
except that each ring contained between 14 
and -16 particles. ~ o u l t o n  and Murrav saw 
rings of between 14 and 16 particles sur- 
rounding annular depressions in membranes 
at the poles of Aquaspirillum sevpens (21). 
Taken together, these results suggest that 
the number of particles in a fully functional 
E. coli motor might be as high as 16. If so, 
our results would indicate that there are two 
particles per force generator. 

The amino acid sequences of MotA and 
MotB have been determined from the nucle- 
otide sequences of their genes (22). MotB is 
moderately hydrophobic, and MotA is sig- 
nificantlv more so. The MotA seauence 
contains four strongly hydrophobic seg- 
ments that are probably transmembrane a 
helices; the MO& sequence has only one. By 
using TnphoA insertions into motB and con- 
trolled proteolysis of MotB, Chun and Par- 
kinson (23) have shown that MotB traverses 

\ ,  

the cytoplasmic membrane once near its 
NH2-terminus, with its bulk situated in the 
periplasm. They suggest that MotB could 
serve as a linker that connects the torque- 
generating machinery of the motor to the 
cell wall. MotA topology has not yet been 

. - 
examined as closely, but its four hydropho- 
bic segments together contain enough mod- 
erately polar, hydrogen-bonding residues 
(for example, Ser, Thr, Asn, and His) to 
enable them to form a proton-conducting 
channel. If so, each pair of membrane parti- 
cles, and each force-generator, might com- 
prise one or more MotB linkers and MotA 
channels. 

REFERENCES AND NOTES 

1. H. C. Berg and R. A. Anderson, Nature 245, 380 
(1973). 

2. M. Silverman and M. Simon, ibid. 249, 73 (1974). 
3. S. H. Larsen et al., Proc. Natl. Acad. Sci. U . S . A .  71, 

1239 (1974); T. N. Belyakova, A. N. Glagolev, V. 
P. Skulachev, Biochemiitry U S S R  41, 1206 (1976); 
H. C. Berg, M. D. Manson, M. P. Conley, Symp. 
Soc. Exp. Biol. 35, 1 (1982). 

4. The purified basal structure contains some 15 differ- 
ent polypeptides, but the intact motor is likely to 
contain, in addition, the products of the JaA11, 
JaBI1, motD, motA, and motB genes (8). 

5. M. L. DePamphilis and J. Adler, J .  Bacteriol. 105, 
376 (1971). 

6. S:I. Aizawa et a/., ibid. 161, 836 (1985). 
7. M. L. DePamphilis and J. Adler, ibid. 105, 384 

(1971). 
8. R. M. Macnab, in Escherichia coli atzd Salmonella 

typhimurium: Cellular and Molecular Biology, F. C. 
Neidhardt et a/ . ,  Eds. (American Society for Micro- 
biology, Washington, DC, 1987), pp. 70-83; S. 
Yamaguchi et a/., J .  Bacteriol. 168, 1172 (1986). 

9. M. Silverman, P. Matsumura, M. Simon, Proc. Natl. 
Acad. Sci. U . S . A .  73, 3126 (1976). 

10. J. B. Armstrong and J. Adler, Geneticr 56, 363 
(1967); M. Hilmen and M. Simon, in Cell Motility, 
R. Goldman, T .  Pollard, J. Rosenbaum, Eds. (Cold 
Spring Harbor Laboratory, Cold Spring Harbor, 
NY, 1976), pp. 35-45. 

11. S. M. Block and H .  C. Berg, Nature 309, 470 
(1984). 

12. B. Miiller-Hill, L. Crapo, W. Gilbert, Proc. Natl. 
Acad. Sci. U . S . A .  59, 1259 (1968). 

13. W. Gilbert and B. MiiUer-Hill, ibid. 56, 1891 nab, ibid. 166, 244 (1986). 
(1966). 23. S. Y. Chun and J. S. Parkinson, Science 239, 276 

14. H.  C. Berr. Nature 249. 77 11974). 11988). 
15. M. ~ e i s t ;  and H.  erg, ~ i o i h ~ i .  J .  52, 413 

11987). 
16. M. ~ : ~ i r a d o  and J. G. de la Torre, J .  Chem. Phyi. 

71,2581 (1979); ibid. 73, 1986 (1980). 
17. M. L. Wilson and R. M. Macnab, I .  Bacteriol. 170, 

588 (1988). 
18. D. F. Blair and H .  C. Berg, unpublished results. 
19. K. A. Fahrner and H .  C. Bern. un~ublished results. 
20. S. Khan et a/., J .  Mol. Biol. 732, i75 (1988). 
21. J. W. Coulton and R. G. E. Murray, J .  Bacteriol. 

136, 1037 (1978). 
22. G. E. Dean, R. M. Macnab, J. Stader, P. Matsu- 

mura, C. Burki, zbrd 159, 991 (1984); J. Stader, P. 
Matsumura, D. Vacante, G. E. Dean, R. M. Mac- 

24. 5. M.  lock et al., J .  Bacteriol. 154, 312 (1983). 
25. We thank M. D. Manson for strain BL-19; J. S. 

Parkinson for strains RP437, RP3087, RP6666, 
and RP6894; M. I. Simon for strain MS5037; and 
S. Y. Chun for plasmid pSYC62. We also thank S. 
M. Block and D. Fung for comments on the manu- 
script, and K. A. Fahrner for assays of p-galacto- 
sidase activity. Supported by NSF grant DMB- 
8645909. D.F.B. began this work as a Public Health 
Service postdoctoral fellow (AI07456) and is cur- 
rently a Burroughs WeUcome Fund fellow of the 
Life Sciences Research Foundation. 

5 July 1988; accepted 17 October 1988 

Association of Transfer RNA Acceptor Identity with a 
Helical Irregularity 

The aminoacylation specificity ("acceptor identityyy) of transfer RNAs (tRNAs) has 
previously been associated with the position of particular nucleotides, as opposed to 
distinctive elements of three-dimensional structure. The contribution of a G-U wobble 
pair in the acceptor helix of tRNAAia to acceptor identity was examined with synthetic 
amber suppressor tRNAs in Escherichia coli. The acceptor identity was not affected by 
replacing the GeU wobble pair in tRNAAla with a G-A, CeA, or U - U  wobble pair. 
Furthermore, a tRNAAia acceptor identity was conferred on tRNALy%hen the same 
site in the acceptor helix was replaced with any of several wobble pairs, Additional data 
with tRNAA'" show that a substantial acceptor identity was retained when the GeU 
wobble pair was translocated to another site in the acceptor helix. These results suggest 
that the G-U wobble pair induces an irregularity in the acceptor helix of tRNAAla to 
match a complementary structure in the aminoacylating enzyme. 

T HE ACCEPTOR IDENTITY OF ESCHE- 
vichia coli tRNAAIa is partially deter- 
mined by a GeU wobble pair in the 

acceptor stem of the molecule. The acceptor 
stem is helical, and this structural feature is 
generally assumed to be common to all 
tRNAs. The im ortance of this GeU wobble P pair to tRNAA a acceptor identity was ini- 
tially suggested in biochemical and genetic 
experiments ( I ) ,  and was eventually estab- 
lished by replacing the wild-type base pair in 

Fig. 1. Nucleotide sequence of the 
amber suppressors of (A) tRNAA'" 
(2) and (6) tRNALy"8). Numbers 
identify base pair positions in the 
acceptor helix. Shaded nucleotides 
in tRNALYViffer from those in 
tRNAA'". 

other tRNAs with a GeU wobble pair and 
observing acceptor identity changing to 
tRNAAla (2, 3 ) .  The wobble pairing be- 
tween G and U displaces these bases relative 
to those of Watson-Crick pairs, giving the 
grooves of the helix a distinctive pattern of 
functional groups (4). The available data 
indicate that the (2.U wobble pair is incor- 
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porated into the helix without marked 
changes in global conformation (4, al- 
though the helix is destabilized ( 6 ) .  The 
distinctive pattern of functional groups on G 
and U nucleotides could lead to a specific 
interaction between ~ R ~ v A ~ ' ~  and its cog- 
nate arninoacylating enzyme by using com- 
plementary functional groups on interacting 
molecules. This interaction would also pro- 
vide a discrimination factor against other 
tRNAs because they do not contain this 
structural feature. Alternatively, a different 
structural aspect of the GeU wobble pair in 
~ R N A ~ ' "  could contribute to the interaction 

with the cognate enzyme. 
We reasoned that replacing the G-U wob- 

ble pair in tRNAALa with other base combi- 
nations would change acceptor identity if 
the distinctive pattern of functional groups 
on the G and U nucleotides are necessary for 
acceptor identity. Alternatively, acceptor 
identity would not necessarily change if 
another aspect of the structure contributes. 
Sixteen synthetic genes containing the nu- 
cleotide sequence of amber suppressor 
tRNAAla (2) (Fig. 1) were prepared and 
cloned in E. coli for a functional analysis. 
These gene sequences of tRNAAla differed 

Table 1. Functional properties of suppressor tRNAs. Shown are the base combinations at position 3.70 
in simple variants of tLVAAla and tRNALyS. The base combinations at three positions (2.71, 3.70, and 
4-69, respectively) are shown in complex variants of tRNAAla. Bold facing indicates mutant bases. 
Genes for suppressor tRVAs were made from synthetic oligonucleotides. Suppressed dihydrofolate 
reductase protein was purified and sequenced through residue 15 and amino acid percentages 2 5 %  at 
residue 10, corresponding to the amber codon, are reported. Values for Gln include Glu (Glu was 
220% of the total Cys was not analyzed. The data indicated that the proteins were homogeneous, 
except from tRVAk U3sA70, which was judged to be 70% pure based on amino acid yields at residues 
other than 10 (this value has not been corrected for purity). The small amount of protein analyzed for 
tRNAA1" C3eU70 precluded a reliable determination. Average values based on determinations from 
two independent preparations (individual values were * 3% of respective average value) are reported 
for protein from tRNALy"3.U70, tRNALyS A3vU70, tRNAAla G2aC71, A3aU70, G4aU69, and 
tRNAA1" C2~G71, G3aU70, C4aG69. The suppression of auxotrophy in TvpA was scored as follows: 
+, growth; +/- and -I+, palrial growth (+I- is more growth than -I+); and -, no growth. Amino 
acids that yielded functional TrpA polypeptides for these alleles are: 15 and 243, many; 49, acidic; 211, 
Ma, Gly, Cys, Ser, Thr, Ile, Leu, Val, and Asn; and 234, Ala and Gly. The suppression efficiency is 
reported for amber allele A16 in the lacl-Z system. The value is the percentage of the wild-type lad-Z40 
fusion, which averaged 215 units. The value for cells without a suppressor gene was <0.001%. The 
methods have been described previously (2, 8, 9).  

Amino acid in Suppression of 
Suppressor Suppression 

suppressed protein (%) auxotrophy at TvpA allele* 
gene 

Ala Lys Gln 15 211 243 (%) 

G  . U  
G e C  
G - A  
G . G t  
A - U  
A .  C  
A  - A+ 
A . G +  
C - U  
C  - C  
C  - A  
C  . G  
ueu 
U  . C 
UeA 
U - G  

tRi"v'AA'" jposrtton 3 .  70) 
96 +I- + 
18 29 44 +I- - 

89 +/- +/- 
- - 

5 5 29 6 +/- +/- 
83 12 +/- +/- 

- - 

-/+ - 

-90 +/- +/- 
78 13 +/- -/+ 
9 1 + +/- 
5 3 10 26 - - 

90 + +/- 
13 6 74 +/- - 

-58 - 12 +/- +/- 
75 12 -/+ - 

tRNALyS (posttlon 3 70) 
94 +/- +/- 

94 + - 

39 49 + + 
95 + -/+ 

22 69 + +/- 
895 + +/- 
85 6 + - 

~ R N A ~ ' "  (posrttons 2 - 71, 3 . 70, and 4 . 69) 
79 7 +/- +/- 

+/- - 

19 23 3211 +/- - 

85T +/- +/- 

*For allele 49, all variants were scored -; for allele 234, all variants were scored - except tRNALY' G . U ( + I - )  and 
G .  A and A .  C ( - I + ) .  ?Protein not analyzed. $Insufficient protein for sequencing. §Also Trp, 
5%. IAlso Gly, 8%, and Met, 6%. llAlso Arg, 6%. 

only in the base combination present at the 
site of the GeU wobble pair ("position 
3.70") in the acceptor helix. For the func- 
tional analysis ( 7 ) ,  acceptor identity was 
initially characterized by the ability to sup- 
press the auxotrophy associated with amber 
mutations in the T Y ~ A  gene of E. coli; 
acceptor identity was then directly estab- 
lished by sequencing a suppressed protein 
(dihydrofolate reductase) to determine the 
amino acid inserted by the suppressor tRNA 
(2, 8, 9). Three inefficient suppressor tRNAs 
containing G-G, A-A, or A.G were not 
completely characterized. Comprehensive 
analyses of the remaining variants revealed 
that each had at least a partial ~ R N A ~ ' "  
acceptor identity (Table 1). Remarkably, the 
acceptor identity of variants with GeA, C.A, 
and U - U  at position 3.70 in tRNAALa was 
not distinguished from wild-type tRNAALa 
with G-U at this position. Structural studies 
with DNA fragments (5) suggest that G.A, 
C.A, UeU, and C.C can form wobble pairs 
in tRNAAla that are somewhat similar to the 
G.U wobble pair. Other variants with AeC 
and C.C at position 3-70 in tRNAAla had 
acceptor identities that were substantially 
that of tRNAAla, but that also had some 
tRNAG1" identity. The tRNAG1" acceptor 
identity of the latter variants may reflect the 
presence of a positive signal for tRNAG1" 
acceptor identity rather than a negative sig- 
nal for tRNAAla acceptor identity, since all 
four variants with C at position 70 had a 
partial tRNAG1" acceptor identity. 

These results establish that the G.U wob- 
ble pair at position 3.70 in tRNAAla is not 
necessary for the specificity of acceptor iden- 
tity. Furthermore, a comparison of the base 
combinations that are functionally similar to 
G.U (that is, G.A, C.A, and U-U,  and 
possibly A.C and C.C) shows no logical 
pattern of functional groups at equivalent 
base positions that might senre to discrimi- 
nate them and G.U from all others. Thus a 
different aspect of structure contributes to 
acceptor identity. The G.U wobble pair 
could induce an irregular structure in the 
tRNAALa acceptor helix to match a comple- 
mentary structure in the Ala-tRNA synthe- 
tase. As the three-dimensional structure of 
~ R N A ~ ' "  has not been determined, its ac- 
ceptor stem may not have the A-type helix 
observed in other tRNA structures, includ- 
ing those of yeast tRNAPhe and ~RNA*'~,  
which also contain a G-U wobble pair in the 
acceptor helix (5). An irregularity arisin B from the G-U wobble pair in tRNAAa 
could exist either as a static or dynamic 
aspect of the structure. The variant tRNAs 
with Watson-Crick pairs at this site form 
this structure with more difficulty or use 
other regions of the molecule (2) to achieve 
the partial tRNAAla acceptor identity which 



they display. The existence of other regions 
in tRNAAa that contribute to acceptor 
identity, noted previously (2),  is furrher 
demonstrated by the retention of a partial 
~ R N A ~ ' "  acceptor identity even in the most 
extreme variants with G-C or U-C at posi- 
tion 3.70 (Table 1). 

The 16 suppressors of tRNAA" on an 
agar plate containing 5-bromo-4-chloro-3- 
indolyl-p-D-galactopyranoside are shown in 
Fig. 2. On these indicator plates, cells with 
active suppressor tRNAs form blue colonies 
and cells with less active or inactive suppres- 
sor tRNAs form light blue or white colo- 
nies, respectively. Several color groups are 
distinguished: blue (G.U), light blue (G-A, 
A.C, C.C, C.A, U-U, A-U, and USA) and 
white (GC, G.G, A.A, A-G, C-U, C-G, 
U-C, and U-G). The light blue and white 
groups are suggestive of weaker suppressor 
tRNAs. The results of quantitative measure- 
ments in liquid cultures contirm that every 
change away from G.U is accompanied by a 
reduction in the efficiency of suppression 
(Table 1). The cellular level of mature sup- 
pressor tRNA was not reduced, except in 

the variants with C.U and C.C (10). Thus , , 
the depression in the efficiency of suppres- 
sion observed with all variants means that 
suppressor tRNAAIa is functionally dam- 
aged. This qualitative alteration may be ex- 
pressed at the level of tRNA aminoacylation 
or during the ribosomal performance of the 
tRNA. Damage to the aminoacylation of 
the tRNA would suggest that a functional 
group on the G.U wobble pair contacts the - - 
aminoacylating enzyme, o; that the G-U 
wobble pair is superior to all other base 
combinations in directing the formation of 
the structural irregularity. Different factors, 
such as steric interference (for example, G at 
position 70), may also be involved. Other 
methods (11) must be used to address the 

\ ,  

complexity of this system. 
It should be possible to change the accep- 

tor identity of another tRNA to that of 
~ R N A ~ ~  with any one of the several differ- 
ent wobble pairs described above if each of 
these contributes to the productive interac- 
tion between tRNA and the Ala-tRNA svn- 
thetase. An amber suppressor gene of 
tRNALYS (8) with a G-U wobble pair re- 

7 ' '2-C - - - A - A  
C * U  r . c  - 1 m 

Percent alanlne 
C in protein 

Pacsntalenine 
D &" inptein 

U.0 I G*U A-U I G I 4  

wi 
Ad 

C-U A-CI W 
Fig. 2. Activity and acceptor identity of tRNAA" suppressors. (A and B) Streak plate containing 5- 
bromo-4chloro-3-indolyl-~-~-galaaop~. Ceh with active or inactive tRNAAIa suppressors 
form blue or white colonies, respectively (white colonies photographed poor1 ). (C and D) Histogram 
of the percentage of Ala in the suppressed dihydrofolate reduaase protein ( iom Table 1). 

placing the wild-type G-C base pair at posi- 
tion 3.70 had a tRNAAla acceptor identity, 
whereas the variants with either a G.A or 
A.C wobble pair had a partial tRNAAla 
acceptor identity (Table 1). These results 
confirm the contribution of the nucleotides 
at position 3.70 to tRNAAla acceptor identi- 
ty and emphasize the functional competence 
of several different wobble pairs at this 
position. Although replacing the G-C base 
pair with an A.U base pair at position 3.70 
in tRNALYs did not affect the acceptor 
identity (Table 1) or the cellular level of the 
suppressor tRNA (lo), it did reduce the 
suppression efficiency (Table 1). If the G-C 
at position 3.70 in tRNALYS contributes to 
tRNALyhcceptor identity, then acceptor 
identi7;atransformations fiom tRNALYs to 
tRNA may be facilitated. 

We have suggested that the G-U wobble 
pair influences tRNAA" acceptor identity by 
inducing an irregularity in the acceptor helix 
of the molecule. Depending on the nature 
and extent of this irregularity, it might be 
possible to translocate the G-U wobble pair 
to another site in the acceptor helix and 
retain acceptor identity. To test this idea it 
was necessary to change position 3.70 in 
M A A a  from G.U to a Watson-Crick pair 
to damage the normal acceptor identity. The 
results of these experiments (Table 1 and 
Fig. 2) show that ~ R N A ~ ' ~  with a G.U 
wobble pair at position 4.69 and an A-U 
base pair at position 3.70 was stimulated for 
both tRNAALa acceptor identity and su 
pression efficiency compared with tRNA 1; 
that only had the A.U base pair at position 
3.70. However, when the G-U wobble pair 
at position 4.69 was combined with a G-C 
base pair at position 3.70, the resulting 
suppressor tRNA was inactive (Table 1) 
even though the cellular level of the suppres- 
sor tRNA was not reduced (10). The extra 
hydrogen bond of the G.C versus the A.U 
base pair at position 3.70 may be more 
&cult for the G.U wobble pair at position 
4.69 to distort. We cannot account for the 
enhanced tRNAAIa acceptor identity ob- 
served when G-U at position 4.69 is com- 
bined with A.U at position 3.70 simply by 
assuming an indirect stimulation resulting 
from artial damage to the tRNALYhd 

El" tRNA components of the acceptor iden- 
tity. The latter assumption would predict 
that when G-U at 4-69 is combined with 
G.C at position 3.70 (which is the wild-type 
base pair in tRNALYhd tRNAG1"), the 
resulting tRNAAla would be more active for 
tRNALyS and tRNAG1" acceptor identities 
than ~ R N A ~ ~  with G-U at position 4-69 
and A.U at position 3.70. We found just the 
opposite. 

When we replaced the Watson-Crick pair 
at position 2.71 with a G.U wobble pair in 
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combination with an AsU base pair at posi- 
tion 3.70, the resulting tRNA was severely 
damaged for acceptor identity and efficiency 
of suppression (Table l ) ,  although the 
amount of tRNA was not reduced (10). 
Interpretation of this result is complicated 
because in this variant the G-U wobble pair 
is located nearer the 3' end of the tRNA 
molecule, and also because this G-U is sur- 
rounded by a distinctive base pair context 
relative to the G.U in other active variants. 
We have shown that adjacent base pairs can 
degrade the function of the G.U wobble 
pair in wild-type tRNAAla. When wild-type 
tRNAAla was changed at position 2.71 and 
4.69 from G-C to C.G, both the acceptor 
identity and the suppression efficiency were 
depressed (variant C2aG71, G3sU70, C4. 
G69, Table 1). 

The contribution of the G.U wobble pair 
to the acceptor identity of tRNAAla has been 
known for some time. We have suggested 
that the GsU wobble pair induces an irregu- 
larity in the acceptor helix that allows 
tRNAAla to fit with the cognate synthetase. 
Other tRNAs lack this structure and are 
excluded. The structure could kink the helix, 
or swing nucleotides outward from the he- 
lix, or dissociate the helix to two single 
strands. In all cases, the thermodynamic 
instability observed with G.U wobble pairs 
in helices (6) may help form the irregularity. 
The structure could be important in the 
initial interaction between tRNAAla and its 
cognate synthetase, or in a subsequent kinet- 
ic step of the reaction. There is increasing 
evidence from a number of systems that 
sequence-dependent conformations of du- 
plex nucleic acids can influence the functions 
of these molecules (12). Furthermore, a 
possible relation between an im erfection in 
the acceptor helix and tRNAE1" acceptor 
identity has been noted previously (13). 

We are only beginning to understand the 
relation between structure and function in 
tRNAAla. We have emphasized the impor- 
tance of an irregular structure to the accep- 
tor identity of tRNAAla, but have noted that 
a functional group on the G-U wobble pair 
may also contribute. In addition, other re- 
gions of the ~ R N A ~ ' "  molecule are known 
to be important for acceptor identity (2). 
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Infection of the SCID-hu Mouse by H I ' - 1  

SCID-hu mice with human fetal thymic or lymph node implants were inoculated with 
the cloned human immunodeficiency virus-1 isolate, HIV-lJR-csF. In a time- and 
dose-dependent fashion, viral replication spread within the human lymphoid organs. 
Combination immunohistochemistry and in situ hybridization revealed only viral 
RNA transcripts in most infected cells, but some cells had both detectable viral 
transcripts and viral protein. Infected cells were always more apparent in the medulla 
than in the cortex of the thymus. These studies demonstrate that an acute infection of 
human lymphoid organs with HIV-1 can be followed in the SCID-hu mouse. 

ULTIPLE LINES OF EVIDENCE 

suggest that the etiologic agent of 
the acquired immunodeficiency 

syndrome (AIDS) is human irnmunodefi- 
ciency virus (HIV) (1). Definitive proof and 
direct analysis of infection by HIV in vivo 
has been hampered by the lack of a suitable 
small animal model. Thus, we know little 
about the events which occur immediately 
after infection or about the subsequent pro- 
gression of disease (2). A number of experi- 
mental animal models have been advanced. 
All are approximations with severe limita- 
tions: either an animal retrovirus other than 
HIV is used to infect a host other than man 
( 4 ,  or HIV is used in a context beyond that 
of its natural tropism (for example, in pri- 
mates or rabbits) (4). The ideal system 
would allow the study of the interactions 
that occur during the natural course of 
disease, that is, those of HIV with the 
human lymphoid system. The SCID-hu 
mouse (5) was constructed precisely for this 
purpose. We present evidence now that this 
mouse model supports infection by and 
replication of HIV- 1. 

Implantation, growth, and interactions 
between the human lymphoid organs of the 
SCID-hu mouse have been described (5). In 
many respects, the environment of this he- 
matochimeric mouse is similar to that en- 
countered by HIV in man. After parenteral 

inoculation or sexual contact, it seems likely 
that HIV drains to and is seauestered within 
lymphoid organs such as lymph nodes, 
Peyer's patches, or spleen; during perinatal 
infection, the developing thymus may also 
be a major target organ for infection (6). 
These lymphoid organs present full comple- 
ments of interactive cells which are permis- 
sive for infection. including CD4' T cells " 
and myelomonocytic cells. The human fetal 
thymus and lymph node implants which 
grow in the SCID-hu mouse have micro- " 
scopic features and cellular compositions 
that are essentially indistinguishable from 
those of their normal human counterparts 
(5). We anticipated that parenteral inocula- 
tion of these organs would provide a previ- 
ously unobtainable view of acute infection 
with HIV in vivo. 

A molecular clone of HIV-1 was used in 
these studies (7).  Derived from the cell-free 
cerebrospinal fluid of a patient with sub- 
acute encephalopathy and Kaposi's sarcoma, 
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