
that the prevention of diabetes by intrathy- 
mic islet imulantation was not due to such 
nonspecific alterations in T cell immunity 
by performing several in vivo and in vitro 
assays on recipients of intrathymic islets. 
Total cell numbers as well as phenotypic 
distributions of T cell subsets in the periph- 
eral lymph nodes of islet-grafted animals 
were not significantly different from those 
of saline-treated and unmanipulated BB 
rats, and all groups exhibited the T lym- 
phopenia characteristic of this strain (Table 
2). Similarly, mixed lymphocyte culture 
and concanavalin A (Con A)-stimulated 
proliferative responses of lymph node cells 
from experimental and saline-treated BB 
rats were comparable, all being reduced as 
compared with responses of lymphoid cells 
that were not from the BB strain (1 7, 18). 
In vivo T cell-mediated resuonses were also 
present to a similar degree in experimental 
and control rats. as confirmed bv the cauac- 
ity of islet-grafted animals to reject alloge- 
neic Lewis (RTll) skin grafts at a rate 
comparable to that observed in control 
diabetics (13 and 35 days versus 14, 22, 29, 
and 34 days, respectively). 

These results indicate that the preven- 
tion of autoimmune diabetes by neonatal 
islet transplantation is p cell-specific, is not 
deuendent on svstemic alterations in im- 
mune function that have been associated 
with other methods of preventing diabetes 
in the BB rat, and requires that the islet 
implant be situated in the thymic microen- 
vironment. 

Prophylactic administration of high dos- 
es of insulin to normoglycemic, prediabetic 
BB rats reduces their incidence of diabetes, 
possibly by rendering the endogenous islets 
metabolically inactive and thus decreasing 
their expression of p cell-specific autoanti- 
gens (19-21). This mechanism seems an 
unlikely explanation for the prevention of 
insulitis and diabetes that we observed be- 
cause of the small number of islets implant- 
ed in the thvmus and the inabilitv of renal 
subcapsular islet grafts to prevent disease. 
Furthermore. in the reuorts mentioned 
above, insulin therapy provided only partial 
protection from diabetes and did not pre- 
vent development of insulitis, whereas we 
observed complete prevention of both hy- 
perglycemia and insulitis after neonatal in- 
trathymic islet transplantation. 

A more likelv exulanation for our find- , . 
ings is that intrathymic transplantation of 
islets into neonatal BB rats alters T cell 
development by promoting the deletion or 
functional inactivation of antigen-specific 
clones before their migration to the periph- 
ery (22-24). Such an effect could be medi- 
ated bv interactions of maturine host T cells 
with islets expressing the P cill autoanti- 
gen-MHC complex or with host-derived 
thymic antigen presenting cells bearing pro- 

cessed p cell antigens that were shed from 
the islet graft. Alternatively, the long-term 
residence of islets in the thymus may stim- 
ulate the selection of specific regulatory 
cells capable of suppressing anti-islet au- 
toimmune responses. 

Our data show that introduction of a 
small number of MHC-compatible islets 
into the thymus of prediabetic BB rats 
prevents the development of spontaneous 
diabetes, an effect that appears to result 
from specific regulation of anti-islet autoim- 
munity. These findings could lead to the 
development of novel approaches for the 
prevention of diabetes and other organ- 
specific autoimmune diseases. 
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Conjugative Transfer by the Virulence System of 
Agrobac terium tume faciens 

Alice Beijersbergen, Amke Den Dulk-Ras, Rob A. Schilperoort, 
Paul J. J. Hooykaas 

Agrobacterium tumefaciens transfers part of its Ti plasmid, the transferred DNA (T-DNA), 
to plant cells during tumor induction. Expression of this T-DNA in plant cells results in their 
transformation into tumor cells. There are similarities between the process of T-DNA 
transfer to plants and the process of bacterial conjugation. Here, the T-DNA transfer 
machinery mediated conjugation between bacteria. Thus, products of the Vir region of the 
Ti plasmid of Agrobacterium tumefaciens, normally involved in transfer of DNA from 
bacteria to plants, can direct the conjugative transfer of an lncQ plasmid between agro- 
bacteria. 

T h e  genes responsible for T-DNA transfer 
from Agrobacterium tumefaciens to plant 
cells are located in the Vir region of the Ti 
plasmid and in the bacterial chromosome 
(1). There are many similarities between 
T-DNA transfer and bacterial conjugation, 
including the introduction of single-strand- 
ed breaks in the DNA molecules that are 

Institute of Molecular Plant Sciences, Clusius Labora- 
tory, Leiden University, Wassenaarseweg 64, 2333 AL 
Leiden, The Netherlands. 

transferred. In T-DNA transfer, the pro- 
teins VirDl and VirD2, encoded by the 
virD operon of the Vir region, together act 
as an endonuclease on the bottom strands 
of the border sequences that surround the T 
region (1). In mobilizable plasmids, such as 
RSF1010, nicks are produced by Mob pro- 
teins at the origin of transfer (oriT), and 
there is sequence homology between border 
repeats and the oriT sequences of certain 
plasmids (2). Conjugative transfer involves 
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transport o f  single-stranded DNA. Like- 
wise, T - D N A  processing results in the for- 
mation o f  single-stranded DNA molecules 
(I). Plasmid RSF1010, which lacks a T 
region border repeat, carries an oriT se- 
quence and encodes M o b  proteins necessary 
for transfer in to  plant cells from Agrobacte- 
rium strain LBA4404 (3). This suggests that 
nicking o f  or iT by  M o b  proteins can replace 
border repeat nicking by  the VirD proteins 
in the T - D N A  transfer process. 

In bacterial conjugation, transport o f  
single-stranded plasmid DNA from donor 
to  recipient probably occurs through mem- 
brane pores and involves p i l i  (4), b o t h  
encoded by  the transfer (tra) genes present 

Hind 111-14 

Vir 
region 

I B Barn HI-13 

selection for Spl 
and cbS 

region 

orilreplinc 

Fig. 1. Strategy for the construction of the 
helper plasmid pAL1100. A Hind Ill-Bam HI 
fragment (2.5 kb) from Hind 111-14, a 2.4-kb 
fragment (Sp' gene from Tn 1831), and a Hind 
Ill-Bam HI fragment (4.2 kb) from Bam HI-13 
were cloned into pBR322. After introducing this 
plasmid into A. tumefaciens LBA1010, we se- 
lected colonies for resistance to rifampicin 
(Rifr) and to spectinomycin (Spr). To detect 
strains in which a double crossover had oc- 
curred, we screened the colonies for sensitivity 
to carbenicillin (CbS). Plasmid DNA was isolat- 
ed (26) from putative recombinants, digested 
with restriction enzymes, and analyzed by 
Southern (DNA) blot (25); tra, transfer region; 
occ, octopine catabolism; ori, origin of replica- 
tion; rep, replication region; inc, incompatibility 
region; H, Hind Ill site; B, Bam HI site. 

o n  conjugative plasmids. I t  has been hy- branes through a porelike structure. Pro- 
pothesized that during T-DNA transfer teins encoded by the virB operon, a vir- 
DNA may also be transported across mem- operon essential for T - D N A  transfer to  

Table 1. Agrobacterium strains used. A indicates deletion. T,, left T region; T,, right T region. 

Strain Chromosomal Resistance 
background markers Plasmid 

LBA288 (29) 
LBAl 01 0 (30) 
LBA1100 

Rif 
Rif 
Rif, Sp 

Rif, Sp, Cb 
Rif, Sp, Cb 
Rif, Sp, Cb 
Rif, Sp, Cb 
Rif, Sp, Cb 
Rif, Sp, Cb 
Rif, Sp, Cb 
Rif, Sp, Cb 
Ery 
Rif, Cb 

Rif 
SP, Ery 
Rif 

Without Ti 
Wild-type pTiB6 
pAL1100 or pTiB6 

AT,, AT,, Atra, Aocc 
pAL1100 (virH::Tn3Hohol) 
pAL1100 (virA::TnSHohol) 
pALl l00 (virB4::Tn3 Hoho 1 ) 
pALl100 (virBZ:Tn3Hohol) 
pALl100 (virG::Tn3Hohol) 
pAL11 OO(virC2::Tn3Hohol) 
pAL1100 (virD4::TnSHohol) 
pALl100 (virEZ::Tn3Hohol) 
Without Ti 
pAL2885 or pTiB6 

Avir, AT,, AT,, Atra, Aocc 
Without Ti 
Without Ti 
pAL4404 or pTiAch5 

AT,, AT,, Atra, Aocc 

Table 2. Conjugation experiments with strains that contained Ti plasmid derivatives or vir-mutated 
Ti helper plasmids as donors. For LBA4404 and LBA4011 the acceptor strain was LBA4020 and for 
LBA2885 and LBA1100 the acceptor strain was LBA2329. In all cases the recipient strain was 
LBA2329, and no transfer was detected in IM without an inducer. All donor strains contained 
pKT230; IM, induction medium; IM + AS, induction medium with AS (13). The titer of input donors 
and recipients was determined immediately after mixing; the titer of recovered donors and 
recipients from the suspension in PZ (1 10 pI) was determined after 3 days of incubation (13). Data 
represent similar data obtained in at least a dozen independent experiments. 

Titer input Titer recovered Rt?cOvered 
( X  l o 7  cellslml) ( x  10' cells/ml) trans- 

Donor Medium strain conjugants 
in 100 pI 

Donor Recipient Donor Recipient 

Conjugation 
frequency 
per input 

donor 

Experiment with strains with Ti plasmid derivatives 
I M 1.2 2.5 48.2 55.9 0 
IM + AS 0.7 2.5 4.7 86.7 7 
I M 2.3 2.5 82.0 33.9 0 
IM + AS 2.2 2.5 110.6 36.0 0 
I M 3.5 2.4 16.0 17.8 0 
IM + AS 3.8 2.4 17.1 3.6 0 
I M 3.6 2.4 17.6 14.9 0 
IM + AS 2.2 2.4 6.9 3.8 95 

Experiment with strains with vir-mutated Ti helper plasmids 
IM 2.3 2.4 6.0 11.4 0 
IM+ AS 1.9 2.6 5.9 9.6 321 
IM 1.8 2.6 7.1 17.2 0 
I M + A s  1.5 2.5 3.9 10.7 98 
I M 2.0 2.6 13.1 16.1 0 
IM + AS 2.0 2.6 17.6 8.4 0 
I M 2.5 2.6 10.4 16.6 0 
I M + A S  1.5 2.6 4.8 8.4 0 
I M 1.9 2.3 10.9 21.8 0 
I M + A S  1.3 2.3 6.4 9.7 0 
IM 1.6 2.4 11.3 16.3 0 
IM + AS 2.3 2.2 5.6 5.0 0 
I M 1 .O 2.2 3.9 19.7 0 
I M + A S  1.6 2.3 6.3 14.1 137 
IM 1.2 2.2 0.8 28.3 0 
IM + AS 0.8 2.1 0.1 14.4 0 
IM 1.1 2.0 10.4 15.6 0 
IM + AS 1.5 2.1 5.4 11.3 21 8 
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plants, are thought to be localized in the 
membrane (5-9). The VirBll protein has 
adenosine triphosphatase activity and is 
homologous to the first open reading frame 
(ORF) of the Bacillus subtilis comG operon, 
which is responsible for uptake of single- 
stranded DNA (9, 10). Although the func- 
tion of the VirB proteins is unknown, their 
predicted membrane topologies suggest a 
possible function in the formation of a 
membrane pore through which the T-DNA 
(probably complexed with proteins) is 
transported. Here we analyze the ability of 
the Vir proteins to substitute for Tra pro- 
teins in the conjugal transfer of an IncQ 
plasmid between agrobacteria. 

The wide host range IncQ plasmid 
pKT230 is a derivative of RSFlOlO and, 
like its parent, is nonconjugative but can be 
mobilized by certain conjugative ~lasmids 
(I I). It encodes mobilization proteins that 
are active at its own oriT but needs a 
conjugative plasmid such as RP4 (IncP) for 
other transfer functions. As expected, in 
our experiments LBA4404, which contains 
the transfer-deficient Ti plasmid pAL4404 
(12), did not mobilize pKT230 during in- 
cubations on standard poor or rich media 
(Tables 1 and 2) (1 3). 

However, when this strain was incubat- 
ed on minimal medium that contained the 
vir-inducer acetosyringone (AS), mobiliza- 
tion of the IncQ plasmid did occur at a 
frequency of 2 x per input donor 
(Table 2). None of the colonies found on 
medium selective for transconjugants was 
rifampicin-resistant, which shows that 
these colonies represented true transconju- 
gants and not donors that had become 
spectinomycin-resistant spontaneously. 
The presence of the deleted Ti plasmid was 
essential for mobilization because strain 
LBA4011, which is identical to LBA4404 
but lacks the deleted Ti plasmid, could not 
transfer pKT230 (Tables 1 and 2). It is 
possible that transfer occurs after secretion 
of plasmid DNA into the medium and 
uptake by the recipient. However, the ad- 
dition of deoxyribonuclease (DNase; 1 kg1 
ml; Sigma) to the medium did not lower the 
transfer frequency, which indicates that 
transfer does not occur by way of transfor- 
mation. Strain LBA2885, in which the area 
missing in pAL4404 and also the Vir region 
of the Ti plasmid are deleted, did not 
mobilize pKT230 to recipients (Tables 1 
and 2). These experiments together indi- 
cate that the Vir svstem can mediate con- 
jugation between agrobacteria. 

To analyze involvement of the different 
vir loci, we constructed a transfer-deficient 
(trap) helper piasmid that determines spec- 
tinomycin resistance (Spr) in a C58 back- 
ground (Fig. 1) and introduced mutations 
in the Vir region of this helper plasmid 
(Table 1) (14, 15). Strain LBAl100, which 

contains this new helper plasmid, showed 
mobilization of pKT230 under similar con- 
ditions as LBA4404 (Table 2). Again, the 
colonies obtained were all rifampicin-resist- 
ant. which shows that thev re~resented true 

1 .  

transconjugants and not donors that had 
acauired ervthromvcin resistance montane- 
ously. Despite the Tra- phenotype of the 
strain with helper plasmid pAL1100, it is 
probable that it still contains some tra 
genes. This small remaining segment of the 
Tra region was not sufficient, however, for 
mobilization of the IncQ plasmid because 
no IncO transfer was observed in the ab- 

% 

sence of the uir-inducer AS, not even dur- 
ine incubations on media that contained 

u 

the Ti plasmid tra-inducer octopine. 
Mutants LBA1141 and LBA1146 mobi- 

lized the IncQ plasmid on media with AS, 
which shows that the host range loci virH 
(I) and virC (1) are not required for the 
mobilization of pKT230. However, muta- 
tions in the operons virA and virG (Tables 
1 and 2, LBA1142 and LBA1145) abol- 
ished the conjugative transfer of the IncQ 
plasmid. This was expected, because the 
regulatory proteins encoded by the virA and 
virG genes mediate the induction of the Vir 
regulon in the presence of AS (1). The 
VirE2 protein is a single-stranded DNA 
binding protein, which may protect the 
T-DNA during transfer to the plant cell 
nucleus (1 6). The virE mutant LBA1149 
mobilized the IncQ plasmid normally; we 
therefore conclude that a single-stranded 
DNA binding protein similar to VirE2 is 
provided by the donor, recipient, or the 
IncQ plasmid itself or that such a protein is 
not necessary for the conjugative transfer of 
the IncQ plasmid between bacteria. Strains 
LBA1143 and LBA1144 (Table 1) with 
mutations in the virB operon did not medi- 
ate transfer of the IncQ plasmid to the 
recipient strain (Table 2). 

The finding that virB is necessary for the 
conjugative transfer of pKT230 between 
agrobacteria suggests that VirB proteins 
function in the T-DNA transfer process like 
certain Tra proteins function in conjuga- 
tion. Plasmid RSFlOlO inhibits tumor for- 
mation but this inhibition can be overcome 
by overexpression of virB9, virB10, and 
virB 1 1 genes (1 7); in transfer to plant cells 
the VirB transfer machinery does not dis- 
tinguish the T-DNA and RSFlOlO transfer 
intermediates, which is in agreement with 
our hypothesis. Mutant LBA1148 was not 
able to mobilize pKT230 (Tables 1 and 2). 
This strain has a mutation in the most distal 
ORF of the virD operon. Thus, at least the 
protein VirD4 is necessary for mobilization 
of pKT230. This protein, located in the 
inner membrane of the bacterium (18), is 
essential for T-DNA transfer to plants and 
may be part of the complex transporting 
DNA across the bacterial membrane. 

Previously, vir mutations were found to 
affect transfer of Ti plasmids between agro- 
bacteria (1 9, 20). However, these experi- 
ments were done under conditions in which 
the Vir system was not induced by AS. In 
our experiments we did not observe IncQ 
mobilization under conditions in which the 
vir genes had not been activated by AS; 
insertional mutations in specific vir genes 
completely abolished this transfer. 

Our results show that the VirB and 
VirD4 proteins encoded by the Ti plasmid 
Vir region, which are normally involved in 
transfer of DNA from bacteria to plants, 
can direct the conjugative transfer of an 
IncQ plasmid between agrobacteria. In 
fact, there is homology between the VirD4 
protein and the TraG protein encoded by 
the conjugative plasmid RP4 (21). Thus, 
the trans-kingdom transfer of DNA from 
Agrobacteriurn to plants may occur like the 
process of bacterial conjugation. 
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Sparse Population Coding of Faces in the 
lnferotemporal Cortex 

Malcolm P. Young* and Shigeru Yamane 
How does the brain represent objects in the world? A proportion of cells in the temporal 
cortex of monkeys responds specifically to objects, such as faces, but the type of coding 
used by these cells is not known. Population analysis of two sets of such cells showed that 
information is carried at the level of the population and that this information relates, in the 
anterior inferotemporal cortex, to the physical properties of face stimuli and, in the superior 
temporal polysensory area, to other aspects of the faces, such as their familiarity. There 
was often sufficient information in small populations of neurons to identify particular faces. 
These results suggest that representations of complex stimuli in the higher visual areas 
may take the form of a sparse population code. 

A n  unresolved issue in cortical neurophys- 
iology is whether the sensory hierarchies 
eventuate in small numbers of single cells 
tuned to complex patterns or in large pop- 
ulations of broadly tuned cells. Sparse cod- 
ing theories suppose that individual cells 
should show specificity for behaviorally rel- 
evant stimuli ( l ) ,  whereas population the- 
ories suppose that distributed patterns of 
activity in neuronal populations underlie 
perception and behavior and, correspond- 
ingly, expect cells to exhibit broadly graded 
responses (2, 3). In the context of this 
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issue, the specificity of neurons responsive 
to faces in the inferotemporal cortex (4-7) 
has been interpreted as strong support for 
sparse coding theories. On the other hand, 
although neurons responsive to faces may 
be sharply tuned to a class of stimuli, they 
modulate their firing to more than one 
stimulus and tend to be broadly tuned to 
stimuli within the category (5). 

To address the question of the type of 
coding evidenced by neurons responsive to 
faces, we examined 850 unit recordings in 
the anterior inferotemporal cortex (AIT) 
and in the anterior superior temporal poly- 
sensory area (STP) of macaque monkeys 
(Macaca fuscata) while the monkeys per- 
formed a face discrimination task (6). The 
face discrimination task involved differen- 
tial response to 3 of the faces from 27 other 
faces. The monkeys responded at greater 
than 90% correct performance. We analyzed 

responsesto the set of 27 faces that met two 
selection criteria (Fig. 1). The cells were 
divided into two groups according to 
whether they were recorded from AIT (41 
cells, 26 from monkey A and 15 from 
monkey B) or in the STP (30 cells, 25 
from monkey A and 5 from monkey B). 
This sample of cells represented 8% of the 
total number of recorded cells. 

To represent quantitatively the popula- 
tion responses to the faces, we applied 
multidimensional scaling (MDS) to the two 
populations, a technique that has been used 
for qualitative analysis of population encod- 
ing of complex stimuli (7). MDS produces a 
configuration of points in a small number of 
dimensions that represent the population 
responses to the faces. The distances be- 
tween the points of the MDS configuration 
are as close as possible to the Euclidean 
distances between points corresponding to 
each face response in a high dimensional 
mace whose dimensions are defined bv the 
cells (8). Two-dimensional configurations 
were derived (Fig. I) ,  and these explained 
70% and 75% of the variance in the AIT 
and STP data, respectively. These vari- 
ance-explained statistics were surprisingly 
high given the sharp dimensional reduction 
from tens of dimensions (the number of 
cells in the two populations analyzed) to 
only two dimensions, and this suggested 
that the coding of faces in the two popula- 
tions was redundant. The configurations of - 
points that represented the face stimuli for 
the AIT and STP populations are shown in 
Fig. 1, A and B. Faces plotted close togeth- 
er evoked a similar pattern of response 
across the population, whereas faces plotted 
far apart evoked very different population 
resDonses. 

We investigated what characteristics of 
the faces the AIT and STP cells were 
coding, en masse. To do this we exploited 
the fact that the physical properties of the 
set of faces on which the monkeys per- 
formed the face discrimination task had 
been extensively quantified (Fig. 2A) (6). 
In addition to the 29 variables that quanti- 
fied distances between the facial elements, 
we derived two further models. The first 
was a "general physical similarity" model, 
which was computed from the face mea- 
surement variables by MDS. A two-dimen- 
sional solution (Fig. 2B) explained 94% of 
the variability in the face measurements, 
reflecting their redundancy (all the width 
measurements tend to covary with the gen- 
eral width of the face, for example). The 
second additional model represented the 
"familiaritv" of the faces. some of which 
belonged ;o humans known in varying de- 
grees to the monkeys. Faces of people un- 
known to the monkeys were coded with a 1, 
those of people occasionally seen by the 
monkeys with a 2, those of people more 
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