
calcium phosphate coprecipitation technique. Af- 
ter 48 hours, transfected cells were washed with 
medium containing 2 mM EDTA and then with 
culture medium. Cells were then challenged with 
HIV-I LA1 (corresponding to 0.5 pg of p25, which 
is equivalent to about 40 particles per cell) for 6 
hours in the absence or presence of inhibitors. 
Cells were first washed in medium containing 2 
mM EDTA and then washed once with trypsin 
before incubation (5 min at 37°C) in 5 ml of 
trypsin. Cells were then replated in 75-cm2 flasks 
containing fresh culture medium and incubated at 
37°C for 24 hours. One-milliliter portions of each 
supernatant were then used to infect CEM cells (5 
x 106). The production of HIV-1 (as determined 
by ELlSA of p25) in CEM cultures was measured 
by assaying culture supernatants 7, 9, and 11 
days later. The expression of CD4 antigen on the 
cell surface of transfected cells was carried out 48 
hours after trypsin treatment by FACS analysis with 
mAb OKT4. [P. R. Rao, M. A. Talle, P. C. Kung, G. 
Goldstein, Cell Immunol. 80, 310 (1983)l. The 
expression of human CD26 was determined 

after immunoprecipitation (see Fig. 4, legend). 
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Distinct Roles for Cyclin-Dependent Kinases in 
Cell Cycle Control 

Sander van den Heuvel* and Ed Harlow 
The key cell-cycle regulator Cdc2 belongs to a family of cyclin-dependent kinases in higher 
eukaryotes. Dominant-negative mutations were used to address the requirement for ki- 
nases of this family in progression through the human cell cycle. A dominant-negative Cdc2 
mutant arrested cells at the G, to M phase transition, whereas mutants of the cyclin- 
dependent kinases Cdk2 and Cdk3 caused a G, block. The mutant phenotypes were 
specifically rescued by the corresponding wild-type kinases. These data reveal that Cdk3, 
in addition to Cdc2 and Cdk2, executes a distinct and essential function in the mammalian 
cell cycle. 

Cel l  division is controlled bv wav of a , , 

complex network of biochemical signals 
that are similar in all eukaryotic cells. 
Together, these signals regulate specific 
transitions in the cell cycle. The best char- 
acterized transitions are those from G,  to S 
phase and from G2 to mitosis. In yeast, 
passage through both transition points is 
regulated by the same protein kinase, the 
product of the CDC28 or cdc2+ gene for 
Saccharomyces cerevisiae and Schizosaccharo- 
myces pombe, respectively (I) .  The Cdc2- 
CDC28 catalytic subunit requires associa- 
tion with a cyclin regulatory subunit for 
kinase activity (2), and different cyclins are 
involved in the G,/S transition (GI cyclins) 
and the G,/M transition (mitotic cvclins). 
Multicellular eukaryotes appear to have 
developed a higher degree of regulation. 
They express multiple cyclins, like yeast, 
but also contain multiple catalytic sub- 
units that can interact with these cyclins. 
Whereas p34'dc2 is active and essential at 
the G2/M transition (3, 4), a closely relat- 
ed kinase, p33cdk2, has been implicated in 
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the initiation of DNA replication (3, 5, 6). 
Twelve human protein kinases have 

been described that share extensive amino 
acid sequence identity with p3+dc2 (7-1 0). 
These kinases are named temporarily after 
their amino acid sequence in the 
PSTAIRE-region (I I ) ,  a domain that is 
conserved between yeast and human Cdc2. 
Alternatively, they are designated as cy- 
clin-dependent kinases either when a cyclin 
partner is identified or when they comple- 
ment yeast cdc2-cdc28 mutations. In mam- 
malian cells, Cdc2 associates mainly with 
A- and B-type cyclins; Cdk2 associates with 
cyclins A, E, and D; and Cdk4 (formerly 
PSK-J3), Cdk5 (previously PSSALRE) , 
and Cdk6 (previously PLSTIRE) associate 
with D-type cyclins (5, 8, 10, 12, 13). 
Although Cdk3 has never been found in 
association with cyclins, because of high 
sequence identity with both Cdc2 and 
Cdk2 and the ability to complement cdc28 
mutations in yeast, it is classified as a 
cyclin-dependent kinase (7). 

The existence of a family of CdcZ-relat- 
ed genes suggests that other kinases, in 
addition to CdcZ and Cdk2, may regulate 
distinct steps in the cell cycle. To investi- 
gate the requirement for the other kinases 

in cell cycle progression, we examined the 
phenotypic consequences of the inactiva- 
tion of each kinase. We generated domi- 
nant-negative mutations for each Cdc2- 
related kinase and expressed these mutant 
forms in human cells. When expressed at 
high levels, dominant-negative mutations 
inactivate the function of the wild-type 
protein by competing for essential interact- 
ing molecules (14). Data from previous 
structure-function studies predicted that 
the mutation of Asp145 in Cdk2 (Asp146 in 
Cdc2) might generate dominant-negative 
mutants. This residue is conserved in all 
protein kinases and is part of an amino acid 
stretch. KLAD*FGLAR (1 1) (* marks 

\ , ~  

point of mutation), that is identical in all 
Cdc2-related genes (7, 15). The equivalent 
Asp residue in 3',5'-adenosine monophos- 
phate (CAMP)-dependent kinase is known 
to be essential in the phospho-transfer re- 
action (16). On the basis of the crystal 
structure data, this residue presumably che- 
lates Mg2+ and orients the p- and y-phos- 
phates of magnesium adenosine triphos- 
phate (Mg2+ATP) in the catalytic cleft of 
the enzyme (1 7). Moreover, an Asp to Asn 
point mutation at this position has been 
identified in one of the two dominant- 
negative mutant alleles that have been 
found for CDC28 in yeast (18). Finally, 
this residue is located outside the regions of " 
cdc2 that are implicated in binding cyclin 

, and ~ 1 3 ~ " "  subunits (1 9). 
I. 

~, 

To determine whether dominant-nega- 
tive inhibition could lead to specific loss of 
function, we tested the effects of the Asp to 
Asn mutation in CdcZ and Cdk2. For each 
kinase, four versions were generated: wild 
type (wt) and mutant, each untagged or 
modified with an influenza hemagglutinin 
(HA) epitope tag at the COOH-terminus 
to allow discrimination between endoge- 
nous and exogenous kinases (20). When 
expressed from the inducible GAL4 pro- 
moter in yeast, wild-type tagged and un- 
tagged forms of CdcZ and Cdk2 were able to 
rescue the cdc28-4 allele at the nonpermis- 
sive temperature (36"C), indicating that 
the tagged kinases were functional (21). 
The corresponding mutant forms could not 
rescue cdc28 mutations at the nonpermis- 
sive temperature. Moreover, these mutants 
interfered with proliferation when induced 
at the permissive temperature (2 1 ) . 

The wild-type and mutant kinases were 
cloned under the control of the cvtomeealo- - 
virus (CMV) promoter and were transiently 
transfected into human U20S osteosarcoma 
cells (20, 22). The expression levels of the 
wild-type and mutant proteins were similar 
(Fig. 1, B and C) . However, in vitro histone 
H1 kinase activity was only associated with 
the wild-type kinases (Fig. ID). The epi- 
tope-tagged forms of both wild-type and 
mutant CdcZ appeared to associate with 
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cyclins A and B1, like endogenous CdcZ. 
The equivalent forms of CdkZ bound to 
cyclins E and A (23). Thus, the Asp to Asn 
mutation in Cdc2 and CdkZ abolished their 
function as kinases but did not affect their 
ability to associate with cyclins. 

If wild-type CdkZ and CdcZ are required 
at specific times in the cell cycle, overex- 
pression of dominant-negative mutants 
should block cell cycle progression when 
their kinase activity is required. We evalu- 
ated such phenotypes in transient transfec- 
tion assays by including an expression plas- 
mid for the B cell surface marker CD20. 
Transfected cells were identified by CD20 
staining, and the cell cycle profile of the 
CDZO-positive cells was determined by flow 
cytometry (22). Within the same experi- 
ment, the G,, S, and G2/M populations 
varied by a few percent at most between 
samples that were independently trans- 
fected with the same plasmids. Four differ- 
ent human cell lines with high transfection 
efficiencies were used in these experiments: 
UZOS and Saos-2 osteosarcoma cells, 
C33A cervical carcinoma cells, and T98G 
glioblastoma cells. 

Expression of mutant Cdk2 and mutant 
CdcZ changed the cell cycle distribution. 
The CdkZ mutant (Cdk2-dn) caused a large 
increase in the G, population, whereas the 
Cdc2 mutant (CdcZ-dn) led to an increased 
G2/M population (Fig. 1A). Transfection 
of wild-type CdcZ or CdkZ did not affect 
the cell cycle distribution (24). However, 
the effect of the mutant kinase could be 
overcome in each case by the cotransfec- 
tion of a plasmid expressing the correspond- 
ing wild-type kinase (Fig. 1A). Whereas 
the CdkZ-dn caused an effect in all cell 
lines tested, a CdcZdn effect was not ob- 
served in C33A cells (25). 

Together, these data suggest that the 
arrests observed after the overexpression of 
mutant Cdk2 or CdcZ are the result of 
specific inhibition of the activity of the 
endogenous wild-type kinases. The timing 
of the arrest is distinct for the CdcZ and 
CdkZ mutants and is consistent with the 
timing of activation of the endogenous 
kinases, .as well as their predicted roles in 
cell cycle progression (3-6). It is unlikely 
that the effects are the result of nonspecific 
toxic effects because plasmids expressing 
the wild-type kinases gave no such change 
and could overcome the phenotype of the 
corresponding mutant. Therefore, we con- 
clude that these mutants act in a dominant- 
negative fashion and create highly specific 
loss-of-function phenotypes. 

If the effects of CdkZ and CdcZ mutants 
were the result of competition with the 
endogenous wild-type kinases for cyclin 
binding, the block should be overcome by 
overexpression of cyclins. Plasmids express- 
ing cyclins A, B1, BZ, C, Dl, D3, and E 

were transfected to test this possibility (26). 
Rescue of the Cdk2 dominant-negative ef- 
fect was observed when a reduced amount 
of the mutant, resulting in a less stringent 
arrest, was transfected in a 1:Z ratio with 
the cyclin Dl plasmid (Fig. 2). Cyclins A 
and E were both less efficient in rescuing 
the inhibition, but their effectiveness was 
proportional to the level of their expres- 

sion. No effects were observed when cyclins 
B1, BZ, C, and D3 were cotransfected with 
the CdkZ mutant. In contrast, a reduction 
of the CdcZ dominant-negative effect was 
only observed when either cyclin B1 or BZ 
was coexpressed (27). 

Although the rescue of CdkZ and Cdc2 
mutants by different cyclins points to spec- 
ificity for G, versus mitotic cyclins, the 

G1:82% L GZM:25% GA%:~ GZM: s:160// 2% 

- 
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Fig. 1. Expression of mutant forms of Cdk2 and Cdc2 cause specific cell-cycle arrests. U20S cells 
were transiently transfected with plasmids expressing the kinases indicated. Control cells are 
transfected with the CMV-neo-Bam vector. Dominant-negative (dn) and wild-type (wt) kinases were 
untagged in (A) whereas HA-tagged forms were expressed in (B), (C), and (D). (A) DNA histograms 
of CD20-positive cell populations in which relative DNA content is plotted against cell number. 
U20S cells were transfected with 5 pg of pCMVCD20 plus 20 pg of CMV vector (control), 10 pg of 
CMVcdk2-dn and 10 pg of CMV vector (cdk2-dn), 10 pg of CMVcdk2-dn and 10 pg of CMVcdk2-wt 
(cdk2dn + wt), 10 pg of CMVcdc2-dn and 10 pg of CMV vector (cdc2-dn), or 10 pg of 
CMVcdc2dn and 10 pg of CMVcdc2-wt (cdc2-dn + wt). The cells were harvested 48 hours after 
the removal of DNA precipitates, stained for CD20 expression and DNA content, and analyzed by 
flow cytometty (33). (B) Expression levels of epitope-tagged mutant and wild-type Cdk2 and Cdc2 
as determined by protein immunoblotting. Each lane contains 25 pg of total lysate from cells 
transfected with 20 pg of the CMV-neo-Bam vector (control) or 20 pg of CMV plasmids expressing 
the indicated genes. Proteins were separated by SDS-PAGE (polyactylamide gel electrophoresis), 
immunoblotted, and probed with the anti-HA monoclonal antibody 12CA5 as described (33). Similar 
results have been obtained with U20S and C33A cells. To be able to compare expression levels of 
the different kinases, we used the same experiment and exposure for Fig. 3, I3 through D, and Fig. 
4. (C) lmmunoprecipitation of epitope-tagged mutant and wild-type Cdk2 and Cdc2. The anti-HA 
tag monoclonal antibody 12CA5 was used to immunoprecipitate 35S-labeled proteins from U20S 
cells transfected with the indicated plasmids. Medium was replaced 42 hours after transfection by 
3 ml of methionine-free DMEM supplemented with 0.5-mCi 35S-protein labeling mix (NEN) per dish. 
The cells were lysed in E1A-lysis buffer, and 1/10 of each lysate was immunoprecipitated with 
12CA5 and protein A beads as described (33). (D) In vitro histone H1 kinase activity associated with 
anti-HA immunoprecipitates. Transfections and immunoprecipitations were performed as in (C), but 
200 pg of total cellular protein was used for each immunoprecipitation, followed by incubation of the 
immunoprecipitates in kinase buffer supplemented with 4 pg of histone HI and 40-pCi fj2P]ATP at 
30°C for 30 min as described (8). 

Fig. 2. Rescue of the 
Cdk2 dominant-nega- 
tive phenotype by over- 
expression of cyclin 
Dl. Saos-2 cells were 
transiently transfected 
with 2 pg of the 
CMVCD20 plasmid in 
combination with 24 pg of the CMV vector (control), 16 pg of cyclin Dl plasmid and 8 pg of the 
vector (Dl), 8 pg of CMVcdk2-dn and 16 pg of vector (cdk2dn), or 8 pg of CMVcdk2-dn and 16 
pg of cyclin Dl plasmid. DNA histograms of CD20-positive Saos-2 cells are shown in which DNA 
content is plotted versus cell number as in Fig. 1. Cells were harvested 48 hours after the removal 
of DNA precipitates, stained, and analyzed by flow cytometty as in Fig. 1 and (22). 
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effect was highly dependent on the relative 
amount of the rescuing cyclin. Therefore, 
whereas the alleviation of the dominant- 
negative effects suggests that cyclin titra- 
tion is at least part of the mechanism of 
inhibition, it does not necessarily reveal the 
cyclins that regulate the kinase in vivo. 
This restriction is substantiated by our in- 
ability to detect endogenous cyclin Dl in 
Saos-2 cells, although the Cdk2-dn effect 
could be rescued by cyclin Dl in these cells. 

Because dominant-negative inhibition 
may uncover a requirement for other cy- 
clin-dependent kinases in cell cycle pro- 
gression, the corresponding Asp to Asn 
mutation was introduced into other candi- 
date kinases, and both HA-tagged and -un- 
tagged forms were generated for each of the 
wild-type and mutant forms of these ki- 
nases. Plasmids expressing these kinases, 
driven by the CMV promoter, were trans- 
fected into several different human cell 
lines, and their expression and effects on 
cell cycle distribution were evaluated. 

When the CdU mutant was tested in 
these assays, it was also found to change the 
cell cycle profile (Fig. 3A), although its 
expression was found to be relatively low 
(Fig. 3D). The Cdk3 mutant resulted in an 
increased G1 population in all 15 indepen- 
dent experiments in Saos-2 and C33A cells 
(mean + SD, 24.2% -t 10.6%). Transfec- 
tion of plasmids expressing wild-type CdU 
did not have any noticeable effect. 

We have supposed above that alteration 
of the flow cytometry profile by the domi- 
nant-negative mutants results from a block 
in cell cycle progression. However, another 
possibility is, in the case of Cdk3, that the 
mutant causes a G, increase as the conse- 
quence of the acceleration of S or G,/M. To 
discriminate between these possibilities, we 
examined the effect of nocodazole on the 
Cdk3 dominant-negative phenotype. No- 
codazole, which prevents spindle forma- 
tion, causes cells that proceed through the 
cycle to accumulate in M phase. However, 
this drue should have no effect if the cells 
are alreidy arrested in G,. A substantial 
increase in the S and G,/M populations was 
observed in control transfected cells when 
nocodazole was added 48 hours after trans- 
fection and cells were harvested 16 hours 
later. However, cells expressing the Cdk3- 
dn mutant did not accumulate in G,/M (Fig. 
3E). The lack of a nocodazole effect was 
specific for the Cdk3dn- and CD2O-psi- 
tive cells because the same sample showed a 
large enrichment of cells at G,/M when 
untransfected cells were included (Fig. 3E). 
Thus, the Cdk3 mutant causes a G1 arrest 
and not acceleration of S or G,M. 

L.. 

Rescue experiments were performed to 
test the specificity of dominant-negative 
CdkZ and CdU because both mutants 
caused the accumulation of cells in G,. The 

amount of mutant plasmid was reduced to 
lower the dominant-negative effect and 
make rescue as sensitive as possible. Where- 
as wild-type Cdk2 could efficiently over- 
come the dominant-negative effect of the 
Cdk2 mutant, wild-type CdU could not 
(Table 1). In the converse experiment, 
wild-type CdU neutralized the effect of the 
Cdk3 mutant, but wild-type Cdk2 did not 
(Table 1). The fact that dominant-negative 
Cdk3 causes a GI block that can be rescued 
by wild-type Cdk3 suggests that Cdk3 func- 

tion is required for GI progression. 
The same increase in the G, population 

could be obtained with amounts of the 
Cdk3 mutant 1/10 to 1/20 that of the CdkZ 
mutant (28). Because a relatively low 
amount of the CdU mutant caused a dom- 
inant-negative phenotype, the endogenous 
amount of this kinase might be low. An 
affinity-purified rabbit antiserum raised 
against the 10 amino acids of the COOH- 
terminus of CdU readily detected 36- and 
33-kD proteins from Cdk3-transfected cells 

flg. 3. Dominant-negative Cdk3 A 
is expressed at a relatively low 
level but causes the accumulation 
of cells in GI. (A) Saos-2 cells 
were transiently transfected with 5 
pg of the CMVCD20 plasmid in 
combination with 20 pg of the 
CMV vector (control), 20 pg of 
CMVcdk2-dn (cdk2-dn), or 20 pg 
of CMVcdk3-dn (cdk3-dn). DNA B 5 0  

histograms of CD2O-positive 
Saos-2 cells are depicted as in 
Figs. 1 and 2. The cells were - 
harvested 48 hours after the re- anti- 
moval of DNA precipitates, 
stained, and analyzed by flow cy- 
tometry (22). The expression lev- 
els of epitope-tagged mutant and E 
wild-type Cdk2 and Cdk3 were 
determined by protein immuno- 
blotting. Arrows indicate the posi- 
tion of Cdk2 and Cdk3 proteins. 
Each lane contains 25 pg of total 
lysate from cells transfected with 
(B) 20 pg of the CMV-neo-Bam 
vector (control), (C) 20 pg of 
CMVcdk2-dn, or (D) 20 pg of 
Cdk3-dn. Proteins were separat- 
ed by SDS-PAGE, immunoblot- 
ted, and probed with the HA 
monoclonal antibody 12CA5. To 
compare expression levels of the 
different kinases, the same exper- 
iment and exposure is used for 
each panel, as in Fig. 1 B and Fig. 4. (E) Cells expressing Cdk3-dn are blocked in GI. Forty-eight 
hours after transfection, cells were refed with fresh medium (upper panel) or fresh medium 
containing nocodazole (NOG) (50 nglml; lower panel). The cells were harvested, stained, and 
analyzed by flow cytometry 16 hours later. Saos-2 cells were transfected with 3 pg of CMVCD20 in 
combination with (left) 22 pg of CMV vector or (middle and right) 22 pg of CMVcdk3-dn. Left and 
middle histograms show the DNA content of the CD2O-positive populations. Histograms at the right 
show the total population and include 290% untransfected cells. The middle and right histograms 
are derived from the same samples. 

Control 

Control cdk3dn Total 

G1:47% G1:79% 
": 8% m.- .O 
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Table 1. Rescue of the Cdk2 and Cdk3 dominant-negative phenotype by coexpression of the 
corresponding wild-type kinases. Saos-2 cells were transiently transfected with 2 pg of the 
CMVCD20 vector in combination with either 20 pg of vector DNA or 10 pg of each plasmid indicated 
below. The cell cycle profile of CD20-positive cells (percentage of cells in each stage) was 
determined by flow cytometry (22). Each value is the mean 2 SD of four independent experiments. 

Cdk2dn Cdk2-dn Cdk2-dn Cdk3dn Cdk3-dn Cdk3-dn 
Vector + . + + + + + 

vector Cdk2-wt Cdk3-wt vector Cdk3-wt Cdk2-wt 
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and proteins with the same mobility at 
much lower levels in untransfected normal 
human fibroblasts (WI38) and human tu- 
mor cell lines (29). The expression of the 
Cdk3 proteins was roughly two orders of 
magnitude lower than that of CdU, as 
determined from the signal obtained when 
Cdk2 and Cdk3 immunoprecipitations were 
immunoblotted and probed with an anti- 
PSTAIRE monoclonal antibody. To date, 
we have been unable to detect cyclins asso- 
ciated with Cdk3 in experiments in which 
Cdk2- and Cdc2-associated cyclins were 

Cdk6 mutants did not affect cell cycle dis- 
tribution. Neither did combinations involv- 
ing three or four of these mutant kinases. In 
this assay system, we cannot identify an 
essential role for the Cdk4, Cdk5, Cdk6 or 
PCTAIRE-1 kinases in cell cycle progres- 
sion, but experiments in other systems will 
be required to evaluate such functions. Ki- 
nase activity associated with CdW has been 
detected solely in terminally dserentiated 
neuronal cells, suggesting that its function is 
unrelated to cel1,division (30). 

Data from this and other studies sumest 

Cdk3 occurred at relatively low expression 
levels. in ameement with the low amount of , " 
the endogenous protein. (iv) Overexpression 
of GI cyclins can overcome the effect of 
dominant-negative Cdk3. - (v) In previous 
work, Cdk3 was shown to be the only kinase 
in addition to C3k2 and Cdc2 that could 
rescue yeast cdc28 mutations (7). Together, 
our data suggest that the Cdk2 and Cdk3 
kinases play essential and independent roles 
in GI/$ progression. 
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Receptive Field Reorganization in Dorsal Column 
Nuclei During Temporary Denervation 

Michael J. Pettit and Harris D. Schwark* 
Altered sensory input can result in the reorganization of somatosensory maps in the 
cerebral cortex and thalamus, but the extent to which reorganization occurs at lower levels 
of the somatosensory system is unknown. In cat dorsal column nuclei (DCN), the injection 
of local anesthetic into the receptive fields of DCN neurons resulted in the emergence of 
a new receptive field in all 13 neurons studied. New receptive fields emerged rapidly (within 
minutes), sometimes accompanied by changes in adaptation rates and stimulus selectivity, 
suggesting that the new fields arose from the unmasking of previously ineffective inputs. 
Receptive field reorganization was not imposed by descending cortical inputs to the DCN, 
because comparable results were obtained in 10 additional cells when the somatosensory 
and motor cortex were removed before recording. These results suggest that mechanisms 
underlying somatotopic reorganization exist at the earliest stages of somatosensory pro- 
cessing. Such mechanisms may participate in adaptive responses of the nervous system 
to injury or continuously changing sensory stimulation. 

Sensory maps in the cerebral cortex are 
maintained through dynamic processes. 
Modification of peripheral inputs to the 
central nervous system results in reorgani- 
zation of cortical somatosensory maps in a 
number of species ( I )  including humans 
(2). The identification of the mechanisms 
that are involved in map reorganization has 
clinical imvlications for the treatment of 
peripheral nerve injury and phantom limb 
pain. 

A critical issue that must be resolved 
before the mechanisms of reorganization 
can be uncovered is the extent to which 
reorganization at subcortical levels contrib- 
utes to changes previously described in the 
cortex. Mapping studies suggest that pe- 
ripheral nerve transection can result in map 
reorganization in the primate ventral poste- 
rior thalamic nucleus (3). Such reorganiza- 
tion has not been found in DCN or trigem- 
inal nuclei (4), although it is difficult to 
detect reorganization in subcortical maps, 
which are three-dimensional and can ex- 
hibit large somatotopic shifts over relatively 
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small distances. An alternative approach, 
which we have used in the present study, is 
to map a single neuron's receptive field, 
inject local anesthetic into the field to 
silence input from the receptive field tem- 
porarily, and then test for the appearance of 
a new recevtive field. In thalamus (5) and ~, 

cortex (6) this approach has been used to 
demonstrate that new receptive fields can 
emerge within minutes after the injection 
of lidocaine. Such changes in cat DCN 
neurons have not been investigated, al- 
though cold block of the dorsal columns has 
been revorted to result in the emergence of - 
new receptive fields in a small proportion of 
nucleus gracilis neurons (7). 

To study subcortical reorganization in the 
present experiments, we recorded from 13 
DCN neurons in six adult cats (8). Subcuta- 
neous lidocaine injections into the original 
receptive field resulted in the rapid emergence 
of a new receptive field in every neuron tested 
(Table 1 and Fig. 1, A and B). However, the 
possibility remained that the primary site of 
reorganization was the cerebral cortex, and 
that subcortical reorganization was imposed 
by descending cortical inputs to the DCN. To 
test this possibility, we recorded from 10 
neurons in four additional cats after the re- 
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