopulation of 
the LTwth  CD4+ T 1)lmphocytes (Z.-Q. Zhang eta/. ,  
In preparation). 

22. A. T. Haase, In In Situ Hybridization: Appbcations to 
Neurobiologj/, K. L. Vaentino, J. H. Ebexine, J. D. 
Barchas. Eds. (Oxford Univ. Press, NewYork, 1987), 
pp. 197-21 9. 
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Interactions Between Epithelial Cells and 
Bacteria, Normal and Pathogenic 

L y n n  Bry et al. show that the monoassocia- 
tion of germ-free (GF) mice with wild-type 
Bacteroides thetaiotaomicron induced expres- 
sion of an a1,2 f~~cosyltransferase messenger 
RNA and production of fucosylated glpco- 
conjugates that were reactive with Ulex eu- 
ropaeus agglutinin I in the epithelial cells of 
the small intestine (1). A mutant mouse 
strain that lacks the ability to utilize L-fucose 
did not induce efficient enithelial fusion. We 
have also observed the induction of an a1,2 
fucosyltransferase that mediates the synthesis 
of the fucosyl asialoGM1 glycolipid of small 
intestinal enithelial cells during the first 

u 

stage of microbial colo~lization (convention- 
alization) in GF mice ( 2 ) .  Recently, we 
found that this fucosylation was induced by 
an indigenous bacteria [segme~lted filamen- 
tous bacteria (SFB) ( 3 ) ,  which was identified 
on the basis of its 165 ribosomal DNA se- 
quence (4)] and that it resulted in expression 
of major histocornpatability complex class I1 
(MHC 11) molecules, expansion of intraepi- 
thelial lpmphocptes (IEL), and increase in 
i~n~nunoglobulin A (1gA)-producing cells. 
'Within a month after SFB colonization, the 
columnar cell-to-goblet cell ratio and the 
mitotic activity of cryptal cells were almost 
the same as those found in wild-type mice. 
We have also found that when the SFB 
colonization in the conventionalization nro- 
cess was selectively inhibited by the oral 
administration of a monoclonal antibody 
against SFB, MHC I1 expression, and the 
grolvth of a@-T cell receptor-bearing IELs 
and IgA-producing cells were repressed (5). 
Thus, SFB seem to be essential for altering or 
accelerating the development of the small 
intestine. These events should occur in the 
weaning stage in the case of conventional 
mice with a normal intestinal microflora. 

Alteration of the developmental program 

did not occur in the course of association of 
GF mice with indigenous microbes derived 
from rat or human feces (6). SFB derived 
from mice and rats did not cross-colonize in 
rats and mice, respectively (7). There ap- 
pears to be a strict limit to the interaction 
between the host animal and the intestinal 
bacteria. in accord with the conceot of "au- 
tochtonous bacteria" proposed by Dubos et 
al. more than 30 years ago (8). Does the 
association of GF mice with B.  thetaiotaomi- 
cron induce class I1 expression, expansion of 
IEL and IgA-producing cells, and so on after 
the exnression of an a1.2 f~~cosvltransferse? 
What Is the original host of this' bacterium, 
mouse or human? A GDP-fucose:asialo GM1 
a1,2 fucosyltransferase was induced in GF 
mice on iniurv to the small intestine (9). In , , 
our study, a1,2 fucosyltransferase induction 
xvas the first event. We have no evidence, 
however, to suggest that this fucosylation 
initiates the developmental program of the 
intestinal mucosa, including the components 
in the lamina propria. 
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Response: Development of the mouse small 
intestine is often viewed in terms of the 
cytodifferentiation of its endoderm that oc- 
curs in late fetal life, or the formation of its 
crypt-villus units, which is completed during 
the first three postnatal weeks. Umesaki et al. 
emphasize the importance of having a broad- 
er vision of gut development. We agree. A 
"trialogue" between the intestinal micro- 
biota, the self-renewing intestinal epitheli- 
um, and the diffuse gut-associated lymphoid 
tissue (GALT) is probably critical in forming 
and maintaining this dynamic ecosystem. 
Studies by Umesaki et al. provide strong 
evidence that a component of the normal 
microbiota can influence the composition of 
the diffuse GALT. Colonization with the B. 
thetaiotaomicron-type strain, \PI-5482, is as- 
sociated with similar composition changes. 
For example, an influx of IgA+ B cells occurs 
after exposure to this organism. 

One should consider the diffuse 
GALT's composition, but also its spatial 
complexity, which has been hard to char- 
acterize because markers are difficult to 
detect with conventional irnmunohisto- 
chemical methods. More sensitive tech- 
niques (1)  have allowed us to examine 
these features in mice that contain a nor- 
mal (conventional) microbiota. For exam- 
ple, ctp T cells populate the intraepithelial 
and lamina propria compartments in 
crypts and villi, xvhile yS T cells are lim- 
ited to the villus epithelium, TH1 and TH2 
cells appear predominantly in the lamina 
propria of the villus (2).  

Like the diffuse GALT, components of 
the microbiora are arranged asymmetri- 
cally along crypt-villus units: SFB attach 
to epithelial cells located in the upper 
two-thirds of the villus. Histochetnical 
stains of unperfused small intestines ob- 
tained from specified pathogen-free con- 
ventional mice suggest that crypts are not 
colonized by this or other bacterial spe- 
cies. The asymmetric distribution of the 
microbiota may serve to organize compo- 
nents of the diffuse GALT. Conversely, 
the diffuse GALT may influence the spa- 
tial organization of the microbiota. 

The diffuse GALT also communicates 
with the intestinal epithelium: Mice that 
lack yS T cells have fewer crypt epithelial 

cells and slower enithelial cell migration LID mammalian gut, where there is a hiehlv " ,  
the villus (3). contaminating adult GF complex society of microorganisms, secreted 
mice with SFB or VPI-5482 reveal another signaling molecules mav allow cornmunica- 
component of this trialogue: communica- tion b e t k n  (and within) bacterial species. 
tion between the microbiota and the gut Multiple species may cooperate to generate 
epithelium. VPI-5482, which was originally a concerted signal that establishes a mutu- 
recovered from a human, signals the epithe- ally beneficial niche. Such density-depen- 
lium to induce and sustain a1,2 fucosyl- dent signaling systems may also interfere 
transferase gene transcription and produc- with one another if a similar set of molecules 
tion of filcosylated glycoproteins and glyco- is used by different species to modulate dis- 
lipids. This is not a nonspecific response of tinct metabolic pathways, This type of in- 
the epithelium to bacterial colonization. terference could allow the microbiota to 
Monocontamination of GF NMRI mice prevent the encroachment of pathogens. If 
with two other anaerobes that normallv such encroachment occurs, the resnonse of 
colonize the mouse and human intestine, 
Peptostreptococcus micros and Bifidobacterium 
infantis, produces no detectable effect on 
fucosylated glycoconjugate production (4). 

Unlike SFB, signaling occurs without 
direct bacterial attachment to enterocytes 
(5). Signaling depends on the ability of the 
organism to use fucose as a carbon source 
(5). We recently found that the B .  thetaio- 
taomicron genome contains a locus analo- 

the host may depend on tile relatke loca- 
tions of the pathogen, components of the 
diffuse GALT, and members of various in- 
testinal epithelial lineages-factors that 
likely are influenced by the trialogue. 
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Determining the Early History of El NiAo 

Danie l  H. Sandweiss et al. ( 1  ) reiterate Inally anomalous molluscan assemblage 
arguments advanced a decade ago (2) that (TAMA) is found in the paleo-lagoon at 
climatic and oceanic changes 5000 years Santa (9's). A detailed geological and pa- 
before present (B.P.) resulted in the onset leoecological study (4) showed that the 
of El NiliolSo~tthern Oscillation (ENSO) vresence of the Santa TAMA was the result , L 

events along the coast of Peru. A major of changes'in coastal morphology, not cli- 
argument used to sunnort this conclusion is mate. Contrary to the contention of Sand- " 

the occurrence of south~vardly displaced welss et al. (1,  p. 1532, and notes 22 and 
troptcal molluscan assemblages In natural 23), DeVrles and Wells (4) showed that the 
deposlts and shell mtddens older than 5000 Santa TAMA developed 111 a warm, narrow 
yeals B.P. along the coast of northern Peru. elnbaylnent open to the ocean and coexlst- 
One of the best examples of such a ther- ed wlth temperate spectes then occupying 
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